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L.1

Introduction

This Attachment L has been prepared in support of an application (Application) by Florence Copper, Inc.
(Florence Copper) to the United States Environmental Protection Agency (USEPA) for issuance of an
Underground Injection Control Class III (Area) Permit (UIC Permit) for the planned Production Test Facility
(PTF), to be located at the Florence Copper Project (FCP) in Pinal County, Arizona.
Florence Copper is proposing to develop the PTF in order to demonstrate the feasibility of operating an insitu copper recovery (ISCR) facility at the FCP site. The PTF will produce a limited amount of copper from a
porphyry copper oxide deposit (oxide zone) located beneath the FCP site. The PTF proposed by Florence
Copper will consist of a closely spaced array of Class III injection and recovery wells that will be used to
inject a dilute sulfuric acid based solution (lixiviant) into the copper oxide deposit (oxide zone) and recover
the resulting copper-bearing pregnant leach solution (PLS). Details of the proposed well design are presented
in Attachment M of this Application. Based on formation conditions, Florence Copper may find it necessary
to construct some wells without using the well screen and filter pack shown in Attachment M. If formation
conditions prove that it is necessary to construct some wells without well screen and filter pack, all other
elements of the well design shown in Attachment M will be applied. This Attachment includes a description
of the well construction methods that will be applied to wells constructed with or without well screen.
This Attachment describes procedures that will be used to construct the proposed Class III wells. Proposed
Class III wells include four injection wells, nine recovery wells, seven observation wells, four multi-level
sampling wells, one operational monitoring well, and seven supplemental monitoring wells. This Attachment
does not include a description of downhole equipment that will be used during PTF operations. Downhole
equipment may include submersible pumps, injection tubing, orifice plate assemblies, packer assemblies, fluid
level instruments, well cleaning tools, and other equipment.
L.2

Well Construction

Well construction descriptions provided below include details of drilling, open-hole geophysics, casing and
annular conductivity devices (ACDs), injection zone conductivity sensors (CS), screen and filter pack
installation, cementing, cased-hole geophysics, injection interval, and proposed changes and workovers.

L.2.1

Borehole Drilling

Borehole drilling consists of drilling a relatively large diameter borehole to accommodate installation of
surface casing to a depth of 20 feet, then drilling a narrower borehole from the bottom of the surface casing
to the planned total depth of the well. The surface casing boring will be drilled by the auger or rotary
method, and will be of a diameter of sufficient size to allow installation of the surface casing and annular seal
described in Attachment M. The surface casing will be installed with the top of the surface casing above land
to accommodate the mud-rotary drilling equipment. The annular seal will consist of cement grout installed in
the annulus between the surface casing and the borehole, using the tremie method or displacement method.
The surface annular seal will extend from the land surface to the total depth of the surface casing.
The borehole in which the well will be constructed will be drilled from the bottom of the surface casing
borehole to approximately 10 feet below the bottom of the oxide zone using the direct mud rotary, reverse
circulation mud rotary, or a casing advance drilling method as conditions require. The well boring will be of a
diameter of sufficient size to allow installation of the well casing and annular materials described in
Attachment M.
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L.2.2

Open-Borehole Geophysics

Open-hole geophysical logs will be run in each boring (for all injection, recovery, observation, multi-level
sampling, operational monitoring, and supplemental monitoring wells) for the purpose of depth control and
detection of borehole anomalies. Geophysical tools will include caliper, gamma-ray, temperature, directional
survey, and electrical logs. In addition to the geophysical logs listed above, neutron-density logs will be run in
selected PTF borings.

