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1.

1.1

INTRODUCTION

Purpose of the Mitigation Plan and Mitigation Objective

This Mitigation Plan describes the process to implement, operate, monitor, adapt,
terminate, and report measures to address sulfate with respect to drinking water supplies in the
vicinity of the Freeport-McMoRan Sierrita Inc. (Sierrita) Tailing Impoundment (STI) (Figure 1).
The Mitigation Plan was developed in accordance with the requirements of Mitigation Order on
Consent Docket No. P-50-06 (Mitigation Order) between Sierrita and Arizona Department of
Environmental Quality (ADEQ) and is subject to the terms of the Mitigation Order.

Under the Mitigation Order, the sulfate plume is defined as consisting of groundwater
with sulfate concentrations greater than 250 milligrams per liter (mg/L) due to the STI. Aquifer
characterization activities completed in accordance with the Mitigation Order identified the
extent of the sulfate plume (Hydro Geo Chem, Inc. [HGC], 2009).

As described by the Feasibility Study (FS) (HGC, 2008), the mitigation objective is to
practically and cost effectively provide the owner/operator of an existing drinking water supply
impacted by the plume from the STI with a drinking water supply with sulfate concentrations
less than 250 mg/L.

The FS evaluated five mitigation alternatives that used different

combinations of source control and plume management to accomplish the mitigation objective.
The FS, which was submitted to ADEQ in October 2008, identified a recommended mitigation
alternative based on consideration of a comparative analysis of the benefits and costs of the
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alternatives, consistent with Arizona Revised Statute (ARS) 49-286.

ADEQ approved the

recommended mitigation alternative in March 2009 (ADEQ, 2009).

The remainder of this section introduces the approved mitigation alternative, summarizes
the measures to be implemented, describes the schedule, and identifies contingency measures
that may be triggered during implementation.

Section 2 discusses implementation of the

Mitigation Plan. Section 3 describes operations and monitoring under the Mitigation Plan.
Section 4 identifies reporting and performance review responsibilities. Section 5 discusses
adaptive management for adjustment of mitigation measures. Section 6 outlines community
involvement activities.

1.2

Description of the Approved Mitigation Alternative

The mitigation alternative recommended in the FS and approved by ADEQ is Alternative
5, which calls for:
1. Moving the location of groundwater pumping needed to supply the Sierrita mining
operations to locations where pumping will control migration of the sulfate plume
into unimpacted portions of the basin fill aquifer and reduce the areal extent of the
plume over time.
2. Developing a new tailing impoundment to replace the STI.

The objectives of Alternative 5 are to control seepage from the STI to the regional
aquifer, stabilize the northern and eastern edges of the plume, and, to the extent practicable,
remove sulfate from within the plume to reduce its extent. Under Alternative 5, Sierrita would
replace some of the groundwater pumped to supply mine operations with groundwater pumped
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to meet the above-described objectives.

Groundwater required to be pumped under the

Mitigation Plan would be rerouted to the Sierrita open pit when mining operations cease.
Alternative 5 includes a new tailing impoundment to allow early retirement of the STI and an
initiation of drain down to significantly reduce or eliminate the need for pumping after the end of
mine life.

Figures 2 and 3 show the locations of groundwater pumping facilities and the

proposed new tailing impoundment, respectively.

1.3

Summary of Mitigation Measures

Based upon the approved mitigation alternative, the following Mitigation Measures1 will
be implemented:
1. Continue monitoring under the existing approved pre-implementation monitoring
plan until a post-implementation monitoring plan is approved and new well systems
and conveyance infrastructure are constructed and commissioned.
2. Continue pumping from existing Interceptor Well (IW) system.
3. Prepare Final Wellfield Conceptual Design.
4. Design and construct new well and conveyance systems: Focused Feasibility Study
(FFS) wells, Source Control (SC) wells, Plume Stabilization (PS) wells and Mass
Capture (MC) wells.
5. Prepare Post-Implementation Monitoring Plan.
6. Prepare Operation and Maintenance (O&M) Plan for well and conveyance facilities
needed for the Mitigation Plan.
7. Commence operation of the complete well system and post-implementation
monitoring.

