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November 6, 2019

The Directors

FINANCIAL ADVISOR

Dear Sirs:

Re: Competent Person’s Report on the Florence Project, Arizona, USA

Roscoe Postle Associates Inc. (RPA) was retained by Taseko Mines Ltd (Taseko or the 
Company) to prepare an independent Competent Person’s Report (CPR) on the Florence 
Project (the Project) located in Florence, Arizona, USA.  This CPR is intended for use by 
Taseko in connection with a prospectus filing for a listing on the London Stock Exchange 
under the requirements of the United Kingdom Listing Authority (UKLA). 

This report conforms to the requirements for a CPR as established by the European 
Securities and Markets Authority (ESMA) Recommendations on consistent implementation 
of Commission Regulation (EC) No 809/2004, implementing the Prospectus Directive (the 
ESMA Recommendations, as revised in March 2013).  A summary of the ESMA 
requirements is shown in Appendix 1.  Mineral Resources and Mineral Reserves in this 
Report conform to the standards published and maintained by the Canadian Institute of 
Mining, Metallurgy, and Petroleum (CIM) – specifically the CIM Definition Standards as 
adopted on May 10, 2014 (CIM 2014).

Capability and Experience

RPA is based in Toronto, Denver, and London.  RPA advises major mining companies, 
mid-caps, junior mining and exploration companies, financial institutions, governments, law 
firms, and individual investors with cost-effective strategic advice and solutions to 
challenges, through access to people experienced in all aspects of the development and 
operation of mining projects.

RPA has extensive experience carrying out due diligence of mining and exploration 
companies for the purposes of stock exchange listings, financings, and business 
combinations.

Project Approach and Management

This CPR has been prepared by a team of Competent Persons who have extensive 
experience in the mining industry, including geologists, mining engineers, metallurgists, 
geotechnical specialists, and financial specialists.  The members of the team are listed 
below.  Qualifications of the individuals are shown in Appendix 2. 

Project Director
Deborah A. McCombe, P.Geo.

Project Manager
Grant A. Malensek, P.Eng./P.Geo.

Project Team
Wayne W. Valliant, P.Geo.
Clare Kelly, MSci, CGeol, FGS
Houmao Liu, Ph.D., P.E
R. Dennis Bergen, P.Eng.



Jeffrey L. Woods, SME, MMSA, QP
Lee “Pat” Gochnour, QP

Peer Review
Graham Clow, P.Eng.
David Ross, P.Geo.
Lance Engelbrecht

RPA prepared this CPR based on observations and data collection on site visits to the 
Florence Copper site, data provided by Taseko, including interviews with key personnel 
involved in the operation and management of the assets.  

The general methodology for the review comprised:

Review of current (January 16, 2017) mineral resource and reserve estimates,
including sample databases, cut-off grades, and estimation parameters.

Observation of project conditions, housekeeping, health, and safety awareness.

Review of environmental status including permits, compliance, and closure costs.

Review of hydrogeologic conditions and their effects on ISR operations.

Review of social and community issues.

Review of manpower status and labour issues, including turnover and management
capability.

Review of operating cost estimates.

Review of initial and sustaining capital expenditure forecasts.

Review of Life-of-Mine plans in the context of physical assumptions – head grade,
production rate, metallurgy, and operating and capital cost assumptions.

Analysis of risk areas and overall sensitivity of the Life-of-Mine plans to external
and internal risks.

The work was carried out from March 2019 to August 2019.  The site visit was carried out 
on April 16, 2019.

Limitations and Reliance on Information

This report has been prepared by RPA at the request of Taseko.  RPA is responsible for 
this CPR and declares that, to the best of its knowledge, the information contained in the 
CPR is in accordance with the facts and that the CPR contains no omission likely to affect 
its import.  

RPA’s opinion as expressed in this CPR is effective at the date of this report.  Parameters 
used in assessing the assets are shown in the report.  Some of these parameters can vary 
significantly and changes could alter RPA’s opinion subsequent to the date of this CPR.

The information, conclusions, opinions, and estimates contained herein are based on: 

a. information available to RPA at the time of preparation of this report.
b. assumptions, conditions, and qualifications as set forth in this report.



c. data, reports, and opinions supplied by the Company and other third-party sources. 

Save as set out herein, RPA does not guarantee the validity or accuracy of conclusions or 
recommendations based on information supplied by third parties.  

RPA accepts no responsibility for damages, if any, suffered by any third party as a result 
of decisions made or actions based on this report.

The report is intended to be read as a whole, including the Executive Summary and 
sections should not be read or relied upon out of context.

Independence
RPA has received fees for the preparation of this CPR in accordance with normal 
professional consulting practice.  The fees are not contingent on the success of the 
Prospectus.  Neither RPA nor any of its directors, staff, or sub-consultants who contributed 
to this report have any material interest in the assets reviewed.

RPA has not previously carried out independent audits of the mineral resources and 
reserves of the mining assets included in this CPR.

Drafts of this report were provided to the Company, for the purpose of confirming both the 
accuracy of factual material and the reasonableness of assumptions.

Sincerely

(Signed & Sealed) Deborah A. McCombe

Deborah A. McCombe, P. Geo. 
Project Director
Roscoe Postle Associates Inc.
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1.SUMMARY

1.1. EXECUTIVE SUMMARY 

The Florence Project (the Project) is an advanced stage copper project, located in 

Arizona, USA.  The Project is owned and operated by Florence Copper, Inc. (FCI), a wholly 

owned subsidiary of Taseko Mines Limited (Taseko or the Company). Taseko acquired 

FCI through its acquisition of Curis Resources Limited (Curis) on November 20, 2014.

The Project envisages copper extraction by the in situ recovery (ISR) mining method.

Development of the Project is planned to occur in two construction and operation phases:

a Production Test Facility (PTF) and commercial operation.  The PTF, which includes 24 

injection, recovery, and monitoring wells and a Solvent Extraction/Electrowinning (SX/EW) 

plant, was completed in the third quarter of 2018 and commenced operations in December 

2018. Taseko plans to operate the PTF until the wells are incorporated into the commercial 

wellfield and commenced the permit amendment process for commercial production in mid-

2019.

The current Project Life-of-Mine (LOM) plan forecasts copper production over 21 years, 

with 19 years of full-scale production at an average annual rate of approximately 85 million 

pounds (Mlb) of total copper cathode. 

A Prefeasibility Study (PFS) of the Project was completed in 2013 by M3 Engineering & 

Technology Corporation (M3) based on Mineral Resources estimated by SRK Consulting 

(U.S.) Inc. (SRK) in 2010.  Subsequently, Taseko updated the Project costs and economics 

in a National Instrument 43-101 (NI 43-101) Technical Report dated December 2017.

RPA reviewed the 2010 resource model and 2017 NI 43-101 report and amended the 

Mineral Resource classifications.  The 2010 Mineral Resource estimate with amended 

Mineral Resource classifications was used as the basis for this CPR.

RPA reviewed the 2017 Mineral Reserves and re-assessed cut-off grade for the purpose 

of this report.  RPA is of the opinion, based on the mining block grades, that a higher cut-

off grade of 0.08% TCu at $2.75/lb Cu is warranted; however, the Florence deposit is not 

sensitive to cut-off grade and this increase in cut-off grade has no impact on the total 

Mineral Reserve estimate, which remains unchanged.



In RPA’s analysis, the Project’s overall copper extraction of 69.7% was lowered to 65% 

based on 1) more conservative interpretation of the metallurgical test work results to date, 

and 2) the PTF operating results being too preliminary to further inform recovery 

expectations for this report. To adjust for this change, the production schedule has been 

modified in this report with accelerated wellfield development to keep the Project at its 85 

Mlb capacity design. 

Operating and capital costs have been escalated in this report from a Q4 2016 US dollar 

basis to a June 2019 US dollar basis using a combination of cost indexes and actuals from 

the current PTF operation.

The valuation includes changes to the US Federal income tax law under the Tax Cuts and 

Jobs Act passed in late 2017.  RPA notes that the positive effect of this tax legislation is 

significant on Project economics.  

Imperial units are used throughout this report and all currency is in United States dollars 

(US$). 

1.1.1. CONCLUSIONS

RPA offers the following conclusions:

Geology and Mineral Resources

Geology

The regional and local geology and the property mineralisation are well understood.

The drilling, sampling, sample preparation, and analysis procedures, except for 
density measurements, are appropriate for the style of mineralisation.

The quality assurance/quality control (QA/QC) protocols were standard industry 
practice at the time of the data collection and, although different from current 
practices, provided adequate QA/QC for the database.

Hydrogeology

The hydraulic testing is adequate for the Project.

The oxide zone is intermediately permeable and suitable for the ISR mining. 

It is reasonable to assume that the geologic setting of the oxide formation will 
behave as porous media.



Mineral Resources

Mineral Resources at the Project as of July 1, 2019 are:
o Indicated:  429 million short tons (Mst), grading 0.33% total copper (TCu),

containing 2,839 Mlb of copper
o Inferred:  63 Mst, grading 0.24% TCu, containing 295 Mlb of copper

In RPA’s opinion, the quantity of density data is not sufficient for reporting Measured 
Mineral Resources.  The densities used for previous Mineral Resource estimates 
are reasonable for unaltered quartz monzonite or granodiorite porphyry, however, 
they may not be appropriate for fractured and altered rocks.  

No material errors were encountered when validating the Mineral Resource 
database.

The geological interpretation and three dimensional (3D) modelling of the basin fill, 
oxide, transition, and sulphide zones is an adequate reflection of the data.  

Capping has been used to limit the influence of high grade assays.  The approach 
to managing high grade samples is reasonable.   

Overall, with the exception of density measurements, the parameters, assumptions, 
and methodology used for previous Mineral Resources estimates are appropriate 
for the style of mineralisation.

Mining and Mineral Reserves

The Mineral Reserve estimates in this report are based on the SRK 2010 Mineral 
Resource model.

The Probable Mineral Reserve estimate as of July 1, 2019 totals 345 Mst grading 
0.36% TCu and containing 2,472 Mlb of copper.

The Mineral Reserves have been estimated at a cut-off grade of 0.08% TCu.

Mineral Reserves were estimated using the block model results and in a manner 
appropriate for the proposed ISR extraction.

A comparison of the mining block tons and grade from the SRK 2010 resource 
model used by RPA to the stated Mineral Reserves indicates that, while there are 
material differences in the tonnages and copper content from mine block to mine 
block in a small number of blocks, the overall reserve estimate is materially the 
same as the stated estimate.  

The deposit is amenable to ISR mining.

Mining will occur over a 21-year period, with 19 years of full-scale operations and 
average copper production of 85 Mlb per year.

The mine production will be based on 72 mining blocks with a wide range of ore 
thickness, ore grade, and planned copper production.

Additional wells may be required in mining zones which are thick or have a high 
copper content in order to achieve and maintain production.



Survey control of the well drilling and well survey specifications with respect to depth 
and end location are in place and are planned to be used for the production 
wellfields. 

It is planned to separate the well design into three sections along the depth to 
manage the extraction and injection flow pattern and to address the variation in 
copper content. In RPA’s opinion, it is a good operational practice, although it is 
noted previously that additional sections may be required in thick and/or high grade 
intersections to facilitate leaching.

The planned injection and extraction rates are achievable for the hydrogeologic 
conditions of the bedrock oxide.

The planned perimeter hydraulic control is judged to be feasible based on the 
existing hydraulic data.

Mineral Processing

Metallurgical test work procedures used to simulate ISR, namely box tests, 
pressure rinse tests (PRT), and series leach tests (SLT), although not industry 
standard testing methods, are reasonable for estimating copper recovery and acid 
consumption.

FCI’s projected copper recoveries range from 65% to 73% (70% average) of the 
TCu grade.  However, RPA takes a more conservative view of estimating recovery 
from the test work which results in a projected overall recovery of 65% TCu.

Spatial variability testing should be conducted using samples from different areas 
of the deposit to verify metallurgical response. Relying on only 41 samples (box, 
PRT, and SLT) assumes that there are relatively large homogeneous zones within 
the orebody and therefore presents a risk in characterising the overall copper 
recovery in individual mining zones.  This risk can be minimised by increasing the 
number of samples tested.  

The estimated SX/EW plant efficiency of 95% is reasonable and comparable to 
similar heap leach facilities. 

Projected gangue rock acid consumptions of five lb/lb Cu (four lb/lb in the wellfield 
and one lb/lb in the SX) are reasonable, but not yet optimised for a commercial 
operation with ‘mature’ or buffered leach solution.

Gypsum scale formation, driven by reactions between sulphate in the acid solutions 
and calcium in calcite gangue, is typical in copper leaching operations where calcite 
is present and is most prevalent early in leach cycles.  Scale formation may
negatively impact copper production if not managed correctly by restricting flow 
rates not only in the well screens, pumps, and process piping but also in fractures 
within the deposit itself.  Solution chemistry monitoring and good operating 
practices are conventionally used to mitigate this risk. 

The design of the surface processing SX/EW facilities is industry standard and 
suitable for the Project.



Project Infrastructure

The Project is located in an area with ready access to power, natural gas, services, 
and labour.

Environmental, Permitting, and Social Impact

From an environmental, permitting, and social perspective, no fatal flaws were 
identified.  The Project has a competent and experienced staff and is using industry 
experts to support design and permitting efforts.

Environmental baselines are well established and documented, and the 2013 PFS 
adequately addresses permitting requirements and environmental controls. 

Permitting schedules presented are reasonable assuming no delays or
permitting/regulatory appeals. 

Reclamation and closure plans are summarised in the 2013 PFS and 2017 
Technical Report and presented in permitting documents in the data room.  These 
costs have been refined for the recent (June 2019) permitting updates and 
amendment.  Cost estimates are reasonable and address regulatory requirements
at this point of time.  While agencies may impose additional mitigation, monitoring, 
and closure requirements that were not contemplated in the design, these actions 
are not expected to have material impact(s) on the Project.

FCI has done a good job of educating the local community(s) about the Project and 
has been successful in prevailing over organised opposition at this stage of 
permitting.  This could change as draft and final permits are issued and made 
available to the public for review.  Based on experience at this and other projects,
RPA expects some level of appeal/opposition, however, it is noted that FCI has 
prevailed through previous appeal(s) at Florence with some delay and added 
expense. 

Capital and Operating Costs

The capital and operating costs are based on Q4 2016 updates to the 2013 PFS 
capital cost estimate.  For this report, these costs are escalated to a June 2019 US 
dollar basis using a combination of changes in cost indexes and updates based on 
actual costs incurred during the PTF operations in 2019.

The initial capital costs are estimated to be US$204 million stated in Q4 2016 dollars 
and include a 25% contingency.  A total of US$23 million in escalation has been 
added to bring the initial capital estimate on a June 2019 US dollar basis to US$227 
million in this report.

The sustaining capital costs total US$713 million over the Project life in Q4 2016 
dollars.  The key elements are ongoing wellfield development and the installation of 
a water treatment facility.  A total of US$74 million in escalation has been added to 
bring the estimate on a June 2019 basis to US$788 million in this report.

The operating costs are estimated from first principles and based on Q4 2016 
updates to the 2013 PFS estimate and total US$1,312 million over the LOM, which 
is equal to US$0.76/lb of copper extracted.  A net decrease totalling US$55 million 
combining escalation, current reagent prices, and lower copper production has 
been added to bring the operating cost estimate to a June 2019 US dollar basis in 
this report to US$1,258 million or $0.78/lb of copper extracted.



The cash flow model does not include a cathode copper premium as a provision for 
the sales and marketing costs for copper cathode. Copper cathode freight costs 
have been included in the valuation.

Valuation of Mineral Reserves

Based on a 65% overall copper recovery, Q4 2016 operating and capital costs 
escalated to a June 2019 US dollar basis, a US$3.10 copper price, and an 8% 
discount rate, the discounted cash flow (DCF) valuation for the Project gives an 
after-tax Net Present Value (NPV) of US$667 million based on an average run-of-
mine (ROM) production rate of 85 Mlb of copper cathode per year at a production 
cost of US$1.13/lb Cu, which generates approximately US$100 million of after-tax 
free cash flow annually for the first 19 years of commercial operation.  

The Project has an after-tax Internal Rate of Return (IRR) of 40.2% and 
undiscounted payback period of 2.3 years from start of commercial operations.

1.1.2. RECOMMENDATIONS

RPA recommends that Taseko continue the PTF operation and incorporate the PTF results 

into the next stage of Project planning and engineering. Based on its review, RPA offers 

the following recommendations:

Geology and Mineral Resources

Hydrogeology

Continue to validate sweep efficiency factors using the operational data from the 
PTF.

Consider mitigation measures to minimise the potential effect of geologic 
heterogeneity. The current operation plan includes:

o separating wells into multiple sections, 
o targeting extraction and injection at different segments along the depth,
o variation of residence time for extraction and injection,
o local alternation of the extraction and injection wells. 
o Assess additional measures to minimise the potential effect of geologic 

heterogeneity such as installing additional wells to target multiple horizons 
of the deposit. 

Mineral Resources 

Additional density data should be collected from production wells to support the 
estimation of Mineral Resources and Mineral Reserves tonnage.

Production data from the current test production program should be reconciled with 
the resource model.  Ongoing reconciliation should also be undertaken when full 
production is underway. 

Minor discrepancies in various generations of downhole orientation survey data 
should be investigated and resolved.



Mining and Mineral Reserves

Review the Mineral Reserve estimate cut-off grade in the next phase of Project 
planning and engineering based on appropriate long term copper price and current
operating costs. 

Review the planned production plans, extraction, and reagent consumption 
considering the results of the PTF.

Review the planned mining blocks and consider methods such as those described 
in the hydrogeologic recommendations to decrease the variation in planned copper
production per mining block and to reduce reliance on a small number of high 
production wells.

 Optimise the current wellfield labour and equipment requirements in the next phase 
of Project planning and engineering considering the increased number of wells in
operation over time and the corresponding sustaining capital cost. 

Mineral Processing

Complete additional SLT work at lower acid dosage to minimise gangue mineral 
dissolution.  The current acid dosage set point of 10 g/L is based on optimisation
test work in the laboratory.  As the acid consumption is directly proportional to the 
dosage, lower dosage would likely result in less gangue rock solubilisation and 
associated scaling. The acid set point should be evaluated to optimise the system. 

Drill and sample the PTF area after the test run is complete in order to calibrate the 
results of the PTF to the SLT test method.

SLT testing should also be run on core samples on a rock-type basis as the wellfield 
expands, the intent being to provide data for ongoing modelling and production 
forecasting along with PTF results.

Laboratory testing should include the measurement of calcium, magnesium, and
dissolved oxygen. 

 The possibility of developing a predictive relationship for acid consumption should 
be investigated based on assays related to acid-consuming species.

PTF solution analyses should include water hardness chemistry.

Scale coupons, used to track scaling in pipeline systems, should be installed in the 
PTF piping network.

Project Infrastructure

No recommendations with respect to Project infrastructure.

Environmental, Permitting, and Social Impact

Keep track of permit negotiations and milestones and review permit conditions and 
stipulations carefully to see if there are significant impacts on operations, closure, 
and costs.



The State of Arizona could take over the Federal UIC Permit/Management process 
which may simplify future permitting process. Lobby and track agency development 
for this possibility. 

Capital and Operating Costs

Review key capital cost elements to update the capital estimate to the current date 
with new quotes and estimates in the next phase of study.

Review and update key operating cost elements and manpower requirements in 
the next phase of study.

Reach Memorandum of Understanding (MOU) or Expression of Interest (EOI) with 
potential customers for copper cathode offtake sales during the next phase of study.

1.2. TECHNICAL SUMMARY

1.2.1. PROPERTY DESCRIPTION

1.2.1.1. LOCATION

The Project is located within the town limits of the town of Florence, Pinal County, Arizona,

USA, approximately equidistant (65 mi) from the cities of Tucson and Phoenix, which are 

connected by Interstate 10 (I-10).  The Project is 2.5 mi northwest of the town centre and 

the site entrance is 14 mi via paved highway from I-10 or US Route 60.

1.2.1.2. LAND TENURE

The Project is owned and operated by FCI, a wholly owned subsidiary of Taseko.  Taseko 

acquired FCI through its acquisition of Curis on November 20, 2014.  The Project, including 

surface and subsurface rights, is approximately 1,342 acres and consists of two contiguous 

parcels of land. The land parcels include 1,182 acres held in fee simple ownership and 

160 acres held under Arizona State Mineral Lease 11-26500 on Arizona State Trust Lands. 

1.2.1.3. HISTORY

In the 1960s, ASARCO geologists noted the presence of abundant iron oxides replacing 

pyrite (i.e., leached cap) on the property but failed to encounter significant mineralisation.

Conoco acquired the property in 1969 and identified a major copper deposit at Florence by 

mid-1970.  During this period, Conoco conducted a major diamond drilling campaign, 

hydrogeologic investigations, and underground mine development for metallurgical bulk 

samples of oxide and sulphide material in a pilot plant constructed on site.  In 1975, 

however, development of the Project ceased due to economic factors related to the depth 

of overburden, low grade, and unfavourable dewatering and rock conditions for 

conventional mine development. 



After remaining idle for nearly two decades, the Project was acquired by Magma Copper 

Company (Magma) from Conoco in 1992.  Magma concluded that the application of ISR 

and SX/EW to produce cathode copper was the preferred method to develop the oxide 

portion of the Florence deposit.  

In 1996, Broken Hill Proprietary Company Limited (BHP) acquired Magma and conducted 

an ISR wellfield pilot test.  Based on the results of this work, the Arizona Department of 

Environmental Quality (ADEQ) issued an Area-Wide Aquifer Protection Permit (APP) (No. 

101704) to BHP on June 9, 1997 that was subsequently amended to a permit for full 

commercial operation.  However, BHP deferred construction of the commercial operations 

due to economic considerations and elected to sell the Project in 2001 to FCI, then a

subsidiary of Merrill Ranch Investments LLC (Merrill Ranch), and the Area-Wide APP was 

transferred to FCI as part of the transaction. 

The current Project land package was consolidated in Curis Resources (Arizona) Inc 

(Curis) in 2009 and 2010.  The ADEQ modified the Area-Wide APP (No. 101704) in August 

2011 so that the original BHP permit was transferred to FCI.  Curis also updated the 

hydrogeological framework for the Project, updated the original BHP mineral resource 

estimates in compliance with National Instrument Standards of Disclosure for Mineral 

Projects (NI 43-101) and completed a PFS in 2013.  Because of an attempted zoning 

change on FCI’s private land (subsequently resolved), the decision was made to proceed 

with the PTF to demonstrate ISR capability at the site under a separate Temporary APP.

A Temporary APP (106360) was issued to FCI in July 2013 which only allowed for the 

construction and operation of the PTF. 

  

Taseko acquired the Project through its acquisition of Curis on November 20, 2014 and

currently operates the Project through its wholly owned subsidiary FCI. Taseko updated 

the 2013 PFS in 2017 and received a re-issue of the Temporary APP (106360) from ADEQ 

on August 3, 2016, however, the permit approval faced a further two years of appeals which 

were eventually denied and resulted in Taseko receiving a final permit on December 5, 

2018. This permit is current and in good standing and construction of the Phase 1 PTF

was completed in the third quarter of 2018.  Taseko intends to operate the PTF until the 

wells are incorporated into the commercial wellfield and submitted the Area-Wide APP 

amendment application to the ADEQ on June 12, 2019 for approval to proceed to 

commercial production.  



Concurrent with the Arizona State permitting process, the US federal government’s 

Environmental Protection Agency (USEPA) had a parallel Underground Injection Control 

(UIC) permit process.  USEPA issued an Aquifer Exemption and UIC Permit (UIC No. 

AZ396000001) to BHP on May 1, 1997.  The permit and aquifer exemption were transferred 

to FCI in 2001 and, after several rounds of legal challenges, the UIC permit for the PTF 

was issued on October 13, 2017. This permit is current and in good standing.  Taseko 

submitted a permit amendment application for the UIC Permit to the USEPA on August 2, 

2019 in order to proceed to commercial production.

1.2.2. GEOLOGY AND MINERAL RESOURCES

1.2.2.1. GEOLOGY

The Pinal Schist forms the basement rock in the region surrounding the Project area. A

quartz monzonite porphyry, the main host for the mineralisation at the Project, intruded the 

Pinal Schist and both units were subsequently intruded by diabase sills and dikes.  As a 

result of regional stresses that occurred through the late Precambrian and early Paleozoic 

time, east-northeast trending structural lineaments formed. The Laramide Orogeny 

occurred during the Late Cretaceous through Early Tertiary period and involved regional 

scale thrust faulting and folding and reactivation of normal faults, and the emplacement of 

scattered plutons and hydrothermal mineralisation resulting in the formation of porphyry 

copper deposits, including the Florence deposit. 

The weathering of the deposit resulted in copper sulphide minerals being oxidised and 

converted to chrysocolla, tenorite, chalcocite, and minor native copper and cuprite.  The 

majority of the copper oxide mineralisation is located along fracture surfaces.  The 

mineralisation is typical of most Arizona porphyry copper deposits.  The thickness of the 

oxide zone ranges from 100 ft to 1,000 ft, with an average thickness of 400 ft. 

The oxide zone and the underlying sulphide zones are separated from one another by a 

transition zone ranging, on average, from zero to 55 ft in thickness.  The depth, grade,

impermeability, and mineralisation of the sulphide zone renders it currently uneconomic to 

mine utilising conventional or ISR mining methods.

1.2.2.2. HYDROGEOLOGY

The saturated geologic formations underlying the Project site have been divided into three 

distinct water-bearing hydrostratigraphic units referred to as the Upper Basin Fill Unit 

(UBFU), the Lower Basin Fill Unit (LBFU), and the Bedrock Oxide Unit (BOU). The BOU 

is the hydrologic designation of the porphyry copper oxide mineralised body.  The UBFU 

and LBFU are separated in the area of the Project by the Middle Fine-Grained Unit (MFGU). 



The BOU is underlain by the Sulfide Unit. Each of these units generally corresponds to 

regionally extensive hydrostratigraphic units.

The permeability of each unit can be summarised as follows:

UBFU:  This unit is considered to be an intermediate to highly permeable water-
bearing zone.

MFGU:  This unit is considered to be an aquitard with very low permeability.

LBFU:  This unit is an intermediately permeable water-bearing zone.

BOU:  This unit has low to intermediate permeability.

Sulfide Unit:  This unit can be categorised as low-permeability rock.

1.2.2.3. MINERAL RESOURCES

Table 1-1 summarises the Mineral Resources effective July 1, 2019.

TABLE 1-1 SUMMARY OF MINERAL RESOURCES – JULY 1, 2019

Taseko Mines Limited – Florence Project

Category
Tonnage

(Mst)
Grade

(% TCu)
Contained Metal

(Mlb Cu)
Indicated 429 0.33 2,839

Inferred 63 0.24 295

Notes:
1. CIM (2014) definitions were followed for Mineral Resources.
2. Mineral Resources are estimated at a cut-off grade of 0.05% TCu. 
3. Mineral Resources are estimated using an average long-term copper price of US$3.25 per pound. 
4. Includes the entire copper oxide zone including 40 ft bedrock exclusion zone.
5. A tonnage factor of 12.5 ft3/st was used.
6. Mineral Resources are inclusive of Mineral Reserves. 
7. Mineral Resources that are not Mineral Reserves do not have demonstrated economic viability. 
8. Numbers may not add due to rounding.

The Mineral Resource is limited vertically by geological boundaries; the top of the oxide 

zone and the top of the sulphide zone.  It is limited laterally by the grade interpolation and 

classification strategy.  Resources are reported only for classified blocks in the oxide zone 

which includes the ‘bedrock exclusion zone’ (BEZ).  The BEZ is 40 ft of bedrock where only 

partial extraction is expected due to the anticipated fluid flow from the injection and recovery 

wells. 

RPA was able to replicate the Taseko estimate of the tonnage, grade, and contained metal 

for the Measured plus Indicated and Inferred Mineral Resources.  RPA’s opinion is that all 

of the Measured and Indicated Mineral Resources, previously reported by Taseko, are 

classified as Indicated Mineral Resources due to limited available density data.



The Mineral Resource database contained 502 holes and a total of 61,531 TCu samples, 

22,827 of which were in the BOU.  Geological models were created to represent the top of 

bedrock, the bottom of BOU, and the top of the sulphide zone.  The assay data was 

additionally categorised into metallurgical (METZO) and simplified metallurgical zones 

(SMZ) for geological modelling, statistical analysis, and grade interpolation.

Capping was used to limit the influence of high grade samples and the capped assays were 

composited into 25 ft intervals.  

Grade estimation was guided by Indicator Kriging (IK) of the SMZ into the block model and 

TCu interpolation was then completed using Ordinary Kriging (OK).  In addition, 

unrestricted OK and Nearest Neighbour (NN) estimates were completed for validation 

purposes.   

Mineral Resources were classified based on average or closest distances to samples. 

Indicated Mineral Resources were classified where the average distance to sample was 

less than 260 ft, and all remaining blocks were classified as Inferred.  

RPA notes that the interpolation strategy occasionally results in small isolated units of 

Inferred Mineral Resources within the Indicated Mineral Resources.  There are also blocks 

of unclassified material, 43 Mst, within the Indicated blocks.  In RPA’s opinion, these 

represent a possible upside as the inferred and unclassified blocks are not included in the 

Mineral Reserves but likely contain recoverable copper.

A bulk density of 12.5 ft3/st was used for tonnage estimation, which in RPA’s opinion may 

be too low for oxidised and fractured quartz monzonite and granodiorite.

1.2.3. MINING AND MINERAL RESERVES

The Florence copper deposit is a large oxide and sulphide copper deposit extending from 

approximately 450 ft below surface to 1,700 ft below surface and covering an area of 

approximately 5,200 ft by 5,600 ft in plan.  The oxide portion of the deposit is planned to 

be mined using the ISR method.  The Mineral Reserves are all classified as Probable 

Mineral Reserves reflecting the planned extraction method.  The Mineral Reserve estimate 

for the Florence deposit as at July 1, 2019 is summarised in Table 1-2.



