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Proposed Cessation of Hydraulic Control
Florence Copper
Florence, Arizona

EXECUTIVE SUMMARY

In 1997, the Arizona Department of Environmental Quality (ADEQ) and the United States
Environmental Protection Agency (USEPA) issued permits authorizing BHP Copper, Inc. (BHP
Copper) to construct, operate, and close an in-situ copper mine approximately 2.5 miles
northwest of Florence, Arizona. Both agencies required BHP Copper to demonstrate, prior to the
commencement of operations, that the proposed method of mining would not detrimentally
impact groundwater. More specifically, BHP Copper was required to demonstrate that its
proposed arrangement of injection and recovery wells would result in an inward hydraulic
gradient that could be maintained while acidic solutions were being injected into the ore body
and thereby prevent leachate from migrating out of the leach zone into the surrounding
groundwater.

Shortly after the permits were issued, BHP Copper installed a test field in order to conduct a
90-day test to demonstrate hydraulic control. The 90-day test required by the permits was
successfully completed in February 1998. Although the test was successful, BHP Copper
decided to delay construction of the proposed mine and the associated solvent extraction plant in
view of depressed copper prices. As required by the ADEQ and USEPA permits, hydraulic
control has been maintained and monitored since the completion of the 90-day test in order to
rinse leachate residues from the test field. In December of 2001, the mine site was sold to
Florence Copper, Inc. (Florence Copper) which has continued pumping and monitoring water
levels since it assumed ownership.

Groundwater samples from the test field were collected and analyzed in 2000, 2001, and 2003.
The analytical results for the 2003 data indicate that the permit requirements for initiating closure
of the test wells have been met. Florence Copper is therefore formally requesting ADEQ’s and
USEPA’s concurrence that the permit requirements have been met so that it may begin the
process of discontinuing hydraulic control. This report includes groundwater quality data that
demonstrates compliance with the permit requirements. It also includes, for the approval of the
ADEQ and USEPA, a proposed schedule for discontinuing hydraulic control.
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Proposed Cessation of Hydraulic Control
Florence Copper
Florence, Arizona

1.0 INTRODUCTION

1.1 PURPOSE

Florence Copper Inc. (Florence Copper) proposes to discontinue hydraulic control at the test
field located at the Florence Project Site in accordance with the Aquifer Protection Permit (APP)
No. 101704 and the Underground Injection Control (UIC) Permit No. AZ39600001, issued in
1997 by the Arnizona Department of Environmental Quality (ADEQ) and the United States
Environmental Protection Agency (USEPA), respectively.

This report explains the purpose of the test field and demonstrates that hydraulic control can be
discontinued in accordance with the permits without causing detrimental impacts to groundwater
quality. This report also includes for the approval of the ADEQ and USEPA, a proposed
schedule for discontinuing hydraulic control.

1.2 ORGANIZATION

This report has been specifically designed to facilitate ADEQ’s and USEPA’s review,
recognizing that matters discussed herein are part of the voluminous Florence Project permit files

that span more than 9 years.

This section provides a brief history of the Florence Project Site, describes the facility as it is
currently permitted to operate, describes the permit requirements for the hydraulic control test,
and discusses the conditions that must be met before discontinuing hydraulic control.

Section 2 describes the construction and operation of the wells that comprise the test facility,

Section 3 includes a review of all groundwater quality data that have been obtained from samples
collected from the test wells.

Section 4 includes a review of all data regarding the quality of water and sediments contained in
the evaporation pond that was constructed as part of the test field.

Section 5 includes a brief overview of hydrogeologic and geochemical factors that are relevant to
the evaluation of the data presented in Sections 3 and 4.

Section 6 includes Florence Copper’s proposed schedule for discontinuing hydraulic control in
accordance with applicable permit requirements.
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Proposed Cessation of Hydraulic Control
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1.3  SITE HISTORY

The ore body for which the Florence Project was developed is known as the Poston Butte or
Florence porphyry copper deposit. Site records indicate that the deposit was discovered by
geologists of the Continental Oil Company (CONOCO) in 1971. Following the discovery,
CONOCO initiated a program to identify the dimensions and mineral composition of the ore
body, which is located deep within a highly productive aquifer that is continuously replenished
by sub-flow from the Gila River. That program was followed by the installation of a pilot
underground mine and pijot-scale treatment processes. The Site was abandoned in 1977 after
CONOCO concluded that the ore body could not be economically mined because of difficulties
in dewatering the area around the ore-body to the depths needed for open pit or underground

mining.

Durning the early 1990s, the Magma Copper Company (Magma) evaluated the ore body and
decided to evaluate the feasibility of using in-situ mining methods as an alternative to open-pit
and underground mining methods. In November 1994, Magma began the development of permit
applications for the construction and operation of an in-situ copper mine and solution
extraction/electrowinning (SX/EW) plant., The application for the USEPA permit included a
request for an aquifer exemption for the mine area, the area in which all in-situ operations were

proposed to be conducted.

The permit applications were submitted to ADEQ and USEPA on January 6, 1996. About the
same time that the applications were submitted, ownership of the mine site was transferred from
Magma to BHP Copper. To further support the permit applications, BHP Copper conducted
additional studies and installed additional wells for use as point of compliance (POC) wells. The
additional wells provided a total of 31 POC wells encircling the mine area. The POC wells have
been sampled quarterly since early 1998 and quarterly reports have been submitted to ADEQ and

USEPA since that time.

After notice and public hearing, USEPA issued a Class III UIC Permit No. AZ39600001 on May
1, 1997. ADEQ issued an APP No. 101704 on June 6, 1997. Both permits are discussed in

Section 1.5 below.

The ADEQ and USEPA permits required BHP Copper to successfully complete a hydraulic
control test before it could begin operating the permitted facilities. In response to the test
requirements, BHP Copper constructed the test field that is described in Section 1.4.2 and in

Section 2.

The hydraulic control test began November 8, 1997, and continued until February 10, 1998.
Injection and recovery rates were monitored along with electrical conductivity and water levels
throughout that period in order to demonstrate that hydraulic control could be established and
maintained during the injection of sulfuric acid solutions into a portion of the ore body for which
the aquifer exemption had been granted. The test was successful as described in a letter report
dated April 6, 1998, from Ms. Corolla Hoag of BHP Copper to Ms. Julie Collins, ADEQ

Compliance Officer.
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Although the test was successful, BHP Copper elected to indefinitely delay construction due to
depressed copper prices. The facility was maintained under a care and maintenance level of
staffing until BHP sold all of its Florence holdings to Florence Copper in 2001, Florence Copper
has continued the maintenance and care since that time.

Hydraulic control has been maintained and monitored in accordance with permit Tequirements
since the test was completed in order to rinse leachate residues from the impacted ore body. All
groundwater pumped from the recovery wells has been pumped to a double-lined evaporation
pond where the recovered residues continue to concentrate via evaporation.

1.4 FACILITIES
1.4.1 Mine and SX/EW Plant

The site of the proposed Florence In-situ Copper Mine occupies approximately 700 acres and is
located about 2.5 miles northwest of Florence, Arizona, as shown on Figure 1. Figure 2 shows
the proposed facility components from the APP Application as well as the existing components,

The existing components include structures and wells left by CONOCO and wells that were
installed by Magma during the site characterization process. Proposed components include a
mine area of approximately 200 acres in which 2,000 injection and recovery wells are proposed
to be installed during the anticipated 15-year mine life, a SX/EW plant, a double-lined pregnant
Jeachate solution (PLS) pond, a double-lined raffinate pond, 9 13-acre double-lined evaporation
ponds, and associated tanks and pipelines for transferring PLS from the recovery wells to the
PLS surge pond and for transferring raffinate from the raffinate pond to the injection wells. If
the components are installed, they will be operated in the manner described below.

