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CIMM PROFILE

The Mlnlng and Metallurgical Research Centre (CIMM) is a private non-
proflt corporation, established by the Chilean Government and the
a551stance from the UnlLed Nations- Development Programme (UNDP)

-CIMW was eatablished in August 1970

CIMM is connected with Chilean Government through Ministry of Mining.

The Minister of Mining is the President of Board,

The Board of Directors is in charge of gulding CIMM's operatlons in
accorcance with the general pOllClES established by the 1nst1tut10n 8
charter. _ThlS board is composed by eight members representing the follow~

ing dinstitution:

- :Minietry of Mining (President of Board)
- thione] Cooper CorporatiOn'(CODELCO)
- Natlonal Mlnlng Enterprlse - {ENAMI)
- Chllen Copper - Comm1531on ' (COCHICO)
L= 'Vatlonal Sclentlflcal and Technologlcal Regearch Commision (CONICYT)
“”“Corporatlon of Productlon Promotloo (CORFO)
- National Planning Office _(ODEPLAﬁ)

"~ Chilean Institute of Mining Engineers

The Executive Director is the legal representative of de Center and is in
charge of the execution of the general pelitics established by the Board.
: Therefore, the Record of Discussion will be signed by Dr. Werner Schlein,

Executive Director of CIMM.
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-tﬁeéutiﬁé.bifthibh
Plaﬁning-aﬁd Control
'Legél.ﬁdvisérr _.
'Public'Réiationé'. 

PERSONNEL

TOTAL 267

Administration and Finance

Research Sﬁbdifectioh

Mines Division

‘Mineral Dressing Division

Extragtivé Metallurgj Division

Services to Research Subdirection

Chemical Analysis
Midrosgppy

 Data ProceSéing

'Mainteﬁance'ahd Shops

Risk Prevention

According their activities:

Professionals
Teéﬁhical
Administratives
Secretaries

Laborers

Operational: Revenues

Government Support

. Total Income (1986)

" FINANCIAL POSITION

USS’

1,620,000

700,000

2,320,000

Pt e w2 W

28

33
52
65

45

12

98
54
14
15
86

- (70%)

(30%)



CIMM ACTIVITIES

CIMM activities are organized in four operational diviSiéﬁs:
Mining, Mineral Dressing, Extractive Metallurgy and Materials Characteri-

zation,

The féllowing summarizes the activities of each group:

MINING

- TECHNICAL ANALYSIS OF MINING PROJECTS.
RESERVE EVALUATIONS MINING METHOD DEFINITION.

- FEASIBILITY STUDIES

- APPLICATION OF GEOMECHANICS TO THE STUDY OF UNDERGROUNS SUFPORT AND
SLOPE STABILITY.

~ ROCK MECHANICS TESTING
- MINE VENTILATION SYSTEM DESIGN

~ MINE OPERATIOVS MODELLING AND SIMULATIONS FOR:
EVALUATION AND OPTIMIZATION OF OPERATING METHODS DESIGN OF MINING
SYSTEMS.

- DETECTION, EVALUATION AND CONTROL OF CONTAMINANTS AT THE MINE AND
METALLURGICAL PLANTS,

MINERAL DRESSING

- DESIGN AND BASIC BNGINEERING OF CRUSHING, GRINDING AND CLASSIFICATION
SYSTEMS.,

- EQUIPMENT SELECTION
- INSTRUMENTATION AND CONTROL

- OPTIMIZATION OF MINERALS PROCESSES AND SYSTEMS THROUGH MODELLING AND
SIMULATION,

- DESIGN AND EVALUATION OF FLOTATION MAGNETIC AND GRAVIMETRIC CONCENTRA—
TION SYSTEMS. :

- APPLICATTION OF COMPUTER PROGRAMS FOR ADJUSTMENT OF METALLURGICAL
BALANCES, ' :



ANALYSIS AND DESIGN OF SLURRY TRANSPORTATION SYSTFMS THROUGH PIPES AND
LAUNDERS. .

LABORATORY TESTING' COMMINUTION SIZING CONCENTRATION CLASSIFICATION,
SLURRY SETTLING AND FILTRATION SLURRY VISCOSITY.

PTLOT PLANI' TESTING IN SLURRY TRANSPORT TO DETERMINE: PRESSURE DROP,
PIPE WEAR, SETTLING VELOGITY, EIC.

 LABORATORY AND PILOT PLANT TEST PROGRAMS 10 EVALUATE COMPLETE SULFIDE
" ORE CIRCUITS: CRUSHING GRINDING, CLASSIFICATION, FLOTATION AND
DEWATERING,

© EXTRACTIVE METALLURGY .

LABORATORY TESTING AND PROCESS DEVELOPMENT FOR THE TREATMENT OR ORES
AND CONCENTRATES BY:.

