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1.0  INTRODUCTION 

This Operation, Maintenance, and Surveillance (OMS) manual has been prepared for the Dry Stack Tailings 
Storage  Facility  (DSTSF)  at  the  Minto  Mine,  YT,  and  acts  as  a  reference  document  for  its  operation, 
maintenance, and surveillance. 

Minto  Explorations  Ltd.  (Minto)  and  EBA,  A  Tetra  Tech  Company  (EBA),  have  provided  representatives 
from site operations personnel and management (Minto) and the facility designers (EBA) to form the OMS 
manual development team and complete the OMS manual. 

1.1  Objective of the OMS Manual 

The objective of the OMS manual is to define and describe: 

 Roles and responsibilities of personnel assigned to the facility; 

 Procedures and processes for managing change; 

 The key components of the facility; 

 Procedures required to operate, monitor the performance of, and maintain the facility to ensure that it 
functions in accordance with its design, meets regulatory and corporate policy obligations, and links to 
emergency planning and response; and 

 Requirements for analysis and documentation of the performance of the facility. 

2.0  ROLES AND RESPONSIBILITIES 

2.1  Organization, Structure, and Individual Responsibilities 

The  operation, maintenance,  surveillance  or  emergency  preparedness  and  response  of  the  DSTSF  is  the 
responsibility of the Tailings Management Team (TMT).  This team comprises individuals from Minto and 
EBA.  Minto is the lead coordinator of the OMS manual and is ultimately responsible to ensure all aspects of 
the OMS manual of the DSTSF are met.  EBA is the facilities designer and acts as a geotechnical consultant 
for Minto.   

Designated  personnel within  the TMT,  along with  their  position  and  responsibilities,  are  summarized  in 
Table 1. 
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Table 1 Designated Personnel for TMT 
Personnel and Contact 
Information Position Responsibilities 

John Knapp 
604-759-0860 ext 439 

General Manager Overall project review and implementation, and 
budget allocation 

Jason Nickel 
604-759-0860 ext 453 
jasonn@mintomine.com  

Chief Engineer/Mine 
Manager 

Group coordinator of DSTSF, project review and 
implementation. Technical support and coordination of 
monitoring at Minto Mine site 

Ted Kenny 
604-759-0860 ext 454 

Mill Superintendent, Pumping and conveyor operations and maintenance 
of tailings filter system to tailings stockpile location 

Barry Perreault/Tomas Kubalcik 
604-759-0860 ext 442 

Construction Monitor Routine inspections for quality assurance and quality 
control, data collection, surveying, providing planning 
direction to construction superintendent 

Pelly Construction 
778-785-3184 
minto@pelly.net  

Construction Superintendent Contractor for haul, placement, and compaction of 
tailings in DSTSF, general operations, maintenance 

Brian Cutts 
250-505-4467 
bcutts@eba.ca   

Geotechnical Consultant, 
EBA 

Periodic inspections for quality assurance, annual 
compliance reporting, geotechnical analysis and risk 
management of ongoing construction, instrumentation 
data review 

Colleen Roche/Rob Wilson 
604-759-0860 ext 462 

Environmental Manager Permitting requirements, annual environmental 
reports, water quality and level monitoring 

Mark Goebel 
604-759-0860 ext 444 

Safety Coordinator Training and/or  job hazard analysis are completed as 
required  

Responsibility  of  the  TMT  and  the  ongoing  operation, monitoring, maintenance,  and  surveillance  of  the 
DSTSF  falls  under  the Mine Manager.    Furthermore,  the Mine Manager must  ensure  adequate  resources 
(financial  and  staff)  are made  available  to  ensure  the  safe  operation  of  the DSTSF.    Undertakings  at  the 
DSTSF must be prioritized and scheduled with the knowledge of the TMT. 

2.2  Competency and Training 

Appropriate training programs are required for all personnel involved in the operation, maintenance, and 
surveillance of the DSTSF, including all its components. 

The  Mine  Manager  and  Construction  Monitors  are  required  to  fully  understand  and  implement  the 
operation,  maintenance,  and  surveillance  requirements  of  the  DSTSF,  and  ensure  the  contractor, 
Pelly Construction,  follows  the design criteria  for  the  facility.   This  is achieved  through consultation with 
the facility designer and geotechnical consultant, EBA, and the environmental department. 

The Construction Superintendent  is responsible to ensure Pelly Construction’s supervisors and operators 
understand the operational and maintenance requirements of the DSTSF to meet the design criteria for the 
facility.  

All personnel working at the DSTSF are to have an appropriate understanding of the OMS manual and their 
respective roles and responsibilities.   Relevant procedures  include  the Minto Emergency Procedures,  the 
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Minto  Spill  Response  Plan,  and  DSTSF  Emergency  Preparedness  Plan.    It  is  the  role  of  the  specific 
supervisor of the personnel to ensure this is the case.   

As well as understanding of the OMS manual, all site personnel are responsible for continually being alert 
to  visual  queues  regarding  facility  performance.    Anything  observed  to  be  outside  of  normal  operating 
parameters, as outlined in this manual, must be reported immediately to the Mine Manager.  

3.0  OMS MANUAL CONTROL AND UPDATE 

This OMS manual is a controlled document, with specified procedures for: 

 Distributing, removing and archiving out‐of‐date materials; 

 Filing the manual and supporting documents; and 

 Reviewing and updating the manual. 

3.1  Distribution of Material 

This OMS manual is to be distributed as follows: 

 1 copy to the Mine Manager; 

 1 copy to the Construction Superintendent (Pelly); 

 1 copy to the Mill Superintendent; 

 1 copy to the Construction Monitor; 

 1 copy to MintoEx/SWC Vancouver library; 

 1 copy to the Geotechnical Consultant (EBA); and 

 1 copy to the Environmental Department. 

Additional copies are to be submitted to all regulatory agencies, as required. 

Copies of this manual are to be available to all personnel who are responsible or involved in the operation, 
maintenance, and surveillance of the DSTSF. 

The Mine Manager  is responsible  for maintaining the record of  location of each copy of  the OMS manual 
and to ensure that all copies are updated, as and when required. 

Any  requests  for  copies  are  to  be  made  to  the  Mine  Manager  who  will  have  that  name  added  to  the 
distribution  list,  providing  a  numbered  copy  for  the  user,  and  in  doing  so,  ensure  the  recipient  receives 
ongoing updates.  No other copies are to be made. 

Out‐of‐date  DSTSF  materials  are  to  be  archived  by  the  Mine  Manager.    Out‐of‐date  copies  of  the  OMS 
manual  are  to  be  collected  by  the  Mine  Manager  and  destroyed.    Several  copies  of  the  most  recently 
superseded versions are to be archived in secure storage as required for legal purposes. 
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3.2  Manual and Supporting Document Location 

The  original  copy  of  the  OMS  manual  along  with  the  following  supporting  documents  will  be  stored 
electronically  on  the  Mine  Engineering  server  and/or  in  the  Mine  Manager’s  office  on  site.    These 
documents are maintained and under the control of the Mine Manager. 

The following items shall be covered or referenced in the filing system: 

 Operation, Maintenance, and Surveillance Manual; 

 As‐built drawings from original construction and all subsequent construction phases; 

 Construction records including performance and construction plans; 

 All design data including both original design data and all modifications or revisions; 

 All inspections and annual reviews; 

 Photographic records; 

 Correspondence with facility designers with relevant supporting information; and 

 Correspondence  with  Regulatory  Agencies  complete  with  records  of  compliance  and  details  of  any 
remedial action. 

Along with the above referenced documents, the following specific reports dealing with the DSTSF will be 
stored in the Mine Manager’s office. 

 Emergency Planning Documents 

− A report by Minto entitled “Minto Project Environmental Monitoring Plan”, submitted for the Type A 
Water Use License 1996.   

− A report by Minto entitled “Minto Project Spill Contingency Plan”, submitted for the Type A Water 
Use License 1996.  The report is annually updated. 

− MSDS documentation for any material used within the DSTSF. 

 DSTSF Approval Documents 

− A  letter  by  Yukon  Government  –  Energy, Mines  and  Resources  entitled  “Approval  of  Minto Mine 
Tailings Management Plan”, dated April 17, 2007. 

− A  letter  by  Minto  entitled  “QML‐0001‐Minto  Tailings  Management  Plan,  Additional  Information”, 
dated March 15, 2007. 

− A  report  by  Access  Mining  Consultants  Ltd.  (Access)  entitled  “Minto  Mine,  Tailings  Management 
Plan”, dated January 2007. 

 Design Reports 

− A letter by EBA entitled “Response to Review Questions – Minto Tailings Management Plan”, dated 
March 15, 2007. 
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− A report by EBA entitled “Geotechnical Design Report, “Dry” Stack Tailings Storage Facility”, dated 
January 2007.   This  report  includes a  technical memo by EBA entitled  “Thermal Analysis of  “Dry” 
Stacked Tailings Area”, dated December 11, 2006. 

− A  letter by EBA entitled  “Final Preliminary Design – Mill Water Pond”, dated  June 17, 1997.   This 
report includes the preliminary design of the Airstrip Road diversion ditch. 

− A  report  by  Hallam  Knight  Piesold  entitled  “Minto  Creek  Surface  Hydrology  Report”,  dated 
November 1994. 

− A report by Lakefield Research entitled “The Environmental Characterization of Samples submitted 
by Minto Explorations Ltd.”, Progress Report No. 2, dated September 1994. 

− A report by Lakefield Research entitled “An Investigation of The Stability of Flotation Tailings from 
DEF  Project  Samples  submitted  by  United  Keno  Hill  Mines  Ltd.”,  Progress  Report  No.  4,  dated 
January 1977. 

 Monitoring Documents 

− A  letter  by  EBA  entitled  “Dry  Stack  Tailings  Storage  Facility  –  Foundation Movement Monitoring 
Update”, dated September 7, 2010. 

− A  technical  memo  by  EBA  entitled,  “Dry  Stack  Tailings  Storage  Facility  –  Instrumentation  Data 
Update”, dated April 23, 2010. 

 Construction Reviews 

− A technical memo by EBA entitled,  “Review of Compaction and Moisture Content at  the Dry Stack 
Tailings Storage Facility Mill Moisture”, dated October 8, 2010. 

− A technical memo by EBA entitled, Review of Reduced Trafficability and Compaction with High Mill 
Moisture Content to the Dry Stack Tailings Storage Facility Mill moisture, dated September 14, 2010. 

− A  report  by  EBA  entitled  “Review of  Existing DSTSF  Surface Water Diversion Berm/Ditch”,  dated 
December 4, 2009. 

− A letter by EBA entitled, “Dry Stack Tailings Storage Facility – Interim As‐built Construction Report”, 
dated June 29, 2007. 

− A  letter  by  EBA  entitled,  “Inspection  Report  –  Upper  Section  South  Diversion  Ditch”,  dated 
December 19,  2006.    The  upper  section  south  diversion  ditch  is  referenced  as  the  Airstrip  Road 
diversion ditch in this document. 

 Annual Performance Reviews 

− A  report  by  EBA  entitled  “Dry  Stack Tailings  Storage  Facility  –  2009/2010 Annual Review, Minto 
Mine”, dated July 20, 2010 

− A  report  by  EBA  entitled  “Dry  Stack Tailings  Storage  Facility  –  2008/2009 Annual Review, Minto 
Mine”, dated August 30, 2010 
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− A report by EBA entitled “South Diversion Ditch – 2008/2009 Annual Review, Minto Mine”, dated 
August 30, 2009.   

− A  report  by  EBA  entitled  “Dry  Stack Tailings  Storage  Facility  –  2008/2009 Annual Review, Minto 
Mine”, dated July 27, 2009.   

− A report by EBA entitled “South Diversion Ditch – 2007/2008 Annual Review, Minto Mine”, dated 
July 2008.   

− A  report  by  EBA  entitled  “Dry  Stack Tailings  Storage  Facility  –  2007/2008 Annual Review, Minto 
Mine”, dated July 2008.   

 Tailings Risk Management Assessment 

− A report by SRK Engineers and Scientists entitled “Tailings Risk Assessment Minto Project, Yukon 
Territory”, dated February 2009, 

3.3  Reviewing and Updating the Manual 

This manual  is an update of operations, experience, and drafts  completed since  the 2007‐1 OMS Manual, 
and in its current form will be referred to as Revision 2011‐1. 

This  manual  will  be  updated  every  five  years  or  after  any  significant  change  to  personnel,  operations, 
and/or design criteria.  

A  current  OMS Manual  will  be  in  place  through  the  full  life  cycle  of  the  DSTSF  through  the  end  of  the 
operating phase and into decommissioning and closure. 

Annual tailings management system reviews are to include an evaluation of this OMS manual. 

4.0  MANAGING CHANGE 

Various changes to the DSTSF will occur during the life of the facility.  These changes must not compromise 
the performance of the DSTSF or the OMS manual developed for its management.  It is the role of the Mine 
Manager to incorporate changes to the DSTSF design or operating parameters into the OMS manual.  Also, 
the  Mine  Manager  is  responsible  for  reviewing,  updating,  and  improving  the  OMS  manual  as  needed.  
Overall authorization of changes falls under the responsibility of the TMT. 

Changes to the OMS manual may result from the following: 

 Evolution  of  design  through  capacity  changes,  operational  efficiencies,  closure  requirements, 
performance feedback and life‐cycle changes; 

 Incorporation of as‐built records of construction; 

 Variation of performance from design; 

 Changes in site management organization, facility description, roles and responsibilities, and operating 
and reporting procedures; 

 Suggestions for improvement; 
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 Succession planning/training; and  

 Regulatory change. 

In addition to updating this OMS manual on an as needed basis, Minto commits to the following: 

 Assurance that  the standards used  for  the  facility are consistent with applicable  legislation, codes of 
practice, relevant standards, and sound engineering practice; 

 Regular reviews of DSTSF issues by the TMT; 

 Regular updates to all copies of the OMS Manual;  

 Appropriate training for all new personnel assigned to tasks dealing with the DSTSF; and 

 Communication of any changes to the OMS Manual to all relevant personnel. 

5.0  FACILITY DESIGN DESCRIPTION 

The  following sections summarize  the design of  the DSTSF and  the background  information used  for  the 
design.  Additional detailed information can be found in the following reports: 

 A  letter  by  EBA  titled  “Response  to  Review  Questions  –  Minto  Tailings  Management  Plan”,  dated 
March 15, 2007; and 

 A  report  by  EBA  titled  “Geotechnical  Design  Report,  “Dry”  Stack  Tailings  Storage  Facility”,  dated 
January  2007.    This  report  includes  a  technical  memo  by  EBA  entitled  “Thermal  Analysis  of  “Dry” 
Stacked Tailings Area”, dated December 11, 2006. 

5.1  Facility Overview 

The DSTSF  is  situated  southeast  of  the mill  and  tailings  filter  building within  the  valley  profile  south  of 
Minto Creek and west of the Water Retention Dam as shown in Figure 1.  The DSTSF area covers an area of 
approximately 0.4 km2 and is designed to provide for storage and confinement of the tailings based on the 
Hatch 2006 feasibility plan.   

The tailings are hauled from the tailings stockpile directly south of the tailings filter building to the DSTSF 
and mechanically spread and compacted in controlled lifts to form a stacked tailings deposit. 

Components of  the DSTSF  include a  starter bench and drainage blanket  for  slope under‐drainage;  finger 
drains along the valley lines within the DSTSF footprint; surface water diversion berm and ditch for run‐on 
surface  water  management;  an  exterior  slope  waste  rock  shell;  the  tailings  stack;  and  the  reclamation 
material.  Also included is instrumentation to monitor the foundation sideslope performance of the DSTSF 
that  consists  of  vibrating wire  piezometers,  ground  temperature  cables,  slope  inclinometers,  and  survey 
monuments.  The location of the instrumentation is shown in Figures 1 and 2.  

The  toe  of  the  DSTSF  has  been  located  to  be  above  the  flood  level  of  Minto  Creek  and  well  above  the 
reservoir level created by the Water Storage Pond Dam (formally known as the Water Retention Dam). The 
DSTSF  will  have  an  outer  slope  of  4:1  (horizontal:vertical)  or  14  degrees  and  a  final  elevation  at  the 
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Waste Rock Shell of 788.0 m.     The  tailings will be up  to 26 m  deep  in  the  central  area of  the DSTSF.   A 
typical cross‐section for the DSTSF is shown in Figure 3. 

5.2  Facility Components 

The DSTSF is made up of the components outlined in Table 2 and shown in Figures 1.and 2. 
 
Table 2 DSTSF Components 

Components Details 
Starter Bench and Drainage Blanket Located beneath the ultimate slope and crest of the DSTSF, they provide 

under-drainage beneath the 4H:1V sideslope.  This will allow any excess 
water, whether surface or from the active layer, to drain away and not build up 
porewater pressures with the tailings. 

Finger Drains Located along the valley lines beneath the tailings stack to intercept and 
manage existing seepage flows beneath and from the DSTSF, if any. 

Tailings Diversion Ditch Located outside the south and east tailings stack perimeter to divert run on 
surface water away from the tailings stack. 

South Diversion Ditch Located along the upstream shoulder of the airstrip road to divert upgradient 
surface water to the Mill Water Pond.  

Waste Rock Shell Located above the starter bench, it accounts for the outside 20 m of the 
sideslope of the DSTSF.  The shell acts as an access road for the placement 
of the tailings and provides additional stability to the ultimate sideslope. 

Tailings Stack Mechanically placed and compacted tailings 
Reclamation Material Growth medium to be used as cover over the waste rock shell and tailings 

during reclamation of the DSTSF (not shown on Figure 1) 
Instrumentation Vibrating wire piezometers, ground temperature cables, slope inclinometers, 

and survey monuments for the monitoring the foundation and sideslope 
conditions of the DSTSF. 

5.3  Basis of Design and Design Criteria 

The basis of design and design criteria for the DSTSF can be found in Section 6.0 of the Geotechnical Design 
Report “Dry” Stack Tailings Facility, Minto Mine, Yukon attached in Appendix A. 

5.4  Site Conditions 

5.4.1 General Surficial Geology 

Boreholes drilled within  the plan area of  the DSTSF  show  that overburden  thicknesses may  range up  to 
60 m  based  on  exploration  drilling.    These  deposits  are  thought  to  be  an  extension  of  an  infilled  valley 
which  also  passes  through  the  southern  end  of  the  open  pit.    The  overburden  soils  generally  comprise 
colluvial sediments of silt and sand with trace gravel overlying medium to high plastic clay. 

5.4.2 Surface Features 

The DSTSF site  is  located over a gently  sloping  (about 3°  to 10°)  terrain,  south of  the mill buildings and 
Minto Creek.  The terrain steepens to the south and southwest of the DSTSF.  The access road to the airstrip 
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bisects  these  slopes  upslope  of  the  DSTSF.    The  South  Diversion  Ditch  has  been  constructed  along  the 
upstream side of this road (see Figure 1). 

The DSTSF area originally had sparse to locally dense tree cover; however, a forest fire in 1995 resulted in 
areas of fallen trees with deciduous species regrowth. 

5.4.3 Subsurface Conditions 

Geotechnical investigations from previous projects undertaken by EBA on or near the site indicate that the 
subsurface conditions generally comprise a thin veneer of peat and vegetation overlying a fine‐grained silt 
or  silt  and  sand  overlying  medium  to  high  plastic  clay  overlying  coarse‐grained  sand  and  weathered 
bedrock.     

The  fine‐grained  sand  and  silt  is  believed  to  be  colluvial,  the  clay  is  believed  to  be  lacustrine,  and  the 
coarser sand is considered to be a residual soil (residuum).  Throughout the mine site, these residual soils 
grade into weathered bedrock. 

5.4.4 Groundwater 

No groundwater was reported in any of the boreholes drilled within the DSTSF but is expected within the 
active layer during the summer and fall. 

5.4.5 Permafrost 

Permafrost  underlying  the DSTSF  typically  varies with  the  stratigraphy.    Sand and  silt  typically  contains 
approximately  10%  to  20%  excess  visible  ice.    The  lacsutrine  clay  typically  contains  10%  to  60%  ice.  
Massive ice beds up to 4 m thick were encountered during drilling. 

The  ground  temperature  cables  installed  in  and  around  the  DSTSF  have  shown  foundation  soil 
temperatures ranging from ‐0.5°C to ‐0.8°C and a typical active layer depth of 2 to 3 m. 

5.4.6 Bedrock 

Depths to bedrock (granodiorite) are  indicated to range up to 80 m based on exploration borings drilled 
nearby.   Weathered  bedrock  outcrops  are  present within  the  vicinity  of  the  airstrip,  south  of  the  upper 
reaches  of  the DSTSF.    There  is  no  exposed bedrock within  the DSTSF.    The haul  road  across  the Minto 
Creek valley is cut into residuum, and the bedrock is assumed to be no more than 10 m below ground along 
the road alignment.   

5.5  Climate 

No  long‐term climate data  is  available  from the Minto Mine site.   A complete meteorological  station was 
established at the site in September 2005 and data for the station was available up to mid‐July 2006 during 
the design.  Snow surveys had been carried out by J. Gibson & Associates in 1994, 1995, 1998, and annually 
since 2006 at three locations in the Minto Creek area. 
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The closest meteorological station to the Minto site with a long‐term climatic record is Pelly Ranch, which 
is  situated about 40 km northeast of  the Minto  site.    In  addition,  the Carmacks meteorological  station  is 
located about 70 km southeast of the site.   

The long‐term mean climatic data estimated for the Minto site for the geotechnical design of the DSTSF is 
summarized in Table 3.  
 