1

The term Mitigation Measures as used in this document encompasses all actions implemented under the Mitigation
Plan at any particular point in time. Initially, the term includes the measures described in Section 1.3. If a
contingency mitigation measure is implemented or implemented measures are changed due to adaptive management,
then the term Mitigation Measures encompasses the implemented contingency or change.
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1.4

Schedule

1. Continue monitoring: Groundwater monitoring is an existing ongoing program
conducted in accordance with the pre-implementation monitoring plan.
2. Continue existing pumping: Pumping at the IW facilities is an existing ongoing
program conducted for source control.
3. Final Wellfield Conceptual Design: Commence immediately upon approval of
Mitigation Plan; complete by February 1, 2010 or 7 months after date of ADEQ
approval of Mitigation Plan, whichever is later.
4. Finalize design and construct new well and conveyance system: Commence final
design immediately upon completion of the approved final wellfield conceptual
design; construct new wells and conveyance systems that are not dependent on the
purchase of state land east of the STI, once appropriate permitting and land access
requirements have been met; complete construction of remaining new wells and
conveyance systems and commence operations July 1, 2013 or 48 months after date
of ADEQ approval of Mitigation Plan, whichever is later.
5. Prepare Post-Implementation Monitoring Plan and O&M Plan; submit proposed plans
to ADEQ February 1, 2013 or 5 months before scheduled date for commencement of
operation of new well and conveyance system, whichever is later.

1.5

Contingency Measures

There are a number of possible contingency events that may require implementation of
contingency measures. Contingency measures may be triggered if the following events occur:
1. Contingency event: Acquisition of state land east of the STI for construction of FFS
wells (Section 3.3.1).
Contingency measure: Design and construct wells at alternative locations on state
lands.
2. Contingency event: Sierrita determines that a new tailing impoundment is infeasible
(Section 3.3.2).
Contingency measure: Implement Alternative 3 as described in the FS.
3. Contingency event: Monitoring results trigger implementation of mitigation to
address a threat or actual impact to a specific drinking water supply well or system
(3.3.3).
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Contingency measure: Develop and implement additional mitigation actions
consistent with alternatives described in the FS and the Interim Action Technical
Memorandum (HGC, 2006) in consultation with the owner/operator of the affected
water supply well or system.
4. Contingency event: Mining operations temporarily cease before the expected end of
mine life or mine use of water decreases below the level of groundwater pumping
required to meet performance goals (Section 3.3.4).
Contingency measure: Prepare a water management plan for submittal to and
approval by ADEQ to maintain groundwater pumping at the level needed to attain
performance goals. The plan would propose how pumped water would be managed
through methods like evaporation, storage, or water treatment for use.
5. Contingency event: Mining operations permanently cease before expected end of
mine life (Section 3.3.5).
Contingency measure: Reroute groundwater pumped as required to meet the
performance goals from use in mining operations to placement in Sierrita open pit
and monitor open pit regarding capture zone per Sierrita’s area-wide Aquifer
Protection Permit (APP).
6. Contingency event: Monitoring of open pit indicates potential loss of hydraulic
capture (Section 3.3.6).
Contingency measure: Design, construct and implement operation of water treatment
system for water produced by groundwater pumping as required to meet performance
goals.
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2.

2.1

IMPLEMENTATION OF MITIGATION PLAN

Groundwater Pumping

The primary component of the Mitigation Plan is to relocate the groundwater pumping
needed for the Sierrita’s mining operations to locations that address groundwater impacted by
sulfate. Groundwater pumping will be conducted at five groups of wells: the IW, FFS, SC, PS,
and MC (Figure 2). The IW, FFS, and SC wells will be pumped for source control to capture
seepage from the STI. The PS wells at the northern edge of the plume will be pumped for plume
stabilization to prevent additional downgradient movement of the plume. The MC and FFS
wells will be pumped to reduce sulfate mass within the downgradient plume. The FFS wells
have a dual role of source control and mass removal because they are to be pumped at rates
greater than those needed for source control alone. Under Alternative 5 the sulfate plume is not
expected to migrate into unaffected portions of the aquifer, the plume extent is expected to
decrease over time, and existing drinking water supplies are expected to be protected from
impact by the sulfate plume.

A preliminary conceptual design for wells and pipelines for Alternative 5 is reported in
the FS. A final wellfield conceptual design will be prepared under this Mitigation Plan (Section
2.3.2). The wells, pipelines, and pumping facilities needed to implement the Mitigation Plan
(Mitigation Facilities) will be developed and operated by Sierrita to supply water to its mining
operations in lieu of groundwater pumping currently conducted at other locations.
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This remainder of this section describes administrative and technical tasks to be
undertaken to implement the Mitigation Plan based on Alternative 5. The administrative and
technical tasks to establish the Mitigation Facilities are the same for Alternative 5 and the
contingency alternative, Alternative 3 (Figure 2). Thus, implementation of Alternative 5 would
also establish the Mitigation Facilities needed for Alternative 3 in the event the contingency
measure number 2 is triggered (Sections 1.5 and 3.3.2).

