
MEMORIA lECN ICA

PROVINCIA Y COMUNA DE ANTOFAGASTA
REGION DE ANTOFAGASTA

EXPLORACION DE AGUA SUBTERRANEA

EN

SALARES PUNTA NEGRA, 1M ILAC y HAMBURGD

I

I

I

•

DE AGUAS
DIRECCIOtl GEtlE~~ HlclItDS
centro !le~ ..-

f.,ee de 1JO<Ul" --_..

PREPARADA POR

MINERA UTAH DE CHILE INC.

PARA

Dirección General de Aguas

ABRIL. 198"



•

•

DISERO ~~ ART. 323.404

•



I

1

,,'

,,'

,,'

.. '

~.:.., !
~ /.~-:,.- ...... r "

~'

!

..z.

-- ..... \

,

,.,..-

/

:',

J
Vi

#;~. ,/<7~:
,'.- V;' r .=-
, : ' .J

i -;', .

¡

,""-,

-f••

• - "-'-T""'--.

.,.....

i )""-1""';' '.:;-- ,- ['
.J '....

"'j'"..~ ...

·.~~T·'~
• 'l:- •
",-_ ...

....,--..

---------..-

"

,,'

I
.1

.~='~"===~c===--------~----------~-==~~-~-------::=:-:"--;'=I
¡ UT O. C"'L_ .N" ••C""A " .00.000

TERRENOS SOLICITADOS POR MINERA UTAH DE CHILE INe. DESTINADOS A EXPLORACION DE AGUAS SUBTERRAI\EAS UBICADOS

EN LA PROvtNCIA y COMUNA DE ANTOFAGASTA n REGION



I

I
I
I
¡
¡

1

I
I
I
r

I
1

(

1

I
\

1

SECCION 1.0 - INTRODUCCION

1 •1 . EL PROYB:'lU

Minera Utah de Chile Inc., y Getty Mining (Chile) Inc., subsi
diarias de Utah internat ional Inc., y de Getty Oil Co., res
pectivarrente, han suscrito con el Estado de Chile un Contrato
de Inversiones Extranjeras hasta por un total de USS 1.500
millones (dólares de 1979). Utah y Getty desarrollan sus activi
dades en Chile bajo el esquema de "Joint Venture" del cual Utah
es el operador. Las invers iones se efectúan con financiamiento
hecho por partes iguales.

Las exploraciones iniciadas en 1979 permitieron descubrir un
nuevo recurso cuprifero de ilrportancia, "Escondida", ubicado a
180 Km. al Sur-Este de Antofagasta, a una altura de alrededor de
3200 metros, próximo al Salar de HalTt>urgo y a la Estación Adolfo
Zaldivar del Ferrocarril de Antofagasta a Salta.

Dada la ubicación del yacimiento en una zona desértica, alejada
de la costa, serA 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 consuro, tanto para uso industrial ccxro para agua potable
del campamento, planta y oficinas.

No habiendo aguas corrientes disponibles en las cercan1as, la
ubicaciofl del recurso se orientó hacia aguas subterraneas.
Minera Utah de Chile Inc.,solicitó y obtuvo autorización para
explorar por agua subterranea en el Salar de Punta Negra y cuenca
anexa.

1.2. AU'lURlZACION PARA EXPLORAR

La autorización se otorgó por Resolución IXi.?< NO 38 del 28 de
Enero de 1982, por un total de 74 recttlngulos de 5.000 Has.
cada uno, posteriormente reducidos a 35 recttlngulos por Resolu
ción lXil\ NO 47 del 14 de Febrero de 1983. se adjunta copia de
las Resoluciones y el plano de ubicación de la zona de exploración.

De acuerdo a lo establecido en punto 30 de la Resolución lXil\ NO 38
de 19S2, se entregó a la lXil\ un informe con el resultado de la
exploración realizada en los seis primeros meses de la vigencia
del permiso de exploración, adjunto a carta de fecha 14 de Julio
de 1982, copia de la cual se incluye. Ese informe debe considerar
se ccxro preliminar pero ccxro parte integrante del presente informe.

•



I
1
1I

1I

1I

1r

1I

1I

11
1I

11
11
11
11
1

11
1I

1. 3. RESUMEN EXPLORACION

En la carrpa!\a de exploración preliminar, se perforó 35 pozos "S",
cuya ubicación, profundidad y nivel fre&ico se ln.leStran en la
Tabla 1.1. Ninguno de estos pozos fue bari>eado,

Algunos de los pozos "S" fueron profundizados hasta la roca basal,
pasando a construir pozos "ES". La ubicación, profundidad, nivel
freAtico y características se muestran en la Tabla 1. 2. Los pozos
"ES" cuyo gasto fue rredido por rredio de "air lift" se indican en
la Tabla 1. 3 .

Finalmente, se construyó 5 pozos de prueba de tierp:> prolongado,
los pozos "T", cuyas características se reSUlen en la Tabla 1.4.

En la sección 2, se incluye el inforrne." Groundwater Exploration
Report" , que incluye antecedentes generales sobre clima e hidro
logia de la zona y en detalle la exploración, indicando las Areas
consideradas de especial interés, los métodos empleados y estadís
ticas de la carrpa!la. Las dos Areas principales de exploración,
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
tivarrente. Para el Salar de Punta Negra, se incluye estudios so
bre clirra y fisiografla (2.2.1), Geologla (2.2.2), secuencias
sedimentarias y volcanicas (2.2.3), Geologla estructural (2.2.4),
aquiferos (2.2.5), rrovimiento del agua subterranea (2.2.6), ca
lidad de agua (2.2.7) yalrracenamiento (2.2.8).

Para el Salar de Hamburgo, se analiza clirra Y fisiografla (2.3.1),
depósitos aluviales (2.3.2), roca basal (2.3.3). ITOvimiento del
agua subterranea (2.3.4) calidad del agua (2.3.5), alrracenamiento
(2.3.6) y potencial de desarrollo (2.3.7),

se concluye con el programa de prueba de los pozos de producción
y resultados en forma resunida en el punto 3.0.

1.5. LlTOUXiIA

En la sección 3 se entregan los registros litológicos de los pozos
productivos.

1.6 PRUEBAS DE En1Bro

En la sección 4 se entregan informes completos de las pruebas de
l:x::mbeo en los pozos T-l a T-5 y las curvas de recuperación de los
pozos en los que se barbeó con "air Hft".

"
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1. 7 UTILlZACICX'l DEL REUJRSO

En la sección 5 se analiza la utilización .. de la recarga y del
agua almacenada, junto con justificaciOn de la zona de protección
que se solicida.

1.8 PLMOS

En la secciÓn 6 se incluye detalles de construcción de los
pozos y los planos que no se han incorporado en el cuerpo del
inforne.
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?E F'. : Ot orga .::ut orizilCl6n al?
exploración de agu.::~

subterr~eas en Salar
de Punta Negra y a su
cuenca anexa a Minera
UTAH de Chlle Inc.,
Frovincia ce Anto[acas- -ta, TI Regi6n.

SANTIAGO,

M.C. ,o.
OllW' ~,: lJ[,:: .:L I1 ,r·,

01 ¡(I; lA l)[ P"\!· T. S

RE :OL:JCIO;¡ lf1~\II¡'1 '..

Fecha '- 4 fEB. 1S82. ....

La solicitud de Hbera UTAH de Chile Ir.::.,
el oficio ORD. N° 17 cel 15 de Enero de
1982 del Dep?~ta~ento ce Derechos de Aguas,
y lo dispuesto en los Arts. 64; 268 Y si~~:er.

tes del Código de Aguas, aprobado por D:-L. :;0
162 de 1969 y en el Art. 12 Transitorio ce:
Código de' A!;"'..:as aprobado por DrL. N° 112:2 ce
1981, del Ministeri¿ de Justicia, y lo es:e
blecido en e: ;rt. 58 de este último texto
legal,

VISTOS:

R E S U E L V O:

:3 S
D.G.A. N° /

CO:1 c·'= l.:d-:o el -¡rector Grcl. d::: . guos h ": rcs\}~lto lo qJ~ sigu~

1°._ Ot6rgase autorizaci6n a Minera UTA~ ce
Chile Inc., para que explore en bienes nacionales 74
rectángulos de 5.000 há. cada uno, ubicados e!1 el lu
gar denominado Salar de Punta Negra y cuenca anexa,
en la. Provincia de AntoIagasta, 11 Regi6n, con el
fin de alumbrar aguas subterráneas que serán desti
nadas' al uso industrial, minero y potable del yaci
miento de cobre. La Escondida.

2°._ Los terrenos a explorar son abiertos y
sin cultivos y están delimitados por las siguientes
coordenadas .
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a) Limites de 70 rectángulos
Norte " 24°05' latitud Su:'•

Sur " 24°55' la':ltud Su:-•

Este · 68°39' longituc oeste·
Ceste - 69°00' longitud oeste•

b) Limites de 4 rectángulos
Norte • 24°10' latitud Sur"

Sur • 24°20' latitud Su:'"

Este • 69°00' longituc oeste•

Oeste • 69°06' longitud oeste.•

3°,- El plazo de cu:'ación de estas autorizaciones
de exploración será de seis ffieses contados desde la fecha ce
transcrlpción de esta Resoluci6~ a la interesada, pero en los
rectángulos en que se inicien les trabajos dentro de dicho
término la autorizaci6n será por ~~ plazo total de dos ~:cs,

La Direcci6n General de Aguas cOffi?robará al termino de los
seis meses antes señalados los rectángulos en que exista ini-
eiaci6n de trabajo.

40.- Se entenderAn in~ciados los trabajos por el
hecho que la beneficiaria inicie la perforaci6n con el obje
to de alumbrar agua subterránea eon el equip~iento adecua
do para tal efecto.

50.- La concesionaria de este permiso de explora
ción deberá proporcionar a la Dirección General de Aguas los
~~tecedentes técnicos que obtenga en el desarrollo de la ex
ploración.

60.- Comprobada la existencia de agua subtel~~.t~.

la concesipnaria del permiso tendrá derecho preferente para
solicitar el respectivo derecho de aprovecha~iento. Este
derecho podrá ejercitarlo dentro del plazo de la autorizaci6n
y hasta seis meses después. Expirado el plazo sin que se so
licite el derecho, el terreno quedará libre para nuevas e~~l~

raciones.
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7°.- Déjase constancia que Hinera UTAH de Chile Inc. I~'II
ha efectuado una consignación de S 1.110.000.- para responder
de los perjuicios que puedan causarse,

¡'.NOT8Sr., 't'O\.W,Sr. RA20N y 1oJ0000TF'H)lJ8SE,
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Santiago, 14 de Julio de 1982
MU-266/82

El propósito de la autorizaClon es alUMbrar aguas Que
Serán destinadas al uso industrial, minero y potable del yacimiento de
cobre La Escondida.

Por Resolución N°38 de esa Oirección de 23 de Enero
de 1982, se otorgó a mi representada una autorización de Exploración de
Aguas Subterráneas en el Salar de Punta Negra y en su cuenca anexa en la
Provincia de Antofagasta, II Región.

11

1I

Señores
Oirección General, de Aguas
Departamento Derechos de Aguas
Ministerio de Obras Públicas
PRESENTE

Huy señores nuestros;

"

•

Saludamos a UStedes muy atentamente,

AH OE eH J LE' NC .

,
10 - SANTIAGO - TELEFONO 285:548 - TLX. seo 412
- ANTOFAGASTA - TELEFONO 225168

t"...
Paul GOl" onneau G.

Gerente

Con la presente, adjuntamos a esa Dirección, el inFor
me hidrológico de la ZOra del Salar de Punta Negra 'lue hemos 'preparado y
en el Que se indican los antecedentes técnicos obtenidos en el desarrol lo
de la exploraCión.

Co~ ustedes podrán apreciar, hasta esta fecha se han
iniciado trabajos en 35 de los 74 rectángulos comprendidos en la concesión.
Lo anterior, sin perjuicio de los trabajos 'lue se ejecuten en los restantes
rectángulos de aquí hasta la expiración de los seis ~eses iniciales conta
dos desde la fecha en Que fue transcrita la Resolución N0 38.

Queremos, además, expresar por la presente Que estamos
a su disposición para presentar o expl icar mayores antecedentes a los téc
nicos de la Dirección 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 la fecha de viaje de un técnico de dicha Dirección a fin de Que
compruebe en el terreno los trabajos efectuados.

cc. Sr. Layto Dalannais
Dir. Gcnpral de Aguas

CLASIFICADOR 11 - CORREO

CASILLA 648
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2.- Que en el plinto 3 ce lu 1\e501uc~6n L:"t.c:; ci~~da,

qucd6 cst1?uludc ~ue lu G~to=i~~c~ó~ scri~ pc~ =e:~

meses, p~~o en lo~ rect~n~u)os en C:Le se ~~icic~en

los tri'\b~jcs (~e exploración, el per'isc seri~ de \.j'.
plü~o tota: ce 2 2~O~.

La sclicit~d de JJ~~C=2 ~~k e _:e I~C. 1 :~ Rc!clLc~6r

D.G.A. l/O 33 de lon,-; el \.: _ClO ORD. I.~ 32 del 26 de
Enero de 1903 del Departu"C'nto de Dcrec'"los de A9uas i
lo dispuesto en el '\:.-~1cu.!.o 12Q Trul1:;~to:..·::.o d~l C6dl

90 de "'gU2S ""rob~co por D.r.L. '/: 1.:2: ée 1561 v e"
Articulo 63 del C6<!1<;C al t00..1(;0 por C.:-.i.. 1:::62 c.e
1969, del ~inlste=_o ce :u~llc1a, y

~. - c'ue la eorce~20nar.lil ha inic1¡,do lr"ba 'o~ 5610 e:--35 de los 7~ rcc:~ryulo~, y por lo ta~to cn 39 cc e-
llos no se c!ecb,..la:-on e:-:plcraC1C;¡CS

1
rc:.!':1 re.: 1.::: c\".;))

no sc procujo ninsún tlpo de pe.jU\C10S.

5.- Que 12 Conces1or.eria ha solic1taco la C~Y01UC16n
de ln suma en COllsisnac16n corresoon01cntc a los 39
rcctSn~ulos cor.dc no !;c iniciaror:· trubajos de exolora
ci6n, s~~~ que asciende a S 585.000 (cuinientos ~chen

•ta y cinco mil pesos).

3 ~ - Que J'1.nf:ra l!':';\o, Chil e I!JC ~ ha CfcctLcCO \,. .... 2 COr.

:.19:1<-C16n por lo~ 71, rectJngulos ~s(er:;('.,tc' a l~ s\.
ma de S 1.110.000 (un nll16n C.lento die:: /;'11 pe$os)
para rcsponccr ce 105 pcrJulcics ~ue p~e¿ar. C?CS~r~;~

ducunte lü cA?lorwci6n.

1.- Devuélvase a !hnera UTA:I Chile IrK., la Suma de
S 505.000 (quin1cntc~ oche~ta y cinco nil pesos). co
rrespondientes a lo con,ignndo pnra explorur en lo~

39 rcct~n9ulos dar.cc ln Cor.ces1ona~ia no reali~6 tra
bajo~ de CXplo=~ci6n) en la provincia de "'ntofug&sta,
II Rcgi6n. ~

/ ,
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2.- P6ngase la prese~te Resoluci6n en conocimiento de la Socicc~¿

intercsnda rcprcsc~tada ?or don Paul Gondonneau; de la Direcci611
dc Cont~bi"idad y Finanzas; del Departamento de Derechos de Aguas,
del Sub-Dcpa=t~"cnto de Presupuesto y Contabilidad de la Direcc~6n

General ce A~~s y de la O:icina D.G.A. Regional Antofagasta.
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TABLA 1.1 UBICACION POZOS ·S·

Coordenadas Profundidad Nivel Est~tico Cota NivelPozo Latitud Longitud Altura (m) (m.b.n.m) (1) Fre.!ltico ct>servaciones
SA- 5 (ES-ll) 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 -- -- SecoSB- 7 7.324.183 522.996 2.961,25 30 0.0 -- ArtesianoSB- 8 (ES-l2) 7.323.959 525.684 2.981,95 299.31 -- -- Tapón de arcilla
7.314.345 494.804 2.999,53 16.6 11.43 2988.10 ( 2.83)

(ES-l) 7.316.625 496.298 3.016,11 152 28.89 2987.22 ( 2.83) Corresponde ES-1
500.900 3.084,68 •7.316.451 30 -- -- secoSC-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
SO- 3 (ES-3) 7.299.061 514 .514 3.018,17 228 39.47 2978.70 (10.83) Corresponde ES-3
SO- 4 (ES-2) 7.305.352 517.732 3.067,09 242 86.43 2980.66 ( 2.83) Corresponde Es-2
SO- 5 7.304.793 521.036 3.144,49 30 -- -- Seco
SO- 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 (lO. 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

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

•
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TABLA 1.1 UBICACION POZOS ·S·

Coordenadas Profundidad Nivel Estático Cota NivelPozo Latitud Longitud Altura (m) (m.b.n.m)(l) Freático ObservacionesSE- 4 7.296.465 517.319 3.099.72 30 -- SecoSE- 5 7.293.136 521.532 3.259,49 30 --
SecoSF- 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 59.97 2966.97 (10.83) Corresponde ES-5SF- 4 7.285.545 515.519 3.103.04 30 -- -- Secose- 1 7.269.502 503.134 2.965,03 30 11.92 2953.11 (l0.83)Se- 2 7.275.073 507.501 2.956,05 30 4.20 2951. 85 (lO. 83)Se- 3 (ES-9) 7.275.867 511. 720 3.067,94 385.56 106.13 2961. 81se- 4 7.275.988 515.607 3.225,35 30 -- -- SecoSH- 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 -- -- SecoS1- 1 7.256.240 503.836 3.129,70 30 -- -- Seco51- 2 7.256.302 506.102 3.120.62 30 -- Seco

•
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TABLA 1.2 UBICACION DE SONMJES DE EXPLORACION "ES"

Coordenadas
Cota Profundidad Nivel Estático Cota NivelPozo Latitw Longitud m.s.n.m. (m) (m.b.p.m.)( 1} FreAtico Observaciones

ES-l 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 (2.83)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 (l0.83)ES- 6 7.273.412 515.990 3.294,62 470,73 24.17? -- ( 2.83) Tapón de arcilla (inicialmen
artesl.ano)ES-7 7.291.502 520.200 3.234,56 422,15 176.35 3058.21 ( 2.83)ES-8 7.279.506 517.937 3.263.58 455,68 78.83? -- Tapón de arcillaES- 9 7.275.867 511. 720 3.067,94 385,56 106.13 2961.81ES-lO 7.272.171 518.693 3.427,72 518,16 0.0 -- ArtesianoES-U 7.327.734 523.096 2.983,85 361,19 17.39 2966.46ES-12 7.323.959 525.684 2.981,95 299,31 11. 72 -- ( 4.83)Tapón de arcillaES-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-ISA 7.329.800 525.798 2.976.30 167.55 4.92 2971. 38 ( 5.83)ES-16 7.333.499 528.632 2.987.11 268,22 16.33 2970.78 ( 5.83)ES-17 7.337.339 529.703 3.035,80 326,14 75.77 2960.03 ( 5.83)!:s-18 7.341.602 527 .146 2.973,12 374,90 30.07 2943.05 ( 5.83)ES-19 7.340.769 520.045 3.095,12 335,28

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)
(l) m.b.p.m. m metros bajo punto mPdida •
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TABLA 1.2 UBICACION DE SONDI\JF.5 DE EXPLOMCION "ES"

,

Coordenadas Cota Profundidad Nivel Estético Cota NivelPozo Latitud Longitud m.s.n.m. (m) (m.b.p.m. ) Freatico ObservacionesES-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 -- -- AterradoES-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 -- -- AterradoES-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 -- -- AterradoES-28 7.284.682 513.006 3.033,02 121,92 -- -- AterradoES-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 -- -- AterradoES-30 7.288.185 514 .322 3.056,71 219,46 -- -- AterradoES-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 -- -- Aterro!ldoES-33 7.279.527 511.101 3.026,79 243,84 -- -- AterradoES-34 7.282.134 513.953 3.078,03 316.99 -- -- AterradoES-35 7.277 .322 509.317 2.993,30 262,13 -- -- AterradoES-36 7.289.401 509.689 2.961,22 85,34 -- -- SecoES-37 7.926.465 517.319 3.099,72 286,51 -- -- Tapón de arcillaES-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 (l0.83)ES-4l 7.263.864 498.725 3.601,79 152.40 16.007 -- (11.83) Tapón de arcillaES-42 7.261.008 502.254 3.035,94 225,52 7 -- (11. 83) Tapón de arcilla

•
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TABLA 1.2 UBICACION DE SONQl>.JES DE EXPLORACION "ES"

Coordenadas
Cota ProfUTX!J dad :!ivel C:;ttltico Cota NivelPozo Latitud Longitud m.s.n.m. (m) (m.b.p.m. ) Freático Observac10nes

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 7.258.212 503.359 3.077,03 158,50 -- -- (11.83) Herramienta Atrapada
ES-48 7.258.164 505.749 3.086,97 292,61 -- -- (11.83) TapOn 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 -- -- AterradoES-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 2977 .15 (10.83)
ES-54 A 7.302.025 511.830 2.985,26 104.21 .,