L.2.3

Well Casing Installation

The well will consist of blank casing material in the upper part of the well from land surface to 40 feet below
the top of bedrock. If well casing is to be installed in the injection zone below, it will consist of one or more
screened intervals separated by blank casing segments, to the bottom of the well. Casing materials for
injection and recovery wells will be designed to resist corrosion, not fail in tension, and not collapse or burst.
Proposed casing materials are described in Attachment M.
During installation of the well casing and screen, the borehole will be kept full of drilling fluid and free of any
obstructions detrimental to completing casing installation. The well casing and screen will be centered in the
hole so as not to interfere in any way with the complete well installation. Casing installation will continue on
a 24-hour per day, 7-day per week basis, until completed.
Casing centralizers will be secured to the well casing and screen at 40-foot intervals, as shown in
Attachment M. The casing and screen will be hung in tension, centered in the borehole, until the filter pack
and cement grout seal have been installed.
In accordance with Attachment O of this Application, wells constructed with polyvinyl chloride (PVC) or
fiberglass reinforced plastic (FRP) outer casings, will have ACD devices installed. One ACD will be attached
to the exterior of the well casing at a point as close as possible to the top of the Middle Fine-Grained Unit
(MFGU), and no more than 20 feet above the MFGU. The ACD will consist of a pair of metal bands spaced
one meter apart and connected to electrical wires which extend to the surface. The ACD will be used to
demonstrate and monitor Part II mechanical integrity of the well as described in section P.5.3 of
Attachment P of this Application. Refer to Attachment O, Section O.3.3, for a description of alternatives to
demonstrate Part II mechanical integrity should the ACD be damaged. A schematic diagram of the ACD is
included in Attachment M.
During casing installation, a suitable 2-inch diameter metal tremie pipe will be installed into the annular space
between the well casing and the borehole wall. The tremie pipe will be used to place formation stabilizer
materials (filter pack), such as silica sand, adjacent to screened casing intervals and to install sand and cement
adjacent to blank casing intervals to form the filter pack and hydraulic seals, as described below, within the
annular space between the blank casing intervals and the borehole wall. The tremie pipe will be removed
from the well as construction and sealing operations are completed.

L.2.4

Filter Pack and Intermediate Seal Installation

Drilling fluid will be maintained throughout the full depth of the well to land surface, and the well casing and
screen will be hung in tension until the filter material placement has been completed to the specified level,
while the filter pack and intermediate seal materials are installed. During the time of placement, fluid
circulation will be maintained through a swab block located inside the well screen and approximately 40 feet
below the fill depth of the fill material. The swab block will be periodically reciprocated to remove finegrained material, prevent bridging, and aid in settling the filter pack in the borehole.
Filter pack (i.e., silica sand) will be placed to continuously fill the annulus to the specified level. Filter pack
will be installed by use of the tremie pipe. At no time will the bottom of the tremie pipe be located at a
distance of greater than 40 feet above the interval being filled during placement. Materials will be placed to
completely fill the annulus to the specified intervals. As required by formation conditions, intermediate
cement seals may be installed at selected intervals within the filter pack as shown in Attachment M. Cement
seals will be installed using the same tremie pipe used for installing the filter pack sand.
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The tremie pipe will be moved upward during installation of these sand and cement intervals, until the filter
pack is installed above the uppermost well screen interval. The level of the filter pack will be measured
periodically during placement with a wireline sounder. Placement of the materials will be continuous, except
when additional precautions are necessary to prevent bridging or when measurements of the level are being
conducted. The quantity of materials placed in the annulus will not be less than that of the computed
volume.
The same tremie pipe will then be utilized for cementing the upper portion of the well casing as described
below.

