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A R I Z O N A       F L O R I D A       K E N T U C K Y       M I C H I G A N        N E V A D A  

      O H I O       T E N N E S S E E       T E X A S         T O R O N T O           W A S H I N G T O N  D C  

October 25, 2017 
Ms. Barcy F. McNeal, Secretary 
Ohio Power Siting Board  
Docketing Division 
180 East Broad Street, 11th Floor 
Columbus, OH  43215 

 
Re: Case No. 13-197-EL-BGN, 16-1687-EL-BGA, and 17-1099-EL-BGA 

Trishe Wind Ohio, LLC 
Update to September 1, 2017 Filing Regarding Compliance with  
Condition 6 – Drawings for Final Design Plan  
 

Dear Ms. McNeal: 

Trishe Wind Ohio, LLC (“Applicant”) is certified to construct a wind-powered electric generation 
facility in Paulding County, Ohio (“Project”), in accordance with the December 16, 2013 Opinion, Order, 
and Certificate (“Certificate”) issued by the Ohio Power Siting Board.  

Condition 6 of the Certificate requires the Applicant, at least 30 days prior to the preconstruction 
conference, to submit to staff for review and acceptance, one set of detailed engineering drawings of the final 
project design, including the facility, temporary and permanent access roads, and any crane routes, 
construction staging areas, and any other associated facilities and access points.   

On September 1, 2017, Applicant filed a Notification of Compliance with Condition 6 of the 
Certificate.  At this time, we are updating the September 1, 2017 filing to include 60% of the electrical 
collection system plans, which are attached hereto.   

We are available, at your convenience, to answer any questions you may have. 
 

Respectfully submitted, 
 
/s/ William V. Vorys________ 
William V. Vorys (0093479) 
Christine M.T. Pirik (0029759) 
Terrence O’Donnell (0074213) 
Dickinson Wright PLLC 
150 East Gay Street, Suite 2400 
Columbus, Ohio 43215 
Phone: (614) 591-5461 
Email: wvorys@dickinsonwright.com 
 cpirik@dickinsonwright.com
 todonnell@dickinsonwright.com 
 

Enclosure      Attorneys for Trishe Wind Ohio, LLC 
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INTRODUCTION

NW OHWind Project is 100 MWwind generation installation in Paulding, OH consisting 42 of GE 2.5 MWwind
turbines. The turbines are grouped into four medium voltage (MV) feeders with 10 turbines on Feeders and and
11 turbines on Feeders and 3. The feeders are connected to main power transformer that steps the voltage up to
138kV where it interconnects with the AEP transmission system via short overhead line segment.

OBJECTIVE

The objective of this study is to verify that the Northwest Ohio wind generation plant is capable of producing nominal
rated real power 100 MWwhile also delivering reactive support to provide range of operating power factors
measured at the Point of Interconnection (POI), in order to maintain specified voltage schedule. This study will also
investigate the need for additional reactive support in the form of capacitor bank at the collector substation 34.5 kV
bus.

INPUTS ASSSUMPTIONS

 Power flow analysis performed with ETAP v16.0.0C power system simulation software.

 Medium voltage AC collector electrical layout is per theWestwood Professional Services Electrical Drawings,
MVAC Collection One-Line Diagrams E.200 E.210.

 ETAP model parameters for equipment such as turbines (WTG), step-up transformers (GSU) and main power
transformer (MPT) based on manufacturer data when available or typical ETAP values when information is
not available.

 ETAP model parameters for MV cables based on thermal analysis using CYME Cymcap Underground Cable
Thermal Analysis software.

 ETAP model parameters for overhead transmission line data based on ETAP library of standard overhead
conductors.

 ETAPmodel parameters for utility equivalent impedance information provided by AEP.

 Appendix shows the various ETAP inputs used.

 The 2.5 MW GEwind turbines are capable of delivering maximum leading or lagging power factor of 0.9

 The grounded wye connection of the main power transformer secondary is connected to ground reactor of
0.6 ohms.

 The MPT has load tap changer (LTC) on the high side windings which maintains voltage of 1.0 pu on the
low-side transformer bus.

 Reactive power direction and power factor are defined as follows:
 leading power factor at the POI when plant is generating indicates the wind farm is absorbing vars

from the utility.
 lagging power factor at the POI when plant is generating indicates the wind farm is supplying vars

to the utility.
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METHODOLOGY

 This calculation utilizes the ETAP Load Flow Analysis module, which employs the Newton-Raphson method
for power flow iterative solution. See Appendix for the ETAP Load Flow and Losses output reports.

 different cases were analyzed for each of different real power generation levels. Within the ETAP model,
the turbines were set to generate varying levels of rated real power output (0%, 25%, 50%, 75% and 100%).
The turbine reactive power contribution was then adjusted to verify the wind plant can meet the required
power factor and voltage schedules at the POI.

