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Comment From Responsible Date Received Response Response Date Document Status

No Comments KLJ UEI 9/6/2017 NA
0101-Northwest Wind Power Transformer 
Specification.pdf

No Comments KLJ UEI 9/6/2017 NA
0101- Northest Wind Power Transformer 
Attachment A.pdf

No Comments KLJ UEI 9/6/2017 NA
0101- Northest Wind Power Transformer 
Attachment B.pdf

No Comments KLJ UEI 9/6/2017 NA 0201 - NW Ohio SF6 Breaker Specification.pdf

No Comments KLJ UEI 9/6/2017 NA
0201 - NW Ohio SF6 Breaker Attachment 
A1.pdf

No Comments KLJ UEI 9/6/2017 NA
0201 - NW Ohio SF6 Breaker Attachment 
A2.pdf

12.02.2: Recommend AWG 10 KLJ UEI 9/6/2017 NA
0202 - NW Ohio Vacuum Breaker 
Specification.pdf

No Comments KLJ UEI 9/6/2017 NA
0202 - NW Ohio Vacuum Breaker Attachment 
A1.pdf

No Comments KLJ UEI 9/6/2017 NA
0202 - NW Ohio Vacuum Breaker Attachment 
A2 KLJ REVIEW

No Comments KLJ UEI 9/6/2017 NA
0202 - NW Ohio Vacuum Breaker Attachment 
B1 KLJ REVIEW

No Comments KLJ UEI 9/6/2017 NA
0202 - NW Ohio Vacuum Breaker Attachment 
B2 KLJ REVIEW

No Comments KLJ UEI 9/6/2017 NA
0204 - NW Ohio Capacitor Switcher 
Attachment A KLJ REVIEW

No Comments KLJ UEI 9/6/2017 NA
0204 - NW Ohio Capacitor Switcher 
Attachment B KLJ REVIEW

No Comments KLJ UEI 9/6/2017 NA
0204 - NW Ohio Capacitor Switcher 
Specification KLJ REVIEW

No Comments KLJ UEI 9/6/2017 NA
0302 - NW Ohio GOAB Switch Attachment A1 
KLJ REVIEW

No Comments KLJ UEI 9/6/2017 NA
0302 - NW Ohio GOAB Switch Attachment A2 
KLJ REVIEW

No Comments KLJ UEI 9/6/2017 NA
0302 - NW Ohio GOAB Switch Attachment B1 
KLJ REVIEW

No Comments KLJ UEI 9/6/2017 NA
0302 - NW Ohio GOAB Switch Attachment B2 
KLJ REVIEW

No Comments KLJ UEI 9/6/2017 NA
0302 - NW Ohio GOAB Switch Specification 
KLJ REVIEW

No Comments KLJ UEI 9/6/2017 NA
0303 - NW Ohio Disconnect Switch - 
Hookstick Attachment A KLJ REVIEW

No Comments KLJ UEI 9/6/2017 NA
0303 - NW Ohio Disconnect Switch - 
Hookstick Attachment B KLJ REVIEW

No Comments KLJ UEI 9/6/2017 NA
0303 - NW Ohio Disconnect Switch - 
Hookstick Specification KLJ REVIEW

No Comments KLJ UEI 9/6/2017 NA
0401 - NW Ohio CCVT Attachment A KLJ 
REVIEW

No Comments KLJ UEI 9/6/2017 NA
0401 - NW Ohio CCVT Attachment B KLJ 
REVIEW

No Comments KLJ UEI 9/6/2017 NA
0401 - NW Ohio CCVT Specification KLJ 
REVIEW

No Comments KLJ UEI 9/6/2017 NA
0501 - NW Ohio Neutral Grounding Reactor 
Attachment A KLJ REVIEW

No Comments KLJ UEI 9/6/2017 NA
0501 - NW Ohio Neutral Grounding Reactor 
Attachment B KLJ REVIEW

No Comments KLJ UEI 9/6/2017 NA
0501 - NW Ohio Neutral Grounding Reactor 
Specification KLJ REVIEW

No Comments KLJ UEI 9/6/2017 NA
0502 - NW Ohio Capacitor Bank Attachment 
A KLJ REVIEW

No Comments KLJ UEI 9/6/2017 NA
0502 - NW Ohio Capacitor Bank Attachment 
B KLJ REVIEW

No Comments KLJ UEI 9/6/2017 NA
0502 - NW Ohio Capacitor Bank Specification 
KLJ REVIEW

KLJ REVIEW 
Trische Wind 

Updated: 9/6/2017 



4.: WILL AN INSULATION COORDINATION CALCULATION CHECKING 
PROTECIVE MARGINS BE PROVIDED?

KLJ UEI 9/6/2017 NA
Northwest Ohio Wind Substation Design 
Basis 7.14.2017 REV_A KLJ REVIEW

6.: THIS CAN BE CONFUSING; CONSIDER USING A SHORT STATEMENT "A 
reactor is not anticipated at this time, but may be required based on the 
project reactive power study"

KLJ UEI 9/6/2017 NA
Northwest Ohio Wind Substation Design 
Basis 7.14.2017 REV_A KLJ REVIEW

7.: WHERE IN THIS DOCUMENT ARE THE EXPECTED REQUIRED RATINGS 
OUTLINED? USE THIS SECTION TO SHOW YOUR WIRE AND BUS MEET THE 
REQUIREMENTS OF THE WIND FARM

KLJ UEI 9/6/2017 NA
Northwest Ohio Wind Substation Design 
Basis 7.14.2017 REV_A KLJ REVIEW

8.: ARE YOU USING A SOFTWARE FOR CALCS? IF SO, WHICH ONE? KLJ UEI 9/6/2017 NA
Northwest Ohio Wind Substation Design 
Basis 7.14.2017 REV_A KLJ REVIEW

8.: MAY WANT TO CONSIDER THESE ARE "TBD" AT THIS STAGE, PRIOR TO 
YOUR AC LOADING STUDY (EVEN THOUGH BEING A SMALL STATION IT'S 
LIKELY THESE SPECS ARE FINE)

KLJ UEI 9/6/2017 NA
Northwest Ohio Wind Substation Design 
Basis 7.14.2017 REV_A KLJ REVIEW

16.02: IS THERE A REFERENCE LOADING CALC TO SUPPORT THIS AT THIS 
TIME? 

KLJ UEI 9/6/2017 NA
0600 - NWO Wind Electrical Equipment 
Enclosure Attachment A KLJ REVIEW

16.03: IS THERE A REFERENCE LOADING CALC TO SUPPORT THIS AT THIS 
TIME? 

KLJ UEI 9/6/2017 NA
0600 - NWO Wind Electrical Equipment 
Enclosure Attachment A KLJ REVIEW

16.04: IS THERE A CALC OR SIMULATION TO SUPPORT THIS RATING? KLJ UEI 9/6/2017 NA
0600 - NWO Wind Electrical Equipment 
Enclosure Attachment A KLJ REVIEW

No Comments KLJ UEI 9/6/2017 NA
0600 - NWO Wind Electrical Equipment 
Enclosure Specification KLJ REVIEW

No Comments KLJ UEI 9/6/2017 NA
0602 - NWO Control and Relay Panel 
Specification KLJ REVIEW

No Comments KLJ UEI 9/6/2017 NA
0602 - NWO Control Panel Attachment A KLJ 
REVIEW

No Comments KLJ UEI 9/6/2017 NA
0602 - NWO Control Panel Attachment B KLJ 
REVIEW

No Comments KLJ UEI 9/6/2017 NA NWO-CH1-001 KLJ REVIEW
No Comments KLJ UEI 9/6/2017 NA NWO-EQ1-001 KLJ REVIEW
No Comments KLJ UEI 9/6/2017 NA NWO-OL1-001 KLJ REVIEW
No Comments KLJ UEI 9/6/2017 NA NWO-SW1-001 KLJ REVIEW
No Comments KLJ UEI 9/6/2017 NA NWO-FE-001 KLJ REVIEW
No Comments KLJ UEI 9/6/2017 NA NWO-FE-002 KLJ REVIEW
No Comments KLJ UEI 9/6/2017 NA NWO-FE-003 KLJ REVIEW
WILL THERE BE A "MAINTENANCE MODE FOR THE ARC FLASH ON THE 
FEEDER RELAYS?

KLJ UEI 9/6/2017 NA NWO-FE-004 KLJ REVIEW

No Comments KLJ UEI 9/6/2017 NA NWO-FE-005 KLJ REVIEW
No Comments KLJ UEI 9/6/2017 NA NWO-FE-006 KLJ REVIEW
No Comments KLJ UEI 9/6/2017 NA NWO-FE-007 KLJ REVIEW
No Comments KLJ UEI 9/6/2017 NA NWO-FE-008 KLJ REVIEW

No Comments KLJ UEI 9/6/2017 NA
0202 - NW Ohio Vacuum Breaker Attachment 
A1_revB KLJ REVIEW

No Comments KLJ UEI 9/6/2017 NA
0202 - NW Ohio Vacuum Breaker Attachment 
A2_revB KLJ REVIEW

No Comments KLJ UEI 9/6/2017 NA
0501 - NW Ohio Neutral Grounding Reactor 
Attachment A_revB KLJ REVIEW



Comment From Responsible Date Response Document Status

What is "WW"? KLJ Westwood 10/12/2017
This was an abbreviation for Westwood Professional 
Services. 20170927_NW_OH_Wind_BOD_Rev0 KLJ Review 10-12-17

Are these feeder breaker setting trip times? KLJ Westwood 10/12/2017 Yes, trip times per Ulteig Engineers. 20170927_NW_OH_Wind_BOD_Rev0 KLJ Review 10-12-17

Has any consideration been taken for a feeder breaker failure event?

KLJ Westwood 10/12/2017

The design basis for selection of the concentric neutral was 
for an invidual phase conductor to have capacity for a 
minimum of the available fault current (with allowance for 
future increase) for the expected clearing time. Clearing 
time of 8.5 cycles for phase faults and 3.5 cycles for 
ground faults was provided by Ulteig Engineers. Based on 
final cable selected, neutrals have a minimum of 10.5 cycle 
withstand and trench ground conductor will share a 
percentage of ground fault current.

20170927_NW_OH_Wind_BOD_Rev0 KLJ Review 10-12-17

 No Comments 
KLJ Westwood 10/12/2017

Northwest Ohio Wind Project - 30 pct Electrical Plans KLJ Review 10-12-17 E.100

 No Comments 
KLJ Westwood 10/12/2017

Northwest Ohio Wind Project - 30 pct Electrical Plans KLJ Review 10-12-17 E.101

 No Comments 
KLJ Westwood 10/12/2017

Northwest Ohio Wind Project - 30 pct Electrical Plans KLJ Review 10-12-17 E.105

This symbol should be defined in the legend. KLJ Westwood 10/12/2017
This has been revised.

Northwest Ohio Wind Project - 30 pct Electrical Plans KLJ Review 10-12-17 E.200

For consistency, this should say "MV2.T22-2X". KLJ Westwood 10/12/2017
This has been revised.

Northwest Ohio Wind Project - 30 pct Electrical Plans KLJ Review 10-12-17 E.200
Are the GSU transformers being purchased with the ability to have (2) sets of load 
side elbows connected to the bushings? KLJ Westwood 10/12/2017

Transformers are purchased as loop feed, i.e. they have 
two sets of bushings Northwest Ohio Wind Project - 30 pct Electrical Plans KLJ Review 10-12-17 E.200

Are the 600 Amp elbows being piggy-backed? KLJ Westwood 10/12/2017
Yes, 600 amp elbows are piggy-backed at several turbine 
locations. Northwest Ohio Wind Project - 30 pct Electrical Plans KLJ Review 10-12-17 E.200

Are the bushings rated for the weight of (2) elbows and (2) lengths of cable?
KLJ Westwood 10/12/2017

Vendor has been requested to supply rating of bushing. In 
addition, cable support struts are being investigated.

