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❑ Site Identification Former Lo Aguirre Mine

❑ Environmental externalities generated

❑ Resolution Closure plan and its obligations

❑ Development of the Lo Aguirre Closure Plan

❑ The problem:

❑ First stage: Administrative ordering and disposal of assets.

❑ Second stage: Physical Chemical Stabilization of Leaching Pads

❑ Third stage: Monitoring

❑ Closure Plan Financing Strategy

❑ Challenges and Limitations in the execution.

Experience of the First Mine Closure Plan 

in Chile - Mina Lo Aguirre
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Profile of the company

Sociedad Minera Pudahuel Ltda., y Cía C.P.A.; today Nueva Pudahuel

S.A., is located in the Metropolitan Region, Route 68, Km. 16 ½,

Commune of Pudahuel. It owns the former Lo Aguirre Mine and the

former La Africana Mine.

Nueva Pudahuel S.A.
Lo Aguirre - Chile
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Environmental milestones

Year 2000: The company voluntarily submitted the Lo Aguirre Mine

Closure Plan. RES Nº 2,174, SERNAGEOMIN, beginning

of closing activities.

Year 2001: Closing solution disposal pools at La Cascada Mine, First

Region.

Year 2002: Obtains RES Nº 2362 from SERNAGEOMIN, approval of

the "Closure Project of the La Africana Mining Site".

Year 2008: Completion of the Lo Aguirre Closure Plan, in its

fundamental part.

Year 2009: Presents DIA for the La Africana Mine Remediation

Project, obtaining the RCA in May 2010.

Nueva Pudahuel S.A.
Lo Aguirre - Chile
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Technological milestones

❖ Pioneer in mining worldwide through an integrated process of LIX -
SX - EW, known as "Lo Aguirre Project".

❖ Hydrometallurgical process, oxidized mineral leaching (SMP – TL).
SMP in 1981 patented this process.

❖ Development of Bioleaching (BTL) at an industrial level

By combining the
leaching, TL and BTL
processes, SX solvent
extraction, and EW
electrowinning, it is
possible to develop a
highly efficient process
with low operating costs.

Nueva Pudahuel S.A.
Lo Aguirre - Chile
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MINE OPERATION
Ore extracted: 21.728.132 TM

Non ore removed: 68.671.833 TM

Total extracted: 90.399.964 TM

Ratio TM/year: 4.519.998

OPERATION PLANT
Operational parameters

Mineral processed :  21.728.132 TMS

Acid consumption :    1.320.000 Ton

Cu produced :       277.613 TMF

Operation
The Lo Aguirre Mine operated from November 1980 to June 2000.

Nueva Pudahuel S.A.
Lo Aguirre - Chile
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Externalities
During the operation of the mine and plant, a series of externalities were 

generated, both physical and chemical:

Nueva Pudahuel S.A.
Lo Aguirre - Chile
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Externalities

Situation at the end of the operation

Nueva Pudahuel S.A.
Lo Aguirre - Chile
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Closure plan resolution

NPSA voluntarily submits to the Service the Lo Aguirre Mine Closure 

Plan. Approval according to RES No. 2,174 of SERNAGEOMIN, dated 

December 06, 2000.

Basic objectives of the closure plan:
- Eliminate or minimize the externalities generated

- Provide a solution to the "problem" of an area with high rainfall

- Create a more welcoming and friendly environment

LLUVIA

RIEGO

TRANQUES 

SOLUCIONES

                RIPIOS DE LIXIVIACION
                       (20 MILLONES DE TON)

                   (1, 8 A 3,6 MM m3 de soluciones)

  POND

   Cu, Fe, Mn, Al

      H 2SO4
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Closure plan resolution

Main commitments acquired

• Ensure the conditions of physical stability of banks

in the pits, physical-chemical stability of waste

deposits and leaching piles.

• Access blocking and mine-plant signage.

• Construction of a channeling system for surface

water in dumps.

• Final disposal of hazardous and non-hazardous

materials.

• Superficial cover of the leaching piles with a layer

of clayey material with a minimum of 10 cm, plus a

vegetal layer between 5 and 7 cm.

