


1999 6 4 JCA

S\W
2002 12 39
4,600,000
ENAMI Ovalle
4
Ovalle
2 ENAMI
Ovadlle
5
6

Ovadle

ENAMI

1-1

1999

100m*/

ENAMI

14,000

Ovalle

ENAMI

10
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ENAMI
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5,000,000 50
4,500,000 1 45
4,000,000 1 40
>\3,500,000 =™ 35%
S 3,000,000 /.//I————' : 30
2,500,000 e 25
2,000,000 | & —%— 1 20
1,500,000 | 1 15
1,000,000 | 1 10
500,000 | i
0 0
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2-2
2-3 1990 6
4 SX-EW 3
17.4%
42.5%
1990 2000
1,588,400t 4,603,300t
SX-EW
SX-EW
9% 7% 8% 4%
16% 28%
60% 38%
2-3

2-2




4,465,500t
1%
2%

3% 12%

5%
8%

5%

6%

2-4 (2000 )
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1991
1994

1916
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2.3 ENAMI

ENAMI Empresa Nacional de Mineria 1960

Caade
Credito y Fomento Minero

Empresa Naciona de Fundiciones

CODELCO Corporacion Nacional
de Cobre de Chile Chuquicamata EIl Teniente

ENAMI
ENAMI
)
ENAMI
)
ENAMI
75¢ /b
2-1
2-1 ENAMI
()
Taltal 12,000 15,000 27,000
Matta 110,000 110,000
Vallenar 12,000 20,000 32,000
El Salado 18,000 18,000
Ovalle 14,000 11,000 25,000
56,000 156,000 212,000

ENAMI



SX-EW

ENAMI
EL Salado
ENAMI
Ovalle 3
©)
Ventanas Paipote
Ventanas
Paipote Ventanas
ENAMI
2-2 ENAMI 2000
Ventanas Paipote
319,105t
77,639t
5,937 kg
105,401 kg
328,542t 245,707 t
4
ENAMI
Teniente SO,
SX-EW



ENAMI
CODELCO

CODELCO
150 34% ENAMI
32 ENAMI

2-7 ENAMI

- =
= =




== ==
ﬁ

=0

=]
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2-7 ENAMI

Annual report ENAMI, 2000
Compendio de la Minera Chilena, 2000

29



Ovalle



Ovadlle

3.1 Ovdle
311
)
30°30’ 71°06’ La Serena (*1)
70km  Limari Ovadle 8km La Serena/Ovalle
43 La Serena 1 30
444m
*1 Santiago 475km 50
@
(Cerro Negro)
(©)
Limari Ingenio 1 8m%min
Ingenio 241km? 6km
Ingenio 12km  Limari
Recoleta Talhuen
Ingenio
4)
10 3 La Serena
4 9
Max. 1957 5
110mm/24h 1997 1
340mm/year 1993 1997 10mm/year
312
1959 Panulcillo (Compafia Minera de Panulcillo S.A.)
Percolation leaching
1967

1971 ENAMI  COMINA(Compafiia Minera Nacional)

(150t/day) 4 300t/day
1979 Ovalle
1981
1982 ENAMI  COMINA ENAMI Maquila



1987 13,000t/month
1995
Agglomeration Precipitation
100t/h 240t/month
1999 ENAMI (Empresa Nacional de Mineria, Planta Ovalle)
[ENAMI Compafiia Minera de Panulcillo S.A. ]
313
)
80¢ /Ib 1998
2001 ENAMI
31
3-1 ENAMI Ovalle
Chalcopyrite CuFes,),
(Chrysocolla CuSiOs ( ) . =)
; (Bornite CusFeS,),
1. nH,0), (Malachite CuCO3 . .
(Covelline/Covellite CuS),
Cu(OH)) .
(Chalcocite Cu,S)
(Precipitation process .
. (Flotation process)
[ Cementation process)])
2. - - - (copper concentrate)
(copper precipitate] cement [ ]
copper])
84,000t/year[2002 ] -
3. 168,000t/year
132,000t/year[2002 ]
ENAMI
4.
3 120km 30km 20 50km
47,418t/year
5. 42,365t/year
( Cu 1.7%, Au 0.3g/t, Ag 3.5
(2000 ) | ( Cu 2.3%) 25.2%
glt) 56.4%




3,068t/year
( Cu 22.3%, Au 2.0g/t, Ag
89%4t/year
. 88.3 g/t) ( Cu 84.3%, Au
(2000 ) ( Cu 82.9%)( cu 42.1%, Ag %) ( Cu
77.3%) ( Cu 741t/year)
684t/year, Au 6.3kg/year, Ag 270.9
kglyear)
ENAMI Ventanas
/ Ovalle 3-2
Ovalle 2000 1,425t/year 4,614.1
x 10%/year  0.03% ENAMI ENAMI
3-2 ENAMI Ovale (*2) 2000
*2
Cux 10%/year %
1. (ENAMI Ovalle ) (1.4)(*6) (0.03) (0.01) 1)
2. 1 ENAMI 11.4 0.3 0.1 A(*7)
3. 2 CODELCO(*3)(*4) 1,612.4 34.9 12.2 6(*8)
4. (*5) 2,990.3 64.8 22.6 27(*8)
2.+3.+4. 4,614.1 100.0 34.9 36(*9)
13,230.0 100.0
*2 /
ENAMI 7.4x 10*t/year
electrolytic copper [ cathode copper]
*3 CODEL CO(Corporation Nacional del Cobre de Chile)
*4 ElAbra CODELCO 49%
*5 ElAbra CODELCO 49%
Escondida 175x%
10*t/day(Cu 2.1%) 70x 10%/day(Cu 0.68%) 2000
916.6x 10°t/year 2,021.5x 10%/year, Cu 38.4%
140.2x 10%/year, Cu 99.99% 19.9%,
6.9%
*6 ENAMI (1.8) ENAMI ENAMI
2000 3-3




*7 5 1
*8 El Abra
*9 ElAbra 1

314
Ingenio
(FeSOy)
Ingenio

Ingenio
*10

(FE™)

4,500US$ 1 1,500US$, 2 3,000US$

3.15 Ovadle
Ovadlle

(Fe(OH)s)
Ovadlle
(ponds)
(*10)

(CONAMA)

31
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32

Ovdle
321
Ovdle
*1)
34
*1 N ( ) (SX-EW)
[ - ]
322
1
- Agglomeration - Leaching -
Precipitation copper precipitate]
cement copper]
2000 3-2
33
2
80¢ /b 1998
2001 ENAMI
50%
1994 35 311
2000 31 3-3
2000 312
312
5.57kwh/ t 7.11kg/ Cu-kg 1.22kg/ Cu-kg
0.052US$/kwh 38.00USH/t 65.00USH/t
0.29US¥/ t 4.73US$/ t 1.39USY¥/ t
0.8¢ / Cu-lb 12.3¢ / Cu-lb 3.6¢ / Cu-lb
2000
(©)




> [{Cap.x /100x  /100x (100- )/100x /100x  /100}(100- )/100x ]

Cap. (t/month, t/year)
(%)
(%)
(%)
(%)
(%)
(%)
ENAMI
1) Cap. (t/month, t/year) 14,000t/month (168,000t/year)
1
1 (mass production)
1 1998 80¢ /Ib
1
ENAMI
1
2) RCU(Rate of capacity utilization)
2
2
2
ENAMI
1998 63 89¢ /Ib
1994

3-13 1994 2000

3-14 LME Grade A 1994 2001

34 1994 2000

3-15

39



315

*2) ¢ /b *3) %
50 80
<50 100 <
80 100
94.01 82 1119 10 18 18 1 70.6
97.11 | 47 140 ' [21 %] | [38 %] | [38 %] | [2%] | [100%)]
97.12 63 6.3 27 9 1 0 40.2
00.12 | 37 89 ' [73%] | [24%] | [3%] | [0%] | [100%)]
*2 LME Grade A *3 [ 1]
1994.1 1996.11 82¢ /Ib 112¢ /b
50% 21% 80% 40%
70%
1996.12 2000.12 89¢ /Ib 76¢ /b
40.2% 80%
3% 50% 73% 50%
2000 25.2%
80 90¢ /Ib
2000
50%
2002 3 57%
8,000t/month 43% 6,000t/month
2
ENAMI
ENAMI
2 90% 14,000t/month (168,000t/year)x 90% 12,600 t/month
(151,200t/year)
~ 2000 25.2% 1994 2000 25.2 85.0%, 57.2%
80 90¢ /Ib

3-10




3)

3
19 23%(1994 2000 )
3
5)-4
3 1%
~ 2000 21% 1994 2000 14 2.8%, 1.4%
4)
315 11 Loss1( Crushing, Agglomeration, Leaching)
1%
Loss2 ( Precipitation)
0.05%
4)-1 :
4
4
4
4 (*4)
*4
4 1 0.5%

~ 2000 10% 1994 2000 09 11% 1.0%

311



4)-2

5

5

5 HDPE

5

5
4)-3 /

6 /

6 /

6

6

6 2 0.05%
4)-4

7 (ponds)

2001
7 3.1%
- 0%
2000 4.1%(1994 2000 29 4.1%,
3.8%)

5)
5)-1

Chrysocolla CuSiO; nH20
Malachite CuCOz Cu(OH),
Chalcopyrite CuFeS,
Limonite (Goethite a -FeO(OH))

Magnetite FeO Fe,O3
Hematite Fe,O3
Cadlcite CaCOs

Quartz SO,

Gypsum CaSO, 2H,0

3-12



Epidote Cap(Al, Fe*")5[OH|0|Si04|Si,0/]

5)-2

8 Au, Ag
8 Au, Ag

a) pH

5 CN
b) 740 Cu NaCl
HCl(gas), Cl,
c)
NaoS, NaHS
AERO Promoter 400
8 Au  0.3g/t 0.3g/t
8 Au, Ag
8 Au, Ag
5)-3
9
9
9
9
(*5)
*5
3
Chalcosite Cu,S Covelline/Covellite CuS
3
Thiobacillus ferrooxidans
2

72

3-13



5)-4
10

*6

10

10

10

10

5)-5
11

86.3%
H4 +31%
5).3,5-4  +1.0%
~ 2000 82.2% 1994 2000 60.3 82.2 %,
Fe*(*6)
Fe*
CuFeS, 2Fe)(SOs)sfag] CuSO4aq] SFeSO4fad]
=3
Fe**
Fe*
Fe*
1%
— 2000 [ ] 1994 2000 [ ]

3-14

76.7%

28



11

11
11

1
5)-6
12
12 crusher set, screen opening

12 (Pgo = -3/8")

. 199
. 1998
12 5)-3

12
5)-7
13

13
13

13
13
5)-8 Agglomeration Acid cure
14
14
14

-3/8” -uq

14
14

5)-9 Heap leaching
15

3-15



15

15
15

leaching)

leaching)
15

6)

6)-1
16
16

16

95%

1994 2000

16

16 95%

— 2000
6)-2

17

17

17

17

17

~ 2000

7)
18
18

94.9%

83%

82.9%

2)
5)-4
(Heap leaching)
(Inplace leaching In-situ leaching)
(Rubble
(Dump leaching)
(Percolation leaching Vat

(Agitation leaching) 5)-6

pH

29 41%

3.8%

1994 2000 94.9 95.0%, 94.9%

1994 2000 753 82.9%, 78.3%

3-16



18

2)
18
18
8) ENAMI
19
Ovadle
Ovadle
19
19
2000
Y 654,485US$/year
(168,000t/year)x
X1 2,611,519US%/year
Max.
(168,000t/year)x

X, 1,657,461US%/year
19
19 /

(4)
US$H t ¢/ Cu-lb
22.14US$/ t « 2000 23.31US¥ t
55.6¢ / Cu-lb <« 2000

3-17

2)

90% 151,200t/year

57% 96,000t/year

5%

MEMORIA ANUAL 2000 ENAMI
60.4¢ /

Cu-lb



1)

2)

3)

©)
1)

20
20
20
20
20

21

21

21

21

21

22

22

22

22

22

23

23

23

- 1997 147 ,1998 77 ,1999 69
/
/
2)
copper precipitate

- (SX-EW  Solvent extraction — Electro-winning)
electrolytic copper [ cathode copper]
321 34

(*7)

3-18



*7

- ( ) 70 90¢ /Ib
30 50¢ /b
R ( ) 40 60¢ /b
50 70¢ /b
23
23
2)
24
24
24
24 FIS
/
24
3)
25
25
25 100m°*/day Max.
176m>/day
25
(Fex05) (FeO Fey05)
(Fe(OH),) (FeSO,)
(Fex(SO4)3) (Fe™)
25
(6)
3-16

3-19



2000 [Y] 25.2% - [X1] 90.0%, Max.[X,] 57.1%
ENAMI ENAMI
>80 90¢ /b
2000 [Y]77.3% - [X4] 81.5%, Max.[X,] 81.5%
2000 [Y]82.9% — [X4] 83.0%, Max.[X,] 83.0%
2000 [Y] 2331USY/  t - [Xq] 22.14USH  t,
Max.[X;] 22.14US$/  t
5%
(168,000t/year)x 90%
151,200t/year Max. (168,000t/year) x 57%
96,000t/year 2000 42,365t/year
2000
90% [X4]
-735,949US$lyear Max.[X)]  -467,979US$/year
()
[X4] +452,676US$/year
Max.[X,] +286,704US$/year
( USS$/year)
[X4] Max.[X7] 2000 [Y] [X1 Y] [X2 Y]
(tlyear) 151,200 96,000 42,365
( )MA] 2,611,519 1,657,461 654,485  +1,957,034 +1,002,976
(2,335,846)  (1,483,077) (+1,681,361) (+828,592)
[B] 3,347,568 2,125,440 987,528 +2,360,040 +1,137,912
(3,524,471)  (2,237,760) (+2,536,943) (+1,250,232)
[A B] -735,949 -467,979 -333,043 -402,906 -134,936
(-1,188,625) (-754,683) (-855,582)  (-421,640)
> <+452,676> <+286,704>

3-20



3-21

42,365 t( 100.0%)
2.26 Cu-%
959.4 Cu-t (Cu  100.0%)
*1'*2
| *2
_H ‘ L)
40,161  t( 94.8%)
0.41 Cu-%
169.0 Cu-t (Cu  17.6%)
—>L | B
v v o 94.9%.; *3
. 390Cut(Cu  4.1%)
4
L1 (L
( )
894 t( 2.1%) ¢ I
82.9 Cu-%
7415Cut(Cu  77.3%)
Cu 77.3% '
«( ) (2000 )
ENAMI Ovale
)*1 /

%2 424 t( 1.0%)
2.24 Cu-%
95Cu-t(Cu  1.0%)

*3 05Cut(Cu 0.1%)




13,

]

)y —

>

_

14.

o |

v
l
l18.

19[ ]

2001.9

19[ ]

ENAMI

Ovdle

3-3
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Ovdle ENAMI
No.
1 Truck Scde
2 -
3
4 Fixed Screen, Grizzly(opening 2 1/2"), 1unit
5 Gyratory Crusher  Trylor, TY-1398F type, 3 @, 50t/h,
1 unit (sparecircuit - Single Toggle Crusher, 1 unit)
6 Vibrating Screen(opening 3/4”), 1 unit
7 ConeCrusher  Symons, SH type, 3 @, 50t/h, 1 unit
8 Vibrating Screen(opening 1/4”), 1 unit
9 ConeCrusher  Symons, SH type, 3 ¢, 50t/h, 1 unit
10 o
1
12 Rotary Agglomeraior 7m@x 5.4mL, Rubber lining,
Tunit -3/8
13 Hespleachingpad 40mWx 90mLx 2 2.2mH, 1unit 20 25 |
40mWx 40mLx 2 2.2mH, 1unit
1 Rotary Precipitator  Drum type, 120" ¢x 130°L, lunit
84" px 96°L, 3units
15 Precipitation Decantor, 1unit
16 PanFilter Vacuumtype 1ImWx 1.5mL, 2units
17
18 Precipitation Box, 1unit(6 boxes)
19 [ ] [New system] Modd Plant for Waste Weter Trestment [
100m*/day, unit
20
n Dump leeching pad 110mWx 60mLx Max.35mH,
Tunit
» Test Pant for Production of Copper Sulphate

40t/month, lunit

3-23




@1/ 9)soud erew n)d
23§88 8 2 ]

—=— Cu metal price(¢ /Ib)

—— RCU(%)

8 & ¥ R

160

g

120
100

210 Jaddoo apixo 1o} (96) NDY

o

o ‘6,

(RCU)

RCU:Rate of capacity utilization

4

3

3-24




34

ChrysocallaCuSO; nH,O Chdcopyrite CuFeS,
1 Madachite CuCO; Cu(OH), Chd cocite Cu,S
Covdling/Covdlite CuS
2 ( ) - (SX-EW) -
L E:E:
3 x Cu=25 40%
=75 85% W
__ Cu 99%
(
~ Cu 99%
( )
_ Cu 99™%
( )
4, X X o
5. *1
51
¢ /b o 9 45 Ave 24
¥ 05 19 Avel
¢ /b o 11 97,Ave 38
¥ 2 30,Ave 12
52
¢ /b o , , 5 67,Ave. 24
¥ 15 55Ave 3
¢ /b o 6 27,Ave 14
¥ , , 2 15Ave5
53 ¢ /b o 05 8Ave3
54
¢ /b o 8 32,Ave 19
¢ /b o
55 ¢ /b -1 -130,Ave 22
(Au, Ag, Mo)
¢ /b 30 50 40 60
¢ /b 70 90 50 70
6. ( ) *2

*1

2 ()

3-25




35 1994 Ovadle ENAMI

*1: RCU Rate of capacity utilization(Cap.: 14,000t/month: 168,000t/year)
Y ear Process Product Month Ore Tonnage _Cu
t distribut. 94 RCU*1 %| grade % t distribut.%dleach rate % preci.rate %)
1994 [Crushina. Run-of-mineore |A - January 10,017 100.0 71.6 21 207.5 100.0
Aaalomeration B. C. D|February 12,593 100.0 90.0 2.0 256.4 100.0 / /
March 13,145 100.0 93.9 2.1 278.3 100.0 / /
April 15,425 100.0. 110.2 2.1 329.9 100.0 / /
May 12,346 100.0 88.2 2.1 262.4 100.0 / /
June 12,094 100.0 86.4 2.1 253.5 100.0 / /
July 11,867 100.0 84.8 2.1 249.9 100.0 / /
August 10,191 100.0. 72.8 2.1 215.9 100.0 / /
September 12,478 100.0 89.1 2.1 262.4 100.0] _/ /
October 10,615 100.0 75.8 2.2 230.0 100.0] / /
November 11,766 100.0 84.0 2.1 248.9 100.0] / /
December 10,294 00.0! 3.5 2.3 237.5 100.0]/ /
Total 142,831 00.0 85.0 2.1 3.033 00.0
Crushina, Loss1 B January 100 1.0 2.2 2.2 1.1
Adadlomeration, |: Oredistribution February 126 1.0 / 1.6 2.1 0.8 / /
Leaching 1.0% March 131 1.0 / 1.9 25 0.9 / /
April 54 1.0 / 2.0 3.1 0.9 / /
Vay 23 1.0 / 1.7 2.1 0.8 / /
June 21 1.0 / 1.7 2.1 0.8 / /
July 19 10 7 1.7 2.0 0.8 / /
August 02 1.0/ 2.0 2.1 1.0
September 25 10l / 2.4 3.0 1.1
October 06 10| / 1.9 2.0 .9
November 18 1.0] / 1.7 2.0 .8
December 03 1.0[/ 2.0 2.0 E
Total 1.428 1.0 19 27 .9
Leachina Solution C - January 0.0 116.8 .3
E. F. G [Eebruary / 0.0 / / 104.7 E
March / 0.0 / / 126.6 5
April / 0.0 / / 1734 .6
Vay / 0.0 / / 251.3 5.8
June / 0.0 / / 59.5 3.5
July / 0.0 / / 191.8 7
Augqust / 0.0 7/ / 144.4 9
September [/ 0.0 / / 138.0 ]
October / 0.0] / / 178.4 )
November | / 0.0 / / 158.9 .
December [/ 0.0[/ / 169.0 .
Total 0.0 1.813 .
Wasteore D January 9,800 97.8 0.9 88.5 .
February ..2.562. 98.2 / 12 149.6 .
March 12,887 98.0 / 12 149.3 .
April 15,097 97.9 / 1.0 1534 .
May 11972 97.0 / 0.1 9.0 .
June 11,913 98.5 / 1.6 191.9 .
July 11,557 97.4 / 0.5 56.1 .
August 9,944 97.6 / 0.7 69.4 32.
September 2.215 979 / 1.0 121.5 .
October 10,330 97.3] / 0.5 49.6 .
November 11,489 97.6] / 0.8 88.0 .
December 10,022 97.4]/ 0.7 66.4 .
Total 139.589 97.7, 0.9 1,193 .
Precipitation Loss2 E January 0.0 0.1 .
: Cu distribution February / 0.0 / / 0.1 I
0.05% March / 0.0 / / 0.1 X
April / 0.0 / / 0.2 .
May / 0.0 / / 0.1 .
June / 0.0 / / 0.1 .
July / 0.0 / / 0.1 ]
Auqust / 00 7/ / 0.1 X
September |/ 00| / / 0. .
October / 0.0] / / 0.1 0.0l / /
November |/ 0.0 / / 0.1 0.0/ /
December |/ 0.0[/ / 0.1 0.0[/ /
Total .0 2 0.0
Precipitate Cu F January 150 15 74.0 111.0 53.5 95.0
: Cement copper February 163 1.3 / 61.1 99.5 38.8 / 95.0
March 65 1.3 / 72.9 120.3 43.2 / 95.0
April 216 1.4 / 76.4 164.7 49.9 / 95.0
viay 315 2.6 / 75.7 38.7 91.0 / 95.0
June 71 0.6 / 79.2 56.6 22.3 / 95.0
July 239 2.0 / 76.2 182.2 72.9 / 95.0
Auqust 181 1.8 / 76.0 137.2 635 / 95.0
September 163 13| / 80.4 131.1 499 / 95.0
October 224 21] / 75.5 169.5 73.7] / 95.0
November 183 16| / 82.7 151.0 60.6]/ 95.0
December 208 2.0|/ 77.0 160.5 67.6 95.0
Total 2278 1.6 75.6 1,722 56.8 95.0
Waste water G January 0.0 5.7 2.8
February / 0.0 / / 5.1 2.0 / /
March / 0.0 / / 6.2 2.2 / /
April / 0.0 / / 8.5 2.6 / /
Viay / 0.0 / / 12.4 4.7 / /
June / 0.0 / / 2.9 11 / /
July / 0.0 / / 9.5 3.8 / /
Augqust / 0.0 7/ / 7.1 33 / /
September [/ 0.0 / / 6.8 26 / /
October / 0.0 / / 8.8 38] / /
November | / 0.0 / / 7.8 3.1[/ /
December [/ 0.0[/ / 8.3 3.5[/ /
Total 0.0 89 2.9
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3-6 1995 Ovadle ENAMI

- * _I;: RCU _Rate of capacity utilization(Cap.: 14800t/m0nth: 168,000t/year)
re | onhage U
e Process Product Month T a0 RCTF 1% Gae% | T dsribiodicd e Wpredrac
1995 |[Crushina. Run-of-mineore |A - January 9,764 100.0 69.7 2.3 225.5 100.0
Adalomeration B. C. D|Eebruary 9,592 100.0 68.5 2.2 208.0 100.0 / /
March 11,165 100.0 79.7 2.2 249.6 100.0 / /
April 10,598 100.0 75.7 22 228.4 100.0 / /
May 10,823 100.0 77.3 2.2 237.1 100.0 / /
June 10,420 100.0 74.4] 22 230.2 100.0 / /
July 10,928 100.0 78.1 2.2 240.2 100.0 / /
August 10,686 100.0 76.3 2.2 239.7] 1000/ /
September 9,925 100.0 70.9 2.3 2231] 1000/ /
October 10,278 100.0 73.4] 2.3 2347 100.0] / 7
November 10,579 100.0 75.6 3 240.4 100.0] / /
December 11,598 00.0 82.8 2.2 256.8 100.0[/ /
Total 126,356 00.0 752 2.2 2.81 00.0
Crushina, Loss1 B January 98 1.0 2.2 2.2 1.0
Aaalomeration, |: Oredistribution February 96 1.0 / 2.0 1.9 0.9 / /
Leachina 1.0% March 112 1.0 / 18 2.0 0.8 / /
April 06 1.0 / 17 1.8 0.8 / /
Nay 08 1.0 / 2.3 25 1.0 / /
June 04 1.0 / 2.2 2.2 1.0 / /
July 09 1.0 / 2.0 2.2 0.9 / /
AuQUSt 07 10l 7 25 271 i 7
September 99 10 / 2.1 21] 09| / /
October 03 10| / 2.6 2.7 1.2/ /
November 06 1.0/ 25 2.6 11/ /
December 16 1.O[/ 2.6 3.0 1.2[/ /
Total 1.264 1.0 22 28 1.0
Leachina Solution C > January 0.0 201.2 89.3 90.1
E. F. G |[EFebruary / 0.0 / / 180.3 86.7 87.5 /
March / 0.0 / / 215.1 86.2 86.9 /
April / 0.0 / / 1885 82.5 83.2 /
Nay / 0.0 / / 205.1 86.5 87.4 /
June / 0.0 / / 160.1] 69.6 70.2 /
July / 0.0 / / 190.7 79.4 80.1 /
August / 0.0l 7/ / 177.8 74.2 7501 7
September [/ 0.0 / / 150.5 67.4 63.1] /
October / 00| / / 204.8 87.2 88.3| /
November | / 0.0] / / 183.2 76.2 7711 /
December [/ 0.0[/ / 214.1 83.4 84.4]/
Total 0.0 2271 80.7 815
Wasteore D January 9,465 96.9 0.2 22.1 9.8
February 9,316 97.1 / 0.3 25.8 2.4 / /
March 10,838 7.1 / 0.3 325 13.0 / /
April 10,303 97.2 / 0.4 38.1 16.7 / /
May 10,510 7.1 / 0.3 29.6 12.5 / /
June 0,155 7.5 / 0.7 67.8 29.5 / /
July 10,628 97.3 / 0.5 47.3 19.7 / /
August 10,401 973/ 0.6 50.2 247 7 /
September 9,675 975] / 0.7 70.6 316] / /
October 9,970 97.0] / 0.3 2.2 116| / /
November 10,290 97.3] / 0.5 54.5 22.7] / /
December 1,268 97.2]/ 0.4 39.7 15.5]/ /
Total 122.821 97.2 0.4 515 18.3
Precipitation Loss?2 E January 0.0 0.1 0.0
: Cu distribution February / 0.0 / / 0. 0.0 / /
0.05% March / 0.0 / / 0.1 0.0 / /
April / 0.0 / / 0.1 0.0 / /
May / 0.0 / / 0.1 0.0 / /
June / 0.0 / / 0.1 0.0 / /
July / 0.0 / / 0.1 0.0 / /
August / 00 / / 0.1 00| 7/ /
September |/ 00| / / 0.1 00| / /
October / 00| / 7 0.1 0.0l / /
November [/ 0.0/ / 0.1 0.0[ / /
December_|/ 0.0]/ / 0.1 0.0]/ /
Total 0.0 0.0
Precipitate Cu F January 262 2.7 73.0 191.2 84.8 95.0
: Cement copper February 225 2.3 / 76.0 171.2 82.3 / 04.9
March 277 2.5 / 73.6 204.3 81.8 / 04.9
April 242 3 / 74.1 178.9 78.3 / 04.9
Nay 258 2.4 / 75.5 94.7 82.1 / 04.9
June 190 1.8 / 80.1 152.0) 66.0 / 04.9
July 214 2.0 / 84.8 181.0 75.4 / 04.9
Auqust 243 23| 7 69.4 168.8 704 7 94.9
September 177 18] / 80.8 142.9 64.0] / 94.9
October 272 26| / 715 194.4 82.8] / 04.9
November 229 221/ 76.0 173.9 72.4]/ 04.9
December 275 2.4/ 73.8 203.2 79.1 04.9
Total 2.863 2.3 75.3 2156 76.6 04.9
Waste water G January 0.0 9.9 4.4
February / 0.0 / / 9.0 4.3 / /
March / 0.0 / / 10.8 4.3 / /
April / 0.0 / 7 9.4 41 / /
Nay / 0.0 / / 10.2 43 / /
June / 0.0 / / 8.0 3.5 / /
July / 0.0 / / 9.5 4.0 / /
August / 0.0 7/ / 8.9 3.7/ /
September |/ 00[ / / 75 34| 7 /
October / 0.0l / / 10.2 44] 7 /
November | / 0.0 / / 0.2 3.8[ / /
December |/ 0.0[7 7 10.7] 2.2|] 7
Total 0.0 113] 4.0
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1996 Ovalle

