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Introduction
Giant Mine is located near Yellowknife, Northwest Territories, about five kilometres north of the
city centre. The mine produced gold from 1948 until 1999, and ore for off-site processing from
2000 until 2004. After the owner went into receivership in 1999, Giant Mine was transferred to
the control of the federal government. Aboriginal Affairs and Northern Development Canada
(AANDC) and the Government of the Northwest Territories (GNWT) continue to be responsible
for the management of the site.
Gold in the Giant Mine ore was associated with an arsenic-bearing mineral known as
arsenopyrite. The process used to release the gold from the arsenopyrite led to the production of
arsenic-rich gas as a by-product. From 1951 to 1999, the gas was captured in the form of arsenic
trioxide dust and transferred to underground storage areas. Approximately 237,000 tonnes of the
dust were produced and stored underground in 15 purpose-built chambers and mined-out stopes
(Figure 1).
SRK, AANDC and the GNWT investigated options for long term management of the underground
arsenic trioxide dust over a period of several years, which also included extensive community
engagement. The preferred option that emerged from that work involved freezing rock around
the dust, and installing passive heat pumps known as thermosyphons to keep the ground frozen
indefinitely. The “frozen block” option was subsequently combined with plans for surface works to
comprise a comprehensive Giant Mine Remediation Plan (SRK and SENES 2007).
In October 2007, the AANDC and GNWT applied to the Mackenzie Valley Land and Water Board
for a water license to implement the Giant Mine Remediation Plan. The application was
subsequently referred to an environmental assessment. The Mackenzie Valley Environmental
Impact Review Board (MVEIRB) issued its Report of Environmental Assessment and Reasons for
Decision in June 2013, and stated that “the Developer’s design for creating the frozen shell or
blocks appears to be sound for the 100-year maximum lifespan of the Project”. The Responsible
Minister approved the Review Board’s recommendations and modified requirements in
August 2014.
In parallel to the environmental assessment process, AANDC and GNWT initiated a full scale test
of the freezing concept on one of the underground chambers. The “freeze optimization study”
(FOS) started construction in 2009, and freezing began in 2011. SRK engineers acted as
designers of the study and reviewers of the collected data. The results have shown the feasibility
of the frozen block concept and provided information to support the further levels of design.
This report brings together many of the above threads in the form of a complete design basis for
the ground freezing system. It briefly reviews elements of the Remediation Plan and FOS, but
focuses on the analyses and decisions leading to the design basis. The intent is to provide a
single clear foundation for detailed design and ultimately implementation of the ground freezing
system. Background materials that might be of interest in these future steps are referenced
throughout and included as Supporting Documents.
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Early technical work and public engagement on options for managing the arsenic trioxide dust at
the Giant Mine started in 2000 and culminated in the Arsenic Trioxide Management Alternatives
Report, prepared for AANDC in 2002 (SRK 2002). That work was further advanced in a series of
in situ investigations, conceptual designs and performance modeling, and then combined with
plans for the remainder of the site to form the Giant Mine Remediation Plan (SRK & SENES
2007). Relevant technical appendices from that document are included in Supporting Document
M. The Remediation Plan submitted by AANDC and GNWT to the Mackenzie Valley Land and
Water Board in 2007, along with an associated water license application. The Land and Water
Board referred the project to the Mackenzie Valley Environmental Impact Review Board for
environmental assessment.
As part of the environmental assessment, the early work was summarized and the Remediation
Plan’s descriptions of both the arsenic trioxide storage areas and the ground freezing plans were
updated. The updates were compiled in the Developer’s Assessment Report (INAC and GNWT
2010), which represents a comprehensive summary of all prior work. Relevant sections of the
Developer’s Assessment Report are also provided in Supporting Document M.
The Remediation Plan and the Developer’s Assessment Report recommended that the arsenic
trioxide dust and the rock around each chamber and stope be managed in place using the “frozen
block” method. In brief, the recommended method included the following steps:
1.

Installation of freeze pipes below and around the perimeter of the chamber or slope, and
operation of the active freezing system to create a zone of completely frozen rock in a
relatively short time.

2.

Addition of water to saturate the arsenic trioxide dust and rock contained within the frozen
zone.

3.

Continued operation of the active freeze pipes until sufficient ground and arsenic dust is
frozen.

4.

Conversion to a passive system to further develop and maintain frozen conditions over
the very long term.

The first step would require installing an active freezing plant with freeze pipes extending below
and around the perimeter of each chamber and slope. The freeze pipes below chambers and
stopes would be installed from underground tunnels, some of which could be former mining
access drifts but others would need to be constructed. The perimeter freezing system would be
installed in holes drilled from the surface. The addition of water was intended to make the system
more robust against future thawing, and would take place after a 10 m wide zone of rock around
the dust was completely frozen and at temperatures of -10 °C or colder. The active freezing
system would continue to operate until the dust and the contained water was also completely
frozen at -5 °C or colder. Thereafter, the underground portions of the freeze system would be
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decommissioned and the perimeter freeze pipes converted to passive operation by the
installation of thermosyphons. The mine workings would then be allowed to flood. Keeping the
“frozen blocks” frozen over the long term would require continued operation of the passive
thermosyphons. Exposure to weather conditions, climate change, and the risk of vandalism
would require that the thermosyphons be monitored, and when necessary maintained or
replaced.
During the environmental assessment, parties to the process filed several information requests
related to the ground freezing method. Freeze-related information requests and the responses
are collated in Supporting Document L. Some of the suggestions made in the information request
process, together with results from the FOS (see next section), led to the identification of possible
improvements to the design concepts presented in the Developer’s Assessment Report.
Examples included removing the need for the underground horizontal freeze pipes and the
introduction of water into the dust prior to freezing. These improvements were first documented
in the report “Freeze Optimization Study Update for MVEIRB and Parties”, which is provided in
Supporting Document J. The evaluation of these and other design improvements is discussed
further in Section 2.3 below.

2.2

Freeze Optimization Study
A full-scale freeze optimization study (FOS) was constructed around one of the arsenic containing
chambers in 2009 and 2010. Chamber 10 was surrounded by 38 drillholes and freeze pipes, with
an additional 31 instrumented drillholes completed to collect performance data. The study
included tests of active, passive, and hybrid freezing system, and a range of installation and
hardware options. The system components and construction are documented in Supporting
Document K.
Overall objectives of the FOS included:


Demonstrating large scale ground freezing;



Estimating parameters needed for engineering design;



Testing implementation methods;



Developing monitoring and data handling methods;



Identifying constraints and opportunities related to procurement and project delivery; and



Examining “unknown unknowns” i.e., project uncertainty and unexpected design issues.

The study began with extensive analysis to identify design variants and key material properties to
be tested. The freeze pipes were arranged in groups to test various arrangements of active and
hybrid freezing methods. The variants for the active system included pipe diameter and
connection sequence, i.e., series or parallel. The hybrid thermosyphon groups tested different
pipe diameters and in-hole installation arrangements. Prior modeling of the freeze system had
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relied on literature estimates of material properties: two of the most important being the thermal
conductivity of the rock and arsenic dust. The study was designed to collect the data needed to
develop independent estimates of those parameters. Finally, the study was designed to resolve a
number of practical implementation issues, such as the best method to drill the holes needed to
install freeze pipes, and the details of the freeze plant design.
Construction of the test facility was completed in late 2010, and ground freezing was initiated in
late February and early March of 2011. The ground freezing systems have been in operation
since that time, although many of the freeze pipes have been toggled on and off for periods, or
converted between hybrid and passive operation as part of the testing.
The study findings to 2013 were documented in the “FOS Findings Report” which is provided in
Supporting Document E. Complete monitoring data from the study are also provided on the
accompanying CD. The results of the study supported further steps in the analysis and design,
and will provide guidance for future procurement, construction, operation and monitoring:


Data needed to compare active freezing, passive freezing and hybrid active-passive
freezing technologies were collected and assessed. The assessments are discussed
further in Section 2.3 below.



Several construction methodology questions were answered. For example, downhole
hammer drilling was found to be the most accurate and cost-effective method to install
vertical freeze pipes.



Similarly, many design details were tested. One example was the slightly surprising result
that freeze pipe diameter had little effect on performance of either active or passive
freezing. The 3-inch active freeze pipes performed as well as 4.5-inch active freeze
pipes, and there were negligible differences in the performance of 4-inch and 2.5-inch
diameter thermosyphons.



Methods were developed to estimate thermal conductivity, thermal diffusivity, heat
transfer coefficients for the bedrock, and the water content and thermal diffusivity of the
arsenic dust. Recommended parameters for thermal modeling of other chambers and
stopes are provided in Supporting Document D.



