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System Impact Study 
For WED LLC 

RI-14318785 – One, (1), 1,500 kW, three Phase, Converter Based 
Synchronous, Wind Turbine, WED1 

RI-14462941 - Three, (3), 1,500 kW, three Phase, Converter Based 
Synchronous, Wind Turbines,WED 2 

RI-15640455 - One, (1), 1,500 kW, three Phase, Converter Based 
Synchronous, Wind Turbine,WED 3, 

RI-15772951 - One, (1), 1,500 kW, three Phase, Converter Based 
Synchronous, Wind Turbine,WED 4, 

RI-17599370 - One, (1), 1,500 kW, three Phase, Converter Based 
Synchronous, Wind Turbine,WED 5 

RI-17600293- Three, (3), 1,500 kW, three Phase, Converter Based 
Synchronous, Wind Turbines,WED 6 

 
Various Locations in 
Coventry, RI 02816 

 
Ten, 1,500 kW, Three-Phase, Converter Based, Synchronous Wind 

Turbine Generators, 15,000 kW total 
 

Interconnection to National Grid’s 23 kV System 
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SUBJECT TO THE EXPRESS UNDERSTANDING THAT: (A) NEITHER NATIONAL GRID NOR ANY OF ITS OFFICERS, DIRECTORS, 
AFFILIATES, AGENTS, OR EMPLOYEES MAKES ANY WARRANTY, ASSURANCE, GUARANTY, OR REPRESENTATION WITH 
RESPECT TO THE CONTENTS OF THE DOCUMENT OR THE ACCURACY OR COMPLETENESS OF THE INFORMATION CONTAINED 
OR REFERENCED IN THE DOCUMENT, AND (B) NATIONAL GRID USA, ITS OFFICERS, DIRECTORS, AFFILIATES, AGENTS, AND 
EMPLOYEES SHALL NOT HAVE ANY LIABILITY OR RESPONSIBILITY FOR INACCURACIES, ERRORS, OR OMISSIONS IN, OR ANY 
BUSINESS OR POLICY DECISIONS MADE BY ANY DIRECT OR INDIRECT RECIPIENT IN RELIANCE ON, THIS DOCUMENT OR THE 
INFORMATION CONTAINED OR REFERENCED THEREIN; ALL SUCH LIABILITY IS EXPRESSLY DISCLAIMED 
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Executive Summary 

National Grid (“the Company”) has completed a Combined Impact Study for Renewable DG 
(ISRDG), for the interconnection of the WED LLC, the (“Interconnecting Customers” or “IC”), 
proposed total 15,000 kW, comprised of ten (10) 1,500 kW Wind Turbine Facilities (“the 
Facilities”) to its 23 kV sub-transmission system (“the Projects”) at six separate Points of 
Interconnection (POI) and presents the conclusions of the study herein. This study was done 
outside of the Standard Process procedures in the Company’s Standards for Connecting 
Distributed Generation (RIPUC 2078) as agreed to by the IC and the Company during a 
meeting held on January 15th, 2015. The requirements specified are exclusive to this project 
and are based upon the information submitted by the IC to date.  
 
The proposed Facilities are Independent Power Producers (“IPP”) consisting of ten (10)1,500 
kW (AC) (“WIND TURBINE”) renewable systems.  The Facilities will be located at West Log 
Bridge Rd and Flat River Rd Coventry, RI 02816 and proposed to be connected on the 
customer’s side of six new primary metering points, at the points of common coupling (PCC) 
at various locations on the Company’s 2232 circuit. 

WED 1 (RI-14319785), WED 2 (RI-14462941), WED 3 (RI-15640455), WED 4 (RI-
15772951), WED 5 (RI-17599370) and WED 6 (RI-17600293).  

The purpose of this study was to: 
 

 Conduct, as applicable, steady-state, stability, short circuit, and extreme contingency 
analyses and perform assessments of reliability performance of the Company’s Electric 
Power System (“EPS”) within the area of interconnection, with and without the proposed 
Facility, in accordance and applicable with reliability standards and study practices, and in 
compliance with the applicable codes, standards, and guidelines listed in Section 5.1 of 
the Company’s Electric System Bulletin No. 756 Appendix D: Distributed Generation 
Connected to National Grid Distribution Facilities Per The Rhode Island Standards for 
Interconnecting Distributed Generation (“ESB756D”) to determine the incremental impact 
and any potential adverse impacts associated with the interconnection of the Facility to 
the EPS. 

 

 Determine any System Modifications required. 
 

 Develop planning grade cost estimates of the required facilities for interconnection of 
those Facilities found capable to be interconnected to the EPS. 
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 Provide a report describing the results of the Impact Study. 
 

 Provide additional detail concerning any recommended further study. 
 

The study determined the interconnection of the Facilities to be feasible with certain operating 
conditions. The necessary System Modifications include but are not limited to: 

 

 An extension of the 2232 circuit  
o Overbuild on the existing 54F1 circuit (~5.8 Miles): 

 West from Pole 9003 to Pole 486 Log Bridge Rd. This route runs mainly 
along Flat River Road, with a small segment at the end along Old Summit 
Road. 

 North from Pole 486 Log Bridge Rd to Flat River Road, and then West 
along Flat River road to Pole 572-50 to the POIs for WED 3 and WED 4. 