PLS will be pumped from the recovery wells through a manifold and pipeline to a double-lined
surge basin where it will then be piped to the SX/EW plant for removal of copper. As part of the
process for re-using the acidic solution, approximately 10 percent of the barren PLS (also

referred to as raffinate) will be bled to evaporation ponds for disposal.

Sulfuric acid will be added to the remaining raffinate as needed to maintain the sulfuric acid
concentration at approximately 2 percent. The raffinate will then be piped to a double-lined
impoundment and then piped to the mine field for injection. Raffinate injected into the ore body
is referred to as injectate, PLS, formed as the injectate is drawn through the formation and
pumped from the injection wells, will be pumped to the PLS surge basin where the process will
be repeated until the concentration of copper becomes too low to warrant further injection. At
that point, injection will be discontinued and the injection wells will be converted to recovery
wells. Groundwater will continue to be pumped from the converted injection wells in order to
maintain hydraulic control and to rinse the mine block of injectate and associated residues prior
to the abandonment of the wells in accordance with permit requirements.

BROWN anp
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As shown in Figure 2, the mine area will be divided into 24 mine blocks with each block, on
average, containing approximately 83 injection and recovery wells. The operating plan requires
a sequenced construction and operation schedule so that one mine block would be ready to begin
operations as copper is depleted in the previously constructed mine block. A primary benefit of
the sequencing process is the capacity to rinse blocks as the mine progresses and thereby
minimize the amount of rinsing required at the end of the mine life.

1.4.2 Test Field

BHP Copper installed an array of 4 injection wells, 9 recovery wells, 7 observation wells, and 1
evaporation pond so that hydraulic control could be fully demonstrated. All of the wells were
installed within a small portion (approximately 1 acre) of the 200-acre mine area. Figure 2
shows the test field and evaporation pond In relation to existing facility components, while
Figure 3 shows the layout of the wells in the test field. To ensure a valid test, the injection and
recovery wells were constructed in accordance with the well designs approved by the ADEQ and
USEPA for operation of the mine. To further ensure valid tests, the acidic solutions injected
during the test were similar in composition to the solutions that were to be injected during
normal mine operations. Information on wells used in the test field is provided in Section 2.

1.5 PERMIT REQUIREMENTS

The following provides a review of APP and UIC permit requirements pertinent to the cessation
of hydraulic control at the test field.

151  APP No. 101704

Part 11.E.2.a of APP No.101704, provided as Appendix 1, sets forth procedures for conducting
and evaluating the hydraulic control test. After the test had been successfully completed, Part
ILE.2.a was deleted from the APP. That deletion is one of several minor revisions that have
been made to the APP. The most recent revision was promulgated on December 5, 2001, to
reflect the transfer of facility ownership from BHP Copper to Florence Copper.

Although Part ILE.2. included criteria for conducting and evaluating the hydraulic control test, it
did not specify how the test wells were to be closed. However, the assumption is clear that the
test wells would become part of an active mine block after the test was successfully completed
and would be closed as part of the closure of the mine block. Procedures for closing mine blocks
are set forth in Part ILLH.2 of the APP, which is provided as Appendix 2.

The following steps are required to close a mine block in accordance with Part IL.H.2.
1. Begin rinsing of the mine block at the time that injection is discontinued.

2. Monitor the rinsing process by monitoring sulfate concentrations in the headers for the
injection and recovery wells.
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3. Once the sulfate concentration in the recovery well headers drops to approximately 750 parts
per million (ppm), the injection well headers will be sampled for all Part IV, Table IIL.C
constituents.

4. If ffhe sampling for Part 1V, Table III.C constituents shows exceedances of the numeric
Arizona Water Quality Standards (AWQS), continue rinsing until the concentrations of all
parameters are below the AWQS.

5. When the AWQS are met, sample all wells undergoing closure to determine sulfate
concentrations.

7. If the sulfate concentrations are greater than the indicator sulfate concentration, continue
rinsing until groundwater from each well meets the indicator concentration.

8. When the indicator sulfate concentrations are met at all wells undergoing closure, hydraulic
control will be discontinued for 90 days.

9. At the end of the 90-day period, the headers will be re-sampled for sulfate.
o 3
10. If sulfate concentrations are greater than the indicator sulfate concentration, rinsing will
continue.

11. If sulfate concentrations are less than the indicator sulfate concentration, all rinsing and
monitoring in the mine block may cease.

12. A report will be submitted to ADEQ documenting the results of the closure tests.

13. Unless ADEQ or USEPA objects to the report within 30 days afier it has been filed, the
permittee will commence cementing the wells in accordance with the approved well
abandonment plan.

1.52  UIC Permit No. AZ39600001

The UIC permit addresses federal underground injection control requirements found in Title 40
Code of Federal Regulations, Part 144 (40 CFR 144) and 40 CFR 146. The provisions of the
UIC permit and APP are similar except that the UIC permit also addresses requirements that are
unique to the UIC regulations, e.g. permit classification, aquifer exemption, and criteria for well
consiruction and integrity testing.

The UIC regulations recognize two types of in-situ mining operations. Class V general permits
are issued for mines where the extraction occurs within an ore body that is isolated from
groundwater. Class III permits are issued for mines where the ore body can not be isolated from
groundwater by traditional dewatering techniques. Class III permits require that hydraulic
control be maintained during the injection and restoration phases of the individual mine blocks in
order to prevent injectate and dissolved minerals from migrating into the surrounding
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groundwater. An area-wide Class III permit was issued to BHP Copper in recognition that the
proposed mining operation would invelve the installation and operation of many wells over a
large area.

The UIC regulations prohibit the issuance of a Class III permit unless an aquifer exemption is
first issued, or issued as part of the permit. Before USEPA may issue an aquifer exemption, the
applicant must demonstrate that the portion of the aquifer for which the exemption is requested
(a) is not used as a source of drinking water and (b) contains minerals that can be economically
mined using the proposed in-situ mining methods. The required demonstration was submitted as
part of the UIC permit application.

The lateral and vertical boundaries of the exempted portion of the aquifer are described in Part
I1.B.1 of the UIC permit. The exempted portion extends from the base of the Middle Fine
Grained Unit (MFGU) or 200 feet above the oxide zone, whichever is farther from ground
surface, to the base of the interval that is amenable to extraction. In plan view, the lateral
boundary extends 500 feet beyond the mine area, which is that portion of the ore body deemed to
be economically mineable using the methods outlined in the UIC permit application,

Part I1.B.2 of the UIC permit prohibits the migration of injection fluids or process by-products
beyond the exempted zone. Part I1.B.3 requires that, within 90 days after mining has been
completed in a mine block, the permittee shall begin the process of restoring the mine block to
primary maximum contaminant levels (MCLs) as described in Part II.I 1 of the UIC permit
{(Appendix 3). For sake of brevity and convenience, primary MCLs are considered in this report
to be the same as numeric AWQS and are frequently referred to as numeric AWQS.

