
Manitoba Hydro TSR Group Study F090 and F091 June 10, 2010 

  

 
 

 
 
 
 

TSR Facilities Study Report 

Manitoba Hydro TSR Group Study 

F090 and F091 

 

Transmission Service Request for 

138 kV Line, X43 Saratoga - Petenwell 

Uprate to Summer Capability of 109.2 MVA 

Wood & Adams County, Wisconsin 

TSR Designation A380 & A417 

Prepared for the Midwest ISO 
 

June 10, 2010 

 
 

 
Contact: 
Carl Harper, Project Manager 
American Transmission Company, LLC



Manitoba Hydro TSR Group Study F090 and F091 June 10, 2010 

  

Table of Contents 
 
Section  Title      
 

1 Overview 
 

i. Facility Study Summary   
 

2 System Upgrades, X43 Saratoga – Petenwell 138 kV Line  
 

3 Exhibits 
 

A1 Transmission Owner One-line Diagram 
 
A2 Transmission Line Route Map 
 
A3 Typical Replacement Structure Types 

  
 A3.1. Typical Tangent H-Frame Replacement Structure 

 A3.2. Typical 3-Pole Medium Angle (3° - 20°) Replacement 
               Structure 
 A3.3. Typical 3-Pole Large Angle (20° - 60°) Replacement 
               Structure 

 A3.4. Typical 3-Pole Dead-End Replacement Structure 
 A3.5. Typical Single Pole Dead-End Replacement Structure 
 A3.6. Typical Single Pole Tangent Replacement Structure 

    
A4 Detailed Cost Breakdown of Facilities to be Constructed 

 
A5 Preliminary Milestone Project Schedule  

 
 

 
 



Manitoba Hydro TSR Group Study F090 and F091 June 10, 2010 

1 
 

 
1. Overview of the Project 
Several requests for long term firm transmission service have been made under 
the Midwest ISO’s Open Access Transmission and Energy Markets Tariff.  To 
analyze these requests several System Impact Studies have been performed.  Of 
these studies an out year power flow analysis was conducted to examine the 
request to reserve 1130 MW of transmission service from Manitoba Hydro to 
various sinks in the United States (Summer Peak/South Flow) and an out year 
power flow analysis was conducted to examine the request to reserve 1100 MW of 
transmission service from various sources in the United States to Manitoba Hydro 
(Winter Peak/North Flow).  During these two analyses one of the constraints to 
achieve these power flows determined was on the ATC owned X43 Saratoga – 
Petenwell 138 kV line.  The current rating of this line is 76 MVA and to satisfy the 
transmission service requests the X43 Saratoga – Petenwell 138 kV line needs to 
have a rating of 109.2 MVA. 
 
The 138 kV X43 Saratoga – Petenwell transmission line traverses through the 
counties of Juneau, Adams, and Wood in the central part of the state of Wisconsin.  
The Saratoga substation resides in Wood County and the Petenwell substation 
resides in Juneau County. 
 
 
i. Facilities Study Summary 
In accordance with the Transmission Service Request Facility Study Proposal 
submitted to Midwest Independent System Operator (Midwest ISO) by American 
Transmission Company LLC (ATC), ATC provided the estimate for performance of 
a Transmission Service Request Facilities Study (FS) for the Transmission Service 
Request designated A380 and A417.  Based on the proposal submitted to, and 
requested by Midwest ISO, the selected option was for +/-20% estimates within 90 
days from the kick-off meeting with Midwest ISO.  The previously revised and 
completed TSR System Impact Study Reports (Report R164-08) produced by 
SIEMANS under direction of Midwest ISO and an Ad Hoc Study Group consisting 
of American Transmission Company LLC (ATC), Basin Electric Power Cooperative, 
Dairyland Power Cooperative, Great River Energy, Manitoba Hydro, Minnesota 
Power, Minnkota Power Cooperative, Otter Tail Power, Western Area Power 
Administration, and Xcel Energy dated July 17, 2009 are the basis for this Facility 
Study report.   
 