Table 3 Summary of Mean Climatic Conditions at Minto Used in Thermal Analyses 

Month 
Monthly Air 

Temperature(a) 
(oC) 

Monthly Wind Speed(b) 
(km/h) 

Month-End Snow 
Cover(c) 

(m) 

Daily Solar Radiation(d) 
(W/m2) 

January -28.2 7.5 0.40 10.2 
February -21.8 8.9 0.43 39.0 

March -12.4 10.0 0.48 102.0 
April -1.1 11.7 0.08 180.7 
May 6.3 11.8 0.00 229.9 
June 11.7 10.8 0.00 255.4 
July 13.8 9.5 0.00 225.8 

August 11.2 9.6 0.00 170.1 
September 5.0 10.7 0.01 99.1 

October -4.0 11.9 0.10 41.5 
November -17.1 8.9 0.23 14.2 
December -25.0 7.8 0.31 5.3 

Notes:  
(a) based on Climate Normals 1971-2000 at Pelly Ranch (Environment Canada website), measured mean air temperatures 

at Carmacks and Pelly Ranch for the period of 1963 to 2004 (Environment Canada website), and Johnston (1981) 
(b) based on Climate Normals 1971-2000 for Burwash, Mayo, Watson Lake, and Whitehorse (Environment Canada 

website) 
(c) based on snow depth survey data at Minto and mean month-end snow data at Mayo (Climate Normals 1971-2000, 

Environment Canada website) 
(d) based on Climatic Normals 1951-1980 at Norman Wells and Whitehorse (Environment Canada, 1982) 

5.5.1 Temperature 

Measured  long‐term air  temperatures  are  available  for both  the  stations  from  the National Climate Data 
and  Information  Archive  operated  by  Environment  Canada  (http://www.climate.weatheroffice.ec.gc.ca).  
Comparison of the measured air temperatures at the two stations for 29 years of the overlapped periods 
with complete data  indicated  that  the monthly air  temperatures  at Carmacks are generally warmer  than 
those  at  Pelly  Ranch.    The  two  stations  are  located  at  similar  elevations  (an  average  of  approximately 
490 m), which is lower than the toe of the tailings placement area at an elevation of approximately 760 m.  
Johnston  (1981)  reported  that  climatologists  typically  estimate  a  6°C decrease  in  temperature  for  every 
kilometre  increase  in  elevation  for  mountain  slopes.    Therefore,  the  long‐term  mean  monthly  air 
temperatures  at  the Minto  site  for  the  design were  first  estimated  by  interpolating  the  long‐term mean 
monthly air temperatures at Pelly Ranch and Carmacks based on the distances to the Minto site and then 
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adjusted for the temperature change due to the elevation difference of 270 m.  Accordingly, the estimated 
mean annual air temperature at the Minto site is ‐5.1°C. 

The measured air temperatures for the period from early‐September 2005 to mid‐July 2006 at the Minto 
site were warmer  (about 1°C  in  long‐term mean annual  air  temperatures)  than  the estimated  long‐term 
mean values.  However, the limited short‐term measured air temperatures were not sufficient to verify or 
adjust the estimated long‐term mean values used for the design. 

5.5.2 Wind 

Long‐term mean wind speed data are not available at the Pelly Ranch and Carmacks stations.  The mean wind 
speed data for the design was estimated by averaging those from four meteorological stations in the Yukon: 
Burwash, Mayo, Watson Lake, and Whitehorse (http://www.climate.weatheroffice.ec.gc.ca).  Measured wind 
speed data from the Minto site were available for a short period (September 2005 to July 2006).  Comparison 
of the monthly wind speed data indicated that the estimated wind speeds are similar to the measured during 
the summer of 2006 and higher than the measured during the winter of 2005. 

5.5.3 Snow 

Snow depth surveys at the Minto site were conducted in March, April, and May of 1994, 1995, 1998, and 
annually  since  2006.    The  mean  monthly  snow  depths  in  March,  April,  and  May  for  the  design  were 
estimated  by  averaging  the  measured  monthly  values.    The  mean  monthly  snow  depths  for  the  other 
months  were  estimated  based  on  the  mean  monthly  snow  depths  at  Mayo  and  then  adjusted  for  the 
measured  snow  depth  differences  between  the  two  sites  between  March  and  May.    Mayo,  located 
approximately 120 km northeast of the Minto site, is situated in the same snow‐depth contour zone as the 
Minto  site  based  on  the  snow  depth  maps  presented  in  Natural  Resources  Canada’s  webpage 
(http://atlas.nrcan.gc.ca). 

5.5.4 Solar Radiation 

Norman Wells and Whitehorse are the closest stations to the Minto site (latitude of 62°36’) with long‐term 
solar radiation data.  Norman Wells (latitude of 65°17’) is located about 580 km northeast of the Minto site 
and Whitehorse (latitude of 60°43’) is located about 220 km southeast of the Minto site.  The mean monthly 
solar radiation data at  the Minto site  for  the design were estimated by  interpolating the  long‐term mean 
monthly  solar  radiation data  at Norman Wells  and Whitehorse based on  the  latitudes of  the  three  sites.  
Measured  solar  radiation  data  were  available  at  the Minto  site  for  the  period  from  September  2005  to 
July 2006.  The measured monthly solar radiation data were similar to the estimated. 

5.6  Hydrology 

Two  hydrologic  report  documents  were  reviewed  during  the  design  to  establish  the  hydrologic  site 
conditions. 

 A memo by Clearwater Consultants Ltd. titled “Memorandum CCL‐MC1” dated December 4, 2006.  

 A report by Hallam Knight Piésold titled “Minto Creek Surface Hydrology Report” dated November 1994. 
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Information  found  in  Clearwater  2006 memo  tends  to  address  average  flows  and  is  intended  for  use  in 
water balance calculations.   The design of any diversion or routing structures should be conducted  for a 
peak instantaneous flow.   

Hallam Knight  Piésold  1994  is  a more  comprehensive  hydrology  report  and  contains  a  section  on  peak 
instantaneous  flows  for  several  return  intervals, which are specific  to  the DSTSF.   Data presented  in  this 
section is described in more detail in Hallam Knight Piésold 1994. 

5.6.1 Hydrological Conditions 

A regional analysis was conducted on data presented in Hallam Knight Piesold 1994 to determine the peak 
instantaneous  flow  rates  for  six  sub‐catchment  areas  in  the  DSTSF.    These  six  sub‐catchment  areas  are 
presented in Figure 4.  The peak instantaneous flow rates for the six sub‐catchments of the tailings facility 
are presented in Table 4. 
 
Table 4 Sub-Catchment Area Frequency Analysis 

Peak Instantaneous Flow Rates (m3/s) Return 
Period 
(years) 

Total West 
Portion 

Lower 
West 

Upper 
West 

Upper 
Southwest 

Total East 
Portion 

Lower 
East 

Upper 
East 

Upper 
Southeast 

2 0.33 0.16 0.13 0.17 0.27 0.13 0.14 0.11 
10 0.56 0.27 0.22 0.29 0.45 0.22 0.23 0.18 
25 0.69 0.33 0.27 0.35 0.56 0.27 0.28 0.23 
50 0.83 0.40 0.33 0.43 0.68 0.32 0.34 0.28 

100 0.85 0.41 0.34 0.44 0.69 0.33 0.35 0.28 
200 0.91 0.43 0.36 0.47 0.74 0.35 0.37 0.30 

5.7  Seismicity 

Information  regarding  seismicity  for  the  Minto  Mine  was  provided  by  the  Canadian  Geological  Survey 
Pacific  Geosciences  Centre.    The mine  site  is  characterized  as  being  in Acceleration  Zone  3  and Velocity 
Zone 4.   An acceleration of  0.055 g would have  a  10% probability  of  being  exceeded  in 50  years, which 
equates to an annual probability of exceedance of 1/475.   This probability of exceedance was used in the 
DSTSF design. 

When work was originally undertaken on the mine site in the late 1990s, the Canadian Geological Survey 
Pacific Geosciences Centre provided a value for the peak horizontal acceleration for the site of 0.15 g (10% 
probability of being exceeded in 50 years).  An updated value for the site has been provided by the Pacific 
Geosciences Centre and the current peak horizontal acceleration that corresponds to a 10% probability of 
exceedance  in 50 years  is 0.055 g.   The decrease  in the peak ground acceleration provided by the Pacific 
Geosciences Centre is because seismic data information has increased substantially in the Yukon in recent 
years.    A  better  understanding  of  ground  motion  and  improved  modelling  has  resulted  in  revised 
predictions, which are considered to be more accurate and representative for the mine site. 
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5.8  Tailings Characteristics 

5.8.1 Tailings Production 

The life of mine plan during the design indicated that the total production of tailings would be in the order 
of 5,517,000 tonnes during the eight year mine life. The anticipated tailings production by year (based on 
the 2006 Hatch mine plan) is presented in Table 5. 
 
Table 5 Anticipated Tailings Production 

Year Production (tonnes) 
1 489,940 
2 766,960 
3 812,350 
4 824,930 
5 820,160 
6 836,690 
7 847,600 
8 118,330 

Total 5,516,950 

5.8.2 Tailings Characterization 

EBA  undertook  two  separate  laboratory  programs  to  evaluate  the  geotechnical  properties  of  a  tailings 
sample provided by Minto.  A summary of the laboratory test results is presented in Table 6. 
 
Table 6 Tailings Laboratory Test Results 

Type of Test Results 

Particle Size Distribution 
Clay: 6%, Silt: 35%, Sand 59% 
Clay: 7%, Silt: 36%, Sand 57% 

Specific Gravity Determination Specific gravity of solids: 2.79 

Atterberg Limits 
Liquid Limit: 23, Plastic Limit: 16, Plasticity Index: 7 
Liquid Limit: 20, Plastic Limit: 16, Plasticity Index: 4 

Moisture Density Relationship 
Optimum moisture content: 17.5%, 
Maximum Dry Density (MDD), standard effort: 1685 kg/m3 

Constant Head Permeability Test k = 9.65 x 10-8 m/s 

Direct Shear Test Peak Strength: θ´ = 35.1º, c´ = 11 kPa 

Note: The above tests report moisture content as a percentage ratio of the mass of water divided by the mass of dry solids, 
this is consistent with geotechnical engineering practice. 
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5.8.3 Acid Generation Potential 

Results  from  static  ABA  testing  of  tailings  solids  by  Lakefield  Research  in  1977  (one  sample)  and  1994 
(three  samples)  indicate  that  tailings  from  milling  both  the  higher  and  lower  grade  ores  will  be  acid 
consuming, with NP/AP ratios from 8.15:1 to 19.85:1.  This indicates that acid‐generation should not be an 
issue with the tailings material produced. 

6.0  REGULATORY REQUIREMENTS 

6.1  Regulatory Agencies 

The regulatory agencies involved in the operation, maintenance, and surveillance of the DSTSF include: 

 Mineral Development, Energy, Mines and Resources 

− To  the Chief:   Director, Mineral Resources, Department  of  Energy, Mines  and Resources,  P.O.  Box 
2703, K‐9 Whitehorse, Yukon, Y1A 2C6, (fax) 867.456.3899 

 Yukon Water Board 

− To the Water Board:  Yukon Water Board, Suite 106, 419 Range Road, Whitehorse, Yukon, Y1A 3V1, 
(fax) 867.456.3890 

6.2  Regulatory Approval 

The DSTSF is authorized with the following document: 

 A letter titled, “Approval of Minto Mine Tailings Management Plan”, dated April 17, 2007. 

6.3  Regulatory Requirements 

The regulatory requirements for the DSTSF are outlined in the following document: 

 A letter titled, “Approval of Minto Mine Tailings Management Plan”, dated April 17, 2007. 

7.0  CONSTRUCTION HISTORY 

7.1  Design Criteria Based on Operating Data 

The design criteria based on operating data for the DSTSF are presented in Table 7.   
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Table 7 Design Criteria Based on Operating Data 
Operating Data Details 

Life of Mine Dry stack to be complete July 2011 
Mill tonnage Current allowable milling rate 3600 tpd  
Operations 365 days per year 
Tailings Solids Content 83% by mass has been the target rate 
Tailings Characteristics Particle Size Distribution1: 5% clay, 46% silt, 49% sand 

Specific Gravity Determination: 2.79 
Atterberg Limits: Non plastic  
Moisture Density Relationship2: Optimum Moisture Content: 14.4%,  
Standard Proctor Maximum Dry Density: Average 1800 kg/m3 

Direct Shear Test: Peak Strength: θ´ = 35.1º, c´ = 11 kPa 
In situ Tailings Dry Density 1710 kg/m3 based on 95 % of Maximum Dry Density, standard effort of 

1800 kg/m3 These values change as material properties change and are 
confirmed at least quarterly.  The averages are presented here. 

Notes:  
1. These results are the average of 21 tests conducted between 2007 and 2010. 
2. These results are the average of 14 tests conducted between 2007 and 2010. 

7.2  Climate 

A complete meteorological station was established at the site in September 2005.  Data for the station was 
available  up  to  mid‐July  2006  during  the  design  as  were  snow  surveys  that  had  been  carried  out  by 
J. Gibson & Associates in 1994, 1995, 1998, and annually since 2006 at three locations in the Minto Creek 
area. 

The closest meteorological station to the Minto site with a long‐term climatic record is Pelly Ranch, which 
is about 40 km northeast of the Minto site.  In addition, the Carmacks meteorological station is about 70 km 
southeast of the site.   

The  long‐term  mean  climatic  data  estimated  for  the  Minto  site  used  for  this  report  is  summarized  in 
Table 8.  
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Table 8 Summary of Mean Climatic Conditions at Minto Used in Thermal Analyses 

Month 
Monthly Air 

Temperature(a) 
(oC) 

Monthly Wind Speed(b) 
(km/h) 

Month-End Snow 
Cover(c) 

(m) 

Daily Solar Radiation(d) 
(W/m2) 

January -19.1 14.4 0.40 9 
February -15.4 21.6 0.43 40 

March -11.3 13.7 0.48 104 
April 0.0 9.7 0.08 185 
May 7.6 10.8 0.00 218 
June 13.3 9.7 0.00 242 
July 15.4 9.4 0.00 218 

August 11.8 7.6 0.00 162 
September 6.6 7.6 0.01 100 

October -2.5 9.4 0.10 45 
November -13.9 19.4 0.23 13 
December -15.4 14.8 0.31 5 

Notes: 
(a) based on Climate Normals 1971-2000 at Pelly Ranch (Environment Canada website), measured mean air 

temperatures at Carmacks and Pelly Ranch for the period of 1963 to 2004 (Environment Canada website), and 
Johnston (1981) 

(b) based on Climate Normals 1971-2000 for Burwash, Mayo, Watson Lake, and Whitehorse (Environment Canada 
website) 

(c) based on snow depth survey data at Minto and mean month-end snow data at Mayo (Climate Normals 1971-2000, 
Environment Canada website) 

(d) based on Climatic Normals 1951-1980 at Norman Wells and Whitehorse (Environment Canada, 1982) 
 

7.3  Tailings Production 

The life of mine plan during the design indicated that the total production of tailings would be in the order 
of 5,517,000 tonnes during the eight‐year mine life. The achieved and projected tailings production by year 
is presented in Table 9. 
 
Table 9 Achieved and Projected Tailings Production 

Year Production (tonnes) 
2007 225,850 
2008 754,800 
2009 970,000 
2010 867,900 
2011* 572,500 
Total 3,391,050 

* Projected number until June 30, 2011 
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8.0  OPERATION 

8.1  Objective 

Operation  of  the  DSTSF  comprises  ongoing  construction  of  the  facility  and  its  related  components.  
Construction  of  the  tailings  stack  itself  occurs  daily  where  as  the  other  DSTSF  components,  the  starter 
bench  and  drainage  blanket,  finger  drains,  surface  water  diversion  berm  and  ditches,  waste  rock  shell, 
instrumentation,  and  reclamation  material,  are  completed  on  a  specific  project  basis.    The  timeline  for 
constructing these components is based on the upcoming year’s tailings placement plan.  The airstrip road 
diversion ditch was constructed in 2006.  Instrumentation for the west portion of the DSTSF was installed 
in November 2007. 

Operations of the DSTSF must ensure the following: 

 The basis of design remains valid and design criteria are being achieved; 

 Changes in the mine plan, milling throughput, and filtering operations are accounted for; and 

 Construction  planning  takes  into  consideration  restrictions  on  availability  of  construction materials 
and time of year construction requirements. 

The Mine Manager and the Construction Monitors are responsible for overseeing the general construction 
of  the  DSTSF  with  the  support  of  the  geotechnical  and  environmental  consultants.    The  Construction 
Superintendent  is  in  charge  of  completing  day  to  day  tailings  placement  and  compaction  and  specific 
component projects as required. 

8.2  DSTSF Construction Plan 

8.2.1 Design Life Construction Plan 

The ultimate footprint of the DSTSF and the location of its components are presented in Figure 1.  Figure 2 
shows the instrumentation installed in the waste rock shell and Figure 3 presents the typical cross‐sections 
for the DSTSF. 

Based on Phase 2 mill  throughput, the ore reserves of the Minto Pit – Optimized Mine Plan, August 2007 
will be mined in the second quarter of 2011 and milled by the end of the first quarter of 2012. 

8.2.2 Annual Construction Plan 

Minto  anticipates  placing  572,500  dry  tonnes  of  tailings  in  the  DSTSF  in  2011.    Table  10  details 
construction completed to date and Minto’s plans for the ongoing construction of the DSTSF. 

 



OPERATIONS, MAINTENANCE, AND SURVEILLANCE MANUAL – DRY STACK TAILINGS STORAGE FACILITY, MINTO MINE, YT 

EBA FILE: W14101068.001 | JANUARY 2011 | ISSUED FOR USE 

 

 18 

OMS Manual - DSTSF - Minto Mine - Rev 2011-1 IFU 

Table 10 Annual Construction Plan 
Year Details 
2007 Starter bench and drainage blanket constructed from Sta. 0+000 to 0+415.  The 75 mm filter material on the 

upstream slope is still required from Sta. 0+290 to 0+415. 
Finger drains within west portion constructed. 
Tailings placement between Sta. 0+000 to 0+280 south of the drainage blanket. 

2008 Ground surface preparation in the winter of 2008 for construction of the starter bench, drainage blanket, 
finger drains and 2008 tailings placement area. 
Lifts 1 and 2 of the toe berm were completed. 
Work resumed on finger drains 1, 2, and 3. 

2009 Lifts 3 thru 6 of the toe berm were completed. 
Construction of finger drains 2 and 3 were completed. A fourth finger drain was added to catch water East of 
finger drain 3.  
The diversion ditch was constructed above the DSTSF to catch and convey water away from the DSTSF.  
The drainage blanket on the Eastern portion of the DSTSF was constructed 

2010 Lift 7 of the toe berm was constructed 
A lined ditch was constructed to convey the water captured in the diversion ditch away from the DSTSF. 

2011 Commencement of reclamation efforts.  Ongoing review of proposal to place tailings into main pit. 
Construct Lift 8 of the toe berm. 
Extend and remediate the diversion ditch above the DSTSF. 

8.2.3 Contingency Plan 

Daily monitoring and observational approaches are expected to  forewarn of potential adverse conditions 
that may be a result of thaw induced deformation.  These include, but are not limited to, excessive tension 
cracking on the construction surface, visible slope deformation on the downstream sideslope of the waste 
rock  shell,  and scarping on  the  construction  surface,  and monitoring of  instrumentation.   These kinds of 
observations would  trigger geotechnical  engineering  support  and  increased measurement  frequencies of 
the instrumentation.   

Severity  triggers  are  not  easily  defined,  and  therefore  any  conditions  and/or  trends  observed  to  be 
uncharacteristic would be handled with urgency to seek a better understanding of risk.  Once the risk has 
been defined, appropriate steps can be engineered and implemented to rectify any nonconformance.  

8.3  DSTSF Construction Components 

8.3.1 Starter Bench and Drainage Blanket 

8.3.1.1  Ground Surface Preparation 

Surface  preparation within  the  starter  bench  and  drainage  blanket  footprint  is  limited  to  the  sequential 
flattening  and  removal  of  trees.    This  must  be  completed  in  the  winter  with  the  standing  trees  being 
sheared off just above the ground surface.  Minimal disturbance to the ground surface is required to protect 
the underlying permafrost foundation material.   Trees that are  removed should be stockpiled (not burnt) 
and then placed against the toe of the starter bench, for additional permafrost preservation. 
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8.3.1.2  Material Composition and Placement 

The  starter  bench  and  drainage  blanket  are  constructed  with  select  waste  rock  material  from  the 
development  of  the  open  pit.    The  drainage  blanket  is  then  covered  with  75  mm  filter  material  or 
equivalent to act as a separator between waste rock material and overlying tailings.  This material will act 
as  a  filter  for  the  tailings  and  restrict  it  from  infiltrating  the  coarser waste  rock material.    The  use  of  a 
properly bedded heavy‐weight nonwoven geotextile may be used in lieu of the 75 mm filter material.  The 
starter bench does not require a filter material as the waste rock shell will be constructed above it, which is 
comprised of the same waste rock material. 

The waste  rock material  is  specified  to have a nominal  size of  300 mm, and  the  fines  (< 0.080 mm sieve 
size) content must be less than 5% by weight.  The maximum particle size allowed is 1.0 m, or as approved 
by the Engineer.  It should be placed and compacted in maximum 1.5 m lifts.  Compaction of this material is 
achieved by routing heavy equipment  (i.e., haul  trucks,) evenly over each  lift.   A minimum of 5 passes  is 
recommended.    This material must  be  placed  in  a manner  that will minimize  segregation  or  nesting  of 
coarse  particles.    The  effectiveness  of  this  construction  technique  will  be  evaluated  in  the  field  by  the 
Geotechnical  Engineer  and  changes  to  the  construction  procedure  will  be  made  as  required.    Boulders 
greater than 750 mm size should be removed from the fill as much as practically possible and pushed to the 
slope face. 

The 75 mm filter material must be well‐graded sand and gravel with a 75 mm maximum aggregate size and 
a fines content (< 0.080 mm sieve size) limited to 15%.  The recommended gradation for the filter material 
is shown in Table 11, or other materials as approved by the Engineer. 
 
Table 11 Recommended Gradation of 75 MM Filter Material 

Sieve Size (mm) % Passing by Mass 
75.0 100 
25.0 65 – 100 
12.5 50 – 100 
5.0 35 – 90 

0.825 17 – 50 
0.425 10 – 35 
0.160 2 – 23 
0.080 0 – 15 

 

The 75 mm filter material is to be placed in maximum lift thicknesses of 300 mm, with each lift compacted 
at existing moisture content to approximately 95% of MDD. 

8.3.2 Surface Water Diversion Berms 

8.3.2.1  Ground Surface Preparation 

Surface  preparation  within  the  surface  water  diversion  berm  footprint  is  limited  to  the  sequential 
flattening  and  removal  of  trees.    This  must  be  completed  in  the  winter  with  the  standing  trees  being 
sheared off just above the ground surface.  Minimal disturbance to the ground surface is required to protect 
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the underlying permafrost foundation material.   Trees that are  removed should be stockpiled (not burnt) 
outside the berm footprint. 