Northwest Ohio Wind Project - 30 pct Electrical Plans KLJ Review 10-12-17 E.200

In the event of a fault, how will isolation be accomplished to re-energize the 
maximum amount of turbines to keep production going while maintenance is 
occurring?

KLJ Westwood 10/12/2017

For medium voltage cable or transformer faults, elbows 
will be parked and grounded at the next upstream 
transformer, which can then be placed back into service. 
Cables and transformers downstream of the fault will 
remain out of service. Northwest Ohio Wind Project - 30 pct Electrical Plans KLJ Review 10-12-17 E.200

This symbol should be defined in the legend. KLJ Westwood 10/12/2017
This has been revised.

Northwest Ohio Wind Project - 30 pct Electrical Plans KLJ Review 10-12-17 E.201

No Comments
KLJ Westwood 10/12/2017

Northwest Ohio Wind Project - 30 pct Electrical Plans KLJ Review 10-12-17 E.210

No Comments
KLJ Westwood 10/12/2017

Northwest Ohio Wind Project - 30 pct Electrical Plans KLJ Review 10-12-17 E.211

Key map is somewhat confusing as it appears non-participating landowners are not 
shaded and participating are shaded. This is opposite of sheet E300 and the 
shading methodology utilized on the plan sheets E310-E331.

KLJ Westwood 10/12/2017

Key map adjusted for clarity

Northwest Ohio Wind Project - 30 pct Electrical Plans KLJ Review 10-12-17 E.310

No Comments
KLJ Westwood 10/12/2017

Northwest Ohio Wind Project - 30 pct Electrical Plans KLJ Review 10-12-17 E.311

LV Power routing variance from the MV trench should be shown here. KLJ Westwood 10/12/2017
This has been revised to show the LV routing trench

Northwest Ohio Wind Project - 30 pct Electrical Plans KLJ Review 10-12-17 E.312

No Comments
KLJ Westwood 10/12/2017

Northwest Ohio Wind Project - 30 pct Electrical Plans KLJ Review 10-12-17 E.313

No Comments
KLJ Westwood 10/12/2017

Northwest Ohio Wind Project - 30 pct Electrical Plans KLJ Review 10-12-17 E.314

No Comments
KLJ Westwood 10/12/2017

Northwest Ohio Wind Project - 30 pct Electrical Plans KLJ Review 10-12-17 E.315

No Comments
KLJ Westwood 10/12/2017

Northwest Ohio Wind Project - 30 pct Electrical Plans KLJ Review 10-12-17 E.316

KLJ REVIEW 
TRISCHE WIND 

Updated: 9/6/2017 



Can property corners be "split" like this or does a small easement need to be 
procured for this crossing? Different jurisdictions vary on rulings and enforcements 
of these types of crossings.

KLJ Westwood 10/12/2017
Yes, County right of way is available for this route to be 
taken.

Northwest Ohio Wind Project - 30 pct Electrical Plans KLJ Review 10-12-17 E.317

No Comments KLJ Westwood 10/12/2017 Northwest Ohio Wind Project - 30 pct Electrical Plans KLJ Review 10-12-17 E.318

No Comments KLJ Westwood 10/12/2017 Northwest Ohio Wind Project - 30 pct Electrical Plans KLJ Review 10-12-17 E.319

No Comments KLJ Westwood 10/12/2017 Northwest Ohio Wind Project - 30 pct Electrical Plans KLJ Review 10-12-17 E.320

Is there an agreement to go across/under this non-participating piece of land?
KLJ Westwood 10/12/2017

The thin strip of land shown as "non-participating" is the 
highway right of way, and therefore available.

Northwest Ohio Wind Project - 30 pct Electrical Plans KLJ Review 10-12-17 E.321

No Comments KLJ Westwood 10/12/2017 Northwest Ohio Wind Project - 30 pct Electrical Plans KLJ Review 10-12-17 E.322

No Comments KLJ Westwood 10/12/2017 Northwest Ohio Wind Project - 30 pct Electrical Plans KLJ Review 10-12-17 E.323

No Comments KLJ Westwood 10/12/2017 Northwest Ohio Wind Project - 30 pct Electrical Plans KLJ Review 10-12-17 E.324

No Comments KLJ Westwood 10/12/2017 Northwest Ohio Wind Project - 30 pct Electrical Plans KLJ Review 10-12-17 E.325

No Comments KLJ Westwood 10/12/2017 Northwest Ohio Wind Project - 30 pct Electrical Plans KLJ Review 10-12-17 E.326
I haven't seen a cable ampacity report for the project, but please verify that 
mutual heating in this small of an easement will not be detrimental to the ratings 
of the cable.

KLJ Westwood 10/12/2017
Ampacity study has been revised and is issued with 60% 
package.

Northwest Ohio Wind Project - 30 pct Electrical Plans KLJ Review 10-12-17 E.327

No Comments KLJ Westwood 10/12/2017 Northwest Ohio Wind Project - 30 pct Electrical Plans KLJ Review 10-12-17 E.328

No Comments KLJ Westwood 10/12/2017 Northwest Ohio Wind Project - 30 pct Electrical Plans KLJ Review 10-12-17 E.329

No Comments KLJ Westwood 10/12/2017 Northwest Ohio Wind Project - 30 pct Electrical Plans KLJ Review 10-12-17 E.330

No Comments KLJ Westwood 10/12/2017 Northwest Ohio Wind Project - 30 pct Electrical Plans KLJ Review 10-12-17 E.331

URD stands for Underground Residential Distribution. Most medium voltage cable 
is commonly referred to as "URD" but it is not believed that the intention here is 
actually for a "URD" cable to installed for this renewable energy installation.

KLJ Westwood 10/12/2017

Cable designed and procured is MV-90 cable. This has 
been changed.

Northwest Ohio Wind Project - 30 pct Electrical Plans KLJ Review 10-12-17 E.400
This will need to be included as part of the cable sizing and studies work and be 
included. KLJ Westwood 10/12/2017

Ampacity study has been revised and is issued with 60% 
package. Northwest Ohio Wind Project - 30 pct Electrical Plans KLJ Review 10-12-17 E.400

What size are these? KLJ Westwood 10/12/2017
Materials listed (with sizes) in Section View.

Northwest Ohio Wind Project - 30 pct Electrical Plans KLJ Review 10-12-17 E.410

What size are these? KLJ Westwood 10/12/2017
Materials listed (with sizes) in Section View.

Northwest Ohio Wind Project - 30 pct Electrical Plans KLJ Review 10-12-17 E.410

What size is this? KLJ Westwood 10/12/2017
Materials listed (with sizes) in Section View.

Northwest Ohio Wind Project - 30 pct Electrical Plans KLJ Review 10-12-17 E.410

What is the intent for getting the 35 kV cable into the transformer box pad? KLJ Westwood 10/12/2017
MV Conduits routing included in latest version.

Northwest Ohio Wind Project - 30 pct Electrical Plans KLJ Review 10-12-17 E.410

Per Key Note 1, this is not shown in Detail A. KLJ Westwood 10/12/2017
This is resolved in latest version.

Northwest Ohio Wind Project - 30 pct Electrical Plans KLJ Review 10-12-17 E.411
How does PES6 penetrate the concrete or transformer box pad to connect the 
transformer ground to the grounding ring? KLJ Westwood 10/12/2017

Conductor enters box bad underneath through slurry.
Northwest Ohio Wind Project - 30 pct Electrical Plans KLJ Review 10-12-17 E.411

Is the box pad large enough to allow this slack coil without exceeding the bend 
radius for all sizes?

KLJ Westwood 10/12/2017
Min bend radius is 12 x cable diameter, or 30" for 1250 
kcmil cable. Boxpad dimensions typically accommodate 
this. Northwest Ohio Wind Project - 30 pct Electrical Plans KLJ Review 10-12-17 E.420

Verify you are in compliance with NESC separation of grounding requirements. KLJ Westwood 10/12/2017
Design does not violate applicable sections of NESC 2017, 
Rule 097 Northwest Ohio Wind Project - 30 pct Electrical Plans KLJ Review 10-12-17 E.420

Are the bushings rated for this much weight when larger sized cables may be piggy-
backed? KLJ Westwood 10/12/2017

See Item 16
Northwest Ohio Wind Project - 30 pct Electrical Plans KLJ Review 10-12-17 E.420

Material list states "Cap Screw" this states "Bolt". Which is it? KLJ Westwood 10/12/2017
Both cap screws and bolts are used. Materials have been 
updated. Northwest Ohio Wind Project - 30 pct Electrical Plans KLJ Review 10-12-17 E.420

Item 6 states a "Cap Screw" not 4/0 AWG Copper Ground Bus. KLJ Westwood 10/12/2017
This is resolved in latest version.

Northwest Ohio Wind Project - 30 pct Electrical Plans KLJ Review 10-12-17 E.420

Is the box pad large enough to allow this slack coil without exceeding the bend 
radius for all sizes?

KLJ Westwood 10/12/2017
Min bend radius is 12 x cable diameter, or 30" for 1250 
kcmil cable. Boxpad dimensions typically accommodate 
this. Northwest Ohio Wind Project - 30 pct Electrical Plans KLJ Review 10-12-17 E.421

Verify you are in compliance with NESC separation of grounding requirements. KLJ Westwood 10/12/2017
Design does not violate applicable sections of NESC 2017, 
Rule 097 Northwest Ohio Wind Project - 30 pct Electrical Plans KLJ Review 10-12-17 E.421

Material list states "Cap Screw" this states "Bolt". Which is it? KLJ Westwood 10/12/2017
Both cap screws and bolts are used. Materials have been 
updated. Northwest Ohio Wind Project - 30 pct Electrical Plans KLJ Review 10-12-17 E.421

Item 6 states a "Cap Screw" not 4/0 AWG Copper Ground Bus. KLJ Westwood 10/12/2017
This is resolved in latest version.

Northwest Ohio Wind Project - 30 pct Electrical Plans KLJ Review 10-12-17 E.421

"JUNCTION" KLJ Westwood 10/12/2017
This is resolved in latest version.

Northwest Ohio Wind Project - 30 pct Electrical Plans KLJ Review 10-12-17 E.422



This is a detail for a 3-Way Junction Box but the project contains a 4-Way Junction 
Box as well. Please revise/append/develop a detail/sheet to incorporate the 4-Way 
Junction Box.

KLJ Westwood 10/12/2017 4-way junction added.
Northwest Ohio Wind Project - 30 pct Electrical Plans KLJ Review 10-12-17 E.422

Item 6 is a connector not a 4/0 AWG Copper Ground Bus. KLJ Westwood 10/12/2017
This is resolved in latest version.

Northwest Ohio Wind Project - 30 pct Electrical Plans KLJ Review 10-12-17 E.422

No 400 kcmil Copper on this sheet. KLJ Westwood 10/12/2017 400 copper removed. Northwest Ohio Wind Project - 30 pct Electrical Plans KLJ Review 10-12-17 E.422

There is no transformer grounding pad on this sheet. KLJ Westwood 10/12/2017
This is resolved in latest version.

Northwest Ohio Wind Project - 30 pct Electrical Plans KLJ Review 10-12-17 E.422

Use of "T" or not is not consistent for labeling. KLJ Westwood 10/12/2017
This has been updated for consistency.

Northwest Ohio Wind Project - 30 pct Electrical Plans KLJ Review 10-12-17 E.800

No turbine documents have been provided so can not verify these values. KLJ Westwood 10/12/2017
Turbine Grid Interconnection document attached.

Northwest Ohio Wind Project - 30 pct Electrical Plans KLJ Review 10-12-17 E.800

No studies have been supplied to verify this information.

KLJ Westwood 10/12/2017

Studies provided include AC cable ampacity, AC short 
circuit, AC load flow. AC harmonic study, grounding study, 
TOV study, and LVRT study forthcoming.