 South from Pole 486 Log Bridge Rd, along Log Bridge, then continuing 
down West Log Bridge to the last Pole on this road, Pole 16.  

o Brand new construction/extension of the 2232 (~1.7 Miles): 
 South from Pole 16 West Log Bridge to the POIs for WED 2, WED 6 the 

final POI for WED5. 
 

 Six new 23 kV primary metering installation services, ahead of the Points of Common 
Coupling, with new bidirectional meters, reclosers, loadbreak switches, and necessary 
conductor and equipment to extend 3 phase primary down to the PCCs from the POIs. 
 

 Along the path of the new services for each wind turbine, and the new 23 kV primary 
along the West Log Bridge Road extension, the customer is required to clear trees and 
vegetation as required and to provide a suitable means of access to the company’s 
equipment. This section of public roadway is to be brought up to the current standards 
to handle heavy duty vehicular traffic, as well as maintained year round for 24/7 access 
to Company equipment.  
 

 Significant tree trimming/tree clearing is potentially required in order to upgrade 
existing distribution equipment (for instance Log Bridge Road). To complete possible 
vegetation management, Town/land owner approval is required. If this approval is not 
received the line extension route may have to be revised to accommodate. This will be 
determined during the work management design. 
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 The customer is required to provide all required easements for new poles on private 
property along the proposed path of construction. Final locations will be determined 
during the work management design and may be relocated from their current proposed 
locations.  
 

 The wind turbine machines should operate at no greater than 100% to -99% (absorbing 
VARs) power factor. To do otherwise may create voltage excursions and power quality 
problems for the 2232 circuit. 
 

o This is based upon the expected turbine generator output as provided by 
Vensys, the turbine manufacturer. Operation other than the expected results 
may require additional study at a later date and new operational requirements if 
power quality issues arise once the system is brought online and operational. 
 

 Once the wind turbine machines are online and generating, the Customer is required to 
submit periodic generation data (every three months for the first year) for National 
Grid’s review in order to discern if the machines are in fact operating as expected and 
required. This data should be for the wind turbine system as a whole. 
 

 Final site plans and one lines, addressing all comments within this document, are 
required prior to issuing the Interconnection Service Agreement. 

 
Cost Estimates: 

The total estimated planning grade cost of the work associated with the interconnection of 
the Facility, is $5,366,600.00+/-25%, and includes: 

 
System Modifications to Company EPS           $4,532,600.00 

Engineering, design, construction and testing for revenue 
Metering, feeder modifications, reclosers, disconnect switches,  
And remote stations modifications 

 
Interconnecting Customer Interconnection Facilities (“ICIF”)  $15,000.00 

Engineering review and acceptance, and compliance 
Verification of the ICIFs including all required drawings 
And equipment spec reviews, relay settings, and construction 
And testing assistance by engineering 
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Tax Liability1         $819,000.00 
Applied to all capital associated with System Modifications 
 

This planning grade estimate will be deemed withdrawn if not accepted by the Customer 
within ninety (90) calendar days of receipt of the study. Additional costs may be involved if 
the required pole work takes place in Verizon Maintenance Areas. These costs will be 
billed directly to the customer from Verizon. 

 
Estimated Schedule: 

The estimated duration for the Company to complete construction of the System 
Modifications is 17-20 months, however, the schedule driver can be impacted by unknown 
factors over which the company has no control. Verizon pole sets are dependent upon 
Verizon’s schedule. The Company has no control over Verizon’s work schedule. It will 
be the responsibility of the customer to obtain any and all easements and required 
permitting for work that takes place on private property, as well as secure the new 
roadway construction of the expansion of West Log Bridge Road. 
 
The schedule driver may be impacted by the ability to have planned outages to allow 
work to take place on the supply system. Outages will be contingent on the ability to 
support the load normally supplied by affected circuits. The schedule can also be 
impacted by unknown factors over which the Company has no control, such as 
inclement weather. 
 

The interconnection schedule is contingent on the Interconnecting Customer’s successful 
compliance with the requirements outlined in this report and timely completion of its 
obligations as defined in ESB756D, Exhibit 2: Company Requirements for Projects Not 
Eligible for the Simplified Process. The schedule for the Company’s work shall be addressed 
during the development, or after the execution, of the Interconnection Service Agreement. 

1.0 Introduction 

WED LLC has requested the interconnection of ten, (10), 1,500 kW, 15,000 kW total, 
converter based, synchronous wind turbine, renewable systems onto to a 23 kV circuit in 
National Grid’s.  

                                                                 

1
 The estimated tax liability was calculated using the rate at the time the estimate was completed (22.84%). 

Actual costs shall be reflective of the tax liability rate at the time of invoicing. 
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In accordance with the R.I.P.U.C. NO. 2078 tariff, the Company has completed an Impact 
Study to determine the scope of the required modifications to its EPS and/or the Facility for 
providing the requested interconnection service. 
 