8.3.2.2  Material Composition and Placement 

The  200 mm material  will  be  used  to  construct  the  surface  diversion  berms.    It must  be  a well‐graded 
material  with  a  nominal  200 mm maximum  aggregate  size  and  a  fines  content  (< 0.080 mm  sieve  size) 
limited to about 15%, or as approved by the Engineer. 

The 200 mm filter material for surface water diversion berms should be placed in maximum lift thicknesses 
of 400 mm and each lift compacted to approximately 95% of MDD. 

Note  that  the  surface water  diversion  berm was  not  constructed  to  the  general  specifications  provided 
above and will require modifications to provide surface water diversion for operations as per Section 8.6.   

8.3.3 Airstrip Road South Diversion Ditch 

The airstrip road diversion ditch was constructed in 2006 and will only require event‐driven maintenance 
throughout the design life of the DSTSF. 

8.3.4 Finger Drains 

8.3.4.1  Ground Surface Preparation 

Surface preparation within the finger drain footprint was limited to the sequential flattening and removal 
of trees.  This was completed in the winter with the standing trees being sheared off just above the ground 
surface.   Minimal  disturbance  to  the  ground  surface was  observed  to  protect  the  underlying permafrost 
foundation material.   

8.3.4.2  Material Composition and Placement 

The finger drains were constructed with select waste rock material from the development of the open pit 
and  then  covered with  75 mm  filter material  (residuum) which  acts  as  a  separator  between waste  rock 
material and the overlying tailings.  This filter material acts as a filter for the tailings and restricts it from 
infiltrating the coarser waste rock material.   

The  finger  drain material  was  selected  to  promote  free  draining  and  is  a  nominal  size  of  300 mm.    To 
facilitate proper drainage, the fines (< 0.080 mm sieve size) content was kept to less than less than 5% by 
weight.   

The finger drain material was placed and nominally compacted to ensure rock‐on‐rock contact, as directed 
by the Geotechnical Engineer.  This material was placed in a manner that minimized segregation or nesting 
of coarse particles.   

The 75 mm filter material was tested and found to be well‐graded sand and gravel with a 75 mm maximum 
aggregate size and a fines content (< 0.080 mm sieve size) limited to 15%.  The recommended gradation for 
the filter material is shown in Table 10 (above).  

The 75 mm filter material was placed with a maximum lift thicknesses of 300 mm. 
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8.3.5 Waste Rock Shell 

8.3.5.1  Ground Surface Preparation 

Ground surface preparation is not required for the waste rock shell as it is founded on the starter bench. 

8.3.5.2  Material Composition and Placement 

The waste  rock  shell  is  constructed with  select waste  rock material  from  the  open  pit  development.    A 
300 mm  layer  of  75 mm  filter material was  placed  on  the  inside  of  the waste  rock  shell  on  the  tailings 
sideslope to act as a separator between waste rock material and tailings.   This filter material will act as a 
filter for the tailings and restrict it from infiltrating the coarser waste rock material.   

The waste rock material as specified has a nominal size of 300 mm, with the fines (< 0.080 mm sieve size) 
content being less than 5% by weight.   The maximum particle size is less than 1.0 m.   Compaction of this 
material was achieved by routing heavy equipment (i.e., haul trucks,) evenly over each lift.    This material 
was placed in a manner that minimized segregation or nesting of coarse particles.   

The 75 mm filter material used is well‐graded sand and gravel with a 75 mm maximum aggregate size and 
a fines content (< 0.080 mm sieve size) limited to 15%.  The recommended gradation for the filter material 
is shown in Table 10 (above), or other materials as approved by the Engineer.  

The 75 mm filter material should be placed in maximum lift thicknesses of 300 mm. 

8.3.6 Tailings Stack 

8.3.6.1  Ground Surface Preparation 

Surface preparation within  the  tailings  footprint,  excluding  the drainage blanket area, was  limited  to  the 
sequential flattening of trees.  This was completed in the winter with the standing trees being sheared off 
just  above  the  ground  surface.    Minimal  disturbance  to  the  ground  surface  was  adhered  to  in  order  to 
protect the underlying permafrost foundation material. 

8.3.6.2  Material Composition and Placement 

The  composition  of  the  tailings  is  subject  to  the  milling  and  filtering  processes.    Milling  operations, 
particularly  the  ore  crushing  and  grinding  system,  are  not  subject  to  dramatic  changes;  therefore,  the 
particle  size  distribution  of  the  tailings  is  fairly  consistent.    Any  planned  changes  to  the  grinding  will 
continue  to  be  monitored  closely  against  tailings  particle  size  distribution,  moisture  content,  and 
compaction performance.  The filter system is to produce the dry stack tailings to have a solids content of 
83% for the solid‐water mixture when delivered to the DSTSF. 

The tailings should be placed in maximum lift thicknesses of 500 mm and should be adjusted based on the 
condition of the material and the size of the packer being used.  Each lift is to be compacted to no less than 
95% of MDD.   
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8.3.7 Reclamation Material 

8.3.7.1  Ground Surface Preparation 

No ground surface preparation is required prior to the placement of the reclamation material. 

8.3.7.2  Material Composition and Placement 

The reclamation material will comprise select overburden material sourced during open pit development.  
It must  provide  a  suitable  growth medium  for  revegetation.    Some  reclamation material  to  be  used  for 
progressive  reclamation  of  the  DSTSF  is  currently  stockpiled  between  the  ore  stockpiles  and  the 
exploration camp on the downstream slope of the Airstrip Road. 

8.4  Equipment Used for Construction 

The mining contractor, Pelly Construction, will provide the necessary tools for all aspects of construction to 
achieve the design criteria of DSTSF.  Table 12 lists typical equipment employed in the construction of the 
DSTSF. 
 
Table 12 Construction equipment 
Unit Use 
Cat 990 Wheel Loader Loading tailings from stockpile at the tailings filter building into the haul truck 
Cat D6 LGP Dozer Spreading of construction material and construction of components 
Cat 740 Articulated Rock Truck Hauling tailings from stockpile to the DSTSF 
Cat 773 Rock Truck Hauling waste rock, 75 mm filter material, 200 mm material and reclamation 

material to the DSTSF 
Cat 573 Packer Packing placed tailings to achieve design criteria 
Cat 14G/16G Grader Clearing and  leveling lifts for general erosion control and snow removal 

8.5  Adverse Operating Conditions 

Potentially  adverse  conditions must  be  accounted  for  in  the  operation  of  the  DSTSF.    These  conditions, 
along with mitigative measures of dealing with them, are as follows. 

 High Rainfall 

− Erosion control – grade control and compaction of tailings stack during construction to seal lifts and 
prevent pooling of water. 

− Compaction – may require drying out material prior to achieving compaction.   At the discretion of 
the  Geotechnical  Engineer,  material  requiring  additional  compactive  effort  will  be moved  to  less 
critical areas of the DSTSF; i.e. south portion of the placement area away from the ultimate tailings 
slope, if required. 

 High snow accumulation 

− Removal prior to lift placements. 

− Snow dumps will be sited to minimize any erosional impacts during thaw conditions.  
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 Freezing temperatures 

− Location of placement –  south portion of placement area away  from the ultimate  tailings slope as 
compaction prior to freezing problematic. 

− Compaction – must be completed prior to the tailings freezing 

 Tailings Characteristics (higher moisture) 

− Location of placement – south portion of placement area away from the ultimate tailings slope 

− Compaction – may require drying out material prior to achieving compaction.   At the discretion of 
the  Geotechnical  Engineer,  material  requiring  additional  compactive  effort  will  be moved  to  less 
critical areas of the DSTSF; i.e. south portion of the placement area away from the ultimate tailings 
slope, if required. 

8.6  Surface Water Management 

Run‐on  surface  water  entering  the  DSTSF  is  managed  through  the  construction  of  the  surface  water 
diversion berm and the Airstrip Road diversion ditch. 

Surface water within the DSTSF is managed with the construction of a starter bench, drainage blanket, and 
finger drains, and ensuring the tailings stack is graded to reduce the potential of surface erosion and direct 
any surface water to areas in which it can drain away from the facility. 

Any surface water that does enter the DSTSF is directed towards the toe berm where it is then pumped on 
top of the waste rock shell and allowed to filter through the residuum layer beneath.  In doing so, all water 
will report to the, not yet constructed, sump where it will be pumped up to the WTP. 

As  part  of  the  efforts  to  reduce  surface  runoff  from  entering  the  DSTSF,  Minto  will  be  upgrading  and 
extending  the  current  Tailings  Diversion  Ditch,  to  south  of  the  DSTSF.    Completion  of  construction  is 
expected before freshet 2011. 

8.7  Environmental Protection 

It  is  every  employee’s  responsibility  to  report  a  suspected  spill  or  uncontrolled  release  event  to  their 
supervisor.   This  includes suspicious flows of water out of the area, escaping tailings, turbid creek water, 
etc.   The significance of multiple sets of eyes  is  that  time plays a critical role  in mitigating an emergency 
situation. The sooner appropriate persons can begin to correct  a situation, the less  likely  it  is that severe 
effects will follow. 

Given  that  the  tailings  are placed  in  an unsaturated  state  and  filter materials  are  a part of  the design  to 
restrict  the  tailings  from  transport,  it  is  not  likely  that  any  tailings  will  be  released  from  the  DSTSF.  
Although unlikely, any tailings that are released from the DSTSF would eventually report to the pond above 
the Water Retention Dam. 
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8.8  Health, Safety, and Security 

The  Minto  Mine  is  located  in  a  remote  setting  approximately  240  km  northwest  of  Whitehorse  and  is 
accessed either by land via the North Klondike highway and the  radio controlled Minto access road or by 
air.   Access by land requires crossing the Yukon River; this  is completed by barge in the summer and ice 
road in the winter.  For a short time in the spring and fall, land access is not possible because neither the ice 
road nor barge is available for use.  The mine site is not subject to general public traffic. 

Access roads from the mill site to and around the DSTSF are shown on Figure 1. 

Established communication throughout the mine site and the DSTSF consists of a VHF radio. 

All personnel working at the DSTSF, including contractors, are to have an appropriate understanding of the 
OMS manual and their respective roles and responsibilities.   It is the role of the specific supervisor of the 
personnel to ensure this is the case.  In addition to the general understanding of the OMS manual, it is the 
responsibility  of  all  personnel  involved  in  the  construction  of  the  DSTFS  to  be  continually  vigilant  of 
changes reflecting facility performance.  Anything observed to be outside of normal operating parameters, 
as outlined in this manual, are to be reported immediately to the Mine Manager. 

The tailings materials themselves contain trace amounts of reagents added in the milling process.   These 
reagents include, but may not be limited to, Flomin F500 (frother), AE4270 (polymer), AE4330 (polymer) 
and C3505 (better known as PAX).  As a general precaution, it is recommended that any worker handling or 
coming  into contact with  the  tailings wash  there hands prior  to  ingesting any  food.   Further  information 
regarding  these  reagents  is  available  in  the  MSDS  compilations  found  around  site  and  in  the  Mine 
Manager’s office. 

Workplace safe operating procedures will be in place for those working in the area. 

8.9  Documentation 

Table  13  identifies  the  overall  responsibilities  for  operational  record  keeping  completed  by  Minto 
personnel: 
 
Table 13 DSTSF Operations Documentation 

Task Responsible Party Information Recipients 
Daily Dry Tailings Production Completed by Mill Operations –under 

Mill Superintendent 
Mine Manager – copy; 
Minto Mill Engineering Server 

Daily Construction Activity Construction Superintendent Mine Manager – copy; 
Original with Pelly Construction 

Daily Check Sheet Completed by Construction Monitor Mine Manager – copy; 
Minto Mine Engineering Server 

Monthly Placement As built Completed by Construction Monitor Mine Manager – copy; 
Minto Mine Engineering Server 

Instrumentation Data Completed by Construction Monitor Mine Manager – copy; 
Minto Mine Engineering Server 

Construction Photographs Completed by Construction Monitor Mine Manager – copy; 
Minto Mine Engineering Server 
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All consultants’ reports are retained in the Mine Manager’s files. Consultants’ reports include, but are not 
limited to: 

 Particle size distribution testing for construction materials; 

 Moisture density relationship testing for construction materials; 

 Density testing on placed tailings; and 

 Water quality monitoring. 

8.10  Reporting 

Any  observations  through  the  daily  monitoring  of  the  facility  that  identify  significant  change  in  the 
condition of the facility, or that the design criteria are not being achieved should be reported to the Mine 
Manager, the facility designer, and the geotechnical consultant.  This includes the Tailings Diversion Ditch 
and the Waste Rock Shell. 

Changes  to  the  ongoing  operations  of  the  DSTSF  should  be  reported  to  the  facility  designer  and  the 
geotechnical consultant. 

Any  environmental  changes  to  the  DSTSF  should  be  reported  to  the  Environment  department  and  the 
General Manager. 

9.0  MAINTENANCE 

9.1  Objective 

The objective of the maintenance program is to maintain the DSTSF in accordance with all the performance 
criteria, legislative requirements, Minto company standards, and sound operating practices. 

Maintenance  for  the DSTSF  is  limited  to  the heavy equipment used  for  the ongoing construction and  the 
DSTSF components themselves.  Maintenance of the heavy equipment could consist of routine, predictive, 
and event‐driven maintenance and will be managed by the Construction Superintendent.  Maintenance for 
the DSTSF components is strictly event‐driven maintenance and will result from inspections completed by 
the Construction Monitor, Mine Manager, or the geotechnical consultant. 

9.2  Maintenance Procedures 

A preventive maintenance program is in place for the heavy equipment used by the contractor at the DSTSF 
under  the direction of  the Construction Superintendent.   This program  is  the direct  responsibility of  the 
contractor.  Event‐driven maintenance for the heavy equipment would be due to breakdowns or incidents.  
Whether  a  piece  of  equipment  is  down  due  to  preventive,  routine,  or  event‐driven maintenance,  other 
equipment on site can be made available for use at the DSTSF as required. 

Event‐driven maintenance to the DSTSF components will be directed by the Construction Monitor or Mine 
Manager  under  the  consultation  of  the  facility  designer  and  geotechnical  consultant.    The  actual 
maintenance program completed will depend on the severity of the occurrence. 
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9.3  Documentation 

Record  keeping  and  documentation  of  any  heavy  equipment  maintenance  is  the  responsibility  of  the 
Construction Superintendent. 

Event‐driven maintenance  for  a  DSTSF  component  is  the  responsibility  of  the  Construction Monitor.    It 
involves  completing  inspection  reports  and,  depending  on  the  severity  of  the  event,  may  involve  the 
geotechnical  consultant.    Documentation  of  any  maintenance  completed  will  be  used  to  assess  the 
performance  of  the  specific  component  and  determine whether  the  design,  operation,  or  surveillance  of 
that component must be adjusted. 

9.4  Reporting 

Reporting of any heavy equipment maintenance is limited to a specific request by the Mine Manager to the 
Construction Superintendent. 

Inspection  reports  and  any  other  documentation  regarding  event‐driven  maintenance  for  a  DSTSF 
component should be submitted to the facility designer and geotechnical consultant to determine whether 
any adjustments to the design, operation, or surveillance are required. 

10.0  SURVEILLANCE 

10.1  Objective  

Surveillance  involves  inspection  and  monitoring  of  the  operation,  structural  integrity,  and  safety  of  a 
DSTSF, and must be consistent with the life cycle and regulatory requirements of the facility.  Surveillance 
of the DSTSF consists of both routine and event‐driven activities. 

Key surveillance parameters and procedures must be identified for: 

 Monitoring the operation, safety, and environmental performance of the DSTSF; 

 Promptly  identifying and evaluating deviations  from expected behaviour that affect operation safety, 
structural integrity, and environmental performance of the facility; and  

 Reporting significant observations for response. 

The DSTSF surveillance program will continue to evolve as the  facility changes  in design or performance 
criteria, site conditions and/or the operation it is accommodating. 

All  personnel working  at  the DSTSF will  be  involved  in  surveillance  as  a  routine  part  of  daily  activities, 
maintaining visual awareness of the facility in the course of their regular and/or routine duties, in addition 
to surveillance‐specific site engineering,  instrument monitoring, analysis,  inspection, periodic review and 
oversight. 

Regular inspections assisted by the eyes of all site personnel ensures continued integrity and performance 
of the facility.  Outside consultants will also be on site periodically inspecting the facility as part of a regular 
program of expert review. 
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10.2  Responsibility 

A number of personnel conduct routine inspections of the DSTSF.  The Construction Monitor, or designated 
replacement,  is  assigned  the  responsibility  of  obtaining  the  monitoring  information  and  preparing  a 
monthly report for the facility designer and geotechnical consultant to review.  

10.3  Surveillance Parameters 

Key parameters of surveillance are identified through identifying and describing potential failure modes of 
the DSTSF.   

Visual observations of the DSTSF can indicate potential failure modes such as: 

 Surface – cracking, bulging, depressions, sink holes; 

 Seepage – new seepage areas, changes in seepage areas; 

 Turbid water in the natural drainages around or downstream of the facility; 

 Water or tailings flowing down the stack indicating improper grading; and 

 A failure or breach of a component of the facility. 

Routine monitoring for ensuring facility performance include: 

 Checking for settlement or holes in embankment crest or benches; 

 Checking for holes on the surface of the tailings indicating possible piping of material to outside; 

 Measuring piezometer pore pressures in the foundation soils during operation; 

 Measuring ground temperatures using cables in the foundation soils during operation;  

 Surveying DSTSF components – displacements of waste rock shell and/or survey monuments; 

 Water sampling of Minto Creek – quality in surrounding and downstream Minto Creek; and 

 Recording weather conditions. 

These parameters are further described in the following sections. 

10.4  Surveillance Procedures 

Table 14  summarizes  surveillance  requirements  for  the  components of  the DSTSF as detailed  in Minto’s 
letter “QML‐0001 – Minto Mine Tailings Management Plan, Additional Information” dated March 15, 2007.  
These surveillance requirements are  the  licensed monitoring requirements and conditions  regarding  the 
tailings presented in Minto’s Quartz Mining and Water Use licences. 
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Table 14 Operational Monitoring Schedule for DSTSF 
Frequency   Provision Source/Location Personnel   Scope   Deliverable   

Periodically 
During 
Construction 

EBA Design 
Report and 
Quality 
Assurance 
Program 

Entire Facility 
Engineering 
Supervision 

Follow monitoring and 
inspection procedures 
in Quality Assurance 
Program 

Interim Reporting to 
Site Management 
with 
recommendations for 
construction process 

Daily 

WUL 
Application 
Table 10.2 – 
Operational 
Monitoring 
Program  

Structure of the 
tailings (toe, dam, 
tailings, etc.) 

Operational 
personnel   

Visual assessment of 
tailings, diversion 
ditches, dam, 
diversion berms, 
finger drains, 
condition of Minto 
Valley directly below 
the DSTSF 

Daily Log, included 
in annual report. 

Weekly 
WUL 
Application – 
5.2.9(d) 

Tailings final 
runoff 

Operational 
personnel 

Visual inspection for 
suspended solids and 
erosion evidence, at 
W-8 and W-8A 

Weekly, included in 
annual report. 

Weekly 
WUL 
Application – 
5.2.9(e) 

Diversion ditches 
Operational 
personnel 

Visual inspection for 
failures (possible or 
occurring) with more 
frequent checks 
during spring breakup 
period 

Weekly, included in 
annual report. 

Daily 

WUL – Section 
66 and WUL 
Application 
5.2.9(a) 

Tailings Material 
Operational 
personnel 

Record tailings 
moisture content 

Daily Log, included 
in annual report. 

Daily 
WUL Appendix 
6 ABA Test 
Program 

Tailings Solids 
ABA Testing 

Operational 
Personnel 

Split a 200-500 g 
sample from the daily 
24-dried, metallurgical 
composite sample 
and retain in a plastic 
bag 

Send a composite 
sample once per 
month to an 
accredited 
laboratory, as per 
Appendix C – 
evaluate results 

Weekly 
EBA Update 
Report 

Slope 
Inclinometers 

Operational 
Personnel 
(Engineer 
review) 

Record readings and 
submit to Engineer for 
review 

Results included in 
annual report. 

Monthly 
(May – Oct) 
Monthly 
(Nov – Apr)  

EBA Design 
Report 

Vibrating Wire 
Piezometer 

Operational 
Personnel 
(Engineer 
review) 

Record readings and 
submit to Engineer for 
review 

Results included in 
annual report. 



 OPERATIONS, MAINTENANCE, AND SURVEILLANCE MANUAL – DRY STACK TAILINGS STORAGE FACILITY, MINTO MINE, YT 

 EBA FILE: W14101068.001 | JANUARY 2011 | ISSUED FOR USE 

 29 

OMS Manual - DSTSF - Minto Mine - Rev 2011-1 IFU 

Table 14 Operational Monitoring Schedule for DSTSF 
Frequency   Provision Source/Location Personnel   Scope   Deliverable   

Monthly 
EBA Design 
Report 

Ground 
Temperature 
Cable 

Operational 
Personnel 
(Engineer 
review) 

Record readings and 
submit to Engineer for 
review 

Results included in 
annual report. 

Monthly 
EBA Design 
Report 

Settlement 
Monument Survey 

Qualified 
Surveyor 
(Engineer 
review) 

Record elevations and 
submit to Engineer for 
review 

Results included in 
annual report. 

Monthly 
EBA Design 
Report 

Tailings Deposit 
Operational 
Personnel 

Confirm design 
moisture content 
density is being 
achieved 

Results included in 
annual report. 

Monthly 

WUL 
Application 
Table 10.2 –  
 
Operational 
Monitoring 
Program 

Tailings Seepage 
Operational 
Personnel 

Sample and lab 
analysis of tailings 
supernatant, inspect 
for seepage, estimate 
flow – at W8 regular 
sampling location 

Representative 
samples shall be 
collected for 
laboratory analyses 
according to Set A1 
requirements 
outlined in the WUL.2 

Quarterly 

WUL 
Application 
5.3.5  and 
License 
Appendix 6 ABA 
Test Program 

Pit and Borrow 
Sources 

Operational 
Personnel 

ABA sampling and 
testing of potential 
material to be used for 
the construction of the 
starter bench/access 
road 

Non-acid-generating 
material will be used 
as construction 
material for the 
tailings deposition 
area.2 

Bi-annually (on 
or about June 
1 and 
November 1) 

WUL 
Application – 
5.2.9(b) 

Tailings Disposal 
Basin  

Qualified 
surveyor 

A surface profile of 
the tailings along the 
centre line of the 
tailings disposal basin  

Map and written 
description of 
profile.2 

 Annually 
QML – Section 
9.3.2 

Tailings Disposal 
Basin  

Professional 
engineer 
licensed to 
practice in the 
Yukon  

Thorough visual 
assessment and 
physical inspection of 
the tailings, review of 
monitoring data to 
confirm design 
assumptions, 
preparation of 
inspection report   

Representative 
samples shall be 
collected for 
laboratory analyses 
of grain size 
distribution, densities 
and moisture 
content.2 
 
Submission of 
inspection report. 
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Table 14 Operational Monitoring Schedule for DSTSF 
Frequency   Provision Source/Location Personnel   Scope   Deliverable   

Annually 

WUL – Section 
67 and WUL 
Application 
5.2.9(c) 

Centreline of 
Tailings 

Operational 
personnel 

Full depth of tailings 
will be sampled at four 
stations along the 
centreline. 