ENAMI

- * _I;: RCU _Rate of capacity utilization(Cap.: 14800t/m0nth: 168,000t/year)
re Tonnage u
e Product Month T [dsribut 0y RCUF1%| arade% | T [disnbuldieach rae Y predde %y
1996 Run-of-mineore January 12,843 100.0 91.7 2.2 281.5 100.0
Adaalomeration February 13,644 100.0 97.5 2.3 314.1 100.0 / /
March 12,436 100.0 88.8 2.3 285.6 100.0 / /
April 12,517 100.0. 89.4 2.3 292.7 100.0 / /
May 11,322 100.0 80.9 2.2 251.1 100.0 / /
June 12,626 100.0 90.2 2.2 273.8 100.0 / /
July 12,568 100.0 2.1 265.6 100.0 / /
August 11,662 100.0. 2.3 262.0 100.0 / /
September 11,596 100.0 82.8 2.2 253.3 100.0] _/ /
October 12,164 100.0 86.9 2.2 261.6 100.0] / /
November 8,232 100.0 58.8 2.2 181.8 100.0] / /
December 6,837 00.0. 48.8 2.0 134.4 100.0]/ /
Total 138.449 00.0 82.4 2.2 3.058 00.
Loss1 January 128 1.0 24 3.0
Aaalomeration, |: Oredistribution February 136 1.0 / 2.5 3.4 1.1 / /
1.0% March 124 1.0 / 2.0 25 0.9 / /
April 125 1.0 / 2.2 2.7 0.9 / /
viay 113 1.0 / 2.0 2.3 0.9 / /
June 126 10 / 2.0 2.6 0.9 / /
July 126 1.0 / 2.4 3.0 11 / /
Auqust 117 1.0 / 1.9 2.2 0.9 / /
September 116 10l / 2.6 3.0 12| / /
October 122 10[ / 2.2 2.7 10 / /
November 82 10[/ 2.1 17 09/ /
December 68 1.O[/ 16 1.1 0.8[/ /
Total 1,384 1.0 2.2 30 1.0
Solution C > January 0.0 223.0 79.2 80.1
E. F. G |Eebruary / 0.0 / / 242.0 77.1 77.9 /
March / 0.0 / / 238.3 83.4 84.1 /
April / 0.0 / / 221.4 75.6 76.4 /
Nay / 0.0 / / 179.7 71.6 72.2 /
June / 0.0 / / 217.7 79.5 80.3 /
July / 0.0 / / 203.7 76.7 77.6 /
Auqust / 0.0 / / 205.0 78.2 78.9 /
September 00 / / 197.3 77.9 789 7
October 0.0] / / 205.2 78.4 79.3] /
November 0.0 / / 140.0 77.0 77.8] /
December 0.0[/ / 108.0 80.4 81.0[/
Total 0.0 2381 77.9 78.7
Wasteore January 12,492 97.3 0.4 55.5 19.7
February 13,266 97.2 / 0.5 68.7 21.9 / /
March 12,073 97.1 / 0.4 44.9 15.7 / /
April 12,171 97.2 / 0.6 68.5 23.4 / /
May 11,029 97.4 / 0.6 69.1 27.5 / /
June 2,282 97.3 / 0.4 53.5 19.5 / /
July 2.239 97.4 / 0.5 58.8 22.1 / /
August 11,341 972 7 0.5 54.8 209 / /
September 11,283 97.3] / 0.5 52.9 20.9] / /
October 11,838 97.3] / 0.5 53.7 20.5] / /
November 8,009 97.3| / 0.5 40.0 22.0 / /
December 6,661 97.4]/ 0.4 25.3 18.8]/ /
Total 134,683 97.3 0.5 646 21.1
Loss?2 January 0.0 0.1 0.0
: Cu distribution February / 0.0 / / 0.2 0.0 / /
0.05% March / 0.0 / / 0.1 0.0 / /
April / 0.0 / / 0.1 0.0 / /
May / 0.0 / / 0.1 0.0 / /
June / 0.0 / / 0.1 0.0 / /
July / 0.0 / / 0.1 0.0 / /
Auqust / 00 / / 0.1 00 7/ /
September 0.0[ / / 0. 0.0[ / /
October 0.0 / / 0.] 0.0l / /
November 0.0/ / 0. 0.0/ /
December 0.0[/ / 0.] 0.0]/ /
Total 0.0 0.0
Precipitate Cu January 265 21 80.0 211.8 75.2 95.0
: Cement copper February 294 2.2 / 78.1 229.8 73.2 / 04.9
March 286 2.3 / 79.0 226.2 79.2 / 94.9
April 272| 2.2 / 77.2 210.2 71.8 / 94.9
viay 227 2.0 / 75.0 170.6 67.9 / 94.9
June 254 2.0 / 81.3 206.7 75.5 / 94.9
July 257 2.0 / 75.3 193.4 72.8 / 94.9
Auqust 249 2.1 / 78.2 194.6 74.3 / 94.9
September 256 22| / 31| 187.4 74.0] / 94.9
October 257 21| / 75.7 194.8 74.5] / 94.9
November 169 2.1] / 78.8 133.0 73.2]/ 95.0
December 119 171/ 86.1 102.6 76.3 94.9
Total 2.907 2.1 77.8 61 74.0 94.9
Waste water January 0.0 11.0 3.9
February / 0.0 / / 121 3.9 /
March / 0.0 / / 11.9 2 /
April / 0.0 / / 11.1 .8 /
Nay / 0.0 / / 0.0 .6 /
June / 0.0 / / 10.9 .0 /
July / 0.0 / / 10.2 8 /
Augqust / 0.0l 7/ / 10.2 /
September 0.0 / / 9.9 /
October 0.0 / / 10.3 /
November 0.0 / / 7.0 /
December 0.0[/ / 5.4 /
Total 0.0 119
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3-8 1997 Ovadle ENAMI
*1: RCU Rate of capacity utilization(Cap.: 14,000t/month: 168,000t/year)

Ore Tonnage Cu
e Process Product Month T [dsnibut 0y RCUF1%| arade% | T [disnbulodieach rae Y prediae ™y
1997 [Crushina. Run-of-mineore |A - January 6,808 100.0 48.6 19 128.6 100.0
Aaalomeration B. C. D|February 4584 100.0 32.7 2.1 96.5 100.0 / /
March 8,512 100.0 60.8 1.9 160.2 100.0 / /
April 0,888 100.0. 70.6 1.4 141.6 100.0 / /
May 5251 100.0 37.5 2.1 110.6 100.0 / /
June 2,170 100.0 155 2.5 53.2 100.0 / /
July 3,585 100.0 25.6 2.2 78.8 100.0 / /
Augqust 4,819 100.0. 34.4 2.3 109.4 100.0 / /
September 3,220 100.0 23.0 2.2 72.1 1000] / /
October 3,669 100.0 26.2 2.1 78.5 100.0] / /
November 4,170 100.0 29.8 2.2 90.3 100.0] / /
December 4,793 00.0. 34.2 2.1 100.1 100.0]/ /
Total 61,468 00.0 36.6 2.0 1.220 00.0
Crushina, Loss1 B January 68 1.0 18 12 1.0
Aaalomeration, |: Oredistribution February 46 1.0 / 2.6 1.2] 1.2 / /
Leachina 1.0% March 85 1.0 / 2.0 1.7 1.1 / /
April 99 1.0 / 1.7 1.6 1.2 / /
Viay 53 1.0 / 1.8 0.9 0.8 / /
June 22 1.0 / 2.6 0.6 1.1 / /
July 36 1.0 / 2.1 0.7 0.9 / /
Auqust 48 1.0 / 2.2 1.]_.| 1.0 / /
September 32| 10] / 2.1 0.7 09| / /
October 37 10[ / 2.0 0.7 0.9] / /
November 42 1.0] / 0.8 0.8] / /
December 48 1.O[/ 0.9 0.9/ /
Total 615 1.0 2.0 12 1.0
Leachina Solution C > January 0.0 99.5 77.4 78.1
E. F. G |Eebruary / 0.0 / / 75.7 78.4 79.4 /
March / 0.0 / / 126.4 78.9 79.8 /
April / 0.0 / / 111.8 79.0 79.9 /
Vay / 0.0 / / 87.3 78.9 79.6 /
June / 0.0 / / 42.0 78.9 79.8 /
July / 0.0 / / 62.1 78.8 79.5 /
August / 00l 7/ / 85.8 78.4 79.2 /
September |/ 0.0 / / 58.8 81.6 824 /
October / 0.0] / / 61.6 78.5 79.3] /
November | / 0.0 / / 71.0 78.6 79.3] /
December [/ 0.0[/ / 78.5 78.4 79.1]/
Total 0.0 960 78.7 79.5
Wasteore D January 6,640 97.5 0.4 27.9 21.7
February 4,462 97.3 / 0.4 19.6 20.3 / /
March 8.301] 97.5 / 0.4 32.0 20.0 / /
April 9,677 97.9 / 0.3 28.2 19.9 / /
May 5111 97.3 / 0.4 22.4 20.2 / /
June 2,106 97.1 / 0.5 10.6 20.0 / /
July 3,487 97.3 / 0.5 16.0 20.3 / /
August 4,685 972 7 0.5 22.6 206] 7 /
September 3,129 972 / 0.4 12.6 175 7 /
October 3 ,57; 97.3] / 0.5 16.1 20.5] / /
November 4,057 97.3] / 0.5 18.6 20.5] / /
December 4,667 97.4(/ 0.4 20.7 20.7]/ /
Total 59.893 97.4 0.4 247 20.3
Precipitation Loss2 E January 0.0 0.1 0.0
: Cu distribution February / 0.0 / / 0.0 0.0 / /
0.05% March / 0.0 / / 0.1 0.0 / /
April / 0.0 / / 0.1 0.0 / /
May / 0.0 / / 0.1 0.0 / /
June / 0.0 / / 0.0 0.0 / /
July / 0.0 / / 0.0 0.0 / /
Auqust / 00 / / 0.1 00 7/ /
September |/ 00| / / 0.0 00| / /
October / 00| / / 0.0 0.0l / /
November | / 0.0l / / 0.0 0.0] / /
December |/ 0.0[/ / 0.1 0.0[/ /
Total .0 0.0
Precipitate Cu F January 126 18 75.2 94.5 735 95.0
: Cement copper February 86 1.9 / 83.4 71.9 74.5 / 94.9
March 56 1.8 / 76.9 120.0 74.9 / 94.9
April 38 14 / 76.7 106.2 75.0 / 94.9
Viay 08 2.1 / 77.0 82.9 74.9 / 94.9
June 51] 2.4 / 77.6 39.9 74.9 / 94.9
July 77 2.1 / 77.0 58.9 74.8 / 94.9
Auqust 105 2.2 / 717 81.4 74.4 / 94.9
September 71 22| / 78.4 55.8 775 / 94.9
October 74 2.0] / 79.0 58.5 74.6] / 94.9
November 80 19| / 83.9 67.4 74.6]/ 94.9
December 94 2.0|/ 79.6 74.5 74.5 94.9
Total 1.166 1.9 78.2 912 74.8 94.9
Waste water G January 0.0 49
February / 0.0 / / 3.8 3.9 / /
March / 0.0 / / 6.3 3.9 / /
April / 0.0 / / 5.6 3.9 / /
Nay / 0.0 / / 4.4 3.9 / /
June / 0.0 / / 2.1 3.9 / /
July / 0.0 / / 31 3.9 / /
Augqust / 0.0 7/ / 4.3 39 / /
September [/ 0.0 / / 2.9 41/ /
October / 0.0 / / 3.1 39| / /
November | / 0.0 / / 3.5 39[/ /
December [/ 0.0[/ / 3.9 3.9/ /
Total 0.0 48 3.9
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39 1998 Ovalle ENAMI
*1: RCU Rate of capacity utilization(Cap.: 14,000t/month: 168,000t/year)

Ore Tonnage Cu
e Process Product Month T [dsribut 0y RCUF1%| arade% | T [disnibuldieach rae Y predide ™y
1998 |Crushina. Run-of-mineore |A - January 4,425 100.0 316 2.0 88.1] 100.0
Aaalomeration B. C. D|February 4,580 100.0 32.7 17 79.7 100.0 / /
March 4,927 100.0 35.2 2.0 100.2 100.0 / /
April 3,812 100.0. 27.2 1.9 71.0 100.0 / /
May 4,555 100.0 32.5 1.8 80.7 100.0 / /
June 6,495 100.0 46.4 1.7 109.7 100.0 / /
July 5,062 100.0 36.2 2.1 105.6 100.0 / /
Augqust 6,306 100.0. 45.0 2.0 124.8 100.0 / /
September 6.525 100.0 46.6 1.9 124.5 100.0] _/ /
October 7,011 100.0 50.1 1.7 122.3 100.0] / /
November 7.550 100.0 53.9 1.9 145.2 100.0] / /
December 8,216 00.0. 58.7 2.1 ._752| 100.0]/ /
Total 69.465 00.0 41.3 19 327 00.0
Crushina, Loss1 B January 44 1.0 21 0.9 1.0
Aaalomeration, |: Oredistribution February 46 1.0 / 17 0.8 1.0 / /
Leaching 1.0% March 49 1.0 / 2.5 1.2 1.2 / /
April 38 1.0 / 2.1 0.8 / /
viay 46 1.0 / 2.0 0.9 / /
June 65 1.0 / 1.6 1.1 / /
July 51 1.0 / 0.9 0.8 / /
Auqust 63 1.0 / 12 0.9 / /
September 65 1.0 / 1.1 09] / /
October 70 10[ / 2.1 15 12| / /
November 75 1.0] / .3 1.7 12| / /
December 82 1.O[/ 2.4 2.0 111/ /
Total 695 1.0 2.0 14
Leachina Solution C > January 0.0 73.7 83.7 84.5
E.F. G [Eebruary / 0.0 / / 65.2] 81.8 82.6 /
March / 0.0 / / 80.7 80.6 81.6 /
April / 0.0 / / 62.7 88.3 89.3 /
Nay / 0.0 / / 66.1 81.8 82.8 /
June / 0.0 / / 88.5 80.6 81.4 /
July / 0.0 / / 91.2 86.3 87.0 /
Auqust / 0.0 / / 102.3 82.0 82.8 /
September |/ 00 / / 79.8 64.1 647] /
October / 0.0] / / 61.7 50.5 511 /
November | / 0.0 / / 82.0 56.4 5711/
December [/ 0.0[/ / 124.8 71.2] 72.11/
Total 0.0 979 73.7 74.5
Wasteore D January 4,307 97.3 0.3 3.5 15.3
February 4,469 97.6 / 0.3 3.7 17.2 / /
March 4,797 97.4 / 0.4 8.3 18.2 / /
April 3,711 Q7.4 / 0.2 75 0.6 / /
May 4443 97.5 / 0.3 13.8 7.0 / /
June 6.342 97.6 / 0.3 20.2 8.4 / /
July 4921 97.2 / 0.3 13.6 2.9 / /
August 6,14 or4] 7 0.4 21.3 71 7 /
September 6,380 97.8| / 0.7 43.6 350 / /
October 6.879 98.1] / 0.9 50.1 48.3] / /
November 7.392 97.9] / 0.8 61.6 42.4] / /
December 8,009 97.5]/ 0.6 48.4 27.6|/ /
Total 67,791 97.6, 0.5 334 25.2
Precipitation Loss2 E January 0.0 0.0 0.0
: Cu distribution February / 0.0 / / 0.0 0.0 / /
0.05% March / 0.0 / / 0.1 0.0 / /
April / 0.0 / / 0.0 0.0 / /
May / 0.0 / / 0.0 0.0 / /
June / 0.0 / / 0.1 0.0 / /
July / 0.0 / / 0.1 0.0 / /
Auqust / 00 / / 0.1 00 7/ /
September / 00| / / 0.] 00| / /
October / 0.0] / / 0.1 0.0l / /
November |/ 0.0 / / 0.1 0.0/ /
December |/ 0.0[/ / 0.1 0.0[/ /
Total 0.0 0.0
Precipitate Cu F January 90 2.0 77.8 70.0 79.5 95.0
: Cement copper February 75 1.6 / 82.4 61.9 777 / 95.0
March 97 2.0 / 78.8 76.7 76.5 / 95.0
April 73 1.9 / 81.3 59.6 83.9 / 95.0
viay 77 1.7 / 81.2 62.8 77.8 / 95.0
June 5 1.8 / 72.8 84.0 76.6 / 95.0
July 0 2.2 / 78.6 86.6 82.0 / 95.0
Auqust 25 2.0 / 78.0 97.2 77.9 / 95.0
September 06| 16| / 71.3 75.8 60.9] / 95.0
October 76 1.1 / 77.3 58.6 47.9| / 95.0
November 01 1.3] / 77.0 77.9 53.6]/ 95.0
December 56 1.9]/ 76.0 118.6 67.7 95.0
Total 1,203 1.7 77.3 930 70.1 95.0
Waste water G January 0.0 3.6 4.1
February / 0.0 / / 32 4.0 / /
March / 0.0 / / 4.0 4.0 / /
April / 0.0 / / 3.1 44 / /
Viay / 0.0 / / 3.3 4.0 / /
June / 0.0 / / 4.4 4.0 / /
July / 0.0 / / 4.5 4.3 / /
Augqust / 0.0 7/ / 51 41 / /
September [/ 0.0 / / 3.9 32 / /
October / 0.0 / / 3.0 25] 7 /
November | / 0.0 / / 4.0 28]/ /
December [/ 0.0[/ / 6.2 3.5]/ /
Total 0.0 48 3.6
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1999 Ovale

ENAMI

*1: RCU Rate of capacity utilization(Cap.: 14800t/m0nth: 168,000t/year)

Ore Tonnage
Year Process Product Month T AU RO L9 qrade % |1
1999 [Crushina. Run-of-mineore January 10,508 100.0 . 2.0 212.8
Aaalomeration February 12,400 100.0 . 2.0 243.3
March 10,907 100.0 . 2.1 227.6
April 4,804 100.0. 34.3 2.2 106.3
May 5777 100.0 41.3 2.0 117.3
June 6,438 100.0 46.0 2.0 127.2]
July 4,006 100.0 28.6 2.8 110.7
Augqust 5115 100.0. 36.5 2.4 124.4
September 8,439 100.0 60.3 1.9 160.6
October 7,208 100.0 51.5 2.1 149.5
November 8,179 100.0 58.4 1.8 150.5
December 7,758 100.0. 55.4 2.0 150.9
Total 91,539 00.0 54.5 2.1 881
Crushina, Loss1 January 105 1.0 16 1.6
Adalomeration, |: Oredistribution February 124 1.0 2.2 2.7
L eachina 1.0% March 109 1.0 1.8 2.0
April 48 1.0 2.6 1.2
Viay 58 1.0 2.0 12
June 64 1.0 1.6 10
July 40 1.0 3.0 1.2
Auqust 51 1.0 2.6 13
September 84 1.0 2.2 1.9
October 72 1.0] / 2.5 18
November 82 1.0] / 1.9 15
December 78 10|/ 1.5 12
Total 915 1.0 2.0 19
Leachina Solution C - January 0.0 161.3 .
E. F. G [Eebruary / 0.0 / 192.6 )
March / 0.0 / 174.5 .
April / 0.0 / 79.3 .
ay / 0.0 / 88.3 76.1]
June / 0.0 / 106.9 84.7
July / 0.0 / 90.6 82.7
August / 0.0 / 101.8 82.7
September [/ 0.0 / 130.9 82.4
October 0.0] / / 122.0 82.6
November 0.0] / / 122.0 31.9
December 0.0]/ 122.8 82.0
Total 0.0 1.493 80.1
Wasteore January 10,242 97.5 0.5 49.9
February 2,083 97.4 0.4 48.0 /
March 0,623 97.4 0.5 51.2
April 4,676 97.3 0.6 25.8
May E,GI:E. 97.5 0.5 27.8
June 6,267 97.3 0.3 19.3
July 3,876 96.7 0.5 18.9
August 4,962 97.0 0.4 21.3
September 8,224 97.4 0.3 27.9
October 7.014 97.3] / 0.4 25.7
November 7.976 97.5] / 0.3 27.0
December 7,558 97.4]/ 0.4 27.0
Total 89,131 97.4 0.4 370
Precipitation Loss2 January 0.0 0.1
: Cu distribution February / 0.0 / 0.
0.05% March / 0.0 / 0.]
April / 0.0 / 0.1
May / 0.0 / 0.1
June / 0.0 / 0.1
July / 0.0 / 0.1
August / 0.0 / 0.]
September |/ 0.0 / 0.1
October 0.0 / / 0.]
November 0.0 / / 0.1
December 0.0]/ 0.1
Total .0
Precipitate Cu January 188 18 817 53 95.0
: Cement copper February 235 1.9 77.9 182.9 94.9
March 194 1.8 85.3 165.6 94.9
April 95 2.0 78.9 75.3 94.9
Vay 115 2.0 72.8 83.8 94.9
June 125 1.9 81.0 1015 94.9
July 103 2.6 83.7 86.0. 94.9
Auqust 124 2.4 78.1 96.6 94.9
September 144 1.7 86.5 124.2 94.9
October 141 2.0] / 82.3 115.8 94.9
November 139 1.7] / 83.5 115.8 94.9
December 143 1.8/ 81.5 116.6 94.9
Total 1.745 19 81.2 1.417 b. 94.9
Waste water January 0.0 8.0 3.
February / 0.0 / 0.6 4,
March / 0.0 / 8.7 3.
April / 0.0 / 4.0 3.
Nay / 0.0 / 4.4 3.
June / 0.0 / 5.3 4.2
July / 0.0 / 4.5 4.1
August / 0.0 / 5.1 4.1
September [/ 0.0 / 6.5 41
October 0.0] / / 4.1
November 0.0 / / 4.0
December 0.0]/ 6. 4.1
Total 0.0 74 4.0
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311 2000 Ovadle ENAMI
*1: RCU Rate of capacity utilization(Cap.: 14,000t/month: 168,000t/year)

Ore Tonnage Cu
e Process Product Month T [dsnibut 0V RCUF 1% arade% | T [disnbuldieach rae Y predide ™y
2000 [Crushina. Run-of-mineore |A - January 3,258 100.0 23.3 21 69.3 100.0
Adcolomeration B. C. D|February 0 0.0 0.0 0.0 0.0 0.0 / /
March 4441 100.0 31.7 2.7 117.7 100.0 / /
April 0 0.0 0.0 0.0 0.0 0.0 / /
May 5,152 100.0 36.8 2.3 120.6 100.0 / /
June 2,299 100.0 16.4 2.4 54.0 100.0 / /
July 3,491 100.0 24.9 2.3 81.0 100.0 / /
August 5,380 100.0. 38.4 2.3 123.7 100.0 / /
September 4,930 100.0 35.2| 2.2 105.9 100.0] _/ /
October 5,000 100.0 35.7 2.1 102.7 100.0] / /
November 4,400 100.0 315 2.2 96.0 100.0] / /
December 4,006 100.0. 28.6 2.2 88.5 100.0]/ /
Total 42 365 00.0 25.2 2.3 959 00.0
Crushina, Loss1 B January 33 1.0 19 0.6 0.9
Adadlomeration, |: Oredistribution February 0 0.0 / 0.0 0.0 0.0 / /
Leaching 1.0% March 44 1.0 / 2.7 12 1.0 / /
April 0 0.0 / 0.0 0.0 0.0 / /
viay 52 1.0 / 2.3 12 10 / /
June 23 1.0 / 2.4 0.5 1.0 / /
July 35 1.0 / .3 0.8 1.0 / /
Augqust 54 10/ .3 1.2 1.0/ /
September 49 10l / 19 1.0 09 / /
October 50 1.0] / 2.5 12 1.2] / /
November 44 1.0] / 1.8 0.8 0.8] / /
December 40 1.O[/ 2.2 0.9 1.0[/ /
Total 424 1.0 2.2 9 1.0
Leachina Solution C > January 0.0 56.8 82.0 82.7
E. F. G |[Eebruary / 0.0 / / 0.0 0.0 0.0 /
March / 0.0 / / 96.3 81.8 82.6 /
April / 0.0 / / 0.0 0.0 0.0 /
Vay / 0.0 / / 98.6 81.8 82.6 /
June / 0.0 / / 442 81.8 82.6 /
July / 0.0 / / 66.3 81 82.6 /
Auqust / 0.0 / / 101.2 81.8 82.6 /
September / 00l / / 82.4 77.8 785 /
October / 0.0] / / 84.0 81.8 82.8] /
November | / 0.0] / / 78.6 82.0 82.6] /
December [/ 0.0[/ / 72.4 81.8 82.6] /
Total 0.0 781 814 82.2
Wasteore D January 3,169 97.3 0.4 11.9 17.1
February 0 0.0 / 0.0 0.0 0.0 / /
March 4,301 96.8 / 0.5 20.2 17.2 / /
April 0 0.0 / 0.0 0.0 0.0 / /
May 5,002 97.1 / 0.4 20.7 17.2 / /
June 2.231 97.] / 0.4 0.3 17.2 / /
July 2,390 68.5 / 0.4 13.9 17.2 / /
August 5225 Qv 7 0.4 21.3 72l 7 /
September 4,799 97.3] / 0.5 22.6 21.3] / /
October 4,866 97.3] / 0.4 17.4 17.0] / /
November 4,287 97.2] / 0.4 16.5 17.2] / /
December 3,893 97.2|/ 0.4 15.2 17.2]/ /
Total 40,161 94.8 0.4 169 17.6,
Precipitation Loss2 E January 0.0 0.0 0.0
: Cu distribution February / 0.0 / / 0.0 0.0 / /
0.05% March / 0.0 / / 0.1 0.0 / /
April / 0.0 / / 0.0 0.0 / /
May / 0.0 / / 0.1 0.0 / /
June / 0.0 / / 0.0 0.0 / /
July / 0.0 / / 0.0 0.0 / /
Auqust / 00 / / 0.1 00 7/ /
September / 00| / / 0.] 00| / /
October / 0.0] / / 0.1 0.0] / /
November | / 0.0[/ / 0.0 0.1]/ /
December |/ 0.0[/ / 0.0 0.0[/ /
Total 0.0 0 0.0
Precipitate Cu F January 65 2.0 834 54.0 77.9 95.0
: Cement copper February 0 0.0 / 0.0 0.0 0.0 / 0.0
March 113 2.5 / 80.8 91.4 777 / 94.9
April 0 0.0 / 0.0 0.0 0.0 / 0.0
viay 113 2.2 / 82.5 93.6 7.7 / 94.9
June 50 2.2 / 84.0 42.0 77.7 / 94.9
July 78 2.2 / 80.4 62.9 7177 / 94.9
Auqust 113 2.1 / 84.8 96.1 77/ 94.9
September 95 19] / 82.4 78.2 739] / 94.9
October 97 19| / 82.6 79.8 77.7] / 94.9
November 01 2.1 / 82.3 74.7 77.8]/ 94.9
December 79 2.0|/ 87.3 68.8 717 94.9
Total 894 2.1 82.9 741 77.3 94.9
Waste water G January 0.0 2.8 4.1
February / 0.0 / / 0.0 0.0 / /
March / 0.0 / / 4.8 4.1 / /
April / 0.0 / / 0.0 0.0 / /
Viay / 0.0 / / 49 4.1 / /
June / 0.0 / / 2.2 4.1 / /
July / 0.0 / / 3.3 4.1 / /
Augqust / 0.0 7/ / 51 41 / /
September |/ 00[ / / 41 39 / /
October / 0.0] / / 4.2 4.1] / /
November | / 0.0 / / 3.9 41]/ /
December [/ 0.0[/ / 3.6 4.1]/ /
Total 0.0 39 4.1
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3-13

(RCU) Ovadle

ENAMI

Note RCU: Rate of capacity utilization (Cap.: 14,000t/month: 168,000t/year)

Cu Metal Price: LME Grade A Settlement (Original:  93.6: £ /MT,93.7 : $MT)
Ore Tonnage Cu Cu Metal
e Product Month t RCU% | grade% t LME ¢ /Ib
1994 |Run-of-mine ore|January 10,017 71.6 2.1 207.5 81.89
February 12,593 90.0 2.0 256.4 84.12
March 13,145 93.9 2.1 278.3 86.86
April 15,425 110.2 2.1 329.9 85.36
May 12,346 88.2 2.1 262.4 97.55
June 12,094 86.4 2.1 253.5 107.24
July 11,867 84.8 2.1 249.9 111.50
August 10,191 72.8 2.1 215.9 109.15
September 12,478 89.1 2.1 262.4 113.67
October 10,615 75.8 2.2 230.0 115.52
November 11,766 84.0 2.1 248.9 127.03
December 10,294 73.5 2.3 237.5 135.35
Total 142,831 85.0 2.1 3,033 104.60
1995 |Run-of-mine ore|January 9,764 69.7 2.3 225.5 136.48
February 9,592 68.5 2.2 208.0 130.53
March 11,165 79.7 2.2 249.6 132.63
April 10,598 75.7 2.2 228.4 131.70
May 10,823 77.3 2.2 237.1 125.80
June 10,420 74.4 2.2 230.2 135.84
July 10,928 78.1 2.2 240.2 139.51
August 10,686 76.3 2.2 239.7 137.75
September 9,925 70.9 2.3 223.1 132.25
October 10,278 73.4 2.3 234.7 127.62
November 10,579 75.6 2.3 240.4 135.05
December 11,598 82.8 2.2 256.8 132.73
Total 126,356 75.2 2.2 2,814 133.16
1996 |Run-of-mine ore|January 12,843 91.7 2.2 281.5 118.68
February 13,644 97.5 2.3 314.1 115.11
March 12,436 88.8 2.3 285.6 116.17
April 12,517 89.4 2.3 292.7 117.74
May 11,322 80.9 2.2 251.1 120.58
June 12,626 90.2 2.2 273.8 90.27
July 12,568 89.8 2.1 265.6 90.06
August 11,662 83.3 2.3 262.0 91.11
September 11,596 82.8 2.2 253.3 88.06
October 12,164 86.9 2.2 261.6 88.96
November 8,232 58.8 2.2 181.8 101.19
December 6,837 48.8 2.0 134.4 102.88
Total 138,449 82.4 2.2 3,058 104.09
1997 |Run-of-mine ore|January 6,308 48.6 19 128.6 110.45
February 4,584 32.7 2.1 96.5 109.13
March 8,512 60.8 1.9 160.2 109.83
April 9,888 70.6 14 141.6 108.46
May 5,251 375 2.1 110.6 114.05
June 2,170 15.5 2.5 53.2 118.51
July 3,585 25.6 2.2 78.8 111.15
August 4,819 34.4 2.3 109.4 102.11
September 3,220 23.0 2.2 72.1 95.59
October 3,669 26.2 2.1 78.5 93.09
November 4,170 29.8 2.2 90.3 86.97
December 4,793 34.2 2.1 100.1 79.94
Total 61,468 36.6 2.0 1,220 103.27
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1998 |Run-of-mine ore|January 4,425 316 2.0 88.1 76.59
February 4,580 32.7 1.7 79.7 75.51
March 4,927 35.2 2.0 100.2 79.29
April 3,812 27.2 1.9 71.0 81.69
May 4,555 325 1.8 80.7 78.58
June 6,495 46.4 1.7 109.7 75.32
July 5,062 36.2 2.1 105.6 74.89
August 6,306 45.0 2.0 124.8 73.52
September 6,525 46.6 1.9 124.5 74.74
October 7,011 50.1 1.7 122.3 71.96
November 7,550 53.9 1.9 145.2 71.39
December 8,216 58.7 2.1 175.2 66.84
Total 69,465 41.3 1.9 1,327 75.05

1999 [Run-of-mine ore|January 10,508 75.1 2.0 212.8 64.92
February 12,400 88.6 2.0 243.3 63.99
March 10,907 77.9 2.1 227.6 62.52
April 4,804 34.3 2.2 106.3 66.50
May 5,777 41.3 2.0 117.3 68.55
June 6,438 46.0 2.0 127.2 64.52
July 4,006 28.6 2.8 110.7 74.39
August 5,115 36.5 2.4 124.4 74.74
September 8,439 60.3 1.9 160.6 79.39
October 7,208 51.5 2.1 149.5 78.21
November 8,179 58.4 1.8 150.5 78.36
December 7,758 55.4 2.0 150.9 80.05
Total 91,539 54.5 2.1 1,881 71.34

2000 |Run-of-mine ore|January 3,258 23.3 2.1 69.3 83.64
February 0 0.0 0.0 0.0 81.69
March 4,441 317 2.7 117.7 78.90
April 0 0.0 0.0 0.0 76.15
May 5,152 36.8 2.3 120.6 80.99
June 2,299 16.4 2.4 54.0 79.52
July 3,491 24.9 2.3 81.0 81.62
August 5,380 38.4 2.3 123.7 84.18
September 4,930 35.2 2.2 105.9 88.92
October 5,000 35.7 21 102.7 86.12
November 4,409 315 2.2 96.0 81.43
December 4,006 28.6 2.2 88.5 83.94
Total 42,365 25.2 2.3 959 82.26
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323