The reliability of several types of monitoring instruments was assessed. Section 5 below
discusses the resulting recommendations for future monitoring systems.

2.3

Evaluation of Design Variants

2.3.1

Trade-off Studies
A series of trade-off studies were completed to evaluate the advantages and disadvantages of
design variants identified through the environmental assessment and the freeze optimization
study. A common freeze pipe layout was established as a baseline for all of the trade-off studies.
Previous pipe layouts for the full scale freeze program had assumed active freezing and focused
on selecting the appropriate number and location of active freeze pipes. The new freeze pipe
layout focused on keeping the chambers and stopes frozen over the long term, using only
passive thermosyphons, and therefore resulted in different pipe spacings than the earlier work.
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The “Conceptual Thermosyphon Layout” developed as a baseline for the trade-off studies is
presented in Supporting Document F. Using parameters derived from the Freeze Optimization
Study, each chamber and stope was modeled to determine the number of thermosyphons
needed to keep the dust below -5°C over the long term. The modeling included a global warming
climate scenario with +6.1°C increase to the Yellowknife mean annual air temperature. The
results indicated the appropriate spacing between thermosyphons for each chamber and stope.
Depending primarily on the size of the chamber or stopes, the thermosyphon spacings ranged
from 4 to 8 m. For very wide stopes, the results indicated that an additional line of shallow
thermosyphons would provide extra protection against future climate warming.
The conceptual thermosyphon layout was then adopted as a foundation for trade-off studies of
several design variants. The trade-off studies are presented in full in Supporting Document B.
Table 2.1 provides a summary of the design variants considered in each trade-off study, and the
study outcomes.
The design concept that emerged from the trade-off studies is known as a ‘dry’ frozen block
method, because it does not include any addition of new water1. It also drops the earlier
requirement for horizontal freeze pipes drilled from underground; with the higher thermal
conductivities found in the Freeze Optimization Study, freeze pipes installed from surface were
capable of freezing the rock below every chamber and stope. A third refinement is the use of a
combination of active and passive freeze technologies from the start of the freezing program.
Table 2.1:

Trade-off Study Summary

Study Name

Variants Considered

Trade-off Study Outcomes

Wet frozen
blocks vs. dry
frozen blocks

Wet Frozen Block Method: As
described in the Remediation Plan.



Surface and
underground vs.
surface only

Surface and Underground Method:

Freezes the dust storage areas using
freeze pipes drilled from the surface and 
horizontal freeze pipes drilled from
underground.


Dry Frozen Block Method: This
method omits the wetting step and cools
the dust and surrounding rock without
adding water.


Surface Only Method: Freezes the
(dry) dust storage areas using freeze
pipes drilled from surface only.



Recommended proceeding with the Dry
Frozen Block method.
The dry frozen block is less complex in
terms of constructability, requires less
time to freeze, is less costly, and has
lower risks.
The wet frozen block is slightly more
resistive to thawing in the event of a
complete malfunction scenario.
However, in the event of partial thawing,
the dry frozen block is less complex in
terms of water management.
Recommended proceeding with the
Surface Only Method.
The surface only method is significantly
less complex in terms of constructability,
requires a similar active freezing period,
and is significantly less expensive.
Thermal simulations based on results of
the FOS showed that additional freezing
power from the underground pipes is not
needed.

Wetting studies were also undertaken in 2012 to investigate physical and chemical phenomena that could be important during
wetting of the partially cooled dust and out outline overall requirements for a wetting system design. The results are provided in
Supporting Document I.

1
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Study Name

Variants Considered

Trade-off Study Outcomes

Active freezing
rate of cooling

This study compared different active
freezing coolant temperatures, ranging
between -10°C and -40°C, to evaluate
the effects on freezing times and costs.



This trade-off study compared rates of
freezing using hybrid thermosyphons
actively operated with one and two heat
exchange coils.




The study assumed the surface only
method described above, except with
different coolant temperatures circulated 
through the freeze pipes.
Hybrid freezing
rate of cooling



The study assumed the surface only
method described above.
Method of
conversion from
active freezing to
passive freezing

This study compared two methods of
conversion:
Standard Conversion: Insert a
completely new thermosyphon unit into
each freeze pipe.




Recommended proceeding with a
coolant temperature of −35°C as this
temperature leads to a shorter active
freeze period.
Warmer coolant temperatures resulted in
longer freezing durations, and lower
power and freeze plant costs.
The total costs are similar for coolant
temperatures ranging from −20°C and
−35°C.
There is very little difference between the
one and two coil hybrid thermosyphon
systems.
Recommend assuming the two coil
system for further analysis and cost
estimates.
Recommended proceeding with the
standard conversion method.
The direct conversion method has merit,
but requires steps that have not been
tested before.

Direct Conversion: Attach a new
thermosyphon radiator on top of each
existing freeze pipe.
Active freezing
vs. hybrid
thermosyphon
freezing vs.
passive
thermosyphon
freezing

This study compared three potential

freeze technologies:

Active freezing using a conventional
active system;


Active freezing using hybrid
thermosyphons; and


Passive freezing using
thermosyphons.
The study assumed the surface only
method described above.

2.3.2

Recommend further consideration of
combination methods in order to optimize
schedule and cost.
The freeze periods of the active, hybrid,
and passive systems were predicted to
be 17, 20, and 38 years respectively.
The study has shown that smaller
chambers can be frozen passively in the
same time period as larger chambers are
frozen actively.

Surface
amendments

This study evaluated the potential for

surface amendments placed overtop the
arsenic dust storage areas to reduce the
long-term maximum dust temperature

and to reduce costs by allowing for the
perimeter pipe spacing to be increased.

Recommend adding shallow
thermosyphons to designs for stopes that
are otherwise slow to freeze.
Shallow thermosyphons installed directly
over the arsenic dust were found to be
the most effective surface amendment.

Bulkhead design
requirements.

This study evaluated fill materials for drift 
plugs required around the arsenic dust
storage areas.

A combination of bulkhead types will be
required, details need to be determined
in final design.

Optimization Studies
Design variants that met all of the recommendations from the trade-off studies, but used different
combinations of passive and active freezing, were progressed through conceptual design and
preliminary costs estimates in order to provide a basis for selecting an optimal configuration.
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The optimization study was completed in two phases that evaluated twelve design variants.
Table 2.2 presents a summary of all of the variants. Details are provided in Supporting Document
A.
Phase 1 Optimization
The Phase 1 optimization evaluated seven variants that ranged from fully active to fully passive
that were each designed to achieve a common freezing complete date. Four of these variants
(Variants 1 to 4) were designed using the revised −5°C freeze-containment criterion that was
adopted at the conclusion of the trade-off studies (Supporting Document B). In brief:


Variant 1 is a fully active freeze system, which freezes all chambers and stopes as fast as
possible.



Variant 2 is a primarily active freezing system, but with passive freezing used in Area 1 where
it will not delay overall completion.



Variant 3 is a primarily passive freeze system, with active freezing used at Stope B208.



Variant 4 is a fully passive freezing system.



Variants 5, 6, and 7 were included only to test the effects of the superseded −10°C freezecontainment criterion.

The primarily active Variants 1 and 2 achieved the −5°C freeze-containment criteria within
approximately ten years, while the primarily passive Variants 3 and 4 achieved the freezecontainment criteria within approximately 17 years. Direct costs were estimated to range
between $104M and $165M, with the passive only variant the least expensive, and the active only
variant the most expensive. These costs include construction, as well as operating costs for
power, maintenance, and monitoring during active operations.
The Phase 1 results showed that the use of passive thermosyphons, wherever possible without
impacting the overall schedule, can be effective at reducing the overall implementation costs and
that there was a large variance in the number of chambers and stopes able to be frozen passively
that depended on the assumed construction schedule and targeted completion date. The
Phase 1 optimization study assumed an eight year construction schedule, which was based on
past experience of construction of the active freeze systems at the FOS. Construction of passive
freeze systems would result in a shorter implementation schedule that would allow additional
chambers to be frozen using passive thermosyphons without impacting the overall schedule.
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Summary of Variants Considered in Optimization Study