Samples will be 
checked in the field 
for the presence of 
frozen tailings.  
Screen analyses will 
be done in the 
laboratory as a 
check on the 
homogeneity of the 
tailings and densities 
and moisture 
contents will be 
determined.2 

Notes:  
1 Set A - water quality analysis includes physical parameters, anions, nutrients, dissolved metals, total metals, and total 

suspended solids (Table 10.2 - WUL Application) 
2 All results from the operation monitoring schedule will be included in the annual report to the Water Board 

10.5  Adaptive Management 

Fundamental  to  successful  adaptive management of  the  tailings production,  handling  and placement  are 
triggers for management action.  If the tailings handling and deposition is not meeting critical performance 
objectives  according  to  specific  conditions within either  the WUL or  the QML,  the Mine Manager will  be 
expected to follow Table 15 for appropriate corrective action.  Close monitoring of the performance of the 
DSTSF will be critical in determining if and when action will be required.   

 
Table 15 Triggers and Actions under Adaptive Management for Tailings Management 

Provision Monitored Item Triggers/Thresholds Action 

EBA Nov. 2010 Inclinometers Acceleration of Movement 

 Engineer will review existing inclinometer 
data 

 Engineer will conduct a site visit and 
determine if tailings placement and/or 
construction plan requires modification 

 Monitoring and review will be increased to 
daily until determined unnecessary. 

 Engineer will determine if additional 
instrumentation is required.  

 Engineer will complete analysis of mitigative 
measures should exceedance continue. 
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EBA March 2007 

Vibrating Wire 
Piezometers 
DSP-3A, DSP-3B, 
DSP-4A, DSP-4B 
 

Tip @ 1.0 or 1.7 m depth - 
Porewater pressure 
parameter (Ru) exceeds 
0.4 

 Engineer will review existing piezometer 
data 

 Engineer will conduct a site visit and 
determine if tailings placement and/or 
construction plan requires modification 

 Monitoring and review will be increased to 
daily until determined unnecessary. 

 Engineer will determine if additional 
instrumentation is required.  

 Engineer will complete analysis of mitigative 
measures should exceedance continue. 

EBA March 2007 

Ground Temperature 
Cables 
DST-3, DST-4,  
DST-6, DST-7 

Temperature > 0°C at 1.5 
m depth 

 Engineer will review temperature data. 

EBA March 2007 

Ground Temperature 
Cables 
DST-3, DST-4,  
DST-6, DST-7 

Temperature > 0°C at 2.0 
m depth and greater 

 Engineer will review existing temperature 
data 

 Engineer will conduct a site visit and 
determine if tailings placement and/or 
construction plan requires modification 

 Engineer will determine if additional 
instrumentation or analysis is required. 

 Engineer will complete analysis of mitigative 
measures should exceedance continue. 

 Minto to complete survey of area of interest 
to monitor any future displacement, if any. 

EBA March 2007 
Survey Monuments 
DSSH-1, -2, -5 to -12 

Displacements between 
150 and 500 mm in any 
direction 

 Engineer will review survey data. 
 Monitoring and review will be increased to 
bi-weekly until determined unnecessary. 

 Minto to complete survey of area of interest 
to monitor any future displacement, if any. 

 Engineer will determine if tailings placement 
and/or construction plan requires 
modification. 

 Engineer will determine if additional 
instrumentation is required. 
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EBA March 2007 
Survey Monuments 
DSSH-1, -2, -5 to -12 

Displacements greater 
than 500 mm in any 
direction 

 Engineer will review existing piezometer, 
temperature, and survey data. 

 Engineer will conduct a site visit and 
determine if tailings placement and/or 
construction plan requires modification. 

 Monitoring and review will be increased to 
semi-weekly until determined unnecessary. 

 Minto to complete survey of area of interest 
to monitor any future displacement, if any. 

 Engineer will determine if additional 
instrumentation is required. 

 Engineer will complete analysis of mitigative 
measures should exceedance continue. 

WUL – clause 47, 
revised for new 
tailings 
specification 

Tailings Material 
Moisture Content 

If tailings are less than 
82% solids by weight 

 Evaluate filter operations to determine 
methods to increase efficiency in collecting 
water from mill slurry 

WUL Physical 
Monitoring Program 

Diversion Ditches 
Presence of abnormal 
cracking or failure 

 Report to mine managers, take corrective 
action as required 

None Tailings Runoff 
Visible turbidity in runoff 
and/or excessive erosion 
evidence 

 Address runoff at source 
 Apply appropriate runoff, erosion or 
sediment control measures 

WUL Appendix 6 – 
ABA Test Program 

Tailings Solids ARD potential is indicated 
 Expand monitoring program  
 Conduct study of options to minimize acid 
generation 

WUL Application 
S.5.3.5 

Pit and Borrow 
Sources 
(Construction 
Material) 

ARD potential is indicated 
 Change source material and use material 
without ARD potential  

WUL Application - 
Section 5.2.10 (b) 

Tailings Surface 
Elevation 

Survey indicates >3 
m/season tailings 
placement  

 Stop tailings placement in that area. 
 EBA review ground temperature data and 
assess permafrost development. 

  
EBA determines not 
sufficient freezing in area 
with >3 m/y placement 

 Regrade and compact tailings to comply 
with maximum of 3.0 m depth criteria. 

 Re-survey/regrade/compact until tailings 
depth meets criteria. 

WUL Application - 
Section 5.2.10 (c) 

Tailings Cores along 
Centreline 

Tailings core 
characteristics not 
consistent with EBA’s 
Design Report thermal 
modeling 

 Re-evaluate thermal model against existing 
conditions. 

 EBA to re-assess implications to stability. 
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10.6  Documentation 

Routine  reporting  of  surveillance  results  is  essential  to  provide  time  to  make  adjustments  to  existing 
systems or to initiate Emergency Response Plans.  It is imperative that any unusual information (outliers) 
gathered  from  these  undertakings  be  communicated  to  the  facility  designer,  geotechnical  and/or 
environmental consultant. 

Document control is vital to ensuring the ongoing performance of the facility. The topic was presented in 
Section 3.0.  

Table 16 identifies the overall responsibilities for surveillance record keeping: 
 
Table 16 DSTSF Surveillance Documentation 

Task Responsible Party Information Recipients 
Weekly Check Sheet Completed by Construction Monitor Mine Manager – copy; 

Minto Mine Engineering Server 
Monthly Placement As-built Completed by Construction Monitor Mine Manager – copy; 

Minto Mine Engineering Server 
EBA – copy 

Instrumentation Data Completed by Construction Monitor Mine Manager – copy; 
Minto Mine Engineering Server 
EBA - copy 

Construction Photographs Completed by Construction Monitor Mine Manager – copy; 
Minto Mine Engineering Server 

ABA Testing Completed by Geology Dept Mine Manager – copy; 
Minto Mine Engineering Server 

Water Quality Monitoring Completed by Environmental 
Consultant 

Mine Manager and Yukon Water Board 
Original reports located with Manager of 
Regulatory and Corporate Affairs 

10.7  Reporting 

Observation  of  any  unusual  occurrence  should  be  reported  immediately  to  the  Mine  Manager,  facility 
designer, geotechnical, and/or environmental consultant.  Unusual occurrences include but are not limited 
to the following: 

 Triggers/Thresholds outlined in Table 14; 

 Any seismic event; 

 Settlement, cracks or slumping of the tailings stack; 

 Slope failure of any of the slopes; 

 Abnormal seepage from any of the slopes; 

 Increased or high turbidity flow from the finger drains; and  

 Damage to any component of the DSTSF. 
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All reports are to be maintained by the Mine Manager and filed  in a suitable format and location for easy 
access  by  authorized  mine  personnel,  and  for  review  by  government  agencies.    Annual  performance 
reviews will be copied to the regulatory agencies. 

The  requirements of  the  consulting  geotechnical  engineer,  other departments,  or  governmental  agencies 
may dictate certain items that require inspection, monitoring, or reporting. 

11.0  EMERGENCY PLANNING AND RESPONSE 

11.1  Minto Emergency Procedures 

The mine site has established procedures and response plans detailing in the following reports: 

 A report by Minto entitled “Minto Project Spill Contingency Plan”, submitted for the Type A Water Use 
License 1996, updated regularly and submitted with the QZ96‐006 Annual Report. 

 MSDS documentation for any material used within the DSTSF. 

These documents provide  the detailed plans on  actions  to  be  taken  in  case of  an  emergency.    They  also 
provide notification procedures. 

11.2  DSTSF Emergency Procedures 

Daily visual and routine instrumentation monitoring programs outlined in Tables 13 and 14 are expected 
to  forewarn  of  potential  adverse  conditions  to  the  DSTSF.      Triggers/Thresholds  presented  in  Table  14 
must be adhered to and reported on as outlined. 

The DSTSF has been designed to maintain its structural integrity throughout its operational life; however, a 
number of conditions can affect the performance of the DSTSF.   

11.3  Environmental Emergencies 

Environmental emergencies of various natures and their specific response procedures are outlined in the 
Minto Project Spill Contingency Plan.  This document includes immediate response procedures and follow 
up and notification measures appropriate to the particular nature of the emergency. 
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11.4  Key Contacts 

11.4.1 Minto Contacts 

General Number  Phone: 604.759.0860 
      Fax:  604.759.0861 

Chief Engineer:  Jason Nickel  Local 453 
      Cell: 250.574.1897 

Construction Monitor:  Barry Perreault  Local 442 

Environment Manager:  Colleen Roche  Local 462 
      Cell: 778.908.6463 

11.4.2 Facility Designer and Geotechnical Consultant 

EBA, A Tetra Tech Company – Whitehorse 

General Numbers:  Phone: 867.668.3068 
      Fax:  867.668.4349 

Project Manager:  Brian Cutts  Work:  250.505.4467 

Project Director:  Richard Trimble  Work:  867.668.2071 x222 
      Cell:  867.334.1640 

11.4.3 Regulatory Agencies 

Yukon Government – EMR, Mineral Resources Branch 
Contact: Joe Hanrath  Phone: 867.456.3884 
      Fax:  867.667.3193 

Yukon Water Board 
Contact: Carola Scheu, Manager  Phone: 867.456.3980 

11.4.4 Local Authorities 

RCMP / Fire / Ambulance – Carmacks  911 

11.4.5 Climatological Information 

Environment Canada Weather office (weather forecasts): http://weatheroffice.ec.gc.ca/canada_e.html 

Earthquakes Canada (earthquake information): http://earthquakescanada.nrcan.gc.ca/index‐eng.php 
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Figure 1 Overall Site Plan 

Figure 2 Site Plan Showing Instrumentation 

Figure 3 Section A 

Figure 4 Surface Drainage Sub-catchments 
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1.0  INTRODUCTION 
The Minto Project is a copper-gold deposit located about 240 km north of Whitehorse in 
the Yukon and is owned by Minto Explorations Ltd. (Minto).  The general location of the 
Minto Project is shown in Figure 1.  The deposit is being developed as an open pit mining 
operation and is currently in the construction phase with production targeted for mid 2007.  
EBA Engineering Consultants Ltd. (EBA) was retained by Minto to undertake the 
geotechnical design of the proposed “Dry” Stacked Tailings Storage Facility (DSTSF) and 
provide information for the development of the Tailings Management Plan to support a 
Quartz Mining License (QML-0001). The overall tailings management plan will be 
developed concurrently by Access Consulting Group (Access) and presented in a separate 
document.  EBA received approval from Minto to proceed with the geotechnical design of 
the DSTSF facility in November 2006. This report presents a summary of the findings and 
analytical work associated with the geotechnical design of the DSTSF. 

1.1  SCOPE OF WORK 
EBA’s scope of work was specifically the geotechnical design of the tailings facility, and did 
not include a detailed tailings deposition plan.  Drawings for construction will be prepared 
based on the design information presented in this report.   

2.0  BACKGROUND INFORMATION 
EBA developed the geotechnical design from the following background information: 

• A drawing supplied by Hatch, overall mine development consultants, entitled “General 
Tailings Process Flow Sheet No. 5” Drawing Number 100-10-005, Rev A; 

• A spreadsheet supplied by Hatch on December 6, 2006 detailing the tailings tonnages 
for year-1 through to year-8; 

• A spreadsheet developed by Access, the project environmental consultants on 
November 17, 2006 detailing the mine site meteorological data collected to date; 

• Four e-mailed documents supplied by Access on November 17, 2006 detailing past 
snow surveys; 

• Regional information supplied by Canadian Geological Survey Pacific Geosciences 
Centre on January 20, 2006 quantifying the risks associated with earthquakes; 

• A report by Hallam Knight Piesold entitled “Minto Creek Surface Hydrology Report” 
detailing mine site hydrology; and 

• A memorandum supplied by Access on December 4, 2006 entitled “Memorandum 
CCL-MC1” by Clearwater Consultants Ltd. detailing a mine site hydrology update. 
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In addition, EBA also used the following information from EBA’s files: 

• A 1995 report entitled “Geotechnical Design Tailings/Water Retention Dam” detailing 
previous geotechnical investigations and stability analyses; 

• A report entitled “1996 Geotechnical Drilling Program” describing previous 
geotechnical investigations; and 

• A 1996 report entitled “Minto Waste Rock Stability Evaluation” summarizing previous 
geotechnical investigations and stability analyses for the project site when it was being 
considered as the “south waste dump” in 1996. 

Background information has also been obtained from Hatch, Access Consulting, and Minto 
Explorations during the preparation of this document. 

3.0  MINE SITE LAYOUT 
The Minto Mine is located approximately 240 km northwest of Whitehorse and is accessed 
either by land via the North Klondike highway and Minto access road, as shown on 
Figure 1, or by air.  Access by land requires crossing the Yukon River; this is completed by 
barge in the summer and ice road in the winter.  There is a short period of time in the 
spring and fall that land access is not possible, as neither the ice road nor barge is available 
for use. 

The main infrastructural components of the mine comprise the Access Road, Open Pit, 
Process Plant, Accommodation Complex, Water Dam, Waste Rock Dump, Ice-Rich 
Overburden Dump, Airstrip and the “Dry” Stacked Tailings Storage Facility.  The locations 
of these components are depicted in Figures 1 and 2. 

This report focuses on the geotechnical design of the “Dry” Stacked Tailings Storage 
Facility (DSTSF) which occupies an area of approximately 0.4 km2 and is located southeast 
of the Process Plant as shown in Figures 2 and 3. 

4.0  TAILINGS PRODUCTION AND CHARACTERIZATION 

4.1  TAILINGS DISPOSAL ALTERNATIVES 
There are three methods for managing tailings waste from milled and processed ore in 
common usage.  The most frequent disposal process is to pump it as a slurry to a retention 
basin where the solids sediment into a pond with a cover of process water.  The pond 
bottom sediments generally have low shear strength and must be retained behind a tailings 
dam.  The solids to water mass ratio in the slurry is usually in the order of 40 to 50% 
therefore a high proportion of supernatant water must be managed at the disposal site.  
This disposal method is attractive for tailings that can produce acidic process water if they 
are exposed to air.  The adoption of a slurry tailings disposal method is contingent on site 
topography that can provide the large storage volumes required for both the solids and 
water produced.   
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More recent northern mining developments have favoured disposal processes that remove 
as much of the process water as practical in the mill before directing the product to the 
disposal basin.  This disposal method requires dewatering the tailings stream to a solids 
content in the order of 65% before deposition.  The material produced, sometimes referred 
to as “paste tailings”, is deposited in a smaller basin with minimal excess water to manage 
within the disposal facility.  The system lends itself to effective water management within 
the facility with the solids retained behind a filter dike that lets the free water pass to a 
downstream water dam.  This alternative is adaptable to mountainous regions where V-
shaped valley retention ponds with small available storage volumes require high dams to 
store the water quantities produced by a conventional slurry system.  In an arctic 
environment where formation of permafrost into the tailings deposit can simplify site 
reclamation, thickened tailings is a very attractive option because the lack of a water cover 
and higher deposition density enhances the freezing process. 

The dewatering process at the ore processing plant can be further enhanced to remove 
most free water from the tailings stream.  This is accomplished with either mechanical 
pressure filters or vacuum filters.  Tailings that are produced in this manner have the 
consistency of damp sand and can be handled and placed like construction material.  The 
handling and placement process is often referred to as “dry stacking”.  The benefits of such 
a system are that the material placement can be engineered to be self contained without a 
retaining structure.  Stability issues commonly associated with failure of tailings 
impoundments, such as dam failure and liquefaction, do not apply to an engineered stack 
system. 

The original concept for tailings disposal for the Minto mine (Robinsky, 1995) was to 
dewater the tailings at the mill to a paste consistency and place them hydraulically within the 
upper basin of Minto Creek.  The early testing showed that the tailings would flow at a 
slope of about 5% and that excess water would accumulate downstream behind the water 
dam.  In later years of the mine, some tailings solids were predicted to accumulate behind 
the water dam reducing the water storage capacity.  The project water license was issued 
based on the paste tailings deposition plan developed by Robinsky.  In order to comply with 
the conditions of the water license, the tailings would have to meet a minimum criterion for 
solids density in the slurry of 68% before deposition.   

A review by EBA in 2006 found that, this system, although theoretically possible for the 
site, introduced substantial risk from a practical operating perspective.  The test data 
showed that minor variations in slurry density from the design parameters would result in 
the material flowing downslope directly into the water reservoir behind the dam.  This 
would have serious consequences to the operation, therefore, an intermediate retention dam 
was proposed to ensure effective separation of the tailings solids from the process water.  
The addition of an internal tailings solids retention dyke was not in compliance with the 
water license.  Moreover, there were some technical and environmental advantages to 
further enhancement the water removal process by addition of pressure filters.  This would 
produce material that could be “dry stacked” and would be self-supporting.   The option 
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was attractive because it reduced the overall footprint of the deposition stack, removed 
tailings from Minto Creek and provided improved opportunities for progressive 
reclamation.  The design described in this report is predicated on the dry stack option in 
order to realize these important benefits and ensure compliance with the water license. 

 

4.2  TAILINGS PRODUCTION 
It is understood from the tailings flowsheet that flotation tailings will be transported by 
conveyor from the Process Plant to a location within the DSTSF at a solids content of 
about 83% by mass. The life of mine plan supplied by Hatch indicates that the total 
production of tailings will be in the order of 5,517,000 tonnes during the eight year mine 
life. The anticipated tailings production by year is presented in Table 1 below. 

TABLE 1:  ANTICIPATED TAILINGS PRODUCTION 
Year Production (tonnes) 

1 489,940 

2 766,960 

3 812,350 

4 824,930 

5 820,160 

6 836,690 

7 847,600 

8 118,330 

Total 5,516,950 

 

4.1  TAILINGS CHARACTERIZATION 
EBA undertook two separate laboratory programs to evaluate the geotechnical properties of 
a tailings sample provided by Minto.  The first program was completed in May 2006 and 
formed part of the feasibility study.  The second program was completed in November 
2006 to supplement the data required for the “dry” tailings stack design and tailings 
management plan. 

4.1.1 Initial Laboratory Testing Program May 2006 
Tailings samples were sent to EBA’s laboratory in Edmonton.  Initial sample preparation 
involved removing the supernatant water and combining the solids to form one composite 
sample.  Samples for the following testwork were sub-sampled from the composite sample. 
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The following tests were undertaken: 

• Particle size distribution (sieve and hydrometer analyses): ASTM D422; 

• Specific gravity determination: ASTM D854; 

• Atterberg limits: ASTM D423 and D424; and 

• Moisture density relationship (Standard Proctor): ASTM D698. 

4.1.1.1  Laboratory Test Results 
A summary of the laboratory test results is presented in Table 2.  The laboratory result 
sheets are attached in Appendix B. 

TABLE 2:  LABORATORY TEST RESULTS 
Type of Test Results 

Particle size distribution Clay: 6%, Silt: 35%, Sand 59% 

Specific gravity determination Specific gravity of solids: 2.79 

Atterberg limits Liquid Limit: 23, Plastic Limit: 16, Plasticity Index: 7 

Moisture density relationship 
Optimum moisture content: 17.5%, 

Standard Proctor Maximum Dry Density (SPMDD): 1685 kg/m3 
Note: The above tests report moisture content as a percentage ratio of the mass of water divided by the mass 
of dry solids, this is consistent with geotechnical engineering practice. 

4.1.2 Second Laboratory Testing Program November 2006 
The tailings sample was a sub-sample from the composite sample used originally in the 
initial testing.  However, it had been used for physical characterization testing by others 
between this testing program and the initial testing program.   

The following tests were undertaken on the tailings sample. 

• Particle size distribution (sieve and hydrometer analyses): ASTM D422. 

• Atterberg limits: ASTM D423 and D424. 

• Constant Head Permeability Test: ASTM D5084.  

• Direct Shear Test: ASTM D3080. 

4.1.2.1  Laboratory Test Results 
A summary of the laboratory test results is presented in Table 3 and the laboratory result 
sheets are attached in Appendix B. 
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TABLE 3:  LABORATORY TEST RESULTS 
Type of Test Results 

Particle size distribution Clay: 7%, Silt: 36%, Sand 57% 

Atterberg limits Liquid Limit: 20, Plastic Limit: 16, Plasticity Index: 4 

Constant head permeability test k = 9.65 x 10-8 m/s 

Direct Shear Test Peak Strength: θ´ = 35.1º, c´ = 11 kPa 

Note:  The above tests report moisture content as a percentage ratio of the mass of water divided by the mass 
of dry solids -- this is consistent with geotechnical engineering practice. 