The provisions of Part ILL1 of the UIC permit are similar to the provisions of Part II.H.2 of the
APP except that the conditions required to initiate the 90-day test period are stated differently.
APP Part ILLH.2 specifies only one condition, the attainment of AWQS. In contrast, UIC Part
II.I{a) requires groundwater to be restored to primary MCLs, or to pre-mine background
conditions. In addition, UIC Part ILIL.1(b) of Section I, requires the permitiee to ensure that
constituents which do not have a primary MCL will not affect the health of persons.

1.6 CLEANUP CRITERIA

As discussed above, Part ILLH.2 of the APP and Part I I.1 of the UIC permit provide similar
procedures for governing the closure of mine block,s except that the UIC specifically addresses
pre-mining background conditions and constituents which do not have numerical standards and
the APP does not. For reasons explained below, Florence Copper believes the differences are the
result of oversight, not differences in agency requirements.
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CALDWELL
pwpimenill mining ilc'21622\closure planiclosure plan.doc/4/21/04/1d 1-6



Proposed Cessation of Hydraulic Control
Florence Copper
Florence, Arizona

There is no statutory or regulatory justification for ADEQ to require that Florence Copper
attempt to restore the aquifer to AWQS when pre-mining conditions exceed the AWQS. In fact,
that specific issue is addressed by Arizona Revised Statutes (A.R.S.) Section 49-243.8.3, which
provides “That no pollutants discharged will further degrade at the applicable point of
compliance the quality of groundwater that at the time of the issuance of the permit violates the
aquifer water quality standards for that pollutant.” In addition, the UIC requirement to consider
pubic health for constituents which do not have numerical standards is similar to ADEQ’s
requirements described in the narrative AWQS.

Groundwater quality data presented in Section 3 of this report have been reviewed in context of
the requirements discussed above. The review first focused on constituents which have numeric
AWQS and then focused on constituents which do not have numeric AWQS,

BROWN anp

CALDWELL

p\wp\merrill mining 116\2$622\closure planclosure plan.doc/4/21/04/1d 1-7



Proposed Cessation of Hydraulic Control
Florence Copper
Florence, Arizona

2.0 IN-SITU TEST FIELD

In 1997, BHP Copper constructed a test field comprised of wells, pumps, pipelines, and an
evaporation pond in order to satisfy a requirement of the APP and the UIC permit that BHP
Copper demonstrate that the arrangement of injection and recovery wells proposed for the in-situ
operations will provide sufficient hydraulic control to protect groundwater quality while acidic
solutions are injected into the ore body. Figure 2 shows the test field in relation to principal
components of the Florence Project Site and Figure 3 shows a more detailed view of the test
field. Figure 4 provides a geologic block diagram which was presented in Volume 4 of the APP
Application, The diagram shows the oxide zone in relation to other major geologic and
hydrogeologic features beneath the proposed mine area. The oxide zone is the zone into which
acidic solutions are proposed to be injected and recovered during commercial operations and into
which acidic solutions were injected and recovered during the 90-day hydraulic control test. The
test field is located in the southwest comer of the delineated mine area.

2.1 TEST WELLS

Figure 5 shows the general layout of the test wells. BHP-6, 7, 8 and 9, shown in green, were the
injection wells through which the acidic solutions were introduced to the oxide zone. The 9
recovery wells, BHP-1, 2, 3, 4, 5, 10, 11, 12, and 13 are shown in red. They were used to pump
leachate and groundwater from the leach zone to the evaporation pond during the 90-day
hydraulic control test. The total depth of the wells is generally greater than 800 feet with the
oxide zone containing copper ore beginning around 350 feet below the surface.

The injection and recovery wells are of the same design proposed for commercial operations.
Just as would be the case during commercial operations, the injection wells were converted to
pumping wells once the injection test was completed. The converted injection wells have been
used to maintain hydraulic control and rinse the leach zone following completion of the test in
1998, The original recovery wells have not been used for recovery since the test was completed.

Observation wells OWB-1 through 5, shown in blue on Figure 5, surround the injection and
recovery wells, The observation wells are approximately 800 feet in depth with the exception of
OWB-2 installed to a depth of 225 feet. There are also two cluster wells, CH-1 and CH-2, also
shown in blue, that are located between the 4 injection wells. Each of these wells has three
screened intervals, G, B, and R with separate sampling tubes. The G zone is screened around
500 feet, the B zone around 600 feet, and the R zone is screened around 750 feet.

2.2  SUPPORTING FACILITIES

All groundwater and leachate pumped from the test wells is collected by pipes and directed to an
evaporation pond. The pond occupies an area of approximately 13 acres. It is douhle-lined and
is equipped with a leak detection and leachate collection system. The leak detection sump is
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monitored weekly for signs of water leaking through the upper liner. BHP Copper and Florence
Copper have provided records in each quarterly report to ADEQ and USEPA demonstrating that
the sump has been monitored and that no leaks have been detected above the alert levels
established in the APP. A small tank farm is located beside the pond which, during testing,
contained sulfuric acid and sodium hydroxide which were used to maintain the proper acid
content of the fluids that were injected into the oxide zone and to neutralize acidic solutions
pumped into the evaporation pond from the recovery wells.

2.3 HYDRAULIC CONTROL

Hydraulic control was maintained during the 90-day test by ensuring, on a daily basis, that the
amount of acidic solutions injected into the oxide zone during any one day, was less than the
combined amount of leachate and groundwater pumped from the recovery wells. As previously
noted, the 4 injection wells were converted to pumping wells once the test was concluded. The 4
converted injection wells are operated on an alternating basis such that groundwater is pumped
from two of the wells at all times in order to maintain hydraulic control, ensuring that the leach
zone is being constantly rinsed. In order to demonstrate that hydraulic control is being
maintained, groundwater levels in the four converted injection wells and four companion
observation wells are measured daily. If a well pair fails to show an inward gradient, the
pumping rates can be adjusted to maintain control. BHP Copper and Florence Copper have
provided records in each quarterly report to ADEQ and USEPA demonstrating that hydraulic
control has been maintained since the completion of the 90-day test.
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3.0 ANALYTICAL RESULTS OF TEST WELL SAMPLES .

Groundwater samples were collected from all wells in the test field in September 2000, June
2001, and December 2003. The samples were collected in accordance with the sampling and
analysis plan set forth in the APP Application. Wells were purged for 3 well volumes and
samples were then collected when the variability of field parameters stabilized, indicating that
the samples were representative of aquifer conditions. The CH wells, which are cluster wells,
bave air pressure sampling tubes which do not allow for purging of 3 well volumes.
Additionally, the sampling tubes to the top level, the G zone in both CH wells, have broken
thereby preventing the collection of samples from that zone. .

All samples were analyzed for Part IV, Table II1.C constituents in accordance with Part ILH.2 of
the APP. The Part IV Table II1.C constituents are the same constituents that are analyzed in
samples collected biennially from the POC wells. The results of the analyses are discussed in
this section by categories established in the APP for the biennial reports. The concentrations of
the constituents in each category were evaluated to determine if they meet the criteria for
initiating the 90-day suspension of hydraulic control at the test field. As discussed in Sections
1.5 and 1.6, the criteria require that (a) concentrations of constituents that have numeric AWQS
must meet their numeric AWQS or pre-mining background conditions and (b) concentrations of
constituents that do not have numeric AWQS must fall below levels that would present a threat

to human health.

Constituents that do not have numeric AWQS have been evaluated in context of the National
Secondary Drinking Water (NSDWS). Exceedances of NSDWS do not mean that the
groundwater is a threat to human health. They are used in this report only as a benchmark.