Phase 1 Optimization

Phase 2 Optimization

8 years

4 years

Construction Duration
Variant
Technology

1
Active Only

3

Combination Active/Passive

4

5

6

7

Passive Only

Active Only

Combination
Active/Passive

Passive Only

-5 degrees over 10 m

Design Freeze-Containment Criteria

8

9

10 years

17 years

C11

4m–6m

4m–6m

4m–6m

4m–6m

C12

4m–6m

2m–6m

3m–6m

C14

5m–8m

4m–8m

C9

5m–6m

C212

10

Passive Only

-10 degrees over 10 m

As fast as
possible

11

12

Combination Active/Passive
-5 degrees over 10 m

17 years

25 years

n/a4

As fast as
possible

10 years

As fast as
possible

n/a4

4m–6m

3m–6m

3m–6m

4m–6m

4m–6m

4m–6m

4m–6m

4m–6m

4m–6m

4m–6m

2m–6m

2m–6m

4m–6m

4m–6m

3m–6m

3m–6m

4m–6m

5m–8m

5m–8m

5m–8m

5m–8m

3m–8m

5m–8m

5m–8m

4m–8m

3m–8m

5m–8m

5m–6m

4m–6m

2m–8m

5m–6m

5m–6m

3m–3m

5m–6m

4m–6m

3m–6m

3m–3m

5m–6m

5m

5m

3m

4m

5m

5m

2m–2m

5m

3m

3m–3m

3m–3m

5m

B230

6m

6m

4m

5m

6m

6m

3m

6m

3m

3m

3m

6m

B233

6m

6m

4m

5m

6m

6m

3m

6m

3m

3m

5m

6m

B234

6m

6m

5m

5m

6m

6m

3m

6m

4m

4m

5m

6m

B235-36

5m

5m

2m–8m

2m–8m

5m

5m

2m–3m

5m–6m

3m–3m

3m–3m

5m–8m

5m–8m

B208

4m–8m

4m–8m

4m–8m

2m–8m

4m–8m

4m–8m

2m–2m

4m–8m

3m–3m

4m–8m

4m–8m

5m–8m

Area 4

4m–5m

4m–5m

2m–5m

2m–5m

4m–5m

4m–5m

2m–4m

4m–5m

3m–5m

4m–5m

4m–5m

4m–5m

Years to achieve design freezecontainment criteria3

10.5

10.5

17

17.5

10.5

17

27

23

15

12.5

10.5

10.5

Cost (Million)

$165

$151

$121

$104

$173

$163

$117

$72

$82

$114

$121

$156

Target Completion Time

Freeze Technology1 and pipe spacing2 by
Chamber/Stope

2

As fast as possible

Note(s):

(1) Actively frozen chambers/stopes are shaded blue; passively frozen chambers/stopes are shaded dark green; passively frozen chamber/stopes with internal freeze pipes are shaded light green.
(2) Where two numbers are listed for the pipe spacing, the first number indicates the perimeter pipe spacing, the second number indicates the shallow thermosyphon or internal thermosyphon spacing.
(3) Freeze times are from the start of construction and are estimated to the nearest half year.
(4) No target completion times were specified in Variants 8 and 12 as the pipe layouts were determined by the “conceptual thermosyphon layout” presented in Supporting Document F.
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Phase 2 Optimization
Following a review of the remediation schedule drivers, the Phase 2 optimization adopted a four
year construction schedule. The faster schedule assumed the B1 Pit would be backfilled by the
end of the third year of construction, with freeze pipes able to be installed at B208 and Area 4 in
Year 4.
Five additional variants were developed and assessed:


Variant 8 is a fully passive freezing system that uses the “conceptual thermosyphon
layout”, configured to keep the chambers and stopes frozen over the long term using
passive thermosyphons only.



Variant 9 is a fully passive freeze system, configured to freeze all chambers and stopes
as quickly as possible.



Variant 10 is primarily a passive freeze system, with active freezing only at B208 and
B212-214.



Variant 11 is primarily a passive freeze system, with active freezing used where required
to achieve the freeze-containment criterion in 10 years (B235-236, B208, and Area 4).



Variant 12 is primarily an active freeze system that uses the “conceptual thermosyphon
layout”.

Direct costs for the Phase 2 variants were estimated to range between $72M and $156M. The
times to achieve the freeze-containment criterion ranged between 10 and 23 years.
The Phase 2 optimization resulted in two clear front-runners, the passive only Variant 9 and the
active-passive Variant 11. Variant 9 achieves the −5°C freeze-containment criterion in 15 years
at a cost of $82M, and was selected as the primary basis for further design discussed in the
following sections of this report. Variant 11 is much more costly at $121M, but achieves the −5°C
freeze-containment criterion in just over 10 years. It is included herein as a contingency to be
considered further if the freezing completion schedule drives overall project completion.
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3

Performance Criteria

3.1

Ground Freezing Criteria
Ground freezing projects commonly specify numerical criteria to determine when the ground is
adequately frozen. Water in the ground begins to freeze at 0°C, but can remain unfrozen or
partially unfrozen at lower temperatures, due to the effects of solutes in the water and capillary
forces exerted by the matrix pores. In addition, it is never possible to monitor all of the frozen
area, and allowance must be made for variability. Therefore, it is common to adopt temperature
criteria that are below 0°C, and to specify a distance over which such temperatures must be
measured before the ground can be considered to be adequately frozen.
This section presents the recommended performance criteria. By analogy to hazardous waste
landfill criteria, independent criteria are applied for (1) containment of the waste and (2)
immobilization of the waste.

3.1.1

Freeze-Containment Criterion
SRK recommends target of −5°C, measured over a distance of at least 10 m around and below
all mine workings where the arsenic trioxide dust is present, as a criterion to determine when the
dust is robustly “freeze-contained”.
Tests with arsenic trioxide dust indicate that over 90% of pore water is frozen at −2°C (Supporting
Document C). Specifying a 10 m wide zone at −5°C meets that target and adds a factor of
safety against local variability in freezing rates, rock properties or porosity. The 10 m width is a
large enough to be verified by in situ instrumentation, and provides a very significant barrier to
water movement. Any water seeping through a crack in the bedrock will freeze prior to reaching
the other side of a 10 m wide zone at −5°C.
SRK foresees two specific uses for the freeze-containment criterion. First, in the event that active
or hybrid systems are included for the initial freezing, the freeze-containment criterion will be used
to determine when the freeze pipes can be converted to fully passive thermosyphons. Second,
under any passive, active or hybrid system, the freeze-containment criterion will need to be met
before water is allowed to reflood surrounding areas.

3.1.2

Freeze-Immobilization Criterion and Future Climate
SRK recommends that the arsenic trioxide dust be considered “freeze-immobilized” when its
temperature reaches −5°C or lower at all points. Most hazardous waste management systems
require not only that material be securely contained, but also that any liquid phases be
immobilized. As noted above, pore water in arsenic trioxide dust freezes at temperatures
between 0 and −2°C, so using −5°C as the freeze-immobilization criterion is again conservative.
The initial freezing should only be considered complete when both the containment criterion and
the immobilization criterion are met.
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A second and very different use for the freeze-immobilization criterion is as the long-term
performance target. The long-term passive freezing system should have adequate power to keep
all points within the arsenic trioxide dust at or below the −5°C temperature indefinitely. And the
long-term monitoring and maintenance system should be designed to detect trends and allow
mitigation before any arsenic trioxide dust exceeds −5°C.
For design purposes, it is also necessary to specify the future climate scenario against which the
freeze-immobilization criterion should be tested. The freeze pipe layout variants presented herein
are all designed to meet the freeze-immobilization criterion even under a 6.1°C increase to the
Yellowknife mean annual air temperature. That scenario reflects the upper-range global average
temperature increase from the multi-century “stabilization scenarios” published by the
International Panel on Climate Change (IPCC 2004). Further details in Supporting Document M
(see the response to the Information Requests RB #01).

MMM/PM/DH

GiantFreezeDesignBasis_Report_1CA030-010_pm_dh_20160329_FNL

March 2016

SRK Consulting
Giant Mine – Freeze Program Design Basis

4

Page 12

Preliminary Design
The recommended design uses the ‘dry’ frozen block method, with freeze pipes installed from the
surface only. It includes passive freezing using thermosyphons at all chambers and stopes with
the freeze pipe layout based on the Variant 9 layout introduced in Section 2.3.2. The pipe layout
is illustrated in Figure 2 with the construction schedule and freeze durations provided in Figure 3.
A contingency for active freezing at B235-B236, B208 and Area 4 has also been included in the
event that implementation of the freeze program and/or performance of the passive
thermosyphons do not proceed as plan. Installation of the freeze systems at these chambers/
stopes occur later in the project schedule and have longer freeze durations. The contingency
active freezing pipe layouts are provided in Figure 4.
The following sections provide further explanation of design inputs and details.