. DRYING, ROASTING, SMELTING AND FIRE REFINING
. AGITATTON AND PERCOLATION LEACHING

. BACTERTAL LEACHING AND CYANIDATION

. REQSURE LEACHING

. SOLVENT EXTRACTIONS, SOLUTIONS PURIFICATION
. CEMENTATION

PILOT PLANT TESTING OF ORES FOR: _

. PERCOLATION, DUMP, HEAP AND IN SITU LEACHING (LEACH COLUMNS)
. AGTTATION LEACHING AND COUNTER CURRENT WASHING IN THICKENERS
. SOLVENT EXTRACTION, ELECTROWINNING AND CEMENTATION

. METAL RECOVERY FROM INTERMEDIATE FRODUCTS: SMELTER DUSTS, SLAGS,
REFINERY SLIMES

BYPRODUCT RECOVERY

MATERTALS AND ENERGY BALANCES

AUTOMATIC CONTROL OF METALLURGICAL PLANTS AND SMELTERS
QUALITY CONTROL: ANALYSIS AND DESIGN OF SAMPLING SYSTEMS.
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MATERTALS CHARACTERTZATION

COMPLETE ANALYSES o ORES CONCENTRATES METALS AND INTERMEDIATES
UTILI?ATNG' 1 ,
. WET ASSAYING, ATOMIC ABSORPTION

'. X-RAY PLUORESCENCE AND DIFRACTION

. INPRARED SPECTROMETRY GAS” CHROMATOGRAPHY
. OPTICAL EMISSION SFECTROGRAPHY

TECHNICAL ASSISTANCE FOR DEbIGN AND IMPROVEMENTS OF ANALYTICAL
FACILITIES AT THE PLANT. : '

IDENTIFICATION OF MINERAL SPECIES AND MFTALLURGICAL PHASES BY
MICROSCOPY,. X-RAY DIFRACTION, AND MICROPROBE ANALIZER.

MICROSCOPICAL - MORPHOLOGICAL STUDIES OF ORES AND MElALLURGICAL
PRODUCTS BY OPTICAL AND SCANNING ELECTRON MICROSCOPE (SEM).
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2.b

ABOUT THE LEGAL FRAME RELATIVE TO POLLUTION

.Adminiétration of P0l1uti0h Control

' The'MiﬁiStry of lealth is the institution that administers the
‘j‘genéfal énvitonmental pollution and the working environment in °

féll"thé_entérprises;that develope some type of working activity

in any of its forms,

Thé fiscaiizatiou and control is done by the Ministry of Health

_ throﬁgh?the health services and the application of the following

standards.

- Standards to prevent emanations of atmospheric pollutants of

any nature,

- Regulations of minimum sanitary and envirvonmental conditions

in working places

The control of mining pollution is administered by the Ministry of

VHeélth and in a complementary way by the Ministry of Mining.

.Thg Ministry of Health_administefs almost éompletely'the mining

pollution control by means of the regulation of minimum sanitary
and environmental cohditions in working places, This regulation
assesses the maximum permissible environmental concentrations in
working places, regarding to chemical and physical agents
pollutants, The National laboratory in these matters is the

Public Health Institute of Chile.

The Ministry of Mining through the National Geologic and Mining
Service (SERNAGEOMIN), administers in a complementary form the
mining poilution control, This control is done by SERNAGEOMIN

through the following_regulations{ Regulation of Mining Police

" and Sécurity'and Regulation of Tailings Ponds Operatibn and

Construction.



Pollution Control under the Ministry of Mining Jﬁrisdictidn

The Ministry of Mining, tﬁrough the National Geologicalaéﬁd Mining
Service (SERNAGEOMIN), in the Regulation of Mining Security,

assesses the life and health protection standards of the workers

_of..the mining extractive industry and civil works, .The name

extractive industry designs all the,activitiés_cqrresponding to
deposits prospecting, extraction, trénsformation,.concentratioh,
smelting of minerals and intetmediate pfoducts; tfansport,'waste
disposal and embarkment of ores, industrial minerals, rocks, fossil'

substanées and l1iquid and gaseous hydroéarbons and‘fertilizers.

SERNAGEOUMIN also has something to do in the construgﬁién'and opera- -

tion of tailings ponds.



Section on Mine Works

List of Mines

= ElISalvadof

° Location
° Type of Mineral
® Production- Capacity

0

Personnel
° Owned by
~ Chuquicamata .
° Location _
° Type of Mineral
[+]

¢ Personnel

°'0whgd by
-~ El Tendiente’
Location -
.Type of Mineral
Production Capacity
Per sonnel

® Owned by

- Andina

° Location
° Type of Mineral
[+]

Production Capacity

° Personnel

Owned by

Prodiction Capacity .