1.1 Study Objective 
The primary objectives of this Impact Study are to: 

 
1. If possible, identify the System Modifications necessary for the Project to 

reliably interconnect to the Company’s system2; 

2. If possible, identify deficiencies in the proposed Facility; 

3. If possible, identify operating restrictions; 

4. If possible, identify and describe the equipment, engineering, 
procurement, construction, installation, testing and commissioning work, 
needed to build the System Modifications and integrate them with the 
Interconnecting Customer’s Interconnection Facilities (“ICIF”); 

5. If possible, provide additional detail in terms of scope of additional 
required study to determine final system modifications, cost estimates, 
and construction timelines for the interconnection of all or some proposed 
facilities.  

2.0 Project Description 

 

2.1 Facility 
As depicted in the Interconnecting Customer’s Site Diagram and One Line 
Diagrams (Appendix A Site Diagrams and One- Lines), there will be ten, 
(10),1,500 kW wind turbines, for a total of 15,000 kW. 
 

WED 1 (RI-14319785) 

                                                                 

2
May require additional study at a later phase in the process. 
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 (1) Vensys SDL, 1,500 kW 690V, direct drive permanent magnet, 
synchronous, converter based, wind turbine generator.  The generator 
output leads to a 690V AC to 620V AC power converter.   

 The output of the power converter is connected to the low voltage side of 
a 1600 kVA 23 kV ungrounded wye primary / 620V/323V grounded-wye 
secondary (Z=6%, assumed X/R=5) interface transformer.   

o NOTE: The grounding transformer is no longer required and 
should be removed from the one line diagram. 

 The primary side of the interface transformer is connected to a 25 kV 
class, 600A vacuum interrupter controlled by a SEL 351A multi-function 
relay.   

 The high side of the vacuum breaker is connected to a gang operated 
three phase, 15 kV class, 600A, lockable, load break switch.  The 
disconnect switch will connect to National Grid’s Electric Power System 
(EPS) through a pole mounted primary metering assembly.   

 

WED 2 (RI-14462941) 

 (3) Vensys SDL, 1,500 kW 690V, direct drive permanent magnet, 
synchronous, converter based, wind turbine generator.  The generator 
output leads to a 690V AC to 620V AC power converter.   

 The output of each power converter is connected to the low voltage side 
of a 1600 kVA 23 kV ungrounded wye primary / 620V/323V grounded-
wye secondary (Z=6%, assumed X/R=5) interface transformer. 

o NOTE: The grounding transformer is no longer required and 
should be removed from the one line diagram. 

 The primary side of each of the three, (3), interface transformers is 
connected in parallel to one, (1), 25 kV class, 600A vacuum interrupter 
controlled by a SEL 351A multi-function relay.   

 The high side of the vacuum breaker is connected to a gang operated 
three phase, 15 kV class, 600A, lockable, load break switch.  The 
disconnect switch will connect to National Grid’s Electric Power System 
(EPS) through a pole mounted primary metering assembly.   

 
WED 3 (RI-15640455) 

 (1) Vensys SDL, 1,500 kW 690V, direct drive permanent magnet, 
synchronous, converter based, wind turbine generator.  The generator 
output leads to a 690V AC to 620V AC power converter.   
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 The output of the power converter is connected to the low voltage side of 
a 1600 kVA 23 kV ungrounded wye primary / 620V/323V grounded-wye 
secondary (Z=6%, assumed X/R=5) interface transformer. 

o NOTE: The grounding transformer is no longer required and 
should be removed from the one line diagram. 

 The primary side of the interface transformer is connected to a 25 kV 
class, 600A vacuum interrupter controlled by a SEL 351A multi-function 
relay.   

 The high side of the vacuum breaker is connected to a gang operated 
three phase, 15 kV class, 600A, lockable, load break switch.  The 
disconnect switch will connect to National Grid’s Electric Power System 
(EPS) through a pole mounted primary metering assembly.   

 
WED 4 (RI-15772951) 

 (1) Vensys SDL, 1,500 kW 690V, direct drive permanent magnet, 
synchronous, converter based, wind turbine generator.  The generator 
output leads to a 690V AC to 620V AC power converter.   

 The output of the power converter is connected to the low voltage side of 
a 1600 kVA 23 kV ungrounded wye primary / 620V/323V grounded-wye 
secondary (Z=6%, assumed X/R=5) interface transformer. 

o NOTE: The grounding transformer is no longer required and 
should be removed from the one line diagram. 

 The primary side of the interface transformer is connected to a 25 kV 
class, 600A vacuum interrupter controlled by a SEL 351A multi-function 
relay.   

 The high side of the vacuum breaker is connected to a gang operated 
three phase, 15 kV class, 600A, lockable, load break switch.  The 
disconnect switch will connect to National Grid’s Electric Power System 
(EPS) through a pole mounted primary metering assembly.   

 
WED 5 (RI-17599370) 

 (1) Vensys SDL, 1,500 kW 690V, direct drive permanent magnet, 
synchronous, converter based, wind turbine generator.  The generator 
output leads to a 690V AC to 620V AC power converter.   

 The output of the power converter is connected to the low voltage side of 
a 1600 kVA 23 kV ungrounded wye primary / 620V/323V grounded-wye 
secondary (Z=6%, assumed X/R=5) interface transformer. 
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o NOTE: The grounding transformer is no longer required and 
should be removed from the one line diagram. 

 The primary side of the interface transformer is connected to a 25 kV 
class, 600A vacuum interrupter controlled by a SEL 351A multi-function 
relay.   