TABLE 1-2 SUMMARY OF MINERAL RESERVES – JULY 1, 2019

Taseko Mines Ltd. - Florence Project

Category
Tonnage

(Mst)
Grade

(% TCu)
Contained Metal

(Mlb Cu)
Proven - - -

Probable 345 0.36 2,472

Total 345 0.36 2.472

Notes:
1. CIM (2014) definitions were followed for Mineral Reserves.
2. Mineral Reserves are estimated at a cut-off grade of 0.08% TCu. 
3. Mineral Reserves are estimated using an average long-term copper price of US$2.75 per pound. 
4. A minimum mining area of 100 ft by 100 ft width was used together with a minimum vertical 

thickness of 100 ft. 
5. Bulk density is 12.5 ft3/st. 
6. Numbers may not add due to rounding.

FCI has reported Mineral Reserves and Mineral Resources at a copper cut-off grade of 

0.05% TCu in 2017 Technical Report.  RPA estimated cut-off grades for the Mineral 

Reserves and Mineral Resources based upon the operating costs and leaching parameters

outlined in this report.  The calculations support the historical Mineral Resource cut-off 

grade.  For this report, a cut-off grade of 0.08% TCu is used for mineral reserves.  RPA 

notes that this cut-off grade estimate does not include rinsing or sustaining capital for the 

ongoing wellfield development.

1.2.3.1. MINING METHOD

The mine design is based on the use of five-spot well patterns, with each pattern consisting 

of four extraction wells in a 100 ft grid plus a central injection well.  The flow is balanced so 

that the extraction exceeds the injection rate and thus the hydraulic surface slopes towards 

the ISR wells and solutions are maintained in the leaching area.  

The wells are large diameter holes drilled through to the sulphide portion of the deposit.  

The wells are lined to isolate ore zones for extraction and are sealed and tested for 

mechanical integrity.  Well drilling will continue through the Project life and will be done by 

contractors.  

The key mine design parameters are:

Four-year leach cycle 

Two-year rinse cycle

Nominal 0.1 gallons per minute (gpm) per foot of leach screen

Five-spot pattern with perimeter holes 100 ft apart

Minimum production area of 100 ft by 100 ft 



Minimum production thickness of 100 ft (equal to two resource block heights)

Leaching commences beneath the 40 ft BEZ at the top of the oxide ore

The active injection and recovery wellfield will be surrounded by a network of perimeter 

wells and observation wells. Withdrawal of an additional volume of groundwater from the 

perimeter wells will create a cone of depression around the active ISR wellfield, thereby 

ensuring inward groundwater flow.  The anticipated hydraulic control pumping rate is in the 

range of 3% to 10% of the recovery pumping in the range of 330 gpm to 1,100 gpm.  The 

subregional groundwater flow model has demonstrated that sufficient groundwater 

resources exist to support a net groundwater extraction rate of 1,100 gpm for the duration 

of the proposed ISR operations.

Sweep efficiency is a term used to define the percentage of the mineralised material body 

contacted by injected solutions within a given injection and recovery well spacing and 

pattern under purely advective flow conditions.  The estimated sweep efficiency is based 

on numerical modelling using site hydrological parameters and the wellfield spacing of 100 

ft from injection well to injection well and approximately 70 ft between injection and recovery 

wells. The sweep efficiency estimated for the Project is shown in Table 1-3. 

TABLE 1-3 ESTIMATED SWEEP EFFICIENCY
Taseko Mines Ltd. - Florence Project

Years Since Mining Year 1 Year 2 Year 3 Year 4 Year 5 Year 6+

Sweep Efficiency 54% 75% 84% 88% 89% 90%

FCI will refine the estimated sweep efficiency based on operational data obtained from the 

operation of the PTF.

1.2.3.2. PRODUCTION SCHEDULE 

The deposit has been divided into 72 mining zones which will be developed over the LOM 

plan.  The mining zones vary significantly in terms of surface area, tonnage, ore depth, and 

contained copper.  The planned well spacing is consistent from zone to zone and therefore 

there is a wide range in the copper production per hole over the leach cycle.  In the Project 

well design, there will be three segments of screens with a blind casing between each two 

screen segments.  Such a design would allow the placement of the packer on the blind 

casing as needed to control the solution contact or residence time for certain segment of 

the well.  This arrangement will provide various horizons down the hole so that an operator

does not try to leach a 400 ft interval in one to three intervals but rather in multiple intervals. 



RPA recommends that the production planning be reviewed and optimised at the next stage 

of study to mitigate the differing production through the installation of additional well sectors 

or through additional wells to target specific horizons.  

Multiple zones will be in operation each year with zones being leached for nominally four 

years.  The number of zones in operation is a function of copper production plan 

requirements and the reserves to be recovered in a given area.  The plan includes a total 

of 1,074 injection wells and 1,144 recovery wells over the Project life.  The number of wells 

added in any year varies over a wide range but is as high as 105 injection wells and 131

recovery wells in the course of a year.

The copper extraction estimate for the LOM plan is taken from the metallurgical testing and 

is summarised in Table 1-4.  Production planning is based on a four-year leach cycle for 

an estimated copper recovery of 65% TCu in the oxide ore.

TABLE 1-4   ANNUAL PRODUCTION SCHEDULE
Taseko Mines Limited - Florence Project

Year
Total Copper 

Extracted
Acid

Consumed
Flow to SX/EW 

Plant
Calculated 

PLS Cu Grade

(million lb) (millions lb) (gpm) (g/L)

-1 - 92

1 52.3 419 2,900 4.1

2 80.4 402 6,239 2.9

3 85.9 430 9,647 2.0

4 86.5 432 10,831 1.8

5 85.7 429 11,052 1.8

6 85.4 427 10,394 1.9

7 85.9 429 10,130 1.9

8 85.5 427 10,043 1.9

9 84.8 424 9,702 2.0

10 85.6 428 9,427 2.1

11 85.5 427 9,635 2.0

12 85.3 426 9,906 2.0

13 85.5 427 10,046 1.9

14 85.5 427 10,691 1.8

15 85.3 427 11,272 1.7

16 85.6 428 11,684 1.7

17 85.7 429 11,731 1.7

18 85.4 427 11,622 1.7

19 77.5 388 12,422 1.4

20 24.1 121 8,533 0.6

21 3.5 18 2,475 0.3

LOM Total 1,606.9 8,283 



1.2.4. MINERAL PROCESSING

Several metallurgical test work programs have been completed on the Project ore types.  

Historically, these have focused on conventional mineral processing technologies using 

flotation or heap leaching technology for the recovery of copper.  Recently, testing has 

focused on laboratory test work intended to simulate in-situ leaching conditions as closely 

as possible.   

Based on the SLTs, projected leachable copper range between 65% and 73% of the TCu 

grade is a reasonable estimate until additional data is available.  RPA takes a conservative 

view of estimating recovery from the test work which results in a projected recovery of 65% 

based on TCu. The results of the PTF should be used to refine these estimates. Sulphuric 

acid consumption is estimated to be four lb/lb Cu for wellfield operations and five lb/lb Cu 

overall.

The Project consists of a wellfield for dissolution of copper in place (ISR), and copper 

recovery via SX/EW.  A PTF was constructed at site to evaluate and demonstrate the ISR

process.  Initial wellfield operations began in December 2018 with commissioning of the 

SX/EW copper recovery circuits beginning in March 2019.  PTF operations continue to 

ramp up and are planned to continue to operate until the wells are incorporated into the 

commercial wellfield.

The proposed commercial SX/EW plant will be designed to handle 11,000 gpm at a nominal 

copper grade of 2.0 g/L. The technology and unit operations incorporated into the design 

are typical for a copper SX/EW installation. 

1.2.5. PROJECT INFRASTRUCTURE

The Project is located in an area with ready access to highway and railway transport.  

Electrical power is available through a short connection to the grid and natural gas is 

available from pipelines.  There are local communities, services, and contractors around 

the area. 

1.2.6. ENVIRONMENTAL, PERMITTING, AND SOCIAL IMPACT

1.2.6.1. ENVIRONMENTAL

FCI reports that it is in compliance with established technical (regulatory and best practices) 

requirements. The environmental and social (E&S) impacts of the Project, such as noise 

level, alteration of the morphology, assessment of air quality, surface and groundwater 



quality, and surface disturbance (minimal), among others, have been assessed and 

appropriate mitigation measures have been or will be put in place. 

1.2.6.2. PERMITTING

The Project has all relevant permits in place for current operations and is actively seeking 

renewals where appropriate and full-scale operational permits where needed.  

1.2.6.3. SOCIAL AND COMMUNITY CONSIDERATIONS 

There are no specifically identified social or community requirements at the Project,

however, FCI is a prominent local business and applies industry best practice social and 

community engagement standards at its operation.

1.2.6.4. MINE CLOSURE AND RECLAMATION

A reclamation/closure plan for all existing and proposed facilities has been developed to 

industry best practice and regulatory standards.  An updated final reclamation and closure 

estimate of US$29.3 million for all existing and proposed facilities was completed in June 

2019.  Financial assurance is in place for existing facilities (approximately US$4.9 million) 

and additional amounts will be required for full-scale operation.  FCI has indicated that the 

financial assurance(s) will be in the form of cash and surety.

1.2.7. CAPITAL AND OPERATING COSTS

The capital and operating cost estimates were based on the 2013 PFS and updated for the 

2017 Technical Report in Q4 2016 US dollars.  For this report, all costs have been 

escalated to a June 2019 US dollar basis using a combination of cost indexes and 2019 

PTF cost actuals. 

The Project initial capital cost estimate is US$227 million which is planned to be spent over 

a two-year pre-production period as summarised in Table 1-5. The costs are in June 2019 

US dollars and show an 11% overall increase from escalation since the 2017 Technical 

Report.



TABLE 1-5 INITIAL CAPITAL COST ESTIMATE
Taseko Mines Ltd. - Florence Project

Description
Total 

(US$000)
Yr -2

(US$000)
-1

(US$000)
1

(US$000)

Wellfield 39,428 1,971 35,486 1,971

Process Plant 77,350 3,868 69,615 3,868

Owners Cost/Pre-production 35,551 1,735 32,840 975

Infrastructure 51,943 2,597 46,749 2,597

Subtotal Before Escalation 204,273 10,171 184,690 9,411

Escalation 23,155 1,282 20,815 1,059

Total Initial Capital Costs 227,428 11,453 205,505 10,470 

The Project sustaining capital totals US$788 million on a June 2019 US dollar basis.  

Wellfield work accounts for US$690 million spent over 19 years plus US$98 million 

commencing in year four to construct the water treatment plant and ponds.  These costs 

reflect a 10% overall increase since the 2017 Technical Report due to accelerated wellfield 

development to compensate for RPA’s more conservative view of recovery as well as

escalation.

The operating cost estimate for the Project is US$1,258 million over the LOM.  The 

operating costs by work area are summarised in Table 1-6 in June 2019 US dollars.  The 

table shows that net escalation applied to the various cost inputs results in a 4% reduction

in the total operating cost compared to the 2017 Technical Report.  This decrease is the 

result of the projected lower copper recovery and a combination of current reagent pricing,

escalated labour, and escalated power unit rates.  In terms of US$/lb Cu, the unit cost of 

production increased 2.6% from $0.76/lb to $0.78/lb. 

TABLE 1-6 OPERATING COST ESTIMATE
Taseko Mines Ltd. - Florence Project

Description US$ (millions) US$/lb

General and Administration 198.0 0.11

Wellfield 571.0 0.33

SX/EW 417.6 0.24

Water Treatment Plant 126.0 0.07

2017 TR Subtotal 1,312.6 0.76

Net Escalation (55.0) (0.04)

Change in Copper Production L/(H) - 0.06

Total Operating Cost 1,257.6 0.78

The operating costs are broken down as 42% reagents, 26% labour, 12% power, and the 

balance for maintenance and supplies.



The operating manpower is forecast to average 170 persons through the bulk of the mine 

life, with extra headcount required to meet the accelerated wellfield development rates 

compared to the 2017 Technical Report.

1.2.8. VALUATION OF MINERAL RESERVES

A discounted after-tax NPV cash flow model is used for the valuation basis.

The discounted cash flow is calculated on an annual basis using the mid-year point and 

the results of the valuation are presented on a 100% equity, after-tax basis. 

RPA has relied upon Taseko for guidance on applicable mining and income taxes to 

revenue or income, in particular on changes to US Federal income tax law under the Tax 

Cuts and Jobs Act passed in late 2017. RPA notes that the positive effect of this tax 

legislation is significant on Project economics. 

Other inputs include:

 Total copper recovery rate of 65%.

All costs have been escalated to a June 2019 US dollar basis using a combination 
of cost indexes and project actuals from the original Q4 2016 US dollar basis in the 
2017 Technical Report.

A constant LOM copper price of US$3.10/lb. 

 Discount rate of 8%.

Table 1-7 summarises the results of the valuation for the Project.  With a mine life of 21 

years, the DCF valuation for the Project gives an after-tax NPV of US$667 million based 

on an average ROM production rate of 85 Mlb of copper cathode per year at a production 

cost of US$1.13/lb Cu, which generates approximately US$100 million of after-tax free 

cash flow annually for the full 19 years of commercial operation.  The Project has an after-

tax IRR of 40.2% and undiscounted payback period of 2.3 years from start of commercial 

operations.



TABLE 1-7 VALUATION SUMMARY
Taseko Mines Limited – Florence Project

Item Value ($000)
Recovered Copper (klb) 1,606,931

Copper Price (US$/lb) 3.10

Gross Revenue 4,981,487

Operating Cash Costs (1,257,636)

Other Cash Costs* (555,532)

Total Production Costs ($1.13/lb) (1,813,168)

Operating Margin 3,168,319

Income Taxes (405,488)

Operating Cash Flow 2,762,831

Initial Capital (227,428)

Sustaining Capital (787,725)

Free Cash Flow 1,747,678

Pre-tax NPV @ 8% 825,324

Pre-tax IRR 44.1%

Pre-tax Payback Period 2.2

After-tax NPV @ 8% 666,794

After-tax IRR 40.2%

After-tax Payback Period 2.3

Note. *Cathode Freight, Production Taxes, Royalties and Concurrent 
Closure/Reclamation costs

1.2.9. SENSITIVITIES

The sensitivities are shown in Table 1-8 and Figures 1-1 and 1-2 with ranges of +/-10% for 

overall copper recovery, +/-20% for copper price, and +15%/-5% for operating and capital 

costs.  The Project return is most sensitive to the product of changes in copper price and 

recovery followed by changes in the operating costs and capital costs.  Note that the 

recovery sensitivity is a simple variation on percent TCu recovery and does not consider 

changes to the wellfield development schedule.



TABLE 1-8 CASH FLOW SENSITIVITY
Taseko Mines Ltd. - Florence Project

Factor Recovery (%) NPV at 8% ($M) IRR

0.90 58.5% $506 33.1%

0.95 61.8% $586 36.7%

1.00 65.0% $667 40.2%

1.05 68.3% $747 43.7%

1.10 71.5% $826 47.0%

Copper Price (US$/lb) NPV at 8% ($M) IRR

0.80 $2.48 $356 26.4%

0.90 $2.79 $512 33.5%

1.00 $3.10 $667 40.2%

1.10 $3.41 $822 46.7%

1.20 $3.72 $976 52.8%

Operating Costs ($M) NPV at 8% ($M) IRR

0.95 $1,195 $687 41.1%

0.975 $1,226 $677 40.7%

1.00 $1,258 $667 40.2%

1.075 $1,352 $637 39.0%

1.15 $1,446 $608 37.8%

Capital Costs ($M) NPV at 8% ($M) IRR

0.95 $964 $694 42.9%

0.975 $990 $681 41.5%

1.00 $1,015 $667 40.2%

1.075 $1,091 $626 36.7%

1.15 $1,167 $584 33.5%



FIGURE 1-1   NPV AT 8% SENSITIVITY ANALYSIS

FIGURE 1-2   % IRR SENSITIVITY ANALYSIS

1.3. RISKS AND OPPORTUNITIES

1.3.1. RISKS

RPA has assessed critical areas of the Project and identified risks associated with the 

technical and cost assumptions used.  The level of risk refers to RPA’s subjective 

assessment as to how the identified risk could affect the achievement of the Project 

objectives.



Risk Analysis Definitions 

The following definitions have been employed by RPA in assigning risk consequence 

factors to the various aspects and components of the Project: 

1. Low – Risks that are considered to be average or typical for a deposit of this nature 
and could have a relatively insignificant impact on the economics.  These generally 
can be mitigated by normal management processes combined with minor cost 
adjustments or schedule allowances.

2. Minor – Risks that have a measurable impact on the quality of the estimate but not 
sufficient to have a significant impact on the economics.  These generally can be 
mitigated by normal management processes combined with minor cost adjustments 
or schedule allowances.

3. Moderate – Risks that are considered to be average or typical for a deposit of this 
nature but could have a more significant impact on the economics.  These risks are 
generally recognizable and, through good planning and technical practices, can be 
minimised so that the impact on the deposit or its economics is manageable.

4. Major – Risks that have a definite, significant, and measurable impact on the 
economics.  This may include basic errors or substandard quality in the basis of 
estimate studies or project definition.  These risks can be mitigated through further 
study and expenditure that may be significant. Included in this category may be 
environmental/social non-compliance, particularly in regard to Equator Principles 
and IFC Performance Standards.

5. High – Risks that are largely uncontrollable, unpredictable, unusual, or are 
considered not to be typical for a deposit of a particular type.  Good technical 
practices and quality planning are no guarantee of successful exploitation.  These 
risks can have a major impact on the economics of the deposit including significant 
disruption of schedule, significant cost increases, and degradation of physical 
performance.  These risks cannot likely be mitigated through further study or 
expenditure.  

The following definitions have been employed by RPA in assigning risk probability factors 

to the various aspects and components of the Project: 

1. Rare – The risk is very unlikely to occur during the Project life.

2. Unlikely – The risk is more likely not to occur than occur during the Project life.

3. Possible – There is an increased probability that the risk will occur during the 
Project life.

4. Likely – The risk is likely to occur during the Project life.

5. Almost Certain – The risk is expected to occur during the Project life.

Risks Summary Table

A summary of the Project related risks identified by RPA in its review is shown in Table 1-

9.



TABLE 1-9 RISK SUMMARY TABLE 
Taseko Mines Ltd. - Florence Project

L
IK

E
L

IH
O

O
D

Almost Certain 5E

Likely 8C,9B 2B,4A

Possible 4B,7D,7G,7H 8A, 9A
2A,3,7B,7C,

7E,8B,9C
5A-D 

Unlikely 7A,7F,

Rare 1, 6

Low Minor Moderate Major High

CONSEQUENCE

1 – Geology
2 – Hydrogeology
3 – Mineral Resources
4 – Mining and Mineral Reserves
5 – Processing
6 – Infrastructure
7 – Environment, Social and Permitting 
8 – Capital Cost
9 – Operating Cost
10 – Other

Risks Table

The Project related risks identified by RPA in its review are shown in Table 1-10. 











1.3.2. OPPORTUNITIES

A summary of the Project related opportunities identified by RPA in its review is shown in 

Table 1-11. 

TABLE 1-11 OPPORTUNITIES
Taseko Mines Ltd. - Florence Project

Project Element Opportunity Action Required 

Hydrogeology Well drilling strategy Complete trade off studies to determine 
in-house vs. contractor drillers, drilling 
methods.

Mineral Resources The grade may be 
underestimated

Monitor reconciliation results and update 
resource model and LOM if appropriate.

Mining and Mineral Reserves Conversion of 
Inferred Mineral 
Resources

Evaluate well drilling analytical results 
and based on the data convert Inferred 
Mineral Resources to Mineral Reserves 
based upon the close spaced drilling.

Mineral Processing Optimise acid 
dosage

Lowering acid dosage will reduce acid 
consumption, gypsum scale production 
while possibly maintaining copper 
production.

Proper solution 
management

Optimise copper concentration in the PLS 
resulting in higher acid production in the 
SX/EW lowering the net acid 
requirements.

Secondary Cu 
recovery

Potential recovery of supergene minerals 
such as chalcocite, etc. Evaluate solution 
chemistry in more detail.

Calcium chelating 
agents anti-scalants

Evaluation of calcium chelating agents 
anti-scalants should be undertaken with 
the aim of minimising scaling in the 
process plant area.  Testing should be 
conducted to determine if this may be a 
benefit in the wellfield. 

Capital Cost Estimate Optimise wellfield 
drilling/design

Carry out trade-off studies using 
production actuals.

Operating Cost Estimate Optimise reagent 
consumption rates

Carry out trade-off studies using 
production actuals.



2.INTRODUCTION

Roscoe Postle Associates Inc. (RPA) was retained by Taseko Mines Limited (Taseko or 

the Company) to complete a Competent Person’s Report (CPR) on Taseko’s Florence 

Project (the Project), located in Florence, Arizona, USA.  The purpose of the CPR is to

support a listing on the London Stock Exchange (LSE).  The CPR conforms to European 

Securities and Markets Authority (ESMA) standards.  

Taseko is a Vancouver, British Columbia based company incorporated in 1966, and is a 

reporting issuer in British Columbia, Alberta, Saskatchewan, Manitoba, Ontario, Quebec, 

New Brunswick, Nova Scotia, Prince Edward Island, and Newfoundland and Labrador.  The 

common shares of Taseko trade on the Toronto Stock Exchange (TSX) and New York 

Stock Exchange (NYSE) under the ticker symbol TKO.  In Canada, the company is under 

the jurisdiction of the British Columbia Securities Commission.

The Project consists of a wellfield for in situ copper recovery (ISR) and copper recovery via 

a Solvent Extraction/Electrowinning (SX/EW) facility.  Taseko has recently started copper 

production at the Florence Copper site using a Production Test Facility (PTF).

The Project is owned and operated by Florence Copper, Inc. (FCI), a wholly owned 

subsidiary of Taseko.  Taseko acquired FCI through its acquisition of Curis Resources 

(Arizona) Inc. (Curis) on November 20, 2014.  Apart from Florence, Taseko has a 75% 

interest in the Gibraltar Mine, an open pit copper and molybdenum mine and concentrator 

operation in south-central British Columbia, Canada.  In addition, Taseko has an interest 

in several other projects at various stages of development in British Columbia.  

Imperial units are used throughout this report and all currency is in United States dollars 

(US$). 

2.1. SOURCES OF INFORMATION

A one-day site visit was carried out on April 16, 2019 by the following RPA personnel:

Grant A. Malensek, P.Eng./P.Geo., Principal Engineer – Valuations and General

Manager - Denver

Wayne W. Valliant, P.Geo., Lead Principal Geologist

Jeffrey L. Woods, SME, MMSA, QP,  Associate Principal Metallurgist

Houmao Liu, Ph.D., P.E., Principal Hydrogeologist, Itasca Denver, Inc.



Lee “Pat” Gochnour, QP, Associate Principal Environmental Specialist

Discussions were held with personnel from Taseko and Florence Copper Inc.

Dan Johnson, Vice President & General Manager, Florence

Glenn Hoffmeyer, Technical Services Manager, Florence

Rob Rotzinger, Vice President, Capital Projects, Taseko

The CPR preparation and section responsibility are presented in Table 2-1.

TABLE 2-1 CPR PREPARATION AND RESPONSIBIITY
Taseko Mines Limited – Florence Project

Section Prepared By Responsibility
1. Summary Grant Malensek, Wayne Valliant, 

Houmao Liu, Dennis Bergen, 
Jeffrey Woods, Pat Gochnour

Grant Malensek

2. Introduction Grant Malensek Grant Malensek
3. Property Description and Location Grant Malensek Grant Malensek
4. Geology and Mineral Resources Wayne Valliant, Clare Kelly Wayne Valliant

Hydrogeology Houmao Liu Houmao Liu
5. Mining and Mineral Reserves Dennis Bergen Dennis Bergen
6. Mineral Processing Jeffrey Woods Jeffrey Woods
7. Project Infrastructure Dennis Bergen Dennis Bergen
8. Environment, Permitting, and Social Impact Pat Gochnour Pat Gochnour
9. Capital and Operating Costs Dennis Bergen, Grant Malensek Grant Malensek
10. Valuation of Mineral Reserves Grant Malensek Grant Malensek
11. Risks and Opportunities Grant Malensek, Wayne Valliant, 

Houmao Liu, Dennis Bergen, 
Jeffrey Woods, Pat Gochnour

Grant Malensek, Wayne Valliant, 
Houmao Liu, Dennis Bergen, 
Jeffrey Woods, Pat Gochnour

12. Conclusions and Recommendations Grant Malensek, Wayne Valliant, 
Houmao Liu, Dennis Bergen, 
Jeffrey Woods, Pat Gochnour

Grant Malensek, Wayne Valliant, 
Houmao Liu, Dennis Bergen, 
Jeffrey Woods, Pat Gochnour

13. Date and Signature Page Grant Malensek, Wayne Valliant, 
Houmao Liu, Dennis Bergen, 
Jeffrey Woods, Pat Gochnour

Grant Malensek, Wayne Valliant, 
Houmao Liu, Dennis Bergen, 
Jeffrey Woods, Pat Gochnour

14. Appendix 1 Grant Malensek Grant Malensek
15. Appendix 2 Grant Malensek, Wayne Valliant, 

Houmao Liu, Dennis Bergen, 
Jeffrey Woods, Pat Gochnour

Grant Malensek, Wayne Valliant, 
Houmao Liu, Dennis Bergen, 
Jeffrey Woods, Pat Gochnour

16. Appendix 3 Grant Malensek Grant Malensek
17. Appendix 4 Grant Malensek, Wayne Valliant, 

Houmao Liu, Dennis Bergen, 
Jeffrey Woods, Pat Gochnour

Grant Malensek, Wayne Valliant, 
Houmao Liu, Dennis Bergen, 
Jeffrey Woods, Pat Gochnour

The documentation reviewed, and other sources of information, are listed in Appendix 4 

References to this report. 



3. PROPERTY DESCRIPTION

Much of the information in this section is quoted from Taseko (2017).

3.1. LOCATION

The Project is located within the town limits of the town of Florence, Pinal County, Arizona 

approximately equidistant from the cities of Tucson and Phoenix. The property is 2.5 mi 

northwest of the town centre.  The site’s address is 1575 West Hunt Highway, Florence, 

Arizona 85132. The latitude and longitude of the planned ISR area are 33° 02’49” north 

and 111° 25’ 48” west.

3.2. HISTORY

3.2.1. ASARCO

Interest in the mineral potential of areas near the town of Florence began during the early 

1960s, when geologists working for ASARCO noted the presence of abundant iron oxides 

replacing pyrite (i.e., leached cap) in the Precambrian granite located at the base of Poston 

Butte along the Hunt Highway north-northwest of Florence. They acquired a land position 

and drilled three holes in the area around Poston Butte. After this short-lived exploration 

effort failed to encounter significant mineralisation, ASARCO lost interest in the area and

dropped most of its holdings. 

3.2.2. CONOCO

Conoco was attracted to the area in late 1969 and its initial exploration work identified a 

major copper deposit at Florence by mid-1970.  During this period, Conoco completed 

diamond drilling and underground mining of approximately 50,000 tons of mineralised

material for the purpose of metallurgical testing of oxide and sulphide material in a pilot 

plant constructed on site (Conoco, 1975).  Simultaneously, Conoco began hydrogeologic 

characterisation of the Florence site in 1971 to assess the dewatering requirements for a 

planned underground mine.  Hydrogeologic testing included several large pumping tests, 

one of which included pumping at an aggregate rate in excess of 7,500 gpm.  In 1975, 

however, development of the Project ceased due to economic factors related to the depth 

of overburden, low grade, and potential groundwater impacts on neighbouring lands.



3.2.3. MAGMA/BHP

After remaining idle for nearly two decades, the Project was acquired by Magma Copper 

Company (Magma) from Conoco in 1992.  Magma completed a Prefeasibility Study (PFS) 

in January 1995 and conducted a series of 49 pumping tests at 17 well locations distributed 

across the Florence site with 46 monitoring wells completed in various geologic units. The 

PFS concluded that the application of ISR and SX/EW to produce cathode copper was the 

preferred method to develop the oxide portion of the Florence deposit.  

In 1996 Magma was acquired by Broken Hill Proprietary Company Limited (BHP). BHP 

installed an ISR wellfield consisting of four injection wells and one recovery well for the 

purpose of conducting a commercial-scale pilot test. A total of 20 wells were installed for 

the pilot test. Results of the field pilot test were documented in a Feasibility Study (FS) for 

the Project that was completed in 1998 (BHP Copper Inc., 1999).  

Arizona Department of Environmental Quality (ADEQ) issued an Area-Wide Aquifer 

Protection Permit (APP) (No. 101704) to BHP on June 9, 1997 with stipulations that a 90-

day hydraulic control test be performed and hydraulic control confirmed prior to initiating 

commercial production.  The hydraulic control test was initiated in 1997 and completed in 

early 1998.  BHP provided ADEQ a report, dated April 6, 1998, confirming the hydraulic 

control and ADEQ removed the hydraulic control test stipulation from the APP and 

effectively issued a permit for full commercial operation.  

Due to economic considerations, BHP deferred construction of the commercial operations 

and elected to sell the Project in 2001.  The property was sold to FCI, then a subsidiary of 

Merrill Ranch Investments LLC (Merrill Ranch), and the APP was transferred to FCI after 

being placed in temporary cessation.

3.2.4. CURIS 

The current Project land package was consolidated in Curis Resources (Arizona) Inc 

(Curis) in 2009 and 2010. Curis revised and updated a sub-regional groundwater flow 

model representing the Florence site and an area of approximately 125 mi2 around the site.  

