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1. Introduction 
 
The Helios Centre was asked by the Mushkegowuk Council to review the Victor Diamond Project 
Comprehensive Study, including the supplemental documents filed in August 2004, with respect to 
power supply and related issues.  Our review was to address both matters of form and of substance.  
The former category includes issues relating to clarity, comprehensibility, coherence, and the adequacy 
of the filed documents as a basis for reasoned decision-making.  The latter category includes issues 
relating to the choices that have been made. 
 

2. Clarity and coherence 
 
The documents are generally well written and of clear structure.  However, it is very difficult to 
understand how the conclusions of the technical studies were integrated into higher-level documents. 
 
The most significant problem concerns the choices of options or scenarios studied, which appear to 
have changed at each step of AMEC’s work and, probably for this reason, are not consistent among the 
various documents.  The resulting incoherence is at a minimum irritating and, at times, leads to 
substantative difficulties. 
 

2.1. The Re-evaluation and TDM 20 
 
The document that summarizes de Beers’ current perspective on power supply issues is the Re-
evaluation of Site Access and Power Supply Alternatives dated August 2004 (henceforth “ the Re-
evaluation”).  In section 2.0, this document announces the study of seven alternatives.  (They are 
misnumbered on page 9 of the Re-evaluation as options 8 to 14.)  The seventh alternative is quickly 
disposed of, leaving six options under active study, as follows: 
 

Alternative Description 
1 Coastal WR, on-site power (diesel), pipeline 
2 Coastal WR, diesel, trucked fuel 
3 Coastal WR, coastal line to Otter Rapids 
4 SWAWR, diesel, trucked fuel 
5 SWAWR, coastal line to Otter Rapids 
6 SWAWR, line to Kapuskasing 

 
 
The capital cost and net present value (NPV) of each of these options is summarized in Table 6-1 (p. 
62).  The power supply costs included in this analysis are apparently derived from Technical Decision 
Memorandum 20 (TDM 20), filed as Appendix C of the Re-evaluation.  the Re-Evaluation presents 
both capital cost and net present value (NPV) differentials for Alternatives 2 through 6 in relation to 
the base case (Alternative 1).  However, it is not possible to relate these figures to the detailed analysis 
presented in TDM 20. 
 
First of all, it is important to note that the alternatives presented in the Re-Evaluation differ from the 
options studied in TDM 20.  We have attempted to match them up, as follows: 
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TDM 20 Options Re-Evaluation Scenarios 

3 (preferred) Coastal WR, coastal line to Otter Rapids A1/A2 
(preferred) 

Coastal line to Otter Rapids (built 
by HONI/FNEI or DeBeers) 5 SWAWR, coastal line to Otter Rapids 

B Direct line to Otter Rapids   
C Direct line to Kapuskasing 6 SWAWR, line to Kapuskasing 

1 Coastal WR, on-site power (diesel), pipeline 
2 Coastal WR, diesel, trucked fuel 

D Diesel 

4 SWAWR, diesel, trucked fuel 
 
Note that of the six options addressed in the TDM, one  (option B, a direct line to Otter Rapids) is not 
addressed at all.  The preferred alternative (coastal line to Otter Rapids) is combined both with a 
coastal winter road (scenario 3) and with the southwest road (scenario 5), whereas Option D (diesel 
generation), rejected in the TDM, is presented in three distinct scenarios (scenarios 1, 2 and 4) in the 
Re-Evaluation. 
 
Assuming that the Re-Evaluation builds on the findings of TDM 20, it is not clear why it devotes three 
distinct scenarios to an option that was rejected in the techno-economic analysis.  One possible 
explanation is that AMEC initially assumed that diesel was still the most cost-effective solution, as it 
was according to the earlier studies (discussed below, and that the Re-Evaluation was undertaken and 
largely completed before the preferred grid option (A2) was selected. 
 
Similarly, we were unable to determine the connection, if any, between the capital and NPV costs 
found in table 6-1 and the data presented in TDM 20.  TDM 20 presents capital costs, annual operating 
costs and present value costs of each of the options considered, with a reasonable degree of detail.  But 
it is impossible to link this information with the summary data presented in the Re-Evaluation. 
 
