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Copper Leach Facility Features

m Leaching

m The process of recovering copper from leach ore by percolating an
acidic solution through rock to dissolve copper into solution

m Leach ore
m The mined copper-bearing rock to be leached

m Stockpile or Heap
m Where the leach ore is placed to be leached

m 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)

m Leach Pad
m An engineered, typically lined, base on which the stockpile or heap is
placed
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Copper Leach Facility Features

m Raffinate

m 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

m Pregnant leach solution, or PLS

m The copper-bearing solution recovered from the bottom of the
stockpile or heap after leaching

m SX-EW Plant

m The solution extraction/electrowinning plant

m Solution extraction enriches PLS through mixing with an organic and
phase separation in the SX tankhouse

m 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
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Copper Leach Facility Features

m Headwall

m A structure, typically concrete, where PLS is collected from the bottom of a
stockpile or heap

m Raffinate pond or tank

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

m PLS pond or tank

m 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

m Process water pipeline

m 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

FREEPORT-McMoRAN @
F Golde
COPPER & GOLD Aasoctaten



Copper Leach Facility Features

m Pump station
m Pumps that move raffinate or PLS through the process
B Sump

m A containment structure, typically concrete, that is part of the pipeline
system to convey process solutions

m Makeup water

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

m Makeup acid

m Sulfuric acid added to raffinate or to electrolyte to maintain the
proper pH for the process
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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
m Arizona — Safford and Morenci (Stargo MFL)
m Nevada — North Peak Expansion
m Mexico — Penasquito and Piedras Verdes
m Feasibility Heap Leach Pad Designs
m Arizona — Morenci (Southwest MFL)
m Nevada — Reona Heap Leach Pad
m Mexico — Dolores
m Other Heap Leach Pad Designs
m Chile — Elenita and Sierra Gorda
m Mexico — Los Filos
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Objective of Design for New Leach Facilities

m Protect ground water from discharges of process and other solutions
from copper leach facilities

m Enhance solution recovery
m Maintain slope stability
m Provide adequate solution storage capacity
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Potential Sources of Ground Water Impacts

m Process solutions escaping from
m stockpiles/heaps, pads and headwalls
m Raffinate and PLS ponds and tanks

m Raffinate and PLS pipeline systems (including pump stations and
sumps)
m SX-EW tankhouses
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Methods of Ground Water Protection

m Proper design, engineering, construction and operation of leach system
components and features to contain solutions during operations

m Including construction within hydrologic containment

m Proper closure of facilities to minimize discharges of process solutions
and leachate during and following closure
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Leach Pad Liner System

m Single Composite Liner System
m Prepared Subgrade
m 12-inches of compacted low permeability soil (<1x10° cm/s)
m 60 mil LLDPE geomembrane liner
m 24 inches of overliner drain gravel
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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
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24 IN DR-11 HOPE PIPE
(NOTE 1)

20 IN DR-11 HODPE
(NOTE 1)

20 N TO 30 IN DR-11
HOPE ECCENTRIC REDUCER

30 N DR-17 HOPE
24 N TO 30 IN DR-17 fLsow
HOPE ECCENTRIC REDUCER

24 IN_PERFORATED
DR-17 HOPE PIPE

PIPE

24 N TO 30 N DR-11
HDPE ECCENTRIG REDUCERS

20 IN DR=11 HOPE PIPE
(NOTE 1)

20 INTO 30 N
DR=11_HOPE
ECCENTRIC

REDUCER
24 NTO 30 N _“
DR=11_HDPE
ECCENTRIC
REDUCERS

30 IN DR=17 HDPE
o oW

SOLUTION_ COLLECTION
PIPE MANIFOLD

30 IN DR-17 HOPE HPE—/

MANIFOLD.

