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TRANSMISSION LINE CONSTRUCTION AND MANAGEMENT 1 

Note: Throughout this report information in parenthesis is a reference to the location in the NFAT 2 
filing.  Information in brackets is a reference to information in either external reference publications 3 
or information in the appendices of this report.    4 

Scope Item 1 5 

Review and assess the completeness and reasonableness of Manitoba Hydro’s AC Transmission line 6 
capital cost and O & M estimates including the adequacy of the management reserve for the project. 7 

POWER Engineers construction cost estimating procedure 8 

In order to perform our review of MH’s estimates, POWER Engineers (POWER) used the physical 9 
data provided by MH and prepared estimates using POWER’s proprietary estimating procedures and 10 
tools.  These procedures have been used to estimate the construction cost of transmission projects 11 
throughout the U. S. and internationally.  We continually update the package with information 12 
received in bids from recent or most current projects.  We take into account the market price for 13 
materials, the availability and cost of labor, ground and weather conditions, and seasonal construction 14 
adjustments.  POWER is one of the largest providers of transmission line design in the northern 15 
hemisphere, with experience in the development, design, routing, and construction of lines in all parts 16 
of the hemisphere.  We use this experience to factor costs into the preparation and evaluation of the 17 
estimates we prepare.  A procedure in itself often leaves out specific information so we use our 18 
experience to make adjustments where required.  Where MH provided sufficient data it was used.  19 
For other required input data, we used our judgment and experience.   20 
 21 
Where sufficient data was not available because lines have not yet been designed, we have used our 22 
historic cost information, adjusted for the conditions of this project based on the descriptions in the 23 
NFAT Filing.  These estimates are typically made in the industry by using per mile or per km costs. 24 

Manitoba Hydro cost estimating procedure 25 

Manitoba Hydro (MH) uses a capital cost estimating system that includes allowances for 26 
contingencies, management reserve, interest, and escalation. (2.1.5, pg 35, fig 2.5). Present day costs 27 
are based on unit pricing received from recent tenders for similar work adjusted for inflation [D, pg 28 
60 & 61].  The cost impacts of environmental protection, ground conditions, and construction timing 29 
are embedded in the unit rates bid by contractors for similar work.  The lines are primarily on Crown 30 
Land.  Where the lines are on private property in the south, Manitoba Hydro indicates that the ROW 31 
costs are offset by the reduction in difficulty of construction [B, pg 55]. Environmental costs are not 32 
broken out as a separate item [B, pg 55].  33 

Keeyask Transmission Project 34 

The information about the project is provided in Chapter 2 of the NFAT filing.  Capital cost 35 
information is provided in NFAT filing Appendix 11.1 page 10. The capital cost of the Keeyask 36 
transmission line was revised to $80 million in [A, pg 47]. 37 
 38 
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 1 
Figure 1: Keeyask Transmission Project  2 
 3 

Information Provided in the NFAT Filing 4 

Information in Parenthesis is the NFAT reference.  Bracket numbers refer to references listed at the 5 
end of this report. 6 
 7 

1. The transmission line project will begin in 2014 (2.1, pg 4, line 2) 8 
2. Keeyask power production will occur in the 2019-2020 time period (2.1, pg 4, line 5) 9 
3. The rated plant output is 695 MW (2.1, pg 1, line 7) 10 

Facilities included in the project 11 

1. KR1 Extension 12 
The KR1 extension line is a 5 km long 138 kV H-Frame line from the Keeyask Switching 13 
Station to the Keeyask Construction Power Station.  It includes a 1 km long aerial crossing of 14 
the Nelson River that requires stroboscopic aerial warning lighting. It will be removed after 15 
completion of construction (2.1.2.1, pg 10, line7) [A, pg 47].  16 
 17 

2. Unit Lines (2.1.2.3, pg 14, line 11) 18 
There will be four-3.4 km long single circuit lattice steel tower lines on a common ROW with 19 
65 m center to center spacing.  The lines will run from the generators across the Nelson River 20 
to the Keeyask Switching Station [A, 47] 21 
 22 

3. Generator Outlet Lines KR-1, KR-2, KR-3 Lines (2.1.2.3, pg 14, line 12) 23 
Three-35 km long 138 kV single circuit guyed lattice tower lines from the Keeyask Switching 24 
Station to Radisson Converter Station [A, pg 47]. 25 
 26 
 27 
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4. KN-36 Tap (2.1.2.3, pg 14, line 6) 1 
The KN-36 tap is a 22 km long 138 kV line on a new right-of-way (ROW).  It will begin at 2 
the existing KN-36 line and proceed northward to provide construction power to the project.  3 
There will be three switches at the tap point.  It will be a guyed tubular steel pole line [A, pg 4 
48].  The KN-36 line is not included in Keeyask Transmission [A, pg 48].  We have not 5 
included it in our analysis. 6 

Manitoba Hydro cost estimate in NFAT filing (Based on the information in [A, pg 34], we have 7 
not considered the NFAT cost estimate) 8 

Generation Outlet Transmission (Appendix 11.1, pg 10)            $ Millions++ 9 
o Base Estimate (2012)     $ 157 10 
o Escalation (11.46%)     $   18 11 
o Interest             $   27 12 
o TOTAL in-service-cost    $ 203   13 

++ There is no breakdown of cost components provided in the NFAT Filing 14 

Supplemental estimate provided in [A, pg 47] (POWER has used this information in our 15 
analysis.)  POWER understands that this is an update to the NFAT documents. 16 

 Generator Outlet transmission [A, pg 47] 17 
o KR1, KR2, KR3 (2012)                  $   80  18 
o Unit lines (2012)                   $     6 19 
o Subtotal (2012)                   $   86 20 
o Escalation   (11.46%)                  $   10 21 
o Interest                    $   15 22 
o TOTAL in-service-cost                  $ 111 23 

POWER Engineers assessment of the completeness and reasonableness of Manitoba Hydro’s 24 
estimate 25 

In 2012 Dollars, the estimate for the Generator outlet lines and Unit lines (KR1, KR2, & KR3) 26 
totaling 110 km in length amounts to $727,272/km.  We questioned this amount as being excessively 27 
high, even taking into account winter construction.  A telephone conversation [C, pg 58] on 28 
December 11, 2013 with Joel Wortley provided answers that we can accept. 29 

a. The project is very short and efficiencies of longer lines cannot be obtained. 30 
b. The project requires 2 mobilizations because it is constructed in two different years. 31 
c. The river crossing is difficult and expensive. 32 

 33 
These are valid reasons for increasing estimated costs.  Without these mitigating factors POWER 34 
would estimate the cost of a similar 138 kV line at about $639,000/km [E, pg 66].  The area, 35 
climatologic conditions and the multiple mobilizations all contribute to costs that can be much higher 36 
than a line without these constraints.  Allowing a 15% added cost for short projects, an extra 37 
$250,000 for the second mobilization in 2019, and a river crossing cost adder of $100,000 per line, 38 
produces an estimate of about $97,018,000 for the project in 2012 Dollars, (738,000/km).  Our 39 
estimate and MH’s estimate fall within 5%, which we consider to be an acceptable range.  40 

Conawapa Transmission Project 41 

The information about the project is provided in Chapter 2 of the NFAT filing.  Capital cost 42 
information is provided in NFAT filing Appendix 11.1.  43 
 44 
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 1 
Figure 2: Conawapa Transmission Project 2 
 3 