This is due in large part to the fact that the costs presented in the Re-Evaluation include the costs of 
developing site access infrastructure.  These are presumably detailed in the detailed reports on access, 
but there is no indication of what figures have been used for each of the two aspects. 
 
A number of other problems and inconsistencies can be noted, including the following: 

• Table 6-1 presents net present value differentials, where as TDM 20 presents net present costs.  
In the former, costs are subtracted from benefits, so higher values are more desirable, where in 
the latter, costs only are presented, making low values more desirable. 

• Table 6-1 gives only the differential from the base case, whereas TDM 20 presents absolute 
values. 

• It is unclear how infrastructure costs for diesel fuel delivery have been handled in TDM 20.  
Diesel fuel costs are given as lower via the SWAWR than via the coastal route ($0.605 vs. 
$0.710 per litre).  It is unclear if the coastal option is based on pipeline or trucking, or to what 
extent (if any) infrastructure costs have been included in these costs. 

The cost analysis in Table 6-1 suggests that Alternative 2 (Coastal winter road, on-site diesel power 
generation, winter trucking of fuel from Attawapiskat) is by far the most advantageous.  In the analysis 
(section 6.8), Alternative 3 is selected, based on the non-financial characteristics detailed in Table 6-6.  
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The reader is left with the clear impression that the Proponent has selected the alternative preferred by 
the communities, despite its considerable additional costs. 

In TDM 20, however, Option A2 (included in Alternative 3) in fact appears to be substantially more 
cost-effective than Option D (which underlies Alternative 2), from a strictly financial perspective.  The 
preferred alternative selected in the Re-Evaluation is thus in fact the lowest cost alternative, according 
to the analysis presented in TDM 20. 

 

2.2. TDM 20 and the IMO Preliminary Assessment Report 

TDM 20 relies on data from a number of sources, of which the most important is the Preliminary 
Assessment Report (PAR) prepared by the Independent Market Operator (IMO) in July 2003.  This 
document is filed as Appendix C to TDM 20.   

TDM 20 relies on the PAR for its analysis of the transmission system upgrades that would be required 
to allow the Victor mine to be supplied by grid power rather than on-site generation. 

Once again, however, the alternatives and options studied in the PAR are different from those in TDM 
20.  Specifically: 

§ The PAR is based on a forecast peak mine load of 27 MW, whereas in TDM 20 the load has been 
reduced to 19.5 MW. 

§ The PAR considers a 230-KV option, which is not mentioned in TDM 20. 

§ The PAR notes the losses in each variant, whereas TDM 20 simply notes that the Victor project 
is only responsible for those losses which occur beyond its connection at Attawapiskat (and 
which are negligeable). 

 
In the PAR, high levels of losses above the Attawapiskat connection point are an important factor in 
leading to the recommended solution.  TDM 20 maintains the solution recommended by the PAR, 
without mentioning defining the role of these losses (which are not the financial responsibility of de 
Beers) in its decision, and without addressing the consequences of the reduced mine load either on 
reliability or on losses.  These issues are addressed in the following sections. 
 

3. Adequacy 
 
Above and beyond the problems noted above with respect to clarity and coherence, the current 
documentation does not adequately access the power supply alternatives available to De Beers.  It is 
thus not possible to conclude that the proposed option is optimal. 
 
This analysis will focus on the TDM 20 and its supporting documents, on the assumption that these 
documents do in fact underlie the cost analysis presented in Table 6-1 of the Re-Evaluation. 
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3.1. TDM 20 

3.1.1. General comments 
 
TDM 20 is essentially a comparison between three grid connection options and on-site diesel 
generation.  The study builds upon (and improves upon) an earlier study, Review of Power Alternatives 
for the Victor Diamond Project (February 2004) (henceforth “the Review”).  It corrects many of the 
weaknesses of the earlier study, which had significantly underestimated the cost of the diesel option.  
Thus, the cost of diesel fuel delivered to the Victor site has been increased from $0.538/liter in the 
Review to $0.605 or $0.710 per litre, depending on the transport route — an increase of 12% (for 
coastal road transport) or 32% (using the South West Alternate Winter Road, or SWAWR).   
 