 The high side of the vacuum breaker is connected to a gang operated 
three phase, 15 kV class, 600A, lockable, load break switch.  The 
disconnect switch will connect to National Grid’s Electric Power System 
(EPS) through a pole mounted primary metering assembly.   

 
WED 6 (RI-17600293) 

 (3) Vensys SDL, 1,500 kW 690V, direct drive permanent magnet, 
synchronous, converter based, wind turbine generator.  The generator 
output leads to a 690V AC to 620V AC power converter.   

 The output of each power converter is connected to the low voltage side 
of a 1600 kVA 23 kV ungrounded wye primary / 620V/323V grounded-
wye secondary (Z=6%, assumed X/R=5) interface transformer. 

o NOTE: The grounding transformer is no longer required and 
should be removed from the one line diagram. 

 The primary side of each of the three, (3), interface transformers is 
connected in parallel to one, (1),25 kV class, 600A vacuum interrupter 
controlled by a SEL 351A multi-function relay.   

 The high side of the vacuum breaker is connected to a gang operated 
three phase, 15 kV class, 600A, lockable, load break switch.  The 
disconnect switch will connect to National Grid’s Electric Power System 
(EPS) through a pole mounted primary metering assembly.   

 

2.2 Service Configuration 
The proposed locations of the Facilities are normally served by National 
Grid’s 7.2/12.47 kV three-phase, 4 wire, multi grounded wye, effectively-
grounded 54F1 and 63F6 circuits.   

 
However, based on the results of the previous impact study, the 12.47kV 
system was not adequate to interconnection all 10 wind turbines, which is 
the Customer’s primary concern.  
 
Analysis has determined that the best alternative will be to extend, the 2232 
circuit, a 23kV sub-transmission circuit, to the facilities. 
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Based on the Project design at the time the study was performed, the 
Interconnection Facilities shall consist of a 3-phase,23 kV, overhead primary 
line extension from Pole # 9003, Flat River Road, Coventry RI onto private 
property, and to the PCC at each wind turbine location. (See Appendix B). 
The total distance of the new 2232 circuit extension is approximately 7.5 
miles, from the new Tap point to each new PCC (six in total). The majority of 
the line extension will be overbuild on the existing 54F1 12,47kV circuit, fed 
from Coventry Substation. There will be new solitary 23 kV, line construction 
along West Log Bridge road, from the last pole of the Company’s existing 
equipment to the WED 5 PCC. A new recloser and load break switch are 
required at the tap point of the 2232. 
 
The Point of Common Coupling (PCC) will be designated as the Customer 
side of the aforementioned connection. National Grid will install bi-directional 
meters once all required documentation has been received. The Company’s 
Distribution Design department will determine the exact location of the 
Company’s facilities and the customer’s dead end pole on private property. 
The Interconnecting Customer shall be responsible for obtaining all 
easements required for the line extension in accordance with the Company’s 
requirements. The Customer is required to obtain all required permitting 
needed for National Grid to install its facilities on private property.  The 
customer is required to grade the area of the proposed facilities, clear trees 
and vegetation as required, and to provide a suitable means of direct 
unencumbered access to the company’s equipment along a plowed driveway 
or road. 
 
The Customer shall provide unencumbered direct access to the Company’s 
switch, meters, and recloser along a plowed, accessible driveway or road, 
where the equipment is not behind the customer's or any third party’s locked 
gate. 
 
All wind turbines are proposed for private property, a minimum 1000’ off of 
the public way, therefore there is no concern for violation of required 
minimum fall down zones.  

 

2.3 Area EPS 
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The ability to generate is contingent on the proposed DG Facility being served 
by the 2232circuit during normal operating conditions. Under abnormal 
operating conditions, or if it is not supplied by the 2232 circuit, it is not 
guaranteed that the DG Facility will be allowed to operate. Additionally, if one, 
(1), of the two, (2), supply stations for the 2232 are out of service, the generator 
may not be allowed to operate. 

 
2232 
This circuit is in a network configuration, with supply out of National Grid’s 
Drumrock and Johnston substations. As it is a 3-phase, 3-wire 23kV sub-
transmission circuit it is not effectively grounded and unregulated. 

 
The current characteristics are as follows: 
 

 The daytime loading on the system has varied between a peak of 15 
MVA and a minimum of 3.8 MVA. 

 

 Total aggregate generation interconnected/in-process on the feeder, 
excluding this project, is 0 kW at this time.  

 

 The circuit is un-regulated and has no additional voltage regulators 
installed outside the substation between the POI and the substation. 

 

 There are two, (2) existing line reclosers on 2232 line, between the 
proposed generation and the supply stations. 

 

 There are Dispatch controlled capacitor banks at the Coventry, Hope 
and Drumrock Substations. The area voltage and power factor are 
actively monitored by Dispatch. 
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2.4 Revenue Metering Requirements 
If not already provided, the Interconnecting Customer shall provide a 
telecommunication line to National Grid’s revenue meters in accordance with 
ESB756D, Section 5.4.2. The Customer should provide an analog/POTS (Plain 
Old Telephone Service) phone line to each National Grid owned revenue meter 
location. The phone line must be capable of direct inward dial without human 
intervention or interference from other devices such as fax machines, etc. 
National Grid will specify, test, install, and own the voltage and current 
transformers necessary to meet the metering requirements for this project. See 
Appendix C Figures 7 and 8– (Revenue Meter Phone Line Installation Guide) 

3.0 Steady State Power Flow Analysis 

The power flow analysis was substantially performed using CYMDIST.  A model of the 
2232 circuit was developed based on data extracted from the National Grid GIS and 
field verified. 
 