Curis also updated its mineral resource estimates in compliance with NI 43-101 standards 

and completed a PFS in 2013 (M3, 2013).  

The Area-Wide APP (No. 101704) was issued to FCI in August 2011.  It transferred the 

original BHP permit to FCI but required a Significant Amendment to be submitted to the 



ADEQ to allow commercial operations at the site once sufficient data is obtained from PTF 

operations.  

Because of an attempted zoning change on FCI’s private land (subsequently resolved), the 

decision was made to proceed with the PTF to demonstrate ISR at the site under a separate 

Temporary APP. That Temporary APP (106360) was issued to FCI in July 2013. 

  

3.2.5. TASEKO

Taseko acquired the Project through its acquisition of Curis on November 20, 2014 and 

currently operates the Project through FCI, its wholly owned subsidiary.  Taseko updated 

the 2013 PFS and prepared a Technical Report filed on SEDAR in December 2017 

(Taseko, 2017).  

Following a detailed review of the application by the ADEQ, a public comment process was 

carried out and a Temporary APP (106360) was re-issued to FCI on August 3, 2016.  

Appeals of the amended permit were filed with the Water Quality Appeals Board (WQAB) 

and subsequently in Arizona Superior Court.  On March 22, 2018, Taseko submitted the 

‘Notification of Intent and Scope of Planned Formation Testing for the PTF Area’ (the Plan).  

FCI subsequently conducted formation testing described in the approved Plan, including 

pumping tests at each of the outermost recovery wells and in the Upper Basin Fill (UBF) 

and Lower Basin Fill (LBF) wells, spinner logging, and a dye tracer test. Both the WQAB 

and the Superior Court upheld the permit, and the Temporary Individual APP which allows 

the construction and operation of the PTF was issued to FCI on December 5, 2018.  This 

permit is current and in good standing.

Construction of the PTF was completed in the third quarter of 2018.  The facility includes 

24 injection, recovery, and monitoring wells and an SX/EW plant.  In December 2018, 

wellfield operations were commenced, and injection and recovery systems fully ramped up 

with first copper cathode production occurring in April 2019.  Taseko intends on operating 

the PTF until the wells are incorporated into the commercial wellfield and has submitted 

the APP amendment application for full-scale production to the ADEQ on June 12, 2019. 

Concurrent with the Arizona State permitting process, the US federal government’s 

Environmental Protection Agency (USEPA) had a parallel Underground Injection Control 

(UIC) permit process. The UIC Programme is administered by the USEPA under the Safe 

Drinking Water Act and Aquifer Exemptions in Arizona.  USEPA issued an Aquifer 

Exemption and UIC Permit (UIC No. AZ396000001) on May 1, 1997 to BHP. The permit 

and aquifer exemption were transferred to FCI in 2001. On August 5, 2010, USEPA notified 



Curis that it was initiating a “revocation and reissuance” of the UIC Permit due to the 

substantial time elapsed since the permit was issued in 1997. USEPA issued UIC Permit 

No. R9UIC-AZ3-FY11-1 to FCI on December 20, 2016, which incorporated the aquifer 

exemption issued in 1997 and allowed operation of only the PTF. The permit was appealed 

to the USEPA Environmental Appeals Board and the appeal was denied. A Petition for 

Review (Appeal) was then filed with the Ninth Circuit Courts of Appeal which was 

subsequently dismissed. It is important to note that the aquifer exemption, originally issued 

in 1997, incorporated into the UIC Permit covered the entire Project orebody.  Taseko has 

submitted a permit amendment application for the UIC Permit to the USEPA on August 2, 

2019.

3.3. ACCESS

The Project is approximately equidistant (~ 65 mi) from Tucson and Phoenix, which are 

connected by Interstate 10 (I-10).  The site entrance is 14 mi via paved highway from I-10

or US Route 60 and can be accessed from the centre of the town of Florence via four miles 

of paved highway (AZ Route79 and Hunt Highway). Figure 3-1 shows the roads available 

to travel to the Project site.

3.4. INFRASTRUCTURE

Local infrastructure and vendor resources to support exploration, development, and mining 

are excellent. Exploration and mining services companies for the metals/non-metals, coal, 

and oil and gas industries are located in the major metropolitan areas of Phoenix and 

Tucson, in addition to nearby major cities in the US Southwest. Locally available resources 

and infrastructure include power, water, communications, sewage, and waste.

3.5. CLIMATE

The climate in the region is characteristic of a semi-arid desert, with low precipitation, high 

summer temperatures, and low humidity. Rainfall is seasonal with peaks during the winter 

and summer months.  Summer precipitation often occurs as heavy thunderstorms, locally 

referred to as monsoons. The annual precipitation at Florence from 1909 through 2016 

ranged from a minimum 2.4 in. in 1911 to a maximum 20 in. in 1978. The average annual 

precipitation is 10 in., compared with an annual evaporation rate of 92 in. Temperatures 

during the summer regularly exceed 100°F, while winter temperatures typically range from 

50°F to 80°F. The climatic regime is supportive of year-round mining operations.





3.6. PHYSIOGRAPHY 

The Project is located in south-central Arizona, in the Sonoran Desert of the Basin and 

Range Lowlands physiographic province.  The region is characterised by generally 

northwest-trending mountain ranges separated by relatively flat valleys filled with 

sediments shed from the adjacent mountains.  Elevations range from 1,000 ft to 3,000 ft 

above mean sea level (AMSL).  Tertiary age volcanic activity in the region is responsible 

for occasional peaks in the intermountain valleys, such as Poston Butte north of the Project 

area.

The principal surface water feature in the area is the Gila River, with a drainage area of 

approximately 58,000 mi2.  The river is located about one-half mile south of the Project.  

The river is dry much of the year and flows northeast to southwest in response to regional 

precipitation events.  Coolidge Dam, which is approximately 55 mi northeast of Florence, 

regulates 75% of the upstream watershed runoff.  All upstream flow is diverted into the 

Florence-Casa Grande canal south of the Project area, and the North canal which transects 

the Project area.

The Florence deposit consists of a large porphyry copper sulphide system overlain by a 

thick and intensely fractured oxidised layer. The oxidised zone is saturated with ground 

water that is separated from the upper drinking, agriculture, and industrial use aquifer by a 

thick layer of dense low permeability clay, and from the deep groundwater by the relatively 

impervious sulphide system.

3.7. PROJECT OWNERSHIP AND LAND TENURE

The Project is owned and operated by FCI, a wholly owned subsidiary of Taseko. Taseko 

acquired FCI through its acquisition of Curis on November 20, 2014.  The Project, including 

surface and subsurface rights, is approximately 1,342 acres and consists of two contiguous 

parcels of land. The land parcels include 1,182 acres held in fee simple ownership and 

160 acres held under Arizona State Mineral Lease 11-26500 on Arizona State Trust Lands.

Figure 3-2 shows the claim map.





4. GEOLOGY AND MINERAL RESOURCES

4.1. GEOLOGY

The description of geology is taken largely from the 2017 Technical Report (Taseko, 2017). 

4.1.1. REGIONAL GEOLOGY

The Mazatzal Orogeny, a compressional deformation event that occurred about 1.7 billion 

years ago in central to southeast Arizona, accreted three tectonic assemblages to the North 

American craton forming the early Precambrian crust.  One of the tectonic assemblages 

was the Pinal Schist, which forms the basement rock in the region surrounding the Project 

area. 

Following the Mazatzal Orogeny, the Oracle Granite batholith intruded the Pinal Schist and 

is locally represented by quartz monzonite porphyry, the main host for mineralisation at the 

Project. Subsequently the Grand Canyon Disturbance resulted in uplifting and tilting of the 

crust, with extensive intrusion of diabase sills and dikes in the Oracle Granite and Pinal 

Schist. 

As a result of regional stresses that occurred through the late Precambrian and early 

Paleozoic time, east-northeast trending structural lineaments formed in the western 

continental crust including the Ray Lineament, which trends north 70° east and extends 

approximately 50 mi from the Sacaton Mountains to the Pinal Mountains.  The Ray 

Lineament trends through the Project area and is parallel to the Pinal Schist-Oracle Granite 

contact.  Following the initial formation of the Ray Lineament and related discontinuities, a 

long period of erosion produced a peneplain landscape. 

Significant orogenic activity did not reoccur in Arizona until the latter part of the Cretaceous 

Period. The Laramide Orogeny occurred during the Late Cretaceous through Early Tertiary 

period and involved regional scale thrust faulting and folding in southern Arizona.

Reactivation of normal faults produced large northeast-trending vertical block uplifts 

associated with the emplacement of scattered plutons in western and southern Arizona.  

Intrusions, principally of granodiorite porphyry and quartz monzonite porphyry, occurred 

along the Ray Lineament and hydrothermal mineralisation associated with these intrusions 

resulted in the formation of porphyry copper deposits. The Florence copper deposit was 

formed in this fashion as the Precambrian Oracle Granite was intruded and mineralised in 

association with the emplacement of Tertiary granodiorite porphyry. Following the 



formation of the Florence deposit, unmineralised dikes consisting of latite, dacite, andesite, 

quartz latite, and basalt intruded the Oracle Granite and the granodiorite. 

Continued Laramide activity produced faulting and uplift, resulting in the erosion of 

Paleozoic and Mesozoic sedimentary sequences and exposure of the Precambrian and 

Tertiary intrusive bodies.  Oxidation and further erosion occurred on these surfaces, 

followed by the accumulation of coarse clastic sediments derived from the surrounding 

bedrock terrain. This depositional sequence ultimately produced a landscape of low 

relative relief with exposure of some Precambrian and Tertiary outcrops. Most copper 

mineralisation in the area occurs within the quartz monzonite porphyry and granodiorite 

porphyry. 

As the uplifted surface began to erode, a sedimentary sequence was deposited over the 

Precambrian units during the Oligocene through Early Miocene time.  These deposits are 

composed of deeply weathered bedrock or grus-type deposits, as well as coarse, angular 

breccias or gravels.  Sediments became finer grained as the topography matured.  The 

basal breccia/conglomerate is commonly overlain by finer-grained silts and sands, and 

locally interbedded with lava flows or volcanic ash.  Alluvial, fluvial, and lacustrine (both 

lake bed and playa) sediments accumulated during this time in southeast Arizona. 

The last major orogenic event to affect the area was the Basin and Range Orogeny, an 

extensional event occurring from the early Miocene to the Pleistocene time.  Basin and 

Range faulting and tilting in the Project area resulted in north-northwest trending horst and 

graben structures bounded by normal faults with large displacements to the west. 

The regional geology is illustrated in Figure 4-1.







4.1.2. LOCAL GEOLOGY

The Florence deposit occurs on a horst block that is bounded on the east and west by 

grabens.  The Party Line fault, a major normal fault on the east side of the deposit, strikes 

north 35° west and dips 45° to 55° southwest.  This fault has a vertical displacement of 

over 1,000 ft and near-parallel normal faults that strike north to northwest and lie to the

west of the Party Line fault.

The Sidewinder fault occurs near the west side of the Project area and has a displacement 

in excess of 1,200 ft.  This fault represents a continuation of a complex of north-south 

trending normal faults to the east.  The north-south fault system has downthrown the south 

end of the horst approximately 1,500 ft.  Additional parallel, north to northwest trending 

normal faults east of the Sidewinder fault produce a graben east of the Project area. The 

graben strikes north to northwest and extends approximately five miles or more. 

Post-Basin and Range basin-fill sediments were deposited over the bedrock surface. The 

sediments consist 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 deposit area. The total thickness of basin-fill 

materials near the Project area ranges from 300 ft to over 900 ft and exceeds 2,000 ft at 

1.5 mi southwest of the deposit area.

4.1.3. PROPERTY GEOLOGY

The Florence porphyry copper deposit formed when numerous Laramide-age dike swarms 

of granodiorite porphyry intruded Precambrian quartz monzonite near Poston Butte.  The 

dike swarms were fed by a larger intrusive mass at depth.  Hydrothermal solutions 

associated with the intrusive dikes altered the host rock and deposited copper and iron 

sulphide minerals in disseminations and thin veinlets.  Hydrothermal alteration and copper 

mineralisation were most intense along the edges and flanks of the dike swarms and 

intrusive mass.

The region was later faulted and much of the Florence deposit was isolated as a horst 

block. This horst block, as well as the downthrown fault blocks to the west, were exposed 

to weathering and erosion. The centre of the deposit was eventually eroded to a gently 

undulating topographic surface while a deep basin formed to the west. 

The weathering of the deposit resulted in copper sulphide minerals being oxidised and 

converted to chrysocolla, tenorite, chalcocite, and minor native copper and cuprite.  The 



majority of the copper oxide mineralisation is located along fracture surfaces, however, 

chrysocolla and copper-bearing clay minerals also replaced feldspar minerals internally in

the granodiorite porphyry and quartz monzonite.  A barren or very low-grade zone, 

dominated by iron and manganese oxides/silicates and clay minerals, caps some portions 

of the bedrock.  The mineralisation is typical of most Arizona porphyry copper deposits. 

The thickness of the oxide zone ranges from 100 ft to 1,000 ft, with an average thickness 

of 400 ft. 

A plan view of the property geology is illustrated in Figure 4-2.  Vertical cross sections A-

A’ looking north and B-B’ looking east are illustrated in Figures 4-3 and 4-4 respectively.









4.1.4. MINERALISATION AND DEPOSIT TYPES

4.1.4.1. MINERALISATION

The mineralised zones consist of an iron-enriched leached cap, an oxide zone, and an 

underlying sulphide zone. In most instances, the transition from the copper silicates and 

oxides to the sulphide zone is quite abrupt.  The majority of the copper oxide mineralisation 

is located along fracture surfaces, however, chrysocolla and copper-bearing clay minerals 

also replaced feldspar minerals in the granodiorite porphyry and quartz monzonite.  A 

barren or very low-grade zone, dominated by iron oxide and clay minerals, caps some 

portions of the top of bedrock, especially in the western area.  The mineralisation on the 

eastern periphery of the deposit is typical of most Arizona porphyry copper deposits.  The 

thickness of the oxide zone ranges from 40 ft to 1,000 ft, with an average thickness of 400 

ft.  The top of the oxide zone begins below 400 ft to 425 ft of alluvial and basin-fill material.  

The lateral extent of mineralisation in plan view is approximately 3,500 ft across in an east-

west direction and 1,500 ft to over 3,000 ft across in a north-south direction.

Figure 4-5 illustrates the extent of the oxide mineralisation (including the BEZ) with the top 

of the mineralisation projected to surface. 





Oxide mineralisation with underlying sulphide separated by a transition oxidation zone is 

the predominate mineralisation present.  The underlying sulphide zone, because of its 

depth, low permeability, and relatively non-soluble mineralogy, is not favourable for in situ

copper recovery. 

Mineralisation in the oxide zone consists of chrysocolla, ‘copper wad’, tenorite, cuprite, 

native copper, trace azurite, and brochantite as illustrated in Figure 4-6.  The majority of 

the copper occurs as chrysocolla in veins and fracture fillings, while the remainder occurs 

as copper-bearing clays in fracture fillings and former plagioclase sites.  The fracture-

controlled mineralogy within the Florence deposit indicates that copper is not adsorbed 

onto the clay surfaces, but rather resides in the octahedral sites of the clays.  The ‘copper 

wad’ appears to be an amorphous mix of manganese, iron, and copper oxides that occurs 

as dendrites, spots, and irregular coatings on fracture surfaces.  Cuprite occurs locally, 

smeared out along goethite/hematite-coated fracture surfaces.  The chalcotrichite variety 

of cuprite is also present on fractures or vugs, sometimes intergrown with native copper 

crystals.  



FIGURE 4-6   OXIDE ZONE MINERALISATION

  

The main hypogene sulphide minerals are chalcopyrite, pyrite, and molybdenite with minor 

chalcocite and covellite.  Supergene chalcocite coats pyrite and chalcocite, dusting fracture 

surfaces.  The supergene chalcocite blanket is very thin and irregular (zero to 50 ft).

In general, the grade of oxide mineralisation is slightly higher than the primary sulphide 

mineralisation.  The overall grade of the oxide and sulphide mineralisation is approximately 

0.36% total copper (TCu) and 0.27% TCu, respectively.

Hydrothermal alteration accompanied the intrusion and cooling of the Tertiary granodiorite 

porphyry stocks and dikes into the Precambrian quartz monzonite.  Alteration in the 

granodiorite porphyry is primarily veinlet-controlled, whereas alteration in the quartz 

monzonite encompasses all three styles; pervasive, selectively pervasive, and veinlet-

controlled.  Potassic alteration (quartz-orthoclase-biotite-sericite) is the dominant alteration 

assemblage.  Salmon-coloured secondary orthoclase replaces primary orthoclase 

phenocrysts, rims quartz ± biotite veins, and occurs as pervasive orthoclase flooding.



Secondary brown biotite replaces plagioclase and matrix feldspars and occurs in biotite-

sulphide veinlets. 

A sericitic (quartz-sericite-pyrite) alteration zone surrounds the potassic zone, which is 

exhibited particularly in the deep portions of the sulphide mineralisation.  Fine-grained 

sericite selectively replaces plagioclase, orthoclase, and biotite, while forming thin 

alteration selvages along quartz ±sulphide veins. Propylitic (calcite-chlorite-epidote) 

alteration is visible in mafic dike rocks and is reported in exploration holes fringing the 

deposit. 

The most noticeable feature in the oxide mineralised material zone is a late-stage argillic 

alteration assemblage consisting of montmorillonite - kaolinite ± illite ± halloysite. The 

conversion of sericite to clay minerals in plagioclase phenocrysts and along fracture 

surfaces is selectively pervasive.  X-ray diffraction analyses indicated the clay is primarily 

a mixture of calcium-montmorillonite and kaolinite.  These clay-altered plagioclase sites 

were favourable loci for remobilised copper generated from natural in situ leaching.

4.1.4.2. DEPOSIT TYPE

The deposit is an extensive Laramide porphyry copper deposit consisting of a large core 

of copper sulphide mineralisation underlying a zone of copper oxide mineralisation.  The 

central portion of the deposit is overlain by approximately 400 ft of flat-lying conglomerate 

and alluvial material containing a fine-grained silt and clay interbed.  The oxide and sulphide 

zones are separated from one another by a transition zone ranging, on average, from zero

feet to 55 ft in thickness.  The depth, grade, impermeability, and mineralisation of the 

sulphide zone renders it currently uneconomic to mine utilising conventional or in situ

copper recovery mining methods.

Approximately 71% of the oxide mineralisation is hosted by a Precambrian quartz 

monzonite and 26% by Tertiary granodiorite porphyry.  The remaining igneous rocks 

associated with the deposit are Precambrian diabase and Tertiary andesite, latite, dacite, 

basalt, and aplite.  The deposit occurs in a structural horst block, which is bounded on the 

east and west by grabens and is controlled by normal faults trending north to northwest. 

The deposit is a typical southwestern US porphyry copper deposit.  The United States 

Geological Survey classification of the porphyry copper mineralisation at the Florence 

deposit is model 21a (porphyry Cu-Mo).  This model type is described as stockwork veinlets 

of quartz, chalcopyrite, and molybdenite in or near a porphyritic intrusion with rock types of 



porphyritic tonalite to monzogranite stocks and breccia pipes intrusive into batholithic, 

volcanic, or sedimentary rocks.  The typical mineralogy consists of chalcopyrite, pyrite, and 

molybdenite, with peripheral vein or replacement deposits with chalcopyrite, sphalerite, 

galena, and gold. The outermost zone of veins comprises Cu-Ag-Sb-sulphides, barite, and 

gold.  Typical alteration consists of quartz, K-feldspar, biotite, chlorite, and anhydrite 

(potassic alteration) grading outward to propylitic alteration.  Late white mica and clay 

(phyllic) alteration may form capping of outer zones or the entire deposit.

4.2. HYDROGEOLOGY

The saturated geologic formations underlying the Project site have been divided into three 

distinct water-bearing hydrostratigraphic units referred to as the Upper Basin Fill Unit 

(UBFU), Lower Basin Fill Unit (LBFU), and the Bedrock Oxide Unit (BOU), as shown in 

Figure 4-7. The BOU is the hydrologic designation of the porphyry copper oxide 

mineralised body. The UBFU and LBFU are separated in the area of the Project site by 

the Middle Fine-Grained Unit (MFGU). The BOU is underlain by the Sulfide Unit. 

FIGURE 4-7 FLORENCE COPPER PROJECT WATER BEARING UNITS 



The hydraulic conductivity values of each geologic unit are shown in Figure 4-8. The 

permeability of each unit can be summarised as follows:

UBFU:  This unit is considered to be an intermediate to highly permeable water-
bearing zone.

MFGU:  This unit is considered to be an aquitard with very low permeability.

LBFU:  This unit is an intermediately permeable water-bearing zone.

BOU:  This unit has low to intermediate permeability.

Sulfide Unit:  This unit can be categorised as low-permeability rock.

FIGURE 4-8 HYDRAULIC CONDUCTIVITY VALUE OF EACH GEOLOGIC 
UNIT  

Conoco began hydrogeologic characterisation of the Florence site in 1971 to assess the 

dewatering requirements for a planned underground mine. Hydrogeologic testing included 

several large pumping tests, one of which included pumping at an aggregate rate in excess 

of 7,500 gpm. The investigation suggested that the BOU is permeable and the inflow to 

the underground mine is too large for a feasible underground mine operation.

Magma conducted a series of 49 pumping tests at 17 well locations distributed across the 

Project site with 46 monitoring wells completed in various geologic units. The locations of 

the testing are shown in Figure 4-9. The testing results show that:

Sufficient groundwater can be pumped from the BOU to sustain an extraction rate 
of at least 0.1 gpm per foot during the testing period.

The LBFU and BOU are in hydraulic communication.

The Sulfide Unit has low permeability.





After it acquired the property from Magma in 1996, BHP conducted a field pilot test at the 

permit area shown in Figure 4-10. During the pilot test, BHP installed an ISR wellfield 

consisting of four injection wells and nine recovery wells (similar to the current PTF design).

A total of 20 wells were installed for the pilot test, as shown in Figure 4-11. The testing 

results demonstrate the following:

The BOU has sufficient hydraulic conductivity to support well-to-well fluid flow.

Injected solution could be recovered during the test.

Hydraulic control could be maintained during the test.





FIGURE 4-11 LAYOUT OF TESTING WELLS

Source: BHP, 1999

Curis revised and updated a sub-regional groundwater flow model representing the 

Florence site and an area of approximately 125 mi2 around the site. The groundwater flow 

model was prepared in support of the application to amend the operational permit initially

issued to BHP by the ADEQ and the USEPA.

FCI submitted the ‘Notification of Intent and Scope of Planned Formation Testing for the 

PTF Area’ on March 22, 2018 (the Plan). FCI subsequently conducted formation testing 

described in the approved Plan, including pumping tests at each of the outermost recovery 

wells and in the UBF and LBF wells, spinner logging, and a dye tracer test. The location 

of the testing is shown in Figure 4-12. 



FIGURE 4-12 LOCATION OF PTF PUMPING TEST

Source: Haley & Aldrich, Inc., 2018

The test results demonstrated the following:

The hydraulic properties used in the groundwater flow model were confirmed.

No strong horizontal anisotropy exists within the PTF wellfield, as illustrated by the 
similar drawdown observed during the pumping test (Figure 4-13).

There is sufficient hydraulic connection between the PTF recovery wells, 
observation wells, supplemental monitoring wells, and point of compliance wells to 
demonstrate that a cone of depression has been created by the planned pumping.

The cone of depression created by the planned PTF pumping is sufficient to 
establish and maintain hydraulic control.



FIGURE 4-13 OBSERVED DRAWDOWN DURING PUMPING TEST

Source: Haley & Aldrich, Inc., 2018

The spinner logging test shows that the permeability of the BOU decreases along the depth, 

as shown in Figure 4-14.  To account for the different permeability and thus the flow rate 

along the depth, FCI designed wells that are separated by two blank casings (as labelled

in Figure 4-14) to more effectively control the flow and residence time in different segments 

of the well.  



FIGURE 4-14 TYPICAL FLOW PROFILE FROM SPINNER LOGGING  

Source: Haley & Aldrich, Inc., 2018

4.3. MINERAL RESOURCE ESTIMATE

4.3.1. SUMMARY

Mineral Resources were estimated by SRK Consulting (U.S.) Inc. (SRK) in 2010 (SRK, 

2010). M3 Engineering & Technology Corporation (M3) prepared a Technical Report for

Curis in 2013 (M3, 2013) and adopted the SRK 2010 estimate except for a marginal

decrease in the Inferred category. Taseko prepared a Technical Report, effective January 

2017 and adopted the M3 2013 estimate.  There have been no additional relevant 

exploration results within the resource area no changes to the block model since that time.   

RPA visited the site and reviewed the available data and resource model. RPA’s opinion 

is that all the Measured and Indicated Mineral Resources, as reported by Taseko, are in 

the Indicated category due to limited data available to support the estimated density. The 

RPA Mineral Resource estimate, effective July 1, 2019, is summarised in Table 4-1.



TABLE 4-1   SUMMARY OF MINERAL RESOURCES – JULY 1, 2019

Taseko Mines Limited – Florence Project

Category
Tonnage

(Mst)
Grade

(% TCu)
Contained Metal

(Mlb Cu)
Indicated 429 0.33 2,839

Inferred 63 0.24 295

Notes:
1. CIM (2014) definitions were followed for Mineral Resources.
2. Mineral Resources are estimated at a cut-off grade of 0.05% TCu. 
3. Mineral Resources are estimated using an average long-term copper price of US$3.25 per pound. 
4. Includes the entire copper oxide zone including 40 ft bedrock exclusion zone.
5. A tonnage factor of 12.5 ft3/st was used.
6. Mineral Resources are inclusive of Mineral Reserves. 
7. Mineral Resources that are not Mineral Reserves do not have demonstrated economic viability
8. Numbers may not add due to rounding.

The Mineral Resource is limited vertically by geological boundaries; the top of the oxide 

zone and top of the sulphide zone.  It is limited laterally by the grade interpolation and 

classification strategy.  Mineral Resources are reported only for classified blocks in the 

oxide zone which includes the ‘bedrock exclusion zone’ (BEZ).  The BEZ is 40 ft of bedrock 

where only partial extraction is expected due to the anticipated fluid flow from the injection 

and recovery wells. The sulphide proportion of each block is excluded from the Mineral 

Resources. 

RPA was able to replicate the Taseko estimate of the tonnage, grade, and contained metal 

for the Measured plus Indicated Mineral Resources to a reasonable degree.  Bulk density 

is discussed in Section 4.3.5.2.

4.3.2. RESOURCE DATABASE

The Mineral Resource estimate is based exclusively on drilling.  The total drilling on the 

Project was 795,479.7 ft of which Conoco drilled 78% and Magma drilled 18% as 

summarised in Table 4-2. Conoco developed a detailed geologic core logging protocol.  

With slight modifications, Magma and BHP geologists continued to use this method to 

maintain compatibility with the geologic data produced by Conoco.  



TABLE 4-2 DRILLING SUMMARY
Taseko Mines Limited - Florence Project

Company Year No. of Holes
Total Length

(ft)

Curis 2011 6 7,752.0

BHP 1997 21 16,637.5

Magma 1994-1996 173 146,891.0

Conoco 1970-1977 612 620,483.2

Other 5 3,716.0

Total 817 795,479.7

RPA used Micromine to import the provided resource database and perform validation 

checks.  The database provided agrees closely with the database documented in the 2017 

Technical Report (Table 4-3).

TABLE 4-3 MINERAL RESOURCE DATABASE

Taseko Mines Limited – Florence Project

2017 Technical Report Database Provided
Drill holes in model area 502 502

Drill holes with TCu analyses 380 380

Samples analyzed for TCu 61,531 61,531

TCu analyses in Basin 2,886 2,927

TCu analyses in Oxide 22,765 22,827

TCu analyses in Sulphide 36,880 35,777

The database was validated using the drill hole validation tools in Micromine

software. These tools check for common database errors including overlapping intervals, 

missing or incorrect depths, and intervals beyond the hole depth.  

4.3.3. SAMPLE PREPARATION, ANALYSES, SECURITY, AND QA/QC

4.3.3.1. HISTORICAL SAMPLES

Sampling protocols were developed by Conoco, Magma, and BHP to ensure consistency 

and mitigate analytical bias. Conventional rotary and/or reverse circulation (RC) drill 

cuttings were generally collected every ten feet by Conoco, Magma, and BHP. A

representative fraction of each sample was placed in a sieve, and observations were made 

on the chips before and after rinsing.  Conoco samples were placed in a waxed, cylindrical 

cardboard container.  BHP samples were stored in plastic chip trays. Samples drilled by 

RC methods were sent for assays.  Rotary cuttings were assayed by Conoco but were 

used by BHP only for geological control. TCu analyses from conventional rotary drilling 



are considered unreliable and the assay results from samples collected by previous 

operators have not been used for this report.

Conoco Samples

Core samples provide the most detailed information.  The core was first wiped free of 

drilling mud and then photographed to preserve a record of the intact core.  The core 

sample was next split according to the intervals listed on the sample sheets prepared by a 

geologist.  The following method was used to saw and sample the core: 

The core within each row of core box was divided visually into left and right halves 
running the length of the box. 

A dividing line was used as a guide to saw the core into halves. In the first row, the 
left half was put into an olefin sample bag for assaying and the right half was 
returned to the box. In the next row, the right half was selected for assaying and 
the left was returned to the box.  The use of alternating left and right halves for the 
assay sample was intended to reduce one aspect of sampling error. 

Intensely broken material was taken from the core box row using a narrow, flat-
edged scoop that was half the width of the core box row. 