It appears that this adjustment in the projected cost of diesel is the main reason that the grid options 
now appear more cost-effective than diesel, as seen in the table found on pages 22-23 of the Re-
Evaluation.  However, the fact that this level of detail was not presented in the financial analysis in the 
Review makes it impossible to be certain that other factors did not also play an important role. 
 
While the Re-Evaluation is thus based on updated estimates of diesel costs, it relies on the same 
Preliminary Assessment Report prepared by the IMO for its analysis of transmission needs.  It also 
adopts without comment or reference the conclusion from the Review that “energy from renewable 
sources was found to be uneconomic in comparison to diesel generation and grid supply.”1   
 

3.2. Transmission requirements 
 
As noted above, the Re-Evaluation relies on the Preliminary Assessment Report prepared by the IMO 
in 2003 — despite the fact that the project load has been decreased to 19 MW from the 27 MW used in 
the IMO analysis. 
 
To ascertain the consequences, if any, of this change on the need for transmission upgrades, we asked 
Dr. J.P. Bayne of Bayne Power System Advisors to review these two documents.  His report is found 
in Appendix A.  Its conclusions can be summarized as follows: 
 

§ Despite the reduced mine load, line C6R (from Otter Rapids to Moosonee) would still be 
overloaded.  Installing a second 115 kV line similar to the existing one (211.6 kcmil) would be 
sufficient to maintain flows within the line rating and to reduce losses substantially.  Using a 
larger 795 kcmil conductor, as desired by the IMO, would reduce losses even more. 

§ For the Moosonee to Kashechewan circuit (M3K), however, the reduction of mine load is 
significant.  Even in 2020, when community loads north of Moosonee are expected to reach 13.1 
MW, the loadings on the circuit would only be 40.6 MW (including losses), well within the 78 
MVA capability of the existing line. 

§ The PAR’s recommendation to double circuit M3K was based largely on the very high level 
losses (15.1 MW) that would accompany a 27 MW mine load.  At mine loads of 19 MW, losses 
would fall by 33% to approximately 10 MW. 

                                                 
1  Re-evaluation, p. 1. 
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As noted in TDM 20, De Beers is only responsible for losses from the grid connection point at 
Attawapiskat to the Victor project.2  All other losses are absorbed by the IMO and recovered 
from all users via the “uplift” charge.  Thus, losses on circuits C6R and M3K represent a burden 
shared among all Ontario electricity users, but not a direct cost to De Beers. 

§ According to the cost figures presented in TDM 20, eliminating the new line from Moosonee to 
Kashechwan would result in reducing construction costs by $24.9 million.  As De Beers’ capital 
contribution in its Transmission Services Agreement with Hydro One and FNEI wil be 
approximately equal to the capital cost of the system additions,3 the project’s capital cost would 
be reduced by this same amount. 

§ In addition, eliminating this new line would reduce station costs by up to $9 million.  As well, 
there may be additional reductions in voltage control equipment.  However, a detailed load flow 
study would be required to quantify these reductions. 

 

3.3. Renewable energy supply 
 
As noted above, the Re-Evaluation simply repeats the conclusion of the Review that renewable energy 
is not cost-effective.  In the appendix to the Review, entitled “Potential Supplemental Power Sources,” 
AMEC briefly presented the results of a wind power assessment carried out by Zephyr North, which 
evaluated the average wind speed at 5.2 m/s at the Victor mine site, and at 5.5 m/s at Attawapiskat.  It 
estimates the annual capacity factors at 16% and 18%, respectively. 
 
Based on this analysis, AMEC estimates the cost of wind energy generated at the Victor mine site at 
$0.25/kWh, or at $0.23/kWh if generated at Attawapiskat.  No details are provided for the derivation of 
these figures. 
 
At our request, Hélimax Energy Inc. of Montreal reviewed the Zephyr North study referred to above, 
as well as all supporting materials made available by AMEC.  Their conclusions can be summarized as 
follows:  

§ The wind resource estimate is based on very limited data.  Neither Zephyr North nor Hélimax 
have visited the site.  Zephyr North’s analysis was based on data collected by a third party, and 
little information was made available to it concerning the type of equipment used. 