CONCLUSION

 Case 00-1 shows the real and reactive power demand of the wind farm with all turbines offline.

 Cases 00-2 through 00-5 demonstrate the turbines’ WindFree capabilities which can provide limited var
support in zero wind conditions. maximum of 400kvar can be supplied or absorbed; for this wind plant,
approximately 145kvar is necessary to counteract the reactive power losses of the collection system.

 The remaining cases show the individual turbine kW and kvar output necessary to achieve the required range
of power factors and voltages at the POI.

 Cases 100-2 and 100-3 verify the need for Mvar capacitor bank at the substation 34.5 kV bus. Even with
the turbines at their maximum reactive power output, additional vars are required to meet the 0.95 lagging pf
with 0.95 p.u. voltage at the POI.
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APPENDIX A: ETAP MODEL INPUTS

Figure 1: Utility Equivalent Data
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Figure 2: Main Power Transformer Impedance
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Figure 3: Step-Up Transformer Impedance Data



A

Figure 4: Turbine Impedance/Short Circuit Data

Figure 5: Cable Impedance Data
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APPENDIX B: ETAP SINGLE LINE DIAGRAM
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INTRODUCTION

NW OHWind Project is 100 MWwind generation installation in Paulding, OH consisting 42 of GE 2.5 MWwind
turbines. The turbines are grouped into four medium voltage (MV) feeders with 10 turbines on Feeders and and
11 turbines on Feeders and 3. The feeders are connected to main power transformer that steps the voltage up to
138kV where it interconnects with the AEP transmission system via short overhead line segment.

OBJECTIVE

The objective of this report is to provide the design basis for determining the ampacity ratings of the medium and low
voltage AC cables between the turbines, transformers, and junction boxes.

INPUTS ASSSUMPTIONS

 The native soil thermal resistivity is 150°C-cm/W as per the assessment of Westwood Professional Services
based on the Geotechnical Engineering Report for Northwest Ohio Wind Project; completed by BARR,
December 2014.

 Thermal resistivity of the disturbed soil in the cable trench is based on considerations of residual moisture,
such that it indicates worst case rho value of 200°C-cm/W at the specified 85% compaction.

 Thermal resistivity of the concrete ductbank is assumed to be 55 C-cm/W per NEC.

 Appendix D, has the excerpts for the dry out curves of the soil at various test points.

 Soil ambient temperature at various depths is shown in the following table.

 Cables are analyzed at their maximum allowable continuous operating temperature of 90° C.

 Load factor assumed conservatively at 100% for determining the cable ampacities.

 Direct buried medium voltage AC Cables are evaluated with minimum 48” soil cover.

 Medium voltage AC collector electrical layout is per theWestwood Professional Services Electrical Drawings,
MVAC Collection One-Line Diagrams E.200 E.210 and Trench Details E.600.

 The standard installation is based on trefoil arrangement of cables, aluminum conductors with copper
concentric neutral wires bonded at both ends.

 The nameplate rating of the turbines is 2.5MWwith reactive power capability of 0.9 lead/lag. Maximum cable
amp loadings are based on maximum total turbine MVA output; approximately 49A at 34.5 kV.
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METHODOLOGY

 Thermal analysis of underground cables is conducted with CYME Cymcap software, which uses the Neher-
McGrath methodology to determine reduced cable ratings based on project specific thermal constraints.

 CYMCAP analysis is conducted for single and multiple circuit trenches for all of the MV cable sizes and
configurations used in the underground collection design.

 CYMCAP analysis is also performed to verify the ampacity of the low voltage cables passing through the
turbine foundation.

THERMAL ANALYSIS RESULTS AND CONCLUSION

SINGLE CIRCUIT AMPACITY

 Table shows summary of the single circuit cable ampacities and maximum number of turbines that can be
connected to each cable size without violating its respective ampacity rating.

Table 1: Cable Ampacity Summary

 As the final two rows of the above table indicate, for 1250 kCMIL cable with an ampacity rating large enough
to accommodate 11 turbines, soil compaction of at least 90%must be achieved in the trenches, which
reduces the soil thermal resistivity closer to the native soil value of 150°C-cm/W. Feeders and require
this compaction level for the MV cable trenches from the substation to the first wind turbine on each feeder.

MULTIPLE CIRCUIT TRENCHES

 In several locations, multiple MV circuits will run parallel to one another in the same right of way (ROW).
Further thermal analysis was performed on these areas to determine the minimum spacing between circuits
required to maintain acceptable operating temperatures.

 The following table summarizes the locations where multiple circuits will occupy the same parallel trench
paths. The table indicates the number of turbines and corresponding loading on each cable segment.