NOTE:

1. INSTALL 100 MIL HOPE RUBSHEET UNDER .
IBSHEET TO EXTEND 10 FT BEYOND FLANGE ADAPTERS

AND ENDS OF 48 IN DIA. DR-17 HDPE PIPE

2 MANUFAGTURER OF THE MANIFOLD TO PROVIDE SHOP
DRAWINGS FOR OWNER's AND ENGINEER's APPROVAL PRIOR
TO FABRICATION.

. SOLUTION COLLECTION PIPE MANIFOLD PIPING DET.

NOTE

24 IN DR=11 HOPE PIPE
(NOTE 1)

30 N DR-17_HDPE
STAINLESS STEEL

FLANGE
BACKER FING, AND' BLIND FLANGE

a3

ADAPTER, 316

30 N DR=17 HOPE
SAMPLE PORT — § 3808 FT

24 IN DR-11 HOPE PIPE

30 IN DR=17 HDPE PIPE

30 N
AND 318

1. EXTEND NON—PERFDRATED DR~
PERFORAT

3120-108 AND AS
15286, 1527, AND 1528,

HOPE PIPES

DR=11 100 FT_UPGRADIENT
\TED DR-11 HOPE PIPES AS SHOWN ON DETAL 3
LOCATED ON DRAWNG 3120-102 WITH CONTROL

AND FUSION
ON_DRAWING
POINTS

_T"‘J'W(

[ — 30 IN TO 24 IN DR=11
(smgl HDPE ECENTRIC REDUCER
30 IN DR-11 WOPE TEE JOAPTER D $18 STAMESS
FLANGE RING

DR-17 HOPE ADAPTER
STAINLESS STEEL BACKER RING
PROVIDE PIPE SUPPORTS AT THE END
OF EACH SECTION OF THE MANFOLD

100 MIL HDPE
GEOMEMBRANE RUBSHEET

NIFOLD OUTLET PIPE SECTION

CONTRACT PHE.

DO| 3120-21-109
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ANGHOR BLOCK 4 IN DA PERFORATED HDPE-
-
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£ D nm "
w/ RSk w/ D
EXTRUSION WELD TO EMBED
il 30 N DI DR-17
/ HOPE PIFE
NSTALLATION S
B0 ML HDPE GEOMEWBRANE UNEI—\ 1. /SION WELD 80 NIL LLOPE LCRS
UNER TO OUTER HOPE EMBED ON ALL
SIDES. ﬂ
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4 ~Z v 3 80 WL LLOPE PIPE BOOT. 1275 L1
P i g g e A
ErmusoN wa To e w 12 0z GEGTERMLE BAND CIALES 3 ICHES Gacx. FHOw o Ao —
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EXTRUSION WELD TC EMEED ‘COMPACTED GGMMON FILL —~ T
0.75 /T _f
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\&/ =e=g \&/ s
PIPE BEDONG FILL. g
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4 [N OR 30 N DA HOPE SOLD PIE \ )/ T SSTALL 80 ML HEPE Bo0T. EXTRUSION %
== B Y = WELD TO MIL LLCPE LINER AND HOPE
5 1 STANLESS STRL PROCESS FIPE. CLAP BOOT 10 FIPE WITH
BAND CLAWPS STAINLESS STEEL BAND CLAMPS 2 INCHES
Mo IN BACK FROM EXTRUSION WELD.
02 \ 5. HAND PLACE PPE ZONE FILL UNDER
EXTRUSION WELD TO FIFE / PROCESS PIPES ONCE WELDING AND
UNDERLINER FILL / GEDMEMARANE. LINER BANDING ARE COMPLETE
COMPACTED GOMMON FLL
4 SINGLE LINER PIPE BOOT DETAIL
nn 14D SCAE)
110 1'=s(p souE)
DD 3120-21-110
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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

FREEPORT-McMoRAN @
P Golde
COPPER & GOLD Aasoctaten



v + | a | 2 | !