This Facility Study report documents the Network Upgrades to ATC’s 138 kV X43 
Saratoga – Petenwell line that would need to be made in order to achieve the 
requested 109.2 MVA rating. 
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2. System Upgrades, X43 Saratoga – Petenwell 138 kV Line 

Project Summary: 
The X43 Saratoga – Petenwell transmission line is a 22.7 mile single circuit wood 
H-Frame line, with a small section of single pole structures installed under a 
previous minor realignment project.  In order to achieve the requested 109.2 MVA 
rating on the line several components of the transmission line were analyzed. 
 
The existing line conductor was examined to determine if it had the capability of 
transmitting the corresponding amperage loading that a 109.2 MVA rating called 
for.  The existing conductor on the line is 4/0 AWG 6/1 ASCR “Penguin” and at an 
operation level of 138 kV the 109.2 MVA desired rating corresponds to an 
amperage of 457 amps, which during the summer season equates to a normal 
200°F operating temperature and an emergency temperature rating of 300°F.  This 
operating temperature is at the upper temperature capacity of ACSR conductor, but 
does still fall within the limits of normal steel reinforced aluminum conductor 
operation.  ACSR conductor is limited to a normal operating temperature of 200°F 
because at temperatures above 200°F the aluminum part of the conductor will start 
to anneal. 
 
Once it was determined that the existing conductor had the capacity to transmit the 
required amperage loading a preliminary thermal analysis was conducted to 
identify all clearance violations, whether it be to an aerial obstruction or to ground, 
at the new operating temperature of 200°F.  Because of limited ground line data 
(only a centerline profile is available) the analysis by necessity was conducted by 
adding a conservative buffer to minimum ground clearance requirements.  The 
preliminary thermal analysis showed that, using a moderately conservative buffer 
of three feet, over 50% of the line had some sort of a clearance violation, with the 
majority of the clearance violations being a ground clearance violation.  In view of 
the number of likely violations on the line it was determined that a structure for 
structure rebuild of the entire line was the appropriate direction to take.  The rebuild 
would however utilize the existing conductor, because as mentioned before, it has 
the capability to transmit the desired amperage. 
 
In order to complete a rebuild of this line approximately 202 tangent H-Frame 
structures, 3 tension change H-Frame structures, 11 guyed 3-pole dead-end/angle 
structures, and 15 single pole structures will be removed and replaced. 
 
There will be a new tap at the Badger Avenue Substation that will be designed to 
accept T2 477 kcmil 26/7 ACSR “Hawk” conductor. 
 
Once detailed survey information is acquired, an electrically equivalent project may 
be constructed by ATC to increase the transfer capability to the required level 
indicated in the System Impact Study.  For example, an evaluation of available 
structure data indicates that reconductor of this line with a larger conductor, 
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operating at a lower temperature, with only limited structure replacement, may be a 
viable option. 

One-Line Diagram:  
A one-line diagram of the 138 kV X43 Saratoga – Petenwell line has been provided 
in Exhibit A1.  Rebuilding of the line will not change any aspects of the one-line 
diagram. 

Route Information  
The rebuild will be a structure for structure rebuild and will not require any new 
routing alternatives as it will be constructed on the current existing alignment.  The 
land adjacent to the project corridor breaks down approximately as follows: 
 
 Commercial/Industrial      0 Miles 
 Residential               0.5 Miles 
 Open Field               3.0 Miles 
 Forested Land            17.2 Miles 
 Wetland               2.0 Miles 
 Total              22.7 Miles 
 
A map of the line route has been provided in Exhibit A2. 

Transmission Drawings 
The following drawings will be required for this project: Title sheet, plan and profile, 
phasing diagram, route, assembly, and structure detail drawings.  The drawings 
shall be developed per the ATC Transmission Line Drawing Series. 

Survey Information 
A LiDAR survey will be completed on the line.  The data gathered from this survey 
will be post-processed and a PLS-CADD model will be constructed.  This PLS-
CADD model will be used to further analyze the line and design either a rebuild or 
reconductor of the transmission line. 

Design Criteria  
Design Standards shall be the ATC standards (ATC Transmission Line Design 
Criteria, Document CR-0030 – current version on Powerline).  If no ATC or 
applicable local LDC standard exists, then, the applicable industry standard or 
good utility practice will be used. 