Information Provided in the NFAT Filing 4 

Information in Parenthesis is the NFAT.  Bracket numbers refer to references listed at the end of this 5 
report. 6 
 7 

1. The transmission line project construction period is 2017 – 2028  8 
2. The rated plant output is 1485 MW (2.2, pg 38, Table 2.3) 9 

Facilities included in the project 10 

1. Construction Power line 11 
A 3 km long 230 kV line from Keewatinoow Station and a new 230/12 kV transformer will 12 
be used for construction power.  This line will be salvaged after construction in 2028. 13 
(2.2.2.2, pg 43, line 6) 14 

2. Generator Outlet Lines 15 
Five-7 km long 230 kV lines on a common ROW from Conawapa to Keewatinoow Converter 16 
Station (2.2.2.2, page 43, line 10) 17 

  18 
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Manitoba Hydro cost estimate in NFAT filing 1 

Generation Outlet Transmission (Appendix 11.1, pg 14)            $ Millions++ 2 
o Base Estimate (2012)     $ 10 3 
o Escalation      $   3 4 
o Interest      $   1 5 
o TOTAL in-service-cost    $ 14   6 

++ There is no breakdown of cost components provided in the NFAT Filing 7 
 8 
The MH per-km cost estimate for the 230 kV lines in 2012 Dollars is $286,000/km. ($10 million/35 9 
km) 10 

 11 
POWER Engineers assessment of the completeness and reasonableness of Manitoba Hydro’s 12 
estimate 13 
 14 
POWER Engineers prepared an estimate for a similar 230 kV line in similar ground conditions and 15 
made adjustments for winter construction [E, pg 70].   We included the structure information 16 
provided by MH, and made adjustments based on the ground conditions.  Our estimate in 2013 17 
Dollars is $344,000/km with an expected accuracy of ±20%).  The estimates provided in the NFAT 18 
filing fall at the very low range of our expected cost for 230 kV line construction in similar terrain. 19 

North-South Transmission System Upgrade Project 20 

The project description is given in Chapter 2 of the NFAT filing.  There is no capital cost breakdown 21 
in Appendix 11.1. 22 

Information Provided in the NFAT Filing 23 

Information in Parenthesis is the NFAT reference.  Bracket numbers refer to references listed at the 24 
end of this report. 25 

Facilities included in the project 26 

1. HVDC Collector system upgrades (2.3.1, pg 53, line 17) 27 
a. Splitting the northern HVDC collector system in two 28 
b. Adding a 300 MVAR filter at Radisson Converter Station 29 
c. Addition of a synchronous condenser, CB replacements and a 230 kV AC line 30 

sectionalization at Riel 31 
d. Kettle Ring Bus connection 32 
 33 

2. AC System Upgrades (2.3.1, pg 54, line 5) 34 
a. 80 km 230 kV line, Kelsey Generating Station to Birchtree Station (Thompson)  35 
b. 42 km 230 kV line, Birchtree Station to Wuskwatim Generating Station  36 
c. 210 km 230 kV line, Herblet Lake Station ( Snow Lake) to Overflowing River 37 

Station ( The Pas)  38 
d. 130 km 230 kV line, Vermillion Station (Dauphin) to Neepawa Station  39 

i. May have some ROW costs [B. pg 55]  40 

Manitoba Hydro cost estimating process 41 

MH indicated that since these lines have not been designed, their costs are based on using per-km 42 
costs from similar recent projects in similar terrain, escalated to the year of construction [D, pg 59]. 43 
The per-km cost used is $300,000/km. Appendix [A, pg 53] provided several historic costs.  The two 44 
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projects from 2011 averaged $298,000/km for 230 kV single circuit tower lines in northern Manitoba. 1 
Appendix [A, pg 36] provides the following cost breakdown: 2 
 3 
                 (2013) millions 4 

o 4-230 kV transmission lines totaling 462 km in length  $139 5 
o HVDC system upgrades     $143 6 
o Equipment upgrades      $  58 7 

TOTAL 2012 cost      $340 8 
o Escalation to in-service-date     $158 9 
o TOTAL in-service-date cost (2025-2026)   $498 10 

 11 
Section (2.3.5, pg 55. Line 21) of the NFAT Filing gives a cost estimate of $498 million, including 12 
both AC and HVDC upgrades.   13 
 14 
POWER Engineers assessment of the completeness and reasonableness of Manitoba Hydro’s 15 
230 kV line construction cost estimate 16 
 17 
POWER Engineers prepared an estimate for a similar 230 kV line in similar ground conditions and 18 
made adjustments for winter construction.  Our estimate in 2013 Dollars is $344,000/km [E, pg 69] 19 
with an expected accuracy of ±20%).  We included the structure information provided by MH, and 20 
made adjustments based on the ground conditions.  The estimates provided in the NFAT filing fall 21 
within the range of our expected cost for 230 kV line construction in similar terrain. 22 
 23 
Using per-km costs for completed projects that are similar in scope and geographic region is a 24 
generally recognized technique for estimating the construction costs of lines that have not yet been 25 
designed.  Care must be taken in using historic cost data to take into account any changed conditions 26 
such as ground condition, terrain, line length, and variations in the availability of labor and material. 27 
Based on our estimates and MH’s use of recent transmission line project costs in similar regions and 28 
with similar construction, we find the transmission line construction cost estimates to be reasonable. 29 

POWER Engineers assessment of the completeness and reasonableness of Manitoba Hydro’s 30 
estimate of the HVDC system upgrades and equipment upgrade. 31 

 32 
There is no breakdown of the HVDC system upgrades and equipment upgrades.  POWER has used 33 
recent information on a thyristor based converter project, and made a judgment about the associated 34 
equipment and controls costs.   35 
 36 
Manitoba Hydro’s preferred option, identified as 2A in their “Integrated Transmission Plan for 37 
Keeyask and Conawapa Generation,” SPD 2011/11 [7] requires that Bipole III rating increase from 38 
the originally planned rating of 2000 MW to 2300 MW. Manitoba Hydro has stated that this increase 39 
will use the inherent overload capability that is available in the design of the Bipole III converters. It 40 
would be anticipated that the cost of the enhanced Bipole III converters would need to address control 41 
changes, possible cooling system modifications, and the additional vars required for an increase in 42 
power levels of the dc converters. This document estimated the cost for this enhancement to be $38 43 
million, out of a total budgeted cost of $1,828.5 million for the converter stations. The market price 44 
for increasing the rating of a conventional +500 kV, 2000 MW converter by 300 MW would be 45 
approximately $54 million dollars based on a recent market survey POWER/TGS provided to a 46 
current client.  This estimate however does not address the increased complexity and cost for Bipole 47 
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III’s incorporation of the valve sparing capability which could increase the cost of this enhancement 1 
by a multiplier in the range of 2 to 3 to account for the multiple quadra valves required to meet this 2 
requirement. 3 
 4 
Because a detailed list of improvements needed to enhance Bipole III rating by 300 MW was not 5 
included for the $143 million stated above it is not clear what additional equipment would need to be 6 
included in the estimate and due to the valve sparing requirements for Bipole III the estimated cost for 7 
the enhancement would need to be requested from HVDC converter manufacturers. 8 

Manitoba – Minnesota Transmission Project (MMTP) 9 

The information about the project is provided in Chapter 2 of the NFAT filing.  Capital cost 10 
information is provided in Appendix 11.1.  The projected In-service-date is 2026 (2.4, pg 56, line 8).   11 