Every 200 ft, both halves of the sample interval were collected for assaying.  The 
duplicate samples were labelled ‘A’ and ‘B’ and were weighed prior to shipment.  
The difference in weight between samples ‘A’ and ‘B’ was typically no greater than 
200 g. 

Every 15 samples, a control sample was inserted into the set of samples shipped 
to Skyline Assayers & Laboratories of Tucson (Skyline).  The control samples were 
prepared as pulp samples and weighed prior to shipment. 

The coarse rejects were stored in 55 Gal drums adjacent to the core storage building while

the core boxes were stored on shelves in the core storage building.  The core storage 

building was locked and regularly inspected.  The core from the drilling continues to be 

stored in good condition, however, coarse rejects are no longer in usable condition. 

Sample preparation protocols used by Curis for the 2011 metallurgical and confirmation 

drilling programme were similar to those used by previous operators but differed in that the 

core was treated differently depending on the core diameter and purpose.  PQ (85 mm) 

core was collected for metallurgical tests and was not assayed.  The companion HQ (63.5 

mm) core was collected for analyses.  The core was logged, photographed, and sampled 

by SRK geologists and technicians. 

Conoco logged the geology in the exploration drill holes (1,000 ft and 500 ft drill spacing) 

in 2.5 ft intervals and collected assay samples at five-foot intervals. The later in-fill 

development drill holes (250 ft spacing) were logged in five-foot intervals and assayed in 



ten-foot intervals. The core from the 500 ft spaced holes was photographed and sample 

pulps were prepared on site. The five-foot and ten-foot sample pulps were sent to outside 

assay laboratories for TCu analysis.  The laboratory and method of analysis are not in the 

documentation.  TCu content in percentages was listed to two decimal places and the

method detection limit was 0.01% TCu. The primary outside laboratory was American 

Analytical and Research Laboratories, Tucson, Arizona. Other outside laboratories 

included Southwestern Assayers & Chemists, Jacobs Assay, and Hawley & Hawley 

Assayers & Chemists all of Tucson, Arizona.  The remaining material in the pulp sample 

was composited into 50 ft samples and assayed for %TCu, % acid soluble copper (ASCu),

molybdenum (ppm), silver (ppm), and sometimes gold (ppm) on early samples.  Check

assaying for %TCu was done by another outside assay laboratory.  Reject samples of two 

size fractions were retained on the property for future reference and for metallurgical bench 

testing.  Conoco pulps and rejects are stored in a dry condition in the core storage building 

on site. 

When development drilling began, core samples were completely crushed for analysis on 

ten-foot intervals and were not retained for reference. Every tenth core interval was 

sampled twice with the second sample assayed by another laboratory to compare accuracy 

between the two laboratories. Conoco analysed the core drilled in 1975 in its on-site 

laboratory at the pilot plant facility.

The quality assurance and quality control (QA/QC) protocols which were standard industry 

practice for the time comprised sending 10% of the original pulps for re-assay to an outside 

assay laboratory.   

Physical records documenting the sample preparation and analytical protocols used by 

Conoco or its contract laboratories are not available.

Magma and BHP Samples

Magma’s and BHP’s sample handling protocols used during core handling were similar to 

that used by Conoco.  

Magma logged and sampled in five foot increments for the PFS.  The pre-feasibility core

was split on site and sent to the Magma San Manuel Metallurgical Laboratory for 

preparation and assaying.  For the FS, Magma and BHP sampled core in ten foot intervals 

but honoured lithologic contacts as well as 50 ft bench elevations. Analysis of new core 

samples, verification assays, and other analyses were primarily performed by Skyline.



Magma created TCu control pulp standards at several grade ranges for the Florence 

deposit to identify and minimise analytical bias and errors. Randomly selected control 

samples were added to each batch of drill core or RC chip samples that was shipped to 

Skyline.  Every 15th assay sample was an assay control pulp sample that was used to 

check for analytical bias or variance. The assays from the pulp control samples were

required to be within two standard deviations of the overall mean or the entire batch was 

re-assayed.

BHP subsequently followed the same analysis procedures using the site-specific standards 

prepared by Magma personnel.

No field or pulp blanks were created or used by Magma or BHP.

Magma/BHP used both its in-house laboratory at the nearby Magma/BHP San Manuel 

Operations and outside contracted laboratories to perform analyses of core and RC 

samples. The primary outside laboratory was Skyline in Tucson, Arizona.  Other outside 

laboratories used included Bondar-Clegg & Company of Vancouver, British Columbia, 

Chemex Labs of Sparks, Nevada, and Rocky Mountain Geochemical Corporation of Salt 

Lake City, Utah. The San Manuel Metallurgical Laboratory and sample preparation 

facilities were designed to provide daily support to the mine, SX/EW plant, concentrator, 

smelter, electro-refinery, and rod plant operations including daily underground and open pit 

blasthole samples, process solution samples (raffinate, pregnant leach solution), and 

quality control analysis of copper and molybdenum sulphide concentrates, copper anodes, 

copper cathodes, and rod. The analyses were performed under the supervision of 

professional metallurgists and laboratory managers. The San Manuel Metallurgical 

Laboratory used standard, industry accepted methods for the preparation of sample 

rejects, pulps, and the analysis of TCu content by atomic absorption (AA) methods.   

Many variations exist on the method used to analyse ASCu content at the copper 

operations in Arizona. The methods vary slightly from operation to operation even under 

the same company ownership.  The key is to maintain internal consistency at each 

operation for relative comparison of the extent of oxidation in each material type within the 

same deposit. The various ASCu determination methods provide a relative indication of 

the percentage of copper that is released with short-duration exposure to dilute sulphuric 

acid under specified time, temperature, and acid-concentration conditions.  The time (five

minutes to two hours), temperature, and concentrations vary by operation. When outside 

laboratories are used, the operation typically provides a copy of its method to the outside 

laboratory to ensure consistency of the method used. 



The TCu analysis method used by Skyline is a standard industry method identical to that 

used by the San Manuel Metallurgical Laboratory.  The “San Manuel Method” for the 

analysis of ASCu content was consistently used by Magma, BHP, and the outside 

laboratories contracted by Magma/BHP in the Florence drill and metallurgical test samples.

The Total Copper Method and “San Manuel Method” for ASCu analyses are shown below. 

Total Copper Analysis in Rock Samples – Skyline 
o Accurately weigh 0.4000 g to 0.4300 g of the sample into a 200 mL flask. Weigh 

samples in batches of 20 samples plus two checks (duplicates) and two
standards per rack. At end of job, weigh the tenth sample out of each rack plus 
four standards. 

o Add 10.0 mL hydrogen chloride (HCl), three millilitres nitric acid (HNO3), and 
1.5 mL perchloric acid (HClO4) to each flask. Place on a medium hot plate 
(approximately 250°C). 

o Digest until the only remaining acid present is HClO4. (Note: The volume of the 
liquid in the flask should be less than one millilitre.)

o Remove from the hot plate and cool almost to room temperature. Add 
approximately 25 mL deionised (DI) water and ten millilitre HCl.  Boil gently for 
approximately 10 minutes to 20 minutes. 

o Cool the flask and contents to room temperature, dilute to the mark (200 mL) 
with DI water, stopper, and shake well to mix. 

o Read the solutions for Copper by AA using standards made up in 5% HCl.

o Read the solutions for molybdenum, lead, zinc, and/or iron on the inductively 
coupled plasma (ICP) using standards made up in 5% HCl.

Acid Soluble Copper Assay Method – San Manuel Metallurgical Laboratory 
o Weigh 0.500 g of pulverised sample into a 50 mL Erlenmeyer flask. 

o Add ten millilitres of 15% (V/V) sulphuric acid (H2SO4).

o Place in a water bath held at 73°C for five minutes. 

o Remove the flask from the water bath and immediately filter through a 15 cm 
VWR No. 413 filter paper into a 100 mL volumetric flask. Wash three or four
times with demineralised water. 

o Cool, dilute the contents of the flask to 100 mL. Stopper the flask and shake 
well to mix the contents.  Place in the Instrument Room and allow the flasks to 
equilibrate to room temperature. 

o Read by AA using 10.0 g/mL and 30.0 g/mL copper calibration standards in 
1.5% H2SO4.

o Calculate the percent acid soluble copper by the formula: 
% ASCu = 0.02 * Cu ( g/mL). 



The analyses used by Skyline for drill samples, metallurgical test materials, and process 

solutions were performed under the supervision of Arizona-registered assayers Bill 

Lehmbeck and Jim Martin. 

Analysis of groundwater quality from monitor wells and surface water samples collected by 

Magma/BHP or its environmental consultants was performed by outside laboratories 

including BC Analytical of Glendale, California, NEL Laboratories of Phoenix, Arizona, and 

its successor company Del Mar Analytical of Phoenix, Arizona. 

Analysis of metallurgical column test samples (column test heads/tails, feed solution, and 

effluent/pregnant leach solution) was performed primarily by outside laboratories. The 

records associated with the analyses performed by outside laboratories are filed in drill log 

files, attachments to various reports prepared by Magma or BHP. The amount of 

documentation varies by laboratory but generally provides the standard metallurgical test 

methods/protocols, information on sample preparation (weights, size fractions), sample 

analysis method, method detection limits, analysis units, internal laboratory QA/QC 

methods, laboratory qualifier comments, and chain-of-custody records. 

Curis Samples

PQ core was taken in the five-foot split tube core barrels from the drill rig to a nearby logging 

table where it was wiped free of drill mud and photographed.  Owing to thick mud coating 

the cores, it was later necessary to wrap the core in a flexible, fine-mesh non-metallic 

screen to allow more rigorous cleaning to free the entire core cylinder of mud residue.  The 

handling procedures minimised mechanical breakage of the core thereby preserving 

samples with representative fracture densities for metallurgical testing.  After geological 

and geotechnical logging, the PQ core was secured (remaining in the wrapped mesh) and 

placed within a four-inch drainage pipe that had been cut longitudinally.  The pipe was 

secured with end caps, taped shut, and labelled with the footage intervals.  The sample 

tubes were then stored in a secure, locked warehouse prior to being shipped to 

metallurgical test facilities in Tucson, Arizona. 

HQ core was boxed at the drill rig and taken to a secure, locked logging facility where the 

core was cleaned and photographed.  After geological and geotechnical logging was 

completed, the geologist marked out the five-foot sample intervals with aluminum sample 

tags and created a sample cut sheet for the sampling technician.  The interval lengths were 

adjusted to match rock contacts as appropriate. Sampling was performed by the SRK 

technician in a locked warehouse building adjacent to the logging facility.  Intact pieces of 

core were sawn along a centre dividing line and one half of the core material was placed 



in the sample bag.  Intensely broken material was sampled with the same flat-edged scoop 

technique used to sample broken core by Magma and BHP.  The sample bags were 

marked with a sequential identification number, and sample tags with the same numbers 

were placed into the bags.  QA/QC samples including pulp standards and field blanks were 

inserted every 20th sample into the sample stream. Following logging and sampling, the 

core was moved to final storage in a locked warehouse building adjacent to the 

Administration Building on site.

SRK performed verification sampling for Curis on 32 samples to confirm the presence of 

copper mineralisation. Continuous five and ten foot samples representative of the major 

rock types, oxidation zones, and copper grades were selected from five drill holes within 

the main deposit area. The samples were selected by SRK from one Conoco drill hole 

(105MF) and three Magma drill holes (MCC-367, MCC-561, and MCC-562).  In addition, 

SRK personnel prepared fresh control pulp samples from pulverised and well-labelled bulk 

standard materials stored in the Administration Building and sent seven control samples at 

various grade ranges for verification analysis.

A comparison of the results of the TCu assays on the original core interval and residual 

materials for the same sample interval indicates that the average difference between the 

assays was statistically insignificant at less than 0.01% for TCu and 0.05% for ASCu 

assays.  

RPA Opinion

In RPA’s opinion, the logging, sampling, sample preparation, and analyses are appropriate 

for Mineral Resource estimation.  The QA/QC protocols were standard industry practice at 

the time of the data collection and, although different from current practices, provided 

adequate QA/QC for the database.

4.3.4. GEOLOGICAL INTERPRETATION

The following description of the geological interpretation is taken from SRK (2010). 

The assay data was categorised into three Simplified Metallurgical Zones (SMZ): Copper 

Oxide (1), High-Iron Oxide (2), and Sulphide (3) (Table 4-4).  These are based on 

‘metallurgical zones’ (METZO) which were determined from proportions of copper and iron 

oxides, and copper and iron sulphides.  A review of the BHP’s Final PFS report of 1997

(SRK, 2010) indicates that these METZO may have been designated by the geologist 

during geological logging.  However, no detailed information was available regarding how 

these METZO were derived.



TABLE 4-4 METALLURGICAL AND SIMPLIFIED METALLURGICAL 
ZONES

Taseko Mines Limited – Florence Project

Metallurgical Zone Description
Metallurgical 

Zone
(METZO)

Simplified Metallurgical 
Zone
(SMZ)

Basin Fill Formations 0 0

Copper Oxide Dominant 1 1

Mixed Copper Oxides and Iron Oxides 2 1

High Iron Oxide 3 2

Transition with Copper Oxide (CuOx=1) 4 1 
Transition without Copper Oxide 
(CuOx=0)

4 2 

Sulphide 5 3

Source: M3, 2013

Geological surfaces were interpreted and digitised on 2D cross sections, which were then 

used to create 3D wireframe surfaces (Figure 4-15).  The surfaces relevant to the Mineral 

Resource estimate are the top of bedrock, bottom of the oxide zone, and top of the sulphide 

zone. In most places, the bottom of the oxide zone and top of the sulphide zone coincide, 

areas where they do not coincide represent the transition zone.  The geological models 

cover an area measuring approximately 5,000 ft by 5,000 ft and extend significantly beyond 

the drilling data.  However, the extent of the Mineral Resource is limited by grade 

interpolation and classification. 

RPA notes that the boundary between the oxide and sulphide mineralisation appears to be 

hard.  

Mineral Resources are only reported for the oxide zone.  For Mineral Resource estimation, 

the transition zone is included with the oxide zone as some copper recovery is possible 

from this small volume of material (Figure 4-15).



FIGURE 4-15   GEOLOGICAL SURFACES USED FOR MINERAL RESOURCE 
ESTIMATION (SECTION 745700N LOOKING NORTH)

Source: Taseko, 2017

4.3.5. RESOURCE PARAMETERS

4.3.5.1. EXPLORATORY DATA ANALYSIS

Statistical analysis by SRK, and reported by Taseko, was completed separately on each of 

the three SMZ and is summarised in Table 4-5. RPA analysed the statistics independently 

and agrees with the SRK analysis.

TABLE 4-5 SUMMARY STATISTICS FOR TCu GRADES

Taseko Mines Limited – Florence Project

SMZ SMZ Description Count
Mean 

(TCu %) 
Variance Max

(TCu %)
All All 58,604 0.275 0.070 8.84

1 Oxide Zone 14,128 0.404 0.104 5.05

2 High-Iron Zone 8,699 0.120 0.034 8.84

3 Sulphide Zone 35,777 0.262 0.053 5.54

4.3.5.2. BULK DENSITY

A factor of 12.5 ft3/st was used by SRK and Taseko for estimation of tonnage.  The factor 

is derived from specific gravity and bulk density test work of quartz monzonite and 

granodiorite porphyry samples by Metcon Research Inc. (Metcon) in 1998.  The specific 

gravity values range from 2.54 to 2.66 for granodiorite and 2.54 to 2.59 for quartz 

monzonite.  These figures equate to tonnage factors of 12.6 ft3/st to 12.0 ft3/st for 

granodiorite and 12.6 ft3/st to 12.4 ft3/st for quartz monzonite.



RPA notes the Metcon bulk densities results range from 2.41 g/cm3 to 2.50 g/cm3 and 

average 2.47 g/cm3.  In RPA’s opinion, despite the insufficient number of samples, the bulk 

density may have been more appropriate for the conversion of volume to tonnage for the 

estimation of Mineral Resources given the fractured nature of the mineralisation.

RPA recommends collecting additional density data from production wells to further support 

the tonnage estimation. 

In 1974, Conoco mined approximately 50,000 tons of mineralised material for the purpose 

of metallurgical testing of oxide and sulphide material in a pilot plant constructed on site.  

Conoco used a tonnage factor of 12.5 ft3/st to convert the volume mined to tonnage mined.  

The resultant tonnage estimate compared well to the actual tons mined, although, the 

report does not describe the method by which they measured the actual tons mined. 

In RPA’s opinion, the quantity of density data is not adequate to support reporting 

Measured Mineral Resources.  The densities used for previous Mineral Resource 

estimates are reasonable for fresh quartz monzonite or granodiorite porphyry, however, 

they may not be appropriate for the fractured and altered rocks in the Florence deposit.  

4.3.5.3. ASSAY CAPPING (CUTTING)

SRK and Taseko capped TCu grades depending on SMZ (Table 4-6).  Capping values 

were chosen based on the break in population on the probability plots for each SMZ. 

TABLE 4-6 CAPPING VALUES

Taseko Mines Limited – Florence Project

SMZ
SMZ 

Description

Capping 
Value

(TCu %)
Mean

(TCu %)

Capped 
Mean

(TCu %)
Total No.
Samples

No. Samples 
Capped

1 Oxide Zone 2.7 0.404 0.402 14,128 35

2 High-Iron Zone 1.2 0.121 0.119 8,699 19

3 Sulphide Zone 2.0 0.262 0.261 35,777 38

In RPA’s opinion, the chosen strategy for management of high grade samples is 

reasonable.  

4.3.5.4. ASSAY INTERVAL COMPOSITING 

The capped assays were composited to 25 ft intervals which represent half of the 50 ft 

block height.



Missing assays were omitted from the compositing procedure which results in variable 

length composites in some places.  This is not considered material, however, for future 

Mineral Resource estimates, the impact of compositing across the missing samples rather 

than omitting them should be investigated. 

4.3.5.5. VARIOGRAPHY

SRK produced semivariograms for TCu using the 25 ft composite samples. Semi-

variograms on 25 ft composite copper values less than 2.0% TCu yielded clearly defined

spherical variogram structures.  The Vulcan autofit algorithm produced a reasonable fit, 

which was manually adjusted to fit the best variograms.  The resulting parameters and 

primary search ellipse are shown in Figure 4-16.  Variogram examples are presented in 

Figures 4-17 and 4-18. Variograms on met-codes indicators were not performed, as these 

indicators are generally consistent (with no variation) within the boundaries already defined.

FIGURE 4-16   PARAMETERS AND PRIMARY SEARCH ELLIPSOID

Parameter Search Structure 1 Structure 2

X rotation 237
Y rotation 5
Z rotation -23
Nugget/Sill Differential 0.004 0.022 0.012
Major 350 512 700
Semi 350 126 500
Minor 100 105 350

Source: M3, 2013



FIGURE 4-17 TCU VARIOGRAM – AZIMUTH 80º AND PLUNGE -45º

Source: SRK, 2010

FIGURE 4-18 TCU VARIOGRAM – AZIMUTH 160º AND PLUNGE 0º

Source: SRK, 2010



4.3.5.6. BLOCK MODEL

Table 4-7 summarises the block model parameters used for Mineral Resource estimation

by SRK.  The 50 ft by 50 ft by 50 ft parent blocks were sub-blocked to 25 ft by 25 ft in the 

east and north directions, and to variable dimensions, down to one foot, in elevation where 

they intersect the geological surfaces. In RPA’s opinion, the block size is reasonable for 

the 250 ft drill spacing.

TABLE 4-7 BLOCK MODEL PARAMETERS

Taseko Mines Limited – Florence Project

Minimum Maximum Parent Block Size Sub Block Size
Easting (ft) 646525 651975 50 25

Northing (ft) 742525 747975 50 25

Elevation (ft) -1475 1475 50 Variable

4.3.5.7. INTERPOLATION SEARCH PARAMETERS AND GRADE INTERPOLATION

SRK used indicator kriging of the SMZ for grade interpolation.  The composites were 

indexed with a ‘1’ or ‘0’ depending on which SMZ they fell into.  Percent indicator fields 

were then estimated into the block model using Ordinary Kriging (OK).  The resulting block 

values were a factor between 0 and 1 representing the proportion of the block likely to 

contain that SMZ.   

Three separate grades were then estimated; one for each SMZ fraction.  The resulting 

grades were then combined using the percent-indicator fields as weighting factors.  The 

percent indicator field with the highest value was used to determine the ‘majority’ SMZ for 

each block. Where the fractions did not sum to 1.0, they were normalised and adjusted to 

equal 1.0.

Both the SMZ indicators and the TCu grades were interpolated into the block model using 

OK with the search neighbourhoods summarised in Table 4-8. In each case, a minimum 

of four samples, a maximum of 12 samples, and a maximum of three samples per hole 

were used. In RPA’s opinion, the grade interpolation method is reasonable.

  



TABLE 4-8 INTERPOLATION SEARCH NEIGHBOURHOOD

Taseko Mines Limited – Florence Project

Rotations Distances

Run
Z 
(°) 

Y
(°) 

X
(°) 

Major 
Axis
(ft)

Semi 
Axis
(ft)

Minor 
Axis
(ft)

1 237 -23 5 350 350 100

2 237 -23 5 450 450 130
Source: SRK, 2010

4.3.5.8. BLOCK MODEL VALIDATION

RPA validated the block model using the following steps:

Visual comparison of the assay, composite, and block grades on cross section.  

Visual comparison of the assay, composite, and block SMZ categories.

Comparison of statistical analyses of assay, composite, and block grades.  

Comparison of the estimated grades to unrestricted OK and Nearest Neighbour
(NN) grades. 

RPA is of the opinion that the estimated grades adequately reflect the input data. 

4.3.5.9. CUT-OFF GRADE 

Mineral Resources were reported by SRK at a cut-off grade of 0.05% TCu.  Given the 

recovery, commodity price, and economic assumptions listed in Table 4-9, revenue from 

material grading 0.05% TCu would cover all operating and sustaining capital costs and 

yield a positive return within the wellfield boundary.  In RPA’s opinion, the cut-off grade is 

reasonable for estimation of Mineral Resources.

TABLE 4-9 CUT-OFF GRADE ASSUMPTIONS

Taseko Mines Limited – Florence Project

Constraint Constraining Value as of January 16, 2017

Copper Price ($/lb) 2.50

Injection Well Fixed Cost ($/well) 58,700

Recovery Well Fixed Cost ($/well) 64,700

Injection and Recovery Well Variable Cost ($/ft) 143
Copper Recovery (%) 69.7
Operating Cost (%/lb Cu) 1.00

4.3.6. CLASSIFICATION

Per the previous discussion regarding bulk density, in RPA’s opinion the Mineral Resources 

are classified into Indicated Mineral Resources and Inferred Mineral Resources.



The classification strategy is based on the oxide mineralisation being drilled on a spacing 

of approximately 250 ft and the assumption that the mineralisation is consistent between 

holes. The criteria used to define the classification are based upon the average sample 

distance (Table 4-10).  

TABLE 4-10 CLASSIFICATION CRITERIA

Taseko Mines Limited – Florence Project

Resource 
Classification

Class Code Criteria for Classification

Indicated 2 Average distance to samples used is <260 ft.

Inferred 3 All other estimate blocks.

RPA notes that the interpolation strategy occasionally results in small isolated units of 

Inferred Mineral Resources within the Indicated Mineral Resources.  In RPA’s opinion, 

these represent a possible upside as the Inferred blocks are not included in the Mineral 

Reserves, but likely contain recoverable copper.

In RPA’s opinion, the overall classification results are adequate for style of extraction. 

4.3.7. COMPARISON TO PREVIOUS ESTIMATES

Table 4-11 presents a comparison of the current RPA Mineral Resource estimate with the 

previous Taseko 2017 estimate.

TABLE 4-11 COMPARISON WITH PREVIOUS RESOURCE ESTIMATE
Taseko Mines Limited - Florence Project

Taseko 2017 RPA 2019

Category
Tonnage Grade Contained Cu Tonnage Grade Contained Cu

(Mst) (% TCu) (M lb) (Mst) (% TCu) (M lb)

Measured 296 0.35 2,094

Indicated 134 0.28 745 429 0.33 2839

Measured + 
Indicated

429 0.33 2,839 429 0.33 2,839

    

Inferred 63 0.24 295 63 0.24 295

4.3.8. RPA OPINION OF MINERAL RESOURCE ESTIMATION

In RPA’s opinion, except for the density issue, the parameters, assumptions, and 

methodology for the estimation of Mineral Resources as prepared by SRK (2010) and 

reported by Taseko (2017) are appropriate for the style of mineralisation.  RPA reassigned 



the resources previous classified as Measured to the Indicated category based on the 

limited support data used to estimate density.

RPA recommends that results from the current test production program be reconciled with 

the resource model.  Ongoing reconciliation should also be undertaken when full production 

is underway. 



5.MINING AND MINERAL RESERVES

The Florence copper deposit is a large oxide and sulphide copper deposit extending from 

approximately 450 ft below surface to 1,700 ft below surface and covering an area of 

approximately 5,200 ft by 5,600 ft in plan.  The deposit is overlain by approximately 450 ft 

of overburden and consists of an oxide copper zone which is 40 ft to 1,000 ft thick (average 

400 ft thick) to a depth of up to 1,700 ft.  The oxide is underlain by a sulphide zone.  The 

topography is generally flat and there are a number of infrastructure rights of way in the 

area as well as farmland, a river, and a community.

These factors, as well as the hydraulic conductivity of the deposit and the fractured nature 

of the rocks, have led to the selection of ISR for exploitation of the deposit.  ISR mining is 

used in copper and uranium mining and allows development and production of deposits 

with limited and easily reclaimed surface disturbance.

ISR mining uses drill holes (wells) into the deposit for the delivery and recovery of leaching 

solutions.  These solutions are then treated on surface for copper recovery and then reused 

for another leach cycle.  

5.1. MINING METHOD AND MINE DESIGN

The mine design is based upon the use of five-spot well patterns with each pattern 

consisting of four extraction wells and a central injection well.  The flow is balanced so that 

the extraction exceeds the injection rate and thus the hydraulic surface slopes to the 

extraction well and solutions are maintained in the leaching area.  A typical five-spot well 

pattern is shown in Figure 5-1. Beyond the leaching areas, there are monitoring wells to 

confirm the containment of the leach solutions.



FIGURE 5-1   TYPICAL FIVE-SPOT WELL PATTERN

The wells are large diameter holes drilled through to the sulphide portion of the deposit.  

The wells are lined to isolate ore zones for extraction and are sealed and tested for 

mechanical integrity.  A typical well cross section is shown in Figure 5-2.  The injection 

pressure comes from the barren solution pumps with flow control on each well.  The 

recovery wells have submersible pumps installed.  These pumps are monitored and 

controlled to maintain the extraction rate above the injection rate.

The key mine design parameters are:

Four-year leach cycle 

Two-year rinse cycle

0.1 gpm per foot of leach screen

Five-spot pattern with perimeter holes 100 ft apart

Minimum production area of 100 ft by 100 ft

Minimum production thickness of 100 ft (equal to two resource block heights)

Leaching commences beneath a 40 ft exclusion zone at the top of the oxide ore

The deposit has been divided into 72 mining zones which will be developed over the LOM 

plan.  The mining zones vary significantly in terms of surface area, tonnage, ore depth, and 

contained copper.  The planned well spacing is consistent from zone to zone and therefore 

there is a wide range in the copper production per hole over the leach cycle.  In the Project 

well design, there will be three segments of screens with a blind casing between each two 

screen segments.  Such a design would allow the placement of the packer on the blind 

casing as needed to control the solution contact or residence time for certain segment of 



the well.  This arrangement will provide various horizons down the hole so that an operator

does not try to leach a 400 ft interval in one to three intervals but rather in multiple intervals. 

RPA recommends that the production planning be reviewed and optimised at the next stage 

of study to mitigate the differing production through the installation of additional well sectors 

or through additional wells to target specific horizons.  

The average drill hole spacing is 70 ft and the average well depth is 950 ft.  In Kazakh 

uranium ISR operations at a similar or deeper depth, there is a typical drill hole accuracy 

requirement of 1% of the vertical depth.  In the PTF injection and recovery wells there was 

one injection hole with an overall deviation of 1.2%, which was accepted by FCI.  RPA 

recommends that FCI continue to survey all wells and apply the accuracy and other hole 

quality requirements already in place.  RPA recommends that these requirements continue 

to be included in its well drilling contracts.

Multiple mining zones will be in operation each year with each zone being leached for four 

years.  The number of zones in operation is a function of the reserves to be recovered in a 

given area.  The plan includes a total of 1,074 injection wells and 1,144 recovery wells over 

the Project life.  The number of wells operating in any year varies over a wide range and 

as many as 105 injection wells and 131 recovery wells are constructed over the course of 

a year.

RPA recommends that the details of the leach solution injection and extraction flow control 

and monitoring be developed and presented in the next stage of study.



FIGURE 5-2   TYPICAL WELL CONSTRUCTION

Source. Florence Copper Project Technical Report, December 2017

5.1.1. GEOTECHNICAL CONSIDERATIONS

Drill holes have been logged and geotechnical information placed in the drill logs, however, 

there is no specific discussion of the geotechnical conditions at the deposit.

5.1.2. HYDROGEOLOGIC CONSIDERATIONS

The planned ISR facility consists of an array of injection and recovery wells that will be 

used to inject a weak acid solution (raffinate) and recover the copper-laden solution 

(pregnant leach solution, or PLS) in a five-spot well pattern as shown previously in Figure 



5-1.  PLS extraction rates will slightly exceed raffinate injection rates and will ramp up over 

the first three years of commercial production to reach approximately 11,000 gpm. 