Northwest Ohio Wind Project - 30 pct Electrical Plans KLJ Review 10-12-17 E.800

Overlapping text. KLJ Westwood 10/12/2017
This is resolved in latest version.

Northwest Ohio Wind Project - 30 pct Electrical Plans KLJ Review 10-12-17 E.800



Comment From Responsible Date Response Document Status
1: Is the POI at the high side of the Northwest Ohio ollector sub or at the 
Haviland switching station? 

KLJ UEI 9/6/2017 NWO-COL-RPF-RA KLJ REVIEW

1: Why is the pf measured during production at the high side of the 
Northwest Ohio Substation but at the POI for the 0% production case? 

KLJ UEI 9/6/2017 NWO-COL-RPF-RA KLJ REVIEW

2.3: Does this assumption tell me that the turbines will be operating in 
power factor control mode? If so, were the dotted lines from…

KLJ UEI 9/6/2017 NWO-COL-RPF-RA KLJ REVIEW

2.4: This is true for power factor control mode operation. It is not true 
for voltage control mode operation which is what the reactive power 
turbine capabilities shown in Appendix A represent. 

KLJ UEI 9/6/2017 NWO-COL-RPF-RA KLJ REVIEW

3: Mvar KLJ UEI 9/6/2017 NWO-COL-RPF-RA KLJ REVIEW
3.2: General Note - Some of these scenarios may not be valid depending 
on the operating control mode of the turbine as previously discussed 
under assumptions and study procedure. 

KLJ UEI 9/6/2017 NWO-COL-RPF-RA KLJ REVIEW

General Note: Same comment as before a vailidity of data based on 
discussion in assumptions and procedure sections

KLJ UEI 9/6/2017 NWO-COL-RPF-RA KLJ REVIEW

1: This does not summarize the analysis but only redirects the reader to 
another section. Typically, executive summary sections will summarize 
the output of the analysis and allow the reader from having to bounce 
between sections and pages.

KLJ UEI 9/7/2017 NWO-COL-SHC-RA KLJ REVIEW

2.3: It may be prudent to note in section 2.3 that parameter for 
transformers, transmission lines, collection layout, etc. can be found in 
Appendix A to make the study more complete.

KLJ UEI 9/7/2017 NWO-COL-SHC-RA KLJ REVIEW

3: The sentences after the tables giving maximum values should be the 
sentences/values that are included in the executive summary.

KLJ UEI 9/7/2017 NWO-COL-SHC-RA KLJ REVIEW

KLJ REVIEW 
TRISCHE WIND 

Updated: 9/6/2017 
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1 Technology 

The 1&2MW Platform – 2.5-116 50 Hz and60 Hz wind turbine is variable speed and employs a doubly-fed 
induction generator with a power converter interfacing the rotor to the grid. The wind turbine is capable of 
supplying/drawing reactive power to/from the grid thus contributing to grid voltage support. The turbine 
employs the Electrically Simplified System (ESS). The wind turbine is capable of quickly regulating voltage on a 
continuous basis and providing dynamic reactive power to the power system that corresponds to a selection 
of under excited/overexcited power factor offerings.  

Unless stated otherwise, all the data shown is referenced to 690 V side of the WTG transformer. 

2 Step-Up Transformer 

The individual wind turbines are connected through a step-up transformer to the collection system.  The 
turbine operating performance, arc flash protection, and certification requirements listed in this and other 
documents are based on the assumption that the (pad mount) transformer at the turbine is designed to these 
requirements: 

• 690 VAC L-L (wye-grounded): 2000-34500 VAC (Delta)  

• Impedance of 5.75% with a tolerance of +/- 0.575 percentage points 

• kVA rating in the range of 2700kVA to 3000kVA and selected in relation to impedance 
and the connected grid MVA such that the available short circuit current is no less than 
8.4 kA or 12 kA (for turbines with voltage ride-through not enabled and enabled, 
respectively), and is less than the Maximum symmetrical short circuit withstand 
capability (at LV side of pad-mount transformer) value listed in the appendix. For kVA 
ratings outside this range, please consult with GE. 

The customer is responsible for ensuring the size of the transformer size and type meets industry acceptable 
practices with respect to thermal management and its impact on reliability. 

The collector system design, grid strength size, and impedance of the transformer determine available short 
circuit current. 

Low voltage side protection may or may not be included.  The decision not to supply protection on the low-
voltage side of the wind turbine’s step-up transformer can only be taken under the assumption that proper 
fusing is selected for the medium-voltage.  Equipment experiencing this level of intake may be significantly 
damaged with likely hardware replacement.  

The voltage tolerance in section 4 is a dynamic range in which the turbine operates. Long term changes to the 
steady state voltage at the LV terminals due to changes of the MV level in the grid or collector system may 
result in a reduction of the active and reactive power range or in a turbine trip. Transformer tap changers can 
help keep collector system voltage centered and maximize turbine capability. Taps of +/- 2 x 2.5 % are 
recommended.  
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3 Frequency Tolerance 

Frequency limits for the 2.5-116 50 Hz and 60 Hz wind turbine follow: 

Frequency (Hz) Withstand time (s) 

45.0 – 47.0 60 
47.0 – 53.0 Continuous 
53.0 – 55.0 60 

Table 1: Frequency Tolerance 50 Hz 

Frequency (Hz) Withstand time (s) 

55.0 – 57.0 60 
57.0 – 63.0 Continuous 
63.0 – 65.0 60 

Table 2: Frequency Tolerance 60 Hz 

4 Voltage Tolerance and Fault Ride-Thru 

Wind Ride-Thru packages enable the wind turbine to continue to operate during (“ride-through”) and after 
transmission system faults resulting in a severe voltage dip at the wind farm. Available options are Low 
Voltage Ride-Thru (LVRT) & Zero Voltage Ride-Thru (ZVRT). The table below and Figure 1 summarize voltage ride 
through capabilities for a single event. 

It is possible to adjust the behavior of active and reactive current during and immediately after a fault to meet 
a variety of grid codes. 

Dynamic Voltage Range (%)  
Time (s) 

LVRT ZVRT 
901-100 Continuous Continuous 
85-901 600 600 
75-85 10 10 
15-75 0.625 to 2.52  
0-15 - 1.0-3.03 4 

Table 3: Voltage Tolerance & Fault Ride-Thru 

                                                           
1 690 V terminals clamped at 90%. MV side voltage will depend on reactive power command. 
2 Ramp from 15% at 0.625s to 75 % at 2.5s  
3 Ramp from 0% at 1.0s to 70 % at 3.0s 
4 Converter may stop pulsing during this period 
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Figure 1: Low voltage ride thru 

The turbine high voltage ride-through capability for a single event is summarized in Table 4 and Figure 2. 

Dynamic Voltage 
Range (%) 

Time (s) 
HVRT 

100-1125 Continuous 
1125-115 300 
115-120 30 
120-125 2 
125-138 0.5 
138-150 0.3 
150-160 0.036 

Table 4: Voltage Tolerance  

                                                           
5 690V terminals clamped at 110%. MV side voltage will depend on reactive power command. 
6 Capacitor switching transients 
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Figure 2: High voltage ride thru 

The turbines are also capable of riding through three reclosing events of 160 ms with a minimum of 1.5 s time 
lag between the end of the previous closure and the start of the next ZVRT event. The Figure below represents 
the multiple fault ride-through capability of the turbine. 

It is not recommended or envisioned for the wind farm to be radially connected to the grid via auto-reclosers.  

 
Figure 3: Reclosing 
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5 Protection 

The GE wind turbine has the following built-in protection functions: 

• Over Voltage (ANSI-59) / Under Voltage (ANSI-27)  

• Over Frequency (ANSI-81O) / Under Frequency (ANSI-81U)  

• Voltage Imbalance (ANSI-60)  

Additionally, the main circuit breaker, located in the control cabinet at the bottom of the tower, provides over 
current protection (ANSI-51) and comes with instantaneous, short-time and long-time settings. Note that these 
functions are designed for protection of the wind turbine hardware. 

6 Minimum Grid Strength 

The 1&2MW Platform 50 Hz and 60 Hz wind turbine is designed to operate with a composite short circuit ratio 
(CSCR) above 1.7 (on a MW base) at the medium voltage side of the turbine transformer. Composite SCR is 
defined as the ratio of the Composite short circuit MVA to the sum of the nameplate MW of all electrically close 
wind turbine generators within and outside the wind farm of interest. The composite short circuit MVA is 
calculated for a 3 phase short circuit applied to the medium voltage side of all the turbine transformers that 
are electrically close within and outside the wind farm of interest, interconnected with zero impedance 
between each other. The composite short circuit MVA calculation should reflect the maximum grid impedance 
under which the wind farm is expected to continue normal operation. The composite short circuit MVA should 
not include the short circuit contribution from the wind turbine generators themselves. The denominator in the 
calculation of CSCR is the sum of the nameplate MW and must include all wind turbine generators in the 
proposed wind farm as well as other nearby wind farms that are electrically close. For complex networks with 
multiple wind farms in the vicinity of each other the information required to calculate CSCR accurately may be 
available only to the grid operator. 

Note that the CSCR capability of 1.7 is determined based on a broad set of operating points, network 
parameters and grid contingencies. However, the turbines can operate at CSCR values as low as 1.1 depending 
on evaluation of actual condition associated with the wind farm. The evaluation of operation at low CSCR 
values is typically based on transient simulations of the network considering a range of operating points, 
network parameters and grid contingencies, which differ from project to project. If a grid operator has a 
concern on the short circuit ratio, GE can provide a black box PSCAD model of the wind farm that can be used 
for transient simulations of the network for the purpose of determining expected performance. If a grid 
operator decides to perform such a study, it is essential that GE be involved to highlight how changes within 
the product capability can achieve the desired performance. Alternatively, if the grid operator can define the 
requirements for such a study and is willing to provide GE with the details of the network, then GE Energy 
Consulting can be contracted to perform the study. 
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In situations where there is a low grid strength and therefore low 
fault current available, there is an increased risk of arc flash 
hazards in the down tower of the turbine unless additional 
protection/procedures are utilized on the secondary (LV) side of the 
pad-mount transformer. In all cases there is an absolute minimum 
LV side 3 phase fault current at each turbine of 12 kA. This means 
that for projects with a small numbers of units, the ratio given 
above may not be adequate for protection purposes. In all cases 
the guidelines of Section 17 apply related to step up transformer 
protection. 

 

7 Reactive Power Capability 

Standard power factor range for all 1&2MW Platform wind turbines is ±0.95. Enhanced reactive power 
capability (range of ±0.90) is available as an option and in many cases can be used to meet a ±0.95 
requirement at the point-of-interconnection. It is possible that high altitude and/or high temperature 
conditions and low terminal voltage may lead to real power de-rating especially if there is a concurrent high 
demand for reactive power. 

Reactive power capability curves for these machines are shown in section 18.  

8 WindFREE Reactive Power 

As an optional feature, the 2.5-116 - 50 Hz and 60 Hz wind turbine can provide reactive power (+/-400 kVAR) 
even when there is no active power generation (i.e. wind speed below cut-in or above cut-out). This is achieved 
by utilizing capabilities of the line side converter. 

9 WindINERTIA 

With the optional “WindINERTIA” feature, the 2.5-116 - 50 Hz and 60 Hz wind turbine can provide inertial 
response to help stabilize grid frequency. This feature supports the grid during under frequency events by 
providing a temporary increase in power production (6-7 %) increase in kW) for a short duration (10 sec), 
contributing towards frequency recovery. This is achieved by tapping into the stored kinetic energy in the rotor 
mass. The response is equivalent to that of a synchronous generator with an inertia constant of 3.5 sec. 