Information Provided in the NFAT Filing 12 

Information in Parenthesis is the NFAT reference or information obtained through informal contacts 13 
with Manitoba Hydro.  Bracket numbers refer to references listed at the end of this report. 14 

Facilities included in the project (2.4.1, pg 56, line 11) 15 

1. 68.7 km long 500 kV, 750 MW single circuit 500 kV transmission line on self-supporting 16 
steel lattice towers from Dorsey to Riel [A, pg 50]] 17 

2. 166 km long 500 kV guyed Lattice Tower line from Riel to U. S. Border [A, pg 50]   18 
3. 300 MVAR Shunt reactor at Dorsey [A, [g 37] 19 
4. 75 MVAR shunt capacitor at Dorsey [A, pg 37] 20 
5. 150 MVAR shunt capacitor at Riel [A, pg 37] 21 

6. Three phase 300 MVA 230 kV Phase Shifting transformer at Glenboro Station [A, pg 37] 22 
Manitoba Hydro cost estimate in NFAT filing 23 

MH provided an estimate of $350 million (2.4.5, pg 58, line 22).  No details were given.  There is no 24 
capital cost detail for the MMTP given in Appendix 11.1.  MH provided a scope and construction cost 25 
estimate [A, pg 50 & 51].   This is the estimate we have used in our analysis. 26 
 27 
 Transmission line costs       $ Millions 28 

o Environmental Assessment         $   7.6 29 
o Engineering          $ 10.0 30 
o Property Acquisition          $   5.8 31 
o Material           $  65.9 32 
o Construction          $  63.1 33 
o Contingency          $  21.1 34 
o Total (2012)          $173.6 35 

 36 
On a per km basis, the $173.6 million divided by the 234.7 km produces an estimated cost of 37 
$739,668/km in 2012 Dollars.  Adding escalation and interest produces an in-service-year estimate of 38 
about $925,000/km. 39 
 40 
Station upgrades      $ Millions 41 

o Dorsey Station       $  23.2 42 
o Riel Station       $  54.3 43 
o Glenboro Station       $  16.5 44 
o TOTAL (2012)       $  94.0 45 
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 1 
Escalating the sum of these two parts of the estimate to the in-service-year totals $350 million. 2 
 3 
POWER Engineers assessment of the completeness and reasonableness of Manitoba Hydro’s 4 
estimate 5 
 6 
In order to perform our review of MH’s 500 kV AC transmission line estimates, POWER used a 7 
recently completed 500 kV AC transmission line project estimate and modified it with the physical 8 
data provided by MH.   9 
 10 
Our estimate for the two sections of the 500 kV line in Manitoba is $663,500/km in 2012 Dollars [E, 11 
pg 74].  The total cost for the 234.7 km of 500 kV AC line is $155.2 million in 2012 Dollars.  12 
Escalating this 2012 cost to the construction year cost produces a cost of $831,000/km, or a total in-13 
service year cost of $195 million.   14 
 15 
MH provided a line construction cost estimate [A, pg 50 & 51] that shows an estimated 2012 cost of 16 
$173 million.  The estimate prepared by MH is about 11% lower than POWER’s estimate, but within 17 
the estimate tolerance.   18 

Scope item 2 19 

Review and assess the completeness and reasonableness of Manitoba Hydro’s AC Transmission line 20 
construction indirect costs, including access roads, campsites, and off-site mitigation costs. 21 
 22 
Manitoba Hydro has not broken out the construction indirect costs of the projects in the NFAT filing.  23 
MH has indicated that the costs they use are contractor’s unit costs that include all the indirect costs.  24 
POWER Engineers considers the costs of access roads and other indirect costs in our estimating 25 
procedure.  MH’s estimates and our estimates are in reasonable agreement and we can conclude that 26 
the indirect costs have been adequately included in the MH estimate. 27 

Scope Item 3 28 

Review and assess Manitoba Hydro’s construction management, schedule, and contracting plans for 29 
the design, engineering, procurement, construction, start up, commissioning, testing, and commercial 30 
operation of the AC transmission system. 31 
 32 
POWER reviewed a summary schedule for the project lines [F, pg 78].  The schedule showed time 33 
periods for engineering design, procurement, and construction.  These periods appear to be reasonable 34 
for projects of the magnitudes of the project lines.  The calendar periods are reasonable.  The schedule 35 
shows the northern construction occurring in the winter.  The initial work at Keeyask; the first 36 
generation outlet line and the construction power line are shown in the same the period.  The major 37 
project, MMTP, has a 5 ½ year schedule with 2 ½ years allotted for construction.  The construction 38 
period is reasonable for a project this size.  Achieving this completion rate will require an average of 39 
about 250 workers.  This is not an unusual crew complement for a project this size.  The MMTP 40 
project will wind down with a gradual reduction in the number of workers required in the first half of 41 
2019 during the period when the Keeyask lines will be in construction.  This means that the Keeyask 42 
projects will, at least initially, face a tight labor market.  MH indicated that their estimates for the 43 
Keeyask projects have considered the potential tight labor market.  44 
 45 
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Manitoba Hydro typically uses the Design-Bid- Build contracting method.  This will be used for this 1 
project.  MH performs the design work necessary to specify the requirements of the project to the 2 
contractor.  MH procures the material.  This is a well trusted contracting method.  It allows MH to 3 
control the quality of both the design and the material purchased, and prepare construction 4 
specifications that govern the quality of the workmanship.  MH provides Construction Management 5 
and Inspection services using their staff.  By providing material, construction specifications, and 6 
inspecting the quality of the workmanship, MH will obtain a quality product.  AC Transmission lines 7 
do not require start up, commissioning, and testing.  Substations associated with the lines require 8 
these services.  These services typically require manufacturer specified tests on equipment prior to 9 
energization.  Relay circuits must be tested for accuracy in terminations, and continuity.  Relay 10 
settings must be input and verified to assure proper protection of the equipment, and control wiring to 11 
equipment must be checked for proper size and terminations.  This work is routinely performed as 12 
part of substation commissioning and start-up.  MH specifications for construction cover these 13 
functions.   14 
 15 
The schedule is dependent on winter construction conditions.  The ground is marshy for a lot of the 16 
line length.  Winter conditions provide benefits in frozen ground that can be traversed by equipment 17 
to reach the work sites.  It also provides hazards in inclement weather that can slow or halt 18 
construction.  The schedule has made allowances for inclement weather.   19 

Scope Item 4 20 

Review and assess Manitoba Hydro’s cost estimating risks and risk management practices, sensitivity 21 
analysis in construction cost estimates, contingencies, and construction cost indices for the AC 22 
Transmission system. 23 
 24 
The NFAT filing has extensive descriptions of MH’s cost estimating and risk management practices, 25 
sensitivity analysis in construction cost estimates, contingencies, and construction cost indices.  The 26 
descriptions and discussions given in Chapter 10 relate to the generation projects, and overall plan, 27 
rather than to the transmission lines.  The approach is very thorough.  The “tornado diagram” in 28 
(10.1.1.1, Figure 10.1) shows that major cost variations in transmission line costs have a very minor 29 
cost risk to the overall project.  This is to be expected in a major generation project.  The transmission 30 
line cost risk is mitigated, to a great extent, by the fact that the lines are predominantly on Crown 31 
Lands.  The risks of line routing and rerouting during the course of the project are minimized 32 
compared to lines on private property.  Only the Dauphin – Neepawa line has some private right of 33 
way.  The major risk to the transmission cost estimate is inclement winter weather.  This is reflected 34 
in the Tornado diagram.  35 
 36 
MH has used historical costs for transmission lines constructed in similar locations and with similar 37 
types of construction.  These costs have been appropriately escalated to in-service-year dollars.  This 38 
is a methodology commonly used by utilities and consultants.  POWER often uses the same approach 39 
for lines that have not yet been designed.  The availability of contractor labor and the associated price 40 
has also been considered.  The availability of labor is an important risk factor.  When labor is in high 41 
demand, contractors face higher costs and demand higher payment for their work.  The estimate for 42 
the transmission line work in the 2014 to 2017 time period is adjusted for the large Bipole III project 43 
which is likely to have an effect on labor availability and cost.   44 
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Scope Item 5 1 