(D

= - copper
concentrate
2000 35
3-6
@)
80¢ /b 1998
2001 ENAMI
80%
1994 317 324
2000 31 33
2000 3-25
3-25 2000
kg/ t kg/ t kg/ t
0.63 221 0.20
(©)
> [{Cap.x /100x  /100x (100- )/100x  /100}(100- )/100x ]
Cap. (t/month, t/year)
(%)
(%)
(%)
(%)
(%)
ENAMI
1) Cap. (t/month, t/year) 7,000t/month (84,000t/year)
1
1 mass production
1 1998 80¢ /Ib
2001 30
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40 t

1 ENAMI
ENAMI
1
2002 7,000t/month(84,000t/year)
11,000t/month(132,000t/year)
900 120 US$
ENAMI Vallenar ENAMI El Saado
ENAMI Tdta
2) RCU(Rate of capacity utilization)
ENAMI
1998 63 89¢ /b
2001 ENAMI
1994
3-26 1994 2000
3-14 LME Grade A 1994 2001
3-7 1994 2000
3-27
3-27
(*8) ¢ /b *9) %
50 80
<50 100 <
80 100
94.1 82 1119 1 15 22 9 825
97.11 | 47 140 ' [2%] |[32%] | [47 %] | [19 %] | [100%]
97.12 63 6.5 17 20 4 1 53.8
015 | 42 89 ' [40%)] | [48%] | [10%)] | [2%)] | [100%]
*8 LME Grade A *9 [ 1]
82¢ /Ib 112¢ /b 80%
66% 82.5% 50%
89¢ /Ib 76.5¢ /b 80%
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3)

2

12% 50% 40% 53.8%

2000 56.4%

80 90¢ /Ib

2001

80%

ENAMI

ENAMI

90% 7,000t/month (84,000t/year)x 90% 6,300 t/month (75,600 t/year)
11,000t/month 132,000t/year x 90% 9,900t/month 118,800t/year

~ 2000 56.4% 1994 2000 423 95.5%, 69.2%
80 90¢ /Ib
17 29%(1994 2000 2.2%)

(by-product) Au, Ag(, Mo )

1%
~ 2000 15% 1994 2000 1.3 4.5%, 1.3%
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4)

4)-1
4
4
4
4
(*10)
*10
4
4)-2 I (pulp)
5 /
5 /
5 /
5
5
4)-3
6
6
6
/
6
5)
5)-1
Chalcopyrite CuFeS,
Bornite CusFeS;,
Covellin/Covellite CuS
Chalcocite Cu,S
Limonite (Goethite o -FeO(OH))
Pyrite FeS,

Hematite a-Fe,O3
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5)-2

d)

e

f)

9)

h)

)

b)

Galena PbS

Quartz SIO,
idiomorphic/ alotriomorphic
(Design of Experiment)
N /
/ (*112)
*11 pH
o (Plain flotation)/ (Straight
differential flotation)/ (Bulk differential flotation)
- (box) celtocel /freeflow
/ (column) pneumatic[super charge]
/ (coarse)/ (fine)/ (micro) (bubble)
- / manual
(feed back) /
(feed-forward) / /
(fuzzy) /
- /
N /

341



b)
= (froth) 5 10
/ -
5)-3
7
7
7
—200mesh (-0.074mm) 76  80%
7
a)
/
b)
L
(R: Rougher)
(C: Cleaner)
(S: Scavenger)
3-8
(sink)
c)
1
2
2
(SAG Semi Autogenous mill) 2
d)
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4L
(
PD)
2001.12 [ ] 20%( PD 26.11%,
PD 14.88%)
2002
PD 70-.80% PD 18- 27%
PD 14 - 25% 76%
f)
7 91%
— 2000 84.3% 1994 2000 84.3 93.5%, 89.9%
5)-4
8
8
8 (Mo)
8
8
~ 2000 Au42.1%, Ag162.1(?)%
1994 2000 Au421 179.8(79)%, Ag87.1 327.8(9)%
5)-5
9
9
9 /

34.6%
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pH

9 30%

~ 2000 22.3% 1994 2000 22.0 29.1%(
26.4%
5)-6

10 Pb, Zn, As, Sb, Bi, Ni, F, Cl

10

10

10

10

6)

11
11

11

2)

11
11 2)

7) ENAMI
12

Ovadle

344
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12

12
2000
(84,000t/year)x 56.4% 47,418t/year
Y 493,362US$/yea
2002
(84,000t/year)x 90% 75,600t/year
X 1,015,368 951,003US$/year
12
12 /

(4)

US$/ t ¢/ Cu-lb
5%
15.93US%/ t — 2000 16.77 US$H/ t MEMORIA ANUAL 2000 ENAMI
47.1¢ / Cu-lb ~ 2000 52.8¢ / Cu-lb

1
13
13
13
13
13

2)
14 /
14
14
14
14
3)
15

15

15
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15

15
(5) 2002
3-28
2000 [Y]56.4% — [X] 90.0%
ENAMI ENAMI
>80 90¢ /Ib
2000 [Y] 84.3% - [X] 91.0%
2000 [Y]22.3% - [X] 30.0%
2000 [Y] 16.77US$/ - [X] 15.93US$/  t,
5%
(84,000t/year)x 90%

75,600tyear [X] 2000

47 M8tlyear [Y]

2000
90% [X]
-188,940 -253,305US$/year
()
[X] +280,326 +277,922US$lyear
( US$lyear)
[X] 2000 [Y] X Y]
(t/year) 75,600 47,418 +28,182
( JA] 1,015,368 951,003 493,362 +522,006 +457,641
(798,546 736,585)
[B] 1,204,308 795,200 +409,108
(1,267,812)
[A B] -188940 -253305 -301,838 +112,898 +48,533
(-469,266 -531,227)
< > <+280,326 +277,922>
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47,418 t( 100.0%)
1.71Cu-% 811Cu-t(Cu  100.0%)
*1, %2 0.31Au-g/t 14.9Au-kg(Au  100.0%)
35Ag-git 167 Ag-kg (Ag  100.0%)
*2
| | *2
v v
5 44350  t( 93.5%)
+ + 0.29Cu-% 127 Cu-t(Cu  15.7%)
() + 0.19 Au-g/t 8.6Au-kg(Au  57.9%)

( ) -2.3Ag-gt -104 Ag-kg(Ag  -62.1%) *3
v R T e
v v v v

_ ; (% i ()

i + fl

2 N S S

3,068 t( 6.5%)

223Cu-% 684Cu-t(Cu 84.3%) Cu 84.3%

2.05Au-git 63Aukg(Au  42.1%) Au 42.1%

88.3Ag-git 271Ag-kg(Ag 162.1%) Ag 162.1% *3
35 ( ) (2000 )

ENAMI Ovalle

*1 /

*2

*3

3-47



v
3 27

ENAMI

Ovdle

3-6

3-48



36 Ovdle ENAMI
No.
1 Truck Scde
2 -7
3
4 Fixed Screen, Grizzly(opening 2 1/2"), 1unit
5 Gyratory Crusher  Trylor, TY-1398F type, 3 ¢, 50t/h,
Lunit (sparecircuit  Single Toggle Crusher, 1 unit)
6 Vibrating Screen(opening 3/47), 1 unit
7 ConeCrusher  Symons, SH type, 3 ¢, 50t/h, 1 unit
8 Vibrating Screen(opening 1/4”), 1 unit
9 ConeCrusher  Symons, SH type, 3 ¢, 50t/h, 1 unit
10 =
1
12 Bdl Mill Head Wrightson, 7 x 7', 160t/d, 1 unit
Traylor, 7 x €', 140t/d, 1 unit -1/4” (-6.35mm)
Hydro-cycdlone Vulco D-10B, 1 unit /bal mill(spare 1
13 . .
unit /ball mill)
14 Hotation Conditioner, 1unit
15 Flotation Machine  Krupp, NR159( Denver 21), 1.5m® | -200mesh (-0.074
[cell, 2cdls Freeflowtype 1R mm) 76  80%
6 Thickener Dor Oliver, Drive Head type A, 140n°, 5 @,
1 unit
17 Vacuum Filter  Dor Oliver, American Disk type 39216
-2R, 75, 3disks
18
19 Flotation Machine Krupp, NR159, 1.5m/cdl, 2cdls,
Freeflowtype 2R
0 Flotation Machine Denver, 18SP, 0.6 m*/cell, 2cdlls, Cell
tocdltype 1C
o1 Flotation Machine Denver, 18P, 0.6 m/cdll, 2cdls, Cdl
tocdl type 2C
- Flotation Machine Krupp, NR159, 1.5m7cdll, 4cdls,
Freeflowtype 1S
Flotation Machine Krupp, NR159, 1.5m7cell, (4+4)
23 cels Free flow type 23S Denve, 243D, 14
o7 mcdl, (3+3)cdls, Cdl to odl type 4,55  Forredter,
Supper charge(Air charge), Free flow type, 7mL,
10m®, 1cdl  6S
o8 Hydro-cyclone, Lunit Over-flow(-) pond :

Under -flow (+)
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3-26 Ovalle ENAMI
Note RCU: Rate of capacity utilization (Cap.: 7,000t/month: 84,000t/year)
Cu Metal Price: LME Grade A Settlement (Original:  93.6: £ /MT,93.7 :$/MT)

Ore Tonnage Cu Cu Metd
vear Product Month t RCU% | grade% t LME ¢ /Ib
1994 [Run-of-mine ore|January 5,191 74.2 31 158.1 81.89

February 6,092 87.0 2.9 176.1 84.12
March 6,503 92.9 2.4 153.2 86.86
April 6,414 91.6 3.3 209.9 85.36
May 6,796 97.1 2.2 152.0 97.55
June 6,192 88.5 2.0 122.6 107.24
July 7,070 101.0 2.3 159.5 111.50
August 6,830 97.6 2.2 150.7 109.15
September 7,555 107.9 2.0 148.2 113.67
October 7,883 112.6 2.1 168.3 115.52
November 7,368 105.3 2.0 149.3 127.03
December 6,302 90.0 15 93.8 135.35
Total 80,196 95.5 2.3 1,842 104.60
1995 [Run-of-mine ore|January 6,172 88.2 17 105.4 136.48
February 5,271 75.3 2.2 115.3 130.53
March 7,517 107.4 2.6 192.6 132.63
April 6,674 95.3 2.3 151.1 131.70
May 5,810 83.0 2.2 127.0 125.80
June 4,005 57.2 2.8 113.2 135.84
July 6,514 93.1 1.9 120.6 139.51
August 6,110 87.3 1.7 106.0 137.75
September 4,441 63.4 1.6 68.8 132.25
Octaober 6,670 95.3 2.0 130.7 127.62
November 5,976 85.4 2.2 129.5 135.05
December 5,090 72.7 2.2 109.4 132.73
Total 70,252 83.6 2.1 1,470 133.16
1996 |Run-of-mine ore|January 3,576 51.1 2.5 89.0 118.68
February 4,197 60.0 2.1 89.4 115.11
March 3,677 52.5 2.3 85.7 116.17
April 4,926 70.4 2.2 108.9 117.74
May 3,557 50.8 2.6 90.8 120.58
June 0 0.0 0.0 0.0 90.27
July 5,650 80.7 2.0 113.7 90.06
August 7,451 106.4 2.6 194.5 91.11
September 7,073 101.0 2.8 194.5 88.06
October 7,132 101.9 2.1 150.0 88.96
November 5,678 81.1 1.9 108.1 101.19
December 7,580 108.3 2.0 148.7 102.88
Total 60,498 72.0 2.3 1,373 104.09
1997 [Run-of-mine ore|January 6,470 92.4 2.1 135.9 110.45
February 6,063 86.6 2.3 140.6 109.13
March 6,236 89.1 2.3 141.0 109.83
April 6,205 88.6 1.9 120.2 108.46
May 6,168 88.1 2.3 141.9 114.05
June 4,749 67.8 2.8 133.2 118.51
July 5,104 72.9 2.5 128.7 111.15
August 6,017 86.0 2.0 118.8 102.11
September 5,299 75.7 2.4 127.6 95.59
Octaber 4,376 62.5 2.6 1135 93.09
November 3,844 54.9 2.1 81.9 86.97
December 4,617 66.0 2.0 91.6 79.94
Total 65,148 77.6 2.3 1,475 103.27
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1998 [Run-of-mine ore|January 3,493 499 19 65.9 76.59
February 1,777 254 2.1 37.8 75.51
March 2,210 31.6 15 33.0 79.29
April 2,554 36.5 13 34.3 81.69
May 3,158 45,1 15 47.4 78.58
June 2,213 31.6 3.3 73.8 75.32
July 5,489 78.4 3.6 197.8 74.89
August 5171 73.9 2.6 136.3 73.52
September 4,690 67.0 45 209.4 74.74
October 3,725 53.2 4.4 162.9 71.96
November 7,016 100.2 2.8 196.4 71.39
December 6,137 87.7 3.3 201.9 66.84
Total 47,632 56.7 2.9 1,397 75.05

1999 [Run-of-mine ore|January 5,540 79.1 2.3 127.8 64.92
February 4,334 61.9 1.7 74.9 63.99
March 5,686 81.2 16 91.4 62.52
April 5,225 74.6 15 80.5 66.50
May 2,168 31.0 2.1 455 68.55
June 3,221 46.0 2.1 67.6 64.52
July 3,978 56.8 2.1 84.1 74.39
August 1,978 28.3 2.0 40.1 74.74
September 0 0.0 0.0 0.0 79.39
October 3,442 49.2 1.7 58.9 78.21
November 0 0.0 0.0 0.0 78.36
December 0 0.0 0.0 0.0 80.05
Total 35,572 42.3 1.9 671 71.34

2000 |Run-of-mine ore|January 4,968 71.0 2.1 106.5 83.64
February 0 0.0 0.0 0.0 81.69
March 6,575 93.9 1.7 110.8 78.90
April 0 0.0 0.0 0.0 76.15
May 5,584 79.8 1.6 89.5 80.99
June 3,135 44.8 1.9 59.7 79.52
July 3,706 52.9 15 57.1 81.62
August 4,256 60.8 1.8 75.2 84.18
September 3,614 51.6 1.7 60.9 88.92
October 5,463 78.0 15 79.1 86.12
November 5,685 81.2 15 87.8 81.43
December 4,433 63.3 1.9 84.3 83.94
Total 47,418 56.4 1.7 811 82.26

2001 |Run-of-mine ore|January 4,410 63.0 18 79.5 81.08
February 3,002 42.9 1.8 53.1 80.09
March 5,509 78.7 1.7 92.9 78.87
April 5,593 79.9 1.7 96.7 75.49
May 4,378 62.5 2.3 102.2 73.30
Total 22,892 65.4 1.9 424 76.97
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33

331
Ovalle

332 Ovadle
Ingenio
40km Limari ( 39 )

600 1,000 80 100mm

333

M-1: The Ingenio river (the upper stream of the plant)

M-2: Spring Water for Drinking.

M-3: Industrial water (Talhuen water)

M-4: Waste water from precipitation process.

M-4A: Infiltrate drainage at downstream of evaporation pond
M-4B: Infiltrate drainage at upstream of evaporation pond
M-5: The Ingenio River (500 m down stream of the plant)
M-6: The Ingenio River ( 2 Km down stream of the plant)
M-7: The Ingenio River ( 5 Km down stream of the plant)

329 355 1999 12 2002 2
M-4A, M-4B 2000 3

M-1, M-2, M-3
M-2,M-3 T-Fe 0 03 ( )
( 310 ) M-2( ) Cl

M-4, M-4A, M-4B M-4( )

T-Fe 9 39¢gL
( 311 )
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M-4A, M-4B M-4A  M-4
M-4B  M-4
M-5, M-6, M-7 Ingenio 4 9
M-5( 500 ), M-6(
km ) T-Fe Cu Al Mn SO/
M-7( km ) T-Fe Cu Al Mn SO/
( 312 )
3.34
1)
3-56
2 4 ©)
) 3
pH 55 90| 60 85| 60 85 60 854 60 904 55 90| 55 90
35 35 40 30 30 - -
mg/L 300 80 300 80 100 700 -
mi/L 1h 20 - - 5 5 50 -
Al mg/L 10 5 10 1 1 10 5
As mg/L 0.5 0.5 1 0.1 0.2 0.5 0.1
B mg/L 4 0.75 3 - - - 0.75
Cd mg/L 0.5 0.01 0.3 0.02 0.02 0.5 0.01
CN mg/L 1 0.2 1 0.5 0.5 1 0.2
cl mg/L - 400 2,000 - - - 200
Cu mg/L 3 - - - 1 3 0.2
T-Cu mg/L - 1 3 0.1 - - -
T-Cr mg/L 10 - - 25 2.5 10 0.2
cr® mg/L 0.5 0.05 0.2 0.2 0.2 0.5 -
Sn mg/L - - - 0.5 0.5 1 -
F mg/L - 1.5 5 1 1.5 6 1
Fe mg/L - 5 10 2 10 - 5
Mn mg/L 4 0.3 3 0.5 2 4 0.2
Hg mg/L 0.02 0.001 0.01 0.005 0.005 0.02 0.001
Mo mg/L - 1 2.5 0.07 0.1 0.5 0.01
Ni mg/L 4 0.2 3 0.5 2 4 0.2
Pb mg/L 1 0.05 0.5 0.2 0.2 1 5
Se mg/L - 0.01 0.1 0.01 0.01 0.03 0.02
Sol mg/L 1,000 1,000 2,000 1,000 - - 250
s> mg/L 5 1 10 1 1 5 -
zZn mg/L 5 3 20 5 5 5 2
2001 3 Ovalle
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2003

Ovadle
5 2006
Ovdle Ingenio
Ingenio M-5( 500 ) M-6(
km T-Fe Cu Al Mn Zn Cd SO M-7(
5k Mn SO
( 312 )
@)
M-1(Ingenio ) M-5(Ingenio 500 ) T-Fe
3-13 ) Ingenio 3-57
3-57
T-Fe[mg/s] M-4
(M-5)-(M-1) T-Fe[mg/L] QJL/g
Dec 39,088 29,550 1.32
Jan. 2000 28,164 17,240 1.63
Feb 44,379 - -
Mar 52,784 39,290 1.34
Apr 35,989 37,040 0.97
May 84,746 25,340 3.34
Jun 87,145 24,830 351
Jul 34,820 14,570 2.39
Aug 30,741 18,670 1.65
Sep 91,931 15,100 6.09
Oct 56,415 11,140 5.06
Nov 30,871 16,000 1.93
Dec 20,256 19,590 1.03
Jan. 2001 21,970 18,660 1.18
Feb 22,245 28,620 0.78
Mar 24,889 25,600 0.97
Apr 28,220 25,000 1.13
May 81,895 14,390 5.69
Jun 3,130 15,000 0.21
Jul 33,741 23,470 1.44
Aug 10,041 9,800 1.02
Sep 7,772 15,400 0.50
Oct 16,559 17,110 0.97
Nov 33,970 12,150 2.80
Dec 60,910 10,700 5.69
Jan. 2002 56,455 15,000 3.76
Feb 127,686 18,000 7.09
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Ingenio (RCU: Rate of

capacity utilization) 3 7
L/sec 1L/sec
M-4( )
Fe Cu Al Mn As Zn Cd SO/ M-4A( ) Fe Cu Al Mn
Zn Cd SO/ M-4B M-4B( ) Cu Al Mn Zn SO/
M-5( 500 ) M-6(
km ) Fe Cu Al Mn Zn Cd SO/ M-7( 5k )
Mn SO42’
Ingenio M-4A( )
M-4B( ) Ingenio
M-4B( )
M-4A( ) M-4(
)
Ovadle
2006

HDPE(High Density Poly-Ethylene)

©)

Ovdlle Ingenio

Ingenio
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4)
Ovalle

(Agglomeration)

150y g Nm®

80y g/Nm®
3654 g/Nm?®

Santiago

80y g/Nm®
3654 g/Nm?®
1,000p g/Nm®

Santiago

60p g/Nm®
260u g/Nm?®
700 g/Nm?®

Santiago
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1992 185
1998 165
0.024 3-
58
3-58
( yer ) year)
2000 2001 2003

Region El Loa 1,400,000 | Chuquicamata 1,100 800 400
Region Antofagasta 350,000 | Altonorte 126 126 126
Region Copiapo 200,000 | Paipote 42 42 42
Region Chanara 500,000 | Potrerillios 1,450 800 150
Region Elqul 80,000 | Elindio 200 200 200
Region San Felipe 350,000 | Chagres 95 95 95
Region Valparaiso 400,000 | Ventanas 120 120 120
Region Cachapoal 1,100,000 | Caletones 1,880 375 375
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3-10 M-1, M-2, M-3
*Standards : For Irrigation Water
<M-1>  Ingenio river (upper)
T-Femg/L| Clmg/lL | SO, mg/L Q[ L/sec]
Standards 5.0 200 250
Dec 0.05 39 155 13.50
Jan-2000 0.28 153 10.41
Feb 0.05 <10.0 124 17.74
Mar 0.10 75 120 27.26
Apr 0.05 70 94 26.89
May 0.23 78 115 35.58
Jun 0.22 74 96 130.87
Jul 0.34 95 127 53.91
Aug <0.1 64 122 47.92
Sep <0.1 71 114 57.84
Oct <0.1 71 119 13.87
Nov <0.1 62 149 7.55
Dec <0.1 69 132 6.08
Jan-2001 <0.1 49 161 13.44
Feb <0.1 57 166 17.76
Mar <0.1 58 156 16.05
Apr <0.1 61 139 16.97
May <0.1 48 135 22.89
Jun <01 41 117 37.84
Jul <0.1 52 146 83.80
Aug <0.1 44 116 61.63
Sep <0.1 53 127 25.29
Oct <0.1 61 129 14.47
Nov <0.1 60 101 12.46
Dec <01 68 100 11.71
Jan-2002 <0.1 65 142 10.40
Feb 0.20 - 133 34.68
<M-2> Drinking water
T-Femg/L| Clmg/L | SO, mg/L
Standards 5.0 200 250
Dec 0.00 74 143
Jan-2000 0.00 169
Feb 0.00 <10.0 150
Mar 0.00 163 140
Apr 0.00 146 119
May 0.00 134 100
Jun 0.00 103 107
Jul 0.00 192 175
Aug 0.40 133 143
Sep 0.20 175 158
Oct <0.1 155 153
Nov <01 106 160
Dec 0.10 132 148
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<M-2>  Drinking water
T-Femg/L Cl mg/L SO, mg/L
Jan-2001 <0.1 82 163
Feb <0.1 122 180
Mar <0.1 96 228
Apr <0.1 105 176
May <0.1 92 150
Jun <0.1 85 141
Jul <0.1 88 169
Aug <0.1 91 156
Sep <0.1 116 171
Oct <0.1 110 176
Nov <0.1 109 137
Dec <0.1 97 119
Jan-2002 0.20 115 183
Feb 0.20 - 174
<M-3> Industrial water
T-Femg/L Cl mg/L SO, mg/L
Standards 5.0 200 250
Dec 0.00 44 117
Jan-2000 0.00 180
Feb
Mar 0.00 10 78
Apr 0.00 12 71
May 0.00 15 92
Jun
Jul
Aug 0.10 12 84
Sep
Oct <0.1 12 78
Nov <0.1 11 99
Dec <0.1 11 76
Jan-2001 <0.1 <10.0 86
Feb <0.1 <10.0 96
Mar
Apr <0.1 <10.0 94
May <0.1 <10.0 89
Jun 0.20 <10.0 88
Jul <0.1 <10.0 68
Aug <0.1 <10.0 86
Sep <0.1 12 89
Oct <0.1 11 96
Nov 0.3 <10.0 92
Dec <0.1 15 82
Jan-2002 0.20 18 105
Feb 0.10 - 82
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M-4, M-4A, M-4B Monitoring Point Analysis

'99 Dec '02Feb
<M-4> Waste water (precipitation process) *RCU: Rate of capacity utilization (14,000 t/m)
T-Fe [mg/L]| Cu[mg/L] | Al [mg/L] | Mn [mg/L]| CI[mg/L] | As [mg/L]] Zn [mg/L] | Cd [mg/L] | SO, [mg/L] *RCU (%)
Regulation 100 30 100 30 2,000 10 200 0.30 2,000
Dec 29,550 210 3,200 927 <10.0 27.00 178 033 9,750 554
Jan-2000 17,240 110 3,400 493 7.18 80 033 62,000 22.3
Feb 0.0
Mar 39,290 230 5,600 707 <10.0 36.00 279 1.00 104,000 3L7
Apr 37,040 200 5,000 552 <100 42.00 183 031 116,000 0.0
May 25,340 130 4,350 473 <100 5.50 124 0.24 91,000 36.8
Jun 24,830 210 2,250 349 <100 20.00 124 0.27 82,000 16.4
Jul 14,570 280 2,050 175 <100 <10.0 o1 0.31 46,000 24.9
Aug 18,670 89 2,040 185 <100 1.40 115 0.29 48,000 384
Sep 15,100 86 2,160 133 <100 2.50 %8 0.30 43,000 35.2
Oct 11,140 72 1,930 285 <100 0.83 71 0.20 32,000 35.7
Nov 16,000 312 3,070 267 <100 4.80 74 0.30 59,000 315
Dec 19,590 273 3,190 625 <100 0.76 137 031 56,000 28.6
Jan-2001 18,660 339 3,710 319 20 0.16 136 3.60 69,000
Feb 28,620 277 5,360 371 19 0.76 181 0.29 102,000
Mar 25,600 366 5,900 229 15 33.00 109 122 95,000
Apr 25,000 442 3,000 633 18 40.00 194 1.39 89,000
May 14,390 242 3,000 404 <10.0 1.70 148 1.94 45,000
Jun 15,000 317 3,000 710 17 5.20 243 1.85 56,000
Jul 23,470 184 3,448 358 <100 1.40 165 162 50,000
Aug 9,800 99 1,000 171 <100 0.02 72 0.96 45,000
Sep 15,400 267 2,000 116 <100 0.54 201 138 139,000
Oct 17,110 295 3,000 638 <100 0.01 229 2.14 56,000
Nov 12,150 200 1,000 482 <100 0.05 241 184 36,000
Dec 10,700 154 2,000 568 <100 2.40 195 2.18 36,000
Jan-2002 15,000 73 3,000 544 <100 0.04 207 150 43,000
Feb 18,000 212 4,000 516 - - - - 29,000

<M-4A> Infiltrate drainageA (evaporation pond)

T-Fe[mg/L]| Cu[mg/L] | Al[mg/L] | Mn[mg/L] | ClI[mg/L] | As[mg/L] | Zn[mg/L] | Cd [mg/L] | SO,[mg/L] | *RCU (%)

M ar-2000 4,820 300 360 268 17.0 0.04 85.0 0.43 16,000 317
Apr 4,720 340 305 247 22.0 < 0.03 76.0 0.16 13,000 0.0
May 4,510 270 320 213 23.0 <0.03 65.0 0.31 9,500 36.8
Jun 4,510 380 305 225 15.0 < 0.03 64.0 0.34 13,140 164
Jul 4,410 330 314 144 17.0 <0.03 79.0 0.16 16,340 24.9
Aug 4,510 196 308 141 20.0 < 0.03 50.0 0.33 13,147 38.4
Sep 15,700 132 2,240 124 <10.0 <0.03 109.0 0.32 51,000 35.2
Oct 4,340 217 479 173 13.0 <0.03 83.0 0.32 12,000 35.7
Nov 4,920 233 457 190 17.0 < 0.03 70.0 0.33 21,000 315
Dec 15,390 209 1,930 392 <10.0 0.08 96.0 0.28 54,000 28.6

Jan-2001 3,380 85 136 159 12.0 0.10 44.0 0.19 13,000
Feb 5,130 272 551 230 12.0 0.08 84.0 0.29 22,000
Mar 3,630 85 170 213 24.0 <0.03 43.0 0.31 16,000
Apr 6,300 203 345 291 26.0 < 0.03 58.0 0.33 22,000
May 3,500 80 156 179 39.0 < 0.005 41.0 0.12 13,000
Jun 4,200 191 406 276 132.0 < 0.005 55.0 0.31 18,000
Jul 5,310 58 135 182 34.0 < 0.005 39.0 0.89 9,400
Aug 3,800 190 392 258 18.0 < 0.005 59.0 0.22 21,000
Sep 2,090 69 142 59 20.0 < 0.005 37.0 0.19 15,000
Oct 5,740 349 786 420 12.0 0.03 231.0 0.39 22,000
Nov 5,810 253 52 310 <10.0 < 0.005 88.0 0.37 19,000
Dec 5,140 233 560 371 <10.0 < 0.005 68.0 0.25 20,000

Jan-2002 5,600 230 26 333 37 < 0.005 90 0.32 20,000
Feb 866 198 425 294 - - - - 18,000

<M-4B> Infiltrate drainageB (evaporation pond)

T-Fe[mg/L]| Cu[mg/L] | Al[mg/L] | Mn[mg/L] | ClI[mg/L] | As[mg/L] | Zn[mg/L] | Cd [mg/L] | SO,[mg/L] | *RCU (%)

M ar-2000 0.00 0.00 <10 9.9 75.0 0.08 0.39 <0.01 990 317
Apr 0.00 0.00 10 8.4 67.0 < 0,03 0.47 0.02 938 0.0
May 0.00 0.00 24.0 39.0 66.0 < 0,03 6.30 0.03 2,746 36.8
Jun 0.00 0.00 140.0 69.0 35.0 < 0.03 16.00 0.09 3,964 164
Jul 0.00 0.00 120.0 50.0 41.0 < 0.03 13.00 0.02 3912 24.9
Aug 11.00 49.00 68.0 24.0 57.0 < 0.03 3.40 0.05 1,723 38.4
Sep 5.40 688.00 265.0 100.0 14.0 < 0.03 45.00 0.17 7,159 35.2
Oct 18.00 225.00 87.0 48.0 47.0 < 0.03 10.00 0.03 3,078 35.7
Nov 16.00 121.00 46.0 33.0 52.0 < 0.03 6.90 0.15 4,739 315
Dec 3,180.00 110.00 165.0 195.0 24.0 < 0.03 51.00 0.02 12,000 28.6