• Reforestation and revegetation plan. Monitoring

plan.

Nueva Pudahuel S.A.
Lo Aguirre - Chile
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THE PROBLEM:

The main remediation challenge for NPSA has been the existence of a

physical environment baseline of high seasonal rainfall and a rainwater

channel that passes through the piles to Laguna Carén.

Nueva Pudahuel S.A.
Lo Aguirre - Chile
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Development of the Closure Plan: 

First stage: JUN 2000 a ENE 2005

Demobilization of personnel, 559 people. (1993 – 2000)

Legal and administrative regulations (2000 – 2004)

Disposal of assets; auctions and direct sales (2000 - 2003)

Mine and Plant perimeter closure (2001 - 2002)

Underground mine closure (1999 - 2000)

Elimination of all hazardous industrial waste (2001 - 2003)

Dismantling of the plant and its facilities (2002 – 2003)

Nueva Pudahuel S.A. 

Nueva Pudahuel S.A.
Lo Aguirre - Chile
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First stage: demobilization process

In 1993, a plan for the demobilization of company personnel was

initiated, which established:

▪ Creation of Compensation Funds for Years of Service (FIAS).

▪ Preparation and reconversion of personnel for professional

development other than mining, for which:

▪ Agreement with technical institutes (of the time) DUOC-INACAP,

to prepare mid-range technicians (gasfiter, automotive

mechanics, etc.).

▪ Purchase of equipment, machinery and tools for the

development of their specialty.

▪ Other incentives.

Nueva Pudahuel S.A.
Lo Aguirre - Chile



Postítulo Cierre de Faenas Mineras    Escuela de Ingeniería Química – Pontificia Universidad Católica de Valparaíso

Santiago, 2016

Lo Aguirre Plan Closure
Indemnity Fund Years of Service

In November 1993, the Regulation of the Compensation Fund for Years of 

Service (FIAS) for Roles A was formalized; B and C. These regulations 

establish, among others:

▪ SMP undertakes to form the FIAS, for the payment of the

years of service at the time of depletion of the economically

exploitable mineral reserves, without limitation on the years

actually worked.

▪ SMP must form the fund through deposits in Fixed Income

financial instruments.

▪ SMP will recalculate the amount of the FIAS on a quarterly

basis, and must, with resources from the operation,

increase said amount if necessary.

▪ SMP undertakes to constitute a commercial pledge in favor

of the workers of all the financial instruments of the fund.

Nueva Pudahuel S.A.
Lo Aguirre - Chile
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Staff demobilization

The programmed demobilization of the crew of 559 people begins.                  

Año 1992 1993 1994 1995 1996 1997 1998 1999 2000

Overhed SMP 16 10 17 17 20 13 11 9 7

Administración 60 51 49 51 50 49 37 40 10

Exploración y Geología Mina 32 21 18 22 6 8 0 0 0

Operaciones Lo Aguirre 231 197 198 206 210 196 225 160 0

Servicios a la operación 143 100 106 109 94 87 38 30 1

Gerencia Proyecto 17 0 0 0 0 0 0 0 0

Gerencia de I&D 60 47 51 0 0 0 0 0 0

Total 559 426 439 405 380 353 311 239 18

Reducción

Overhed SMP -6 7 0 3 -7 -2 -2 -2

Administración -9 -2 2 -1 -1 -12 3 -30

Exploración y Geología Mina -11 -3 4 -16 2 -8 0 0

Operaciones Lo Aguirre -34 1 8 4 -14 29 -65 -160

Servicios a la operación -43 6 3 -15 -7 -49 -8 -29

Gerencia Proyecto -17 0 0 0 0 0 0 0

Gerencia de I&D -13 4 -51 0 0 0 0 0

Total -133 13 -34 -25 -27 -42 -72 -221

Nueva Pudahuel S.A.
Lo Aguirre - Chile
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Formation and payment of the IAS fund

The company, to lower the

financial burden of the FIAS,

granted advances

proportional to the individual

compensation.

