
NovaGold Resources Inc.
Donlin Creek Gold Project
Alaska, USA
NI 43-101 Technical Report on 
S d U d t d F ibilit St dSecond Updated Feasibility Study

Submitted by:
Tony Lipiec, P.Eng.
Gordon Seibel, R.M. SME
Kirk Hanson, P.E.

Effective Date: 18 November 2011
Amended  20 January 2012
Project Number:  166549



 

AMEC Americas Limited 
111 Dunsmuir Street, Suite 400 
Vancouver, B.C. V6B 5W3 
Tel(604)  664-3030 
Fax (604)  664-3057  www.amec.com 
 

CERTIFICATE OF QUALIFIED PERSON 
Ignacy (Tony) Lipiec (P.Eng.) 

AMEC Americas Ltd., 
Suite 400, 111 Dunsmuir St  

Vancouver, BC., Canada 
Tel: 604-664-3130; Fax: 604-664-3057 

E-mail: tony.lipiec@amec.com  
 

 

I, Tony Lipiec, P.Eng., am employed as the Process Manager, Vancouver, with AMEC E&C Services 
Inc. 

This certificate applies to the Technical Report entitled “Donlin Creek Gold Project Alaska, USA, NI 
43-101 Technical Report on Second Updated Feasibility Study” (the Technical Report) with an 
effective date of 18 November 2011. 

I am a Professional Engineer in the province of British Columbia.  I graduated from the University of 
British Columbia with a B.A.Sc. degree in Mining & Mineral Process Engineering, in 1985.  

I have practiced my profession for 25 years, and have previously been involved with metallurgical 
design and process engineering for gold and base metal deposits employing the metallurgy and unit 
operations being considered for this deposit.  These projects have included large, remote deposits 
located  in North America and South America.  As a result of my experience and qualifications, I am 
a Qualified Person as defined in National Instrument 43–101 Standards of Disclosure for Mineral 
Projects (NI 43–101). 

I have not visited the Donlin Creek Gold Project.  

I am responsible for Sections 1, 2, 3, 4, 5, 6, 13, 14.5.2, 14.6.2, 14.8, 14.9.4, 14.9.5, 14.9.6, 17, 18, 
19, 20, 21, 22, 23, 24, 25, 26, and 27 of the Technical Report.  

I am independent of NovaGold Resources Inc. as independence is described by Section 1.5 of 
NI 43-101. 

I have been involved with the Donlin Creek Project since 2011 during preparation of a feasibility 
study update on the Project. 



 

AMEC Americas Limited 
111 Dunsmuir Street, Suite 400 
Vancouver, B.C. V6B 5W3 
Tel(604)  664-3030 
Fax (604)  664-3057  www.amec.com 
 

I have read NI 43–101, and the portions of the Report for which I am responsible have been 
prepared in compliance with that Instrument.  

As of the date of this certificate, to the best of my knowledge, information and belief, those section of 
the technical report for which I am responsible contain all scientific and technical information that is 
required to be disclosed to make the technical report not misleading. 

 

“signed” 

Tony Lipiec, P.Eng. 

20 January 2012 



 

AMEC E&C Services, Inc. 
780 Vista Boulevard 
Sparks, NV, 89434 
Tel (775) 331 2375 
Fax (775) 331 4153  www.amec.com 
 

CERTIFICATE OF QUALIFIED PERSON 
Gordon Seibel, R.M. SME 
AMEC E&C Services Inc.  
780 Vista Blvd., Suite 100 

Sparks, NV., 89434 
Tel (775) 331 2375 
Fax (775) 331 4153 

E-mail: gordon.seibel@amec.com 
 

 

I, Gordon Seibel, R.M. SME, am employed as a Principal Geologist with AMEC E&C Services Inc. 

This certificate applies to the Technical Report entitled “Donlin Creek Gold Project Alaska, USA, NI 
43-101 Technical Report on Second Updated Feasibility Study” (the Technical Report) with an 
effective date of 18 November 2011. 

I am a Registered Member of the Society of Mining, Metallurgy, and Exploration.  

I graduated from the University of Colorado with a Bachelor of Arts degree in Geology in 1980.  In 
addition, I obtained a Master of Science degree in Geology from Colorado State University in 1991.  
I have practiced my profession for over 30 years.  I have been directly involved in the development 
of resource models and mineral resource estimation for mineral projects in North America, South 
America, Africa , and Australia since 1991. 

As a result of my experience and qualifications, I am a Qualified Person as defined in National 
Instrument 43–101 Standards of Disclosure for Mineral Projects (NI 43–101). 

I visited the Donlin Creek Gold Project on 1 October 2008.  

I am responsible for Sections 7, 8, 9, 10, 11, 12, 14 (excepting 14.5.2, 14.6.2, 14.8, 14.9.4, 14.9.5 
and 14.9.6), and those portions of the Summary, Interpretations and Conclusions and 
Recommendations that pertain to those Sections of the Technical Report.  

I am independent of NovaGold Resources Inc. as independence is described by Section 1.5 of NI 
43-101. 

I have been involved with the Donlin Creek Project since 2008 during preparation of the initial 
feasibility study and subsequent feasibility study updates on the Project. 



 

AMEC E&C Services, Inc. 
780 Vista Boulevard 
Sparks, NV, 89434 
Tel (775) 331 2375 
Fax (775) 331 4153  www.amec.com 
 

I have read NI 43–101, and the portions of the Report for which I am responsible have been 
prepared in compliance with that Instrument.  

As of the date of this certificate, to the best of my knowledge, information and belief, those section of 
the technical report for which I am responsible contain all scientific and technical information that is 
required to be disclosed to make the technical report not misleading. 

 

“signed” 

Gordon Seibel, R.M. SME 

20 January 2012 



 

AMEC E&C Services, Inc. 
780 Vista Boulevard 
Sparks, NV, 89434 
Tel (775) 331 2375 
Fax (775) 331 4153  www.amec.com 
 

CERTIFICATE OF QUALIFIED PERSON 
Kirk Hanson, P.E. 

AMEC E&C Services, Inc. 
780 Vista Blvd., Suite 100 

Sparks, NV, 89434 
Tel 775 997 6559 

Fax: 775-331-4153 
kirk.hanson@amec.com 

 

I, Kirk Hanson, P.E., am employed as the Technical Director, Open Pits, North America, with AMEC 
E&C Services Inc. 

This certificate applies to the Technical Report entitled “Donlin Creek Gold Project Alaska, USA, NI 
43-101 Technical Report on Second Updated Feasibility Study” (the Technical Report) with an 
effective date of 18 November 2011. 

I am registered as a Professional Engineer in the state of Alaska (12126).   

I graduated with a B.Sc. degree from Montana Tech of the University of Montana, Butte, Montana in 
1989 and from Boise State University, Boise, Idaho with a MBA in 2003.  I have over 20 years of 
experience in the mining industry, predominately at hard rock open pit mines. 

As a result of my experience and qualifications, I am a Qualified Person as defined in National 
Instrument 43–101 Standards of Disclosure for Mineral Projects (NI 43–101). 

I visited the Donlin Creek Gold Project on 1 October 2008.  

I am responsible for Sections 15 and 16, and those portions of the Summary, Interpretations and 
Conclusions and Recommendations that pertain to those Sections.  

I am independent of NovaGold Resources Inc. as independence is described by Section 1.5 of NI 
43-101. 

I have been involved with the Donlin Creek Project since 2008, during preparation of the feasibility 
study and subsequent study updates on the Project. 



 

AMEC E&C Services, Inc. 
780 Vista Boulevard 
Sparks, NV, 89434 
Tel (775) 331 2375 
Fax (775) 331 4153  www.amec.com 
 

I have read NI 43–101, and the portions of the Report for which I am responsible have been 
prepared in compliance with that Instrument.  

As of the date of this certificate, to the best of my knowledge, information and belief, those section of 
the technical report for which I am responsible contain all scientific and technical information that is 
required to be disclosed to make the technical report not misleading. 

 

“signed and sealed” 

Kirk Hanson, P.E. 

20 January 2012 



IMPORTANT NOTICE 

 
This report was prepared as a National Instrument 43-101 Technical 
Report for NovaGold Resources Inc. (NovaGold) by AMEC Americas 
Limited (AMEC).  The quality of information, conclusions, and 
estimates contained herein is consistent with the level of effort involved 
in AMEC’s services, based on: i) information available at the time of 
preparation, ii) data supplied by outside sources, and iii) the 
assumptions, conditions, and qualifications set forth in this report.  This 
report is intended for use by NovaGold subject to terms and conditions 
of its contract with AMEC.  Except for the purposes legislated under 
Canadian provincial securities law, any other uses of this report by any 
third party is at that party’s sole risk. 
 



 

DONLIN GOLD PROJECT 
ALASKA, USA 

NI 43-101 TECHNICAL REPORT 
ON SECOND UPDATED FEASIBILITY STUDY

 

   

Project No.:  166549 TOC i 
December 2011   
 

C O N T E N T S  

1.0  SUMMARY ............................................................................................................... 1-1 
1.1  Principal Outcomes ...................................................................................... 1-1 
1.2  Location, Climate, and Access ..................................................................... 1-2 
1.3  Agreements .................................................................................................. 1-3 
1.4  Mineral Tenure ............................................................................................. 1-4 
1.5  Surface Rights .............................................................................................. 1-4 
1.6  Royalties ....................................................................................................... 1-5 
1.7  Environment, Permitting and Socio-Economics ........................................... 1-5 
1.8  Geology and Mineralization .......................................................................... 1-6 
1.9  Exploration .................................................................................................... 1-7 
1.10  Exploration Potential ..................................................................................... 1-7 
1.11  Drilling ........................................................................................................... 1-8 
1.12  Sample Analysis and Security ...................................................................... 1-9 
1.13  Data Verification ......................................................................................... 1-10 
1.14  Metallurgical Testwork ................................................................................ 1-11 
1.15  Mineral Resource Estimate ........................................................................ 1-14 
1.16  Mineral Reserve Estimate .......................................................................... 1-17 
1.17  Proposed Mine Plan ................................................................................... 1-19 
1.18  Process Design .......................................................................................... 1-21 
1.19  Planned Project Infrastructure .................................................................... 1-23 
1.20  Markets ....................................................................................................... 1-24 
1.21  Capital Costs .............................................................................................. 1-24 
1.22  Operating Costs .......................................................................................... 1-25 
1.23  Financial Analysis ....................................................................................... 1-25 
1.24  Preliminary Development Schedule ........................................................... 1-26 
1.25  Conclusions ................................................................................................ 1-27 
1.26  Recommendations ...................................................................................... 1-27 

2.0  INTRODUCTION ...................................................................................................... 2-1 
2.1  Terms of Reference ...................................................................................... 2-1 
2.2  Qualified Persons ......................................................................................... 2-4 
2.3  Site Visits and Scope of Personal Inspections ............................................. 2-4 
2.4  Effective Dates ............................................................................................. 2-5 
2.5  Previous Technical Reports .......................................................................... 2-5 
2.6  Information Sources and References ........................................................... 2-6 

3.0  RELIANCE ON OTHER EXPERTS .......................................................................... 3-1 
3.1  Mineral Tenure ............................................................................................. 3-1 
3.2  Surface Rights .............................................................................................. 3-2 
3.3  Agreements .................................................................................................. 3-2 
3.4  Royalties ....................................................................................................... 3-3 
3.5  Marketing ...................................................................................................... 3-3 
3.6  Taxation ........................................................................................................ 3-4 



 

DONLIN GOLD PROJECT 
ALASKA, USA 

NI 43-101 TECHNICAL REPORT 
ON SECOND UPDATED FEASIBILITY STUDY

 

   

Project No.:  166549 TOC ii 
December 2011   
 

4.0  PROPERTY DESCRIPTION AND LOCATION ........................................................ 4-1 
4.1  Location ........................................................................................................ 4-1 
4.2  Project Ownership History ............................................................................ 4-1 
4.3  Lease Rights ................................................................................................. 4-4 
4.4  Mineral Tenure ............................................................................................. 4-5 
4.5  Surface Rights .............................................................................................. 4-1 
4.6  Royalties and Encumbrances ....................................................................... 4-2 
4.7  Permits ......................................................................................................... 4-2 
4.8  Environmental Liabilities ............................................................................... 4-3 
4.9  Social License .............................................................................................. 4-3 
4.10  Significant Risk Factors ................................................................................ 4-3 
4.11  Comments on Section 4 ............................................................................... 4-3 

5.0  ACCESSIBILITY, CLIMATE, LOCAL RESOURCES, INFRASTRUCTURE, AND 
PHYSIOGRAPHY ..................................................................................................... 5-1 
5.1  Accessibility .................................................................................................. 5-1 
5.2  Climate ......................................................................................................... 5-1 
5.3  Local Resources and Infrastructure .............................................................. 5-2 
5.4  Physiography ................................................................................................ 5-2 
5.5  Sufficiency of Surface Rights ........................................................................ 5-2 
5.6  Comments on Section 5 ............................................................................... 5-2 

6.0  HISTORY ................................................................................................................. 6-1 

7.0  GEOLOGICAL SETTING AND MINERALIZATION ................................................. 7-1 
7.1  Regional Geology ......................................................................................... 7-1 
7.2  Project Geology ............................................................................................ 7-2 

7.2.1  Lithologies ......................................................................................... 7-2 
7.2.2  Structure ........................................................................................... 7-3 

7.3  Deposit Setting ............................................................................................. 7-3 
7.4  Paragenesis .................................................................................................. 7-4 
7.5  Deposit Geology ........................................................................................... 7-5 

7.5.1  Sedimentary Rocks ........................................................................... 7-5 
7.5.2  Igneous Rocks .................................................................................. 7-6 
7.5.3  Structure ........................................................................................... 7-7 

7.6  Deposits ........................................................................................................ 7-9 
7.7  Mineralization ............................................................................................. 7-10 

7.7.1  Vein and Disseminated Mineralization ............................................ 7-10 
7.8  Alteration .................................................................................................... 7-12 
7.9  Minor Elements ........................................................................................... 7-13 
7.10  Comments on Section 7 ............................................................................. 7-13 

8.0  DEPOSIT TYPES ..................................................................................................... 8-1 
8.1  Comments on Section 8 ............................................................................... 8-1 

9.0  EXPLORATION ........................................................................................................ 9-1 
9.1  Grids and Surveys ........................................................................................ 9-1 
9.2  Geological Mapping ...................................................................................... 9-1 
9.3  Geochemical Sampling ................................................................................. 9-1 



 

DONLIN GOLD PROJECT 
ALASKA, USA 

NI 43-101 TECHNICAL REPORT 
ON SECOND UPDATED FEASIBILITY STUDY

 

   

Project No.:  166549 TOC iii 
December 2011   
 

9.4  Geophysics ................................................................................................... 9-1 
9.5  Pits and Trenches ......................................................................................... 9-4 
9.6  Petrology, Mineralogy, and Research Studies ............................................. 9-4 
9.7  Geotechnical and Hydrological Studies ........................................................ 9-4 
9.8  Metallurgical Studies .................................................................................... 9-4 
9.9  Exploration Potential ..................................................................................... 9-5 

9.9.1  Far Side ............................................................................................ 9-5 
9.9.2  Duqum .............................................................................................. 9-5 
9.9.3  Snow/Quartz ..................................................................................... 9-7 
9.9.4  Dome ................................................................................................ 9-7 
9.9.5  Ophir ................................................................................................. 9-8 

9.10  Comments on Section 9 ............................................................................... 9-8 

10.0  DRILLING ............................................................................................................... 10-1 
10.1  Drill Methods ............................................................................................... 10-1 
10.2  Geological Logging ..................................................................................... 10-6 
10.3  Recovery .................................................................................................... 10-7 
10.4  Collar Surveys ............................................................................................ 10-7 
10.5  Down-hole Surveys .................................................................................... 10-7 
10.6  Geotechnical and Hydrological Drilling ....................................................... 10-8 
10.7  Metallurgical Drilling ................................................................................... 10-8 
10.8  Condemnation Drilling ................................................................................ 10-8 
10.9  Drill Orientations ....................................................................................... 10-10 
10.10  Twin Drilling .............................................................................................. 10-11 
10.11  Drilled Width versus True Thickness ........................................................ 10-11 
10.12  Summary of Drill Intercepts ...................................................................... 10-11 
10.13  Comments on Section 10 ......................................................................... 10-11 

11.0  SAMPLE PREPARATION, ANALYSES, AND SECURITY .................................... 11-1 
11.1  Sampling Methods ...................................................................................... 11-1 
11.2  Metallurgical Sampling ............................................................................... 11-1 
11.3  Density/Specific Gravity Determinations .................................................... 11-1 
11.4  Analytical and Test Laboratories ................................................................ 11-3 
11.5  Sample Preparation and Analysis .............................................................. 11-3 
11.6  Quality Assurance and Quality Control ....................................................... 11-5 

11.6.1  1995–2002 QA/QC Protocol ........................................................... 11-5 
11.6.2  2005–2006 QA/QC Protocol ........................................................... 11-6 
11.6.3  2007–2010 QA/QC Protocol ........................................................... 11-6 
11.6.4  Standard Reference Materials ........................................................ 11-6 
11.6.5  Blank Materials ............................................................................... 11-7 

11.7  Databases .................................................................................................. 11-7 
11.8  Sample Security ......................................................................................... 11-8 
11.9  Comments on Section 11 ........................................................................... 11-9 

12.0  DATA VERIFICATION ............................................................................................ 12-1 
12.1.1  AMEC (2002) .................................................................................. 12-1 
12.1.2  NovaGold (2005) ............................................................................ 12-1 
12.1.3  NovaGold (2008) ............................................................................ 12-1 



 

DONLIN GOLD PROJECT 
ALASKA, USA 

NI 43-101 TECHNICAL REPORT 
ON SECOND UPDATED FEASIBILITY STUDY

 

   

Project No.:  166549 TOC iv 
December 2011   
 

12.2  AMEC (2011) .............................................................................................. 12-2 
12.3  Comments on Section 12 ........................................................................... 12-2 

13.0  MINERAL PROCESSING AND METALLURGICAL TESTING .............................. 13-1 
13.1  Metallurgical Testwork ................................................................................ 13-1 

13.1.1  Domains .......................................................................................... 13-1 
13.1.2  Gold Deportment ............................................................................ 13-4 
13.1.3  Mercury, Chlorine, Carbonates and Organic Carbon Deportment .. 13-4 
13.1.4  Samples .......................................................................................... 13-5 
13.1.5  Comminution ................................................................................... 13-5 
13.1.6  Flotation ........................................................................................ 13-17 
13.1.7  Pressure Oxidation ....................................................................... 13-24 
13.1.8  Neutralization ................................................................................ 13-33 
13.1.9  Carbon-in-Leach (CIL) .................................................................. 13-40 
13.1.10  Thickening and Counter-Current Decantation (CCD) Washing 13-45 
13.1.11  Environmental Testwork ........................................................... 13-46 

13.2  Recovery Estimates .................................................................................. 13-47 
13.2.1  Flotation ........................................................................................ 13-48 
13.2.2  Pressure Oxidation ....................................................................... 13-53 
13.2.3  Overall Plant Gold Recovery ........................................................ 13-55 

13.3  Metallurgical Variability ............................................................................. 13-55 
13.4  Deleterious Elements ............................................................................... 13-55 
13.5  Comments on Section 13 ......................................................................... 13-55 

14.0  MINERAL RESOURCE ESTIMATES ..................................................................... 14-1 
14.1  Key Assumptions/Basis of Estimate ........................................................... 14-1 
14.2  Geological Models ...................................................................................... 14-1 
14.3  Exploratory Data Analysis .......................................................................... 14-2 
14.4  Density Assignment .................................................................................... 14-4 
14.5  Grade Capping/Outlier Restrictions ............................................................ 14-4 

14.5.1  Gold, Sulphur, Arsenic, Mercury, and Antimony Grade Caps......... 14-4 
14.5.2  Neutralization Potential Grade Caps .............................................. 14-5 

14.6  Composites ................................................................................................. 14-5 
14.6.1  Gold, Sulphur, Arsenic, Mercury, and Antimony Composites ......... 14-5 
14.6.2  Neutralization Potential Composites ............................................... 14-5 

14.7  Gold and Sulphur Indicator Models ............................................................ 14-6 
14.7.1  Overburden ..................................................................................... 14-8 

14.8  Variography Performed in Support of PAG Model ...................................... 14-8 
14.9  Estimation/Interpolation Methods ............................................................... 14-8 

14.9.1  Gold ................................................................................................ 14-8 
14.9.2  Sulphur ........................................................................................... 14-9 
14.9.3  Arsenic, Mercury and Antimony ...................................................... 14-9 
14.9.4  Calcium, Magnesium and Carbon Di-oxide .................................. 14-10 
14.9.5  Neutralization Potential ................................................................. 14-10 
14.9.6  Classification of Waste Rock Management Categories ................ 14-10 

14.10  Block Model Validation ............................................................................. 14-11 
14.11  Dilution ...................................................................................................... 14-12 



 

DONLIN GOLD PROJECT 
ALASKA, USA 

NI 43-101 TECHNICAL REPORT 
ON SECOND UPDATED FEASIBILITY STUDY

 

   

Project No.:  166549 TOC v 
December 2011   
 

14.12  Classification of Mineral Resources ......................................................... 14-12 
14.13  Reasonable Prospects of Economic Extraction ........................................ 14-12 

14.13.1  NSR Calculations for Marginal Cut-off Application ................... 14-12 
14.14  AMEC Review .......................................................................................... 14-14 
14.15  Mineral Resource Statement .................................................................... 14-17 
14.16  Comments on Section 14 ......................................................................... 14-18 

15.0  MINERAL RESERVE ESTIMATES ........................................................................ 15-1 
15.1  Key Assumptions/Basis of Estimate ........................................................... 15-1 
15.2  Dilution and Mining Losses ......................................................................... 15-1 
15.3  Conversion Factors from Mineral Resources to Mineral Reserves ............ 15-4 

15.3.1  Mining Costs ................................................................................... 15-4 
15.3.2  Processing Costs ............................................................................ 15-5 
15.3.3  Recovery ......................................................................................... 15-6 
15.3.4  Overhead Costs .............................................................................. 15-6 
15.3.5  Refining, Freight, and Royalties ...................................................... 15-6 
15.3.6  Metal Prices .................................................................................... 15-6 
15.3.7  Pit Slopes ........................................................................................ 15-7 
15.3.8  Sensitivity of Optimized Pit ............................................................. 15-7 

15.4  Mineral Reserves Statement ...................................................................... 15-8 
15.5  Comments on Section 15 ........................................................................... 15-9 

16.0  MINING METHODS ............................................................................................... 16-1 
16.1  Throughput Considerations ........................................................................ 16-1 
16.2  Pit Design ................................................................................................... 16-1 
16.3  Geotechnical Considerations ...................................................................... 16-1 

16.3.1  Rock Mass Model ........................................................................... 16-1 
16.3.2  Open Pit Slope Design ................................................................... 16-2 
16.3.3  Recommended Design Parameters ................................................ 16-3 

16.4  Pit Phases .................................................................................................. 16-3 
16.5  Haul Roads ................................................................................................. 16-4 
16.6  Production Schedule .................................................................................. 16-5 

16.6.1  Planned Production Schedule ........................................................ 16-7 
16.6.2  Pit–Phase Mining Rates ................................................................. 16-7 
16.6.3  Mill Feed Plan ............................................................................... 16-11 

16.7  Ore Stockpiles .......................................................................................... 16-11 
16.8  Waste Rock Scheduling and NAG/PAG Management ............................. 16-13 

16.8.1  Overburden Scheduling and Concurrent Reclamation ................. 16-14 
16.9  Water Management and Treatment .......................................................... 16-14 
16.10  Ore Control ............................................................................................... 16-15 
16.11  Blasting and Explosives ............................................................................ 16-15 
16.12  Mining Equipment ..................................................................................... 16-16 

16.12.1  Drilling ....................................................................................... 16-16 
16.12.2  Loading ..................................................................................... 16-17 
16.12.3  Hauling ...................................................................................... 16-17 
16.12.4  Secondary Fleet ........................................................................ 16-17 
16.12.5  Support Equipment ................................................................... 16-17 



 

DONLIN GOLD PROJECT 
ALASKA, USA 

NI 43-101 TECHNICAL REPORT 
ON SECOND UPDATED FEASIBILITY STUDY

 

   

Project No.:  166549 TOC vi 
December 2011   
 

16.12.6  Maintenance Considerations .................................................... 16-18 
16.12.7  Health and Safety Considerations ............................................ 16-18 
16.12.8  Communications Considerations .............................................. 16-22 

16.13  Consumables ............................................................................................ 16-22 
16.14  Work Schedule ......................................................................................... 16-22 
16.15  Comments on Section 16 ......................................................................... 16-23 

17.0  RECOVERY METHODS ........................................................................................ 17-1 
17.1  Plant Design ............................................................................................... 17-1 

17.1.1  General ........................................................................................... 17-1 
17.1.2  Crushing and Coarse Ore Stockpile ............................................... 17-1 
17.1.3  Grinding and Pebble Crushing ........................................................ 17-3 
17.1.4  Flotation .......................................................................................... 17-4 
17.1.5  Thickening, Concentrate Storage, Acidulation, and CCD Washing 17-5 
17.1.6  Autoclave Plant ............................................................................... 17-6 
17.1.7  CCD POX Thickening and Washing ............................................... 17-8 
17.1.8  Flotation Tailings (FT) Neutralization .............................................. 17-8 
17.1.9  Solids CIL Neutralization ................................................................ 17-9 
17.1.10  Carbon-in-Leach Cyanidation Circuit .......................................... 17-9 
17.1.11  Cyanide Destruction System ..................................................... 17-10 
17.1.12  Carbon Elution, Electrowinning, Reactivation, and Gold Refining17-10 
17.1.13  Mercury Abatement Systems .................................................... 17-11 
17.1.14  Reagent Preparation ................................................................. 17-13 

17.2  Process Services ...................................................................................... 17-14 
17.2.1  Air ................................................................................................. 17-14 
17.2.2  Plant Water Distribution ................................................................ 17-15 

17.3  Process Ventilation ................................................................................... 17-16 
17.4  Control System ......................................................................................... 17-17 
17.5  Laboratories .............................................................................................. 17-18 
17.6  Mill Feed Schedule ................................................................................... 17-18 
17.7  Comments on Section 17 ......................................................................... 17-21 

18.0  PROJECT INFRASTRUCTURE ............................................................................. 18-1 
18.1  Access and Logistics .................................................................................. 18-1 

18.1.1  Port-to-Mine Access Road .............................................................. 18-1 
18.1.2  Road Construction .......................................................................... 18-1 
18.1.3  Airstrip ............................................................................................. 18-2 
18.1.4  Cargoes .......................................................................................... 18-3 
18.1.5  Fuel ................................................................................................. 18-3 

18.2  Site Facilities .............................................................................................. 18-4 
18.2.1  Site Investigations ........................................................................... 18-4 
18.2.2  Plant Site Design Considerations ................................................... 18-5 
18.2.3  Plant Site Facilities ......................................................................... 18-7 

18.3  Camps and Accommodation ...................................................................... 18-9 
18.4  Waste Storage Facilities ............................................................................. 18-9 

18.4.1  Location .......................................................................................... 18-9 
18.4.2  Acid-base Accounting ..................................................................... 18-9 



 

DONLIN GOLD PROJECT 
ALASKA, USA 

NI 43-101 TECHNICAL REPORT 
ON SECOND UPDATED FEASIBILITY STUDY

 

   

Project No.:  166549 TOC vii 
December 2011   
 

18.4.3  Construction Plan ......................................................................... 18-11 
18.5  Tailings Storage Facilities ......................................................................... 18-12 

18.5.1  Design Considerations .................................................................. 18-14 
18.6  Water Management .................................................................................. 18-16 

18.6.1  Water Balance .............................................................................. 18-16 
18.6.2  Construction Water Management Strategy ................................... 18-17 
18.6.3  Operations Water Management Strategy ..................................... 18-20 
18.6.4  Closure Water Management Strategy .......................................... 18-23 
18.6.5  Potable Water ............................................................................... 18-25 
18.6.6  Fire Water ..................................................................................... 18-25 

