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Introduction

 Definitions

 New Facility Design

 Existing and In-Pit Leach Pads

 Closure Requirements



Copper Leach Facility Features

 Leaching
 The process of recovering copper from leach ore by percolating an 

acidic solution through rock to dissolve copper into solution
 Leach ore

 The mined copper-bearing rock to be leached
 Stockpile or Heap

 Where the leach ore is placed to be leached
 Normally the rock stays in place after leaching, but sometimes 

leached rock is removed from a heap and replaced with new leach 
ore (dynamic heap)

 Leach Pad
 An engineered, typically lined, base on which the stockpile or heap is 

placed



Copper Leach Facility Features

 Raffinate
 The acidic solution, typically recycled from the SX-EW plant, placed 

on the top of a stockpile or heap to percolate through and leach 
copper

 Pregnant leach solution, or PLS
 The copper-bearing solution recovered from the bottom of the 

stockpile or heap after leaching
 SX-EW Plant

 The solution extraction/electrowinning plant
 Solution extraction enriches PLS through mixing with an organic and 

phase separation in the SX tankhouse
 The enriched PLS, now called electrolyte, is sent to the 

electrowinning tank house where the dissolved copper is plated onto 
pure copper cathodes in the electrowinning tankhouse



Copper Leach Facility Features

 Headwall
 A structure, typically concrete, where PLS is collected from the bottom of a 

stockpile or heap
 Raffinate pond or tank

 A flow-through impoundment or tank where raffinate is briefly stored before it 
is sent by pipeline to the leach stockpile or heap

 PLS pond or tank
 A flow-through impoundment or tank where PLS is stored after it is collected 

from the stockpile or heap and before it enters the SX-EW plant
 Process water pipeline

 A pipeline, typically constructed from high-density polyethylene, or HDPE, 
that carries raffinate from the SX plant to the stockpile or heap for 
application, or that carries PLS from the stockpile or heap to the SX plant



Copper Leach Facility Features

 Pump station
 Pumps that move raffinate or PLS through the process

 Sump
 A containment structure, typically concrete, that is part of the pipeline 

system to convey process solutions
 Makeup water

 Water added to raffinate to make up for water lost during the 
process, primarily due to ore uptake and evaporation

 Makeup acid
 Sulfuric acid added to raffinate or to electrolyte to maintain the 

proper pH for the process



Michael Grass Resume

 BS and MS in Geological Engineering
 Registered Professional Engineer (Civil) and Geologist
 14 years experience in engineering practice
 Construction Level Heap Leach Pad Designs

 Arizona – Safford and Morenci (Stargo MFL)
 Nevada – North Peak Expansion
 Mexico – Penasquito and Piedras Verdes

 Feasibility Heap Leach Pad Designs
 Arizona – Morenci (Southwest MFL)
 Nevada – Reona Heap Leach Pad
 Mexico – Dolores

 Other Heap Leach Pad Designs
 Chile – Elenita and Sierra Gorda
 Mexico – Los Filos



Objective of Design for New Leach Facilities

 Protect ground water from discharges of process and other solutions 
from copper leach facilities
 Enhance solution recovery
 Maintain slope stability
 Provide adequate solution storage capacity



Potential Sources of Ground Water Impacts

 Process solutions escaping from
 stockpiles/heaps, pads and headwalls
 Raffinate and PLS ponds and tanks
 Raffinate and PLS pipeline systems (including  pump stations and 

sumps)
 SX-EW tankhouses



Methods of Ground Water Protection

 Proper design, engineering, construction and operation of leach system 
components and features to contain solutions during operations
 Including construction within hydrologic containment

 Proper closure of facilities to minimize discharges of process solutions 
and leachate during and following closure











Leach Pad Liner System

 Single Composite Liner System
 Prepared Subgrade
 12-inches of compacted low permeability soil (<1x10-6 cm/s)
 60 mil LLDPE geomembrane liner
 24 inches of overliner drain gravel











Solution Collection System

 Series of perforated pipes used to limit the hydrostatic head of solution 
on the liner system