•
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)

•



-- - --~- -- -- - - - -~- -- - - - - -
TABLA 1.3

RESUMEN POZOS CON PRUEBA DE ro-1Bro POR AIR-LIIT

NivelPozo Profundidad Distribucion Duracion Estatico Q T Conductividad
NQ m ft Casing 8anbco (m) gpn l/s TOc gpd/ft m3/hr/m fIMo/cm ObseES-l 152 499 O - 28 m 8" casing 12 hrs 28.89 47 30 16 2.700 14 .0 8.00028 - 61 m 8" screen

61 - 152 m 8" ranurado

ES-2 242 794 O - .70 m 8" casing 4 hrs 86.43 1 - 25 1.000 5.2 2.80070 - 78 m 8" ranurado
78 -242 m 6" ranurado

ES-3 228 748 O - 59 m 8" casing 12 hrs 39.47 194 12.2 22 3.600 18.7 95059 - 157 m 8" ranurado
157 - 203 m 8" screen
203 - 228 m 8" ranurado

ES- 4 226 741 O - 36 m 6" casing 12 hrs 14.75 135 8.5 18.5 2.000 10.4 10.00036 - 226 m 6" ranurado

ES-s 494 1621 1 - 6 m 8" ranurado 12 hrs 59.97 193 12.2 21 50.000 260.0 6.000 H&Mont6 - 120 m 8" screen 7 hrs 135 8.5 21 10.000 52.0 4.000 J. KiefES- 7 422 1385 O - 860' 6" casing 8 hrs 176.35 55 3.5 26.5 2.500 13.0 3.500860 - 880' 8" casing
880 - 940' 8" screen
940 -1080' 8" casing

1080 -1160' 8" screen
1160 -1200' 8" casing

ES-9 386 1265 O - 440' 8" casing 6.5 hrs 106.13 144 9.1 24.8 5.200 27.0 30.500440 - 500' 8" screen
500 - 620' 8" casing
620 - 680' 8" screen
680 - 760' 8" casing
760 - 840' 8" screen
840 - 860' 8" casing

•
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TABILA 1.3 RESUMEN POZOS CON PHUr::U!I OC oomr:o 1'011 AITl-LI rr

Nivel
Pozo Profundidad Distribucion Duracion Estático Q T ConductividadNO m ft Casing I3anbeo (m) grrn l/s yOc gpd/ft mJ Ihr1m Irrro/an Obse

ES-lO 518 1700 O - 220' 8" casing 7 hrs. 0.0 70 4.4 35 130 0.7 1.580220 - 240' 8" scree
240 - 340' 8" casing
340 - 400' 8" screen
400 - 460' 8" casing
460 - 500' 8" screen
500 - SOO' 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' S" 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' S" blank
1360 -13S0' S" screen
1380 -1400' S" b1ank
1400 -1440' S" screen

'ES-11 361 1185 O - 110' 8" blañk 7 hrs 17 .39 37 2.3 15 2.460 SA-5110 - 180' 8" slotted
180 - 275' 6" screen

ES-13 2S8 945 O - 640' 8" b1ank 8,5 hrs 43.21 234 14.8 19 1.200 6.2 25.000640 - 8S0' 8" screen
880 - 900' 8" b1ank

ES-14 147 483 O - SO' 8" blank 16.14 80 5.0 13 1.260 6.6 9.00090 - 350' 6" screen

•
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..Nivel
Pozo Profundidad Distribucion Duracion Est~tico Q T ConductividadNv ni fE Casing Oanbeo (m) grm lis TJc g¡xi/ft m)lhi7iñ prrro /cm Obsc
ES-16 268 880 O - 100' 8" blank 6.5 hrs 16.33 352 22.2 17 8.530 44.3 2.100100 - 120' 8" screen

120 - 140' 8" blank
140 - 160' 8" screen
160 - 180' 8" blank
180 - 240' 8" screen
240 - 260' 8" blunk
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 O - 460' 8" blank 7 hrs 75.77 136 8.6 19 900 4.5 9.500460 - 840' 8" screen
840 - 860' . 8" b1ank

,

ES-19 335 1100 O - 160' 8" b1ank 3.25 hrs 143(7) 41 2.6 17 220 1.1 3.558160 - 180' . 8" screen
180 - 200' 8" blank
200 - 220' 8" screen
220 - 240' 8" b1ank
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" scn"en •740 - 7(,0' nto hl.,rlv
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TABLA 1. 3 RESUMEN POZOS CON l'RUf::13A OC r.oMI3CO POR l\rR-LIIT

Nivel
Pozo Profundidad Oistribucion Duruclon Estático Q T ConductividadNO ro ft Casing l3anbeo (m) g¡:m lis T='c gpa/ft m3/hí'/m ¡.mm/cm Q:)SCIV,1

ES-SO 16S 640 O -160' 8" blank 8 hrs 39.30 301 19.0 15 30.634 159.5 1.600160 - 292' 8" screen
292 - 312' 8" ba1nk

..
ES-54A 104 460 O - 200' 6" blank 8 hrs 7.12 395 24.9 15.5 27.442 142.7 1.200200 - 400' 6" screen

1.100
ES-57 262 860 O - 320' 8" blank 8 hrs 46.61 29 1.8 21.5 2.444 12.7 1.500320 - 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 O - 160' 8" b1ank 8 hrs 54 .. 00 135 8.5 20.5 81.000 421.2 13.000160 - 280' 8" screen
280"- 300' 8" b1ank ., ,

•
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TABLA 1.4 POZOS DE PROrucCION

CAAACTERIST1CAS FISICAS

Coordenadas, m Profundidad Nivel featico, mPozo Latitud Longitud Cota m. ft. m.b.p.m. CotaT- 1 7284.703 513.023 3033,15 186,7 612 67.20 2965.95T- 2 7307.628 514.024 3016,45 107.4 352 37,86 2978.59T- 3 7302.036 521.847 2985,44 128.1 420 8.16 2977.26T- 4 7295.288 514.785 3039,26 189.1 620 65.75 2973.52T- 5 7258.135 502.077 3088,28 204.4 670 124.97 2963.2:

CAAACTERISTICAS HIDROLCX;ICAS

Pozo NO Gasto Transmislvidad

Coeficientel/s g.p.m. m3/hora/m g·P·d./ple Almacenaje
T- I 36 570 104 20.000 0.13 •T- 2 32 510 95.7 18.400 0.08T- 3 32 510 117.5 22.600 4 x 10-4
T- 4 30 475 114.9 22.100 0.20T- 5 19 300 83.2 16.000 0.10

CALI DAD DE AGUA

Relacion COnductividadPozo NO Salinidad,mg/l COnductividad,)Urnhos/cm vertical/ horizonal Kv/Kh
T- 1 5000 8200/8260

1/7T- 2 700 953il020
1/13T- 3 1200 1790/1800
1/10T- 4 1850 2350/1400
1/10T- 5 7500 10540/11630 1/100
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AA 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 closOO de
presslOn located about 25 Km (16 mí) east of the Escondida Project site.

Exploration phase activity accountOO for the drilling of 53 boreholes
totaling 13,474 m(44,196 ft) of these, 22 were developed as exploration
air-lift PlJ!il test wells. Exploration phase activity was ccrnpletOO in
August. 1983.

The program of exploration located a productive aquifer in alluvial sOOi
rrents. This aquifer was tested with 5 production design wells during the
period 5epternber, 1983 through February, 1984. This testing program accoun
too for a total of 1942 m (6,370 ft) of dri11ing in 12 boreholes.

A production scale testing program confiITned the existence of a productive
aquiter which would economically rreet project water requirerrents. These
requirerrents are a mínimum 30 year supply at an average rate of 404 l/s
(6400 gpm) with a peaking demand of up to two years at 681 l/s (10,800 gpm).

Based upon hydrological informaUon gained fran exploration and testing
programs, a conceptual well fiele will be designed. Wells would be constructed
in essentially the sarre design as the test wells.

Approximatley 70% of project water will corre fran the depletion of storOO
water (water míning). CNer 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 (TOS) of no greater than
6,000 mg/1 (ppm). There will be no significant variation in water quality
over a 30 year lite at the required PlJ!iling rate.
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1.0 REGIONAL WATER RESOURCES

The Escondida Project is located in the Atacama Oessert of northern
Chile. This desert extends from the Pacific Ocean inland to the
Andes Mountains along Chile' s border ",i th Argentina and Bolivia
throughout the northern third oi the country. The project is
irnmediately 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 due to a lack of water.
The Salar de Atacama, which is located to the northeast of the
project, does have a sparse population due to small surface water
inflows from the Andes.

1.1 Clima te

The Atacama Desert is one of the most arid in the ...orld. From
the coast to elevations oi 2,000 meters (6,560 feet) , rainfall
averages less than 1 millimeter per year with long periods of
no rainfall being quite common. Generally, 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 sumrner months of
December to March as a result of moisture-laden air masses
passing over the Andes from the jungles of Argentina. While
most of this moisture falls on the Andes, sorne reaches the
area imrnedlately to the Nest of the mountains. Precipitation
in these high plains (el~vation, 4,000 meters, 13,120 feet or
more) can average as much as 500 millimeters (20 inches)per
year.

The project site is situated sorne 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 avai lable precipi tation. 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. Sumrnertime 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 uncornmon.
Cenerally, winds are lightest in the morning and attain
considerable force by afternoon throughout the year.
Prevailing "'inds are from the west.

,
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1.2 Hydrology

The general absence of precipitation in thís region has a
large impact on its hydrology. Surface waters are scarce with
only three permanent river systems flowing within the deserto
the Río Loa, the Río Grande, and the Rio Vilama. The Grande
and Vilama disappear into the northern end of the Salar de
Atacama after giving up UIOst of their now to irrigation in
the San Pedro de Atacama area. The Rio Loa, which flows
through Calama, actua11y 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 remete meuntain areas. The two closest to
the project, the Rio Quepiaco and Rio Zapaleri, are
immediately northeast of the Salar de Atacama and empty into
closed basins. 1.11 of these rivers are over 100 kilometers
(62 miles) away from the project site (section 2.12).

Al though 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 prirnary 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 ef
greatest irnportance. Groundwater exploration has yet to occur
on a large scale.

•
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2. O 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 surficia1 f10ws eminating frorn the
Andes mountains. As known sources of notable quanti ty 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 know1edge regarding groundwater
resources is contained in a study conducted under the
auspicies of the U.N. in the 1970's (9J. For these reasons,
the identification of a groundwater resource required an
extensive exp1oration programo This prograrn was centered On
the Punta Negra basin to the east of Escondida and Was carried
out between Feb, 1982 and August, 1983.
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2.1.1 Exp1oration program history

The need to conduct groundwater exp1oration was
recognized irnrnediate1y following discovery at
Escondida. A prelirninary fie1d reconnaissance was
carried out on May 25-31, 1981 by consu1tant John W.
Harshbarger and a report issued JUne lB [Bl. The
report conc1uded that the Salar de Punta ~egra basin
(Exhibit 2.1) provided the best potential for
industrial scale groundwater deve10pment in the area
and recomrnended that geological mapping, gravity
geophysical surveying and exploration dri1ling of
four wells be carried out in the Punta Negra basin.
In addition, one ho1e was recommended for the
Hamburgo basin for ternporary water supp1y.

A gravity and rnagnetic survey was conducted in the
Punta Negra basin during the period September 3-11,
1981 by Robert E. West, geophysicist for Mining
Geophysica1 Surveys, Inc. of Tucson, Arizona. A
report was issued December 9, 1981 (13 al. The
report conc1uded that a deep alluvia1 basin exists
with bedrock depths of up to 1500 meters (5000 ft).
The report also conc1uded that the bedrock surface
was structura11y contro11ed with the deepest portion
occurring severa1 ki10rneters to the east of the
topographic low axis.

Preparations were comp1eted for initia1 exp1oration
dri11ing upon a Water Department reso1ution granting
water exp1oration concessions on February 4, 1982.
Dri11ing cornrnenced on March 4, 1982 on exp1oration
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"'ell ES-l, located in the Salar de Hamburgo.
Subsequently, wells ES-2 through S "'ere drilled at
the four sites recommended by Mr. Harshbarger in the
Punta Negra basio. "'dditionally, 30 boreho1es of
approximate1y 30 meters each "'ere constructed to
complete assesment requirements of the water
exp1oration concessions. The "pilot" drilling
program "'as cornpleted May 13, 1982. ... report was
issued July 29, 1982 by Hargis and Montgornery, lnc.
[7 al. This report conc1uded that a very large
water resource existed in the form of a groundwater
reservoir stored within thiek alluvial sediments and
that sufficient perrneability existed for econornical
exploitation. ... program of additiona1 exp10ration
dri11ing and geologica1 mapping was recornrnended.

Prelirninary geologieal mapping of the Punta Negra
basin was comp1eted in July, 1983 by eonsul tant
Floreal Garcia.... This mapping indieated that
potentially permeable gravels existed in the
northern part of the basin ¡Salar de Imilae) and it
was decided to extend gravity survey work into this
area . Three traverses of the basin were cornpleted
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 Geophysiea1
5urveys. A report was issued on January 3, 1983 [13
bJ whieh ineluded a reinterpretation of the previous
work in light of drilling resu1ts. The report
coneluded that the structural depression previously
detected in the central Punta Negra basin extends
through the lrnilac Salar to the north where i t is
narrower and deeper.

Additiona1 geologieal work was undertaken in August
and 5eptember by consu1tant Lawrenee H. Lattman.
After examination of satellite imagery and
stereographic air-photo coverage, field
reconnaissance was completed during the periad
September 4-12, 1982. Nine exp10ration well
locations were recommended [12J. These were located
at fracture trace interseetions in the east-central
Punta Negra and Salar de Pajonales basins. "'s these
sites were outside existing exploration concession
areas, an additional concession "'as applied foro
Exploration drilling operations cornrneneed November
1, 1982. During the course of the drilling program,
6 "target areas" "'ere defined and drilled within the
basin (section 2.1.2). These were drilled as
follows: "East Llullaillaco" area November
1, 1982-January 15, 1983 (E5-6 through 10); "Imi1ac"
Jahuary IS-April 26, 1983 (ES-ll through 22);
"Burried 19nimbrite" "'pril 26, 1983-May 26, 1983
(ES-23 through 21) I "ES-5 area" May-26-July 1,1983



With the eompletion c~ hole 53 at the end of August,
the exploration drill':'nq phase was complete. From
August 30 to Nov~er 1, drillinq continued with the
construetion of production test wells (T-l throuqh
T-5) as well as addit~onal observation and aquifer
definition "'ells (ES-54 throuqh 60).

(ES-28 through 37) "South Basin" area July 7-August
6, 1983 (Es-3a through 47); "ES-S" area August 6-15,
1983 (ES-4a, 49); "Domeyko Sediments" August 15-29,
19B3 (ES-50 throuqh 53). In June, 1983 Dr. David
Todd visited the area and issued a summary report in
July [la al. This report reeommended a testing
program of several produetion desiqn wells.
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Produetion testing "'as earried
1983 through February 17, 1984
program was eornple~ed in
hydr01ogica1 studies. (l8 b. c,

Exo10ration target areas.

out from Oetober a,
(section 3.1). This
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d, e, fl.

11
1I
11

I
1
1
1

Punta ~egra basin

Within the Punta Nes=a ~asin, six target areas were
explored by drilling. ':':'e "target" in each case "'as
One or more ge010gical conditions.

The "East Llullaillaco" area "'as tarqeted for a)
eoarseninq of sediments upstream of the ES-2 throuqh
ES-5 welIs, b) sediments rnade permeable by
fracturinq (the wells "'ere placed on fracture trace
intersections) and e) buried, fractured ignimbritie
voleanic rocks expected to have a hiqh permeability.
This area "'as also expected to hav" a relatively
hiqh reeharqe. Drilling eneountered a thin artesian
aquifer with low tranc~ssivity.

Drilling failed to eneounter eoarser sediments or
sedirnents made permeable by fraeturing. In fact,
sediments "ncountered "'ere very low permeability.
An ignimbrite was drilled but was very thin.

The "Imilac" area "'as drilled to test coarse
conglornerate deposi ts which outerop in the area.
Althouqh relatively qoad permeability was
eneountered in sorne areas, the qeological
variability of the area rr~de it impossible to define
an area larqe enouqh tor comrnereial seale
development.

The "Buried Ignimbrite" target was drilIed along the
eastern marqin of the basin lookinq for a thick,
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The "ES-S" area was drilled to IIlOre accurately
define a section of moderate permeability sands
discove~ed in well ES-S. Th~s area proved to have a
general N-S trend and to be large enough to be
cOl!llnercially developed. 2 Transrnissiv~t~es are
moderate (180 to 250 m Iday, 15,000 to 20,000
9pd/ft) ano salinity ranges between 1700 and 6000
mg/l TDS.

The "South Basin" was drilled in s~arch of alluvial
sands which wou1d have ceen deposited in an ancient
rlVer bed tlow~ng frorn the south of the bas~n OHo
Frio) . "broad area of relatively clean sanes of
moderate transmissivity was found. This area,
however, was found to receive very llttle recharge.
Because of this, water quality is hlghly dependant
upon depth ane proximity to the salar (section
2.2.7). The area appears to be cornrnercially viable
but suffers due to dlstance to the proJect site.

The "Dorneyko Sedirnents" target was drllled to
lnvestlgate the existance of a different character
of alluvlal sedirnent derlved frorn the mountains
borderlng the basin to the west (all previous
dril1ing had been targeted on sediments derived from
the volcanic area to the east except the Imilac area
conglomera tes of unknown derivation). This target
lay directly below salt fonnation and clay of the
northern extenslon of the salar. The targ~t was
located and detennined to be 2 of moderately high
transrnissivity (230 to 280 m Iday, 18,000-22,000
gpd/ft) and good water quallty (700-1200 rng/l TDS).
This area appears to have the best development
potential owing to transrnissivity, quality ot water
and proxirnity to the project site.

'.
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2.1. 3

2.1.4

GRCXJNlW\TER EXPLORATION CON:ESSlONS
Groundwater exploration in Chile requires an exploration
coneessions. Over too lite of too exploration program,
2 exploration concessions were OOld in the Punta Negra
Harrburgo areas.

A resolution was passed granting groundwater exploration
coneession to Minera Utah de Chile lne. over a 370,000
hectares (1429 mi2 ) area in February, 1982. This con
cession consisted of 74 rectangular areas of 5000 ha
( 19 mi2 ) each. By Chilean l.aw, the holder of a coneession
must derronstrate that exploration has begun within 6
rronths of the resolution. To fullfill this obligation,
drilling was perfonred on 35 of too rectangles and a report
was filed in June, 1982. 'Ihis reduced the concession to
an overall area of 175,000 ha (676 mi2 ) (Resols [X;A NO 38,
1982 and NO 47, 1983).

A second resolution was passec granting Minera Utah de
Chile lne. an exploration concession for an area of 190,000
ha ( 734 mi2 ) 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 CX:tober, 1983
retaining exploration rights, brinZing the total area under
concession to 365,000 ha ( 1409 mi ) (Resol NQ 139, 1983).

80th concessions were valid for a period of two years fran
too date of resolution.

Groundwater exploration rrethods

Pre-<trilling

t:efinition of drilling target was aided by geological
mapping and geophysical prospecting techniques.

Geological mapping was carried out on bedrock exposures
surTounding the Punta Negra Basin as well as sedirrentary de
posits exposed in too deep ravines on too east side of the
salar and conglanerate outcrops in too Imilac area
(section 2.2.3). 'Ihis work was useful in est imat ing depth
to bedrock and depositional envirorrrent of the targeted units.
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Gravity geophysical surveys "ere employed in
conjunction "ith geological mapping and early
drilling results to approximate depth to hedrocK. A
total of 9 cross sectional traverses "ere completed
"ith Une separation of 5 to 20 Km (3-12 mi) "ith
stations at ! Km (1640 ft) spacings. A total of 355
Km (220 mi) of traverse "as completed in this
fashion [13J. In addition, magnetic and
electromagnetic geophysical methods "ere tested for
detection of saturated fracture zones acting as
conductors. These methods did not prove usefu1l
[5 J •

Orilling and 1099in9

Because of the large area heing investigated and the
lack of knowledge of the stratigraphy within the
hasin, it ",as decided to emphasize geological
interpretation in the drilling programo Thus a
pattern arrangement of test wells was not employed
in favor of a more interactive process of drilling,
geo1ogical interpretation and well testing.

Orilling was carried out using a Gardner Denver 2000
rotary dri1l. In rnost cases, a 15 cm (6 inch) ho1e
was started using OTH (down-the-ho1e) air harnmer
method. Upon reaching "'ater 1evel, in rnost cases
the hole became unstable (caving) and a change "as
made to conventiona1 mud-rotary techniques emp10ying
bentonite mudo

Drill cuttings "ere collected at 6 meter (20 ft)
intervals and logged by a geologist. Cuttings "ere
also subjected to sieve analysis in se1ected zones.

Upon completion of a hale, we11 logging "as
conducted. We11 10gs employed included 16 inch
normal resistivity/spontaneous potential; neutron
densi ty/natural gamma; temperature and temperature
differential; and caliper profiles.