Additional load flow analysis was completed using PSS/E. Data was used from current 
Distribution Planning models and field verified.  
 
The analysis considered cases at minimum and peak load, at time of expected 
maximum generation, including contingency analysis of the loss of either supply line 
(from Drumrock or Johnston). 

 

3.1 General Loading Analysis 
 
An analysis of the circuit loading, with and without the wind turbine system 
operating, was performed and demonstrated that the addition of the DG 
Facility will not create thermal loading problems on the 2232 circuit, or at 
either supply Substation. Specifically, no conductor, or transformer overloads 
occur as a result of this interconnection. All National Grid owned mainline 
conductor and distribution facilities are thermally large enough to 
accommodate the added capacity of the 15MW facility, as long as the wind 
turbines operate as proposed and are limited to 100% to -99% power factor. 
 
Under certain contingency scenarios, where either the Drumrock or Johnston 
supply side of the 2232 is lost, some overvoltage (OV) conditions may occur 
but is unlikely. National Grid’s dispatch will have the ability to remove the 
generation from operating if this scenario occurs at their discretion.  



 

DISTRIBUTION PLANNING 
DOCUMENT 

Interconnection Study 

Doc.  
SP.14319785.3 
SP.14462941.3 
SP.15640455.3 
SP.15772951.3 
SP.17599370.3 
SP.17600293.3 
Page 14 of 33 

Distributed Generation Facility - R.I.P.U.C. NO. 2078 Version 1.0 2/18/2015 

Project 
WED LLC,  

Ten-1,500 kW WIND TURBINE Generators, Various 
Locations in Coventry, RI 02816 

FINAL 

 

PRINTED COPIES ARE NOT DOCUMENT CONTROLLED. 
FOR THE LATEST AUTHORIZED VERSION PLEASE REFER TO THE DISTRIBUTION ASSET MANAGEMENT DOCUMENTS CABINET IN DOCUMENTUM. 

File: SP.WED_LLC.2 
App File: WED_2232 FINAL Impact Study.docx  

Originating Department: 
Retail Connections Engineering – 
New England 

Sponsor:  
Technical Sales & 
Engineering Support-NE 

 

 

3.2 Reverse Power Flow 
 

The possibility of the Facility causing reverse power flow into the Company’s 
EPS was reviewed. At peak export (i.e., 15 MW), it is unlikely that any 
excess generation from the Facility will flow through the sub-transmission 
system and into transmission system. All excess power from the DG will be 
absorbed by the area electric power system (EPS) at various substations. 
 

3.3 Voltage Analysis 
 
The 2232 supply circuit is unregulated but the design of the EPS voltages at 
customer service points are within defined limits of +/- 5% in ANSI Standard 
C84.1- 2006.  
 
The Customer is responsible for designing and sizing its own on site 
distribution system and cabling to the generator to account for any voltage 
rise/drop on its system due to generation. It was noted that over voltage 
conditions may occur on the low voltage (690V) side of the customer’s 
transformers during peak and light loads, assuming maximum power output 
from each generator. These results are based on the cable sizes shown on 
the customer’s one lines. This condition will have no impact on National 
Grid’s EPS, however the customer’s equipment and operation may be 
affected.  
 
The Company will not be held liable for any power quality issues that may 
affect the EPS or other customers as result of the interconnection of this 
project’s generation.  
 

3.4 Long Term Dynamics Voltage Analysis 
 

The intent of this analysis was to perform a Long Term Dynamic, (LTD) 
analysis for the Wind Energy Development (WED) wind turbines to observe 
how the potential power fluctuations may impact the power quality, voltage 
drop/rise, voltage regulation, thermal capabilities, flicker conditions and 
operational effect of the area EPS.  The analysis observed whether potential 
power fluctuations and voltage changes at the POIs and the nearby mainline 
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were maintained within the required ANSI “A” range (+/- 5% of nominal), by 
the voltage regulation equipment on the circuit.  
 
The CYME, Long Term Dynamic module was used for the assessment of the 
impact the proposed wind turbines would have on the area EPS.  The 
analysis was run for a 24 hour period at a 10 second iteration rate. The 
customer provided, 24 hour, 6 second sample rate, power output data for the 
existing North Kingston, RI, wind turbine, collected on March 26, 2014 was 
utilized for the analysis because it appears to represent volatile wind turbine 
output for a windy gusty day.  This data was further edited based on an 
agreed upon set of assumptions and resubmitted on 1/19/2015.  
 

 During turbulent events, the WTs are capped at 1,400kW each (16.3 

RPM). 

 After a turbine trips, each is locked at 20kW/s ramp up rates to further 

prevent voltage excursions on the line. This data includes a tripping 

event for the turbines.  

 Certain abnormal tripping events were removed from the original data 

(due to maintenance on the day the data was captured). 