The rate at which raffinate will be introduced into each injection well will vary based on the 

length of the injection interval in that well and operational requirements. The injection 

interval is based on the linear footage of screen installed in a well, which is dictated by the 

thickness of the BOU encountered in that well.  In addition, FCI proposes to install packers 

in selected wells to enhance solution distribution by isolating zones within the target 

formation that are not conducive to copper extraction but, more importantly, to ensure the 

recovery of all copper reserves.  FCI has modelled development costs based on an 

injection rate of 0.15 gpm per foot of well screen in years 1 through 3 and 0.1 gpm per foot 

of well screen thereafter. This injection rate has been demonstrated in past field testing 

and ongoing PTF to be achievable and sustainable.

The active injection and recovery wellfield will be surrounded by a network of perimeter 

wells and observation wells to achieve hydraulic control.  The anticipated hydraulic control 

pumping rate is in the range of 3% to 10% (6% average) of the recovery pumping with a 

model predicted maximum rate of 1,100 gpm.  Groundwater will be extracted at the 

individual perimeter wells at rates ranging from 5 gpm to 30 gpm to maintain hydraulic 

control.  The sub-regional groundwater flow model developed by FCI has demonstrated 

that there are sufficient groundwater resources within the BOU and the overlying LBFU to 

support the net groundwater extraction rate of 1,100 gpm for the duration of the proposed 

ISR operation.

5.1.3. DILUTION

Considering the low cut-off grade and the mining parameter requiring at least two vertical 

resource blocks for mining and the use of a higher extraction rate to pull solutions inwards, 

dilution is not a relevant parameter in the operation.

The production plan includes a provision for 95% solution efficiency reflecting the dilution 

and solution loss in the wellfield operation.

There is, however, resource lost in the conversion of Mineral Resources to Mineral 

Reserves.  After allowing for easements and the PTF infrastructure, there were 84 Mst 

grading 0.22% Cu and containing 367 Mlb of copper that were not converted to Mineral 

Reserves.

  



5.1.4. EXTRACTION

5.1.4.1. COPPER EXTRACTION 

The copper extraction estimate for the LOM plan is taken from the metallurgical testing and 

is summarised in Table 5-1.  Production planning was previously based upon a four-year 

leach cycle for an estimated copper recovery of 69.7% of the total copper in the oxide ore.

Recovery has been revised to 65% over the four-year leach cycle for this report.

5.1.4.2. SWEEP EFFICIENCY

The estimated sweep efficiency is based on numerical modelling using site hydrological 

parameters and the design of injection and extraction well geometry shown in Figure 5-1.

The sweep efficiency estimated for the Project is shown in Table 5-1.

TABLE 5-1   COPPER EXTRACTION PARAMETERS
Taseko Mines Limited – Florence Project

Years Since Mining Year 1 Year 2 Year 3 Year 4 Year 5 Year 6

Sweep Efficiency 54% 75% 84% 88% 89% 90%

Recovery Curve 78% 83% 83% 83% 83% 83%

Solution Efficiency 95% 95% 95% 95% 95% 95%

TCu Recovery 40.2% 19.0% 7.4% 3.2% 0.8% 0.8%
TCu Recovery -
Revised

37.5% 17.7% 6.9% 3.0% - - 

5.1.5. CUT-OFF GRADE

Historically, FCI has reported Mineral Reserves and Mineral Resources at a copper cut-off 

grade of 0.05% TCu. RPA estimated cut-off grades for the Mineral Reserves and Mineral 

Resources as shown in Table 5-2.  The cut-off grade is based upon the planned operating 

costs and leaching parameters.  The calculations support the historical Mineral Resource 

cut-off grade.  RPA recommends that the Mineral Reserve blocks be estimated at a cut-off 

grade of 0.08% TCu.  RPA notes that the Mineral Resources are not sensitive to cut-off 

grade and that this cut-off grade estimate does not include rinsing or sustaining capital for 

the ongoing wellfield development.



TABLE 5-2 BREAKEVEN CUT-OFF GRADE ESTIMATE
Taseko Mines Limited – Florence Project

Description Units Resource Reserve

Copper price $/lb 3.25 2.75

Shipping $/lb 0.02 0.02 

Royalties $/lb 0.26 0.22

Net to Owner $/lb 2.97 2.51

Copper recovery % 69.7% 65%

Solution flow rate gpm 11,000 11,000

Flow per foot of screen gpm 0.10 0.10

Operating cost/yr (incl EW & Rinsing) $M 50.91 50.91

Cost per gallon injected $ 0.010 0.010

Tons leached per ft of screen ton 800 800

Leach period year 4 4

Total leach flow per foot of screen gal 210,240 210,240

Total cost per foot of screen $ 1,778 1,793

Copper Cut-off Grade (rounded) % TCu 0.05% 0.08%

5.2. MINERAL RESERVE ESTIMATE

5.2.1. SUMMARY

The Mineral Reserve estimate for the Florence deposit as at July 1, 2019 is summarised in 

Table 5-3.  The Mineral Reserves are all classified as Probable Mineral Reserves reflecting 

the planned extraction method which would not permit separate reconciliation of Proven 

and Probable Mineral Reserves.  The Mineral Reserves are based upon the conversion of 

Measured and Indicated Mineral Resources.  Inferred Mineral Resources were not 

converted to Mineral Reserves.



TABLE 5-3 SUMMARY OF MINERAL RESERVES – JULY 1, 2019

Taseko Mines Ltd. - Florence Project

Category
Tonnage

(Mst)
Grade

(% TCu)
Contained Metal

(Mlb Cu)
Proven - - -

Probable 345 0.36 2,472

Total 345 0.36 2.472

Notes:
1. CIM (2014) definitions were followed for Mineral Reserves.
2. Mineral Reserves are estimated at a cut-off grade of 0.08% TCu. 
3. Mineral Reserves are estimated using an average long-term copper price of US$2.75 per pound. 
4. A minimum mining area of 100 ft by 100 ft width was used together with a minimum vertical 

thickness of 100 ft. 
5. Bulk density is 12.5 ft3/st. 
6. Numbers may not add due to rounding.

The Mineral Reserves were stated at a 0.05% TCu cut-off grade in the 2017 Technical 

Report.  RPA recalculated the cut-off grade to 0.08% TCu in this report.  Based on the 

mining block grades, the higher cut-off grade of 0.08% TCu at $2.75/lb Cu has no impact 

on the total Mineral Reserve estimate.

A check of the individual mining zone tons and grade from the resource model used by 

RPA compared to the stated Mineral Reserves indicates that while there are material 

differences in the tonnages and copper content from mining zone to mining zone in a small 

number of mining blocks, the overall reserve estimate is materially the same as stated 

estimate.  RPA considers the differences to be a low risk to the Project and recommends 

review and revision of the Mineral Reserve estimate in the next stage of project study.

5.2.2. RECONCILIATION

There has been no full-scale production at the Project, with the PTF in operation, and a 

final reconciliation cannot be completed at this time.

5.3. LIFE-OF-MINE PLAN

5.3.1. PRE-PRODUCTION SCHEDULE

The PTF is currently in operation, with recovery underway and cathode copper being 

produced.  Preliminary data indicates that copper can be recovered and produced from the 

deposit.  At this time, there is insufficient data from the PTF to generate final conclusions.  

The PTF area is expected to continue recovery operations through the construction of the 

Project and then be incorporated into the mine production plan and ongoing operations.



5.3.2. PRODUCTION SCHEDULE

The production schedule is based upon leaching the 72 mining zones in a sequence 

starting at the PTF leach area and moving outwards to cover the deposit.  The production 

schedule will be dependent upon the well drilling and well installation.  The annual well 

drilling requirements are shown in Table 5-4 and annual production schedule is shown in 

Table 5-5. 

TABLE 5-4 ANNUAL WELL DRILLING REQUIREMENTS
Taseko Mines Ltd. - Florence Project

Year
Injection 

Wells
Recovery 

Wells
Perimeter 

Wells
Observation 

Wells

Average 
Well Depth 

to BEZ

Average 
Well Depth 

in Oxide

N N N N ft ft

-1 37 50 11 6 505 707

1 26 32 6 3 540 826

2 34 41 7 3 459 625

3 45 51 10 5 509 393

4 49 56 12 6 601 465

5 41 43 15 8 676 526

6 72 78 19 9 488 334

7 105 131 16 8 386 183

8 92 103 13 7 385 214

9 67 63 12 6 390 423

10 63 55 7 3 394 441

11 55 51 9 5 397 461

12 54 58 11 5 416 412

13 80 77 12 6 458 419

14 47 44 11 6 523 637

15 46 47 6 3 722 666

16 40 41 5 2 543 585

17 69 71 11 6 577 449

18 52 52 7 3 836 336



TABLE 5-5 ANNUAL PRODUCTION SCHEDULE
Taseko Mines Ltd. - Florence Project

Year
Total Copper 

Extracted
Acid

Consumed
Flow to SX/EW 

Plant
Calculated 

PLS Cu Grade

(Mlb) (Mb) (gpm) (g/L)

-1 - 92

1 52.3 419 2,900 4.1

2 80.4 402 6,239 2.9

3 85.9 430 9,647 2.0

4 86.5 432 10,831 1.8

5 85.7 429 11,052 1.8

6 85.4 427 10,394 1.9

7 85.9 429 10,130 1.9

8 85.5 427 10,043 1.9

9 84.8 424 9,702 2.0

10 85.6 428 9,427 2.1

11 85.5 427 9,635 2.0

12 85.3 426 9,906 2.0

13 85.5 427 10,046 1.9

14 85.5 427 10,691 1.8

15 85.3 427 11,272 1.7

16 85.6 428 11,684 1.7

17 85.7 429 11,731 1.7

18 85.4 427 11,622 1.7

19 77.5 388 12,422 1.4

20 24.1 121 8,533 0.6

21 3.5 18 2,475 0.3

LOM Total 1,606.9 8,283 

5.4. INFRASTRUCTURE 

The infrastructure associated with the mine will consist of:

Road network to connect the wells and the plant

Electrical power network to provide power to the wellfield

Pipelines for injection and extraction solutions

Distribution manifolds and control houses for groups of wells

The details of the Project’s solution distribution and collection system and its expansion 

over the Project life has not been provided to RPA for review.  An automated control system 

for the injection and extraction flow is recommended to permit remote control and 

monitoring of the flow for individual wells.



5.5. MINE EQUIPMENT

The well drilling is planned to be done by contractors and the company equipment will be 

limited to light vehicles for personnel plus well maintenance equipment for pump removal 

and installation and portable systems to air or water flush screens as needed. This will 

consist of crane trucks, compressors, and flatbed trucks.



6.MINERAL PROCESSING 

The Project consists of a wellfield for dissolution of copper in place (ISR) and copper 

recovery via SX/EW.  A PTF was constructed at site to evaluate and demonstrate the ISR

process.  Initial wellfield operations began in December 2018, with commissioning of the 

SX/EW copper recovery circuits beginning in March 2019.  PTF operations continue to 

ramp up and will continue to operate until the wells are incorporated into the commercial 

wellfield.

6.1. PROCESS DESCRIPTION - COMMERCIAL PLANT

The flowsheet and process description are taken largely from the 2017 Technical Report 

(Taseko, 2017).  

The proposed copper recovery method utilises SX/EW to recover copper from pregnant 

leach solutions (PLS) from the ISR wellfield operations.  The SX/EW plant will be built to 

handle to 11,000 gpm at a nominal copper grade of 1.8 g/L (2.0 g/L design).  The Project 

area general site plan is shown in Figure 6-1. The technology and unit operations 

incorporated into the design are typical for a copper SX/EW installation.





Table 6-1 contains pertinent design criteria for the SX/EW plant and Figure 6-2 shows the 

high level process flow diagram.

TABLE 6-1   COMMERCIAL PLANT DESIGN CRITERIA
Taseko Mines Ltd. - Florence Project

Parameter Units Value

PLS Flow Rate (Nominal) gpm 11,000

Extracted Copper Concentration g/L 1.8

Extractant Type M5774 or equal

SX Trains Number 1

Extraction Organic to Aqueous Ratio 1:1

Settler-specific Flowrate gpm/ft2 1.2-1.9

SX Copper Recovery (combined) % 90

Stripping Flowrates (aqueous) gpm 5,500

Stripping Organic to Aqueous Ratio 1:1

Electrowinning

Parameter Units

Nominal Copper Production Mlb/yr 85

EW Cells Number 100

Cell Construction Type Polymer Concrete

Current Density (nominal/design) A/ft2 27/30

Cathodes Type 316L SS Blanks

Cathodes per Cell Number 66

Anodes Type Rolled Pb/Ca/Sn

Anodes per cell Number 67

Rectifiers Number 2

Rectifier Voltage (nominal) V 230

Rectifier Amps (nominal) A 43,000

Cell Feed Copper Concentration g/L 38

Cell Feed Sulphuric Acid g/L 176

Cell Feed Flowrate gpm/cell 70





6.1.1. PROCESS PONDS

The process ponds are located on the west side of the plant site adjacent to the wellfield 

(Figure 6-1). The raffinate pond has a primary high density polyethylene (HDPE) liner, a 

geonet drainage layer, and a secondary liner of HDPE.  It has a design capacity of 

6,480,000 gal, or approximately 9.8 hr residence time at 11,000 gpm.  The raffinate pond 

receives acidified barren solution from the SX/EW in-line static mixers and the SX plant. 

The raffinate pond is equipped with three vertical turbine pumps and one spare with 360 ft 

of total dynamic head to deliver the 11,000 gpm flow rate to the wellfield with enough 

pressure to enable injection of leach solution down the wells.

The PLS pond is adjacent to the raffinate pond (south) and is constructed with the same 

liner design as the raffinate pond (Figure 6-1) with a design capacity of 6,480,000 gal 

providing 9.8 hr residence time at the design flow rate of 11,000 gpm. The pond has three 

vertical turbine pumps and one spare pump to deliver PLS to the SX plant.  

6.1.2. SOLVENT EXTRACTION PLANT

The SX plant is located east of the raffinate pond (Figure 6-1) and consists of four reverse- 

flow mixer-settlers operating in a series-parallel configuration.  In the extraction stages, an 

organic solution with a copper-specific extractant is mixed with PLS to extract copper from 

the solution.  The organic and aqueous solutions are allowed to separate in the settlers.  In 

the stripping stage, copper is stripped from the organic phase and transferred to the 

electrolyte solution. Organic solution stripped of its copper load circulates back through 

the extraction mixer-settlers, progressively loading it with copper as it flows through the 

extraction train, removing 90% of the copper load.

The extraction units consist of primary, secondary, and tertiary mix tanks that thoroughly 

combine the organic phase and PLS. The contact time facilitates transfer from the PLS to 

the extractant in the organic solution.

In series-parallel configuration, half of the PLS solution takes two passes through the 

organic solution (E1 and E2), with the other half of the solution taking one pass through the 

organic solution (E1-P). The stripped organic solution is progressively loaded passing 

through E-2, E1-P, and E-1 before returning to the strip settler (S-1) via the loaded organic

tank.

Loaded organic is stripped of its copper by the strongly acidified lean electrolyte in the strip 

settler (S-1). There are two (primary and secondary) mix tanks that provide the contact 

between the lean electrolyte and loaded organic solution. The solutions are separated in 



the settler, configured the same as the extraction settlers, with the stripped organic solution 

routed to the extraction mixer settler (E-2), and the rich electrolyte solution routed through 

the tank farm to EW filters in the tank farm.

6.1.3. TANK FARM

The tank farm is located south of the SX plant (Figure 6-1) and at lower elevation to enable 

solutions to flow into the tanks by gravity. The tank farm holds process solution tanks, 

filters, pumps, and heat exchangers associated with the SX/EW process. Solutions are 

pumped from the tank farm to the respective process areas to maintain the process flow. 

The tank farm is in a secondary containment area in accordance with ADEQ’s BADCT 

standards.

Primary process equipment located in the tank farm includes filters and a heat exchanger. 

Rich electrolyte is filtered to remove solids and organics. The rich electrolyte flows by 

gravity from the S1 settler to the electrolyte filter feed tank where it is pumped through the 

electrolyte filters. Filtered electrolyte is then pumped through a heat exchanger to transfer 

heat from the lean electrolyte to the rich electrolyte, and then on to the electrolyte 

recirculating tank.

A system is installed in the tank farm to process crud from SX. Crud is the material which 

accumulates at the organic/aqueous interface in the SX settlers. This material is treated 

to recover the valuable organics. The crud is removed from the settlers via an air-operated 

pump and transferred to a crud decant tank. The crud is allowed to settle in the decant 

tank. If required, clay can be added to remove impurities in the organic. The upper organic 

in the decant tank is recovered and sent to the loaded organic tank. The sediment at the 

bottom of the tank is pumped through a filter and the filter cake is removed.

6.1.4. ELECTROWINNING PLANT

The EW cell house is located east of the tank farm and southeast of the SX plant (Figure 

6-1). The EW plant will use permanent cathode technology with 100 cells, each containing

67 lead anodes and 66 stainless steel ‘mother’ cathodes. The cathode washing and

stripping machine is located on the south end of the cell house building.

Two rectifiers supply direct current (DC) to the electrowinning cells via intracell bus bars. 

Current flows from the rectifiers through a bus bar to the bank of cells. DC electrical current 

flows from a bus bar to the anode and then through the electrolyte to the cathode plates. 

An intercell bus bar provides current to the next cell successively and finally returns to the 

rectifiers.



Heated, filtered rich electrolyte flows from the tank farm heat exchangers into the electrolyte 

recirculation tank where it mixes with overflow from the lean electrolyte tank. The solution 

from this tank is pumped to the cells where copper in solution is plated onto the cathode 

plates.  The cathodes are carried by the cell house crane to an automatic stripping machine 

and placed on the receiving conveyor. From there the cathodes pass through a wash 

chamber and are washed with hot, high pressure water to remove the copper bearing 

electrolyte and any particulates.

From the wash chamber, cathodes are moved to a stripping location where the copper 

sheets are removed mechanically from each side of the stainless-steel blanks and the 

blanks are then placed on a discharge conveyor and carried back to a cell and put back 

into operation. When the washed cathodes are stripped, a new set of plated cathodes can 

be removed and replaced with stripped blanks and the process repeated. To maintain the 

seven-day plating cycle, twenty cells need to be stripped each day for five days leaving the 

weekend for maintenance and ‘catch up’ if needed.

After stripping, the copper sheets are weighed, sampled, bundled, loaded onto pallets, and 

strapped.  Loaded pallets are handled via forklift. Road access should be maintained for a 

forklift to assist with materials handling in this area, such as loading cathode for shipment.  

Space has been allocated for storage of at least seven days of cathode production.

6.2. RECOVERIES

Project copper recoveries are a function of the mineralogy, host rock porosity, available 

acid, and sweep efficiency.  FCI developed a leaching model based on laboratory test work 

data and modelled the process using MetSim metallurgical simulation software.  It is 

expected that the leach model will be calibrated based on the PTF recovery results and will 

supersede the MetSim model.

For computational purposes, projected terminal recoveries are calculated using the 

leaching model, estimated sweep efficiency, and process plant recovery.  

6.2.1. LEACHING MODEL

In essence, the leaching model is based on the box leach, pressurised rinse tests (PRT), 

and series leach tests (SLT) tests operated at the proposed leach solution acid dosage of 

10 g/L.  The nominal recovery curve is presented in the following figure and is based on 

TCu.  Figure 6-3 shows the provided copper recovery profile or leach curve developed from 

the model.  Terminal copper recovery is projected to be 70% based on the TCu grade.



RPA has scaled back this estimate to a more conservative 65% based on its review of 

metallurgical testing results to date and lacking steady state recovery data from the initial 

early PTF operations.

FIGURE 6-3   PROJECTED RECOVERY CURVE

6.2.2. SWEEP EFFICIENCY

The sweep efficiency, as explained in previous sections, is the measure of the percentage 

of recoverable copper being contacted with the leaching solution.  Sweep efficiency is 

estimated based on the site hydrological parameters, the wellfield design, and solution flow

rates.  The estimated annual sweep efficiencies used in the recovery model are given below 

in Table 6-2.  It should be noted that the production modelling does not include years 5 or 

6 owing to projected solution grades being below the economic SX/EW processing cut-off.

TABLE 6-2   ESTIMATED SWEEP EFFICIENCIES BY YEAR
Taseko Mines Ltd. - Florence Project

Year 1 Year 2 Year 3 Year 4 Year 5 Year 6

Sweep Efficiency 54% 75% 84% 88% 89% 90%

6.2.3. SX/EW PLANT RECOVERY

The SX/EW plant recovery takes into consideration the efficiency of the SX/EW plant to 

extract copper from the available PLS leach solution and any copper losses that may occur 

due to surface operations.  FCI considers this to include copper losses to solution control, 

SX/EW bleed streams, and water treatment. The overall estimate of plant recovery has 



been set at 95%.  RPA notes that most of the residual copper in the raffinate is expected 

to be recovered eventually assuming copper losses in the wellfield are minimal.

RPA considers the recovery projections to be reasonable for the level of information 

available at the time of writing.  It is expected that the recovery projections will be updated 

based on results from the PTF.

6.3. TEST WORK

Several metallurgical test work programs have been completed on the Project ore types.

Historically these have focused on conventional mineral processing technologies using 

flotation or heap leaching technology for the recovery of copper.  Recent testing has 

focused on laboratory test work intended to simulate in-situ leaching conditions as closely 

as possible. The methods utilised are listed with a brief description below:

Box Tests, 2011 through 2013: These tests were constructed using sections of
intact PQ core placed horizontally in a ‘box’ apparatus with the void space filled with
silica sand to minimise the void space and solution volume. Solution is pumped
through the charge horizontally across the core, with PLS sampled and analysed to
determine copper recovery and acid consumption. The leaching was conducted in
closed circuit with initial box tests operated at different sulphuric acid dosages.  Acid
dosage was maintained in the leach solution based on the initial dosage set point.

o SLT:  A set of four box tests were conducted in series to determine the
impacts on metallurgical performance, namely solution chemistry, acid
consumption, and copper recovery.

PRT, 2013: The PRT used a test apparatus developed by FCI which allowed the
core samples to be leached in conditions similar to those expected at depth.  These
tests utilised full core placed into a tight-fitting pipe section, minimising void space,
with solution flow passing through the core.  This test method is an improvement
over the box test, as it better simulates actual ISL conditions.

o SLT: The SLT utilised seven of the PRT laboratory test apparatus connected
in series.  Provisions were made for inter-stage solution sampling as well as
final PLS sampling. In the absence of generally accepted test methods to
simulate in-situ leach, RPA considers this test method to be the best
approximation available to simulate an actual ISL process as closely as
possible.

6.3.1. HISTORICAL TEST WORK

Conventional leach testing including bottle roll and column leach tests have been 

previously reported and summarised in several reports for the Project.  For the sake of 

brevity, discussion of the conventional heap leach style testing is not included in this report. 

RPA considers the recent series of box tests, PRTs, and SLTs to better simulate the ISR 

process.



6.3.2. BOX TEST RESULTS

Data from 23 box tests on the Project ore types were provided and reviewed.  Initial box 

tests were focused on optimising acid dosage and were run at dosages of 5 g/L, 10 g/L, 

and 20 g/L. Solution was pumped though the box at a rate of 10 L/day at a pressure of 0.3 

psi. The leach cycles varied between 134 days and 288 days, averaging 165 days.  After 

the initial series, a sulphuric acid dosage of 10 g/L was selected as optimal and was used 

in subsequent testing.  The following figures contain data for the entire box test series; the 

highlighted zones correspond to tests run using the optimum 10 g/L acid dosage.  Figure 

6-4 contains statistics regarding the box test calculated head grades.

Calculated head grades for the entire box test series ranged between 0.16% TCu and 

1.22% TCu with a median grade of 0.48% TCu.  Excluding the data for the non-10 g/L tests, 

the head grades ranged between 0.16% TCu and 1.0% TCu with a median grade of 0.47

% TCu.

FIGURE 6-4 BOX TEST CALCULATED HEAD GRADE STATISTICS

Copper extraction data for the box tests are presented in Figure 6-5. Copper extractions 

based on TCu calculated head grades for the box tests ranged between 33% and 90%,

with a median extraction of 64%. Recoveries for tests run at the 10 g/L acid dosage ranged 

between 48% and 90%, with a median of 68%, matching the overall population.  The 

median recovery is in line with the RPA’s projections of overall recovery of 65% of the TCu.  



FIGURE 6-5 BOX TEXT COPPER RECOVERY STATISTICS

Box test acid consumption statistics are summarised in Figure 6-6. Box test acid 

consumptions ranged between 3 lb/lb Cu and 41 lb/lb Cu with a median consumption of 10 

lb/lb Cu.  Note that the high acid consumptions correspond with the initial tests run at 20 

g/L during the acid optimisation test series.  Excluding the 5 g/L and 20 g/L tests from the 

analysis (and using the 10 g/L proposed for commercial operations), the acid consumptions 

ranged between 4 lb/lb Cu and 19 lb/lb Cu with a median consumption 9 lb/lb Cu.  Initial 

leach solutions were not considered to be mature (aka buffered) and the test work 

consumptions were considered to be higher than would be expected in a commercial 

operation. RPA concurs with this observation.  

FIGURE 6-6   BOX TEXT ACID CONSUMPTIONS

6.3.3. PRESSURISED RINSE TESTS

A total of 11 pressurised rinse tests were run on ore types from the Florence deposit. This 

series was primarily run using an acid dosage of 10 g/L, but some were run at 7.5 g/L. 



Solution was pumped through the charge at a rate of 800 mL/day at a pressure of 120 psi.

In the following figures, tests operated at 10 g/L are highlighted.  

The PRT calculated copper head grades based on TCu ranged between 0.19% and 1.05%,

with a median grade of 0.31% TCu.  The head grade range for the 10 g/L tests was the 

same as the overall PRT test series population, but with a median grade of 0.33%.  The 

PRT series calculated head grades are present in Figure 6-7.

FIGURE 6-7   PRT CALCULATED HEAD GRADES

PRT copper recoveries based on calculated TCu head grades ranged between 33% and 

77%, with a median recovery of 55% TCu.  The recovery range for the 10 g/L tests matched 

the PRT series recoveries with a median recovery of 56.5% TCu.  Copper extractions for 

the PRTs are summarised in Figure 6-8. 

FIGURE 6-8   PRT COPPER RECOVERY STATISTICS

Acid consumption for the PRTs ranged from 3 lb/lb Cu to 21 lb/lb Cu with a median of 10.5 

lb/lb Cu.  Acid consumption statistics for the PRTs are provided in Figure 6-9. As expected, 

lower acid dosages resulted in lower acid consumptions. 



FIGURE 6-9   PRT ACID CONSUMPTION STATISTICS

6.3.4. SERIES LEACH TEST 

The SLT was conducted using the apparatus from the PRT and running seven test 

apparatus in series.  The ore sample source and physical description are included in Table

6-3.  The reported calculated head grades, copper extraction, and acid consumptions are

also included in the table.

TABLE 6-3 SLT LEACH TEST RESULTS
Taseko Mines Ltd. - Florence Project

Cell
Hole 

Number
Sample 
Depth, ft

Clay, 
% 

Met 
Zone

Fracture 
per ft

Rock
Calculated 

Head Grade
(%Cu)

Copper 
Extraction 

(% Cu)

Acid 
Consumption 

(lb/lb Cu)
1 CMP11-05 645-647 1 to 2 Mix ox >15 Yqm

0.90 73 4.42 CMP11-05 648-650 1 to 2 Mix ox >15 Yqm

3 CMP11-06 595-597 2 to 5 Mix ox 11-15 Yqm

4 CMP11-06 598-600 2 to 5 Mix ox 11-15 Yqm

0.44 65 5.8
5 CMP11-06 758-760 1 to 2 Mix ox >15 Yqm

6 CMP11-02 651.5-653.5 2 to 5 Mix ox Breccia Yqm

7 CMP11-02 662-664 1 to 2 Cu ox Breccia Yqm

Overall 0.64 70 4.9

Figure 6-10 illustrates the SLT results for PLS Cu, free acid, pH, oxidation-reduction 

potential (ORP), and iron species over the course of the test.  Of interest is the period of 

time required for measurable copper and acid to report to the PLS stream at a concentration 

above the laboratory method detection limit of 0.01 g/L.  Copper breakthrough occurred on 

day 36, with acid breakthrough on day 120.  Maximum PLS copper grade occurred on day 

48 at 3.72 g/L.  Coinciding with the period preceding acid breakthrough, conversion of 

ferrous to ferric iron is evident indicating possible bacterial activity.  It is possible that the 

bacterial activity in the laboratory may have skewed copper recovery higher than would be 

expected at depth, where a lack of oxygen would limit bacterial action. 



FIGURE 6-10   SLT SOLUTION CHEMISTRY PROFILE

The leach rate profile as provided by FCI is shown in Figure 6-11 with the cumulative acid 

consumption over time.  RPA notes that it does not include additional copper recovery for 

the wash cycle.  RPA recommends that additional SLT tests be performed using core 

samples from the PTF wellfield site.  Results of the PTF can then be used to calibrate the 

SLT method.

FIGURE 6-11   SLT LEACH RATE PROFILE

6.3.5. PRODUCTION TEST FACILITY 

FCI completed construction of the PTF at the end of Q4 2018 and began commissioning 

of the PTF wellfield (Figure 6-12). The figure shows the top of the oxide mineralisation 

(including the BEZ) projected to surface.  The solution processing portion of the PTF is a 

scaled version of the commercial SX/EW plant with identical unit operations.  For details 

refer to Section 6.1 for a description of the process and process flowsheet.  





6.3.5.1. ISR OPERATING DATA

Operation of the PTF wellfield began in December 2018, with commissioning of the PTF 

SX/EW beginning in March 2019.  Operating data through the end of June 2019 was 

reviewed by RPA and, at the time of writing, the PTF is still in the ramp-up phase and has 

not reached steady state operation. As a result, the PTF results are too preliminary to 

further inform RPA’s forecast of a final copper recovery at this time.