PRESENT SITUATION OF MINING POLLUTION IN CHILE

‘E1 Salvador, TIL Regidn

Cobre - Mplibdeno

"35.000 tpd ore
2,000

CODELCO-CHILE

' Chuquicamata, II Regidn

Cobre - Molibdeno
120;000 tpd ore
2,000 |
CODELCO—CHILE

Rancagua, VI Regién
Cobre - Molibdeno
70.000 tpd ore
3.300
CODELCO-CHILE

Saladillo

Cobre - Molibdeno
27.000 tpd ore
750
CODELCO-CHILE



"~ Mantos Blancos .-

9 Location - - - ~ Mantos Blancos (Antofagasta)
° Type offMinérél _ Cobre - ' '
° production Cépacity 12,000 tpd ore
® Personnel 650 ' _ _
* Owned by ' Empresa Minera de Mantos Blancos S.A.
- El Inddio .
° Location B ' La Serena, IV Regifin
° Pype of Mineral . Cobre, oro y plata
° Production Capacity 1.800 tpd ore
° Personnel : _ 600 '
® Owned by ' cia, Minera El Indio-
- El-'Soldado
° Location _ | “El Cobre (Nogales)
° Type of Mineral " Cobre . ‘ '
® Production Capacity 5,500 tpd_ore'
® Personnel . 250 _
® Owned by o ~ cia, Minera Disputada de las

Condes S.A._ : i

3.a,2 Types of existing Mining Pollution and theiyr Effects

- Air peollution By'fféé silica (Airborne), which is general in the

workplace in all above mentioned mines; causes silicosis.

~ Air pollution by toxic gases and organic particulates produced

by diesel equipment, which is generai to all mines,

3,a.3 Priorities in Mining Pollution Contrel in Chile

- By Mine

° El Salwvador
® Chuquicamata

° E1 Indio
Mantos Blancos

El Teniente
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3.a.4

3,a.5

c

L

_°,Andina‘.
° El Soldado

By Type of Control
° Airborne particles containing free silica, which is a problem
common ‘to all mines dnd the cause of one of the most important

incapacitating proféssional deseases in the country,
° Gases CO, NO, NO2 ¥y SO2 and airborne organic particles.
ontﬁols which are contemplated to be done in Chile

.To implement adequate methods to control dust at the source, to

avold largely its SuspenSion in the air,

To improve systems for absorption and elimination of toxic gases

generated by diesel equipment exhausts.

To improve mine ventilation systems, so as to distribute the air

efficiently and to obtain immediate decrease of pollution levels.

To_implément-move efficient methods to evaluate the level of
pollution in the mines and thus have acussate knowledge of air
quality in different work areas to determine places of high

risk.

evel of Technology Transfer Desired

To receive equipment and instrumentation for evaluation of
ambient pollution by dust and gases in mines, as well as training

for its use and operation,

To train high level professionals in industrial and mining higiene

through-trips, courses and visits by Japanese expert to Chile.

To receivér.cbmputer'models of mining pollution, to handle

particle dynémics, diffusion and dispersion of gases and others,

Pfoject in pilot'miﬁe'to apply measures of mining pollution

evaluation and control,



LIST OF EQUIPMENT AND MATERTALS FOR SECTION OF MINE WORKS
~ Gontinuous mbﬁitoriﬁg bf.gas equipment - (GO, NO, NOsy, 805) .

- Continuous sampling 6f'dust'equipmeﬁt;

- Instruments to measure wind speed aind direction,

- Equipment to control dust at the source of gemeration.

- Equipment to purify exhaﬁst gases of diesel engines.

- High volume ambient dust samplers,
- Instruments to measure a number of parameters which are
important to determine air particle cohcéntfation3in open

pit mines.



CONCENTRATOR PLANTS

3.b _Actual.Sitﬁation of'the Mining Contamination in Chile

) b

2)

3)

“List of Concentrator's Plants

- _Codelco'e Plants

- ¢ia. Minera Disputada de Las Condes S.A.

- Mantos Blancos S.A,

~'"E11indio

"~ ENAMI'S Plants

Mining Contamination and its Influences

The Concentractor Plants pollut the flora & fauna, in general
the éeosystem, through the dumping of tailing in rivers, lakes,
coast, since they contain residual desolved reagents and un-

wanted mineral species or euspended dust.,

When'Plants'are'located in agricultural zones the desposal of
water constltute a risk to agrlculture. In case of disposals
1nto the sea they 51gn1f1cantly destroy the Marine flora and
fauna, not: only by the presence of foreign chemical products to
the ecosystem, but also because of turbidity, since it influences
the-depresslon of llght, 1mportant element for the survival in

the sea.
Chile's Priorities in the Control
3.a Mines:

Salvadpr'
CEl Teniente
' CMD, San Francisco's Plant
“Andina
'El Indio
'Mantos Blancos S.A,

Chuquicamata



3.b TYpe of Contidl:

Disposition of talllngs in the sea: Their intereSt is'to
control effect of the re51dual reagents on Marlne fléra &
fatina and the 1nf1uence of the waste, partlcularly from the -
leHt of View that the suspen51on and turbldlty have

potentlal ionic react;ons.

Tailinge Sams: . It ié of interest”thelwater'effiuence,
particuiarly in discharges into rivere, lakes and under-
ground reservolr whlch supply drinklng water, Cdnttol isg
important from the 901nt of view of the rlsk of consumptlon
to humans, also sollds are 1mportant because of thelr
negative effect on the floor as a consecuence of thedir

erosion by w1nds and seasons or contlnuous flows.