FREEPORT-NMcMoRAN
CoPPER & GOLD

N N PIPE TO PLS TANK LEGEN
N e EXISTING GROUND CONTOURS
140 J600 " REGRADED CONTOLRS
\ 1t 1\ 3-3%0 N PPE + H
BOCTS BOTH SIDES L3 CONTROL POINT
SEE DETAL
EDGE OF LNR
I:I 100 ML CEOMEMERANE PRMARY LINER
UTLET PIPES
““'g,”ni"ug P————  SLOPE INDICATOR
P
{EAci1| P @ SETAL
o ED SPILLWAY DRAWING SHEET LOCATION
20654 F?.'\-! :u”: g0 AREA 4\ SPILLWAY LINE
e R o ANCHOR TR SECTION 0
DRAWING SHEET LOGATION
+ 2 + - H
eay 3Ry POND CONTROL POINTS
AN e\ 3 0
DETAIL -l 0 "
7 NSTALLATION
J Tou\/ SEE QETALL
/ AL
i, 10 FT,
LEAX sl 2
4000 0 DETAL 7 -+
08 / 2030,
040
2035
& 2034
\\ = 20
Ny 200 40 11 ROAD () e
= = = UNeR /ancHon TRenck(” 4 R mﬂnu 5313413
SEE DETAL -
2 LNER 1 35—
A . SEE DET
o0 W) + . + 021
N \
\
4 20
‘ : 13,
. ' Hig
) L R - - foi | Ja7ime |\ amas e |
3 T LT
Enia 3
Bodg | im0 | Thassae | 3
[134g310 |
EDGE OF GEOME 12
% T 2010 27 TYPKAL POND LINER F
028 ANCHOR TRENCH
e SEE DETAL -
+ F 2008 18 T\ wclion menci wih s vorr )| g
\ SEE DETAL "
s g
201
017 2018
: Ton
3 5 o Y
i n - DO| 3320-21-101
1 |menns| ssum ror cosmucon ] .8socinie SAFFORD LEACH PROJECT DETALED DESIGN 14
el e Leis N — MOTCE, 1148 CRM0 Had D4 PROWAD Y BOLOC EPS POND PLAM
© evon) e e SIBUTL = o iy [t ) A\ B o st T o BaTom L
M SHAL B USID SOUILY UM TS DWW PURPEES e R e
1 [ o o e — STE11-T-Eowy | Topogruptic hona map of gper sha 11w 2 comonr biarval ‘" So  ae FoR WuBoa on % W hia DAK 12/08/08 10D HEAP LEACH DESION = 5
s S AR T NI IARAITS TR Y
N ETT — 5161 1-H1-A0WRdwy | Topogroptic bose man of lower st 11 VW 7' oo bl S R - msumloﬁl—lﬁlﬂ DDl 3320-101 | 1 |E
K onEver [ wakoweswa - wOWD  omALD- WONO  wowws- w0 w0 CADO_FLE No. 3320-101 |




Process Pond Liner System

m Double Composite Liner System with Leak Collection and Recovery
System

m Prepared Subgrade

12-inches of compacted low permeability soil (<1x10° cm/s)
60 mil HDPE geomembrane liner

Geonet

60 mil HDPE geomembrane liner
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B0 OR 100 MIL HOPE PRIMARY LINCR
80 MIL HDPE SECONDARY LINER
/ f HOPE GEONET