18.7  Bethel Marine Terminal ............................................................................ 18-25 
18.8  Kuskokwim River Dock Site ...................................................................... 18-27 
18.9  Power and Electrical ................................................................................. 18-28 
18.10  Gas Pipeline ............................................................................................. 18-29 
18.11  Fuel ........................................................................................................... 18-30 

18.11.1  Diesel ........................................................................................ 18-30 
18.11.2  Natural Gas ............................................................................... 18-30 

18.12  Comment on Section 18 ........................................................................... 18-31 

19.0  MARKET STUDIES AND CONTRACTS ................................................................ 19-1 
19.1  Marketing Partnership Agreement .............................................................. 19-1 
19.2  Gold Marketing ........................................................................................... 19-1 
19.3  Comments on Section 19 ........................................................................... 19-1 

20.0  ENVIRONMENTAL STUDIES, PERMITTING, AND SOCIAL OR COMMUNITY 
IMPACT .................................................................................................................. 20-1 
20.1  Baseline Studies ......................................................................................... 20-1 
20.2  Environmental Issues ................................................................................. 20-1 
20.3  Closure Plan ............................................................................................... 20-1 

20.3.1  Water Treatment Plant .................................................................... 20-4 
20.3.2  Tailings Storage Facility .................................................................. 20-5 
20.3.3  Waste Rock Facility ........................................................................ 20-5 
20.3.4  Roads and Airstrip .......................................................................... 20-6 
20.3.5  Foundations and Buildings ............................................................. 20-6 
20.3.6  Waste Disposal ............................................................................... 20-6 
20.3.7  Port Facilities, Access Road, Airstrip, and Personnel Camp .......... 20-6 
20.3.8  Mobile Equipment ........................................................................... 20-7 
20.3.9  Trust Fund ...................................................................................... 20-7 
20.3.10  Closure Cost Estimate ................................................................ 20-7 

20.4  Permitting ................................................................................................... 20-8 
20.4.1  Exploration Stage Permitting .......................................................... 20-9 
20.4.2  Pre-Application Phase .................................................................... 20-9 
20.4.3  The NEPA Process and Permit Applications ................................ 20-11 
20.4.4  Laws, Regulations, and Permit Requirements .............................. 20-12 

20.5  Considerations of Social and Community Impacts ................................... 20-12 
20.5.1  Stakeholders ................................................................................. 20-17 
20.5.2  Community Development and Sustainability ................................ 20-19 



 

DONLIN GOLD PROJECT 
ALASKA, USA 

NI 43-101 TECHNICAL REPORT 
ON SECOND UPDATED FEASIBILITY STUDY

 

   

Project No.:  166549 TOC viii 
December 2011   
 

20.6  Comments on Section 20 ......................................................................... 20-20 

21.0  CAPITAL AND OPERATING COSTS .................................................................... 21-1 
21.1  Capital Cost Estimates ............................................................................... 21-1 

21.1.1  Basis of Estimate ............................................................................ 21-1 
21.1.2  Contingency .................................................................................... 21-2 
21.1.3  First Fill ........................................................................................... 21-3 
21.1.4  Sustaining Capital ........................................................................... 21-3 
21.1.5  Capital Cost Summary .................................................................... 21-4 

21.2  Operating Cost Estimates ........................................................................... 21-6 
21.2.1  Basis of Estimate ............................................................................ 21-6 
21.2.2  Mine Operating Costs ..................................................................... 21-7 
21.2.3  Process Operating Costs ................................................................ 21-7 
21.2.4  General and Administrative Operating Costs ................................. 21-9 
21.2.5  Operating Cost Summary ............................................................... 21-9 

21.3  Comments on Section 21 ......................................................................... 21-11 

22.0  ECONOMIC ANALYSIS ......................................................................................... 22-1 
22.1  Valuation Methodology ............................................................................... 22-1 
22.2  Financial Model Parameters ....................................................................... 22-2 

22.2.1  Production Forecast ........................................................................ 22-2 
22.2.2  Metallurgical Recoveries ................................................................. 22-2 
22.2.3  Smelting and Refining Terms ......................................................... 22-2 
22.2.4  Metal Prices .................................................................................... 22-3 
22.2.5  Capital Costs .................................................................................. 22-3 
22.2.6  Operating Costs .............................................................................. 22-3 
22.2.7  Royalties ......................................................................................... 22-3 
22.2.8  Working Capital .............................................................................. 22-3 
22.2.9  Taxes .............................................................................................. 22-4 
22.2.10  Closure Costs and Salvage Value .............................................. 22-4 
22.2.11  Financing .................................................................................... 22-4 
22.2.12  Inflation ....................................................................................... 22-5 

22.3  Financial Results ........................................................................................ 22-5 
22.4  Sensitivity Analysis ..................................................................................... 22-5 
22.5  Comment on Section 22 ........................................................................... 22-10 

23.0  ADJACENT PROPERTIES .................................................................................... 23-1 

24.0  OTHER RELEVANT DATA AND INFORMATION ................................................. 24-1 
24.1  Preliminary Development Schedule ........................................................... 24-1 
24.2  Project Opportunities .................................................................................. 24-3 

25.0  INTERPRETATION AND CONCLUSIONS ............................................................ 25-1 
25.1  Agreements, Mineral Tenure, Surface Rights, and Royalties ..................... 25-1 
25.2  Geology and Mineralization ........................................................................ 25-2 
25.3  Exploration, Drilling, and Data Analysis ...................................................... 25-2 
25.4  Metallurgical Testwork ................................................................................ 25-3 
25.5  Mineral Resource and Mineral Reserve Estimation ................................... 25-4 
25.6  Mine Plan .................................................................................................... 25-5 



 

DONLIN GOLD PROJECT 
ALASKA, USA 

NI 43-101 TECHNICAL REPORT 
ON SECOND UPDATED FEASIBILITY STUDY

 

   

Project No.:  166549 TOC ix 
December 2011   
 

25.7  Process Design .......................................................................................... 25-6 
25.8  Infrastructure Considerations ..................................................................... 25-8 
25.9  Markets and Contracts ............................................................................. 25-10 
25.10  Environmental, Social Issues and Permitting ........................................... 25-10 
25.11  Capital and Operating Cost Estimates ..................................................... 25-12 
25.12  Financial Analysis ..................................................................................... 25-13 
25.13  Preliminary Development Schedule ......................................................... 25-13 
25.14  Conclusions .............................................................................................. 25-13 

26.0  RECOMMENDATIONS .......................................................................................... 26-1 
26.1  Geology and Modelling ............................................................................... 26-1 
26.2  Data ............................................................................................................ 26-1 
26.3  Geotechnical ............................................................................................... 26-2 
26.4  Pit Slope Dewatering .................................................................................. 26-2 
26.5  Mine Plan/ROM Stockpiling ........................................................................ 26-3 
26.6  Process, Metallurgy, and Water Treatment ................................................ 26-3 
26.7  River Surveys ............................................................................................. 26-4 
26.8  Third-Party Logistics Service Providers ...................................................... 26-4 
26.9  Permitting, Environment, and Social .......................................................... 26-4 

27.0  REFERENCES ....................................................................................................... 27-1 
27.1  Bibliography ................................................................................................ 27-1 

T A B L E S  

Table 1-1:  Donlin Gold Project Financial Summary ......................................................................... 1-3 
Table 1-2:  Mineral Resources Summary Table, (Inclusive of Mineral Reserves) Effective Date 

11 July 2011,  Gordon Seibel, R.M. SME Registered Member .................................... 1-18 
Table 1-3:  Proven and Probable Mineral Reserves, Effective Date 11 July 2011,  K.Hanson, 

P.E. ................................................................................................................................ 1-19 
Table 1-4:  Summary of Key Financial Evaluation Metrics (Base Case is highlighted) .................. 1-27 
Table 2-1:  Consulting Firms or Entities Contributing to FSU2 ......................................................... 2-3 
Table 2-2:  QPs, Areas of Report Responsibility, and Site Visits ...................................................... 2-5 
Table 7-1:  Donlin Gold Project Stratigraphy ..................................................................................... 7-6 
Table 7-2:  Donlin Gold Project Intrusive Rocks ................................................................................ 7-7 
Table 7-3:  Vein Stages ................................................................................................................... 7-11 
Table 9-1:  Work History Summary for Donlin Gold Project .............................................................. 9-2 
Table 9-2:  Far Side ........................................................................................................................... 9-7 
Table 9-3:  Duqum ............................................................................................................................. 9-7 
Table 9-4:  Snow/Quartz .................................................................................................................... 9-8 
Table 9-5:  Dome ............................................................................................................................... 9-8 
Table 10-1:  RC and Core Drill Summary Table ................................................................................ 10-2 
Table 10-2:  Drill Hole Intercept Summary Table ............................................................................ 10-12 
Table 11-1:  Specific Gravity Values by Rock Type .......................................................................... 11-3 
Table 11-2:  Specific Gravity Values by Grouped Rock Type ........................................................... 11-3 
Table 13-1:  Intrusive and Sedimentary Lithologies of the Donlin Gold Project ................................ 13-2 
Table 13-2:  Major Geological Domains of the Donlin Gold Project .................................................. 13-2 



 

DONLIN GOLD PROJECT 
ALASKA, USA 

NI 43-101 TECHNICAL REPORT 
ON SECOND UPDATED FEASIBILITY STUDY

 

   

Project No.:  166549 TOC x 
December 2011   
 

Table 13-3:  Vein Types .................................................................................................................... 13-3 
Table 13-4:  Typical Sulphide and Metals Mineralization in the Donlin Ores .................................... 13-3 
Table 13-5:  Grinding Testwork Results from Hazen Research ........................................................ 13-7 
Table 13-6:  Summary of Grindability Testing ................................................................................... 13-7 
Table 13-7:  Comparison of Average Results from 2006 and 2007 Test Programs ....................... 13-10 
Table 13-8:  Adjustments Made to the 2006 Test Program Data .................................................... 13-10 
Table 13-9:  Orebody Estimation of Crushing Index (Ci)................................................................. 13-14 
Table 13-10:Orebody Estimation of SAG Power Index (SPI) .......................................................... 13-14 
Table 13-11:Orebody Estimation of Bond Ball Work Index (BWI) ................................................... 13-14 
Table 13-12: Productivity Improvement Assumptions for the FSU ................................................. 13-18 
Table 13-13:CIL Results from Pilot Flotation Tails .......................................................................... 13-43 
Table 13-14:Summary of Average Flotation Recovery in Variability Testwork Program, by 

Geological Domain ...................................................................................................... 13-51 
Table 13-15:Summary of Flotation Recovery in Variability Testwork Program by Geological 

Domain and Adjusted to MCF2 Pilot Result ................................................................ 13-53 
Table 14-1:  Summary of Capping Grades for Major Rock Types .................................................... 14-6 
Table 14-2:  Summary of Capping Values for Neutralization Potential, with COV and GT Lost ....... 14-6 
Table 14-3:  Donlin Gold Project Mineral Resource Classification Methodology ............................ 14-13 
Table 14-4:  Assumptions used for Calculation of NSR Values for Mineral Resources .................. 14-13 
Table 14-5:  Mill Recoveries used in Calculation of NSR for Mineral Resources ........................... 14-13 
Table 14-6:  Mineral Resources Summary Table, (Inclusive of Mineral Reserves) Effective Date 

11 July 2011,  Gordon Seibel, R.M. SME Registered Member .................................. 14-18 
Table 15-1:  Assumptions used for Calculation of NSR Values for Mineral Reserves ...................... 15-2 
Table 15-2:  Net Model Adjustments (within pit design) .................................................................... 15-5 
Table 15-3:  Pit Optimization Process Recoveries ............................................................................ 15-7 
Table 15-4:  Pit Optimization Slopes ................................................................................................. 15-8 
Table 15-5:  Proven and Probable Mineral Reserves, Effective Date 11 July 2011, K.Hanson, P.E.15-9 
Table 16-1:  Summary Projected Mine Production Plan by Year ...................................................... 16-9 
Table 16-2:  Annual Required Drill Fleet ......................................................................................... 16-19 
Table 16-3:  Annual Shovel Fleet Required .................................................................................... 16-19 
Table 16-4:  Mine Support Equipment ............................................................................................. 16-20 
Table 16-5:  Mine Auxiliary Equipment ............................................................................................ 16-20 
Table 16-6:  Mine Equipment Requirements ................................................................................... 16-21 
Table 17-1:  Projected Process Schedule and Recoveries ............................................................. 17-19 
Table 20-1:  Environmental Baseline Studies (1995 to 2010) ........................................................... 20-2 
Table 20-2:  Key Environmental Issues ............................................................................................. 20-3 
Table 20-3:  Estimated Reclamation Costs 2012–2264 .................................................................... 20-8 
Table 20-4:  Key Pre-Application Regulatory Meetings................................................................... 20-11 
Table 20-5:  Potential Federal Agency Permits and Authorizations ................................................ 20-13 
Table 20-6:  Potential State Agency Permits and Authorizations .................................................... 20-14 
Table 21-1:  Capital Cost Contingency .............................................................................................. 21-4 
Table 21-2:  Summary of Capital Costs by Discipline ....................................................................... 21-5 
Table 21-3:  Summary of Capital Costs by Major Area ..................................................................... 21-5 
Table 21-4:  LOM Direct Process Operating Costs ($000) ............................................................... 21-8 
Table 21-5:  Summary of G&A Cost Estimate by Cost Centre ($000) ............................................ 21-10 
Table 21-6:  LOM Operating Costs ($000) ...................................................................................... 21-10 



 

DONLIN GOLD PROJECT 
ALASKA, USA 

NI 43-101 TECHNICAL REPORT 
ON SECOND UPDATED FEASIBILITY STUDY

 

   

Project No.:  166549 TOC xi 
December 2011   
 

Table 21-7:  Annual Operating Costs ($000) ................................................................................... 21-11 
Table 22-1:  Summary of Key Evaluation Metrics (Base Case is highlighted) .................................. 22-6 
Table 22-2:  Cashflow Analysis ......................................................................................................... 22-7 
Table 22-3:  Base Case Project Sensitivity to Gold Price (Base Case is highlighted) ...................... 22-9 
Table 22-4:  Project Sensitivity to Operating Cost (Base Case is highlighted) ................................. 22-9 
Table 22-5:  Project Sensitivity to Capital Cost (Base Case is highlighted) .................................... 22-10 
Table 22-6:  Project Sensitivity to Oil Price (Base Case is highlighted) .......................................... 22-10 
Table 22-7:  Project Sensitivity to LNG Price (Base Case is highlighted) ....................................... 22-10 

F I G U R E S  

Figure 2-1:  Regional Project Setting .................................................................................................. 2-2 
Figure 2-2:  Local Project Setting ....................................................................................................... 2-2 
Figure 4-1:  Proposed Pit Location in Relation to Calista Lease Boundary ....................................... 4-2 
Figure 4-2:  Key Deposit and Prospect Areas .................................................................................... 4-3 
Figure 4-3:  Donlin Gold Project Land Status Map ............................................................................. 4-6 
Figure 7-1:  Regional Geology of Central Kuskokwim Area ............................................................... 7-2 
Figure 7-2:  Interpreted Property-Scale Igneous Rocks ..................................................................... 7-4 
Figure 7-3:  Interpreted Surface Geology of Resource Area .............................................................. 7-6 
Figure 7-4:  100 m Bench Level Geology ........................................................................................... 7-8 
Figure 7-5:  Lewis Area Section .......................................................................................................... 7-8 
Figure 7-6:  ACMA Area Section ........................................................................................................ 7-9 
Figure 7-7:  100 m Bench Level Gold Distribution (>1 g/t Au grade blocks) .................................... 7-11 
Figure 9-1:  Regional Magnetic Image Showing Magnetic Low Intensity Zone ................................. 9-6 
Figure 9-2:  Gold-in-Soils Compilation Plan ....................................................................................... 9-6 
Figure 10-1: Project Drill Hole Location Plan ..................................................................................... 10-4 
Figure 10-2: Resource Area Drill Holes ............................................................................................. 10-5 
Figure 10-3: Proposed Facility Sites (FSU1 Layout) and Drill Hole Locations .................................. 10-9 
Figure 10-4:  Example Drill Cross-Section ACMA ........................................................................... 10-15 
Figure 10-5: Vertical Cross Section through ACMA and Lewis Block Model, Looking 315° ........... 10-16 
Figure 10-6: Example Drill Cross-Section, Lewis ............................................................................ 10-17 
Figure 10-7: Vertical Cross Section through Lewis Block Model, Looking 45° ............................... 10-18 
Figure 13-1: Donlin Gold Project Geological Domains ...................................................................... 13-3 
Figure 13-2: Test P80 vs. Measured BWI Results on Blend Composite Sample ............................. 13-12 
Figure 13-3: Illustration of MCF2 Generic Flowsheet ...................................................................... 13-14 
Figure 13-4: Plant Utilization Ramp-up Schedule for Donlin Feasibility Compared to Other 

Available Commissioned Sites .................................................................................... 13-16 
Figure 13-5: Plant Throughput Ramp-up Schedule for Donlin Feasibility Compared to Other 

Available Sites ............................................................................................................. 13-16 
Figure 13-6: Comparison of SGS Lakefield Dec 2006 Key Bench and Pilot-Plant Results ............ 13-21 
Figure 13-7: Sulphide Oxidation Pressure Oxidation Kinetics at 220°C ......................................... 13-26 
Figure 13-8: Gold Recovery Profiles from Pressure Oxidation at 220°C ........................................ 13-26 
Figure 13-9: 2007 Phase 1 Neutralization Pilot pH Profiles ............................................................ 13-37 
Figure 13-10: Lime Demand Test Results of 2007 Phase 1 Pilot Samples,  Plotted against Initial 

pH ................................................................................................................................ 13-37 
Figure 13-11:  2007 Phase 2 Neutralization Pilot pH Profiles ...................................................... 13-39 



 

DONLIN GOLD PROJECT 
ALASKA, USA 

NI 43-101 TECHNICAL REPORT 
ON SECOND UPDATED FEASIBILITY STUDY

 

   

Project No.:  166549 TOC xii 
December 2011   
 

Figure 13-12: Lime Demand Test Results of 2007 Phase 2 Pilot Samples, Plotted against Initial 
pH ................................................................................................................................ 13-39 

Figure 13-13: Plot of Neutralization Variability Testing Lime Demand Results at 6 Hours’ 
Residence Time .......................................................................................................... 13-41 

Figure 13-14:  MCF2 Pilot-Plant Campaign Survey Results ......................................................... 13-50 
Figure 13-15:  Flotation Recovery Trend throughout Mine Life .................................................... 13-53 
Figure 14-1: Donlin Geology and Mineral Domains ........................................................................... 14-3 
Figure 16-1: ACMA Phases in Plan at 94 m Elevation ...................................................................... 16-4 
Figure 16-2: Lewis Phases in Plan at 178 m Elevation ..................................................................... 16-5 
Figure 16-3: End-of Mine Plan Layout of Open Pit ............................................................................ 16-6 
Figure 16-4: Proposed Mining Rate per Pit Phase .......................................................................... 16-10 
Figure 16-5:  Projected Ore and Waste Production Schedule ........................................................ 16-10 
Figure 16-6: Proposed Locations, Ore Stockpiles ........................................................................... 16-12 
Figure 16-7: Donlin Ore Stockpile Projected Capacity by Year ....................................................... 16-12 
Figure 16-8: Waste Dump Locations ............................................................................................... 16-14 
Figure 16-9: Mine Equipment Consumables Distribution ................................................................ 16-23 
Figure 17-1: Donlin Gold Project Process Plant Block Flow Diagram ............................................... 17-2 
Figure 17-2: Planned Gold Production by Year ............................................................................... 17-21 
Figure 18-1: Basic Route of Mine Access Road ................................................................................ 18-2 
Figure 18-2: Plant Site Layout ........................................................................................................... 18-6 
Figure 18-3: Plan of Ultimate Waste Rock Facility .......................................................................... 18-10 
Figure 18-4: Location of Tailings Storage Facility ........................................................................... 18-13 
Figure 18-5: Construction Water Management Layout.................................................................... 18-18 
Figure 18-6: Operations Water Management Layout ...................................................................... 18-21 
Figure 18-7: Closure Water Management Layout ........................................................................... 18-24 
Figure 21-1: LOM Mine Production Operating Costs ........................................................................ 21-8 
Figure 22-1: After Tax LOM Total Cash Flow Sensitivity Spider Graph ............................................ 22-9 
  
 

A P P E N D I C E S  

Appendix A:  Process List 
 



 

DONLIN GOLD PROJECT 
ALASKA, USA 

NI 43-101 TECHNICAL REPORT 
ON SECOND UPDATED FEASIBILITY STUDY

 

   

Project No.:  166549 Page 1-1 
December 2011   
 

1.0 SUMMARY 

NovaGold Resources Inc. (NovaGold) requested AMEC Americas Limited (AMEC) to 
prepare a summary report (the Report) on the results of the second updated feasibility 
study (FSU2) for the Donlin Gold Project (the Project) in Alaska, USA.   

The Project is a 50:50 partnership between NovaGold Resources Alaska, Inc, a 
wholly-owned subsidiary of NovaGold) and Barrick Gold U.S. Inc, (a wholly-owned 
subsidiary of Barrick).  The partners use an operating company, Donlin Gold LLC 
(Donlin Gold) to manage the Project.  For the purposes of this Report, Donlin Gold is 
used as a synonym for the partnership.  Prior to July 2011, Donlin Gold was known as 
Donlin Creek LLC (DCLLC). 

NovaGold is using the Report in support of a press release dated 5 December, 2011, 
entitled “NovaGold Passes Key Milestone On Path to Becoming Premier North 
American Gold Producer; Completes Positive Feasibility Study On Donlin Gold Project 
Natural Gas Pipeline's Economic Benefits Confirmed Capex Estimate Declines From 
Previous Guidance Project Ready to Advance to Permitting”, and a press release 
dated 12 January 2012 entitled ““NovaGold Files Donlin Gold Feasibility Study 
Technical Report”.  The report was amended 20 January 2012 because the original 
filing was inadvertently of the review copy for Edgarizing, and not the final Sedar pdf 
report version, and omitted the cover page and certificates of QP.  

1.1 Principal Outcomes 

• Proven and Probable Mineral Reserves estimated for approximately 34 Moz 
contained gold: 

− Proven Mineral Reserves: 7.7 Mt at 2.32 g/t Au (0.6 Moz contained gold) 
− Probable Mineral Reserves: 497 Mt at 2.08 g/t Au (33.3 Moz contained gold). 

• 25 year operating mine life 

• 27 year process life at 53,500 t/d throughput (includes two years of stockpile 
processing at the end of the operating mine life) 

• Average annual gold production: 

− 1.1 Moz over the projected life of mine 
− 1.5 Moz over the first full 5 years 
− 1.4 Moz over the first full 10 years. 

• Predicted total cash costs: 
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− $585/oz 1 Au over the life of mine 
− $409/oz over the first full 5 years 
− $452/oz over the first full 10 years 

• Net present after-tax cash flow (net present value (NPV) 5%) 

− At $1,000/oz gold price negative 1,342 million 
− At $1,200/oz gold price (Base Case) $547 million  
− At $1,700/oz gold price $4,581 million  
− At $2,000/oz gold price $6,722 million  
− At $2,500 oz gold price $10,243 million. 

• Average annual cash flow for first full five years of production2 

− At $1,000/oz gold price $673 million 
− At $1,200/oz gold price $950 million  
− At $1,700/oz gold price $1,500 million  
− At $2,000/oz gold price $1,783 million  
− At $2,500 oz gold price $2,184 million. 

• Increase in contained gold ounces of approximately 4.7 Moz in Proven and 
Probable Mineral Reserve over the previous Proven and Probable Mineral Reserve 
estimate of 31 December 2008. 

Table 1-1 summarizes the key physical, technical, and financial parameters and the 
results of the FSU2 report. 

1.2 Location, Climate, and Access 

The Donlin deposits are situated approximately 280 miles (450 km) west of Anchorage 
and 155 miles (250 km) northeast of Bethel up the Kuskokwim River.  The closest 
village is the community of Crooked Creek, approximately 12 miles (20 km) to the 
south, on the Kuskokwim River.  There is no road or rail access to the site.  All access 
to the Project site for personnel and supplies is by air.   

The nearest roads are in the Anchorage area.  Access to Bethel and Aniak, the 
regional centres, is limited to river travel by boat or barge in the summer and air travel 
year-round.  The Kuskokwim River is a regional transportation route and is serviced by 
commercial barge lines.   

                                                 
1 All dollar figures quoted in this summary are in US dollars 
2 Total revenues minus total operating costs and royalties before interest, taxes, depreciation and amortization. 
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Table 1-1: Donlin Gold Project Financial Summary 
Item Unit LOM $/oz $/t milled $/t mined 

Total Mined Mt 3,260 — — — 
Ore Tonnes Treated Mt 505 — — — 

Gold Grade g/t 2.09 — — — 
Gold Contained Moz 33.849 — — — 
Gold Recovery % 89.8 — — — 

Gold Recovered Moz 30.401 — — — 
Gold  Payable Moz 30.371 — — — 

Gold Price $/oz 1,200 — — — 
Gold Gross Revenue $M 36,481 1,200 72.27 11.19 

OP Mining $M 8,200 270 16.24 2.52 
Processing $M 7,808 257 15.47 2.39 

G&A + Land Payments $M 3,068 101 6.08 0.94 
Payable Metal Deduction - Gold $M 36 1 0.07 0.01 

Doré TC+RC+Freight+Insure $M 31 1 0.06 0.01 
Direct Operating Costs + Metal Charges $M 19,144 630 37.92 5.87 

IFRS Total Capitalized Opex $M (1,386) (46) (2.75) (0.43) 
Stockpile Inventory Adjustment - Opex $M — — — — 

Total Operating Costs $M 17,758 584 35.18 5.45 
Depreciation $M 9,846 324 19.50 3.02 

Total Costs Before Taxes $M 27,604 908 54.68 8.47 
Cash Taxes $M 2,741 90 5.43 0.84 

Total Costs Including Taxes $M 30,345 998 60.11 9.31 
EBITDA $M 18,581 611 36.81 5.70 

Excluded from Cash Costs:      
Community & Social Development Costs $M 141 — — — 
Project Development / Start-up Expenses $M 2 — — — 

Funding of Closure “Trust Fund” $M 274 — — — 
Note:  EBITDA = earnings before interest, taxes, depreciation, and amortization 

The area has a relatively dry interior continental climate with typically about 20 inches 
(500 mm) of total annual precipitation. 

1.3 Agreements  

On December 1, 2007, NovaGold entered into a limited liability company agreement 
with Barrick that provided for the conversion of the Donlin Gold Project into a new 
limited liability company, the Donlin Creek LLC, which is jointly owned by NovaGold 
and Barrick on a 50/50 basis.  In July 2011, the Board of Donlin Creek LLC voted to 
change the name of the company to Donlin Gold LLC. 

The Donlin exploration and mining lease currently includes a total of 72 sections in the 
vicinity of the deposit and additional partial sections associated with the Project 
infrastructure leased from Calista Corporation, an Alaska Native Corporation that holds 
the subsurface (mineral) estate for Native-owned lands in the region.  Following a 
renegotiation in March 2010, the lease runs through April 2031 with provisions to 
extend beyond that time.  Title to all of these sections has been conveyed to Calista by 
the Federal Government.  Calista owns the surface estate on 27 of these 72 sections. 
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A separate Surface Use Agreement with The Kuskokwim Corporation (TKC), an 
Alaska Native Village Corporation that owns the majority of the private surface estate 
in the area, grants non-exclusive surface use rights to Donlin Gold on at least 34 
sections overlying the mineral deposit, with provisions allowing for adjusting that area 
in conjunction with adjustments to the subsurface included in the Calista lease.  The 
term of the Surface Use Agreement runs through 5 June 2015 with provisions to 
extend beyond that time so long as mining, processing, or marketing operations are 
continuing and the Calista lease remains in effect.  