4) Chile's Plan of Control

- Control of Marine Dispositioh;- The study of feasibles alter-—

‘natives to the dispositions of. tailings in the sea.

- Control. of Tailings:Dams'- Study.noxiOUS elements‘in the
ecosystem, partlcularly those in the effluent watexr from these
dams for example: No, Cu, As & Fe both from the polnt of

view of agriculture and animal life, Thls_may be achieved by:

a) Continuous monitoring

b). Treatment Plants

5) The level of technology transference that Chileewante firstly a
"Working Group" must be formed, Thie group'muet have the
necessary personnel and materials to permit them to study the
problems and aspects of contaminatlon, o that they can propose

viable and concrete solutions,



5.a Equipménts and'Materialsi

-~ Equipment to determine turbidity and suspended solids,

either confinously Or'discontinously.

- Equipment for sampling liquid effluence'both, above and

underground (continous and discontinously),

-~ Equipment to continously detérmine the concentration of

ions in'suspénsion, particularly Cu, Fe and Mo,



PYROMETALLURGICAL PLANTS

3.b  Roasting and Smelting

1)

List Of'Roastiﬁg Plants and Smelters ° - -

: Chﬁduitématé Sméltéf, located in Chuquicamata, II Region,

Coppe; and Molibdenum Mine. Capacity 4,000 tpd concentrates,
personnel 1,000, owned by GODELCO~Chile, Chuquicamata

Division,

Mantos Blancos Smelter, located close to Antofagasta, Il
Region, Copperx Mine, Capacity approximately 300 tpd

conéentrates, personnel 250, owned by Fmpresa Minera Mantos

‘Blancos.

Potrerillos Smelter, Jocated in Potrerillos, iII'Regibn,
Copper Mine. Capacity 1,000 tpd concentrates, personnel 400,
owned by CODELCO-Chile, Salvador Division. '

Hexndn Videla Lira Smelter, located in Paipote, II1 Region, -
Custom Smelter., Capacity 800 tpd concehtrateé, persomnel 400,
owned by ENAMI (Empresa Nacional de Mineria).-_

Ventanas Smelter, located in Ventanas, V Region, Custom
Smelter. Capacity 1,000 tpd concentrates, ﬁersonnel 400,
owned by ENAMI,

Chagres Smelter, located in Chagres, V Region, smelts concen-—
trates from Los Bronces and El Soldado Mines, 'Capaciﬁy'ﬁoo
tpd concentrates, personnel 250, owned by Compania Minera

Disputada de Las Condes, EXXON subsidiary;

Caletones Smelter, located in Caletones, VI Region, Copper and
Molvbdenum Mine, Capacity 2,700 tpd'concehfrates, personnel

1.000, owned by CODELCO~-Chile, Teniente Division,



Roasting Plants

- El Indio Roasting Plant, located by la Serena, IV Region,
roasts'poper—goldésilver—arSEnic concentrates fxom El Indio
‘Mine, ‘Capacity 150 tpd concentrates, personnel 60, owned by

Compafiia Minera El Indio, St. Joe subsidiary.

- 'Refimet'Roaéting'?lant, located North of Santiagn, Metropolitan
Region, roasts El 1ndiq concentrates. -Capacity 50 tpd concen—

_trates, personnel 30, owned by Comafila Refinadora de HMetales,

-~ Molyiiet Roasting Plant, located in Santiago Metropolitan Region,
roasts molybdenite cohcéhtraﬁes. Capacity 10 million pounds Mo

per year, personnel 50, owned by Molibdeno y Hetales.

2} Types of Pollutants and their Effects

i) 80, pollution of ambient air, which is well known and
common to all smelters and roasting plants, with the excep-
tion of Mantos.Blancos, whefe instead of sulfides, chlorides
are smelted, with the result of contamination by chlorine.
Tn the future this smelter could be transformed to become
also a sulfide-smeltgr,'due to changes in the mineraliza-

tion of the ore.

ii) Adir poliution by dusts and volatile elements in the effluent
gases, coﬁmon to all sﬁelters, but quite variable from one
td.another, resﬁlting in pollution by heavy metals, such as
As, SB, Hg, Cd, Cu, Mo, Undoubtedly, the most important of
the former is arsenic, due to its present high content in
thé main ores being treated, and its tendency to increase

" in the future in some of them.

" 1ii) Water pollution by weak acid of sulfuric acid plants.



3) Priorities

By Mines:

By Type of

Smeltexs

1

Chuquicamata, first_dué'tqfthe‘séveteness'of'the.

prbbiems to people iu'thé area, through S0y and As

pollution.

Chégres, controls do exist, but'aréa where it is

located is critical bécause of'agfiéulturé.

Ventanas, located close to égﬁiqultural valley,

.thdugh_less productive than the.fof@er.

Teniente, might have influence on Santiago.