The geo10gist in charge uti1ized these logs as "e11
as the geo10gica1 lag of drill cuttings to decide if
the hale should he pump tested. About 30\ of the
time, it was decided to test the we11.

Test "ell construction "as carried out by first
reaming the pilot hale to 25 cm (9 7/8 inch)
diarneter. This "as done using conventional
mud-rotary techniques emp10ying an organic based
degradable dril1ing mudo Upon completion of rearning
operations. 20 cm (8 inch) ID casing "as lo"ered
into the hole "ith desired sections screened for
testing. Screens "ere "ire "rap type "ith



Post drilling

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 cfmj250 psi Ingrersoll Rand
compressor (a1so used in drilling). Pumping was
done for an B 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 wel1 was measured using an
electrical sounder. Recovery was recorded for a
m1n1mum of 8 hours on a logarithrnic (decreasing
frequency) basis.
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1 mm (.040 inch)
screens in place
(no gravel paclc)
mud wall calce and

slot openings. Wi th casing and
the well was naturally developed
by first chernically degrading the
then air jetting the screens.
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Water samples collected during testing were sent for
chemical ana1ysis of 22 cations and anions plus pH,
TDS (total dissolved solids) and specific
conductivity. After testing, water samples were
col1ected from selected wells using a special
sampling tool which can be oper:ed at a selected
depth. This sampl1ng allowed a salinity profile to
be determined.

Analysis of recovery rneasurement was done in the
field and checked by company hydrologists in the
Onited States. The analysis provided guideline
values of transmissivity for the we1l.

11
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Monitoring of water level inside the
carriec out On an occasional basis.
done using electrical souflders.

Program statistics

wells
This

has
has

been
been

11
Well locations are shown in Exhibit 2.2 A surnmary
of this drilling is as fo110ws:

Exploration "ES" wells

l'

1

Number of wells:
Air 1ift tests :
Total drilling :
Total casing :

53 (ES-l through 53)
22
13,474 m (44,196 ft)
4,661 m (15,287 ft)

•
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11 Concession assesment ·s· wells

The Salar de Punta Kegra Basir: was identified at an early
stage as offering the best potential for groundwater
development in conjunction wi th the Escondida Project. For
this reason the majority of investigative work has gone into
this area.

•

Production test "T" wells

30
O
712 m (2,336 ftl
O

7 (ES-54 through 60)
4
1,122 m (3,680 ft)
521 m (1,710 ft)

5

105
820 m (2,690 ft)
806 m (2,643 ft)

Number of wells:
Air lift tests :
Total drilling :
Total casing :

Number of wells:
Air lift tests :
Total drilling :
Total casing :

Number of wells:
Cumulative days

pumping
Total drilling
Total casing :

The Salar de Punta Negra Basin (Exhibit 2.1) lies to
the east of Escondida at a minimum distanee of
approximately 20 kilometers (12 miles). The basin
is a elosed topographie 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 ft)
in the Sierra de Varas at the southern end of the
basin. The eastern border is formed by a series of
volcanoes and uplifted granitic rocks of the
Cordillera de Los Andes, dominated by the peak of
VoleAn Llullaillaeo, 6723 meters (22,057 ft).

Climate and physiography

Production test observation and definition "ES"
wells

The basin !loor lies at an average elevation of
abóut 3000 meters (9,800 ft) and ineludes two
salars. The salars are flat dry lakebeds with
surfaces of salt and clay. The Salar de Punta Negra

Punta Negra Basin

2.2.1

2.2
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2.2.2

is the ~arger and has a surticial area of 256 Km2

(100 mi I and is ringed by small sal t marsfes.
Thi Salar de Imilac to the north covers 20 Km (8
mi I [17). 80th salars haya 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
ef a 2996 meter (9829 ftl pass at Pan de Azucar
which is the lewest pcint ef the drainage divide.

The Punta Negra basin, as is typical of the desert
regien, is extremely arid with vegetation generally
lacking and scarce precipitation. However, the
meuntaineus area bordering the basin en the east
does receive sorne precipitatien which is estimated
to average 400 mm (15.7 in) per year aboye 4000
meters (13,120 ft) elevation [5, 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 snowstorns
at the high elevations and, to a greater extent as
sumrner rain/snow showers. The later, known as
"Bolivian Winter" are COll\lTlon occurrences aboye 4000
meters and infrequently extend to the lower slopes.
Temperature ranges depend greatly on elevation.
Maximurn surnmertime temperatures at the salar
elevations are near 40· C (104· FI while nightime
temperatures can reach freezing. Winter
temperatures average 15· lower. Windy conditions
are common in the winter months with afternoon west
winds occurring daily and occasienal strong winds up
to 100 Km/hr (62 mphl occurring with winter storms.

Geo1ogica1 setting

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 Cretaceeus marine
sediments, intrusive and volcanic rocks. The Andes
consist principa11y of Jurassic to Quaternary
volcanic rocks a1theugh older (pre-Cambrian?1 bedrock
is expcsed along the western margino The graben is
fil1ed up by Tertiary and Quaternary alluvial
sediments censisting principally of playa depcsi ts
and fanglomerates. These sediments obsure most of
the major structura1 features forming the basin.
The geo10gica1 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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2.2.3 Sedimentary and volcanic seguence

Sedimentary and volcanic rocks tilling the Punta
Negra basin are of principal interest as these act as
condui ts and reservoirs of groundwater. Bedrock
areas act principaUy as barriers to groundwater
flow and as source areas for basin filling
sediments. In this respect, bedrock geology has not
been investigated in detall. References treating
bedrock geology include [21, [161.

Detailed work on the stratigraphic sequence for
various parts of the basin have been carried out by
Vila [19 a, bl and by Mongard [141. This work has
shown that lateral variation in all sedimentary and
volcanic units is the rule. In 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,
fol!ows. ~

Evaporite deposits

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

An assyrnetrically distributed outer rim sub unit
exists wi th 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) saH 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 capil!ary movement and is
evaporated. This crust is composed chiefly of
gypsum and halite mixed with subordinate ulexite and
sorne 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 dynarnic 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 '1rowth rates of 5 lIllIl (1/4 inch)
per year. The width of this active rim appears to
be directly related to the amount of evaporation,
and therefore rechar'1e 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 rechar'1e from east and west.

A central nucleous sub uni t exists of crysta1line
halite. The unit is of unknown thickness. The
surface elevation is about 1 meter (3.3 !t) above
the surroundin'1 rim, which at the border of the
nucleous forms a shallow brine "meato. The central
nucleeus occurs only in the Salar de Punta Negra.
It appears to be a "fossil" salt crust which is not
actively growin'1 but rnay in fact be dissolvin'1.

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 rnuds and
clays with abundant 9Ypsum.

Recent alluvial deposits

Recent outwash deposi ts cover most of the basin
between bedrock outcrops around the border and
evaporite deposits at the basin center. These
deposits consist ef unconsolidated silts, sands and
gravels deposi ted by occasional channel !low 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
alon'1 which they occur. The deposi ts are composed
of arenaceous sediments, strongly compacted and
cemented by a calcareous cement, wi th intercalated
lenses and thin layers (9.2-0.5 m) of we1l
crystallized yellow travertine (ara'1onite). The
base of this unit corresponds to a polimictic
sedimentary breccia (1-2 m thick) , with angular
fragments of rhyolite and reworked calcareous
fragments, showin'1 an incipient NNW-SSE imbrication.
rn 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) volcanic deposits are
present as effusions ~rcm the Tocomar volcano, to
the south of the llullaillaco volcano. These
deposi ts 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 overl}' the t"pper '!'uff uni t or directly
upon older alluvium.

Upper Tuff

A volcanic unit crops out at the very upper part of
the Barrancas Blancas Cllff, where it forms a
vertical, weather-resistant cornice approximately SO
m thick.

This uni t extends to the north-northwest where i t
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
sueh well defined basal cooling unit. The poorly
welded Upper '!'uff unit in the area west of voleAn
Lullaillaco represents a distal zone of the dense
welded Upper '!'uff.

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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The best exposure oí this unit crops out in the
central course oí the Quebrada Las Zorras, close to
drillhole ES-24. In this area, the unit consists of
weak to moderately consolidated, alternating dark
brown-grayish lenticular, polimictic conglomera tes
and relatively more extensive and consolidated
pale-brown tuffaceous, clay-silt rich sedimento
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\ oí the rock). Apparently
there is an increase of the arenaceous matrix to the
bottom of the unit. 1mbrication of clasts, suggests
a N200-40·W flow direction.

The clay-si 1t rich consolidated sediments, (0.2-2 m
thick) are more extensive and show thin larninations
0-5 mm), al though sorne intercalated horizons of
coarse rounded fragrnents mal' be presento 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 Quebrada Las Zorras, shows clearly
the presence of a coarse grained, clast supported
conglomerate of high energy facies in the central
course oí the ravine, extending approxirnately 1.000
m to the E and W of dri llhole E5-24. To the east
and west (?) the facies change progressively to low
energy, muddy matrix supported gravel facies and
finalIy to Iarninated silt-clay facies. Only
silt-clay layers appear moderately fractured
(vertical fractures) which are interpreted as
dessication cracks.

In the area west oí volean Llullaillaco i t dips
gently (5-10°) to the west.

This unit corresponds temporally with sedirnents
hosting aquiíers 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 cIay unit which is tentatively correlated
(temporally) with the Iower 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 depositsl.

In the IDúlac area, correlation with this unit is
more tenuous. However, a series o.f poorly sorted
gravels with intercalated silt-clay units was
drilled which overlies a well consolidated
conglomerate, probably corresponding to the Lower
Conglornerate.

Lower Tuff

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

11
11

11

11

11

al

bl

Poor to partial welded brown-grayish tufi, with
increasing thickness frorn 20 to approximately
50 In in the rniddle course oi the ravine.

Partial to dense welded light red tuii, of
lenticular character. lts max~murn thickness
reaches 5 m, but ~n places tuff a overlies
directly tuff c.

11
cl Dense welded dark red tuff. Variable thickness

between 10-15 m.

Variation in thickness seerns 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 El Salado.

.0.11 those tuffs corresponds to subaerial deposi ted
ash flows of rhyolitic to rhyodasitic composition
with rnassive aspect, chaotic distribution of pumice
and tuff fragments. Only the uppermost zone of the
a layer shows inverse gradded bedding oi subangular
to tabular andesitic-rhyolitic fragments, whereas
the lower layer shows disordered and incipiently
imbricated clasts frorn the lower conglornerate unit.
No crossbedding was seen in the tuff units.

Partial to dense welded pink tuff with variable
thickness between 30-50 rn. The contact between
Tufi d and the Lower Conglomerate is
characterized by a 2-5 cm thick dark red
vithophyric horizon .
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2.2.4

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 characteristics 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 slo\ol drilling
conditions. In the Imilac area, this well
consolidated conglomerate may corre late with the
Puri lactis Formation [3 J which crops out north of
the Imilac area.

Structural geology

Basin structure is important to hydrogeology in that
structural features control depth to bedrocl< and
therefore the saturated thicl<ness of water bearing
sediments.

The regional structural style, as observed ln 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
stril<e-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 morpholoqy. These data indicate that a deep
N-S trough exists in which have accumulated the
lower density sediments [13 a,b).

Surface morphological features appear to correspond
to sorne 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 worl<.
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2.2.5

This evidenee indieates that two main fault systems
are present in the subsurfaee. A N-S system of
normal faults of large displaeement appears to be
primarily responsible for basin development. A
N50·W trending system is also present and appears to
be primarily of right lateral strike slip
displaeement. The temporal relationship between the
two systems is not eompletely understood but i t
appears that the two systems are either
eontemporaneous or the N-S system predates the N50.W
system.

Since the gravity geophysieal surveys were genera11y
oriented E-W, the N-S system was much lI10re elearly
defined ~although survey lines \o/ere 5-20 Kln apart}
than the NSO·W system.

Aquifers

Three aqui fers have been identified in the Punta
Negra basin. These are, in order of importance, the
Upper Conglomerate surrounding the Punta Negra
Salar; the Upper Conglomera te 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 K1n.

The Upper Conglomerate surroundlng the Imilac Salar
is probably contemporaneous \o/ith the Upper
Conglomerate surrounding the Punta Negra Salar
(section 2.2.3). Drilling in the Imilac area
identif~ed a section of saturated, interbedded
eonglomerate and clay with 10\0/ transmissivity. This
area is eharacterized by rapid lateral facies
variations and variable water quality. For this
reason, and because the Imilac area reeeives a
relatively sma1l proportion of basin reeharge,
drilling was limited to 12 boreholes including 6 air
1ift tests (ES-ll through 22).

The Upper Conglomera te artesian aquifer is
stratigraphieally located at the base of the Upper
Conglomerate unit, directly aboye the lower tuf!.
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 limi t is
defined by a topographie scarp corresponding to a
monoelinal fold axis of the upper sedimentary and
volcanie units and N-S normal faulting of the
bedroek complexo The aquifer is thin, comprised of
a zone of about 10 meters and is eontained by very
10101 permiability, elay rich eonglomerates aboye and
by the Lcwer Tuff below. This aquifer was dril1ed

•
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in 5 locations (ES-6, 7, 8, la, 24) and air Hft
tested in 3.

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

The Upper Conqlomerate to the west of the topoqraphic
scarp, and surroundinq the Punta Neqra Salar on the
north, east and south contains by far the qreatest
development potential. Although permeability and
water quality are variable within this aquifer,
lateral variations occur in a more predictable
fashion than in the lmilac area. Transmissivities
of test wel1s located in this aquifer are
subtantial1y better than the other aquifers. For
these reasons, only this aquifer has been seriously
considered for developrnent and subject to close
hydrological examination.

The aquifer unit occurs ~ithin 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 aboye 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 i ts origin as al1uvial fan deposi ts
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-l at the south and the southern area extendinq
from ES-58 to T-S. 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-l 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 inflO'"
there is insignificant.

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

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.

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 sal1nities, 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/l.

and analysis
groundwater

extensive sampling
the salinity of

of an
that

The water table 15 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.

to the atmosphere by evaporation from the sa12r
surface. With a salar area of about 240 Km ,

this amounts to an evaporation rate of 0.067 mjyr.
This value is approximately 4 percent of the
estimated water surface rate of 1.50 mjyr and is
reasonable considering that most of the salar
surface is covered by crystalline halite.

This inflow means that the quantity of groundwater
approachinS2the eastern side of the salar amounts to
1.5 x 10 l/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 movement of groundwater into the salar area is
relatively slow. About 90 percent of recharge, some
460 l/s (7300 gpm) approaches the salar along 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 mjyr.

The results
demonstrates

2.2.7
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2.2.8

increases wi th distance from the salar, with depth
and from north to south.

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

This condition is D\Ost apparent in the southern part
of the basin (near well T-5). Rere the small arnount
of recharge and the goo<:\ penneability has resulted
in a brine interface sloping gently away from the
salar at an elevation of approximately 2950 meters
to an elevation cf 2875 meters at well T-5.
OVerlying this brine level is a wedge o~ relatively
fresh water (approximately 6000 lIlg/1 TOS) with a
thickness of about 9C lIleters (290 ft) at wel! T-5
and apexing at the salar edge.

In the area betweer. wel! T-2 and Abundancia well
this effect is not observable in the wells. In the
north at well T-2, excellent water quality (700 mg/l
TOS) is present to the bottom of the aquifer.
Since, in this area the bottom of the aqui fer is
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
10101 in the north of 700 mg/l (T-2) to a high in the
south of about 6000 mg/l (T-l 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 gf¡0un~water in storag§
h~ve 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 ot 1150 l/s (18,200 gpm) oVer
a 30 year life at an extraction rate of 50\, which
is considered to be an attainable extraction. This
amount alone is more than adaquate for project
requirements. It is estimated that 70\ ot water
requirements will be met by depletion of stored
groundwater (water mining).

2.3 Hamburgo Basin

The
and
the

Climatic features

The Salar de Hamburgo basin occupies a geologic structural

The Escondida project site is located in the Salar de Hamburgo
basin. Because of its proximity to the project, the Hamburgo
Basin was studled tor its development potential [7 a, b, cl.

depression which is partially filled by alluvial deposits.
basin comprises a hydrogeologic sink where surface water
groundwater flows from the surrounding mountains into
structural depression.

The principal geologlc units in the salar de Hamburgo basin,
from youngest to oldest, are the alluvial deposi ts and the
bedrock complexo

2.3.1
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Average annual precipitatlon and eVapcration at the
valley floor for the Salar de Hamburgo basin is
similar to preclpitation and evaporation at the
valley flocr for the Salar de Punta Negra basin.
The altitudes of the mountains surrounding the Salar
de 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 15 about 1,500
millimeters (15).

Most of the precipitation which falls on the valley
floors occurs as rain; however. snow rnay occur in
the higher altitudes of the surrounding mountains.
Much ot the precipitation which falls in the basins
is lost to evaporation. Most ot the snow is lost
via sublimation prior to rnelting and does not
cornrnonly sustain streamtlow.

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 rainstorrns. A small fraction of
the precipi tation provides ephemeral streamflow or
lake storage. Excellent conditions for infiltration
and percolation ot surtace water to the underlying
aquiters exist in alluvial deposits in stream
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2.3.3

2.3.4

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

Alluvial deposits

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

Alluvial deposits in the Salar de Hamburgo basin
~ere penetrated by groundwater exploration well ES-l
to a depth of 142 meters (466 feet), and to shallow
depths by boreholes 58-1, 58-2, 58-3, SC-l, and
SC-3. Static water level at the ES-l site was about
28 meters 192 ft) below land surface. At the ES-l
site, moderately permeable alluvial deposi ts occur
from 28 to 55 meters 192-180 ft). Poorly permeable
alluvial deposits occur from 55 to 142 meters
(180-466) . Poorly permeable, dense, older andesite
bedrock occurs from 142 to 152 rneters (466-499 ft).

Bedrock cornplex

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 younqer 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 Hamburqo 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 Hamburqo
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2.3.5

2.3.6

2.3.7

basin ranges from 10 meters (33 ft) at borehole SC-l
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 Harnburgo basin occurs by evaporation
from the salar surface and by westward subsurface
flow.

Groundwater recharge in the Salar de Harnburgo basin
occurs principally via infiltration from infrequent
ephemeral strearnflow.

An air lift pumping test was completed On well ES-l.
This well produced about 3 l/s (47 gpm). A
calculation of transmissivi ty 2'ased upon recovery
data gave a value of 33.6 m /day (2200 gpd/ft)
which indicates a 10101 transmissivity in this area.

Groundwater quality

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

Groundwater storage

Ita ha~ 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 l/s (2260 gpm).

Development potential

Because of the 10101 transmissivity encountered here,
well production would be limited to about 6 to 10
l/s (100-160 gpm). For this fact, the developrnent
potential is limited to small production wells for
temporary purposes such as drilling and construction
activity.
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Production Scale Testing

To obtain more definitive data on aquifer characteristics than
is provided by short ter1ll air lift tests, a series of long
tenn production scale tests \o/ere planned and executed. A
total of five \o/ells \o/ere constructed to specifications
essentiaUy identical to the design that \o/i11 be used for
production \o/ells. These \o/ere pumped at rates of bet\o/een 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 \o/ater quality for commercial scale
development.
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3.1.1 Well construction and develo~ment

All production tests wells \o/ere constructed in the
same fashion to essentially the same designo The
only important variation bet\o/een the 5 \o/ells was the
location of well screen.

Well drilling was performed using a Gardner Denver
2000 rotary drill rig. Drilling "'as executed by
first drilling a 7 7/8 inch diameter pilot hole to
full depth. The pilot hole was drilled using
conventional rotary techniques \o/ith a stabilizer
used aboye the bit to produce a straight holeo
Irnmediately after completion of the pilot hole,
reaming operations began. For reaming, a 4-cone
rotary hole opener of 41 cm (16 in) diameter \o/as
used behind the 7 7/8 inch bit. The hole openers
"'ere custom fabricated using salvaged oilfield bit
parts to reduce cests.

To stablize the hele and control circulation an
organic based dri11ing mud \o/as used. To circulate
this fluid a 6xlO inch Gardner Denver pump \o/as used.

Upon completion of the reaming operation, casing \o/as
immediately placed in the holeo In all cases, ene
length of 8 inch casing \o/i th a closed bottom end
preceeded 8 inch screen and then 10 inch casing.
Casing and screen connections \o/ere \o/elded and
centralized in the hole \o/ith 3 \o/eld on centralizers
every 18 meters (60 ft). Screens are 6.7 m (22 ft)
length and casing are randem 6.1 m (20 ft) length,
mUd stee1.

After placement ef casing, the holes were packed
with screened sand of bet\o/een #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 holeo

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 pUlllped
while the screens were jetted wi th 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 pUJnp used is a 13 stage Reda pump
wi th a 100 H. P. submergible electric motor. The
power unit used was a Cummins 157 KW diesel
generator set. Four inch 11 HU casing was used for
column pipe. Water was discharged through an 8 inch
diarneter pipeline of from 300 to 600 meters (1000 to
2000 ft) away from the well head depending upon test
conditions.

Production test well construction deta11s for each
well are illustrated 1n exhibits 3.1 through 3.S.
The location of wells T-l through T-S are shown on
Exhiblt :.2.