Right-of-Way 
The rebuild of this line will be on the existing alignment and new structures will be 
placed as close as possible to existing structures, therefore no new easements are 
anticipated.  However, existing easements will need to be reviewed during the 
Certificate of Authority (CA) consultation process with the Public Service 
Commission of Wisconsin (PSCW) and Wisconsin Department of Natural 
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Resources (WDNR). Any easements found lacking will need to modified to bring 
the easement to ATC’s current requirements.    

Environmental 
Environmental field survey work will be required during the pre-certification 
consultation and design phase to obtain information for the Joint Application for CA 
submittal to the WDNR & PSCW.  Field survey work will identify any endangered or 
invasive species, wetland delineation, and also identify any other environmental 
issues that are present in the project area. Monitoring during construction will also 
be required. 

Permitting 

·  PSCW: It is anticipated that a joint application for CA will need to be filed 
with the PSCW & WDNR for this project.  The total estimated project 
expenditures exceed the current PSCW cost threshold for seeking 
regulatory approval before construction can commence.  The typical CA 
approval time frame is approximately 6 months. 

 
·  Environmental: If a CA is required, that submittal will include all necessary 

information needed for the WDNR to issue the environmental construction 
permits for the transmission line and substation approximately 30 days after 
the PSCW issues the CA. Possible permits that might be required from an 
environmental standpoint include:  a permit for the placement of structures 
in wetlands (if identified on the project), stream or river crossing permits, 
storm water/erosion control permits, and any other permits that might be 
required from local permitting agencies. 

 
·  Real Estate: For the CA pre-application consultation review with the PSCW 

and WDNR, a complete review of all real estate easements will be 
performed to assure adequate rights are present in the easements for this 
project. Currently, it is not known what easements exist.  Any costs related 
to additional easements needed will be added to the project cost.  If it is 
determined that the existing easement rights are inadequate, then the 
PSCW may determine that a Certificate of Public Convenience and 
Necessity (CPCN) will be required instead of a CA.  Updated exhibits for 
road crossings will be required, or if there are no existing road crossing 
permits, new road crossing permit applications will be required.  Any 
variances from county or city ordinances will also be acquired by Real 
Estate. 

 
·  FAA: It is not anticipated that a report will need to be filed with the FAA, 

however it will need to be further examined once more detailed information 
about structure heights has been determined as there are two nearby 
airports in nearby Necedah and Wisconsin Rapids. 
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·  Construction:  A temporary road crossing permit may be needed as the line 
does cross Highway 13.  Any temporary road lane closure permits will also 
be acquired by Construction if necessary as will any county or city road 
usage permits for the transporting of equipment or material.  

Structures and Insulators 
This project involves the replacement of 202 tangent H-Frame structures, 3 tension 
change H-Frame structures, 11 guyed 3-pole dead-end/angle structures, and 15 
single pole structures. 

 

Typical Existing Tangent Structures:  
 

Type: Wood 

Framing Style: H-Frame 

Insulators: 138 kV Suspension 

Typical  60 ft 

Maximum  75 ft 

Class Range: 2 & 3 

Vintage: Original construction in 1948 with some 
subsequent structure replacements. 

Proposed Tangent Structures: 
 

Type: Wood 

Framing Style: H-Frame (Refer to Exhibit A3.1 for a depiction)  
 

Insulators: 138 kV polymer suspension 

Typical  
 

75 ft. 

Maximum  
 

85 ft 

Class Range: 1 – H1 

Woodpecker Treatment: None 

 

The new single circuit structures shall be designed to support the facilities stated in 
“Conductors and Shield Wires” .  The structures will have a 30o-shielding angle.   
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Foundations 
All of the structure replacements will be direct embedded and backfilled with 
crushed stone. The dead-end and angle structures will be supported by guy wires.    

Conductors and Shield Wires 
The existing conductor on the line is 4/0 AWG 6/1 ACSR “Penguin”.  As discussed 
previously this conductor is capable of transmitting the desired amperage load of 
457 amps.  The existing conductor will be transferred to the new structures. 
 