§ Zephyr North’s analysis is well done.  However, Hélimax considered appropriate, based on the 
limited information made available to it, a value of 0.3 meters for the roughness length (Z0), used 
to extrapolate wind speeds from the measurement level to hub height.  Zephyr North used a value 
of 0.03m; the file does not indicate on what basis this estimation was made.    

§ The use of this change in the value of Z0 results in increasing the estimated wind speed at a height 
of 65m from 5.2 m/s to 6.0 m/s.  At 80m, the average annual wind speed was estimated to be 6.3 
m/s. 

§ These modifications result in much higher energy production for wind power generated at the 
Victor site than than that estimated by Zephyr North, as follows: 

                                                 
2  TDM 20, p. 17. 
3  TDM 20, p. 33. 
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 Zephyr North Hélimax 
Hub height 65m 65m 80m 
Average wind speed (m/s) 5.2 6.0 6.3 

Annual capacity factor 16% 21% 23% 
Annual energy per 660 kW 
turbine (MWh) 961 11974 13054 

§ The financial analysis performed by Hélimax reveals a unit cost for wind-generated energy 
considerably lower than the $0.25/kWh reported in the Review.  Using standard financial 
parameters and a 20-year project lifespan5 and assuming a before-tax internal rate of return of 
zero (because the power is being produced by De Beers for its own use),  Hélimax estimated the 
energy costs as follows, both for the Victor mine site and for a hypothetical site (to be identified) 
close to the James Bay coast, where the wind regime would be better: 

 
site hub height capacity factor cost ($2006) / kWh 

65m 21% 8.5 Victor mine 
80m 23% 8.0 
65m 26% 7.1 James Bay 
80m 29% 6.6 

 

3.4. Use of wind energy to meet water pumping requirements 
 
Water pumping makes up a significant portion of the total energy requirements of the Victor mine.  
Average annual water pumping loads range from 3.4 to 4.3 MW, once the mine is in full operation, 
with a utilization factor of 85%.  Peak loads range up to 4.8 MW.6 
 
This load raises a number of interesting possibilities.  On the one hand, dewatering does not 
necessarily need to be continuous, as the underlying need is to evacuate a certain quantity of water per 
week or month.7  This raises the possibility of serving the dewatering load via an intermittent energy 
source, such as wind power. 
 
In reality, there would be considerable efficiencies that could be obtained if wind energy were used to 
pump water directly, without converting it first to electricity.  Wind pumpers exist on an agricultural 
scale which can make efficient use of winds under 5 m/s, which are inadequate for electric generation.  
However, we have been unable to identify any manufacturers of wind pumpers that would be suitable 
for an industrial endeavour like the Victor mine project. 
 
Standard wind turbines, such as the Vestas wind turbines analyzed by Zephyr North and Hélimax, 
require connection to an electrical grid to function properly.  In any event, the fact that De Beers now 
favours grid power for the Victor project means that this condition will have been met. 

                                                 
4  Taking into account 10% overall losses and 5% wake losses. 

5  Which assumes that the energy would be sold after the mine is decommissioned. 
6  TDM 20, Appendix A, Attachment 3. 

7   The dewatering load can be shed for a period of up to two weeks, if necessary.  TDM 13 (Appendix A to TDM 
20), p. 3. 
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The fundamental challenge for wind development is the intermittency of the wind resource.  Thus, for 
example, developing wind power to meet the general electric needs of the Victor mine would not 
reduce the peak loads to be met by grid power, because wind power is not available at all times.   
 
The fact, however, that the Victor project includes a very substantial load which can be served 
intermettently creates an interesting opportunity for wind development.  Assuming that the water 
pumping equipment were appropriately sized to permit the dewatering needs to be met during the 
hours when wind energy is available and were switched accordingly8, the water pumping load would in 
effect be served locally, and would be removed from project’s peak load.  The result would be to 
reduce the peak loads for the transmission system by up to 4.8 MW. 
 
