
Barrick Gold Corporation 
460 West 50 North, Suite 500 
Salt Lake City, Utah 
84101 

27 June 2015 

Al Hoffman, P.Eng. 
Chief Inspector and Executive Director, Health & Safety 
British Columbia Ministry of Energy and Mines 
Health and Safety and Permitting Branch 
PO Box 9320 Stn Prov Govt 
Victoria, BC 
V8W 9N3  

Re: Understanding of foundation conditions, water balance adequacy and filter adequacy 
 at the closed Nickel Plate tailings impoundment near Hedley, BC 

Dear Mr. Hoffman: 
In response to the instructions of your memorandum dated 03 February 2015 to our Mr. Robbin 
Harmati, BC Properties Closure Manager for Barrick Gold Corporation (Barrick), I have 
reviewed the available information regarding the foundation conditions, the water balance and 
the filter adequacy (specifically, the internal zoning) of the constructed earthfill embankment of 
the tailings impoundment at the closed Nickel Plate mine site.  This letter has been prepared 
and submitted to the BC Ministry of Energy and Mines (MEM) to summarize the results of my 
review findings, following the item numbering system provided in your memorandum of 03 
February.  The figures pertaining to the closed Nickel Plate Tailings Storage Facility (TSF) that 
are attached to this letter have been taken from the 2014 annual dam safety inspection report 
(Knight Piésold, 2014).  To facilitate reference, new sequential numbers in red font have been 
added to the attached figures. 

Nickel Plate Mine and Tailings Impoundment Background 
The closed Nickel Plate mine site is located approximately 3 km northeast of Hedley, BC; the 
open pit mine operated from early 1987 to October 1996 and produced a reported 760,000 oz of 
gold from about 12,000,000 tonnes of ore.  Tailings generated from the two-stage leaching and 
Merrill-Crowe zinc precipitation processing circuit were deposited in the Nickel Plate TSF.  
During the initial years of operation, hydrogen peroxide was used to destroy cyanide in the 
tailings stream, prior to discharge to the TSF; from September 1991 to end of operations, an 
Inco SO2/air cyanide destruction process was employed.  Figure 1 shows the location of the 
Nickel Plate site and the general layout of the closed TSF, the Mascot Pond Freshwater 
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Reservoir located just downstream of the southwestern corner of the Nickel Plate TSF that was 
developed to store runoff water for process use, and other ancillary structures. 
Construction of the Starter Dam for the Nickel Plate TSF, the Main Dam and West Saddle Dam 
that form the Mascot Pond Freshwater Reservoir and the ancillary structures was completed 
from mid-July to early November 1986.  The findings of the geotechnical site investigation and 
laboratory testing program, which included 42 test pits and 27 boreholes as well as index 
property, compaction, consolidation and permeability determinations, were presented in the final 
design report (Robinson Dames & Moore, 1986a). 
The Nickel Plate TSF Starter Dam comprised a compacted, well-graded till embankment with a 
vertical, central chimney drain and a downstream blanket with connecting finger drains 
extending to the downstream toe.  The chimney, blanket and finger drains were built of relatively 
clean granular soils.  The Mascot Pond Freshwater Reservoir Dams comprised compacted, 
well-graded till embankments, with downstream blanket drains and upstream riprap protection.  
Upstream and downstream slopes for the Starter Dam were designed and built to 1.75H:1V 
(horizontal:vertical) and 2H:1V, respectively.  The Main and West Saddle Dams of the 
Freshwater Reservoir were designed and built with 2H:1V upstream and downstream slopes. 
As documented in the final design report (Robinson Dames & Moore, 1986a) and the as-built 
completion report (Robinson Dames & Moore, 1986b) for the tailings and water storage dams, 
embankment foundation conditions generally consisted of dense to very dense till overlying 
weathered and/or fractured breccia or granodiorite bedrock, transitioning with depth to less 
weathered and less fractured bedrock.  Lenses of coarse-grained glacio-fluvial outwash 
sediments, generally dense to very dense and of inferred limited thickness and lateral extent, 
were encountered in some of the topographic lows within the till.  Lenses of fine-grained 
volcanic ash and ash-rich soils were also reported in some of the site investigation boreholes 
and test pits, all generally at shallow depth.  The as-built report provides further details of the 
construction activities, such as encountered conditions; foundation preparation which included 
removal of exposed soft and fine-grained materials such as organic soils and ash-rich soils; 
embankment fill zoning and completion; and quality control and quality assurance testing. 
The Nickel Plate TSF dam crest was raised seven times from its Starter Dam configuration over 
the nearly ten-year operating life of the impoundment, generally by centerline or upstream 
construction methodologies as summarized in Table 1.  In 1998, a closure cover of about 0.6 m 
coarse rockfill and 0.6 m overlying till was placed over most of the tailings surface and 
hydroseeded.  The only portion of the impoundment not capped and vegetated was the remnant 
decant pond located in the northwest corner of the TSF, which accounted for an estimated 17% 
of the total tailings surface area (Barrick, 2005). 
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Table 1. Nickel Plate TSF Dam Construction History 
Stage Year Crest Elevation 