The Lyman family owns a small (13 acre) private parcel in the vicinity of the deposit 
and holds a placer mining lease from Calista that covers approximately four sections. 

1.4 Mineral Tenure 

Donlin Gold has 49,261 acres (20,081 hectares) leased from Calista as mineral rights.  
In addition, Donlin Gold holds 242 Alaska State mining claims comprising 31,740 acres 
(12,845 hectares), bringing the total land package to 81,361 acres (32,926 hectares).  
Of these claims, three are on State-selected lands and a total of 158 are tentatively 
approved from conveyance from Federal to State-owned, pending survey.  None of the 
claims held by Donlin Gold have been surveyed.   

1.5 Surface Rights 

Donlin Gold, through native lease agreements, holds a significant portion of the 
surface rights that will be required to support mining operations in the proposed mining 
area.  Negotiations with TKC will be required for surface rights for additional lands 
supporting mining and access infrastructure.  The currently identified Mineral 
Resources and the bulk of the proposed primary infrastructure (mill and waste rock 
facilities) are located on the leased lands. 

Other lands required for offsite infrastructure, such as those required for the Jungjuk 
port site, road to the port site, gas pipeline, and tailings storage facility in Anaconda 
Creek, are categorized as Native, State of Alaska conveyed, or Bureau of Land 
Management (BLM or Federal) lands.   

Rights-of-way will be required from the State and BLM for the road and pipeline 
alignments where they cross state and federal lands, respectively.  Discussions 
regarding the extension and expansion of the TKC Surface Use Agreement and the 
disposition of the Lyman family land parcel and lease are ongoing. 
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1.6 Royalties 

A net proceeds royalty is payable to Calista of equal to 8% of the net proceeds 
realized by Donlin Gold at the Project after deducting certain capital and operating 
expenses (including an overhead charge, actual interest expenses incurred on 
borrowed funds and a 10% per annum deemed interest rate on investments not made 
with borrowed funds).  Part of this royalty is paid as advance, pre-set, minimum royalty 
payments.   

There are currently no Government royalty obligations. 

1.7 Environment, Permitting and Socio-Economics 

There has been a focused effort for at least 15 years to collect comprehensive 
environmental baseline data and lay the groundwork with local and regulatory 
stakeholders for the successful permitting and development of a large-scale mining 
operation at Donlin.  Baseline data collected has included studies covering wetland 
delineation, water quality, fish and aquatic habitats, air quality, wildlife habitats, cultural 
resources and heritage, subsistence, traditional knowledge, socio-economics, health, 
mercury data, overburden, ore and waste rock characterization studies, noise, visual 
aesthetics, and river and land use.   

The National Environmental Policy Act (NEPA) process and formal permit applications 
will require the preparation of an environmental impact statement (EIS).  Upon 
completion of the NEPA process, a Record of Decision (ROD) will be prepared that 
approves the preferred alternative for the Project, describes the conditions of the 
approval, and explains the basis for the decision.  The State permitting process 
typically is not finalized until the NEPA process is completed. 

Key environmental issues from stakeholders and regulatory authorities are likely to 
include mercury and cyanide management and water usage and management.  

Donlin Gold and Barrick have maintained all of the necessary permits for exploration 
and camp facilities.  Project development will require appropriate permits from both 
State and Federal regulatory authorities, and operational and construction permitting is 
likely to require at least 80 separate permits.  Each Federal and State permit will have 
compliance stipulations requiring review and possibly negotiation by the applicant and 
appropriate agency.  The comprehensive permitting process will determine the exact 
number of management plans required to address all aspects of the Project to ensure 
compliance with environmental design and permit criteria. 
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A preliminary closure plan has been prepared, which includes both concurrent 
reclamation during mining activities, and post-mining rehabilitation and monitoring.  A 
modified version of the Barrick Reclamation Cost Estimator (BRCE) was used to 
develop the reclamation and closure cost estimate of $131.3 million.  This amount is 
included in a Trust Fund for Reclamation, Closure costs and Post-Closure Obligations 
model prepared to determine the funding required to generate sufficient cash flow to 
cover the following costs: spillway construction from Anaconda creek to Crevice Creek; 
capital to construct a water treatment plant; perpetual water treatment; long-term 
monitoring; and associated facility and access maintenance.  The total amount to 
cover reclamation / closure costs and post-reclamation and closure maintenance is 
estimated at $273.7 million, paid annually at $8.6 million over 32 years, including the 
construction period and 27-year life-of-mine. 

1.8 Geology and Mineralization 

The Donlin mineralization model is a high-level, reduced intrusion-related vein system.  
The Lewis–ACMA part of the district is a low sulphidation, reduced intrusion related, 
epizonal system with both vein and disseminated mineral zones.   

The Donlin gold deposits lie in the central Kuskokwim basin of southwestern Alaska, 
which contains a back-arc continental margin basin fill assemblage of the Upper 
Cretaceous Kuskokwim Group, and Late Cretaceous volcano-plutonic complexes.  
The Project area is underlain by a 5 mile (8.5 km) long x 1.5 mile (2.5 km) wide granite 
porphyry dike and sill swarm hosted by lithic sandstone, siltstone, and shale of the 
Kuskokwim Group.   

The deposits are hosted primarily in igneous rocks and are associated with an 
extensive Upper Cretaceous gold–arsenic–antimony–mercury hydrothermal system.  
The northeast, elongated, roughly 5,000 ft (1.5 km) wide x 10,000 ft (3 km) long cluster 
of gold deposits has an aggregate vertical range that exceeds 3,100 ft (945 m).  These 
areas consist of the ACMA and 400 Zone, Aurora and Akivik mineralized areas 
(grouped as ACMA) and the Lewis, South Lewis, Vortex, Rochelieu and Queen 
mineralized areas (grouped as Lewis).   

Gold occurs primarily in sulphide and quartz–carbonate–sulphide vein networks in 
igneous rocks and, to a much lesser extent, in sedimentary rocks.  Broad disseminated 
sulphide zones formed in igneous rocks where vein zones are closely spaced.  Sub-
microscopic gold, contained primarily in arsenopyrite and secondarily in pyrite and 
marcasite, is associated with illite–kaolinite–carbonate–graphite-altered host rocks.   

In the opinion of the QPs, knowledge of the deposit settings, lithologies, and structural 
and alteration controls on mineralization is sufficient to support Mineral Resource and 
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Mineral Reserve estimation.  The mineralization style and setting of the Project deposit 
is also sufficiently well understood to support Mineral Resource and Mineral Reserve 
estimation.   

1.9 Exploration 

Placer gold was first discovered at Snow Gulch, a tributary of Donlin Creek, in 1909.  
Early stage exploration in the modern era was performed by Resource Associates of 
Alaska (1974–1975), Western Gold Exploration and Mining Co. LP (WestGold) during 
1988–1989 and Teck Exploration Ltd. (Teck) in 1993.  Exploration included geological 
mapping, trenching, rock and soil sampling, an airborne magnetic and VLF survey, 
ground magnetic surveys, and initial Mineral Resource estimates.  

The majority of the work completed on the Project has been primarily undertaken, in 
chronological order, by Placer Dome (1995 to 2000, and again from 2002 to 2005), 
NovaGold (2001 to 2002), Barrick (2006) and from 2007 to date by Donlin Gold.   

Activities have included construction of infrastructure to support exploration activities, 
reconnaissance and geological mapping; aerial photography; rock chip and soil 
sampling; trenching; max-min (EM) geophysical surveys; airborne geophysical 
surveys; RC and core drilling for resource infill, geotechnical, engineering, 
condemnation, waste rock, calcium carbonate exploration and metallurgical purposes; 
environmental baseline studies; community consultations; detailed metallurgical test 
work; geotechnical and hydrogeological studies; sampling of prospective calcium 
carbonate source areas; exploration and auger drilling program for sand and gravel 
sources; a series of Mineral Resource and Mineral Reserve estimates; and initial 
mining and engineering studies.  This work culminated in a feasibility study in 2007, 
and updates to this study in 2009 and 2011. 

In the opinion of the QPs, the exploration programs completed to date are appropriate 
to the style of the deposits and prospects within the Project.  The exploration and 
research work supports the genetic and affinity interpretations. 

1.10 Exploration Potential 

The Project retains exploration potential.  The Akivik and East ACMA areas have good 
potential for lateral extensions of mineralization to the northwest and southeast of the 
FSU2 pit footprint.  In addition, known gold mineralization is likely to extend at depth at 
the base of the designed pit, and in some areas immediately adjacent the planned pit 
floor, has been intersected by current drilling.  Several drilled prospects and other 
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exploration targets along the 3.7 mile (6 km) igneous trend north of the resource area 
remain under-explored, for example the Snow and Dome prospects. 

1.11 Drilling 

Approximately 1,834 exploration and development diamond core (90%) and reverse 
circulation (RC) (10%) drill holes, totalling 1,337,321 ft (407,720 m), were completed 
from 1988 through 2010.  Approximately 50% of the core and 40% of the holes were 
drilled during 2006–2007.  All but about 20% (district exploration, carbonate resource, 
facilities condemnation, hydrology, infrastructure engineering) of this drilling was 
utilized for the current resource model.  Supporting the FSU2 model are a total of 
1,396 core (89%) and RC (11%) holes totalling 1,114,324 ft (339,733 m), and 282 
trenches totalling 70,344 ft (21,441 m). 

Core sizes used on the Project include:  NQ3 (45.1 mm core diameter), NQ (47.6 mm), 
HQ3 (61.2 mm), HQ (63.5 mm), and PQ (85 mm).  Since 2002, core drills have been 
used exclusively for all resource delineation, and RC drilling was relegated to 
condemnation and hydrology studies. 

Standard logging and sampling conventions were used to capture information from the 
drill core and, where applicable, RC chips.  Data captured included lithology, 
mineralization, alteration (visual), structural and geotechnical, with provision for 
geologists to add comments on the core if required.  

A survey of nearly 200,000 core recovery records in the database revealed an overall 
length-weighted average core recovery of 95%.  Average recovery increases from 80 
to 95% from 0 to 40 m and then ranges from 95 to 100% below 40 m where 
overburden and surface weathering effects are generally absent. 

Collar survey methods to 2001 included Brunton compass and hip chain, a Motorola 
GPS system and conventional theodolite survey methods.  From 2002, an Ashtech 
Promark2 GPS post-processed system consisting of a base unit and up to two roving 
units has been employed. 

The Sperry Sun single-shot camera method was used through 2000 for directional 
surveys to determine down-hole deviation.  Reflex EZ Shot instrumentation was 
introduced in 2001.  Approximately 60% of the core holes drilled within the resource 
model area were oriented to collect structural information for geotechnical and 
geological studies.  Core orientation methods included clay impression, EZ Mark, and 
Reflex ACT instrument.   
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The quantity and quality of the lithological, geotechnical, and collar and down-hole 
survey data collected in the exploration and delineation drill programs are sufficient to 
support Mineral Resource and Mineral Reserve estimation in the opinion of the QPs. 

Core is digitally photographed and split in half with an electric rock saw equipped with 
water-cooled diamond saw blades.  Drill holes are sampled from the top of bedrock to 
the end of the hole.  The maximum sample length in zones consisting of intrusive 
rocks or that contain appreciable sulphide/arsenic minerals is 6.6 ft (2 m), whereas 
sample lengths in sedimentary rock zones that lack appreciable sulphide/arsenic 
minerals can be 9.8 ft (3 m).  A minimum of three additional 6.6 ft (2 m) sample 
intervals are placed before and after each intrusive rock or mineralized zone.   

Specific gravity data were collected primarily in 2006 by Barrick staff, using the wax 
immersion, water displacement method.  The weighted average of all SG data points 
was 2.69.   

In the opinion of the QPs, sampling methods are acceptable, meet industry-standard 
practice, and are acceptable for Mineral Resource and Mineral Reserve estimation. 

Quality assurance and quality control (QA/QC) programs have been in place since 
1995, and consist of the insertion of blank, standard reference material (SRM) and 
duplicate samples.  

1.12 Sample Analysis and Security 

The primary laboratory for all assaying has been ALS Chemex in Vancouver, BC.  
During the exploration programs, ALS Chemex held accreditations typical for the time, 
including, at various times, ISO9001:2000 and ISO 9002, and from 2005, ISO/IEC 
17025 accreditations. 

Most core samples from 2005 through 2008 were crushed at the Donlin camp sample 
preparation facility and pulverized at the ALS Chemex Vancouver laboratory facility.  
Samples of 2006 core split in Anchorage were shipped to an ALS Chemex preparation 
laboratory for crushing and pulverizing.  Crushing requirements have been to 70% 
minus 10 mesh (2 mm) at the Donlin facility, and subsequently to better than 85% 
passing minus 200 mesh or 75 µm at ALS Chemex.  

A 1 oz (30 g) subsample of the pulp was assayed by ALS Chemex using fire assay-
atomic absorption spectroscopy (AAS).  Before 2007, the primary gold assay method 
was Au-AA23, which had an analytical range of 0.005 to 10 g/t Au.  The Au-AA25 gold 
assay method was initiated in 2007 and had an analytical range of 0.01 to 100 g/t Au.  
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Samples that exceeded the analytical limit for a given method were re-assayed by fire-
assay and gravimetric finish or “ore grade” fire-assay AAS. 

ALS Chemex determined the sulphur content of each sample according to the Leco 
method.  The Leco method was also used to analyze samples flagged for acid base 
accounting (ABA) for carbon content as well as to determine neutralization potential 
(NP) and acid potential (AP) according to the industry-standard ALS Chemex ABA 
procedure. 

Most trace and major element data for drill holes located within the resource model 
boundary were acquired prior to the 2005 program by various laboratories using 
industry-standard acid digestions followed by atomic absorption (AA) or inductively 
coupled plasma (ICP) instrumental determinations.  Subsequent multi-element trace 
analyses were performed at ALS (Chemex) using aqua regia or four-acid digestions 
followed by ICP ± mass spectrometry. 

Sample security measures practiced included moving of core form the drill site to the 
core shack at the end of each drill shift, and tracking of sample shipments using 
industry-standard procedures.  Donlin Gold is of the opinion that core storage is secure 
because Donlin is a remote camp and access is strictly controlled.   

In the opinion of the QPs, the quality of the gold and sulphur analytical data are 
sufficiently reliable to support Mineral Resource and Mineral Reserve estimation 
without limitations on Mineral Resource confidence categories and sample 
preparation, analysis, and security are generally performed in accordance with 
exploration best practices and industry standards.   

1.13 Data Verification  

A number of data verification programs and audits have been performed over the 
Project history, primarily in support of compilation of technical reports on the Project 
and in support of mining studies.  Checks were performed in 2002 (AMEC), 2005 and 
2008 (NovaGold), and AMEC (2011).   

In the opinion of the QPs, the data verification programs undertaken on the data 
collected from the Project adequately support the geological interpretations, the 
analytical and database quality, and therefore support the use of the data in Mineral 
Resource and Mineral Reserve estimation. 
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1.14 Metallurgical Testwork 

Testwork completed by SGS-Lakefield Research, Hazen Research, and G&T 
Metallurgical Services (G&T) under Barrick’s supervision has shown that the Donlin 
ore requires pre-treatment prior to cyanidation to recover the gold.  Process 
development work has determined that pressure oxidation is the preferred method of 
pre-treatment.  Extensive testwork on composites has shown that acceptable gold 
recoveries can be produced through a combination of flotation pre-concentration, POX, 
and CIL cyanidation.   

Air flotation using the MCF2 flowsheet provides an estimated life-of-mine (LOM) 
average of 93.0% recovery, with CIL recoveries after POX at approximately 96.6% for 
an estimated combined plant total gold recovery of 89.8%.  The concentrate pull will 
vary from 15% to 17% and that will result in a concentrate grade of 13.0 to 12.7 g/t Au. 

Process selection is supported by extensive testwork.  Placer Dome undertook an 
initial phase of testwork from 1995 to 1999 to define the basic process.  Early on, it 
became apparent that direct cyanidation or CIL of ore or flotation concentrate returned 
very low recoveries.  Pre-treatment by oxidation was considered necessary.   

Placer Dome testwork included grinding, gravity concentration, flotation, POX, 
cyanidation, and neutralization.  Subsequently from 2002 to 2005, Placer Dome also 
explored HPGR comminution, arsenopyrite/pyrite separation, nitrogen aerated 
flotation, and oxidation both by bio-oxidation and pressure autoclave.  

At the end of 2005, another round of work began with some testing at G&T, but this 
was interrupted by the acquisition of Placer Dome by Barrick Gold, which subsequently 
assumed management of remaining testwork.   

Major programs at the bench-scale level were initiated in 2006 to test grinding, 
flotation, POX, and neutralization.  In addition to bench-scale work, major pilot-plant 
runs were performed in flotation, POX, and neutralization at the Barrick Technology 
Centre, SGS-Lakefield, G&T, and Hazen Research (Golden, U.S.A.).  Both bench-
level and pilot-plant scale testwork were conducted to develop process parameters 
and expand engineering information. 

The key testing results and recommendations considered in the FSU2 are summarized 
as follows: 
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Mineralogy 

• Sulphur occurs primarily as pyrite and arsenopyrite.  Marcasite is an additional 
minor sulphide present in the ore.  Pyrite contains only a minor portion of the gold, 
while arsenopyrite is the main gold carrier, with gold in solid solution (sub-
microscopic) form.  In particular, it is the finest arsenopyrite that has the highest 
grade of gold.  The proportion of pyrite to arsenopyrite ranges from 4 to 2:1, with 
3:1 being typical. 

• Mercury in the ore at ~2 ppm average is primarily hosted by pyrite in solid solution 
(sub-microscopic form).  No mercury minerals have been observed. 

• Arsenic in the ore at ~2,800 ppm average is primarily hosted by arsenopyrite.  
However, arsenic also occurs as native arsenic and realgar. 

• Antimony in the ore at ~80 to 90 ppm average is primarily hosted by stibnite, but 
also occurs at trace levels hosted by tetrahedrite. 

• Chloride in the ore at ~20 to 25 ppm average is primarily hosted by muscovite, but 
is also carried to a lesser degree by apatite. 

• Carbonate in the ore at 2.4% to 2.5% (analysis specified as CO2).  The most 
common carbonate within the Donlin ores is ferroan dolomite (impure dolomite 
containing varying quantities of iron) followed by ankerite.  Calcite and siderite are 
present but not common. 

Direct Leach / CIL 

• The whole ore is refractory to direct and CIL cyanidation processing, with very low 
recoveries (<15%) from either leaching methodology.  High gold recovery is 
achieved by destruction of the sulphidic host matrix of the gold. 

Crushing / Grinding 

• The ores are considered moderately hard, with an average Ball Work Index (BWI) 
of 15 kWh/t and an average Minnovex SAG Power Index (SPI) of 87.5 minutes. 

• The ores are amenable to SAG milling with reasonable operating efficiencies. 

• Ore hardness is controlled significantly by rock lithology. 

Flotation 

• Flotation gold recoveries are highest from intrusive ores (94.7% to 97.5%), lower 
from the sedimentary ores (89.7% to 91.3%), and problematic for partially 
geologically oxidized ores (average 75.7%). 
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• All the testwork showed a very close relationship between arsenic and gold 
recovery, indicating the presence of gold in close combination with that element.   

• An MCF2 style milling, chemical addition, and flotation duplicated 
(mill/chemical/float, mill/chemical/float) flowsheet provides a recovery increase of 
1.8% to a 7% sulphur flotation concentrate and is economically favoured for 
Donlin. 

• Using the MCF2 flowsheet, it is possible to concentrate the gold-bearing sulphides 
into a 7% sulphur concentrate recovering an overall average 93.0% of the gold 
(including 10% oxide ore in blend) into 15% of the plant feed mass.  Required 
flotation residence time and reagent dosages are relatively high compared to other 
iron sulphide flotation processes. 

• The partially oxidized (altered) ores, which are predominantly near surface, 
perform poorly through flotation, with an average flotation recovery of 75.7%.  
Initial testing using sulphidizing reagents to promote flotation recovery 
improvement have been unsuccessful on these ores. 

• CIL leaching of the flotation tailings does not yield economically justifiable recovery 
of gold. 

Pressure Oxidation (POX) 

• POX allows for 96.6% recovery of the gold in CIL following oxidation.   

• A concentrate pre-acidification circuit (to dissolve carbonates) and subsequent 
CCD wash of the pre-acidified concentrate (using uncontaminated waters) was 
indicated and has been incorporated as part of the process flowsheet.  

• As a precautionary measure, a mercury recovery system will be incorporated on 
the autoclave gas products prior to emission to the atmosphere. 

Neutralization 

• The presence of carbonates in the flotation tailings allows for autoclave acid 
solution neutralization, thus decreasing the overall lime requirements.  The 
carbonate content in the ore is an estimated average 224% of the stoichiometric 
content of the total sulphur in the ore. 

CIL / Gold Recovery 

• Carbon in Leach (CIL) processing of washed autoclave product provides for 
optimized gold recoveries of 96% to 97%, requiring relatively low amounts of 
cyanide. 
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• Lime consumption of the CIL feed can be minimized by operating the CIL circuit at 
a pH of ~9.0 to minimize lime consumption by precipitation of magnesium 
hydroxide.  The Donlin ore contains a naturally high content of magnesium (6,500 
to 6,600 ppm average), which is liberated from the ore through reaction with acid, 
both in the autoclave and neutralization circuits.  Since this testwork program was 
completed, an alternative to operating at low pH in CIL has been identified 
whereby soluble magnesium is removed prior to CIL to enable operation at 
conventional pH. 

• Reagent addition is minimized by high-efficiency washing of the autoclave product 
to 98% or greater washing efficiency. 

• Pilot testing of the CIL circuit on autoclaved blended concentrate demonstrated 
that CIL recovery is not sensitive to carbon gold loadings.  However, the carbon 
elution circuit has been designed to allow for low carbon loadings in the event that 
preg-robbing concentrates are encountered.   

• Mercury leached into solution from the autoclave product by cyanide, which is not 
adsorbed onto carbon, is controlled to low levels within the recirculating process 
water streams by precipitation as a sulphide using a Cherokee UNR reagent. 

• Current design incorporates mercury gas/vapour recovery systems on the carbon 
regeneration kiln, electrowinning, retort system, and smelting furnace off-gases. 

Environmental Considerations 

• The high temperature and pressure oxidation process is considered best practice 
for generation of stable arsenic compounds suitable for long-term disposal in a 
tailings storage facility.  Sufficient iron content is present in the Donlin ores to 
provide the recommended minimum stoichiometric ratio of 4:1 iron to arsenic. 

• A portion of the arsenic in the Donlin ores is water soluble and liberates into 
solution within the operation of the grinding and flotation circuits alone. 

• The tailings decant water from the Donlin process plant will likely contain elevated 
levels (above current aquatic life or drinking water standard) of As, Hg, Mn, Mo, 
Se, and Sb.  The tailings water could also be elevated in sulphates (greater than 
10 g/L), particularly due to the presence of magnesium, which increases solubility 
level of sulphate in solution. 

1.15 Mineral Resource Estimate 

The cut-off date for information used in the geologic model and resource model 
(termed the DC-9 model by Donlin Gold) was 1 November 2009.   
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The mineral estimate was prepared by Mr. Chris Valorose of Barrick and audited by 
AMEC.  Three-dimensional solids for the geological model were constructed from 
polygons resulting from geologic interpretation of cross-section and level plans.  Nine 
mineral and geological domains were assigned to the database.  Geotechnical domain 
zone codes were input into the resource model, as required for the Lerchs–Grossmann 
(LG) pit optimization, using domain solids provided by BGC Engineering Inc (BGC) on 
27 June 2008.  A waste rock management category (WRMC) model was coded to 
identify overburden from the other WRMC codes.   

Two specific gravity values were used: 2.65 for intrusive rocks, and 2.71 for 
sedimentary units. 

Raw assay data were grouped by rock type, and capping values for gold were 
determined for each major rock type.  Gold assays were capped above above 
30 g/t Au.  Values for neutralization potential (NP) were also capped.  Total sulphur, 
arsenic, mercury, and antimony assays were not capped. 

Composites were created down each hole at 20 ft (6 m) intervals.  The composites 
were not broken at intrusive or sedimentary rock contact boundaries.  Indicator semi-
variograms generated at 0.25 g/t Au for the 6 m composites were fitted with a spherical 
model.  Ranges of 98.4 ft (30 m) and 147.6 ft (45 m) were observed at 80% and 90% 
of the total sill variance. 

A gold indicator model was used to estimate gold, arsenic, antimony, and mercury 
grades based on gold composite data.  A separate sulphur indicator model was used 
to estimate sulphur.   

Gold grades were estimated into the block model using an inverse distance to the third 
power methodology for two populations:   

• Internal to the mineralized envelope, defined as blocks with indicator values 
greater than or equal to 50% 

• External to the mineralized envelope, defined as blocks with indicator values less 
than 50%.   

Interpolation of grade into the blocks was broken into five passes based upon 
increasing search distances, out to a maximum of 125 m.  Gold grades were estimated 
separately for intrusive rocks, shales, and greywackes, and further sub-divided based 
upon whether blocks were internal or external to the mineralized envelope. 

Sulphur grades were estimated using the same methods and parameters as for the 
gold grade estimation.  Arsenic, mercury, and antimony grades were estimated using 
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methods and parameters similar to those for the gold grade estimation.  Values for 
CO2, calcium, and magnesium were estimated into the block model based on an 
ordinary kriging method within nine estimation domains.  Neutralization potential (NP) 
was estimated into the block model for use in the classification of waste rock.   

The block model grades were validated visually against drill holes and composites in 
section and plan view.  A nearest-neighbour block model was also generated.  Grade 
profile plots were generated for the 6 m x 6 m x 6 m Measured and Indicated resource 
model as a further validation check.  No estimation biases were noted from the 
validation reviews. 

Dilution and selectivity of mineralized material were determined using a Barrick in-
house program referred to as SMUman.  The extent of the classified material that 
might have reasonable expectation for economic extraction was assessed by applying 
a LG pit outline using Whittle® software to the Mineral Resources.  A net sales return 
(NSR) value per tonne was then coded into each block of the resource model.  For 
those blocks with a resource classification of Measured or Indicated, the NSR per 
tonne value was calculated with the following equations: 

General: 

NSR = [Au grade] * [Recovery] * [Price of Gold less Refining and Royalty Costs] − 
[Processing Costs+ General and Administrative Costs + Rehandling Costs] US$/tonne 

For Mineral Resources, the figures were: 

NSR = [Au grade] * [Recovery] * [US$1200 – (1.85 + (( US$1200 – 1.85) * 0.045))] − 
[(10.65 + (2.1874 * S%)) + 2.29 + 0.20]  US$/tonne 

For Mineral Reserves the figures were: 

NSR = [Au grade] * [Recovery] * [US$975 – (1.78 + ((US$975 – 1.78) * 0.045))] − 
[(10.65 + (2.1874 * S%)) + 2.27 + 0.19] US$/tonne 

The NSR cut-off for Mineral Resource reporting purposes was $0.001/t milled, which 
represents the net sales return marginal cut-off strategy.   

Mineral Resources take into account geologic, mining, processing and economic 
constraints, and have been confined within appropriate LG pit shells, and therefore are 
classified in accordance with the 2010 CIM Definition Standards for Mineral Resources 
and Mineral Reserves.  The Qualified Person for the Mineral Resource estimate is 
Gordon Seibel, R.M. SME Registered Member, an employee of AMEC.  Mineral 
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Resources are reported in Table 1-2 at a commodity price of $1,200/oz gold, have an 
effective date of 11 July 2011, and are inclusive of Mineral Reserves. 

Factors which may affect the Mineral Resource estimate include the commodity price; 
changes to the assumptions used to generate the NSR cut-off; changes to the 
0.25 g/t Au threshold used to define the indicator mineralized domains, changes in 
interpretations of fault geometry; changes to the search orientations used for grade 
estimation in the ACMA area, results of a review of the Measured classification criteria; 
and changes to the assumptions used to generate the LG pit constraining the 
estimate, in particular slope design assumptions. 

1.16 Mineral Reserve Estimate 

Mineral Reserves were optimized for all Measured and Indicated blocks assuming a 
gold selling price of $975/oz.   