2.2

Administrative Tasks

The primary administrative tasks are development of access to land and completion of
permits required for construction of Mitigation Facilities. Sierrita will initiate and pursue these
actions in a timely manner in order to meet the schedule set forth in this Mitigation Plan. If
Sierrita is unable to obtain access, permits, and approvals in time to comply with the approved
schedule, Sierrita may invoke the force majeure provision under the Mitigation Order.

2.2.1

Land Access

Sierrita owns the land needed for the IW and SC wells. Access will be secured for land
used for Mitigation Facilities off of Sierrita property. Property owners from which land access
may be needed are Pima County, Arizona State Land Department (ASLD), and private parties.
Sierrita will research property ownership at well sites and along pipeline routes on property not
under its control. Sierrita will contact property owners and negotiate land access for use during
the mitigation.
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2.2.1.1 Pima County

The Mitigation Facilities include installation of wells and pipelines on lands owned by
Pima County. Sierrita will secure right-of-way use permits for Pima County properties needed
for these Mitigation Facilities. Permit applications will be developed and submitted to the
Permit Section of Development Services for Pima County.

2.2.1.2 Arizona State Land Department

Sierrita has initiated land purchase activities to acquire the ASLD property east of the
STI. If the purchase is successful, Sierrita will implement contingency measure number 1 and
place the FFS wells and pipeline facilities on the former ASLD property (Sections 1.5 and 3.3.1).

If the purchase is unsuccessful, Sierrita will use an existing right-of-way for a pipeline
across the ASLD property east of the STI that would be modified as needed to accommodate the
pipeline for Alternative 5. Also, a new right-of-way may need to be developed with ASLD for
pipeline access along the south portion of the FFS wellfield

2.2.1.3 Private Parties

Construction of some of the Mitigation Facilities requires access to private land. Sierrita
will work with landowners to secure access by lease, easement purchase, or other means for
Mitigation Facilities.
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2.2.2

Permits

County, state, and federal permits will be obtained as required to construct and operate
the Mitigation Facilities. Sierrita will apply for the environmental and construction permits
required to install the Mitigation Facilities and to pump groundwater. Sierrita will conduct
environmental studies as needed to support permit applications. Potentially applicable permits
and environmental studies include the following.

2.2.2.1 Pima County Construction Permits

Construction permits will be obtained as required from Pima County Development
Services for the construction and installation of Mitigation Facilities. Construction permits are
anticipated for the following:

•
•
•
•
•

Electrical service installation
Trenching and grading
Road crossing
Equipment compound walls
Fences

2.2.2.2 Well Permits

Sierrita will comply with Arizona Department of Water Resources (ADWR)
requirements for the drilling, construction, spacing, and operation of extraction and monitoring
wells. ADWR requirements are anticipated to include the following:
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•
•
•

Permits to Drill or Operate a Non-Exempt Well Within an AMA Pursuant to Arizona
Revised Statute 45-599
Notices of Intent to Drill, Deepen, or Modify a Monitor/Piezometer/Environmental
Well
Modification of points of diversion for existing water rights and permits

In addition, de minimus discharge permits will be obtained from ADEQ, if needed, for well
development activities.

2.2.2.3 Special Land Use Permit

A Special Land Use permit may need to be obtained from the ASLD for the construction
and operation of pipelines on state land at the south end of the FFS wellfield. Additional rightof-way permits may need to be obtained, and a native plant study conducted, as required by the
state.

2.2.2.4 Section 404 Permitting

Jurisdictional delineation of the waters of the United States will be required for the
pipeline alignment under Section 404 of the Clean Water Act administered by the U.S. Army
Corps of Engineers. Determination will be made as to the permitting requirements and impacts
of pipeline crossings to waterways and if nationwide or individual permitting is required.
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2.2.2.5 Biological Surveys

As part of Section 404 permitting, pertinent archival records of endangered species and
surveys in the area will be reviewed. A determination of potential impacts to endangered species
will be made with the assistance of the U.S. Fish & Wildlife. Biological surveys will be
conducted where necessary and included in any Section 404 permitting documentation to the
U.S. Army Corps of Engineers.

2.2.2.6 Cultural Resource Surveys

As part of Section 404 permitting, pertinent archival records of known archeological sites
will be reviewed. Cultural resource surveys will be conducted where required to assess potential
impacts of construction. Survey results will be included in Section 404 documentation to the
U.S. Army Corps of Engineers.