4.1

Design Inputs
The recommended design assumes that each area takes one year to construct and that Area 4 is
the last area to be constructed (beginning in Year 4) to allow for stabilization and backfilling of the
B1 Pit. The additional time will allow for consolidation of the pit fill and minimize the potential for
differential settlement. Based on the assumed schedule, all chambers and stopes can be frozen
passively within approximately 10.5 years.
The following bullets describe the major assumptions used during the development of the
recommended design.
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The chambers and stopes were assumed to be frozen in the following sequence: AR1,
AR2, AR3 followed by AR4. This sequence generally begins with the simplest case and
gradually moves towards more complex cases. It also allows for flexibility in the Project
schedule for building demolition required in AR3, and for backfilling of the B1 Pit required
for areas AR3 and AR4.



Thermosyphons spacings were not allowed to exceed the spacing needed to keep
temperatures below the immobilization criteria under the future global warming scenario.



Shallow thermosyphons (where required) were assumed to be installed and
commissioned during the initial construction period.



The perimeter freeze pipe locations were generally offset from the chamber or stope
walls by 5 m to reduce the time required to freeze beneath the chamber or stope while
maintaining a sufficient offset to avoid accidentally drilling into the dust.



Chamber 10 was excluded from the evaluation under the assumption that the currently
constructed freeze system would be reactivated and later converted to passive
thermosyphons.
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Chamber 15 was excluded from the evaluation as it is empty. (Modeling completed as
part of Supporting Document F determined that 5 m thermosyphons spacing would be
required if Chamber 15 were to be filled with arsenic trioxide dust and frozen.

4.2

Design Components

4.2.1

Freeze Pipe Layout / Pipe Spacing
The pipe layout (Variant 9) is presented in Figure 2. The typical pipe arrangement has a 5 m
offset distance from the chamber and stope walls to the freeze pipes, with vertical perimeter
freeze pipes that extend 20 to 30 m below the base of the dust. Vertical shallow thermosyphons
extend to a depth of 5 m above the top of the chamber/stope and vertical internal thermosyphons
pass through the chambers/stopes to the base of the dust.
A summary of the pipe quantities and layout details by chamber/stope is provided in Tables 4.1
and 4.2. Table 4.3 provides a listing of instances where the pipe lengths, orientations, and offsets
differ from the typical arrangement.

4.2.2

Thermosyphons
Each thermosyphon will consist of a 100 mm (4 inch) diameter welded high pressure steel pipe
(Schedule 40 ASTM A-106 Grade B seamless carbon steel) connected to a radiator. The
100 mm diameter allows a 75 mm diameter thermosyphon to be sleeved inside the 100 mm pipe
if a thermosyphon replacement is required. The thermosyphon radiator is to have an efficiency
equivalent as that used in the Freeze Optimization Study. The exposed steel above the ground
surface and down to about 1 m below grade will be aluminized and painted white to increase heat
losses, and to protect the exposed steel against corrosion.
Where contingency active freeze systems are used, 73 mm (2.5 inch) diameter thermosyphons
will be installed during conversion to passive freezing. These pipes are the same as those
utilized in Group G in the FOS that have been found during the study to perform similar to larger
diameter thermosyphons.
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Table 4.1: Freeze Pipe Quantity Summary
Recommended Thermosyphon Design Layout

Contingency Active Freezing Layout

# of Pipes

Length of Pipe (m)

# of Pipes

Length of Pipe (m)

Perimeter Thermosyphons

605

61,143

371

35,016

Shallow Thermosyphons

48

941

62

1,282

Internal Thermosyphons

35

2,373

-

-

-

-

175

17,783

688

64,456

608

54,081

Active Freeze Pipes
Total

Source: \\VAN-SVR0\Projects\01_SITES\GIANT\1CA030.010_FOS_(Mar2015-Apr20016)\ !080_Deliverables\02_Design Basis Report\020_TablesConceptualDesignReport_Tables_Rev01.xl

Table 4.2: Freeze Pipe Layout Details
Pipe Spacing (m)
Chamber
/Stope

Perimeter
Pipes Sides

Perimeter
Pipes Ends

Shallow
Thermosyphons

Number of Pipes
Internal
Thermosyphons

Perimeter
Pipes Sides

Perimeter
Pipes Ends

Shallow
Thermosyphons

Internal
Thermosyphons

Total

Perimeter Pipe
Length Below
Base of Dust (m)

Average Pipe Lengths (m)
Perimeter
Pipes Sides

Perimeter
Pipes Ends

Shallow
Thermosyphons

Internal
Thermosyphons

Total Pipe
Length (m)

Recommended Thermosyphon Design Layout Details
C11

4

5

6

-

23

4

7

-

34

20

64

62

17

-

1,838

C12

4

5

6

-

39

15

11

-

65

20

75

77

21

-

4,326

C14

5

6

8

-

25

9

8

-

42

20

68

67

21

-

2,482

C2-12

3

4

-

-

69

25

-

-

94

30

111

111

-

-

10,450

C9

4

5

6

-

18

10

5

-

33

25

109

109

21

-

3,149

C10

4

-

8

-

38

-

3

41

10

95

-

23

B230

3

4

-

-

26

14

-

-

40

20

104

104

-

-

4,162

B233

3

4

-

-

16

15

-

-

31

20

101

101

-

-

3,123

B234

4

5

-

-

12

13

-

-

25

20

100

99

-

-

2,496

B235-36

3

4

-

3

27

20

-

13

60

30

113

113

-

84

6,413

B208

3

4

-

3

62

15

-

22

99

30

110

109

-

58

9,708

Area 4

3

4

5

-

77

33

14

-

124

30

113

112

18

-

12,628

432

173

48

35

688

TOTALS

3,683

64,456

Contingency Active Freezing Pipe Layout Details
B235-36

5

6

8

-

17

14

5

-

36

20

104

103

25

-

3,329

B208

4

5

6

-

48

11

9

-

68

20

100

99

24

-

6,089

Area 4

4

5

5

-

57

28

14

-

99

20

103

102

18

-

8,955

Source: \\VAN-SVR0\Projects\01_SITES\GIANT\1CA030.010_FOS_(Mar2015-Apr20016)\ !080_Deliverables\02_Design Basis Report\020_TablesConceptualDesignReport_Tables_Rev01.xlsx

Note(s):
(1) Pipe quantities include all perimeter pipes installed as part of the FOS.
(2) Perimeter pipes shared by Chambers 11 and 12 are allocated to Chamber 12.
(3) Perimeter pipes shared by B230 and B233 are allocated to B230.
(4) Perimeter pipes shared by B230 and B236 are allocated to B236.
(5) Perimeter pipes shared by B233 and B236 are allocated to B236.
(6) Perimeter pipes shared by B233 and B234 are allocated to B233.
(7) Thermosyphons targeting the drift between B234 and B208 are allocated to B234 (perimeter pipes – ends).
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Freeze Pipe Layout Exceptions

Area

Chamber
/Stope

1

11

The offset of the freeze pipes near Drift Plug 64 and Raise Plug 65 is increased to
ensure that the plugs are contained in the freeze wall.

12

Two angled thermosyphons are included to target Drift Plug 66 from an accessible
area of the bedrock outcrop.
The row of thermosyphons located west of the chamber is adjacent to a steep drop
off above the B2 Pit; however, the drillholes locations should be accessible with a
diamond drill rig. If required, the chamber offset may be reduced, but shall not be
less than 2 m. Angled freeze holes may also be used provided that the offset at the
bottom of the hole does not increase.

14

The offset of the freeze pipes near Bulkheads 68 and 70 is increased to ensure that
the plugs are contained in the freeze wall.
The length of the thermosyphons is to extend 30 m below the base of the chamber.

C2-12

The freeze pipe alignment north of the C2-12 is extended to encapsulate the arsenic
contaminated workings and Bulkheads 47, 48, and 49.

2

3

Layout Exceptions

10

n/a.

9

The freeze pipe offset near Bulkhead 58 is increased to ensure that the drift plug is
contained in the freeze wall.

B230

Freeze pipes north of the chamber are shared with B233 and are located middistance between the two chambers.
Freeze pipes east of the chamber tie into the freeze wall for B236.
Additional freeze pipes are placed west of the chamber to freeze the arsenic
contaminated drifts at the base of the chamber.

B233

Freeze pipes north and south of the chamber are shared with B230 and B234 and
are located mid-distance between the chambers.
Freeze pipes west of the chamber are aligned to be approximately 2 m offset from
the arsenic contaminated lower level drift.