—— 1 FT

- ==

//_

MN.
UNDERUNER FILL

COMPACTED COWMON FILL
OR PREPARED SUBGRADE

ANCHDR TRENCH FILL

HOPE LINER

o

COMPACTED COMMON

ILL OR NDERLIN —
S SUBGRADE u R P

60 MIL SECONDARY HOPE UNER
80 OR 100 MIL PRIMARY

HOAE GEONET

ins

1\ TYPICAL POND DOUBLE LINER DETAIL 2 \TYPICAL POND DOUBLE LINER ANCHOR DETAIL 3 \EPS PONDTANK PAD DOUBLE LINER ANCHOR DETAIL
Y NTS. 108 NTS. 108 NTS.
A -~ -
2 FT MM, ANCHOR TRENCH FILL
uneD 'Sy 7~ EXTRUSION WELD 50 ML HOPE_ ONTRAP ANCHOR TRENCH FLL B0 il PRMARY HDPE LINER
/ 80 ML SECONDARY HOPE LINER LINED Wum\ % EXTRUSION WELD HOPE GEONET
29.0R 100 ML PRMARY 4 21— e ACCESS ROAD SURFACE / mi SECONDARY HDPE LINER
J— [ 7 4 60 NIl HOPE LINER \
1 iy \
2 S J—jﬁ-- INGERNER PILL
‘COMPACTID COMMON -
nu. & nl:mﬂj/ 5“*&"-5&?{"”5- ancHon T L g Samemored couon P S"
1 FT MIN, UNDERLINER FILL 1 M, e s — o PREFATED sunmat
ol
A o -
" SPILLWAY DOUBLE LINER ANCHOR DETAIL (al SPILLWAY SINGLE LINER ANCHOR DETAIL 6 )\ SIDE SLOPE DOUBLE LINER ANCHOR DETAIL
‘H NS ‘ﬂ NS, . NS
iy
,Emﬂ““mm & N DA STEEL PIPE
1/2 N DA THREADED 1-80LT
oo f e o o
26 STANDARD 1/4 IN GRADE 75 OR HGHER CHAN
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ONE—~QUARTER ROLL WIDTH OF —
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2 EA-STAINLESS STEEL PIPE GLAMPS

A 100 MIL HOPE FIFE BOOT
~—80 ML HDPE PRMARY LNER
12 IN DA SDR-17 HDPE LCRS
N ISER PIPE

2 EA-6 M DA STEEL PP
GUARDS SPACED AT 5 FT o ~.
[
b |
Ez
<3
coNCRETE —- {4
™S 4.—‘

80 WIL HOPE RUSSHEET

80/MIL HDPE SECOMDARY LINER

X1

12 IN DA SDR-17
/_HDFE LCRS RISER PPE

3 Fley

¢ b

S

7 i

12 iN DA DR17 LORS RISER PIPE

1 SUNP BluENsluns AND LCRS RISER
Sl

PIPE_ LOCATIONS MAY BE

IT CONDITIONS UFON APPROVAL OF ENGINEER

3/8 N DA Hu_z/

12 N DIA. SDR—17
HDPE LORS RISER PIPE

3/8 IN DI HOLE

2 unns Mo wmsms 2FE FOR THE SURFACE OF THE 60 ML
nmun IR
n LEAK COLLECTION AND RECOVERY SYSTEM RISER OUTLET DETAIL 2 \ LEAK COLLECTION AND RECOVERY SYSTEM SUMP DETAIL 3\ PIPE PERFORATION DETAIL
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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
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Non-Stormwater Impoundment Liner System

m Single Liner System
m Prepared Subgrade
m 6-inch Liner Bedding Fill (no permeability requirement)
m 60 mil HDPE geomembrane liner (minimum)
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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
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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
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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
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Closure of Leach Facilities

Stabilize leached ore
m Regrading
m Covers
m Revegetation
Collection and Treatment of Impacted Water
Process Water Impoundments
Pipelines

Leachate escaping from stockpiles/heaps following cessation of leaching
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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

m achieving a Self-Sustaining Eco-system (SSE)
m protection of surface water
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Closure Objectives for Lined Leach Facilities

m Continued Collection and Treatment of Impacted Water
m Limit erosion and discharge clean runoff water
m Revegetate to approved post-mining land use SSE standards
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Methods to Achieve Closure Objectives

m Maintain water/collection and solution drain down
m Cover surface with acceptable cover material so surface runoff is
dischargeable
m Cover implies regrading to a 2.5:1 slope or flatter
m Maintain perimeter storm water controls to reduce run-on to the facility
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Methods to Achieve Closeout Objectives

m Cover material is of acceptable material to limit erosion
m Cover implies regrading to a 2.5:1 slope or flatter

m To achieve vegetation standards in our region — minimum cover
thickness is 18 inches thick.
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