Jan-2001
Feb 29.00 13.00 9.2 20.0 59.0 < 0.03 131 0.01 2,779
Mar 16.00 9.30 9.6 18.0 64.0 < 0.03 0.56 <0.01 2,270
Apr 18.00 7.70 6.0 12.0 70.0 < 0.03 0.61 <0.01 3,760
May 12.00 34.00 81.0 18.0 43.0 < 0.005 1.70 0.03 2,375
Jun 14.00 8.90 3.0 17.0 43.0 < 0.005 1.00 0.02 1,950
Jul 130.00 290.00 184.0 102.0 25.0 < 0.005 20.00 0.08 4,275
Aug 25.00 401.00 250.0 1440 16.0 < 0.005 26.00 0.14 7,050
Sep 7.30 1,200.00 652.0 75.0 <10.0 < 0.005 68.00 0.41 4,100
Oct 138.00 350.00 151.0 161.0 26.0 < 0.005 94.00 0.10 7,600
Nov 450.00 156.00 66.0 81.0 33.0 < 0.005 7.30 0.10 6,000
Dec 360.00 71.00 46.0 83.0 40.0 < 0.005 6.40 0.02 5,600

Jan-2002 188.0 35.00 24.0 72.0 64.0 < 0.005 4 0.02 5,100
Feb 982.0 0.84 7.0 79.0 - - - - 6,300
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M-5, M-6, M-7 Monitoring Point Analysis

'99 Dec

'02Feb

<M-5>  Ingenio river ( 500 m down from the plant) *Standards: For Irrigation Water
T-Fe [mg/L] Cu [mg/L] | Al [mg/L] [Mn [mg/L]{ CI" [ma/L] ]| As [mg/L] | Hg [mg/L] | Zn [mg/L] [ Mo [mg/L]| Cd [mg/L] | SO, [mg/L]{| QI L/sec]
Standards 50 02 50 02 200 0.1 0.001 20 0.01 0.01 250
Dec 720.0 24.0 35.0 70.0 <003[  <0.001 6.7 <0.01 006 | 23090 54.29
Jan-2000 510.0 11.0 250 <003[  <0.001 45 <0.01 002| 17730 55.23
Feb 620.0 33.0 29.0 <10.0 <003[  <0.001 6.7 0.04 004 | 21160 7158
Mar 620.0 160.0 35.0 280 138.0 <003[  <0.001 6.9 <0.01 005| 18720 85.14
Apr 410.0 120.0 10.0 15.0 101.0 <003[  <0.001 4.2 <0.01 0.02 988.0 87.78
May 620.0 80.0 130 19.0 101.0 <003[  <0.001 4.7 <0.01 004 | 12630 136.70
Jun 410.0 80.0 25.0 19.0 109.0 <003[  <0.001 4.1 <0.01 002 12360 212.62
Jul 310.0 100.0 17 8.3 105.0 <003[  <0.001 18 <0.01 0.02 619.0 112.38
Aug 310.0 17.0 6.1 13.0 96.0 <003[  <0.001 34 <0.01 001| 1,03L0 99.18
Sep 720.0 39.0 30.0 220 710 <003[  <0.001 36 <0.01 <001] 22340 127.69
Oct 820.0 380 45.0 34.0 78.0 <003[  <0.001 8.2 <0.01 001| 28030 68.80
Nov 516.0 46.0 62.0 42.0 73.0 <003[  <0.001 11.0 <0.01 003| 36760 59.83
Dec 2810 53.0 58.0 41.0 78.0 <003 <0.001 7.9 <0.01 0.04 | 2,458.0 72.09
Jan-2001 291.0 35.0 48.0 38.0 49.0 <003 <0.001 8.8 <0.01 003| 33510 75.50
Feb 291.0 45.0 60.0 34.0 65.0 <003 <0.001 10.0 <0.01 0.04 | 33190 76.45
Mar 305.0 40.0 63.0 42.0 62.0 <003 <0.001 8.8 <0.01 006 | 31900 8161
Apr 274.0 35.0 50.0 26.0 60.0 <003 <0.001 7.9 <0.01 0.06 | 33480 103.00
May 770.0 29.0 219.0 250 610 <0.005] __<0.001 8.7 <0.01 006 | 27750 106.36
Jun 33.0 15.0 23.0 17.0 610 <0.005] __<0.001 36 <0.01 0.04 | 1,400.0 94.96
Jul 240.0 18.0 47.0 24.0 58.0 <0.005] __<0.001 5.0 <0.01 003| 1,2500 140.62
Aug 78.0 17.0 26.0 220 55.0 <0.005] __<0.001 55 <0.01 <001 19750 128.81
Sep 106.0 220 37.0 12.0 67.0 <0.005] __<0.001 5.2 0.12 <001 22750 73.32
Oct 222.0 3L0 70.0 8.9 65.0 <0005] __<0.001 8.9 <0.01 <001 29880 74.59
Nov 458.0 50.0 78.0 62.0 49.0 <0.005] __<0.001 12.0 <0.01 0.06 | 3,740.0 74.17
Dec 821.0 57.0 98.0 70.0 41.0 <0.005] __<0.001 13.0 0.12 <001 3700.0 74.19
Jan-2002 677.0 46.0 82.0 80.0 72.0 <0.005] __<0.001 12.0 <0.01 005| 41000 83.39
Feb 956.0 68.0 104.0 99.0 4,800.0 133.57
<M-6> Ingenio river ( 2 km down from the plant)
T-Fe [mg/L] Cu [mg/L] | Al [mg/L] [Mn [mg/L]{ CI” [ma/L] ]| As [mg/L] | Hg [mg/L] | Zn [mg/L] [ Mo [mg/L]| Cd [mg/L] | SO, [mg/L]
Standards 5.0 02 50 02 200 01 0.001 20 0.01 001 250
Dec 362.7 24.4 110 280 66.00 <003[  <0.001 5.60 <0.01 003] 18420
Jan-2000 2513 16.9 29.0 230 <003[  <0.001 3.50 <0.01 004 | 20040
Feb 286.0 19.4 150 15.0 <10.0 <003[  <0.001 4.30 <0.01 002 14290
Mar 292.0 20.6 33.0 24.0 138.00 <003[  <0.001 6.20 <0.01 005| 17230
Apr 2254 15.4 130 15.0 103.00 <003[  <0.001 2.40 <0.01 002 12630
May 210.5 13.0 75 16.0 119.00 <003[  <0.001 3.80 <0.01 002 10620
Jun 156.1 9.6 <10 110 114.00 <003[  <0.001 2.10 <0.01 <0.01 713.0
Jul 37.8 0.7 25 85 100.00 <003[  <0.001 1.80 <0.01 0.02 6810
Aug 0.7 29 <10 8.3 111.00 <003[  <0.001 0.84 <0.01 <0.01 657.0
Sep 110 9.1 72 12.0 98.00 <003[  <0.001 2.80 <0.01 <0.01 924.0
Oct 37.0 8.6 4.8 16.0 111.00 <003 <0.001 2.70 <0.01 <0.01 813.0
Nov 66.0 15.0 17.0 19.0 100.00 <003 <0.001 4.60 <0.01 001| 1,687.0
Dec 70.0 18.0 35.0 14.0 76.00 <003 <0.001 4.90 <0.01 003| 16050
Jan-2001 92.0 17.0 16.0 220 65.00 <003 <0.001 5.10 <0.01 <001 18810
Feb 106.0 280 45.0 250 84.00 <003 <0.001 7.10 <0.01 002 31470
Mar 40.0 17.0 25.0 17.0 73.00 <003 <0.001 4.00 <0.01 <001 18200
Apr 24.0 35.0 150 8.1 67.00 <003 <0.001 2.90 <0.01 003| 1,3530
May 19.0 11.0 91.0 85 71.00 <0.005] __<0.001 2.20 <0.01 0.03 975.0
Jun 0.6 6.9 10.0 9.7 63.00 <0.005] __<0.001 2.50 <0.01 0.03 863.0
Jul 107.0 8.0 28.0 10.0 62.00 <0.005] __<0.001 1.60 <0.01 0.02 675.0
Aug 03 5.8 7.0 6.8 85.00 <0.005] __<0.001 2.20 <0.01 <0.01 875.0
Sep <0.] 5.8 4.0 7.6 83.00 <0.005] __<0.001 1.80 <0.01 <0.01 788.0
Oct 33.0 15.0 35.0 4.9 73.00 <0.005] __<0.001 4.90 <0.01 <001 1,600.0
Nov 310 15.0 27.0 16.0 67.00 <0.005] __<0.001 4.00 <0.01 001| 14880
Dec 27.0 12.0 23.0 200 57.00 <0.005] __<0.001 3.60 <0.01 <001 12250
Jan-2002 136.0 19.0 24.0 37.0 82.00 <0.005] __<0.001 7.20 <0.01 <001 2,050.0
Feb 36.0 10.0 12.0 200 1,359.0
<M-7> Ingenio river (5 km down from the plant)
T-Fe [mg/L] Cu [mg/L] | Al [mg/L] [Mn [mg/L]{ CI” [ma/L] ]| As [mg/L] | Hg [mg/L] | Zn [mg/L] [ Mo [mg/L]| Cd [mg/L] | SO, [mg/L]
Standards 50 02 50 02 200 01 0.001 20 0.01 0.01 250
Dec 0.05 0.05 1.00 0.50 144.0 <003[  <0.001 <0.05 <0.01 <0.01 793.0
Jan-2000 0.05 0.05 1.00 0.40 <003[  <0.001 0.09 <0.01 <0.01 979.0
Feb 0.05 0.05 0.05 0.45 <10.0 <003[  <0.001 0.35 <0.01 <0.01 967.0
Mar 0.05 0.05 0.05 0.71 312.0 <003[  <0.001 0.35 <0.01 <0.01 800.0
Apr 0.05 0.05 0.05 2.30 2310 <003[  <0.001 0.57 <0.01 <0.01 788.0
May 0.05 0.05 1.00 2.50 220.0 <003[  <0.001 0.66 <0.01 <0.01 663.0
Jun 0.13 0.05 1.00 2.10 190.0 <003[  <0.001 0.23 <0.01 <0.01 646.0
Jul 0.11 0.05 1.00 0.55 179.0 <003[  <0.001 0.10 <0.01 <0.01 619.0
Aug 0.20 <0.05 1.00 0.10 189.0 <003[  <0.001 <0.05 <0.01 <0.01 612.0
Sep 0.30 <0.05 1.00 0.30 179.0 <003[  <0.001 0.06 <0.01 <0.01 620.0
Oct <0.1 <0.05 1.00 0.20 202.0 <003 <0.001 <0.05 <0.01 <0.01 609.0
Nov <0.1 <0.05 <10 0.10 190.0 <003[  <0.001 <0.05 <0.01 <0.01 747.0
Dec 0.20 <0.05 1.00 0.10 173.0 <003] __ <0.001 0.06 <0.01 <0.01 729.0
Jan-2001 0.30 <0.05 1.00 <0.05 182.0 <003 <0.001 0.09 <0.01 <0.01 883.0
Feb 0.20 <0.05 1.00 0.36 1810 <003 <0.001 0.36 <0.01 <001  1,008.0
Mar 0.10 0.11 1.00 1.50 140.0 <003 <0.001 0.63 <0.01 <001 12500
Apr 0.10 0.16 1.00 1.70 150.0 <003 <0.001 0.45 <0.01 <001 10120
May 0.20 0.17 <10 1.30 143.0 <0.005] _<0.001 0.81 <0.01 <0.01 838.0
Jun 0.20 0.06 <10 3.30 118.0 <0.005] __<0.001 0.36 <0.01 <0.01 725.0
Jul <0.1 <0.05 1.00 3.20 127.0 <0.005] __<0.001 0.16 <0.01 <0.01 662.0
Aug 0.30 <0.05 <10 <0.05 134.0 <0.005] __<0.001 0.23 <0.01 <0.01 712.0
Sep <0.1 0.05 <10 0.07 159.0 <0.005] __<0.001 1.30 <0.01 <0.01 838.0
Oct <0.1 0.05 <10 1.20 150.0 <0.005] __<0.001 0.48 <0.01 <0.01 900.0
Nov 0.10 0.12 <10 1.60 164.0 <0.005] __<0.001 0.55 <0.01 <0.01 800.0
Dec 0.10 0.35 <10 5.40 172.0 <0.005] __<0.001 1.10 <0.01 <0.01 925.0
Jan-2002 0.10 0.38 <10 6.00 200.0 <0.005] __<0.001 0.98 <0.01 <001 10000
Feb <0.1 0.67 <10 7.40 912.0
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3-13M-1 M-5 T-Fe, Cl, SO, ('99 Dec '02 Feb)
<M-1> <M-5>
T-Fe[mg/s] | CI [mg/s] SO, [mg/s] T-Fe[mg/s] | Cl [mg/g] SO, [mg/s]

Dec 0.68 527 2,093 Dec 39,089 3,800 125,356

Jan-2000 291 1,593 Jan-2000 28,167 97,923
Feb 0.89 2,200 Feb 44,380 151,463
Mar 2.73 2,045 3,271 Mar 52,787 11,749 159,382
Apr 134 1,882 2,528 Apr 35,990 8,866 86,727
May 8.18 2,775 4,092 May 84,754 13,807 172,652
Jun 28.79 9,684 12,564 Jun 87,174 23,176 262,798
Jul 18.32 5121 6,847 Jul 34,838 11,800 69,563
Aug <479 3,067 5,846 Aug 30,746 9,521 102,255
Sep <578 4,107 6,594 Sep 91,937 9,066 285,259
Oct <138 978 1,640 Oct 56,416 5,366 192,846
Nov <0.75 468 1,125 Nov 30,872 4,368 219,935
Dec <0.60 419 802 Dec 20,257 5,623 177,197

Jan-2001 <134 658 2,164 Jan-2001 21,971 3,700 253,000
Feb <178 1,012 2,948 Feb 22,247 4,969 253,738
Mar <160 931 2,504 Mar 24,891 5,060 260,336
Apr <170 1,035 2,359 Apr 28,222 6,180 344,844
May <229 1,098 3,090 May 81,897 6,488 295,149
Jun <3.78 1,551 4,427 Jun 3,134 5,793 132,944
Jul <8.38 4,358 12,235 Jul 33,749 8,156 175,775
Aug <6.16 2,712 7,149 Aug 10,047 7,085 254,400
Sep <253 1,340 3,212 Sep 7,772 4,912 166,803
Oct <145 883 1,867 Oct 16,559 4,848 222,875
Nov <125 748 1,258 Nov 33,970 3,634 277,396
Dec <117 796 1,171 Dec 60,910 3,042 274,503

Jan-2001 <104 676 1,477 Jan-2002 56,455 6,004 341,899
Feb 6.94 4,612 Feb 127,693 0 641,136
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3-29 December '99
ELEMENT | M-1 | M-2 | M-3 | M-4 | M-5 | M-6 | M-7 |STANDARD
Q[lts'seq] 13.50 - - - 54.29 54.04 48.96 -
pH 6.90 7.00 7.20 3.80 4.54 4.60 6.68 6,0-85
t° [°C] 21.6 21.6 20.1 25.7 19.0 18.7 16.6 < 40,0
Fe rom [MY/L] 0.05 nd nd]  29,550.0 720.0 362.7 0.05 10.0
Fe ™ [mo/L] - - | 29,230.0 620.0 410.0 : :
Cu [mg/L] 0.05 nd nd 210.0 nd 24.41 0.05 3.0
Al [mg/L] <10 <10 <1.0[ 3200.00 24.0 11.0 <10 10.0
Mn [mg/L] <0.05 <0.05 <0.05 927.00 35.00 28.00 0.50 3.0
Cl [mg/L] 39.00 74.00 44.00 <10.0 70.00 66.00 144.00 2,000.0
As [mg/L] <0.03 <0.03 <0.03 27.00 <0.03 <0.03 <0.03 1.00
Hg [mg/L] <0.001] <o0001] <0001 <0001 <0.001] <o0.001] <o0.001 0.01
Zn [mg/L] <0.05 <0.05 <0.05 178.00 6.70 5.60 <0.05 20.00
Mo [mg/L] <0.01 <0.01 <0.01 0.05 <0.01 <0.01 <0.01 2.50
Cd [mg/L] <0.01 <0.01 <0.01 0.33 0.06 0.03 <0.01 0.30
SO, [mg/L] 155.0 143.0 117.0 9,750.0 2,309.0 1,842.0 793.0 2,000.0
Cond. [uS/cm] 1,610.0 1,590.0 1,220.0 7,620.0 5,420.0 5,230.0 3,400.0 -
3-30 January '00
ELEMENT | M-1 M-2 | M-3 | M-4 | M-5 | M-6 | M-7 |STANDARD
Qlts'seq] 10.41 - - - 55.23 60.10 50.28 -
pH 6.86 6.75 7.00 351 4.58 4.66 6.75 6,0-85
t° [°C] 175 20.8 18.7 27.1 18.8 18.5 16.4 < 40,0
Fe rom [MY/L] 0.28 nd nd|  17,240.0 510.0 251.3 0.05 10.0
Fe ™ [ma/L] nd nd nd[ 17,030.0 360.0 nd nd 3
Cu [mg/L] 0.05 nd nd 110.0 nd 16.90 0.05 3.0
Al [mg/L] <10 <10 <10[ 34000 11.0 29.0 <10 10.0
Mn [mg/L] <0.05 0.06 0.06 493.0 25.0 23.0 0.40 3.0
Cl [mg/L] 2,000.0
As [mg/L] <0.03 <0.03 <0.03 7.18 <0.03 <0.03 <0.03 1.00
Hg [mg/L] <0.001] <o0001] <0001 <0001 <0.001] <o0.001] <o0.001 0.01
Zn [mg/L] <0.05 <0.05 <0.05 80.0 45 35 0.09 20.00
Mo [mg/L] <0.01 <0.01 0.04 0.37 <0.01 <0.01 <0.01 2.50
Cd [mg/L] <0.01 <0.01 <0.01 0.33 0.02 0.04 <0.01 0.30
SO, [mg/L] 153.0 169.0 180.0]  62,000.0 1,773.0 2,094.0 979.0 2,000.0
Cond. [uS/cm] 1,410.0 1,670.0 780.0]  55,300.0 4,580.0 4,210.0 3,450.0 -
3-31 February '00
ELEMENT | M-1 M -2 M-3* | M-4* | M-5 | M-6 | M-7 [STANDARD
Q[lts'seq] 17.74 - - - 7158 85.74 77.15 -
pH 6.74 6.62 - - 4.50 4.53 6.60 6,0-85
t° [°C] 18.2 225 - - 19.2 18.8 16.7 < 40,0
Fe rom [MY/L] 0.05 nd - - 620.0 286.0 0.05 10.0
Fe ™ [ma/L] nd nd - - 510.0 nd nd 3
Cu [mg/L] 0.05 nd - - nd 19.4 0.05 3.0
Al [mg/L] <10 <10 - - 33.0 15.0 <10 10.0
Mn [mg/L] <0.05 0.05 - - 29.0 15.0 0.45 3.0
Cl [mg/L] <10.0 <10.0 - - <10.0 <10.0 <10.0 2,000.0
As [mg/L] <0.03 <0.03 - - <0.03 <0.03 <0.03 1.00
Hg [mg/L] <0.001] <0.001 - - <0.001] <o0.001] <o0.001 0.01
Zn [mg/L] <0.05 0.23 - - 6.7 4.3 0.35 20.00
Mo [mg/L] <0.01 <0.01 - - 0.04 <0.01 <0.01 2.50
Cd [mg/L] <0.01 <0.01 - - 0.04 0.02 <0.01 0.30
SO, [mg/L] 124.0 150.0 - - 2,116.0 1,429.0 967.0 2,000.0
Cond. [uS/cm] 1,330.0 1,660.0 - - 5,050.0 4,320.0 3,790.0 -

The Location of Monitoring Point:

nd : not determined

M-1:The Ingenio river (the upper stream of the plant)

M-2: Spring Water for Drinking.

M-3: Industrial water(Talhuen water)

M-4: Waste water from precipitation process.

M-5: The Ingenio River(500 m down stream of the plant)
M-6: The Ingenio River ( 2 Km down stream of the plant)
M-7: The Ingenio River ( 5 Km down stream of the plant)
STANDARD : The reguration for discharge of effluent to subjects which have capacity of natural purification.

( February '00)

*M-3: Industrial water (Talhuen water) *(cleaning the watertank)
*M-4: Waste water from precipitation process * (the operation suspended)
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3-32 March '00
ELEMENT | M-1 | M-2 | M-3 | M-4 [ M-4A | M-8 | M-5 | M-6 | M-7 [STANDARD
Q[Its/seg] 27.26 - - - - - 85.14 115.25 98.85 -
pH 7.12 7.19 7.49 3.59 - - 4.84 4.68 6.81 6,0-85
t° [°C] 17.5 21.3 20.2 29.5 - - 18.5 18.9 16.1 < 40,0
Fe rom [Mg/L] 0.10 nd nd]  39,290.0 4,820.0 nd 620.0 292.0 0.05 10.0
Fe i [ma/L] nd nd nd| 38,570.0 4,620.0 nd 510.0 nd nd -
Cu [mg/L] 0.05 nd nd 230.0 300.0 nd 160.0 20.6 0.05 3.0
Al [mg/L] <10 <10 <10 5,600.0 360.0 <10 35.0 33.0 <10 10.0
Mn [mg/L] <0.05 <0.05 <0.05 707.0 268.0 9.9 28.0 24.0 0.71 3.0
Cl [mg/L] 75.0 163.0 10.0 <10.0 17.0 75.0 138.0 138.0 312.0 2,000.0
As [mg/L] 0.10 <0.03 <0.03 36.0 0.04 0.08 <0.03 <0.03 <0.03 1.00
Hg [mg/L] <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.01
Zn [mg/L] <0.05 <0.05 0.08 279.0 85.0 0.39 6.9 6.2 0.35 20.00
Mo [mg/L] <0.01 <0.01 <0.01 2.80 <0.01 <0.01 <0.01 <0.01 <0.01 2.50
Cd [mg/L] <0.01 <0.01 <0.01 1.00 0.43 <0.01 0.05 0.05 <0.01 0.30
SO, [mg/L] 120.0 140.0 78.0] 104,000.0]  16,000.0 990.0 1,872.0 1,723.0 800.0 2,000.0
Cond. [uS/cm] 1,330.0 1,710.0 550.0]  79,500.0] 18,300.0 2,900.0 4,220.0 3,990.0 3,280.0 -
3-33 April '00
ELEMENT | M-1 | M-2 | M-3 | M-4 | M-4A [ M-8 | M-5 | M-6 | M-7 [STANDARD
Q[Its/seg] 26.89 - - - - - 87.78 122.31 156.41 -
pH 7.42 7.16 7.65 3.60 3.86 3.49 5.33 4.59 6.56 6,0-85
t° [°C] 16.7 20.5 18.7 25.0 18.4 15.4 16.4 17.3 15.1 < 40,0
Fe rom [Mg/L] 0.05 nd nd|  37,040.0 4,720.0 nd 410.0 225.4 0.05 10.0
Fe i [ma/L] nd nd nd| 36,520.0 4,620.0 nd 310.0 nd nd -
Cu [mg/L] 0.05 nd nd 200.0 340.0 nd 120.0 15.4 0.05 3.0
Al [mg/L] <10 <10 <10 5,000.0 305.0 1.0 10.0 13.0 <10 10.0
Mn [mg/L] <0.05 0.10 <0.05 552.0 247.0 8.4 15.0 15.0 23 3.0
Cl [mg/L] 70.0 146.0 12.0 <10.0 22.0 67.0 101.0 103.0 2310 2,000.0
As [mg/L] <0.03 <0.03 <0.03 42.0 <0.03 <0.03 <0.03 <0.03 <0.03 1.00
Hg [mg/L] <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.01
Zn [mg/L] 0.22 0.14 0.15 183.0 76.0 0.47 4.2 24 0.57 20.00
Mo [mg/L] <0.01 <0.01 <0.01 1.10 <0.01 <0.01 <0.01 <0.01 <0.01 2.50
Cd [mg/L] <0.01 <0.01 <0.01 0.31 0.16 0.02 0.02 0.02 <0.01 0.30
SO, [mg/L] 94.0 119.0 71.0] 116,000.0] 13,000.0 938.0 988.0 1,263.0 788.0 2,000.0
Cond. [uS/cm] 1,030.0 1,440.0 510.0]  46,600.0] 13,900.0 2,430.0 2,540.0 2,940.0 2,680.0 -
3-34 May '00
ELEMENT | M-1 M-2 | M-3 | M-4 [ M-4A [ M-4B M-5 | M-6 | M-7 [STANDARD
Q[Its/seg] 35.58 - - - - - 136.70 123.22 164.98 -
pH 7.17 7.18 7.58 3.55 3.79 3.78 5.52 5.36 6.99 6,0-85
t° [°C] 13.9 17.0 15.2 23.9 17.3 14.8 15.0 14.8 125 < 40,0
Fe rom [Mg/L] 0.23 nd nd]  25,340.0 4,510.0 nd 620.0 2105 0.05 10.0
Fe i [ma/L] nd nd nd 25,130.0 4,310.0 nd 510.0 nd nd -
Cu [mg/L] 0.05 nd nd 130.0 270.0 nd 80.0 13.0 0.05 3.0
Al [mg/L] <10 <10 <10 4,350.0 320.0 24.0 13.0 75 <10 10.0
Mn [mg/L] <0.05 <0.05 0.06 473.0 213.0 39.0 19.0 16.0 25 3.0
Cl [mg/L] 78.0 134.0 15.0 <10.0 23.0 66.0 1010 119.0 220.00 2,000.0
As [mg/L] <0.03 <0.03 <0.03 5.5 <0.03 <0.03 <0.03 <0.03 <0.03 1.00
Hg [mg/L] <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.01
Zn [mg/L] 0.40 0.65 0.21 124.0 65.0 6.3 4.7 3.8 0.66 20.00
Mo [mg/L] <0.01 <0.01 <0.01 1.00 <0.01 <0.01 <0.01 <0.01 <0.01 2.50
Cd [mg/L] <0.01 <0.01 <0.01 0.24 0.31 0.03 0.04 0.02 <0.01 0.30
SO, [mg/L] 115.0 100.0 92.0]  91,000.0 9,500.0 2,746.0 1,263.0 1,062.0 663.0 2,000.0
Cond. [uS/cm] 906.0 1,152.0 484.0] 35,687.0] 13,106.0 3,922.0 2,533.0 2,170.0 2,329.0 -

nd : not determined.

M-1: The Ingenio river (the upper stream of the plant).

M-2: Spring water for drinking.

-3: Industrial water (Talhuen water).

-4; Waste water from precipitation process.

-4B: Infiltrate drainage at upstream of evaporation pond.

M
M
M-4A: Infiltrate drainage at downstream of evaporation pond.
M
M

-5: The Ingenio river (500 m down stream of the plant).

M-6: The Ingenio river (2 Km down stream of the plant).
M-7:The Ingenio river (5 Km down stream of the plant).
STANDARD : The reguration for discharge of effluent to subjects which have capacity of natural purification.
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3-35 June'00
ELEMENT | M-1 | M-2 | M-3* [ M-4 | M-4A [ M-8 | M-5 | M-6 | M-7 [STANDARD
Q[Its/seg] 130.87 - - - - - 212.62 250.70 608.65 -
pH 7.16 7.25 - 3.35 3.92 3.72 5.27 5.54 6.73 6,0-85
t° [°C] 15.3 15.9 - 24.8 18.4 15.8 16.3 17.1 13.0 < 40,0
Fe rom [Mg/L] 0.22 nd - 24,830.0 4,510.0 nd 410.0 156.1 0.13 10.0
Fe™ [ma/L] nd nd - 24,720.0 4,410.0 nd 310.0 10.0 nd -
Cu [mg/L] 0.05 nd - 210.0 380.0 nd 80.0 9.6 0.05 3.0
Al [mg/L] <10 <10 - 2,250.0 305.0 140.0 25.0 <10 <1.0 10.0
Mn [mg/L] <0.05 <0.05 - 349.0 225.0 69.0 19.0 11.0 2.1 3.0
Cl [mg/L] 74.0 103.0 - <10.0 15.0 35.0 109.0 114.0 190.0 2,000.0
As [mg/L] <0.03 <0.03 - 20.00 <0.03 <0.03 <0.03 <0.03 <0.03 1.00
Hg [mg/L] <0.001 <0.001 - <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.01
Zn [mg/L] <0.05 <0.05 - 124.00 64.00 16.00 4.10 2.10 0.23 20.00
Mo [mg/L] 0.01 <0.01 - 1.30 <0.01 <0.01 <0.01 <0.01 <0.01 2.50
Cd [mg/L] <0.01 <0.01 - 0.27 0.34 0.09 0.02 <0.01 <0.01 0.30
SO, [mg/L] 96.0 107.0 - 82,000.0]  13,140.0 3,964.0 1,236.0 713.0 646.0 2,000.0
Cond. [uS/cm] 1,020.0 1,160.0 - 57,800.0]  14,800.0 5,380.0 2,820.0 1,800.0 2,420.0 -
3-36 July '00
ELEMENT | M-1 | M-2 | M-3* [ M-4 | M-4A | M-4B | M-5 | M-6 | M-7 [STANDARD
Q[Its/seg] 53.91 - - - - - 112.38 135.80 156.63 -
pH 7.07 6.93 - 2.72 3.94 3.48 5.90 5.87 7.07 6,0-85
t° [°C] 15.6 16.0 - 20.7 19.4 18.5 16.2 17.8 12.9 < 40,0
Fe rom [Mg/L] 0.34 nd - 14,570.0 4,410.0 nd 310.0 37.76 0.11 10.0
Fe™ [ma/L] nd nd - 14,160.0 4,210.0 nd 100.0 nd nd -
Cu [mg/L] 0.05 nd - 280.0 330.0 nd 100.0 0.69 0.05 3.0
Al [mg/L] <10 <10 - 2,050.0 314.0 120.0 17 25 <10 10.0
Mn [mg/L] <0.05 <0.05 - 175.0 144.0 50.0 8.3 8.5 0.55 3.0
Cl [mg/L] 95.0 192.0 - <10,0 17.0 41.0 105.0 100.0 179.0 2,000.0
As [mg/L] <0.03 <0.03 - 1.00 <0.03 <0.03 <0.03 <0.03 <0.03 1.00
Hg [mg/L] <0.001 <0.001 - <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.01
Zn [mg/L] <0.05 <0.05 - 91.0 79.0 13.0 1.8 1.8 0.10 20.00
Mo [mg/L] <0.01 <0.01 - 0.50 0.09 <0.01 <0.01 <0.01 <0.01 2.50
Cd [mg/L] <0.01 <0.01 - 0.31 0.16 0.02 0.02 0.02 <0.01 0.30
SO, [mg/L] 127.0 175.0 - 46,000.0]  16,340.0 3,912.0 619.0 6810 619.0 2,000.0
Cond. [uS/cm] 1,080.0 1,520.0 - 41,200.0]  15,700.0 5,580.0 1,840.0 1,800.0 2,320.0 -
3-37 August '00
ELEMENT | M-1 M-2 | M-3 M-4 | M-4A | M-4B [ M-5 M-6 | M-7 [STANDARD
Q[Its/seg] 47.92 - - - - - 99.18 117.83 128.94 -
pH 7.61 7.40 7.72 4.03 4.14 3.99 5.44 5.65 7.00 6,0-85
t° [°C] 16.7 20.5 18.7 25.0 18.4 15.4 16.4 17.3 15.1 < 40,0
Fe rom [Mg/L] <0.1 0.4 0.1] 18,670.0 4,510.0 11.0 310.0 0.7 0.2 10.0
Fe i [ma/L] nd nd nd 18,570.0 2,560.0 nd 210.0 nd nd -
Cu [mg/L] <0.05 <0.05 <0.05 89.0 196.0 49.0 17.0 2.9 <0.05 3.0
Al [mg/L] <10 <10 <10 2,040.0 308.0 68.0 6.1 <10 <10 10.0
Mn [mg/L] <0.05 <0.05 <0.05 185.0 141.0 24.0 13.0 8.3 0.10 3.0
Cl [mg/L] 64.0 133.0 12.0 <10.0 20.0 57.0 96.0 111.0 189.0 2,000.0
As [mg/L] <0.03 <0.03 <0.03 1.40 <0.03 <0.03 <0.03 <0.03 <0.03 1.00
Hg [mg/L] <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.01
Zn [mg/L] <0.05 <0.05 0.13 115.0 50.0 34 34 0.84 <0.05 20.00
Mo [mg/L] <0.01 <0.01 <0.01 0.45 <0.01 <0.01 <0.01 <0.01 <0.01 2.50
Cd [mg/L] <0.01 <0.01 <0.01 0.29 0.33 0.05 0.01 <0.01 <0.01 0.30
SO, [mg/L] 122.0 143.0 84.0] 48,000.0] 13,147.0 1,723.0 1,031.0 657.0 612.0 2,000.0
Cond. [uS/cm] 914.0 1,100.0 430.0]  40,100.0] 12,400.0 3,170.0 1,980.0 1,470.0 2,110.0 -

nd : not determined.