2.3

Technical Tasks

The Mitigation Facilities plan (Figure 2) and pumping specifications identified in the FS
for Alternative 5 are the preliminary design basis for the mitigation measures. The technical
tasks needed to implement the preliminary design are completion of various environmental
surveys, development of a final wellfield conceptual design, detailed engineering, procurement
of resources and materials, construction, and commissioning of the Mitigation Facilities. Sierrita
will provide or contract the technical resources needed to complete the design, construction, and
operation of the mitigation measures. Technical tasks include the following.
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2.3.1

Surveys

Surveys include those needed to assess permit requirements (native plant, biological,
cultural resource, and jurisdictional waters), a topographic survey along pipeline alignments, and
a telemetry survey.

2.3.2

Final Wellfield Conceptual Design

The FS presented a preliminary wellfield design for Alternative 5. The preliminary
design in the FS was based on hydraulic capture zone modeling with a numerical model of
groundwater flow and sulfate transport. The modeling results were used to estimate groundwater
capture areas and required pumping rates. The preliminary design needs to be finalized based on
field-scale estimates of aquifer hydraulic properties and the steady-state mining plan.

The magnitude of pumping necessary to achieve the capture required to control sulfate
migration is directly proportional to the estimate of hydraulic conductivity of the aquifer. These
groundwater extraction rates directly affect the sizing of wells and pumps, electrical
specifications, sizing of piping, water treatment requirements and, hence, costs. To finalize the
wellfield design, a large-scale aquifer test was conducted in February 2009 to measure field-scale
hydraulic conductivity in the vicinity of future wellfields. The results of the aquifer test will be
incorporated into the groundwater flow model and used to develop a final wellfield conceptual
design.
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The preliminary wellfield design in the FS assumed an increase in mine production with
consequent increases in tailing deposition and seepage from the STI. Since the FS, Sierrita
decided not to increase mine production. The numerical model will be updated so that the final
wellfield conceptual design reflects reduced seepage from the STI due to the decision not to
increase production.

The final wellfield conceptual design will specify well locations and provide pumping
specifications for implementation.

The final wellfield conceptual design will identify

performance goals such as:
•
•
•

Prevention of downgradient plume movement
Prevention of impacts to drinking water supply wells
Establishment of source control

The minimum pumping needed to achieve the performance goals of source control and
plume stabilization will be identified. The design will also identify the additional pumping
needed to achieve the mass removal goals of the implemented mitigation alternative as discussed
in the Feasibility Study. Well design recommendations will be provided in the final wellfield
conceptual design including the expected depth, screened interval, diameter, casing materials,
and production target for the wells.

Performance reviews (Section 4.2) will be conducted periodically to assess the attainment
of performance goals and to modify pumping, if needed, on the basis of operations and
groundwater monitoring data (Section 3). Any changes in the pumping specifications of the final
wellfield conceptual design needed to reflect actual performance or changes in mining operations
will be addressed through adaptive management (Section 5).
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2.3.3

Engineering Design

Engineering design documents, drawings, and specifications will be developed for the
Mitigation Facilities, including extraction wells, groundwater pumps, electrical transmission and
service, pumping stations, trenching, pipelines and valves, instrumentation and meters, and
control and telemetry.

2.3.4

Pre-Construction

Pre-construction tasks consist of development of construction bid documents, solicitation
of potential contractors, contractor selection, contract development, construction permitting, and
equipment procurement.

2.3.5

Field Construction

Field construction tasks will build the Mitigation Facilities and related systems including
roads, wells, pumps, wellhead meters and valves, trenching, pipelines, pumping stations,
electrical systems, and telemetry systems. The SC wells may be installed first because they are
located on Sierrita property close to existing infrastructure. The PS wells would likely be the
second group of wells installed because their locations are not dependent upon where the FFS
wells are located. The FFS and MC wells would be installed last because their locations are
dependant on the purchase of state land east of the STI.
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2.3.6

System Startup

Pumping at the existing IW wells will continue through implementation of the Mitigation
Plan. The new wellfield and pipeline systems will be commissioned after construction quality
assurance checks are completed. Subject to the Final Wellfield Conceptual Design, a phased
startup of system components is expected. The SC wells may be commissioned first because
they would be installed first and can be connected to the existing pipeline. The PS, FFS, and MC
wells would be commissioned last because they require completion of the common pipeline to
Sierrita.
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3.

3.1

SYSTEM OPERATION AND MONITORING

System Operation

Sierrita will operate the Mitigation Facilities. Groundwater pumping will be conducted
initially using the pumping specifications developed for the final wellfield conceptual design.
The Sierrita mitigation project manager will be responsible for overseeing operation of the
Mitigation Facilities.