Testinc; Results

Testing procedures were essentially the same for all
tests. Data 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.
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Production well test
detail by Todd [18 d, e,

resul ts are
f,g,hJ.

cescribed

11 Production rate was read from a totalizing flow
meter with the same frequency as was used for water
level measurements.

I
I

Water quality
basis during
determined in

samples were collected on a daily
pumping. Specific conductivity was
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
"'ere collected on a less frequent basis for analysis
of a ·sui te of 22 cations and anions plus TOS, pH,
and specific conductivity. Additionally, water
samples were collected before and alter each test at
va"ious levels within the production and observation
wells to detect vertical movement of waters of
higher salinity. The salinity profile wi thin 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-l through T-S is presented in Table 3.1. Well
E5-1 analysis is also presented as being
representative ol groundwater in the Salar de
Hamburgo basin.

A surnmary of the production well testing is shown in
Table 3.2.

,
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TABLE 3.1 WATER QUALITY ANALYSIS SUMMARY

WELL
SALAR DE HAMDURGO

ES-1 T-l
SALAR DE

T-2
P U N T A

T-3
N E G R A

T-4 T-5

TOS (mg/1)
pH
Spee Cond (umhos/em)

Sulfate (mg/l SO )
Biearb9nate (mg/i HC03)
Carbonate (mg/l C0

3
)

Nitrate (mg/l N0
3

-N)
Boron (mg/l 13)
Chloride (mg/l Cl)
Fluoride (mg/l F)

Sodium (mg/l Na)
Magnesium (mg/l Mg)
Caleium (mg/1 Ca)
Potassium (mg/l K)

Arsenie (ug/l As)
Copper (mg/l Cu)
Iron (mg/l Fe)
Lcad (mg/l Pb)
Manganese (mg/l Mn)
Mereury (ug/l Hg tot)

'Molybdenum (mg/l Mo)
Se1enium (ug/l Se)
Silieon (mg/~)
Si1ver (ug/l Ag)
Zine (mg/1 Zn)

Number of Analysis

3640-4900
7.0-7.7

3650-5350

2280-2360
40-50

O
15-58

4.23-6.03
130-470
0.7-0.8

480-660
79-140
490-530

18-19

1
0.012-.017

.01-.06
.01

0.04-.08
.03-.34
.01-.07

1
17-24

2
0.02-.05

3

5480-5920
7.7-7.8

8200-8260

880-910
92-99

O
0.02-0.05

40-42
2120-2180

0.2

1020-1040
120-140
470-480

170

1-15
0.017-.018

0.04
.01-.01

0.01-.03
.22-.71
.01-.04

1
.5

1
0.01-.03

3

700-730
7.3-7.8

953-1020

120-125
43-52

O
0.75-.86
.98-1.02
190-200

0.30-.45

76-93
4.1-4.2

91-95
8.5-9.6

39-210
.002-.009
.01-.02
0.01

0.01-.09
0.05-.39

0.01
1

3.1-6.7
2

0.01-.02

3

1240-1290
7.5-7.8

1790-1800

150-160
52-53

O
1. 61-1. 69
1. 79-1.83

420-430
0.7-0.8

200-210
18-21

120-130
18-21

160-180
.006-.008
0.01-.02

.01
0.01-.07

.04-.09
0.02-.03

1
14-15

1
.03-.04

3

1700-1720
7.2-7.6

2350-2400

420
66-68

O
0.75-0.92
3.2-3.4

470
0.4

200
55
180

33-35

37-42
0.008-.013

0.08
0.01

0.02-0.23
0.07-0.18

0.02
1

23-25
1

0.02-0.20

3

6640-8140
7.2-7.4

10540-11630

130
70-84

O
4.38-4.88
2.1-2.3

3740-4460
0.4

2050-2400
22-34

330-470
20-28

1-5
0.013-.036
0.05-0.09

0.01
.01-0.29
0.07-1.44

0.02
1

11-13
1

0.02-.09

9

Al1 ana1ysis performed by Utah International Ine. Minera1s Laboratory.
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llTHOlDGIC DESCRIPTIDN FDR
DRlll CUTTINGS FRDM EXPlDRATIO~ WEllS

rWashed samptesJ

deseribed by D. Creene

E5-1HOlE NO:

. ,

I INTERVAL
(meters)

DESCRIPTIO~

I 0-2
White, bro~, blaek; gravel 80%, sane 20%; ",elded ash 804, evaporites 15%,

andesite 5%.

I
I

I
I
I
I
I
I

I
I
I

I
I

I
I
I

I

2-4

4-6

6-8

8-12

12-14

14-18

18-20

20-24

24-26

26-28

28-32 T
32-34

34-42

42-48

48-50

50-52

Brown, white, blaek; gravel 807., sand 207.; evaporites 70r., welded ash 25~,
andesite 5%.

Bro~~, blaek, white; gravel 80%, sand 20%; eva?or1tes 407., welded ash 20:,
ar.desite 40%.

Bro~~, blaek, white; gravel 10%, sand lC~, silt and elay 8C~; ande
si te 157., welded ash 5%.

Brown; silt and elay 100%,

Brown, blaek, white; gravel 51., sand JO~. si~t a~d clay 8S~; andesite 1C:.
",elded ash 5%.

Brown; silt and elay 100%.

Brown, "'hite, blaek; gravel 5%, sand 10~, si~t a~d el a) 85:; andesite JO:.
,",elded ash 5%.

Brown, blaek; gravel and sand 5%, silt and elay 951.; andesite 57..

Brown, "'hite, blaek; gravel 30%, silt and clav 70~; rhyolite 257., ande
site 57..

Brcwn, '"'hite, blaek; gravel 50%, silt and ela) 50~; rhyolite 457., ande
site 5i..

light-bro~~, "'hite, blaek; gravel 80%, sa~e 10%, silt and elay 107.;
rhyolite 85%, andesite 57..

light-brown, '"'hite, blaek; gravel S07., sane 207.; rhyolite 957., andesite 5~.

light-brown, ",hite, blaek; gravel 907., sand 107.; rh)olite 957., andesite 5:,

Light-brown, "'hite, blaek; gravel 1007..

Light-brol.ln. ,",hite, red, blaek; gravel 45%, sand 457., silt and elay 107.;
rhyolite fragments 857., andesite fra~ents 57..

Ught-brol.ln, ,",hite, 'red, blaek; gravel 25%, sand 257., sUt and elay 5%,
rhyolite fragments 457., andesite fragroents 57..

FIGURE F-la.



HOlE NO: _E".,S'---:..I _

2ate _~_ o

DESCRIPTION

Light-brown, vhite, red, blaek; gravel 60%, sand 30%, silt and elay 107.;
rhyolite fragments 85~, andes1te fragments S%.

Light-brown, white, blaek; gravel 20%, sand 20%, silt and elay 60%;
rhyolite fragrnents 3S:, andesite framents S%.

Light-brown, white, grey, blaek; gravel 35%, sand 57., silt and elay 607.;
rhyolite fragments 35%, andesite fragments 5%.

S2-S4

CUTTINGS FROH EXPlORATION WELLS

INTERVAL
(meters)

Ir
11,
I 64- 66 Lighr-brown, white, grey, blaek; gravel 20i., sane 20~, silt and elay 60~;

rhyolite fragments 35k, andesite fragments Si..

I
66-76 Light-bro~~, white. grey, blaek; gravel 10~, sand 107., silr and elay 88i.;

rhyolite fragments 197., andesite fragments li..

1
78-82 Light-bro~~, white, grey, blaek; gravel 54, sand 15%, silt and elay 30:;

rhyolite fratments 19:, andesite fragments li..

1
1,

1

82-142

142-144

144-146

Llght-bro~~, white, grey, blaek; gravel 10;.. sand 10::, sil t and clay 80', ;rhyolite fragrnents 19:. f andesite fra¡;ments l"" .
Light-bro~~ , ""hite, grey. blaek; gravel 10i., sane lO~, silt and clay 80~. ;rhyolite fragments 15~t andesite fragments Si• . Nueh oxidation.

L.ght-brown, grey, red; gravel 10i., sand 10i., silt and elay 80i.;
rhyolite fragrnenrs 19%, andesite fragrnents 1:. Fragments more angular.
l1ueh oxidarion.

Grey, light-brown, red; gravel 15i., sand Si., silt and elay 80i.. Fresh
angular fragments of grey roek 15i., rhyolite fragrnpnts 57.. Sorne pyrité.1

146-148

TOTAL DEPTH Driller:
TOTAL DEPTH Logger:

148 meters
152 meters

1
11

•

I FIGURE F-lb.
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Gravel (trace), fine sand 10%, brown siIt and eIay 907..

Medium sand (trace), fine sand 20%, red siIt and cIay 80%.

Medium sand (trace), fine sand 20%, red s1It and 'cIay 80%.

FIGURE F-3a .•

LITHOLOGIC DESCRIPTIONS FOR
DRILL CUTTINGS FROM EXPLORATION WELLS

(Washed sampZcsJ

descr1bed by E. Peacock

E5-3

DESCRIPTION

Gravel 10%, fine sanó 20%, bro~ siIt and cIay 65%, white evapor1tes 5%.

Gravel 80%, fine sand 10%, bro~ s1It and cIay 10%.

Gravel 57., fine sand 10%, brown siIt and clay 85%.

Gravel 5%, fine sand 10%, red siIt and eIay 85%.

Gravel 10%, fine sand 10%, brown siIt and cIay 80%.

Gravel 20%, fine sand 107., bro~ siIt and cIay 70%.

Gravel 5%, fine sand 107., bro~ siIt and cIay 85%.

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

Gravel (trace), fine sand 20%, red siIt and eIay 807..

Gravel (trace), red sand (trace), fine sand 20%, red siIt and cIay 80%,
~hite evaporites (trace).

Gravel (trace), medium sand (trace), fine sand 20%, red siIt and cIay 80%.
Gravel (trace) , fine sand 20~~ t tan sil t and cIa)' 80%.
Gravel (trace) , fine sand 107., tan silt and cIa}' 90%.
Gravel (trace) , medium sand (trace) , fine sand 10%, tan silt and elay 907..
Fine sand 10%, red siIt and cIay ~O%.

Gravel (trace), fine sand 20%, red siIt and cIay 80%.

Mediurn sand (trace), fine sand 20%, red siIt and eIay 80%.

Medium sand (trace), fine sand 20%, red siIt and cIay 80%, white evapo
rHes (trace).

IJ

Ir
')

Ir HOlE NO:

I r
INTERVAL
(metel's)

0-2

11 2-4

1I 4-6

6-8

Ir 8-10

11
10- 12

12-14

11 14-16

16- 18

I1 16-20

I
20-22

22-24

11 24-26

I 26-28

28-30

Ir 30-32

32-34

34-36

36-38

38-40

1,/ 40-42

1)

1



70-72 Gravel (trace), fine sand 107., tan silt and clay 907.. ~hite evapo-
rites (trace).

72-74 Gravel (trace), fine sand 107.. red silt and cIay 907..

74-76 Gravel (trace). fine sand 207., red silt and cIay 807..

76-78 Gravel (trace). fine sand 107.. tan sUt and clay 90%.

78-80 Gravel (trace), fine sand 107.. tan silt and cIay 90%. white evapo-
rites (trace).

CUTTINGS FROM EXPlORATION WELLS

Gravel 107., fine sand 10:, tan sllt and clay 807..

FIGURE F-3b .

•

•

DES CRIPTI ON

E5-3

Gravel 20%, medium sand (trace) , fine sand 10%. tan silt and clay 90%.

Gravel 10%, coarse sand 10%, fine sand 10%. red s11 t and clay 707..

Gravel (trace) , fine sand 10%, red sil t and clay 907..

Gravel (trace) • fine sanó 207., red sil t and cIay 80·; , .'hi te eva por-
rites (trace).

Gravel (trace), volcanic ash (trace) , fine sand 20%, tan sil t and cIay Be::.

Gravel (trace). volcanic ash (trace) , fine sand 204. tan silt and clay Be:'••

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

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

Hedium sand (trace), fine sand 10%. red silt and clay 90%, biotite (trac~.

Gravel 107., volcanic ash (trace), fine sand 10:, tan silt and cIay BO%.

Gravel 57., volcanic ash (trace), fine sand 107., tan siIt and cIay 857..

Gravel (trace), fine sand 107., tan silt and cIay 90~, ~hite evapo
rites (trace).

Gravel (trace). fine sand 107., tan siIt and clay 90%.

Gravel (trace), fine sand 10%, red silt and cIay 90%, white evapo
rites (trace). .

Gravel (trace). sand (trace). red silt and clay 100%.

42-44

44-46

50-52

48-50

54-56

52-54

56-58

58-60

HOlE NO:

60-62

62-64

64-66

68-70

66-68

INTERVAL
(meter6J

80-82

82-84

II
Ir
II
I r

I r

I r

Ir
II
Ir
I1
I1
Ir
Ir
I(
I(

1I
I I

JI

Ir
I[



FIGURE F-3c ••

DESCRIPTION

ES-3

Gravel (trace), sand (trace), red silt and clay 100%.

Gravel 51., fine sand 5%, red silt and clay 90I.

Gravel SI, fine sand 5%, red silt and clay 90%.

Gravel (trace), fine sand 5%, red silt and clay 95%.

Gravel (trace), fine sand 5%. red silt and clay 95%.

Gravel 51., fine sand 10%. red silt and clay 857..

Gravel 5%. fine sand 107., red silt and c1ay 857..

Gravel 57., fine sand 10%, red silt and clay 85%.

Gravel 5%, fine sand 10%, red silt and clay 8S¡.

Gravel (trace), fine sand 10%, red silt a~c clay 90%.

Gravel (trace). fine sand 10%, red silt and clay 90%.

Grave1 (trace), fine sand 57., red silt and clay 951..

Gravel (trace), fine sand SI.. red silt ano clay 951..

Gravel (trace), fine sand 51., red silt and clay 95%.

Gravel (trace), fine sand 5%. red silt ano clay 95%.

Gravel (trace). fine sand 101.. red silt and clay 90%.

Gravel (trace). fine sand 10%, red silt and clay 90%. limonite (trace),
biotite (trace).

Gravel (trace). fine sand 10%, red silt and clay 907..

Gravel (trace), fine sand 10%, red silt and clay 90%.

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

Fine sand 57., red silt and clay 95%.

Fine sand 57.. red silt and clay 95%.

Fine sand 57.. red silt and clay 95%.

.
HOlE NO:

INTERVAL
(metel'sJ

8'-86

86-88

88-90

90-92

92-94

9'-96

96-98

98-100

100-102

102-) O,

10'-106

106-108

108-110

110-112

112-11'

11'-116

116-118

118-120

120-122

122-12'

12'-126

126-128

128-130

I[
I1
Ir
1I
1I
1I
II
Ir
I1
1I
1I
Ir
Ir,

1·1
~
~

Ir
I

'~--'-IJTTINu ~ RO~EX~[m~1\nON WE llS

Il



LLS

I
,

1

11
') HOLE NO: ES-3

1rINTERVAL
(meters)

DESCRIPTION

1r130-132 Gravel (trace), fine sand 5%, red s1lt and clay 95%.

132-134 Gravel (trace), fine sand 10%, red sUt and clay 90%.

11 134-136 Gravel (trace), fine sand 10%, red sUt and clay 90%.

11
136-138 Grave! 5%, fine sand 10%, red silt and elay 85%.

138-140 Gravel (trace) , fine sand 10%, red sUt and clay 907..Ir 140-142 Gravel 307., fine sand 107., red silt and clay 607..

142-144 Gravel 40%, fine sand 10%, red silt and clay 507..

1I 144-146 Gravel 30%, fine sand 107., red silt and elay 60%.

I1
146-148 Gravel 40%) fine sand 10;;, red sil t and clay 507..

148-150 Gravel 60% fine sand 107., red s ilt a;"ld ela\" 30¡;.,
-

11 150-152 Gravel 70%. fine sand 57., red sU t and clay 25:. (Gravel consists of redto blaek, sub-angular to angular aphanitic andesite 907., quartz andchert 10%).

11152-154 Gravel 70%, fine sand S"' red silt and clay 257..,. ,

11154-156 Gravel 70%, fine sand 5%, red sUt and clay 257..

Gravel 507., fine sand 107. , red silt 2nd clay 40% .
i56-158

Ir 158-160 Gravel 507., fine sand 107., red sUt and clay 40%.

160-162 Gravel 80%, fine sand (trace) , red sUt and clay 20%.1I 162-164 Hedium to coarse sand 507., red sil t and clay 507..

1

164-166 Hedium to coarse sand 50%, red silt and clay 507..
i66-168 Medium to coarse sand 407., red sUt and clay 60%.

168-170 Medium to eoarse sand 50%, red sUt and clay 50%.

170-172 MediUIll to coarse sand 40%, red sUt and clay 60%.

1172-174 Medium to coarse sand 30%, red sUt and clay 70%.;-

11174-176 Medium to eoarse sand 30%, red sUt and clay 707.. FIGURE F-3d.

I



1,1

1J
HOLE NO: ES-)

)

1I INTERVAL
(meters)

DESCRIPTlON

1r
176-178 MediUJll to coarse sand 40%, red sUt and clay 60%.

Medium ,178-180 to coarse sand 30%, red sUt and clay 70%.

1l 180-182 Medium to coarse sand 60%, red sUt and clay 40%.
"

11
182-184 Medium to coarse sand 50%, red sUt and clay 50%.

184-186 Medium to coarse sand 50%, red silt and clay 50%. (Sand consists of redto black angular aphanítíc andesite with traces of quartz, feldspar,11 and chert).

186-188 Hedium to coarse sand 60%, red sUt and clay 40%.

11 18b-190 ~ledium to coarse sand 60%, red sUt and clay 40%.

I1
190-192 Hedíum to coarse sand 60~~ t red sUt and clay 407..

192-194 Angular andesíte fragTIlents 90%, red silt and clay 107..

11 194-196 Angular andesite fragments 907., red sUt and elay 107..

196-198 Angular andesíte fragments 90% , red silt and clay 10%.

11 198-200 Angular andesite fragments 807., red silt and clay 20:C

1I
200-202 Angular andesite fragments 707., red silt and elay 30%.

202-204 Angular andesite fragments 707., red sUt and clay 307..

Ir 204-206 Angular andesíte fragments 707., red sUt and clay 307..

206-208 Angular andesite fragmeots 80%, red sUt and clay 20%.

Ir 208-210 Angular andesite fragments 707., red sUt and clay 30%.

Ir
210-212 Angular andesite fragments 607., red sUt and clay 407..

212-214 S3I1lple missing.

I1 214-216 Sample missing.

216-218 Angular andesite fragments 40%, red sUt and clay 60%.

I¡ 218-220 Angular andesite fragments 30%, red silt and clay 70%.

11 • FIGURE F-3e .

l',



XPLORATION WELLS

DESCRIPTlON

Angular andes1te fra~ent:; 30%, red sUt and clay 70%.

Angular andes1te fra~ents 40%, red s11t and clay 60%.

Angular andesite fragments 307., red sandy s11t and clay 70:.

Angular andesite fragments 20%, red sandy s11 t and clay 80~.

1•

1/
) HOLE NO:

IIINrERvAL
(metel's)

11 220-222

11
222-224

224-226

11
226-228

1I

11

1I

1I

11

11

11

Ir
11

/

l'

1

ES-3

TOTAL DEPTH Driller:
TOTAL DEPrH Logger:

228 meters
226 meters

I

FIGURE F-3f.



I
1 )
Il~

I r

Ir
I1
11

11
11
1I
11
Ir
11
11
11
1I
1;

J

11

•

HOlE NO:

INTERVAL
(metel's)

0-2

2-4

4-6

6-8

8-10

10-12

12-1G

14-16

16-18

18-20

20-22

22-24

24-26

26-28

28-JO

30-32

. abe J 01

LITHOLOGIC DESCRIPTIONS FOR
DRlll CUTTINGS FROM EXPlORATION WEllS

{Wash~a samplesJ

described by E. Peacock

ES-5

DESCRIPTION

Coarse to fine gravel 70%, medium to coarse sand 20%, fine sand 10%,
evaporites (trace).

Medium to fine gravel 50%, ~edium to coarse sand 307., fine sand 207..

Coarse to fine gravel 80%, medium to coarse sand 15%, fine sand 5%.

Fine gravel 207.. medium to coarse sand 20%, fine sand 50%, clay 107..

Fine gravel JO%, medium to coarse sand 257., fine sand 357.. clay 10%.

}ledium to fine gravel 307., medium to coarse sand 257., fine sand 357.,
clay 107..

}ledium to fine gravel 30%, medium to coarse sand 35~;, fine sand 257.,
clay IO:C

Coarse to fine gravel 107., oedium to coarse sand 40~. fine sand 457.,
clay 5%.

Ccarse to fine gravel 20%, medium to coarse sand 407., fine sand 357.,
clay 57..

Coarse to fine gravel 57., medium to coarse sand 40%, fine sand 50%,
clay 57..

Coarse to fine gravel 707., medium to coarse sand 107., fine sand 15%,
clay 5%.

Kedium to fine gravel 50%, medium to coarse sand 30%, fine sand 15%,
clay 57..