 

4.1.3 Summary of Tailings Geotechnical Characteristics 
The above testing programs have found the tailings to typically comprise of approximately 
6% clay, 35% silt and 59% sand sized particles with a specific gravity of 2.79.  Two separate 
Atterberg Limit tests determined a Plastic Limit of 16%, the Liquid Limit ranged between 
20% and 23% and the corresponding Plasticity Index ranged between 4% and 7%. In 
geotechnical terms the tailings can be described as sand and silt, trace of clay. 

The Standard Proctor test determined an optimum moisture content of 17.5% at a 
maximum dry density of 1685 kg/m3.  Shearbox tests undertaken at an average density of 
1640 kg/m3 and average moisture content of 20% determined an internal angle of shearing 
resistance of 35.1º and a cohesion intercept of 11 kPa at peak shear strength.  At a density 
of 1640 kg/m3, the material was determined to exhibit a hydraulic conductivity of  
9.65 x 10-8 m/s. 

5.0  SITE CONDITIONS 

5.1  GENERAL SURFICIAL GEOLOGY 
Boreholes drilled within the plan area of the DSTSF have determined that overburden 
thicknesses may range up to 45 m based on exploration drilling. These deposits are thought 
to be an extension of an infilled valley which also passes through the southern end of the 
open pit.  The overburden soils generally comprise colluvial sediments of silt and sand with 
trace gravel, and thin out to the south and east of the DSTSF site. 

5.2  SURFACE FEATURES 
The DSTSF site is located over a gently sloping (about 3º to 10º) terrain, south of the mill 
buildings and Minto Creek.   

The terrain steepens to the south and southwest of the DSTSF.  The access road to the 
airstrip bisects these slopes upslope of the stack area.  A diversion ditch has been 
constructed along the upstream side of this road (see Figure 2). 
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The tailings facility area originally had sparse to locally dense tree cover, however the region 
was subject to a forest fire in 1995 that has resulted in areas of fallen trees with deciduous 
species regrowth. 

5.3  SUBSURFACE CONDITIONS 
Geotechnical information from previousl projects undertaken by EBA on or near the site 
was reviewed as part of this study.  This information was compiled during several studies in 
the mid 1990’s, typically for the design for the mill site, a waste rock dump originally 
proposed for the site and the water retention dam that remains an important part of the 
project. 

Eleven existing geotechnical boreholes, shown on Figure 3, (Nos. 94-G11, 94-G11A, 
94-G21, 96-G07 through 96-G13 and 96-G16) were drilled and sampled in the vicinity of 
the proposed DSTSF.  Five of these (Nos. 96-G07 through -G12 excluding -G10) are 
within the footprint of the facility.  Boreholes 96-G10, -G13, and –G16 were drilled within 
100 m of the west and northwest perimeter of the facility while boreholes 94-G11, -G11A 
and -G21 were drilled approximately 150 m to 250 m to the northeast.  The boreholes were 
drilled to depths ranging from 4.8 to 24.4 m.  The results from the laboratory and the field-
testing programs are shown on the borehole logs, where applicable.  The borehole logs 
along with the accompanying grain size distribution curves are presented in Appendix C. 

A ground temperature cable was installed to a depth of 12 m in Borehole 94-G11, 20 m in 
Borehole 94-G21 and 10 m in 96-G08 at the time of the investigations in 1994 and 1996. 
Temperature data was collected intermittently for the first year after installation.  These 
instruments are no longer serviceable but the available ground temperature data is presented 
with the appropriate borehole log in Appendix C. 

The geotechnical investigations indicate that the subsurface conditions generally comprise a 
thin veneer of peat and vegetation overlying a fine-grained silt or silt and sand overlying 
coarse-grained sand.  The exception is Borehole 94-G21 which noted a clay layer from 
ground surface to 18.9 m.   

The fine grained sand and silt is believed to be of colluvial origin while the coarser sand is 
considered to be a residual soil (residuum).  Throughout the mine site these residual soils 
grade into weathered bedrock.  The engineering characteristics of these overburden soils are 
discussed in Section 7. 

5.3.1 Groundwater 
No groundwater was reported in any of the boreholes drilled within the DSTSF, but is 
expected within the active layer during the summer and fall. 

5.3.2 Permafrost 
Permafrost was encountered in each of the boreholes drilled within the vicinity of the 
proposed DSTSF, at varying depths.  The maximum recorded active layer thickness was 
about 1.0 m in September 1996, directly under the DSTSF footprint. 
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The observed ice contents in the five boreholes (Nos. 96-G07 through -G12 excluding -
G10) within the footprint of the DSTSF typically ranged from Nbe to visible ice at 10% to 
20% of the total volume.  Two of the boreholes, 96-G09 and 96-G12, showed ice intervals 
of 1.5 and 4.0 m thick within the upper 10 m.  More detailed information is available in the 
borehole logs presented in Appendix C. 

Initial data from the ground temperature cable installed in 96-G08 indicated a relatively 
uniform ground temperature of close to -0.8ºC after equilibration with slight seasonal 
warming over the top 2 or 3 m.  The active layer depth was close to 1 m.  This cable could 
not be found in the summer of 2006 and may have been destroyed. 

Initial data from the ground temperature cables installed in 1994, 94-G11 and 94–G21, 
indicates similar temperatures as 96-G08 with a relatively uniform ground temperature of 
close to -0.8ºC at depth and seasonal warming over the top 5 m.  The active layer depth was 
up to 3 m in 94-G11 and 4 m in 94–G21 (these are on existing disturbed trails).  Readings 
from 2006 for 94-G11 indicate similar ground temperatures and active layer thickness.  
Cable 94-G21 has not been located to date. 

5.3.3 Bedrock 
Depths to bedrock (granodiorite) are indicated to range up to 45 m based on exploration 
borings drilled nearby.  Weathered bedrock outcrops are present within the vicinity of the 
airstrip, south of the upper reaches of the “dry” stack tailings facility.  There is no exposed 
bedrock within the proposed DSTSF.  The bedrock is considered too deep at this site to 
have any significant effect on the system design. 

6.0  DESIGN BASIS OF THE “DRY” STACKED TAILINGS STORAGE FACILITY 

6.1  TAILINGS VOLUME AND PROPERTIES 
The mine plan indicates that approximately 5,517,000 tonnes of tailings will be produced 
over an eight year period.  The tailings will be transported by conveyor to the DSTSF at 
83% solids and mechanically placed to form an engineered “dry” stack. The tailings material 
at 83% solids is equivalent to a gravimetric moisture content of 20%1.  Referencing this 
moisture content against the moisture density relationship detailed in Appendix C, the 
mechanically engineered tailings should achieve a density of 1,600 kg/m3 which is 
equivalent to 95% of the Standard Proctor Maximum Dry Density.  On this basis a storage 
volume of 3,758,000 m3 will be required to accommodate the 5,517,000 tonnes of tailings at 
a placed density of 1,600 kg/m3. 

Laboratory tests undertaken on samples of tailings material have characterised the material 
as a sand and silt, with a trace of clay, which generally exhibits the properties of a 

                                                      
1 Moisture content is the percentage ratio of the mass of water divided by the mass of dry solids -- this is 

consistent with geotechnical engineering practice. 
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cohesionless material.  On the basis that the tailings will be placed at a solids content of 
approximately 83% and a dry density of 1,600 kg/m3, little or no bleed water is expected to 
emanate from the tailings upon placement and compaction.  Accordingly, the tailings can be 
classified as a “dry” stackable material and will be in an unsaturated condition upon 
placement.  

It should be noted that at the above proposed tailings solid content of 83 % solids by 
weight exceeds the stipulated solids content of 67.5 % in terms of the Water Use Licence 
QZ96-006 issued by the Yukon Territory Water Board dated November 2005, reference 
paragraph 47. 

6.2  SITE AND ALIGNMENT SELECTION 
The tailings site was selected east of the Process Plant within the valley profile above the 
Minto Creek as shown in Figures 2 and 3 that will meet the storage requirement for 
3.8 million m3.  This particular site is in close proximity to the mill and minimizes potential 
impacts on Minto Creek.   

The DSTSF area covers an area of approximately 0.4 km2 and is designed to provide for 
storage and confinement of the tailings.  The toe of the stack is at an elevation of 
approximately 758 m, which has been designed to be above the flood level of Minto Creek 
and well above the reservoir level created by the water dam. The stack will have an outer 
slope of 4:1 (horizontal:vertical) or 14 degrees and a final stack crest elevation close to 
788.5 m.   The tailings will be up to 26 m deep in the central area of the DSTSF. 

6.3  TAILINGS “DRY” STACK CONCEPT 
“Dry” stacked tailings is a recognised method of tailings storage and has been used 
worldwide including an number of northern mining operations (e.g. Greens Creek Mine, 
Juneau Alaska, Raglan’s Mine in Northern Quebec and Pogo Gold Project near Delta 
Junction Alaska).  “Dry” stacked tailings essentially involves controlled and engineered 
placement of vacuum or pressure filtered tailings (sometimes referred to as filter cake) in 
layers to progressively form a stable stack of dense tailings.  “Dry” tailings is generally 
referred to tailings with a moisture content at or below the liquid limit however, this is 
somewhat dependant on the tailings material characteristics.  This method allows the 
storage of tailings in a dewatered and unsaturated form. In addition, “dry” stacked tailings 
also allow for progressive reclamation of the outer slopes of the tailings stack with 
increasing stack height. 

As summary of the advantage of “dry” stacking was presented on a report entitled 
“Examination of Revegetation Methodologies for Dry Stack Tailings in Northern 
Environments” published by the Mining Environmental Research Group, Government of 
Yukon (2003) and has been shown to have many long term geotechnical and environmental 
benefits. 
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3

Solids content of 83% for the soil-water mixture delivered to the facility;  

• 

6.4  MINTO “DRY” STACKING PLAN 
The DSTSF at the Minto Mine will include; an access road, tailings stack starter bench, 
slope drainage blanket, finger drains along existing valley drainages, and diversion berms for 
run-on surface water management.   

The tailings starter bench, constructed from waste rock, will provide a horizontal working 
bench on to which the initial tailings will be mechanically placed, spread and compacted in 
controlled lifts.  The tailings stack will be progressively developed using a bottom up 
construction approach and will eventually occupy the footprint area designated in Figure 2.   

Fundamental to the long term global stability of the stack is; controlled in situ density of the 
tailings following placement, encouraging seasonal frost penetration, and management and 
maintenance of the stack under-drainage and surface water diversion berms. 

6.5  DESIGN AND CONSTRUCTION CONSIDERATIONS 
The primary considerations for the design and management of the tailings stack are as 
follows: 

• Provide a geotechnically stable tailings stack at all stages of construction, with particular 
attention to permafrost and foundation conditions; 

• Surface water management and control to limit surface erosion and washing of the 
tailings into the water reservoir.  This must include management of both run-on water 
(i.e. water entering into the DSTSF) and run-off water (i.e. water captured within the 
DSTSF and directed out of the DSTSF); 

• Develop the facility in stages to encourage preservation of winter freezing within the 
stack and limit permafrost degradation from the foundation soils; 

• Incorporate field observation and performance monitoring of the stack.  During the 
initial stages of tailings placement this will enable review of design assumptions; 

• Account for winter operations, specifically, placement and compaction of the tailings 
and the water management system (surface water diversion berms and finger drains); 
and, 

• Consider available construction materials. 

The following basic criteria were adopted for the design of the tailings stack: 

• Design capacity of 5,517,000 tonnes placed at  an average bulk density of 1.6 t/m ; 

• Annual tailings production will range from approximately 490,000 to 848,000 tonnes for 
about eight years; 

• 

Placement and compaction of tailings occurs on a continuous basis;  
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• Compaction in 500 mm lifts to at least 95% Standard Proctor Maximum Dry Density 

(per ASTM D698); and 

• Maximum annual cumulative thickness of 3.0 m in any one area of the facility. 

7.0  TAILINGS STACK DESIGN 

7.1  LAYOUT AND GEOMETRY 
The trees within the footprint of the DSTSF will be sheared off above the root bulb during 
the winter and removed from the drainage blanket footprint.  Elsewhere under the stack the 
trees will be sheared off and flattened.  The tree clearing will be undertaken incrementally, 
thus clearing areas only required for the following year tailings placement with the view to 
maintaining the vegetation cover in the remaining areas to minimize potential degradation 
of the permafrost.  Initially tree clearing will be concentrated towards the toe of the DSTSF 
(i.e. towards the Minto Creek) in order to place and construct a 120 m wide by (minimum) 
1.5 m thick toe drainage blanket and a toe starter bench, details of which are shown in 
Figure 3.  These will be constructed of waste rock material overlain by a filter material, 
details of which are also shown in Figure 3.  Four finger drains have also been incorporated 
into the design to intercept existing seepage flows beneath and from the DSTSF, if any.  
Upon completion of the above, spreading and compaction of the tailings material will 
commence using a bottom up placement sequence.    

The stack will be a crescent shaped structure, following the contours of the slope, as shown 
on Figure 2.  The ultimate stack will have a crest elevation at 788.5 m and have a 4:1 
sideslope. The maximum thickness of the tailings stack will be in the order of 26 m. This 
stack will provide sufficient storage for the projected tailings tonnage on the basis of an in 
situ dry density of 1,600 kg/m3. 

7.2  THERMAL EVALUATION 

7.2.1 Analysis Methodology 
Thermal analyses were carried out to predict the permafrost response within the foundation 
soils. The thermal model was calibrated against the measured ground temperatures at the 
site.  Various cases with different assumed tailings placement rates and final heights were 
simulated.  Parametric and sensitivity studies for some cases were also conducted.   

Analyses were carried out using EBA’s proprietary two-dimensional finite element 
computer model, GEOTHERM.  The model simulates transient, two-dimensional heat 
conduction with change of phase for a variety of boundary conditions.  The heat exchange 
at the ground surface is modelled with an energy balance equation considering air 
temperatures, wind velocity, snow depth, and solar radiation.  The model facilitates the 
inclusion of temperature phase change relationships for soils, such that any freezing 
depression and unfrozen water content variations can be explicitly modelled.  The model 
has been verified by comparing its results with closed-form analytical solutions and many 
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different field observations.  The model has successfully formed the basis for thermal 
evaluations and designs of tailings dykes, dams, foundations, pipelines, utilidor systems, 
landfills, and ground freezing systems in arctic and sub-arctic regions. 

7.2.2 Parameters and Results 
Parameters and results from the thermal analysis are described in detail in the Technical 
Memo “Thermal Analysis of “Dry” Stacked Tailings Area” presented in Appendix D.  
Specific sections include climatic data, calibration, cases simulated, soil index and thermal 
properties, results and discussions, and air temperature sensitivities. 

7.2.3 Discussion 
The following conclusions and recommendations can be drawn from the thermal analysis 
results: 

• The minimum 1.5 m thick sandy gravel drainage blanket recommended for placement 
over the original ground to drain potential excess porewater should also provide benefit 
in limiting thaw penetration into the original ground due to tailings placement. 

• The predicted long-term tailings temperatures for tailings placement rates of 1.5 m/year 
and 3.0 m/year are colder than those for a tailings placement rate of 6.0 m/year.  
Therefore, it is recommended to limit the tailings placement rate to less than 3.0 m/year 
to promote freeze-back of the summer-placed tailings. 

• A thin initial summer-placed tailings layer would promote freeze-back during the 
following winter, and result in colder tailings/ground temperatures during later stages of 
the mine life. 

• Reduced snow cover will result in colder tailings/ground temperatures.  It is 
recommended that snow be regularly cleared off the tailings surface.  

• Snow will tend to accumulate on the lower area along the toe of the tailings perimeter 
slopes due to both natural snow-drifting and intentional snow-clearing from the tailings 
surface.  It is anticipated that a haul road will be constructed around the toe of the 
lower portion of the tailings perimeter slopes.  It is recommended that snow be 
regularly cleared off both the slope toe area and the road surface to promote deeper 
seasonal frost penetration into the original ground. 

• The long-term air temperatures at the Minto site may increase with time.  Sensitivity 
thermal analyses using estimated mean air temperatures indicate that the predicted thaw 
penetration into the original ground could be 0.1 m to 0.4 m deeper than that for the 
corresponding cases presented in Table 6 in Appendix D.  It is recommended that the 
air temperatures at the Minto site continue to be monitored over the life of the mine, to 
verify design assumptions. 

R01-1200173 DSTSF geotech_final.doc 



EBA File:  1200173  
 January 2007  
 13 
 

 
• It will be necessary to monitor the ground temperatures within and below the stack to 

predict permafrost response for refinement of placement methods and develop closure 
designs. 

7.3  STABILITY EVALUATION 

7.3.1 Analysis Methodology  
Limit equilibrium analyses were conducted to determine the factor of safety against slope 
failure during construction and maintenance of the stack.  All analyses were conducted 
using the commercially available two-dimensional, limit equilibrium software, SLOPE/W 
(Geo-Slope International Ltd., Version 5.17).  The principles underlying the method of limit 
equilibrium analyses of slope stability are as follows: 

• A slip mechanism is postulated; 

• The shear resistance required to equilibrate the assumed slip mechanism is calculated by 
means of statics; 

• The calculated shear resistance required for equilibrium is compared with the available 
shear strength in terms of factor of safety; and 

• The slip surface with the lowest factor of safety is determined through iteration. 

Factor of safety is used to account for the uncertainty and variability in the strength and 
porewater pressure parameters, and to limit deformations. 

Earthquake loading has been modeled using a pseudostatic peak horizontal ground 
acceleration. 

 

Stability analyses were carried out for a typical cross-section of the tailings stack.  The 
foundation at this location was inferred to be silt and sand with varying percentages of 
gravel, grading into residuum and weathered granodiorite bedrock at depth. 

The presence of permafrost with ground ice in the foundation soils will be a controlling 
factor in assessing stack stability.  It is the design intent to retain the permafrost within the 
foundation or at least slow the rate of regression to provide time for dissipation of pore 
pressure resulting from thaw.  There is a direct link between the predicted permafrost 
behaviour and the potential critical failure mechanisms.  It has been postulated, based on 
previous EBA experience, that some thaw at the base of the active layer will occur and that 
the shear strength acting along the thawed frozen interface will be a controlling factor in the 
stack design.  The focus of the stability analyses is therefore a deep failure plane cutting 
through the stack to a receding permafrost interface in the foundation soil.  The failure 
would then follow the potential weak layer and exit at the toe of the slope. 

Other shallow potential failure options have been considered but these are of minor 
consequence and are not considered a controlling mechanism.  For purposes of the limit 
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equilibrium analyses the underlying permafrost is considered much stronger than the 
unfrozen soil therefore the risk of shear failure through the frozen ground is slight.  The 
permafrost soil is warm and can deform or creep under a sustained load.  The potential for 
creep displacements occurring deep within the permafrost has not been specifically analysed 
as the distribution of ground ice within the soil is poorly understood at the site.  Creep 
displacements, if they were to occur would be identified in the deformation monitoring 
system and by manifestation of cracking in the slope.  These movements are slow, seldom 
resulting in substantial earth movement and there would be adequate time for mitigative 
measures such as construction of a downslope rock buttress. 

7.3.2 Design Criteria 
The guidelines for minimum design factor of safety have been adopted from the British 
Columbia Interim Guidelines for Investigation and Design of Mine Dumps (Waste Rock 
Design Manual).  

The design criteria adopted from the guidelines are included in Table 4. 

 

TABLE 4:  DESIGN FACTORS OF SAFETY 
Stability Condition Minimum Design Factor of Safety 

Long Term Stability 1.3 

Seismic (Pseudo-static) Stability 1.1 

 

The Waste Rock Design Manual recommends that seismic stability should be evaluated 
using pseudostatic horizontal accelerations that correspond to a 10% probability of 
exceedance in 50 years.  When work was originally undertaken on this project in the mid 
1990’s, the Canadian Geological Survey Pacific Geosciences Centre provided a value for the 
peak horizontal acceleration for the project site of 0.15 g.  An updated value for the site has 
been provided by the Pacific Geosciences Centre and the current peak horizontal 
acceleration that corresponds to a 10% probability of exceedance in 50 years is 0.055 g.  
The reasoning for the decrease in the peak ground acceleration provided by the Pacific 
Geosciences Centre is that seismic data collection has increased substantially in the Yukon 
in recent years.  A better understanding of ground motion and improved modelling has 
resulted in revised predictions, which are considered to be more accurate and representative 
for the project area. 

7.3.3 Material Properties 
The material properties chosen for the tailings stack and foundation materials in the stability 
analyses are presented in Table 5.  The properties for the materials were selected based on 
the completed laboratory testing, and properties used in the design of the existing facilities 
on the site.  
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Table 5:  Material Properties used in Stability Analyses 

Material Angle of Internal Friction 
(º) 

Cohesion 
(kPa) 

Unit Weight 
(kN/m3) 

Tailings 28 -- 19.4 
Waste Rock 35 -- 20.0 

Active Layer/Thawed 
Permafrost 

28 -- 18.4 

Permafrost -- -- -- 

 

7.3.3.1  Tailings 
The shear strength parameters, internal friction angle and cohesion, were determined by 
evaluating the results of a direct shear test on a sample of tailings material.  The results 
determined that the peak shear strength parameters were θ´ = 35.1º and c´ = 11 kPa,.  
However, the tailings showed some evidence of strain weakening; therefore, lower strength 
parameters of θ´ = 28º and c´ = 0 kPa were used for the stability analyses. 

7.3.3.2  Waste Rock 
Waste rock from the open pit will be used to construct the drainage blanket, finger drains, 
starter bench and exterior shell. 

Steffen, Robertson and Kirsten Ltd. (SRK) reviewed Minto rock core taken during a 1993 
exploration program and produced a report containing geotechnical properties of the rock 
mass on site with respect to open pit design, hanging wall design and underground mining 
design issues (SRK, 1994).  The bedrock is described as weathered to a depth of about 30 m 
and it was recommended that ripping with dozers could be used for pit excavation (SRK, 
1994).  It is believed that this observation justifies that some of the waste rock excavated 
from the open pit could be treated as “soil like” waste rock with a friction angle of 35º.  It is 
anticipated that the majority of the waste rock produced will be “rock like” with a friction 
angle of 37o to 38o. 

Although it is recommended and expected that only competent waste rock from the open 
pit will be used for construction, there is the potential for some “soil like” materials to be 
incorporated.  Therefore, the lower friction angle of 35º was used in the stability analyses.  
The engineer on site during construction will verify that only competent rock is being used, 
and will direct the contractor to take any “fine grained” loads to the waste dump. 