3.1 FIELD PARAMETERS

Since the 90-day test was completed, the pH of groundwater pumped from the 4 converted
injection wells (BHP-6, 7, 8, 9) has been measured weekly and, as shown in Figure 6, has

increased slowly over time.

Field measurements of temperature, pH, and electroconductivity (EC) taken during the 3
sampling events are presented in Table 1. Figure 5 shows the pH value reported for each well

during the December 2003 sampling event.

The pH measured at the 4 converted injection wells during each sampling event corresponds
closely to the weekly values shown in Figure 6. Laboratory pH values of all samples collected
during the 3 sampling events are generally higher than the field measurements and are discussed

in Section 3.4 below.
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The remaining 5 exceedances occur in BHP-2, BHP-12, and OWB-4. It is important to note that
none of the samples from these wells have indicated an acid-related impact. In fact, pH values
from samples collected from BHP-2 and OWB-4 have remained above 7 standard units in
samples collected in 2000, 2001, and 2003. Samples from BHP-12 equaled or exceeded a pH of
6.7 or more in 2000 and 2001. In the 2003 sample, the pH was 7.3. Additionally, sulfate values
for the same wells show little variation over the same period. In contrast, sulfate values in wells
impacted by leaching have decreased significantly over the same period. This indicates that the
elevated alpha and radium values are not related to acid conditions and are likely background
values.

3.7 DISCUSSION OF RESULTS

The analytical results presented above for the 2003 sampling event indicate that the
concentrations of all constituents that have numeric AWQS are below AWQS, with the
exception gross alpha and radium. However, those concentrations are consistent with
background conditions as discussed below and in Section 5 of this report.

Concentrations of constituents which do not have numeric AWQS were also reviewed. The
review indicated that samples from the converted injection wells and some immediately nearby
wells contained metal concentrations in excess of the NSDWS, e.g., copper values exceeded the
NSDWS of 1 mg/L. The same samples were also found to have pH values below the range of
6.5 to 8.5 established as a NSDWS.

High sulfate and TDS concentrations were in the injectate and PLS because the solution injected
into the formation contained 2 percent sulfuric acid. Samples collected during the 3 sampling
events indicate that virtually all of the acid has heen removed. Samples collected from the
converted injection wells in 2003 had concentrations equal to or below 160 mg/L, as compared
to the NSDWS of 250 mg/L.

The significance of the conditions involving gross alpha, radium, metals, and pH are specifically
addressed in Section 5.
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4.0 ANALYTICAL RESULTS OF EVAPORATION POND

All groundwater pumped from the test field, during the 90-day test and following the completion
of the test has been pumped to the evaporation pond where concentration has accurred as a result
of evaporation. Water from the pond was collected in November 1999, June 2001, and
December 2003, while sediments from the pond were collected in November 1999 and
December 2003. Results of pond water samples are included with the groundwater results in
Tables 1 through 6.

4.1 FIELD PARAMETERS

The pH in the pond water ranges from 6.7 to 7.7, which meets the NSDWS. The pond sediments
were reported to have a pH of 7.6 (Table 8).

4.2 INDICATOR PARAMETERS

The pond water has high concentrations of the indicator parameters as expected. All four
analytes are significantly higher than concentrations reported in samples obtained from the test
field (Table 1). Fluoride in the pond water exceeds the AWQS of 4 mg/L, with concentrations
ranging from 6.2 to 13.0 mg/L.

43 METALS

Concentrations of metals in the pond water are not significantly higher than those observed in the
test field. This would suggest that the majority of the metals precipitate out into the sediments.

Metals concentrations in the sediments have been measured by two different methods, one to
measure the total metals in the sediments and the other to measure the amount of leachable
metals in the sediments. These results are shown in Table 7.

Leachable metal concentrations are compared to the AWQS. No metals exceed the standards.
Therefore these sediments do not present a danger to the underlying aquifer if the material
should be leached. Also the leachate is not a hazardous waste.

Total metals are compared to the residential and non-residential soil remediation standards and
groundwater protection limits. Metal concentrations are substantially below all available limits.
Therefore the sediments can be left in place without remediation.

BROWN 4xp

CALDWELL
p:iwpimerril]l mining 1c\21622\closure planiclosure plan.doc/d/21/04/1d 4-1



Proposed Cessation of Hydraulic Control
Florence Copper
Florence, Arizona

44 INORGANICS
For pond water, alkalinity, nitrate, and silica have reported concentrations similar to
concentrations reported in samples obtained from the test wells, while concentrations of calcium,

chloride, and potassium are significantly higher. Analytical results of sediment samples are
shown in Table 8.

45 ORGANICS

BTEX and diesel petroleum products were analyzed in samples from the pond water and
sediments. No organic compounds were detected.

4.6 RADIOCHEMICALS

There were no exceedances of the AWQS for the pond water.
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50 HYDROGEOLOGIC AND GEOCHEMICAL EVALUATION

As discussed in Section 3, gross alpha and radium concentrations were detected above the
numeric AWQS in samples from some of the test wells. Some constituents (primarily pH and
metals such as aluminum and copper) which do not have AWQS were detected in concentrations
which exceed the NSDWS. The samples were obtained from the converted injections wells and
from wells that are located between the converted injection wells. The purpose of this section is
to present information that will enable groundwater conditions which exceed either the AWQS
or the NSDWS to be evaluated in context of the Florence ore body and the surrounding valley
fill.

A large body of information regarding the ore body’s features and hydrogeologic setting was
developed by CONOCO during its exploration and feasibility studies. These data included data
from approximately 700 exploratory corcholes (Magma, 1995). Magma included much of the
data generated by CONOCO and data generated by its own studies in a detailed Site
Characterization Report (APP Application Vol. 2) that was submitted to ADEQ and USEPA.
That report included the results of geologic and hydrologic investigations of the Site and was
designed to provide sufficient technical data and interpretations to support the environmental
permitting of the mining facility. It included historical as well as recent (1995) site conditions.
Summaries of information presented in the APP Application are provided below in order to
provide an understanding of the current (2004) site conditions. The summaries are followed by a
discussion of the groundwater quality impacts that resulted from the hydraulic control test and
the subsequent leaching of the leach zone.

5.1 PHYSIOGRAPHIC SETTING

The Florence Project is located within the Sonoran Desert section of the Basin and Range
physiographic province of south-central Arizona. The last major tectonic event left a topography
of deep basins surrounded by mountain ranges. The basins are now sediment-filled valleys, and
the mountains are low and rugged. The Gila River traverses the region from east to west (Figure
1) and passes approximately 1 mile south of the Project Area. The braided riverbed meanders
through a broad valley averaging 2 to 3 miles in width in the vicinity of the Town of Florence.
Due to upstream control and diversions, the Gila River is generally dry, with the exception of
brief flow following intense seasonal rainstorms or releases from upstream dams.