Coarse to fine gravel 80%, medium to coarse sand 107., fine sand 5%,
clay 5%.

Medium to fine gravel 50%, medium to coarse sand 20%, fine sand 257.,
clay 57..

Coarse to fine gravel 20%, medium to coarse sand 30%, fine sand 457.,
clay 57..

Coarse to fine gravel 207., medium to coarse sand 45%, fine sand 30%.
clay 5%.

FIGURE F-Sa .
•



11
ORATlON WEllS

:

•

DESCRIPTION

E5-5

•

gravel 30%, mediurn to coarse sand 157., fine sand 45%,

FIGURE F-5b .

to fine
10%.

Fine gravel (trace), medium to coarse sand 607., fine- sand 357., clay 57..

Fine gravel 57., medium to coarse sand 557., fine sand 307., c1ay 107..

Fine gravel (trace), medium to coarse sand 557., fine sand 407., clay 57..

Fine gravel (trace), medium to coarse sand 557., fine sand 407., clay 57..

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

Medium to fine gravel 10%, mediurn to coarse sand 55%, fine sand 30%,
clay 5%.

Fine gravel (trace), medium to coarse sand 607., fine sand 35%, clay 5%.

Fine gravel (trace), medium to coarse sand 557., fine sand 407., clay 57..

Fine gravel (trace), medium to coarse sand 607., fine sand 357., clay 57..

Fine gravel (trace), medium to coarse sand 607., fine sand 35%, clay 5%.

Fine gravel (trace), mediurn to coarse sand 60%, fine sand 35%, clay 5%.

Fine gravel (trace), medium to coarse sand 50Z, fine sand 457., clay 57..

Fine gravel 57., medium to coarse sand 404, fine sand 457., clay 107..

Fine gravel (trace), medium to coarse sand 507., fine sand 457., clay 57..

Fine gravel 157., medium to coarse sand 307., fine sand 457., clay 107..

Fine gravel 157., medium to coarse sand 307., fine sand 457., clay 107..

Fine grave! 157., medium to coarse sand 10%, fine sand 507., clay 257..

Fine gravel 157., medium to coarse sand 30%, fine sand 457., clay 10%.

Mediurn to coarse gravel 157., medium to coarse sand 307., fine sand 457.,
clay 10%.

Fine gravel 15%, medium to coarse sand 10%, fine sand 507., clay 257..

Fine grave! 15%, medium to coarse sand 107., fine sand 507., clay 257..

Coarse
c1ay

54-56

46-48

44-46

48-50

50-52

42-44

52-54

32-34

34-36

36-38

38-40

40-42

HOlE NO:

56-58

58-60

74-76

72-74

60-62

62-64

64-66

66-68

INTERVAL
(meters)-

68-70

70-72

IJ
)

1
1-

1t

11
11
11
Ir
11
11
11
11
11
11
If



1

ES-5

DESCRIPTION

76-78 Coarse to fine gravel 50%. medium to coarse sand 20%, fine sand 257.,
day 5%.

11
78-80 Fine to coarse gravel 80:, medium to coarse sand 10%. fine sand 10%.

clay (trace).

11
1I
11
11
11
11
11

11
11

80-82

82-84

84-86

86-88

88-90

90-92

92-94

94-9G

9G-98

98-100

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

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

Fine to coarse gravel 80%, medium to ccarse sand 10~, fine sand 107.,
clay (trace).

Fine to coarse gravel 707., medium to coarse sand 157., fine sand 157..
clay (trace).

Fine to coarse gravel 60~, medium to coarse sane 15:, fine sand 157.,
cla)' 10%.

Medium to coarse gravel 207.. medium to coarse sand 60%. fine sand 157.,
clay 57..

Medium to coarse gravel 20~, mediu~ to coarse sand GO~. fine sand 157.,
clay Si..

Medium to coarse gravel 1007., sand (trace). (Gravel contains rhyolite,
ash, quartzite. chert. and red sandstone).

Fine to coarse gravel 207.. mediurn to coarse sand 30%, fine sand 457.,
clay 57..

Fine to coarse gravel 30%. medium to coarse sand 357., fine sand 307.,
day 5%.

Medium to coarse gravel 1007., sand (trace).

Fine to coarse grave1 30%. mediuro to coarse sand 207., fine sand 457..
clay 5%.

Medium to coarse grave1 100%, sand (trace). (Gravel angular to sub
angular. Samp1es are more red be10w 10G meters. Have more clay).

FIGURE F-5t: ..'

grave1 30%. medium to coarse sand 25%, fine sand 35%.Fine to coarse
clay 10% .

104-10G

100-102

102-104

10G-I08

..J
..J



11
CU lNGS FROM EXPlORATION WEllS

,.

1J
, HOlE NO:

11INTERVAL
(metcrs)

1I 108-110

11 0-112

11
112-114

11
114-116

11
116-118

11 118-120

11 120-122

1I 122-124

11 124-126

11 126-136

136-138

1I 138-140

1~0-1~2

11 1~2-14~

11
1~4-146

146-148

11
1~8-1S0

l' 150-1S2
,

l'
1

E5-5

DESCRIPTION

Fine to eoarse gravel 75%, medium to eoarse sand 10%. fine sand 10%.
elay 5%.

Fine to medium gravel 75%, medium to eoarse sand 10%, fine sand 10%,
elay 5%.

Fine to medium gravel 757., rnedium to eoarse sand 10%, fine sand 10%,
elay 5%.

Fine to rnediun gravel 75%, medium to eoarse sand lar., fine sand 10%.
elay S%.

Fine te medium gravel SOl., medium to eoarse sand 20%. fine sand 257.,
clay SI.,

Fine to medi~~ gravel S07., medium to coarse sand 207., fine sand 2S%,
elay 5~.

Fine to medi~" gravel 357.. mediu~ to coarse sand 20~. fine sand 40%,
clay 57..

Fine to mediurn gravel 357., mediurn to eoarse sand 20k, fine sand 407.,
clay 5i;.

Fine to medi~~ gravel 10%, mediurn to coarse sand 20%, fine sand 65%,
elay 5i..

5amples missing.

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

Gravel (trace), medium to eoarse sand 707., fine sand 30%, ela)' (trace).

Sample rnissing.

Gravel (tr..ee), medium' to coarse· sand 707.. fine sand 307.. elay (trace)..
Gravel (trace), medium to eoarse sand 707., fine sand 30:~ t elay (trace).

Fine angular gravel chips 257.. rnedium to coarse sand 507., fine sand 20%.sandy elay 5%.

Gravel (trace). medium to eoarse sand ~O%. fine sand S57., sandy elay 5%.

Fine angular gravel chips 25%. medium to coarse sand S07.. fine sand 20%,sandy elay S%.

FIGURE F-Sd.



1
CUTTINGS FROM EXPLORATION WELLS ,

DE5CRIPTlON

E5-5

11
11

.
HOLE NO:

INTERVAL
(meteros)

152-154

154-156

Fine angular gravel chips 25%. lDedi um to
sandy c1ay 5%.

Fine angular gravel chips 15%. medium to
sandy clay 5%.

coarse sand 50%. fine sand 20%.

coarse sand 40%. fine sand 40%,

11 156-158 Fine angular gravel chips 15%, medium to coarse sand 40%. fine sand 40%.
sandy clay 5%.

11
158-160 Fine angular gravel chips 15%. medium to coarse sand 357.. fine sand 357..

sandy clay 157..

1I
160-162 Fine angular gravel chips 15%. rnedium to coarse sane 357.. fine sand 357.,

sandy clay 15%.

Fine angular gravel chips 15%. rnediurn to coarse sand 257.. fine sand 35%.
d 1 ,-.,san y c ay _:>,•.

Fine angular gravel chips 104. medium to coarse sand 507.. fine sand 25h.
sandy c1ay 15%.

Fine angular gravel chips 15%, medium to coarse sane 257., fine sand 35:.
sandy clay 257..

Fine angular gravel chips 15%. medium to coarse sand 157.. fine sand 20%.
sand)' clay 507..

15%. mediun to coarse sand 207.. fine sand 20%,

157.. medium to coarse sand 207., fine sand 207.,

157.. rnediu~ to coarse sane 107.. fine sand 10%,Fine angular gravel chips
sandy ashy clay 657..

Fine angular gravel chips
sandy ashy clay 45%.

Fine angular gravel chips
sandy ashy clay 457..

1f.2-164

164-166

170-172

168-170

166-168

174-176

172-1741I
1I

Il
11
11
11

11 176-178 Fine angular gravel chips
sandy ashy clay 40%.

10%, medium to coarse sand 307.. fine sand 20~.

11
178-180 Fine angular gravel chips

sandy ashy clay 60%.
10%. rnedium to coarse sand 157.. fine sand 157..

180-182

182-184

Fine angular gravel chips
sandy ashy clay 40%.

Fine angular gravel chips
sandy ashy clay 60%.

10%. medium to coarse sand 257.. fine sand 257.,

10%. mediurn to coarse sand 157.. fine sand 157.,

FIGURE F-Se.,



cu PLORATION WELLS

1I
1f

1l

11
11
11
Ir
11
11
11
11
11
II
I~

HOlE NO:

INTERVAL
(metel'sJ

184-186

186-188

188-190

190-192

192-194

194-196

196-198

198-200

200-202

202-20~

204-206

206-208

208-210

210-212

E5-5

DE5CRIPTION

Fine angular gravel chips 10%, mediuro to coarse sand 15%, fine sand 157.,
sandy ashy clay 607..

Fine angular gravel chips 5%, medium to coarse sand 30%, fine sand 15%,
sandy ashy clay 50%.

Fine angular gravel chips 5%, medium to coarse sand 15%, fine sand 207.,
sandy ashy clay 60%.

Fine angular gravel chips 5%, medium to coarse sand 10%, fine sand 10%,
sandy ashy clay 75%.

Fine angular gravel chips 5~, medium to coarse sand 10~, fine sand 107..
sandy ashy clay 75%.

Fine angular gravel chips 5%, medium to coarse sand 207., fine sand 107..
sandy ashy clay 657.

Fine angular gravel chips 5~, medium to coarse sand 10%, fine sand 10%,
sandy ashy clay 75%.

Fine angular gravel chips 10%, medium to coarse sand 20~. fine sand 10%,
sandy ashy elay 60~.

Fine angular graval chips 107., medium to coarse sand 10%, fina sand 10:.
sandy ashy clay 70%.

Fine angular gravel chips 5~, medium tO coarse sand 10,. fine sand 107.,
sandy ashy clay 757..

Fine angular gravel chips 57., medi~~ to coarse sand 20%, fine sand 20%,
sandy ashy clay 557..

Fine angular gravel chips 57., medium to coarse sand 157., fine sand 10%,
sandy ashy clay 70%.

Fine angular gravel chips 57., medium to coarse sand 20%, fine sand 10%,
sandy ashy clay 657..

Fine angular gravel chips 57., medium to coarse sand 20%, fine sand 20%,
sandy ashy clay 557..

Fine angular gravel chips 5%, medium to coarse sand 20%, fine sand 20%,
sandy ashy clay ~57..

•

I

212-214

214-216 Fine angular gravel chips
sandy ashy clay 55%.

5%, mediurn to coarse sand 20%, fine sand 207.

FIGURE F-,)f .



1
~UI II~U~ r~un tA~LUKAIJON WtLLS

I

11
.

) HOLE NO:

11 INTERVAL
1 (meters)

1I
11
1I
11
11
11
I¡
11
1I
11
1I
1

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

•

ES-5

DESCRIPTION

Fine angular gravel chips, oedium to coarse sand 20%, fine sand 20%,
sandy ashy clay 55%.

Fine angular gravel chips 5%, medium to coarse sand 20%, fine sand 20%,
sandy ashy clay 55%.

Fine angular gravel chips 57., medium to coarse sand 30%, fine sand 20%,
sandy ashy clay 45%.

Fine angular gravel chips 5%, medium to coarse sand 20%, fine sar.d 20%,
sandy ashy clay 55%.

Fine angular gravel chips 5%, medium to coarse sand 207., fine sand 20~,
sandy ashy clay 55%.

Fine angular gravel chips 57., medium to C~arse sand 30%, fine sand 207.,
sandy ashy cIay 457..

Fine angular gravel chips 57., medium to coa,se sane 207., fine sand 204,
sandy ashy clay 55%.

Fine angular gravel chips 57., mediurn to coarse sand 204, fine sand 20%,
sandy ashy clay 557..

Fine angular gravel chips 57., mediu~ to coarse sand 207., fine sand 20%,
sandy ashy clay 55%.

Fine angular gravel chips 57., medium to coarse sand 30%, fine sand 207.,
sandy ashy clay 45%.

Fine angular gravel chips 57., medi~~ to coarse sand 307., fine send 20%,
sandy ashy clay 45%, volcanic ash (trace).

Fine angular gravel chips 57., medium to coarse sand 20%, fine sand 20%,
sandy ashy clay 55%, volcanic ash (trace).

Fine angular gravel chips 57., medium to coarse sand 157., fine sand 157.,
sandy ashy clay 657., volcanic ash (trace).

5%, medium to coarse sand 10%, fine sand 20%,

50%, medium to coarse sand 10%, fine sand 107.,

57., medium to coarse sand 10%, fine sand 207.,

1I
1;
1"
l'

244-246

246-248

248-250

Fine angular gravel chips
sandy ashy clay 65%.

Fine angular gravel chips
sandy ashy clay 65%.

Fine angular gravel chips
sandy ashy clay 30r..

•
FIGURE F-5g .



LORATI ON WELLS

296-332

332-33"

Fine angular gravel "O:, rnediuc to coarse sand 10~, fine sand Si., sandy
ashy clay "Si..

Fine angular gravel 60%, mediurn to coarse sand 10r., fine sand 5%, sandy
ashy clay 25;;.

DE5CRIPTION•

E5-5

Fine angular gravel "0%, rnedium to coarse sand 10%, fine sand 5%, sandy
ashy cla~' "5;;.

I
Fine angular gravel 20%, rnedi~ to coarse sand 10~, fine sand 10%, sand,

ashy clay 60i..

Fine angular gravel chips 107., me¿icz to coarse sand 10%, fine sand 10i.,
sandy ashy clay 70%.

Fine angular gravel chips 30%, medium to coarse sand 10%, fine sand 10h,
sandy, ashy clay 50%.

Fine angular gravel chips 30%, medi~ to coarse sand 10r., fine sand 10%,
sandy ashy clay 50%.

Fine angular gravel chips 507., medium to coarse sand 10%, fine sand 10%,
sandy ashy clay 30%.

Fine angular gravel chips 20%, mediurn to coarse sand 10%, fine sand 10%,
sandy ashy clay 60%.

Fine angular gravel 20%, rnedium to coarse sand 10%, fine sand 10%, sand)
ashy clay 60Z, red sand (trace).

Fine angular gravel 20%, medium to coarse sand 10%, fine sand 10%, sandy
ashy clay 60%.

1I
') HO!-E NO:

1I INrERVAL
(metere)

1r 250-252

11 252-25"

I125"-256

256-296

Il
1I

11 33"-336

l' 336-338

1I 338-3"2

Ir 3~2-3""

11 3""- 3" 6

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

1I
1I
l'

346-3"8

.
348-356

356-378

Fine angular gravel 20%, medium to
ashy clay 60% .

Fine angular gravel 10%, medi= to
ashy clay 70%.

Fine angular gravel
ashy clay 70%.

coarse sand 10%, fine sand 10%, red

coarse sand 10%, fine sand 10%, red

378-380

I
380-382

1
I

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

fine angular gravel 20%, medium to coarse sand 10%, fine sand 10%, sand)
ashy clay 60%. FIGURE F-5h.

•



1I
I \..U I I I Nll::> /"t'<UM EXPLORA TI ON WELLS

428-436

436-438

medium te eaarse sand 10%, fine sand 10%,

medium ta cearse sand 57., fine sand 5%,

• FIGURE F-5i.

rnedium te eearse sand 30%, fine sand 10%,

gravel 20%, medium te eearse sand 15%, fine sand 15%,
clay 50%.

gravel 10%, medium te eearse sand 10%, fine sand 10%,
elay 70%.

gravel 5%, cedium te eoarse sand 107., fine sanó 10i.,
clay 75%.

gravel 107., angular medium ta eoarse sanó 40:, fine sand 307.,
elay 207..

gravel 57.. medium te eearse sand 107., fine sand 107.,
elay 75':.

gravel 10i., angular medium te eearse sand 307., fine sand 30~.
e la)' 30::.

gravel 10%, angular mediu~ te eearse sand 307., fine sand 30~.
elay 30:'.

gravel 10~, meóium te eearse sanó 10i., fine sand 10%,
clay 70%.

gravel 57.. mediu= te eearse sand 10%, fine sand 10%,
elay 757..

gravel 5%, mediu~ ta eaarse sand 10%, fine sand 107.,
elay 75%.

gravel 10%,
clay 70%.

gravel 10%,
elay 50.7..

gravel 5%,
clay 857..

ES-5

DESCRIPTION

Fine angular gravel 20%, medium to eearse sand 10%, fine sand 10%, sandy
ashy elay 60%.

Fine angular
sandy ashy

Fine angular
sandy ashy

Fine angular
sanóy ashy

Fine angular
sandy ashy

Fine angular
sandy ashy

Fine angular
sandy ashy

Fine angular
sand\" ashy

Fine 2ngular
sandy ashy

Fine angular
s2ndy ashy

Fine angular
sandy ashy

Fine angular gravel 40%, rnediu:n ta eaarse sand 20%, fine sand 10%,sandy ashy clay 30%.

Fine angular gravel 30%, t:le¿ium te coar5e sand 207., fine sand 10%,sandy ashy elay 40%.

Fine angular
sandy ashy

Fine angular
sandy ashy

Fine angular
sanóy ashy

HOLE NO:

INTERVAL
(meters)

382-384

402-420

400-402

384-400

420-422

422-424

426-428

~38-440

I

Ir
(

I1 '40-442

1(442-444

1(444-452

452-454

l'
454-476

If

11
1(
11

11
11
11
11
Ir
I(

Il



Medium to cearse sand S%, fine sand S%, sandy ashy clay 90%.

Medium to eoarse sand S%, fine sand 5%, sandy ashy elay 90%.

Fine angular gravel 5%. medium te coarse sand S%, fine sand S%,sandy ash)' ela)' 8Si..

Medium to coarse sand S7., fine sand 54, sandy ashy day 90%.

Mediu~ te coarse sand . " fine sand S7., sandy ashy elay 9070.:>,. ,

-o

FIGURE F-5j.

ase _

eavins durins logging).

,

DESCRIPrION

meters.
meters (hole

medium te eearse sand 10%, fine sand 10%,

rnedium to eearse sand 10:, fine sand 10%,

494
326

gravel ID!,
clay 70%.

gravel 10%,
clay 70%.

Driller:
Logger:

ES-S

Fine angular
sandy ashy

Fine angular
sandy ashy

TOTAL DEPTH
TOTAL DEPTH

CUTTINGS FROM EXPLORATION WELLS

466-488

1I
11

HÓLE NO:

11' INTERVAL
(meters)

I '1 "76-478

1I "78-48"

484-486

1I
1r 488-490

1I 490-492

492-494

1/
1I
1I
1I
1I
Ir
Ir
1I
Il

J

l'
I~
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POZO UN NO 31

UBlC. : AL NNE DEL SALAR
Coordenadas: 7286464N; 51200lE

COTA TERRENO: 3003 s.n.m.

cescripción Litológica

~ava mediana y gruesa arenosa-limosa subredondeados

~ava mediana y fina, limosa.

Grava arenosa-lilTOsa. Clastos redondeados angulosos

Ceniza volcánica y lapilli, limosa.

Arena gravosa.

~ava mediana y gruesa, arenesa.

Grava mediana y fina, arenosa-limosa.

~er.a gruesa, gravosa. Clastos angulosos redondeados.

Cen1za volcánica, en parte consolidada.

Cen1za volcánica, arcillosa-lL70sa.

Cen1za volcánica muy fina, limosa.

~ava y arena un poco arc1llosa.

Estratos de arcilla y limo.

~ava arenosa.

Arcilla.
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INTRODUCTlON

This report describes tests conducted on well T-l on October 8 and
October 11-24, 1983. Step-drawdown and constant discharge tests were per
formed. Field measurernents 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.
All 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-l, ES-28A, and ES-5 are shown on Figure l.
UN-JI is not shown on the figure, but it is located 20J6 meters, N 25 degrees
West of the pumping well, T-l.

The salient wel1 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-l penetrates 60% of the aquffer
while ES-28A and ES-5 penetra te 72% and 66% of the aquifer, respectively.
The specific capacity of T-l 1s reduced somewhat (perhaps by JO%) because
of its partial penetration, but the drawdown obtained in ES-28A and ES-5
are, for practical purposes, unaffected.

Water level measurements were taken 1n ES-28A and ES-5 on a logarithmic
frequency with electr1c sounders. Water level measurements were taken daily
in UN-JI for background data. The apparent accuracy of the measurements
based on the "noise" level of the ES-5 semi-log plot, 15 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 tetalizing
flow meter and were recorded to the nearest one thousand gal10ns. The
average flow rate was 558 gpm. (2.11 m3 I min.) with the maxfmum befng
650 gprn and the minimum being 433 gpm. The 10w flow rates occurred wben
the pump work was shut off for 10 to 15 minutes fer maintenance.