The ore considered for processing in the optimization was based on a marginal cut-off 
grade that varied from block to block.  Material was considered to be ore if the revenue 
of the block exceeded the processing and G&A cost.  The revenue was based on net 
gold price after refining charges and royalties had been deducted.  The processing 
cost was a function of the sulphur content of the material being processed.   

Dilution was considered for bulk mineable (12 m bench height) and selective mineable 
(6 m bench height) scenarios.  All blocks classified as Inferred were set to waste in the 
selective mining plan.  In the bulk mineable plan, the entire 12 m block was assigned 
the highest confidence category of the sub-blocks in the plan.  The grade of all Inferred 
blocks was set to zero at the start of the process.  Therefore the combined grade of 
the 12 m block is derived from the Measured or Indicated metal grades only. 

Pit shell generation was constrained in the northwestern part of the ACMA mining 
area, to prevent it from encroaching on Crooked Creek, which is a salmon-bearing 
stream, but was not constrained by any infrastructure considerations. 

Geotechnical domains, design sectors, slope angles, and associated assumptions 
were provided by BGC.  Mine design has incorporated geotechnical and 
hydrogeological considerations.   
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Table 1-2: Mineral Resources Summary Table, (Inclusive of Mineral Reserves) 
Effective Date 11 July 2011,  
Gordon Seibel, R.M. SME Registered Member 

Category Tonnage
(kt) 

Au 
(g/t) 

Contained Au
(koz) 

S 
(%) 

Measured 7,731 2.52 626 1.15 
Indicated 533,607 2.24 38,380 1.08 
Total Measured and Indicated 541,337 2.24 39,007 1.08 
Inferred 92,216 2.02 5,993 1.08 

Notes to Accompany Mineral Resources Table 
1. Mineral Resources are inclusive of Mineral Reserves.  Mineral Resources that are not Mineral Reserves do not 

have demonstrated economic viability 
2. Mineral Resources are contained within a conceptual Measured, Indicated and Inferred optimized pit shell using 

the following assumptions:  gold price of US$1,200/oz; variable process cost based on 2.1874 * (sulphur grade) 
+ 10.6485; administration cost of US$2.29/t; refining, freight & marketing (selling costs) of US$1.85/oz 
recovered; stockpile rehandle costs of 0.20/t processed assuming that 45% of mill feed is rehandled; variable 
royalty rate, based on royalty of 4.5% * (Au price – selling cost) 

3. Mineral resources have been estimated using a constant net sales return (NSR) cut-off of US$0.001/t milled.  
The NSR was calculated using the formula: NSR = Au grade * Recovery * (1,200 – (1.85 + (1,200 – 1.85) * 
0.045))  (10.65 + 2.1874 * (S%) + 2.29 + 0.2) and reported in US$/tonne  Assuming an average recovery of 
89.54% and an average S% grade of 1.07%, the marginal gold cutoff grade would be approximately 0.46 q/t, or 
the gold grade that would equate to a $0.001 NSR cutoff at these same values. 

4. Rounding as required by reporting guidelines may result in apparent summation differences between tonnes, 
grade and contained metal content 

5. Tonnage and grade measurements are in metric units. Contained gold ounces are reported as troy ounces.  
 

The base mining cost (before incremental mining cost with depth) is $1.51/st 
($1.668/t), the average processing cost is $13.06/st ($14.39/t), and the G&A cost is 
$2.06/st ($2.27/t).  These costs are considered reasonable. 

Recoveries for non-oxide ores are quoted as a constant for each rock type, whereas 
recoveries for oxide ores vary with sulphur grade.  Recoveries range from 88.6% in 
shale to 94.2% in the Akivik zone.  

Mineral Reserves have been modified from Mineral Resources by taking into account 
geologic, mining, processing, and economic parameters and therefore are classified in 
accordance with the 2010 CIM Definition Standards for Mineral Resources and Mineral 
Reserves.  The Qualified Person for the Mineral Reserve estimate is Kirk Hanson, 
P.E., an AMEC employee.  Mineral Reserves are reported at a gold price of $975/oz 
gold, and have an effective date of 11 July 2011. 

Mineral Reserves are summarized in Table 1-3. 

Factors which may affect assumptions used in estimating Mineral Reserves include 
the commodity price; unrecognized structural complications in areas with relatively low 
drill hole density that could introduce unfavourable pit slope stability conditions; 
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changes in interpretation of the fault orientiations, in particular the Vortex and Lo 
Faults; changes in orientations of the bedding or ash layer orientations which may 
necessitate flatter slope angles than currently assumed; in-pit and pit wall water 
management if water inflows are higher than predicted; and the likelihood of obtaining 
required permits and social licenses to construct the gas pipeline and operate the 
planned mine.  

Table 1-3: Proven and Probable Mineral Reserves, Effective Date 11 July 2011,  
K.Hanson, P.E. 

Category 
Tonnage 
(kt) 

Au 
(g/t) 

Contained Au 
(koz) 

S 
(%) 

Proven 7,683 2.32 573 1.12 
Probable 497,128 2.08 33,276 1.06 
Total Proven 
and Probable 504,811 2.09 33,849 1.06 

Notes to Accompany Mineral Reserves Table 
1. Mineral Reserves are contained within Measured and Indicated pit designs, and supported by a mine plan, 

featuring variable throughput rates, stockpiling and cut-off optimization.  The pit designs and mine plan were 
optimized on diluted grades using the following economic and technical parameters:  Metal price for gold of 
US$975/oz; reference mining cost of $1.67/t incremented $0.0031/t/m with depth from the 220 m elevation 
(equates to an average mining cost of $2.14/t), variable processing cost based on the formula 2.1874 x (S%) + 
10.65 for each $/t processed; general and administrative cost of US$2.27/t processed; stockpile rehandle costs of 
0.19/t processed assuming that 45% of mill feed is rehandled; variable recoveries by rocktype, ranging from 
86.66% in shale to 94.17% in intrusive rocks in the Akivik domain; refining and freight charges of US$1.78/oz gold; 
royalty considerations of 4.5%; and variable pit slope angles, ranging from 23º to 43º. 

2. Mineral Reserves are reported using an optimized net sales return (NSR) value based on the following equation:  
NSR = Au grade * Recovery * (US$975 – (1.78 + ($US975 – 1.78) * 0.045)) − (10.65 + 2.1874 * (S%) + 2.27 + 
0.19) and reported in US$/tonne.  .  Assuming an average recovery of 89.54% and an average S% grade of 
1.07%, the marginal gold cutoff grade would be approximately 0.57 g/t, or the gold grade that would equate to a 
$0.001 NSR cutoff at these same values.   

3. The life of mine strip ratio is 5.48.  The assumed life-of-mine throughput rate is 53.5 kt/d 
4. Rounding as required by reporting guidelines may result in apparent summation differences between tonnes, 

grade and contained metal content 
5. Tonnage and grade measurements are in metric units.  Contained gold ounces are reported as troy ounces.   

 

1.17 Proposed Mine Plan 

The preferred development is for a 55 kst/d (50 kt/d) process facility with on-site 
power; and a mine capacity of 485 kst/d (440 kt/d) with an elevated cut-off policy 
applied in the initial part of the mine life.  The processing rate was upgraded to 58 kst/d 
(53.5 kt/d) during the FSU2 design phase to take into account processing design 
constraints and rationalization of the proposed pressure oxidization circuit to be 
installed. 

The ACMA ultimate pit has been divided into nine phases, the Lewis pit into six 
phases.  The initial phases of the two pits are independent, but they partially merge 
later in the mine life, forming a final single pit.  The mine design, complete with 
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haulage access, includes 556,459 kst (504,811 kt) of ore containing 33,849 koz 
(1,052,815 kg) of in-situ gold and has a strip ratio of 5.48.  The mine design is 
considered appropriate to the quantity of Measured and Indicated Mineral Resources 
estimated for the Project.  AMEC notes that the engineered pit design includes 
approximately 5% less ore tonnage and 7% fewer Au ounces than the pit optimization 
shell it was based on.  This is at the upper end of the generally accepted limit of a 10% 
reduction in tonnes.  As such, there is a risk that the engineered pit design contains 
less ore than optimum. 

Mineable pit phases were designed based on optimized nested pit shell guidance, gold 
grade, strip ratio, access, and backfilling of the ACMA phases.  Ramps in final walls 
have a design width of 131 ft (40 m) and a gradient of 10%.  A nominal minimum 
mining width of 492 ft (150 m) was used for phase design. 

Dates in this paragraph are for illustrative purposes only, as no Project permits and 
approvals have been received, and Project development and construction has not 
been approved by the respective Boards of Donlin Gold, NovaGold and Barrick.  
Preproduction has been defined as starting in April 2018 and finishing at the end of 
December 2018, when the main orebody is exposed.  Mill production starts in July 
2019.  The operating mine life is estimated to be 25 years based on a nominal 
processing rate of 59,000 stpd.  The schedule incorporates long-term and short-term 
ore stockpiles.  The long-term stockpile will hold all ore produced at the mine in excess 
of plant feed, separated into three sections according to sulphur grade for blending 
purposes. 

The maximum long-term stockpile volume is 104.8 Mt at the end of 2031.  This 
includes 18.5 Mt of high sulphur-grade material, 31.9 Mt of medium sulphur-grade 
material, and 53.9 Mt of low sulphur-grade material.  

The short-term stockpile was established to cope with daily variations in plant capacity 
and to accommodate fluctuations in the average daily mill feed; this stockpile was 
assumed to have an average 45% annual re-handle. 

After plant ramp-up, mill feed averages 52.7 kt/d and reaches a maximum of 54.4 kt/d 
in 2030 (Year 12).  Contained gold in the mill feed averages approximately 1.3 Moz 
per year, while gold production averages 1.6 Moz per year for the first five years, with 
a maximum of 1.731 Moz in 2024 (Year 6). 

In the opinion of Donlin Gold, the proposed plant feed supports that the amount of 
sulphur in the feed can be controlled through a blending strategy combining ore feed 
directly from the mine and from stockpiles. 
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A total of 2,460 Mst (2,232 Mt) of waste will be stored in a single ex-pit waste rock 
facility, in the American Creek Valley, east of the pit area.  Another 466 Mst (423 Mt) of 
waste rock will be stored in the ACMA backfill dump and 18.7 Mst (17 Mt) of 
overburden in the overburden stockpiles for reclamation use.  The remaining 114 Mst 
(103 Mt) is used as construction material, of which 99 Mst (90 Mt) is for tailings dam 
wall construction.  Backfilling will commence in 2035 (Year 18) and continue until the 
end of mine life.  In addition, 103 Mt of waste rock will be used for construction 
purposes, and 16.6 Mt of overburden will be stored in overburden stockpiles for 
reclamation purposes. 

Surface ditches, a contact water pond (CWP) immediately upstream of the pit, plus 
diversion systems further upstream, will control surface waters in the pit and waste 
dump areas.  Dewatering systems consisting of perimeter and in-pit vertical 
dewatering wells, horizontal drains, and in-pit sump pumps will be required to manage 
groundwater. 

1.18 Process Design 

Run-of-mine (ROM) ore at 59,000 stpd (53,500 t/d) from the Donlin deposits will be 
crushed in a gyratory crusher followed by a semi-autogenous grinding (SAG) mill and 
two-stage ball milling, addition of chemicals, and a flotation circuit (MCF2).  The 
primary ball milling circuit will produce a P80 particle size of 120 to 150 µm as feed to 
the primary rougher flotation section.  The secondary ball milling circuit will produce a 
P80 particle size of 50 µm as feed to the secondary rougher flotation section. 

Gold-bearing sulphides, recovered by flotation, generate a concentrate containing 7% 
sulphur.  The concentrate is refractory and will be treated in a pressure oxidation 
circuit prior to cyanidation.  Overall gold recovery from flotation, pressure oxidation and 
cyanidation is estimated to be in the order of 89.83%.  Excess acid from the autoclave 
circuit will be neutralized with flotation tailings and slaked lime.  Tailings from the 
process will be impounded in a zero-discharge tailings storage facility; water reclaimed 
from here will be re-used in the process plant.   

Mineralogical studies have shown that the gold is not visible.  Testwork analysis 
indicates a high level of association of gold with arsenopyrite.  Other sulphides such as 
pyrite and marcasite are also present, with reduced tenors of gold.  Organic carbon, a 
potential preg robber, is present in the sedimentary ore.  It is also present at lower 
levels in the intrusive ores, believed to be in the form of well-ordered graphite.  This 
form of organic carbon is possibly less likely to preg-rob. 

The average Bond work index for the ore is in the range of 15 kWh/t.  Flotation work 
has shown that kinetics are initially rapid, but to achieve high recoveries, a combined 
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primary and secondary rougher residence time over  100 minutes, together with a high 
reagent loading in the system, is required.  Clay-like minerals will affect slurry viscosity 
and settling.  Slurry density in the underflow will be less than 50% solids for the 
concentrate thickeners. 

Partially geologically oxidized (altered) ore in the deposit, up to 7% of the mill feed, is 
the key non-performing ore type in the flotation circuit.  Degradation of the sulphide ore 
via oxidation in the stockpile will also affect the flotation recovery, applied as 5% 
recovery loss within flotation on all ores stockpiled for longer than one year.  

Pressure oxidation (POX) has been shown to be successful in releasing the valuable 
constituents, under certain conditions.  To optimize oxidation conditions, the water 
systems design has been modified to use the highest-quality water in the oxidation 
circuit.  The autoclave design incorporates variable level control to provide better 
control over operating residence time. 

The oxidation circuit discharge will be washed to reduce lime load in carbon-in-leach 
(CIL); the washed solution will be neutralized by the use of high-carbonate flotation 
tails to further reduce plant lime consumption prior to tailings disposal.  

Gold recovery by CIL has proven successful in treating Donlin ores and is estimated to 
be 96.6%.  Rheological investigation and CIL testing results have determined that a 
relatively low CIL feed density of 35% solids should be adopted.  In addition, to control 
lime usage, the CIL circuit will be operated at a pH of approximately 11.0.   

Given the plan to use stockpiles to manage the ore blend into the process from the 
perspective of gold, sulphur, carbonate, and hardness, allowances were made for ore 
aging or stockpile degradation for the life-of-mine feed.  Ore oxidized through 
weathering will have a slower flotation response than fresh rock.  In general, ore at 
Donlin does not contain highly reactive sulphide species, and testwork has shown no 
statistical deviation over a one-year period.  While data from a longer timeframe are 
not presently available, the testwork results for oxidized material show some 
degradation.  Consequently, there is no effect on recovery for material stockpiled for 
less than one year (sulphide “fresh” material), and a recovery deduction of 5% has 
been applied to gold and sulphur recoveries for sulphide material stockpiled for longer 
than one year. 

Alternative flowsheets to flotation-POX-CIL were considered, including whole ore 
pressure oxidation, roasting a flotation concentrate, and bio-oxidation (BIOX).  None of 
these proved to be a viable economic alternative to the flotation-POX-CIL route. 
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1.19 Planned Project Infrastructure 

The Project will require construction of significant infrastructure to support the planned 
producing facilities.  Key infrastructure will include: 

• Access road, 27 miles (44 km) long, from the mine site to the planned Kuskokwim 
River dock site at Jungjuk 

• Airstrip to support DHC Dash 8 and the Hercules C-130 aircraft 

• Barge cargo terminal at Jungjuk  

• Marine cargo terminal at Bethel 

• Two open pit mines  

• Process plant site in the Anaconda valley 

• Primary crusher area on a ridge on the south side of American Creek 

• Fuel storage compound adjacent the process plant site 

• Mining and road fleet truckshops in association with the primary crusher area 

• Contact water management dams and a freshwater storage reservoir 

• Water management pumping systems 

• Power plant, located adjacent the process plant 

• Tailings storage facility (TSF) in the Anaconda Creek basin 

• Waste rock storage facility (WRF) in the American Creek valley 

• Gas pipeline  

• Construction (2,560 people) and permanent accommodation (maximum 638 
people) camps. 

In general, the design and construction of the mine site infrastructure will be relatively 
straightforward, although the scope of the work is extensive, especially in terms of the 
water systems.  In addition, the Project involves several development sites 
considerable distances apart, incurring high infrastructure costs to provide 
interconnecting roads, pipelines, services, and utilities.  The decision to use material 
from the plant site excavation as a borrow source for constructing the tailings dams is 
an effective way to reduce the site preparation costs.   
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The construction schedule for the initial phase of the TSF and the Lower CWD is 
aggressive, with a great deal of work to be completed in a short duration.  Weather 
delays could affect completion on schedule. 

1.20 Markets 

NovaGold will be able to market gold produced from the Donlin Project.  Sales 
contracts that could be negotiated would be expected to be within industry norms.  
However, the majority of production would be expected to be spot marketed. 

1.21 Capital Costs 

The capital cost estimate was developed in accordance with Association for the 
Advancement of Cost Engineering (AACE) Class 3 requirements, consisting of semi-
detailed unit costs and assembly line items.  The level of accuracy for the estimate is -
15% +30% of estimated final costs, per AACE Class 3 definition.  All costs are 
expressed in second quarter (Q2) 2011 US dollars.  No allowances are included for 
escalation, interest during construction, taxes, or duties. 

The total estimated capital cost to design and build the Donlin Project described in this 
Report is $6,679 million, including an Owner-provided mining fleet and self-performed 
pre-development.  Included in the estimate are: 

• Direct capital costs:  $4,009 million (includes gas pipeline direct cost of $758.1 M)  

• Owner’s costs:  $414 million 

• Other indirect costs:  1,271 million 

• Contingency: $984 million.  

Sustaining capital costs total $1,504 million.  Significant areas include $649 million to 
replace and supplement mobile mining and support equipment and $631 million for 
periodic tailings storage facility capacity expansions. 

AMEC notes the following in relation to the proposed natural gas pipeline.  The direct 
costs of the pipeline are estimated at $758.1 M, with indirect costs of an additional 
$75.7 M ($38.7 M engineering procurement, $32.5 M construction costs and, $4.4 M 
Owners’ costs, primarily for land), totalling $829.4 M, excluding contingency.  When 
contingency is included, the pipeline costs are estimated to total $973 M. 
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1.22 Operating Costs 

Operating cost estimates have been assembled by area and component, based on 
estimated staffing levels, consumables, and expenditures, according to the mine plan 
and process design.  Operating costs have been prepared in second quarter (Q2) 
2011 U.S. dollars with no allowances for escalation, sales tax, import duties, or 
contingency.   

The estimated life-of-mine operating costs are $5.42/t mined or $34.99/t milled, or 
$581/oz. 

1.23 Financial Analysis 

The results of the economic analysis represent forward-looking information that are 
subject to a number of known and unknown risks, uncertainties, and other factors that 
may cause actual results to differ materially from those presented here.  Forward-
looking information includes Mineral Resource and Mineral Reserve estimates, 
commodity prices and exchange rates, the proposed mine production plan, projected 
recovery rates, uncertainties and risks regarding the estimated capital and operating 
costs, uncertainties and risks regarding the cost estimates and completion schedule 
for the proposed Project infrastructure, in particular the proposed barging program, 
and the need to obtain permits and governmental approvals. 

The overall economic viability of the Project has been assessed using both 
undiscounted and discounted cash flow techniques.  Undiscounted techniques include 
total net cash flow, payback period (measured from start of production), earnings 
before interest, taxes, depreciation, and amortization (EBITDA), and cash costs.   

Discounted values are calculated using a 5% discount rate and a discrete, end-of-year 
convention relative to reference dates of 1 January 2012 (FSU2) and 1 January 2014 
(this Report, and Project Base Case).  A period of approximately 3.5 years for 
permitting, starting 1 January 2012, is included prior to start of construction.   

The economic evaluation of the Donlin Project was prepared by Donlin Gold and is 
based upon: 

• Capital cost and sustaining capital cost estimates prepared by AMEC, BGC, and 
Hatch 

• Owner’s capital costs prepared by Donlin Gold 

• Reclamation and closure costs prepared by SRK 
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• Post-closure obligations prepared by Donlin Gold 

• Funding requirements for the reclamation, closure, and post-closure obligations 
endowment prepared by Donlin Gold 

• Mine schedule prepared by Barrick 

• Mineral Resource estimate prepared by Donlin Gold 

• Mine equipment costs based on quotes received from equipment suppliers  

• Estimated mine, process plant, and general and administration operating costs 
prepared by Donlin Gold, AMEC, Barrick, and Hatch, based on budget quotations, 
first principles, and/or costs at operating mines similar to that proposed for Donlin 
such as Barrick’s Goldstrike operation 

• An allowance for supply inventory and working capital (including doré 
transportation, in-process inventory, and payment delays); these values sum to 
zero over the life of the mine. 

• Financial analysis of the Base Case (discount rate of 5%) showed the after-tax 
Project NPV to be $547 M and the internal rate of return (IRR) to be 6.0% (Table 1-
4).  The cumulative, undiscounted, after-tax cash flow value for the Project is 
$6,197 M and the after-tax payback period is 9.2 years. 

• Sensitivity analyses were performed on the Project on a range of -20% to +20% on 
gold price, operating costs, and capital costs.  For purposes of the sensitivity 
analysis, variations in the gold grade were assumed to mirror variations in the gold 
price.   

• The Project is particularly sensitive to changes in the gold price.  The Project 
requires a gold price of approximately $902/oz to break even on a cash flow basis 
and a gold price of approximately $1,141/oz to achieve an IRR of 5%.  It is less 
sensitive to variations in operating cost and capital cost.   

1.24 Preliminary Development Schedule 

A preliminary Project development schedule has been generated.  The schedule 
includes consideration of early work requirements, the environmental permitting 
process, EPCM and construction activities.   
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Table 1-4: Summary of Key Financial Evaluation Metrics (Base Case is highlighted) 
Item Unit Value 
Total Mined Mt 3,260 
Ore Tonnes Treated Mt 505 
Strip Ratio W/O 5.46 
Gold Recovered Moz 30.401 
Gold Recovery % 89.8 
Gold Price $/oz 1,200 
Total Operating Costs $/oz 584 
Total Costs Before Taxes $/oz 908 
Total Costs Including Taxes $/oz 998 
EBITDA $M 18,581 
Total Cash Flow* $M 6,197 
Jan 2012 NPV @ 5%** $M 337 
Jan 2012 IRR % 5.6 
Jan 2014 NPV @ 5%** $M 547 
Jan 2014 IRR % 6.0 
Payback Period Years 9.2 
Operation Life Years 27.0 
Initial Capital $M 6,679 
Total LOM Capital $M 8,184 

Note:  EBITDA = Earnings before interest, taxes, depreciation, and amortization 
*   Cash flow excludes sunk costs 
**  Reference dates for DCF metrics are 1 January 2012 and 1 January 2014.  The DCF metrics for 1 January 

2014 treat funds expended before that date as sunk. 
During 2012 and 2013, Donlin Gold intends to complete basic engineering and commence detailed engineering, 
in tandem with, and in the case of detailed engineering, subject to, progress achieved on the Environmental 
Impact Statement and associated permitting process.  Aggregate expenditures in these years are expected to 
be approximately $172 million, which if excluded from the discounted cash flow analysis would result in an 
increased project NPV5 and IRR from 2014 onwards of $210 million and 0.4%, respectively. 

1.25 Conclusions 

AMEC considers that the scientific and technical information available on the Project 
can support proceeding with additional data collection, trade-off and engineering work 
and preparation of more detailed studies.  However, the decision to proceed with a 
mining operation on the Project is at the discretion of Donlin Gold, NovaGold and 
Barrick.   

1.26 Recommendations 

Donlin Gold has completed a feasibility study and two updates on the study.  A 
decision to proceed with any mine development plans would be made by the partners.   

As a consequence, AMEC’s recommendations are restricted to activities that would 
support permitting and detailed engineering studies.  These activities are envisaged as 
a single phase of work, with no item or area dependent on results of another.  The 
estimated total cost of the proposed work is in the range of $135,000 to $200,000.   
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2.0 INTRODUCTION 

NovaGold Resources Inc. (NovaGold) requested AMEC Americas Limited (AMEC) to 
prepare a summary report (the Report) on the results of the second updated feasibility 
study (FSU2) for the Donlin Gold Project (the Project) in Alaska, USA (Figure 2-1 and 
Figure 2-2). 

The Project is a 50:50 partnership between NovaGold Resources Alaska, Inc, (a 
wholly-owned subsidiary of NovaGold) and Barrick Gold U.S. Inc, (a wholly-owned 
subsidiary of Barrick).  The partners use an operating company, Donlin Gold LLC 
(Donlin Gold) to manage the Project.  For the purposes of this Report, “Donlin Gold” is 
used as a synonym for the partnership.  Prior to July 2011, Donlin Gold was known as 
Donlin Creek LLC (DCLLC). 

NovaGold is using the Report in support of a press release dated 5 December, 2011, 
entitled “NovaGold Passes Key Milestone On Path to Becoming Premier North 
American Gold Producer; Completes Positive Feasibility Study On Donlin Gold Project 
Natural Gas Pipeline's Economic Benefits Confirmed Capex Estimate Declines From 
Previous Guidance Project Ready to Advance to Permitting”, and a press release 
dated 12 January 2012 entitled ““NovaGold Files Donlin Gold Feasibility Study 
Technical Report”.    

The report was amended 20 January 2012 because the original filing was inadvertently 
of the review copy for Edgarizing, and not the final Sedar pdf report version, and 
omitted the cover page and certificates of QP. 

2.1 Terms of Reference 

The second updated feasibility study was completed in October, 2011, and was a 
compendium of different studies by a number of companies, as indicated in Table 2-1.   

AMEC used the information completed by these contributors to support information in 
the current Report.  AMEC’s QPs performed or commissioned independent due 
diligence reviews on the information supplied by Donlin Gold and made adjustments to 
the results of the FSU2 report based on the outcome of those reviews.   

AMEC notes that the FSU2 project description has changed materially in some areas 
from the first updated feasibility study of February 2009 (FSU1). 

The Report uses Canadian English.  Unless otherwise specified in the text, monetary 
amounts are in US dollars and units are metric.   
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Figure 2-1: Regional Project Setting 

 
Note:  Figure courtesy Donlin Gold 

Figure 2-2: Local Project Setting 

 
Note:  Figure courtesy Donlin Gold 
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Table 2-1: Consulting Firms or Entities Contributing to FSU2 
Consulting Firm or Entity Area of Responsibility in FSU2 Report Document 

AMEC Americas Ltd 

Overall study compilation, design of port and process facilities (excluding the 
autoclave and autoclave ancillary facilities), flowsheet, development of logistics 
program; equipment pricing, excluding equipment associated with the autoclave, 
oxygen plant, and mining, quantity estimation for major civil and structural 
components, capital cost estimates for off-site facilities, on-site facilities, and 
process facilities, excluding the mine, autoclave, autoclave support facilities, and 
oxygen plant, operating cost estimates for process, transport, and administration, 
excluding mining, development of Project plan and schedule 

Donlin Gold and Barrick 

Geologic modelling; resource and reserve estimation, specification and 
management of metallurgical testwork program; bench and pilot testing facilities for 
pressure oxidation and neutralization; specification and management of 
environmental and socioeconomic baseline studies, including impact analysis; 
permitting requirements; reclamation planning; baseline environmental data; 
process (excluding EPCM requirements) and mining engineering and preproduction 
costs; financial evaluation; mine planning; capital cost estimates for the mine; 
operating cost estimates for the mine; sustaining capital cost estimates for the mine 

BGC Engineering Inc. 

Geotechnical engineering to support the mine pits, waste rock facility, plant site, 
and tailings storage facility; site water management; mine waste rock management; 
design of the tailings storage facility and waste rock facility foundations; pit 
dewatering plans for the mine 

CH2MHill 
Routing and geotechnical studies for the selected alignment of the natural gas 
pipeline; pipeline design and engineering; construction execution planning and 
scheduling; capital and operating cost estimates for the natural gas pipeline 

HATCH Ltd.  