To explore this scenario, we asked Hélimax to evaluate the investments required to build wind turbines 
sufficient to meet the dewatering load of up to 37 GWh/yr.  Their results are summarized in the 
following table: 
 

 Victor mine site James Bay site 
Hub height (m) 65 80 65 80 
number of 660 kW wind turbines required 30 28 24 22 
Installed wind capacity (MW) 19.8 18.48 15.84 14.52 
Net capacity factor 21% 23% 26% 29% 
Energy output (GWh/yr) 36.4 37.2 36.1 36.9 
Total investment required (2005$ M) $39.6 $37.7 $31.2 $29.6 
O&M expenses ($ M/yr) $0.6 $0.6 $0.6 $0.6 
Avg cost (cents/kWh) 8.5 8.0 7.1 6.6 

 
Thus, considering the hypothesis of a wind farm located at an appropriate site near James Bay 
(accessible to the existing transmission system) using 80m towers, twenty-two (22) 660kW turbines 
would be required to produce the 36.9 GWh required annually to meet the dewatering load.  The 
investment cost would be just under $30 million, with annual O&M costs of approximately $600,000. 
 
The table on the following page reproduces the financial analysis of the selected power supply option 
found on page 27 of TDM 20 (Table 5.2).  The table on the subsequent page reproduces this analysis 
but with the following additional assumptions: 

§ development of a 14.52 MW wind parc at a James Bay location near the existing transmission 
system; 

§ after mine decommissioning, the wind power is sold back to the IMO at the same energy price 
for the remaining eight years of the wind turbine project life; and 

§ the proposed line from Moosonee to Kashechwan is not built, as described in section 3.2, above. 

The transmission analysis carried out by J.P. Bayne shows that removing the dewatering loads would 
further reduce losses on circuit M3K (Moosonee to Kashechewan) by an additional 30%, from 10 MW 
to around 7 MW (i.e. a reduction of over 50% from the levels described in the PAR for a mine load of 
27 MW).  While this would have no direct financial consequences for de Beers, it would further reduce 
the burden created by the Victor mine project for Ontario as a whole.  Recall that the very high level of 
                                                 
8  The costs related to these project modifications have not been included in the following analysis, but they are 
assumed to be relatively minor. 



TDM, Table 5.2

Total cost
On-site Losses % losses Total Lines Stations Diesel Wind Total Electricity Fuel O&M Total ($ M)

2005 6,8 3,4 10,2 10,2
2006 30,7 15,3 46 46,0
2007 30,7 15,3 1,2 47,2 47,2
2008 122,3 0,795 0,7% 123,1 9,2 2,1 0,4 11,7 11,7
2009 131,9 0,858 0,7% 132,8 10 2,1 0,4 12,5 12,5
2010 135,1 0,879 0,7% 136,0 10,2 2,1 0,4 12,7 12,7
2011 133,1 0,866 0,7% 134,0 10 2,1 0,4 12,5 12,5
2012 135,9 0,884 0,7% 136,8 10,3 2,1 0,4 12,8 12,8
2013 135,6 0,882 0,7% 136,5 10,2 2,1 0,4 12,7 12,7
2014 135,9 0,884 0,7% 136,8 10,3 2,1 0,4 12,8 12,8
2015 135,9 0,884 0,7% 136,8 10,3 2,1 0,4 12,8 12,8
2016 124,3 0,809 0,7% 125,1 9,4 2,1 0,4 11,9 11,9
2017 134,7 0,877 0,7% 135,6 10,2 2,1 0,4 12,7 12,7
2018 139 0,904 0,7% 139,9 10,5 2,1 0,4 13 13
2019 81,1 0,528 0,7% 81,6 6,1 2,1 0,4 8,6 8,6
2020 1,7 1,7

NPV $146,19

Electricity consumption (GWh) Capital cost ($M) Variable costs ($ M)



WITH WIND GENERATION

Total cost
On-site Losses % losses Total Lines Stations Diesel Wind Total Electricity Fuel O&M Wind O&M Total ($ M)