Paipote,
Mantos Blancos,

Potrerillos.

Roasters

Molymet, located in Santiago, where serious city

air pollution problem'eXist;
Refimét, 50 km from Santiagb;

El Indio,

Control:

S0, is first priority since it is common problem to
all smelters and roasters, and its effects are known

to be serious, -

Arsenic is second priority in general, but as

important as 502 in those casés where the ore
presents high-As concentrations. Ih'géhérél S0,
control through aéidrpiants.imlies AS.éontrolj due
to the need of avdidihg operating problems in the

acid plant,



- Weak acid of sulfuric acid plaats.

T 4) Controls which are considered for Chilean Minlng Operations

~ Improving the éxisting gas collection systems to decrease

ambient pollution in working areas.

~ Building sulfuric acid plants in all smelters where possible,

with abatement of pollution in the whoie area of influence of

each smelter. It would be desirable to obtain part of the

sulfur of the concentrates as elemental sulfur, which is a

fooduct easy to sell, When building acid plants method to

eliminate or recover arsenic must be implemented when this

element is in high concentyation,

-~ Develop processes to utilize sulfuric acld plant weak acid

metallurgical reagent.

— Develop processes to make

which would make possible

3) VLével of Technology Transfer

~ Through implementation of
pollutants in the air and

the use of this equipment,

intensgive use of sulfuric acid,

building additional acid plants,

Desired

equipment to measure and monitor

stacks, training of personmel in

as

- To train scientists and engineers in the field of pollution,

through courses, field trips, Japanese experts in Chile.

- Computerized models .of air pollution and diffusion,

- Pilot project to evaluate

tion,

pollution in a particular opera-

65—



EQUIPMENT AND MATERIALS

Equibments

- Cemplete Isokinetic Stacksampler Equlpment equipped with impactor

for particle size analysis.'

- VAlrborne Particle Sampler.
Total Partlcle Sampler.

Fractionating Sampler..

- Ambient Gas Sampler (for three to Five gases simultaneously,

including SOQ{ NOZ?”st, NH3).
- Sequential Sampler'fo samﬁle.poiluﬁent gasee in embienﬁ air.
- SﬁoteAir Samelers (midget‘air samplef.typé).
=~ Universal Sampler.

~ Continuous air pollution monitors for'SOZ, H,S and other

pollutants,
- Alr velociey metering instrument.
~ Portable barometers.
- Hygrometers.
- - High pressure.liquid chrematog:aph,
- Infrared epectrometer.
-~ . Gas cﬁrometograph.
- Recorders: digital multichannel.
- Digital precision balance.
- Flow integrators.

-  Sound meters,



Materials

- Packaged:Air Sampling Reagent Kits, for $0,, NOp, Op, HyS, NHj,
CHO, sulfates and PbOj.

- Cylinder Gas Mixtgres_and Valves for calibration of monitoring

equipment s (SO2 - N,, and others).

- Sampling bags for gases.’



ELECTROMETALLURGICAL PLANTS

3.b Electorefining and Electrowinning
1) List of.Electrbrefiningfaﬁd Eléétroﬁihﬁing-Piénté‘ C

- Chuquicamata Electrorefinery and Eleétrbﬁihniﬁg_Plénts,
logatéd'in Chuquicamata, 11 Régibn.';bépééityﬁéoﬁfﬁbb'tpy
copper, personnel 1000, owned by CODELCO—Chile,_Chuquica—

mata Division.

- Potrerillds Electrorefinery, located in Potrérillos,’lll
Regidn, -Capacity 120.000 tpy copper, pefsbnnél 200, owned
by CODELCO-Chile, Salvador Division.

~ Ventanas Electrorefinery, located in Ventanas, V Regidn,
Capacity 180,000 tpy copper personnel 300, owned by ENAMI

(Empresa Nacional de Mineria).

- Lo Aguirre Electrowinning Plant; located close to Santiago,
Metropolitdn Region. Capacity 16,000 tpy copper, personnel
20, owned by Sociedad Minera Pudahuel Ltda. y Cia. CPA.

2) Types of Pollutants

Normally the electrolyte is recycled completely during the
process, but pollution may arise by eventual bleeding or by
"discarding products from its purification process }i.e, arsenical

slimes),

3) Priorities

— Chuquicamata, due to the high arsenic content of the ore.

—~ Ventanas, due to its location.

4) Control which are Considered Chilean Refineries

~ Improvement of plant and process design for.electrolyte.

purification,



5) Level of Technology Transfer Desired

_ ~ Through implementation of equipment to measure and monitor
pollutants in the surroundings of the plants, training of

personnel in the use of this equipment,
- Pilot project to evaluate pollution in a particular operation.
—'To_trainiscientists'and engineers in the field of pollution

through courses, field trips, visits of japanese experts to
Chile. |
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HYDROMETALLURGICAL PLANTS

3.b Leaching
1) List of Leaching Plants

- Chuquicamgta_dkide_?1ant, located in Chuquicamata, 11 Region.
" Capacity 30,000 tpd copper oxide ore, personnel 300, owned
by CODELCO-Chile, Chuquicamata Division.