(famsl) 
Height (ft) at Maximum 
Section Station 22+00 

Construction 
Methodology 

Downstream 
Slope 

Starter 1986 4,474 99 Centerline 2H:1V 
I 1989 4,505 130 Centerline 1.75H:1V 
II 1990 4,510 135 Upstream 1.75H:1V 
III 1991 4,525 – 4,532a 156 Downstream 2H:1Vb 
IV 1992 4,538 163 Centerline 2H:1V 
V 1993 4,542 167 Upstream 2H:1V 
VI 1994 4,556 181 Upstream 2H:1V 
VII 1995 4,565 – 4,572c 197 Upstream 2H:1V 

Closure 1998 n/a n/a Cover soil n/a 
a Tailings dam crest raised to variable elevation of 4,525 famsl to 4,532 famsl before 1991 
 construction season terminated early due to poor weather. 
b Downstream slope built to 1.75H:1V below elevation 4,449 famsl and 2H:1V above 
 elevation 4,449 famsl for Stages III to VII. 
c Final tailings dam crest elevation 4,572 famsl at southwest abutment, transitioning to 
 4,565 famsl at northeast abutment. 

The Nickel Plate TSF has been the subject of extensive geotechnical inspections, reviews and 
audits throughout its design, construction, operation and closure history.  Design and as-built 
construction reports were prepared for the tailings dam crest raises, and specific studies to 
evaluate groundwater hydrogeology in and around the tailings impoundment, assess 
embankment stability, examine tailings consolidation performance and define closure cover 
options were conducted and reported on from operation to closure phases.  Most of these 
studies included site investigation and laboratory testing programs, the data from which were 
examined as part of the current review of foundation and embankment conditions. 

Routine inspections of the Nickel Plate TSF continue to be conducted and logged by Barrick 
closure site staff on a twice-daily basis, and the site staff also collects monthly readings from the 
tailings mass, embankment foundation piezometers, standpipes and monitoring wells.  Knight 
Piésold Consulting Ltd. (Knight Piésold) has conducted formal annual tailings facility safety 
inspections since 1992 and regular independent dam safety reviews are completed by AMEC 
Environment & Infrastructure (e.g. AMECa, 2012).  Additionally, Barrick’s independent Review 
Team of Mr. M.A.J. (Fred) Matich and Dr. N.R. Morgenstern have conducted geotechnical 
performance reviews of the Nickel Plate TSF (Matich & Morgenstern, 2002; Matich & 
Morgenstern, 2011).  I have visited the site on numerous occasions over the past seven years, 
including to coordinate the independent geotechnical performance reviews. 