Provide comparable estimates of costs for each of the forgoing new transmission projects, including 2 
Bipole III as suggested by Manitoba Hydro. 3 
 4 
POWER’s approach to assessing the MH cost estimates for the various projects was to prepare an 5 
independent cost estimate or adjust estimates that we have recently prepared for similar lines.  The 6 
adjustments are for escalation and differing conditions.  For the project lines that are not designed, we 7 
used previous cost estimates for lines of the same voltage and adjusted them to account for the terrain 8 
and climatology of Manitoba.  We expressed these costs on a per km basis, which is the approach 9 
used by Manitoba Hydro based on their recent project experience.  We agree with this approach.  10 
Comparable cost estimates for 138 kV, 230 kV, and 500 kV lines are provided in Appendix E.  11 
 12 
Bipole III is not part of the NFAT filing.  Based on past experience with some of the estimates we 13 
have prepared, we developed costs that are typical of costs that would be associated with the 500 kV 14 
HVDC Bipole III project.  Our estimate is $959,000/km in 2012 Dollars.  The summary page of the 15 
estimate is given on Appendix E, pg xx.  For the 1485 km of Bipole III this would produce a line 16 
construction cost of $1.42 billion. Escalated to 2016 this would amount to $1.54 billion for the line. 17 

Scope item 6 18 

Review and assess Manitoba Hydro’s estimate for the cost of construction of U.S. transmission 19 
infrastructure to facilitate sales into MISO. 20 
 21 
Manitoba Hydro did not develop cost estimates for the U.S. facilities.  These costs were developed by 22 
Minnesota Power and provided to MH.  POWER has compared these cost estimates to similar 500 kV 23 
lines in similar terrain and finds them to be reasonable. 24 

MANITOBA HYDRO TRANSMISSION RELIABILITY 25 

Scope Item 7 26 

Review and assess the completeness and reasonableness of the technical aspects of Manitoba Hydro’s 27 
existing and proposed AC & DC transmission system. 28 
 29 
POWER reviewed Manitoba Hydro’s 2012 System Performance Assessment1 that included the 30 
existing system and proposed long term additions out to the year 2022, including Bipole III and 31 
Keeyask. This document addresses system performance and compliance with NERC Transmission 32 
Planning Standards TPL-001-0 through TPL-004-0, MRO and Manitoba Hydro operating criteria. 33 
The scope and time frame of that assessment and proposed plan did not include the integration of the 34 
Conawapa generation station and the NFAT Preferred Plan. An updated system assessment is 35 
conducted annually by MH to determine any changes needed to continually meet the NERC planning 36 
standards. MH should conduct another System Performance Assessment, similar to the 2012 effort, 37 
once the NFAT Preferred Plan is confirmed and approved. 38 
 39 
POWER reviewed several characteristics of the existing and proposed system including HVDC valve 40 
group on-line sparing practices, firm and non-firm transmission capability, and reliability. POWER 41 
developed several tables to illustrate these characteristics. POWER’s assessment is also based on 42 
                                                      
1 Manitoba Hydro’s 2012 System Performance Assessment: NERC Planning Standards TPL-001-0 through TPL-004-0 CONFIDENTIAL 
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Option 2A in the Integrated Transmission Plan for Keeyask and Conawapa Generation report (see 1 
Table 11, page 29) that the lack of on-line valve group sparing and associated non-firm transmission 2 
could be partially mitigated by switching Kettle generating units between NCS1 and NCS2. The 100 3 
MW AC Transmission upgrade also increases the firm transmission for Kelsey and Wuskwatim 4 
generation by 85 MW. Table 3 below is an abbreviated version of Table 11 in the NFAT report. 5 
Notice that adequate sparing and thus firm transmission cannot be provided simultaneously for both 6 
NCS1 and NCS2. However, from a system perspective, the system equivalent non-firm transmission 7 
is reduced to a range of 20 – 120 MW. This appears to be as good as or better than the 200 MW of 8 
non-firm transmission on today’s system without Bipole III.  9 
 10 
Table 3 below shows the non-firm transmission resulting from switching of up to three Kettle 11 
generating units between NCS1 and NCS2. On-line valve group sparing and the choice to utilize non-12 
firm transmission capacity do not impact reliability. The choice does however influence how large the 13 
AC transmission upgrade should be to guarantee that firm transmission is available for all generation.  14 
 15 
Table 3: Non-Firm Transmission with Kettle Generation Switching 16 

 17 
   18 
 19 
 20 
 21 
 22 
 23 
 24 

 25 

Reliability for Southern System AC Faults  26 

Sections 4.1 and 4.2 in the MH Integrated Transmission Plan for Keeyask and Conawapa Generation 27 
report discuss system stability for three-phase faults with normal clearing near the Inverter busses at 28 
Riel or Dorsey. As shown in figure 30; page 60 of the MH report, with the HVDC loading above 29 
5200 MW, system frequency can dip below the Underfrequency load shedding threshold. However, 30 
in discussions with MH, the frequency recovers and does not stay below 59.3 Hz for the 65 ms 31 
required to trigger Underfrequency load shedding. MH explained that studies examined loading levels 32 
from  MW up to  MW in 100 MW increments without a NERC violation due to 33 
Underfrequency load shedding.  POWER would suggest that any crossing of the 59.3 Hz threshold 34 
should be carefully reviewed to determine if there is sufficient margin in the studies to avoid 35 
Underfrequency load shedding.  36 
 37 
In Option 2A, the HVDC loading is  MW. MH considers this to provide some margin, since the 38 
highest loading studied without a NERC violation was  MW. MH has indicated that higher 39 
HVDC loadings tend to put the system at higher risk of failing to recover from a three-phase fault and 40 
possible blocking of a single Bipole. The ultimate risk is the simultaneous loss of the three-Bipole 41 
system. Such an event would be catastrophic, possibly leading to a cascading transmission system 42 
outage and blackout. A safe operating limit for the combined HVDC system that minimizes the risk 43 
of a total HVDC system loss is crucial to providing overall system reliability and also influences the 44 
amount of new AC Transmission required to off-load the HVDC system.    45 
 46 
In follow up discussions, MH indicated that that a more detailed Bipole III model is under 47 
development and will be used in studies to confirm its performance during and after clearing a three-48 

 Required 
Spare valve 
group 

Option 1: Shortage 
without Kettle 
Switching 

Option 2: Shortage 
with 2 Kettle unit on 
NCS2 

Option 3 Preferred: 
Shortage with 2 units 
on NCS1 and 1 on 
NCS2  

NCS 1 309 207 Zero 105 
NCS 2 575 Zero 204 102 
Net with 85 MW 
firm 

 122  119 MW 20 MW 
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Proposed additional generating stations on the Nelson River and new transmission facilities are 1 
planned as follows: 2 
 3 