The 35º design friction angle is consistent with values used in previous analyses for the 
water dam (EBA, 1995) and main waste rock dump (EBA, 1998). 
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7.3.3.3  Active Layer and Recently Thawed Permafrost 

The active layer soils and upper permafrost that may be expected to thaw over the life of 
the structure is typically a silt and sand with trace to some fine gravel.  This material is 
believed to be representative of the colluvium found on the surface in other areas of the 
mine site.  Direct shear testing of a silty sand colluvium sample from Testpit 97-01 (within 
the vicinity of the open pit) indicates this material could exhibit strain-softening behaviour 
with a peak friction angle of 35º and a residual friction angle of 28º.  In the present analyses, 
the residual friction angle of 28º has been used considering that downslope movement and 
reworking of this material has occurred over time, or that recently thawed permafrost will 
be in a looser condition than the active layer soils.   

The active layer is expected to increase in thickness by up to 0.2 m over the life of the mine.  
This is predicted to occur at a slow rate; therefore, it is expected that any excess porewater 
pressures will dissipate as they are generated.  However, a pore pressure parameter (Ru) of 
0.4 for all unfrozen natural foundation soil below the stack has been adopted for the 
stability analyses. 

7.3.3.4  Permafrost 
The permafrost soil found beneath the tailings stack is typically a silt and sand with trace to 
some fine gravel.  For the purpose of these analyses, this material has been modelled to act 
as bedrock to force the critical failure surface to the contact of the thawed and frozen 
material. 

7.3.4 Porewater Pressure Conditions 

7.3.4.1  Natural Stratigraphy 
The geotechnical drilling at this site suggested that the existing active layer was relatively dry 
as there was no free groundwater observed in the boreholes.  However, the design accounts 
for the possibility of the thawing of permafrost and water transport through the drainage 
blanket.  Therefore, it is possible that a shallow perched groundwater table may exist for 
short periods of the year.  For the present stability analyses, a groundwater table at original 
ground surface was used. 

7.3.4.2  Tailings 
The potential for a phreatic surface developing within the stack was not considered due to 
the following: 

• The moisture content of the placed tailings, although slightly above the optimum 
moisture content, will still result in the deposit being in an unsaturated state; 

• Construction of the DSTSF will control surface water on the tailings stack; and 

• Construction of a drainage blanket beneath the critical tailings slope will allow any 
excess water to drain away and not build up porewater pressures within the tailings. 
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• It is anticipated that the deposit will be layered with extensive permafrost conditions 

created by winter-placed tailings that will remain frozen. 

7.3.5 Stability Analyses 
The static and pseudostatic analyses have been evaluated assuming that a thin layer at the 
top of existing permafrost will thaw with some pore water liberated, resulting in reduced 
shear strength.  The active layer and thawed permafrost soil have been assigned a pore 
pressure parameter (Ru) of zero for a fully drained condition or 0.4 to account for the 
possibility of porewater pressure build-up within the thawed foundation soil.  As expected, 
the stability of the tailings stack is governed by the case where Ru = 0.4.  Based on the 
thermal analyses predictions, the expected actual site conditions will be closer to Ru = 0 due 
to the slow rate of thaw. 

7.3.5.1  Static Case 
The results of the minimum factors of safety calculated during the static stability analyses 
are summarized in Table 6.  Figure 6 presents the typical cross section used for the analyses 
and the resulting critical slip surface. 

TABLE 6:  SUMMARY OF STABILITY ANALYSES RESULTS - STATIC 
Case 

 
Minimum Factor of 

Safety of the Tailings 
Stack 

1 Static, only drainage blanket constructed, groundwater table at original 
grade 3.87 

2 Static, drainage blanket/full stack, groundwater table at original grade 2.26 

3 Static, drainage blanket/full stack/waste rock slope cover, groundwater 
table at original grade 2.27 

 
  

4 Static, only drainage blanket constructed, groundwater table at original 
grade, Ru = 0.4 1.82 

5 Static, drainage blanket/full stack, groundwater table at original grade,  
Ru = 0.4 

1.42 

6 Static, drainage blanket/full stack/waste rock slope cover, groundwater 
table at original grade, Ru = 0.4 1.45 

 

These results indicate that the factor of safety for the tailings stack with a slope gradient of 
4:1 exceeds the minimum 1.3 recommended by the Waste Rock Design Manual.   
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7.3.5.2  Pseudostatic (Earthquake) Case 

The results of the minimum factors of safety calculated during the static stability analyses 
are summarized in Table 7.  Figure 6 presents the typical cross section used for the analyses 
and the resulting critical slip surface. 

 

TABLE 7:  SUMMARY OF STABILITY ANALYSES RESULTS – PSEUDOSTATIC (EARTHQUAKE) 
Case 

 
Minimum Factor of 

Safety of the Tailings 
Stack 

7 Seismic – 0.055 g, only drainage blanket constructed, groundwater table at 
original grade 2.52 

8 Seismic – 0.055 g, drainage blanket/full stack, groundwater table at original 
grade 1.82 

9 Seismic – 0.055 g, drainage blanket/full stack/waste rock slope cover, 
groundwater table at original grade 1.84 

 
  

10 Seismic – 0.055 g, only drainage blanket constructed, groundwater table at 
original grade, Ru = 0.4 1.18 

11 Seismic – 0.055 g, drainage blanket/full stack, groundwater table at original 
grade, Ru = 0.4 1.10 

12 Seismic – 0.055 g, drainage blanket/full stack/waste rock slope cover, 
groundwater table at original grade, Ru = 0.4 1.16 

 

These results indicate that the factor of safety, assuming the current design seismic 
acceleration of 0.055g, for the tailings stack with a slope gradient of 4:1 meets the minimum 
1.1 recommended by the Waste Rock Design Manual. 

7.3.6 Discussion 
As presented in the above sections, constructing only the drainage blanket (Case 1, 4, 7, and 
10) provides a high factor of safety against deep seated failure which is to be expected.  The 
factor of safety against deep seated failure for the construction of the drainage blanket and 
tailings stack (Case 2, 5, 8, and 11) is slightly less than that of the final cross section (Case 3, 
6, 9, and 12) when the tailings stack is armoured with waste rock during the reclamation of 
the stack. 

Progressive reclamation of the tailings stack will include armouring the exposed tailings 
slope with waste rock on an ongoing basis as the elevation of the stack increases.  This will 
greatly reduce the potential for erosion and shallow failures of the tailings slope.  
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A critical zone for slope stability is the perimeter slope of the stack at full height.  Ensuring 
that pore pressures do not build-up in this area is critical to the overall stability of the stack, 
and it is therefore recommended that only free-draining rock be placed on the outside of 
the waste rock shell.  The quality of the waste rock from the pit will be variable.  In some 
instances the waste will be primarily rock and some zones will yield weak rock that is more 
soil-like.  The finer grained materials should only be placed up against the tailings slope and 
coarse free draining materials in the outer shell.   

The results of the stability analyses indicate that the critical area of possible slope instability 
is the downstream slope of the tailings stack.  Consequently, the toe of the stack should be 
checked for instability following each spring thaw and following major precipitation events.  
Should there be any indications of impending instability (such as tension cracks or localized 
slumping), the deformation monitoring data must be reviewed and mitigative measures 
developed by the Geotechnical Engineer.  

The analyses described provide are considered a conservative assessment of the stack 
stability.  The combination of wet thawing permafrost in the foundation at the same time as 
seismic loading to produce the minimum factor of safety has an extremely low probability 
of occurrence.  The uncertainties associated with the behaviour of the permafrost both 
within the foundation and within the stack itself justify this cautious approach.  The data 
from a well designed monitoring program could provide justification for reconsidering the 
design slope angle and steepening it from 4:1 to 3:1 during the operations phase of the 
mine, and allow an increased capacity without a comprehensive re-design process. 

 

7.4  LIQUEFACTION POTENTIAL 
Liquefaction potential of the tailings was assessed by comparing an estimated equivalent 
“N” value of the tailings compacted to 95% SPMDD to empirical relationships related to 
earthquake magnitude and location.  The tailings are generally fine grained silty sand in an 
unsaturated state, which are not susceptible to liquefaction.  Furthermore, as previously 
noted, the exterior of the tailings slope will be progressively reclaimed with the placement 
of a waste rock shell.  This shell will provide some additional lateral constraint against any 
instability within the tailings slope. 

The drainage blanket material beneath the lower portion of the tailings stack has no 
potential for liquefaction due to its coarse grained nature and relatively high in situ density. 
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8.0  TAILINGS STACK WATER DIVERSION 

8.1  GENERAL 
The toe of the DSTSF is to be constructed at the outlet of a mountain slope catchment.  
Several small ephemeral creeks currently collect the surface run-off and route it down the 
mountain side and into Minto Creek.  The total watershed is approximately 3.42 km2 in size, 
but approximately 2.5 km2 of this area is upslope of the airstrip access road and the 
engineered ditch system that forms a part of this road.  Construction of the DSTSF will 
interrupt the natural drainage paths in the remaining area as shown in Figures 2 and 3. 

A water diversion system must be constructed to divert the surface run-off water around 
and under the tailings facility.  During operation, the surface of the tailings stack must be 
contoured to control direct precipitation on the DSTSF.  

Two hydrologic report documents were reviewed to establish the hydrologic site conditions. 

• Memorandum CCL-MC1, Clearwater Consultants Ltd., 2006. 

• Minto Creek Surface Hydrology Report, Hallam Knight Piesold, 1994. 

Information found in Clearwater 2006 memorandum tends to address average flows and is 
intended for use in water balance calculations.  The design of any diversion or routing 
structures should be conducted for a peak instantaneous flow.   

Hallam Knight Piesold 1994 is a more comprehensive hydrology report and contains a 
section on peak instantaneous flows for several return intervals, which are specific to the 
tailings facility location.  Data presented in this section is described in more detail in Hallam 
Knight Piesold 1994. 

8.2  HYDROLOGICAL CONDITIONS 
A regional analysis was conducted on data presented in Hallam Knight Piesold 1994 to 
determine the peak instantaneous flow rates for six sub-catchment areas in the DSTSF.  
The frequency analysis for the 3.42 km2 catchment presented in Hallam Knight Piesold 
1994 is included in Table 8.  The sub-catchment areas are defined by local topography and 
are show in Figure 4.  The sub-catchment properties are summarized in Table 9 and the 
peak instantaneous flow rates for the six sub-catchments of the tailings facility are presented 
in Table 10. 
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TABLE 8:  FREQUENCY ANALYSIS (HALLAM KNIGHT PIESOLD, 1994) 
Return Period (years) Peak Instantaneous Flow (m3/s) 

2 1.8 
10 3.0 
25 3.7 
50 4.3 
100 4.6 
200 4.9 

 

 

TABLE 9:  PROPERTIES OF SUB-CATCHMENT AREAS 
Sub-Catchment Area (km2) Design Slope (%) 

Total West Portion 0.308 7.5 

Lower West 0.108 7.5 
Upper West 0.081 3.9 

Upper Southwest 0.119 5.1 
   

Total East Portion 0.228 7.4 

Lower East 0.080 7.4 
Upper East 0.063 6.5 

Upper Southeast 0.086 6.5 
 

The new peak instantaneous flow rates were determined using the following equation: 
n

k

u
ku A

A
QQ ⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
=  

Where: Qu is the Unknown Peak Instantaneous Flow (m3/s) 

  Qk is the Known Peak Instantaneous Flow (m3/s) 

  Au is the Area of the Basin for the Unknown Flow (km2) 

  Ak is the Area of the Basin for the Known Flow (km2) 

  n is an adjustment exponent 
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TABLE 10:  SUB-CATCHMENT AREA FREQUENCY ANALYSIS 
Peak Instantaneous Flow Rates (m3/s) Return 

Period 
(years) Total West 

Portion 
Lower 
West 

Upper 
West 

Upper 
Southwest 

Total East 
Portion 

Lower 
East 

Upper 
East 

Upper 
Southeast 

2 0.33 0.16 0.13 0.17 0.27 0.13 0.14 0.11 
10 0.56 0.27 0.22 0.29 0.45 0.22 0.23 0.18 
25 0.69 0.33 0.27 0.35 0.56 0.27 0.28 0.23 
50 0.83 0.40 0.33 0.43 0.68 0.32 0.34 0.28 
100 0.85 0.41 0.34 0.44 0.69 0.33 0.35 0.28 
200 0.91 0.43 0.36 0.47 0.74 0.35 0.37 0.30 

 

8.3  WATER MANAGEMENT SYSTEM 
To limit the volume of run-on water entering the DSTSF it is proposed to construct water 
diversion berms around the perimeter of the proposed facility.  These berms will divert run-
on from the catchment area above the tailings facility. 

Finger drains are to be constructed along existing drainage courses under the tailings stack 
to intercept near surface seepage, eventually conveying it under the stack towards Minto 
Creek. 

The preliminary sizing of these drains is based on conveying the peak run-off flow obtained 
from the 1 in 10 event as calculated from data in the above tables.  A typical cross section 
of the finger drains (approximately 7.5 m2 required) is shown on Figure 3. 

The water management system has been designed to function throughout the life of the 
facility.  

9.0  CONSTRUCTION PLAN  

9.1  MATERIALS 
Construction materials for the DSTSF will comprise waste rock material; 75 mm filter 
material or equivalent, finger drain material and 200 mm material.  All materials will be 
selected from the open pit or existing borrow sources.  

The use of a geosynthetic product as an equivalent to the 75 mm filter material is 
acceptable, but it must be installed to the manufacturer’s specifications or as directed by the 
Engineer. 

9.1.1 Waste Rock Material 
The principal use of the waste rock material will be for the construction of the starter 
bench, drainage blanket/finger drains and the exterior shell of the tailings stack.  
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The waste rock material will comprise select open pit waste rock with a nominal size of 
300 mm.  To facilitate proper drainage and no build-up of pore pressure, the fines 
(<0.080 mm) content must be less than 5% by weight.  The maximum particle size allowed 
is 1.0 m, or as approved by the Engineer. 

9.1.2 75 mm Filter Material 
The 75 mm filter material or equivalent will be used to act as a separator between the 
tailings and waste rock material or above/beside the finger drains.  This material will act as a 
filter for the tailings and restrict it from infiltrating the coarser material.  The use of a 
properly bedded heavy-weight non-woven geotextile may be used in lieu of the 75 mm filter 
material.  

The 75 mm filter material must be well-graded sand and gravel with a 75 mm maximum 
aggregate size and a fines content (i.e. that passing the 0.08 mm sieve size) limited to 15%.  
The recommended gradation for the filter material is shown in Table 11, or other materials 
as approved by the Engineer. Select residuum from the open pit will be an acceptable 
source. 

TABLE 11: GRADATION OF 75 mm FILTER MATERIAL 
SIEVE SIZE (mm) % PASSING BY MASS 

75.0 100 
25.0 65 – 100 
12.5 50 – 100 
5.0 35 – 90 

0.825 17 – 50 
0.425 10 – 35 
0.160 2 – 23 
0.080 0 – 15 

 

9.1.3 Finger Drain Material 
The finger drain material must be free draining, and will be comprised of select open pit 
waste rock with a nominal size of 300 mm.  To facilitate proper drainage, the fines 
(<0.080 mm sieve size) content must be less than 5% by weight.  The maximum particle 
size allowed will be 600 mm, or as approved by the Engineer. 

9.1.1 200 mm Material 
The 200 mm material will be used to construct the surface diversion berms.  It must be a 
well-graded material with a nominal 200 mm maximum aggregate size and a fines content 
(< 0.08 mm sieve size) limited to about 15%, or as approved by the Engineer. 
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Ground surface preparation over the entire footprint of the tailings stack starter bench 
l 

• ng a minimum 2.0 to 2.5 m thick layer of 

•  a drainage blanket comprising a minimum 1.5 m thick layer of select waste 

9.2  CONSTRUCTION REQUIREMENTS  
The following information describes a construction plan for the tailings stack that satisfies 
requirements for an engineered structure.  The proposed construction sequencing and 
details of the placement and compaction processes can be found in the following sections 
of this report. 

The construction plan must satisfy the following requirements for the structure to meet the 
design intent. 

• The subgrade preparation must sequentially flatten and/or remove all trees from the 
stack footprint.  Disturbance to the organic soil must be minimal.  All tree remnants 
must be removed from below the granular drainage blanket and finger drains. 

• The subgrade preparation must be completed in the late winter, sufficiently in advance 
of spring run-off. 

• The waste rock for the starter bench and drainage blanket must be sourced and these 
components must be constructed prior to the active layer thawing (must be complete by 
April 30). 

• The finger drains must be constructed within the natural drainage courses. 

• Tailings placement must be limited to no more than 3.0 m of thickness in any area 
during a given year, and all tailings must freeze completely in the following winter 
before any additional tailings are placed. 

• Frozen tailings from winter construction should be protected from thawing, where 
practical. 

• The starter bench is to be raised in elevation in conjunction with the tailings stack to 
provide the required waste rock shell for progressive reclamation. 

• A quality assurance program must be implemented that will provide data on fill 
temperatures, placement water content, lift thicknesses, and in situ density. 

The following components are required for construction before start-up of operations as 
shown in Figures 2 and 3. 

• 

and 120 m upslope.  Ground surface preparation is limited to the flattening and remova
of trees from the area. 

Placement of a tailings starter bench comprisi
waste rock. 

Placement of
rock overlain by about 0.3 m of 75 mm filter material or equivalent.  
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Prepare ground surface for the construction for the starter bench and drainage blanket; 

• 

• 

r

nt of filter material, or equivalent. 

eposition in the Year 1 area; 

 deposition area; 

re surface to Year 3 

9.4  GROUND SURFACE PREPARATION 
ngs stack area should be limited to the sequential 

• Partial construction of four finger drains along the valley lines as shown in Figure 3.  
These drains ultimately extent into the upper reaches of the tailings stack catchment 
area. 

• Construction of surface water diversion berms. 

The following process is required during mine operations. 

• Ground surface preparation in advance of the tailing placement. 

• Placement, spreading and compaction of tailings to build up the tailings stack. The 
tailings lift thickness is to be no more than 0.5 m and compacted to at least 95% 
SPMDD. 

• General maintenance of the surface water diversion berms and finger drains.  

• Dust control as required. 

• Address localized surface sloughing and slumping issues, if any. 

• Keep the tailings area free of snow in the winter to promote deeper seasonal frost 
penetration. 

9.3  SCHEDULE 
For construction planning purposes, the following generalized schedule for the stack 
construction is suggested: 

January to March 2007 

• 

Construct the starter bench and drainage blanket; and 

Prepare ground surface for the Year 1 tailings deposition area. 

Ap il 2007 

• Placeme

May 2007 and onwards 

• Commence tailings d

• Construct the finger drains into the Year 2 tailings

• In winter 2007/2008, continue with tailings deposition and prepa
limits, etc. 

Surface preparation within the taili
flattening and removal of trees.  All trees must be removed from beneath the blanket filter 
and toe drains, but trees need only be sheared off and flattened under the tailings stack.  
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9.5  MATERIAL PLACEMENT  
 detailed in the Construction Drawings, and is summarized in the 

9.5.1 Waste Rock Material  
rials for the outer shell and drainage blanket should be placed and 

9.5.2 75 mm Filter Material  
rial should be placed in maximum lift thicknesses of 300 mm, with 

9.5.3 Finger Drain Material 
erial should be placed on geotextile and nominally compacted, as 

9.5.4 200 mm Material  
 material for surface water diversion berms should be placed in maximum 

9.5.5 Tailings 
gs should be placed in maximum lift thicknesses of 500 mm, with each lift 

This must be completed in the winter with the standing trees being sheared off just above 
the ground surface.  Minimal disturbance to the ground surface is required to protect the 
underlying permafrost foundation material.  Trees that are removed should be stockpiled 
(not burnt) and then placed against the toe of the starter bench, for additional permafrost 
preservation. 

Materials placement will be
following sections.  The effectiveness of the utilized construction technique will be 
evaluated in the field by the Geotechnical Engineer and changes to the construction 
procedure will be made as required. 

The waste rock mate
compacted in maximum 1.5 m lifts.  Compaction of this material will be achieved by routing 
heavy equipment (i.e. haul trucks,) evenly over each lift.  A minimum of 5 passes is 
recommended.  This material must be placed in a manner that will minimize segregation or 
nesting of coarse particles.  The effectiveness of this construction technique will be 
evaluated in the field by the Geotechnical Engineer and changes to the construction 
procedure will be made as required.  Boulders greater than 750 mm size should be removed 
from the fill as much as practically possible and pushed to the slope face.  

The 75 mm filter mate
each lift compacted at existing moisture content to approximately 95% of SPMDD.   

The finger drain mat
directed by the Engineer, to minimize settlement by ensuring rock-on-rock contact.  This 
material must be placed in a manner that will minimize segregation or nesting of coarse 
particles.  The effectiveness of the construction technique will be evaluated in the field by 
the Geotechnical Engineer and changes to the construction procedure will be made as 
required. 

The 200 mm filter
lift thicknesses of 400 mm and each lift compacted to approximately 95% of SPMDD. 

The tailin
compacted to no less than 95% of SPMDD.  The laboratory results, as presented in 
Section 6, indicate that 95% of SPMDD equates to a dry density of 1,600 kg/m3.  To 
achieve this density, the tailings should be at a moisture content of between 12 and 22% 
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ity of the tailings material 

9.6  WINTER OPERATION 
involve the placement of tailings in subzero temperatures and the 

st address freezing temperatures.  A procedure must 

oved from the tailings stack and placement area.  The snow can be 

9.7  QUALITY ASSURANCE  
surance program must be developed to ensure that construction-

t critical times, such as foundation preparation and fill 

• and field testing of fill materials on a intermittent basis; 

ning and placement 

• and review of temperature data collected from ground temperature 

• ision making 

•  and testing frequencies for the Quality Assurance process during 

• eillance manual be completed prior to 
start up; 

(mass of water/mass of dry solids).  Processing plans indicate the tailings will have a 
moisture content of 20% as it enters the DSTSF; therefore, moisture conditioning during 
placement is not anticipated.  During initial tailings placement, a performance specification 
should be developed to ensure adequate compaction of each lift. 