In late 2014, Barrick submitted to the BC MEM the most recent dam safety inspection report 
(Knight Piésold, 2014), an independent review of the dam safety inspection report by Golder 
Associates Ltd. (Golder, 2014) and a dam breach and inundation study by EBA Engineering 
Consultants Ltd. (EBA, 2013) for the Nickel Plate tailings impoundment, in fulfillment of your 
Order of 18 August 2014.  A Dam Classification of Very High was assigned to the Nickel Plate 
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TSF and the Mascot Pond Freshwater Reservoir, following the scheme summarized in Table 2-
1 of the 2013 Dam Safety Guidelines of the Canadian Dam Association (CDA, 2013). 
Figures 2 and 3 show plan view locations of geotechnical monitoring instrumentation for the 
Nickel Plate TSF, to March 2011 closure conditions.  Figures 4 to 6 provide reference cross-
sections through the TSF embankment dam corresponding to the locations as indicated in 
Figures 2 and 3, with some details of inferred subsurface geology provided.  Figure 7, taken 
from the recent, independent stability and dam breach assessment (EBA, 2013) shows a typical 
cross-section through the main Mascot Pond Freshwater Reservoir Dam. 
More detailed descriptions of the tailings, embankment fill and foundation materials encountered 
in the site investigation work and characterized by laboratory testing can be found in the 
relevant technical reports available at the Nickel Plate Mine document archive at site, some of 
which have been cited in this letter.  Key reports related to tailings impoundment water balance 
modeling and management during operation and in post-closure are also available in the site 
archives.  

Understanding of TSF Dam Risk Items in 03 February 2015 Memorandum 

1. Undrained shear failure of silt and clay foundations 
According to the Independent Expert Engineering Investigation and Review Panel, 
failure of the Mount Polley TSF was attributed to the failure to identify a continuous 
glaciolacustrine silt layer underlying the Perimeter Embankment and recognize that 
the material was susceptible to undrained failure in a normally consolidated state 
under the loading associated with the increasing height of the TSF (Province of 
British Columbia, 2015).  A review of the site investigation database for the Nickel 
Plate TSF and adjacent Mascot Pond Freshwater Reservoir resulted in the following 
conclusions: 
a. Similar foundation conditions (i.e. an extensive layer of fine-grained soil 

susceptible to undrained failure under loading by the TSF) do not exist below the 
Nickel Plate embankments. 

b. Sufficient site investigations have been completed to have confidence in this 
assessment. 

c. The embankments’ designs accounted appropriately for their respective, inferred 
foundation conditions (generally, dense to very dense till overlying bedrock), 
which did not include silt and clay soils susceptible to undrained failure under the 
imposed loading. 

d. No new subsurface investigation work is required to verify embankment 
foundation conditions. 

Furthermore, as tailings deposition and thus embankment crest raising at the Nickel 
Plate TSF terminated in October 1996, and the approximately 1.2 m thick closure 
cover soil placement was completed in 1998, there has been no new, significant 
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loading imposed on the embankment or foundation materials for almost twenty 
years. 

2. Water balance adequacy 
There is a small, unlined remnant pond located at the northwest corner of the Nickel 
Plate TSF, well away from the embankment, and four high density polyethylene 
(HDPE) geomembrane-lined ponds in the northeast corner of the impoundment.  
Two of the HDPE-lined ponds are used for permanent storage of the sludge 
generated by the water treatment plant (WTP) located downstream (south) of the 
TSF.  The other two lined ponds are used for temporary storage of water captured 
from the East, Central and West Seepage Zones by a series of ditches and wells 
located downstream of the TSF.  The captured seepage water is collected in four 
sumps also located around the downstream toe of the TSF before being pumped to 
the two HDPE-lined ponds for storage and eventual delivery to the WTP and 
subsequent release.  A more detailed description of water inputs and management 
related to the Nickel Plate TSF is provided in the project documents, including AMEC 
(2012b).  No detailed water balance model has been developed or maintained for the 
TSF closure condition. 
a. Currently, an estimated maximum 20,000 m3 of water is stored in the remnant 

pond on the TSF during freshet conditions only; in late summer, that pond 
volume is typically less than 2,000 m3.    Approximately 71,250 m3 of water from 
the pond was pumped to the WTP in 2014, at a fairly steady rate of about 8 m3/hr 
throughout the year.  The maximum stored water volume in the Mascot Pond 
Freshwater Reservoir is about 10,000 m3 during freshet, and the estimated 
minimum stored volume is 2,000 m3 in late summer.  The only mechanisms for 
water loss from the Mascot Reservoir are seepage, which ends up being 
captured by the West Seepage Zone collection system, and evaporation. 