M-1: The Ingenio river (the upper stream of the plant).

M-2: Spring water for drinking.

-3: Industrial water (Talhuen water).

-4; Waste water from precipitation process.
-4A: Infiltrate drainage at downstream of evaporation pond.
B: Infiltrate drainage at upstream of evaporation pond.
The Ingenio river (500 m down stream of the plant).
The Ingenio river (2 Km down stream of the plant).
-7: The Ingenio river (5 Km down stream of the plant).

-4
-5
-6

M
M
M
M
M
M
M

STANDARD : The reguration for discharge of effluent to subjects which have capacity of natural purification.
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3-38 September '00
ELEMENT | M-1 | M-2 | M-3* [ M-4 | M-4A | M-8 | M-5 | M-6 | M-7 [STANDARD
Q[Its/seg] 57.84 - - - - - 127.69 14751 165.28 -
pH 7.54 7.36 - 3.52 257 3.40 5.55 5.13 7.02 6,0-85
t° [°C] 19.9 19.3 - 20.8 20.2 22.7 21.3 25.1 15.7 < 40,0
Fe rom [Mg/L] <0.1 0.20 - 15,100.0]  15,700.0 5.4 720.0 11.0 0.3 10.0
Fe™ [ma/L] nd nd - 14,000.0]  14,800.0 nd 620.0 nd nd -
Cu [mg/L] <0.05 <0.05 - 86.0 132.0 688.0 39.0 9.1 <0.05 3.0
Al [mg/L] <10 <10 - 2,160.0 2,240.0 265.0 30.0 7.2 <10 10.0
Mn [mg/L] <0.05 <0,05 - 133.0 124.0 100.0 22.0 12.0 0.30 3.0
Cl [mg/L] 71.0 175.0 - <10.0 <10.0 14.0 71.0 98.0 179.0 2,000.0
As [mg/L] <0.03 <0.03 - 2.50 <0.03 <0.03 <0.03 <0.03 <0.03 1.00
Hg [mg/L] <0.001 <0.001 - <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.01
Zn [mg/L] <0.05 0.07 - 98.00 109.00 45.00 3.60 2.80 0.06 20.00
Mo [mg/L] <0.01 <0.01 - 0.29 <0.01 <0.01 <0.01 <0.01 <0.01 2.50
Cd [mg/L] <0.01 <0.01 - 0.30 0.32 0.17 <0.01 <0.01 <0.01 0.30
SO, [mg/L] 114.0 158.0 - 43,000.0]  51,000.0 7,159.0 2,234.0 924.0 620.0 2,000.0
Cond. [uS/cm] 1,050.0 1,690.0 - 39,100.0]  42,700.0 7,890.0 3,890.0 2,530.0 2,500.0 -
3-39 October '00
ELEMENT | M-1 | M-2 | M-3 | M-4 [ M-4A [ M-4B | M-5 | M-6 M -7 |STANDARD
Q[Its/seg] 13.78 - - - - - 68.80 47.04 53.90 -
pH 7.40 7.40 7.78 3.77 3.87 341 4.56 5.20 6.98 6,0-85
t° [°C] 16.7 16.6 14.4 22.8 17.8 18.4 19.0 19.7 15.2 < 40,0
Fetoa [Mg/L] <0.1 <0.1 <0.1 11,140.0 4,340.0 18.0 820.0 37.0 <0.1 10.0
Fe i [ma/L] nd nd nd 10,860.0 4,210.0 nd 720.0 nd nd -
Cu [mg/L] <0.05 <0.05 <0.05 72.0 217.0 225.00 38.0 8.6 <0.05 3.0
Al [mg/L] <10 <10 <1.0] 1,930.00 479.00 87.0 45.0 48 <10 10.0
Mn [mg/L] <0.05 <0.05 <0.05 285.00 173.00 48.00 34.00 16.00 0.20 3.0
Cl [mg/L] 71.0 155.0 12.0 <10,0 13.0 47.0 78.0 111.0 202.0 2,000.0
As [mg/L] <0.03 <0.03 <0.03 0.83 <0.03 <0.03 <0.03 <0.03 <0.03 1.00
Hg [mg/L] <0.001 0.002 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.01
Zn [mg/L] <0.05 0.13 <0.05 71.00 83.00 10.00 8.20 2.70 <0.05 20.00
Mo [mg/L] <0.01 <0.01 <0.01 0.03 <0.01 <0.01 <0.01 <0.01 <0.01 2.50
Cd [mg/L] <0.01 <0.01 <0.01 0.20 0.32 0.03 0.01 <0.01 <0.01 0.30
SO, [mg/L] 119.0 153.0 78.0] 32,000.0] 12,000.0 3,078.0 2,803.0 813.0 609.0 2,000.0
Cond. [uS/cm] 1,170.0 1,560.0 512.0] 36,800.0] 16,100.0 5,540.0 4,630.0 2,660.0 2,760.0 -
3-40 November '00
ELEMENT | M-1 | M-2 | M-3 M-4 | M-4A [ M-8 | M-5 | M-6 M -7 |STANDARD
Q[Its/seg] 7.55 - - - - - 59.83 43.16 77.16 -
pH 7.37 7.05 7.45 3.59 3.38 2.98 4.16 4.55 6.91 6,0-85
t° [°C] 18.4 18.0 15.5 23.7 20.6 19.9 21.7 23.9 15.8 < 40,0
Fe rom [Mg/L] <0.1 <0.1 <0.1]  16,000.0 4,920.0 16.0 516.0 66.0 <0.1 10.0
Fe ™ [ma/L] nd nd nd[  15740.0] 4,820.0 nd nd nd nd 5
Cu [mg/L] 0.2 <0.05 <0.05 312.0 233.0 121.00 46.00 15.00 <0.05 3.0
Al [mg/L] <10 <10 <1.0] 3,070.00 457.00 46.00 62.0 17.0 <10 10.0
Mn [mg/L] <0.05 <0.05 <0.05 267.00 190.00 33.00 42.00 19.00 0.10 3.0
Cl [mg/L] 62.0 106.0 11 <10,0 17.0 52.0 73.0 100.0 190.0 2,000.0
As [mg/L] <0.03 <0.03 <0.03 4.80 <0.03 <0.03 <0.03 <0.03 <0.03 1.00
Hg [mg/L] <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.01
Zn [mg/L] 0.05 0.09 <0.05 74.00 70.00 6.90 11.00 4.60 <0.05 20.00
Mo [mg/L] <0.01 <0.01 <0.01 0.05 <0.01 <0.01 <0.01 <0.01 <0.01 2.50
Cd [mg/L] <0.01 <0.01 <0.01 0.30 0.33 0.15 0.03 0.01 <0.01 0.30
SO, [mg/L] 149.0 160.0 99[  59000.0]  21000.0 4739.0 3676.0 1687.0 747.0 2,000.0
Cond. [uS/cm] 1,210.0 1,430.0 512]  46,600.0]  16,600.0 4,910.0 5,450.0 3,500.0 2,790.0 -

nd : not determined.

M-1: The Ingenio river (the upper stream of the plant).

M-2: Spring water for drinking.

-3: Industrial water (Talhuen water).

-4; Waste water from precipitation process.
-4A: Infiltrate drainage at downstream of evaporation pond.
B: Infiltrate drainage at upstream of evaporation pond.
The Ingenio river (500 m down stream of the plant).
The Ingenio river (2 Km down stream of the plant).
-7: The Ingenio river (5 Km down stream of the plant).
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341 December '00
ELEMENT | M-1 | M-2 | M-3 | M-4 [ M-4A [ M-48 | M-5 | M-6 | M-7 [STANDARD
Qlts'seq] 6.08 - - - - - 72.09 42.81 42.79 -
pH 7.42 7.10 7.41 3.74 .3.70 2.73 4.17 4.50 6.95 6,0-85
t° [°C] 20.5 204 19.2 275 29.8 27.7 24.7 28.1 16.1 < 40,0
Fe rom [MY/L] <0.1 0.1 <0.1] 19,5590.0] 15,390.0 3,180.0 281.0 70.0 0.2 10.0
Fe™ [ma/L] nd nd nd|  19,390.0] 14,980.0 3,080.0 nd nd nd -
Cu [mg/L] <0.05 <0.05 0.05 273.0 209.0 110.0 53.0 18.0 <0.05 3.0
Al [mg/L] <10 <10 <1.0[ 3190.00] 1,930.00 165.00 58.0 35.0 <10 10.0
Mn [mg/L] <0.05 <0.05 <0.05 625.00 392.00 195.00 41.00 14.00 0.10 3.0
Cl [mg/L] 69.0 132.0 11.0 <10.0 <10.0 24.0 78.0 76.0 173.0 2,000.0
As [mg/L] <0.03 <0.03 <0.03 0.76 0.08 <0.03 <0.03 <0.03 <0.03 1.00
Hg [mg/L] <0.001] <o0001] <0001 <0001 <0001 <0001 <0.001] <0001 <0.001 0.01
Zn [mg/L] 0.05 <0.05 <0.05 137.00 96.00 51.00 7.90 4.90 0.06 20.00
Mo [mg/L] <0.01 <0.01 <0.01 0.30 <0.01 <0.01 <0.01 <0.01 <0.01 2.50
Cd [mg/L] <0.01 <0.01 <0.01 0.31 0.28 0.20 0.04 0.03 <0.01 0.30
SO, [mg/L] 132.0 148.0 76.0]  56,000.0] 54,000.0] 12,000.0 2,458.0 1,605.0 729.0 2,000.0
Cond. [uS/cm] 1,020.0 1,050.0 456.0]  44,900.0] 38,700.0] 15,500.0 2,450.0 839.0 926.0 -
3-42 January '01
ELEMENT | M-1 | M-2 | M-3 | M-4 [ M-4A [ M-8 | M-5 | M-6 | M-7 [STANDARD
Q[lts'seq] 13.44 - - - - - 75.50 45.07 41.45 -
pH 7.24 7.08 7.48 3.68 3.82 nd 4.49 4.57 6.52 6,0-85
t° [°C] 18.8 18.8 16.5 27.9 26.9 nd 19.8 20.4 16.9 < 40,0
Fe rom [MY/L] <0.1 <0.1 <0.1] 18,660.0 3,380.0 nd 291.0 92.0 0.30 10.0
Fe™ [ma/L] nd nd nd[ 17,6400  3,280.0 nd nd nd nd 3
Cu [mg/L] <0.05 <0.05 <0.05 339.0 85.0 nd 35.0 17.0 <0.05 3.0
Al [mg/L] <10 <10 <10 37100 136.0 nd 48.0 16.0 <10 10.0
Mn [mg/L] <0.05 <0.05 0.05 319.0 159.0 nd 38.0 22.0 <0.05 3.0
Cl [mg/L] 49.0 82.0 <10.0 20.0 12.0 nd 49.0 65.0 182.0 2,000.0
As [mg/L] <0.03 <0.03 <0.03 0.16 0.10 nd <0.03 <0.03 <0.03 1.00
Hg [mg/L] <0.001] <0001 <0001 <0.001] <0.001 nd| <0001] <0001] <0.001 0.01
Zn [mg/L] 0.07 <0.05 0.10 136.0 44.00 nd 8.8 5.10 0.09 20.0
Mo [mg/L] <0.01 <0.01 <0.01 0.35 <0.01 nd <0.01 <0.01 <0.01 25
Cd [mg/L] <0.01 <0.01 <0.01 3.60 0.19 nd 0.03 <0.01 <0.01 0.30
SO, [mg/L] 161.0 163.0 86.0]  69,000.0] 13,000.0 nd 3,351.0 1,881.0 883.0 2,000.0
Cond. [uS/cm] 1,000.0 1,150.0 446.0]  43,500.0]  11,400.0 nd 4,330.0 3,370.0 2,660.0 -
3-43 February '01
ELEMENT | M-1 | M-2 M-3 M-4 | M-4A [ M-8 | M-5 | M-6 | M-7 [STANDARD
Q[lts'seq] 17.76 - - - - - 76.45 54.91 55.29 -
pH 7.15 7.36 7.46 3.38 3.60 2.91 4.43 4.52 6.62 6,0-85
t° [°C] 21.2 20.9 19.3 27.9 20.7 22.2 22.8 26.0 18.9 < 40,0
Fe rom [MY/L] <0.1 <0.1 <0.1] 28,620.0 5,130.0 29.0 291.0 106.0 0.2 10.0
Fe ™ [ma/L] nd nd nd[ 285200 4,820.0 nd nd nd nd nd
Cu [mg/L] <0.05 <0.05 <0.05 277.0 272.0 13.0 45.0 28.0 <0.05 3.0
Al [mg/L] <10 <10 <10] 53600 551.0 9.19 60.0 45.0 <10 10.0
Mn [mg/L] <0.05 <0.05 <0.05 371.0 230.0 20.0 34.0 25.0 0.31 3.0
Cl [mg/L] 57.0 122.0 <10.0 19.0 12.0 59.0 65.0 84.0 181.0 2,000.0
As [mg/L] <0.03 <0.03 <0.03 0.76 0.08 <0.03 <0.03 <0.03 <0.03 1.00
Hg [mg/L] <0.001] <o0001] <0001 <0001 <0.001] <o0.001] <0.001] <0001 <0.001 0.01
Zn [mg/L] <0.05 <0.05 <0.05 181.0 84.0 1.31 10.0 7.1 0.36 20.0
Mo [mg/L] <0.01 <0.01 <0.01 155 <0.01 <0.01 <0.01 <0.01 <0.01 25
Cd [mg/L] <0.01 <0.01 <0.01 1.56 0.29 0.01 0.04 0.02 <0.01 0.30
SO, [mg/L] 166.0 180.0 96.0] 102,000.0]  22,000.0 2,779.0 3,319.0 3,147.0 1,008.0 2,000.0
Cond. [uS/cm] 533.0 1,170.0 297.0 9,930.0 6,780.0 3,270.0 4,580.0 3,800.0 1,920.0 -

nd : not determined.

M-1: The Ingenio river (the upper stream of the plant).

M-2: Spring water for drinking.

-3: Industrial water (Talhuen water).

-4; Waste water from precipitation process.

-4A: Infiltrate drainage at downstream of evaporation pond.
B: Infiltrate drainage at upstream of evaporation pond.
The Ingenio river (500 m down stream of the plant).
The Ingenio river (2 Km down stream of the plant).

-7: The Ingenio river (5 Km down stream of the plant).

-4
-5
-6

M
M
M
M
M
M
M

STANDARD : The reguration for discharge of effluent to subjects which have capacity of natural purification.
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3-44 March '01
ELEMENT [ M-1 | M-2 | M-3 | M-4 | M-4A [ M-4B | M-5 | M-6 | M-7 [STANDARD
Q[Its/seg] 16.05 - - - - - 81.61 78.46 68.14 -
pH 7.69 7.70 nd 3.80 3.34 3.43 4.82 5.17 7.22 6,0-85
t° [°C] 19.5 17.6 nd 29.1 21.1 23.4 27.9 26.3 16.2 < 40,0
Fe rom [MY/L] <0.1 <0.1 nd|  25,600.0 3,630.0 16.0 305.0 40.0 <0.1 10.0
Fe™ [ma/L] nd nd nd[ 24,6300 35200 nd nd nd nd 5
Cu [mg/L] <0.05 <0.05 nd 366.0 85.0 9.30 40.0 17.0 0.11 3.0
Al [mg/L] <10 <10 nd 5,900.0 170.0 9.6 63.0 25.0 <10 10.0
Mn [mg/L] <0.05 <0.05 nd 229.0 213.0 18.0 42.0 17.0 1.50 3.0
Cl [mg/L] 58.0 96.0 nd 15.0 24.0 64.0 62.0 73.0 140.0 2,000.0
As [mg/L] <0.03 <0.03 nd 33.0 <0.03 <0.03 <0.03 <0.03 <0.03 1.00
Hg [mg/L] <0.001] <0.001 nd|  <0001] <0001 <0001 <0001] <o0.001] <o0.001 0.01
Zn [mg/L] 0.05 0.18 nd 109.0 43.0 0.56 8.8 4.0 0.63 20.0
Mo [mg/L] <0.01 0.03 nd 0.86 <0.01 <0.01 <0.01 <0.01 <0.01 25
Cd [mg/L] <0.01 <0.01 nd 1.22 0.31 <0.01 0.06 <0.01 <0.01 0.30
SO, [mg/L] 156.0 228.0 nd|  95,000.0] 16,000.0 2,270.0 3,190.0 1,820.0 1,250.0 2,000.0
Cond. [uS/cm] 885.0 950.0 nd|  42,000.0] 10,200.0 3,040.0 4,120.0 2,750.0 2,200.0 -
3-45 April '01
ELEMENT [ M-1 | M-2 | M-3 | M-4 | M-4A [ M-4B | M-5 | M-6 | M-7 [STANDARD
Q[Its/seg] 16.97 - - - - - 103.00 66.24 75.92 -
pH 7.67 7.99 7.80 3.91 411 3.53 4.99 5.41 7.03 6,0-85
t° [°C] 14.4 77 10.1 22.9 14.8 11.6 17.1 18.2 11.1 < 40,0
Fe rom [MY/L] <0.1 <0.1 <0.1] 25,000.0 6,300.0 18.0 274.0 24.0 <0.1 10.0
Fe™ [ma/L] nd nd nd[ 242800 5,380.0 nd nd nd nd 5
Cu [mg/L] <0.05 <0.05 <0.05 442.0 203.0 7.7 35.0 11.0 0.16 3.0
Al [mg/L] <10 <10 <1.0]  3,000.0 345.0 6.0 50.0 15.0 <10 10.0
Mn [mg/L] <0.05 <0.05 <0.05 633.0 291.0 12.0 26.0 8.1 1.70 3.0
Cl [mg/L] 61.0 105.0 <10.0 18.0 26.0 70.0 60.0 67.0 150.0 2,000.0
As [mg/L] <0.03 <0.03 <0.03 40.0 <0.03 <0.03 <0.03 <0.03 <0.03 1.00
Hg [mg/L] <0.001] <o0001] <0001 <0001 <0001 <o0.001] <0.001] <0001 <0.001 0.01
Zn [mg/L] <0.05 0.26 0.09 194.0 58.0 0.61 7.9 29 0.45 20.0
Mo [mg/L] <0.01 <0.01 <0.01 0.78 0.27 <0.01 <0.01 <0.01 <0.01 25
Cd [mg/L] <0.01 <0.01 <0.01 1.39 0.33 <0.01 0.06 0.03 <0.01 0.30
SO, [mg/L] 139.0 176.0 94.0]  89,000.0]  22,000.0 1,908.0 3,348.0 1,353.0 1,012.0 2,000.0
Cond. [uS/cm] 764.0 1,129.0 417.0]  56,500.0] 14,450.0 3,760.0 5,170.0 3,050.0 2,760.0 -
3-46 May '01
ELEMENT [ M-1 | M-2 | M-3 | M-4 | M-4A [ M-4B | M-5 | M-6 | M-7 [STANDARD
Q[Its/seg] 22.89 - - - - - 106.36 116.50 112.93 -
pH 7.65 7.61 7.00 3.85 3.20 3.41 4.80 5.51 713 6,0-85
t° [°C] 18.0 15.0 14.0 21.0 19.0 18.0 21.0 20.0 16.0 < 40,0
Fe rom [MY/L] <0.1 <0.1 <0.1] 14,390.0 3,500.0 12.0 770.0 19.0 0.2 10.0
Fe i [ma/L] nd nd nd 13,600.0 2,340.0 nd 560.0 nd nd -
Cu [mg/L] <0.05 <0.05 <0.05 242.0 80.0 34.0 29.0 11.0 0.17 3.0
Al [mg/L] <10 <10 <1.0]  3,000.0 156.0 81.0 219.0 91.0 <10 10.0
Mn [mg/L] <0.05 <0.05 <0.05 404.0 179.0 18.0 25.0 8.5 1.3 3.0
Cl [mg/L] 48.0 92.0 <10.0 <10.0 39.0 43.0 61.0 71.0 143.0 2,000.0
As [mg/L] < 0.005 < 0.005 < 0.005 1.70 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 1.00
Hg [mg/L] <0.001] <o0001] <0001 <0001 <0001 <0001 <0.001] <0001 <0.001 0.01
Zn [mg/L] <0.05 <0.05 <0.05 148.0 41.0 17 8.7 2.2 0.81 20.0
Mo [mg/L] <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 25
Cd [mg/L] <0.01 <0.01 <0.01 1.94 0.12 0.03 0.06 0.03 <0.01 0.30
SO, [mg/L] 135.0 150.0 89.0]  45,000.0]  13,000.0 2,375.0 2,775.0 975.0 838.0 2,000.0
Cond. [uS/cm] 907.0 1,101.0 453.0] 38,700.0] 10,970.0 4,140.0 4,840.0 2,790.0 2,500.0 -

nd : not determined.

M-1: The Ingenio river (the upper stream of the plant).

M-2: Spring water for drinking.

-3: Industrial water (Talhuen water).

-4: Waste water from precipitation process.

-4A: Infiltrate drainage at downstream of evaporation pond.
B: Infiltrate drainage at upstream of evaporation pond.
The Ingenio river (500 m down stream of the plant).
The Ingenio river (2 Km down stream of the plant).

-7: The Ingenio river (5 Km down stream of the plant).
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3-47 June'01
ELEMENT [ M-1 | M-2 | M-3 | M-4 | M-4A [ M-4B | M-5 | M-6 | M-7 [STANDARD
Q[Its/seg] 37.84 - - - - - 94.96 143.41 120.14 -
pH 7.50 7.58 7.93 2.63 3.71 2.89 5.37 5.29 6.96 6,0-85
t° [°C] 15.1 13.8 14.4 24.4 20.9 13.9 175 19.2 11.5 < 40,0
Fe rom [Mg/L] 0.1 <0.1 0.2]  15,000.0 4200.0 14.0 33.0 0.6 0.2 10.0
Fe™ [ma/L] nd nd nd[  13,680.0]  3,200.0 nd nd nd nd 5
Cu [mg/L] <0.05 <0.05 <0.05 317.0 191.0 8.9 15.0 6.9 0.06 3.0
Al [mg/L] <10 <10 <1.0]  3,000.0 406.0 3.0 23.0 10.0 <10 10.0
Mn [mg/L] <0.05 <0.05 <0.05 710.0 276.0 17.0 17.0 9.7 3.3 3.0
Cl [mg/L] 41.0 85.00 <10,0 17.0 132.0 43.0 61.0 63.0 118.0 10.0
As [mg/L] < 0.005 < 0.005 < 0.005 5.20 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 3.0
Hg [mg/L] <0.001] <o0001] <0001 <0001 <0001 <0001 <0.001] <0001 <0.001 2,000.0
Zn [mg/L] <0.05 0.10 <0.05 243.0 55.0 1.0 3.6 25 0.36 1.00
Mo [mg/L] <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.01
Cd [mg/L] <0.01 <0.01 <0.01 1.85 0.31 0.02 0.04 0.03 <0.01 0.30
SO, [mg/L] 117.0 141.0 88.0] 56,000.0] 18,000.0 1,950.0 1,400.0 863.0 725.0 2,000.0
Cond. [uS/cm] 960.0 1,318.0 465.0] 57,400.0] 13,700.0 3,140.0 2,340.0 1,871.0 2,020.0 -
3-48 July '01
ELEMENT | M-1 | M-2 | M-3 | M-4 | M-4A | M-48 | M-5 M -6 M -7 |STANDARD
Q[Its/seg] 83.80 - - - - - 140.62 178.96 182.49 -
pH 7.82 7.34 7.87 3.50 2.90 3.47 5.43 5.89 7.15 6,0-85
t° [°C] 16.7 14.9 15.9 20.4 17.9 16.8 175 19.0 14.2 < 40,0
Fe rom [MY/L] <0.1 <0.1 <0.1] 23470.0 5,310.0 130.0 240.0 107.0 <0.1 10.0
Fe™ [ma/L] nd nd nd[  15340.0] 2,560.0 nd 230.0 nd nd 5
Cu [mg/L] <0.05 <0.05 <0.05 184.0 58.0 290.0 18.0 8.0 <0.05 3.0
Al [mg/L] <10 <10 <10[ 34480 135.0 184.0 47.0 28.0 1.0 10.0
Mn [mg/L] <0.05 <0.05 <0.05 358.0 182.0 102.0 24.0 10.0 3.2 3.0
Cl [mg/L] 52.0 88.0 <10,0 <10,0 34.0 25.0 58.0 62.0 127.0 2,000.0
As [mg/L] < 0.005 < 0.005 < 0.005 1.40 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 1.00
Hg [mg/L] <0.001] <o0001] <0001 <0001 <0001 <o0.001] <0.001] <0001 <0.001 0.01
Zn [mg/L] <0.05 <0.05 <0.05 165.0 39.0 20.0 5.0 16 0.16 20.0
Mo [mg/L] <0.01 0.01 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 25
Cd [mg/L] <0.01 <0.01 <0.01 1.62 0.89 0.08 0.03 0.02 <0.01 0.30
SO, [mg/L] 146.0 169.0 68.0] 50,000.0 9,400.0 4,275.0 1,250.0 675.0 662.0 2,000.0
Cond. [uS/cm] 944.0 1,346.0 465.0]  44,200.0 8,950.0 5,180.0 2,330.0 1,607.0 1,981.0 -
3-49 August '01
ELEMENT | M-1 | M-2 M-3 M -4 M-4A | M-4B M-5 M -6 M -7 |STANDARD
Q[Its/seg] 61.63 - - - - - 128.81 165.52 137.71 -
pH 7.64 7.49 7.36 3.10 3.95 3.53 5.18 5.45 6.80 6,0-85
t° [°C] 15.5 14.9 14.0 18.0 16.6 15.5 16.2 16.6 13.6 < 40,0
Fe rom [MY/L] <0.1 <0.1 <0.1 9,800.0 3,800.0 25.0 78.0 0.30 0.30 10.0
Fe*2 [ma/L] nd nd nd nd nd nd -
Cu [mg/L] <0.05 <0.05 <0.05 99.0 190.0 401.00 17.0 5.80 <0.05 3.0
Al [mg/L] <10 <10 <10 1,000.0 392.0 250.0 26.0 7.0 <10 10.0
Mn [mg/L] <0.05 <0.05 <0.05 171.0 258.0 144.0 22.0 6.8 <0.05 3.0
Cl [mg/L] 44.0 91.0 <10,0 <10,0 18.0 16.0 55.0 85.0 134.0 2,000.0
As [mg/L] < 0.005 < 0.005 < 0.005 0.02 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 1.00
Hg [mg/L] <0.001] <o0001] <0001 <0001 <0001 <0001 <0.001] <0001 <0.001 0.01
Zn [mg/L] 0.11 0.12 0.09 72.0 59.0 26.0 55 22 0.23 20.0
Mo [mg/L] <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 25
Cd [mg/L] <0.01 <0.01 <0.01 0.96 0.22 0.14 <0.01 <0.01 <0.01 0.30
SO, [mg/L] 116.0 156.0 86.0]  45,000.0] 21,000.0 7,050.0 1975.0 875.0 712.0 2,000.0
Cond. [uS/cm] 1,084.0 1,468.0 544.0]  37,900.0] 23,200.0] 11,400.0 4,540.0 2,290.0 2,730.0 -

nd : not determined.

M-1: The Ingenio river (the upper stream of the plant).
M-2: Spring water for drinking.

-3: Industrial water (Talhuen water).

-4: Waste water from precipitation process.

B: Infiltrate drainage at upstream of evaporation pond.
The Ingenio river (500 m down stream of the plant).
The Ingenio river (2 Km down stream of the plant).
-7: The Ingenio river (5 Km down stream of the plant).
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-4A: Infiltrate drainage at downstream of evaporation pond.