The Atterberg Limits give an indication of the mechanical sensitiv
at different moisture contents.  The plastic limit (PL) defines the moisture content at which 
the material changes from being a semisolid to a plastic state and the liquid limit (LL) 
defines the moisture content at which the material changes from a plastic state to a liquid 
state.  The tailings have a plastic limit of 16% and a liquid limit between 20% and 23%.  
Given the tailings will have a moisture content of 20% as it enters the DSTSF, trafficability 
could be impaired with any increase in moisture content. 

Winter operation will 
management of accumulated snowfall. 

Tailings placement and compaction mu
be in place prior to operation, to achieve the required tailings placement design criteria in 
winter conditions. 

Snow must be rem
graded to the downstream side of the waste rock shell. 

A construction quality as
sensitive features of the design are achieved.  The elements of the program should include 
but not be limited to the following: 

• Specific engineering approvals a
placement; 

Monitoring 

• Specific approval of construction procedures for moisture conditio
of all fill materials; 

Periodic processing 
cables installed in the fill as part of long-term monitoring (see Section 10); 

Defined procedures for reporting with identified responsibilities for dec
during construction; 

Specific requirements
construction are to be set out prior to start-up; 

A Tailings Operations, Maintenance and Surv
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• n of as-built drawings; 

 determine an effective placement method 
 

• Photographs of the construction progress; 

Preparatio

• Conduct a summer 2007 field program to
which ensures design criteria; and

• Conduct a winter 2007/2008 field program to determine an effective placement method 
which ensures design criteria. 

 

10.0  

10.1  PURPOSE  
n integral part of the design, construction, and operation of the 

 section describes a recommended minimum monitoring program for the 
 and operation phases of the project.  The monitoring program serves three 

The n be the basis of an adaptive management process 
izes the placement methods.  There are 

es and lift thicknesses based on appropriate 

10.2  
mended for implementation.  A total of five ground 

temperature cables are to be installed.  The manually obtained ground temperature data 
nd reviewed on a monthly basis. 

10.3  
nts will confirm the assumed phreatic 

surfaces used for the stability analyses and monitor any build up of porewater pressure. 

10.4  
and 

to establish a basis for determining future settlements. 

LONG TERM MONITORING  

Performance monitoring is a
stack.  This
construction
functions: 

• Monitor the thermal regime of the foundation materials and tailings stack to validate the 
thermal predictions; 

• Monitor the porewater pressure regime of the foundation materials and tailings stack to 
validate the stability predictions; and 

• Monitor surface movements of the stack. 

 results of the monitoring program ca
that continually reviews the operation and optim
potential opportunities to increase slope angl
performance data. Additional information on the components of the monitoring program is 
presented in the following sections.  The recommended instrumentation program will be 
shown on the construction drawings. 

THERMAL REGIME 
An instrumentation program is recom

should be collected a

PIEZOMETERS 
Three piezometers are recommended.  These instrume

DEFORMATION AND SETTLEMENT 
The starter bench and tailings stack should be surveyed to determine the as-built profile 
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waste rock starter bench.  

monitor settlement and horizontal 

Settlement monuments will be installed along the crest of the 
They should be surveyed and reviewed after construction, after one year and then 
periodically at the discretion of the Engineer to 
movements. 

Should an area show signs of distress, survey pins should be installed and monitored to 
assess future remedial actions. 

11.0  
nnual site inspection be conducted by the Geotechnical 

Engineer during the operational period to document the performance of the DSTSF.  After 
ess frequent schedule can be adopted.  The specific tasks of these 

inspection of the stack for any signs of seepage from the base; 

• 

e data and provides 

ANNUAL INSPECTION 
It is recommended that an a

closure, a revised and l
visits include: 

• inspection of the internal and external slopes for any signs of distress; 

• inspection of the crest of the stack for any signs of transverse cracking; 

• 

review of temperature, porewater pressure, settlement and movement data to confirm 
conformance with design assumptions; and 

• preparation of an annual report that summarizes th
recommendations for maintenance or modification to the tailings management plan. 

12.0  LIMITATION

this
from past studies.  In order to develop recommendations from this information, it is 

ake some assumptions concerning conditions other than at the specifically 

nted by EBA’s direct observations of the site.   

that 

S 
Geological conditions are innately variable and are seldom spatially uniform.  At the time of 

 report, information on stratigraphy at the project was at identified borehole locations 

necessary to m
tested locations.  Adequate monitoring should be provided during construction to check 
that these assumptions are reasonable. 

The recommendations prepared and presented in this report are based on the geotechnical 
data gathered by EBA from previous reports and the current laboratory testing.  The 
provided data, in the form of geotechnical boreholes and associated laboratory index 
property test results, has been suppleme

This report and the recommendations contained in it are intended for the sole use of Minto 
Explorations Ltd.  EBA does not accept any responsibility for the accuracy of any of the 
data, the analysis or the recommendations contained or referenced in the report if the 
information presented in this report is used or relied upon by any party other than 
specified above for the proposed DSTSF.  Any such unauthorized use of this report is at 
the sole risk of the user.  Additional information regarding the use of this report is 
presented in the attached General Conditions, which form a part of this report. 
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GEOTECHNICAL REPORT – GENERAL CONDITIONS 

This report incorporates and is subject to these “General Conditions”. 

1.0 USE OF REPORT AND OWNERSHIP 
This geotechnical report pertains to a specific site, a specific 
development and a specific scope of work.  It is not applicable 
to any other sites nor should it be relied upon for types of 
development other than that to which it refers.  Any variation 
from the site or development would necessitate a 
supplementary geotechnical assessment.  

This report and the recommendations contained in it are 
intended for the sole use of EBA’s client.  EBA does not 
accept any responsibility for the accuracy of any of the data, the 
analyses or the recommendations contained or referenced in 
the report when the report is used or relied upon by any party 
other than EBA’s client unless otherwise authorized in writing 
by EBA.  Any unauthorized use of the report is at the sole risk 
of the user. 

This report is subject to copyright and shall not be 
reproduced either wholly or in part without the prior, 
written permission of EBA.  Additional copies of the report, 
if required, may be obtained upon request. 

2.0 NATURE AND EXACTNESS OF SOIL AND 
ROCK DESCRIPTIONS 

Classification and identification of soils and rocks are based 
upon commonly accepted systems and methods employed in 
professional geotechnical practice.  This report contains 
descriptions of the systems and methods used.  Where 
deviations from the system or method prevail, they are 
specifically mentioned. 

Classification and identification of geological units are 
judgmental in nature as to both type and condition.  EBA does 
not warrant conditions represented herein as exact, but infers 
accuracy only to the extent that is common in practice. 

Where subsurface conditions encountered during development 
are different from those described in this report, qualified 
geotechnical personnel should revisit the site and review 
recommendations in light of the actual conditions encountered. 

3.0 LOGS OF TESTHOLES 
The testhole logs are a compilation of conditions and 
classification of soils and rocks as obtained from field 
observations and laboratory testing of selected samples.  Soil 
and rock zones have been interpreted.  Change from one 
geological zone to the other, indicated on the logs as a distinct 
line, can be, in fact, transitional.  The extent of transition is 
interpretive.  Any circumstance which requires precise 
definition of soil or rock zone transition elevations may require 
further investigation and review. 

4.0 S ATRATIGRAPHIC ND GEOLOGICAL 
I

The stratigraphic and geological information indicated on 
drawings contained in this report are inferred from logs of test 
holes and/or soil/rock exposures.  Stratigraphy is known only 
at the locations of the test hole or exposure.  Actual geology 
and stratigraphy between test holes and/or exposures may vary 
from that shown on these drawings.  Natural variations in 
geological conditions are inherent and are a function of the 
historic environment.  EBA does not represent the conditions 
illustrated as exact but recognizes that variations will exist.  
Where knowledge of more precise locations of geological units 
is necessary, additional investigation and review may be 
necessary. 

NFORMATION 

5.0 SURFACE WATER AND GROUNDWATER 
CONDITIONS 

Surface and groundwater conditions mentioned in this report 
are those observed at the times recorded in the report.  These 
conditions vary with geological detail between observation sites; 
annual, seasonal and special meteorologic conditions; and with 
development activity.  Interpretation of water conditions from 
observations and records is judgmental and constitutes an 
evaluation of circumstances as influenced by geology, 
meteorology and development activity.  Deviations from these 
observations may occur during the course of development 
activities. 

6.0 PROTECTION OF EXPOSED GROUND 
Excavation and construction operations expose geological 
materials to climatic elements (freeze/thaw, wet/dry) and/or 
mechanical disturbance which can cause severe deterioration.  
Unless otherwise specifically indicated in this report, the walls 
and floors of excavations must be protected from the elements, 
particularly moisture, desiccation, frost action and construction 
traffic. 

7.0 SUPPORT OF ADJACENT GROUND AND 
STRUCTURES 

Unless otherwise specifically advised, support of ground and 
structures adjacent to the anticipated construction and 
preservation of adjacent ground and structures from the 
adverse impact of construction activity is required. 
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8.0 INFLUENCE OF CONSTRUCTION ACTIVITY 
There is a direct correlation between construction activity and 
structural performance of adjacent buildings and other 
installations.  The influence of all anticipated constr
activ hould be considered by the contractor, ow

uction 
ities s ner, 

cal architect and prime engineer in consultation with a geotechni
engineer when the final design and construction techniques are 
known. 

9.0 OBSERVATIONS DURING CONSTRU
Because of the nature of geological deposi

CTION 
ts, the judgmental 

 of 

  

nature of geotechnical engineering, as well as the potential
adverse circumstances arising from construction activity, 
observations during site preparation, excavation and 
construction should be carried out by a geotechnical engineer.
These observations may then serve as the basis for 
confirmation and/or alteration of geotechnical 
recommendations or design guidelines presented herein. 

10.0 DRAINAGE SYSTEMS 
Where temporary or permanent drainage systems are insta
within or around a structure, the systems which will be installed 
must protect the structure from loss of ground

lled 

 due to internal 
erosion and must be designed so as to assure continued 

rman
systems sh wed by the geotechnical 

 

perfo ce of the drains.  Specific design detail of such 
ould be developed or revie

engineer.  Unless otherwise specified, it is a condition of this
report that effective temporary and permanent drainage 
systems are required and that they must be considered in 
relation to project purpose and function. 

11.0 BEARING CAPACITY 
Design bearing capacities, loads and allowable stresses q
in this report relate to a specific soil or rock type and condition. 
Construction activity and environmental circumstances can 
materially change the condition of soil or rock.  The elevation 
at which a soil or rock type occurs is variable.  It is a 

uoted 
 

de by 

that the soil and/or rock conditions assumed in this report in 
exist a

requirement of this report that structural elements be founded 
in and/or upon geological materials of the type and in the 
condition assumed.  Sufficient observations should be ma
qualified geotechnical personnel during construction to assure 

fact t the site. 

12.0 SAMPLES 
EBA will retain all soil and rock samples for 30 days after this
report is issued.  Further storage or transfer of samples can
made at the client’s expense upon written request, otherwise 
samples will be discarded. 

 
 be 

13.0 STANDARD OF CARE 
ces performed by EBA for this report have been 

ted in a manner consistent with the level of skill 

h 
the service gineering judgement has been 

 

Servi
conduc
ordinarily exercised by members of the profession currently 
practising under similar conditions in the jurisdiction in whic

s are provided.  En
applied in developing the conclusions and/or 
recommendations provided in this report.  No warranty or 
guarantee, express or implied, is made concerning the test 
results, comments, recommendations, or any other portion of
this report. 

14.0 ENVIRONMENTAL AND REGULATORY ISSUE
Unless stipulated in the report, EBA has not been retained to 
investigate, address or consider and has not investigated, 
addressed or considered any environmental or regulatory issues 
associated with development on the subject site. 

S 

15.0 ALTERNATE REPORT FORMAT 
A submits both Where EB electronic file and hard copy 

e 

y 
be deemed to be the overall original for the Project. 

Client py 

, be 

and hardware systems.  EBA makes no representation 
t the c t 

versions of reports, drawings and other project-related 
documents and deliverables (collectively termed EBA’s 
instruments of professional service), the Client agrees that only 
the signed and sealed hard copy versions shall be considered 
final and legally binding.  The hard copy versions submitted by 
EBA shall be the original documents for record and working 
purposes, and, in the event of a dispute or discrepancies, th
hard copy versions shall govern over the electronic versions.  
Furthermore, the Client agrees and waives all future right of 
dispute that the original hard copy signed version archived b
EBA shall 

The  agrees that both electronic file and hard co
versions of EBA’s instruments of professional service shall not, 
under any circumstances, no matter who owns or uses them
altered by any party except EBA.  The Client warrants that 
EBA’s instruments of professional service will be used only and 
exactly as submitted by EBA. 

The Client recognizes and agrees that electronic files submitted 
by EBA have been prepared and submitted using specific 
software 
abou ompatibility of these files with the Client’s curren
or future software and hardware systems. 
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TO: Jason Berkers DATE: December 11, 2006 

FROM: Gordon Zhang FILE: 1200173 

SUBJECT: Thermal Analysis of “Dry” Stacked Tailings Area 
Minto Project, YT 
 

 

1.0  INTRODUCTION 
EBA Engineering Consultants Ltd. (EBA) was retained by Minto Explorations Ltd. (Minto) to 
develop a “dry” stacked tailings placement plan and to design the associated facilities for the tailings 
placement at the Minto mine site.  As part of the design, thermal analyses were carried out to predict 
the thermal regime of “dry” stacked tailings placed over a 1.5 m thick sandy gravel drainage blanket 
overlying the original ground and to evaluate the impacts of the placed tailings on the thermal 
regime of the native subgrade during the life of the Minto Mine (2007 to 2014).  The thermal model 
was calibrated against the measured ground temperatures at the site.  Various cases with different 
assumed tailings placement rates and final heights were simulated.  Parametric and sensitivity studies 
for some cases were also conducted.  This memo summarizes the methodology, input data, and 
results of the thermal analyses.  Conclusions and recommendations drawn from the results of the 
thermal analyses are also presented in this technical memo. 

2.0  THERMAL ANALYSES METHODOLOGY 
Analyses were carried out using EBA’s proprietary two-dimensional finite element computer model, 
GEOTHERM.  The model simulates transient, two-dimensional heat conduction with change of 
phase for a variety of boundary conditions.  The heat exchange at the ground surface is modelled 
with an energy balance equation considering air temperatures, wind velocity, snow depth, and solar 
radiation.  The model facilitates the inclusion of temperature phase change relationships for soils, 
such that any freezing depression and unfrozen water content variations can be explicitly modelled.  
The model has been verified by comparing its results with closed-form analytical solutions and many 
different field observations.  The model has successfully formed the basis for thermal evaluations 
and designs of tailings dykes, dams, foundations, pipelines, utilidor systems, landfills, and ground 
freezing systems in arctic and sub-arctic regions.     

3.0  CLIMATIC DATA FOR THERMAL EVALUATION 
Climatic data required for the thermal analyses includes monthly air temperature, wind speed, solar 
radiation, and snow cover.  No long-term climatic data is available from the Minto Mine site.  A 
complete meteorological station was established at the site in September 2005 and data for the 
station is available up to mid-July 2006 (Access Consulting Group, 2006).  Snow surveys have been 
carried out by J. Gibson & Associates in 1994, 1995, 1998 and 2006 at three locations in the Minto 
Creek area (Access Consulting Group, 2006). 
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The closest meteorological station to the Minto site with a long-term climatic record is Pelly Ranch, 
which is situated about 40 km northeast of the Minto site.  In addition, the Carmacks meteorological 
station is located about 70 km southeast of the site.  Measured long-term air temperatures are 
available for both the stations from the National Climate Data and Information Archive operated by 
Environment Canada (http://www.climate.weatheroffice.ec.gc.ca).  Comparison of the measured air 
temperatures at the two stations for 29 years of the overlapped periods with complete data indicates 
that the monthly air temperatures at Carmacks are generally warmer than those at Pelly Ranch.  The 
two stations are located at similar elevations (an average of approximately 490 m), which is lower 
than the toe of the tailings placement area at an elevation of approximately 760 m.  Johnston (1981) 
reported that climatologists typically estimate a 6°C decrease in temperature for every kilometre 
increase in elevation for mountain slopes.  Therefore, the long-term mean monthly air temperatures 
at the Minto site for this study were first estimated by interpolating the long-term mean monthly air 
temperatures at Pelly Ranch and Carmacks based on the distances to the Minto site and then 
adjusted for the temperature change due to the elevation difference of 270 m.  Accordingly, the 
estimated mean annual air temperature at the Minto site is -5.1°C. 

The measured air temperatures for the period from early-September 2005 to mid-July 2006 at the 
Minto site were warmer (about 1°C in long-term mean annual air temperatures) than the estimated 
long-term mean values.  However, the limited short-term measured air temperatures are not 
sufficient to verify or adjust the estimated long-term mean values used for this study.  Further 
detailed discussions on the measured and estimated air temperatures at the Minto site are presented 
in Section 6.0 of this memorandum.       

Long-term mean wind speed data are not available at the Pelly Ranch and Carmacks stations.  The 
mean wind speed data for this study was estimated by averaging those from four meteorological 
stations in the Yukon: Burwash, Mayo, Watson Lake, and Whitehorse 
(http://www.climate.weatheroffice.ec.gc.ca).  Measured wind speed data from the Minto site are 
available for a short period (September 2005 to July 2006) (Access Consulting Group, 2006).  
Comparison of the monthly wind speed data indicates that the estimated wind speeds are similar to 
the measured during the summer of 2006 and higher than the measured during the winter of 2005.        

Snow depth surveys at the Minto site were conducted in March, April and May of 1994, 1995, 1998, 
and 2006.  The mean monthly snow depths in March, April and May for this study were estimated 
by averaging the measured monthly values.  The mean monthly snow depths for the other months 
were estimated based on the mean monthly snow depths at Mayo and then adjusted for the 
measured snow depth differences between the two sites between March and May.  Mayo, located 
approximately 120 km northeast of the Minto site, is situated in the same snow-depth contour zone 
as the Minto site based on the snow depth maps presented in Natural Resources Canada’s webpage 
(http://atlas.nrcan.gc.ca). 

Norman Wells and Whitehorse are the closest stations to the Minto site (latitude of 62°36’) with 
long-term solar radiation data.  Norman Wells (latitude of 65°17’) is located about 580 km northeast 
of the Minto site and Whitehorse (latitude of 60°43’) is located about 220 km southeast of the Minto 
site.  The mean monthly solar radiation data at the Minto site for this study were estimated by 
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interpolating the long-term mean monthly solar radiation data at Norman Wells and Whitehorse 
based on the latitudes of the three sites.  Measured solar radiation data are available at the Minto site 
for the period from September 2005 to July 2006 (Access Consulting Group, 2006).  The measured 
monthly solar radiation data are similar to the estimated. 

The long-term mean climatic data estimated for the Minto site for this study is summarized in 
Table 1.  

 

TABLE 1:  SUMMARY OF MEAN CLIMATIC CONDITIONS AT MINTO USED IN THERMAL ANALYSES 

Month 
Monthly Air 

Temperature(a) 

(oC) 

Monthly Wind 
Speed(b) 

(km/h) 

Month-End Snow 
Cover(c) 

(m) 

Daily Solar 
Radiation(d) 

(W/m2) 
January -28.2 7.5 0.40 10.2 
February -21.8 8.9 0.43 39.0 
March -12.4 10.0 0.48 102.0 
April -1.1 11.7 0.08 180.7 
May 6.3 11.8 0.00 229.9 
June 11.7 10.8 0.00 255.4 
July 13.8 9.5 0.00 225.8 
August 11.2 9.6 0.00 170.1 
September 5.0 10.7 0.01 99.1 
October -4.0 11.9 0.10 41.5 
November -17.1 8.9 0.23 14.2 
December -25.0 7.8 0.31 5.3 

Notes: 
(a) based on Climate Normals 1971-2000 at Pelly Ranch (Environment Canada website), measured mean air 

temperatures at Carmacks and Pelly Ranch for the period of 1963 to 2004 (Environment Canada website), and 
Johnston (1981) 

(b) based on Climate Normals 1971-2000 for Burwash, Mayo, Watson Lake, and Whitehorse (Environment 
Canada website) 

(c) based on snow depth survey data at Minto and mean month-end snow data at Mayo (Climate Normals 
1971-2000, Environment Canada website) 

(d) based on Climatic Normals 1951-1980 at Norman Wells and Whitehorse (Environment Canada, 1982) 

4.0  CALIBRATION THERMAL ANALYSIS 
A thermistor cable was installed on July 7, 1996 to a depth of 10 m in borehole BH 96-G08 within 
the footprint of the proposed “dry” stacked tailings placement area at the Minto site.  One-
dimensional thermal analysis was conducted to calibrate the thermal model with the measured 
ground temperatures at BH 96-G08.  The modelled soil profile consists of a thin (0.1 m) organics 
layer overlying 4.5 m organic silt/sand, 1.4 m sand/gravel, and 39 m sand/silt over granite bedrock.  
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The soil index properties were estimated from the borehole log for BH 96-G08 and past experience.  
Thermal properties of the soils were determined indirectly from well-established correlations with 
soil index properties (Farouki, 1986; Johnston, 1981).  Table 2 summarizes the material properties 
used in the calibration thermal analysis. 

 

TABLE 2:  MATERIAL PROPERTIES USED IN CALIBRATION THERMAL ANALYSIS 
Thermal 

Conductivity  

(W/m-oC) 

Specific Heat 

 (kJ/kgoC) 

Latent Heat  

 (MJ/m3) Material 
Water 

Content  

(%) 

Bulk 
Density  

(Mg/m3) 
Frozen Unfrozen Frozen Unfrozen  

Moss/Organics 100 1.00 0.81 0.47 1.89 2.94 167 
Organic Silt/Sand 60 1.60 2.36 1.02 1.24 2.03 200 
Sand/Gravel 8 2.35 2.61 2.12 0.83 0.99 58 
Sand/Silt 28 1.96 2.40 1.34 1.03 1.49 143 
Bedrock 1 2.68 3.00 3.00 0.75 0.77 9 

 
Table 3 compares the calibrated ground temperatures with those measured on September 9, 1996 at 
BH 96-G08. 