5.2 GEOLOGIC SETTING

During the Precambrian and into the early Paleozoic time, regional stresses caused east-northeast
trending structural lineaments. One such structure in southern Arizona is the Ray Lineament
trending north 70 degrees east and extending approximately 50 miles from the Sacaton
Mountains to the Pinal Mountains. At Florence, the lineament intersects a pre-existing
Precambrian diabase dike swarm that strikes north 10 to 30 degrees west. Many east-northeast

BROWN anpd

CALDWELL
piwpimerrill mining 11¢\21622\ciosure planiclosure plan.doc/d/21/04/1d 5-1



Proposed Cessation of Hydraulic Control
Florence Copper
Florence, Arizona

trending Laramide age intrusive bodies were emplaced in central Arizona at the intersections of
zones of weakness associated with the emplacement of the lineament (Figure 9). These
intrusions consisted of granodiorite and quartz monzonite. Hydrothermal mineralization
associated with these intrusions resulted in the formation of porphyry copper ore deposits. The
Florence ore body was formed in this fashion. More recent Basin and Range faulting and tilting
in the Florence Project Area resulted in north-northwest trending horst and graben structures
bounded by normal faults with large displacement to the west,

The Florence ore body occurs on a complex horst block which is bounded on the east and west
by grabens. The Party Line Fault defines the east side of the ore body with a vertical
displacement of over 1,000 feet. The Sidewinder Fault is part of a series of en echelon normal
faults which form a transition to the graben west of the test area. Post-Basin and Range basin-fill
sediments were deposited over the bedrock surface (Figure 4). The sediments comsist of
unconsolidated to moderately well-consolidated interbedded clay, silt, sand, and gravel in
variable proportions and thicknesses. Basalt flows are interbedded on the west and northwest

portions of the in-situ mine area.

The basin-fill deposits in the region are divided into 3 units: (1) the Upper Basin-fill Unit
(UBFU); (2) the Middle Fine-Grained Unit (MFGU); and (3) the Lower Basin-fill Unit (LBFU),
Although perhaps not contiguous, these units likely correlate with similar units described by
Laney and Hahn (United States Geologic Survey [USGS], 1986} in the eastern Salt River Valley

to the north.

Figures 10 and 11 depict east-west subsurface cross sections that straddle the test field. The
LBFU overlies bedrock, with the lower, more consolidated materials forming a conglomerate. In
the Project Area, the thickness of the LBFU ranges from zero near the surface bedrock outcrops

to approximately 1,000 feet in the grabens.

In the test area, the MFGU is composed of clays, silts, and sands which are consolidated to
various degrees. The MFGU is generally discontinuous in the vicinity of the test area and varies

in thickness up to approximately 50 feet.

The UBFU in the vicinity of the test area consists of unconsoclidated to weakly bedded clays,
silts, sands, and gravels. Recent floodplain alluvium occurs along the Gila River and numerous
tributary washes in the Florence area. Together, the UBFU and alluvium have a fairly umform

thickness of approximately 250 feet,

53 HYDROLOGY

The Florence area is located along the northern edge of the Eloy sub-basin of the Pinal Active
Management Area (AMA). It is also approximately 2.5 miles south of the southemn edge of the
Eastern Salt River Valley sub-basin of the Phoenix AMA. Locally, the UBFU is analogous to
the Upper Alluvial Unit (UAU) discussed in Pinal AMA studies (Arizona Department of Water
Resources [ADWR], 1991). This unit forms a significant aquifer throughout the area with well
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yields of up to 3,000 gallons per minute (gpm). The middle unit is highly variable in thickness
and is much less productive than the upper or lower units. While of lower permeability than the
surrounding units, it does not serve to confine the LBFU except in small localized areas. The
LBFU or Lower Alluvial Unit (LAU) also produces copious groundwater with yields of between
1,000 and 2,500 gpm.

Project-specific investigations characterized the vadose zone and the groundwater quality and
level within the proposed in-situ mine area. The investigations were conducted by installing
numerous monitoring wells, conducting aquifer tests on four of the wells, performing
geophysical logging on the deeper wells, followed by gauging and sampling of the 14 new wells
and 4 pre-existing irrigation wells in the immediate area. The following sections summarize the
results of the above studies and compare the predicted geochemical changes with those observed

during after the field test.

Groundwater elevations in the area circa 1900 represent pre-development conditions. At this
time the elevations ranged from 1,380 to 1,420 feet above mean sea level (amsl), approximately
40 to 50 feet below ground surface (bgs). During the period 1923 to 1977, water levels declined
an estimated 150 feet due to substantial groundwater withdrawals and partial elimination of flow
in the Gila River. Between the mid 1970s to the mid 1980s, water level generally rose with
elevations of approximately 1,250 to 1,300 feet amsl. During the 1980s and early 1990s, the
water level elevations appear to have stabilized (Montgomery 1994). Water levels measured
during the 1995 site investigation ranged from 100 to 150 bgs, or elevations of about 1,300 to

1,380 feet amsl.

Currently, both the UBFU and LBFU aquifers are recharged primarily through subsurface flow
from the Gila River channel. Percolation of agricultural water and a small amount of rainfall and
surface runoff from the mountains at the basin perimeter also contribute. A groundwater model
for the areca was developed in support of the APP Application (Vol. IV). The model incorporated
results from 3 previous studies in the surrounding areas (ADWR, 1990, 1994, and Montgomery,

1994).

Flow enters the regional model domain along the eastern boundary, through and under the Gila
River, then migrates westward toward the mine area. West of the mine area, the approximate
center of a deep basin trending north to south marks the location where flow divides into three
flow regimes moving north, south, and west and exiting the domain at these three boundaries.
The presence of bedrock highs to the north and northeast of the mine area and on the western
border restricts the flow in these regions and creates the distinctive pattern of groundwater flow

shown in Figure 12.

The hydraulic conductivity for the UBFU in the model was set to 60 feet per day (ft/day) in the
regional domain and 40 ft/day in the vicinity of the test area. The conductivity of the LBFU
ranged from 20 fi/day in layers 2 and 3, to 0.5 ft/day in layer 8 (below 300 feet amsl elevation).
For the oxide zone of the test area, the model calibrated hydraulic conductivity was 0.1 ft/day in
the main area and 3 ft/day within the fault areas. Porosity was assumed to be 0.2, 0.1, 0.02, and
0.0002 for the UBFU, LBFU, oxide, and sulfide zones respectively. In several instances where
the column and in-situ leaching experiments are discussed, a porosity of 10 percent was used.
The “true” in-situ value within the leach test field is difficult to determine, however the larger
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scalc? value of 2 percent used in the groundwater flow model, is directly correlated with the
“calibrated” hydraulic conductivity of 0.1 f/day. Therefore, the following calculation retains the
values used in the groundwater flow model.

To calculate the rate of groundwater flow through a formation the Darcy equation is used:

v = Ki
n,

Groundwater velocity (ft/day)
Hydraulic conductivity (f/day)
Hydraulic gradient (ft/ft)
Effective porosity (dimensionless)

where:

i

i

v
K
i

1N,

To the northwest of the test area, the gradient is approximately 10 feet elevation change over
2,000 linear feet or 0.005. Thus the range of calculated groundwater velocities is from 0.025
ft/day within the oxide zone of the ore body to 0.5 f/day in the UBFU.