STANDARD : The reguration for discharge of effluent to subjects which have capacity of natural purification.
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3-50 September '01
ELEMENT | M-1 [ M-2 | M-3 | M-4 | M-4A | M-4B | M-5 | M-6 | M-7 [STANDARD
Q [Its/seq] 25.29 - - - - - 73.32 80.83 77.10 -
pH 7.98 7.68 7.52 2.97 2.91 3.49 4.99 5.53 7.20 6,0-85
t°[°C] 19.1 19.8 17.7 25.3 26.3 24.7 20.7 24.6 15.6 < 40,0
Fe 1o [Mo/L] <0.1 <0.1 <0.1 15,400.0 2,090.0 7.3 106.0 <0.1 <0.1 10.0
Fe*2 [ma/L] nd nd nd[  14,430.0] _ 1,000.0 nd nd nd nd -
Cu [mg/L] <0.05 <0.05 <0.05 267.0 69.0 1200.0 22.0 5.8 0.05 3.0
Al [mg/L] <1.0 <1.0 <1.0 2,000.0 142.0 652.0 37.0 4.0 <10 10.0
Mn [mg/L] <0.05 <0.05 <0.05 116.0 59.0 75.0 12.0 7.6 0.07 3.0
Cl [mg/L] 53.0 116.00 12.0 <10.0 20.0 <10.0 67.0 83.0 159.0 2,000.0
As [mg/L] < 0.005 < 0.005 < 0.005 0.54 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 1.00
Hg [mg/L] <0001 <0001 <0.001] <0001 <0001] <0.001] <o0.001] <0001 <0.001 0.01
Zn [mg/L] <0.05 <0.05 0.08 201.0 37.0 68.0 5.2 1.80 1.30 20.0
Mo [mg/L] <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.12 <0.01 <0.01 25
Cd [mg/L] <0.01 <0.01 <0.01 1.38 0.19 0.41 <0.01 <0.01 <0.01 0.30
SO, [mg/L] 127.0 171.0 89.0] 139,000.0]  15,000.0 4,100.0 2,275.0 788.0 838.0 2,000.0
Cond. [uS/cm] 839.0 1,114.0 424.0[  49,400.0]  10,660.0 5,400.0 2,800.0 1,442.0 1,790.0 -
351 October '01
ELEMENT | M-1 [ M-2 | M-3 | M-4 | M-4A | M-4B | M-5 | M-6 | M-7 [STANDARD
Q [Its/seq] 14.47 - - - - - 74.59 93.02 77.79 -
pH 7.19 7.41 7.60 2.56 371 2.82 4.41 4.71 6.64 6,0-85
t°[°C] 185 16.5 15.4 25.4 224 23.1 20.8 23.3 17.1 < 40,0
Fe rom [MY/L] <0.1 <0.1 <0.1] 17,1100 5,740.0 138.0 222.0 33.0 <0.1 10.0
Fe*2 [ma/L] nd nd nd[  16,090.0] _ 4,630.0 nd nd nd nd -
Cu [mg/L] <0.05 <0.05 <0.05 295.0 349.0 350.0 31.0 15.0 0.05 3.0
Al [mg/L] <1.0 <1.0 <1.0 3,000.0 786.0 151.0 70.0 35.0 <10 10.0
Mn [mg/L] <0.05 <0.05 <0.05 638.0 420.0 161.0 8.9 4.9 1.20 3.0
Cl [mg/L] 61.0 110.0 11.0 <10.0 12.0 26.0 65.0 73.0 150.0 10.0
As [mg/L] 0.008 0.010] <0.005 0.008 0.025]  <0.005] <0.05] <0.005] <0.005 3.0
Hg [mg/L] <0001 <0001 <0001 <0001 <0001] <0.001] <o0.001] <0001 <0.001 2,000.0
Zn [mg/L] 0.31 <0.05 0.35 229.00 231.00 94.00 8.90 4.90 0.48 1.00
Mo [mg/L] <0.01 <0.01 <0.01 <0.01 <0.01 0.21 <0.01 <0.01 <0.01 0.01
Cd [mg/L] <0.01 <0.01 <0.01 214 0.39 0.10 <0.01 <0.01 <0.01 0.30
SO, [mg/L] 129.0 176.0 96.0] 56,000.0] 22,000.0 7,600.0 2,988.0 1,600.0 900.0 2,000.0
Cond. [uS/cm] 1,094.0 1,323.0 511.0]  49,900.0] 26,600.0 10,500.0 5,650.0 3,890.0 2,710.0 -
3-52 November '01
ELEMENT | M-1 [ M-2 | M-3 M-4 | M-4A | M-4B | M-5 | M-6 | M-7 [STANDARD
Q [Its/seq] 12.46 - - - - - 74.17 69.65 67.76 -
pH 7.24 7.48 7.89 3.07 2.67 3.41 4.14) 4.47 6.58 6,0-85
t°[°C] 25.3 33.1 20.1 25.1 27.1 29.7 25.6 28.0 25.0 < 40,0
Fe rom [MY/L] <0.1 <0.1 03] 12,150.0 5,810.0 450.0 458.0 31.0 0.1 10.0
Fe i [ma/L] nd nd nd 11,770.0 4,580.0 110.0 nd nd nd -
Cu [mg/L] <0.05 <0.05 <0.05 200.0 253.0 156.0 50.0 15.0 0.12 3.0
Al [mg/L] <1.0 <1.0 <1.0 1,000.0 52.0 66.0 78.0 27.0 <10 10.0
Mn [mg/L] <0.05 <0.05 <0.05 482.0 310.0 81.0 62.0 16.0 1.60 3.0
Cl [mg/L] 60.0 109.0 <10.0 <10.0 <10.0 33.0 49.0 67.0 164.0 2,000.0
As [mg/L] <0.005] <0.005] <0.005 0.049] <0005] <0005/ <0005/ <0.005] <0.005 1.00
Hg [mg/L] <0001  <o0.001] <0001 <0001 <o0001] <0.001] <o0.001] <0001 <0.001 0.01
Zn [mg/L] 0.08 <0.05 0.08 241.0 88.0 7.3 12.0 4.0 0.55 20.0
Mo [mg/L] <0.01 <0.01 <0.01 <0.01 0.03 <0.01 <0.01 <0.01 <0.01 25
Cd [mg/L] <0.01 <0.01 <0.01 1.84 0.37 0.10 0.06 0.01 <0.01 0.30
SO, [mg/L] 101.0 137.0 92.0]  36,000.0] 19,000.0 6,000.0 3,740.0 1,488.0 800.0 2,000.0
Cond. [uS/cm] 1,260.0 1,482.0 627.0]  47,800.0] 32,400.0] 11,200.0 8,670.0]  4,820.0 3,490.0 -

nd : not determined.

M-1: The Ingenio river (the upper stream of the plant).

M-2: Spring water for drinking.

M-3: Industrial water (Talhuen water).

M-4: Waste water from precipitation process.

M-4A: Infiltrate drainage at downstream of evaporation pond.
M-4B: Infiltrate drainage at upstream of evaporation pond.
M-5: The Ingenio river (500 m down stream of the plant).
M-6: The Ingenio river (2 Km down stream of the plant).
M-7: The Ingenio river (5 Km down stream of the plant).

STANDARD : The reguration for discharge of effluent to subjects which have capacity of natural purification.
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3-53 December '01
ELEMENT [ M-1 | M-2 | M-3 | M-4 | M-4A [ M-4B | M-5 | M-6 | M-7 [STANDARD
Q[Its/seg] 11.71 - - - - - 74.19 82.93 65.43 -
pH 7.03 7.18 6.75 3.35 3.21 2.48 4.19 4.87 6.37 6,0-85
t° [°C] 18.7 19.2 16.1 24.2 23.2 22.5 22.5 23.2 20.3 < 40,0
Fe rom [Mg/L] <0.1 <0.1 <0.1] 10,700.0 5,140.0 360.0 821.0 27.0 0.1 10.0
Fe i [ma/L] nd nd nd 10,490.0 4,610.0 60.0 nd nd nd -
Cu [mg/L] <0.05 <0.05 <0.05 154.0 233.0 71.0 57.0 12.0 0.35 3.0
Al [mg/L] <10 <10 <10 2,000.0 560.0 46.0 98.0 23.0 <10 10.0
Mn [mg/L] <0.05 <0.05 <0.05 568.0 371.0 83.0 70.0 20.0 5.40 3.0
Cl [mg/L] 68.0 97.00 15.0 <10.0 <10.0 40.0 41.0 57.0 172.0 2,000.0
As [mg/L] < 0.005 < 0.005 < 0.005 24 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 1.00
Hg [mg/L] <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.01
Zn [mg/L] 0.30 0.40 0.32 195.0 68.0 6.4 13.0 3.60 1.10 20.0
Mo [mg/L] <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.12 <0.01 <0.01 25
Cd [mg/L] <0.01 <0.01 <0.01 2.18 0.25 0.02 <0.01 <0.01 <0.01 0.30
SO, [mg/L] 100.0 119.0 82.0]  36,000.0] 20,000.0 5,600.0 3,700.0 1,225.0 925.0 2,000.0
Cond. [uS/cm] 1,161.0 1,282.0 535.0] 36,800.0] 25,200.0] 10,400.0 6,480.0 3,400.0 2,940.0 -
3-54 January '02
ELEMENT | M-1 | M-2 | M-3 | M-4 | M-4A [ M-4B | M-5 | M-6 | M-7 [STANDARD
Q[Its/seg] 10.4 - - - - - 83.39 54.13 44.56 -
pH 7.21 7.47 7.09 2.96 3.27 2.20 3.22 4.26 6.57 6,0-85
t° [°C] 19.2 18.2 16.6 25.1 21.3 21.00 22.2 21.3 19.0 < 40,0
Fe rom [Mg/L] <0.1 0.20 0.20]  15,000.0]  5,600.0 188.00 677.0 136.0 0.1 10.0
Fe*2 [ma/L] nd nd nd nd nd nd nd nd nd -
Cu [mg/L] <0.05 <0.05 0.06 73.0 230.0 35.0 46.0 19.0 0.38 3.0
Al [mg/L] <10 <10 <10 3,000.0 26.0 24.0 82.0 24.0 <10 10.0
Mn [mg/L] <0.05 <0.05 <0.05 544.0 333.0 72.0 80.0 37.0 6.00 3.0
Cl [mg/L] 65.0 115.0 18.0 <10.0 37.0 64.0 72.0 82.0 200.0 10.0
As [mg/L] < 0.005 < 0.005 < 0.005 0.044 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 3.0
Hg [mg/L] <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 2,000.0
Zn [mg/L] 0.07 0.20 0.30 207.0 90.0 4.40 12.00 7.20 0.98 1.00
Mo [mg/L] <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.01
Cd [mg/L] <0.01 <0.01 <0.01 1.50 0.32 0.02 0.05 <0.01 <0.01 0.30
SO, [mg/L] 142.0 183.0 105.0] 43,000.0]  20,000.0 5,100.0 4,100.0 2,050.0 1,000.0 2,000.0
Cond. [uS/cm] 8.63 12.2 9.29 29.4 12.1 26.8 6.77 17.0 13.6 -
3-55 February '02
ELEMENT | M-1 | M-2 M-3 M-4 | M-4A [ M-8 | M-5 | M-6 | M-7 |STANDARD
Q[Its/seg] 34.68 - - - - - 133,57 117.69 76.60 -
pH 712 7.21 7.01 2.96 3.51 5.03 3.53 4.89 6.22 6,0-85
t° [°C] 18.9 18.9 175 25.2 19.3 20.1 19.9 19.8 18.0 < 40,0
Fe rom [Mg/L] 0.2 0.2 0.1] 18,000.0 866.0 982.0 956.0 36.0 <0.1 10.0
Fe*2 [ma/L] nd nd nd nd nd nd nd nd nd -
Cu [mg/L] <0.05 <0.05 <0.05 212.0 198.0 0.84 68.0 10.0 0.67 3.0
Al [mg/L] <10 <10 <10 4,000.0 425.0 7.0 104.0 12.0 <10 10.0
Mn [mg/L] <0.05 <0.05 <0.05 516.0 294.0 79.0 99.0 20.0 74 3.0
Cl [mg/L] - - - - - - - - - 2,000.0
As [mg/L] - - - - - - - - - 1.00
Hg [mg/L] - - - - - - - - - 0.01
Zn [mg/L] - - - - - - - - - 20.0
Mo [mg/L] - - - - - - - - - 25
Cd [mg/L] - - - - - - - - - 0.30
SO, [mg/L] 133.0 174.0 82.0  29,000.0] 18,000.0 6,300.0 4,800.0 1,359.0 912.0 2,000.0
Cond. [uS/cm] - - - - - - - - - -

nd : not determined.

M-1: The Ingenio river (the upper stream of the plant).
M-2: Spring water for drinking.

-3: Industrial water (Talhuen water).

-4: Waste water from precipitation process.

B: Infiltrate drainage at upstream of evaporation pond.
The Ingenio river (500 m down stream of the plant).
The Ingenio river (2 Km down stream of the plant).
-7: The Ingenio river (5 Km down stream of the plant).

-4
-5
-6

M
M
M
M
M
M
M

-4A: Infiltrate drainage at downstream of evaporation pond.

STANDARD : The reguration for discharge of effluent to subjects which have capacity of natural purification.

3-84







41

1 1
2 Ovadlle Andacollo
411
1
D
1)
Ovadlle
2)
1999 11 5 Ovadlle
® pH 3 4
pH 3
© pH 3 4
41 9K 2 ® ©
4-2 2

hiobacillus ferrooxidans
3)



3)

4-1 9K

FeSO, 7H,O 44.229
(NH4)2S04 3.0g
KoHPO, 059
KCl 0.1g
Ca(NO;), 4H0 0.01g
Distilled Water 1000mL
pH adjusted at 2.0 2.5 with H,SO,
4-2
Colloidal SilicaNo.30 900mL
(Nissan Kagaku Co.,Ltd.)
(NH4)2S04 2.1g
KCI 0.35g
Ca(NO3), 4H0 0.007g
Distilled Water 70mL
pH adjusted at 5.7 with H,SO,
Saturated FeSO, Soln. 30mL
8 Ovadlle
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119 11/245 ) | 1124 112955 ) 11729 12/3(4 )
Ovdle
pH 35 Fe* 27g/L | pH 35 Fe** 45g/L | pH 33 Fe* 26g/L
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1)
Ovadle
2)
3)
Ovalle
a)
1999 11 5 Ovalle El Salado
4-7
2
Ovadlle
4-8
4-7 Ovadle 1999 11 5
H Fe? T-Fe Cu Mn Zn Sn Al cd
P (L) | (@L) | (@L) | (L) | (@L) | (mglL) | (dL) | (mg/L)
3.7 2340 | 2353 | 007 | 0974 | 0.24 N.D. 9.7 0.18
2430 | 0.07 1110 | 0.22 N.D. 4.4 0.70
Pb As Ca Mg Cr F el cr
(mg/L) | (mg/L) | (mg/L) | (9/L) | (mg/L) | (mglL) | (g/L) | (g/L)
N.D. 135 3.7 25.2 N.D. 75.8 022 | 1.1064
2.8 38.0 9.4 4.2 16.1 77.0
4-8 Ovadlle 2
oH Fe** T-Fe Cu Mn Zn S Al Cd
QL) | (L) | @L) | (L) | (@L) | (mg/lL) | (d/L) | (mg/L)
33 2593 | 2695 | 0.30 0.2
Pb As Ca Mg Cr F S02 cr
(mg/L) | (mg/L) | (mg/L) | (9/L) | (mg/L) | (mglL) | (g/L) | (glL)
N.D. 114 45 N.D. | 7495 | 037




b)

NaOH 10
H>0,
49
pH 3.7 4.0 5.8 6.0 6.5 7.0 7.5
( ) 0 0.2 0.42 045 | 0525 | 0.675 | 0.83
pH 8.0 8.3 8.5 9.0 10.0 10.5 11.0
( ) | 1.025 | 1.07 1.1 1.14 1.28 14 1.45
4-10
pH 1.9 20 2.5 3.0 3.3 35 4.0 45
) 0 0.05 0.38 | 0531 | 0.61 0.67 0.81 0.87
pH 50 6.0 7.0 8.0 9.0 10.0 10.5 11.0
) 091 | 0975|1055 | 117 | 1.365| 1.41 | 1.445 15
bi H>0O,
k— pH 3 4
pH 8 10




4-11
Cu
PH pH=3
32.90/L
120
100g/L 100v/v%
60
b)
)
pH=3
4-12
pH T-Fe Cu Al As Cd Mn Pb zn
(L) | (mglL) | (L) | (mg/L) | (mg/ll) | (g/L) | (mgll) | (g/L)
34 171 61.6 4.05 - 0.28 0.95 - 0.219
- 2.28 62.2 3.04 0.51 0.64 111 0.8 0.221
)
pH=3
NaOH 10
4-13
pH 3.0
pH 31 4.0 6.0 7.0 8.0 9.0 10.0 | 11.0
( ) 0 0.145 |1 0345|0366 | 041 | 061 | 0.71 | 0.74
)
4-14
pH pH=9
35.24g/L
60
82.05¢g/L
60%




Fe

pH 9.0
67.750/L 1.61
4-15
pH 8.0 9.0 10.0
37.925g/LL 42.18g/L 47.36g/L
54.9g/L (1.45 67.75g/L (1.61 76.7g/L(1.62 )
60 60 60
pH 8.0 9.3 10.1
T-Fe 1.15g/L N.D. N.D.
Mn 160mg/L 4.6mg/L N.D.
Zn
Cd
Pb
Al N.D. N.D. N.D.
100v/v% 100v/v% 100v/v%
4-16
4-16
32.9kg/m? 35.24kg/m® US$2.27/m?
67.75kg/m® US$6.33/m’
ENAMI
US$0.0589/kg
US$0.0935/kg
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1)
2)

3

9873 9602 NALCO A-95 Mitsui CYTEC
1g/L Img/L 3mg/L
5mg/L A-95
A-95
A-95 CYTEC A-100
A-95 9873 9602
b)
A-95 Mitsui CYTEC 9873 NALCO BetzDearbornF-18
4-17
1m/h SS(mg/L)
Img/L 2mg/L 3mg/L 5mg/L 10mg/L
A-95 2.7 20 17
9873
F-18 6.1 4.7 2.3
1 987311 ”A_95”
"F-18"
"A-95" BetzDearbornF-18

Silverman, M. P. and Lundgren, D. G. : J. Bacteriol., vol.77, p.642-647, (1959)
Kawarasaki, T. and Yamaguchi, M. : Report of the Fermentation Research Institute, vol.72,

N0.9, p.55-59, (1989)
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0.55¢/L/h
Ovadle Andacollo
2
1)
3
Ovalle
Ovalle 9K
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9K
Ovalle Andacollo
El Salado
9K
2)
3.6L 6.4L
3
10
0.9 3.24L
3)
Ovalle
4-19

4-12
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3.6Lx
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pH Fe** T-Fe Cu Mn Zn Al Mg so,”
3 25g/L 25g/L 70mg/L 1.0g/L | 200mg/L | 4.0g/L 4.0g/L 80g/L
4-19
0.9mL/min 1.35mL/min 1.8mL/min
60h 40h 30h
0.45m*/m?( )/min
(NH4)3PO4 3H,0 5mg/L
©)
Fe*' = 4-4 45
264h 60h 288h 600h 40h 624h 864h
30h 45 30h
Fe?*
30h
Fe?* 4-4 Ovalle 0.45g/L/h Andacollo Ovale Andacollo
0.65g/L/h Ovalle Andacollo
Andacollo
El Salado
Ovalle
0.55 g/L/h Fe?*
0.55/0.45 1.22 Andacollo
0.65x 1.22 0.8 g/L/h -
lg/L/h
Andacollo
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1)

4-20
4-20
H Fe? T-Fe Cu Mn Zn Al
g (9/L) (9/L) (9/L) (9/L) (9/L) (9/L)
3.7 30 30 0.26 0.97 0.24 9.7
2)
100m%/day
3)
1.0g/L/h
Fe?* 0.55-0.65¢/L/h
Fe?* 1g/L/h
4)
100g/
4-20 101g/L
5 pH
82.05g/L
()
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4-21

(kw)
pH
T2 57.3m’
FRP
3750 x5900H
0.75
T4 3300 x2500H
FRP
( 30
B1 14.85m*/minx7000mmAgq 0.2
FC
15
P2 50L/minx20mH
FC+R/L
22
P3 1200L/minx40mH
FC+R/L
0.2
P4 450mL/min
PVC,PTFE
0.2
P5 850mL/min
PVC,PTFE
( ) pH
T11 9.5m°
FRP
1650¢ x5150H
(  33m 15
F1 825kg/h 0.75
SS
( 0.4
T12 0.82m’
FRP
900 x1600H
15
P7 50L/minx20mH
FC+R/L
37
B2 1.0m¥minx6000mmAq

FC
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(kw)
( 15
T13 17.3m*
FRP
2800¢ x3400H
22
P8 1200L/minx40mH
FC+R/L
55
FPL 203
PP, FC+R/L
SUS316
T14 8m®
PE
2.2
P10 100L/minx20mH
SUS316,SCS14
( 22| pH
T16 2.6m°
FRP
1500¢ *x2000H
(  33m 0.4
F2 176kg/h 0.75
SS
(
T17 0.82m’
FRP
900¢ x1600H
1.5
P12 50L/minx20mH
FC+R/L
11
P13 300L/minx40mH
FC+R/L
T18 6m°
PE
2.2
P14 75L/minx40mH
SUS316,SCS14
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4.3

431

432

4-22

FIS

M/P

100m*/day

1/4
100m°*/day

25m/day

0-10mg/L

5-10mg/L

pH

pH3-4

pH

pH8-10

4-20




433

(1)
4-23
oH Fe®* | T-Fe | Cu Mn Zn Al Cd Pb As Mg
QL) | (@L) | (mglt) | (mglL) | (mglL) | (mglL) | (mg/L) | (mg/L) | (mg/L) | (mg/L)
9/6 35 12.31 | 24.00 81 305 162 1996 - - - 3080
9/12 3.7 11.75 | 16.15 56 251 106 2240 0.83 0.80 - 2696
9/18 - - 15.06 102 837 269 3246 2.71 1.30 30.0 3790
9/20 33 20.42 | 28.80 253 704 298 3174 2.90 0.96 - 3807
9/25 - - 14.40 146 408 191 2861 1.45 1.00 16.0 3750
9/26 2.9 12.87 - 111 377 185 2557 1.69 N.D. - -
10/3 - - 13.50 85 291 122 2160 0.78 1.00 9.0 2590
10/4 - 10.62 | 16.95 28 321 122 1580 1.40 0.22 9.7 -
- - 13.00 38 270 116 1588 0.78 0.88 7.0 2620
10/10 3.6 21.82 | 21.90 152 699 269 3310 1.66 0.90 27.3 -
10/16 3.0 19.58 | 35.30 81 517 175 4949 1.19 0.43 20.8 -
10/24 35 17.70 | 19.40 77 556 484 3580 1.73 0.79 - -
- - - 101 466 208 2770 1.56 0.75 17.1 3190
- - - 253 837 484 4949 2.90 1.30 30.0 3807
- - - 28 251 106 1588 0.78 N.D. 7.0 2590
4-8 Fe" T-Fe Fe™
8-33g/L 30g/L
100m*/day 30
4-23 4-24
4-24 2001/9/6-2002/3/31
H Fe™ T-Fe
P (glL) (gL)
3.8 7.90 8.29
2.6 32.93 40.60
33 17.02 20.66
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—e— Ferrous Concentration —=— Ferric Concentration
4-8 Fe* T-Fe
%)
4-9 Fe?* Fe** A
B 3
100m*day 3 2
3 150m®/day
B Fe** B
4-10 A-C
Fe** Fe** A
Fe** C A B
A B A
1g/L/h Fe? 30g/L
Fe?* 17g/L

30/17 x 100m’*day 176m°/day
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Ferrous Concentration (g/L)
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—e— Feed Solution —=— Tank A —a— Tank B —«— Tank C —x— Oxidized Solution

4-9 Fe**

Ferrous Oxidation Rate (g/L/h)
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Test Days

e Tank A Oxidation Rate a Tank B Oxidation Rate m Tank C Oxidation Rate

4-10 Fe?*
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©)

1)

10mg/L 2.5mg/L
2)
10mg/L 5mg/L
3)
4-25 17g/L
4-25
2001 9 1600m° 28t 17.5g/L
2001 10 2390m* 47t 19.7g/L
2001 11 2740m* 49t 17.9g/L
2001 12 2870m* 42t 14.6g/L
2002 1 2820m* 46t 16.3g/L
2002 2 2470m* 30t 15.8g/L
2002 3 2810m*
- - 16.9g/L
4)
4-26 12g/L
4-26
2001 9 120m° 2500kg 20.8g/L
2001 10 196m° 2000kg 10.2g/L
2001 11 162m° 1500kg 9.3g/L
2001 12 100m® 1000kg 10.0g/L
2002 1 116m° 1500kg 12.9g/L
2002 2 94m® 1000kg 10.6g/L
2002 3 98m’
- - 12.1g/L
5)
4-27 100m*/day
Cost
17kg/m® x  100m*/day = 1700kg/day US$0.0589/kg US$100.13/day
12kg/m® x 10m*/day = 120kg/day US$0.0935/kg US$11.22/day
2.5g/m® x 100m°day = 250g/day US$4.61/kg US$1.15/day
5g/m® x (100 25)m’/day = 625g/day US$4.248/kg US$2.66/day
Total (Feed Solution 100m’/day) US$115.16/day
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@)
m>/day t-wet/day

100m*/day 411 412
8.5m°/day 12.5t-wet/day
T-Fe
11.7g/L 4-14 T-Fe=11.7g/L 60.5g-dry/L
100m*/day 6.05t-dry/day
413 47.5%

6.05+ 1-0475 11.5t-wet/day

100m*/day
12.5t-wet/day 11.5t-wet/day
1.0t-wet/day

200

180

16.0

140

12.0

10.0

Sediment Products (m'/day)

20

0.0
0 10 20 30 40 50 60 70 80 0 100 110 120

Feed Solution (m’/day)

4-11 m>/day
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X
20
0
0 5 10 15 20
Total Fe Concentration in the Oxidized Solution (g/L)
4-14
©)
4-28
Fe (%) 40.3 16.8 0.25 15.7
Cu (mg/kg) 62.7 271 1320 319
Mn (mg/kg) 143 560 10700 370
Zn (mg/kg) 425 146 2140 106
Al (mg/kg) 1060 13900 34100 10600
As (mg/kg) 386 50.5 16.8 43.7
Ca (%) 2.36 15.9 21.2 19.0
SO, (%) 22.9 44.0 44.0 47.1
Ca 2% Al 0.1%
Fe As 0.04%
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(6)

1)
4-15
Cu
Cu
Cu
4-29
No.
1 300/L
5 30g/L
3 45g/L
4 45¢g/L

S

Leaching Ratio of Soluble Cu (%)
cBB888538383388

0 5 10 15 20 25 0 35
Test Days
—e— 2nd Ore+H2504=30g/L —=— 2nd Ore+Treated Solution+H2504=30g/L
—a— Ore+H2504=45¢/L —— Ore+Treated Solution+H2504=45g/L
4-15
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2)

Leaching Ratio of Soluble Cu (%)

cB6B8858383388

4-16
Cu
Cu
4-30
No.
1 10g/L
) 1.8viv%
10g/L
3 36v/Iv%
10g/L
4 60v/v%
10g/L
5 10g/L
100

2 3 4 5 6 7 8 9
Test Days
—e— H2304=10gL —=— Oxidized Solution=1.8v/v%+H2S04=10g/L

—a— Oxidized Solution=36vAiv%+H2304=10gL —x— Oxidized Solution=60v/v%+H2S04=10g/L
—x— Oxidized Solution=100v/v%+H2S04=10g/L

10

4-16
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5%

3)

4-31
100m*/day
176m°/day
14
2.5mg/L
5mg/L
pH 354
PH 17g/L
pH=8-9
pH 12g/L
100m*/day US$115/day
Ovdle
Cu
Cu
100m*/day 12.5t-wet/day  8.5m°/day
47.5%
Ovalle
176m*/day
10.7t-dry/day 47.5%
20.4t-wet/day 9.7t/day
pH
Zn  Mn
Cu
Fe
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pH 4.0 Fe

4.4

)

US$13,000-15,000/month

4-17
220m*/day
50m°/day
170m*/day
Fe?* 57.3g/L
Fe?* 0.9g/L
F e2+
%)
ENAMI
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Ferrous and Total Iron Concentration (g/L)
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4-4

pH | Fe® | T-Fe| Cu Mn Zn Al cd Pb As Mg
g/L gL | mg/L | mg/L | mg/L | mg/L | mg/L | mg/L | mg/L | mg/L
349 | 1231 24 81 305 162 | 1966 3080
‘01
9/6
367 | 11.75| 16.15 | 56 251 106 | 2240 | 0.83 | 0.80 2696
2.66 55 | 1075 | 124 302 127 | 2734 | 1.08 | 0.40 2927
'01 278 | 51 102 | 117 | 301 125 | 2697 | 1.06 | 0.17 2909
9/12
3.29 |20418( 288 | 253 | 704 | 298 | 3174 | 2.90 | 0.96 3807
245 | 0084 | 1946 | 135 656 273 | 2975 | 3.00 | 0.10 3824
'01 376 | N.D. | 2293 92 750 | 267 | 1831 | 2.70 | 0.02 139800
9/20
2.88 | 12.87 7.9 111 377 185 | 2557 | 1.69 N.D.
221 | 0028 | 85 97 432 202 2824 | 2.04 -
'01 322 | ND. | 04 84 480 186 | 2212 | 2.20 -
9/26
1062 | 1695 | 28 321 122 | 1580 | 1.40 | 0.22 9.7
219 | 0.028 | 1492 | 145 520 337 | 2706 | 1.60 | 0.03 7.7
'01 324 | ND.| 04 122 503 | 250 | 2240 | 1.60 | 0.04 0.3
10/4 8.65 | N.D. | 0.001 | N.D. 23 12 2 0.47 | 0.06 0.02
361 | 21.82| 219 | 152 699 | 269 | 3310 | 1.66 | 0.90 | 27.3
225 | 0028 | 125 68 507 179 | 3198 | 1.68 | 0.01 15.7
‘01 255 (0028 | 4.3 63 463 176 | 2895 | 1.68 | 0.03 | 10.6
10/10
3.02 | 1958 | 353 81 517 175 | 4949 | 1.19 | 043 | 208
2.26 | 0.028 | 15.7 115 541 180 | 4497 | 1.11 | 0.02 12.9
‘01 352 | N.D. | 083 82 572 170 | 2650 | 1.71 | 0.07 0.3
10/16
354 | 177 194 7 556 484 | 3580 | 1.73 | 0.79
227 | 0028 | 175 117 742 471 | 4169 | 3.41 | 0.02
‘01 323 | N.D. | 0398 83 656 | 361 | 2723 | 2.61 | 0.02
10/24 8.17 | N.D. | N.D. | N.D. 38 3.6 79 160 | 0.04
329 | 26.27 | 324 99 1310 | 291 | 5600 | 1.00 17 58 | 5900
191 | 0.001 | 183 161 1050 | 262 5890 | 1.10 12 36 6150
'02 471 | N.D. | 0415| 49 732 121 16 0.80 0.7 N.D. | 5250
311 8.2 N.D. | N.D. | N.D. 185 0.2 N.D. | 0.09 0.6 N.D. | 4050
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pH | F& | T-Fe| cCu Mn zZn Al cd Pb As Mg

g/L gL | mg/L | mg/L | mg/L | mg/L | mg/L | mg/L | mg/L | mg/L

321 83 9.8 71 212 144 | 1834 1 12 79 | 3545

176 | N.D. | 7.49 75 285 157 [ 2110 | 08 | <01 | 4.2 | 4138

'02 373 | N.D. | 015 56 359 127 723 08 | <01 | 0.7 | 4635

3/22 753 | N.D. | N.D. <1 36 <1 4 <0.1 | <0.1 10 1814

344 | 885 | 11.23 | 62 314 157 | 1864 | 0.6 11 4 4547

195 [ ND. | 813 83 348 154 | 2352 | 1.7 4.8 05 | 4551

'02 411 | N.D. | 0.26 49 404 118 | 480 18 0.1 15.2 | 3650
3/28

347 | 249 30 129 | 465 357 | 4678 | 0.8 04 11 7789

209 | 011 | 7.89 54 342 177 | 2732 | 0.7 <0.1 | 0.7 | 4686

'02 39 | 011 | 322 27 420 138 522 0.7 0.1 03 | 3647

4/4 8.05 | N.D. | 0.06 <1 123 <1 <1 <01 | <01 | 03 | 2285

3.07 83 964 | 125 285 132 | 1858 [ 05 | <0.1 9.9 | 3633

197 | ND. | 893 88 335 187 | 2886 | 0.7 <0.1 | 0.7 | 5065

'02 366 | N.D. | 01 53 402 151 943 0.7 <0.1| 04 | 5373
4/11

304 | 1217 | 1238 45 322 190 | 2243 | 0.7 <0.1 6.6 | 5362

198 | N.D. | 866 92 459 257 | 3056 | 1.2 <01 | 08 | 6221

'02 34 | ND. | 0.02 80 443 203 | 2208 | 1.2 0.1 14 | 5679
4/18

262 | 118 | 1272 81 306 188 | 2318 | 1.2 <0.1 | 55 | 4383

24 0.11 9.3 119 | 446 247 | 2711 | 12 <0.1 | 05 | 5815

'02 393 | 011 | 037 94 500 209 | 1176 | 1.2 <0.1 | 0.2 | 6266

425 85 N.D. | N.D. <1 18 <1 <1 <0.1 | <0.1 | <0.1 | 2075
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Photo4-1 Flask Culture