2005 4,3 2,65 7,0 7,0
2006 19,5 11,9 14,8 46,3 46,3
2007 19,5 11,9 1,2 14,8 47,5 47,5
2008 85,4 0,795 86,2 9,2 2,1 0,4 0,6 12,3 12,3
2009 95 0,858 95,9 10 2,1 0,4 0,6 13,1 13,1
2010 98,2 0,879 99,1 10,2 2,1 0,4 0,6 13,3 13,3
2011 96,2 0,866 97,1 10 2,1 0,4 0,6 13,1 13,1
2012 99 0,884 99,9 10,3 2,1 0,4 0,6 13,4 13,4
2013 98,7 0,882 99,6 10,2 2,1 0,4 0,6 13,3 13,3
2014 99 0,884 99,9 10,3 2,1 0,4 0,6 13,4 13,4
2015 99 0,884 99,9 10,3 2,1 0,4 0,6 13,4 13,4
2016 87,4 0,809 88,2 9,4 2,1 0,4 0,6 12,5 12,5
2017 97,8 0,877 98,7 10,2 2,1 0,4 0,6 13,3 13,3
2018 102,1 0,904 103,0 10,5 2,1 0,4 0,6 13,6 13,6
2019 44,2 0,528 44,7 6,1 2,1 0,4 0,6 9,2 9,2
2020 -36,9 -36,9 1,7 0,6 0,6 2,3
2021 -36,9 -36,9 0,6 0,6 0,6
2022 -36,9 -36,9 0,6 0,6 0,6
2023 -36,9 -36,9 0,6 0,6 0,6
2024 -36,9 -36,9 0,6 0,6 0,6
2025 -36,9 -36,9 0,6 0,6 0,6
2026 -36,9 -36,9 0,6 0,6 0,6
2027 -36,9 -36,9 2 0,6 0,6 2,6

NPV $147,44

Electricity consumption (GWh) Capital cost ($M) Variable costs ($ M)
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losses on this circuit (15.1 MW for a mine load of 27 MW) was the principal reason that the IMO 
recommended doubling this line.  Serving the dewatering loads by local wind generation thus reinforce 
Bayne’s conclusion that the doubling of circuit M3K is no longer necessary. 

The results show that the present value cost of the two scenarios is pratically identical ($146,19 million 
vs. $147.44 million).  Furthermore, the capital costs of the two scenarios are also very similar.  In other 
words, using $29 million to build wind generation rather than the M3K transmission upgrade would, it 
appears, result in equivalent service to the mine.9 

It is important to note that this analysis does not take into account potential incentives for wind 
development from the federal or provincial governments.  The federal government currently offers a 
wind energy production credit of 1¢/kWh.  On the provincial side, the Ontario government is currently 
carrying out a call for tenders for renewable energy, and similar initiatives are expected in the coming 
years.  It is to be expected that a wind development such as the one described here would be eligible 
for both of these support mechanisms, further reducing the financial costs to De Beers. 

It should also be noted that this solution would have considerable benefits for the Ontario public as a 
whole.  It would reduce the mine load to be borne by the power grid by 36 GWh/yr, at a time when 
meeting future energy needs is a major challenge for the Ontario power system.  It would reduce losses 
on the M3K circuit by several megawatts, a burden which would otherwise be borne by all Ontario 
power users.  And of course, it would substantially reduce greenhouse gas emissions, assuming that the 
mines loads will ultimately be served by thermal power purchased elsewhere in Ontario. 
 

                                                 
9  The reliability benefit resulting from having two distinct circuits on separate poles between Moosonee and 
Kashechewan (TDM 20, p. 24) would be lost.  However, the existing grid supply to Attawapiskat has been very 
reliable and, since the existing lines are new, should remain so (TDM 20, p. 23). 



  

J.P. Bayne - 10/7/04  Page 1 of 5 

 
 
 

POWER SUPPLY TO THE VICTOR MINE 
 
Introduction 
 
The Victor diamond mine is located approximately 90 km west of the village of 
Attawapiskat on the western shore of Hudson Bay.  Initially, the mine was expected to 
have a load of 27 MW at 0.9 power factor1 or 30 MVA.  This was subsequently reduced 
to 19 MW2.  It is scheduled to remain in service until 2019. 
 
The IMO produced a Preliminary Assessment Report in July 2003.  It considered a 
number of different options for the power supply to the mine (for loads then estimated at 
27 MW) and defined the facilities required to make each option viable. 
 
A Technical Decision Memorandum was prepared by AMEC in August 2004.  It 
considered a reduced number of alternatives and concluded that supply from the grid was 
the preferred option.  The AMEC document does not appear to have taken into account 
the impact  of reducing loads from 27 MW to 19 MW and the resulting decrease in 
electrical power losses and hence on the need for new transmission facilities. 
 