FIAS Año UF USD (1)

Prestamo 30% 1993 22.437,58

Prestamo 10% 1995 8.954,91

Prestamo 10% 1997 7.805,14

Prestamo 10% 1998 6.876,49

Finiquitos 2000 65.027,00

Vacaciones 14.417,77

Total IAS 125.518,89 3.450.576

And finally we had the last supper……

Nueva Pudahuel S.A.
Lo Aguirre - Chile
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Plant disassembly and disposal

Situation at the end of the first stage

Nueva Pudahuel S.A.
Lo Aguirre - Chile
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Start of development of the Lo Aguirre Closure Plan

Second Stage: FEB 2005 to DEC 2008

Physicochemical stabilization of the Leaching Dumps, approximately

150 hectares.

Ordering, sealing and covering pads.

Rainwater evacuation plan, hydraulic evacuation system and solution

support.

Forestation Plan.

Nueva Pudahuel S.A.
Lo Aguirre - Chile
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The Work Team

▪ Light structure, efficient and achievement-oriented work team.

▪ Without great "motivators"; Except for the professionalism and

commitment of its workers.

▪ Personnel committed to industrial safety, without accidents, low

absenteeism and medical licenses.

The Personnel in charge of closing activities is made up of 25 people (all former SMP 

officials) Management: 3

Field Supervisors   4

Operational staff: 14

Administratiion: 4

Nueva Pudahuel S.A.
Lo Aguirre - Chile
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Stabilization Dumps Leaching

Nueva Pudahuel S.A.
Lo Aguirre - Chile
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Stabilization Dumps Leaching

Nueva Pudahuel S.A.
Lo Aguirre - Chile



Postítulo Cierre de Faenas Mineras    Escuela de Ingeniería Química – Pontificia Universidad Católica de Valparaíso

Santiago, 2016

Lo Aguirre Plan Closure
Stabilization Dumps Leaching
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Stabilization Dumps Leaching
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Hydraulic system: Solutions and Rainwater

The main uncertainty is the available capacity of dams (350,000 m3) and

annual rainfall or torrential events.

The stoppage of the recirculation system generated an indefinite static

volume between 1.4 and 3.6 million m3 of acid solutions
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Hydraulic system: Solutions

Modification of the solution management circuit: To achieve the reduction of

the vectors, the circuit is modified and the production of copper precipitate

begins.

FUNDICION

TRANQUES 

SOLUCIONES

                RIPIOS DE LIXIVIACION
                       (20 MILLONES DE TON)

                   (1, 8 A 3,6 MM m3 de soluciones)

   PRECIPTACION

          Cu

  (+) Cu, Fe, Mn, 

Al, (+) H 2SO4

  POND DE REFINO

   (-) Cu, (+) Fe, 

Mn, Al, (-) H 2SO4

Modification of the solution management circuit: To achieve the reduction of the vectors, 
the circuit is modified and the production of copper precipitate begins.
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Hydraulic system: Rainwater and solutions

PRECIPITACIONES AGUAS LLUVIA
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POND DE REFINO FUNDICION
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NEBULIZACIÓN SOLUCIONES
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                   (1, 8 A 3,6 MM m3 de soluciones)
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Hydraulic system: Rainwater

Nueva Pudahuel S.A.
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Hydraulic system: Rainwater

Nueva Pudahuel S.A.
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Hydraulic system: Rainwater

Nueva Pudahuel S.A.
Lo Aguirre - Chile
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Forestation Plan

Nueva Pudahuel S.A.
Lo Aguirre - Chile
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End of the Second Stage

On December 30, 2008, the second stage of the closure plan was completed:
▪ The waterproofing of all leaching dumps (104 Ha).
▪ Recovery of 18.8 hectares of land previously occupied by leach pads.
▪ A total of 1,156,423 m3 of different materials (gravel, clay, topsoil) is

moved.
▪ 1,460 days are worked without accidents.
Lo Aguirre Mine Closure Plan, completed to a high technical standard and
totally self-financed. Direct cost above US$10 million

Nueva Pudahuel S.A.
Lo Aguirre - Chile
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Third Stage: JAN 2009 to DEC 2011

Post closure monitoring
❖Monitoring and systematic control of the work of waterproofing dumps

and hydraulic system.

❖Monitoring of underground aquifers (deep wells).