54 FLORENCE ORE BODY

The Florence ore body deposit consists of highly fractured Precambrian quartz monzonite (71
percent) and Laramide granodiorite porphyry (26 percent). This distinction is important due to
the differing concentrations of trace metals such as uranium in the minor minerals such as
plagioclase and potassium-feldspar, Copper in the oxide zone is contained mainly in
disseminated copper-enriched smectite formed from altered plagioclase, and in the fracture-
filling chrysocolla, tenorite, and copper clays. The sulfide zone contains copper and other
metallic sulfides that are not economic to recover. Intact drill samples of the ore body generally
display a low porosity of approximately 2 percent. However, due to the intense fracturing, a
value of 10 percent was used in modeling the column studies discussed below,

Prior studies of copper deposits in Arizona indicated that elevated levels of radioactivity, often in
excess of federal MCLs, were frequently encountered (USEPA, 1999). Likely sources of the
radionuclides are the Precambrian granite outcrops and Laramide intrusives (ADEQ, 1989).
Detailed analyses of test samples from the Florence site by BHP indicate that leachate from the
quartz monzonite and granodiorite is highly enriched in uranium and radium-226, and
correspondingly, both display high counts of gross alpha. In addition, the leachate showed that
the quartz monzonite displays gross alpha of approximately an order of magnitude higher (8,649
pCV/L vs. 897 pCi/L) than the granodiorite (APP Application, Vol. IV). As seen in the cross
section D-D” through the ore body reproduced here as Figure 10, the test field wells penetrate ore
consisting predominantly of granodiorite but there are also zones of quartz monzonite. Detailed.
examination of the drill logs shows that at some locations both quartz monzonite and
granodiorite occur in thin alternating zones or may be mixed together. Another cross section
drawn to the south of the test field shows the quartz monzonite thickening toward the south
(Figure 11). It is therefore expected that the concentrations of gross alpha would be high and

variable in the test wells,
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The goal of the in-situ leaching test was to preferentially dissolve copper minerals. The general
leaching reaction between sulfuric acid solution (raffinate) with a pH of approximately 2 and
chrysocolla, yields free dissolved copper and hydrated silica. In the process, gangue minerals
such as calcite (CaCOs) react with raffinate, neutralizing the acid and producing secondary
minerals such as gypsum. During the leaching phase, this latter reaction wastes acid, therefore
attempts are made to minimize the effect. However, during the recovery phase, any residual acid
that might migrate from the test zone is neutralized via the same reaction.

Two independent laboratory column and bulk leaching experiments were performed. The first
set of experiments was contracted to Core Laboratories. One of the studies involved the
determination of the Acid Neutralization Potential (ANP) of the various rock types in the vicinity
of the test area (APP Application, Vol. IV, Appendix A). A net positive ANP was indicated for
all 21 samples submitted for analysis. ANP results are traditionally expressed in tons of calcium
carbonate per kiloton of the material analyzed. The MFGU contains the highest ANP of the
materials tested (197 tons per kiloton [T/kT]). However, even the samples from the sulfide zone
showed appreciable ANP due to their low pyritic sulfur content. In fact, the lowest values were
for the quartz monzonite oxide zone (average 4.3 T/kT), while the non-calcareous basin-fill
material averaged 8.6 T/KT and the calcareous basin fill material averaged 71 T/KT. Thus, any
acidic solutions that come in contact with the surrounding basin-fill materials would be quickly

neutralized.

Additional tests were conducted by Controls for Environmental Pollution, Inc., to determine the
radiochemical composition of the various ore-body materials. These results were reported in the
APP Application as well as the USEPA survey “Technologically Enhanced Naturally Occurring
Radivactive Materials in the Southwestern Copper Belt of Arizona (TENORM, USEPA, 1999).”
The ohserved enrichment of radionuclides within quartz monzonite is discussed above and is
shown to be characteristic of Arizona copper ore.

The second independent set of experiments consisted of two column tests and geochemical
modeling that were conducted at the University of Arizona using material collected from the test
field (Brewer, 1998). X-ray diffraction and electron-dispersive spectrometry were used to
identify the predominant mineral phases. Laboratory column leaching experiments were
conducted to determine the copper recovery and acid consumption of material. In these
experiments, two 1.524-meter by 0.3048-meter columns were loaded with approximately 150
kilograms of fragments obtained from two separate diamond drill cores of the oxide zone. Both
columns contained varying proportions of granodiorite porphyry and quartz monzomite.
However, column B contained andesite with fractures coated with calcite. The leach solution
was continuously adjusted to maintain a pH of approximately 1.4 while being circulated through
the columns. The geochemical changes in the leachate, during the laboratory experiments, were
modeled and found to be consistent with the above conceptual chemical model but could not
completely account for the chemical changes in the Jeachate due to a much higher concentrations
of calcite than expected and the inability to model gypsum dissolution and precipitation in the
presence of sulfuric acid. For core B, it took over 21 days (approximately 3 pore volumes)
before the pH of the effluent (PLS) decreased to less than 6. However, for core A, the pH was
less than 3 within the first sampling round of 7 days. The ANP was determined to be 3.13 and
6.25 T/kT for columns A and B respectively, in excellent agreement with the Core Laboratonies

results discussed above.
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After 84 days of leaching, tap water was injected into both the columns to simulate the
reclamation phase of the in-situ leaching, In both cases, once acid injection ceased, pH
recovered to approximately 4 in about 60 days (after the passage of approximately 8.5 pore
volumes). Additional flushing at higher, but unreported, flow rates resulted in obtaining a final
pH of 7 at day 180.

55 IMPACT OF HYDRAULIC CONTROL TEST ON GROUNDWATER

The hydraulic control test involved the injection of 2 percent sulfuric acid via 4 injection wells
into the test area of the oxide zone for 90 days. Since the test was completed in February 1998,
ambient groundwater has been continuously pumped from the test area to maintain hydraulic
control and to rinse leachate from the leach zone. Approximately 16.8 million gallons of acidic
solutions were injected during the test through 4 injection wells. Approximately 123 million
gallons of leachate and groundwater have since been extracted from the same 4 wells. The
injection wells were converted to recovery wells once injection had been discontinued and were
used to pump leachate and groundwater at rates which are significantly less than the injection

rates but sufficient to maintain hydraulic control.
5.5.1 Current Groundwater Flow Conditions

Regional groundwater flow in the area has not changed appreciably since the previous
characterization was performed in November 1995 (Figure 12). At that time, the groundwater
level at the divide just south of the mine area was approximately 1,350 feet amsl. More recent
water level measurements obtained from the ADWR well database, supplemented by BHP
measurements, indicate that by October to November 2001, the level has dropped across the
region about 50 feet to approximately 1,300 feet amsl at the divide (Figure 13 and Table 9). The
available data (Table 9) was contoured using the natural neighbor gridding algorithm and the
computer program Surfer. The contours within the enlargement (Figure 14) show the successful
achievement of hydraulic control for the test field. Groundwater levels are drawn down
approximately 75 feet at the extraction well. The gridding procedure extends the contours to
approximate the effectiveness of this capture zone outside the test field.

5.5.2 Evaluation of Test Results

55.2.1  pH Results

As mentioned previously, several of the wells within the center of the test field continue to have
pH concentrations of less than 6 (Wells BHP-6, 7, §, 9, and CH-2). The first 4 wells are the
converted injection wells and CH-2, which has 2 sampling ports, is located in the middle of the 4
converted injection wells, The groundwater from these wells is believed to contain little, if any,
of the acid that was introduced during the hydraulic control test, given the long sampling
duration and surprisingly low sulfate values. Samples of groundwater from these wells show
negligible bicarbonate and carbonate ion concentrations and low calcium concentrations, thus

suggesting intense leaching of the host rock.
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The rock through which groundwater is currently being extracted was formerly in direct contact
with the acid circulated through the injection wells and hence was subjected to the most intense
leaching during the first phase of the test. During the laboratory column studies, the ANP was
eventually overcome and a complete new mineral assemblage formed as new equilibrium
conditions were established due to removal of magnesium (and copper) from the ore and the
accompanying breakdown of the clay minerals.