B234

Freeze pipes south of the chamber are shared with B233 and are located middistance between the two chambers.
Freeze pipes west of the chamber are aligned to be approximately 2 m offset from
the arsenic contaminated lower level drift.

B235-236 The freeze pipe offset near Bulkhead 7 was increased to ensure that the drift plug is
contained in the freeze wall.

4
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B208

The freeze pipe offset is increased north of the stope to encapsulate the arsenic
contaminated drifts on the lower levels.
Four additional freeze pipes are placed near Bulkheads 14 and 15.
Three additional freeze pipes placed adjacent to the lower level drift between B208
and B234.

B212
B213
B214

Area 4 includes angled freeze pipes to reduce the distance between the freeze
pipes beneath the stopes.
On the west side of stopes B212, the freeze pipes are angled at 13 degrees from
vertical.
On the east side of the Stope B212, the freeze pipes are angled at 13 degrees from
vertical, and along stope B213 and B214, the pipes are angled at 16.7 degrees from
vertical.
The freeze pipe offset are increased north of the stope to encapsulate the arsenic
contaminated drifts on the lower levels.
A number of the freeze pipes in Area 4 intercept mine workings. Concrete plugs will
be required to seal the openings to provide thermal contact for the freeze
pipe/thermosyphon.
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Surface Preparation
Various surface preparations will be required prior to drilling and installation of the freeze pipes.
This section summarizes the preparation work grouped by the four main areas as illustrated in
Figure 1.
Common to all areas, near surface contaminated soils are to be excavated from the project area.
The Freeze Pipe Installation As-built Report provided in Supporting Document K provides details
of the contaminated soils sampling practices developed during the FOS construction.
Fill placed over areas to be drilled should consist of well graded materials to allow for easier
drilling. Significant drilling difficulties were encountered during the FOS construction where runof-quarry backfill was used, including: slow drilling, difficulties in setting casing to bedrock, and
loss of drilling fluids and loss of grout.
For all chambers, at least one 5 m gap is required to allow an excavator to get inside the ring of
pipes around each chamber or stope. Excavator access will be sufficient for future maintenance
and thermosyphon repairs, as any heavier lifting could be accomplished by a crane operating
from outside the ring of pipes.
Area 1
Area 1 is located below a large bedrock outcrop adjacent to B2 Pit. The surface of the bedrock is
relatively steep at some locations. Access is required to allow for drilling and thermosyphon
installation.
Fill placement overtop the drillholes should be minimized and where possible, drilling directly into
bedrock is preferred. Access roads are recommended to be constructed with fill (cuts avoided, if
possible), be located immediately inside of the freeze wall alignment, and be large enough to
allow for:


A skid-mounted drill rig to access all hole locations with cribbing as required; and



The thermosyphon radiators to be installed using excavators to raise the radiators into
position.

Area 2
Area 2 is located between Highway 4 and C-Shaft with a large portion of Stope C212 located
underneath the Mill Pond. The Mill Pond area will be backfilled with a well graded material and
compacted to reduce the risk of damage to the freeze pipes associated with settlement.
Area 3 and Area 4
Areas 3 and 4 are defined to the south by the former roaster buildings and by the B1 Pit to the
north. Additionally, Highway 4 crosses above Chambers B233 and B234. The installation of the
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freeze pipes will require the closure of the former Highway 4 alignment and the backfill of a
portion of the B1 Pit. General levelling and backfill will also be required in other areas.
The B1 Pit will be backfilled with well-graded granular material. Compaction of the backfill is
required to minimize the risk of damage to the freeze pipes associated with settlement.
The majority of the backfill placed in the B1 Pit is expected to be frozen as a result of the
thermosyphon placement around B208 and be maintained at -2°C or lower. Contaminated soils
should preferentially be placed as close to the thermosyphon pipes as practical. Debris placed in
the pit must not interfere with the thermosyphon installation or result in any long-term degradation
that could result in damage or performance impacts to the thermosyphons.
4.2.4

Drilling and Pipe Installation
This section presents the drilling requirements and requirements for the installation of freeze
pipes and instrumentation holes. All holes are to be grouted to surface with a cement grout.
Drilling is primarily to be completed using a downhole hammer (DHH) drill rig. This drill method
was found to be the most efficient in terms of cost, accuracy, and speed, as documented in the
FOS Findings Report (Supporting Document E). A track or skid-mounted diamond drill rig is to be
used in areas where the DHH drill rig is unable to access (i.e. the bedrock outcrop area in
Area 1), where drill core is required (i.e. for investigation of the crown pillars), and for angled drill
holes (Area 4). Drilling must be accurate enough to avoid drilling into arsenic chambers.
There is no simple technical basis for specifying a particular drilling accuracy. The drilling
deviation should remain within 1 m of the original target, or within 1% for a 100 m deep hole.
During the FOS construction, the holes drilled by the downhole hammer and diamond drill rigs
had average deviations of 0.6% and 0.8% respectively. Downhole surveys during drilling are to
be completed to ensure that there is no significant deviation and that the arsenic dust is not
intercepted.
Thermosyphon drillholes are to consist of minimum 150 mm diameter holes with 100 mm (4 inch)
steel pipes installed. The larger diameter hole allows sufficient room for temperature
instrumentation (with a typical 20 mm diameter) and for grout tubes (tremie lines) to be used.
Instrumentation cables installed on the freeze pipes should be in direct contact with the freeze
pipe. Spacers and/or centralizers are to be attached to the freeze pipe prior to lowering the pipe
into the hole to prevent damage to the cable.
Temperature instrumentation drillholes for monitoring do not have to be as large as the freeze
pipe drillholes, and the hole diameter will be dictated by the optimum drilling methods available
for the drill rig used. At this time, it is assumed that most instrumentation holes will consist of
76 mm (3 inch) diameter holes with threaded schedule 80 PVC pipe, with an inside diameter of
38 mm (1.5 inches) will be installed for temperature monitoring holes. The PVC is to be installed
with a bottom cap. Small steel plates may be attached to the bottom of the pipe and along its
length to help overcome the positive buoyancy of the PVC pipe. If there is no alternative but to fill
the interior of the PVC pipe to make it sink, water may be used to fill the pipe and it must be later
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evacuated using an air lift method, where a brake line is run to the bottom of the pipe and a high
pressure tank of Nitrogen is used to blow the water out of the pipe. During grouting of the hole,
the top of the PVC pipe must be grouted to prevent debris from entering the pipe, and the PVC
pipe must be secured in the hole while the grout sets by welding a steel plate that can be placed
over the pipe to the drill casing set to bedrock. The temperature instrumentation is to be installed
inside the PVC pipe as detailed in Section 5.1.
4.2.5

Drift Plugs
Final design will need to include recommended methods for constructing plugs in drifts that are
intercepted by the freeze wall. The plugs are needed only to provide thermal contact that will
allow the frozen zone to be completed. It is not necessary that the plugs be designed as mine
bulkheads or water-retaining structures.
Several plug locations are currently inaccessible; evaluation of remote plug construction methods
including trial plug installation is recommended during the final design stage. Remote drill plugs
are also required in instances where freeze pipes pass through voids.
Further field testing of the drift plug methodology is required. Details of the drift plug trials
completed during the FOS construction are provided in Appendix 8 of Supporting Document K.

4.3

Contingency Active Freezing Design Components
This section describes the active freezing components of Variant 11 introduced in Section 2.3.2.
Active freezing of Chambers B235-B236, stope B208 and Area 4 included in the Design Basis as
a contingency to accelerate overall completion of the initial freeze.

4.3.1

Freeze Technology
The active freezing is to be by a conventional system, rather than hybrid thermosyphons. There
is wide experience in the contractor community with conventional active freezing, so it allows for a
competitive procurement process and presents less cost risk.
The active freeze pipes are to consist of 89 mm (3.5 inch) steel pipes with 38 mm (1.5 inch)
diameter polyethylene flexible tubing to be used as the inner coolant supply pipe. The steel pipe
diameter was selected to be the smallest diameter pipe that will allow for the 73 mm (2.5 inch)
thermosyphon steel pipe to be installed directly inside the freeze pipes.