Flowsheet development of autoclave process; design of autoclave and autoclave 
ancillary facilities; equipment pricing for autoclave and autoclave ancillary facilities; 
quantity estimation for autoclave and autoclave ancillary facilities; capital cost 
estimate for autoclave and autoclave ancillary facilities; operating cost estimate for 
autoclave and autoclave ancillary facilities; logistics plan for delivery of autoclave 

Lorax Environmental Services 
Ltd.  Water quality modelling for the mine pit lake 

SRK Acid rock drainage (ARD) and metal leaching (ML) assessment; closure cost 
estimate 

Rowland Engineering 
Consultants 

Geotechnical investigations to support port site, airstrip, and material borrow 
sources; geotechnical engineering for access roads between port site, airstrip, and 
plant site 
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2.2 Qualified Persons 

The following people served as the Qualified Persons (QPs) as defined in National 
Instrument 43-101, Standards of Disclosure for Mineral Projects, and in compliance 
with Form 43-101F1:   

• Gordon Seibel, R.M. SME, Principal Geologist, AMEC Reno 

• Kirk Hanson, P.E., Technical Director, Open Pits North America, AMEC Reno 

• Tony Lipiec., P.Eng., Manager, Process Engineering, AMEC Vancouver. 

2.3 Site Visits and Scope of Personal Inspections 

The QPs conducted site visits to the Project as shown in Table 2-2.   

Mr Seibel completed a data verification site visit to the Project on 1 October 2008.  
During the visit, core logs were compared to the core, lithologies in the resource model 
were compared to the lithologies in the surface outcrops, and core logging, and 
sampling protocols were reviewed.  Handling of the core and sample preparation, 
however, could not be observed directly as no drilling or sample preparation was being 
performed during the site visit. 

During the October 1, 2008, site visit, Mr Hanson undertook a high-level review of the 
Project geology, inspected drill core, viewed the Project topography, inspected 
proposed pit and waste dump locations, and the locations of existing and proposed 
infrastructure, including road cuts and borrow pits.   

In addition to these visits, other AMEC personnel have visited site during preparation 
of the FSU2 report, and have provided input to the AMEC QPs in the areas of their 
expertise in support of this Report. 

AMEC considers that although completed in 2008, the site visits are still current.  Since 
the date of the last technical report filed on the Project, Donlin Gold has completed an 
additional 62 drill holes (25,000 m) out of 1,740 holes (370,000 m).  This drilling is not 
considered to comprise a material change to the Project.  Changes to the Mineral 
Resource and Mineral Reserve statements in Section 15 of this Report are primarily 
driven by the increases to the gold price used in estimation.  
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Table 2-2: QPs, Areas of Report Responsibility, and Site Visits 
Qualified Person Site Visits Report Sections of Responsibility 

(or Shared Responsibility) 
Tony Lipiec No site visit Sections 1, 2, 3, 4, 5, 6, 13, 14.5.2, 14.6.2, 

14.8, 14.9.4, 14.9.5, 14.9.6, 17, 18, 19, 20, 21, 
22, 23, 24, 25, 26, and 27 

Gordon Seibel 1 October 2008 Sections 7, 8, 9, 10, 11, 12, 14 (excepting 
14.5.2, 14.6.2, 14.8, 14.9.4, 14.9.5 and 14.9.6), 
and those portions of the Summary, 
Interpretations and Conclusions and 
Recommendations that pertain to those 
Sections  

Kirk Hanson 1 October 2008 Sections 15 and 16, and those portions of the 
Summary, Interpretations and Conclusions and 
Recommendations that pertain to those 
Sections. 

 

2.4 Effective Dates 

The Report has a number of effective dates, as follows: 

• Effective date of the assay database that supports estimation:  1 November 2009 

• Effective date of the Mineral Resources:  11 July 2011 

• Effective date of the Mineral Reserves:  11 July 2011 

• Effective date of the tenure and surface rights data:  7 October 2011 

• Effective date of the financial analysis that supports the updated feasibility study:  
18 November 2011. 

The overall effective date of the Report, based on the supply of the financial data, is 18 
November 2011. 

There has been no material change to the scientific and technical information on the 
Project between the effective date of the Report, and the signature date. 

2.5 Previous Technical Reports 

NovaGold has previously filed the following technical reports on the Project: 

Francis, K., 2008:  Donlin Creek Project, NI 43-101 Technical Report, Southwest 
Alaska, U.S.:  unpublished technical report prepared for NovaGold Resources Inc., 
effective date 5 February 2008. 
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Dodd, S., Francis, K. and Doerksen, G., 2006: Preliminary Assessment Donlin Creek 
Gold Project Alaska, USA, unpublished NI43-101F1 Technical Report to 
NovaGoldResources Inc. by SRK Consulting (US), Inc., effective date September 20, 
2006 

Dodd, S., 2006:  Donlin Creek Project 43-101 Technical Report, unpublished NI43-
101F1 Technical Report to NovaGold Resources Inc. by NovaGold Resources Inc., 
effective date January 19, 2006 

Juras, S. and Hodgson, S., 2002:  Technical Report, Preliminary Assessment, Donlin 
Creek Project, Alaska, unpublished NI43-101F1 Technical Report to NovaGold 
Resources Inc. by MRDI, report date March 2002. 

Juras, S., 2002:  Technical Report, Donlin Creek Project, Alaska, unpublished NI43-
101F1 Technical Report to NovaGold Resources Inc. by MRDI, effective date 24 
January, 2002. 

2.6 Information Sources and References 

The primary data source for this Report is the 2011 Feasibility Study Update 2, 
entitled: 

AMEC Americas Ltd., 2011:  Donlin Creek Gold Project, Alaska, Feasibility Study 
Update 2, Effective Date 7 October 2011:  unpublished feasibility study update 
prepared by AMEC for Donlin Creek LLC, dated 9 October 2011. 

Reports and documents listed in the Section 3, Reliance on Other Experts and Section 
27, References sections of this Report were also used to support preparation of the 
Report.  Additional information was sought from NovaGold, Barrick, and Donlin Gold 
personnel where required. 
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3.0 RELIANCE ON OTHER EXPERTS 

The QPs have relied upon the following other expert reports, which provided 
information regarding mineral rights, surface rights, property agreements, and 
marketing sections of this Report as noted below. 

3.1 Mineral Tenure 

The QPs have not reviewed the mineral tenure, nor independently verified the legal 
status, ownership of the Project area, underlying property agreements or permits.  
AMEC has fully relied upon, and disclaims responsibility for, information derived from 
Donlin Gold experts and experts retained by Donlin Gold for this information through 
the following documents: 

• Sellers, T.M., 2009:  Legal Opion on Mineral Title:  unpublished confidential legal 
opinion prepared by Reeves Amodio LLC for Donlin Creek LLC, and addressed to 
James Fueg, Feasibility Study Manager for Donlin Gold LLC, dated 20 March 2009 

• Manzer, D.S., 2011:  Donlin Gold Project – Administrative Status of State of Alaska 
Mining Claims, Effective Date October 5, 2011:  unpublished title search prepared 
by Alaska Land Status Inc. for Perkins Coie LLP and addressed to Robert Maynard 
of Perkins Coie LLP and James Fueg, Feasibility Study Manager for Donlin Gold 
LLC, dated 6 October 2011 

• Manzer, D.S., 2011:  Donlin Gold LLC’s Donlin Gold Project, Updated Abstract of 
Record Title, Effective September 2, 2011:  unpublished title search prepared by 
Alaska Land Status Inc. for Perkins Coie LLP and addressed to Robert Maynard of 
Perkins Coie LLP and James Fueg, Feasibility Study Manager for Donlin Gold 
LLC, dated 7 October 2011 

• Maynard, R.M., 2011:  Update of March 20, 2009 Reeves Amodio LLC Title 
Opinion Letter for Donlin Crcek Project Real Property Interests:  unpublished 
confidential legal opinion prepared by Perkins Coie LLP for Donlin Creek LLC, and 
addressed to James Fueg, Feasibility Study Manager for Donlin Gold LLC, dated 
10 October 2011. 

This information is used in Section 4.3 of the Report and was also used to support 
considerations of reasonable prospects of economic extraction and declaration of 
Mineral Resources in Section 14.3 and 14.4, and for consideration of appropriate 
modifying factors for declaration of Mineral Reserves in Section 15.3. 
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3.2 Surface Rights 

The QPs have fully relied upon and disclaim responsibility for information supplied by 
Donlin Gold staff and experts retained by Donlin Gold for information relating to the 
status of the current surface rights as follows: 

• Sellers, T.M., 2009:  Legal Opion on Mineral Title:  unpublished confidential legal 
opinion prepared by Reeves Amodio LLC for Donlin Creek LLC, and addressed to 
James Fueg, Feasibility Study Manager for Donlin Gold LLC, dated 20 March 2009 

• Manzer, D.S., 2011:  Donlin Gold Project – Administrative Status of State of Alaska 
Mining Claims, Effective Date October 5, 2011:  unpublished title search prepared 
by Alaska Land Status Inc. for Perkins Coie LLP and addressed to Robert Maynard 
of Perkins Coie LLP and James Fueg, Feasibility Study Manager for Donlin Gold 
LLC, dated 6 October 2011 

• Manzer, D.S., 2011:  Donlin Gold LLC’s Donlin Gold Project, Updated Abstract of 
Record Title, Effective September 2, 2011:  unpublished title search prepared by 
Alaska Land Status Inc. for Perkins Coie LLP and addressed to Robert Maynard of 
Perkins Coie LLP and James Fueg, Feasibility Study Manager for Donlin Gold 
LLC, dated 7 October 2011 

• Maynard, R.M., 2011:  Update of March 20, 2009 Reeves Amodio LLC Title 
Opinion Letter for Donlin Crcek Project Real Property Interests:  unpublished 
confidential legal opinion prepared by Perkins Coie LLP for Donlin Creek LLC, and 
addressed to James Fueg, Feasibility Study Manager for Donlin Gold LLC, dated 
10 October 2011. 

This information is used in Section 4.5 of the report and for consideration of 
appropriate modifying factors for declaration of Mineral Reserves in Section 15.3.   

3.3 Agreements 

The QPs have fully relied upon and disclaim responsibility for information supplied by 
Donlin Gold staff and experts retained by Donlin Gold or NovaGold for information 
relating to the status of the current Property Agreements as follows: 

• Sellers, T.M., 2009:  Legal Opion on Mineral Title:  unpublished confidential legal 
opinion prepared by Reeves Amodio LLC for Donlin Creek LLC, and addressed to 
James Fueg, Feasibility Study Manager for Donlin Gold LLC, dated 20 March 2009 

• Manzer, D.S., 2011:  Donlin Gold Project – Administrative Status of State of Alaska 
Mining Claims, Effective Date October 5, 2011:  unpublished title search prepared 
by Alaska Land Status Inc. for Perkins Coie LLP and addressed to Robert Maynard 
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of Perkins Coie LLP and James Fueg, Feasibility Study Manager for Donlin Gold 
LLC, dated 6 October 2011 

• Manzer, D.S., 2011:  Donlin Gold LLC’s Donlin Gold Project, Updated Abstract of 
Record Title, Effective September 2, 2011:  unpublished title search prepared by 
Alaska Land Status Inc. for Perkins Coie LLP and addressed to Robert Maynard of 
Perkins Coie LLP and James Fueg, Feasibility Study Manager for Donlin Gold 
LLC, dated 7 October 2011 

• Maynard, R.M., 2011:  Update of March 20, 2009 Reeves Amodio LLC Title 
Opinion Letter for Donlin Crcek Project Real Property Interests:  unpublished 
confidential legal opinion prepared by Perkins Coie LLP for Donlin Creek LLC, and 
addressed to James Fueg, Feasibility Study Manager for Donlin Gold LLC, dated 
10 October 2011. 

This information is used in Section 4.4 of the Report and was also used to support 
considerations of reasonable prospects of economic extraction and declaration of 
Mineral Resources in Section 14.3 and 14.4, and for consideration of appropriate 
modifying factors for declaration of Mineral Reserves in Section 15.3. 

3.4 Royalties 

The QPs have fully relied upon and disclaim responsibility for information supplied by 
NovaGold staff and experts retained by NovaGold for information relating to the status 
of the current royalties payable as follows: 

• Francis, K., 2012:  Confirmation Letter Regarding Royalties, Marketing and 
Taxation Pool:  unpublished letter from Kevin Francis, Vice President Resources, 
Novagold to Scott Mackin, AMEC Project Manager Donlin Gold Project, 6 January 
2012 

This information is used in Section 4.7 of the report and was also used to support 
considerations of reasonable prospects of economic extraction and declaration of 
Mineral Resources in Section 14.3 and 14.4, and for consideration of appropriate 
modifying factors for declaration of Mineral Reserves in Section 15.3. 

3.5 Marketing 

The QPs have fully relied upon and disclaim responsibility for information supplied by 
NovaGold for information relating to the status of the potential Project marketing 
regime as follows: 
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• Francis, K., 2012:  Confirmation Letter Regarding Royalties, Marketing and 
Taxation Pool:  unpublished letter from Kevin Francis, Vice President Resources, 
Novagold to Scott Mackin, AMEC Project Manager Donlin Gold Project, 6 January 
2012. 

This information is used in Section 19, and was used to support considerations of 
reasonable prospects of economic extraction and declaration of Mineral Resources in 
Section 14.3 and 14.4, declaration of Mineral Reserves in Section 15.3, and the 
cashflow analysis in Section 22.   

3.6 Taxation 

The QPs have fully relied upon and disclaim responsibility for information supplied by 
NovaGold for information relating to the status of the potential taxation pool available 
to NovaGold through the following:   

• Francis, K., 2012:  Confirmation Letter Regarding Royalties, Marketing and 
Taxation Pool:  unpublished letter from Kevin Francis, Vice President Resources, 
Novagold to Scott Mackin, AMEC Project Manager Donlin Gold Project, 6 January 
2012. 

This information is used in Section 22.5 of the Report. 
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Figure 21-1: LOM Mine Production Operating Costs 

 

Table 21-4: LOM Direct Process Operating Costs ($000) 
Item Total $/t Milled 
Labour 615,825 1.22 
Reagents and Consumables 2,586,751 5.12 
Power 3,496,941 6.93 
Maintenance Supplies 859,904 1.70 
Subtotal 7,559,401 14.97 
G&A/Rehandling Reallocations  248,172 0.49 
Total 7,807,593 15.47 
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Power consumption was derived from the estimated load of individual pieces of 
equipment on the equipment list combined with power requirements for the crushing 
and grinding circuits.  Power consumption was estimated at an average of 
1,049,496 MWh/a.  The cost of power was provided at $0.119/kWh.  The calculation of 
primary crusher power consumption was based on the crusher running at 80% of full 
power, available 65% of the time. 

21.2.4 General and Administrative Operating Costs 

The general and administrative (G&A) operating costs are expenses for cost centres 
not directly linked to the mining and process disciplines, and include management, 
safety, security, environmental, information services, warehouse and other overheads.  
The G&A for each cost centre was estimated either from first principles or was based 
on experience at Barrick operations. 

Some costs included in G&A have been allocated back to the mine and process 
departments to the extent that these costs can be reasonably related to the respective 
department, i.e., based on direct usage, percentage of total labour hours, or 
percentage of volumes shipped. 

21.2.5 Operating Cost Summary 

Operating costs over the life of mine are indicated in Table 21-6.  A breakdown by 
operating year is included as Table 21-7.  Operating costs were prepared in second 
quarter (Q2) 2011 U.S. dollars with no allowances for escalation, sales tax, import 
duties, or contingency.   

Life-of-mine operating costs, excluding community and social development costs and 
refining charges, were estimated at $5.85/t mined, or $37.79/t milled. 
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Table 21-5: Summary of G&A Cost Estimate by Cost Centre ($000) 
 LOM Annual Average Allocations Net 

Cost Centre Personnel Expenses Total $/t 
milled Total $/t 

milled Total $/t 
milled 

Logistics 10,450 4,381 14,831 0.78 10,719 0.57 4,112 0.21 
Camp & Catering – 12,085 12,085 0.63 – – 12,085 0.63 
Finance & Administration 7,672 14,821 22.493 1.17 – – 22,493 1.17 
Insurance – 6,792 6,792 0.36 – – 6,792 0.36 
Site Maintenance & 
Mobile Equipment 3,175 2,384 5,559 0.29 – – 5,559 0.29 

Aviation 164 3,669 3,833 0.20 – – 3,833 0.20 
Power - 4,245 4,245 0.22 – – 4,245 0.22 
Environmental 2,337 284 2,621 0.14 – – 2,621 0.14 
Subtotal 23,798 48,661 72,459 3.79     
Allocated to Process & 
Mine     10,719 0.57   

Total       61,740 3.22 

 

Table 21-6: LOM Operating Costs ($000) 
Area Total LOM $/t Milled $/t Mined $/oz 
Mine Operations 8,200,480 16.24 2.52 270 
Processing Operations 7,807,593 15.47 2.40 257 
Administration 1,626,247 3.22 0.49 53 
Refining 31,069 0.06 0.01 1 
Total 17,665,389 34.99 5.42 581 

Note:  operating costs per tonne milled in this table do not include $3.13/t milled of land costs incorporated in the 
financial analysis and cashflow model as additional general and administrative costs.  Life-of-mine operating costs, 
excluding community and social development costs and refining charges, were estimated at $5.85/t mined, or $37.79/t 
milled 
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Table 21-7: Annual Operating Costs ($000) 
Year Mining Processing Admin Refining Total $/t Milled $/t Mined $/oz 
1 200,288 128,910 40,765 534 370,496 49.15 3.61 710 
2 250,201 310,835 64,228 1,424 626,688 33.52 5.12 450 
3 275,714 304,623 61,451 1,417 643,205 33.49 5.16 464 
4 301,291 299,252 61,434 1,524 663,501 34.18 4.95 445 
5 322,753 302,622 61,066 1,566 688,008 35.18 4.83 449 
6 346,057 302,801 60,599 1,544 711,001 36.40 4.64 471 
7 345,843 295,531 61,256 1,609 704,239 37.62 4.54 447 
8 367,020 293,290 62,204 1,323 723,837 38.87 4.79 559 
9 392,133 298,901 61,852 1,398 754,284 38.52 5.03 552 
10 357,425 306,258 60,580 1,545 725,808 36.91 4.84 480 
11 347,772 304,932 60,916 1,269 714,889 36.75 4.77 576 
12 365,053 299,003 61,887 1,497 727,440 37.65 4.85 497 
13 372,109 300,566 62,159 1,274 736,108 37.06 4.91 590 
14 387,990 289,983 62,112 970 741,056 39.43 4.94 781 
15 406,258 286,235 62,458 907 755,859 41.09 5.04 851 
16 424,279 286,313 62,798 1,012 774,402 40.63 5.16 782 
17 412,287 292,383 62,013 801 767,484 39.48 5.12 979 
18 406,205 296,269 61,833 943 765,250 39.25 5.75 829 
19 410,167 294,723 61,877 1,148 767,914 39.30 6.09 684 
20 418,548 299,773 61,434 1,446 781,202 39.80 5.21 552 
21 390,864 295,429 60,961 923 748,177 40.19 4.99 829 
22 248,198 291,067 58,453 1,069 598,787 32.74 5.01 573 
23 179,550 296,981 57,307 1,061 534,899 27.86 7.20 515 
24 165,332 294,946 57,921 882 519,081 27.05 9.11 601 
25 72,498 288,375 56,788 587 418,247 21.46 32.21 729 
26 19,390 289,795 57,176 656 367,017 18.77 N/A 572 
27 15,254 257,798 62,721 740 336,513 19.85 N/A 465 
Total 8,200,480 7,807,593 1,626,247 31,069 17,665,389 34.99 5.42 581 

Note:  operating costs per tonne milled in this table do not include $3.13/t milled of land costs incorporated in the 
financial analysis and cashflow model as additional general and administrative costs.  Life-of-mine operating costs, 
excluding Community and Social Development costs and refining charges, were estimated at $5.85/t mined, or $37.79/t 
milled 

21.3 Comments on Section 21 

The QPs have reached the following conclusions regarding the operating and capital 
cost estimates prepared as part of the FSU2: 

• The total estimated capital cost to design and build the Donlin Gold Project 
described in this Report is $6,679 million, including an Owner-provided mining fleet 
and self-performed pre-development.  Included in the estimate are: 

− Direct capital costs:  $4,009 million 
− Owner’s costs:  $414 million 
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− Other indirect costs:  1,271 million 
− Contingency: $984 million.  

• The capital cost estimate was developed in accordance with Association for the 
Advancement of Cost Engineering (AACE) Class 3 requirements, consisting of 
semi-detailed unit costs and assembly line items.  The level of accuracy for the 
estimate is -15% +30% of estimated final costs, per AACE Class 3 definition.  All 
costs are expressed in second quarter (Q2) 2011 U.S. dollars.  No allowances are 
included for escalation, interest during construction, taxes, or duties 

• Sustaining capital costs are estimated at $1,504 million 

• The estimated life-of-mine operating costs are $5.42/t mined or $34.99/t milled, or 
$581/oz 

• The general and administrative operating costs in this section, of $3.28/t milled 
(total operating cost of $34.99/t milled), includes G&A expenditures, community 
and social development costs and refining charges, but excludes land-related 
costs and payments of $3.13/t milled.  These land-related payments of $3.13/t 
milled (total operating cost of $38.13/t milled) are included in the financial model 
and cash flow results 

• Life-of-mine operating costs, excluding community and social development costs 
and refining charges, were estimated at $5.85/t mined, or $37.79/t milled 

• Operating cost estimates have been assembled by area and component, based on 
estimated staffing levels, consumables, and expenditures, according to the mine 
plan and process design.  Operating costs have been prepared in second quarter 
(Q2) 2011 U.S. dollars with no allowances for escalation, sales tax, import duties, 
or contingency. 
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22.0 ECONOMIC ANALYSIS 

The results of the economic analysis represent forward-looking information that are 
subject to a number of known and unknown risks, uncertainties, and other factors that 
may cause actual results to differ materially from those presented here.  Forward-
looking information includes Mineral Resource and Mineral Reserve estimates, 
commodity prices and exchange rates, the proposed mine production plan, projected 
recovery rates, uncertainties and risks regarding the estimated capital and operating 
costs, uncertainties and risks regarding the cost estimates and completion schedule 
for the proposed Project infrastructure, in particular the need to obtain permits and 
governmental approvals. 

22.1 Valuation Methodology 

The overall economic viability of the Donlin Gold Project has been assessed using 
both undiscounted and discounted cash flow techniques.  Undiscounted techniques 
include total net cash flow, payback period (measured from start of production), 
EBITDA, and cash costs.  Discounted cash flow techniques include IRR and NPV.  
Discounted values are calculated using a 5% discount rate and a discrete end-of-year 
convention relative to reference dates of 1 January 2012 and 1 January 2014.  A 
period of approximately 3.5 years for permitting, starting 1 January 2012, is included 
prior to start of construction. 

Estimates have been prepared for all the individual elements of cash receipts and cash 
expenditures for ongoing operations.  Capital cost estimates have been prepared for 
initial development and construction of the Project and for ongoing operations 
(sustaining capital).  Cost estimates have also been prepared for reclamation and 
closure of the mine and for post-closure obligations.  These form the basis for the 
annual funding requirements over the LOM required to establish an endowment to 
meet these obligations. 

The economic evaluation of the Donlin Gold Project was prepared by Donlin Gold and 
is based upon: 

• Capital cost and sustaining capital cost estimates prepared by AMEC, BGC, and 
Hatch 

• Owner’s capital costs prepared by Donlin Gold 

• Reclamation and closure costs prepared by SRK 

• Post-closure obligations prepared by Donlin Gold 
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• Funding requirements for the reclamation, closure, and post-closure obligations 
endowment prepared by Donlin Gold 

• Mine schedule prepared by Barrick 

• Resource estimate prepared by Donlin Gold 

• Mine equipment costs based on quotes received from equipment suppliers 

• Estimated mine, process plant, and general and administration operating costs 
prepared by Donlin Gold, AMEC, Barrick, and Hatch, based on budget quotations, 
first principles, and/or costs at operating mines similar to that proposed at Donlin 
such as Barrick’s Goldstrike operation 

• An allowance for supply inventory and working capital (including doré 
transportation, in-process inventory, and payment delays); these values sum to 
zero over the life of the mine. 

22.2 Financial Model Parameters 

Parameters assumed for the financial model included the following areas. 

22.2.1 Production Forecast 

The FSU2 is based on a 59,000 st/d (53,500 t/d) open pit gold mine with ore 
processing by means of flotation, pressure oxidation, and cyanidation.  The pit designs 
and production schedules were based on the in-situ gold mineral resource drilling at 
Donlin as of December 2009.  Annual LOM gold production will average 1.13 Moz per 
year and 1.46 Moz for the first five full years of production. 

22.2.2 Metallurgical Recoveries 

Recovery is estimated to average 89.8% over the LOM based on work and testing 
performed for feasibility study purposes. 

22.2.3 Smelting and Refining Terms 

Doré refining and shipping charges were estimated at $1.02/oz based on actual 
refining charges for Barrick’s Goldstrike operations and a quotation for transportation 
and insurance costs from the planned Donlin mine site to a U.S.-based refinery.  In 
addition, 0.1% of gold produced at the mine is deducted as a cost of refining.  
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The current hydrometallurgical process selection renders any contained silver into a 
greater refractory state, which provides less than 10% silver recovery through standard 
metal leaching.  As a consequence, no silver credit has been applied to the Project. 

22.2.4 Metal Prices 

Estimated cash flows from revenue are based on a gold price of $1,200/oz as provided 
by Donlin Gold.  The open pit was optimized at a gold price of $975/oz, which was the 
guidance in effect at the time the pit optimization work was completed. 

22.2.5 Capital Costs 

The initial capital costs for the Project are estimated at $6,679 million.  Sunk costs are 
excluded from the cash flow calculation.  Tax pools are zero at the end of 2010.  Prior 
year expenses have been allocated to, and used by, the partners. 

22.2.6 Operating Costs 

Life-of-mine operating costs were estimated at $5.85/t mined, or $37.79/t milled. 

22.2.7 Royalties 

The Calista Corporation and The Kuskokwim Corporation (TKC) receive payments for 
land access and use.  Over the life of the mine these payments amount to $1,580 
million. 

22.2.8 Working Capital 

Inventory of consumables plus working capital are included in the cash flow.  They are 
expenditures in the early years and are recovered in the final years.   

First Fills Inventory 

• Included in capital costs. 

Initial Inventory 

• Initial Inventory = 100.0 Days of Non-Labour Operating Costs. 
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Working Capital 

• Accounts Payable = 30.0 Days of Non-Labour Operating Costs 

• In-Process Inventory = 3.0 Days of Revenue 

• Finished Products Inventory = 10.0 Days of Revenue 

• Accounts Receivable = 10.0 Days of Revenue. 

22.2.9 Taxes 

AMEC is not an expert in taxation matters.  The following taxation summary was 
prepared by Donlin Gold for the Project. 

• Federal Income Tax = 35% subject to a Alternative Minimum Tax of 20% 

• Alaska State Income Tax = 9.4% subject to a Alternative Minimum Tax of 18% 

• Alaska State Mining License Tax = 7% of taxable mining income.  There is a 3.0-
year tax holiday on the mining license tax. 

Income tax becomes payable after deductions for capital allowances. 

22.2.10 Closure Costs and Salvage Value 

The basis for the closure estimate for the site was a modified version of the Barrick 
Reclamation Cost Estimator (BRCE).  BRCE costs are primarily incurred in the first 
five years after the mine closes (2044–2047), although some reclamation will be 
carried out immediately after construction and during operations.  Some closure 
activities and expenditures will require ongoing post-closure operations and 
maintenance, such as water treatment, maintenance of surface water management 
facilities, and post-closure monitoring.   

Total closure and reclamation costs were estimated at $674.1 M.  

It is assumed that construction equipment will be sold at the end of the construction 
period when it is no longer required for Project-based work.  Total recovered value 
from these sales is estimated at $23 million.  These represent the only assets at 
closure.  No salvage is assumed at the end of operations. 

22.2.11 Financing 

Financing has been assumed on a 100%, all equity, stand-alone basis.   
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22.2.12 Inflation 

Escalation/inflation has been excluded.  Escalation has been included in the 
determination of the funding requirements for the Trust Fund, but the Trust Fund 
values in the cash flow are expressed on an un-escalated (real) basis. 