6.3.5.2. SX/EW

The PTF SX/EW circuit is a complete circuit in that it utilises typical unit operations used in 

industrial circuits.  No issues other than gypsum scale are expected during the operation 

of the PTF SX/EW.  Measurement of Ca, Mg, and dissolved O should be monitored during 

the operation to predict and control the amount of gypsum precipitation in the mixer-settlers 

in the PTF (and subsequently in the planned commercial production facility). These 

measurements will also assist in prediction and control of gypsum precipitation in the 

wellfields for both the PTF and the planned commercial production facility. 

Commissioning of the SX/EW circuit began once sustainable PLS flow was available for 

operations in the beginning of March 2019.  Operating flow rates have continued to be 

ramped up in concert with wellfield operations.  To date there have been no operational or 

metallurgical issues with the SX/EW circuit.  

RPA considers the PTF to be a good source of information that, once mature data is 

generated, will allow for better design and operating method development during 

commercial production.  Analysis of the PTF data will be critical to successful development 

of the Project.



7.PROJECT INFRASTRUCTURE

7.1. SITE PLAN

A plan of the Project site is shown in Figure 6-1.  In addition to the process facility the 

ancillary facilities include:

Security, safety and first aid facilities,

Warehouse and storage areas,

Assay laboratory facilities,

Fuel storage and dispensing,

Maintenance and workshop areas,

Worker change house and wash-up facilities

7.2. POWER SUPPLY

Power for the site is available from a major power transmission corridor on the west side of 

the property.  Power for will be provided by Arizona Public Service Electric (APS), which 

has a 69 kV transmission line available for use at the northwest corner of the site. 

Approximately one-half mile of 69 kV transmission line is required to be constructed to feed 

the proposed site substation.

7.3. SERVICES

Potable water is available on site from an existing water supply well and potable water 

treatment plant.  

Sanitary disposal services are provided by an existing septic system for the administration 

building. Additional septic systems will be installed for the warehouse, gatehouse, 

Electrowinning Tankhouse, and wellfield maintenance building.

Natural gas is available from Southwest Gas from their Poston Butte Loop, approximately 

one mile to the east of the site. A four-inch main pipeline to the property entrance and a 

two-inch distribution pipeline to the plant site will be installed as part of the Project 

construction.  Natural gas for the process will be primarily used to power the process hot 

water heater for the Electrowinning Tankhouse.

The Project is adjacent to populated areas where contracted services are available.



7.4. EMPLOYEE HOUSING AND TRANSPORTATION

There is no plan to provide employee housing or transportation considering the proximity to 

residential areas.

7.5. WATER SUPPLY

Process and fire suppression water will be provided by an existing water supply well on the 

site. 

7.6. TAILINGS STORAGE FACILITY

There is no need for a tailings storage facility for an ISR operation.



8.ENVIRONMENT, PERMITTING, AND SOCIAL
IMPACT

8.1. ENVIRONMENTAL STUDIES 

Key environmental baselines have been established for the Project.  These have been 

established to document existing environmental site conditions, document historical 

impact(s), support permitting, and assess/document compliance of operations.

Taseko has retained competent, qualified staff and contractors to carry out data collection 

and to support design and permitting efforts.  Baseline summaries are provided below. 

8.1.1. AIR QUALITY AND METEOROLOGY

It does not appear that site specific monitoring of air quality or meteorological data 

gathering has been performed, however, since there is limited surface disturbance(s) 

proposed, agency(s) and best practice(s) allow for the use of existing (and nearby) data 

that can be extrapolated to Project design and permitting.

The study area is located in south-central Arizona, in the Sonoran Desert of the Basin and 

Range Lowlands physiographic province.  Data from nearby source(s) indicates that air 

quality is characterised as good.  Summers are hot and winters are cool.  Average rainfall 

is 12.5 in. per year, with much of the precipitation occurring between July and September 

(United States Historical Climatology Network [USHCN], 2015). Average temperatures 

(USHCN, 2015).

8.1.2. SOILS

Soil baseline is usually collected to determine quality and quantity that exists in undisturbed 

planned development area(s) and what may be available for stockpiling/reclamation 

purposes.  The mine property is dominated by the La Palma Soil series.  La Palma is a 

moderately deep, well-drained soil.  Slope is 0% to 1% and permeability of this soil is slow. 

Availability of water capacity is low.  Potential plant rooting depth is 20 in. to 40 in.  Runoff 

is slow and the hazard of stormwater erosion is slight.  The hazard of windborne soil erosion 

is moderate.  Permeability of this soil is moderate.  Available water holding capacity is 

moderately high with a potential rooting depth of 60 in. or more.  Runoff is slow and the 

hazard of stormwater erosion is slight.



8.1.3. GEOCHEMICAL (ORE AND WASTE) CHARACTERISATION

There will be no traditional mine wastes such as waste rock and tailings produced by the 

Project because of the ISR mining method.  ‘Mine wastes’ produced are primarily in the 

form of excess solutions and chemical precipitates from the treatment of those excess 

solutions.

FCI engaged Schlumberger Water Services (SWS) to update the geochemical modelling 

for the site.  SWS prepared a technical memorandum (SWS, 2012) detailing the

geochemical modelling for the Project.  The geochemical model combined the results of 

laboratory column tests, the BHP field leach test, and mineralogical evaluations to simulate 

the fluid/rock interactions and fluid/fluid mixing to simulate the planned ISR process.  The 

model was designed as a predictive tool to determine solution chemistry during operation, 

during rinsing, and post rinsing of the ISR area. The model included simulations of rinsing 

to achieve post-closure water chemistry objectives which are set forth in the APP permit as 

required by State and Federal regulations. The results of the rinsing simulations indicate 

that concentrations of sulphate and other constituents may be achieved through rinsing 

with 8.5 to 9 pore volumes of natural formation water.

8.1.4. GROUNDWATER

FCI has characterised background groundwater quality at the site in support of permitting. 

It retained Brown and Caldwell (BC) to review and revise a sub-regional groundwater flow 

model developed in support of the APP and UIC Permit applications submitted by BHP in 

1996. BC found that the substantial quantity of site-specific hydrologic data generated 

since 1996 warranted a thorough revision of the earlier groundwater flow model.  In 2010, 

BC created new groundwater flow model covering the same sub-regional model domain 

used in the 1996 model using improved software and model construction techniques.

The groundwater flow model includes a domain covering an area of approximately 125 mi2,

with the 212-acre ISR area located at the centre. To provide improved resolution of 

groundwater flow within and around the ISR area, the model cells telescope in size from 

500 ft by 500 ft at the edges of the domain, to 12.5 ft by 12.5 ft at the centre of the domain.

Updates to the model include the incorporation of 14 years (1996-2010) of on-site 

groundwater elevation data and updated Arizona Department of Water Resources (ADWR) 

recharge, pumping, and water level elevation datasets for the broader model domain. The 

model was calibrated using publicly available groundwater data for the period of 1984 to 

2010.



The current model updated by Haley & Aldrich, Inc. in 2012 drew heavily from datasets 

developed by BC and ADWR. BC consulted with ADWR regularly during the model 

development process to ensure that the final model would be compatible with other 

groundwater models and associated model results generated by ADWR.

Groundwater quality does not appear to be impacted by historical exploration and 

development at site.

8.1.5. JURISDICTIONAL WETLANDS

Westland Resources, Inc. (Westland) was retained by Curis to review the Project site for 

potential jurisdictional waters as defined by Section 404 of the Clean Water Act.  The review 

is essentially an update of an earlier study prepared in the 1990s for Magma/BHP. In 

summary, Westland concluded that potential jurisdictional waters exist at one small, 

unnamed wash on the east side of the Project site.  The design for the Project avoided

disturbance of the potential jurisdictional waters identified by Westland.  Wetland 

Jurisdiction Determinations have a shelf life and will require update if facilities are changed 

and/or are proposed that may impact suspected wetlands.

8.1.6. VEGETATION AND WILDLIFE

Flora and fauna studies were carried out over the wellfield area and plant site to determine 

the potential for US Fish and Wildlife Service (USFWS) endangered, threatened, proposed, 

and candidate species (special status species) to occur in the Project area.

Desert species are the majority of the native species found in the area and have adapted

to the limited available moisture, resulting from low rainfall, relative high runoff, and salt 

content of the soils.  Desert vegetation is widely spaced, and scrubby plants are common. 

Along the wash(es), and areas where the water table is relatively shallow, plants 

(phreatophytes) are more common.  These plants, such as tamarisk (salt cedar) and 

mesquite, have developed relatively long taproot(s).  Halophytes (salt loving) plants such 

as saltgrass, iodine weed, and canyon ragweed occur.  Numerous succulents also exist. 

FCI retained Westland to prepare a Biological Evaluation (BE) of the Project site. The BE 

encompassed approximately 620 acres (Project Area), which includes the 160-acre 

Arizona State Trust lands. The purpose of the BE was to determine the potential for the 

Project Area to support any special status species. The list of special status species 

included those species in Pinal County that are listed (threatened and endangered (T&E))

under the Endangered Species Act (ESA) by the USFWS and species recognised by the 



USFWS as proposed or candidates for listing under the ESA, or with an existing 

conservation agreement with the USFWS.

The field reconnaissance for the BE was conducted in December 2010 and January 2011, 

and the BE report was issued in March 2011 (Westland, 2011).

The results of the study indicate there are no T&E species on or near the Project Area and 

the Project Area is not located within any designated or proposed critical habitat. There is 

potential for two candidate species; the Sonoran Desert Tortoise and the Tucson shovel-

nosed snake, to occur at the site even though the habitat in the Project Area is not 

considered ideal. One species proposed for listing, the mountain plover, has the potential 

to occur at the Project Area during its non-breeding season. One species protected under 

the Migratory Bird Treaty Act but not listed in the ESA, the western burrowing owl, also has 

the potential to occur at the Project Area.

Although the report did not include recommendations, FCI has proposed the use of tortoise 

fencing in sensitive areas such as around the water impoundments and processing area. 

FCI does not anticipate that the Project will result in adverse impacts to listed species or 

critical habitat. The species present will be used to develop the reclamation/closure land 

and revegetation seed mix.

8.1.7. ARCHAEOLOGICAL AND HISTORICAL RESOURCES

Western Cultural Resource Management (WCRM) prepared the original cultural resource 

inventory for Magma/BHP in 1994 to 1995 for the Project site.  WCRM was again retained 

by FCI to update the cultural resource inventory for the Project site and to assist in 

preparing a Programmatic Agreement to support the Underground Injection Control (UIC) 

Permit. The Curis Arizona Area of Potential Effects (APE) has been the subject of 

numerous investigations for nearly a century. Past projects have documented a total of 59 

sites; of these, 42 have been determined eligible for inclusion in the National Register; 

effects at two were mitigated in 1997; eight have been determined not eligible; and seven 

are of undetermined eligibility.

From the previous efforts, most sites were documented by WCRM in 1994-1995 during its 

intensive inventory for Magma (Brown and Van Dyke, 1995).  WCRM then undertook a 

series of testing and data recovery projects prior to the shutdown of BHP’s Florence project 

in 1998. The largest sites, however, were subject to intensive excavations much earlier (in 



the 1970s) at the time of Conoco’s original attempt to mine copper within the property. This 

work included excavations at Escalante Ruin and a series of other large habitation sites 

(compounds) on the first terrace above the floodplain (Doyel, 1975/1977; Doelle, 1974/ 

1975/1976; Windmiller, 1972). Most recent work within the APE includes a Class I

inventory and a series of site revisits in 2005-2006 in association with the proposed 

Vanguard Properties Merrill Ranch housing development; revisits by WCRM in 2011 

exclusive to the sites located on Arizona State Trust lands; and monitoring by WCRM of 

limited ground disturbing activities on private and Arizona State Trust lands for the current 

Project activities.

8.2. PERMITTING

FCI operations have and will require numerous federal, state, and local government 

environmental permits and authorisation. The ADEQ and the USEPA are considered to be 

the Lead (Critical Path) permitting agencies.  Both agencies have well established 

permitting programmes for the mining industry in Arizona.

FCI has experienced a moderate level of opposition and there have been Appeal(s) to 

issued permits that have been resolved in FCI’s favour after considerable cost and delay 

to final authorisations to PTF. 

For current operations, FCI has obtained all of the permits required to authorise and 

operation of the PTF.  The operation commenced in December 2018.  Additional permits 

are required for the commercial operations and the list of these permits is provided in Table 

8-1.

TABLE 8-1   FLORENCE PROJECT PERMIT TABLE
Taseko Mines Limited – Florence Project

Permit Name Jurisdiction Permit Status Issue Date
Expiration

Date
Reporting

Underground Injection 
and Control Permit and 
Aquifer Exemption No. 
R9UIC-AZ3-FY11-1
(PTF Operations)

USEPA Current 12/20/2016

2 Year 
Operations
5 Year Post 

Closure

Quarterly1

Aquifer Protection 
Permit No. 101704 

(Commercial 
Operations)

ADEQ
Current / Amendment 

Required
10/13/2017

Operational
Lifetime

Quarterly

Temporary Aquifer 
Protection Permit No. 

106360 (PTF 
Operations)

ADEQ
Current/Amendment 

Required to incorporate 
into APP No. 101704

12/5/2018 12/14/2020 Quarterly1



Permit Name Jurisdiction Permit Status Issue Date
Expiration

Date
Reporting

Air Quality Permit No. 
B31219.000

PCAQCD Current 2/22/2018 12/15/2021 Annually

Storm Water Multi-
Sector General Permit 

Authorisation No. 
AZMSG-60129

ADEQ
Current / pending
ADEQ reissuance

5/31/2011
Operational 

Lifetime
Annually

Mineral Extraction and 
Metallurgical 
Processing 

Groundwater 
Withdrawal Permit No. 

59-562120

ADWR Current 5/8/2017 5/8/2037 Annually

Mined Land
Reclamation Plan

ASMI Current 7/30/2010
Operational

Lifetime
Annually

AZ State Mineral Lease 
#11-026500

ASLD Current 12/13/2013 12/12/2033 Monthly

Septic System Permit ADEQ Current 20102 N/A N/A
Change-of Water Use 

Permit
ADWR Current 2/25/1997 N/A N/A

Burial Agreement Case 
No. 2012-012

AZ State 
Museum

Current 6/21/2012 N/A N/A

Programmatic 
Agreement

USEPA
Current/Renewal 

Required for 
Commercial Operations

1/19/1996 30 Day Notice N/A

EPA Hazardous Waste 
ID No. AZD983481599

USEPA Current 4/4/2012 No Expiration Annually

Notes:
1. Information is compiled in daily and monthly reporting format and
2. ADEQ gave Notice of Transfer (NOT) No. 74190

USEPA – US Environmental Protection Agency; ADEQ – Arizona Department of Environmental Quality; 
PCAQCD - Pinal County Air Quality Control District; ADWR – Arizona Department of Water Resources; 
ASMI – Arizona State Mine Inspector’s; ASLD – Arizona State Land Department

8.3. SOCIAL OR COMMUNITY REQUIREMENTS

FCI has implemented a community outreach programme and associated activities. Public 

consultation, education, and ongoing dialogue within various stakeholder communities are 

in relative continuous progress.

A central component of the outreach programme includes informing communities, 

organisations and individuals that could be potentially affected by the proposed project; 

disclosure of relevant project information as required and/or necessary to inform 

stakeholders; and communication paths for residents to express concerns relating to the 

proposed project.

In general, the involvement of Florence residents and community stakeholders within the 

region is considered vital to the social responsibility and long-term success of the FCI.



From 2010 to the present, primary, secondary, and peripheral stakeholders have been 

consulted.

Primary stakeholders of FCI include Florence residents and seasonal residents; and those 

businesses within communities that are likely to be directly impacted by the Project.

Secondary stakeholders are those municipalities and their residents in proximity to FCI that 

are likely to be impacted by FCI’s operations (e.g., Coolidge, Arizona). Peripheral 

stakeholders include County and State agencies and elected leaders at various levels of 

government.

8.4. MINE CLOSURE 

FCI has developed a detailed reclamation and closure plan with cost estimates to satisfy 

federal (UIC Permit) and state (APP and Mine Land Reclamation Permit) regulatory 

requirements.  Key components include; rinsing, water treatment, and drill/well hole 

abandonment.  Non-APP facilities, such as buildings and infrastructure, will be reclaimed 

in accordance with the Mined Land Reclamation Programme overseen by the Arizona State 

Mine Inspector’s Office. This programme requires the development of reclamation plans 

that will ensure safe and stable post-mining land use. Regrading and resurfacing needs, if 

any, will be completed with good engineering practices minimising unwanted surface 

disturbances. The closure and reclamation plans must include cost estimates and financial 

assurance for implementing the plans. Mechanisms for providing required financial 

assurance for the cost of implementing the reclamation plans are listed at A.R.S. § 27-973.

FCI will prepare a reclamation plan and will submit the plan to the responsible regulatory 

office as required by the Mined Land Reclamation Statutes.

Total project reclamation closure costs were updated in 2019 as part of the application for 

the commercial APP amendment and are estimated to be approximately US$29.3 million.  

Regardless, FCI will have to post financial assurance to ensure that reclamation and 

closure will be completed by a third party if they are unable to perform their obligations.

8.4.1. SPECIFIC RECLAMATION/CLOSURE ACTIVITIES

The APP reclamation/closure requirements are summarised in the following sections.



8.4.1.1. ISR WELLS

Groundwater Restoration

Restore groundwater in the ISR area to Aquifer Water Quality Standards (AWQS) or pre-

operational concentrations if those concentrations exceed AWQS. The restoration process 

involves rinsing the portion of the oxide zone in which injection and recovery has occurred, 

injecting sodium bicarbonate or other agents as needed to neutralise the groundwater, 

neutralising the rinse solution with quicklime or other agents, and evaporating excess water 

not used for other purposes. The volume of rinse water required to adequately restore the 

groundwater assumes 6% porosity and 8.5 pore volumes. Groundwater restoration is

assumed to take approximately 24 months to complete.

FCI is conducting ongoing research to optimise both water conservation opportunities and 

the rapid recovery of the site to pre-development conditions.  Rinsing occurs concurrently

with production and continues after production for the last of the resource blocks.

Abandon ISR Wells

Abandon the approximately 462 remaining ISR wells in accordance with the provisions of 

the APP and the Well Abandonment Plan referenced in the APP. The Well Abandonment 

Plan is designed to meet ADWR and USEPA requirements. The following provides a 

general description of the well abandonment procedures:

The wells will be closed by removing the downhole pumps and electrical equipment.
The well will be filled from the bottom to the top of the hole with Type V Portland
cement and the collar pipe will be removed to five feet below ground surface (bgs).
The surface hole will then be backfilled and levelled out.

All pipelines, electronics, pumps, and other material will be removed off site for
reuse, recycling, or landfill disposal.

A report will be submitted to the ADEQ and USEPA demonstrating that closure
conditions required by the APP and UIC Permit have been met.

Piping

Remove the pipelines that were placed in the lined containment channels connecting the 

ISR well area to the processing and water impoundment areas. The pipelines will be 

flushed with groundwater and removed for off-site recycling or landfill disposal.  The flushed 

water will be placed in the water impoundment.

Soil and Liner Beneath Piping

Perform adequate sampling and analysis to verify that soil beneath the pipeline 

containment channel liner has not been impacted by leaks or spills.  Remove liner for off-



site landfill disposal. Backfill and level out pipeline containment channel using on-site soil.

The closure cost estimate assumes no impacts to soil beneath the liner.

8.4.1.2. PLS POND

PLS Removal

Dilute PLS and rinse water will be removed from PLS pond and will be conveyed to the 

water impoundment for neutralisation and evaporation.

Sediment

Perform adequate sampling and analysis to verify that pond sediments are non-hazardous.

Dispose of sediments in off-site landfill or water impoundment(s). The closure cost 

estimate assumes sediments are non-hazardous.

Liner and Earthwork

Remove and dispose of high-density polyethylene (HDPE) liner in an off-site landfill.

Sample and analyse soil beneath liner for evidence of liner leakage. Backfill and level the 

pond with on-site berm materials and soils to match surrounding grade.  The closure cost 

estimate assumes soil quality under the bed grade meets compliance criteria. 

8.4.1.3. RAFFINATE POND

Raffinate Removal

Dilute raffinate and rinse water will be removed from the raffinate pond and will be conveyed 

to the water impoundment for neutralisation and evaporation.

Sediment

Perform analysis to verify that pond sediments are non-hazardous. Dispose of sediments 

in offsite landfill or water impoundment(s). The closure cost estimate assumes raffinate 

sediments are non-hazardous.

Liner and Earthwork

Remove and dispose of HDPE liner in an off-site landfill. Sample and analyse soil beneath 

liner for evidence of liner leakage.  Backfill and level the pond with on-site berm materials 

and soils to match surrounding grade. The closure cost estimate assumes that soil quality 

under bed grade meets compliance criteria.



8.4.1.4. PLANT RUNOFF POND 

Liquid Removal

Remove any remaining liquid and rinse water from the plant runoff pond and convey it to 

the water impoundment for evaporation.

Sediment

Perform adequate sampling and analysis to verify that pond sediments are non-hazardous.

Dispose of sediments to off-site landfill or to the water impoundment(s).  The closure cost 

estimate assumes that plant runoff pond sediments are non-hazardous.

Liner and Earthwork

Remove and dispose of HDPE liner in an off-site landfill. Backfill and level the pond with 

on-site berm materials and soil to match surrounding grade.  The closure cost estimate 

assumes no impacts to soil beneath the liner.

8.4.1.5. WATER IMPOUNDMENTS

It is assumed that some water impoundment reclamation will occur during commercial

operations. Some impoundments will have been closed over the course of the Project.

PTF Impoundment Removal

The PTF impoundment is located on State Land and so must be completely removed at 

closure. Any remaining liquid will be removed from the PTF impoundment and will be 

conveyed to the water impoundment for evaporation. Sediment will be conveyed to the 

water impoundment.  Remove and dispose of HDPE liner in an off-site landfill. Pond will 

be backfilled and leveled with on-site berm materials and soil to match surrounding grade.

The closure cost estimate assumes no impacts to soil beneath the liner.

Water Evaporation

Use on-site evaporator units or other techniques to expedite the evaporation of the liquid 

contents in the water impoundments.

Liner and Earthwork

Impoundments constructed on private land may be closed in place. Remove and dispose 

of chain link fence.  Perform sampling and analysis to verify that pond sediments are non-

hazardous.  Fold liner edges inward over outer edge of sediments. Re-contour berm 

material over pond to match surrounding grade. Each pond will require two million cubic 



feet of backfill to close per KP design plans (KP, 2011).  The closure cost estimate assumes 

that the water impoundment sediments are non-hazardous.

8.4.1.6. PROCESSING FACILITIES 

Tank Farms

The Tank Farms consist of several aboveground storage tanks (ASTs) located adjacent to 

the water impoundment and within the ISR area. The tanks will be rinsed clean and moved 

to a storage area for future use or sold as surplus equipment.  Rinse water will flow to the 

water impoundment. The support materials of the tanks will be checked and disposed of 

in accordance with applicable state and federal regulations. The liner under the tanks will 

be removed to an approved off-site disposal facility.

Buildings

Demolish and remove the Administrative Building and the SX/EW plant. Remove concrete 

pads and foundations.

Soil Beneath Aboveground Storage Tanks and Piping

Characterise and, if necessary, dispose of soil beneath ASTs and piping.

8.4.1.7. SEPTIC TANKS

Pump out two septic tanks and bury in place.  The two septic tanks serve the Administration

Building and the SX/EW plant. A third, portable septic tank will be used for the PTF.

8.4.1.8. MISCELLANEOUS FACILITY/ACTIVITIES

Daily Monitoring and Observations

Monitor and inspect monitoring wells, the pond, the Tank Farms, and related facilities on a 

daily basis. 

Quarterly Well Monitoring

Sample the 32 current Point of Compliance (POC) wells on a quarterly basis and report the 

results of the sample analyses. A contractor currently performs this work. The closure cost 

estimate assumes that this work will continue during the entire 24 months of scheduled 

closure activities.

Administrative and Miscellaneous Costs, General Project Support Costs

A general cost allowance is included for 24 months of contractor technical support and

miscellaneous facility maintenance activities during the closure period. This cost is an 



allowance for a third party to manage the closure activities on behalf of the permittee.

Maintenance activities may include minor facility maintenance such as road grading or 

minor repairs. Also included in this category are telephone and electrical utility charges 

(for office facilities), and miscellaneous office and site expenses (postage, office supplies, 

chemicals, etc.).

Post-Closure Monitoring

A groundwater monitoring programme will be conducted at all POC wells in accordance 

with the APP. This monitoring will continue for 30 years during the post-closure period, as 

required by the UIC Permit. In accordance with the UIC Permit, data generated from each 

monitoring event will be promptly reviewed and the contingency plans presented in the UIC 

permit will be followed in the event of an exceedance of an aquifer quality limit (AQL).

Monitoring for Level 1 and Level 2 parameters are scheduled to occur with the scope and 

frequencies specified in the UIC Permit.

During POC monitoring events, perform visual inspection of surface facilities. Areas to be

monitored include signage, fences, locked gates, embankments, capped areas, and storm 

water control measures.  Conditions noted during inspections will be documented using 

inspection forms. Photographs and written reports will be used to document completion of 

indicated repairs.  Monitoring of leak collection and removal systems (LCRSs) will be 

conducted weekly during the first six months following closure and monthly thereafter.

Repairs will be performed as indicated by the inspection monitoring programme and will be 

documented in quarterly reports submitted to ADEQ.

POC Wells

At the end of the 30-year post-closure monitoring period, abandon the 32 current POC 

wells in accordance with the provisions of the APP and the well abandonment plan 

referenced in the APP.  The well abandonment plan is designed to meet ADWR and 

USEPA requirements. The following provides a general description of the well 

abandonment procedures:

The wells will be closed by removing the downhole pumps and electrical equipment.
The collar pipe will be removed to five feet bgs and the well filled from the bottom
to the top with Type V Portland cement. The surface will then be backfilled and
leveled out.

All pipelines, electronics, pumps, and other material will be removed for reuse,
recycling, or off-site landfill disposal.

A report will be submitted to ADEQ and USEPA demonstrating that conditions
established by the APP and UIC Permit have been met.



9.CAPITAL AND OPERATING COSTS

9.1. CAPITAL COST

The capital cost estimate is based on the construction of a greenfield facility using all new 

equipment and materials.  Approximately 85% of the mechanical equipment costs included 

in the capital cost estimate were obtained from vendor budget quotations.

The following items are excluded from the capital cost estimates: 

Financing costs and interest during construction;

Scope changes;

Schedule delays, such as associated with:
o Permit timing,
o Schedule acceleration or recovery,
o Labour disputes,
o Undefined ground conditions,
o Unavailability or inexperienced craft labour,
o Other external influences.

The Project LOM capital cost in the 2017 Technical Report was estimated to be US$918 

million including US$204 million in initial capital and US$713 million in sustaining capital. 

The costs were stated in Q4 2016 US dollars.  The initial capital cost estimate included a 

25% contingency allowance, which RPA considers to be appropriate for the Project.  For 

this report, RPA escalated both the capital and operating costs to a June 2019 US dollar 

basis using a combination of cost indexes and updated reagent, power, and labour costs.  

The escalation methodology for capital costs is based on measuring cost index changes 

from Q4 2016 to June 2019.  For initial capital, the MineCost™ index published by Infomine 

USA was used.  Given that the Project is designed as an ISR operation and the 

infrastructure differs from a traditional mine and mill project (with excavators, loaders, 

trucks, crusher, grinding, concentrator, etc.), the cost allocations were re-balanced by 

capital commodity (plant equipment, construction materials, construction labour, etc.).  The 

escalation factors used in this report for initial capital costs are as follows:

Direct Costs: +10%

Indirect Costs: +10%

Owners Costs: +10%

Pre-production Costs: +10%

Overall increase in costs including contingency and Arizona Privilege Tax: +9.6%



Given sustaining capital costs are mostly for wellfield drilling and installation, as well as a 

water treatment plant expansion, the Producer Price Indexes (PPI) published by the US 

Bureau of Labor and Statistics (BLS) for drilling wells (based on Oil and Gas) and 

construction costs were used to calculate the escalation factor for each cost area of the 

estimate.  The escalation factors used in this report for sustaining capital costs are as 

follows:

Wellfield Development: +12%

Water Treatment Plant: +10%

Water Treatment Ponds: +10%

9.1.1. PRE-PRODUCTION CAPITAL

The Project initial capital cost estimate is US$227 million which is planned to be spent over 

a two-year pre-production period as summarised in Table 9-1. The costs are based in Q4 

2016 US dollars escalated 10% to a June 2019 US dollar basis.

TABLE 9-1   INITIAL CAPITAL COST ESTIMATE
Taseko Mines Ltd. - Florence Project

Description Total Yr -2 -1 1

Wellfield 39,428 1,971 35,486 1,971

Process Plant 77,350 3,868 69,615 3,868

Owners Cost/Pre-production 35,551 1,735 32,840 975

Infrastructure 51,943 2,597 46,749 2,597

Subtotal Before Escalation 204,273 10,171 184,690 9,411

Escalation 23,155 1,282 20,815 1,059

Total Initial Capital Costs 227,428 11,453 205,505 10,470 

9.1.2. SUSTAINING CAPITAL

The Project sustaining capital totals US$788 million.  The costs are based in Q4 2016 US

dollars escalated to a June 2019 US dollar basis.  Wellfield work accounts for US$699 

million spent over 19 years plus US$98 million to expand the starter water treatment plant 

and build additional pond capacity.  The sustaining capital costs for the wells include a 20% 

contingency in addition to a 5% allowance for ‘re-work’.  There is no specific allowance for 

difficult drilling conditions that may be encountered over the area of the deposit.