4.3.2

Surface Distribution System
The surface coolant distribution system consists of supply lines that will bring the “cold” coolant to
the freeze pipes and return lines that will bring the “warm” coolant back to the freeze plant for
cooling and recirculation. The circulation of the coolant will be done with pumps at a flow rate
that will provide the optimum heat exchange along the freeze pipes. Each of the freeze pipes will
have fittings, valves and a header that will enable adjustment of the flow rate to the freeze pipe or
the complete isolation of the freeze pipe for maintenance purposes. The components will likely
also include various gauges to measure pressure, flow rate, and temperature.
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The position of the freeze plant is not critical although the optimum location is centered with
respect to the surface freeze pipe locations in order to minimize the amount of heat gains along
the distribution piping. The pumping capacity within the distribution system will need to be
capable of maintaining the optimum flow rate through the freeze pipes and the heat exchangers.
The distribution piping will consist of HDPE piping surrounded by insulation and aluminum
cladding. It is recommended that the piping be run along the ground to avoid use of expensive
pipe hanger systems. For protection against damage, the insulated pipe may be contained in a
culvert pipe, or wooden housing and secured as required using pipe anchors, thrust blocks, etc..
4.3.3

Freeze Plant
The existing active freeze plant used during the Freeze Optimization Study does not have
sufficient capacity for the freezing of Area 4, B208 and B235-236, and it is assumed that a new
freeze plant would optimally be sited between Area 3 and Area 4. It is recommended that the
freeze plant be procured using a performance specification such as that used for the FOS
construction. Specifically, the freeze plant supply scope should include delivery, set up,
connection piping, initial ammonia charge, initial charge of coolant mixing, commissioning, testing
of all systems including data communication with site-wide instrumentation system, and training
of designated site personnel.
The freeze plants will use an ammonia refrigeration system to provide cooling for the secondary
coolant. The secondary coolant is to consist of a stable, environmentally-friendly, and noncorrosive product to be supplied to the freeze pipes at a temperature of -35°C. Corrosion of the
steel pipe by the coolant must be considered: typically corrosion of the pipe is prevented
(particularly when brine is used as the coolant) by introducing additives and by controlling the pH
of the coolant.
The freeze plant and coolant circulation pumps will operate on a 24-hour per day basis for an
approximate period of three years. The plant will run year round, which means the condensers
will have to function over a temperature range between -50 and +25°C. Redundancy is
necessary to allow for maintenance of equipment during scheduled shutdown periods or for
unscheduled repairs. Some components, such as the coolant mixing/surge tank do not need
redundancy.
The freeze plant will have to be designed for the peak demand that occurs when a cluster of
freeze pipes is put online. Guidance for determining the freeze plant capacity based on the heat
flux per unit length of freeze pipe is provided in Supporting Document D. The recommended
design heat removal rate per unit length of freeze pipe is 13 MJ day-1 m-1, which includes a 30%
heat gain along distribution piping. For the second year and onward, it is assumed that the heat
removal rate is reduced to 9.1 MJ day-1 m-1. Based on the assumed Variant 11 construction
schedule of activation of the B235-236 freeze pipes in Year 3 and the B208 and Area 4 freeze
pipes in Year 4, it is estimated that the freeze plant will require a capacity of 600 Tons
Refrigeration.
The proposed plant will require industrial grade power of up to 2.1 MW.

MMM/PM/DH

GiantFreezeDesignBasis_Report_1CA030-010_pm_dh_20160329_FNL

March 2016

SRK Consulting
Giant Mine – Freeze Program Design Basis

4.3.4

Page 20

Passive Conversion
Active freeze pipes will be converted to thermosyphons once a 10 m wide, -5°C freeze wall has
encapsulated the chamber or stope. The pipes will be converted to thermosyphons using the
standard conversion method described in Appendix E of Supporting Document D. The method
consists of inserting a new thermosyphon evaporator pipe into each existing pipe and grouting
the annulus between the pipes. The grout used should be a soft grout that would allow the
thermosyphon pipe to be periodically replaced.
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5

Recommended Monitoring, Maintenance, and Mitigation

5.1

Instrumentation Requirements
Instrumentation data will be accessible remotely from the site at all times, with project staff able to
view the current status of the freeze system including flow rates and temperatures throughout the
system, operational data from the freeze plant, and climate conditions. The main control system
will be housed in a room of the main waste water treatment plant in order to minimize overall site
security requirements.
Details of the data management system and reporting formats used during the FOS are provided
in Supporting Document E. Generally it has been found that collection of hourly data is sufficient
for all monitoring parameters with exception rules for each to record additional data if plant
conditions change. The exception rules should be periodically reviewed and adjusted to ensure
quality. The first review should be completed within the first two week following the start of
operations. Subsequent reviews are recommended on a semi-annual basis.
The following section describes additional instrumentation requirements for the full scale freeze
program.

5.1.1

Temperature Instrumentation
The FOS includes two types of temperature sensors: RTD’s (Resistor Temperature Detectors)
and thermistors.
An RTD is a conductive sensing element such as a wire coil or deposited pure metal film, whose
resistance increases with temperature. There are 158 RTD installed as part of the FOS and used
to measure temperatures at the surface of the freeze pipes and thermosyphons. These sensors
have been found to be very reliable with failures of only three sensors in the first four years of
operation.
A thermistor is an encapsulated metal oxide resistor with a large, nonlinear temperature
coefficient that is a function of resistance. Forty-nine (49) thermistor cables were installed as part
of the FOS, each with 11 thermistor sensors for a total of 539 sensors.
Since the start of the FOS, there have been a number of failures of the thermistor sensors. The
main reasons for the failures are due to:
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Damage during installation: Damaged sensors were typically near the bottom of holes
where the sensors were attached to the outside of freeze pipes and are thought to have
been crushed by being pressed against the side of the drillhole.



Over 8% of the functioning sensors at the beginning of the study have failed since the
start of operations. The cause of the malfunctions is unclear, but one suspected cause is
due to stress on the cable/sensors caused by thermal expansion/contraction of water
during freezing.

GiantFreezeDesignBasis_Report_1CA030-010_pm_dh_20160329_FNL

March 2016

SRK Consulting
Giant Mine – Freeze Program Design Basis

Page 22

As a result of the thermistor failures, use of thermistors is not recommended in freeze pipe holes
where the sensors cannot be retrieved and replaced. Thermistor sensors may be used inside of
PVC pipes in instrumentation holes, where they can be replaced as required.
Since the start of the FOS, additional types of temperature monitoring instrumentation has
become more common and should be considered for use in the full scale freeze program:


Temperature Acquisition Cables (TAC): These are modern versions of the thermistor cable
where the analog to digital conversion of the measurement is performed on the sensor chip,
which allows the sensors to share a single cable connection, or conductor. This allows a
greater number of sensors and a thicker protection jacket to be fit into a smaller diameter
(7 mm) than a thermistor cable. In addition, the TAC sensors have a wider operating
temperature range with similar sensor accuracy (+/- 0.1°C).



Fibre Optic Distributed Temperature Sensing (DTS) System: Uses a fibre optic cable to
obtain a continuous temperature profile along the entire length of the cable. The system
operates by pulsing a laser light through the cable. As light travels along the cable, some of
the light is reflected back. The DTS instrument analyses the back-scattered light to
determine the temperature profile.

TAC’s are generally slightly more expensive compared to thermistor cables, while DTS systems
are significantly more expensive. Experience at the FOS has shown that continuous temperature
profiles are not required as performance is able to be accurately monitored with the thermistor
sensors. As a result, TACs are recommended for the downhole instrumentation along freeze
pipes.
5.1.2

Temperature Monitoring Locations
Table 5.1 provides a summary of the temperature monitoring instrumentation. A plan of the
instrumentation locations is provided in Figure 5.
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Temperature Monitoring Instrumentation Summary

Area

Chamber

Thermosyphon/
Freeze Pipe
Instrumentation

1

C11

2
3

4

Bedrock Instrumentation
Holes

Arsenic Dust Instrumentation
Holes (2)

# of
Holes

Total
Monitoring
Cable Length

# of
Holes

Total Monitoring
Cable Length

4

11

840

2

90

C12

4

14

1,200

2

120

C14

4

13

970

2

90

C9

4

10

1,160

2

180

C212

4

17

1,930

2

170

B230, B233,
B234, B235,
B236 (1)

10

29

3,220

9

770

B208

4

17

1,860

3

260

B212, B213,
B214

8

15

1,820

4

370

42

126

12,990

26

2,050

TOTALS

Source: \\VAN-SVR0\Projects\01_SITES\GIANT\1CA030.008_FOS (Mar2014-15)\Task100_Conceptual Design Basis\Freeze_LayoutOptimization2014
_CostEstimates_Rev06_MMM.xlsx

Note(s):
(1)

Area 3 chambers are grouped together as many of the monitoring locations are apply to more than one chamber.

(2)

The total drilling length to breakthrough of the arsenic dust instrumentation holes is approximately 840 meters.