- Salvador Gold Heap Leaching Plant, locatéd'iﬁ:El'Sélvédof
111 Region. Capacity 275 kpd gold precipitates )projected?,
personnel 50, owned by CODELCO-Chile, Salvador Diﬁision.

-~ Mantos Blancos Leaching Plant, located close to Antofagasta,
11 Region. Capacity 30.000 tpy fire refined coﬁpef; personnel

100, owned by Empresa.Minera Mantos Blancos.

- Michilla Leaching Plant, located north of Antofagasta, 11 Region.
Capacity 1800 tpd copper oxide ore, personnel 300, owned by

Compafifa Minera Carolina de Michilla,

- La Cascada Leaching Plant, located close to'Santiago; Metropolitan
Region. - Capacity 16,000 tpy electrolytic refined copﬁer,
personnel 420 )including electrowinning?, owned by Sociedad

Minera Pudahuel Ltda. y Cfa. C.P.A.

= El Indio Cyanidation Plant, located in El Indio, IV Region.
Capacity 1400 tpd flotation tailings, personnel 20, owned by

Compafifa Minera E1 Indio,

—~ Ojancos Leaching Plant, located in Copiapo, 111 Region,
Capacity 600 tpd oxide copper ore, personnel 150, ovned by

Compafiia Minera Sali Hoschild,

2) Types of Pollutants

Water and soils pollution by acid, solids,_heavy metals much

as Ag. Cu, As, Sb, etc, _ : s



3) Priorities

Cyanidation plants- for treating_gold-and silver ore, due to

pollution by cyanide, arsenic and in some cases by mercury.

4) Controls which are Considered for Chilean Plants

\

- Improvements in the design and operation of leaching plants,
- Treatment of solution disposal and tailings.
5) Level of'Technolqu'TrahsEer Desired

- Thrbﬁgh'impieméntatiqn of equipment to measure and monitor
pollutaﬁts in water, training of personnel in the use of this

equipment,

.= To train scientists and engineers in the field of pellution,

through cburées, field trips,.japanese experts in Chile,
- Pilot project to evaluate pollﬁtion-in a particular operation.
4, Equipment And.Mgtefié1s.
(Electrometallufgical and ﬁydrometallurgical Plants)

- Monitoring and control equipment {(pH, temperature, flow, chemical

composition, ete,)



EQUIPMENT AND ACCESORIES FOR MATERIALS CHARACTERIZATION - -

3 High volume Air samplér,:inC1udeS'séamieSS:filter“yoldér, flor
selectors,. timers, recording, etc. o '
2 Dichotomous Samplers, (virtual_impactor),-iﬁcludes'ééparate'
sampling and control modules.

2 High volume particle size - fracfionating §émp1ing-syétém '

1 Low Chromatography detebtion_system,.inélﬁdes cdiumn and

detector

1 High performance liquid Chrdmatography'(HPLC),finqludés
solvent delivery system (pump)}, samplerinjebtor, column,

detector and data handling device,
1 Infrared Spectrophotometer; includes accesories for solid,

liquid and gas samplers, data handling device, raﬁge_200—4000 cmml.

em -
1 Kit Standars materials for contamination;_includes-standard for
gas and water pollutants, .

3 Currentmeter Gurley, Measurement of river current

3 Pygmy meter. Measurement of river current



o L I S — 3
' MINUTES OF MEETING FOR TECHNICAL
" COOPERATION ON MINING POLLUTION
TECHNOLOGY PROJECT IN THE REPUBLIC
' - OF CHILE-

The Jananese P*ellmlnarv Qu*vey Tezm (he*e*nafte: czlled "the

»izl

no

Team®) be“uec by T0=H~o Kitzmus 2, Director of Mining and Indust
.Deve10nmen; Coone* 1on Dencr ﬂenu, Japan Interna tional Ceceperation
_Agency,was aessahchea by the ‘Japan International Coopersz tion,
Agency from March 25 to Anrll 2, 1986, for the purpose of making
'tﬁe st uay on the reauesu of. techn\cal cooperation on Mining
'Pollutlon Technology Project (he*e;naf ter called "the Project")

ané of exchanging views w1th the Mining anc_Metan_urglcal Research

Center (hereinafitex called"the CIMM") on the proposed project.

As a result of the study and a'seVies of discussions, the team and
the CIMM came O the principal agreement that will inform the
results of dlSCUSSlon refe*red to annex and reﬁommend to the both
governments to take necessary measures on the lmnlenentatlon of

the Pro;ect

'SANTIAGO, CHILE, April ‘ist., 1986
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TOSHIO KITAMURA DR. WERNER SCHLEIMN
Leader Japanese Preliminary Exgfutive Director
| ‘Survey Team - Mining and Metallurgical

Research Center
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a) MINING

CONTENTS OF DISCUSSION (Annex)

The CIMM of:1c151s exnressed tnat the CIMM 1ntended to
es;_nllsh the DEN aeVE!opmenu funCtlon ‘in orde* to
cunt_;bute to the solution of mining pollutlpn probléms;
based on the reduest of the Ministry of Mining to the
National Planning Office, with the aproval of said office.