All new structures will be designed to accommodate T2 477 kcmil 26/7 ACSR 
“Hawk” conductor. 
 
The existing shield wires are 3/8” High Strength Galvanized Steel. The existing 
shield wires will be transferred to the new structures. 

Line Switches  
There are no line switches on this line and no new line switches will be installed. 

Transpositions 
All existing transpositions will remain.  No new transpositions will be introduced. 

Substations 
There is no work required in either the Pentenwell or Saratoga substation.  All 
equipment in both substations have ratings in excess of the desired 457 amp rating 
during a summer normal scenario.  

Distribution Lines 
There are no distribution lines attached to this line; however there are several 
distribution crossings that will need to be accounted for when determining structure 
heights during detailed design.  These crossings will be picked up during the 
LiDAR survey that is to be completed on the line. 

Foreign Attachments and Buried Utilities 
There are no known foreign attachments or buried utilities that will affect this 
project. 

Removal of Existing Transmission Line Facilities 
All 231 existing structures will be removed.  Of the 231 existing structures there are 
202 tangent H-Frame structures, 3 tension change H-Frame structures, 11 guyed 
3-pole dead-end/angle structures, and 15 single pole structures 

Procurement Plan 
All materials for this project will be acquired through Border States Electric. 
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Scheduling Requirements 
Once the notice to proceed with this project is received it will take approximately 27 
months to complete the pre-certification process and receive the Certificate of 
Authority (CA) permit from the PSCW, if this permit ends up being required.  Once 
the CA permit is received it will take approximately 24 months before the design, 
construction, and re-energization of the line can be completed. 
 
A preliminary milestone project schedule is included in Exhibit A5.   

Cost Estimate Assumptions and Clarifications: 
 

1. ATC does not require contractor bonds or liquidated damages, so the costs 
for bonds and liquidated damages have not been included. 

2. The cost estimate includes a 3% per year inflation factor.  It is assumed 
that the work on this project will take place in the year 2017.  

3. The transmission line will be constructed in Wisconsin. Wisconsin State 
sales and use taxes have been included in the estimate.  The tax rate is 
5.6%, and is applied to material and the applicable labor categories. 

4. All transmission line construction will be performed by “contract labor.”   

5. All removed material is assumed scrapped.  No salvage value is assumed 
for any of the existing material that is to be removed. 

6. The estimate is based on the existing transmission line being de-
energized. 

7. A total of 3 man hours per structure was used for the transfer of the 
existing conductor to the new structures. 

8. A total of 20 soil borings was estimated. 

9. 100 mats being used for a duration of 5 months was assumed. 

10. Although this is an existing line, approximately $110,000 was estimated for 
the purchase of additional easement rights. 

11. An assumed 5% value of the total project cost was made for the consultant 
engineering fees. 

12. The project will reuse all existing conductor.  

 

  Total Cost Estimate Accuracy:            +/- 20%  

Total Project Cost: $10,459,289 
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3. Exhibits 
 
The following exhibits are part of this report and are attached at the end of 
document.   
 
 
A1.  Transmission Owner One-line Diagram 
 
A2.  X43 Saratoga – Petenwell Transmission Line Route Map 
 
A3.  Typical Replacement Structure Types 
 A3.1. Typical Tangent H-Frame Replacement Structure 

 A3.2. Typical 3-Pole Medium Angle (3° - 20°) Replacement 
               Structure 
 A3.3. Typical 3-Pole Large Angle (20° - 60°) Replacement 
               Structure 

 A3.4. Typical 3-Pole Dead-End Replacement Structure 
 A3.5. Typical Single Pole Dead-End Replacement Structure 
 A3.6. Typical Single Pole Tangent Replacement Structure 

 
A4.  Detailed Cost Breakdown of Facilities to be Constructed 
 
A5.  Preliminary Milestone Project Schedule  
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Exhibit A1 
 

Transmission Owner One-line Diagram 
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Exhibit A2 
 

X43 Saratoga – Petenwell Transmission Line Route Map 
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Exhibit A3.1 
 

Typical Tangent H-Frame Replacement Structure  
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Exhibit A3.2 
 

Typical 3-Pole Medium Angle (3° - 20°) Replacement Structure 
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Exhibit A3.3 
 