Thermosyphons
A minimum of four thermosyphons per chamber will be instrumented in order to monitor heat loss
from the radiator. The long-term performance of each thermosyphon will be assessed annual
using digital contact thermometer readings and the existing temperature sensors and climatic
station. An infrared thermometer camera may also be used to determine the functionality of the
thermosyphons. During the winter months, the thermosyphon risers will appear warmer than the
surrounding air.
In addition, the same four thermosyphons are to include downhole temperature monitoring in
order to monitor the temperature profile with depth and ensure that the carbon dioxide circulates
throughout the entire thermosyphon.
Bedrock Instrumentation Holes
Temperature instrumentation holes are recommended to include PVC pipes that are grouted to
the surface. The instrumentation is to be placed inside the PVC pipe and may be left “free to
hang” in the air inside the pipe such that it can be removed or replaced later if necessary. It will
be important to ensure that the top of the pipe is sealed to restrict air from entering the pipe, or for
air in the pipe to release to the atmosphere.
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Bedrock instrumentation holes are recommended at strategic locations to monitor the freeze
performance and to allow for calibration of thermal models. At a minimum, two cross sections
should be monitored at each chamber and stope. One of these sections is to correspond the
“critical section” used to determine the thermosyphon layout detailed in Supporting Document F.
At each of these sections, instrumentation holes are to be drilled on either side of the freeze pipes
(i.e. four along each section), with a typical offset distance ranging from 3 to 5 meters.
Three additional instrumentation holes should be placed at each end of the chamber or stope,
each offset to the outside of the freeze pipe alignment. One of these drillholes would be located
near along a line of symmetry of the chamber, and two offset from the corners of the freeze wall.
The typical chamber would therefore have a total of 14 instrumentation holes. Each
instrumentation hole is to extend five meters below the freeze pipes.
Arsenic Dust Instrumentation Holes
A minimum of two instrumentation holes are recommended within each chamber and stope; one
of which is to be located along the ‘critical section’ as identified in Supporting Document F. The
ground temperature cables should include sensors at regular intervals and include sensors that
specifically target the ground surface (5 cm depth) as well as the top, bottom, and middle of the
chamber or stope.
Drilling through the arsenic chamber was completed during the 2004 arsenic chamber drilling
program (SRK 2005), and for the installation temperature sensors in Chamber 10 as part of the
FOS (Supporting Document E). Drilling into the arsenic filled stopes to install instrumentation
requires specialized techniques to ensure worker health and safety and prevent negative
environmental impacts. The Occupational Health and Safety (OH&S) program developed for the
2004 arsenic chamber drilling program (BC Research 2003) should be used as a basis for the
updated OH&S manual.
The procedure for installation is detailed in SRK (2005) and is summarized below:


Drillholes are to be drilled to breakthrough into the arsenic stope and a deviation survey
then completed to position the drillhole in 3D space.



HQ sized drill rod should then be washed vertically to the bottom of the chamber with
minimal water. No compressed air is to be used.



Instrumentation/PVC pipe should then be installed to the bottom of the chamber.



The drill rods should then be removed and decontaminated as raised.



The top of the casing are to be re-sealed to prevent any emissions of dust from the
chamber to surface, which can be done by sealing with expandable foam.

Where geotechnical stability of the crown pillar is a concern, the drill holes through the crown
pillar would be drilled with an HQ diamond coring rig, using a triple tube system and oriented
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coring techniques to minimize mechanical breakage, and ensure the highest possible quality core
for geotechnical analysis of the crown pillar rock. Core would be geotechnically logged and
orientated measurements completed. The drillhole will then be reamed, if a larger hole size is
required for freeze pipe or thermosyphon installation.
5.1.3

Active Freeze System Instrumentation
The freeze plant is to be instrumented to monitor the following:


Suction and discharge pressures and temperatures;



Coolant supply and return temperatures and flow rates;



Coolant mixing and surge tank levels;



Plant room ambient temperatures;



Plant instantaneous power consumption;



Ammonia leak detection and alarms; and



All other refrigeration related alarms, high/low level indicators, etc.

Additional instrumentation is required on the coolant distribution system in order to track
performance as well as provide early signs of damage to freeze pipes or leaks in the system.
This will consist of primarily temperature sensors, flow meters, and pressure gauges. For heat
flux calculations, each coolant supply line will require a temperature sensor (RTD) and a flow
meter; each coolant return line will also require a temperature sensor.
Automatic pressure and flow gauges are to be installed on each distribution pipe in order to
detect ruptures.

5.2

Monitoring and Inspection Requirements

5.2.1

Passive Operations
Short-Term Performance Monitoring
Routine data reports will present charts for viewing and assessment of monitoring data. The data
reports are to be prepared on a monthly basis during winter months when the thermosyphons
extract heat, and quarterly during the summer. The semi-annual data reports are to be
completed at the start and end of the winter season.
The data will also be used to calibrate thermal models that will be used to monitor progress and
track performance. The calibrated thermal models along the identified ‘critical section’ will be
used to determine when the containment criteria for the arsenic dust has been reached and the
monitoring frequency may be reduced to semi-annual.
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Long-Term Performance Monitoring
Once the chambers and stopes are frozen and have reached steady-state conditions (when there
is minimal year-to-year temperature variation away from the surface), the performance of each
thermosyphon may be monitored by annual checks of the gas pressure and monitoring of heat
loss from the radiators. Ground temperatures will continue to be monitored using the
instrumentation mounted on the freeze pipes and in in the dedicated instrumentation drillholes.
The long term annual monitoring program will include:


A visual inspection of the thermosyphons for indications of damage or vandalism.



Continued collection of ground temperatures from the in-ground instrumentation. The
collected temperatures will be annually reviewed to values predicted by during the design.



A temperature measurement of the thermosyphon riser pipe and comparison with the
surrounding air temperature (to be completed on a cold winter’s day when air temperatures
are colder than expected ground temperatures):

5.2.2

–

If the pipe temperature is the same as the air, then the thermosyphon is not currently in
operation; and

–

If the pipe temperature is warmer than the air, then it is in operation and the carbon
dioxide inside the pipe is circulating.

Active Freezing Contingency
Should the active freezing contingency described in Section 4.3 be required, additional monitoring
will be required.
The active freeze plant system will be monitored and inspected daily by the plant operator. The
objective of all inspections is to assess the current state of the system, look for abnormal
conditions, check for damage, carry out preventive maintenance, etc., to ultimately provide
assurance that the system is and will continue to operate as designed.
All areas are to remain accessible for adjustment and maintenance if necessary. Snow should be
kept cleared such that there is a walkable path around the site from pipe to pipe, to the freeze
plants and to the instrumentation shack. Vehicle access may be required in winter and areas
requiring snow removal need to be marked before snow accumulates. Vehicle and equipment
access should be restricted for performance of specific work that is required.
The operator should check that there is a similar appearance to all operating freeze pipe heads.
For example, if there is no ice build-up on a freeze head but all others around are covered in ice,
this may be a sign that there is a blockage or a reduced flow in the system that is not detected by
the instrumentation.
As a follow through to operation, recommendations should be provided by designers and freeze
system suppliers for routine checks, preventive maintenance and emergency procedures.
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Regular visual inspection for leaks, damage and other unusual conditions and maintenance on a
scheduled and unscheduled basis for the following areas:


General condition – access, debris, ice/snow build-up, damage, electrical substation, other
visual;



Distribution system – pipe runs, insulation, supports, valves, flow meters, etc.;



Freeze pipe connections – inlet and outlet tubing, valves, flow meters, connections;



Condition of operating valves - once each week all operating valves are "bumped" and then
set back to the original pre-bump state. This should ensure there is no rust build up on
moving parts. It may be necessary to use WD-40, or similar product, to provide a light
lubricant to moving parts. Valves should not be "bumped" on any random day and the date of
any adjustment should be noted so that if there is an observed change in monitoring data it
can be cross referenced to any physical field adjustments (intended or otherwise);



Weather station operation - particular attention to wind speed detector, general condition and
possible damage from birds, ice, etc.;



Freeze system performance – visual reading and manual recording of key instrumentation
parameters;



Take action when abnormal conditions are noticed;



Housekeeping and site upkeep;



Schedule of daily activities for the above;



Freeze plant maintenance according to manufacturers’ specifications - the freeze plant
vendor to supply a schedule and list of recommended routine checks and preventive
maintenance; and



Other maintenance to be scheduled.