Both sides agreed to perxform the cooperative activities

as follow under the trainer's training principles.

Sampllng aﬁd Measurement of suspended sollas and
_ gases,

b) CONCENTRATOR AND TAILING DAM.

Sampling; Measurement and Analytical Method of
waste watet,”using'Japanese Standard. '

c) SMELTER AND REFINARY
Sampllng, Measurement and Analytlcal Nethods of

dust aases ‘and waste water,. using japanese standard

'd) COMPARATIVE STUDY

The administration of mining pollution and related
regulations of both sides,

Japanese side prepares the necessary measures for the
technical cooperation indicated above areas.

Chilean side prepares necessary budget and measures for
the promotion of the Project. o - LT
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NecéSsary‘equipmént for the implementation of the project

is as follows:

a)

b)

Equipment and Materials for

and water pollution.

Vehicle for field work

' Video Eguipment

Copy machine:

Documents and others.

A~
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Analvtical Methods of air
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ANALYTICAL CHEMISTRY DEPARTMENT .

List of Eguipment

Equipment

G —

‘Marc o Model . " Year

X-Ray Spectrometer '.Philips. 'fer'l4bd _1981
X—Ray'Spect?ometer ' Philips :PW.1212’—;  1965
X-Ray Diffractometer Philips PW. 1130 1974

~ Conductivity Heter Radiometer oM 3 1972
Automatic Titritor RadiomEter' “TTT 2 | 1972
Automatic Titritor Metter DL 40RC - 1985
Expecterhotometer Uv-v1g Perkin_Elﬁer 5594 . _ 1983
Ions Analyzer Beckman Selection 5000  1984
Gas Cromatography : Shimadég .6C—7A 1981
Optical Emission Spectrography Baird Atomic GX-1 1976
Colorimeter TILA 1982
Electrobalance CANN _ -.1980
FURNACE Williams and Wilson 1974
Tubular Furnace LECO ' 571 1972
Induction Furnace LECO 521 1972
Carbomiter LECO 572-100 - 1985
pH-meter LEEDS NORTHRUP 7411 '
Spectrophotometer .Shimadzu QV—SON B 1972:'
Atomic Absorp, Spectrophotometer Shimadzu AA 650 1979 -
Atomic Absorp. Spectrophotometer Perkin' Elmer 403 1975
Atomic Absorp. Spectrophotométer_ Perkin Elmer 4000 '1980
Atomic Absorp. Spectrbﬁhoﬁometer ‘Perkin Elmer 5000 1983
Atomic Absorp. Spectrophétometer 1L Video 12 1985 -
Inductively Coupled Plasma , .
Spectrometry Perkin Flmer 5500. 1983
Graphite Furnace Perkin Elmer | HGA 2100 1975



EQUTPOS DE MEDICION EXISTENTES EN EL AREA
' ' DE CONTROL AMBIENTAL
DIVISTON MINAS

T -

Rquipe . R Cantidad Modelo Marca
Clasificador de.taﬁaﬁo de particu-
.1as, éombﬁesto dé:
- Micfbproyector _ 1 NQ 78210-K;Serial 473 M.S.A.
= Centriéuga - : 1 300 RPM;Serial 1395 - M.S.A.
- Centrifuga 1 600-1200 RPM;Serial
j 1374 o M,5.A,
- Centrffuga 1 1800 RPM;Serial 1315  M.S.A.
- Centrifuga : ' 1 3600 RPM;Serial 496 M.S.A.
Equipo'FotQperfil compuesto de:
- Tripode de lente 1 CST20 wild
- Lente.Toroidal 1 V-58;N2 112 Cerchar
- C#mara Fotogrifica 1 N® 4-63122977 Seagull
- Triﬁode de Céﬁéra fotogrifica 1 Seaqull
- Ampliadora de fotograffa 1 F-60 NO 426282 Durst
- Psicrémetro de-aspiraﬁién 2 NO 400659 c"ventilad, Wilh
_ 7 o Lambrencht
—- Muestreador de polvo digital _ 1 AP Weather
. . : Measure
~ Muestreador de digitél. - , 1 RDM 101-4 GCA
"Muestréador de polvo gravimétrico,
compuesto dé:- _ _
~ Bomba gféﬁimétrica'con cargador. 1 26-2239 Serial D-12- M.S.A,
porticiclén y ciclén 0461 '