❖ Monitoring of superficial aquifers (mine pits, central rainwater channel,

Laguna Carén).

❖Monitoring of the Domestic Garbage Deposit.

❖Physical stabilization of the western mine waste dump.

Nueva Pudahuel S.A.
Lo Aguirre - Chile
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East Slope Stabilization

Initial Situation
The proposed situation

Current situation

Hydroseeding mine slope improvement and plant recovery

Nueva Pudahuel S.A.
Lo Aguirre - Chile
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Monitoring of aquifers

Nueva Pudahuel S.A.
Lo Aguirre - Chile
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The Biota situation.

Nueva Pudahuel S.A.
Lo Aguirre - Chile
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What happened to the Biota after executing the 

Closure Plan?

Nueva Pudahuel S.A.
Lo Aguirre - Chile



Postítulo Cierre de Faenas Mineras    Escuela de Ingeniería Química – Pontificia Universidad Católica de Valparaíso

Santiago, 2016

Lo Aguirre Plan Closure
Final Situation

At the end of the main part of the Lo Aguirre Closure Plan, there is a 

controlled and stable environment.

Initial situation Current situation

Nueva Pudahuel S.A.
Lo Aguirre - Chile
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The Challenges and Constraints

Nueva Pudahuel (NPSA) faced the development of the closure plan 

under technical and financial constraints.

No experience developing a closure plan.

Without financing or resources for the closure operation. 

Internal commitment of term owners by the end of 2008.

The results:

Lo Aguirre plan, finished to a high technical standard and totally self 

financed. Direct cost over US$30 millions.

Nueva Pudahuel S.A.
Lo Aguirre - Chile
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Development of Closure Plan

How to finance the Closure Plan?

The generation of sufficient income to finance the entire plan requires

breaking the Paradigm of the copper industry.

The Challenges and Constraints

Nueva Pudahuel S.A.
Lo Aguirre - Chile
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41

Financing Plan
The business plan was based on the concept of recycling waste, through the 

marginal production of copper precipitates.

With proper management of
operational variables and
without adding sulfuric acid, it is
possible to generate production
through a Clean Development
Mechanism (CDM SMP).

Nueva Pudahuel S.A.
Lo Aguirre - Chile
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Financing Plan
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Income Structure

2001 - 2004
Income Structure

2005 - 2008

Egresos periodo 2001 -2008 %

Operación y supervisión 24,61

C.  Calidad; Estudios; otros 15,89

Impermeabilización Botaderos 54,25

Otros planes 2,63

Plan de Abandono La Africana 2,63

TOTAL GASTOS DIRECTOS 

DEL PLAN DE CIERRE 100,00

Cost Structure

Income generated Estructura de costo

Nueva Pudahuel S.A.
Lo Aguirre - Chile
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Damp leached 22.000.000 TMS

Cu total 0,22%

Cu soluble 0,11%

Cu contained in dump 48.400 TMF

Cu soluble in dump 24.200 TMF

Cu recovered in period 2003 - 2010 (1) 2.619 TMF

Porcentage of Cu recovered up date 11%

Cu rremainder in dump 21.581 TMF

Remaining Production

Copper reserves in leached rubble at the time of work stoppage and remaining 
production.

(1) This production corresponds to a mining waste recycling process replacing primary

copper

Nueva Pudahuel S.A.
Lo Aguirre - Chile
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With the strategy followed by NPSA, along with allowing the end of the

closure plan in its essential part, totally self-financing, the paradigm is

broken and it is shown that a closure plan can be profitable.

Income generation

Today over    2.619 TMF  21 MMU$ 

Future over 21.581TMF   91 MMU$  

Acid sulphuric saving, de 14.588 ton.

Today over     2.619 TMF   1,5  MMU$ 

Future over   21.581TMF 12,1  MMU$  

Aggregate sales are also made, in

different ways:

neutralized sands  : 195.534 m3

Mining waste : 492.036 m3

Rocks :  54.958 m3

Financing

Nueva Pudahuel S.A.
Lo Aguirre - Chile
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Determination of CO2 generation savings

(1) : Emission Unit Charges, Source COCHILCO

(2) : Corrected coefficients according to process SMP

The generation of CO2 in the traditional process (LX-SX-EW) is 4.7 times 

greater than the CDM SMP process, or rather, the CDM SMP process emits 

only 21% of CO2

Other effects of the production process used (MDL)

Nueva Pudahuel S.A.
Lo Aguirre - Chile
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CO2 emission reduction

The main savings are:

•The ore has already been extracted from the mine, there is no

tillage or transportation.