Typical 3-Pole Large Angle (20° - 60°) Replacement Structure 
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Exhibit A3.4 
 

Typical 3-Pole Dead-End Replacement Structure 
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Exhibit A3.5 
 

Typical Single Pole Dead-End Replacement Structure 
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Exhibit A3.6 
 

Typical Single Pole Tangent Replacement Structure 
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Exhibit A4 
 

Detailed Cost Breakdown of Facilities to be Constructed 
 

Transmission Line Cost Estimate Summarization for PM 
Power Plant Estimate 

Charge Type 
Cost 

Estimate 
Committed 

$ Direct Cost Taxes 
CIAC - Capital $0       
CIAC - Expense $0       
CIAC - Removal $0       
Constr-Control 
Buildings $0       
Constr-Distributive 
Costs $0       
Constr-Field Inspection $0       
Constr-Foundations $0       
Constr-Internal Mat 
Rental $0       
Constr-Misc. Constr. 
Costs $4,122   $4,122 $0 
Constr-OH Conductor 
Installatn $245,236   $232,231 $13,005 
Constr-OH Distribution $0       
Constr-OH Line $0       
Constr-OH Structure 
Erection $2,430,925   $2,302,012 $128,913 
Constr-Pick/Place/Haul 
Matting $399,960   $378,750 $21,210 
Constr-Protection & 
Communications $0       
Constr-SITE Work $0       
Constr-SS BUS 
Installation $0       
Constr-SS Contractor $0       
Constr-SS Equip 
Installation $0       
Constr-SS Equip 
Support Install $0       
Constr-
Tunnel/Expressway/Rail $0       
Constr-UG Cable & 
Duct $0       
Constr-UG Distribution $0       
Contingency $1,743,215   $1,743,215   
Mat-Cable & 
Raceway/Grounding $0       
Mat-Capacitor Banks $0       
Mat-Circuit Breakers $0       
Mat-Control Building $0       
Mat-Disconnect 
Switches $0       
Mat-
Insulators/Hardware $144,693   $137,020 $7,673 
Mat-Line Structures $3,025,972   $2,865,504 $160,468 
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Mat-Misc. $19,483   $18,450 $1,033 
Mat-Not Broken Down $0       
Mat-OH Conductors $0   $0 $0 
Mat-
Relay/Control/Comm $0       
Mat-Shield/Fiber Optic $0       
Mat-Support Structures $0       
Mat-Transformer $0       
Mat-UG Cable $0       
Mat-UG Pipe/Duct $0       
OTH-Commissioning $0       
OTH-Communication $0       
OTH-Eng.-ATC $40,000   $40,000 $0 
OTH-Eng.-Consultant $594,992   $563,439 $31,553 
OTH-Environmental 
Costs $107,680   $102,500 $5,180 
OTH-IT $0       
OTH-Legal Costs $0       
OTH-Local Relations $5,140   $5,000 $140 
OTH-Misc. $347,990   $347,990 $0 
OTH-PCO $800,000   $800,000 $0 
OTH-PM $215,840   $215,000 $840 
OTH-PM Outside $0       
OTH-Real Estate Costs $314,041   $306,090 $7,951 
OTH-Real Estate Land $0       
OTH-Regulatory Costs $20,000   $20,000 $0 
OTH-Supply Chain $0       
OTH-TP&S Costs $0       
Salvage $0       
TOTAL PROJECT COST 
ESTIMATE $10,459,289 $0 $10,081,323 $377,966 
     
     
     
PROJECT TOTAL TO 
DATE     
Total Cost includes all material, internal 
and external labor, all services, taxes, 
fees, land costs, and contingency 
dollars.    

  Labor Material   
TAXES WHICH WILL BE 
APPLIED TO ALL MATERIAL, 
LABOR and OTH EXCLUDING 
FDNS, REMOVAL, AND 
BELOW GRADE.      [NO TAX 
ON MICHIGAN LABOR] 

5.6% 5.6% 

  

CONTINGENCY (%): 20.0%    
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Exhibit A5 
 

Preliminary Milestone Project Schedule 
 

 