Photo4-2 100L Culture
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Photo4-3 10m® Culture

Photo4-4 Oxidation Tank Culture
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Photo4-5 Making the Bacterial Carrier with Calcium Carbonate

Photo4-6 Demonstration Test — Bacterial Oxidation Tank
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Photo4-7 Demonstration Test - Flocculation Tank
and Bacterial Sludge Recovering Tank

Photo4-8 Demonstration Test — Supply of Calcium Carbonate
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Photo4-10 Demonstration Test - Filter Press Cake Discharge




Photo4-12 Demonstration Test — 1) Feed Solution,
2) Oxidized Solution Tank A, 3) Tank B, 4) Tank C, 5) Bacterial Sludge
Recovering Tank Solution, 6) Neutralized Solution with Calcium
Carbonate, 7) Neutralized Solution with Slaked Lime
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Photo4-13 Demonstration Test — 1) Bacterial Oxidized Sediment,
2) Calcium Carbonate Neutralized Sediment,
3) Slaked Lime Neutralized Sediment

Photo4-14 Demonstration Test — Filter Press Cake
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Photo4-15 Demonstration Test - Storage Area of Filter Press Cake

=l

— - = H s e r r
e =
i e - ] e - . .
T v i T il : i

Photo4-16 Demonstration Test — 1) Effluent from the Model Plant,
2) Leaching Plant, 3) Pregnant Solution from Leaching Plant
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Photo4-17 Leaching Tests Using the Treated Solution
and Oxidized Solution from the Model Plant

Photo4-18 L eaching Tests Using the Treated Solution
and Oxidized Solution from the Model Plant
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5.1

5.1.1
Ovalle
6,000t/month 250m’/day 14,000t/month
600m’/day
5-1 Ovalle
6,000t/month
8,000t/month
8,000t/month 14,000t/month 2
5-1
—— (t/month) —— (¢ /lb)
16,000 160
14,000 140
12,000 120
)
g 10,000 100 2
£ <
~ <
8,000 30 ~
6,000 60
4,000 40
2,000 20
0 0
1994 Jan. 1995 Jan. 1996 Jan. 1997 Jan. 1998 Jan. 1999 Jan. 2000 Jan. 2001 Jan.
5-1




5-1

6,000 t/month 250 m*/day

1 8,000 t/month | 330 m’/day
2 14,000 t/month 600 m*/day
512
Fe** 32.93g/L 7.9¢/L 17.02g/L 4
Fe** 17.02g/L
5-2
5-2 g/L
pH Fe** T-Fe Cu Mn Zn Al
33 17.02 20.66 0.108 0.507 0.208 2.77
513
A 1.0g/L/h
5.1.4
4 100m*/day 8.54m’/day
12.46wet-t/day
47.5%
515
36%
100% Fe'*

12.46x 0.475=5.92m’/day
100m*/day 5.92m*/day



pH

5-2
( )
— 1 |
1 |
— |
1
|
|
” ( )
5-2
5.1.6
5-3
Fe** 17.02g/L
5-3 g/LL
pH Fe** T-Fe Cu Mn Zn Al
3.7 30 30 0.26 0.97 0.24 9.7

31.5t-wet/day

5-3

12.46t-wet/day



100m*/day

100m*/day
(1)
172m’
172/1.1  156.4m°
156.4% 4/5 125m’
Fe®* 17.02g/L 1.0g/L hr
125+ 17.02/1 7.35m’/hr  176m’/day
2
pH
2
60 min
20 min
40 min
120 min
1
60min
10min
40min
1 110min
1 /day 40min/day
1
{(24% 60)-40}/110=12.7 /day
100m’/day 8.54m’/day
40mm 3.677m’/
35mm 3.2m’/

8.54/3.2=2.7 /day



100/2.7% 12 444m’/day

176m*/day
5-4
5-4
(kw)
T 5m’ 176m*/day 40min
PE
84L/minx20mH 176m/day
Pl mm 1.5 123L/minx20mHx 2.2kw
SUS316,SCS14
573 m’
T2
FRP
3750¢ x5900H
0.43 m’
T3 176m*/day 3.5min
FRP
800¢>1300H
Ml SUS316 0.2
3300¢ x2500H 3
T4 P 075 176m’/day
FRP 0.86m/H
( )
3 30
Bl 14.85 m’/minx7000mmAq 02
FC
(
1.8 m’ 176m*/day
T5 44m°/day=31L/min
FRP 58min
1300¢ x1650H
SUS316
M2 1.5

5-5




(kw)
P2 50L/minx20mH 1.5
FC+R/L
DF1 60mm 0.08
PVC
P3 1200L/minx40mH 22
FC+R/L
0.5 m’
T6 1 /day
FRP
860¢ x1150H
M3 SUS316 0.2
0.75 m’
T7
FRP
980¢p x1250H
. 600mL/min
P4 450mL/min 02
PVC,PTFE
0.62 m’
T8 1 /day
FRP
920¢p x1200H
M4 SUS304 0.2
0.93 m®
T9
FRP
1050¢ x1350H
P5 850mL/min 0.2 762mL/min
PVC,PTFE
0.5 m’
T10
FRP
860 x1150H
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(kw)
M5 SS+R/L 0.2
P6 500mL/min 0.2
PVC,PTFE
( )
9.5m’
T11 78min
FRP
1650¢ x5150H
( 4 )
825kg/h
Fl g 1.5
SS 0.75
3.5t/day
(
0.82 m’
T12
FRP
900 x1600H
SUS304
M6 0.4
P7 50L/minx20mH 3.7
FC+R/L
DF2 60mm 0.08
PVC
B2 1.0 m¥/minx6000mmAq 3.7
FC
( 3
3 176m’/day
17.3 m 5 Jda
T13 y
FRP 1
35m’ 2
2800 x3400H
SUS316
M7 15
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(kw)

P8 1200L/minx40mH 22
FC+R/L
203
FP1 5.5
PP, FC+R/L
SUS316
CP1 11.0
1230L/min
RT1 3000L
P9 140L/minx200mH 15.0
SUS304,SCS13
T14 8 m’
PE
1
32m’
1200L/min
P10 100L/minx20mH 29
pH
SUS316,SCS14 1200L/minx45mHx 22kw
T15 3m’
PE
P11 15L/minx27mH 1.5
SUS316,SCS14
T20 3m’
PE

pH

pH
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(kw)

P15 L.1m’ 04| 1
-FRP -SUS304
CP2 04| 1
451 /minx7kg/cm’
5.1.7
5.1.6 176m*/day
5-1
1 8,000t/month ;
154 m’/day
2 14,000t/month ;
424 m’/day

5-9




52

52.1 1 8,000t/month
5.1.7 1
154m’*/day 330m’/day
1
(1)
4
1)
25%
10%
330/24% 17.02x 1.25x 1.1 322m’
172m’
2)
3)
3.3m
1.6m/h
Im/h
4)
9.5m’
5%

330/24% 1.05%x 1.1 15.9m’
6.4m>

5-10

150m’

330m’/day

60min

41min

10%



5)

5.1.6(2) 444m’*/day
6)
19.7g/L  19.7kg/m’
330m’/day
330% 19.7 6501kg/day 6.5t/day
5-5
5-5 1
(kw)
Pl 230L/minx20mH 22 1
SUS316,SCS14
75 m?
T2-N 2
FRP
4290¢ x5900H
2600 x2500H
T4-N 0.75 1
FRP
( )
BI-N 12.95 m*/minx7000mmAq 33 1
FC
( )
1.8m’
T5-N 1
FRP
13009 x1650H
SUS316
M2-N 1.5 1
P3-N 300L/minx40mH 11 1 pH
FC+R/L

5-11




(kw)
6.4 m’
T11-N
FRP
13509 x5150H
B2-N 0.67 m*/minx6000mmAq 3.7
FC
P10 1200L/minx45mH 22
SUS316,SCS14
()
5-3
3)

5-12
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522 2 14,000t/month

(M

5.1.7 2
424m’/day 600m’/day
1
1)
424m’/day
424/24% 17.02x 1.25% 1.1 413m’
2)
max 0.45m>/m’/min
5m 82.6m>
82.6x 0.45 37.2m’/min
3)
1.0m/h
V (424/24/0.7854) 4.8m@
4)
60min
10%
424/24% 1.05% 1.1 20.4m>
5)
444m’*/day 1
6)

19.7¢/L  19.7kg/m’

19.7x 424 8353kg/day
1 8.4m3/day
20%

5%



5-6 2
(kw)
T 10 m®
PE
P1 294L/minx20mH 3.7
SUS316,SCS14
4
T2 413m’
RC+FRP/L
T3 1.0m’
FRP
Ml SUS316 0.4
4800¢p x2500H
T4 1.5
FRP
( )
- 75
B1 37.2m"/minx7000mmAq 0.75
FC
( )
T5 4m’
FRP
SUS316
M2 3.7
P2 100L/minx20mH 15
FC+R/L
DF1 60mm 0.08
PVC
P3 300L/minx40mH 1 pH
FC+R/L
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(kw)

T6 2.1m’
FRP
M3 SUS316 0.75
T7 3.2m’
FRP
P4 2000mL/min 0.2
PVC,PTFE
T8 2.72m’
FRP
M4 SUS304 0.75
T9 4.1m’
FRP
P5 2800mL/min 0.2
PVC,PTFE
( )
Til 20.4m’
FRP
( 10m’
3500kg/h 37
F1
SS 0.75
( )
T12 3.5m’
FRP
SUS304
M6 22
P7 200L/minx20mH 3.7
FC+R/L
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(kw)
DF2 60mm 0.08
PVC
B2 2.2 m*/minx6000mmAq 7.5
FC
( )
T13 75m’
FRP
SUS316
M7 55
P8 1200L/minx40mH 22
FC+R/L
203m’
FPI 5.5
PP, FC+R/L
SUS316
CP1 11.0
1230L/min
RT1 3000L
P9 140L/minx200mH 15.0
SUS304,SCS13
T14 75 m’
FRP
P10 400L/minx45mH 15
SUS316,SCS14
T15 3m’
PE
P11 15L/minx27mH 1.5
SUS316,SCS14
T20 3m’
PE
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(kw)

P15 L1m’ 0.4
-FRP -SUS304
CpP2 0.4
451 /minx7kg/cm®
2
5-5
3

5-19
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5.3

53.1
US$
1 2
176m’/day 330m’/day 600m’/day
35,000 282,000 1,245,000
4,000 47,000 354,000
48,000 416,000
22,000 110,000
39,000 399,000 2,125,000
532
US$  year
1 2
176m’/day 330m’/day 600m’/day
67,000 126,000 228,000
26,000 38,000 83,000
40,000 40,000 40,000
49,000 58,000 96,000
182,000 262,000 447,000
US$ 0.0589/kg
US$ 4.61/kg
US$ 4.428/kg

USS 0.052/KwH

3%
USS$ 1,600,000




FIS



F/S

6.1
ENAMI Ovalle
6-1 Ovalle
El Ingenio
Ovalle
Ovalle
Ovalle
Ovalle 6-2 Ovalle
ENAMI
Ovalle
. 6,000t/month
without project
° 8,000t/month
° 14,000t/month
6,000t/month
ENAMI
9]
Y COCHILCO MIDEPLAN 2003
CODELCO-ENAMI “Normas y Procedimientos para la Presentacion de

Antecedentes de Proyectos de Inversion de CODELCO-Chile y de ENAMI para el afio 2003” . DG/01/2002

6-1



6-1 Ovalle

6-2



6-2 Ovalle

6-3



6.2

ENAMI
ENAMI
COCHILCO MIDEPLAN
COCHILCO
MIDEPLAN
ENAMI
2 ENAMI
Ovalle
COCHILCO MIDEPLAN
v
6-3 ENAMI

6-4



6.3

6.3.1
Ovalle
1)
65% 85%
ENAMI
1.25% Paipote
11,000t/year
ENAMI
6-1
6-5 6-1

ENAMI 62% El Salado Taltal
ENAMI
Ovalle

24%

2001 4

ENAMI

Ovalle
Ovalle

) ENAMI

25%
Pierce-Smith
Ventanas
6,000t/year 2%
2000 1,200t
12,200t
ENAMI
3 6-4
6-2 ENAMI
2000
Ovalle Vallenar
45% 11,800t/year
3,200t/year ENAMI
El Salado
55t/month  SX-EW
El Salado

3,200t/year

5,000t/year

V§

38%

SX-EW

99.996%



6-1 dmt

1995 1996 1997 1998 1999 2000
5,216 3,026 2,488 2,435 3,395 4,525
8,733 3,932 0 26 0 0
1,097 354 128 581 599 922
15,046 7,312 2,616 3,042 3,994 5,447
ENAMI 29,745 13,658 8,631 2,769 3,659 9,407
2,239 1,972 0 8,742 11,611 1,247
31,984 15,630 8,631 11,511 15,270 10,654
LME
US$fmt 293652 229046 227570 165288 1573.66 1,814.26
USe/Ib 133.20 103.89 103.22 74.97 71.38 82.29
1) ENAMI Annual Report 1996 1998 2000
2) LME

40,000 \ 3,000
30,000 L\ 2,500

— E
E 20,000 1 2000 &
©
]
10,000 r 4 1,500
+ ‘k’*
0 ‘ ! ! 1,000
1995 1996 1997 1998 1999 2000
— —-— ——LME |
6-4 S
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2000

6-2 ENAMI
Talta El Salado Vallenar Ovdlle ENAMI
dmt 55,754 116,710 32,424 61,530 266,418
dmt 71,155 116,710 35,397 53,173 276,435
49% 79% 25% 32%
dmt 150,000 150,000 140,000 170,000 610,000
dmt 3,082 3,452 1,067 1,390 8,991
fmt 2,455 2,901 870 1,139 7,365
80% 84% 82% 82% 82%
78% 78% 81% 76% 78%
* dmt 2,900 2,900 2,800 3,200 11,800
2.5% 2000
ENAMI Annual Report 2000
OOvale
OVallenar 10%
7%
W El Salado
24% | 38%

OTaltal
21%

6-7
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@

CuSO4 5H,O 26%
Ovalle 40t/month
98¢ /b 2,160.53US$/t 561.73USS$/t
US$280/t 100t/month
200,000t/year 3/4
100 K
6.3.2
Ovalle 170,000t/year
14,000t/month 3,200t
6,000t/month
43% ENAMI
8,000t/month 57%
48%
2000 82.2%
2.3% 77.3%
40t/month 26% 712t
12%
6.3.3
(1)
Ovalle 40 50
ENAMI 2000
6-3 ENAMI
® (%) ® ®

67 1,311,208 2.08 510,874 1,822,082

7 423,575 1.85 828,453 1,252,028

74 1,734,783 2.02 1,339,327 3,072,110

ENAMI Annual Report 2000

Y Technical Department, Copper Development Association Inc., U.K. “ Uses of Copper Compounds” .



ENAMI

276,43 5t/year 6-2

ENAMI
2001
1,734,783t 6.3 3,072,110t 11.1
ENAMI Ovalle
(2
ENAMI  Paipote
Ventanas Ovalle 39.00
USS$/t Ovalle 57.00 US$/t
Ovalle 2001
6-4
USs$ 361,880 44,752
t 69,126 32,860
US$/t 5.24 1.36
US$ 69,751 6,750
t 69,126 32,860
US$/t 1.01 0.21
Ovalle
Ovalle 6.3.10
6-5
USS/kg kg/m’ US$/ m?
0.0589 17 1.00
4.248 0.005 0.0266
4.61 0.0025 0.0115
6.3.4
Ovalle 2001

6-9



US$ 50% 135 150
US$ 20% 2,436 12,343 25222 9,346
Uss 0% 69 356 1,003 209
Uss 85% 2,847 10,177 47,900 200 12,979
Uss 100% 1,834 72 4,666 337
US$ 0% 452 1,834 1,519
US$ 4,809 11,267 50,425 170 13,238
US$ 2,964 13,666 29,885 30 9,633
US$ 7,774 24,932 80,310 200 22,871
t 69,318 69,318 69,125 32,860 193
USS$/t 0.07 0.16 0.73 0.0052 68.73
USS$/t 0.04 0.20 0.43 0.0009 50.01
USS$/t 0.11 0.36 1.16 0.0061 118.75
Ovalle
N
6.3.5
Ovalle 2001
6-7
US$ 1,615
US$ 4,154 262 10,128 3,977 1,237
US$ 4,154 262 11,743 3,977 1,237
t 69,318 69,318 69,125 32,860 193
US$/t 0.00 0.00 0.02 0.00 0.00
USS$/it 0.06 0.004 0.15 0.12 6.42
USS$/it 0.06 0.004 0.17 0.12 6.42
Ovalle
"
6.3.6
5)
6.3.7
Ovalle
Ovalle
2001
5)
sunk cost

6-10



6-8

US$ 90,199 23,945 314,581 304
US$ 47 13,794 576
US$ 90,246 23,945 328,375 576 304
t 69,318 69,318 69,125 32,860 193
US$/t 1.30 0.35 4.55 0.00 1.58
US$/t 0.0007 0.00 0.20 0.02 0.00
US$/t 1.30 0.35 4.75 0.02 1.58
Ovalle
6.3.8
Ovalle
Ovalle 2001
ENAMI 2%
6-9
US$ 16,511 10,181 59,582
US$ 2,061 1,626 7,861
US$ 6,726 3,937 34,026 11,337
US$ 27,112 28,601 161,342 43,464 17,609
US$ 52,410 44,346 262,811 43,464 28,946
t 69,318 69,318 69,125 32,860 193
US$/t 0.34 0.20 1.35 0.00 58.86
US$/t 0.42 0.44 2.45 1.32 91.43
US$/t 0.76 0.64 3.80 1.32 150.29
Ovalle
6.3.9
2001 US$4,856 US$30,317
US$84,246
52% US$102,526
US$100,000
8,000t/month
14,000t/month 15



6.3.10

6)

6-10
6,000t/month 8,000t/month 14,000t/month
250m*/day 330m’/day 600m*/day
176m*/day 330m*/day 600m*/day
158m’/day 297m’/day 540m’/day
US$ 39,000 399,000 2,125,000
US$ 182,000 262,000 447,000
6.4
15
1 15 16 633 (1)
11.1
Ovalle " Custom Beneficiation Plant”
ENAMI
6.4.1
ENAMI
Ic™ = Cre * Qc = 9,178.67 US$/month "
Cre: (1.28 US$/)
Qc: (7,170.836 t) "
6.4.2
ENAMI
o 47.5%
94%
90%
D2001 2

6-12



Io™ = Cren * Qcn = 13,696.30 US$/month 7

Cren : (1.91 US$/t)
Qcn (7,170.836 t)
6.4.3
ENAMI
I,™ = ( Crs+ Cry ) * Qp = 67,587.70 US$/month
Cre: (8.10 USS$/t)
Cry: (4.87 USS$/t) "
CTV: CTb * Lm
Crp: (1.965)
Lin: (2.480 %) "
Qv: (5,209.794 t) ?
6.4.4
ENAMI 77.68% 75.5%
4%
)
Vps = [ fCu—P ( Pcu — CRCU ) FC ( 1- pmcu /100 ) - ( Ws_p * Mf) ] = 117,01798 US$/m0nth
foup (100365 t)
Pey: (68.2180 US¢/1b) ¥
CReu: (7.62 US¢/Ib)

if Pey < 80 US¢/Ib — CRey = CR, + 0.1 ( Py — 80)
if Py [ 80 US¢/Ib , 100 US¢/Ib ] — CRey = CRo,
if Py > 100 US¢/Ib — CRey = CRP, + 0.1 ( Pey — 100)

C* (8.80 US¢/Ib)
F.: (22.0462 US$-1b/US¢-t)
P cu: (4.00 %)
Wep : (132.934 1) "
M : (88.00 US$/t)
Reu: (77.68 %)
Lewp: (75.50 %)

8 LME-spot 2001 1

6-13



(2)
Vir = [ foup (Pow — CRca ) Fe (1 —p™ca/ 100 ) — ( Wyp * My ) ] = 112,400.79 US$/month

foup (95.320t) "
Pcy (68.2180 US¢/1b) ¥
CReu: (7.62 US¢/Ib)

if Pey < 80 US¢/Ib — CRey = C® + 0.1 ( Pey — 80)
if Pey [ 80 US¢/Ib , 100 US¢/Ib ] — CRey = C*,
if Pey > 100 US¢/Ib — CRey = C*, + 0.1 ( Py — 100)

C®: (8.80 US¢/Ib)
F.: (22.0462 USS$-1b/US¢-t)
P cu : (4.00 %)
Wep: (111.878 1) "
M : (88.00 US$/1)

2001 2

Rey: (73.78 %)
Lcup: (85.20 %)

3
Vi = Vpr — Vps = 112,400.79 US$/month — 117,017.98 US$/month = -4,617.19 US$/month
ENAMI

6.4.5
Ovalle

(1)
Vi = { [ Fe (Pey— CRcw) (Ly / 100) (1 —=p™cy / 100) ]— Mg } (R /100) (L / L) —
[ Ci+ Ly (Co + Cap) ] = 7.4125 USS$/t ”

Fc: (22.0462 US$-1b/US¢-t)
Pey: (70.8470 US¢/1b) 7
CReu: (7.8847 US¢/Ib)

if Py < 80 US¢/Ib — CRey=C®+ 0.1 ( Pey, — 80)
if Pcy [ 80 US¢/Ib , 100 US¢/Ib | - CRey=C
if Pey > 100 US¢/Ib — CRey=C*, + 0.1 ( Py — 100)

C®: (8.80 US¢/Ib)
L,: (75.50 %)
P cu: (4.00 %)

6-14



@

3)

“)

6.4.6

(M

M; : (88.00 US$/t)

R: (77.68 %)
L, (2.50 %)
Cr: (11.29 USS/t)
Cu: (1354 US$/1%)
Ca = Prasos (R/100) ( Crasos / 100)
Prosos (35.00 US$/1)
Chi2s04 : (4.98 kg/kg)
Can: (0.6110 US$/1%)
Can =Py (R/100) (Cey/ 100)
Pey (65.00 US$/t)
Ca: (1.21 kg/kg)
2.5%

Ve ={[Fc (Pcu—Cc) (Ly/ 100) (1 —p"cy/ 100) 1 —M¢ } (R/100) (1/L,) —

(Ca+ Cen) = 7.4810 US$/%-t 7

PPH2504 = Ca / Cba =0.2719 US$/%-t
c’,: (4.98 kg/kg)

Fe= [ (Fc * A g7 * 96.00) (R / 100) ]/ 10,000 = 2.3268 USS$/%-t
AP, ENAMI 872 (14.1530 US¢/Ib)
if Peu—Pcy <0 - APg=0
ifPScu—Pcu>0 — APy =PScu— Pey

Py (85.00 US¢/Ib) ”

ENAMI

Vo =[ Fe (Peu— CRew) (Ly / 100) (1= p"cy / 100) ] — M = 778.1625 US$/t

Fc: (22.0462 US$-1b/US¢-t)
Pey : (70.8470 US¢/1b) ”
CReu: (7.8847 US¢/Ib) 7

if Pey < 80 US¢/Ib — CRey = CR + 0.1 ( Py — 80)
if Pey [ 80 US¢/Ib, 100 US¢/Ib ] — CRey=C*,
if Py > 100 US¢/Ib — CRey = C*, + 0.1 ( Pey — 100)

6-15



C®: (8.80 US¢/Ib)

L,: (65.00 %)
P cu: (4.00 %)
Mg (88.00 US$/)
() 65%

Ve =Fe (Pey — CRcy) (1/100) (1 - pPcy / 100) = 13.3256 US$/%-t

3)
Fg = [ (Ec * A g7, * 96.00) ]/ 10,000 = 2.9954 US$/%-t
AP, ENAMI 872  (14.1530 US¢/Ib)
if PScy— Py <0 — AP =0
if PScy—Peu >0 — APy =P, — Pey
PScu: (85.00 US¢/Ib) ”
6.3.3 6.3.10
Ovalle 2001
Ovalle ”Custom Benefitiation Plant”
Ovalle
Ovalle 6-6
Ovalle

6-16



6-6 Ovadle
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6.5

Ovalle
ANNEX %
. 6,000t/month
Without-project
° 8,000t/month
° 14,000t/month
2001 1
ENAMI 80US¢ /b
92US¢ /1b 102US¢ /b
ENAMI Ovalle
40t/month
48%
14% ENAMI
DCF'? NPV IRR
6-11
* NPV 40, IRR
US¢ /b US$ Us¢ /b US$ %
6,000t 68.2180 139 63.03 3,484
6,000t 68.2180 139 59.43 2,998
6,000t 80.00 139 59.43 2,913
6,000t 92.00 139 59.43 2,818
6,000t 102.00 139 59.43 2,740
8,000t 68.2180 499 52.70 3,114
8,000t 80.00 499 52.70 2,999
8,000t 92.00 499 52.70 2,868
8,000t 102.00 499 52.70 2,761
14,000t 68.2180 2,225 43.93 -3,776
14,000t 80.00 2,225 43.93 -3,567
9 ANNEX IRR
0

19 Discounted Cash Flow
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* NPV 4, IRR
US¢ /b US$ US¢ /Ib US$ %
14,000t 92.00 2,225 43.93 3,331
14,000t 102.00 2,225 43.93 -3,137
* Cash Cost US¢ /b
6,000t/month 14,000t/month Cash Cost
26% 59.43US¢ /1b - 43.93US¢ /Ib
Ovalle
50% 68.2180 US¢ /Ib —102.00 US¢ /Ib NPV 9% 17%
6,000t/month 9% 8,000t/month 11% 14,000t/month 17% IRR
ANNEX
ENAMI 17.31
US¢ /Ib + + + 7.41 US$/t+ 2.50%+ 77.68%=+
22.0462US$-1b/USC -t
3.18USUS¢ /Ib X X + 88USS/tx 83%x 96%
+ 22.0462US$-1b/USCE -t 8.80 USC¢ /Ib Ovalle
Cash Cost
6-12
6,000t/month |  8,000t/month |  14,000t/month
US¢ /b 17.31
Ovalle Cash Cost  USC /Ib 59.43 | 52.70 | 43.93
USs¢t /b 3.18
USs¢t /b 8.80
US¢ /b 88.72 | 81.99 | 73.22
ENAMI Cash Cost
ENAMI
Ovalle Ovalle
6,000t/month 88.72U0S ¢ /Ib 14,000t/month
73.22US¢ /b
3.18US¢ /Ib 1.00US¢ /Ib X X

6-19



88USS/tx 26.21%x 96%+ 22.0462USS$-1b/USC -t

2.18 US¢ /lb
6-2 Ovalle Cash Cost 60% 67%
6.6
ENAMI
Ovalle
1.04
0.65
10% ENAMI
DCF
Ovalle
El Ingenio
423
US$1,251,300
El Ingenio
US$222,200
US$168,200 US$70,400
US$460,800
6-13
1,180,900
1,012,700
90,500
700,000
222,200
168,200
70,400
1,251,300

6-20



2000
** ENAMI. “ Stuacién Ambiental en Planta Ovalle con Uso de la Capacidad Instalada. Valorizacién del Plan General de
Actividades” . Junio 2000. Ovalle
6.6.1
Ovalle
SAG Servicio Agricola y Ganadero Ovalle
Limari Elqui
Limari El Ingenio Ovalle
Ovalle
70% 1Ha
800,000CHS$ 3,000,000CH$/Ha
11)
o 2,200,000CH$/Ha  4,000US$/Ha 550CH$/US$
o 200Ha Ovalle
M-7 Ovalle Skm
6-7 El Ingenio
[ ]
400Ha M-7 El Ingenio Limari

6-7 El Ingenio
4,000US$/Hax 200Ha US$800,000

4,000US$/Hax  400Ha 200Ha US$2,400,000

D J.A.Dixon et al. “ Economic Analysis of Environmental Impacts of Development Projects’, 2nd Edition.