The test was inadvertently terminated 18,242 minutes after pumpfng
started due te a power faflure. The power failure was recognized im
mediately and recovery measurements were taken in wells T-1 and ES-2eA.

In slJlTIIlilry, except for the power failure. there were few major pro
blems with the test and adequate data were collected for a reliable de ter
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.

~-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 gprn for 123 minutes, stepped up te
480 gprn 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 te 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 10ss
coefffcieot from the step-drawdown data.

It seems frcm the constant discharge test data on well T-1 that, indeed,
wel1 T-1 15 very efficfent. The calculated transmi5sivities from the T-1

- 2 -
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data are nearly the same as the transmissivity values obtained from ES-28A
data.

Assuming well T-l te 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 1s considered. the losses due te well construction
and clogging are probably quite small •

Well ES-2eA Analysis

Well ES-28A provides the best data with which te determine the aquifer
properties because of its proximity to the pumping well. T-1. and its high
ratio of ac¡uifer 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 line portion which runs for 4 to about *~O 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 transmiss1vity of
22.000 gpd/ft. appears reasonable. the storage coefficient appears much too
low, since available field observations indicate that the aqu1fer 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. 1t 1s concluded tbat indeed a delayed yield condition exists. This
explains the low sterage coetficient obta1ned from the ES-aBA semi-log graph.
s1nce aqu1fers with delayed yield effects behave as conf1ned aqu1fers in the
early portions of aquifer tests.
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The drawdOI'" versus time data were plotted on a log-log graph, shown
in Figure S, 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 9xlO-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:

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

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 te verify previous
calculations of transmissivity. The recovery data points do not form as smooth
a curve as the drawdown data points. but the calculated transmissivity is es
sentially the same.

It is interesting te note that the calculated transmissivity from the re
covery of an air-lift 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-l .

•

- 4 -



1
lí
1I
11
11
1I
1I
11
1I
11
1I
II
1:
1I

I!

I
I
1

DaVId Ktith Todd. Consulting Engineers. ¡ne.

Well T-l Analysis

The drawdown and recovery data from the pumping well T-l, 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-l8A data. The flat por-
tions of the curves show the delayed yield effects as discussed earlier.
lt is likely th~t 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-l
data and the transmissivity values obtained from ES-28A data suggests a high
efficiency for T-l.

Well ES-5 Analysis

The drawdown versus time data for ES-5 were plotted on a semi-lag graph,
as shown in figure 9. Because of the large distance between ES-5 and T-l,
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 overo Because of these uncertainties, arel iáble calculatior. of
transmissivity cannot be made. However, the average drawdowns observed at
ES-5 are compatible with the calculated transmissivity.

Well UN-3I 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-S and ES-28A graphs.

- 5 -
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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 ~mhos/cm.

C.

8320
8200
8160
8210

8200
8260
8480
8410
8420
8452
8452
8316
8316
8160

Conductivity in
Micromhos/cm at 25 degrees

Mean 8311

little change occurred during the course of the

Table 1. Conductivity of Water Samples
from Well T-1

1t is apparent that
pump test.

•

October 11

October 12

October 13
October 14

October 15
October 16
October 17
October 18
October 19

October 20
October 21

October 22

October 23
October 24

Date Sampled

Because there was little fluctuation in conductivity readings. this
indicates that T·l 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 1s 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 est;~~ted 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) Wel1 T-l has a high efficiency; however, a wel1 10ss coefficient was
not obtainable from the October 6 step-drawdown data.

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

•

- 7 -
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APPENDIX

The following pages contain tabulations
of well discharge and water level mea
surements for the well T-l pump tests.
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•

rE SeONOiD A WATER PROGRAM WELL NI. ES: "1"-1.
pac;¡,--f.-afTEST WELL DATA G AL '1( 1,000 .

/1-/0.- 8~ Q~sS8,
WATER lEVEL • RESIDUAL

HOUR time~ p.J1'II- Gol a I(X)Q QQpl'II • belo. "" CRAW OOWNp1r19 001\.
rni~'n metera ,.., f..,

09: ro -c· &1.209 -0-

lO' 2<:) JO b1.2Zto bOO

10: <n {;('J b7, z.4-z' "-.3.3
, I 2.0 'te 67. zse S...33

11 : s"o IJO b7.27~ " OD- .-
Ú 1Q"JIZ.20.. 150 S'~7

12:!'.o fU' n ~O~ 5"33'
• -

,:;: S"O._ . 'l' r> n ~'/5 '"00- r "

140 : s"O 3CC' b) :n~ Soo
I S" ~{"} ;"'-:- ~~IO S8::.- -

'lo S"o 'i~ o b., t(q~ 5'67
17:,"0 'f,C (,~. '"IH SS"{)

lA', s"o St{o E>l $13 " 00
19:.ro l,pO ~l.S"t'\ S/7
20:("0 ff.1.70 br ~ f~ ~~~

21' $"'0 1~() 6l. ,/1, 550

Zz.: ,"o 76'° ~~.~'{6 S{,7

2.3: S'o ~ ~¿¡ n~L e. 00
: 01: .ro h" t..? .''i'lt. $"~3

o~,ro 090 (,.,. en Ss8
0(' ro Iól. Do . fa) ~~~ SSO
07: .ro 1.1'; (J ,"). '5 '(7 S~7

o~,ro / lf'tlJ '8.0!&t 5S8
, Z,'Z le, ot. ¿a.IO' SJ7.
'8:oQ ".39 68.Zl!O S"bl
Z l' !"o .,)/1-.0 1. fI l.{ 11.. - SSl
01: S{ ~t¡OJ 1.8..ssi SI,7
02:(( .;¡ t¡ ¿ " ~8. 58~ 51,7
O~:{{ ~S2s:, G.8.ft>19 s"S'O
oq.:((' ¡¡~Is lo8 .''i~ S'17
0(:(( :Jf.'IS" b8.'8f f. r:O.
Ob'S( ) 70S" '8.'H,3 t.¡t.7

01:!{ ;7ILL. (pe. 'UlJ .(,,5'0
oP.:((

f-_.• ,.- - .. -
;,. (~S_._. ~'ft: '1.~~ rl7 •

o,:t! ;¡'8fS ,e.6U SS"O
'0'.(( j~'1S ,e.85¿ "00
1I :so( .300:;- (,8 A : S-17 .
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1I
1,8)
11
1I
11
11
11
1I
ILe
Ir
11
11
1 10

-8

11
1:
l'
1

1I



rE sco-ÑOiDA WAT-E-R-PROG RAM----- --W-E-L-L-N-'-.--E-5-:---r:-·-,-----..,
'TEST WELL DATA o pe~. 2 ef

WA TER lEVEL RESIDUAL
• btlow mp auw OQWN

!---C::me:'=cIIl""'I'='-.-"--T:111="..--1 fee'

GAI.." 1,000 o

Gol xlCX)()HOUR

I
I
1I
1,-·81 IZ:~( ~()'-S" UfJ"

" : (( 3 ,~S UC\SS (,so

11 1i: S-( 3.3~5 ,~ D.n sso
I o, '. r (" ::'IIS- o _ ~o\..l~~,----+-",S-!.YZ---i-----;-----t----111 2 I : {( 3' ~--+~6~ 2/6 ....:..5"='-..:..7__+ f-.__-+-__--I

2*: ~( .-ll1~ 6~o3'~ S.s-O

1 r
'O'B o~: ~~- i>q :~8S

oc¡ : s.s b'1 .'153
0(.. '.55_ __ 60' 51CJ11 08 o 5S M ~8~ CHe ~'"'lO
04 s.s LI:J,;l. o G,~ ~il\ ss/) "-lA (¡,ALOClS.

11' io .soS M 'St( 10:52, -S.50
H :55 l.~ 684- 10: oH oHo

I
·1--~1""'Z-':S:-"S'--t----t-.-'¿;-:'1'-.~?J~7:-t--·--I----"'=---.::....:....--+-~=-=----1I__---;

,(: 2( b~. ~bl

11 .,. u. "'.. ~}~
1"]: $0 ¡,q. "ez

I '6' !7 1.5. '-'-i7 ¡.---+----t----+-----1
:) ~ 'be o : 70 011.

1i '-6 .01 . n1 70.12.4-

, 02 : 01 70.'.r9

I r
o.~o( 10.2Z'

el.: ol ;0 ~~---f-----f-----+_-----f
011· ... ( __ilJ'o~J:!"'"u~J~-:___I_---_I_---_l---_1I ¡ .., "~pI ~ ~7/O - 10J' ~'--)s._:s-...;..O_ _+---_+---_+---_I

,... ·tl... 70 A.A.

,

11' ./l' nO 70.«~

l---'2.: Q 1 __ ..:..:- .70...'!' -- .----+---_+----1

1, _,3:..o.Q ---- -'-' 7°,S~.t _. - - -i:......---+----l------I
1-....&::'40; ~a 75>.~ 7{ _.__-+ _+---_+---_1

,~~"O 10. foZ7
';: /) I 70 I ' ~-. ._. --_--'---' '- .L- ..L- -'--__~



rE sCO-ÑO'IOA WATER PROGRAM WELL NI. ES: ,- 4-
. TEST WELL DATA pOOl 3 of .
~ z::;1:) ¿)( /. QQ()

I ' WATER LEVEL RESIDUAL
HOUR lime =r.m- befow mp CRAW OOWNplnQ OO, Gol 111000 QQpm

minule, meler' Ittl fuI

18.' 00 10, l.! C.

'iIl • ..:a. jo.7~Q
2D'~1 10,7 f>Z
21: Iz.. '0.7l!t~.
22.:0" •

1.0' C02.~

2.~·OO io.BS'7--
24-' 03 - 70.~".- - -
fj;> • ~I 'lo. ~t"