Groundwater pumping under the Mitigation Plan will be a continuous operation, although
the pumping specifications may be changed from time to time based on periodic performance
reviews (Section 4.2). As discussed in the FS, the pumping specifications are based on estimates
of seepage from the STI over time and assumed average hydraulic properties for the basin fill
aquifer.

The performance reviews will allow modification of pumping specifications, if

warranted, based on evaluation of the actual aquifer response to pumping (e.g., evaluation of
water quality and water level monitoring data). System downtime will occur as required by the
O&M plan.

An O&M plan will be developed for the Mitigation Facilities. The O&M plan will
specify procedures for preventative maintenance and equipment replacement.

Given the

expected duration of the mitigation, O&M will be a key process for ensuring reliable and
long-term operation of the Mitigation Facilities.
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Groundwater pumped under the Mitigation Plan will be used for mining until the end of
mine life and will be managed by placement in the Sierrita pit after mine closure as long as the
pit has sufficient storage capacity. A detailed water balance for the Sierrita pit and an analysis of
its ability to operate as a hydraulic sink are provided in the FS (Appendix E of FS). Monitoring
of water levels in the pit to verify hydraulic sink conditions after mine closure is required by
Sierrita’s area-wide APP.

3.2

Monitoring Programs

Monitoring programs will be implemented to collect information on the operation and
effects of the Mitigation Measures for use in evaluating mitigation performance. Monitoring
data will be evaluated in performance reviews (Section 4.2) to assess the performance of the
Mitigation Measures. If the results of performance reviews indicate that performance goals are
not being met, adaptive management (Section 5) will be used to identify any changes to the
Mitigation Measures to meet the performance goals.

3.2.1

Operations Monitoring

Operations monitoring will collect information on the availability and operation of the
Mitigation Facilities. Initially, operations monitoring will focus on the existing IW wells. Other
groundwater pumping wells will be incorporated into the operations monitoring program as they
are commissioned.

Information to be collected from operations monitoring includes the

following:
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•
•
•

Average pumping rates of individual wells and total mitigation pumping.
Operating hours and availability of well pumps and booster stations.
Wellfield operational parameters such as pump electrical use and well drawdown.

Sierrita will implement an O&M plan for the Mitigation Facilities. The data from routine
operations monitoring will be used to document groundwater pumping under the Mitigation Plan
and to assess operating conditions.

3.2.2

Groundwater Monitoring

Groundwater monitoring will be conducted to document water quality and groundwater
elevation conditions in the vicinity of the sulfate plume and the Mitigation Facilities. The
objectives of groundwater monitoring before and after implementation of the mitigation
measures differ. (As used here, implementation of the mitigation measures means the complete
startup of all Mitigation Facilities.)

The objectives of pre-implementation groundwater

monitoring are to monitor wells along the plume edge for evidence of downgradient plume
movement and to monitor sulfate in drinking water supply wells near the plume. The objectives
of post-implementation groundwater monitoring are to monitor wells along the plume edge for
evidence of downgradient plume movement, to monitor sulfate in drinking water supply wells
near the plume, and to document water quality and water level conditions in the vicinity of the
wellfields operated under the Mitigation Plan.

Data collected for post-implementation

monitoring will be used to evaluate the performance of the Mitigation Measures and to determine
when pumping can be reduced or terminated (Section 4.2).
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3.2.2.1 Pre-Implementation Groundwater Monitoring

Pre-implementation groundwater monitoring is described in the current monitoring plan
approved by ADEQ.

The groundwater monitoring follows the quality control and quality

assurance procedures described in the work plan for investigation of the sulfate plume.

3.2.2.2 Post-Implementation Groundwater Monitoring

A plan for post-implementation groundwater monitoring will be developed for submittal
to ADEQ (Section 1.4). The purpose of post-mitigation monitoring will be to collect information
on the performance of the Mitigation Measures. The data collected by post-implementation
monitoring will be used for performance reviews (Section 4.2). Mitigation performance will be
evaluated based on performance goals to be developed for the final wellfield conceptual design.

The performance goals of the final wellfield conceptual design and the positions of
wellfields and existing wells will be used to identify locations for additional monitoring wells
that may be needed to document the performance of the Mitigation Measures and attainment of
the performance goals.

Quality assurance and quality control procedures for post-

implementation monitoring will be consistent with those used throughout the investigation of the
sulfate plume.