The current low pH of the water extracted from this region is consistent with a geochemical
model (PHREEQC) in which the buffering capacity of the rock in the center of the test field has
been reduced leading to current values of low pH being controlled by equilibrium with goethite
[FeO(OH)], jarosite [KFe3(SO4):(OH)g], amorphous silica [SiO;] and aluminum hydroxide

[A{OH)s].

The reaction of dissolved oxygen in groundwater with sulfide-bearing minerals is another
potential source of low pH. Because the groundwater obtained from the converted injection
wells has little, if any, buffering capacity, it is not necessary that the reaction release large
quantities of protons to create the low pH conditions observed. Therefore, only modest amounts
of sulfide may be necessary to create the observed pH values. Sufficient amounts of sulfide may
be present in lenses within the oxide zone. Higher concentrations are likely to exist in the
transition between the oxide and sulfide zones and, of course, much higher sulfide concentrations
exist in the sulfide zone. Several of the extraction wells are screened into the transition zone as
shown on Figure 15. All the wells are projected onto a single line and the screen intervals for the
injection, recovery, and observation wells indicated by the striped lines. Even a minor
contribution of water from this zone, induced by the upward gradient caused by the current
pumping, could be responsible for the low pH observed. If this is the case, the pH values in
these wells should increase with the cessation of pumping.

5.5.2.2 Radiochemical Results

Several of the test field wells currently display concentrations of gross alpha in excess of the
Federal MCL of 15 pCi/L.. Studies by USEPA and ADEQ indicate that within copper mining
areas such as Florence, it is not at all unusual to find high uranium and radium concentrations
and hence high gross alpha readings (USEPA 1999). Unfortunately, the test field wells were not
tested prior to initiation of the leaching phase. Thus, pre-test background conditions specific to
any of the test wells are not directly known. However, as discussed above in Section 5.4,
laboratory experiments contracted by Magma (1996) have verified that the quartz monzonite
rock, which comprises a significant part of the ore body, produces high counts of gross alpha
when in contact with acidic groundwater. The survey of groundwater and surface water
radioactivity prepared by USEPA in 1999 documents that throughout the Arizona copper belt
high background values of gross alpha are frequently encountered.

It has also been observed that well OWB-4 and BHP-2, which have adjusted gross alpha
concentrations above 15 pCi/L, have never had sulfate concentrations greater than 67 mg/L.
Such a low sulfate concentration indicates that the well has not been influenced by the leaching
process and hence the high radionuclide content most likely reflects background conditions.
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5.5.3  Migration Potential

These next two sections discuss conditions that will limit the migration of test residues that may
remain in the leach zone following the discontinuance of hydraulic control.

5.5.3.1 Groundwater Flow

Previous discussions indicated groundwater flow rates ranging from between 0.025 ft/day within
the oxide zone of the ore body to 0.1 ft/day in the LBFU and a groundwater flow to the
northwest. As shown on Figure 13, the distance between the test field and the northwest
boundary of the permitted in-situ mine area is approximately 2,500 feet. Using the higher flow
velocity of 0.1 ft/day, it would take 25,000 days (approximately 68 years) for any fluid to
migrate from the test field to the POC wells M6-GU, M7-GL, M8-O, M26-0O, or M27-LBF
located in the northwest comner of the mine area.

The estimated travel time described above can be confirmed using the Theis equation and
drawdown information available at the test field. For example, the drawdown of OWB-3 is only
about 5 feet as compared to the drawdown of 75 feet at the nearest converted injection well
(Table 9). A brief analysis using the Theis equation confirms that a hydraulic conductivity of
approximately 0.1 ft/day is consistent with the observed drawdown of 5 feet, using a porosity of
0.02 and a pumping rate of 20 gpm. This confirms the above estimate of 68 years for leachate to
migrate to the POC wells. It is well known that most metals are retarded during transport
through porous media by adsorption phenomena. Hence, the above migration time should be
considered a2 minimum with actual times expected to be up to three times longer depending upon

the constituent.
5.5.3.2  Acid Nentralization Potential (ANP)

For the majority of the wells in the test field, the groundwater chemistry is similar to that
observed in the POC wells and meets all regulatory standards. For the solutions with
anomalously low pH, reactions with the surrounding host rock would ensue once hydraulic
control ceased and would result in an increased pH. Additionally, the ANP for the surrounding
host rock, which was discussed previously in Section 5.4, shows an average of 4.3 T/kT within
the oxide zone and 8.6 T/kT for the non-calcareous basin-fill material.

The rate of groundwater circulation through the center of the test field is currently much higher
than normal due to the hydraulic control system. This lowers the residence time of the water in
the formation and may preclude complete re-equilibration. The combination of the non-pumping
flow rate of less than 0.1 fi/day with the high ANP for the surrounding rock indicates that it is
highly unlikely that the current disequilibrium with respect to pH would be maintained in the

future.
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56 SUMMARY AND CONCLUSIONS

A 90-day hydraulic control test, which ended on February 10, 1998, was conducted while acidic
solutions were being injected into and recovered from a portion of the oxide zone which extends
beneath the mine area of the Florence Project Site. The oxide zone consists of highly fractured
Precambrian quartz monzonite (71 percent) and Laramide granodiorite porphyry (26 percent).
The test wells were installed in an area that is composed predominately of granodiorite but which
also includes zones of quartz monzonite. Detailed examination of the drill logs shows that at
some locations both quartz monzonite and granodiorite occur in thin alternating zones or are
sometimes even mixed together. The quartz monzonite and granodiorite have differing
concentrations of trace metals such as uranjum in the minor minerals such as plagioclase and
potassium-feldspar. The quartz monzonite displays gross alpha activity of approximately an
order of magnitude higher than the granodiorite.

The hydraulic control test involved the installation of 4 injection wells, 9 recovery wells, and 7
observation wells (two of which were cluster wells). After the test was completed, the injection
wells were converted to recovery wells and have been pumping groundwater since February
1998. At the same time, pumping was discontinued at all wells previously used as-recovery-

wells.

Pre-mine background conditions at each well are not known because samples were not collected
before the hydraulic control tests were conducted. Groundwater sampling of the individual wells
did not occur until June 2000. Samples were also collected in July 2001 and December 2003.

Although pre-test samples were not collected, the observation wells and some recovery wells
appear not to have been impacted by the hydraulic control test. Three of the wells were reported
to have exceedances of the numeric gross alpha and radium AWQS. Because the 3 wells appear
not to have been impacted by the hydraulic control test, the exceedances are assumed to
represent pre-mining background conditions. The distribution of quartz monzonite throughout
the oxide zone, column tests conducted prior to the hydraulic control test, and samples collected
at M12-0 during site characterization provide additional evidence that AWQS exceedances for
gross alpha and radium may occur due to pre-mining background conditions.