This document examines Option A which is Grid Supply via a reinforced HONI/FNEI 
system3.  It is shown diagrammatically on Figure 3.1 in the AMEC report.  The option 
will also include six 1.3 MW diesel units which will be available for emergency and 
backup.  They are not assumed to be running for day–to-day operation.  Option A is 
divided into A1 and A2 for the costing.  A1 is based on HONI costs and A2 is based on 
Powertel costs.   
 
Options B and C involve transmission lines directly to the Victor mine from the HONI 
stations at Otter Rapids and Kapuskasing.  The reduced load will not reduce the amount 
of facilities required so they are not considered any further.  Option D was a complete 
diesel supply with no grid connection.  It was discarded on the basis of overall costs4. 
 

                                                 
1 PAR page 1 
2 AMEC page 1 
3 AMEC page 10 
4 AMEC page 39 
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Transmission Line Characteristics 
 
The existing transmission lines are strung with 211 kcmil conductor.  The section from 
Otter Rapids to Moosonee is sagged for a maximum conductor temperature of 60oC.  Its 
rating at 30oC is 57 MVA5.  The section from Moosonee to Attawapiskat has a rating of 
78 MVA at 25 oC6. 
 
The surge impedance loading is the line load where the voltage drop due to the inductive 
impedance cancels the voltage rise due to the capacitive impedance. At this loading the 
need for voltage control equipment is minimized.  Below this loading voltage control 
equipment (reactors) will be required to keep the voltage down to an acceptable level.  
Above it voltage control equipment (capacitors) will be required to raise the voltage.  On 
a 115 kV line, the surge impedance loading is between 33 MVA and 35 MVA7. 
 
As the current passes through the lines, the wires heat up.  This consumes megawatts 
which must be supplied by a source of power somewhere on the system.  By putting a 
line in parallel with an existing one the current in each will be half the original amount.  
As thermal losses  increase with the square of the current flow, the losses in each line will 
only be one quarter of the losses with only one line.  The total losses in the two lines will 
be half the losses with the original line.  If the new line has a larger cross section than the 
original line, the losses will be further reduced.   
 
Otter Rapids to Moosonee Circuit C6R 
 
Tables 1.1 and 1.2 in the PAR show that C6R will be overloaded with 18 MW at Victor 
in 2006 and 16 MW in 2010.  The corresponding losses on C6R are 11.5 MW and 11.7 
MW.  By installing a second circuit from Otter Rapids to Moosonee the flow on each 
circuit will be reduced well below the line rating and the losses in that section with a 20 
MW Victor load will be reduced by 7 to 10 MW. If a larger 795 kcmil conductor is used, 
as desired by the IMO8, the reduction in losses will be even greater.  The IMO study 
showed that, even with a 24 MW mine load, the 2020 losses on this line would be just 3.1 
MW9. 
 
The line and station costs associated with this line will be the same as in the reports. 
 
Moosonee to Kashechewan 
 
The loads north of Moosonee are expected to be 13.1 MW in 2020 when the mine ceases 
operation10.  The mine load is now expected to be 19 MW11, including a water pumping 
load of about 5 MW at peak, and 3.5 to 4.0 MW average12.   
                                                 
5 PAR page 2 
6 PAR page 3 
7 Westinghouse T&D Reference Book page 280 
8  AMEC p. 16 
9  PAR Table 4, p. 21 
10 PAR page 5 
11 AMEC page 1 
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The losses north of Moosonee with the existing facilities, 2006 loads (6.7 MW north of 
Moosonee13) and a 20 MW mine load would be 9 MW14.  With a 14 MW mine load, they 
would be reduced to 5.3 MW15.   
 
The projected 2020 loads north of Moosonee are 13.1 MW.  With a mine load of 19 MW, 
and losses north of Moosonee of about 8.5 MW this would make a total of 40.6 MW on 
circuit M3K16.  This is well within the 78 MVA capability of the existing 115 kV FNEI 
line from New Moosonee DS to Kashechewan.  
 