Asian Development Bank and The International Bank for Reconstruction and Development Copyright
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El Ingenio

6.7 El Ingenio
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6.6.2

Ovalle
ENAMI 6.4.5
Ovalle
Ovalle
Ovalle
SERNAGEOMIN 12 Ovalle
5,600CHS$/t 1%) 2001 12
13)
5,600CHS$/tx 177.69+ 118.82 + 544.63CH$/US$ 15.38US$/t
15.50US$/t
6-14
6,000t/month 8,000t/month 14,000t/month
(US¢ /lb) ( USS$/year) ( USS$/year) ( USS$/year)
68.2180 0 0 0
80.00 0 0 0
92.00 122 162 284
102.00 411 548 960
6.6.3
Ovalle
stakehol der
El Ingenio Limari 50,000Ha
1,000 m’ Paloma 750 m’ Cogoti 150
m’ Recoleta 100 m’ 80,000 Ovalle
Limari
willingness to pay
12) V. Concha. “ Diagnéstico Socioeconémico y Productivo de la Mineria Artesanal”
Departamento de Planificacion y Estudios. SERNAGEOMIN. Santiago, julio 1 de 1994.
) 1992 6 100 1994
118.82 2001 177.69 2001 12 dolar acuerdo  544.63CHS$/US$

6-23



2.47US$/m’-year

2001 12

Limari
14)

1993 6

x  403CH$/US$+ 544.63CH$/US$

Limari

CHS$403
2.95US$ m’-year 2.47US$/m’-yearx

177.69+ 109.93

6-15
6,000t/month 8,000t/month 14,000t/month
250m’/day 330m’/day 600m*/day
176m*/day 297m*/day 540m’/day
158m*/day 217m’/day 190m*/day
US$/year 168 230 202
6,000t/month
8,000t/month 14,000t/month
6.6.4
ANNEX
o El Ingenio 200Ha Ovalle
M-7 Ovalle
Skm
. Ovalle
[ ]
Limari

19 Robert R. Hearne, K. William Easter. “ Water Allocation and Water Markets. An Analysis of Gains-from-

Trade in Chile” World Bank Technical Paper 315. The World Bank. Washington, D.C. December 1995
15 1992 6 100 1993 6
109.93 2001

177.69 2001 12 dolar acuerdo 544.63CH$/USS$
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6-16

0 1 15
USS$ US$/year
800,000 0
*
6,000t/month  92.00US¢ /Ib 0 122
6,000t/month  102.00US¢ /Ib 0 411
8,000t/month  92.00US¢ /Ib 0 162
8,000t/month  102.00US¢ /b 0 548
14,000t/month  92.00US¢ /lb 0 284
14,000t/month  102.00US¢ /Ib 0 960
sk
6,000t/month 0 168
8,000t/month 0 230
14,000t/month 0 202
* kk
6-17
* NPV v, IRR
US¢ /b US$ US¢ /b US$ %
6,000t 68.2180 600 54.31 -776 53.68%
6,000t 80.00 600 54.31 -672 47.44%
6,000t 92.00 600 54.31 370
6,000t 102.00 600 54.31 2,671
8,000t 68.2180 960 48.13 -92
8,000t 80.00 960 48.13 51 24.92%
8,000t 92.00 960 48.13 1,445 153.14%
8,000t 102.00 960 48.13 4,516 407.54%
14,000t 68.2180 2,686 39.92 105 11.10%
14,000t 80.00 2,686 39.92 364 13.68%
14,000t 92.00 2,686 39.92 2,814 33.88%
14,000t 102.00 2,686 39.92 8,197 72.64%
* Cash Cost US¢ /b
6,000t/month NPV 80.00US¢ /Ib
92.00US¢ /Ib
NPV IRR

92.00US¢ /Ib

/b

6-25
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8,000t/month NPV 80.00US¢ /Ib
IRR
80.00US¢
/b
14,000t/month NPV 68.2180US¢ /Ib
102.00US¢ /1b IRR 10%
2 102.00US¢ /Ib 13
68.2180US¢ /1b
ANNEX
6.7
ENAMI
. ENAMI
ENAMI
° ENAMI
2.50% 4.98kg/kg
° ENAMI
77.68%
6-18
ENAMI ENAMI
65% 85%
Ovalle Cash Cost
6-8 6-18
Ovalle Cash Cost
Cash Cost 780 1,240US$/t 150 720US$/t
ENAMI
ENAMI

6-26



6-18

USt /b 68.218 80 92 102
USHdmt 7.41 12.07 17.19 21.21
US$/%-dmt 7.48 9.34 11.39 13.00
US$/%-dmt 0.27 0.27 0.27 0.27
US$/%-dmt 2.33 0.32 0.00 0.00
US$H/dmt 381.69 621.29 885.05 1,092.29
USHdmt 778.16 933.90 1,105.34 1,240.05
US$/%-dmt 13.33 15.72 18.36 20.43
US$/%-dmt 3.00 0.41 0.00 0.00
65% US$/dmt 396.47 312.61 220.30 147.76
70% US$Hdmt 478.08 393.25 312.09 249.92
75% US$/dmt 550.68 473.88 403.89 352.08
80% US$Hdmt 641.29 554.52 495,68 454.23
85% US$/dmt 722.89 635.16 587.48 556.39
Ovadlle Cash Cost
6000dmt/month ust /b 59.43 59.43 59.43 59.43
8000dmt/month ust /b 52.70 52.70 52.70 52.70
14000dmt/month ust /b 43.93 43.93 43.93 43.93
6000dmt/month US$H/dmt 1,579 1,579 1,579 1,579
8000dmt/month US$Hdmt 1,400 1,400 1,400 1,400
14000dmt/month US$H/dmt 1,167 1,167 1,167 1,167
800.00
700.00 o
600.00 |
_ 50000 | —4—53.218
£ =80
& 40000 | o
)
300.00 102
200.00
100.00
0.00
65% 70% 75% 80% 85%
6-8
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6.8

6.8.1

NPV IRR

Ovalle
14,000t/month

6.8.2

20%

ENAMI

6.8.3

Limari

6.8.4

Cash Cost

ENAMI

Ovalle

Ovalle

6-28

Ovalle

Ovalle

17.31US¢ /b

El Ingenio



6.8.5
Ovalle

6.8.6

6.8.7

ENAMI Ovalle
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Limari

ENAMI

|

Ovalle

v
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YV V.V V V VYV V VYV VY

ANNEX

6,000t/month

6,000t/month

6,000t/month
6,000t/month
8,000t/month
14,000t/month
6,000t/month
8,000t/month
14,000t/month
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6,000dmt

68.2180

1.28 US$/dmt
6000 dmt/month

1.91 US$/dmt
6000 dmt/month

8.1 USH/dmt
4.87 US$H/dmt
1.965
2.48
6000 dmt/month
5340 dmt/month
660 dmt/month

98 Ust /Ib
40 mt/month

68.2180 USE /Ib
77.68%
75.50%

136 dmt/month
103 fmt/month

4.00%

88.00 US$/dmt
8.80 USt /Ib
7.62 USt /Ib

119,943 US$/month

Ovadle
68.2180 USt /Ib
77.30%
82.90%

123 dmt/month
102 fmt/month

4.00%

88.00 US$/dmt
8.80 USt /Ib
7.62 USt /Ib

120,421 US$/month

478 US$/month

ENAMI
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6,000dmt  68.2180
139,000 US$
100,000 US$ 182,000 US$
0 US$

39,000 US$
0.48 |
5.24 US$/dmt
1.36 US$/dmt
1.01 US$/dmt
0.21 US$/dmt
0.07 US$/dmt 5,040 US$Hlyear 0.04 US$/dmt
0.16 US$/dmt 11,520 US$lyear 0.20 US$/dmt
0.73 US$/dmt 52,560 US$lyear 0.43 US$/dmt
0.01 US$/dmt 720 USS$lyear 0.0009 US$/dmt
0.00 US$/dmt 0 US$Hlyear 0.06 USHdmt
0.00 US$/dmt 0 US$Hlyear 0.004 USHdmt
0.02 US$/dmt 1,440 US$lyear 0.15 US$/dmt
0.00 US$/dmt 0 US$lyear 0.12 USHdmt
1.30 US$/dmt 93,600 US$lyear 0.0007 US$/dmt
0.35 US$/dmt 25,200 US$lyear 0.00 US$/dmt
4.55 US$/dmt 327,600 USS$/year 0.20 US$/dmt
0.00 US$/dmt 0 US$lyear 0.02 USHdmt
0.34 US$/dmt 24,480 US$lyear 0.42 US$/dmt
0.20 US$/dmt 14,400 US$lyear 0.44 US$/dmt
1.35 US$/dmt 97,200 US$lyear 2.45 US$/dmt
0.00 US$/dmt 0 US$lyear 1.32 US$/dmt
280 US$/dmt

40 mt/month

Ovalle 2001
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6,000dmt 68.2180 (U/4)
0 1 2 3
2001 US$

139,000 100,000 100,000 100,000

92,160 92,160 92,160

137,520 137,520 137,520

934,070 934,070 934,070

5,740 5,740 5,740

269,634 269,634 269,634

1,439,124 1439124 1,439,124

182,000 182,000 182,000

504,259 504,259 504,259

377,280 377,280 377,280

47,002 47,002 47,002

72,720 72,720 72,720

7,258 7,258 7,258

118,111 118,111 118,111

7,920 7,920 7,920

25,920 25,920 25,920

83,520 83,520 83,520

751 751 751

20,995 20,995 20,995

4,320 4,320 4,320

288 288 288

12,240 12,240 12,240

4,147 4,147 4,147

461,542 461,542 461,542

93,650 93,650 93,650

25,200 25,200 25,200

342,000 342,000 342,000

691 691 691

420,019 428,420 436,988

54,720 55,814 56,931

46,080 47,002 47,942

273,600 279,072 284,653

45,619 46,532 47,462

134,400 134,400 134,400

139000 1941326 1,949,727 1,958,295

(139,0000  (502,202)  (510,602)  (519,171)

(139,000)  (440,528)  (392,892)  (350,425)

(139,000)0  (641,202) (1,151,804) (1,670,975)

(139,000)  (579,528)  (972,420) (1,322,845)
NPV (106 -US$3,483,980
IRR #DIV/O!
Cash Cost 63.03 USt /Ib



6,000dmt 68.2180 (2/4)
4 5 6 7
2001 US$

100,000 100,000 100,000 100,000
92,160 92,160 92,160 92,160
137,520 137,520 137,520 137,520
934,070 934,070 934,070 934,070
5,740 5,740 5,740 5,740
269,634 269,634 269,634 269,634
1,439,124 1439124 1439124 1,439,124
182,000 182,000 182,000 182,000
504,259 504,259 504,259 504,259
377,280 377,280 377,280 377,280
47,002 47,002 47,002 47,002
72,720 72,720 72,720 72,720
7,258 7,258 7,258 7,258
118,111 118,111 118,111 118,111
7,920 7,920 7,920 7,920
25,920 25,920 25,920 25,920
83,520 83,520 83,520 83,520
751 751 751 751
20,995 20,995 20,995 20,995
4,320 4,320 4,320 4,320
288 288 288 288
12,240 12,240 12,240 12,240
4,147 4,147 4,147 4,147
461,542 461,542 461,542 461,542
93,650 93,650 93,650 93,650
25,200 25,200 25,200 25,200
342,000 342,000 342,000 342,000
691 691 691 691
445,728 454,642 463,735 473,010
58,069 59,231 60,415 61,624
48,900 49,878 50,876 51,894
290,347 296,153 302,077 308,118
48,411 49,380 50,367 51,375
134,400 134,400 134,400 134,400
1,967,035 1975949 1985042 1,994,317
(527,910)  (536,825)  (545918)  (555,193)
(312,565)  (278,810)  (248,713)  (221,876)
(2,198,885) (2,735,710) (3,281,628) (3,836,821)
(1,635411) (1,914221) (2,162,933) (2,384,809)
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6,000dmt 68.2180 (3/4)
8 9 10 11
2001 US$

100,000 100,000 100,000 100,000
92,160 92,160 92,160 92,160
137,520 137,520 137,520 137,520
934,070 934,070 934,070 934,070
5,740 5,740 5,740 5,740
269,634 269,634 269,634 269,634
1,439,124 1439124 1439124 1,439,124
182,000 182,000 182,000 182,000
504,259 504,259 504,259 504,259
377,280 377,280 377,280 377,280
47,002 47,002 47,002 47,002
72,720 72,720 72,720 72,720
7,258 7,258 7,258 7,258
118,111 118,111 118,111 118,111
7,920 7,920 7,920 7,920
25,920 25,920 25,920 25,920
83,520 83,520 83,520 83,520
751 751 751 751
20,995 20,995 20,995 20,995
4,320 4,320 4,320 4,320
288 288 288 288
12,240 12,240 12,240 12,240
4,147 4,147 4,147 4,147
461,542 461,542 461,542 461,542
93,650 93,650 93,650 93,650
25,200 25,200 25,200 25,200
342,000 342,000 342,000 342,000
691 691 691 691
482,470 492,119 501,962 512,001
62,856 64,113 65,395 66,703
52,931 53,990 55,070 56,171
314,280 320,566 326,977 333,517
52,402 53,450 54,519 55,610
134,400 134,400 134,400 134,400
2,003,777 2013427 2023269 2,033,308
(564,653)  (574,302)  (584,145)  (594,184)
(197,944)  (176,602)  (157,569)  (140,594)
(4,401,473)  (4,975,775) (5,559,920)  (6,154,104)
(2,582,753) (2,759,356) (2,916,925) (3,057,519)
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6,000dmt  68.2180 (4/4)
12 13 14 15
2001 USs$

100,000 100,000 100,000 100,000
92,160 92,160 92,160 92,160
137,520 137,520 137,520 137,520
934,070 934,070 934,070 934,070
5,740 5,740 5,740 5,740
269,634 269,634 269,634 269,634
1,439,124 1439124 1439124 1,439,124
182,000 182,000 182,000 182,000
504,259 504,259 504,259 504,259
377,280 377,280 377,280 377,280
47,002 47,002 47,002 47,002
72,720 72,720 72,720 72,720
7,258 7,258 7,258 7,258
118,111 118,111 118,111 118,111
7,920 7,920 7,920 7,920
25,920 25,920 25,920 25,920
83,520 83,520 83,520 83,520
751 751 751 751
20,995 20,995 20,995 20,995
4,320 4,320 4,320 4,320
288 288 288 288
12,240 12,240 12,240 12,240
4,147 4,147 4,147 4,147
461,542 461,542 461,542 461,542
93,650 93,650 93,650 93,650
25,200 25,200 25,200 25,200
342,000 342,000 342,000 342,000
691 691 691 691
522,241 532,686 543,340 554,206
68,037 69,398 70,786 72,202
57,295 58,441 59,609 60,802
340,187 346,991 353,931 361,009
56,722 57,856 59,013 60,194
134,400 134,400 134,400 134,400
2043548 2,053,993 2,064,647 2075514
(604,424)  (614,869)  (625522)  (636,389)
(125454)  (111,949) (99,902) (89,156)
(6,758,527)  (7,373,396) (7,998,918) (8,635,307)
(3182,973) (3,204,922) (3,394,824)  (3,483,980)
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6,000dmt

ust /b 68.22 80.00 92.00 102.00
NPV, US$ -2,998 -2,913 -2,818 -2,740
IRR #DIV/O! #DIV/O! #DIV/O! #DIV/O!
Us$ 139 139 139 139
Cash Cost USt /Ib 59.43 59.43 59.43 50.43
-2,600 100%
-2.650 68.22 80.00 92.00 102.00 1 90%
2,700 | | 80%
-2.750 o TO%
4 60%
-2,800 -
4 50%
-2,850 -
4 40%
-2,900 1 30%
-2950 - 1 20%
-3,000 =5 10%
-3,050 o = = o 0%
—— NPV 14% Us$ —+=|RR
0 v"t‘
500,000 0\1 2 3456 7 8 9101112131415
’ TN
-1,000,000 | N4
N ——68.218
-1,500,000 |- '\,\ —=—80
-2,000,000 : 92
102
-2,500,000
-3,000,000 |
-3,500,000
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8,000dmt

6-39

use /b 68.22 80.00 92.00 102.00
NPV 140, uss -3,114 -2,999 -2,868 -2,761
IRR #DIV/0! #DIV/O! #DIV/0! #DIV/0!
Uss 499 499 499 499
Cash Cost US¢ /Ib 52.70 52.70 52.70 52.70
-2.700 100.00%
2750 | 68.22 80.00 92.00 102.00 | 90.00%
2800 | 80.00%
2850 70.00%
60.00%
2900 -
50.00%
2050 |
40.00%
-3,000 30.00%
-3,050 - 20.00%
-3,100 7 10.00%
-3,150 . - - a 0.00%
——NPV14% US$ —=—IRR
0
-500,000 4Q‘\’l 2 3 4 5 6 7 8 9 10 11 12 13 14 15
-1,000,000 A‘
N —e—68218
-1,500,000 —— 80
-2,000,000 | 92
102
-2,500,000 |
-3,000,000 |
-3,500,000




14,000dmt

use /b 68.22 80.00 92.00 102.00
NPV 140, Uss -3,776 -3,567 -3,331 -3,137
IRR #DIV/0! #DIV/O! #DIV/0! #DIV/0O!
Uss 2,225 2,225 2,225 2,225
Cash Cost US¢ /Ib 43.93 43.93 43.93 43.93
-3,000 100.00%
3100 | 68.22 80.00 92.00 102.00 | 90.00%
-3200 - / 80.00%
0
-3,300 70.00%
60.00%
3400 |
50.00%
3500 |
40.00%
-3,600 30.00%
-3,700 - 20.00%
-3,800 10.00%
-3.900 - - - . 0.00%
——NPV14% US$ —=IRR
-2,000,000
-2,200,000
-2,400,000
-2,600,000 68.218
-2,800,000
—m— 80
-3,000,000 0
-3,200,000
3,400,000 102
-3,600,000
-3,800,000
-4,000,000
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6,000dmt

use /b 68.22 80.00 92.00 102.00
NPV, USS$ -776 -672 370 2,671
IRR 53.68% 47.44% #DIV/0! #DIV/0!
US$ 600 600 600 600
Cash Cost USC /Ib 54.31 54.31 54.31 54.31
3,000 60.00%
500 \ / 50.00%
2,000
40.00%
1500 | 0.00%
1,000 - 30.00%
07 20.00%
O |
500 | 6822 80.00/ \QZ.OO 102.00 - 10.00%
-1,000 \- 2 0.00%
——NPV1O% US$ —=—IRR|
3,000,000
2,500,000
2,000,000
1,500,000 ——68.218
——80
1,000,000
92
500,000 102
0
-500,000
-1,000,000
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8,000dmt

use /lb 68.22 80.00 92.00 102.00
NPV, USS$ -92 51 1,445 4,516
IRR #DIV/O0! 24.92% 153.14% 407.54%
uss$ 960 960 960 960
Cash Cost US¢ /Ib 48.13 48.13 48.13 48.13
5,000 450.00%
- 400.00%
4,000
-+ 350.00%
3,000 |- - 300.00%
-4 250.00%
2,000 -
-+ 200.00%
1,000 - -+ 150.00%
0 - 100.00%
~— i 0
68..22},9( 92.00 102.00 50.00%
-1,000 0.00%
——NPV10% US$ —=—IRR
5,000,000
4,000,000 -
3,000,000 ——68.218
-
2,000,000 80
92
1,000,000 — 102
0 | i ===
-1,000,000 0 6 8 10 12 14
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14,000dmt

use /lb 68.22 80.00 92.00 102.00
NPV, USS$ 105 364 2,814 8,197
IRR 11.10% 13.68% 33.88% 72.64%
us$ 2,686 2,686 2,686 2,686
Cash Cost USC /Ib 39.92 39.92 39.92 39.92
9,000 80.00%
8,000 - 70.00%
7,000 - 60.00%
6,000 // 50.00%
5,000
40.00%
4,000 -
0,
3000 | 30.00%
2,000 —— 2000%
1,000 10.00%
7
0 — 0.00%
68.22 80.00 92.00 102.00
——NPV10% US$ —=—IRR
10,000,000
8,000,000
6,000,000
——68.218
4,000,000 —— 80
2,000,000 92
102
O | | | | |
-2,000,000 0 5 6 7 8 9 1011 12 13 14 15
-4,000,000

6-43




Ovalle



Ovadlle

7.1
ENAMI 7.2
7.1
6,000t/month 68.2180 92.00¢ /Ib
Max. 8,000t/month 68.2180 80.00¢ /Ib
6,000t/month 92.00
102.00¢ /Ib Max. 8,000t/month 80.00 102.00¢ /Ib
14,000t/month 68.2180 102.00¢ /Ib
6,000t/month 8,000t/month
14,000t/month
14,000t/month
7-1

v - v ~N
] [ 1]
v
L |
v v
—— N —_— Y,

7-1
*1 14,000t/month

*2 52% 48%
*3 ( 600m°*/day)




2002 7,000t/month -

11,000t/month[ 2002 ]
7.2
ENAMI
721 ENAMI (2002.03)
ENAMI Ovdle
1)
R /
ENAMI
100m%/day Max.
- Max. 8,000t/month
330m*/day 6,000t/month 250m°*/day
Ovadlle -
2002.10 ENAMI Max.

(13 15 US$/month)

2 2002
722
7-1
D
1) (Precipitation procesy Cementation
process]) Leaching - (Precipitation) (copper precipitate]

cement copper])



b) - - (Fex0s),

(FEO Fex0y)
(MMAJ Meta Mining Agency of Japan) 7-2
0) Fe¥* R
- (Fe(OH)5) (Fex(SO4)3) FIS

d) (F& ~ Fe™) -

e

)

Fe™* . Fe* - Fe(OH)3 /

9)

a) 5 S S

b) (ponds) SR

- (F€™)
Ingenio
©) ( (HDPE) )
(*1)
*1 (FeSOy)
2) - (Solvent-extraction: SX) —
(CUSO4 5H20) - -
3) (SX-EW) - -
(Electro-winning: EW) (electrolytic copper( cathode copper))
4)
- Ovadle

FIS

7-3



)

1) (copper concentrate)
7.2.3
7-1
€
Pm>/day
Max. Qm°/day (Q<P)
1) - -
[Xa] [x2]
X1 +X=Pm®/day, x;<Q m*/day
2) - =
[X3] [X4]
. o [Xs] XatXa+Xxs=P m*/day
, Xa<Qm?®/day
3) - =
[xg] Xe=Pm°®/day
4) - - [x7]
X7;=Pm®/day
5) - - [Xe]
Xg=Pm°/day
6) - - [X] Xo=Pm°/day
7) - - [X10]
X1=Pm°/day
8) - - [Xa1]
Xu=Pm°/day
9) - [X12]  X=Pm’/day
@)
1)
7.24
ENAMI
1
1)
6,000t/month[ 72,000t/year] [ 43%)]
Max. 8,000t/month[96,000t/year][ 57%]
250m*/day -

7-4



2)

)

7.3

40t/month

-

A) (
C=74-Bm’day

B=30m*/day = C=44 m*/day

Max. 176 m*/day
6,000t/month( 250m°/day)
A m*/day
Max. 176m°/day
Max. A 176m°day
*2)
*2
B m*/day
30m*/day
F/S
Cm¥day  (250m%day (
B))
40t/month
B=99t/month

B=74m*/day = C=0m*/day

7-2

7-2

Max. 176m°*/day

J

9,900t/month[ 118,800t/year][

90%)]

7-3

7-5




f0fed4 O

il

@

T

9|rNO

T-L

7-6



(*1)

<«

A 4

7-7



[ ]
L]

A\ 4

.

A 4

[ ]

]
\4
\ 4

A4

v
[

v

L

v

[ ]

llllllll
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M/P



M/P

8.1 M/P
M/P (Thiobacillus ferrooxidans )
2 Fe™* Fe™* (*1)
CO,
*]  2FeSO,+1/20,+H,S0, — Fex(SOs)stH,0 (Fe?* - Fe*'+e)
8.2
pH 1.3 45 pH 25
10 37 30 35
(Fe™) S (H2S;05)
(Hg), (Ag), (Sn), (As), (Zn), (Ni),
(M O) ’ (Te)1 (N 03-) ’ (C0)1 (CU) ’
(Se), V), | (CN)(*2) (Mn),
(CN), (Al), Cd),
(F) (Cr)
*2 <lg/L <10g/L
8.3
D @

81



D

(Fe*) (ponds)
/
Ovadlle pH
(Fe2+) (Fe3+)
(Fe(OH)3)
@)
pH (A 3+ 5+ d2+ ) (Fe2+)
(Fe*) As* As™
(Fe(OH)3)
81
lIron oxidizing with bacterid
81
Paolluted minedrainage pH about1 3
v
lron oxidizing with bacterial Fe*" - Fe*(, As®* - As™)
v€ Alkai: CaCOj3, Ca(OH)y, etc.
eutrallzatloﬂ pH about 3.5 4: Fe* _, Fe(OH),
with coprecipitation(As™, etc.)
|SoI|d/I|qU|d separation
v
Neutralized sediment (sludae) Clarified water
Fe(OH); with As, etc.
v éH réulatioﬂ
Waste dam, etc. v
asfinal disposal IDischarge to river]
81
(©)
(Cu )/ (As, Cd )
Cu

8-2

lIron oxidizing with bacterid




Waste water residue Flue dust L ead concentrate

pig
v

H,SO,— L eaching

. » PhSO, —» Leaching electric furnace

A
H,S ——»}1™ Copper removal

y
Cacog—bﬁeutraJ ization]

A4
Iron precipitate( ) —»|Arsenic removal

» CuS—»Flash smelting furnace

» CaSO,—» Selling

A

; » FeAsO,—»Waste storage dam

A
H,S ——»2™ Copper remova

v
O

uS— Flash smdlting furnace

Flotation waste water —%

Air———llron oxidizing with bacterig

A\ 4

CaCOs;—{iron removal

v lLron precipitate( )—» Waste storage dam
NH,OH and Slaked lime—piZinc and Cadmiun

» Zn(OH)—» Zinc refinery

v
Waste water

(4)

(Chalcocite Cu,S) (Covellin
/Covéllite CuS)

(SX-EW)

Fe?* Fe**
Fe**




V1= TS A @ W == @ Jm—
CuS 2Fe” Cu”" 2F€" S rmoeeees

1
50
Fe** 2 CuS
cu®* Fe?*
Fe?* 1
Fe” (FeSy)
Fe2+ 3
2FeS, 70, 2H,O 2FeSO; 2H,SOg------- 3
4
CuS 20, 2H" Cu* HySOy----mmmmemmmmmmv 4
/
1,2 (Fe?) /
Thiobacillus ferrooxidans Thiobacillus

thiooxidans, Leptospirillum ferrooxidans, Acidiunus brieleyi, Metalloshaera sedula,
Sulfolobus acidocaldarius, TH1, TH2, TH3, ALV, BC, Sulfobacillus thermosulfidooxidans,
Sulfobacillus thermosulfidooxidans subsp. thermotolerans, Sulfobacillus thermosulfido-
oxidans subsp. asporogenes, Thiobacillus prosperus, Thiobacillus cuprinus, Thiobacillus
acidophilus

(Chalcopyrite CuFes,)

©)

(Pyrite FeSy) (Arsenopyrite FeAsS)



84

(D

10g/L)

( CN)

Biox Process, BioPro Process, GeoCoat Process

(1) Ovalle ENAMI
@ @
ENAMI Ovalle
ENAMI Vallenar ( pH 2.7: Fe?* 9,700mg/L, T-Fe 16,800mg/L, Cu

467mg/L, Cd 0.43mg/L, Pb 1.1mg/L, As 1.9mg/L)
Monte Carmelo
ENAMI ENAMI Ventanas
pH 2.4: Fe®* 35,400mg/L, T-Fe
36,800mg/L, Cu 906mg/L, Cd 1,410mg/L, Pb 0.7mg/L, As 3,200mg/L

CODELCO

CG
pH 0.4: Fe** 49,000mg/L, T-Fe 54,100mg/L, Cu 239mg/L, Cd 0.14mg/L, Pb 1.1mg/L,
As18mg/L L.C. pH 3.4: Fe?" --- mg/L, T-Fe 3,140mg/L, Cu 173mg/L, Cd
0.09mg/L, Pb 0.6mg/L, As 0.16mg/L  S. G pH 3.8 Fe*" --- mg/L, T-Fe
51,100mg/L, Cu 274mg/L, Cd 0.19mg/L, Pb 1.2mg/L, As0.71mg/L
ENAMI
/

ENAMI M. A. Matta

ENAMI El Salado

(Atacamite Cu,CI(OH)3) cr 39.80/L(
ENAMI Talta
cr 34.2g/L( 10g/L)
ENAMI / 1990

DonaAda, El Indio, Fortuna de Cobre, La Cascada/Sagasca, Lo Aguirre

2000
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0.06mg/L, Pb 0.1mg/L, As 0.06mg/L, pH 3.9: Fe** 190mg/L, T-Fe 190mg/L, Cu
548mg/L, Cd 0.13mg/L, Pb 0.2mg/L, As 0.24mg/L

*3 S
8.3(4) 3
pH 8.3 (4) 2 L
Thiobacillus thiooxidans 5
2% 2H,0 30, 2H,S04-----mmmmmmmm- 5
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Processing Ore*® | Location | Production in 2000
No. Name of Mine Ownership
Sulfide | Oxide | :Region | Cu x 10%/year

1 | Escondida BHP 57.5+RTZ 30+JECO 10 *+IFC 2.5% o o 917

2 | Chuquicamata CODELCO o o 630

3 | Collahuas ij;iﬂdgsngfg;f? nglo American plc) | ° 436

4 | El Teniente CODELCO o o *8 356

5 | LosPdambres Antofagasuta Mineral&s plc. (Luksik) 50.55 ; o 310

+Anaconda Chile 9.45 +Japan Conso. 40%*

6 | Andina CODELCO o 258

7 | Candelaria Phel ps Dodge 80+Sumitomo group 20%+* o 204

8 | Radomiro Tomic CODELCO o 191

9 | ElAbra Phelps Dodge 51+CODEL CO 49% o 191
10 | LosBronces Exxon Mobil (Disputada de Las Condes) o o M*7 170
11 | Zadiver Placer Dome o o 148
12 | Cerro Colorado Billiton (Rio Algom) o 115
13 | Mantos Blancos AAC o o 102
14 | Salvador CODELCO o o 81
15 | QuebradaBlanca Aur 76.5+Pudahuel 13.5+ENAMI 10% o o 73
16 | El Soldado Exxon Mobil (Disputada de Las Condes) o o 68
17 | Manto Verde AAC o 54
18 | Michilla(Lince) Antofagasta (L uksik) o o 53
19 | LomasBayas Bolden: Norandat+Falconbridge o 51
20 | Andacollo Aur 63+Pacifico 27+ENAMI 10% o 21
21 | El Indio Barrick o 14
22 | lvan Zar Milpo (Peru) o 13
23 | MineraValle Central | Valle Central o 12
24 | Puntadel Cobre Puntadel Cobre o 10
25 | LasLuces Las Luces o 10
26 | LaCascada Pudahuel o 5
27 | LoAguirre Pudahuel o M*7 5

Note **: Mitsubisi-shoji 6+Mitubishi-material 2+Nikko-kinzoku 2%
*2: Mitsui-bussan 6.9+Nikko-kinzoku 3.6+Mitsui-kinzoku 1.5%

*3: Nikko-kinzoku 15+Mitsubishi-material 10+Marubeni 8.75+Mitubishi-shoji 5+Mitsui- bussan 1.25%
*4: Sumitomo-kinzokukouzan 15+Sumitomo-shoji 5%
*5: Sulfide copper ore (process: flotation, product: copper concentrate),

Oxide copper ore (process: SX-EW, product: electrolytic copper[cathode copper])

*8: This SX-EW is brought about by treatment of acid drainage water from mine.
*7: Metropolitan
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