Equipo Cantidad Modelo Marca.
Muestreador de polvo gravimétfico,
compuesto ‘de, | 7 o .
~ Bomba gravimBtrica con cargadoyr 1 2G¥2239 Serial M.SfA._
portaciclén y ciclén, D-12-0100
Muestreador de gas monitaire,
compueéto'de:
~ Bomba portdtil con cargador y 1 TD N© M.S.A.
Portatubo de muestreo _Seriai D-09-0167 '
Muestreador de gas moﬁitaire,
compuesto.de: | _
- Bomba portiatil con cargador 1 D N92G~22§9—2  M.S.A
tatubo de muestreo . Serial D-09-0161
~ Bomba monitaire 1 s N9f6*223952'"f'5 M.S.4.
'SeriaiTE%09f0206“
- Bomba monitaire 1 S:N926—223§§2“5f M.S.A,
Serial Ef59—6207
~ Bomba monitaire 1 5 Ng 2239-2 M.S.A
E-08~0142 - -
~ Bomba monitaire 1 TD N226-2239-2 M.S5.A,
- Serial D-09-0142
- Scintildmetro 1 TV;S'Sefiél '
572-12P _
- Detector multigas 2 21/31—3336/77-. Dréger'
0 Detector de polvo- 2 31-3229/77 'Diégef
~ Termdmetro 1 Globo -  Bendix
~ Termdgrafo 1 T.0i 11 “Whatér
7 - Measure
—- Bardmetro aneroide 1  .B.M 70 Whater
: Measure
~ Bardmetro 1 Fortin - _  Princo Inst,
~ Microbardgrafo 1 5.M,B-5 Serial : Americaﬁ.
B~10710 Paulin
System



Cantidad

Equipo Modelo Marca

- Altimettq de precisidn M~5 American Pau-
. o o lin System

-~ Calibrado de flujo' ' 1 Burbuja M.S.A.

- Microagitador . | 1 380 Sexial 66~3  Dremel

-~ Equipo isecindtico transferido a | '
Divisidn Metalurgia Extractiva) 1 CV=4 Joy

Anemdmetros de rueda alada:

- R 1400/402020 Wilh Lambrecht

- 1405a/402068 " "

- 14054/ 602069 oo

- 1400/402036 " "

- Anemémetro fotodiodo 672 - N© 89 .Cerchar

- ' A.T,P.~685 N0225  Cerchar

Termoanemdmetro portdtil
Balanza digital

ManSmetro inclinado

Mandmetro en U

n "

Tubo de Pitot

Veldmetro

Mgestxéadot de gases'(Co;NOZ)

.Muestreador de gas

T T T N N N S S I X R S e T I N I Sy

AD=2 Autobalance

0~25 mm Hp0
5-50 mn H30
0-70 mm Hp0
0-1 pulg Hz0
0-300 wm H,0
0-500 mm 150
0-140 nm ﬂQO .
12"

18"

24"

36"

g

60"

48"

2G-2899 Serie
7000

A - 274 ~ 288

‘Perkin~Elmer

Dyyer

Alnor

Ecolizer

Ecolizer



DIVISION METALURGTA EXTRACTIVA

EQUTPOS A EMPLEAR

Paf& 1a tealizacidn del frabjjo propuesto el Cenffofde'InvestigaciGﬁ"

Minera y Metaldrgica cuenta con el siguiente equipamiento:

- 1 muestreador isocinético de gases, Ahderséh'Samﬁlérs.Inc:

- 4 analizadores de gaSes Orsat (503, COg, CO ¥y Oz;en muestras
puntuales). ' ' B

~ 6 bombas de vacfo, Fisher Scientific, Doerr Electric Corp.
Edward, .

- Tubos Pitot tipo S, segilin requerimientos, puéstq que se construyen
en CIMM. ' L '

- 6 mandmetros inclinados, Dwyer,

- 2 termdmetyos de bulbo con vaina metélica, 0-~-400 C,

— Termocuplas seqiin requerimientos (cobre-constantan, cromel-alumel,"

niquel-niquel/cromo, platino-platino/rodio).
— 1 indicador digital_mﬁltiplé para termocuplés, Fluke.
— 8 indicadores sencillos para termocﬁplas, Siﬁpson y Heraeus,
- 1 pirdmetro éptico, Yokogawa Electric Work Ltd,
- Bolsas de aluminio para muestras gaseosas, Analaﬁ.
- Cdpsulas de vidrio para muestras gaseqéas.
~ Bardmetro, Weather Measure Corp. |
- 1 celda eleétrolitowé61ido'CIMM (09 en cQﬁtinuo);

~ Diversos instrumentos el@ctricos como amperimetros, voltimetros,

osciloscopio, etc, .

- Equipos de registro'multicanal.
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EQUIPOS Y MATERIALES
Los equipos y materiales utilizados en las mediciones fueron los
siguientéé:

- Equipo isocindtico marca Andersen Sampler Inc. y accesorios para la

determinacién de humedad de los gases,

~ Tabo. de Pitot Tipo "S8" y mandmetros inclinados, de 0,45 y 1 pulgada

de dgua para la medicién de presidén de los gases.

— Termocuplas cromel"alumel e indicadores digitales marca Fluke para

la medicidn de temperatura de los gases.

~ Bolsas de aluminio Analab y aparato Orsat para el muestreo y andlisis

'puntual de los gases,
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