L.2.5

Cementing

L.2.5.1 Cementing Characteristics for Injection and Recovery Wells
PTF injection and recovery wells will be drilled in two stages. The upper stage will consist of a boring drilled
from land surface to a point at least 40 feet below the top of bedrock, in which a steel casing will be cemented
in place extending from ground surface to a point at least 40 feet below the top of bedrock. The steel casing
will be cemented by the plug displacement method.
The lower section of each injection and recovery boring will be drilled from the bottom of the cemented steel
casing to the design depth. After well screen and annular materials have been emplaced in the lower section
of the boring by tremie pipe, cementing of the upper section of the inner casing, inside the outer steel casing,
from the bottom of the bedrock exclusion zone to ground surface will be accomplished by pumping a cement
slurry down a tremie pipe positioned with the pipe’s lower end near the bottom of the exclusion zone, forcing
the cement to fill the annular space between the inner casing and outer steel casing from the bottom up to the
surface.
L.2.5.2 Cementing Characteristics for Observation, Multi-Level Sampling, Operational Monitoring, and
Supplemental Monitoring Wells
The observation, multi-level sampling, operational monitoring, and supplemental monitoring well borings will
be of a constant diameter, drilled in a single stage, and thus cannot be grouted by the plug displacement
method. Once the well casing, screen, and filter pack have been installed in the boring, cementing of the
upper portion of the well casing, from the bottom of the bedrock exclusion zone (or the bottom of the
design grouted interval in the case of the operational and supplemental monitoring wells) to ground surface,
will be accomplished by pumping a cement slurry down a tremie pipe positioned with the pipe’s lower end
near the bottom of the exclusion zone, forcing the cement to fill the annular space between the borehole and
casing from the bottom up to the surface.
L.2.5.3 Cementing Characteristics for All Class III Wells
Cement grout will be placed to completely fill the well annulus within the specified interval. Prior to
pumping, the cement grout will be passed through a ½-inch slotted bar strainer in order to remove any
unmixed lumps. In cases where a tremie pipe is used (observation wells, multi-level sampling wells,
operational monitoring, and supplemental monitoring wells, and between the steel outer casing and inner
fiberglass casing of the injection and recovery wells) during cement grout installation, the discharge end of the
tremie pipe will be continuously submerged in the grout until the zone to be grouted is completely filled.
The well casing will be hung in tension until the cement grout has cured. The well casing will be filled with a
fluid of sufficient density to maintain an equalization of pressures to prevent collapse of the well casing
during cementing.
Cement will consist of sulfate-resistant Portland Type V cement, unless Florence Copper submits the
following information to the Director regarding a Type V substitute. A suitable Type V substitute will meet
the following requirements:
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1. The results of an immersion test for resistance to PLS or equivalent mass samples of Type V
cement and any proposed substitute.
2. A comparison of the percentage weight change between samples.
3. An acceptable substitute will experience little visual change, a weight loss or gain within 5 to
8 percent, and no significant change in compressive strength.
Upon completion of this demonstration, and subject to USEPA approval, a substitute cement that meets
these criteria may be substituted for Type V cement for well construction.
Water and/or appropriate mud-breaker chemicals will be circulated through the tremie pipe prior to
cementing to reduce drilling mud viscosity and assist in removal of mud from the borehole-casing annulus.
The cement slurry will be pumped at the greatest flow rate possible to promote removal of drill mud from the
annular space, and enhance bonding between the cement and the casing and formation. An excess quantity
of cement will be pumped into the annular space in order to verify “clean” cement slurry returns from the
well prior to terminating the cementing procedure. Following installation of the cement slurry, the cement
will be allowed to cure for a minimum of 24 hours before performing additional operations on the well.

L.2.6

Cased-Hole Geophysics

Cased-hole geophysical surveys will include gamma ray, temperature, and cement bond logs to be run in all
injection and recovery wells over the entire length of each well after the outer steel casing has been installed
and cemented to the surface. These logs will also be run in each of the steel cased operational and
supplemental monitoring wells, and the FRP cased observation and multi-level sampling wells. Additional
logs may be run as appropriate.
L.3

Injection Interval

Fluids will only be injected at depths greater than 40 feet below the top of the oxide zone unless Florence
Copper has received written approval from the Director to expand the injection interval. To ensure that the
injection interval is at least 40 feet below the top of the oxide zone, Florence Copper will case and cement all
injection wells from ground surface to at least 40 feet below the top of the oxide zone. Florence Copper may
develop the injection interval for each well by installing well screen and short blank casing sections through
the oxide interval below the bedrock exclusion zone, or may inject into the open borehole below the bedrock
exclusion zone.
L.4

Proposed Changes and Workovers

Florence Copper will give advance notice to the Director, as soon as possible, of any planned alterations or
additions to the construction of permitted injection wells. Following a well workover, a demonstration of
mechanical integrity will be performed prior to resuming injection activities, in accordance with UIC Permit
requirements.
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