 Reactive power contributions based on a certain power Factor limit 

o P=0-50%, power Factor = 100% 

o P=50-100%, power Factor = adjustable, -95% was first 

submitted, -99% data was also created. 

 Each generator has a staggered set of data, starting with WED 1. 

WED 2 has the same curve shifted by 30s and the same goes for 

each, from WED 1 to WED 6B. 

This analysis concluded that, without any major modifications to the EPS, all 
wind turbines can be connected to the 2232 without creating voltage issues.  
 
Additionally, voltage flicker should not be an issue on the 2232 system, or 
the various distribution feeders from nearby substations supplied by the 
2232, namely Hope, Arctic and Coventry. These were also modeled, with 
their specific voltage regulators in service. 
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4.0 Short Circuit and Protection Analysis Company Facilities 

 

4.1 Temporary Over-Voltages on Transmission Supply 
Based upon the winding configuration of the supply transformers at 
Drumrock and Johnston substations, zero sequence overvoltage protection 
(3V0) will not be required at those substations for this Project. Temporary 
over voltages during faults on the transmission system should not develop 
on account of this project. 
 

4.2 Fault Current Contributions 
Table 2 summarizes the generation effect on fault current levels at the PCC. 
These fault currents are within existing equipment ratings and will not upset 
existing device coordination on the feeder. The customer is responsible for 
ensuring that their own equipment is rated to withstand the available fault 
current according to the NEC and National Grid ESB 750, which specifies 
that the fault current should be no more than 80% of the device interrupting 
rating. 
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The 23 kV system impedance shown at the PCC is in ohms. The value is 
taken from the model developed using ASPEN Oneliner. The model was 
based on the proposed installation as described in Section 2.1. If a different 

Fault 

Location
Fault Type Amps/Pre Amps/ Post *Δ%

Line to Grd 22520 22598 0.35%

Three Phase  41488 41703 0.52%

Line to Grd 2572 2622 1.94%

Three Phase  6199 6421 3.58%

Line to Grd N/A 1010 N/A
Z-positive   -   

Units = Ώ

Z-negative   -   

Units = Ώ

 Z-zero   -                      

Units = Ώ

Three Phase  N/A 2208 N/A 3.48+j5.52 2.64+j6.83 7.17+j28.36

Line to Grd N/A 984 N/A
Z-positive   -   

Units = Ώ

Z-negative   -   

Units = Ώ

 Z-zero   -                      

Units = Ώ

Three Phase  N/A 2134 N/A 3.67+j5.67 2.81+j7.04 7.51+j29.02

Line to Grd N/A 972 N/A
Z-positive   -   

Units = Ώ

Z-negative   -   

Units = Ώ

 Z-zero   -                      

Units = Ώ

Three Phase  N/A 2009 N/A 4.2+j5.76 3.52+j6.97 8.1+j28.56

Line to Grd N/A 972 N/A
Z-positive   -   

Units = Ώ

Z-negative   -   

Units = Ώ

 Z-zero   -                      

Units = Ώ

Three Phase  N/A 2007 N/A 4.2+j5.76 3.52+j6.97 8.1+j28.56

Line to Grd N/A 930 N/A
Z-positive   -   

Units = Ώ

Z-negative   -   

Units = Ώ

 Z-zero   -                      

Units = Ώ

Three Phase  N/A 1958 N/A 4.18+j6.06 3.32+j7.46 8.34+j30.25

Line to Grd N/A 998 N/A
Z-positive   -   

Units = Ώ

Z-negative   -   

Units = Ώ

 Z-zero   -                      

Units = Ώ

Three Phase  N/A 2179 N/A 3.53+j5.59 2.67+j6.93 7.29+j28.69

23kV PCC 

WED 1

23kV PCC 

WED 2, 2A, 

2B

23kV PCC 

WED 3

23kV PCC 

WED 4

23kV PCC 

WED 6, 6A, 

6B

*Δ% = (Post-Pre)/Pre  

Fault Duty Pre and Post Project

Pre-Project: Post- Project:

System Impedance @ PCC  Post Project

23kV Hope 

Substation 

Bus 

23kV 

Drumrock 

Substation 

Bus 

23kV PCC 

WED 5
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configuration, and/or transformer winding configuration, or impedances are 
used, the Short Circuit and Protection Analysis will need to be re-evaluated 
at additional expense to the IC. 
 
The protection analysis did indicate that a line to ground fault, in the vicinity 
of any of the PCCs, will result in overvoltage on the unfaulted phases in 
excess 1.40 PU of the nominal Line to ground voltage. 

5.0 Protection Analysis Customer Facilities 
The protection review consisted of a review of customer’s transformer connection and 
protection scheme and assessment of protection and transfer trip requirements. This 
Facility shall comply with the relevant provisions of R.I.P.U.C. NO. 2078 Dec 2009 and 
requirements of ESB-756D, as applicable. Please note that applicable sections of ESB-
756D are referenced for information purposes and may not comprise the entirety of 
applicable sections. The key requirements for this Project include, but are not limited 
to: 
 

5.1 Disconnect Switch 
Per ESB 756D, Section 5.6 & R.I.P.U.C. NO. 2078: The Facility shall provide 
a disconnect switch (or comparable device mutually agreed upon by the 
Parties) at the point of Facility interconnection that can be opened for 
isolation. The switch shall be in a location easily accessible to Company 
personnel at all times. The switch shall be gang operated, have a visible 
break when open, be rated to interrupt the maximum generator output and 
be capable of being locked open, tagged, and grounded on the Company 
side by Company personnel. The Company shall exercise such right in 
accordance with Section 7.0 of the interconnection tariff. 