At a minimum, post-implementation groundwater monitoring would include water
quality sampling at plume edge monitoring wells, drinking water supply sentinel wells, and
mitigation wells; and water level measurement at wells in the vicinity of mitigation wellfields.
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Water quality sampling will measure sulfate concentrations over time to document water quality
trends and delineate the plume.

Water level measurement will document potentiometric

conditions for assessment of groundwater flow conditions, capture zone analysis, and evaluation
of capture effectiveness.

Post-implementation groundwater monitoring data will also be used in conjunction with
numerical analysis to determine whether performance goals can be met if pumping is reduced or
terminated at one or more mitigation wells (Section 4.3). The post-implementation groundwater
monitoring plan will be modified as needed to monitor drinking water supplies and natural
attenuation as mitigation pumping is reduced or terminated at different wells over time. Sierrita
may request termination of the Mitigation Plan and the Mitigation Order upon a demonstration
satisfactory to ADEQ that the performance goals will continue to be met without additional
groundwater pumping.

3.3

Implementation of Contingencies

Sierrita will respond to various contingency events that may occur during implementation
and operation of the Mitigation Plan. The key contingency events and Sierrita’s response are
discussed below.
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3.3.1

Contingency Event: Acquisition of State Land for Construction of FFS Wells

As described in the FS, Alternatives 5 and 3 position the FFS wells on Pima County
right-of-way along the eastern boundary of ASLD land east of the STI (Figure 2). Sierrita is
applying to purchase the ASLD property east of the STI at the same time it applies to purchase
the ASLD property for the proposed new tailing impoundment (Section 1.2). If the property
purchase is successful, Sierrita would locate the FFS wells on the former ASLD property. If the
property purchase is not successful, Sierrita would construct the FFS wells on public and private
property east of ASLD property. Sierrita will work to secure public and private land access
during the time that ASLD is considering the land purchase so that construction can proceed on
schedule regardless of ASLD’s decision.

The ASLD decision is expected within 24 months after submittal of the purchase request.
Sierrita expects to submit the purchase request in the near future. If the state land purchase has
not been approved by June 1, 2011, then Sierrita will implement the design and construction of
the wells at the locations identified off state lands, unless ADEQ approves an extension of the
schedule to allow ASLD to complete a decision allowing Sierrita to acquire the necessary state
lands.

3.3.2

Contingency Event: Sierrita Determines that a New Tailing Impoundment is Infeasible

If Sierrita determines that construction of a new tailing impoundment is infeasible, then
Sierrita will implement Alternative 3 as described in the FS. Sierrita may conclude that a new
tailing impoundment is not feasible either because it is unable to acquire the necessary lands or
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find an alternative location, because it is unable to obtain the necessary permits, or because of
business reasons. If Sierrita makes such a decision or if a new Tailing Impoundment is not
implemented by June 1, 2016, Sierrita will notify ADEQ in writing and will implement
Alternative 3 unless ADEQ approves an extension of the schedule. Alternative 5 and Alternative
3 would employ the same Mitigation Facilities and be subject to contingency measure 1
(Sections 1.5 and 3.3.1). The primary change to implement Alternative 3 will be changes to the
O&M plan to reflect anticipated higher pumping volumes over time under Alternative 3
compared to Alternative 5.

3.3.3

Contingency Event: Monitoring Results Trigger Implementation of Mitigation to
Address a Threat or Actual Impact to a Specific Drinking Water Supply Well or System

Existing drinking water supply wells are not expected to become impacted under the
Mitigation Plan because the sulfate plume is not allowed to migrate downgradient. However, in
the event groundwater monitoring identifies a drinking water supply well that is threatened to be
impacted or that becomes impacted due to the plume from the STI, Sierrita would work
cooperatively with the well owner to develop a specific plan for mitigation actions to address the
well. Potential drinking water well mitigation actions are highly site-specific. The FS and the
Interim Action Technical Memorandum describe the types of potentially applicable mitigation
actions for drinking water supply wells.

The pre-implementation and post-implementation monitoring plans will assign a sentinel
well or wells to monitor specific drinking water supply wells in the vicinity of the plume. If
sulfate concentrations at a sentinel well are verified as exceeding 250 mg/L due to the plume
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from the STI, Sierrita will notify ADEQ in writing and, in collaboration with the owner/operator
of the drinking water well, develop a site-specific plan for mitigation actions that could be
implemented at the drinking water supply well assigned to the sentinel well before it is impacted.
A copy of the site-specific plan will be provided to ADEQ.