1. Keeyask with a net capacity of 630 MW and planned in service date of 2019 - 2020 4 
2. Conawapa with a net capacity of 1395 MW and planned in service date of 2025-2026 5 

[1] 6 
3. Bipole III has already been approved in a separate process to improve reliability and 7 

has a planned in service date of 2017. While not part of this NFAT review, the addition 8 
of Bipole III will increase the HVDC transmission capacity to enable delivery of the 9 
new Keeyask and Conawapa generation station power to loads in southern Manitoba.  10 
The NCS currently collects approximately 70% of northern Manitoba Hydro generation 11 
and funnels that generation over the existing two Bipole system. After the addition of 12 
Keeyask and Conawapa, Bipole III will provide necessary transmission capacity to 13 
serve load and fulfill anticipated export contracts.  14 

4. New contracts have been approved with Minnesota Power (250 MW + 133 MW 15 
contract pending) and additional contracts that are under pending negotiations. The MH 16 
– US interconnection will be upgraded by 750MW to enable those contracts.  17 

5. After the integration of Conawapa, the HVDC system will approach its safe and 18 
reliable operating limit. Manitoba Hydro is planning to split the existing NCS bus into 19 
two busses. Generation will be rerouted to these busses in a manner that will keep the 20 
HVDC system loading within its safe operating limit. Some additional AC transmission 21 
must also be provided to offload the three Bipole HVDC system and firm up 22 
transmission from northern system generation.  23 

Manitoba Hydro, “Need For and Alternatives To,” Alternatives, August 2013. 24 

Manitoba Hydro’s NFAT addresses a number of alternatives for improving the ability of the 25 
AC and HVDC transmission systems to transmit power from Keeyask and Conawapa 26 
generation stations to the load in the Winnipeg area. The recommended alternative or Preferred 27 
Plan in the NFAT is Option 2A. 28 
 29 
The Preferred Option 2A implements the following transmission system changes: 30 
 31 

1. Bipole III upgraded from the planned 2000 MW to a rating of 2,300 MW. 32 
2. The existing Northern Collector System (NCS) is split into two separate collector systems - 33 

NCS1 and NCS2 - at Radisson Station.  34 
3. Keeyask generation and eight units of Kettle generation will be placed on the Bipole I 35 

transmission line. Limestone, Long Spruce and Conawapa generation will be placed on 36 
Bipole II & III transmission lines. 37 

4. One Kettle generating unit will be placed on the 230 kV system and the AC firm capacity 38 
increased 100 MW under this option by constructing additional 230 kV ac transmission 39 
facilities. 40 

5. Up to three Kettle generating units will be switchable between NCS1 and NCS2. 41 

Transmission Losses 42 

The transmission losses from Keeyask and Conawapa G.S. to southern Manitoba for domestic 43 
seasonal load during peak and off-peak times were determined by examining approximately 21 power 44 
flow diagrams, supplied by Manitoba Hydro at POWER’s request.  A summary of results from those 45 
power flow cases are listed in Table A1 in Appendix D. Data from Table A1 includes Total AC + DC 46 
system losses and export losses for various Summer Off-Peak, Summer On-Peak, and Winter Peak 47 
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footprint. Depending on the level of increased firm capability required, it may not be possible to 1 
increase the prior outage transfer limit without building a new Manitoba – United States tie line.’  2 
 3 
‘Aside from the reasons given above, Minnesota Power believes that upgrading existing facilities is 4 
not a feasible long-term solution given the likelihood of significant increases in hydroelectric power 5 
imports from Manitoba including and exceeding Minnesota Power’s power purchase and Renewable 6 
Optimization Agreements representing 383 MW. Appropriate long-term capacity for the interface 7 
between Manitoba and the United States can be achieved more efficiently, economically, and reliably 8 
with a single new transmission line build large enough to facilitate Minnesota Power’s 383 MW and 9 
additional transfer capability up to 750 MW to meet future needs in the region.’ 10 
 11 
POWER agrees that new facilities will be needed to increase the MH – US transfer capability by 750 12 
MW, and to mitigate constraints on the MISO system. The following table shows required network 13 
upgrades under increased Export and Import conditions  14 

 15 
 16 

 17 
  

  
  

 

  

 
 

 

  
  

  
 18 
MISO Transmission Constraints that require Manitoba Hydro’s financial participation 19 
in US transmission projects 20 
 21 
POWER reviewed the NFAT Executive Summary and Chapter 6, and also discussed financial 22 
participation in US transmission with MH. Cost sharing for required transmission in the US to 23 
mitigate MISO transmission constraints is being spread among committed participants. MH has 24 
indicated that several agreements are underway. To date, only Minnesota Power has committed to a 25 
250 MW participation level, based on a commission approved contract. A pending 300 MW WPS 26 
sales agreement is being developed, but WPS has indicated that they will not invest in the line at this 27 
time. POWER also reviewed the Minnesota Power filing for the Great Northern Transmission Line12, 28 
which references two agreements with MH. One is the approved 250 MW power sales agreement and 29 
the other is a pending 133 MW Renewable Optimization Agreement, bringing the transmission 30 
contract total to 388 MW. This amounts to 51% of the proposed 750 MW transmission capacity and 31 
would limit MH ownership to 49%. MH indicated in our discussions that it is actively marketing 32 
surplus capacity and energy to the US, and that the likelihood of establishing those sales contracts is 33 
very high because price for energy delivered from Manitoba to US delivery points is substantially 34 

                                                      
12 MPUC Docket No. E-015/CN-12-1163 
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lower than US prices.  Any new participation in the line would reduce MH ownership by requiring 1 
participant funding on a pro-rata basis. The following excerpt from the NFAT Executive Summary, 2 
page 7/42, provides explanation as to why MH has agreed to fund any of the US transmission.  3 
 4 
This proposed project consists of a 750 MW, 500 kV AC transmission line in southeastern Manitoba, 5 
connecting at the border with MP’s proposed Great Northern Transmission Line13 with an ISD of 6 
2020. The project would enable power to be exported to the U.S. based on current sales agreements, 7 
improve reliability and import capacity in emergency and drought situations, and increase access to 8 
markets in the U.S.  9 
 10 
This project is still in the study and negotiation phase. Manitoba Hydro will be responsible for the 11 
Manitoba portion of the interconnection, which is estimated to cost $350 million. Manitoba Hydro 12 
will also be responsible for some portion of the capital and ongoing operating costs associated with 13 
the U.S. portion of the facilities. For the Preferred Development Plan, it is assumed that Manitoba 14 
Hydro will be responsible for 40% of the capital and ongoing operating costs associated with the 15 
U.S. portion of the 750 MW interconnection facilities, with the remainder of the transmission costs to 16 
be borne by MP and WPS. The total cost of the U.S. portion of the 750 MW interconnection is in the 17 
order of $700 M (2020 base dollars, not including interest).  18 
 19 
However, WPS recently advised that an investment in the 750 MW Interconnection Transmission does 20 
not match their current business objectives and that they will not invest in the line. They also advised 21 
that they will continue to negotiate the 300 MW Power Purchase Agreement; as of this writing that 22 
negotiation is proceeding under the auspices of the term sheet agreed to previously. In order to avoid 23 
becoming a majority owner in a U.S. transmission line, Manitoba Hydro will only enter into an 24 
arrangement where it will not own more than 49% of the interconnection facilities in the U.S. In 25 
return for investing in the U.S. portion of the transmission interconnection, Manitoba Hydro will 26 
benefit by having the right to use and/or sell its proportionate share of the U.S. transmission service 27 
associated with the new interconnection. Manitoba Hydro will also have the right to sell its share in 28 
the future. In the development plans without the WPS sale but with a 750 MW interconnection, a 29 
conservative assumption has been used whereby Manitoba Hydro will be responsible for 30 
approximately two-thirds of the capital.  31 