1/0 Al 7814 PASS 142.3 Trefoil

4/0 Al 12637 PASS 212.9 Trefoil

500 Al 8304 PASS 334.7 Trefoil

750 Al 10974 PASS 408.6 Trefoil

1000 Al 9865 PASS 477.1 Trefoil

1250 Al 12101 PASS 540.5 Trefoil

1250* Al 12101 PASS 570.5 Trefoil
* Increased ampacity based on 90% soil compaction in trenches with 11 turbines on the ck t

Ampacity ConfigurationCable Material Maximum 3PH
Fault Current

Phase
Conductor SC
Withstand
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Table 2: Multiple Circuit Trench Summary

T-25 TO SUBSTATION

 The worst case from thermal standpoint occurs in the ROW from Turbine 25 to the Substation where all
four fully loaded feeders run parallel to one another. The cable ROW from turbine 25 to the Hwy 114
crossing can be up to 50’ wide. The current ROW that runs along the south side of Hwy 114 is limited to less
than 20 feet. At the eastern end of this easement the cables would run on land designated for the O&M
building and substation where the ROW could again be expanded.

o Reduced rho backfill

From the substation terminals to the highway and from the highway crossing north to turbine 25, the
cables can be installed in four separate trenches backfilled with material that provides thermal
resistivity of 90 C-m/W or less. The following table summarizes the spacing for this option.

Cable Ckt Spacing
FROM TO FDR TURBINES AMPS Sizes (center-to-center)

1 10 516.51 1250
2 11 568.16 1250
3 11 568.16 1250
4 10 516.51 1250

1 10 516.51 1250
2 11 568.16 1250
3 11 568.16 1250
4 10 516.51 1250
1 1 51.65 4/0
2 11 568.16 1250
3 11 568.16 1250
4 10 516.51 1250
2 11 568.16 1250
3 11 568.16 1250
4 10 516.51 1250

2 4 206.60 4/0
3 11 568.16 1250
4 10 516.51 1250
2 1 51.65 1/0
3 11 568.16 1250
4 11 568.16 1250
3 10 516.51 1250
4 10 516.51 1250
3 7 361.55 750
4 10 516.51 1250
3 4 206.60 4/0
4 10 516.51 1250
3 1 51.65 1/0
4 10 516.51 1250

JB-2/1 T-22

TRENCH SEGMENT

single 18" trench; 3' ROW
1' FDR1-FDR2

double 12" trenches; 20' ROW
9' FDR1-FD2

double 12" trenches; 15' ROW
6' FDR1-FDR2

double 12" trenches; 18' ROW
7.5' FDR1-FDR2

triple 12" trenches; 12' ROW
w/ 1/0 conductor in center trench;

4.5' between all circuits

triple 12" trenches; 50' ROW
23.5' FDR1-FDR2 23.5' FDR2-FDR3

triple 12" trenches; 50' ROW
23.5' FDR1-FDR2 23.5' FDR2-FDR3

four 12" trenches; 25' ROW
backfill rho 0.90 C-m/W

7' FDR1-FDR2, 11' FDR2-FDR3,
3' FDR3-FDR4

SUB HWY 114 see options below

FEEDERS IN TRENCH

T-28T-23

T-22

T-34 T-39

T-33 T-34

T-28 T-33

T-23

HWY 114 T-25 see options below

JB-2/1T-24

T-25 T-24
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CONSTRAINED EASEMENT

o Copper Conductors

This option looks at using copper conductors for the approximately 1,450 feet in the ditch along the
south of Hwy 114. Junction boxes would have to be installed on each end of the constrained
easement to convert the cables from Al to Cu. This is approximately 4,350 feet of 1250 kCMIL copper
cable for each feeder. The feeder spacing is shown in the following table.

o Duct Bank

This option looks at the installation of circuit duct bank for the approximately 1,450 feet in the
ditch along the south of Highway 114. The duct bank would be minimum of 10’ wide and 18” high
with approximately 18” of cover over the duct bank. The following table summarizes the duct
spacing for the four circuits.

o Turbine Tap

For this option, the total number of turbines per homerun are reduced by installing separate “tap”
circuit to collect turbines 23, 24 and 29. The reconfiguration reduces the total turbines on circuits
and to ten. Additionally, turbine 24 would be connected to this feeder to eliminate the tap
connection from turbine 25 to 24. This option also impacts several of the trench segments as the
number of circuits and loading on each circuit has changed. The following table summarizes the new
trench configurations. This would result in an additional 40,725 feet of 4/0 cable.