10 Series Compensation Compatibility 

Wind turbine generators (WTGs) connected to series compensated transmission can exhibit sub-synchronous 
interaction (SSI). For 1&2MW turbines, an option exists to allow the WTGs to operate with series compensated 
transmission lines, where the series compensation is up to 50 %. This option presents a positive resistance to 
the grid for the range of sub-synchronous frequencies where resonance is likely to occur, and thereby provides 
damping to reduce the effect of SSI and sub-synchronous resonances (SSR). Should the option for operation 
with series compensated transmission not be selected, the base capability of the 1&2MW turbines includes a 
detection algorithm for SSR. When a SSR situation is detected, the WTG is tripped. 
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11 Voltage Regulation 

GE’s WindCONTROL is a voltage / power factor / VAR controller that exploits the reactive power capability of 
the individual wind turbine to meet a voltage / power factor / VAR set point at the point of interconnection. It 
measures the voltage and current at the point of interconnection (POI) and controls the wind farm’s reactive 
power to regulate the voltage, power factor or VAR at the POI. Through a graphical user interface (GUI), the 
user selects the mode of operation and enters the set points for voltage, power factor or VAR control. Set 
points can also be read using communication interfaces or hardwired inputs. 

WindCONTROL is available with the following optional grid friendly features (see WindCONTROL overview for 
more info):  

• Dynamic VAR Control (Voltage, PF or VAR control)  

• Line Drop Compensation  

• Voltage Droop  

• Power Curtailment with capability to curtail segments 

• Capacitor/Reactor Bank Control  

• Ramp Rate Control  

• Frequency Droop Control 

The figures below plot the simulated response of a wind farm with GE wind turbines connected to a weak grid. 
The wind farm is subjected to ten minutes of highly variable wind near rated wind speed. The red traces show 
the response with Dynamic VAR control operational. The black traces show the response with Dynamic VAR 
control disabled, namely the individual wind turbines operating in conventional local fixed power factor mode. 
At the point of interconnection (44 miles / 77 km from the wind farm), the system voltage with conventional 
power factor control exhibits unacceptable fluctuations. With the WindCONTROL controlled system, the host 
utility voltage is tightly regulated and voltage variation is quite limited GE’s WindCONTROL provides tight 
voltage regulation, effectively eliminating concerns about flicker. 
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Figure 4: System Performance with and without WindCONTROL 
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12 Harmonic Distortion 

Harmonic distortion data for the 2.5-116 - 50 Hz and 60 Hz machines can be provided as required by IEC 
61400-21. Scaled up values based on the tests conducted on the sub-2MW turbines will be provided till test 
results are available. 

12.1 IEEE 60 Hz Distortions 

The 1&2MW wind turbine current harmonic distortion measured at the 690 V terminals of a turbine is within 
limits specified below in IEEE Std. 519-1992, “IEEE Recommended Practices and Requirements for Harmonic 
Control in Electrical Power Systems.” Limits are summarized in Table 5. 

• PCC is the point of common coupling 

• TDD is the total demand distortion (THD normalized by the current In) 

• In is the maximum fundamental frequency current at PCC 

• Even Harmonics shall be limited to 25 % of the odd harmonics limits. 

Voltage @ 
PCC h < 11 11 ≤ h < 17 17 ≤ h < 23 23 ≤ h < 35 h ≥ 35 Current 

TDD% 
V ≤ 69 kV 4.0 2.0 1.5 0.6 0.3 5.0 

Table 5: IEEE Current Distortion Limits 

 

13 System Modeling  

13.1 Wind Turbine Short Circuit Modeling 

The 1&2MW Platform 2.5-116 - 50 Hz and 60 Hz wind turbine is a doubly-fed asynchronous generator with the 
stator directly connected to the grid while the rotor is interfaced through a frequency converter to the grid. For 
most faults that occur on the grid, the turbine will act as a controlled current source- contributing up to 3 per 
unit fault current for up to 5 cycles, after which it returns to normal current contribution (i.e. 1 per unit). For 
faults on the grid, the contribution from the turbines is minimal compared to that from the grid. 

One exception is for “close-in” faults (e.g.: inside the wind farm, at the wind farm substation etc.) where, 
depending on the severity, the converter may “crowbar” (i.e. disconnect itself to protect the power electronics 
within). In this case the turbine rotor is short-circuited like that of a squirrel cage induction generator. The 
behavior can be approximated to X’ = 0.2, contributing a max of 5 per unit fault current. 

13.2 Wind Turbine Dynamic Modeling 

A dynamic model of the GE wind turbine is available in GE’s dynamic simulation program known as Positive 
Sequence Load Flow (PSLF -- from GE Energy Consulting) and Power System Simulation for Engineering (PSS/E). 
Any user with a valid license and current maintenance and support (M&S) agreement of the respective 
software can obtain the latest GE wind turbine model in that software directly from GE or PTI. The model 
comes with documentation and default data. This is intended to save time, reduce data entry efforts and 
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copying errors, and get rid of unnecessary mechanical work. The dynamic model is based on GE’s document 
“Modeling of GE Wind Turbine-Generators for Grid Studies”. 

13.3 Wind Turbine Transient Modeling 

GE Energy Consulting maintains a transient model of the GE wind turbine and can be contracted to perform 
detailed studies. 

13.4 Wind Turbine Dynamic Model Validation 

The dynamic model of the GE wind turbine implemented in PSLF, has been validated by comparing the 
response to simulations performed in WindTRAP (transient program). Simulations show closely matching 
results with a small offset in the wind turbine’s reactive power and reactive current. High-frequency transients 
in WindTRAP are not expected to be present in PSLF simulations. Details of PSLF Validation are in the document 
“Modeling of GE Wind Turbine-Generators for Grid Studies”. 

13.5 Wind Turbine Transient Model Validation 

The transient model of the GE wind turbine has been validated against factory tests for three-phase and line-
to-ground faults at the generator terminals. Results show that simulations closely matched recorded data. 

14 Power Demand 

The power demand of the wind turbine generator system during calm wind periods can include the yaw motor, 
control system, cold weather package, lighting and hydraulic pump and amount to a maximum 40 kW if all 
loads are operating at the same time.  

The annual energy demand at a site with an average wind speed is 4000 to 10000 kWh/a. 

15 Representative Generator Data: Equivalent Circuit Diagram 

 

 

The above diagram is an operating equivalent circuit. Equivalent 
circuit parameters will vary according to generator installed. Data 
can be provided for specific generator models upon request. 
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16 Wind Farm Open Circuit Protection 

Wind turbines are controlled current sources and need to be connected to the grid for proper operation. The 
effect of an open circuit event (islanding) on the wind turbine’s converter is related to the charging capacitance 
that is present in the island. Islanding under high capacitance may result in transient over voltages that can 
lead to power converter component damage. To protect the power converter against this condition, GE wind 
turbines utilize a proprietary algorithm to detect an open-circuit event and initiate a shut-down to safely take 
the turbine off line while protecting against high voltage excursions.  Open-circuit detection is determined 
based on analysis of three elements: voltage, frequency, and real power output.  Since the machine behaves 
as a controlled current source, overvoltage is typically a first indicator, but other diagnostics, such as 
frequency deviation and reduction in real power output are used to confirm the open-circuit condition. The 
algorithms differentiate open-circuit events, which require the unit to shut down, from voltage and frequency 
ride-through events, which require turbines to stay on-line and ride-through the event.  

Since charging capacitance plays a vital role in the level of protection that can be achieved, it is important that 
the per turbine charging capacitance be calculated. In this calculation, the wind farm collection system and 
the portion of the transmission lines outside the wind farm that may be part of the island should be considered. 
Guidelines for calculation per turbine charging capacitance are provided in a GE white paper. Protection 
against an open-circuit event is achieved if the per turbine charging capacitance is less than 1200kVAR at the 
time of the event. 

17 Step-Up Transformer Protection 

Arc hazard resulting from a phase-to-phase or phase-to-ground fault within the cable entry area of the Power 
Distribution Cabinet (PDC) of the Down tower Assembly (DTA) can be significant and needs to be controlled. 
Low voltage protection at the turbine step up transformer is the preferred method of controlling the amount of 
energy released into the cabinet during a fault. Design effort has been taken to increase robustness of the PDC 
and to isolate incoming conductors. 

1. Access to the cable entry area of the PDC, where incoming cables connect to the circuit breaker, is 
restricted. The enclosure around the cable entry area has been reinforced. This configuration aids in the 
prevention of an arc hazard. No access is allowed to the cable entry area of the PDC when energized.  Any 
special need to troubleshoot this area of the cabinet requires the step-up transformer to be de-energized 
at the medium-voltage side unless a circuit breaker exists on the low voltage side of the pad mounted 
transformer to isolate the wind turbine generator that can be locked out.  

2. All incoming power to the other areas within the DTA is protected by fuses and circuits breakers. Access to 
these cabinets is acceptable while the incoming power to the PDC is energized as long as Log-out Tag-out 
(LOTO) and standard safety precautions are followed and personal protection equipment (PPE) is employed.  

Factors that influence the time duration and energy released during a fault include the impedance of the step-
up transformer, the medium-voltage fuse on the step-up transformer, and the type of fault (3-phase, line-to-
line, or line-to-ground).  The larger the impedance of the arcing fault, the longer the fault and the greater the 
danger potential to personnel and equipment. 
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The equipment owner should conduct an arc flash analysis that is based on the expected maintenance and 
operating procedures, LOTO procedures, personnel protective equipment, transformer impedance and 
available short circuit MVA. This analysis should determine what protection should be applied to the MV side of 
the transformer (breakers, fuses) and if any LV side protection is required. If LV side protection is determined to 
be required then it should be in the form of a circuit breaker with LSIG protection with settings coordinated 
with the Q1 breaker in the wind turbine. 

18 Reactive Power Capability Curves 

The reactive power capability of the 2.5-116 MW - 50 Hz and 60 Hz turbines for sites at altitude less than 1000 
m is represented here. These curves are shown at different ambient temperatures and terminal voltages. For 
high ambient temperature and/or low voltage, de-rating may be necessary to meet the demanded reactive 
power output. The turbine will operate in a Q priority mode, which will provide the demanded reactive power 
and reduce, if necessary, the real power. An example of this de-rating is shown by the rounded corners in the 
graph below. 

The rectangular curves show the reactive power capability of turbines rated at 0.9PF when the plant is 
operating in voltage control mode. The max reactive power capability in MVAR of turbines rated at 0.95 PF is 
0.328 times the MW rating. When the turbines are operating in the power factor control mode, their capability 
is shown by the dotted lines. Reactive power capability may be reduced during noise reduced operation 
modes. 

 
Figure 5: 60 Hz Reactive Power Capability – from 1.0pu to 1.05pu voltage 
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Figure 6: 60 Hz Reactive Power Capability – 0.95pu voltage 

 
Figure 7: 60 Hz Reactive Power Capability – 0.9pu voltage 
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Figure 8: 50 Hz Reactive Power Capability – from 1.0pu to 1.05pu voltage 

 
Figure 9: 50 Hz Reactive Power Capability – 0.95pu voltage 
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Figure 10: 50 Hz Reactive Power Capability – 0.9pu voltage 

 

 

Note 
 

These reactive power curves do not represent the capability of turbines for installation in 
Canada. The cable derating requirements in the Canadian Electric code result in a slight 
derating of the reactive power curves.  
Please contact your GE representative to obtain reactive power curves for Canadian 
projects. 
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19  Doubly-Fed Induction Generator (for reference only) 
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Appendix I – 2.5-116 – 50 Hz and 60 Hz 

General Data (Reference Only) 

Parameter 50 Hz 60 Hz Units 

Turbine Rated Output 2500 kW 

Generator Rating 2600 kW 

Rated Voltage 690 V 

Apparent Power [@ PF = 0.95 lag] 2632 kVA 

Rated Frequency 50 60 Hz 

Poles 4 6 -- 

Power Factor – Options +/-0.95; +/- 0.90 -- 

Rated Current:  

 Stator 2000 A 

 Rotor 800 A 

Locked Rotor Voltage 1895 1933 V 

Connection:  

 Stator Delta or Star -- 

 Rotor Star -- 

Synchronous Speed 1500 1200 rpm 

Rated Speed 1820 1497 rpm 

Slip at Rated Speed 21 25 % 

Speed Range 1000-2038 800-1665 rpm 

Max Frequency Drift 4 Hz/sec 

Maximum symmetrical short circuit withstand 
capability (at LV side of Pad-mount 
Transformer) 

35 kA 

Max Voltage Imbalance 4 % 

Table 6 
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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 determine the fault currents at the medium and low voltage buses within the NW OH
wind generation plant. The fault current information is used to determine minimum conductor and concentric neutral
sizes required to withstand the short circuit current for set time.