 
The Customer’s one-line meets this requirement. The customer shall provide 
the Company with 24/7 unlimited access, for access and control of this 
switch. The Customer shall provide direct access to the switch along an 
accessible driveway or road, such that it is not behind the customer's locked 
gate. If the disconnect switch is required behind the customer's locked gate, 
double locking, where both the Company’s and Customer’s locks shall be 
employed, will be required. 

 

5.2 Unintentional islanding 
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Inverters/Converters shall be in compliance with ESB 756D5.7.10.1 and 
R.I.P.U.C. NO. 2078section 4.2.1 General requirements, where all 
inverters/Converters must be IEEE 1547 compliant and UL-1741 certified 
inverters shall be equipped with an internal anti islanding scheme and active 
under voltage (27), over voltage (59), zero sequence over voltage (59N), 
under frequency (81U) and over frequency (81O) relays.  

 

The Vensys converters are not UL 1741-2005/ IEEE1547listed and do not 
have any active islanding detection functionality.  
 
However, due to the nature of the 2232 circuit, it is extremely unlikely that 
the wind turbine system will be islanded with load (as there are two supply 
substations). Dispatch has the discretion to take the generation system 
offline and lock out of service is one of two supply’s must come offline for 
maintenance, in order to prevent accidental islanding of the 23kV EPS during 
an N-1 contingency. 

 

5.3 Direct Transfer Tripping 
Refer to section 4.2 above, a direct transfer tripping system, is not required 
for this interconnection. 
 

5.4 Interconnection Interrupting Device 
In accordance with ESB 756D, Sections 5.7.2 and 5.7.10.1 for a primary 
Wye- secondary Wye interface transformer, the interrupting device shall be 
installed on either side of the transformer. 
 
The Customer’s one-line shows an unknown make/model 600A 25kV main 
breaker controlled by a SEL-351A multifunction relay.  The one line has the 
required interrupter but lacks the make and model number of the device.  A 
new RI PE stamped one-line must be provided that has the required 
information must be clearly stated on it.  
 

5.5 Transformers 
The Company reserves the right to specify the winding connections for the 
transformer between the Company’s voltage and the Facility’s voltage 
(Interface Transformer) as well as whether it is to be grounded or 
ungrounded at the Company's voltage. Refer to ESB-756D section 5.7.  
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Additionally, the interface transformers must have two, (2), - 2.5% primary 
taps above and below the nominal kV rating. 
 
The interconnecting circuit is 23 kV, 3wire, Not Effectively Grounded.  
 
Each wind turbine connects, to a 1,500 kVA,23kV, ungrounded wye primary 
–620 V Grd-Y/ 358 V secondary interface transformer, which is acceptable.  
 
It is recommended that should the IC utilize a Wye primary it have a fully 
rated winding and fully insulated and isolated neutral bushing to be able to 
withstand temporary overvoltage conditions that could develop for certain 
fault conditions that can occur on the Company EPS. 
 
High side delta, low side Yg transformers are also acceptable. 
 

5.6 Voltage relays 
Voltage relays shall be frequency compensated to provide a uniform 
response in the range of 40 to 70 Hz. Refer to ESB 756D section 5.7.6.  
 
The one line meets this requirement. The one lines show Yg-Yg VTs, 60:1 
ratio on the 23kV side of the transformers.  
 
Additionally, 59N protection is required on the high side of each transformer, 
using Yg-Yg VTs and must trip the high side interrupting device. 
 
The customer’s one line meets these requirements. 
 

5.7 Overcurrent Relays 
Per section 5.7.8 of the ESB 756D Overcurrent protection is required on the 
high side of the DG Customer’s interface transformer to detect faults on the 
Company’s EPS. Separate Voltage Controlled Overcurrent elements (51C 
Phase) and (51C Ground) are required. At a minimum, these relays shall 
utilize voltage sensing via 3 phase wye-grounded / wye-grounded VTs and 3 
phase current sensing CTs. The 51C elements shall trip the interrupting 
device.  
 
The one line meets this requirement; each interconnection utilizes an SEL-
351A multifunction relay and 51C phase and ground enabled. Final settings 
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will be determined during the Witness Testing portion of the interconnection 
once all equipment is finalized. 
 

5.8 Protective Relay Hard-Wire Requirement 
Unless authorized otherwise by the Company, protective relays must be 
hardwired to the device they are tripping. Further, interposing computer or 
programmable logic controller or the like is not permitted in the trip chain 
between the relay and the device being tripped. 
 
The customer’s one-line meets these requirements. 

 

5.9 Protective Relaying Redundancy 
Refer to ESB 756D Inverter-based PV Generator Equal or Above 500k. The 
relays at the converter terminal shall provide the redundant protection for 
voltage and frequency elements. However, the relay equipped for 
overcurrent protection has no redundancy, National Grid requires that the 
relay alarm contact should be wired to trip the switchgear when the relay 
fails, not in service or the DC supply voltage to the relay is lost. There will be 
2s time delay in tripping the switchgear. A timer needs to be added to the 
switchgear’s trip circuit or the internal relays must be programmed to include 
the delay.  
 