n4.:no "1.o~8

o" ' o,~ '1. O~ ..

~~~or "'11 • 16'
C>,. '2-0 71. 20r
10 • 00 ",. 2 2. 7

" . 0'- 'r.2Ea'
Il,.·l.O , .. 2. 71- .

13: t')o 71,~~"¡'

14-' 00 " ?z..6 '. Sfp7

Ir" 00 'JI ~~I

I L • o~ '1/ ,,~.,

"'0"'" " 1J ...1O
19..' 00

.
~1. ~~l-

I~' ... <'1 '11. tlH
~ . "'~ il.s¡q. 5'1,7
2.\·()O 7/.t:.6z •

"?'T. ()/} 71 5<1(, •

Z~ 00 7/.6ZC?/ .

%-1 D() 7/, b6:'·
~Z O() 71.7.rP.
o,¡ /4. ?I P,05 •-
o". 00 71·P,6~·

nA 00- 71 4)~.

oe]· 00 fS90 71 q6~· S"SO
/0, ~ OO 1.L8.!U,,- -... -

[ti , 00 - 7,Z,Q'X)_ ,- -. __o

'z. : oO. .7;,01,3
I'? : DO '11 0'9 b

''': 00 7l ,~o

1I

11

11

11

11
1[

Ir •

Ir'83! ;•

11

Ir
11
11

1I

1
1I

"93

11

11

11
1r-~~



¡; q L )( • .a.t>O
'---

WELL NI. ES:
POOl 4- o,

WATER LEVEL RESIDUAL
- below mp CAAW DOWN

l--me-e""'"14."'""'"r.-..---"F:'t'.=et-~ '"'
Gol x 1000 Qgpm

t
lime sra ~m-

HOUR plng beQOtI.
mi""t..

rESCOÑ"DIOA- W14'1--~ER~PRO·G-R -AM-'-'-

TEST WELL DATA
~

I r 'b·...... .,2..111
,.., '. o.. ,~. l.1¡O

1 [
1 I

1I
Ir:oo '11 '''~

----

11 DA'('~d :I;j 73/·
C·7t 00 7.7 765. .

1 [lA'.. ""wl . ~"7
J--'-'I''--·..:::O~O_-t._·____ 1Lljj-t-----+----+----+---~

11
1--1;..:;.....:,·•..::;0=._-+-__.-+ ..1-L1,.,-",~'Ll',---+- -+- -+- -+- ~

~,. ..... _-+-H. ~~-
~~ '.0" _+--_' ~'_ _+_.....J-'n.I!L'.:L';~1..!!.---1-----1I-----I------1-----11 r a, :0. nA31
a .. , oo." . ~,~z. ~1.11

11 '•• ~o.::.t-'-'~O'-lO~-+----_+_.:.:7Z~~lj:3:...,./7·_+_----+-----+-----4-----4
o•• eo -n598.

----_+_.LJW.~'-=-'_+_---_4_----_4_---_+_--~

O~: ~() 72,~65

11 10 00 7¿ 7rJ6~
1/ U) 7¿ ~~/. sso

11 12 OO. 7Z 8~/.

/3 ()() 7.'7 n~/·

leI 00 7Z:. q ZE .

1r 1'5 00 . 77. q '56
le,. .rO 72.QQZ,·

1[ 17· ~O 731) Zb
tI; a; 7~O ~&J .
Ir) ro 7'3 o q~11 :...,., e-O 7"3 !te? S l, 7
:-.,/ ()J 7:3 160

1[ -::"' 00 73 ¡ql/.
?::¡. O () 7:3 Z z~ ..........~-=:-:::-1~----

1( ::..¡ . O o. 7":J . Z 6/
oz· 00 73 =' ZH

1r oc. CO~f-- 7J_-qb~.'. _ ... ---.-~f_-----If_-__1
..,..r...Jl:·!?J.,,-.-,c=(}~t--.-,-- 73 ~~: -.~"-'l-4'----_t_---f__--~11 ...,:o~•.L_1..::cO..::c()_t..:..:I/,~,.'-'~',7u=jo~_f-!7::::"'J'-'So<:~b-734----+_---I__--_+--____I
/0 DO 73 r; l»~ ,



1------ WELl.- ÑT"ES:T:-L
PDO' ~ 01 5 '•

I~
I

t WAT[R LEVEL RESIDUAL
kOUR hmt~~m- Gol x 1000 belo. mp mAW OOWNplll9 . Qgpm

minultl meler, leel f"1

12 00 7":$ 6 tE
. ..,.)~

~ tI ,J r:"; 7.PII"" (.I'l't,
,.,. 00 7:r¿"aq 5'SO

/1 00 73 7Z1 .

/~ 00 7-:J 7 ~'I-
/1, f)O • 7378~--- - -- .. -~ f---•• -- -- --
17 /i..q. lJ..Bzz 5" 7-- . _.

- -- - - - -
/f; . 00..._ .855_ .-- --- ---- - -- - .- . - .. . - -
1&1. 00 _.- 7~_8f38,--"... -- ..- ---- -- _._. -
ZO__OO _ 73 QZ3 --_... - -- ---
2/A-,...QO_ ._._- --- 7"3QS7 . _._.. __.----- ----- .--
72: . 00 7'3 qt70 .-
Z.3 00 74() z.'¡' -_.- - -
~.¡ 00 7'105. 7

oz· 00 7<1-/25 .- -
loe¡ . 00 74 /C7/.
In(, 00 711 zs8.
~~ 00 74 ':325.
Oct. 00 7(,t ,5e
I(J , 00 7</- "343
JI (JO /:Je30 7¿J ~,u 'PA.lti ~"tce. toE"'. f. Cf.;T~

Iz (JO . 7Jt '153· 1..60
13. 00 7t/ '-IB7· 5(,,7
/ti. 00 7'1 c,:zI).

15. DO 7LJ 55t.J.

~.
~O 7'1587·
00 7~ 6;0,

113 (JO 71/ L,..J

1&1· 00 7tf 6..88.. . ..
17.0'" 00 . . 7'1: 7Z;¿·

1--. ... _.._-
7/. {)O /t;' 7S¿. -
77. . 00 7'1.78'1..-
Z3 00 79 ~Z3· --- .. .. _.. -- ----
ze.¡ oC? 7i. B~.- -. - .... ... _. - .. .-
l12.~. 00 7'1 q~3' •-. - - .. _.._.-
10-11. no' -- 7'1:. _. e, q{J_. J.S& . ._--

'75 fl21
.-

06 (JO ... . - -
oA (JO 75 I z"¡

rESCONO-,'O-A- -WÁTER-PfÜiGRAM
'. TEST WELL DATA

I

I I
I I
I [

IJ.83
I r

I (
I1
I1
I,L~.

11
I (
I 1

I
Il
Ir
II
Il
It6

'.



WA TER LEVEL RESIDUAL
btlow mp ~AW OQWN

I--=me=ll.=r.---'-"'~.=...--~ 'tel
OgpmGol xlOCX>

t
lime Vcc lllm
IPI/IQ tleQOn.

minul..
HOUR

!ESCONDID-Á' 'WA TER
'1 TEST WELl DATA

¡,.........
1
1
1 I
11

Oq. 00 75/s~

i/o. 00 75 191 '

11 Z"l,· 00 75 Sqt/-
Z'; 00 7.5 64

I I Iz, {)() 7~ z <5 ~ ----+----+---4--~
13 0_0 :. 75_:t:CJ-:.....'-+· ___ - ~---_+_.-_-_+--o~1I N· ,00__ - . o 7.:,-3,25-4- ._-~---+-----+--------I
~. 00 _o _'0_' 75.J.-5..:.,&J-+-_o • •• _ ---+-----4-- .__~ _
/(" _DO 7~ 3 q ~

I I /j. 00 - - -.. - - iS.~-4,-",Z,,-,,5,,-..-_-_.·~-----=--=-:==--=------:---------~--4
18. 00 _ ..2.S-'-'.4""'.S'--"iq-+-__~----_+---I__---

11 ICJ.: ;; t:p~ ~~7
~-~___if----~...:::...,,~c_:_::+~-'----+---_+_---~--4
ZI 00 7~ e;6~.

1I zi·OO 7E 661
- o-t!>"} OZ, 00 7!3 7~fj,

11 <:~. n()(){) 75 7C:¡'¡'
'-"". 75 BbO
0/5. DO 75 O¡Z71f Oq. oa 7t; t:16/.

.!fL ()o 75 q q'¡

le; DO 76 ¡e.a .

11 1fL~.-'O~lO~t--_--t....<-:76~/~"=--'-i"r-----4-- - -- ~ ._-4--~
/1· Ol'J 7¿.~25--" =---+---4-----.4-----~---~1( !/A 00 7'.~.s8 .
~/q..L.-'.>o:o=Ol'O-t- .. -+-?:....::'".-;.2.=-'.,-==¿-+_'__-/-----{---_+_----I
71) 00 .." .3~G11. P~&o<.-.-":O==Q-.+_--.-~- 7{.;35-1-~-i--'-'. -.- '. --.--+--1----=-----_-4-+---_-_-_-_--1~

~E-._._º-O _. . .7' .~~ f-.S"5D • • Oo_ . ~_.___+_----I11 '':1.:'1 "A ._.. 7'. '.'{~~_.. . _ ..... -----+----1------1
Zcj. 00 .. _?f,....:..'''o~-+- ~I---- ._ __ .. _o_---+-__~IT,·IJ Oz· r-JÜ '7,. Sll.--L ....&..-__--"- ....&..-__---J



l
I

I WATER LEVEL RESIOUAL

HOUR lorne t=e ~m-
Gol 11000 Qgpm beta. mp [AAW OOWNptn; 90ft.

rni,.,ln met.r. r... ftel

Ol{"oo 7' S~3

0(. ',00 7L ."0
08 :00 '1(..72,7 ,SS
011 ; 00 I 7 ~75 7,. "'0
!O :00 .!J./ '.3J~ .... ".,7.~)_. ----
11 :00 17,.39S ?~, 82." ~-~o__ o .. _.. - _.. --- - -!2.:00 ,:-

_. _.- 0'- -- .~ . --
-_._-- .._- .. - - --- .. -

.. ._- --- ---
. - -_.- --

-

.

- -

.

f- -'--- -
, ......_... _.._.- .- _.- . -- -- .. .

---- -- ..-_ .. . .- - _4 ._ .. _

-- . - -- -_._----- - ---
f-._.- -

.
-

IESCONDIO-A -WAT'ER- PROGRA'M-'- - '---WELLN~ES:-J-L

'1 TEST WELL DATA pOQ• ..3..-of ~1
1
11
Ir
I1

. 4_.- ,~..
11
1 r

11
11
11
I1
Ir
Ir
11
11
I1
I¡

11
Il



pog, o .
.Jj'~ (/- 10- 83r ......... .' t:Jl..T. ~Ii"'~. O.49(.,

WATER LEVEL RESIDUAL

1
HOUR imt crm- Gollt 1000

. bela. mp ~W DOWNplnv QO. Qgpm
mi,.." .. melera ti.. ~V'~

"-&J ~: !'O -0- 6717¿ -0--
l.;", . :U S B'3.Z70 /~ .~/cS

10 '~~ /0 e~,s~O /fe,.37>;

r :o{ IS B?>.930 /'-.756
, • O .70 e~·2OD /7· o cE- _. .-

I :'i ~S 84 ....r /7.~7f-
:ZO 30 . A4-.('O /~~/F----- -- . -- _. --- 1---,-
:Z( ., 81-.6'1' 17. Sol 3

I
'", ---

:30 70 A4-7'Jo /7· '/$- -
:)( l¡5 Se:¡.. e80 /7. 70S

I : .-o 50 Sf-.~~9 /7- 8-'b

:4-( SS e~oS"l 17.17"-

J.."'....,
:!o frc A!".ln( /"/ Q ~.• •

1 1 : 20 90 Q( O Ir.;. cE

'$"o I~ o . e{.~{ / r. 3: ?

r ,2,:20 ISO gs.SU l".~'~

• 12 : $'0 I '(,(; as 6115 /~ Y?'"Iv' ~

I 13'20 .21 o 1\1~ /~ s . .;..,,, • ¡a..

I~: ro .; 'ff' ~~ .'l'l>l. IJ.(,/.;,

'u..... 14- •SO .;]00 1;. t2,t IS. MO
.r:ro .:: " o !'f !'l..o 16. ~'t'r

Ib:(O L,;. o KS. gIS /~.r:y",

( 1'7 ; 'o t.t eo as. '&'~ 11.bt./~

le: 1"0 5'10 1~ 3n I?fol.'.\.

1
1"3:C'o (" or . • !C7 ! ti / !. ~ l,',:"•

20: $'O c"H J~ 61. o / 8, "''t'' !

I
2J: (O 7:' ( ",e¡. 8'(0 I~. {;;'t-

2.2: ,"o -ro a~ a~1. /~. t. 70/ .
Z~:('O Clfr; 85. ¡(53 1,3.(..,'61-i )·el DI: l('0 9(,,{' 85.8~1. /~.(..,Q.;;

O~·{O / /) lfO AS.8?,. / g. 7CY! IIDflAJ •.
or:~(} / ..' o~· es .86.-¿ / e. r..-.~:;, -¡ /3;/(;

•
.E~~1'L~ /1.~"/of- __ ..9 (:.(0 . -_. _._- .-. __ O,~S:O I t!2.._ 8~'f;lf I~, S}l.- .. -- .

I ~HoI'\
-- -- ----

2t'~0 c/lf--C ~•. ~'i . , ¡;>• .5 :;7.;- ._-_. --
5. 8.f.?3·/0·1) . o~:!'>~ ,.) .9;'- .J / e. "Ys-- _.

I 2.1: se 3(,CJ js :HS' /,f '." ~. - ~ ..

11
I
1
Ij
I
I
I
I
I
I
I
I
I
I
I
I
I
I
IL



/ f. 7~/

·TI.WElL NI, ES:
pOOI_ ~ o, .

WATER LEVEL RESIDUAL.
belo. mp OOAW DOWN

I--:me::-:u""ll:-=-:,.:---r--,r.:'1":"'1..:------4 feel
QgpmGol x 1000

_._-1-----1------1---'-.--+----+-----1

/ <Iel

1"'1,1""'.'''''

,
~ sita p,¡m
Dlng beootl.

mi,.,lea
HOUR

1 ~ESCON'DiDAW-ATER 'Pfié)GR-AM--
, . TEST WELL DATA

~

1 J

1
o·6~ O~ :S'o

11 :;
lo-e) o' :('~-

1,L'i\~ ~: S'Í-~-Z~ ~J. ._

I~ o-e 1¡n05__ ._~O·~i-_-:-··-_.----+--__-.1 82 8~6~~~~-''':'''--f_'/~' ",~J
l----~--, ._, ----4-----4----l----.-_f_----i1{./0.9 10 " 17 !2.!',!../.,::o:...-.+ -+ ¡I"B~(~~u;2.=.¡¿;O,!.._f_- -4..:..',.::s.:...••7:....:..Y.:::.8'~

1.1 7·10. n 8 : 4(, ..1.1-'-'...!.'i...:.~.l..~·_-+- _+_---=--~__+BS.~.,.,,¡S..2.!olRI">l...--+- -+-:'..::8:.:.,• .::..!..:.o~~-i
( 130; o ..... ;, -. f";~I"J"'"r.'.. ,)

~ .. . - ...... .

1 o 'I'il . 11. o,

ZJ ·/0 1/ (JO.

1L ¡In F'l'7. IS E':'!"

I~ '/0 cS.D:O~ 17,';,°:;

11
11
11
11
11
1I
l'
1:

•

1----+----

1----+----+-------+----- f- ----t-----+------l
•

1----- - _.- __a •• - -_.. - • - ------l-------+-----.-~

1---- - ._. . _. _. - . - . .. - - _. ~- ---f----t-----1

1----4-----4 ..------ - -~----_f_---_+---~

1----4------1-----.- ----t-----4-----t-----1



..

l· )Yi'

l. /78'

1- .706

WELL NI. ES: T-1
pOOl A of

;.;.....¡,·c ( • .".1; f. 7. /7Z ~ t. ..

PROGRAM

t t/ -t/.,¡/ WUER lEVEL RESIDUAL
~~m- Gol. Ieee Q~ . klo. lIIp aaw DOWH

mi,.".. t-?-:me::A1.,r:;I.r~.-'r-.."r.:-I"~II--t •-r.

Z4 1t'-'s9 ~,( . S 37 bS."i.Bo· l. (, ol

\~ lOS .J z. t " .sz G.ct.oDo· /. 1 ~ ;

1\0 ¡OYS :lD Y/l ól:l.a\o ;./:J8'

\2. / (.( V? 22. 1''' '1 b '1.. 2.40 2 • 06 t

\'1.: S'=- It"3 I '" 503? b. ese.¡. ~. 8'62

sO c. ~ 6 e. () 'l.C
52. . '" Z bS. 410

ú? . ~z be. b20

- - -
ESCONDIDA. WATER
TEST WELL DATA
RECOVERY

\'2.·.S~ 18~3; .~ a';;¡7? ~.S\O ' J.33!J

'" : 00 18;3S I() 1.,11'1 ~ 0\1 .,;J. 837

l-_-::O=:;2.~f--<-/-,,-~::.:t:.-7-f. _LIE.-Z_+/~5:~"~O~-+_~~IC~.c::::.c::::.0=-t -I¡-~:::=_. F~Z"'='Y--l
J-_...;r>l~rL'~...!./:J8~"'~J~?___I-I-'-{-'---__t_"/-=J'-o.::..:3-____i- b~. ~='+- _+_.::...,_• .::;.~-2-8'___t
t-__O_e:.~ I'-!!Li I ¡, //'/0 6't SbO ,;).38'8'

o~ 7$';'1'; 1'6 /01'1 Coc\.~"z"o ~.~'7'¡-

1--_-"~.:¡.-¡I-/-=8-'=',;-=-'.:..?___+--'t-l(-___+-~:;...;/-=S'---_+_6=e~._=_b1<>-=--+-_P__-+-..;...I_._Y,-/-=..l·--i
3" It.))! '1' 3Y7 be.b9c 1.5/P

1
1
1

11i
1 fA'"
11
1I
11
11

1.1

11

11

Ir
11

11

11

l'
11

11



1 1

1I

1I
1I
1I
1I
1 r

11
11
11
1I
11
1(
11
1I
11
11
11
Il

E'SéONDIDA WATER PROGRAM WELL NI. ES: "'l"- ..,

TEST WELL DATA pogl g. óf
RECOVERV • .

• tI'''' WATER lEVEl RESIOUAl
lime t:rm-HOUR plng go Gol.l(XX) Clt~1ll • btlow "'tI CRlw OOWN

minu'" ""'Ir. ,.11 f...

2-: 2-0 !P ,,60"330
2.5 /f2;lO fr / j'.J E> 6- \bO O, j'~~

.30 I"~ be· \-='0

3S /(, 330 / () os /7'> bS. \4.0 . o,,P,, 'i'
.

40
,

II'D <:.<0. \50
0-'

4~ - l/S" b~.ooO

So 11 3 4(S'" nI? /S:J ~<O.ClC() .o,~"8
•

~~ oj"' <0'0.000

'6', 00 ¡JO b~.OOO

~'. ACL 1'10 bS.ooo
z..o /83"7S:- ,ro /~ J l:>~.q~c 0·76 8'

~o 1100 ~~.ca80

00 / ~ ~ ''':";" , 1() /O~ ~~. 'Oso o. '" 78
so Ite; 6~. aso

4:00 . I?"O ~~. 8'2.0 .
"'0 2. O" ,"+.~'l.o

z.o ;JI~ l:>~''Ooo ·
30 12() ~i.·~o

'+0
.

;1. :¡"=+O~Jo

o ;)t(o • r.~,~o

5:·00 t9!"O (j,1-.=t-E:>o
z.o nf95 .;> "J /? 6 K.S ""~. ~uo O.56r
l ...... ~~/? ""~. -:u..o

b:OO .310 ~~. -=l:Z..o
'Zo 3:J() ~~.':\oo

40 .)$"0 ,,~. ~\O

-:¡.: 00 37() b+·~

z.o ., fe; "~,b+P.

40 'tlO ~~. ~"é5-'
~:oo YJO ~~. ~:H

2.0 YS-O C:.~.b!:3

40 1,&(,.9S I¡ 7{) .J?-f "~" ~'o
O.vRT

~ C\:.OO _yf:(} . ,,~. ,,(.,0_. ___ o .. ~ -
~¿:~. 11......

-q~ S~.o__ ..- - .0 _

"o~OO SSO b~, u.o ~...... ..... . ..-
".:l. ,"6 o

. · .'" 0:30 sse; . - ..

~~.bbO
·

A1\ : 00 "lO .
. .

i

I

.'.
••

: 1
. I., .

'.r
1:

••.. ,
; j

. I
•. ,

: . 1

#J' : •
'( ,
. • I.. ,,. ..... .

,
••



,

WElL N'. ES: ...:E:.L
POO'.3 o.PROGRAM

HOUR

I rESCONÓIOAWATER
I TEST WELL DATA

RECOVERY

I . t . r/(" WATER LEVEL RESIDUAL==r"n
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Well T-2 was pumped at an average rate of 246 gpm for about 22 days

to determine the aquffer characteristics in the northern portion of the .

preliminary well field lineo

A finite element simulatfon mOdel was used to analyze the drawdown data

because the positioning of the various well screens precluded the use of

standard analytical methods. Based on the numerical analysis. the trans

missivíty is 1B.400 gpd/ft. the long term storage coefficíent is 0.08. and

the ratio of vertical to horizontal hydraulic conductivíty is about 1/13.

Salinity of groundwater is estimated to be between 700 and 800 mg/l;

therefore. this northern area near well 1-2 indicates a favorable develop

ment potential.
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Tes t Conditi ons

a preliminary well line described in a previous report.*

Well T-2 was pumped at a relatively constant discharge rate while wells

ES-50 and SC-S were used as observation wells. The relative locations of

This report describes the aquifer test performed on well T-2 from

November 5 to November 27, 1983. Field measurements of water levels,

2.DOI'ld Ktlr/¡ Todd, COl/sulTil/g El/gil/uTJ. JI/('.

INTROOUCTION

pumping discharge rates and water quality were made over time. The trans

missivity and storage coefficient were determined by matching the observed

water level data with computer simulations. All basic data are tabulated

in the appendix.

The purpose of this report is to provide information about the hydro

geologic conditions north of Salar de Punta Negra to aid in the overall well

field design for water supply of the Escondida mining operations.

This is the second of five planned reports describing and analyzing pump

tests around the salar. Well T-2 is located at the northernmost extent of

T-2, ES-50 and SC-S are shown on Figure l.

The basic well construction features are shown on Figure 2. Wells T-~

and ES-50 penetra te about 60% of the aquifer, while SC-S only penetra tes the

upper 47% of the aquifer. The partial penetrations effects on the drawdowns

in the observation wells are substantial due to their proximity to the pumping

well.1I
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Water level measurements were taken on a logarithmie frequeney in the

*"Coneeptual Well Field Design for Escondida Mine Water Supply",
Deeember 1983. David Keith Todd Consulting Engineers, Ine.
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pumping and observation wells using electric sounders. Some trouble occurred

with the sounding devices used on well T-2 causing several shifts in the

water level measurements when the sounders were changed.

Flow measurements were taken every 3 to 5 minutes in the beginning of

the test and then concurrently with the water level measurements. The

average discharge rate for the first 140 minutes of the test was 269 gpm

(1.018 M
3
/min). Thereafter, until t = 3720 minutes, the discharge rate

averaged 252 gpm (0.955 M3/min).

A slow decrease in the discharge occurred from t = 3720 minutes until

t = 17,040 minutes. During this period the discharge averaged 237 gpm

(0.899 M
3
/min). The overall average discharge rate from beginning to the

end of the test was 246 gpm (0.951 M3/min),

Recovery measurements were taken for a period of about 2~ days in all

three wells. The residual drawdowns for pumping well T-2 were not calculated

because the length of the sounder cord had changed as a result of being re-

wired and the recovery measurements cannot be referenced back to the original

static water level.

The water level measurernents for the pumping and recovery portions of

the test are tabulated in the appendix.

The test was terminated after 22 days instead of the intended length of

30 days due to a fuel supply problern in the generator.

Well ES-50 Analysis

The drawdown versus time data for ES-50 are shown on Figures 3 and 4.

A delayed yield effect is apparent here even more than was observed ln the

T-l aquifer test. An analysis using the curve-matching technique with



•

delayed yield type curves would appear to be in order; however, because of

the partial penetration of the pumping and observation well ~60%). this

method is unreliable.

presenting the well screen. Likewise. an observation well screen is simulated

by the appropriate nodes at its radial distance from the pumping well. Figure 5

shows the grid network representing the T-2 test conditions. The total dra~

down in an observation well is obtained by averaging the drawdowns in the

nodes representing the well screen.

Drawdowns computed by the finite element model were compared to the ob-

served drawdowns. The values for transmissivity, storage coefficient, and

vertical to horizontal penmeability ratio that produced the best match with

observations were taken as a reliable solution to the aquifer test. Since

the storage coefficient increases with time during the aquifer test, only

the early time and late time data were matched using the apparent confined

storage coeffieient and specific yield, respectively.

The results of the analysis are shown on Figure 3. The transmissivity

is 0.160 M2/min (18,400 g~d/ft) and the long term specific yjeld is 0.08.

4.Dal'id K~it" Todd. Consulting Enginurs. lllt.

The analytical solution on which the curve-matching technique depends

assumes at least one of the wells is fully penetrating or nearly so. Though

the curves appear smooth they do not represent conditions that fall within

the assumptions for the analytical equations. Therefore a more general

solution. a finite element numerical model, was used to analyze the results.

The finite element model uses axisymmetric coordinates where the pumping

well is at the center of a vertical cross-section that is rotated about the

well. Well discharge is only allowed through nodes (grid intersections) re-
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The ratio of vertical to horizontal permeability is estimated to be about 1/13.

The computed drawdown values are particularly sensitive to the position

of the nodes chosen to represent the well screen, meaning that small uncer

tainties in the relative positions of the well screens cause modera te

uncertainties in the aquifer parameters (transmissivity, etc.). Furthermore,

the number of variables involved in the numerical simulation of the test

make the results less certain than if an analytical solution could have been

used. For these reasons the transmissivity, storage coefficient. and aniso

tropy ratio should be considered less reliable than the results obtained from

the T-1 tes t.

The recovery data from well ES-50 are presented in the appendix but are

not plotted on a graph because the standard analysis of these data would

produce an erroneous value of transmissivity.

Well T-2 Analysis

The drawdown data for well T-2 are shown on Figure 6. Up until t = 140

minutes the data are reliable. Measurements after this time are affected

by reduction in flow rate and the water level sounder problem mentioned earlier.

A straight line was fitted to the data up to t = 140 minutes and the early

flow rate of 269 gpm was used to estimate the transmissivity. The resulting

transmissivity of 18,000 gpd/ft was used as a preliminary estimate for the

modelling of ES-50 data. The agreement with the final mOdelled transmissivity

for ES-50 is quite good.

The recovery data for well T-2 are tabulated in the appendix, but as

discussed earlier cannot be used to obtain residual drawdowns because water

level sounding cord chang~d to unknown lengths during the test.
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A step drawdown test was not performed on we11 T-2. Sorne idea of the

wel1 's efficiency can be obtained. however, by comparing the drawdowns ca1

cu1ated by the finite e1ernent model with the observed va1ues. About 4 meters

of drawdown appear to be a result of we11 10sses. apart from the effects of

partia1 penetration. Based on the ratio of the observed specific capacity

to the theoretica1 specific capacity. the wel1 is 70% efficient.

Negligible drawdowns were achieved in the model at 670 meters radia11y

from the wel1. This indicates the approximate radius of investigation for

the tes t.

We11 SC-S Ana1ysis

The aquifer characteristics determined from matching ES-50 data were

used to compute a theoretica1 response at sc-s. The resu1ts are shown in

Figure 7. The discrepancy between the theoretica1 and the observed va1ues

can be exp1ained by the position of the SC-S we11 screen. The model assumes

homogeneous aquifer conditions while in rea1ity the upper portion of the

aquifer appears much less permeable than the lower portion based on litho

logic 10gs. SC-S is mostly screened in lower permeable material. For this

reason. the resu1ts obtained by matching model computations with ES-50 data

are considered much more representative of the true aquifer characteristics

than a match with SC-5 data. For this reason no further attempt was made to
•

achieve a match with the SC-S drawdowns. The recovery curves for SC-S wou1d

1ikewise not represent the true aquifer characteristics. The basic recovery

measurements are tabulated in the appendix.

Sa1inity Ana1y~is

Conductivity measurements of the discharge from we11 T-2 were taken
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Conclusions

daily throughout the test. The results are presented in Table 1. Conduc

tivity values essentially did not change during the course of the test and

averaged 1016 micromhos/cm. The expected total dissolved solids content based

on the conductivity measurements should lie between 700 and 800 mg/l. This

water Quality. along with the reasonable transmissive and storage properties

of the aQuifer make this portion of the well field highly desirable for de

velopment.

(1) The aQuifer transmissivity in the vicinity of well T-2 is about

18.400 gpd/ft. (0.160 M2/min).

(2) The long term storage coefficient is estimated to be 0.08.

(3) The ratio of vertical to horizontal hydraulic conductivity is estimated

to be 1/13 indicating slightly more stratified conditions at T-2 than at T-1.

(4) Based on comparisons between theoretical drawdowns and observed draw

downs in well T-2 (excluding effects from partial penetration). the well

efficiency is about 70%.

(5) The excellent water Quality combined with the reasonable aQuifer charac

teristics at T-2 indicate that this northern portion of the wellfield area

has a very good development potential.
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Conductivity in
Date Sampled Micromhos/cm at 25 degrees C.

November 5 961
November 6 987
November 7 1016
November 8 1044
November 9 1049
November 10 1015
November 11 1052
November 12 1041
November 13 949
November 14 1020
November 15 1023
November 16 1020
November 17 1026
November 18 1019
November 19 1023
November 20 1012
November 21 1020
November 22 1000
November 23 1020
November 24 1018
November 25 1016
November 26 1020
November 27 1018

Mean 1016
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Dl1l'id Keifll Toe/d, COl/s/lllillF EI/gil/urs, II/c,

rabIe l. Conductivity of Water

~ples from Well T-2
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for Well ES-50
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11.:00 i'l "'0 olS. Poi C(lJ OS .. 1(,O.'W'I 1/.1<11

". 1/,'" 10'00 t' .,'0 o41.?e>o 2,.'{f '{I 'so 15'M'I'o /11. ¡JS--
H.I 'lHU'DO i. '.2.00 ol1."L 1-SS "" 2'V po J 7'l. ---- __ '0_', - -

I~""'l ,. 0,# ~"lo 01 ¡.o(.'3 tS1 Ai ~ '''.l.. W.J." /I.~ }]
--'- ---- ---- - --

22.00 2.D ''fD 011 2" .tí, '11 'i~~ 1~llU I/. ~'l- -- - --
1.0'" IJ le>' 00 21 3'-0 Ou.. '131 LS<t '11 ~'tl. 1"1555 11· '3'7--- -----

:U.OO 12 c80 0&2. 6't.. 2S7 '1" S''" H.2. ')2.) 1(0 6 fl}

I -- ---- - --_.- .-
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The estimated efficiency of well T-3 is 30% and the well 10ss coefficient

is about 80 sec
2
/ft5 (8.4 min2¡ meter5). These va1ues suggest severe

clogging at the boreho1e face behind the grave1 pack.

Step-drawdown and constant discharge tests were conducted on well 1-3,

Oecember 1 and Oecember 2-10, 1983, respectively. The objectives of the tests

were to determine well efficiency, groundwater quality, and the aquifer char

acteristics to aid in the design of the final well fie1d.

Ana1ysis of the data indicates the area around well 1-3 has excellent

development potential with a transmissivity of 22,600 gpd/ft and a salinity

(T.O.S.) of 1260 mg/l. The aquifer within 1.5 ki10meters west of well T-3 is

confined and has a storage coefficient of 4 X 10-4• However, the area west

of T-3 should be avoided because of the proximity of the western aquifer boundary.