INPUTS ASSSUMPTIONS

 Short circuit 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.

 The short circuit contribution of the wind turbines, as provided by GE, is maximum of five times the rated
current for up to cycles (~12kA).

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

 Per the Ulteig Relay Settings Philosophy, the maximum clearing times are assumed to be 8.5 cycles for phase
faults and 3.5 cycles for ground faults; it is also assumed for CN sizing that 100% of ground fault current flows
in the concentric neutral.

 An operating temperature (TOP of 90° is assumed for phase conductors and 80° for concentric neutrals.

 The maximum, or short circuit temperature (TSC), is assumed to be 250° for phase conductors and 200° for
the concentric neutrals.

 parallel ground conductor is included in all of the MV cable trenches and is assumed to be 7#8 copper-clad
steel.

 Appendix shows the various ETAP inputs used.
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METHODOLOGY

 This analysis utilizes the Short Circuit module of ETAP to calculate bus fault currents at all medium and low
voltage buses in the NW OH wind generation facility.

 For each bus the maximum 3-phase (3PH), line-to-ground (SLG), line-to-line (L2L) and double-line-to-ground
(LLG) fault currents are shown with the wind farm in and out of service.

 The maximum phase fault current is used to verify conductor sizing; maximum ground fault current is used to
determine minimum CN sizing and trench ground conductor withstand time.

 Conductor and concentric neutral (CN) sizing worksheet based on the following ICEA cable temperature rise
equation: = log ++

Where:
A = cross-sectional area (Circular mils);
I = short circuit current (A);
t = fault clearing time (s);
K = time/temp coefficient (0.0125 Al; 0.0297 Cu);
TSC = short circuit temperature;
TOP = operating temperature;

 = base temperature (228°C Al; 234°C Cu)

 Appendix shows the fault currents for each MV and LV bus in the wind farm.

CONCLUSION

 The maximum phase fault current for each cable size is determined from the ETAP analysis. This current
corresponds to the minimum required cross-sectional area of phase conductor necessary to withstand the
respective fault current for up to 8.5 cycles.

 The table below confirms the cross-sectional area of the phase conductors is larger than the required
minimum for every cable size. Cable ampacities are also shown.
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Table 1: Phase Conductor Summary

 The maximum ground fault current for each cable size is determined from the ETAP analysis. This current is
used to determine minimum required total cross-sectional area of concentric neutral conductors necessary
to withstand the respective fault current for up to 3.5 cycles. The cross-sectional area is combined area of
several smaller gauge conductors concentrically wrapped around the phase conductor.

 The following table summarizes the fault current, cross-sectional area and concentric neutral sizes for the
cables used at the NW OHwind generation facility. list of stock cables was provided by White Construction
and the cross-sectional area of all CN sizes as indicated below exceed the required minimums.

Table 2: Concentric Neutral Summary

 Future utility system data was also provided based on 2022 projected power flow models. The model was
adjusted to reflect the future utility equivalent data and the resulting bus fault currents within the collector
system were analyzed to ensure CN sizing was adequate for near term projected increases in fault current.
The following table shows the increase in fault current does not result in the need for larger concentric
neutrals.

1/0 Al 10486 83908 105600 142.3 Trefoil

4/0 Al 13367 106961 211600 212.9 Trefoil

500 Al 6848 54797 500000 334.7 Trefoil

750 Al 11533 92286 750000 408.6 Trefoil

1000 Al 10238 81923 1000000 477.1 Trefoil

1250 Al 12754 102056 1250000 540.5 Trefoil

1250* Al 12754 102056 1250000 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 Area

Min. Required
Area

1/0 Cu 7303 T-21 27299 2/3 18x16AWG

4/0 Cu 9801 T-24 36637 1/2 17x14AWG

500 Cu 5922 T-15 22137 1/3 16x12AWG

750 Cu 8634 T-17 32275 1/6 19x14AWG

1000 Cu 7634 T-10 28537 1/6 25x14AWG

1250 Cu 10692 T-25 39968 1/6 20x12AWG

CN Material Maximum SLG
Fault Current

Fault
Location

CN Min.
Required Area

Cable Conc Neut SCWithstand Min.
Size



7

Table 3: Projected Fault Current and CN Sizing

 The trench ground and low voltage conductors’ short circuit withstand time is based on simplified version
of the ICEA equation shown above. Taking Equation (42) from the IEEE 80-2000 standard and solving for
time (t results in the following equation. Kf is the material constant based on Table in IEEE 80-2000.=

 Kf is equal to 10.45 for copper-clad steel wire with conductivity of 40%. The short circuit withstand for the
parallel trench ground is approximately 0.725 seconds or 43.5 cycles. This is adequate to withstand
maximum ground fault current until protective devices can interrupt the fault.= 115.57010.45 12.975 = 0.727

 Kf is equal to 7.00 for soft-drawn copper wire. The connections between the turbine and transformer are
9x1000kCMIL cables. The short circuit withstand for the low voltage cables is over 10 minutes. This is
adequate to withstand maximum ground fault current until protective devices can interrupt the fault.= 90007.00 49.876 = 664.5

1/0 Cu 7362 T-21 27520 2/3 18x16AWG

4/0 Cu 9920 T-24 37082 1/2 17x14AWG

500 Cu 7142 T-15 22242 1/3 16x12AWG

750 Cu 8535 T-17 32600 1/6 19x14AWG

1000 Cu 7699 T-10 28780 1/6 25x14AWG

1250 Cu 10834 T-25 40498 1/6 20x12AWG

CN Material Projected SLG
Fault Current

Fault
Location

Min. Required
cmils neutral

Cable Conc Neut SCWithstand Min.
Size
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APPENDIX A: SHORT CIRCUIT SUMMARY REPORTS
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APPENDIX B: ETAP SINGLE LINE DIAGRAM
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APPENDIX C: 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
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Figure 4: Turbine Impedance/Short Circuit Data

Figure 5: Cable Impedance Data
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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.

 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. To achieve adequate thermal performance from the

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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cables, concrete duct bank installation must be used for the four homerun circuits from T-25 to the Sub.
The ductbank must be minimum of 18” thick and 10’ long with the cable ducts spaced 2.5’ apart.

Table 2: Multiple Circuit Trench Summary

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.

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

T-23

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; 35' ROW
w/ 4/0 conductor in center trench;
9.5' FDR1-FDR3 & 21' FDR3-FDR2

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

four 12" trenches; 25' ROW
backfill rho <= 1.00 C-m/W

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

SUB T-25

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

FEEDERS IN TRENCH

T-34 T-39

T-33 T-34

T-28 T-33

JB-2/1T-24

T-25 T-24

T-28T-23

T-22



A

APPENDIX A: SINGLE CIRCUIT CYMCAP REPORTS



XX [ft] Y [ft] Width [ft] Height [ft]

Thermal
Resistivity
[K.m/W]

0.0 2.25 1.5 4.5 2.0

Cable No. Cable ID Circuit No. Feeder ID Cable Phase
Cable

Frequency
Daily Load

Factor
X coordinate

[ft]
Y coordinate

[ft]

Conductor
temperature

[°C] Ampacity [A]

1 1_0 AL - 2_3 CN 1 1_0 - 2_3 A 60.0 1.0 -0.06 4.28 89.7 142.3

2 1_0 AL - 2_3 CN 1 1_0 - 2_3 B 60.0 1.0 0.06 4.28 89.6 142.3

3 1_0 AL - 2_3 CN 1 1_0 - 2_3 C 60.0 1.0 0.0 4.18 90.0 142.3

General Simulation Data

Study Summary
CYMCAP Version 7.2 Revision 3

Study: UG Collector Circuits

Execution: Single Ckt 1_0 -  2_3 CN AL XLPE

Date: 9/18/2017 2:00:06 PM

Steady State Option Equally Loaded

Consider Electrical interaction between circuits No

Induced currents in metallic layers as a fraction of conductor current (applied to all single phase circuits) : 0.0

Conductor Resistances Computation Option: IEC-228

Installation Type:Multiple Ductbanks/Backfills
Ambient Soil Temperature at Installation Depth [°C] 21.0

Native Soil Thermal Resistivity [K.m/W] 1.5

Consider Non-Isothermal Earth Surface No

Results Summary

Layer Name

Backfill



XX [ft] Y [ft] Width [ft] Height [ft]

Thermal
Resistivity
[K.m/W]

0.0 2.25 1.5 4.5 2.0

Cable No. Cable ID Circuit No. Feeder ID Cable Phase
Cable

Frequency
Daily Load

Factor
X coordinate

[ft]
Y coordinate

[ft]

Conductor
temperature

[°C] Ampacity [A]

1 4_0 AL - 1_2 CN 1 4_0 - 1_2 A 60.0 1.0 -0.07 4.29 89.4 212.9

2 4_0 AL - 1_2 CN 1 4_0 - 1_2 B 60.0 1.0 0.07 4.29 89.6 212.9

3 4_0 AL - 1_2 CN 1 4_0 - 1_2 C 60.0 1.0 0.0 4.17 90.0 212.9

General Simulation Data

Study Summary
CYMCAP Version 7.2 Revision 3

Study: UG Collector Circuits

Execution: Single Ckt 4_0 - 1_2CN AL XLPE

Date: 9/18/2017 12:57:47 PM

Steady State Option Equally Loaded

Consider Electrical interaction between circuits No

Induced currents in metallic layers as a fraction of conductor current (applied to all single phase circuits) : 0.0

Conductor Resistances Computation Option: IEC-228

Installation Type:Multiple Ductbanks/Backfills
Ambient Soil Temperature at Installation Depth [°C] 21.0

Native Soil Thermal Resistivity [K.m/W] 1.5

Consider Non-Isothermal Earth Surface No

Results Summary

Layer Name

Backfill



XX [ft] Y [ft] Width [ft] Height [ft]

Thermal
Resistivity
[K.m/W]

0.0 2.25 1.5 4.5 2.0

Cable No. Cable ID Circuit No. Feeder ID Cable Phase
Cable

Frequency
Daily Load

Factor
X coordinate

[ft]
Y coordinate

[ft]

Conductor
temperature

[°C] Ampacity [A]

1 500 AL - 1_3 CN 1 500 - 1_3 A 60.0 1.0 -0.08 4.3 89.6 334.7

2 500 AL - 1_3 CN 1 500 - 1_3 B 60.0 1.0 0.08 4.3 89.6 334.7

3 500 AL - 1_3 CN 1 500 - 1_3 C 60.0 1.0 0.0 4.16 90.0 334.7

General Simulation Data

Study Summary
CYMCAP Version 7.2 Revision 3

Study: UG Collector Circuits

Execution: Single Ckt 500 - 1_3CN AL XLPE

Date: 9/18/2017 2:06:09 PM

Steady State Option Equally Loaded

Consider Electrical interaction between circuits No

Induced currents in metallic layers as a fraction of conductor current (applied to all single phase circuits) : 0.0

Conductor Resistances Computation Option: IEC-228

Installation Type:Multiple Ductbanks/Backfills
Ambient Soil Temperature at Installation Depth [°C] 21.0