MANITOBA HYDRO TRANSMISSION PLANS – WITHIN MANITOBA  32 

Scope Item 11 33 

Provide an analysis and justification of Manitoba Hydro’s need for additional North-South AC 34 
transmission when Conawapa comes on-line. 35 
 36 
The additional N-S AC transmission referred to here is within Manitoba. This additional N-S AC 37 
transmission is needed after Conawapa to accomplish three goals: 38 
 39 

1. Provide the required level of firm transmission for Conawapa 40 
2. Provide the required level of HVDC on-line sparing capability, and 41 
3. Limit the combined three-Bipole HVDC loading within the reliability operating limit for 42 

Southern System faults. 43 

                                                      
13 The US portion of the new 750 MW line is referred to as the Great Northern Transmission Line 
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 1 
These issues are also discussed in Scope Item 7. The following is POWER’s assessment of the need 2 
for additional AC transmission. 3 
 4 
MH indicated in discussions with POWER that the required level of firm transmission for Conawapa 5 
is still under consideration. The NFAT Preferred Plan, Option 2A adds 100 MW of new AC 6 
Transmission, permanently connects one Kettle generation unit to the AC system, and provides the 7 
capability to switch up to three Kettle generation units between Northern Collector Systems (NCS), 8 
NCS1 and NCS2, to minimize the overall use of non-firm transmission to deliver northern system 9 
generation.  10 
 11 
POWER reviewed several characteristics of the existing and proposed system including valve group 12 
on-line sparing, firm and non-firm transmission capability, and reliability. Reliability was more 13 
specifically addressed in our discussion of Scope Item 7. POWER developed several tables to 14 
illustrate these characteristics. POWER’s assessment is based on information contained in the 15 
Integrated Transmission Plan for Keeyask and Conawapa Generation”, SPD2011/11, July 17, 2012. 16 
In the Executive Summary of the report, where MH explains that 17 
 18 

‘In order to qualify as a Designated Network Resource, firm transmission is required. In 19 
the context of HVdc transmission, the capacity is considered firm when a spare valve 20 
group over generation is provided to cover for the most frequent outages. The non-firm 21 
transmission will result in portions of the proposed Keeyask and Conawapa generation 22 
being treated as Energy Resource (i.e. potential bottled generation). This section of the 23 
report identifies the firm and non-firm transmission plans for Keeyask and Conawapa 24 
generation’. 25 

 26 
POWER conducted a high level review of the MH Transmission Tariff available on the MH webpage 27 
to determine the significance of including Conawapa as a Designated Network Resource. The term 28 
‘Energy Resource’ was not found in the MH tariff. However, the term Designated Network Resource 29 
is found in Section 28.3 of the MH transmission tariff which provides guidance on requiring firm 30 
transmission service from designated Network Resources to serve Network Loads. Section 28.4 31 
suggests that energy from non-designated Network Resources can be delivered on an as available 32 
basis. Those definitions are included here: 33 
 34 

28.3 Network Integration Transmission Service: The Transmission Provider will provide 35 
firm transmission service over its Transmission System to the Network Customer for the 36 
delivery of capacity and energy from its designated Network Resources to service its 37 
Network Loads on a basis that is comparable to the Transmission Provider’s use of the 38 
Transmission System to reliably serve its Native Load Customers. 39 
 40 
28.4 Secondary Service: The Network Customer may use the Transmission Provider’s 41 
Transmission System to deliver energy to its Network Loads from Generation resources 42 
that have not been designated as Network Resources. Such energy shall be transmitted, 43 
on an as-available basis, at no additional charge. Secondary service shall not require the 44 
filing of an Application for Network Integration Transmission Service under the Tariff 45 
but instead shall be requested in accordance with the procedures set forth in Section 18 46 
of the Tariff. However, all other requirements of Part III of the Tariff (except for 47 
transmission rates) shall apply to secondary service. Deliveries from resources other 48 
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 1 
 2 
Figure 3: Diagram of the 750 MW System Without Network Upgrades 3 
 4 
The need for MH financial participation in US transmission is based not only on technical reasons, 5 
but on approved contracts and pending contract negotiations. The only approved contract in place 6 
today is the MP 250 MW power sales agreement. As pending agreements come to fruition, MH 7 
ownership and costs can be transferred to new project participants.  8 
 9 
The MCON filing Section 318, further elaborates on project ownership and contractual arrangements 10 
between MH and MP. Information from the filing is included below to highlight the contractual 11 
sharing arrangements, as interpreted by POWER, for the project: 12 
 13 

 Minnesota Power will have majority ownership (51%) of the Project.  14 
 The balance of the Project (49%) will be owned by a subsidiary of Manitoba Hydro.  15 

                                                      
18 MPUC Docket No. E-015/CN-12-1163 Application For A Certificate Of Need--October 21, 2013, pg 16 
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 While Minnesota Power will own 51% of the Project, Minnesota Power’s customers will be 1 
financially responsible for only 33.3% of the Project’s revenue requirements. 2 

 Minnesota Power will receive an amount equal to the balance of the revenue requirements 3 
associated with its ownership percentage (17.7%) from Manitoba Hydro by way of a 4 
scheduling fee arrangement included in the proposed 133 MW Renewable Optimization 5 
Agreements.  6 

 While the Project will have a transfer capability of approximately 750 MW, Minnesota Power 7 
and its customers will be responsible for the revenue requirements associated with 250 MW 8 
of that total capability. 9 

 An Operation and Maintenance agreement will invoice MH monthly for its 49% pro rata 10 
share of Operation and Maintenance expenses associated with the Project.  11 

 Facilities on the Canadian side of the border will be owned and operated by Manitoba Hydro 12 
 Minnesota Power has signed the Commission-approved 250 MW Agreements and the 133 13 

MW Renewable Optimization Agreements.  14 
 15 

POWER’s analysis associated with this scope item focused on technical aspects of proposed facilities, 16 
and did not include assessment of project economics. However, it should be clear that there will be an 17 
economic benefit to Manitoba resulting from marketing portions of the proposed Keeyask and 18 
Conawapa generation.  Sales revenue will offset a portion of the financing and operating costs 19 
associated with planned hydro facilities and MH-US transmission. MH appears to be uniquely 20 
positioned at this time to develop generating capacity beyond that required for Manitoba power 21 
supply at the scheduled energization dates for the proposed facilities. Additional economic 22 
assessment can identify benefits of MH transactions. 23 
 24 
The additional MH-US transmission facilities will increase reliability of that interconnection, can 25 
facilitate reserve sharing, and will allow additional capacity for additional transactions in both 26 
directions. 27 
 28 
In conclusion, POWER believes that MH has demonstrated a technical need for US transmission, 29 
namely the new 500 kV line and network upgrades in support of incrementing the existing 2175MW 30 
interconnection to 2925MW. Pending contract negotiations and the ongoing activity to finalize 31 
transmission studies to determine final network upgrades will ultimately determine project financing 32 
and cost sharing. In the interim, capital and O&M cost sharing is based primarily on terms of the 33 
latest Power Purchase Agreement between Minnesota Power and Manitoba Hydro. 34 
 35 
 36 