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Introduction

This report describes a constant discharge aquifer test performed on

well T-3 Oecember 2-10. 1983 and a step-drawdown test performed on well T-3

on Oecember 1. 1983. Field measurements of water levels. pumping rates and

water quality were made over time. Well ES-5~A was used as an observation

well for water level measurements. The data from the tests were analyzed to

evaluate well efficiency. transmissive and storage characteristics of the aquifer,

and water quality. All basic data are tablulated in the appendix.

The purpose of this report is to provide hydrogeologic information neces

sary fer design of a well field to supply water to the Escondida mining

ope ra t ions.

This is the third of five planned reports evaluating aquifer characteristics

around Salar de Punta Negra. Well 1-3 is located about 6 kilometers south seuth

west of well T-2 and is approximately 2 kilometers east of the aquifer's west

ern boundary.

Test Conditions

The relative locations of pumping well T-3 and observation well ES-54A

are shown in Figure 1. The well construction features are shown in Figure 2.

1t is important to note that both well screens fully penetra te the aquifer and

that the aquifer is confined based on lithologic and geophysical 10gs. There

fore. head losses caused by partial penetration or a seepage surface do not

Occur here.

Water level measurements were taken on a logarithmic frequency in we1l

1-3 and well ES-54A using electric sounders.

Flow measurements were made using a totalizing flow meter during both the
•

step-drawdown and constant discharge tests. The flow rate during the step-

drawdown test was increased from 300 gpm to 400 gpm and then final1y to 425 gpm.

1
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A step-drawdown test was conducted on we11 T-3 December 2. 1983, for the

appendix of this reporto

~-Drawdown Test on We11 T-3

The qua1ity of data from this test is very good, enab1ing re1iab1e eva1ua

tions of the aQuifer and pumping we11 characteristics. The water 1eve1 mea

surements, f10w rates. and water conductivity va1ues are tabu1ated in the

3.

65i!65i_l!6Qi_l

6Q; + llQ;_l
e =

David Kl'irh Todd. Consulting Engineers. ¡ne.

No aberrations in the f10w rates were apparent during each step. The initia1

f10w rate during the constant discharge test was 425 gpm but was cut back to

390 gpm after 1200 minutes to avoid breaking suction. This reduction, however,

is 1ess than 10% and does not adverse1y affect the ana1ysis of the data. The

average discharge over the 1ength of the test was 394 gpm.

The conductivity of the discharge water from we11 T-3 was measured dai1y

and the va1ues are readi1y convertible to total disso1ved solids concentrations.

purpose of estimating the we11 's efficiency.

The time duration of each step was 120 minutes. The discharges for the

three steps were 300 gpm, 400 gpm and 425 gpm. The resu1ting drawdowns were

plotted versus time on a semi-logarathmic graph as shown in Figure 3.

The incremental drawdown. 6s, and incremental flow rate, 6Q. for each step

were used to evaluate the we11 1055 coefficient. e, according to the

fo11owing formula:
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The coefficient was ca1culated for steps 1 and 2, 2 and 3, and 1 and 3. The

results were 114, 154 and 199 SeC2!ft5• respective1y. These va1ues are extreme1y

1arge indicating severe c~09ging of the wel1 screen or grave1 pack. The accuracy

of these values 1s questionable, however, because the drawdown due to well 10ss



The amount of drawdown caused by the inefficiency of the well, based on

the above parameters, is about 22 meters for a f10w rate of 425 gpm. It is

evident that. un1ike we11s T-l and T-2, we11 T-3 is severe1y c1ogged; such

we11 10sses 1imit this we11 's usefu1ness for we11 fie1d designo

4.

Sw = drawdown due to we11 10ss

David K~ilh Todd. Consulting Engin~~rs. [ne.

where

Q = di scha rge

n = coefficient which may vary between 1.0 ~nd 3.5

The coefficient. n, was ca1cu1ated to be 2.32 for the step-drawdown test

condit ions.

ca1cu1ated from these coefficients wou1d be equal to the total observed draw

down during the test. This is a physical impossibility.

Another method was used to determine e which is more accurate, though

more invo1ved. For detai1s on the method see Rorabaugh (1953) and Todd (1959)*.

The resu1ts gave a e of 83 sec2/ft5. The we1l 10ss is ca1cu1ated from the

following equation:

We11 ES-54A Ana1ysis

The drawdown versus time data for we11 ES-54A are shown on Figures 4 and

5. and the recovery data are plotted on Figure 6. The nature of the curves

suggest that the aquifer conditions fit the assumptions inherent in the stan-

dard Theis nonequilibrium equation: main1y. a confined, non-leaky aquifer and

fu11y penetrating wells. The well construction diagram on Figure 2 indicates

this also. There is a hint of leakage from the overlying c1ay at t = 5000 to
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t = 10,080 minutes. but this departure could also be due to a small variation

*Rorabaugh, M. l., 1953, "Graphical and Theoretical Analysis of Step Drawdown'
Test of Artesian Well". Proc. Amer. Soco Civil Engrs •• vol. 79. No. 362.
Todd, D. K., 1959. "Ground Water Hydrology". John Wiley, p.109.



in the flow rate or the effect of a zone encountering different aquifer

characteristics.

The calculated transmissivities and storage coefficients are in good

agreement. The average transmissivity is 22,600 gpd/ft. The log-log plot in

Figure 5 is considered more reliable and therefore was weighted double against

the semi-log and recovery plots in Figures 4 and 6. The average storage co

efficient is 3.7 X 10-4.

Based on these determined parameters. the radius of investigation or effect

of pumping should have been between 2 and 3 kilometers. Geologic evidence in

dicates the presence of an impermeable boundary two kilometers to the west¡

however. there is no indication of this in the drawdown data. Other things

being equal. the drawdown curve in Figure 4 should have steepened markedly

after about 3000 minutes if a barrier exists two kilometers to the west of

well T-3.

The possibility that the aquifer becomes unconfined between well T-3 and

the barrier was examined using a numerical simulation modelo It was discovered

that a change from confined to unconfined aquifer conditions about 1.5 kilo

meters west of well T-3 not only masks the effect of a barrier but also actually

causes the drawdown curve to flatten as observed in Figure 5 where t = 4400

minutes. This finding serves as a basis for estimating the extent of the con

fined aquifer zone.

Well T-3 Analysis

The drawdown data versus time for well T-3 are shown in Figure 7 and the

recovery data are plotted in Figure 8. The transmiss1vity calculated from

Figure 7 1s less than half that determined from observation well ES-s4A.

This low transmiss1vity value 1s caused by the well's inefficiency as discusséd

ear11er. The recovery graph on F1gure 8 gives a transmiss1vity 1n excellent
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Table l. Salinity of Water Samples trom Well T-3

agreement with the transmissivity from Figures 4 through 6.

The efficiency of well T-3, defined as the ratio of the theoretieal

drawdown to the observed drawdown, X lOO, is about 30%. This is in sharp con

trast to the 70 to 75% effieiencies estimated for wel1s T-l and T-2. Norma11y,

wel1 T-3 should have a higher effieiency than either we11 T-2 or we11 T-3

because we11 T-3 is not adverse1y affected by partial penetration or the de

ve10pment of a large seepage surface at the well. lt can be eone1uded that

there is significant c10gging of the grave1 pack, the we11bore face, or the

we11 sereen. Furthenmore, the high we11 10ss eoeffieient indicates that the

we11 probab1y cannot be brought up to more than about 60% effieiency by

additional deve10pment.

Sa1inity Analysis

The eonductivity of the discharge water was measured dai1y in the field

starting on Oeeember 3. Three water samp1es were sent for analysis of indivi

dual ionie parameters. The estimated total dissolved solids eoneentrations

are given in Table l. The asterisks mark those samp1es aetual1y ana1yzed for

TOS. The other salinity values are based on a ratio of TOS to specific eon

ductanee of 0.70 mg/1 per mieromho at 250C.
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Date Samp1ed Salinity (T.O.S.), m~

Oeeember 3 1290*

Oeeember 4 1250

Oeeember 5 1250

Oecember 6 1240*

Oecember 7 1250

1 December 8 1270*

I



(1) The average transmissivity within about two kilometers of well

The change in salinity over the test period is insignificant, and the

T-3; during the test this change masked the effect of the western

aquifer boundary.

(5) Well T-3 has an efficiency of approximately 30% and the well 10ss

coefficient is about 80 sec2/ft5 (8.4 min 2/meter5)this indicates

7.

T-3 is 22,600 gpd/ft.

(2) The storage coeffieient ;s about 4 X 10-4•

(3) The aquifer in the vicinity of well T-3 is confined having about

47 meters of piezometric head aboye the top of the aquifer unit.

(4) Based on numerical simulations, the aquifer changes from confined

to unconfined conditions about 1.5 kilometers to the west of well

that severe clog9ing behind the well screen has occurred; however.

this situation does not effect the calculations of transmissivity

and storage coefficient derived from nearby observation well data.

(6) The average salinity throughout the constant discharge test was

1260 mg/l and no sign;ficant change in salinity was noted.

(7) This water quality coupled with the good aquifer characteristics

makes the area.of 2311 T-3 excellent for water development. How

ever, the region to the west of wel1 T-3 should be avoided because

of the proxfmity of an impermeable aquffer boundary.

Dal'id Keilh Todd. Consulting Engineers. ¡ne.

values indicate good water quality. The salinity at T-3 is quite consistent

with the general trend of poorer water quality to the south and better water

quality in the north in the Punta Negra basin.

This water quality, together with the good transmissivity, indicates this

area is a prime area for development of a well field.

Conclusions
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Figure 8.

Semi-log Graph of Residual Drawdown
for Pumped Well T-3
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Dal'id Keith Todd. Consulting EngineeTs. Ine.
8.

A P P E N O 1 X

The following pages contain tabulations of water level measurements,

well discharge. and water conductivity measurements for the Well T-3

pump tests.
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ESCO~OIDA WATER PROGRAM WELl N~ E S: \-3 1•
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,

TEST WELL DATA of

RECOVERY
,
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Conductivity RE 5 i <; t i vi t Y Ohm -cmDate Micro mho cm-25°c - 25°C

3 De c .• 1983 • 1800
4 " 1788 559
5 " 1783 561
6 " • 1783 5617 " 1788 5598 " • 1788 359

Samples taken during production pump test.
oWater tEmperature = 16 C

·Samples send to USA

Average conductivity = 1788.3 ~ ~ micro-mho-cm at 250C.
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1.

Surrrnary

Step-drawdown and constant discharge tests were conducted on well T-4

Oecember 13, 1983 and Oecember 14, 1983 through January 13, 1984, respectively.

The objectives of the tests were to determine well efficiency, groundwater

quality and the aquifer characteristics to aid in the design of the final

wel1 field.

Analysis of the data indicates the area around well T-4 has a trans

missivity of 22,100 gpd/ft (0.192 m2/min), a specific yield of 0.20 and a

radial to vertical hydraulic conductivity ratio of 10/1. The sa1inity of

the discharge water showed no significant increases during the test and was

on the order of 1700 mg/1.

The efficiency of we11 T-4 is high, but considerable drawdowns occurred

in the wel1 due to the 10w percentage of the aquifer screened by we11 T-4.

The deve10pment potentia1 of the area around we11 T-4 is on1y fair be

cause of its proximity to highly saline water and its low saturated thickness.
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8.

rabIe l. (Continued)

Date Sampled
Salinity (T.D.S.), mg/l

January 4, 1984
1850

5 1850 (1600)
6

1750

7 1800 (1540)
8

1850

9
1850 (1720)

10
1850

11
1850 (1700)

12 1850

13 2000 (1700)

* Static conditions

(1540) Values in parentheses analyzed in U.S.A. by Utah, Intl.

+ Yalues obtained by field specific conductance X 0.83
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Introductfon

This report describes the step-drawdown test and the constant dfscharge

test performed on well T-4 Oecember 13, 1983 and Oecember 14, 1983 through

January 13, 1984, respectively. The purpose of this report is to provide

information about the hydrogeologic conditions in the vicinity of well T-4

to aid in the design of the well field for the water supply to the Escondida

mining operations. This is the fourth in a series of five planned reports

evaluating aquifer characteristies around Salar de Punta Negra.

Well T-4 is loeated about 5 kilometers east of the Salar and about

3 kilometers west of the aquifer's eastern boundary.

Test Conditions

The relative locations of pumping well T-4 and observation wells E5-49

and ES-60 are shown in Figure 1 and the well construction features are shown

in Figure 2. The important aspect to note from Figure 2 is the low pereentage

of aquifer screened by well T-4 (about 21%). This causes more drawdown to

occur than if the entire aquifer were sereened. In addition, standard ana

lytical methods to solve for the transmissivity and storage eoeffieient cannot

be reliably used because they require that the pumping well be screened in

nearly the entire aquifer thickness.

Water level measurements were taken in wells T-4, ES-49 and ES-60 on a

logarithmic frequency using electric sounders. Flow measurements were taken

from a totalizing meter on the pumping well's discharge lineo Conductivity

of the discharge water was measured and reported daily and selected water

samples were sent to a laboratory for analysis of additional parameters.

The flow rates throughout the step-drawdown test remained within about

~ 10% of the average flow rate during eaeh step. The average flow rates for

the steps were 195, 300, 389 and 464 gpm. The average flow rate during the
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3.

constant discharge test was 386 gpm. Maintenance of the generator was

required from t= 8835 to t= 8880 minutes during which time the pump was shut

off; however, the effect on the water level measurements beyond this period

was negligible.

Water level measurements taken in the observation wells were sufficiently

accurate for purposes of analysis. Considerable problems were encountered

in measuring the water levels in well T-4 because of obstructions from the

pumping equipment in the casing. Therefore, these data are not reliable

for analytical purposes.

In summary, the data are useful for analyzing the aquifer characteristics;

however, due to problems with measuring the water level in the pumping well.

an accurate evaluation of the pumping well efficiency cannot be made.

The basic flow rate, water level and conductivity data are tabulated

in the appendix.

~-Drawdown Test on Well T-4

A step-drawdown test was performed on well T-4 on December 13, 1983.

The well was pumped at 195 and 300 gpm for 120 minutes each, at 389 gpm for

about 180 minutes and finally at 464 gpm for 60 minutes. The resulting

drawdowns are shown in Figure 3. As mentioned earlier, there was considerable

difficulty in measuring the water level in well T-4 and it is clear the

erratic nature of the drawdowns will not allow a reliable determination of

the well-loss coefficient to be made. However, a qualitative assessment of

well T-4 efficiency was obtained by comparing the specific capacities during

the test with theoretical specific.capacities using the transmissivity and

storage coefficient evaluated later in this reporto After the effects of

partial penetration ar~ taken out, it appears well T-4 has an efficiency on

the order of 70 or 80 percent.
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S;mulat;on and Analys;s of Results from Observat10n Wells

Orawdown data from observation wells ES-49 and ES-60 for the constant

discharge test were plotted on a log-log graph as shown on Figure 4. The

results were plotted versus t/r2, where t is time in minutes and r is the

radial distance to the pumping well from the observation well. This plot

demOnstrates the effects of delayed yield and partial penetration on the

results. For a pumping well fully screened fn a confined aquffer, the data

points for both observation wells would fall on the same curve and could be

analyzed using the standard curve-matching (analytical) technfque. However.

the disparity between the two curves shows that analytical methods would

produce unreliable values of transmissivity and storage coefficient (or specific

yield). Therefore. numerical computer simulation was used to evaluate the

transmissivity and storage coefficient.

The simulation model uses axisymmetric coordinates where the pumping

well is at the center of a vertical cross-section which is rotated about the

well. The discharge is allowed only through certain nodes representing the

well screen, thus taking into account partial penetration in the calculations.

This method of evaluating the aquifer characteristics was also used for the

T-2 aquifer test and the reader is referred to the Well T-2 Pump Test report

for more details on the approach.

The best-match computed results are shown on Figure 4 for the early and

late portions of the test. The horizontal portions of the drawdown curves

indicate when the storage coefficient is in transition from the apparent

"confined" storage coefficient to the true storage coefffcfent or specific

yield. The horizontal portions of the curves are not simulated by the model.

It is clear from Figure 4 that well [5-49, the closest well to T-4. does
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not begin to show the effects of delayed gravity drainage until far into the

test, while ES-60 shows the effects very early on and then begins to be

free of gravity drainage effects at about 22,000 minutes into the test. Data

points from the last 20,000 minutes of the drawdown curve for well ES-60 were

used to estimate the true storage coefficient or specific yield.

The values for the aquifer characteristics determined from this simulation

are as follows:

Transmissivity: 22,100 gpd/ft (0.192 m2/min)

Early Storage Coefficient: 7 X 10 -4
Specific Yield: 0.20

Radial to Vertical Hydraulic Conductivity: ·10/1

Salinity Analysis

Measurements of specific conductance were taken daily on the discharge

water from well T-4. Most of the samples were sent to either CESMEC or

Utah, Intl. personnel (or both) for analysis of additional chemical parameters.

The salinity values are given in Table 1. There is a significant difference

between the values reported by CESMEC and the Utah Intl. laboratory. For

consistency, the ratio of conductivity to salinity (0.83) was taken from the

CESMEC data to estima te the salinities for December 14 through 19.

There is no significant change in salinity values in the CESMEC data.

However, the Utah Intl. laboratory data show an apparent abrupt rise from

January 7 to January 9. The samples from December 21 through January 7 were

received by Utah Intl. 's laboratory in one batch on January 19. The samples

from January 9 through January 13 were received as another batch on February 24.

Based on this information, it is concluded that the rise in salinity between

January 7 and January 9 is an artifact of the laboratory procedures and does.
not represent a true rise in salinity at the well. The CESMEC salinity value
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for January 13 is probably an error, since the conductivity and other chemical

parameters show no change from samples taken the previous days.

Whether the CESMEC values or the Utah Intl. laboratory values are correct,

the salinity ~alues are consistent with the overal1 salinity trend in the

eastern Punta Negra basin: lower in the north and higher in the south.

Conclusions

(1) The aquifer transmissivity in the vicinity of well T-4 is 22,100 gpd/ft.

(2) The long term specific yield is estimated to be 0.20.

(3) The radial to vertical hydraulic conductivity ratio (Kr/Kz)is about 10/1 .

(4) The efficiency of well T-4 is high and most of the drawdown in T-4,

apart from head losses in the aquifer, is due to the low percentage of

the aquifer screened by well T-4.

(5) The salinity of the discharge water from T-4 is on the order of 1700 mg/l.

No significant change was noted in the salinity during the test; however,

the sampling radius from wel1 T-4 was only on the order of ~O meters.

(6) Based on the excellent aquifer parameters and good water quality alone,

this area would normally be considered good for water development.

However, its proximity to very saline water only 3 kilometers to the

west and its low saturated thickness make it only fair for development

potentlal.
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Il Table lo Salinity of Water Samples from Well T-4

I! Date Sampled Salinity (T.n.S.), mg[l

Ir December 12, 1983* 1890+

14 1890+
1I 15 1900+

I( 16 1910+

17 1890+

Ir 18 1886+

19 1890 +11 20 NA

11 21 1900 (1540)
22 1900

I¡ 23 1850
24 1900

11 25 1800 (1520)

I1 26 1800

27 1800 (1530)

1: 28 1750

29 1800

11 30 1700 (1540)

Ir 31 1850
January 1, 1984 1850 (1560)

2 1850
3 1850 (1600)

I
I
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Figure 1.

location Map of Pumped Well T-4 and
Observation Wells E5-49 and E5-60

David Keilh Todd, Consulting Engineers. lile.
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Figure 2.

Construction of Pumped Well and
Observation Wells

Da_id Ke;11r Todd, COl/sII/ling Engil/eers. lne.
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APPENDIX

The following pages contain tabulations

of well discharge. water level measurements. and

water conductivity measurements for the Well T-4

pump test.
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12 Dec. 1983 2277 439
14 " 2277 439
15 ..

2288 437
16 ..

2301 434
17 " 2281 438
18 ..

2272 440
19 " 2277 439

Samples taken during production pump test.

Water temperature = 21°C
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Conductivity
Micro mho cm-25°C

Res1stivity ohm-cm
2SoC



CondJctividad eléctri~a de muestras de ~gJé En ~nnd~jes

Resistividad promedio en ohm cm a 25°C = 438,0 + 5,3
(438,0 ..: 0,01%).

Temperatura del agua durante prweba de producción = 22°C

'Mwestras a U,S,A.

Conductividad promedio en micromho cm a 25°C =
2.283.3 + 0,01%)..-

2230 448,4

2230 448,4

2240 445,4

2250 444 ,4

2280 438,6

2270 440,5

2300 434.8

2300 434,8

2290 436,7

23CO 43t.,3

2290 436,7

2310 432,9

2290 436,7

2300 434,8

2300 434,8

2300 434,8

2310 432,Q

2310 432,9

2.283.3 + 27.4-

Resistividad en

ohm cm a 25°C

Conductividad en

. a 25°Cmlcromho cm

Sondaje T-4

Fecha

Di~. 21 , 1983·

Di e . 22, 1983

Di e . 23, 1983

Di e . 24, 1983

Di e . 25, 1983·

Di e . 26, 1983

Di e . 27, 1983·

Dic. 28, 1983

Dic. 29, 1983

Dic. 30, 1983·

Dic. 31, 1983

Ene. 01 , 1984·

Ene. 02, 1984

Ene. 03, 1984·

Ene. 04, 1984

Ene. OS, 1984·

Ene. 06, 1984

Ene. 07, 1984·
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