Cable Ckt Spacing
FROM TO FDR TURBINES AMPS Sizes (center-to-center)

1 10 516.51 1250
2 11 568.16 1250
3 11 568.16 1250
4 10 516.51 1250

TRENCH SEGMENT FEEDERS IN TRENCH

SUB

HWY 114

HWY 114

T-25

four 12" trenches; 30' ROW
backfill rho 0.90 C-m/W

10' center-center

Cable Ckt Spacing
FROM TO FDR TURBINES AMPS Sizes (center-to-center)

1 10 516.51 1250 CU
2 11 568.16 1250 CU
3 11 568.16 1250 CU
4 10 516.51 1250 CU

TRENCH SEGMENT FEEDERS IN TRENCH

four 12" trenches; 13' ROW
3' FDR1-FDR2;
4' FDR2-FDR3;
3' FDR3-FDR4

CONSTRAINED
EASEMENT

Cable Ckt Spacing
FROM TO FDR TURBINES AMPS Sizes (center-to-center)

1 10 516.51 1250
2 11 568.16 1250
3 11 568.16 1250
4 10 516.51 1250

limited ROW 20'
1.5' 10' duct bank
rho <= 0.55 C-m/W
2.5' duct spacing

CONSTRAINED
EASEMENT

TRENCH SEGMENT FEEDERS IN TRENCH
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summary of the additional materials required for each option is shown in the table below.

Cable Ckt Spacing
FROM TO FDR TURBINES AMPS Sizes (center-to-center)

1 9 464.86 1250
2 10 516.51 1250
3 10 516.51 1250
4 10 516.51 1250
TAP 3 154.95 4/0
1 9 464.86 1250
2 10 516.51 1250
3 10 516.51 1250
4 10 516.51 1250
TAP 3 154.95 4/0
2 10 516.51 1250
3 10 516.51 1250
4 10 516.51 1250
TAP 3 154.95 4/0
2 10 516.51 1250
3 10 516.51 1250
4 10 516.51 1250
TAP 2 103.30 4/0
2 3 154.95 4/0
3 10 516.51 1250
4 10 516.51 1250
TAP 2 103.30 4/0
3 10 516.51 1250
4 10 516.51 1250
TAP 2 103.30 4/0

TRENCH SEGMENT FEEDERS IN TRENCH

SUB

HWY 114

HWY 114

T-25

85% compaction all trenches
10' center-center

45' ROW

T-24 JB-2/1

85% compaction all trenches
4' FDR2-TAP; 8.5' TAP-FDR3;

11.5' FDR3-FDR4
25' ROW

T-25 T-24

85% compaction all trenches
8' FDR2-TAP; 10.5' TAP-FDR3;

10.5' FDR3-FDR4
35' ROW

CONSTRAINED
EASEMENT

limited ROW 20'
1.5' 13' duct bank
rho <= 0.55 C-m/W
2.75' duct spacing

JB-2/1 T-22

85% compaction all trenches
8' FDR2-FDR3; 7' FDR3-TAP;

6' TAP-FDR4
25' ROW

T-22 T-23
85% compaction all trenches

5.5' center-center
15' ROW

Junction boxes 8

Remove 1250 kCMIL Aluminum 17,400'

Add 1250 kCMIL Copper 17,400'

1,928 cu yd
19,280'

Add 10x1.5' duct bank 1,450'

Add 4/0 AWG AL 1/2CN 40,725'

Add 7#8 trench ground 13,575'

Add 13x1.5' duct bank 1,450'

Additional trenching 8,040'

Add flowable fill
(trench feet ckts)Slurry Backfill and Duct Bank

1

2

3 Additional Circuit and Duct Bank

OPTION QTYDESCRIPTION BOM CHANGES

Copper Conductor Cable



9

WETLANDS, ROAD AND PIPELINE CROSSINGS

 There are several designated wetland areas, road and gas pipeline crossings throughout the site that require
directional drill boring installation. The depth of the borings vary by crossing but are assumed minimum of
10’ depth at the time of this study.
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APPENDIX A: SINGLE CIRCUIT CYMCAP REPORTS
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APPENDIX B: PARALLEL CIRCUIT CYMCAP REPORTS

ROW: T-34 to T39



B

ROW: T-33 to T-34



B

ROW: T-28 to T-33



B

ROW: T-23 to T-28



B

ROW: T-22 to T-23



B

ROW: JB-2/1 – T-22



B

ROW: T-24 to JB-2/1



B

ROW: T-24 to T-25



B

ROW: T-25 to SUB   OPTIONS

COPPER CABLES

ROW :: T-25 to SUB



B

SLURRY & DUCT BANK

ROW :: T-25 to SUB

CONSTRAINED EASEMENT



B

EXTRA TAP & DUCT BANK

ROW :: T-23 to T-22



B

ROW :: T-22 to JB-2/1



B

ROW :: JB-2/1 to T-24



B

ROW :: T-24 to T-25



B

ROW :: T-25 to SUB



B

CONSTRAINED ROW
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Condition 6 – Drawings for Final Design Plan (Part 1 of 5) electronically filed by Mr. William V
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