9.1.3. WORKING CAPITAL

Working capital totals US$8.7 million from pre-production through the first two years of 

commercial production including both accounts receivable and payable adjustments (15 

and 30 days outstanding, respectively) as well as upfront inventory cost estimate for parts 



and supplies of US$2.6 million.  The working capital estimate also includes the cash 

collateral portion of the reclamation surety bond ($8.8 million) that is paid upfront in year -

2. All working capital costs at the beginning of the Project are recaptured at the end of the

mine life thus net to zero over LOM.

9.2. OPERATING COST

The operating cost estimate for the Project is US$1,258 million over the LOM plan.  The 

operating costs by work area are summarised in Table 9-2 in June 2019 US dollars.  The 

table shows that net escalation applied to the various cost inputs results in a 4% reduction 

in total operating cost compared to the 2017 Technical Report.  This decrease is the result 

of the projected lower copper recovery and a combination of current reagent pricing,

escalated labour, and escalated power unit rates in terms of US$/lb Cu, the unit rate 

increased 2.6% from $0.76/lb to $0.78/lb due to lower copper recovery offsetting the lower 

costs.

Other operating costs such as cathode transportation/freight, taxes and royalties, and 

expensed concurrent reclamation/closure are described in Section 10.

TABLE 9-2 OPERATING COST ESTIMATE
Taseko Mines Ltd. - Florence Project

Description
US$ 

(millions) US$/lb

General and Administration 198.0 0.11

Wellfield 571.0 0.33

SX/EW 417.6 0.24

Water Treatment Plant 126.0 0.07

2017 TR Subtotal 1,312.6 0.76

Net Escalation (55.0) (0.04)

Change in Copper Production L/(H) - 0.06

Total Operating Cost 1,257.6 0.78

The costs in the 2017 Technical Report were stated in Q4 2016 US dollars.  For this report, 

RPA escalated the operating costs to a June 2019 US dollar basis using a combination of 

updated reagent, power, and labour costs as well as cost indexes.  

Operating cost updates provided by Taseko based on 2019 PTF costs:
o Labour: +7%
o Power: +8%
o Reagents: -2% (with 92% of reagents re-priced)



Measure changes in CostMine™ or Producer Price Index (PPI) indexes from a Q4 
2016 to June 2019 basis:
o All other operating cost inputs not included in the item above: +6%

The escalation factors used in this report for operating costs are as follows:

Wellfield: +1%

SX/EW plant: +4%

Water treatment plant: 0%

G&A: +6%

The operating costs are broken down as 42% reagents, 25% labour, 12% power, and the 

balance for maintenance and supplies.  Reagents include sulphuric acid with consumption 

of four pounds per pound of copper in the wellfield plus an additional pound of sulphuric 

acid per pound of copper in the SX/EW plant.  Sulphuric acid costs represent approximately 

one third of the total Project operating cost estimate.  Power is forecast to cost

US$0.075/kWh.  The power consumption is estimated to average approximately 98 

GWh/yr. 

Wellfield maintenance supplies costs are based on 5% of the well equipment capital costs.  

This represents approximately US$2,000 per well per year or approximately the cost of one 

pump replacement per well every two years.  There is no provision in the operating costs 

for well replacements in the event of well failure.  Wellfield labour, as noted below, has 

been estimated to reflect the change in the rate of wellfield installations over the Project 

life.

MANPOWER 

The operating manpower is summarised in Table 9-3.  The wellfield manpower is projected 

to change steadily through the operating period as the number of operating wells increases 

significantly. 



TABLE 9-3 MANPOWER
Taseko Mines Ltd. - Florence Project

Year -1 Year 1 Year 2 - 20 Year 21 Year 22 Year 23

Department Persons Persons Persons Persons Persons Persons

General & Administrative

Administration 23 23 23 21 6 5

Controller 12 12 12 10 2 2

Technical Services 26 26 26 18 3 3

Wellfield Operations

Operation 9 9 14 15 13 13

Maintenance 12 12 40 27 21 19

SX/EW / Water Treatment

Operations 28 28 28 - -

Maintenance 27 27 27 - -

Total 82 137 170 146 45 42



10. VALUATION OF MINERAL RESERVES

10.1. VALUATION METHODOLOGY 

As in other fields, the three main approaches to valuation of mineral properties are Income, 

Market, and Cost Approaches.  Producing mine properties or mines nearing production are 

commonly valued using the Income Approach (Discounted Cash Flow Analysis) to derive 

a Net Present Value (NPV).  However, this valuation approach often requires the prior 

completion of a technical-economic study, such as a Prefeasibility Study or Feasibility 

Study.  A PFS for the Project was completed in 2013 and the Project economics were 

updated in the 2017 Technical Report. Therefore, for the valuation of the Project, RPA 

used the Income Approach.

10.2. VALUATION PARAMETERS AND CRITERIA

RPA reviewed the live Taseko after-tax technical-economic model used in the 2017 

Technical Report and found it to represent the base case scenario accurately.  For this 

report, RPA escalated the capital and operating costs to a June 2019 US dollar basis.  RPA 

has summarised the key data in Tables 10-1 through 10-4.  

10.2.1. PRODUCTION PLAN

The LOM production plan is presented in Table 10-1 showing average PLS flow to the 

SX/EW plant at 9,542 gpm at 1.83 g/L.  As designed, the plant will produce 85 Mlb of Cu 

cathode per year at full production. 
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10.2.2. COSTS

Total operating cost forecasts are shown in Table 10-2 with total production costs averaging 

US$1.13/lb Cu cathode.  Operating cash costs were previously described in Section 9 and 

average US$0.78/lb Cu cathode.  Other cash costs include cathode transportation/freight, 

taxes and royalties, and closure reclamation and average US$0.35/lb Cu cathode.  Taseko 

has noted assumptions for these items are as follows:

Cu Cathode Transportation/Freight:  US$0.02/lb Cu cathode

City/County Property Taxes: Included

Severance Tax: [(Gross Income less cost of production) x 50%] x 2.5% tax rate 
averaging US$2 million per year

Mining Tax:  Gross Income x 0.10% tax rate

AZ State Royalty:  Sliding scale between 2% and 8% on gross revenue generated 
on state land

Conoco Royalty: 2% on gross revenue from state land, 3% gross revenue from 
other less state land royalty

BHP Royalty: 2.5% Net Operating Interest

Reclamation/Closure: LOM costs totals US$62.7 million and are escalated on the 
same basis as the Project capital costs. Concurrent well/core hole abandonment 
US$45.9 million, bond premium payments US$10.3 million, post-production closure 
US$6.5 million over three years 

Table 10-3 shows the Project capital cost forecast.
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10.2.3. TAXATION

Taseko has used appropriate US federal and AZ state corporate income tax assumptions

in the cash flow analysis.  Although the cash flow analysis presented in the 2017 Technical 

Report was done before the ‘Tax Cuts and Jobs Act’ (TCJA) was signed into law on

December 22, 2017, Taseko presented RPA with an updated summary version of the cash 

flow analysis that used current TCJA assumptions which included, amongst others, 

reduced federal corporate income tax (CIT) rates from 35% to 21% and eliminated the 

alternative minimum tax (AMT) for businesses. An updated indicative cash flow summary 

with these revised after-tax metrics is presented in Table 10-4. 

10.2.4. CASH FLOW

10.2.4.1. COMMODITY PRICES

Taseko uses a constant US$3.10 per pound copper price for the life of the Project.  RPA 

agrees with this assumption as a generally accepted long term price.

10.2.4.2. DISCOUNT RATE

In RPA’s opinion, an 8% discount rate, which was also used in Taseko’s 2019 Gibraltar 

mine CPR valuation, is an appropriate value for the Project considering favourable location, 

some uncertainty with respect to ISR mining, and copper cathode market/outlook. 

10.2.4.3. EXCHANGE RATE

Since the Project is located in a US state with major mining infrastructure and suppliers, it 

is not relevant to model any exchange rate other than USD.

10.2.4.1. CASH FLOW ANALYSIS

Table 10-4 shows the cash flow metrics at a US$3.10/lb Cu price and a mine life of 21 

years.  The DCF valuation for the Project gives an after-tax NPV of US$667 million based 

on an average ROM production rate of 85 Mlb of copper cathode per year at a production 

cost of US$1.13/lb Cu, which generates approximately US$100 million of after-tax free 

cash flow annually for the full 19 years of commercial operation.  The Project has an after-

tax Internal Rate of Return (IRR) of 40.2% and undiscounted payback period of 2.3 years 

from start of commercial operations.
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10.3. SENSITIVITIES

Key economic risks were examined through analysis of after-tax cash flow sensitivities of 

the updated cash flow model with TCJA assumptions: 

Copper recovery

Copper price

Operating costs 

Capital costs

The sensitivities are shown in Table 10-5 and Figures 10-1 and 10-2 with ranges of +/-10% 

for copper recovery, +/-20% for copper price, and +15%/-5% for operating and capital 

costs.  The Project return is most sensitive to the product of changes in copper price and 

recovery followed by changes in the operating costs and capital costs.  Note that the 

recovery sensitivity is a simple variation on percent TCu recovery and does not consider

changes to the wellfield development schedule.

TABLE 10-5 CASH FLOW SENSITIVITY
Taseko Mines Ltd. - Florence Project

Factor Recovery (%) NPV at 8% ($M) IRR

0.90 58.5% $506 33.1%

0.95 61.8% $586 36.7%

1.00 65.0% $667 40.2%

1.05 68.3% $747 43.7%

1.10 71.5% $826 47.0%

Copper Price (US$/lb) NPV at 8% ($M) IRR

0.80 $2.48 $356 26.4%

0.90 $2.79 $512 33.5%

1.00 $3.10 $667 40.2%

1.10 $3.41 $822 46.7%

1.20 $3.72 $976 52.8%

Operating Costs ($M) NPV at 8% ($M) IRR

0.95 $1,195 $687 41.1%

0.975 $1,226 $677 40.7%

1.00 $1,258 $667 40.2%

1.075 $1,352 $637 39.0%

1.15 $1,446 $608 37.8%

Capital Costs ($M) NPV at 8% ($M) IRR

0.95 $964 $694 42.9%

0.975 $990 $681 41.5%

1.00 $1,015 $667 40.2%

1.075 $1,091 $626 36.7%

1.15 $1,167 $584 33.5%



FIGURE 10-1   NPV AT 8% SENSITIVITY ANALYSIS

FIGURE 10-2   % IRR SENSITIVITY ANALYSIS

10.4. COMPARABLES

There are few comparable advanced stage ISR copper projects as the Project will be one 

of the first to use in ISR as the principal method to recover copper. RPA notes that ISR is 

currently or previously has been used at major copper operations in Arizona as a secondary 

method in conjunction with conventional open pit and underground mining.  Furthermore, 

ISR methods have been used extensively in sedimentary-hosted uranium deposits in the 

western USA for decades.



10.4.1. COPPER PROJECTS/MINES

10.4.1.1. GUNNISON PROJECT

The only existing greenfields copper project comparable to the Project is Excelsior Mining 

Corp.’s Gunnison Copper Project (Gunnison) located in Cochise County, AZ about 62 mi 

east of Tucson, Arizona.  Gunnison will also utilise ISR methods to leach copper from a 

buried copper oxide deposit and extract the copper by conventional SX/EW technology.  

The project is currently under construction with first copper cathode production expected 

in Q4 2019.  The initial Stage One schedule is anticipated to produce 25 Mlb of cathode 

copper per year with expansion to Stage 3 production levels of approximately 125 Mlb of 

copper per year shortly afterwards. Total life of operation production is projected at 

approximately 2,165 Mlb of copper (Excelsior, 2019).  

10.4.1.1. SILVER BELL

Briggs (2015) reported that in situ ‘rubble leaching’ is currently used at ASARCO’s Silver 

Bell open pit mine northwest of Tucson, to extract copper from low grade surface ores 

which remain in the walls of the open pits that do not support the cost of further stripping.

Supplementing production from conventional heap leach operation, the in-place rubble 

leaching project at Silver Bell is estimated to recover 20% to 25% of the contained copper.

10.4.1.2. SAN MANUEL

Most of this section is referenced from EPA (1992).  Beginning in 1986, Magma Copper 

began a pilot in situ leach programme within the San Manuel open pit and portions of the 

San Manuel block caved underground unit to determine the practicality of using this method 

to recover copper from the oxidised mineralisation located in this area.  Two types of in situ

mining methods were employed at San Manuel, a ‘well to well’ method for open pit ore, and

a ‘well to underground’ method for underground ore. 

‘Well to well’ in situ mining consisted of closely spaced injection and recovery wells

equipped with submersible pumps that allowed for copper recovery in the remaining widths 

of the mined open pit benches with the copper-bearing solutions pumped to the SX/EW 

plant for processing.  Many of these wells were subsequently mined out as the phases of 

the open pit advanced.  

‘Well to underground’ in situ mining consisted of a more limited and deeper set of injection 

wells drilled to target material that had been caved and broken on the eastern side of the 

San Manuel block cave underground operation, but not extracted by underground methods.  

Dilute sulphuric solutions were directed to trickle downward by gravity through the caved 

zone.  The copper-bearing solutions were then collected from sumps and dams located on 



the two lowest underground levels and pumped to the surface to be processed in the 

SX/EW plant. The San Manuel operations was closed in 1999.

10.4.1.3. MIAMI

Most of this section was taken from Briggs (2015).  One of the most long-lived and 

productive in situ solution mining projects occurred at the Miami copper mine located in 

Gila County, Arizona, currently owned by BHP since the 1980s.  Small scale operations 

began in an abandoned portion of this underground mine in December 1941.  Full scale 

solution mining operations took place after conventional underground mining ceased in 

June 1959 and continued to recover copper until commercial leaching activities were 

suspended in 2013.  Over its 71-year life, the estimated production at this in situ mining 

project was approximately 693 Mlb of copper, representing 22.4% of the total production 

from the Miami project from 1911 to 2013 when the operation was closed. 

10.4.1.4. OTHER OPERATIONS

Briggs (2015) also reported other in situ mining projects located in Arizona, New Mexico, 

and Sonora (Mexico) that have previously produced copper from broken and fragmented 

rocks located above block caving operations include: Ray (1937-1961), Tyrone (1941-

1949), Pilares (1946-1960), Inspiration (1965-1974), and Lakeshore (1983-1994).

10.4.2. URANIUM MINES/PROJECTS

Whereas ISR mining has been utilised at specific copper operations over the last few 

decades as a secondary mining method, it has been a principal technique for exploiting 

sedimentary-hosted uranium deposits in the Western USA since the mid-20th century.  

Table 10-6 shows a number of uranium mines/projects using ISR as the primary mining 

method as of 2018 (EIA, 2019).  RPA notes that only three of the projects are in commercial 

operation in 2018 due to the low uranium prices and regulatory hurdles.



www.rpacan.com 

Taseko Mines Limited – Florence Project, Project #3126 
Competent Person’s Report – November 6, 2019  Page



11. RISKS AND OPPORTUNITIES

11.1. RISKS

RPA has assessed critical areas of the Project and identified risks associated with the 

technical and cost assumptions used.  The level of risk refers to our subjective assessment 

as to how the identified risk could affect the achievement of the Project objectives.

11.1.1. RISK ANALYSIS DEFINITIONS 

The following definitions have been employed by RPA in assigning risk consequence 

factors to the various aspects and components of the Project: 

1. Low – Risks that are considered to be average or typical for a deposit of this nature 
and could have a relatively insignificant impact on the economics.  These generally 
can be mitigated by normal management processes combined with minor cost 
adjustments or schedule allowances.

2. Minor – Risks that have a measurable impact on the quality of the estimate but not 
sufficient to have a significant impact on the economics. These generally can be 
mitigated by normal management processes combined with minor cost adjustments 
or schedule allowances.

3. Moderate – Risks that are considered to be average or typical for a deposit of this 
nature but could have a more significant impact on the economics.  These risks are 
generally recognizable and, through good planning and technical practices, can be 
minimised so that the impact on the deposit or its economics is manageable.  

4. Major – Risks that have a definite, significant, and measurable impact on the 
economics.  This may include basic errors or substandard quality in the basis of 
estimate studies or project definition.  These risks can be mitigated through further 
study and expenditure that may be significant. Included in this category may be 
environmental/social non-compliance, particularly in regard to Equator Principles 
and IFC Performance Standards.

5. High – Risks that are largely uncontrollable, unpredictable, unusual, or are 
considered not to be typical for a deposit of a particular type.  Good technical 
practices and quality planning are no guarantee of successful exploitation.  These 
risks can have a major impact on the economics of the deposit including significant 
disruption of schedule, significant cost increases, and degradation of physical 
performance.  These risks cannot likely be mitigated through further study or 
expenditure.  

The following definitions have been employed by RPA in assigning risk probability factors 

to the various aspects and components of the Project: 

1. Rare – The risk is very unlikely to occur during the Project life.

2. Unlikely – The risk is more likely not to occur than occur during the Project life.



3. Possible – There is an increased probability that the risk will occur during the 
Project life.  

4. Likely – The risk is likely to occur during the Project life.

5. Almost Certain – The risk is expected to occur during the Project life.

11.1.2. RISKS SUMMARY TABLE

A summary of the Project related risks identified by RPA in its review is shown in Table 11-

1.

TABLE 11-1 RISK SUMMARY TABLE 
Taseko Mines Ltd. - Florence Project

L
IK

E
L

IH
O

O
D

Almost Certain 5E

Likely 8C,9B 2B,4A

Possible 4B,7D,7G,7H 8A, 9A
2A,3,7B,7C,

7E,8B,9C
5A-D 

Unlikely 7A,7F

Rare 1, 6

Low Minor Moderate Major High

CONSEQUENCE

1 – Geology
2 – Hydrogeology
3 – Mineral Resources
4 – Mining and Mineral Reserves
5 – Processing
6 – Infrastructure
7 – Environment, Social and Permitting 
8 – Capital Cost
9 – Operating Cost
10 – Other

11.1.3. RISKS TABLE

The Project related risks identified by RPA in its review are shown in Table 11-2. 
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11.2. OPPORTUNITIES

A summary of the Project related opportunities identified by RPA in its review is shown in 

Table 11-3. 

TABLE 11-3   OPPORTUNITIES
Taseko Mines Ltd. - Florence Project

Project Element Opportunity Action Required 

Hydrogeology Well drilling strategy Complete trade off studies to determine 
in-house vs. contractor drillers, drilling 
methods.

Mineral Resources The grade may be 
underestimated

Monitor reconciliation results and update 
resource model and LOM if appropriate.

Mining and Mineral Reserves Conversion of 
Inferred Mineral 
Resources

Evaluate well drilling analytical results 
and based on the data convert Inferred 
Mineral Resources to Mineral Reserves 
based upon the close spaced drilling.

Mineral Processing Optimise acid 
dosage

Lowering acid dosage will reduce acid 
consumption, gypsum scale production 
while possibly maintaining copper 
production.

Proper solution 
management

Optimise copper concentration in the PLS 
resulting in higher acid production in the 
SX/EW lowering the net acid 
requirements.

Secondary Cu 
recovery

Potential recovery of supergene minerals 
such as chalcocite, etc. Evaluate solution 
chemistry in more detail.

Calcium chelating 
agents anti-scalants

Evaluation of calcium chelating agents 
anti-scalants should be undertaken with 
the aim of minimising scaling in the 
process plant area.  Testing should be 
conducted to determine if this may be a 
benefit in the wellfield. 

Capital Cost Estimate Optimise wellfield 
drilling/design

Carry out trade-off studies using 
production actuals.

Operating Cost Estimate Optimise reagent 
consumption rates

Carry out trade-off studies using 
production actuals.



12. CONCLUSIONS AND 
RECOMMENDATIONS

12.1. CONCLUSIONS

RPA offers the following conclusions:

Geology and Mineral Resources

Geology

The regional and local geology and the property mineralisation are well understood.

The drilling, sampling, sample preparation, and analysis procedures, except for 
density measurements, are appropriate for the style of mineralisation.

The QA/QC protocols were standard industry practice at the time of the data 
collection and, although different from current practices, provided adequate QA/QC 
for the database.

Hydrogeology

The hydraulic testing is adequate for the Project.

The oxide zone is intermediately permeable and suitable for the ISR mining. 

It is reasonable to assume that the geologic setting of the oxide formation will 
behave as porous media.

Mineral Resources

Mineral Resources at the Project as of July 1, 2019 are:
o Indicated:  429 Mst, grading 0.33% TCu, containing 2,839 Mlb of copper
o Inferred:  63 Mst, grading 0.24% TCu, containing 295 Mlb of copper

In RPA’s opinion, the quantity of density data is not sufficient for reporting Measured 
Mineral Resources.  The densities used for previous Mineral Resource estimates 
are reasonable for unaltered quartz monzonite or granodiorite porphyry, however, 
they may not be appropriate for fractured and altered rocks.  

No material errors were encountered when validating the Mineral Resource 
database.

The geological interpretation and 3D modelling of the basin fill, oxide, transition, 
and sulphide zones is an adequate reflection of the data.  

Capping has been used to limit the influence of high grade assays.  The approach 
to managing high grade samples is reasonable.   



Overall, with the exception of density measurements, the parameters, assumptions, 
and methodology used for previous Mineral Resources estimates are appropriate 
for the style of mineralisation.

Mining and Mineral Reserves

The Mineral Reserve estimates in this report are based on the SRK 2010 Mineral 
Resource model.

The Probable Mineral Reserve estimate as of July 1, 2019 totals 345 Mst grading 
0.36% TCu and containing 2,472 Mlb of copper.

The Mineral Reserves have been estimated at a cut-off grade of 0.08% TCu.

Mineral Reserves were estimated using the block model results and, in a manner,
appropriate for the proposed ISR extraction.

A comparison of the mining block tons and grade from the SRK 2010 resource 
model used by RPA to the stated Mineral Reserves indicates that, while there are 
material differences in the tonnages and copper content from mine block to mine 
block in a small number of blocks, the overall reserve estimate is materially the 
same as the stated estimate.  

The deposit is amenable to ISR mining.

Mining will occur over a 21-year period, with 19 years of full-scale operations and 
average copper production of 85 Mlb per year.

The mine production will be based on 72 mining blocks with a wide range of ore 
thickness, ore grade, and planned copper production.

Additional wells may be required in mining zones which are thick or have a high 
copper content in order to achieve and maintain production.

Survey control of the well drilling and well survey specifications with respect to depth 
and end location are in place and are planned to be used for the production 
wellfields.   

It is planned to separate the well design into three sections along the depth to 
manage the extraction and injection flow pattern and to address the variation in 
copper content. In RPA’s opinion, it is a good operational practice, although it is 
noted previously that additional sections may be required in thick and/or high grade 
intersections to facilitate leaching.

The planned injection and extraction rates are achievable for the hydrogeologic 
conditions of the bedrock oxide.

The planned perimeter hydraulic control is judged to be feasible based on the 
existing hydraulic data.

Mineral Processing

Metallurgical test work procedures used to simulate ISR, namely box tests, 
pressure rinse tests (PRT), and series leach tests (SLT), although not industry 



standard testing methods, are reasonable for estimating copper recovery and acid 
consumption.

FCI’s projected copper recoveries range from 65% to 73% (70% average) of the 
TCu grade.  However, RPA takes a more conservative view of estimating recovery 
from the test work which results in a projected overall recovery of 65% TCu.

Spatial variability testing should be conducted using samples from different areas 
of the deposit to verify metallurgical response. Relying on only 41 samples (box, 
PRT, and SLT) assumes that there are relatively large homogeneous zones within 
the orebody and therefore presents a risk in characterising the overall copper 
recovery in individual mining zones.  This risk can be minimised by increasing the 
number of samples tested.  

The estimated SX/EW plant efficiency of 95% is reasonable and comparable to 
similar heap leach facilities. 

Projected gangue rock acid consumptions of five lb/lb Cu (four lb/lb in the wellfield 
and one lb/lb in the SX) are reasonable, but not yet optimised for a commercial 
operation with ‘mature’ or buffered leach solution.

Gypsum scale formation, driven by reactions between sulphate in the acid solutions 
and calcium in calcite gangue, is typical in copper leaching operations where calcite 
is present and is most prevalent early in leach cycles.  Scale formation may
negatively impact copper production if not managed correctly by restricting flow 
rates not only in the well screens, pumps, and process piping but also in fractures 
within the deposit itself.  Solution chemistry monitoring and good operating 
practices are conventionally used to mitigate this risk.

The design of the surface processing SX/EW facilities is industry standard and 
suitable for the Project.

Project Infrastructure

The Project is located in an area with ready access to power, natural gas, services, 
and labour.

Environmental, Permitting and Social Impact

From an environmental, permitting, and social perspective, no fatal flaws were 
identified.  The Project has a competent and experienced staff and is using industry 
experts to support design and permitting efforts.

Environmental baselines are well established and documented, and the 2013 PFS 
adequately addresses permitting requirements and environmental controls. 

Permitting schedules presented are reasonable assuming no delays or 
permitting/regulatory appeals. 

Reclamation and closure plans are summarised in the 2013 PFS and 2017 
Technical Report and presented in permitting documents in the data room.  These 
costs have been refined for the recent (June 2019) permitting updates and 
amendment.  Cost estimates are reasonable and address regulatory requirements 
at this point of time.  While agencies may impose additional mitigation, monitoring, 



and closure requirements that were not contemplated in the design, these actions
are not expected to have material impact(s) on the Project.

FCI has done a good job of educating the local community(s) about the Project and 
has been successful in prevailing over organised opposition at this stage of 
permitting.  This could change as draft and final permits are issued and made 
available to the public for review.  Based on experience at this and other projects,
RPA expects some level of appeal/opposition, however, it is noted that FCI has 
prevailed through previous appeal(s) at Florence with some delay and added 
expense. 

Capital and Operating Costs

The capital and operating costs are based on Q4 2016 updates to the 2013 PFS 
capital cost estimate.  For this report, these costs are escalated to a June 2019 US 
dollar basis using a combination of changes in cost indexes and updates based on 
actual costs incurred during the PTF operations in 2019.

The initial capital costs are estimated to be US$204 million stated in Q4 2016 dollars 
and include a 25% contingency.  A total of US$23 million in escalation has been 
added to bring the initial capital estimate on a June 2019 US dollar basis to US$227 
million in this report.

The sustaining capital costs total US$713 million over the Project life in Q4 2016 
dollars.  The key elements are ongoing wellfield development and the installation of 
a water treatment facility.  A total of US$74 million in escalation has been added to 
bring the estimate on a June 2019 basis to US$788 million in this report. 

The operating costs are estimated from first principles and based on Q4 2016 
updates to the 2013 PFS estimate and total US$1,312 million over the LOM, which 
is equal to US$0.76/lb of copper extracted.  A net decrease totalling US$55 million 
combining escalation, current reagent prices, and lower copper production has 
been added to bring the operating cost estimate to a June 2019 US dollar basis in 
this report to US$1,258 million or $0.78/lb of copper extracted.

The cash flow model does not include a cathode copper premium as a provision for 
the sales and marketing costs for copper cathode.  Copper cathode freight costs 
have been included in the valuation.

Valuation of Mineral Reserves

Based on a 65% overall copper recovery, Q4 2016 operating and capital costs 
escalated to a June 2019 US dollar basis, a US$3.10 copper price, and an 8% 
discount rate, the DCF valuation for the Project gives an after-tax NPV of US$667
million based on an average ROM production rate of 85 Mlb of copper cathode per 
year at a production cost of US$1.13/lb Cu, which generates approximately US$100
million of after-tax free cash flow annually for the first 19 years of commercial 
operation.  

The Project has an after-tax IRR of 40.2% and undiscounted payback period of 2.3 
years from start of commercial operations.



12.2. RECOMMENDATIONS

RPA recommends that Taseko continue the PTF operation and incorporate the PTF results 

into the next stage of Project planning and engineering. Based on its review, RPA offers 

the following recommendations:

Geology and Mineral Resources

Hydrogeology

Continue to validate sweep efficiency factors using the operational data from the 
PTF.

Consider mitigation measures to minimise the potential effect of geologic 
heterogeneity. The current operation plan includes:

o separating wells into multiple sections, 
o targeting extraction and injection at different segments along the depth,
o variation of residence time for extraction and injection,
o local alternation of the extraction and injection wells. 
o Assess additional measures to minimise the potential effect of geologic 

heterogeneity such as installing additional wells to target multiple horizons 
of the deposit. 

Mineral Resources 

Additional density data should be collected from production wells to support the 
estimation of Mineral Resources and Mineral Reserves tonnage.

Production data from the current test production program should be reconciled with 
the resource model.  Ongoing reconciliation should also be undertaken when full 
production is underway. 

Minor discrepancies in various generations of downhole orientation survey data 
should be investigated and resolved.

Mining and Mineral Reserves

Review the Mineral Reserve estimate cut-off grade in the next phase of Project 
planning and engineering based on appropriate long term copper price and current 
operating costs.

Review the planned production plans, extraction, and reagent consumption 
considering the results of the PTF.

Review the planned mining blocks and consider methods such as those described 
in the hydrogeologic recommendations to decrease the variation in planned copper
production per mining block and to reduce reliance on a small number of high 
production wells.

 Optimise the current wellfield labour and equipment requirements in the next phase 
of Project planning and engineering considering the increased number of wells in
operation over time and the corresponding sustaining capital cost.



Mineral Processing

Complete additional SLT work at lower acid dosage to minimise gangue mineral 
dissolution.  The current acid dosage set point of 10 g/L is based on optimisation 
test work in the laboratory.  As the acid consumption is directly proportional to the 
dosage, lower dosage would likely result in less gangue rock solubilisation and 
associated scaling. The acid set point should be evaluated to optimise the system. 

Drill and sample the PTF area after the test run is complete in order to calibrate the 
results of the PTF to the SLT test method.

SLT testing should also be run on core samples on a rock-type basis as the wellfield 
expands, the intent being to provide data for ongoing modelling and production 
forecasting along with PTF results.