22.3 Financial Results 

The financial analysis in the FSU2 report included discounted cash flow (DCF) metrics 
based on reference dates of 1 January 2012 and 1 January 2014.  The DCF metrics 
for 1 January 2014 treat funds expended before that date as sunk, and are used by 
NovaGold as the Base Case for this Report. 

Financial analysis of the Base Case (discount rate of 5%) showed the after-tax Project 
NPV to be $547 M and the internal rate of return (IRR) to be 6% (Table 22-1).  The 
cashflow for the Project on an annualized basis is included as Table 22-2. 

The cumulative, undiscounted, after-tax cash flow value for the Project is $6,197 M 
and the after-tax payback period is 9.2 years. 

22.4 Sensitivity Analysis 

Sensitivity analyses have been performed on the Project on a range of -20% to +20% 
on gold price, operating costs, and capital costs.  For purposes of the sensitivity 
analysis, variations in the gold grade were assumed to mirror variations in the gold 
price.  Sensitivities are as indicated in Figure 22-1.  

The Project is particularly sensitive to changes in the gold price.  The Project requires 
a gold price of approximately $902/oz to break even on a cash flow basis and a gold 
price of approximately $1,141/oz to achieve an IRR of 5% (Table 22-3).   

Table 22-4 and Table 22-5 list the sensitivities of after-tax NCF, NPV (5%), and IRR to 
variations in operating cost and capital cost, respectively. 

Table 22-6 is an analysis of the impact of changes in oil prices on operating costs.  It 
was determined that a 10% change in the price of oil translates into an approximate 
1.28% change in total operating costs (mining + processing + G&A).  

Table 22-7 shows the impact of variations in the liquefied natural gas (LNG) price, 
assuming that 96% of LNG is used to produce electricity.  Therefore, a ±18% in LNG 
prices translates into a ±10.42% change in power costs. 
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Table 22-1: Summary of Key Evaluation Metrics (Base Case is highlighted) 
Item Unit Value 
Total Mined Mt 3,260 
Ore Tonnes Treated Mt 505 
Strip Ratio W/O 5.46 
Gold Recovered Moz 30.401 
Gold Recovery % 89.8 
Gold Price $/oz 1,200 
Total Operating Costs $/oz 584 
Total Costs Before Taxes $/oz 908 
Total Costs Including Taxes $/oz 998 
EBITDA $M 18,581 
Total Cash Flow* $M 6,197 
Jan 2012 NPV @ 5%** $M 337 
Jan 2012 IRR % 5.6 
Jan 2014 NPV @ 5%** $M 547 
Jan 2014 IRR % 6.0 
Payback Period Years 9.2 
Operation Life Years 27.0 
Initial Capital $M 6,679 
Total LOM Capital $M 8,184 

Note:  EBITDA = Earnings before interest, taxes, depreciation, and amortization 
*   Cash flow excludes sunk costs 
**  Reference dates for DCF metrics are 1 January 2012 and 1 January 2014.  The DCF metrics for 1 January 

2014 treat funds expended before that date as sunk. 
During 2012 and 2013, Donlin Gold intends to complete basic engineering and commence detailed engineering, 
in tandem with, and in the case of detailed engineering, subject to, progress achieved on the Environmental 
Impact Statement and associated permitting process.  Aggregate expenditures in these years are expected to 
be approximately $172 million, which if excluded from the discounted cash flow analysis would result in an 
increased project NPV at 5% and IRR from 2014 onwards of $210 million and 0.4%, respectively. 
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Table 22-2: Cashflow Analysis 

Cash Flow Units Total 2014  2015  2016  2017 2018 2019 2020 2021 2022 2023 2024  2025  2026  2027 2028 2029 2030 

Ore treated Mt 504.811  0.000  0.000  0.000  0.000 0.000 7.539 18.696 19.205 19.412 19.557 19.533  18.719  18.621  19.582 19.662 19.455 19.321 

Payable gold Moz 30.371  0.000  0.000  0.000  0.000 0.000 0.522 1.392 1.385 1.490 1.531 1.509  1.572  1.294  1.366 1.510 1.240 1.464 

Gross revenue $M 36,481.103  0.000  0.000  0.000  0.000 0.000 626.623 1,671.682 1,663.701 1,789.646 1,839.041 1,813.185  1,888.842  1,554.035  1,641.111 1,813.824 1,489.843 1,758.005 

Operating costs $M (17,752.172) (2.983) (6.118) (12.096) (13.697) (12.387) (249.850) (618.568) (581.478) (556.425) (573.802) (655.451) (604.062) (710.008) (785.572) (683.788) (695.074) (692.595) 

Applied depreciation $M (9,845.995) 0.000  0.000  0.000  0.000 0.000 (120.537) (338.016) (334.130) (354.290) (374.343) (372.830) (386.654) (328.078) (356.971) (388.992) (325.599) (384.061) 

Community & social development $M (137.671) 0.000  0.000  0.000  0.000 0.000 (2.598) (5.195) (5.195) (5.195) (5.195) (5.195) (5.195) (5.195) (5.195) (5.195) (5.195) (5.195) 

Total costs $M (27,735.838) (2.983) (6.118) (12.096) (13.697) (12.387) (372.984) (961.779) (920.804) (915.911) (953.340) (1,033.477) (995.911) (1,043.281) (1,147.738) (1,077.976) (1,025.868) (1,081.851) 

Income before tax $M 8,745.265  (2.983) (6.118) (12.096) (13.697) (12.387) 253.639 709.903 742.897 873.735 885.701 779.709  892.930  510.753  493.373 735.848 463.975 676.154 

Alaska state income tax $M (701.398) 0.000  0.000  0.000  0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000  0.000  (23.910) (25.540) (90.449) (68.861) (100.781) 

Alaska mining tax $M (536.904) 0.000  0.000  0.000  0.000 0.000 0.000 0.000 0.000 0.000 (33.976) (37.168) (56.807) (36.664) (37.294) (54.439) (35.256) (52.258) 

Federal income tax $M (1,503.066) 0.000  0.000  0.000  0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000  0.000  (132.834) (141.891) (180.573) (119.539) (170.034) 

Total taxes $M (2,741.367) 0.000  0.000  0.000  0.000 0.000 0.000 0.000 0.000 0.000 (33.976) (37.168) (56.807) (193.409) (204.725) (325.461) (223.657) (323.072) 

Net income after tax $M 6,003.898  (2.983) (6.118) (12.096) (13.697) (12.387) 253.639 709.903 742.897 873.735 851.725 742.540  836.124  317.345  288.648 410.387 240.318 353.082 

Stockpile Inventory Adjustment - Opex $M (0.000) 0.000  0.000  0.000  0.000 0.000 (122.647) (31.148) (85.361) (132.722) (140.635) (136.629) (181.699) (92.282) (38.525) (117.183) (94.979) (104.603) 

Depreciation add-back $M 9,845.995  0.000  0.000  0.000  0.000 0.000 120.537 338.016 334.130 354.290 374.343 372.830  386.654  328.078  356.971 388.992 325.599 384.061 

Operating cash flow $M 15,849.893  (2.983) (6.118) (12.096) (13.697) (12.387) 251.528 1,016.770 991.667 1,095.304 1,085.433 978.741  1,041.079  553.142  607.094 682.197 470.939 632.540 

Initial capital $M (6,511.411) (230.989) (659.453) (1,659.770) (1,927.742) (1,708.416) (325.043) 0.000 0.000 0.000 0.000 0.000  0.000  0.000  0.000 0.000 0.000 0.000 

Sustaining capital $M (1,504.389) 0.000  0.000  0.000  0.000 0.000 (336.686) (68.594) (33.947) (10.586) (154.437) (57.864) (28.556) (75.103) (156.916) (12.208) (27.517) (18.359) 

IFRS Total Capitalized Opex (Sustaining Capital) $M (1,386.313) 0.000  0.000  0.000  0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000  0.000  0.000  0.000 0.000 0.000 0.000 

Funding of Closure "Trust Fund" $M (273.730) (8.554) (8.554) (8.554) (8.554) (8.554) (8.554) (8.554) (8.554) (8.554) (8.554) (8.554) (8.554) (8.554) (8.554) (8.554) (8.554) (8.554) 

Add: Salvage Values $M 23.118  0.000  0.000  0.000  0.000 0.000 23.118 0.000 0.000 0.000 0.000 0.000  0.000  0.000  0.000 0.000 0.000 0.000 

Initial Inventory $M 0.000  0.000  0.000  0.000  0.000 0.000 (140.489) 0.000 0.000 0.000 0.000 0.000  0.000  0.000  0.000 0.000 0.000 0.000 

Working Capital $M 0.000  0.000  0.000  0.000  0.000 0.000 (16.333) (48.509) 1.582 (6.733) (1.514) 3.100  (5.318) 22.280  (3.488) (12.537) 19.714 (16.239) 

Net cash flow $M 6,197.167  (242.526) (674.125) (1,680.420) (1,949.993) (1,729.356) (552.458) 891.114 950.748 1,069.431 920.928 915.423  998.650  491.765  438.135 648.897 454.581 589.388 

Cumulative cash flow $M (242.526) (916.651) (2,597.071) (4,547.064) (6,276.420) (6,828.879) (5,937.765) (4,987.017) (3,917.586) (2,996.658) (2,081.234) (1,082.584) (590.819) (152.684) 496.213 950.794 1,540.182 
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Table 22-2: Cashflow Analysis cont 

Cash Flow Units 2031  2032  2033  2034  2035 2036 2037 2038 2039 2040 2041 2042  2043  2044  2045 2046 

  

Ore treated Mt 19.861  18.796  18.394  19.059  19.438 19.499 19.538 19.628 18.615 18.291 19.201 19.192  19.491  19.550  16.956 0.000 

Payable gold Moz 1.246  0.949  0.887  0.989  0.783 0.922 1.122 1.414 0.902 1.045 1.038 0.863  0.574  0.641  0.723 0.000 

  

Gross revenue $M 1,496.235  1,139.343  1,065.490  1,187.893  940.918 1,107.142 1,348.146 1,698.052 1,083.306 1,254.699 1,246.326 1,036.185  688.900  770.265  868.668 0.000 

  

Operating costs $M (750.869) (700.757) (683.868) (686.253) (712.277) (713.701) (768.377) (746.116) (712.958) (630.635) (673.798) (606.330) (649.148) (644.010) (593.106) (26.012) 

Applied depreciation $M (350.810) (284.267) (286.724) (343.102) (290.167) (365.919) (456.179) (602.635) (406.833) (479.645) (502.897) (413.521) (295.530) (332.838) (370.426) 0.000 

Community & social development $M (5.195) (5.195) (5.195) (5.195) (5.195) (5.195) (5.195) (5.195) (5.195) (5.195) (5.195) (5.195) (5.195) (5.195) (5.195) 0.000 

Total costs $M (1,106.875) (990.219) (975.787) (1,034.550) (1,007.640) (1,084.816) (1,229.751) (1,353.946) (1,124.986) (1,115.475) (1,181.891) (1,025.046) (949.874) (982.044) (968.727) (26.012) 

  

Income before tax $M 389.361  149.124  89.702  153.342  (66.722) 22.327 118.395 344.107 (41.681) 139.225 64.435 11.139  (260.974) (211.779) (100.060) (26.012) 

  

Alaska state income tax $M (62.761) (29.505) (20.706) (27.710) (3.743) (14.640) (29.940) (70.679) (17.182) (38.725) (36.401) (26.972) 0.000  0.000  (12.894) 0.000 

Alaska mining tax $M (31.715) (14.568) (9.663) (12.357) (1.907) (6.271) (13.499) (35.309) (9.714) (18.545) (17.500) (13.099) 0.000  (2.153) (6.741) 0.000 

Federal income tax $M (112.068) (55.235) (42.943) (61.753) (6.567) (34.550) (65.628) (129.243) (22.984) (76.784) (71.670) (52.116) 0.000  0.000  (26.653) 0.000 

Total taxes $M (206.544) (99.308) (73.312) (101.821) (12.217) (55.462) (109.067) (235.231) (49.879) (134.053) (125.572) (92.187) 0.000  (2.153) (46.288) 0.000 

  

Net income after tax $M 182.816  49.816  16.391  51.522  (78.939) (33.135) 9.328 108.876 (91.560) 5.171 (61.137) (81.048) (260.974) (213.932) (146.347) (26.012) 

Stockpile Inventory Adjustment - Opex $M (2.252) 42.240  50.982  88.612  53.728 96.838 61.180 50.997 (12.707) 26.784 132.447 36.361  191.867  247.055  214.280 0.000 

Depreciation add-back $M 350.810  284.267  286.724  343.102  290.167 365.919 456.179 602.635 406.833 479.645 502.897 413.521  295.530  332.838  370.426 0.000 

Operating cash flow $M 531.375  376.322  354.097  483.236  264.956 429.623 526.687 762.507 302.566 511.600 574.207 368.834  226.423  365.961  438.359 (26.012) 

  

Initial capital $M 0.000  0.000  0.000  0.000  0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000  0.000  0.000  0.000 0.000 

Sustaining capital $M (146.522) (22.681) (85.442) (26.364) (108.299) (15.530) (1.477) (10.032) (77.381) (0.789) (1.627) (1.813) (25.660) 0.000  0.000 0.000 

IFRS Total Capitalized Opex (Sustaining Capital) $M (56.597) (142.609) (171.182) (224.718) (156.602) (191.311) (112.469) (150.635) (87.717) (44.439) (48.034) 0.000  0.000  0.000  0.000 0.000 

Funding of Closure "Trust Fund" $M (8.554) (8.554) (8.554) (8.554) (8.554) (8.554) (8.554) (8.554) (8.554) (8.554) (8.554) (8.554) (8.554) (8.554) (8.554) 0.000 

Add: Salvage Values $M 0.000  0.000  0.000  0.000  0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000  0.000  0.000  0.000 0.000 

Initial Inventory $M 0.000  0.000  0.000  0.000  0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000  0.000  0.000  140.489 0.000 

Working Capital $M 17.063  22.687  5.527  (6.566) 15.251 (10.567) (15.053) (21.148) 36.656 (20.164) (3.370) 12.205  15.519  (8.355) (8.770) 33.078 

  

Net cash flow $M 336.765  225.165  94.446  217.035  6.753 203.661 389.134 572.138 165.570 437.654 512.622 370.672  207.728  349.052  561.524 7.066 

Cumulative cash flow $M 1,876.947  2,102.112  2,196.558  2,413.593  2,420.346 2,624.007 3,013.141 3,585.279 3,750.849 4,188.503 4,701.125 5,071.797  5,279.525  5,628.577  6,190.101 6,197.167 
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Figure 22-1: After Tax LOM Total Cash Flow Sensitivity Spider Graph 

 

Table 22-3: Base Case Project Sensitivity to Gold Price (Base Case is highlighted) 
Gold 
($/oz) 

LOM Cash Flow 
($M) 

Jan 2014 NPV @ 5% 
($M) 

Jan 2014 IRR
(%) 

700 (5,690) (4,917) — 
800 (2,838) (3,637) —
900 (45) (2,374) —

1,000 2,143 (1,342) 2.3 
1,100 4,191 (385) 4.3 
1,200 6,197 547 6.0 
1,300 8,187 1,465 7.5 
1,400 10,166 2,375 8.9 
1,500 11,631 3,147 10.2 
1,600 13,092 3,862 11.2 
1,700 14,616 4,581 12.3 
1,800 16,156 5,296 13.2 
1,900 17.699 6,010 14.2 
2,000 19,248 6,722 15.1 
2,100 20,793 7,429 15.9 
2,200 22,343 8,138 16.8 
2,300 23,882 8,838 17.6 
2,400 25,429 9,541 18.3 
2,500 26,975 10,243 19.1 

  

Table 22-4: Project Sensitivity to Operating Cost (Base Case is highlighted) 
Factor 

(%) 
LOM Cash Cost 

($/oz) 
LOM Cash Flow 

($M) 
NPV @ 5% 

($M) 
IRR 
(%) 

Opex 
($/t ore) 

80 478 8,565 1,627 7.8 25.66 
90 532 7,387 1,089 6.9 28.86 

100 585 6,197 547 6.0 32.05 
110 638 4,985 (4) 5.0 35.24 
120 691 3,726 (568) 3.9 38.43 

Note:  Opex = operating cost 
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Table 22-5: Project Sensitivity to Capital Cost (Base Case is highlighted) 
Factor 

(%) 
Total Capex 

($M) 
LOM Cash Flow 

($M) 
NPV @ 5% 

($M) 
IRR 
(%) 

Initial Capex 
($M) 

80 7,933 7,306 1,530 8.2 5,343 
90 8,752 6,751 1,040 7.0 6,011 

100 9,570 6,197 547 6.0 6,679 
110 10,388 5,643 48 5.1 7,347 
120 11,207 5,091 456 4.3 8,015 

Note:  Capex = capital cost 

Table 22-6: Project Sensitivity to Oil Price (Base Case is highlighted) 

Factor 
(%) 

Factor Total 
Opex 
(%) 

LOM Cash 
Cost 
$/oz 

LOM Cash 
Flow 
($M) 

NPV @ 5% 
($M) 

IRR 
(%) 

Opex 
($/t ore) 

80 571 6,503 686 6.2 31.23 571 
90 578 6,350 616 6.1 31.64 578 

100 585 6,197 547 6.0 32.05 585 
110 591 6,045 477 5.9 32.46 591 
120 598 5,892 407 5.7 32.86 598 

Note:  1.28% change in total Opex for 10% change in oil price; Opex = operating cost 

Table 22-7: Project Sensitivity to LNG Price (Base Case is highlighted) 

Factor 
(%) 

Factor Total 
Opex 
(%) 

LOM Cash 
Cost 
($M) 

LOM Cash 
Flow 
($M) 

NPV @5% 
($M) 

IRR 
(%) 

 
Opex 
($/t ore) 

80 79.17 559 6,731 780 6.4 30.49 
90 89.58 572 6,464 663 6.2 31.27 
100 100.00 585 6,197 547 6.0 32.05 
110 110.42 598 5,931 429 5.8 32.83 
120 120.83 611 5,663 312 5.6 33.61 

Note:  10.42% change in power Opex for 18% change in LNG price based on power being 96% of LNG use; LNG = 
liquefied natural gas, Opex = operating cost 

22.5 Comment on Section 22 

In the opinion of the QPs, using the financial parameters and assumptions set out in 
this Report, the after-tax Project NPV at a discount rate of 5% from 1 January 2014 is 
$547 M and the internal rate of return (IRR) is 6%.  The cumulative, undiscounted, 
after-tax cash flow value for the Project is $6,197M and the after-tax payback period is 
9.2 years.  The Project is most sensitive to variations in the gold price, and is less 
sensitive to variation in operating cost or capital cost. 

NovaGold has advised AMEC that NovaGold has opening tax pools of approximately 
$102 million that can be applied against NovaGold’s share of income from the Project 
which would increase NovaGold’s prorate share of Project NPV.   



 

DONLIN GOLD PROJECT 
ALASKA, USA 

NI 43-101 TECHNICAL REPORT 
ON SECOND UPDATED FEASIBILITY STUDY

 

   

Project No.:  166549 Page 23-1 
December 2011   
 
 

23.0 ADJACENT PROPERTIES 

There are no adjacent properties that are relevant to this Report. 
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24.0 OTHER RELEVANT DATA AND INFORMATION 

24.1 Preliminary Development Schedule 

As part of FSU2 activities, a preliminary development schedule was compiled.  This 
schedule envisages the following scopes of work to be undertaken, in order, over an 
envisaged seven year construction period.  Dates in this subsection are for illustrative 
purposes only, as no Project permits and approvals have been received, and Project 
development and construction has not been approved by the respective Boards of 
Donlin Gold, NovaGold and Barrick.  

The proposed work program is as follows: 

• Award of EPCM and commencement of engineering from approximately the end of 
2012 to 2015.  To meet the Project’s engineering and procurement requirements, a 
compressed, workforce-loaded basic engineering phase will commence January 
2013 and last ten months.  During this phase, the operating and contracting 
strategy for barges and tugs must be finalized to ensure that the barging 
requirements for the initial 2015 freight campaign are in place.  Actual 
specifications for the tow and barges and for equipment procurement would come 
later in 2013 and 2014. 

• Vendor negotiations for the long-lead equipment and contracts that must be 
procured in 2013 would be held the second and third quarter of 2013.  Water 
management and any other mining and process engineering optimization work 
would also be completed during this time.  Deliverables will include finalizing the 
process flow diagrams, procuring long-lead items, and refining the capital cost 
estimate as engineering proceeds.  These tasks will be integrated with the early 
front-end needs of the permitting process 

• Detailed engineering would follow directly on basic engineering.  This phase would 
include a three-month overlap with basic engineering to support the preparation of 
procurement and contract work packages for the tendering process.  Detailed 
engineering would last for a total of 18 months 

• Receipt of environmental approval to commence construction may be received 
toward the end of 2015; for schedule development purposes, the end of October 
2015 was assumed.  No site work can proceed before environmental approvals are 
granted. 

• To provide access for construction as soon as possible, 2015 earthworks 
construction equipment and a 500-bed portion of the construction camp will be 
staged at Crooked Creek during the 2015 barge season and then be moved to site 
during the winter of 2015 along an established winter road route.  During the 2015 
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barge season, road-building equipment, three 49-bed mobile construction camps, 
platework for two fuel storage tanks, and some erection equipment will be staged 
at Crooked Creek for transport to site over the winter road during the winter of 
2015/2016.   

• An all-weather access road from Jungjuk to the plant site will be in place for the 
2016 barge season, permitting the site earthworks construction fleet to be 
mobilized.   

• Given the water management issues associated with construction, pit 
development, and the waste dump area, the contact water pond structures in the 
American Creek area will be given early priority in the construction program.  The 
nature of the soils in this area is such that material excavation must be done in the 
winter months from December to April.  The construction water treatment plant will 
be installed by March 2016 for use during early construction and pit development.  
Construction and mining equipment mobilized in 2016 will be used to construct the 
contact water pond, freshwater ponds, and tailings dam.  During the summer of 
2016, the construction infrastructure (fuel storage, construction camp, site rough 
grading, explosives storage areas) will be completed and ready for the winter 
earthworks program.  The airstrip is currently scheduled to be ready for use 
15 November 2016.   

• The construction camp at site will be expanded from the initial 500 beds to an 
ultimate 2,500 beds by February 2017.  The additional camp modules will be 
delivered to site during the 2016 barge season via Jungjuk.  The permanent camp 
would be delivered to site during the 2017 barge season and will be complete and 
ready for occupancy by March 2018. 

• Construction of the process facilities will commence with concrete work in May 
2017.  The concrete batch plant will be delivered to site during the 2016 barge 
season.  Work on the primary crushing, coarse ore storage, and process facilities 
will proceed through 2017 into the last half of 2018.  Commissioning of the process 
plant and associated facilities will commence in December 2018, with start-up 
scheduled for the end of March 2019.  The power plant will be completed by 30 
October 2018 and will be used during commissioning. 

• The truckshop service bays will be completed in January 2018 to support the ramp-
up of mining activities.  The administration section of the truckshop will be ready for 
occupancy in early 2018.  Construction of the tailings storage facility is seasonally 
constrained, with areas below the floodplain scheduled for winter construction and 
higher areas scheduled for year-round construction.  The construction and small 
mining fleets will be used to build the dam foundations and seepage collection 
system, beginning in December 2016.  The dams and impoundment liner will be 
finished in October 2018 to support commissioning and start-up activities. 
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24.2 Project Opportunities 

Opportunities exist for refinements within the Mineral Resource modelling to address: 

• Potential for increase in recoveries from material within the upper part of the 
currently-estimated Mineral Resource 

• Definition of additional mineralization within known gold-bearing overburden 
material 

• Improved pit slope designs 

• Modelling of SWIR (short-wave infrared reflectance) alteration mineral suites could 
help break out ore types based on clay and carbonate content 

• Use of sulphur rather than gold values may produce more-accurate default 
regression equations for arsenic, mercury, and antimony 

• Development of an independent variogram model for NP 

• Infill drilling that could support potential upgrade of the Inferred Mineral Resources 
within the design pit and explore areas within the sedimentary rock packages that 
are currently under-drilled 

• Step-out drilling to evaluate extensions to known gold zones outside the current pit 
shell, in particular in the Akivik and East ACMA areas. 

Opportunities within the mine plan include: 

• The implementation of a waste crushing and conveying system could result in 
lower operating costs, as well as reduced labour, emissions, and barging 
requirements; however, power cost increases may balance out any cost savings 

• The mine plan assumes a high degree of blending to satisfy plant feed constraints.  
If greater variation in plant feed is permissible, then material movement and cost 
will decrease.  There is further potential to reduce the amount of assumed stockpile 
re-handle from the currently assumed 45%. 

Opportunities within the metallurgical and process areas include: 

• Better definition of the oxide zones could reduce the tonnage of oxide ore that 
reports to the mill, resulting in higher calculated flotation gold recovery 

• Reagent costs in flotation could be decreased by substituting the selected products 
with stronger, alternative reagents that could still achieve the same, or similar, 
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metallurgical performance.  This would reduce the amount of reagents that need to 
be purchased, transported, and stored on site 

• Further work is warranted to determine the optimal recovery of heat from site 
sources for use in the process plant, allowing for higher process efficiencies. 
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25.0 INTERPRETATION AND CONCLUSIONS 

Following review of the key parameters and assumptions contained in the FSU2 
report, the QPs have reached the following interpretations and conclusions. 

25.1 Agreements, Mineral Tenure, Surface Rights, and Royalties 

The Project is a 50:50 partnership between NovaGold Resources Alaska, Inc, a 
wholly-owned subsidiary of NovaGold) and Barrick Gold U.S. Inc, (a wholly-owned 
subsidiary of Barrick).  The partners use an operating company, Donlin Gold LLC 
(Donlin Gold) to manage the Project.   

Information from legal and Donlin Gold experts support that the mining tenure held is 
valid and is sufficient to support declaration of Mineral Resources and Mineral 
Reserves.   

The Donlin exploration and mining lease currently includes a total of 72 sections in the 
vicinity of the deposit, and additional partial sections associated with the Project 
infrastructure, leased from Calista Corporation, an Alaska Native Corporation that 
holds the subsurface (mineral) estate for Native-owned lands in the region.  Calista 
owns the surface estate on 27 of these 72 sections. 

In addition to the 49,261 acres (20,081 hectares) leased from Calista, Donlin Gold 
holds 242 Alaska State mining claims comprising 31,740 acres (12,845 hectares), 
bringing the total land package to 81,361 acres (32,926 hectares). 

A separate Surface Use Agreement with The Kuskokwim Corporation (TKC), an 
Alaska Native Village Corporation that owns the majority of the private surface estate 
in the area, grants non-exclusive surface use rights to Donlin Gold on at least 34 
sections overlying the mineral deposit, with provisions allowing for adjusting that area 
in conjunction with adjustments to the subsurface included in the Calista lease.   

The Lyman family owns a small (13 acre) private parcel in the vicinity of the deposit 
and holds a placer mining lease from Calista that covers approximately four sections.   

Donlin Gold, through native lease agreements, holds a significant portion of the 
surface rights that will be required to support mining operations in the proposed mining 
area.  Negotiations with TKC will be required for surface rights for additional lands 
supporting mining and access infrastructure. 

The currently identified Mineral Resource and the bulk of the primary infrastructure 
(mill and waste rock facilities) are located on the leased lands.  Additional lands 
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required for the Jungjuk port site, road to the port site, gas pipeline, and tailings 
storage facility in Anaconda Creek are located on a combination of Native, State of 
Alaska, and Federal (Bureau of Land Management, BLM) lands.  Rights-of-Way will be 
required from the State and BLM for the road and pipeline alignments where they 
cross state and federal lands, respectively.  Discussions regarding the extension and 
expansion of the TKC Surface Use Agreement and the disposition of the Lyman family 
land parcel and lease are ongoing. 

The Calista Corporation and The Kuskokwim Corporation (TKC) receive payments for 
land access and use. 