3.3.4

Contingency Event: Mining Operations Temporarily Cease before the Expected End of
Mine Life or Mine Use of Water Decreases Below the Level of Mitigation Pumping
Required to Meet Performance Goals

As long as Sierrita remains in operation, groundwater pumped under the Mitigation Plan
will be used in mining operations, in lieu of water that otherwise would have been pumped from
other Sierrita water supply locations. If mining operations undergo a temporary stoppage or
reduction in water use such that the mining use of water is less than the pumping required to
meet performance goals, Sierrita will implement water management actions that to maintain
pumping sufficient to attain performance goals. Water management may include evaporation,
storage, or water treatment for use. Sierrita will submit a proposed plan, including a design and
implementation schedule, to ADEQ for approval to implement this contingency measure in a
manner to avoid any reduction or stoppage of pumping under the Mitigation Plan that would
impair meeting the performance goals.

Mitigation Plan for Sulfate with Respect to Drinking Water Supplies
H:\78300\78318 - Mitigation Plan\Final\Sierrita Mitigation Plan 05082009.DOC
May 8, 2009

24

3.3.5

Contingency Event: Mining Operations Permanently Cease before Expected End of Mine
Life

If mining operations permanently cease before the expected end of mine life,
groundwater pumped as required under this Mitigation Plan would be rerouted from use in
mining operations to placement in Sierrita open pit.

3.3.6

Contingency Event: Monitoring of Open Pit Indicates Potential Loss of Hydraulic
Capture

Sierrita’s area-wide APP requires Sierrita to monitor water levels in the open pit to ensure
that hydraulic capture of groundwater by the pit is maintained. If Sierrita implements placement
of groundwater pumped under the Mitigation Plan in the open pit, Sierrita will monitor the water
levels in the open pit to comply with the area-wide APP. If water levels rise to a point where
loss of hydraulic capture by the open pit is threatened, Sierrita will design a system to treat and
discharge water pumped under the Mitigation Plan, consistent with the potential water treatment
and discharge options discussed in the FS.

Sierrita will submit a proposed design and

implementation schedule to ADEQ for approval. The schedule for design and construction will
be developed in a timely manner so that Sierrita can both maintain compliance with its APP and
avoid disruption of groundwater pumping as specified under this Mitigation Plan.
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4.

4.1

ROUTINE REPORTING AND MITIGATION PERFORMANCE REVIEWS

Routine Reporting

Operations monitoring reports and groundwater monitoring reports will be prepared to
document actions taken under the Mitigation Plan. These reports may be prepared as a combined
report if practical.

4.1.1

Operations Monitoring Report

Operations monitoring reports will be prepared annually and submitted to ADEQ. The
operations monitoring reports are intended to be an accounting of the groundwater pumping
under the Mitigation Plan and a description of any significant operational conditions during the
period of interest. Operations monitoring reports will compile data on system availability, well
pumping rates, and total system pumping. The actual system pumping will be compared to
design goals to assess operational performance. Significant operational conditions that may
influence meeting pumping goals will be reported.

4.1.2

Groundwater Monitoring Report

Groundwater monitoring reports will be prepared and submitted to ADEQ based on the
frequency specified in the monitoring plan. The report will provide tables of the water quality
and water level data collected for the period of interest. Maps will be prepared to show water
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level and water quality data collected for groundwater monitoring. Laboratory analysis reports
and associated quality assurance/quality control documentation will be provided in the
groundwater monitoring reports.

4.2

Mitigation Performance Reviews

Performance reviews will be conducted and submitted to ADEQ annually for the first
five years after full commissioning of the Mitigation Facilities and then every five years
thereafter.

Mitigation performance reviews will be conducted to determine whether the

Mitigation Measures are performing as expected and meeting performance goals.

The

performance review process will also be used to evaluate when mitigation pumping can be
reduced or terminated. Mitigation performance will be evaluated based on performance goals set
in the final wellfield conceptual design. The performance goals would be evaluated using
operations and groundwater monitoring data, and capture zone analysis.

Operations and groundwater monitoring data would include the following.
•

Pumping data for individual wells and the entire system

•

Water quality data for drinking water supply wells and sentinel wells located between
the plume and the drinking supply wells

•

Water quality data from plume monitoring wells located downgradient of the plume

•

Water level data from wells positioned to monitor drawdown in the vicinity of
wellfields operated under the Mitigation Plan

Operations monitoring data will be used to determine whether groundwater pumping
meets the specifications of the wellfield design. Water quality data will be used to evaluate
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sulfate trends at downgradient monitoring wells, plume edge monitoring wells, drinking water
supply sentinel wells, and extraction wells. Sulfate concentrations over time will be shown on
graphs to illustrate water quality trends. Water level data will be used to assess groundwater
flow conditions in the vicinity of the plume and Mitigation Facilities, to identify the capture zone
of mitigation pumping, and to evaluate capture effectiveness.