Native Soil Thermal Resistivity [K.m/W] 1.5

Consider Non-Isothermal Earth Surface No

Results Summary

Layer Name

Backfill



XX [ft] Y [ft] Width [ft] Height [ft]

Thermal
Resistivity
[K.m/W]

0.0 2.25 1.5 4.5 2.0

Cable No. Cable ID Circuit No. Feeder ID Cable Phase
Cable

Frequency
Daily Load

Factor
X coordinate

[ft]
Y coordinate

[ft]

Conductor
temperature

[°C] Ampacity [A]

1 750 AL - 1_6 CN 1 750 - 1_6 A 60.0 1.0 -0.09 4.3 89.7 408.6

2 750 AL - 1_6 CN 1 750 - 1_6 B 60.0 1.0 0.09 4.3 89.6 408.6

3 750 AL - 1_6 CN 1 750 - 1_6 C 60.0 1.0 0.0 4.15 90.0 408.6

General Simulation Data

Study Summary
CYMCAP Version 7.2 Revision 3

Study: UG Collector Circuits

Execution: Single Ckt 750 - 1_6CN AL XLPE

Date: 9/18/2017 2:11:08 PM

Steady State Option Equally Loaded

Consider Electrical interaction between circuits No

Induced currents in metallic layers as a fraction of conductor current (applied to all single phase circuits) : 0.0

Conductor Resistances Computation Option: IEC-228

Installation Type:Multiple Ductbanks/Backfills
Ambient Soil Temperature at Installation Depth [°C] 21.0

Native Soil Thermal Resistivity [K.m/W] 1.5

Consider Non-Isothermal Earth Surface No

Results Summary

Layer Name

Backfill



XX [ft] Y [ft] Width [ft] Height [ft]

Thermal
Resistivity
[K.m/W]

0.0 2.25 1.5 4.5 2.0

Cable No. Cable ID Circuit No. Feeder ID Cable Phase
Cable

Frequency
Daily Load

Factor
X coordinate

[ft]
Y coordinate

[ft]

Conductor
temperature

[°C] Ampacity [A]

1 000 AL - 1_6 CN 1 1000 - 1_6 A 60.0 1.0 -0.09 4.3 89.7 477.1

2 000 AL - 1_6 CN 1 1000 - 1_6 B 60.0 1.0 0.09 4.3 89.7 477.1

3 000 AL - 1_6 CN 1 1000 - 1_6 C 60.0 1.0 0.0 4.14 90.0 477.1

General Simulation Data

Study Summary
CYMCAP Version 7.2 Revision 3

Study: UG Collector Circuits

Execution: Single Ckt 1000 - 1_6CN AL XLPE

Date: 9/18/2017 1:55:04 PM

Steady State Option Equally Loaded

Consider Electrical interaction between circuits No

Induced currents in metallic layers as a fraction of conductor current (applied to all single phase circuits) : 0.0

Conductor Resistances Computation Option: IEC-228

Installation Type:Multiple Ductbanks/Backfills
Ambient Soil Temperature at Installation Depth [°C] 21.0

Native Soil Thermal Resistivity [K.m/W] 1.5

Consider Non-Isothermal Earth Surface No

Results Summary

Layer Name

Backfill



XX [ft] Y [ft] Width [ft] Height [ft]

Thermal
Resistivity
[K.m/W]

0.0 2.25 1.5 4.5 2.0

Cable No. Cable ID Circuit No. Feeder ID Cable Phase
Cable

Frequency
Daily Load

Factor
X coordinate

[ft]
Y coordinate

[ft]

Conductor
temperature

[°C] Ampacity [A]

1 250 AL - 1_6 CN 1 1250 - 1_6 A 60.0 1.0 -0.1 4.31 89.7 540.5

2 250 AL - 1_6 CN 1 1250 - 1_6 B 60.0 1.0 0.1 4.31 89.7 540.5

3 250 AL - 1_6 CN 1 1250 - 1_6 C 60.0 1.0 0.0 4.14 90.0 540.5

General Simulation Data

Study Summary
CYMCAP Version 7.2 Revision 3

Study: UG Collector Circuits

Execution: Single Ckt 1250 - 1_6CN AL XLPE

Date: 9/18/2017 1:52:28 PM

Steady State Option Equally Loaded

Consider Electrical interaction between circuits No

Induced currents in metallic layers as a fraction of conductor current (applied to all single phase circuits) : 0.0

Conductor Resistances Computation Option: IEC-228

Installation Type:Multiple Ductbanks/Backfills
Ambient Soil Temperature at Installation Depth [°C] 21.0

Native Soil Thermal Resistivity [K.m/W] 1.5

Consider Non-Isothermal Earth Surface No

Results Summary

Layer Name

Backfill



XX [ft] Y [ft] Width [ft] Height [ft]

Thermal
Resistivity
[K.m/W]

0.0 2.25 1.5 4.5 1.5

Cable No. Cable ID Circuit No. Feeder ID Cable Phase
Cable

Frequency
Daily Load

Factor
X coordinate

[ft]
Y coordinate

[ft]

Conductor
temperature

[°C] Ampacity [A]

1 250 AL - 1_6 CN 1 1250 - 1_6 A 60.0 1.0 -0.1 4.31 90.0 570.5

2 250 AL - 1_6 CN 1 1250 - 1_6 B 60.0 1.0 0.1 4.31 90.0 570.5

3 250 AL - 1_6 CN 1 1250 - 1_6 C 60.0 1.0 0.0 4.14 90.0 570.5

General Simulation Data

Study Summary
CYMCAP Version 7.2 Revision 3

Study: UG Collector Circuits

Execution: Single Ckt 1250 - 1_6CN AL XLPE 150rho

Date: 9/18/2017 2:24:58 PM

Steady State Option Equally Loaded

Consider Electrical interaction between circuits No

Induced currents in metallic layers as a fraction of conductor current (applied to all single phase circuits) : 0.0

Conductor Resistances Computation Option: IEC-228

Installation Type:Multiple Ductbanks/Backfills
Ambient Soil Temperature at Installation Depth [°C] 21.0

Native Soil Thermal Resistivity [K.m/W] 1.5

Consider Non-Isothermal Earth Surface No

Results Summary

Layer Name

Backfill
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APPENDIX B: PARALLEL CIRCUIT CYMCAP REPORTS

ROW: T-34 to T39

ROW: T-33 to T-34

ROW: T-28 to T-33
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ROW: T-23 to T-28

ROW: T-22 to T-23



B

ROW: JB-2/1 – T-22

ROW: T-25 to T-25

ROW: T-25 to SUB
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INTRODUCTION 

NW OH Wind Project is a 100 MW wind generation installation in Paulding, OH consisting 42 of GE 2.5 MW wind 
turbines.  The turbines are grouped into four medium voltage (MV) feeders with 10 turbines on Feeders 1 and 4 and 
11 turbines on Feeders 2 and 3.  The feeders are connected to a main power transformer that steps the voltage up to 
138kV where it interconnects with the AEP transmission system via a short overhead line segment. 

OBJECTIVE 

The objective of this report is to determine the peak and annual electrical losses in the wind farm. Language from the 
draft BOP contract between the owner and Contractors states,  “Contractor shall provide calculations demonstrating 
the system design loss is less than or equal to two (2) percent annualized, unless otherwise approved by Owner, and shall 
be based on the wind frequency power curve provided by others as found in Exhibit E-1, Attachment 7 (Energy Production 
Report). The system losses shall be calculated for the complete electrical system from the WTG controller terminations at 
the bottom of the WTG to the permanent point of interconnection at the Utility’s Switchyard.  This shall include the 
permanent transmission span between the Haviland 138kV Switchyard and the Trishe Wind Substation, the main power 
transformers, MV collection cable, WTG transformers, and medium voltage cable..” 
 

This study assess the losses for all components described above based on the design at the 30% Review stage 
(9/22/2017). 

INPUTS & ASSSUMPTIONS 

 A data file with the expected typical year output of the 42-turbine wind farm on an hourly basis (8,760 hours) 
was provided by the owner for use in the loss calculation. The data file had a built-in, fixed loss estimate of 
2.5% of production. Since the present study is intended to calculate the losses explicitly, the hourly 
production estimates from the data file were processed as follows prior to conducting the study: 
 

 

The raw output data provided gives an annual capacity factor for the plant of 35.35% 

Following the pre-processing, the annual capacity factor before losses is 34.65% 

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

 Parameters for equipment such as turbines (WTG), step-up transformers (GSU) and main power transformer 
(MPT) based on manufacturer data.   

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

 Parameters for overhead transmission line data based on values from the Southwire SW Rate software 
program. 

 Parameters used in this study are shown in Appendix A. 

 Appendix B shows the MVAC Schedule 
  



 

5 
 

METHODOLOGY 
 This analysis accounts for all electrical losses between the 690 volt terminals of the low voltage breaker 

in the WTG tower base and the 138 kV bus of the Haviland substation. Losses consist of no-load and load 
losses for each cable section and piece of equipment. 

 Losses are calculated assuming all wind turbines are rated for 2.5 MW. 
 No-load losses are fixed when equipment is energized at a fixed voltage. For the purpose of the study, 

all components of the system are assumed to be energized at 1.0 pu voltage. Mathematically then, the 
no-load losses (peak, and annual) can be described as follows: 

 

   (Eq. 1) 

   (Eq. 2) 

 

 It can then be seen that peak or annual no-load losses for the entire wind farm can be determined by 
simply adding the losses calculated by Equations 1 and 2 for each piece of equipment. 

 Load losses at any operating point are losses related to electrical current flow in conductors or 
transformers and are therefore proportional to the square of the load current. For conductors, the peak 
losses (losses when all turbines are operating at their nameplate output, i.e. 2.5 MW) are given by: 

   (Eq. 3) 

 For transformers, peak load losses are given by: 

   (Eq. 4) 

 Annual load losses for each conductor or transformer are calculated based on the annual distribution of 
operating points, with the load losses for each hour proportional to the square of the ratio of 
Ioperating/Ipeak. Since Ioperating/Ipeak can be interpreted as an hourly load factor (or hourly capacity factor), the 
annual losses are just the peak losses x the sum of squares of the hourly load factor: 
 

      (Eq. 5) 

   (Eq. 6) 

 Peak losses for each conductor or transformer are calculated based on the equations listed above. The 
hourly load factor would be 1 assuming that the turbine produces at full capacity which in this case is 
limited to 2,233.234kW per turbine per hour. 
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RESULTS 
Based on the 8760 hour production file provided by the owner, the annual capacity factor before is losses is 
35.35%. The annual average of sum of squares of hourly load factor is 21.76%. 

 Low Voltage cables – The 8 parallel runs of 1000 kcmil Al have a resistance value of 1.14E-04 ohms. No-load losses 
are very low and neglected in this study. Based on the previous equations, load losses are calculated as:  

   (Eq. 3) 

 

 Annual load losses per turbine come to: 

 

 Total annual losses for low voltage cables are: 

Peak load losses per turbine come to: 

 

 Total peak losses for low voltage cables are: 

 Padmount Transformers – Guaranteed no-load losses (NLL) or Core Losses and load losses (LL) for the 2750 kVA 
padmount transformers were provided in the form a proposal from the equipment vendor. The guaranteed no-
load losses are 3.92 kW and load losses (LL) are 18.72 kW. 
 

  

= 15.47 [kW] (Eq. 4) 

  = 3.92 [kW] (Eq. 1) 

 = 34339.2 [kWh] (Eq. 2) 

  = 29,495.3 [kWh] (Eq. 6) 

  = 3,762,787 [kWh] (Eq. 7) 
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Total Annual Losses for Padmount Transformers are: 

 

 

Total Peak Losses for Padmount Transformers are: 

 

 

 Medium voltage cable – No load losses for XLPE insulated MV Cable are quite low and are neglected in 
this study. Load losses vary in each cable section based on length, loading (number of turbines carried) 
and conductor cross sectional area. 