37 
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138 kV Keeyask Lines Estimate
summary used provided structure weights $83,884,969

included typical costs for installation of towers, foundations, guys, anchors and wires
arrived at cost per km and mi that are KN36 KR1, KR2, KR3 KR1 X total

$427,342 $695,759 $337,040 $638,394
$687,603 $1,118,754 $543,614 $1,026,744

KN36 KR1, KR2, KR3 KR1 X

21.4 km 105.0 km 5.0 km 131.4 km
13.3 mi 65.3 mi 3.1 mi 81.7 mi

str type weight qty ton cost p/lb
material cost per 

pole
total pole 

cost

labor to haul, 
assemble, erect 

p/lb or ton

installed labor 
cost p/str

total installed 
str cost

guyed tubular susp 6,000 lb 56 $1.75 $10,500 $588,000 $1.00 $6,000 $924,000
guyed lattice river crossing 15,000 lb 2 7.50 ton $3.00 $45,000 $90,000 $16,000 $120,000 $330,000

lattice guyed angle 0-37 28,163 lb 2 14.08 ton $1.20 $33,796 $67,591 $8,000 $112,652 $292,895
lattice guyed angle 7-25 7,500 lb 3 3.75 ton $1.20 $9,000 $27,000 $8,000 $30,000 $117,000

lattice guyed angle 25-90 de 11,000 lb 3 5.50 ton $1.10 $12,100 $36,300 $8,000 $44,000 $168,300 KN36 KR1, KR2, KR3 KR1 X

guyed 3 pole de 31,500 lb 1 $1.75 $55,125 $55,125 $1.00 $31,500 $86,625 $7,620,936 $60,878,870 $1,123,468
ss lattice switch de 28,163 lb 3 14.08 ton $1.10 $30,979 $92,938 $8,000 $112,652 $430,894 w/ 20% contingency > $9,145,123 $73,054,644 $1,685,202 < with removal cost

$2,349,714

guyed lattice susp 12,000 lb 264 6.00 ton $1.20 $14,400 $3,801,600 $8,000 $48,000 $16,473,600
lattice river xing susp 25,000 lb 6 12.50 ton $3.00 $75,000 $450,000 $16,000 $200,000 $1,650,000
anti cascade lattice de 20,000 lb 36 10.00 ton $1.10 $22,000 $792,000 $8,000 $80,000 $3,672,000
heavy angle lattice de 40,000 lb 33 20.00 ton $1.10 $44,000 $1,452,000 $8,000 $160,000 $6,732,000

lattice tie down de 25,000 lb 6 12.50 ton $1.10 $27,500 $165,000 $8,000 $100,000 $765,000
$29,292,600

str type qty
material cost 

per str
hardware/ 

insulator cost ea 
labor cost per str

total str 
installed cost

3 pole termination 1 $18,000 $4,500 7,500 $30,000
H frame susp 23 $9,000 $800 6,000 $363,400

3 pole light running angle 3 $12,000 $4,500 7,500 $72,000
3 pole heavy dead end 1 $18,000 $4,500 12,000 $34,500

$499,900

5 280

item length miles no of wires length req'd price p/ft total wire cost install cost per ft
install cost 

p/mi
installed labor 

cost
total installed 

cost
336 acsr conductor 75000 ft. 13.3 mi 3 225,000 ft $1.00 $225,000 $4.00 $63,360 $842,688 $1,067,688
2) 7/16 shield wire 75000 ft. 13.3 mi 2 150,000 ft $0.50 $75,000 $1.75 $18,480 $245,784 $320,784

$1,388,472

5 280

1590 acsr conductor 350000 ft. 65.3 mi 3 1,050,000 ft $3.00 $3,150,000 $5.00 $79,200 $5,167,800 $8,317,800
1) opgw 350000 ft. 65.3 mi 1 350,000 ft $2.10 $735,000 $3.00 $15,840 $1,033,560 $1,768,560

1) 7/16 shield wire 350000 ft. 65.3 mi 1 350,000 ft $0.50 $175,000 $1.75 $9,240 $602,910 $777,910
$10,864,270

5280
1590 acsr conductor 18000 ft. 3.1 mi 3 54,000 ft $3.00 $162,000 $5.00 $79,200 $245,520 $407,520

1) opgw 18000 ft. 3.1 mi 1 18,000 ft $2.10 $37,800 $3.00 $15,840 $49,104 $86,904
1) 7/16 shield wire 18000 ft. 3.1 mi 1 18,000 ft $0.50 $9,000 $1.75 $9,240 $28,644 $37,644

$532,068

structure type hardware
labor cost 

per 
assembly

qty per str
installed cost 

per str
no of 

structures

total hardware 
material and 
labor cost

2)  I string $275 $200 2 $950 63 $59,850
1)  V string $500 $300 1 $800 63 $50,400

1)  dead end $350 $400 6 $4,500 7 $31,500
$141,750

2)  I string $275 $200 2 $950 270 $256,500
1)  V string $500 $300 1 $800 270 $216,000

1)  dead end $350 $400 6 $4,500 75 $337,500
$810,000

total project cost

KN36

KR1- 
KR2- 
KR3-

KN36

KR1- 
KR2- 
KR3-

KN36

<< cost p/mi to install
<< cost p/km to install

<< total kilometers
<< total miles

KR1- 
KR2- 
KR3-

KR1- X

KR1-X
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installed cost
qty cost ea qty cost ea qty cost ea qty cost ea qty cost ea qty cost ea qty cost ea
1 $15,000 1 $12,000 4 $3,500 4 $3,500 1 $50,000 4 $22,000 4 $36,000

guyed tubular susp 56 50 $750,000 16 $192,000 50 $700,000 56 $784,000 $2,426,000
guyed lattice river crossing 2 2 $30,000 2 $28,000 2 $28,000 $86,000

lattice guyed angle 0-37 2 2 $30,000 2 $28,000 2 $28,000 $86,000
lattice guyed angle 7-25 3 3 $45,000 3 $42,000 3 $42,000 $129,000

lattice guyed angle 25-90 de 3 3 $432,000 $432,000
guyed 3 pole de 1 3 $150,000 $150,000

ss lattice switch de 3 3 $432,000 $432,000
$3,741,000

guyed lattice susp 264 200 $3,000,000 64 $768,000 200 $2,800,000 264 $3,696,000 $10,264,000
lattice river xing susp 6 6 $864,000 $864,000
anti cascade lattice de 36 36 $3,168,000 $3,168,000
heavy angle lattice de 33 33 $4,752,000 $4,752,000

lattice tie down de 6 6 $864,000 $864,000
$19,912,000

qty cost ea
1 $1,500

3 pole termination 1 3 $4,500 $4,500
H frame susp 23 46 $69,000 $69,000

3 pole light running angle 3 9 $13,500 $13,500
3 pole heavy dead end 1 3 $4,500 $4,500

$91,500

KR1-X

dig holes for wood pole 
direct embed

KN36

KR1- 
KR2- 
KR3-

6x6 pad for pedestal anchor bolt foundation
qtystructure type

stub angle foundations-reg stub angle foundations-lgegrouted in rod for pedestal screw in anchor for pedestal 2x4 mat anchor for guy

 
 
 

April 2014 Redacted



POWER ENGINEERS, INC. 
 