Laboratory testing should include the measurement of calcium, magnesium, and
dissolved oxygen. 

The possibility of developing a predictive relationship for acid consumption should 
be investigated based on assays related to acid-consuming species.

PTF solution analyses should include water hardness chemistry.

Scale coupons, used to track scaling in pipeline systems, should be installed in the 
PTF piping network.

Project Infrastructure

No recommendations with respect to Project infrastructure.

Environmental, Permitting and Social Impact

Keep track of permit negotiations and milestones and review permit conditions and 
stipulations carefully to see if there are significant impacts on operations, closure, 
and costs.

The State of Arizona could take over the Federal UIC Permit/Management process 
which may simplify future permitting process. Lobby and track agency development 
for this possibility. 

Capital and Operating Costs

Review key capital cost elements to update the capital estimate to the current date 
with new quotes and estimates in the next phase of study.

Review and update key operating cost elements and manpower requirements in 
the next phase of study.

Reach MOU or EOI with potential customers for copper cathode offtake sales during 
the next phase of study.
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14. APPENDIX 1 – SUMMARY OF ESMA 
REQUIREMENTS FOR A COMPETENT 
PERSONS REPORT

MINING COMPETENT PERSON’S REPORT – RECOMMENDED CONTENT 

ESMA recommends that competent persons should provide competent person's reports 

structured in accordance with either the model content recommended under the code, 

statute or regulation the company is reporting under (see Appendix I) or, where there no 

such model content is set out in the code, ESMA recommends the competent person 

should address the information set out in this appendix.  The competent person may, with 

the agreement of the relevant member state's competent authority, adapt these contents 

where appropriate for the circumstances of the issuer. 

i) Legal and Geological Overview – a description of: 

(1) the nature and extent of the company’s rights of exploration and extraction and a 

description of the properties to which the rights attach, with details of the duration and 

other principal terms and conditions of these rights including environmental obligations, 

and any necessary licences and consents including planning permission; 

(2) any other material terms and conditions of exploration and extraction including host 

government rights and arrangements with partner companies; 

ii) Geological Overview – a description of the geological characteristics of the 

properties, the type of deposit, its physical characteristics, style of mineralisation, 

including a discussion of any material geotechnical, hydro-geological/hydrological and 

geotechnical engineering issues; 

iii) Resources and reserves 

(1) a table providing data on (to the extent applicable): exploration results inclusive of 

commentary on the quantity and quality of this, inferred, indicated/measured resources, 

and proved/probable reserves and a statement regarding the internationally recognised 

reporting standard used; 

(2) a description of the process followed by the competent person in arriving at the 

published statements and a statement indicating whether the competent person has 

audited and reproduced the statements, what additional modifications have been 

included, or whether the authors have re-verted to a fundamental re-calculation; 

(3) a statement as to whether mineral resources are reported inclusive or exclusive of 

reserves; 

(4) supporting assumptions used in ensuring that mineral resource statements are 

deemed to be ‘potentially economically mineable’; 



(5) supporting assumptions including commodity prices, operating cost assumptions 

and other modifying factors used to derive reserve statements; 

(6) reconciliations between the proposed and last historic statement; 

(7) a statement of when and for how long a competent person last visited the properties 

(or a statement that no visit has been made if that is the case); 

(8) for proved and probable reserves (if any) a discussion of the assumed: 

(a) mining method, metallurgical processes and production forecast; 

(b) markets for the company’s production and commodity price forecasts; 

(c) mine life; 

(d) capital and operating cost estimates; 

iv) Valuation of reserves – taking consideration of internationally recognised valuation 

codes as set out in Appendix I a valuation of reserves comprising: 

(1) an estimate of net present value (or a valuation arrived at on an alternative basis, 

with an ex-planation of the basis and of the reasons for adopting it) of reserves; 

(2) the principal assumptions on which the valuation of proved and probable reserves 

is based including those relating to discount factors, commodity prices, exchange rates, 

realised prices, local fiscal terms and other key economic parameters; 

(3) information to demonstrate the sensitivity to changes in the principal assumptions; 

(or a statement that the valuation of reserves is omitted). 

v) Environmental, Social and Facilities – an assessment of 

(1) environmental closure liabilities inclusive of biophysical and social aspects, 

including (if ap-propriate) specific assumptions regarding sale of equipment and/or 

recovery of commodities on closure, separately identified; 

(2) environmental permits and their status including where areas of material non-

compliance occur; 

(3) commentary on facilities which are of material significance; 

vi) Historic Production/Expenditures – an appropriate selection of historic production 

statistics and operating expenditures over a minimum of a three-year period; 

vii) Infrastructure – a discussion of location and accessibility of the properties, availability 

of power, water, tailings storage facilities, human resources, occupational health and 

safety; 

viii) Maps etc. – maps, plans and diagrams showing material details featured in the text; 

and

ix) Special factors – if applicable a statement setting out any additional information required 

for a proper appraisal of any special factors affecting the exploration or extraction 

businesses of the company (for example in the polar regions where seasonality is a special 

factor). 



15. APPENDIX 2 – QUALIFICATIONS OF
COMPETENT PERSONS



15.1. GRANT A. MALENSEK

I, Grant A. Malensek, P.Eng./P.Geo., as an author of this report entitled ‘Competent 
Person’s Report on the Florence Project, Arizona, USA’ prepared for Taseko Mines Limited
and dated November 6, 2019, do hereby certify that:

1. I am Principal Engineer – Valuations and General Manager - Denver with Roscoe 
Postle Associates Inc. of Suite 505, 143 Union Boulevard, Lakewood, CO, USA  80228. 

2. I am a graduate of the University of British Columbia, Canada, in 1987 with a B.Sc. 
degree in Geological Sciences and Colorado School of Mines, USA in 1997 with a 
M.Eng. degree in Geological Engineering. 

3. I am registered as a Professional Engineer/Geoscientist in the Province of British 
Columbia (Reg.# 23905).  I have worked as a mining engineer/geologist for over 25
years since my graduation.  My relevant experience for the purpose of the Technical 
Report is:

Feasibility, Prefeasibility, and scoping studies
Fatal flaw, due diligence, and Independent Engineer reviews for equity and project 
financings
Financial and technical-economic modelling, analysis, budgeting, and forecasting
Property and project valuations
Capital cost estimates and reviews
Mine strategy reviews
Options analysis and project evaluations in connection with mergers and 
acquisitions

4. I have read the definition of Competent Person set out in the AIM Rules of the London 
Stock Exchange (the Rules) and certify that by reason of my education, affiliation with 
a professional association and past relevant work experience, I fulfill the requirements 
of a Competent Person for the purposes of the Rules. 

5. I visited the Florence Project on April 16, 2019. 

6. My responsibilities for this Competent Person’s Report are as per Table 2-1 of this 
report. 

7. I have been involved in previous due diligence reviews on the property that is the 
subject of the Competent Person’s Report.

8. I have read CIM (2014) definitions, and the Rules, and the Competent Person’s Report 
has been prepared in compliance with these guidelines. 

Dated this 6th day of November, 2019

(Signed & Sealed) Grant A. Malensek

Grant A. Malensek, P.Eng./P.Geo. 



15.2. WAYNE W. VALLIANT

I, Wayne W. Valliant, P.Geo., as an author of this report entitled ‘Competent Person’s 
Report on the Florence Project, Arizona, USA’ prepared for Taseko Mines Limited and 
dated November 6, 2019, do hereby certify that:

1. I am Lead Principal Geologist with Roscoe Postle Associates Inc. of Suite 501, 55 
University Ave Toronto, ON  M5J 2H7.

2. I am a graduate of Carleton University, Ottawa, Ontario, Canada in 1973 with a 
Bachelor of Science degree in Geology.

3. I am registered as a Geologist in the Province of Ontario (Reg. #1175).  I have worked 
as a geologist for a total of 46 years since my graduation.  My relevant experience for 
the purpose of the Technical Report is:

Review and report as a consultant on more than fifty mining operations and projects 
around the world for due diligence and resource/reserve estimation
General Manager of Technical Services for corporation with operations and mine 
development projects in Canada and Latin America
Superintendent of Technical Services at three mines in Canada and Mexico
Chief Geologist at three Canadian mines, including two gold mines

4. I have read the definition of Competent Person set out in the AIM Rules of the London 
Stock Exchange (the Rules) and certify that by reason of my education, affiliation with 
a professional association and past relevant work experience, I fulfill the requirements 
of a Competent Person for the purposes of the Rules. 

5. I visited the Florence Project on April 16, 2019. 

6. My responsibilities for this Competent Person’s Report are as per Table 2-1 of this 
report. 

7. I have been involved in previous due diligence reviews on the property that is the 
subject of the Competent Person’s Report.

8. I have read CIM (2014) definitions, and the Rules, and the Competent Person’s Report 
has been prepared in compliance with these guidelines. 

Dated this 6th day of November, 2019

(Signed & Sealed) Wayne W. Valliant

Wayne W. Valliant, P.Geo. 



15.3. CLARE KELLY

I, Clare Kelly, MSci, CGeol, FGS, as an author of this report entitled ‘Competent Person’s 
Report on the Florence Project, Arizona, USA’ prepared for Taseko Mines Limited and 
dated November 6, 2019, do hereby certify that:

1. I am Senior Geologist with Roscoe Postle Associates UK Ltd. of 29 Throgmorten Street, 
Suite 2.9, Warnford Court, London, UK  EC2N 2AT.

2. I am a graduate of Imperial College Imperial College, United Kingdom, in 2005 with a 
Master of Science (Honours) in Geological Sciences. 

3. I am registered as a Chartered Geologist and Fellow (Reg # 1016470) with the 
Geological Society of London.  I have worked as a geologist for over 12 years since my 
graduation.  My relevant experience for the purpose of the Technical Report is:

Extensive experience in resource estimation and block modeling
 Preparation of JORC and NI 43-101 Technical Reports.

Experienced user of geological and resource modelling software
Exploration geologist on a variety of gold and base metal projects in Australia 

4. I have read the definition of Competent Person set out in the AIM Rules of the London 
Stock Exchange (the Rules) and certify that by reason of my education, affiliation with 
a professional association and past relevant work experience, I fulfill the requirements 
of a Competent Person for the purposes of the Rules. 

5. I did not visit the Florence Project. 

6. My responsibilities for this Competent Person’s Report are as per Table 2-1 of this 
report. 

7. I have not been involved in previous due diligence reviews on the property that is the 
subject of the Competent Person’s Report.

8. I have read CIM (2014) definitions, and the Rules, and the Competent Person’s Report 
has been prepared in compliance with these guidelines. 

Dated this 6th day of November, 2019

(Signed & Sealed) Clare Kelly

Clare Kelly, MSci, CGeol, FGS



15.4. R. DENNIS BERGEN

I, R. Dennis Bergen, P.Eng., as an author of this report entitled ‘Competent Person’s Report 
on the Florence Project, Arizona, USA’ prepared for Taseko Mines Limited and dated 
November 6, 2019, do hereby certify that:

1. I am Associate Principal Mining Engineer with Roscoe Postle Associates Inc. of Suite 
501, 55 University Ave., Toronto, ON  M5J 2H7.

2. I am a graduate of the University of British Columbia, Vancouver, B.C., Canada, in 1979 
with a Bachelor of Applied Science degree in Mineral Engineering.  I am a graduate of 
the British Columbia Institute of Technology in Burnaby, B.C., Canada, in 1972 with a 
Diploma in Mining Technology. 

3. I am registered as a Professional Engineer in the Province of British Columbia 
(Reg. #16064) and as a Licensee with the Association of Professional Engineers, 
Geologists and Geophysicists of the Northwest Territories (Licence L1660).  I have 
worked as an engineer for over 38 years since my graduation.  My relevant experience 
for the purpose of the Technical Report is:

Practice as a mining engineer, production superintendent, mine manager, Vice 
President Operations and a consultant in the design, operation, and review of 
mining operations.
Review and report, as an employee and as a consultant, on numerous mining 
operations and projects around the world for due diligence and operational review 
related to project acquisition and Technical Report preparation. 
Engineering and operating superintendent at the Con gold mine, a deep 
underground gold mine, Yellowknife, NWT, Canada
General Manager of the Ketza River Mine, Yukon, Canada
Vice President Operations in charge of the restart of the Golden Bear Mine, BC, 
Canada
General Manager in Charge of the Reopening of the Cantung Mine, NWT, Canada
Mine Manager at three different mines with open pit and underground operations. 
Consulting engineer (RPA Associate Principal Mining Engineer) for over ten years 
working on project reviews, engineering studies, Mineral Reserve audits, Technical 
Report preparation, and other studies for a wide range of worldwide projects. 

4. I have read the definition of Competent Person set out in the AIM Rules of the London 
Stock Exchange (the Rules) and certify that by reason of my education, affiliation with 
a professional association and past relevant work experience, I fulfill the requirements 
of a Competent Person for the purposes of the Rules. 

5. I did not visit the Florence Project. 

6. My responsibilities for this Competent Person’s Report are as per Table 2-1 of this 
report. 

7. I have not been involved in previous due diligence reviews on the property that is the 
subject of the Competent Person’s Report.



8. I have read CIM (2014) definitions, and the Rules, and the Competent Person’s Report 
has been prepared in compliance with these guidelines. 

Dated this 6th day of November, 2019

(Signed & Sealed) R. Dennis Bergen

R. Dennis Bergen, P.Eng.



15.5. HOUMAO LIU

I, Houmao Liu, Ph.D., P.E., as an author of this report entitled ‘Competent Person’s Report 
on the Florence Project, Arizona, USA’ prepared for Taseko Mines Limited and dated 
November 6, 2019, do hereby certify that:

9. I am Principal Hydrogeologist/General Manager with Itasca Denver, Inc. of 143 Union 
Boulevard, Ste. 525, Lakewood, CO  80228. 

10. I am a graduate of the HeHai University of P.R. China in 1986 with a M.Sc. degree in 
Hydraulics and Fluid Mechanics and University of Colorado, Boulder, USA in 1992 with 
a Ph.D. degree in Civil Engineering. 

11. I am a Registered Professional Engineer in the state of Colorado (Reg 30576).  I have 
worked as a hydrogeologist for more than 25 years since my graduation.  My relevant 
experience for the purpose of this Competent Person’s Report is:

Extensive project experience in mining hydrogeology, geochemistry, and 
groundwater flow modelling
Hydrogeological assessments and investigations in support of bankable studies in 
USA and Canada

12. I have read the definition of Competent Person set out in the AIM Rules of the London 
Stock Exchange (the Rules) and certify that by reason of my education, affiliation with 
a professional association and past relevant work experience, I fulfill the requirements 
of a Competent Person for the purposes of the Rules. 

13. I visited the Florence Project on April 16, 2019. 

14. My responsibilities for this Competent Person’s Report are as per Table 2-1 of this 
report. 

15. I have been involved in previous due diligence reviews on the property that is the 
subject of the Competent Person’s Report.

16. I have read NI 43-101, CIM (2014) definitions, and the Rules, and the Competent 
Person’s Report has been prepared in compliance with these guidelines. 

Dated this 6th day of November, 2019

(Signed & Sealed) Houmao Liu

Houmao Liu, Ph.D., P.E.



15.6. JEFFREY L. WOODS

I, Jeffrey L Woods, SME, MMSA, QP, as an author of this report entitled
‘Competent Person’s Report on the Florence Project, Arizona, USA’ prepared for
Taseko Mines Limited and dated November 6, 2019, do hereby certify that: 

1. I am Associate Principal Metallurgist with Roscoe Postle Associates Inc. of Suite 501,
55 University Ave., Toronto, ON  M5J 2H7.

2. I am a graduate of the Mackay School of Mines, University of Nevada in 1988 with a
B.S. degree in Metallurgical Engineering.

3. I am a member in good standing of Society for Mining, Metallurgy and Exploration
(SME), membership #4018591 and a registered member of the Mining and
Metallurgical Society of America (MMSA).

4. I have practiced my profession continuously for 31years since graduation.

5. I have been directly involved in international mine operations, technical services,
project development and consulting for various commodities, metals, deposits and
processes.

6.
7. I have read the definition of Competent Person set out in the AIM Rules of the London

Stock Exchange (the Rules) and certify that by reason of my education, affiliation with
a professional association and past relevant work experience, I fulfill the requirements
of a Competent Person for the purposes of the Rules.

8. I visited the Florence Project on April 16, 2019.

9. My responsibilities for this Competent Person’s Report are as per Table 2-1 of this
report.

10. I have read NI 43-101, CIM (2014) definitions, and the Rules, and the Competent
Person’s Report has been prepared in compliance with these guidelines.

Dated this 8th day of November, 2019

Jeffrey L Woods, SME, MMSA, QP 



15.7. LEE “PAT” GOCHNOUR

I, Lee “Pat” Gochnour, QP, MMSA as an author of this report entitled ‘Competent Person’s 
Report on the Florence Project, Arizona, USA’ prepared for Taseko Mines Limited and 
dated November 6, 2019, do hereby certify that:

11. I am Associate Principal Environmental Specialist with Roscoe Postle Associates Inc.
of Suite 501, 55 University Ave., Toronto, ON  M5J 2H7.

12. I am a graduate of Eastern Washington University in 1981 with a B.S. degree in Park
Administration/Land Use Planning.

13. I am registered as a Qualified Professional with Mining and Metallurgical Society of
America (MMSA) (Reg.# 01166).  I have worked as an environmental specialist for a
total of 38 years since my graduation.  My relevant experience for the purpose of the
Technical Report is:

Permitting
Environmental Assessment
Reclamation and Closure

14. I have read the definition of Competent Person set out in the AIM Rules of the London
Stock Exchange (the Rules) and certify that by reason of my education, affiliation with
a professional association and past relevant work experience, I fulfill the requirements
of a Competent Person for the purposes of the Rules.

15. I visited the Florence Project on April 16, 2019.

16. My responsibilities for this Competent Person’s Report are as per Table 2-1 of this
report.

17. I have been involved in previous due diligence reviews with the property that is the
subject of the Competent Person’s Report.

18. I have read CIM (2014) definitions and the Rules, and the Competent Person’s Report
has been prepared in compliance with these guidelines.

Dated this 6th day of November, 2019

(Signed & Sealed) Lee “Pat” Gochnour

Lee “Pat” Gochnour, QP



16. APPENDIX 3 – GLOSSARY AND 
ABBREVIATIONS

16.1. GLOSSARY

Alteration - Any physical or chemical change in a rock or mineral subsequent to its 

formation. Milder and more localised than metamorphism.

Assay - A chemical test performed on a sample of ores or minerals to determine the 

amount of valuable metals contained.

Basement Rocks - The underlying or older rock mass. Often refers to rocks of 

Precambrian age which may be covered by younger rocks.

Block Model - a three-dimensional mathematical representation of a volume of 

mineralisation used to estimate tonnage and grade of a deposit.

Breccia - A rock in which angular fragments are surrounded by a mass of fine-grained 

minerals.

Bulk Mining - Any large-scale, mechanised method of mining involving many thousands 

of tonnes of ore being brought to surface per day.

Bulk Sample - A large sample of mineralised rock, frequently hundreds of tonnes, selected 

in such a manner as to be representative of the potential orebody being sampled. Used 

to determine metallurgical characteristics.

Contact - A geological term used to describe the line or plane along which two different 

rock formations meet.

Core - The long cylindrical piece of rock, approximately an inch in diameter, brought to 

surface by diamond drilling.

Diamond Drill - A rotary type of rock drill that cuts a core of rock that is recovered in long 

cylindrical sections, two cm or more in diameter.

Dilution (mining) - Rock that is, by necessity, removed along with the ore in the mining 

process, subsequently lowering the grade of the ore.

Dip - The angle at which a vein, structure or rock bed is inclined from the horizontal as 

measured at right angles to the strike.

Exploration - Prospecting, sampling, mapping, diamond drilling, and other work involved 

in searching for ore.



Exploration Target – An Exploration Target is a statement or estimate of the exploration 

potential of a mineral deposit in a defined geological setting where the statement or 

estimate, quoted as a range of tonnes and a range of grade (or quality), relates to 

mineralisation for which there has been insufficient exploration to estimate a Mineral 

Resource.

Feasibility Study (FS) – A Feasibility Study is a comprehensive technical and economic 

study of the selected development option for a mineral project that includes 

appropriately detailed assessments of applicable Modifying Factors together with any 

other relevant operational factors and detailed financial analysis that are necessary to 

demonstrate at the time of reporting that extraction is reasonably justified (economically

mineable).  The results of the study may reasonably serve as the basis for a final 

decision by a proponent or financial institution to proceed with, or finance, the 

development of the project.  The confidence level of the study will be higher than that 

of a Pre-Feasibility Study.

Footwall - The rock on the underside of a vein or ore structure.

Gangue - The worthless minerals in an ore deposit.

Geochemistry - The study of the chemical properties of rocks.

Geophysical Survey - A scientific method of prospecting that measures the physical 

properties of rock formations. Common properties investigated include magnetism, 

specific gravity, electrical conductivity, and radioactivity.

Hanging wall - The rock on the upper side of a vein or ore deposit.

Head Grade - The average grade of ore fed into a mill.

Host Rock - The rock surrounding an ore deposit.

Hydrothermal - Relating to hot fluids circulating in the Earth's crust.

Igneous Rocks - Rocks formed by the solidification of molten material from far below the 

Earth's surface.

Indicated Mineral Resource (CIM Definition) – That part of a Mineral Resource for which 

quantity, grade or quality, densities, shape and physical characteristics, can be 

estimated with a level of confidence sufficient to allow the appropriate application of 

technical and economic parameters, to support mine planning and evaluation of the 

economic viability of the deposit. The estimate is based on detailed and reliable 

exploration and testing information gathered through appropriate techniques from 



locations such as outcrops, trenches, pits, workings and drill holes that are spaced 

closely enough for geological and grade continuity to be reasonably assumed.

Inferred Mineral Resource (CIM Definition) – That part of a Mineral Resource for which 

quantity and grade or quality can be estimated on the basis of geological evidence and 

limited sampling and reasonably assumed, but not verified, geological and grade 

continuity. The estimate is based on limited information and sampling gathered through 

appropriate techniques from locations such as outcrops, trenches, pits, workings and 

drill holes.

Leaching - A chemical process for the extraction of valuable minerals from ore; also, a 

natural process by which ground waters dissolve minerals, thus leaving the rock with a 

smaller proportion of some of the minerals than it contained originally.

Lens - Generally used to describe a body of ore that is thick in the middle and tapers 

towards the ends.

Lenticular - A deposit having roughly the form of a double convex lens.

Magnetic Susceptibility - A measure of the degree to which a rock is attracted to a 

magnet.

Metallurgy - The study of extracting metals from their ores.

Mill - A plant in which ore is treated and metals are recovered or prepared for smelting; 

also, a revolving drum used for the grinding of ores in preparation for treatment.

Mineral - A naturally occurring homogeneous substance having definite physical properties 

and chemical composition and, if formed under favourable conditions, a definite crystal 

form. 

Mineral Resource (CIM Definition) – A concentration or occurrence of diamonds, natural 

solid inorganic material, or natural solid fossilised organic material including base and 

precious metals, coal, and industrial minerals in or on the Earth’s crust in such form 

and quantity and of such a grade or quality that it has reasonable prospects for 

economic extraction. The location, quantity, grade, geological characteristics and 

continuity of a Mineral Resource are known, estimated or interpreted from specific 

geological evidence and knowledge.

Measured Mineral Resource (CIM Definition) – That part of a Mineral Resource for which 

quantity, grade or quality, densities, shape, and physical characteristics are so well 

established that they can be estimated with confidence sufficient to allow the 

appropriate application of technical and economic parameters, to support production 

planning and evaluation of the economic viability of the deposit. The estimate is based 

on detailed and reliable exploration, sampling and testing information gathered through 



appropriate techniques from locations such as outcrops, trenches, pits, workings and 

drill holes that are spaced closely enough to confirm both geological and grade 

continuity. 

Mineral Resource / Reserve Relationship (CIM Definition)

Ore - A mixture of ore minerals and gangue from which at least one of the metals can be 

extracted at a profit.

Mineral Reserves (CIM Definition) – The economically mineable part of a Measured or 

Indicated Mineral Resource demonstrated by at least a Preliminary Feasibility Study. 

This Study must include adequate information on mining, processing, metallurgical, 

economic and other relevant factors that demonstrate, at the time of reporting, that 

economic extraction can be justified. A Mineral Reserve includes diluting materials and 

allowances for losses that may occur when the material is mined.

Orebody - A natural concentration of valuable material that can be extracted and sold at a 

profit.

Oxidation - A chemical reaction caused by exposure to oxygen that results in a change in 

the chemical composition of a mineral.

Preliminary Feasibility Study (Pre-Feasibility Study) – A Preliminary Feasibility Study 

(Pre-Feasibility Study) is a comprehensive study of a range of options for the technical 

and economic viability of a mineral project that has advanced to a state where a 

preferred mining method, in the case of underground mining, or the pit configuration, in 

the case of an open pit, is established and an effective method of mineral processing 



is determined.  It includes a financial analysis based on reasonable assumptions on the 

Modifying Factors and the evaluation of any other relevant factors which are sufficient 

for a Competent Person, acting reasonably, to determine if all or part of the Mineral 

Resources may be converted to an Ore Reserve at the time of reporting.  A Pre-

Feasibility Study is at a lower confidence level than a Feasibility Study.

Probable Ore Reserve (CIM Definition) – The economically mineable part of an Indicated 

and, in some circumstances, a Measured Mineral Resource demonstrated by at least 

a Preliminary Feasibility Study. This Study must include adequate information on 

mining, processing, metallurgical, economic, and other relevant factors that 

demonstrate, at the time of reporting, that economic extraction can be justified.

Proven Ore Reserve (CIM Definition) – The economically mineable part of a Measured 

Mineral Resource demonstrated by at least a Preliminary Feasibility Study. This Study 

must include adequate information on mining, processing, metallurgical, economic, and 

other relevant factors that demonstrate, at the time of reporting, that economic 

extraction is justified. 

Plant - A building or group of buildings in which a process or function is carried out; at a 

mine site it will include warehouses, hoisting equipment, compressors, maintenance 

shops, offices and the mill or concentrator.

Porphyry - Any igneous rock in which relatively large crystals, called phenocrysts, are set 

in a fine-grained groundmass.

Prospect - A mining property, the value of which has not been determined by exploration.

Reclamation - The restoration of a site after mining or exploration activity is completed.

Recovery - The percentage of valuable metal in the ore that is recovered by metallurgical 

treatment.

Rock Mechanics - The study of the mechanical properties of rocks, which includes stress 

conditions around mine openings and the ability of rocks and underground structures 

to withstand these stresses.

Sample - A small portion of rock or a mineral deposit taken so that the metal content can 

be determined by assaying.

Sampling - Selecting a fractional but representative part of a mineral deposit for analysis.

Shear or Shearing - The deformation of rocks by lateral movement along innumerable 

parallel planes, generally resulting from pressure and producing such metamorphic 

structures as cleavage and schistosity.

Shear Zone - A zone in which shearing has occurred on a large scale.

Short ton - 2,000 lbs. avoirdupois.



Solvent Extraction-Electrowinning (SX/EW) - A metallurgical technique, so far applied 

only to copper ores, in which metal is dissolved from the rock by organic solvents and 

recovered from solution by electrolysis. 

Stockpile - Broken ore heaped on surface, pending treatment or shipment.

Strike - The direction, or bearing from true north, of a vein or rock formation measure on a 

horizontal surface.

Sulphide - A compound of sulphur and some other element.

Sustainable Development - Industrial development that does not detract from the 

potential of the natural environment to provide benefits to future generations.

Trench - A long, narrow excavation dug through overburden, or blasted out of rock, to 

expose a vein or ore structure.

Trend - The direction, in the horizontal plane, of a linear geological feature, such as an ore 

zone, measured from true north.

Umpire Sample or Assay - An assay made by a third party to provide a basis for settling 

disputes between buyers and sellers of ore.

Vein - A fissure, fault or crack in a rock filled by minerals that have travelled upwards from 

some deep source.



16.2. LIST OF ABBREVIATIONS 

Units of measurement used in this report conform to the metric system.  All currency in this 

report is US dollars (US$) unless otherwise noted.

a annum kWh kilowatt-hour
A ampere L litre
AMSL metres above sea level lb pound
°C degree Celsius L/s litres per second
C$ Canadian dollars m metre
cal calorie M mega (million); molar
cfm cubic feet per minute m2 square metre
cm centimetre m3 cubic metre
cm2 square centimetre micron
d day g microgram
dia diameter m3/h cubic metres per hour
dmt dry metric tonne mi mile
dwt dead-weight ton min minute
°F degree Fahrenheit m micrometre
ft foot mm millimetre
ft2 square foot mph miles per hour
ft3 cubic foot MVA megavolt-amperes
ft/s foot per second MW megawatt
g gram MWh megawatt-hour
G giga (billion) oz Troy ounce (31.1035g)
Gal Imperial gallon oz/st, opt ounce per short ton
g/L gram per litre ppb part per billion
Gpm Imperial gallons per minute ppm part per million
g/t gram per tonne psia pound per square inch absolute
gr/ft3 grain per cubic foot psig pound per square inch gauge
gr/m3 grain per cubic metre RL relative elevation
ha hectare s second
hp horsepower st short ton
hr hour stpa short ton per year
Hz hertz stpd short ton per day
in. inch t metric tonne
in2 square inch tpa metric tonne per year
J joule tpd metric tonne per day
k kilo (thousand) US$ United States dollar
kcal kilocalorie USg United States gallon
kg kilogram USgpm US gallon per minute
km kilometre V volt
km2 square kilometre W watt
km/h kilometre per hour wmt wet metric tonne
kPa kilopascal wt% weight percent
kVA kilovolt-amperes yd3 cubic yard
kW kilowatt yr year
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