With a mine load of 24 MW, however, losses on circuit M3K in 2020 would reach 15.1 
MW17.  At mine loads of 19 MW, these losses would be reduced to approximately 10 
MW. An accurate assessment would require a load flow study. 
 
 
Other Voltage Control Equipment 
 
It is possible that the requirement for voltage control equipment at the stations may be 
different using only the existing transmission line north of Moosonee.  Detailed load flow 
analysis would be required to determine whether more or less equipment would be 
required.  The difference in costs would likely be small. 
 
Residual Value 
 
The new Otter Rapids to Moosonee line will continue to provide savings in losses for 
long after the mine ceases operation.  In the 1970s or 1980s a mine mouth lignite plant 
was planned for the Onakawana area which is about half way from Otter Rapids to 
Moosonee.  Should that station be built in the future, the 115 kV lines could carry out 
some of the power.  With 795 kcmil conductors, this line could carry over 200 MW. 
   
Decommissioning Costs 
 
The decommissioning costs18 are much less for the option A as they are limited to the 
Victor to Attawapiskat line and the facilities at Victor.  
 
Use of wind powered generation 
 
Wind powered generators located at Victor or on James Bay near Attawapiskat would 
back off flows on the M3K line. The Attawapiskat load is forecast to grow from 2.6 MW 

                                                                                                                                               
12 AMEC, App. A, Attachment 3 
13 PAR page 5 
14 PAR Table 1.1 page 13 
15  Ibid. 
16 PAR Table 1.1 page 13 
17  PAR Table 4, p. 21 
18 AMEC page 21 
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in 2006 to 8.4 MW in 2030.19 When the mine is in operation an additional 19 MW will 
flow in to Attawapiskat for the mine. The losses on the M3K line will be reduced by 
adding generation at Attawapiskat.  Since losses are proportional to the square of the 
current flow, any reduction in load will substantially reduce the losses.  Thus, if the 2020 
losses for a 19 MW mine load would be 10 MW, as noted above, they would fall to 
approximately 7 MW if 4 MW of the mine’s load was supplied locally.  An accurate 
assessment would require a load flow study. 
 
Potential reduction in capital cost 
 
If the new line proposed in Option A from Moosonee to Kashechewan were not required, 
line construction costs of $24.9 million could be avoided20. 
 
There would also be some reduction in the station equipment associated directly with the 
new line.  The following is based on a comparison of Diagrams 1 and 14 in the PAR : 
 
Station Equipment saved Financial Savings 
New  Moosonee TS 1circuit breaker $1.5-$2M 
Kashechewan 2 circuit breakers + 1 reactor $5-$7M 
 
The costs are based on section 7 in the PAR 
 
The result would thus be to reduce the capital costs for Option A2 by 35%, from $105.9 
million to $66 million.  There may be additional reductions in the amount of voltage 
control equipment, but these would be much smaller and would require an extensive load 
flow study. 
 
 

                                                 
19 PAR page 5 
20  AMEC page 18 
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Dr. Jim Bayne is an independent consultant providing advice on high voltage 
transmission systems in Ontario and neighbouring power systems. He contributed to the 
discussions on the design of the electric market in Ontario and the preparation of a 
transmission tariff for the Volta River Authority in Ghana. He is also acting as an expert 
witness in an American Arbitration proceeding.  He has carried out foreign assignments 
in Ghana, China and the Philippines. He was a member of the Hydro Quebec advisory 
committee on Special Protection Systems which reviewed the improvements to upgrade 
the stability of the Hydro Quebec system. 
 
He retired from Ontario Hydro in 1993 after spending 16 years in the Transmission 
System Planning Department and 6 years in the Electrical Research Department.  In 
System Planning he supervised groups of engineers involved with the planning of the 
High Voltage Transmission System in Ontario and in carrying out studies with 
neighbouring systems in Quebec and the United States.  He also explained transmission 
systems at public meetings and public hearings.  At the Research Division he was 
involved with the mathematical modelling of power apparatus for use in power system 
analysis. 
 
Prior to joining Ontario Hydro he received his Ph.D. and M.Sc. degrees from the 
University of Manchester and worked for Westinghouse in Canada and General Electric 
in the USA.  He received his undergraduate degree from Queen's University in 1964. 
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