 
68 

BOI 125-024 (SR-02) MPUB (01/20/2014) RB 132171 REV. 2

 
 
 
 
 
 
 

 
 
 

 
 
 
 
 

 
 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Keeyask Transmission 
Analysis 
 

2012 estimated costs 

KR1 KR2 KR3 cost 2012 $ In-service-year 

KR1 is 1/3 total  2015 

KR2 &3 are 2/3 total  2019 

 
2012 $ 

Escalating to in-service-year at 2% 

 
 2015 $ 

  2019 $ 

In-service-year $ 

  

 
 

KR123 73054644

KR1
KR123

3
 KR1 24351548

KR23 KR123
2

3
 KR23 48703096

costperkm
KR1 KR23

110
 costperkm 664133

KRI KR1 1.02( )
3


KR1 24351548

KR23 KR23 1.02( )
7

 KR23 55944548

Total KR1 KR23 Total 80296096

costperkm
Total

110
 costperkm 729965
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230 kV Transmission Line Comparable Estimate 
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summary used provided tangent structure weights for guyed and self supporting lattice structures- and increased weights incrementaly to come up with a conservative weight for additional angles and dead ends.
included typical costs for installation of towers, foundations, guys, anchors and wires
allowed for percentage of tower types for all structure types guyed tangent lattice 50%

ss tangent lattice 40%
ss running angle lattice 5%

ss dead end lattice 5%

arrived at cost per km and mi that are $550,382 << cost p/mi to install
$343 989 << cost p/km to install

str type cost ea str percentage per km per mi str count total str costs
guyed tangent lattice $55,520 50% 515 $28,618,960

ss tangent lattice $156,150 40% 412 $64,392,661
ss running angle lattice $234,225 5% 52 $12,073,624

ss dead end lattice $390 375 5% 52 $20 122 706
total wire costs

wire $72,270 $115,632 461 km 288 mi $33,302,016

288 mi $158,509,967 $550,382 << cost p/mi to install
461 km $158,509,967 $343,989 << cost p/km to install

str type average weight
cost per pound for 

material
average 

ton
cost per ton to haul, 
assemble and erect

installed 
cost

self supporting lattice 35,000 $1.10 17.5 $6,000 $143,500

foundation type average weight
cost per pound for 

material
average 

ton
cost per site to 

install
installed 

cost
qty per 

str
installed 

cost
tangent str cost angle str cost

dead end str 
cost

10x10 pad 750 $1.10 0.375 $6 000 $3 075 4 $12 300 $156 150 $234 225 $390 375

hardware cost per assembly
cost haul, assemble 

and install
qty per 

str
installed 

cost

2)  I string $400 $100 2 $200
1)  V string $700 $150 1 $150

str type average weight
cost per pound for 

material
average 

ton
cost per ton to haul, 
assemble and erect

installed 
cost

guyed lattice 7,600 $1.20 3.8 $6,000 $31,920

foundation type Material Cost
cost per site to 

install
qty per 

str
installed 

cost
total str cost

10x10 pad for pedestal $4,000 $6,000 1 $10,000 $55,520
grouted in rod for pedestal $2,500 $3,500 1 $6,000

screw in anchor for pedestal $1,000 $2,500 3 $5,500
anchor for guy $1,250 $1,500 4 $7,250

hardware cost per assembly
cost haul, assemble 

and install
qty per 

str
installed 

cost

2)  I string $400 $100 2 $200
1)  V string $700 $150 1 $150

461 km 288 mi

line length total required

1,031 1,031

structures

2 2 3 6
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span length - 
meter

span length - feet str per km str per mi

450 1475 2.2 3 6

3300 5280

conductor 
material cost

no of conductors cost per ft cost per km cost per ft
total wire cost 

per km
total wire 

cost per mi
1113 acsr 3 $1.75 $17,325 $27,720 $72,270 $115,632
7/16 ehs 1 $0 50 $1 650 $2 640

opgw 1 $2.15 $7,095 $11,352
$26 070 $41 712

conductor labor 
cost

no of conductors cost per ft cost per km cost per ft

1113 acsr 3 $3 25 $32,175 $51,480
7/16 ehs 1 $2.75 $9,075 $14,520

opgw 1 $1 50 $4,950 $7,920
$46,200 $73,920
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Comparable 500 kV AC Transmission Line Estimate 
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Comparable 500 kV HVDC Cost Estimate 
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700  Miles 1120  Kilometer

356,400,000$        356,400,000$             

115,300,000         115,300,000               

216,400,000         216,400,000               

30,600,000$         30,600,000$               

2,000,000             2,000,000                  

$209,000,000 $209,000,000

$144,140,000 $144,140,000

1,073,840,000$       1,073,840,000$            
1,534,057$             958,786$                     

TYPICAL 500 kV HVDC LINE PROJECT

Distance >>
Install Self Supporting Lattice, Guyed Lattice and Tubular Steel Pole Structures, with 
Hardware & Insulator Assemblies: Labor, Equipment and Materials

Install Foundations and Anchorage: Labor, Equipment and Materials

Install Triple Bundle Conductors, Shield Wire and OPGW and Regen Sites: Labor, 
Equipment and Materials

Triple Bundle Conductor

Self Supported Lattice Towers - 50%
Guyed Lattice Towers - 45%

Tube Steel Mitigation Towers - 5%

1,450 Average Span

Assumptions

Provide Geotech,Field Offices, Multi Purpose Yards, Mob and DeMob Costs, 
Contingency, and Fixed Fee Adder Costs: Labor, Equipment and Materials

TOTALS  >>

Install Access Road, Construction Pads, BMP Measures, Resoration, Clearing, Etc: 
Labor, Equipment and Materials

Survey: Labor, Equipment and Materials

Cost - Mile/Km  >>

Routing, Permitting, Environmental Assessment, Property Acquisition
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Transmission Project Summary Schedule 
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APPENDIX G 
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Table A4—Power Flow Cases supplied by Manitoba Hydro 
Cases with the Preferred 

Plan 
Generation BP1 BP2 BP3 Load Losses 

Preferred Plan Summer 
Peak 2020 Load 0 MW 
Export to US 

3746 795.4 858.2 857.6 3577 177 

Preferred Plan Summer 
Peak 2020 Load 2175 MW 
Export to US 

6104 1240 1338 1338.6 3577 329 

Preferred Plan Summer 
Peak 2020 Load 2925 MW 
Export to US 

6926 1495.4 1613.4 1615.6 3577 423 

Preferred Plan Summer Off 
Peak 2020 Load 0 MW 
Export to US 

2531 486.2 524.6 523.6 2435 112 

Preferred Plan Summer Off 
Peak 2020 Load 2175 MW 
Export to US 

4850 867.8 936.4 935.8 2435 239 

Preferred Plan Summer Off 
Peak 2020 Load 2925 MW 
Export to US 

5671 1124.2 1212.8 1213.2 2435 309 

Preferred Plan Winter Peak 
2020 Load 0 MW Export to 
US 

5160 921.2 994 993.6 4910 267 

Preferred Plan Winter Peak 
2020 Load 2175 MW 
Export to US 

7613 1683.8 1816.8 1820.2 4910 529 

Preferred Plan Winter Peak 
2020 Load 2784 MW 
Export to US 

8260 1762.4 1902.4 1905.8 4910 566 
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