 4-inch lateral pipes installed on 20 foot centers convey solution to larger 
header pipes

 Header pipes convey flows to PLS Tank















Solution Conveyance

 Solution outside the heap is stored in either a PLS Tank or Process 
Pond

 Solution in the tank/pond is gravity fed or pumped to the SX/EW Plant
 Solution is conveyed in HDPE or stainless steel pipes with secondary 

containment





Process Pond Liner System

 Double Composite Liner System with Leak Collection and Recovery 
System
 Prepared Subgrade
 12-inches of compacted low permeability soil (<1x10-6 cm/s)
 60 mil HDPE geomembrane liner
 Geonet
 60 mil HDPE geomembrane liner







Stormwater/Event Containment

 Designed to contain process flows in the event of process 
shutdown/power outage (24 hours)

 Contain the 100-yr, 24-hr design storm event
 Pumping system sufficient to evacuate pond as soon as practicable





Non-Stormwater Impoundment Liner System

 Single Liner System
 Prepared Subgrade
 6-inch Liner Bedding Fill (no permeability requirement)
 60 mil HDPE geomembrane liner (minimum)





Operational Requirements (Safford)

 Quarterly monitoring of monitoring wells
 Quarterly monitoring of condition of controls around perimeter of leach 

pad
 Monitoring of LCRS in Process Pond
 Monitoring of solution volumes in Stormwater Impoundment



Existing Leach Facilities

 Most existing leach stockpiles were unlined or only partially 
lined with clay, and relied primarily on natural features (e.g., 
bedrock) to contain leach solutions

 Solution containment from existing leach stockpiles has 
improved over time due to installation of new headwalls and 
lined PLS ponds and conveyances

 Future ground water protection from existing leach facilities 
has focused on closure

 Closure measures for existing leach stockpiles are designed 
to minimize long-term discharge of leachate while continuing 
to collect solution draindown and leachate for copper 
recovery and/or treatment



In-Pit Leach Stockpiles

 Both Tyrone and Chino have obtained variances for construction of 
future leach facilities inside open pits

 In-pit leach stockpiles have been approved for construction without 
liners

 Liner construction is not feasible inside open pits
 Even without liners, placement of leach facilities inside open pits is 

favored due to hydrologic control provided by the pits and placing new 
stockpiles inside the existing disturbed footprint

 The Tyrone settlement contemplates variances for construction of future 
facilities or facility expansions in areas where groundwater already is 
impacted



Closure of Leach Facilities

 Stabilize leached ore
 Regrading
 Covers
 Revegetation

 Collection and Treatment of Impacted Water
 Process Water Impoundments
 Pipelines

 Leachate escaping from stockpiles/heaps following cessation of leaching



Closure of Leach Facilities

 DP 1341 Settlement addresses closure requirements of existing unlined 
leach facilities inside and outside Open Pit Surface Drainage Areas

 Freeport understands that the Copper Rules will be developed 
consistent with these closure requirements

 For new unlined leach facilities inside the Open Pit Surface Drainage 
Areas, Freeport expects that the same closure requirements would 
apply

 For new lined leach facilities outside the Open Pit Surface Drainage, 
Freeport expects that because the liner, collection and monitor systems 
are protective of protect groundwater, the key objectives of surface 
reclamation would focus on other regulatory program objectives such as 
 achieving a Self-Sustaining Eco-system (SSE)
 protection of surface water 



Closure Objectives for Lined Leach Facilities

 Continued Collection and Treatment of Impacted Water
 Limit erosion and discharge clean runoff water
 Revegetate to approved post-mining land use SSE standards



Methods to Achieve Closure Objectives

 Maintain water/collection and solution drain down
 Cover surface with acceptable cover material so surface runoff is 

dischargeable
 Cover implies regrading to a 2.5:1 slope or flatter

 Maintain perimeter storm water controls to reduce run-on to the facility



Methods to Achieve Closeout Objectives

 Cover material is of acceptable material to limit erosion
 Cover implies regrading to a 2.5:1 slope or flatter
 To achieve vegetation standards in our region – minimum cover 

thickness is 18 inches thick.
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