There are no Government royalty obligations.  Royalties are payable to the Calista 
Corporation that vary depending on the stage Project development. 

Donlin Gold advised AMEC that Barrick has maintained all of the necessary permits for 
exploration and camp facilities.   

25.2 Geology and Mineralization 

The Lewis–ACMA part of the district is a low sulphidation, reduced intrusion related, 
epizonal system with both vein and disseminated mineral zones.  Other zones of the 
deposit are more akin to a high-level, reduced intrusion-related vein system. 

Knowledge of the deposit settings, lithologies, and structural and alteration controls on 
mineralization, and the mineralization style and setting is sufficient to support Mineral 
Resource and Mineral Reserve estimation.  

25.3 Exploration, Drilling, and Data Analysis 

The exploration programs completed to date are appropriate to the style of the 
deposits and prospects within the Project.  The exploration and research work 
supports the orogenesis interpretations. 

Approximately 1,834 exploration and development diamond core (90%) and reverse 
circulation (RC) (10%) drill holes, totalling 1,337,321 ft (407,720 m), were completed 
from 1988 through 2010.  All but about 20% (district exploration, carbonate resource, 
facilities condemnation, hydrology, infrastructure engineering) of this drilling was 
utilized for the current resource model. 

The quantity and quality of the lithological, geotechnical, and collar and down hole 
survey data collected in the exploration and delineation drill programs are sufficient to 
support Mineral Resource and Mineral Reserve estimation. 
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Sampling methods are acceptable, meet industry-standard practice, and are 
acceptable for Mineral Resource and Mineral Reserve estimation. 

The quality of the gold analytical data are sufficiently reliable to support Mineral 
Resource and Mineral Reserve estimation and sample preparation, analysis, and 
security are generally performed in accordance with exploration best practices and 
industry standards.   

The data verification programs undertaken on the data collected from the Project 
adequately support the geological interpretations, the analytical and database quality, 
and therefore support the use of the data in Mineral Resource and Mineral Reserve 
estimation. 

25.4 Metallurgical Testwork 

Process development work has determined that pressure oxidation is the preferred 
method of pre-treatment.  Extensive testwork on composites has shown that 
acceptable gold recoveries can be produced through a combination of flotation pre-
concentration, POX, and CIL cyanidation.   

Air flotation using the MCF2 flowsheet provides an estimated life-of-mine (LOM) 
average of 93.0% recovery, with CIL recoveries after POX at approximately 96.6% for 
an estimated combined plant total gold recovery of 89.8%. 

Process selection is supported by extensive testwork.  Placer Dome undertook an 
initial phase of testwork from 1995 to 1999 to define the basic process.  Early on, it 
became apparent that direct cyanidation or CIL of ore or flotation concentrate returned 
very low recoveries.  Pre-treatment by oxidation was considered necessary.  Placer 
Dome testwork included grinding, gravity concentration, flotation, POX, cyanidation, 
and neutralization.   

Subsequently from 2002 to 2005, Placer Dome also explored HPGR comminution, 
arsenopyrite/pyrite separation, nitrogen aerated flotation, and oxidation both by bio-
oxidation and pressure autoclave.  At the end of 2005, another round of work began 
with some testing at G&T, but this was interrupted by the acquisition of Placer Dome 
by Barrick Gold, which subsequently assumed management of remaining testwork.   

Major programs at the bench-scale level were initiated in 2006 to test grinding, 
flotation, POX, and neutralization.  In addition to bench-scale work, major pilot-plant 
runs were performed in flotation, POX, and neutralization at the Barrick Technology 
Centre, SGS-Lakefield, G&T, and Hazen Research (Golden, U.S.A.).  Both bench-
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level and pilot-plant scale testwork were conducted to develop process parameters 
and expand engineering information for use in FSU2.   

25.5 Mineral Resource and Mineral Reserve Estimation 

Estimations of Mineral Resources and Mineral Reserves for the Project conform to 
industry best practices, and meet the requirements of CIM (2010).  An open pit 
extraction scenario is appropriate to the style of mineralization and LG shells have 
been used to constrain the estimates.  Assumptions used in the shells are appropriate 
to the envisaged process route and mine plan. 

Measured and Indicated Mineral Resources total 541 Mt grading 2.24 g/t Au, and are 
inclusive of Mineral Reserves.  Inferred Mineral Resources total 92 Mt grading 2.02 g/t 
Au.   

Mineral Resources are contained within a conceptual Measured, Indicated and 
Inferred optimized pit shell shell and reported using a constant NSR cut-off of $0.001/t 
calculated using the following parameters:  gold price of US$1,200/oz; variable 
process cost based on 2.1874 * (S%) + 10.65; administration cost of $2.29/t; refining, 
freight & marketing (selling costs) of $1.85/oz recovered; stockpile rehandle costs of 
0.20/t processed assuming that 45% of mill feed is rehandled; and variable royalty 
rate, based on royalty of 4.5% * (Au price – selling cost).  The net sales return (NSR) 
was calculated using the formula: NSR = Au grade * Recovery * (Price of Au – (1.85 + 
(Price of Au – 1.85) * 0.045))) - (10.654 + 2.1874 * (S%) + 2.29 + 0.20) and reported in 
US$/tonne. 

Factors which may affect the Mineral Resource estimate include the commodity price; 
changes to the assumptions used to generate the NSR cut-off; changes in 
interpretations of fault geometry; changes to the 0.25 g/t threshold used for defining 
the mineralized indicator shells; changes to the search orientations used for grade 
estimation in the ACMA area, results of a review of the Measured classification criteria; 
and changes to the assumptions used to generate the LG pit constraining the 
estimate, in particular slope design assumptions. 

Proven and Probable Mineral Reserves total 505 Mt grading 2.09 g/t Au.  Mineral 
Reserves are contained within Measured and Indicated pit designs, and supported by 
a mine plan, featuring variable throughput rates, stockpiling and cut-off optimization.  
The pit designs and mine plan were optimized on diluted grades using the following 
economic and technical parameters:  Metal price for gold of US$975/oz; reference 
mining cost of $1.67/t incremented $0.0031/t/m with depth from the 220m elevation 
(equates to an average mining cost of $2.14/t), variable processing cost based on the 
formula 2.1874 x (S%) + 10.65 for each $/t processed; general and administrative cost 
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of US$2.27/t processed; stockpile rehandle costs of 0.19/t processed assuming that 
45% of mill feed is rehandled; variable recoveries by rocktype, ranging from 86.66% in 
shale to 94.17% in intrusive rocks in the Akivik domain; refining and freight charges of 
US$1.78/oz gold; royalty considerations of 4.5%; and variable pit slope angles, ranging 
from 23º to 43º.  Mineral Reserves are reported using an optimized net sales return 
value based on the following equation:  NSR = Au grade * Recovery * (Price of Au – 
(1.78 + ((Price of Au – 1.78) * 0.045))) - (10.654 + 2.1874 * (S%) + 2.27 + 0.19) and 
reported in US$/tonne.  The life of mine strip ratio is 5.48.  The assumed life-of-mine 
throughput rate is 53.5 kt/d. 

Factors which may affect assumptions used in estimating Mineral Reserves include 
the commodity price; unrecognized structural complications in areas with relatively low 
drill hole density that could introduce unfavourable pit slope stability conditions; 
changes in interpretation of the fault orientiations, in particular the Vortex and Lo 
Faults; changes in orientations of the bedding or ash layer orientations which may 
necessitate flatter slope angles than currently assumed; in-pit and pit wall water 
management if water inflows are higher than predicted; and the likelihood of obtaining 
required permits and social licenses to construct the gas pipeline and operate the 
planned mine in the timeframe envisaged in the study. 

AMEC notes that based on an assessment of qualitative, non-technical factors, Barrick 
treats mineralization at Donlin as Measured and Indicated Mineral Resources, rather 
than Proven and Probable Mineral Reserves for securities reporting, accounting, and 
other public disclosure purposes. 

25.6 Mine Plan 

Two pits are planned, one at Lewis (nine phases), the other at ACMA (six phases); the 
pits will partly coalesce toward the end of the mine life.  The pits have similar 
mineralization characteristics, with ore-grade gold hosted in both intrusive and 
sedimentary rock units.  The grade of the gold mineralization in ACMA is higher than in 
the Lewis area, and because of the higher grades, the ACMA pit will be the first 
developed.  

The operating mine life is estimated to be 25 years based on a nominal processing 
rate of 59,000 stpd (53,500 t/d).  The processing rate is variable from period to period 
as a function of sulphur grade and ore hardness.  To maximize plant utilization, long-
term ore stockpiling is required to balance sulphur feed grades. Short-term stockpiling 
will also be required to handle crusher downtime and production fluctuations in the pit. 

Mineralization will be mined by a combination of bulk and selective mining on 12 m 
and 6 m benches, respectively.  Ramps in final walls have a design width of 131 ft 
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(40 m) and a gradient of 10%.  A nominal minimum mining width of 492 ft (150 m) was 
used for phase design.  The mine plan assumes the ACMA pit will be backfilled. 

Mining will use a conventional truck-and-shovel fleet.  Large electric hydraulic shovels 
mining the full 40 ft (12 m) benches will be the primary loading equipment in zones of 
waste and steeply-dipping ore.  The same primary shovels will be used on the 20 ft (6 
m) split benches, thereby avoiding the need for a mixed fleet of hydraulic shovels.  All 
shovels will be equipped with GPS positioning to allow real-time updates of the digging 
face and delineation of the ore–waste contacts.  Large front-end loaders (FELs) will be 
used as a backup to the shovels and to work on less-productive faces and muckpile 
cleanup.  Large 400 st (360 t) capacity haul trucks will be used for transporting both 
ore and waste out of the pit.  All trucks will be equipped with a GPS dispatch system 
for tracking ore and waste from the mine face to the designated stockpiles or dumps.  
The mine and fleet design is appropriate for the Mineral Reserves defined.   

It is expected that any future mining operations will be able to be conducted year-
round, and will include appropriate provisions for winter operating conditions. 

25.7 Process Design 

Run-of-mine (ROM) ore at 59,000 stpd (53,500 t/d) from the Donlin deposit will be 
crushed in a gyratory crusher followed by a semi-autogenous grinding (SAG) mill and 
two-stage ball milling, addition of chemicals, and a flotation circuit (MCF2).  The 
primary ball milling circuit will produce a P80 particle size of 120 to 150 µm as feed to 
the primary rougher flotation section.  The secondary ball milling circuit will produce a 
P80 particle size of 50 µm as feed to the secondary rougher flotation section. 

Gold-bearing sulphides, recovered by flotation, generate a concentrate containing 7% 
sulphur.  The concentrate is refractory and will be treated in a pressure oxidation 
circuit prior to cyanidation.  Overall gold recovery from flotation, pressure oxidation and 
cyanidation is estimated to be in the order of 89.83%.  Excess acid from the autoclave 
circuit will be neutralized with flotation tailings and slaked lime.  Tailings from the 
process will be impounded in a zero-discharge tailings storage facility; water reclaimed 
from here will be re-used in the process plant.   

Mineralogical studies have shown that the gold is not visible.  Testwork analysis 
indicates a high level of association of gold with arsenopyrite.  Other sulphides such as 
pyrite and marcasite are also present, with reduced tenors of gold.  Organic carbon, a 
potential preg robber, is present in the sedimentary ore.  It is also present at lower 
levels in the intrusive ores, believed to be in the form of well-ordered graphite.  This 
form of organic carbon is possibly less likely to preg-rob. 
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The average Bond work index for the ore is in the range of 15 kWh/t.  Flotation work 
has shown that kinetics are initially rapid, but to achieve high recoveries, a combined 
primary and secondary rougher residence time over  100 minutes, together with a high 
reagent loading in the system, is required.  Clay-like minerals will affect slurry viscosity 
and settling.  Slurry density in the underflow will be less than 50% solids for the 
concentrate thickeners. 

Partially geologically oxidized (altered) ore in the deposit, up to 7% of the mill feed, is 
the key non-performing ore type in the flotation circuit.  Degradation of the sulphide ore 
via oxidation in the stockpile will also affect the flotation recovery, applied as 5% 
recovery loss within flotation on all ores stockpiled for longer than one year.  

Pressure oxidation (POX) has been shown to be successful in releasing the valuable 
constituents, under certain conditions.  To optimize oxidation conditions, the water 
systems design has been modified to use the highest-quality water in the oxidation 
circuit.  The autoclave design incorporates variable level control to provide better 
control over operating residence time. 

The oxidation circuit discharge will be washed to reduce lime load in carbon-in-leach 
(CIL); the washed solution will be neutralized by the use of high-carbonate flotation 
tails to further reduce plant lime consumption prior to tailings disposal.  

Gold recovery by CIL has proven successful in treating Donlin ores and is estimated to 
be 96.6%.  Rheological investigation and CIL testing results have determined that a 
relatively low CIL feed density of 35% solids should be adopted.  In addition, to control 
lime usage, the CIL circuit will be operated at a pH of approximately 11.0.   

Given the plan to use stockpiles to manage the ore blend into the process from the 
perspective of gold, sulphur, carbonate, and hardness, allowances were made for ore 
aging or stockpile degradation for the life-of-mine feed.  Ore oxidized through 
weathering will have a slower flotation response than fresh rock.  In general, ore at 
Donlin does not contain highly reactive sulphide species, and testwork has shown no 
statistical deviation over a one-year period.  While data from a longer timeframe are 
not presently available, the testwork results for oxidized material show some 
degradation.  Consequently, there is no effect on recovery for material stockpiled for 
less than one year (sulphide “fresh” material), and a recovery deduction of 5% has 
been applied to gold and sulphur recoveries for sulphide material stockpiled for longer 
than one year. 

Alternative flowsheets to flotation-POX-CIL were considered, including whole ore 
pressure oxidation, roasting a flotation concentrate, and bio-oxidation (BIOX).  None of 
these proved to be a viable economic alternative to the flotation-POX-CIL route. 
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25.8 Infrastructure Considerations 

The Project will require construction of significant infrastructure to support the planned 
producing facilities.  Key infrastructure will include: 

• Access road  

• Airstrip 

• Barge cargo terminal 

• Marine cargo terminal 

• Two open pit mines 

• Process plant site  

• Primary crusher area 

• Fuel storage compound  

• Mining and road fleet truckshops  

• Water management dams 

• Water management pumping systems 

• Power plant 

• Tailings storage facility (TSF) 

• Waste rock storage facility (WRF) 

• Gas pipeline 

• Construction and permanent accommodation camps. 

The mine access road will traverse varied terrain from the mine site to the planned 
Kuskokwim River dock site at Jungjuk.  Jungjuk is eight nautical miles (13 km) 
downstream from the village of Crooked Creek; there is no road connection between 
the two locations.  To the mine site battery limits, the Jungjuk access road will be 27 
miles (44 km) long.  The entire road will be new construction in an untracked region, 
with no passage through or near any settlements or communities, and no junctions 
with any existing road system. 

A new airstrip is required to support long-term development and mine operations at the 
site.  The airstrip will be approximately 9 miles (14 km) by road west of the mine site.  
DHC Dash 8 and the Hercules C-130 aircraft will be able to land on the gravel strip. 
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The transportation of cargo and supplies to the mine site will entail the construction of 
major receiving, storage, and transfer facilities at different locations in Alaska en route 
to the mine.  General cargo consolidated in Seattle and Vancouver will be shipped on 
ocean barges to Bethel.  The cargo will be unloaded and either placed into storage or 
reloaded onto river barges to be towed upriver to the Jungjuk port site. 

The plant site and fuel storage compound will be in the Anaconda valley, above the 
tailings storage facility.  The elevation of the plant site platform has been designed to 
allow for a gravity tailings system over most of the mine life, with the possibility of 
pumping at the tail end of the Project.  An extensive area adjacent to the fuel farm will 
be provided for container storage, including a covered structure for the storage of 
cyanide and other reagents.  

The primary crusher and mine fleet truckshop will be on a ridge on the south side of 
American Creek.  Other facilities, including an assay laboratory, administration offices, 
and mill change-rooms, have been located on three floors within the concentrator 
building. 

The main objectives of the water management plan for the Donlin Gold Project are to 
avoid discharge of contact, tailings, or process water during construction and 
operations; to minimize or eliminate the need for treatment and discharge of contact 
water during mine construction, operations, and closure; to achieve the pit-slope 
depressurization requirements; and to provide adequate quantity and quality of water 
supply to the mill.  Water systems to service site requirements include remote pump 
stations and barges and many miles of overland pipelines that extend from the far 
eastern end of the Anaconda TSF to the far western limits of the two open pits.  
Included in the management systems are a lower contact water dam (CWD) and a 
lower contact water pond (CWP).  Water in the CWP will be used in the process plant.  
Freshwater supply will come from a series of wells to be located south of Omega 
Gulch, near Crooked Creek.   

Two contact water dams designed to collect runoff and seepage water from the WRF 
will be constructed in the American Creek valley.  The Upper CWD will be located in 
the upper reaches of American Creek, upstream of the WRF, and the lower CWD 
downstream of the WRF, upstream of the confluence of Rob‘s Gulch with American 
Creek.  The CWDs will be constructed of compacted rockfill and lined.  A freshwater 
dam (FWD) in Snow Gulch to the north of American Creek will store fresh water 
required by the mill during periods of drought. 

The power plant will consist of two combined-cycle gas turbine (CCGT) systems and 
two simple-cycle gas turbine (SCGT) backup units.  The total connected electric load 



 

DONLIN GOLD PROJECT 
ALASKA, USA 

NI 43-101 TECHNICAL REPORT 
ON SECOND UPDATED FEASIBILITY STUDY

 

   

Project No.:  166549 Page 25-10 
December 2011   
 
 

at the Donlin site is estimated to be 227 MW, the average running load approximately 
153 MW, and the peak load 184 MW.  

The tailings storage facility in the Anaconda Creek basin will be a fully-lined 
impoundment with a cross-valley dam at the downstream end of the valley.  The 
tailings dam will be constructed of compacted rockfill using the downstream method.  
The TSF will have an ultimate capacity of 334,298 acre-ft (412.35 Mm3), 
corresponding to an ultimate impoundment surface area of 1,357 acres (549 ha).  The 
total catchment area of the TSF will be 3,755 acres (1,520 ha).  The TSF inflow design 
flood is the 200-year return period snowmelt and 24-hour probable maximum 
precipitation (PMP).  The stability of the tailings dam yields static and pseudo-static 
factors of safety of at least 1.5 and 1.15, respectively.  The TSF has been designed to 
withstand the maximum credible earthquake (MCE) 

The waste rock facility (WRF) will be constructed in the American Creek valley, 
immediately east of the open pit.  The ultimate footprint of the facility covers an area of 
approximately 3.5 mi2 (9 km2).  Approximately 2,449 Mst (2,222 Mt) of waste rock will 
be placed in the WRF, plus 46 Mst (42 Mt) of overburden not required for reclamation 
purposes.  The elevation of the top lift of the WRF will be approximately 1,705 ft 
(520 m) asl, resulting in a maximum dump height of about 1,115 ft (340 m) and a 
maximum dump thickness about 985 ft (300 m).  Early in the mine life, potentially acid 
generating (PAG) waste rock will be placed into the WRF.  A dumping plan has been 
developed that separates PAG materials from non-acid generating (NAG) materials 
within the dump. 

The construction camp will be built on a bench near the process plant.  The camp will 
accommodate 2,560 people.  The permanent accommodation complex will be located 
just off the main access road, approximately four miles (6 km) west of the plant site.  
The complex will accommodate a maximum of 638 people during operations.  

25.9 Markets and Contracts 

NovaGold will be able to market the company’s share of the gold produced from the 
Donlin Gold Project.  Sales contracts that could be negotiated would be expected to be 
within industry norms.  However, the majority of production would be expected to be 
spot marketed. 

25.10 Environmental, Social Issues and Permitting 

Key areas of environmental concern are likely to be the use of mercury and cyanide in 
the process plant, water management issues, transportation of cargoes, and the 
impact of any proposed development on flora and fauna.  Donlin Gold is of the opinion 
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that these issues have been, or can be, addressed and mitigated through a 
combination of good baseline data collection, diligent engineering and Project design, 
and thorough public consultation.   

Any mining operation at Donlin will require a considerable number of permits and 
authorizations from both Federal and State agencies.  To support successful 
application for the more than 80 permits, extensive baseline environmental 
information, supporting scientific analysis, and detailed engineering have been 
compiled over a 15-year period. 

Baseline data were collected to support Project design; to determine and implement 
environmental controls to mitigate impacts; and to sufficiently characterize the 
environment in support of permit applications and environmental impact assessments.  
The environmental baseline data will also provide a reference point against which 
environmental conditions can be evaluated during operations to facilitate early 
detection of potential changes that may occur during Project development and future 
operation. 

Permitting timelines will be controlled by the requirements of the Federal National 
Environmental Policy Act (NEPA) review and State requirements for meaningful public 
and agency participation to determine if the Project is in the State‘s best interest.  
Upon completion of the NEPA process, a Record of Decision (ROD) will be prepared 
that approves the preferred alternative for the Project, describes the conditions of the 
approval, and explains the basis for the decision.  The State permitting process 
typically is not finalized until the NEPA process is completed.  Each Federal and State 
permit will have compliance stipulations requiring review and possibly negotiation by 
the applicant and appropriate agency.  Upon final issuance of permits and 
authorizations, the Environmental Management System (EMS) for the Donlin Gold 
Project will be fully implemented. 

The region has a complex political and social structure, represented by a diverse 
group of social, business, and governmental entities.  Relationships between these 
various entities are often complex and are influenced by competing political and 
economic interests.  To successfully acquire the support and “social license” required 
to develop and operate this Project, a process of ongoing engagement and 
consultation will be continued with all of these entities throughout the permitting 
process, construction, operation, and closure of the Project.  Calista Corporation and 
The Kuskokwim Corporation, the two primary Native business entities of the region, 
each have a financial interest in the Project.  Donlin Gold is focusing on sustainable 
development to benefit local communities over the long term by providing opportunities 
for direct employment, local procurement, and community development projects.   
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A closure plan has been developed.  In addition to the basic goal of reclaiming 
disturbances associated with mining, processing, and ancillary support facilities in a 
manner compatible with the designated post-mining land use, careful planning will 
minimize the area affected by the operations.  During operations, whenever possible, 
concurrent reclamation will be performed in areas no longer required for active mining. 

Area and component-specific reclamation plans governing actual reclamation activities 
will be developed further as Project designs become more refined and alternatives are 
identified during permitting. 

Surface water and groundwater monitoring systems for process components will 
remain in place up to and possibly beyond 30 years, depending on compliance history 
and until each specific facility has been stabilized, physically and chemically, to the 
satisfaction of the applicable state and federal regulatory agencies.   

A post-closure water treatment plant (WTP) will be built at the site.  More testwork will 
be conducted before permitting to confirm the final design and flowsheet selection for 
the WTP.  The results of ongoing bench- and pilot-testing will also be used to update 
the water treatment process design for the post-closure WTP. 

Long-term or permanent diversions, water treatment, physical barriers, and signage 
will be monitored and maintained as needed until all closure standards are met, 
reclamation surety has been released, and property management reverts to the 
landowner.  The decision on what constitutes final closure and the release of any 
outstanding financial surety will require the concurrence of State and applicable 
Federal agencies. 

The final reclamation cost estimate for the FSU2 is estimated at $131.3 million.  The 
additional cost of closure/abandonment of the natural gas pipeline is estimated at 
$9.6 million.  The funding amount is estimated at $8.6 million provided annually over 
32 years, including the construction period and 27-year LOM, for a total of 
$273.7 million. 

25.11 Capital and Operating Cost Estimates 

The FSU2 capital cost estimate was developed in accordance with Association for the 
Advancement of Cost Engineering (AACE) Class 3 requirements, consisting of semi-
detailed unit costs and assembly line items.  The level of accuracy for the estimate is -
15% +30% of estimated final costs, per AACE Class 3 definition.  All costs are 
expressed in second quarter (Q2) 2011 U.S. dollars.  No allowances were included for 
escalation, interest during construction, taxes, or duties. 



 

DONLIN GOLD PROJECT 
ALASKA, USA 

NI 43-101 TECHNICAL REPORT 
ON SECOND UPDATED FEASIBILITY STUDY

 

   

Project No.:  166549 Page 25-13 
December 2011   
 
 

The total estimated capital cost to design and build the Donlin Gold Project described 
in this Report is $6,679 million, including an Owner-provided mining fleet and self-
performed pre-development.   

Operating cost estimates were assembled by area and component, based on 
estimated staffing levels, consumables, and expenditures, according to the mine plan 
and process design.  Operating costs have been prepared in second quarter (Q2) 
2011 U.S. dollars with no allowances for escalation, sales tax, import duties, or 
contingency. 

The estimated life-of-mine operating costs are $5.42/t mined or $34.99/t milled, or 
$581/oz. 

25.12 Financial Analysis 

Using the financial parameters and assumptions set out in this Report, the after-tax 
Project NPV at a discount rate of 5% is $547 M and the internal rate of return (IRR) is 
6%.  The cumulative, undiscounted, after-tax cash flow value for the Project is 
$6,019 M and the after-tax payback period is 9.5 years. 

The Project is most sensitive to variations in the gold price, and is less sensitive to 
variation in operating cost or capital cost. 

25.13 Preliminary Development Schedule 

As part of FSU2 activities, a preliminary development schedule was compiled.  This 
schedule envisages a seven-year construction period.  No Project permits and 
approvals have been received, and Project development and construction has not 
been approved by the respective Boards of Donlin Gold, NovaGold and Barrick. 

25.14 Conclusions 

AMEC considers that the scientific and technical information available on the Project 
can support proceeding with additional data collection, trade-off and engineering work 
and preparation of more detailed studies.  However, the decision to proceed with a 
mining operation on the Project is at the discretion of Donlin Gold, NovaGold and 
Barrick.   
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26.0 RECOMMENDATIONS 

Donlin Gold has completed a feasibility study and two updates on the study.  A 
decision to proceed with any mine development plans would be made by the partners.   

As a consequence, AMEC’s recommendations are restricted to activities that would 
support permitting and detailed engineering studies.  These activities are envisaged as 
a single phase of work, with no item or area dependent on results of another.  The 
estimated total cost of the proposed work is in the range of $135,000 to $200,000.   

The work program is outlined in the following sub-sections. 

26.1 Geology and Modelling 

• Complete deposit- and district-scale outcrop mapping during the permitting phase 
to advance geologic understanding of the deposit to support step-out and 
exploration programs 

• Update faults and sedimentary rock structural models to help reduce pit slope 
design uncertainties and support step-out and exploration programs 

• Conduct an independent review of the NAG/PAG classifications and models prior 
to mine startup. 

These work programs are estimated to cost approximately $10,000 to $15,000, 
including logistical considerations. 

26.2 Data 

• In the bottom of the ACMA pit, the location of the intrusive and hence the orebody, 
is subjective with the information available, which could lead to non-optimized 
location of the highwall with significant economic consequences.  AMEC 
recommends that additional northwest-trending drill holes be drilled to confirm the 
location of the orebody at the bottom of the ACMA pit before mining commits to the 
final highwall design. 

• A comparison between the trench samples and core/rotary samples should be 
performed to determine if there is any bias that may affect the resource estimation. 

These work programs are estimated to cost approximately $10,000 to $15,000, 
including logistical considerations. 
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26.3 Geotechnical   

• Recommended open pit slope angles are primarily based on the geological 
characteristics of the rocks in the Donlin area.  To reduce uncertainty in the current 
design criteria and potentially further optimize the criteria at the next stage of 
design, additional geological work should be undertaken during the next phase of 
engineering, as follows: 

− conduct additional laboratory testing to estimate the intact strength of the main 
greywacke (mnGWK) unit 

− optimize the footwall slope designs to account for local (bench-scale) variation 
in bedding dips 

− update the structural model, geological interpretation, and geotechnical 
evaluation beyond the current pit limits to expand on the analysis of oriented 
core data, the modelling, and the comprehensive compilation of GIS geo-data 
that began in 2008  

− review the mine-scale fold and fault models, including the potential for a fault 
zone in the lower American Creek area 

− align the local geology with regional geological interpretations. 