Data from the 2000, 2001, and 2003 sampling events clearly show that groundwater impacts
associated with the hydraulic contro] test have decreased significantly at all impacted wells, with
the exception of pH. Table 10 has been prepared to summarize current conditions and includes
data collected in 2003. Table 10 includes average concentrations of selected constituents that
have no numeric AWQS and illustrates the remaining impacts associated with the hydraulic
control test. The table clearly illustrates that evidence of impacts decreases away from the
converted injection wells. The observation wells show no impact even though they are only 80
feet or so from the converted injection wells. The table shows average concentrations of selected
parameters by well category and includes all wells in the test field (Figure 6).
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The categories include:

1. Converted injection wells (BHP-6, 7, 8, and 9);

2. Central wells (BHP-1 and CH-1-B, R and CH-2-B, and R);

3. Original recovery wells (BHP-2 through 5 and 9 through 12); and
4. Observations wells (OBW-1 through 5).

Data in Table 10 indicate that the leaching removed virtually all alkalinity from the aquifer near
the converted injection wells. The data also indicate that the Jeaching removed most of the
alkalinity from the wells located at or near the center of the test field, a lesser amount from the
recovery wells, and none from the observation wells. Laboratory pH measurements reflect the
same pattern. The average pH of samples collected from the converted injected wells was 5.1.
pH was 6.1 for samples from the central wells, 7.5 for samples from the recovery wells, and 7.8
for samples from the observation wells. Silica values reflect the same pattern; highest at the
converted injection wells and lowest at the recovery and observation wells. Concentrations of
aluminum and copper also reflect the same pattern; exceeding the NSDWS at and between the
converted injection wells, and complying with the standards at the recovery and observation

wells,

As discussed above, a small area, near and between the converted injection wells, still shows
impacts resulting from the leachate process. However, there are no numeric AWQS exceedances
except for gross alpha and radium, and both gross alpha and radium are believed to have existed
in concentrations that exceed the numeric AWQS prior to the hydraulic control test.

Constituents that do not have numeric AWQS have been evaluated in context of the NSDWS.
They are used in this report only as a benchmark and exceedances of NSDWS do not indicate
that the groundwater is a threat to human health.

No NSDWS exceedance has been reported in any 2003 sample from any of the wells identified
as recovery wells or observation wells in Table 10. Some exceedances have occurred in samples
collected from the converted injection wells and the inner wells. For those wells, however, there
have been significant decreases in all parameters except pH. For example, sulfate concentrations
have dropped from about 500 mg/L in 2000, to less than 160 mg/L or less in 2003. Such low
sulfate concentrations suggest that essentially all of the 2 percent sulfuric acid solution that was

injected into the leach zone has been removed.

NSDWS exceedances in the 2003 samples are presently limited to the small area near and
between the converted injection wells and involve metals and depressed pH. Because it is
unlikely that injectate is causing the low pH values, the low pH must result from other causes.
The low pH most likely results from oxygenated water passing through sulfide containing
materials and/or areas in which there is little, if any, remaining alkalinity. The elevated metal
concentrations are related to the low pH and will decrease as pH increases. The pH values can
he expected to remain at the same level or possibly increase at some point following the
cessation of pumping, as equilibriums are re-estahlished. Once pumping has been discontinued,
the impacted ground water will migrate slowly through materials known to have the potential to
neutralize acids and, as that occurs, the pH will increase and the metals concentrations will

decrease.
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For the reasons stated above, it is very unlikely that the existing pH and metals concentrations
would present a threat to human health or migrate outside of the test zone. The more likely
scenario is that conditions will improve with time, effectively reducing the size of the impacted
area.

Therefore, Florence Copper believes the current groundwater quality qualifies for the 90-day
suspension of hydraulic control as provided in Part IL.LH.2 of the APP and Part IL.1.1 of the UIC
permit,
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6.0 SCHEDULE

The following describes the schedule that will be used to determine whether groundwater is of
the quality required for the permanent cessation of hydraulic control at the test field. The
schedule generally parallels the steps described in Section 1.5.1 for closing a mine block in
accordance with Part IL.H.2 of the APP and Part I1.I.1 of the UIC permit. It differs from those
steps in the way that sulfate is used as an indicator.

Part I1L.H.2 of the APP and Part IL.L.1 of the UIC permit were written for the purpose of closing
mine blocks at the end of their operating lives. They included the concept of using sulfate as AN
indicator in an effort to avoid non-productive sampling and analysis as each well was being
evaluated for closure. It was envisioned that data from the initial round of sampling of all wells
within the mine block would provide enough data to statistically determine a sulfate value that
would apply to all wells within the mine block.

The permits did not include specific procedures for the test field because it was assumed the test
wells would become part of a mine block and closed accordingly. The concept of a universal
sulfate indicator that would have been applicable to a mine block can not be fully applied to the
test field hecause there are not enough injection wells in the test field to statistically develop a
universal indicator. For that reason, the schedule presented below employs sulfate as an

indicator on a well-specific basis.

The schedule uses, on a per sample basis, the sulfate value multiplied by a factor of 1.25. The
factor takes into account normal sampling and analytical variability. The schedule is not
intended to apply to gross or adjusted alpha, radium, or organics. Gross and adjusted alpha and
radium are excluded because values in excess of AWQS existed in the test area before the test
was conducted and are therefore exempt pursuant to Part I1.H.2 of the APP and Part I1.1.1 of the
UIC permit. Organics are not included because the data presented in Table 5 satisfy the
previously cited permit requirements. As shown in Table 5, organics have not been detected
above detection limits in any sample collected during the 3 previous sampling events. Thus,
there is no need to continue sampling for organics.

The schedule begins at a point equivalent to Step 8§ shown in Section 1.5.1, i.e., samples
collected at each well have been found to meet the numeric AWQS or pre-mining background
conditions and have sulfate concentrations below 750 mg/L (ppm).

1. Hydraulic control will be suspended for 90 days beginning not later than 10 working days
following notice that this schedule has been approved by the ADEQ and the USEPA.

2. Within 10 days following the 90th day of the suspension, samples will be collected and
delivered to a licensed laboratory

3. Samples will be preserved for analysis of all Part IV, Table IIL.C constituents, but will be
analyzed first for sulfate.

BROWN anpD

CALDWELL
piwpimerrill mining 116121622\closure planiclosure plan.doc/d/21/04/1d 6-1



Proposed Cessation of Hydraulic Control
Florence Copper
Florence, Arizona

4. The sulfate values will be compared well-by-well to sulfate values reported from the
December 2003 sampling event.

(a) If the sulfate value does not exceed the 2003 sulfate value by a factor of more than
1.25, the groundwater will be considered to have met the conditions of both the APP
and UIC permit and no further analysis will be required.

(b) If the sulfate value exceeds the 2003 value by a factor of more than 1.25, but is less
than either of the 2000 or 2001 sulfate values, any constituents, excluding gross alpha
and radivm, from preceding years which exceeded AWQS will be analyzed. If these
constituents are found to meet AWQS or if the well has no history of AWQS
exceedances other than gross alpha and radium, then groundwater will be considered
to have met the conditions of both the APP and UIC permit and no further analysis
will be required. If an AWQS exceedance is reported, rinsing will continue.

(c) If the sulfate value exceeds the 2003 sulfate value by more than a factor of 1.25 and
also exceeds the values reported in 2000 and 2001, the sample will be analyzed for all
Part IV, Table IIL.C constituents excluding organics. If the analysis indicates that all
constituents other than gross alpha and radium meet the numeric AWQS, the
groundwater will be considered to have met the conditions of both the APP and UIC
permit and no further work will be required. If any of the constituents, other than
gross alpha or radium, exceed the numeric AWQS, rinsing will continue.

5. A report detailing the results of the analysis will be submitted to ADEQ and USEPA within
20 working days following receipt of the final laboratory report.

Unless ADEQ or USEPA objects to the report within 30 days after it has been filed, Florence
Copper may begin closing the wells in accordance with the approved well abandonment plan.
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