 (Eq. 3) 

 

      (Eq. 5) 

Annual load losses for all the circuits together come to: 

 

Peak load losses for all the circuits together come to: 

 

 Substation Main Transformer – Guaranteed no-load losses (NLL) or Core Losses and load losses (LL) for the 
70200 kVA padmount transformers were provided in the form a proposal from the equipment vendor. The 
guaranteed no-load losses are 46 kW and load losses (LL) are 192 kW. 

  

= 429.54 [kW] (Eq. 4) 

  = 46 [kW] (Eq. 1) 

 = 402,960 [kWh] (Eq. 2) 

   

= 818,913.30 [kWh] (Eq. 6) 



 

8 
 

Total Annual Losses for Main Power Transformers are: 

 

 

Total Peak Losses for Main Power Transformers are: 

 

 

 138 kV Transmission line – The 250’ section of 954 kcmil ACSR has a resistance value of 0.0052 ohms. No-load 
losses are very low and neglected in this study. Based on the previous equations, load losses are calculated as:  

 (Eq. 3) 

 

      (Eq. 5) 

Annual load losses for the 138kV overhead transmission line: 

 

Peak load losses for the 138kV overhead transmission line: 

 

 All the above results have been summarized in table 1 and 2. 

Table 1: Overall Annual Losses Summary 
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Table 2: Overall Annual Losses Summary 

 

 

CONCLUSION 

 The overall annual energy losses are calculated to be 6,496.8 MWh which is 1.998% of the total energy 
production estimated based on the expected annual output file provided by the client. 

 The expected losses meet the language from the draft BOP contract between the owner and Contractors 
states,  “Contractor shall provide calculations demonstrating the system design loss is less than or equal to two 
(2) percent annualized, unless otherwise approved by Owner, and shall be based on the wind frequency power 
curve provided by others as found in Exhibit E-1, Attachment 7 (Energy Production Report). 

 



 

A 
 

APPENDIX A: EQUIPMENT PARAMETERS USED IN THE STUDY 
 

Transmission Line Parameters (Assumption) 

Cable 
R1 

ohms 
per 

1000' 
954 ACSR 45/7 0.0208 

 

MVAC Cable Parameters Derived in Cymcap Software Program 

Cable 
R1 

ohms 
per 

1000' 
1/0 - 2/3 0.2409 
4/0 - 1/2 0.1130 
500 - 1/3 0.0494 
750 - 1/6 0.0343 

1000 - 1/6 0.0257 
1250 - 1/6 0.0205 
1250 - 1/6 0.0205 

 

LVAC Cable Parameters (Assumption) 

Cable 
R1 

ohms 
per 

1000' 
1000kCMIL 0.0228 

 

Main Power Transformer Guaranteed Losses (Vendor Quote) 

 

Pad Mount Transformer Guaranteed Losses (Vendor Quote) 
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POWER TRANSFORMER 
ULTEIG PROJECT NO. R17.01246 ULTEIG SPECIFICATION NO. 0101-B 

 

MASTER REVISION A Document Revision A 1 of 4 

 
ATTACHMENT B 

 
Quotation Date:     
Quotation Number:     
RFQ Inquiry#:      
Shipping Location:     
       
Quantity:    
 
VENDOR INFORMATION: 
Vendor Name:           
Factory Location:          
Base Price, FOB Destination (incl shipping)     
Field Service Price:         
Spare Parts Price:         
Factory Warranty:         
Delivery of Equipment:       Weeks ARO 
Delivery of Review Drawings:       Weeks ARO 
Delivery of Certified Drawings:      Weeks ARO 
 
RATINGS 
Continuous Self-Cooled (Base) Capacity:     
Continuous Capacity with Stage 1 Cooling:     
Continuous Capacity with Stage 2 Cooling:     
Percent Impedance at Self-Cooled Rating:     
Guaranteed Losses at 100% Rated Voltage and Nominal Tap: 
 No-Load Losses:       
 Load Losses at Maximum Capacity:     

Auxiliary Losses at Maximum Capacity:    
Total Auxiliary AC Power Requirements:     
Total Auxiliary DC Power Requirements:     
Maximum Sound Level at Maximum Capacity:     
X/R Ratio (p.u):         
High Voltage Winding BIL Rating:      
Low Voltage Winding BIL Rating:      
Neutral Voltage Winding BIL Rating:      
Maximum Operation Altitude at Rated BIL:     
Operating Temperature:       

07/19/2017

X172701A

ULTEIG PROJECT # R17.01246

HAVILAND, OH 

01

VIRGINIA TRANSFORMER CORP.

RINCON, GA, U.S.A

$ 1,108,186.00  PER UNIT
$ Included in Base Price

$ Included in Base Price
24/30 MONTHS WITH First Year IN/OUT COVERAGE

Shipment 30  
8-9

10-11
(1 - 2 WEEKS APPROVAL TIME)

70.2 MVA

93.6 MVA 

117 MVA

10.00 % ± 10% ANSI TOLE.

46.00 KW

534.00 KW

7.50 KW
125 V DC

120 / 240 V

82dBA @ ONAF2 
36.55 approx

650KV BIL

200KV BIL

200KV BIL
< 3300 FT

65°C



 
ELECTRICAL EQUIPMENT 

AND MATERIAL SPECIFICATION 
ATTACHMENT B – BID FORM 

 
POWER TRANSFORMER 
ULTEIG PROJECT NO. R17.01246 ULTEIG SPECIFICATION NO. 0101-B 

 

MASTER REVISION A Document Revision A 2 of 4 

CONSTRUCTION DETAILS 
Overall Height of Transformer:       
Overall Width of Transformer:       
Overall Depth of Transformer:        
Height to Top of Transformer Tank:       
Height to High Voltage Bushings:       
Height to Low Voltage Bushings:       
Total Transformer Weight, Including Oil:      
Total Number of Gallons of Oil:       
Type of Oil Preservation System:       
Description of Insulating Oil:       
Voltage Range for Auxiliary AC System:     
Voltage Phases for Auxiliary AC System:     
Voltage Range for Auxiliary DC System:     
 
ACCESSORIES 
Hot Spot Winding Temperature Detector (RTD):  Yes  No 
Hot Spot Winding Temperature Indicator Relay:  Yes  No 
Top Oil  Temperature Detector (RTD):    Yes  No 
Top Oil Temperature Indicator Relay:    Yes  No 
Transformer Monitoring Device:    Yes  No 
Type of Transformer Monitoring Device:     
Annunciator and/or Remote I/O:    Yes  No 
Type of Annunciator and/or Remote I/O:     
Automatic Transfer Switch for Power Supplies (ATS):  Yes  No 
Type of ATS:         
Load Tap Changer:      Yes  No 
Number of Taps of LTC:       
Taps Steps of LTC:        
Type of LTC Controller:       
High Voltage MCOV:      Yes  No 
High Voltage MCOV Rating:       
Low Voltage MCOV:      Yes  No 
Low Voltage MCOV Rating:       
Bushing CT Quantity on High Side (per phase):    
Bushing CT Accuracy Class on High Side:     
Bushing CT BIL Rating on High Side:      
Bushing CT Connection Type on High Side:     
Bushing CT Quantity on Low Side (per phase):     
Bushing CT Accuracy Class on Low Side:     
Bushing CT BIL Rating on Low Side:      
Bushing CT Connection Type on Low Side:     
Ability to Add Metering Class CT to High-Side:  Yes  No 
Ability to Add Metering Class CT to Low-Side:   Yes  No 
 

APPROXIMATE INCH

245

385

265
155

245
175

301500

11,000 GAL APPROX.
CONSERVATOR

TYPE II MINERAL

125V DC

120 / 240 V 
1 - PHASE

X
X

X
X
X

HYDRAN

SEL 2411
X

X
N/A

X
± 16 STEPS

5/8% PER STEP
BECKWITH

X

X
98KV MCOV

24.4KV MCOV

STANDARD

C800 / 0.3B1.8

2 / 1

STANDARD

STANDARD
STANDARD

3

C800

X

X
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ADDITIONAL TESTS 
Front-of-Wave Impulse Test:     Yes  No 
Switching Impulse Test:     Yes  No 
Zero Phase Sequence Impedance Voltage Test:   Yes  No 
Partial Discharge Test:      Yes  No 
Insulation Power Factor Test:     Yes  No 
Insulation Resistance (Megger) Tests:    Yes  No 
Audible Noise Test:      Yes  No 
Temperature Rise Test:      Yes  No 
 
FIELD SERVICES 
Offload:       Yes  No 
Assembly and Oil Filling:     Yes  No 
Field Inspections and Testing:     Yes  No 
 
SPARE PARTS 
Complete Set of Gaskets:     Yes  No 
One Gallon of Touch-Up Paint:     Yes  No 
One High Voltage Line Bushing:    Yes  No 
One Low Voltage Line Bushing:    Yes  No 
One Neutral Bushing (Each Type):    Yes  No 
 
STORAGE 
Can Storage for the Unit Be Provided:    Yes  No 
Cost of Storage:          
 
DRAWINGS 
The list below outlines the information required to be included as part of the approval set. Additional 
drawings may be required and requested.  The information can be on a separate drawing or included 
within one of the drawings in the drawing package. 
 
Outline Drawing:      Yes  No 
 Detailed Dimensions:     Yes  No 
 Weight:       Yes  No 
 Center of Gravity:     Yes  No 
Base Detail and Foundation Drawing:    Yes  No 
Power and Control Cable Entrance Location:   Yes  No 
Installation and Maintenance Clearances:   Yes  No 
Bill of Material:      Yes  No 
Nameplates:    
 Transformer Rating Nameplate:   Yes  No 
 Bushing CT Nameplate(s):    Yes  No 
AC & DC Schematics:      Yes  No 
Wiring Diagrams:      Yes  No 
Bushing Detail and Outline Drawings:    Yes  No 

X
X

X
X
X
X
X
X

X
X
X

X
X
X
X
X

X
FREE STORAGE FOR UPTO 2 WEEK.  
$ 800 PER WEEK AFTER 2nd WEEK WITH  
ONE TIME CRANE CHARGE OF $ 7,500.00

X
X
X
X

X

X
X

X

X
X

XX
X

X
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CT Characteristic Curves:     Yes  No 
Volt/Hertz Curve:      Yes  No 
 
 
VENDOR CONTACT 
Name:  ______________________________ 
Address: ______________________________ 
  ______________________________ 
Phone:  ______________________________ 
Email:  ______________________________ 
 
 
NOTES:   
 

1. Attach vendor original quotation including any exceptions taken to the specifications or 
attachments. 

2. Attached any preliminary outline drawings or associated material that would aid in review of 
bid. 

3. If storage for the unit can be provided, please provide terms and details on storage and 
maintenance during storage for the unit. 