An updated PE stamped one-line must be submitted satisfying this 
requirement.  

 
5.10 Protective Relay Supply 

Refer to ESB 756D section 5.7.10.4. Where protective relays are required in 
this Section, their control circuits shall be DC powered from a battery and 
battery charger system. Solid state relays shall be self-powered, or DC 
powered from a battery and battery charger system. If the Facility uses a 
Company-acceptable non-latching interconnection contactor, AC powered 
relaying may be allowed provided the relay and its method of application are 
fail safe, meaning that if the relay fails or if the voltage and/or frequency of its 
AC power source deviate from the relay’s design requirements for power, the 
relay or a separate fail-safe power monitoring relay acceptable to the 
Company will trip the generator, after a 2 second time delay, by opening the 
coil circuit of the interconnection contactor. 
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A new PE stamped one-line must be provided that shows the battery and 
charger system powered by an auxiliary transformer with the proper primary 
voltage. 
 

5.11 Current Transformers (“CT”) 
Refer to ESB 756D section 5.7.4.1. CT ratios and accuracy classes shall be 
chosen such that secondary current is less than 5 amperes and 
transformation errors are consistent with Company practices.  
 
The one-line shows 300:5 ampere CTs, located at the 25kV interrupting 
device and meets this requirement. 
 

5.12 Voltage Sensing and Voltage Transformers (“VT”)s and 
Connections 
Transformer options based on the selected transformer configuration to 
detect the Under Voltage, line to ground faults, and provide voltage detection 
for a voltage controlled over current (51C) element. Refer to ESB 756D 
sections 5.7.4.2 and 5.7.8. 
 
The customer’s one line meets this requirement. 
 

5.13 High-Speed Protection 
The Facility may be required to use high-speed protection if time-delayed 
protection would result in degradation in the existing sensitivity or speed of 
the protection systems on the Company’s EPS. 
 
High speed protection is not required. 

 

5.14 Service Entrance Equipment 
The Interconnection Customer shall furnish, install, own, and maintain 
service entrance equipment in accordance with applicable requirements set 
forth in ESB 750, Section 5, and ESB756D, Section 5.4.1.3 and Exhibit 7. 

 

5.15 Surge-Withstand capability 

The interconnection system shall have the capability to withstand voltage 
and current surges in accordance with the environments defined in IEEE 
Standard C62.41.2-2002 or IEEE Standard C37.90.1-2002 as applicable. 
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5.16 Additional Requirement 
R.I.P.U.C. No. 2078 requires that the Distributed Resources (DR) cease to 
energize the area EPS within 2 seconds, refer to IEEE1547 and UL1741. 
The Interconnection system’s response to abnormal frequencies, Section 
4.2.3.2.1 requires that NPCC Directory 12 Figure 1 Curve “Standards for 
Setting Underfrequency Trip Protection for Generators” for the Eastern 
Interconnection be followed.  It is important that clearing time should be the 
time that the relay trips plus breaker operating time. 
 

 
 
The under frequency setting points should also comply with the NPCC standard for setting 
under frequency trip protection.  Per the NPCC Directory 12 Figure 1Curve, if the setting falls 
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step, or as extended by mutual agreement, then the Company may terminate the 
application and the Interconnecting Customer must re-apply. 
 

Note:  Authorization for parallel operation will not be issued without a fully executed 
Interconnection Agreement, receipt of the necessary insurance documentation, and 
successful completion of the Company approved witness testing. Such authorization shall 
be provided in writing. 

 

10.0 Revision History 
Version Date  Description of Revision  
1.0 2/18/14 Final: WED Coventry 1, 2, 3, 4, 5&6, LLC, 23kV 
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Appendix B EPS Modifications 
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34.3 Miles 477 AL Overbuild

1.3 Miles 477 AL Overbuild

1.34 Miles 1/0 AL Overbuild
Flat River Road

Flat River Road
Old Summit

Logbridge

West Logbridge

West Logbridge

West Logbridge

0.95 Miles 477 AL New Poles

WED #1 POI

WED #6 POI

WED #2 POI

WED #5 POI

WED #4 POI

WED #3 POI

0.15 Miles 1/0 AL New Poles

0.61 Miles 1/0 AL New Poles

1-PTR, 1-PM, all Pole Mounted, ~150' 

OH conductor

1-PTR, 1-PM, all Pole Mounted, ~150' 

OH conductor

1-PTR, 1-PM, all Pole Mounted, ~150' 

OH conductor

1-PTR, 1-PM, all Pole Mounted, ~150' 

OH conductor

1-PTR, 1-PM, all Pole Mounted, ~150' 

OH conductor

1-PTR, 1-PM, all Pole Mounted, ~150' 

OH conductor

Pole 16, last existing pole on Logbridge

R

The Customer shall provide 

unencumbered 24/7 direct access to 

National Grid’s equipment and its lockable 

disconnect switch along an accessible 

driveway or road, such that it is not behind 

any locked gate. 

BLUE CIRCUIT: New 2232, 23kV LE 

BLACK CIRCUIT: Existing 54F1, 12kV 
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