Emergency procedures will be needed for abnormal conditions such as excessive freeze pipe
flows or coolant leaks. The site care and maintenance contractor, freeze plant vendor, and
designated others would be expected to be available for emergency response.
Operation reports will be prepared on a daily, weekly and monthly basis. Daily reports will
provide all checks and inspections, and provide an update of key performance parameters and
trends. Weekly and monthly summaries will be prepared to summarize performance, abnormal
conditions, actions taken and maintenance performed.
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Thermosyphon Maintenance
Non-performing thermosyphons will be repaired as required. A common cause of degraded
performance is a loss of carbon dioxide due to defects in the welded pipe and/or charging valves,
or to vandalism.
Maintenance will include ensuring that the carbon dioxide pressure in the thermosyphon is
appropriate for operation and the radiator surfaces are not damaged. Where slow leaks are
present in the pipes, these can be periodically re-pressurized at the start of the winter season.
Records will be kept showing performance and to track issues. When maintenance costs exceed
replacement costs, consideration will be given to replacing the unit.

5.4

Mitigation Measures
A failure of a freezing system component during the initial stages would simply delay the freezing
process. The magnitude of the delay will depend on the time required to repair or replace the
failed component.
Contingency measures include replacing defective components, installing additional
thermosyphons, implementation of an active freeze system, and/or extending the duration of
active freezing.
If monitoring during the long-term passive freezing phase indicates unexpected warming in or
around the frozen blocks, the available mitigation measures will include:

5.5



Investigation of the causes including checks of the gas pressures of the affected
thermosyphons;



Replacement of defective components;



Installation of shallow thermosyphons to counteract the surface heat flux; and



Installation of additional full depth thermosyphons to counteract sideways or upwards
heat flux.

Action Trigger Levels
Trigger levels for maintenance or mitigation should ideally be developed after a period of
monitoring the system and understanding patterns of seasonal variability. However, it is
necessary to have some trigger levels in place in the intervening period. To develop interim
action levels, SRK simulated the thawing of a representative chamber under a number of failure
scenarios. Complete results of the modeling are presented in Supporting Document D.
Figure 6 shows typical thawing patterns around a chamber that is modeled as having several
completely inoperative thermosyphons. The slow progress of the thawing is clearly evident. It
takes five years in this simulation for the -10°C contour to reach the outer edge of the chamber.
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The immobilization criterion of -5°C is not threatened until fifty years after the thermosyphons quit
functioning, and of course only if they are not repaired or mitigated during that time.
Figure 7 shows timelines of temperatures at monitoring points located various distances from the
failure zone. The recommendations provided in Section 5.1.2 above will ensure that no
thermosyphon is more than 25 m from a monitoring point, so the curves in Figure 7 reflect what
would be seen in the monitoring data as the failure proceeds. Over the first five years after failure
of the thermosyphons, the minimum change in temperature at a monitoring point will be 0.5°C.
Over the first ten years, the minimum change will be 0.75°C. Over the more than fifty years that it
will take before the outermost corner of the dust warms to -5°C, the temperature at the monitoring
point will have dropped by at least 2.5°C. Comparing these values to the normal fluctuations
associated with year-to-year changes in the weather provides a basis for interim assignment of
action trigger levels. Table 5.2 shows the proposed trigger levels and responses for each level.
Table 5.2:

Action Trigger Levels

Trigger Level

Action

0.25°C rise above the temperature
predicted by a calibrated model at any
point greater than 20 m below ground
surface.




Notify Engineer of Record1
Review trends in temperature data from all adjacent
thermistors

0.5°C rise above the temperature
predicted by a calibrated model at any
point greater than 20 m below ground
surface.




Notify Engineer of Record
Review trends in temperature data from all adjacent
thermistors
Check and if necessary adjust CO2 pressure in all
thermosyphons around chamber or stope

1.0°C rise above the temperature
predicted by a calibrated model at any
point greater than 20 m below ground
surface.









Notify Engineer of Record
Review trends in temperature data from all adjacent
thermistors
Check and if necessary adjust CO2 pressure in all
thermosyphons around chamber or stope
Implement maintenance, repair or replacement as needed

Note(s):
(1)
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Considerations for Detailed Design
Preparation of this Design Basis Report left several items to be further assessed in detailed
design:


Minor adjustments to the freeze pipes layouts (up to two meters) could be needed to avoid
conflicts with underground workings. Major changes should be avoided and any layout
changes should not reduce the number of freeze pipes along any 15 m length of freeze wall,
or increase the offset of any two adjacent pipes from the nearest chamber or stope wall.



Access for drilling of freeze holes and installation of freeze pipes in Area 1 drilling will need to
be designed. Excavation of the bedrock surface should be avoided and fill placement
minimized.



Additional drift plug trials should be completed. Near the end of the FOS construction, six
200 mm diameter drillholes were drilled into locations where drift plugs would be required.
Details of the preferred methodology for installing the plugs are provided in Appendix 8 of the
Supporting Document K. Results of the testing should be used as a basis for the drift plugs
design recommended in Section 4.2.5.



Development and testing of alternative hybrid thermosyphons that would be able to use
secondary coolant provided by an active freeze system should be investigated. Example
hybrid prototypes are discussed in Appendix C-4 in Supporting Document E.



Detailed design of contingency active freezing components should include surface
distribution, electrical, and mechanical systems. It is possible that procurement of multiple
smaller freeze plants could prove more economical than one large freeze plant.



Final instrument selection and detailed design of the monitoring system components remain
to be completed.
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This document, Giant Mine Freeze Program Design Basis Report, was prepared by SRK
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All data used as source material plus the text, tables, figures, and attachments of this document
have been reviewed and prepared in accordance with generally accepted professional engineering
and environmental practices.
Disclaimer—SRK Consulting (Canada) Inc. has prepared this document for Aboriginal Affairs and Northern Development
Canada. Any use or decisions by which a third party makes of this document are the responsibility of such third parties. In
no circumstance does SRK accept any consequential liability arising from commercial decisions or actions resulting from
the use of this report by a third party.
The opinions expressed in this report have been based on the information available to SRK at the time of preparation. SRK
has exercised all due care in reviewing information supplied by others for use on this project. Whilst SRK has compared
key supplied data with expected values, the accuracy of the results and conclusions from the review are entirely reliant on
the accuracy and completeness of the supplied data. SRK does not accept responsibility for any errors or omissions in the
supplied information, except to the extent that SRK was hired to verify the data.
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5m spacing on ends
5m shallow thermosyphon spacing

End Freeze Pipes
Shallow Thermosyphons

Stope B208
4m spacing on sides
5m spacing on ends
6m shallow thermosyphon spacing

Chamber B230
3m spacing on sides
4m spacing on west end

Angled at 13°
from vertical

Angled at 16.7°
from vertical
Chamber 234
4m spacing on north side
5m spacing on ends

B236

Angled at 13°
from vertical

Chambers B235 and B236
5m spacing on sides
6m spacing on ends
8m shallow thermosyphon spacing

NOTES
1.
2.
3.

All units in metres unless otherwise noted. Coordinate system is the GMRP coordinate system.
Composite level plans, existing ground topography, aerial photo and mine layout provided by PWGSC.
Active freezing at B235-B236, B208 and Area 4 (B212-B213-B214) is included as a contingency in the
event that implementation and/or performance of the passive thermosyphons does not proceed as planned
and faster freezing is required. The freeze pipe layouts at these chambers have been optimized for active
freezing. Pipe layouts at all other chambers remain unchanged.
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LEGEND
Chamber or stope containing
arsenic trioxide dust
Empty Chamber
Arsenic Contaminated Drift
Bulkhead
Freeze Pipes / Thermosyphons
Instrumentation Holes

NOTES
1.
2.
3.

All units in metres unless otherwise noted. Coordinate system
is teh GMRP coordinate system.
Composite level plans, existing ground topography, aerial
photo and mine layout provided by PWGSC.
Chamber layouts optimized for containment.

B1 Pit

B236
Angled at 13°
from vertical
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LEGEND
All thermosyphons operational
Failure Scenario 1: 3 failed thermosyphons at a chamber corner
Failure Scenario 2: 7 failed thermosyphons at a chamber corner
Failure Scenario 3: 1 failed thermosyphon at a chamber corner
-2°C contour
-5°C contour
-10°C contour

i.

3D Model Domain of Chamber 11
T = 50 Years (all thermosyphons operational.
A

T = 55 years
ii.

T = 55 years

A’

Plan view at the top of the chamber
after 5 years .

iii.

Section A-A’ after 5 years .

A

T = 100 years

iv.

T = 100 years

A’

Plan view at the top of the chamber
after 50 years .

v.

Section A-A’ after 50 years .
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