 

TABLE 3:  MEASURED AND PREDICTED GROUND TEMPERATURES AT BH 96-G08 
Depth below Ground Surface 

 (m) 

Measured  

(oC) 

Predicted 

 (oC) 
1 0.1 0.1 
2 -0.5 -0.2 
3 -0.7 -0.4 
4 -0.8 -0.5 
5 -0.8 -0.6 

7.5 -0.8 -0.8 
10 -0.8 -0.8 

 
Table 3 indicates that there is a good agreement between the measured and predicted ground 
temperatures.  The predicted mean active layer thickness is approximately 1.2 m.  The results of the 
calibration thermal analysis indicate that the input data used in the thermal model are reasonable and 
can be used to predict the thermal regime of the stacked tailings area. 
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5.0  THERMAL ANALYSES OF STACKED TAILINGS AREA 

5.1  CASES SIMULATED 
The planned construction schedules and activities for the stacked tailings placement area at the 
Minto site include the following: 

• removing trees in the tailings placement area during January 2007; 

• placing 1.5 m sandy gravel drainage blanket over the area in February 2007; and 

• placing tailings in engineered lifts overlying the sandy gravel drainage blanket beginning in May 
2007 and continuing through the mine life.  

The purposes of the thermal evaluations in the current study are to predict thermal performance of 
the stacked tailings and to evaluate thermal impacts of the tailings placement on the original ground.  
Various cases with different assumed tailings placement rates and final heights were simulated.  
Parametric and sensitivity studies for some cases were also conducted.  A total of 15 cases were 
analyzed and are summarized in Table 4. 
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TABLE 4:  CASES SIMULATED BY THERMAL MODELLING 

Case 
Ground 

Conditions Prior to 
Placing Tailings   

Simulated Placement Rate and 
Schedule of “Dry” Stacked Tailings 

Assumed 
Final Height 

of Total 
Tailings 

Placed (m) 

Assumed Percentage of 
Monthly Average Snow Depth 
over  Long-term Monthly Mean 

Snow Depth 

1 No tailings placed 
0 

15% from February 2007 to 
September 2007 and 100% 
after September 2007 

2 5 
3 7.5 
4 

1.5 m/year: placing the first 0.5 m 
thick lift of tailings in May 2007, 
the second 0.5 m lift in September 
2007 (after four months), the third 
0.5 m lift in January 2008, and so 
on.   

10 

65% during the period of 
placing the tailings and 100% 
after the final height of the 
tailings is reached  

5 5 
6 7.5 
7 

3.0 m/year: placing the first 0.5 m 
thick lift in May 2007, the second 
0.5 m lift in July 2007 (after two 
months), the third 0.5 m lift in 
September 2007, and so on.    

10 

15% during the period of 
placing the tailings and 100% 
after the final height of the 
tailings is reached 

8 5 
9 7.5 
10 

6.0 m/year: placing a 0.5 m thick 
lift in each month starting in May 
2007. 

10 

5% during the period of 
placing the tailings and 100% 
after the final height of the 
tailings is reached 

11 

1.5 m sandy gravel 
drainage blanket 
placed over the 
original ground in 
February 2007 
after trees 
removed in 
January 2007 

3.0 m/year: placing the first 0.5 m 
thick lift in September 2007, the 
second 0.5 m lift in November 
2007 (after two months), the third 
0.5 m lift in January 2008, and so 
on.    

10 

15% during the period of 
placing the tailings and 100% 
after the final height of the 
tailings is reached 

12 1.5 m/year: placing the first 0.5 m 
thick lift in May 2007, the second 
0.5 m lift in September 2007 (after 
four months), the third 0.5 m lift in 
January 2008, and so on.    

5 

65% during the period of 
placing the tailings and 100% 
after the final height of the 
tailings is reached 

13 

Original ground 
with trees removed 
in January 2007 
but without the 
sandy gravel 
drainage blanket  

3.0 m/year: placing the first 0.5 m 
thick lift in September 2007, the 
second 0.5 m lift in November 
2007 (after two months), the third 
0.5 m lift in January 2008, and so 
on.    

10 

15% during the period of 
placing the tailings and 100% 
after the final height of the 
tailings is reached 

14 Same as Case 1 but with assumed increased snow depth after 
September 2007 

15% from February 2007 to 
September 2007 and 200% 
after September 2007 

15 Original ground 
without trees 

No tailings placed 0 100 % prior to May 1, 2007 
and 200% after May 1, 2007 
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Case 1 evaluates the long-term thermal conditions of the original ground covered with the 1.5 m 
thick sandy gravel drainage blanket but without placing any tailings.  Cases 2 to 10 simulate various 
tailings placement rates and tailings final heights.  Case 11 is the same case as Case 7 but assumes 
that tailings are first placed in September 2007 instead of May 2007, which evaluates the sensitivity 
of the thermal analysis results to the initial tailings placement time.  Cases 12 and 13 are sensitivity 
cases that evaluate the thermal impacts of tailings placed directly over the original ground instead of 
over the 1.5 m thick sandy gravel drainage blanket as for Cases 2 to 11.  Cases 14 and 15 are 
parametric cases that evaluate the effects of assumed snow depth on the predicted maximum thaw 
penetration for cases without tailings.  

In the thermal analyses, placement of the 1.5 m sandy gravel drainage blanket was modelled as 0.5 m 
thick three lifts being placed on February 8, 15, and 22, 2007, respectively.  The 0.5 m thick lift of 
the tailings placed in a given month was modelled as four sub-lifts, 0.125 m thick each, being placed 
on the 7th, 15th, 22nd, and 30th of the month, respectively.  

The initial ground temperatures on February 1, 2007 for Cases 1 and 14 and on May 1, 2007 for 
Cases 12, 13 and 15 were estimated from the calibrated thermal analysis for BH 96-G08.  The initial 
ground temperatures on May 1, 2007 (Cases 2 to 10) and on September 1, 2007 (Case 11) were 
estimated from the thermal analysis results for Case 1. 

The assumed initial temperatures were -4°C for the sandy gravel drainage blanket placed in February 
2007, 5°C for the tailings placed in October through May, and 20°C for the tailings placed in June 
through September. 

5.2  SOIL INDEX AND THERMAL PROPERTIES 
The soil index and thermal properties for the original ground for the thermal analyses were assumed 
to be the same as those listed in Table 2 for the calibration thermal analysis for BH 96-G08, except 
for the moss/organics layer, which was assumed to be compressed after thaw consolidation under 
loading of the drainage blanket or/and tailings.  The assumed soil index and thermal properties for 
the compressed moss/organics layer are presented in Table 5. 

The index properties for the sandy gravel drainage blanket and stacked tailings have been estimated 
from limited available information and past experience.  Thermal properties of the materials were 
determined indirectly from well-established correlations with their index properties.  Table 5 
summarizes the material properties used in the thermal analyses. 
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TABLE 5:  MATERIAL PROPERTIES USED IN THERMAL ANALYSES 
Thermal Conductivity 

(W/m-oC) 
Specific Heat 

(kJ/kgoC) Material Water Content 
(%) 

Bulk Density 
(Mg/m3) 

Frozen Unfrozen Frozen Unfrozen 

Latent Heat 
(MJ/m3) 

Compressed moss/ 
organics after thaw 
consolidation 

60 1.60 2.36 1.02 1.24 2.03 200 

Sandy gravel placed in 
winter 3 2.06 1.22 1.42 0.77 0.83 20 

Sandy gravel placed in 
winter after initial thaw 3 2.11 1.38 1.54 0.77 0.83 21 

Sandy gravel after thaw 
consolidation under 
loadings from tailings 

5 2.20 1.89 1.84 0.80 0.90 35 

Stacked tailings  20 1.90 2.07 1.39 0.96 1.31 106 
 

5.3  RESULTS AND DISCUSSION 
One-dimensional thermal analyses were conducted for all 15 cases listed in Table 4.  The predicted 
maximum thaw penetration into the original ground and associated time during the mine life for 
each of the 15 cases are summarized in Table 6.  The following observations can be made from the 
results: 

• The predicted maximum thaw depth of 1.3 m for Case 1 (placing only the 1.5 m sandy gravel 
drainage blanket in Feb 2007) is slightly greater than the estimated active layer thickness of 1.2 m 
for the original ground for BH 96-G08. 

• The predicted maximum thaw depths for Cases 2 to 11 are generally similar and have limited 
sensitivity to the tailings placement rates and final stack heights. 

• The predicted maximum thaw depths are greater for the cases where the tailings are placed 
directly on the original ground instead of the 1.5 m thick sandy gravel drainage blanket. 

• The predicted maximum thaw depths greatly increase with increasing snow depth for the cases 
that simulated the ground conditions without placed tailings.        
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TABLE 6:  PREDICTED MAXIMUM THAW PENETRATION INTO ORIGINAL GROUND FOR 15 CASES 

Case 

Predicted Maximum 
Thaw Depth below 

Original Ground Surface 
during Life of Minto 

Mine (2007 to 2014) (m) 

Time Associated 
with Maximum 

Thaw 
Comments Based on Thermal Analysis Results 

1 1.3 Summer 2014 
The predicted thaw depth is 0.8 m below the original 
ground surface in summer 2008 and increases to 1.3 
m in summer 2014. 

2 to 7 
and  

9 to 10 
0.7 Summer 2007 

The predicted depth of the unfrozen original 
overburden soils after summer 2007 is either equal to 
or less than that in summer 2007.  

8 0.9 Summer 2014 
The predicted thaw depth is 0.7 m below the original 
ground surface in summer 2007 and increases to 0.9 
m in summer 2014. 

11 0.8 Summer 2007 The thawed original overburden soils are frozen back 
after 2008.  

12 and 13 1.4 Summer 2007 
and after 

The predicted depth of the unfrozen original 
overburden soils after summer 2007 remains the same 
as that in summer 2007. 

14 2.2 Summer 2014 
The predicted thaw depth is 1.0 m below the original 
ground surface in summer 2008 and increases to 2.2 
m in summer 2014. 

15 2.1 Summer 2014 
The predicted thaw depth is 1.5 m below the original 
ground surface in summer 2008 and increases to 2.1 
m in summer 2014. 

 
It is noted that tailings placement warms up the original ground.  The results indicate that the 
original ground has warmed from approaching -0.8°C to between -0.3°C and 0°C.  Figures 1 to 3 
present the predicted September 2014 tailings/ground temperature profiles for Cases 2 to 4, 5 to 7, 
and 8 to 10, respectively.  Figures 1 to 3 indicate that the tailings is either unfrozen or marginally 
frozen with temperatures warmer than -0.3°C.  The predicted tailings temperatures for the tailings 
placement rates of 1.5 m/year (Cases 2 to 4) and 3.0 m/year (Cases 5 to 7) are generally colder than 
those for the tailings placement rate of 6.0 m/year (Cases 8 to 10). 

Figure 4 compares the predicted September 2014 tailings/ground temperature profiles for Cases 7 
and 11.  Case 11 is the same case as Case 7 but assumes that tailings are first placed in September 
2007 instead of May 2007.  Figure 4 shows that the predicted tailings/ground temperatures for Case 
11 are colder than those for Case 7.  This is attributed to the fact that the tailings placed during the 
summer of 2007 for Case 11 is 1.0 m thinner than that for Case 7, such that the thin 0.5 m thick 
tailings layer, underlying fill, and original ground for Case 11 are predicted to completely freeze back 
by the following winter.  On the contrary, the portion of the thawed original ground beneath the 
tailings placed during the summer of 2007 for Case 7 is predicted to remain unfrozen after the 
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following winter.  This suggests that a thin initial summer-placed tailings layer will result in colder 
tailings/ground temperatures during the later stage of the mine life. 

Both the thermal analysis results and past experience suggest that ground with thick snow cover 
would be warmer since snow serves as good thermal insulation.  Snow on the surface of the active 
tailings placement area will likely be cleared, melted, or compressed during tailings placement.  
Therefore, thin lifts of tailings placed over the large area would result in thin average snow cover on 
the tailings surface, which, in turn, would result in colder tailings stack temperatures. 

6.0  SENSITIVITY EVALUATION OF ESTIMATED MEAN AIR TEMPERATURES  

6.1  UNCERTAINTY OF ESTIMATED MEAN AIR TEMPERATURES 
The measured monthly mean air temperatures at the Minto site were available for the period from 
October 2005 to June 2006, as listed in Table 7.  The measured air temperatures at Carmacks during 
the same period are also presented in Table 7 for comparison.  However, no measured air 
temperatures at Pelly Ranch are available for the same period.  The data in Table 7 show no clear 
trend between the measured air temperatures at the two sites.  The average temperature during this 
period is 1.1°C warmer at the Minto site than at Carmacks.  This observation is based on the data 
for a very short period and may not represent the long-term correlation between the two sites.  To 
address the potential uncertainty associated with the estimated long-term air temperatures, another 
set of long-term mean air temperatures for the Minto site were estimated by interpolating the long-
term mean monthly air temperatures at Pelly Ranch and Carmacks based on the distances to the 
Minto site but without adjusting for the elevation difference.  Accordingly, the mean annual air 
temperature at the Minto site was estimated to be -3.5°C, which is 1.6°C warmer than that for the 
estimated long-term monthly air temperatures used in the previous thermal analyses.  The estimated 
monthly long-term mean air temperatures at the Minto site for both the following sensitivity studies 
and the previous thermal analyses are listed in Table 7 for comparison.  



 
 

11 
 
 

M01 Thermal Analysis Dry Stacked Tailings Dec 11 06.doc 

 

TABLE 7:  MEASURED AND ESTIMATED AIR TEMPERATURES AT MINTO AND CARMACKS 

Month 

Measured Monthly Air 
Temperature from 

October 2005 to June 
2006 at Minto Site(a) 

(oC) 

Measured Monthly 
Air Temperature 

from October 2005 
to June 2006 at 

Carmacks(b) 

(oC) 

Estimated Monthly 
Mean Air 

Temperature at Minto 
for Sensitivity 

Thermal Analyses in 
Section 6.2(c) 

(oC) 

Estimated Monthly Mean 
Air Temperature at Minto 

for Previous Thermal 
Analyses in Sections 4 

and 5(d) 

(oC) 
January -19.3 -24.1 -26.6 -28.2 
February -11.8 -15.6 -20.2 -21.8 
March -12.0 -13.3 -10.8 -12.4 
April -0.9 0.7 0.5 -1.1 
May 7.3 7.4 7.9 6.3 
June 13.6 13.3 13.3 11.7 
July   15.4 13.8 
August   12.8 11.2 
September   6.6 5.0 
October -0.9 0.2 -2.4 -4.0 
November -12.7 -11.9 -15.4 -17.1 
December -10.2 -13.3 -23.4 -25.0 
Average -5.2 -6.3 -3.5 -5.1 
Notes: 
(a) measured at the Minto Camp climate station from October 2005 to June 2006 (Access Consulting Group, 2006) 
(b) measured at Carmacks from  October 2005 to June 2006 (Environment Canada website) 
(c)  based on Climate Normals 1971-2000 at Pelly Ranch (Environment Canada website), measured mean air 

temperatures at Carmacks and Pelly Ranch for the period of 1963 to 2004 (Environment Canada website)  
(d)  based on Climate Normals 1971-2000 at Pelly Ranch (Environment Canada website), measured mean air 

temperatures at Carmacks and Pelly Ranch for the period of 1963 to 2004 (Environment Canada website), and 
Johnston (1981) 

 

6.2  AIR TEMPERATURE SENSITIVITY STUDIES 
To evaluate the effects of the uncertainty associated with the estimated long-term air temperatures at 
the Minto site, a set of sensitivity thermal analyses were conducted using the warmer long-term air 
temperatures listed in Table 7. 

Calibration thermal analyses for BH 96-G08 were repeated using the warmer long-term air 
temperatures.  The soil profile and properties remained the same.  Input data such as snow 
properties and ground surface conditions were adjusted.  Table 8 compares the calibrated ground 
temperatures with those measured on September 9, 1996 at BH 96-G08.  The calibrated ground 
temperatures are almost identical to those listed in Table 3.  The predicted active layer thickness 
under the warmer long-term air temperatures remains approximately 1.2 m. 
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TABLE 8:  MEASURED AND MODELLED GROUND TEMPERATURES AT BH 96-G08 
Depth below Ground Surface 

 (m) 

Measured  

(oC) 

Modelled 

 (oC) 
1 0.1 0.1 
2 -0.5 -0.2 
3 -0.7 -0.4 
4 -0.8 -0.6 
5 -0.8 -0.7 

7.5 -0.8 -0.8 
10 -0.8 -0.8 

 
Cases 1, 2, and 7 listed in Table 4 were re-run with the warmer long-term air temperatures and 
calibrated snow properties.  Other climatic data and ground surface properties were assumed to be 
the same as for the earlier analyses.  The initial February 1, 2007 ground temperatures for Case 1 
were estimated based on the new calibration thermal analysis for BH 96-G08.  The initial May 1, 
2007 ground temperatures for Cases 2 and 7 were estimated based on the revised results for Case 1. 

Table 9 presents the predicted maximum thaw penetration into the original ground using the 
estimated warmer long-term air temperatures.  The results indicate that the predicted maximum 
thaw depths for the current sensitivity studies are 0.1 m to 0.4 m deeper than those for the 
corresponding cases simulated in Section 5.  

 

TABLE 9:  PREDICTED MAXIMUM THAW PENETRATION INTO ORIGINAL GROUND FOR AIR TEMPERATURE  

SENSITIVITY STUDIES  

Case 

Predicted Maximum Thaw 
Depth below Original Ground 
Surface during Life of Minto 

Mine (2007 to 2014) 
 (m) 

Time Associated 
with Maximum 

Thaw 

Comments Based on Thermal Analysis 
Results 

1 1.4 Summer 2014 The predicted thaw depth is 1.0 m below the 
original ground surface in summer 2008 and 
increases to 1.4 m in summer 2014. 

2 1.1 Summer 2014 The predicted thaw depth is 0.8 m below the 
original ground surface in summer 2007 and 
increases to 1.1 m in summer 2014. 

7 0.8 Summer 2007 The predicted thaw depth remains the same 
during the life of the mine. 
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7.0  CONCLUSIONS AND RECOMMENDATIONS 
The following conclusions and recommendations can be drawn from the thermal analysis results: 

• The 1.5 m thick sandy gravel drainage blanket proposed to be placed over the original ground to 
drain potential excess pore water in the original ground and tailings can also provide benefit in 
limiting thaw penetration into the original ground due to tailings placement. 

• The predicted long-term tailings temperatures for tailings placement rates of 1.5 m/year and 
3.0 m/year are colder than those for a tailings placement rate of 6.0 m/year.  Therefore, it is 
recommended to limit the tailings placement rate to less than 3.0 m/year to promote freeze-back 
of the summer-placed tailings. 

• A thin initial summer-placed tailings layer would promote freeze-back of the tailings, underlying 
sandy gravel fill, and original ground during the following winter and result in colder 
tailings/ground temperatures during the later stage of the mine life.  The initial summer-placed 
tailings should be spread over a large area and in thin lifts to promote freeze-back of the tailings, 
underlying sandy gravel fill, and original ground during the following winter.    

• Reduced snow cover would result in colder tailings/ground temperatures.  It is recommended 
that snow be regularly cleared off the tailings surface.  

• Snow tends to accumulate on the lower area along the toe of the tailings perimeter slopes due to 
both natural snow-drifting and intentional snow-clearing off the tailings top surface.  It is 
understood that a haul road will be constructed around the toe of the lower portion of the 
tailings perimeter slopes.  It is recommended that snow be regularly cleared off both the slope 
toe area and the road surface to limit thaw penetration into the original ground within the area. 

• The long-term air temperatures at the Minto site could be warmer than the estimated.  Sensitivity 
thermal analyses assuming warmer mean air temperatures indicate that the predicted maximum 
thaw penetration into the original ground will be 0.1 m to 0.4 m deeper than those for the 
corresponding cases presented in Table 6.  It is recommended that the long-term mean air 
temperatures at the Minto site be reviewed when more data become available and the results of 
the thermal analyses be re-evaluated.  

In addition, it is recommended that tailings/ground temperatures in the tailings placement area be 
regularly monitored to confirm the ground/tailings thermal conditions and to provide additional 
information for future mine closure design.  The results from this study cannot be directly used for 
the closure design for the following reasons: 

• The actual thermal conditions in the tailings placement area may be different from the predicted 
in this study due to actual different tailings placement rate, different construction schedule, and 
other factors.  Actual tailings/ground temperature monitoring data would provide a better basis 
for the closure design. 

• Long-term global warming effects were not considered in this study due to the relatively short 
mine life; however, they should be considered for the closure design. 
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• It is understood that climatic data will be collected at the Minto site during the mine life.  The 
climatic data used for the current study can then be reviewed and updated for the closure design.  

8.0  LIMITATIONS 
The thermal evaluations in this study were based on limited available site-specific information and 
engineering judgement.  A number of assumptions were applied in the thermal evaluations.  The 
thermal analyses were solely based on the soil profile at BH 96-G08 under estimated long-term 
climatic conditions.  It is expected that the soil profiles and properties will be different from one 
location to another over the tailings placement area, and climatic conditions over the mine life could 
be different from those estimated.  Therefore, the actual thermal conditions may differ from those 
predicted in this study. 
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FIGURES 
 



Thermal Analysis of “Dry” Stacked Tailings Area
1200173 Minto Project, YT December 2006

Figure 1
Predicted Tailings/Ground Temperature Profiles in Mid-September 2014

for Cases with Tailings Placement Rate of 1.5 m/year and Various Tailings Final Heights
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Figure 2
Predicted Tailings/Ground Temperature Profiles in Mid-September 2014

for Cases with Tailings Placement Rate of 3.0 m/year and Various Tailings Final Heights
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Figure 3
Predicted Tailings/Ground Temperature Profiles in Mid-September 2014

for Cases with Tailings Placement Rate of 6.0 m/year and Various Tailings Final Heights
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Figure 4
Comparison of Predicted Tailings/Ground Temperature Profiles in Mid-September 2014

for Cases 7 and 11 (Same Tailings Placement Rate of 3.0 m/year and Final Height of 10 m)

Figure1_MintoThermal.xls

-15

-10

-5

0

5

10

15
-1 0 1 2 3 4 5 6 7 8 9 10

Temperature (oC)

D
ep

th
 fr

om
 O

rig
in

al
 G

ro
un

d 
Su

rf
ac

e 
(m

)

Case 7 (Start Placing Tailings in May 2007)

Case 11 (Start Placing Tailings in September 2007)

Measured on September 9, 1996 at BH 96-G08

Soil Layer Boundary

Sandy Gravel Fill

Stacked Tailings

Ice-Rich Organic Silt and Sand

Sand and Gravel

Sand and Silt

Top of 10 m Tailings Stack