b. No new process-affected water or other surplus mine water has been added to 
the remnant, unlined pond on the TSF since the end of mine and mill operations 
and placement of the TSF cover soil, some twenty years ago.  The only water 
input to the unlined pond is from direct precipitation, snowmelt and runoff.  Water 
from the unlined pond is pumped along with the captured seepage water stored 
in the two lined ponds to the WTP for treatment and release.   

c. Currently, Barrick has no plans in place or under development to release water 
directly from the remnant, unlined pond to the environment.  As noted above, 
some 71,250 m3 of water from the unlined pond are pumped annually to the on-
site WTP.  This water, along with seepage water collected from recovery wells, is 
treated and released to Hedley Creek under Environmental Permit PE-07613. 

d. The minimum beach width at the closed Nickel Plate TSF, from the remnant, 
unlined pond to the nearest section of the embankment, is approximately 140 m.  
Under current closure conditions, there will be little if any anticipated variation in 
this width. 
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e. There has been no significant new loading of the Nickel Plate TSF embankment 
and foundation since site closure, and the relatively dense to very dense till that 
comprises the foundation soil precludes concern over any ongoing consolidation 
processes that could deform the TSF embankments to an amount sufficient to 
compromise internal drainage features or cause other secondary damage.  Data 
from the six surface settlement gauges installed on the TSF cover and monitored 
since 1998 indicate no significant change in elevation over the past five years 
(Knight Piésold, 2014).  Estimates of seismically-induced displacements and 
post-earthquake deformations, including the assumption of residual (liquefied) 
tailings strengths, indicate no loss of embankment integrity under the maximum 
credible earthquake (Knight Piésold, 2014).  Lastly, there is very little free water 
stored on the closed TSF and ongoing monitoring of embankment, foundation 
and tailings mass piezometers indicate pore pressure levels well below 
established threshold values to trigger slope stability reviews. 

f. The closed Nickel Plate TSF maintains sufficient freeboard to contain all of the 
inflow from the 24-hour probable maximum precipitation (PMP) over its 
undiverted catchment area (Knight Piésold, 2014).  Water accumulated on the 
TSF from major storm events can be pumped from the remnant pond for release 
via the WTP.  Similarly, adequate freeboard is maintained at the Mascot Pond 
Freshwater Dam to store the probable maximum flood (PMF) generated over its 
modest catchment (Knight Piésold, 2014).  In fact, Barrick plans to essentially 
empty (pump out) the remaining water from the Mascot Pond Freshwater 
Reservoir to one of the HDPE-lined storage ponds later this year, in the 
expectation that the Mascot Reservoir will maintain that very small water volume 
for a considerable time. 

g. Barrick considers its understanding and management of the small remnant pond 
on the Nickel Plate TSF appropriate for current site closure conditions, and thus 
has no plan or schedule in progress to conduct new work related to the water 
balance. 

3. Filter adequacy 
Internal drainage features were included in the Nickel Plate TSF and the Mascot 
Pond Reservoir embankment designs and construction, and appeared to have 
functioned as intended throughout the operating (active tailings deposition) life of the 
facilities.  As indicated by the long-term piezometer data as well as periodic 
piezocone sounding campaigns in the tailings mass, the phreatic surface elevation 
and seepage gradients in the tailings impoundment have decreased since the end of 
operations. 
a. As the tailings impoundment has been in closure for almost twenty years with a 

small, remnant pond located well away from the crest, adequate (inactive) beach 
width has been established.  Furthermore, the facility maintains sufficient 
freeboard to store the 24-hour PMF on its closure cover without spilling over the 
perimeter crest.  As-built filter and drainage zones within the embankment were 
built to design specifications and intent, and are expected to continue to provide 
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Attached Figures 
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