• As updated geological information becomes available, the slope design criteria 
should be optimized.  Additional design charts for use in developing footwall 
geometries for mining are recommended.  The estimates of in-situ block size 
should also be updated to assist in blast design as well as for the rock drain design 
for the waste rock facility. 

These work programs are estimated to cost approximately $15,000 to $20,000, 
depending on the complexities that may be encountered for representation in the 
updated models. 

26.4 Pit Slope Dewatering 

• The pit slope dewatering plan incorporates 80 in-pit wells during the life of the pit.  
Some of the wells have a relatively short life span and may be impractically 
located.  Therefore, it is recommended that the dewatering plan continue to be 
reviewed in future studies with input from the mine planners to optimize the 
locations of in-pit wells.  To collect sufficient information to support detailed design 
of the pit dewatering system at the next stage of Project design, it is recommended 
that two additional deep test wells be installed for long-term pumping tests.   

− One of the wells should be located adjacent to American Creek and should 
intersect lower-hydraulic conductivity bedrock at depth in the south ACMA pit 
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wall.  This will allow further evaluation of the ability of vertical wells to 
depressurize bedrock at depth in a more complex geologic and structural 
setting than was considered in the previous prototype dewatering well test.  

− The second well should be located near Crooked Creek at the confluence with 
American Creek in the north ACMA pit wall.  The well testing program should 
be designed to investigate the potential for significant inflows to the pit through 
alluvium and shallow bedrock that potentially could be exposed in the pit wall.  

− In addition to individual tests at these locations, both new wells and the existing 
prototype dewatering well (MW07-11) should be pumped in unison at the 
highest sustainable extraction rate possible for as long as possible to 
investigate large-scale hydraulic connectivity and/or compartmentalization of 
the rockmass. 

− As more information is acquired, a detailed schedule of the mine dewatering 
plan should be developed showing the installation of in-pit wells and pumping 
infrastructure on the period plans to confirm access and practicality as mine 
phases progress over time. 

These work programs are estimated to cost approximately $5,000 to $10,000, 
depending on the duration and number of pumping tests required. 

26.5 Mine Plan/ROM Stockpiling 

• The mine plan provides a maximized NPV based on multiple plant feed constraints.  
As the schedule is optimized further, there may be opportunities to review or relax 
some of these constraints by incorporating additional capital items.  This requires 
further evaluation. 

This work program is estimated to cost approximately $5,000 to $7,000, depending on 
the duration and number of alternative schedule considerations required. 

26.6 Process, Metallurgy, and Water Treatment 

• Ongoing refinements in the process metallurgical area could lead to savings in 
capital costs, operating costs, and improved NPV.  The following work is 
recommended: 

− refine the oxide mineralization model 
− complete variability flotation testwork on the core drill material obtained during 

in-fill drilling programs since the second half of 2007 
− conduct additional POX pilot testing under design conditions to increase the 

test result database and decrease the variance in the confidence limits. 
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These work programs are estimated to cost approximately $70,000 to $100,000, 
depending on the number of pilot and variability tests required. 

26.7 River Surveys 

• The bathymetric survey by TerraSond of the navigation channel in the Kuskokwim 
River alongside Nelson Island indicates that for most of its length, the river is only 
about 100 ft (30.5 m) wide, or just slightly wider than the proposed barge tow, and 
that channel width varies little between low and high water.  As a consequence 
only a single tow will be able to use this stretch of the river.  If barge tows heading 
downstream to Bethel are given priority, then barges moving upstream 
approaching Nelson Island would have to wait until the Bethel-bound tow clears 
the channel and it is once again safe to proceed to Jungjuk.  It is recommended 
that additional survey work, include the following, be undertaken in the next phase 
of the Project: 

− extend the bathymetric surveys to Crooked Creek, if it is to be used as a 
temporary landing site during the early phase of construction 

− install streamflow measurement gauges on the Kuskokwim river at Bethel and 
Jungjuk and monitor river levels to confirm design assumptions.  

These work programs are estimated to cost approximately $20,000 to $30,000. 

26.8 Third-Party Logistics Service Providers 

• As currently conceived, third-party logistics service providers will be contracted to 
design, supply, and operate the fuel and general cargo supply chains during both 
the construction and operations phases of the Project.  The negotiations for these 
contracts, construction of infrastructure, and acquisition of tugs and barges could 
take up to three years.  To ensure that the facilities, infrastructure, and support 
services are in place to support the build-up in construction activities in Year -2, 
when the total volume of cargo is estimated to exceed 210,000 st (190,000 t), 
negotiations with potential service providers should commence immediately upon 
the Project receiving approval to proceed to detail design in Year -5. 

26.9 Permitting, Environment, and Social 

• Detailed Spill Prevention and Response Strategies – The potential for, and 
consequences of, a large fuel or chemical spill resulting during barge 
transportation of consumables should be addressed through the continuing 
development of detailed spill response strategies and fuel handling procedures 



 

DONLIN GOLD PROJECT 
ALASKA, USA 

NI 43-101 TECHNICAL REPORT 
ON SECOND UPDATED FEASIBILITY STUDY

 

   

Project No.:  166549 Page 26-5 
December 2011   
 
 

based around the established procedures, logistics, and supply strategy.  An Oil 
Discharge Prevention and Contingency Plan (ODPCP), which details spill 
scenarios and specific response strategies, should be developed specifically for 
water-based activities.  This plan should be reviewed by the permitting agencies 
before submitting the permit applications. 

• Mercury Data Collection and Baseline Studies – Ongoing, proactive baseline 
studies should continue to evaluate current levels of mercury in ambient air, stream 
sediment, vegetation, soils, water, and fish tissue.  This will assist in apprising local 
stakeholders of existing conditions and allow the company to account for mercury 
(Hg) emission controls from the basic engineering phase through to detailed 
design.  Design of the plant thermal units include state of the art Hg controls, which 
consider the Environmental Protection Agency’s Maximum Achievable Control 
Technology (MACT) regulations for gold processing facilities, published in 2011.  
Ongoing work should continue to evaluate available and emerging technologies to 
ensure that the best available control technology is considered during final 
engineering.     

• Monitor Alaska Water Quality Regulations – Developments in the State of Alaska 
with regard to mixing zone regulations should continue to be monitored closely.  
Advances in treatment technologies for dealing with post-closure water discharge 
should continue to be monitored, specifically with regard to selenium, arsenic, 
sulphate, and emerging passive treatment technologies. 

• Develop Local and Regional Support for the Project – Local outreach and local hire 
efforts should continue through the permitting process to assist in developing 
people’s understanding of the Project and to generate local support.  Community 
scoping meetings, organized tours of operating mines, and mining education 
workshops have all proved to be successful tools for developing understanding 
and support in other mining projects and are recommended strategies for Donlin 
Gold. 

• Local Workforce Development and Training Strategy – Work should continue on 
implementing a strategy for training of the local workforce.  This will assist in 
meeting obligations for local hire, generate support for the Project, and help to off-
set workforce shortages seen on other projects.  Strategies may include partnering 
with trade school programs, project “share” programs, participating in scholarship 
programs, and tracking the ongoing development and education of key individuals. 

These work programs are estimated to cost approximately $10,000 to $15,000. 
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Process Design Criteria 
Design Input Codes  
Source of Information Basis 
CL = Client A = Assumed 
AA = AMEC Americas Limited C = Calculated 
P = Published Data / Information TBD = To Be Determined 
R = Regulatory Requirement TBC = To Be Confirmed 
V = Vendor Data / Information P = Published Data / Information 
D = Drawings / Archived Data T = Testwork Data 
H = Hatch Ltd. P(M) = Latest mine plan 

 

Parameter Unit Value Source Basis 
THROUGHPUT     
Life of Plant years 27.5 CL P (M) 
Throughput (Design)     

Annual t/a (t = tonnes) 19,527,500   
Daily t/d 53,500   
Hourly t/h 2,397   

Operating Days/Year d 365   
Overall Plant Availability % 93.0 CL  
Recovery     

Au recovery (overall) % 89.83  C 
Au per day kg 100.3  C 
Au per year kg 36,592  C 
Au per day oz 3,224  C 
Au per year oz 1,176,581  C 

RUN-OF-MINE ORE     
Moisture Content %wt 1.8 AA  
Run-of-Mine Top Size mm 1,200 P  
Specific Gravity sg 2.68  T 
Broken Ore Bulk Density kg/m3 1,600 P  
Nominal Feed Grade     

Au g/t 2.086 CL P (M) 
Ag g/t 1.65 CL P (M) 
As g/t 2,346 CL P (M) 
S (total) % 1.06 CL P (M) 
% Sulphur as Sulphide % 100 CL P (M) 
CO2 % 2.393 CL P (M) 
Hg g/t 2.4 CL P (M) 

CRUSHING & COARSE ORE STORAGE    
Crushing     
Run-of-Mine Top Size mm 1,200  A 
Feed F80 mm 635  A 
Broken Ore Bulk Density kg/m3 1,600 P  
Ore Abrasion Index - 0.133 AA C 
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Parameter Unit Value Source Basis 
Minnovex Crushing Work Index - 14.7  T 
Availability % 65.0 CL  
Throughput (design)     

Annual t/a 19,527,500   
Daily t/d 53,500  C 
Hourly (operating) t/h 3,430  C 

Haul Truck Capacity (797B Cat) t 345 AA  
Crusher Type - gyratory AA  
No. of Units - 1 CL  
Crusher Size in x in 60x89 V  
Discharge Top Size mm 160 P  
Discharge P80 mm 125 P  
Discharge Feeder Type - apron AA  
Coarse Ore Storage     
No. of Storage Units - 1 AA  
Type of Storage Unit stockpile, bin covered stockpile CL  
Stacking Conveyor Type fixed, stacker fixed AA  
Live Storage h 16 AA  
Live Storage t 38,000  C 
Total Capacity t 174,000 AA  
Coarse Ore Reclaim     
No. of Draw Points - 4 AA  
No. of Discharge Feeders - 4 AA  
Discharge Feeder Type - Apron CL  
GRINDING     
Feed Top Size mm 160 P  
F80 mm 122 P  
Ore Specific Gravity sg 2.68  T 
Broken Ore Bulk Density kg/m3 1,600 P  
Throughput (Design)     

Annual t/a 19,527,500 CL  
Daily t/d 53,500  C 
Hourly t/ op hour 2,397  C 

Circuit Availability % 93.0 AA  
Circuit Sizing Basis % 93.0 AA  
Operating Days/Year d 365 AA  
MinnovEX Grinding Parameters     

Crusher Index – Average dimensionless 14.7  T 
SPI – Average min 89.7  T 
Bond Work Index – Average kWh/t 15.4  T 

JKTech Ore Breakage Test Results     
A - 75.3  T 
B - 0.58  T 
A x b - 42.3  T 
ta - 0.71  T 
DWI - 6.6  T 
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Parameter Unit Value Source Basis 
Ore Abrasion Index - 0.133 AA C 
SAG Ball Transfer Size, T80 µm 1,700 AA  
Primary Ball Mill Circuit Discharge, P80 µm 142 CL T 
Secondary Ball Mill Circuit Discharge, P80 µm 50 CL T 
SAG Mill Grinding     
Circuit Configuration open, closed closed AA  
No. of Units - 1 AA  
Mill Type - SAG AA  
F80 mm 122 P  
Throughput     

Nominal Fresh Feed t/h 2,397  C 
Discharge     

P80 μm 1,700 AA  
Slurry Density %wt (solids) 70 AA  

Mill Dimensions ft dia x ft EGL 38 x 24.8 AA P 
Mill Motor Size MW 20 AA  
Mill Volumetric Steel Loading     

Nominal % 12 AA  
Volumetric Loading % 29 AA  
Critical Speed     

Process Maximum % of 75 AA  
Grinding Media     

Type ball, rod, none ball, steel   
Size mm 125   

Media Consumption kg/t 0.289 AA C 
Mill Liners     

Liner Material steel, rubber steel   
Consumption kg/t 0.023 AA C 

Discharge Sizing Method 1 - trommel AA  
Slot Size mm 12.7 AA  

Discharge Sizing Method 2 - vibrating screen AA  
Slot Size mm 12.7 AA  

Pebble Crushing     
No. of Units - 2 AA  
Top Size mm 77 AA  
Ore Abrasion Index - 0.133 AA C 
Crushing Work Index - 18.4 AA  

Uplift for Pebble Crushing - 1.25 AA  
Circuit Availability % 85.0 AA  
Circuit Sizing Basis % 93.0 AA  
Capacity (Design)     

Circulating Load % of mill feed 25 AA  
Feed Bin Capacity t 500  C 
Crusher Type cone cone AA  
Discharge Top Size mm 25 AA  
Discharge P80 mm 11 AA  
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Parameter Unit Value Source Basis 
Primary Ball Mill Grinding     
Circuit Configuration - closed AA  
No. of Units - 1 AA  
Mill Type - ball − overflow AA  
Feed F80 μm 1,700 AA  
Throughput     

Nominal t/h 2,397  C 
Discharge     

Slurry Density %wt (solids) 70 AA  
Ball Mill Circulating Load % 210 AA  

Mill Dimensions ft dia x ft EGL 26 x 42.5 AA  
Mill Motor Size MW 18 AA  
Mill Volumetric Steel Loading     

Nominal % 29 AA  
Volumetric Loading % 45 AA  
Critical Speed     

Nominal % 75 AA  
Grinding Media     

Type ball, rod, none ball, high chrome AA C 
Size  mm 63.5 AA  

Media Consumption kg/t 0.221 AA C 
Mill Liners     

Liner Material steel, rubber steel AA  
Consumption kg/t 0.023 AA C 

Scats Rejection - trommel AA  
Slot Cut Size mm 25   

Discharge Sizing Method - cyclones AA  
Cyclone Feed     

Density %wt (solids) 56.4  C 
Cyclone Overflow     

Density %wt (solids) 40  C 
Size (P80) µm 121 P  

OVERALL FLOTATION     
Circuit Availability % 98.0 AA  
Circuit Sizing Basis % 93.0 AA  
Feed t/h 2,397  C 
Feed Sulphur Grade, Design Average % 1.060  C 
Recovery     

Mass % of mill feed 15.2 CL C 
Gold % of mill feed 93.0 AA C 
Sulphur % of mill feed 97.6 CL C 

Grade     
Sulphur % 7.0  T 

Total Retention Time (Primary and Secondary 
Rougher) min 114  T 
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Parameter Unit Value Source Basis 
Reagents     

Total PAX Addition g/t 200  T 
Total F549 Addition g/t 5  P 
Total MIBC Addition g/t 95  P 
Total Copper Sulphate Addition g/t 100   
Total Dispersant (Cytec E40) g/t 50  T 
Total Soda Ash g/t 50  T 

Flotation pH - 5 to 7  T 
Conditioning Tanks     
Feed Density %wt (solids) 40  C 
Tank 1 Residence Time min 3 AA  
Tank 2 Residence Time min 3  C 
No. of Tanks - 2 AA  
Primary Rougher Flotation   
Feed     

Feed Density %wt (solids) 30  C 
Specific Gravity (solids) sg 2.7  C 

Concentrate Recovery Mass % of mill feed 5.28 CL C 
Specific Gravity (solids) sg 3.54 H C 
Density %wt (solids) 17.68 H C 

Flotation Cells     
Residence Time min 57 AA T 

Secondary Ball Mill Grinding   
Circuit Configuration - closed AA  
No. of Units - 1 AA  
Mill Type - ball − overflow AA  
Feed F80 µm 142 AA  
Throughput (Circuit) − Nominal t/h 2,270  C 
Mill Discharge − Slurry Density %wt (solids) 72 AA  
Ball Mill Circulating Load % 210 AA  
Mill Dimensions ft dia x ft EGL 26 x 42.5 AA  
Mill Motor Size MW 18 AA  
Mill Volumetric Steel Loading − Nominal % 30 AA  
Volumetric Loading % 45 AA  
Critical Speed − Nominal % of 75 AA  
Grinding Media     

Type ball, rod, none ball, high chrome AA  
Size  mm 37 AA  

Media Consumption kg/t 0.35 CL P 
Mill Liners     

Liner Material steel, rubber steel AA  
Consumption kg/t 0.025 AA C 

Discharge Sizing Method  cyclones AA  
Cyclone Feed − Density %wt (solids) 48.5 H C 
Cyclone Overflow − Density %wt (solids) 28.7 H C 

Size (P80) μm 50 CL T 
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Parameter Unit Value Source Basis 
Secondary Rougher Flotation    
Feed Density %wt (solids) 27  T 
Concentrate Recovery Mass % of mill feed 14.88 CL C 

Specific Gravity (solids) sg 2.80 H C 
Density %wt (solids) 15.9 H C 

Flotation Cells     
Residence Time min 57 AA  

Cleaner Flotation     
Feed     

Feed Density %wt (solids) 15.8 H C 
Concentrate     

Recovery Mass % of mill feed 9.97 CL C 
Specific Gravity (solids) sg 2.80 H C 
Density %wt (solids) 11.3 H C 

Flotation Cells     
Residence Time min 100   

Cleaner Scavenger Flotation    
Feed Density %wt (solids) 26.4 H C 
Concentrate Recovery Mass % of mill feed 3.76 CL C 

Specific Gravity (solids) sg 2.79 H C 
Density %wt (solids) 14.8 H C 

Flotation Cells     
Residence Time min 150  C 

CONCENTRATE THICKENING    
Number of Thickener Stages - 1 CL  
Solids SG sg 3.1  T 
Feed Slurry Density (with auto dilution) %wt (solids) 7  T 
Solids Loading t/h/m2 0.27  T 
Underflow Density %wt (solids) 46 V T 
Flocculant Dosage g/t Conc 70 V T 
CONCENTRATE STORAGE    
Feed Density %wt (solids) 46  T 
Circuit Live Capacity h 36 CL  
ACIDULATION     
Type of Circuit - two tanks in series   
Operating Density %wt (solids) 16 C  
Circuit Capacity h 5 C  
CCD CHLORIDE WASH     
Assumed Feed Chloride (average) ppm 30  C 
Overall Wash Efficiency % >80  C 
POX Feed Chloride (max) ppm 15  C 
Number of Thickener Stages - 3 CL  
Solids SG sg 3.1  C 
Feed Slurry Density (with auto dilution) %wt (solids) 7  T 
Solids Loading t/h/m2 0.33  T 
Underflow Density %wt (solids) 48  T 
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Parameter Unit Value Source Basis 
Flocculant Dosage No. 1 Thickener g/t flot conc 250 V T 
Flocculant Dosage No. 2 Thickener g/t conc 62.5 AA A 
Flocculant Dosage No. 3 Thickener g/t conc 62.5 AA A 
FLOTATION TAILINGS THICKENING   
Number of Thickener Stages - 1 CL  
Solids SG sg 2.8 H C 
Feed Slurry Density (before auto dilution) %wt (solids) 30 H C 
Feed Slurry Density (with auto dilution) %wt (solids) 10  T 
Solids Loading t/h/m2 0.28  T 
Underflow Density %wt (solids) 55 V T 
Flocculant Dosage g/t tailings 40 V T 
POX CCD WASH     
Target Wash Efficiency % ≥97 CL  
Wash Water Ratio - 4.0 AA  
Number of Thickener Stages - 4 CL  
Type of Thickener - High Rate AA  
Solids SG sg 2.75 H C 
Feed Slurry Density (with auto dilution) %wt (solids) 7  T 
Solids Loading t/h/m2 0.18  T 
Slurry temp °C 50  A 
Underflow Density %wt (solids) 41  T 
Flocculant Dosage No. 1 Thickener g/t POX Disch 250  T 
Flocculant Dosage No. 2 Thickener g/t POX Disch 62.5 AA A 
Flocculant Dosage No. 3 Thickener g/t POX Disch 62.5 AA A 
Flocculant Dosage No. 4 Thickener g/t POX Disch 62.5 AA A 
POX CCD CLARIFIER     
Type of Circuit - single stage hopper clarifier AA  
Feed Solids mg/L 380  T 
Overflow Solids mg/L <50 AA A 
Flocculant Dosage mg/L 2 AA A 
Underflow Density % wt (solids) >5 AA A 
NEUTRALIZATION (CCD O/F)    
Temperature (combined) °C ≥55  T 
Mix Tank Stages     

Tailings Neutralization - 4  T 
Lime Neutralization - 1  T 

Tailings Neutralization Retention h 6  T 
Aeration m3/min/ 1,000 m3 tank 5 AA  
Lime Neutralization Retention h 1  T 
Lime Dosage, average kg/t mill feed 0.1 CL T 
FT Neutralization Tanks     
Slurry pH (tailings neutralization) - 1 - 6  T 
Slurry pH (lime neutralization) - 7  T 
NEUTRALIZATION (CIL CIRCUIT FEED)   
Lime Neutralization Tanks     
Feed Density %wt (solids) 40 CL  
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Parameter Unit Value Source Basis 
Residence Time, Circuit h 8 AA  
Oxidant - oxygen AA  
Slurry pH     

Tank No. 1 Feed pH - 2  C 
Tank No. 2 Discharge pH - 9  C 

Lime Consumption kg/t of conc 5.9  T 
CONCENTRATE LEACHING     
Type of Circuit - CIL  T 
Gold Extraction % 96.6 H  
Feed Density %wt (solids) 35 AA  
Residence Time, Circuit h 24  C 
Oxidant - oxygen CL  
Total Oxygen Addition to CIL t/h 0.208 H  
Slurry pH - 11 AA  
NaCN Consumption kg/t (feed) 0.8 AA T 
NaCN Concentration (CIL Tank #2) g/l 0.2 AA  
Carbon Concentration g/l 15  C 
Total Carbon Inventory (in CIL) t 290  V 
Carbon Gold Loading g/t 4,365  C 
Loaded Carbon Generated t/d 23 AA C 
Carbon Advance Schedule h/d per stage 2.0 AA C 
Number of Strips per Day - 3 AA  
Carbon Batch Size Recommended t of carbon 12 AA  
Stripped Carbon g/t 100 AA  
Carbon Gold Adsorption Efficiency % 99.5  T 
Carbon Loss to CIL Tailings % of daily use 1 AA  
Loss Caught on Safety Screen % of loss 80 AA  
Recovered Carbon Moisture % 50 AA  
Carbon Collection Tank Discharge Solids % 10 AA  
Carbon     
Carbon Size mesh 6 x 16 AA  
Carbon Screening Aperture     

Interstage mesh 24   
Safety Screen mesh 28   

CARBON ELUTION     
Stripping Method - Pressure Zadra AA  
Number of Strip Vessels - 2   
Carbon Batch Size t 12.0  C 
Loaded Carbon Mmoisture % 50 AA  
Vessel Batch Size (Design) t 12 AA  
No of Batches to Strip per Day - 3 AA  
Number of Strips per Week - 21  C 
Acid Washing     
Wash Duration h 3.5 AA  
Temperature °C ambient AA  
Number of Tanks - 2 AA  
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Parameter Unit Value Source Basis 
Acid Wash Solution - HNO3 AA  
Acid Concentration % 3 AA  
Acid Recirculation h 1.5 AA  
Solution Velocity BV/h 1.5 AA  
Pressure Stripping     
Strip Total Cycle Duration h 9 AA  
Temperature °C 145 AA  
Solution Strip Volume BV 16 AA  
Strip Duration h 8 AA  
Strip Solution Volume m3 384 AA  
Stripping Efficiency % 97.7 AA  
Strip Solution, NaCN Conc. % 0.2 AA  
Strip Solution, NaOH Conc. % 1.0 AA  
Rinse Duration h 1 AA  
Capacity of Tanks t of carbon 12 AA  
Solution Velocity BV/h 2 AA  
CARBON REGENERATION    
Kiln Type - indirect heated rotary kiln AA  
Method of Heating - electric AA  
No. of Kilns - 1 AA  
Maximum Capacity/Unit  t/h 1.5 AA  
Operating Time/Batch (design) h 8.0 AA  
Regeneration Temperature – Normal °C 750 AA  
Quench Tank Target Temperature °C 60   
Screen Fines Tank Discharge Solids Density % 5   
Recovery from Filter Press % 98   
Filter Cake Moisture Content % 35   
Off-gas Scrubbing System Components - Wet scrubber CL  
 - Venturi scrubber CL  
 - Wet gas condenser CL  
 - Coalescer CL  
 - Carbon columns CL  
New Carbon Sizing     
Screen Aperture Mesh 20 AA  
REFINING     
Electrowinning     
Electrowinning Efficiency per Pass % 98 AA  
Cell Voltage (Rectifier) V (DC) 0 to 9 V  
Cell Solution Temperature °C 60 to 80 AA  
Current Density A/m2 0.95 AA  
No. of Units - 4 AA  
Feed Solution Flow/Unit m3/h 24.0 AA  
Target Barren Solution Tenor g/t 2 AA  
Off-gas Scrubbing System Components - Electrowinning scrubber CL  
 - Caustic scrubber CL  
 - Venturi scrubber CL  
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Parameter Unit Value Source Basis 
 - Coalescer CL  
 - Carbon columns CL  
     
Filter Presses     
Electrowinning Sludge     

Type of Filters - Pressure AA  
No. of Units - 2 AA  

Precipitate Drying/Rretort     
Operating Temperature °C 600 AA  
Residence Time h 16 AA  
Smelting Furnace     
Furnace Type - Induction   
Off gas scrubbing system components  Dust cyclone CL  
  Carbon columns CL  
CYANIDE DESTRUCTION     
Feed Density %wt (solids) 31% H C 
Residence Time, Circuit h 1  T 
Number of Tanks - 1 AA  
Oxidant - SO2/Air AA  
Slurry pH - 8.5  T 
Lime Consumption kg/t CIL Feed 0.194  T 
CN(T) Feed to CN Destruction mg/L 100 AA  
Residual CN(T) mg/L <=10 CL  
SO2 Addition Rate g/t of CIL Feed 880  C 
Cu++ Requirement g/t of solution 10  T 
TAILINGS     
Circuit Availability % 100.0 AA  
Circuit Sizing Basis % 93.0 AA  
Capacity – Normal t/h 2,510 H C 
Specific Gravity (solids) sg 2.80 H C 

P80 μm 50 AA  
Slurry Density %wt (solids) 30 H C 
Slurry Specific Gravity sg 1.250 H C 

Number of Tailings Pipelines  1 CL  
REAGENTS HANDLING     
PAX     
Usage Rate g/t mill feed 200  C 
F549     
Usage Rate g/t mill feed 5  C 
MIBC     
Usage Rate g/t mill feed 95  C 
CuSO4.5H2O (Flotation & Cyanide Destruction)     
Usage Rate (Flotation) g/t mill feed 100  C 
Usage Rate (CN Destruction) g/t mill feed 11.1  C 
Dispersant (Cytec E40)     
Usage Rate g/t mill feed 50  C 
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Parameter Unit Value Source Basis 
Soda Ash     
Usage Rate g/t mill feed 50  C 
Flocculant 1 (POX CCD)     
Usage Rate g/t mill feed 65  C 
Flocculant 2 (Flotation Tails)     
Usage Rate g/t mill feed 36.2  C 
Flocculant 2 (Flotation Concentrate)    
Usage Rate g/t mill feed 10.9  C 
Flocculant 3 (CCD)     
Usage Rate g/t mill feed 58  C 
NaCN     
Usage Rate kg/t mill feed 0.12  C 
Lime     
Usage Rate     

CIL Neutralization g/t solids CIL feed 5,900  C 
CN Destruction g/t solids CIL feed 194  T 
Flotation Tailings Neutralization, Average g/t mill feed 100 CL T 

Sulphur Dioxide     
Usage Rate g/t CIL feed solids 880  C 
CuSO4.5H2O (Cyanide Destruction)     
Usage Rate g/t CIL feed solids 13.2  C 
HNO3     
Usage Rate g/t CIL feed solids 31  C 
NaOH     
Usage Rate g/t CIL feed solids 14  C 
UNR 829     
Usage Rate g/t CIL feed solids 7.3  C 
     
Borax kg/y 54,900  C 
Nitre kg/y 43,910  C 
Silica kg/y 43,910  C 
     

 

 

 
 