•The mineral is not crushed or agglomerated.

•There is no addition of sulfuric acid to the system.

•Less electricity consumption due to less volume of leaching

solutions.

•There are no SX – EW stages.

The precipitation process with iron scrap allowed the reuse of scrap from

industrial processes, generating savings in terms of Electric Power of

2,448,115 kWh; 795 tons of CO2 equivalent are no longer emitted.
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Valorization of the reduction of CO2 emissions

According to value of carbon credits (1)
4 US$/ TM CO2 x 7.270 TM = US$     29.080

4 US$/ TM CO2  x 59.898 TM = US$   239.592

According to assessment of the impact on health (2)
40 US$/ TM CO2 x 7.270 TM = US$    290.800

40 US$/ TM CO2  x 59.898 TM = US$ 2.395.920

Source (1) COCHILCO

(2) Newsletter Chile-CO2; Estudy of U de Wisconsin

Emission savings according to production CDM SMP
Today over  2.619 TMF of Cu :   7.270 TM CO2 eq

Future over 21.581TMF of Cu : 59.898 TM CO2 eq

According to comparison of other sources:
If an average car emits 3.01 tons of CO2 (1) annually and if we consider the

savings from the CDM SMP process, we have:
Savings to date 7,270 tons is equivalent to the emission of 2,415 cars

Savings for 59,898 tons is equivalent to the emission of 19,900 cars
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Basic principles for the success of the Plan

For it:

Definition of a unique and unalterable objective: The closure of the work.

The organization of the "post-operative" phase must be different from 

that of the previous formal statements.

Professionals focused on their own venture, collaborative with 

management and their own personal fulfillment.

NPSA had the need to evolve, convert from a mining operator to an

environmental operator. First achieve the conviction of ALL the staff that

environmental responsibility is a VALUE for the owners and for themselves

The result

Light administrative structure, efficient and achievement-oriented work 

team, without the high costs associated with traditional mining 

structures. Personnel committed to industrial safety.
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The result:

Copper recovery from solutions without adding acid is the result of a

metallurgical model, BUT also a different operational methodology or

way of operating.

See in an environmental liability an opportunity to Recycle; Recover; and

Remediate said liabilities, but also recycle all surpluses from the

operational stage. In short, be creative.

For it:

Clearly define the liability inventory and its possibility of conversion into 

an asset.

Rigorous processes and strong operational control.

Each site or site has its own singularities.

Basic principles for the success of the Plan

Nueva Pudahuel S.A.
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Basic principles for the success of the Plan

Generation of a specific knowledge base (Know – how). There was no experience

in closing mines at the national level, under the concept of Physical-Chemical

stabilization in the dump leaching.

For it:

Break some paradigms. Do not restrict knowledge.

Satisfactorily determine and understand the attributes of the reservoir and the generated

liability.

Studies and compilation of the background under a systematic trial-error method: "Scientific

curiosity".

Progressive escalation of tests and laboratory tests. Continuous improvement.

Use of particular expertise: break down the problem, use specialists from each part and then

integrate the result.

Traceability of the information generated.

The result: All relevant studies and decisions are supported by self-developed
studies and/or with consultants. Said knowledge is duly supported
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Final Considerations

Adaptive closure to the conditions found

Dare to pioneer something that no one has done before..

The knowledge and experience accumulated in the development of both
mining closures, by the PUDAHUEL group; represents a Management
model that can be applied to any site.

Finally, it has been shown that when there is will and commitment,

any undertaking can be carried out.

An authority open to flexibility in execution

The main challenges of the process that we had to face leave us as an 
experience:

Nueva Pudahuel S.A.
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NUEVA PUDAHUEL S. A.

WWW.NUEVAPUDAHUEL.CL
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