X

X

SACHIN GUPTA, ASSISTANT SALE MANAGER

220 GLADE VIEW DRIVE, NE 
ROANOKE, VA - 24012

Sachin_Gupta@vatransformer.com

540-588-9333



 TECHNICAL  SPECS 
  Date: 8/22/2017 

Quotation Number: 95918145 
Item Number: 10 

 

  Printed by PSUS-Ken Moeslein on 8/22/2017 

Customer Line No.:       Quantity: 44 
Unit Price: $30,917.00 Extended Price: $1,360,348.00 
Three Phase Pad-Mount Transformer(s) 
kVA Rating: 2750 kVA Model #:   
 Mineral Oil Immersed Cooling Class: ONAN 
   Frequency: 60 Hz 

Avg. Winding Temp. 65 °C 
Primary Voltage: 34500 Delta volts Secondary Voltage: 690Y/398 volts 
Primary BIL Rating: 200 kV Secondary BIL Rating: 30 kV 
HV Winding Matl: Aluminum LV Winding Matl: Aluminum 
High Voltage Taps: B Taps - Two 2.5% Taps below Nominal and Two 2.5% Taps above Nominal 
No Load Loss: 3915 Watts Load Loss: 18720 Watts Total Loss: 22635 Watts 
Impedance: 5.75 %   
Tank Enclosure: 
Welded Cover w/(1) Handhole(s) - 14x24 
Cabinet Depth: 24 Inches, Pentahead Security Bolts 
Steel HV-LV Barrier 
Bushings: 
Loop Feed ANSI Minimum Dimensions 
Dead Front Primary Terminations: Integral Non-Loadbreak Bushings 600A 
Secondary Terminations: Epoxy Bushings w/Non-removable10 Hole Spades, Spade Support 
Protection: 
PRCLF (38kV OS Shorty 140A), Weak Link Cartridge (34.5kV Curve 10) 
Accessories: 
Pressure Relief Valve , Drain valve w/Sampler 
Liquid Level Gauge, Liquid Temperature Gauge, Pressure Vacuum  Gauge 
 
CG WINDPAD Gen II: Stadium Style Stacked Core Construction with Semi-Round Windings, Reduced Flux Density, Increased 
Cooling, Cover Mounted Pressure Relief Device, Door Gasketing, Hold down anchoring (x4 holes), Drain Valve & Sampler in 
External Box, Isolated Core Ground, Nitrogen Blanket + Schrader Valve, UL Listed 
 
-200kV BIL HV windings, 150kV accessories 
-Gauges are mounted to the tankfront 
-(1) IR Viewing window on the LV door 
-Externally mounted MV switch in pad lockable enclosure with viewing window 
-Losses are at 20C core and 85C winding and are reference values.  Quoted losses are subject to ANSI tolerance. 
Switching: 
L.V. Neutral Bushing with Removable Grounding Strap, One ON/OFF Transformer Switch  (300 Amps) 
Paint Color: 
GREEN (Munsell 7.0GY3.29/1.5), Touch-up Paint  Spray Can,  
Standards: 
Quoted in compliance with the latest applicable ANSI standards unless otherwise specified by the customer. 
Shipment:  12 to  14 weeks 

 
 







 

B 
 

APPENDIX B: MVAC SCHEDULE 
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Introduction

This document will serve as a guideline in considering the parameters, design criteria and concepts
appropriate to the design of the 34.5 kV collection system of the Northwest Ohio Wind Farm. This
Design Basis Report covers the electrical engineering discipline and touches on civil and
geotechnical considerations that impact the electrical design.

The material presented herein includes information and methods to assure that the design
complies with minimum requirements, applicable standards and codes, industry standards, and
local governing authority requirements. The use of the methods presented is not meant to be all-
inclusive or restrict the designer from using other means of sound engineering practice or more
conservative means to accomplish meeting the project requirements. However, exceptions and/or
modifications to the material contained herein shall be well documented and only be made with
prior approval of the design engineering group and if required by the client.

REVISIONS

REV. DATE DOCUMENT CHANGES PAGES REVISED

0 09/27/2017 Version 0 -
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1.0 Project Description

White Construction (Client) is contractor selected to construct the Northwest Ohio wind
project, with an overall rating of 105 MW-AC. The project will consist of the following:

 42 GE 2.5-116 wind turbine generators, each with a 2750 kVA GSU transformer.
 600 A dead-front connections
 34.5 kV collection system utilizing MV-90 concentric neutral cable
 1 Substation with 138kV Interconnection to POI at AEP Haviland substation
 Transmission tap: 138 kV line of 270’, 954 (Rail) conductor
 1 Operation and Maintenance building

2.0 Project Location

The Project is located outside of Paulding, in Paulding County, Ohio.

3.0 Project Contacts

Title Company Name Phone Email
Engineering
Manager

IEA Al Downes 608-320-2818 Al.downes@iea.net

Project Manager IEA/White
Construction

Michael
Kreuzman Mike.kreuzman@iea.net

Project Executive IEA/White
Construction

Brian
Johnston 812-298-4340 Brian.johnston@iea.net

Civil EOR and
Project Manager

Westwood Steve
Battaglia 952-906-7405 Steve.battaglia@westwoodps.com

Electrical EOR Westwood Josh Venden 608-662-5175 Josh.venden@westwoodps.com

Electrical Project
Manager and QC

Westwood Drew Szabo 608-662-5345 Drew.szabo@westwoodps.com

4.0 Applicable Standards and Interconnecting Authorities

Interconnecting Utility: AEP
Interconnecting ISO: PJM

The design shall meet the requirements detailed in the interconnection agreement as well as all
applicable codes and standards, and manufacturer specifications.
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The latest locally adopted editions of the following codes and regulations are also
applicable and will be taken into account by the engineer during the design of the Project:

 Applicable State, County and Local Codes and Regulations
o County Regulations
o Local Codes and Ordinances

 ANSI - American National Standards Institute
 ICEA - Insulated Cable Engineers Association
 IEEE - Institute of Electrical and Electronics Engineers
 NEC - National Electrical Code, 2014 edition, as adopted in the state of Ohio
 NEMA - National Electrical Manufacturers Association
 NESC - National Electrical Safety Code
 UL Underwriters Laboratories
 NFPA – National Fire Protection Agency
 IEC – International Electric Code

5.0 Project Coordinate System

All drawings used for the design of the project will be HARN/OH Ohio State Planes,
North Zone, US Foot coordinate system.

6.0 Geotechnical Considerations for Electrical Design

A geotechnical evaluation for the Northwest Ohio site, dated December, 2014, was
prepared by Barr Engineering for Starwood Energy Group Global. The geotechnical analysis
included select boring locations at the substation and at turbine locations. Field and
laboratory tests included soil electrical and thermal resistivity tests, which are used as the
basis for grounding analysis and cable thermal analysis.

7.0 Electrical Collection Design Criteria

The medium voltage collection system design is based on the maximum number of
turbines that can be grouped on a single feeder; this will determine the total number of
feeders required for the collection system.  Geographical restrictions such as property
easements or access, wetlands, rough terrain or other site specific constraints define the
feeder routing.

Below is a list of the criteria used in designing the electrical infrastructure.

34.5 kV circuits will be designed in accordance the following:
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Circuit and Trench Layout

 Collection lines will use compacted native backfill material unless design
constraints require use of material which has lower thermal resistivity.

 Cable installation will be primarily through open trenching, except where
crossings of roads or other features or infrastructure require use of directional
boring.

 Trench design will generally consist of a direct buried three phase cable set in
triangular arrangement, a bare “trench ground” and a fiber optic cable installed
in HDPE duct. Cables will be buried with a minimum cover of 4’ in order to be
below the typical depth of drain tile. Code minimum is 3’.

 Trench ground serve dual purpose as an extended grounding electrode between
substation and wind turbines, as well as a ground fault return path (equipment
grounding conductor). Preliminary trench ground will be 7#8 copperclad steel, to
be confirmed by short circuit and grounding analysis.

 34.5 kV junctions will be achieved through either separate sectionalizing
cabinets, or stacked separable connectors on padmount transformer bushings
(“piggy-backing”). Stacked connectors will be utilized if the stacked cable can be
750 kcmil or less.

WTG Foundation Conduits and Grounding

Wind turbine generation foundation conduits will be designed in accordance with the
following:

 Applicable codes and standards
 GE Renewable Energy document “Technical Documentation – Wind Turbine

Generator Systems – Information on the Design, Detailing and Execution of the
Foundation for ON-shore Wind Turbines with Tubular Steel Towers.”, provided by
White Construction

Fiber Optic Communications

Fiber optic lines will be laid out according to medium voltage cable routing per the
following:

 Single mode fiber, 12 –strands per cable
 Optical loss calculation will be performed based on supplied equipment data,

including optical power budget.
 Field Fiber cable splice panels will be placed where necessary at medium voltage

junction boxes and will be above grade type.
 Patch panels at wind turbines have capacity for up to 48 fibers.
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8.0 Substation Interface

Key points of substation interface are being coordinated with the substation engineer.

 Per input from White Construction, preference is to maintain original
collection system circuit designation. Specifically, collection feeder 1 will be
the feeder that enters the substation in the southernmost position at the
west side of the substation.  Therefore feeders will be numbered 4, 3, 2, 1,
North to South. Ulteig substation single line will be modified accordingly.

 Per Ulteig Substation General Arrangement NOW-EQ1-001 Rev. A, collection
feeders enter from west of substation. Ulteig will extend min. 8" Sch. 40 PVC
conduits 10' past fence at 4' burial depth (below finished grade),
perpendicularly out from riser structures. Conduits will need to
accommodate 3 x 1250 kcmil 35 kV cables (100% insulation)+ expected 7#8
copper clad steel trench ground.

 Per Ulteig Substation General Arrangement NOW-EQ1-001 Rev. A,
equipment enclosure is on northern edge of substation yard. WW has
determined that Ulteig will extend PVC conduit(s) 10' north of substation
fence, at minimum 24" depth below finished grade, suitable for minimum 6 x
1.25" HDPE innerduct with fiber.

 An O&M building will be located north of the collector substation. Ulteig will
provide a conduit extending 10' past the edge of the substation fence to
accommodate a fiber run to the O&M building. Westwood will include the
trenching route in the collection layout drawings so that it can be included in
the underground collection contractor's SOW.

Protective Relaying for Feeders
 Per RFI to Ulteig engineers, the substation feeder settings for phase faults are set at a 5

cycle delay to account for GSU inrush and the settings for ground faults are set to
instantaneous w/ approximate clearing times of 8 1/2 cycles for phase faults and 3 1/2
cycles for ground faults.

 Collection circuit conductors and concentric neutrals will be designed to withstand
available short circuit currents for a minimum duration of the clearing times previously
stated.  Available short circuit current will account for future levels provided by AEP and
identified in the Westwood Short Circuit Study.
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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 operating across
the full range of real power while also delivering reactive power to the range of power factors at the Point of
Interconnection (POI)required by the interconnection agreement. According to the interconnection agreement, the
plant must be able to operate across the power factor range of 0.95 lag (supplying VARs to the POI) to 0.95 lead
(absorbing VARs from the POI), at all output levels, independent of voltage. In performing this evalution, the present
study determines if there is any need for reactive compensation beside the capability of the wind turbines themselves.

INPUTS ASSSUMPTIONS

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

 Medium voltage AC collector electrical layout is per the Westwood 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) andmain power
transformer (MPT) based on manufacturer data. These parameters are documented in Appendix C.

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

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

 ETAP model parameters for utility equivalent impedance information provided by AEP.

 The 2.5 MW GEwind turbines are equipped with the extended reactive power option and are capable of
delivering maximum leading or lagging power factor of 0.9. Turbines are also equipped with “Wind Free”
Option and are therefore capable of providing or absorbing up to 400 kVAr per turbine when wind is not
available.

 The neutral of the main power transformer 34.5 kV secondary wiring is connected to ground through
neutral grounding reactor of 0.6 ohms.

 The MPT has load tap changer (LTC) on the high side winding consisting of 16 steps above and below
nominal, each at 5/8% of the 138 kV nominal voltage. This allows range of 10% above and below the
nominal voltage. The high side LTC will be controlled so as to maintain the 34.5 kV bus voltage as close as
possible to 1.0 pu.

 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.



5

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,
all 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 at the POI.

CONCLUSION

 Case 00-1 shows the real and reactive power demand of the wind farmwith 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 cable charging 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: LOAD FLOW SUMMARY REPORTS
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APPENDIX B: ETAP SINGLE LINE DIAGRAM
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APPENDIX C: ETAP MODEL INPUTS

Figure 1: Utility Equivalent Data



C

Figure 2: Main Power Transformer Impedance



C

Figure 3: Step-Up Transformer Impedance Data



C

Figure 4: Turbine Impedance/Short Circuit Data

Figure 5: Cable Impedance Data
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