Capture zone analysis will be based on analysis of field measurements or analysis using
analytical or finite-difference numerical groundwater models. Water level data in the vicinity of
the Mitigation Facilities will be used to evaluate the degree of drawdown around the wellfields.
Periodic review and updates of the numerical model would be conducted on an as-needed basis
to assess the capture predicted for actual pumping under the Mitigation Plan.

The adaptive management process (Section 5) would be used to evaluate and modify the
Mitigation Measures in the event that the performance review determines that performance goals
are not being met. For example, adaptive management would be used to modify pumping if the
performance review determines that the plume continues to move downgradient (i.e.,
performance goal not being met).

Adaptive management would also be used to address

modifications to Mitigation Measures necessitated by changes in the mining operation.

4.3

Reduction or Termination of Mitigation Pumping

The performance review will evaluate when source loading and the plume extent are at a
point that mitigation pumping can be reduced or terminated. As described in the FS, mitigation
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pumping is expected to be reduced over time as performance goals are met. For example, the PS
and MC wells could be retired when the plume extent is reduced to the point that the plume can
be controlled by source control pumping only. Source control pumping can be reduced or
terminated as sulfate loading from the STI diminishes over time.

Sierrita may request

termination of the Mitigation Plan and the Mitigation Order upon a demonstration satisfactory to
ADEQ that the performance goals will continue to be met without additional groundwater
pumping.

The performance reviews will evaluate water quality and water level data to assess source
loading, plume extent, and ambient sulfate concentrations. Numerical analysis of groundwater
flow and sulfate transport would be used to evaluate the effects of reducing or terminating
pumping in one or more wells. If analysis indicates that performance goals can be met by
reducing or terminating pumping or that monitored natural attenuation would be sufficient to
mitigate residual sulfate-impacted groundwater, Sierrita will prepare a recommendation to
modify pumping and submit it to ADEQ for approval.
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5.

ADAPTIVE MANAGEMENT

Adaptive management is a process of review, analysis, and adaptation used to manage
uncertainty in decision making in environmental projects. Adaptive management relies on an
iterative process of data gathering and analysis to improve decision making in an uncertain
environment. For purposes of this Mitigation Plan, application of adaptive management will
involve comparing the actual performance of the Mitigation Measures to expected performance
goals and implementation of changes if the alternative is not performing as expected.

The process of monitoring and performance review is integral to adaptive management
because these activities will collect data on the effects of the Mitigation Measures and evaluate
the effects against performance goals.

If performance goals are not being met or if it is

determined that pumping specifications are greater than necessary to meet performance goals,
Sierrita will use adaptive management to evaluate the situation and to modify the Mitigation
Measures based on operational experience and/or modeling.

The adaptive management process can be triggered by factors internal or external to
Mitigation Measures. Examples of internal factors would be determinations by the performance
review that the Mitigation Measures are not meeting a performance goal or that pumping exceeds
the minimum needed to attain a performance goal based on operations monitoring, groundwater
monitoring, or other analysis conducted for the mitigation. External factors would include
administrative (e.g., the development of new environmental quality or water supply laws) or
business (e.g., changes in mine life or production rate) developments that may impact the
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Mitigation Measures. Adaptive management would be used to manage changes in administrative
or business conditions that may impact attainment of the performance goals. Such conditions
may trigger the need to adjust Mitigation Measures from time to time. Any triggering event that
requires modification of the mitigation performance goals through adaptive management would
be reported to ADEQ for approval in advance of implementation.
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6.

COMMUNITY INVOLVEMENT

Community involvement activities will consist of informing the community of activities
conducted for the Mitigation Plan and responding to community concerns.

6.1

Community Advisory Group

A Community Advisory Group (CAG) was formed for the purpose of identifying and
improving the public’s access and understanding of information regarding the Mitigation Order.
A CAG consisting of five persons selected from a cross section of the community will be
maintained to meet annually throughout the mitigation or as needed based on community
interest.

6.2

Public Information Repository

Sierrita will maintain the information repository at the Joyner Green Valley Public
Library in Green Valley. Copies of correspondence and reports submitted to ADEQ for the
Mitigation Order will be placed in the library for public access.

6.3

Sierrita Internet Document Repository

Sierrita

will

maintain

http://www.fcx.com/sierrita/home.htm.

the

internet

document

repository

at

Copies of correspondence and reports submitted to
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ADEQ for the Mitigation Order will be placed on the public access internet website for
download.
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