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Andrew S. Marcaccio, Counsel 280 Melrose Street
PPL Services Corporation Providence, Rl 02907 ™
AMarcaccio@pplweb.com Phone 401-784-7263 Rhode Island E nergy
a PPL company
November 23, 2022
VIA ELECTRONIC MAIL

Luly E. Massaro, Commission Clerk

Rhode Island Division of Public Utilities and Carriers
89 Jefferson Boulevard

Warwick, RI 02888

RE: RIE’s Proposed FY2024 Electric Infrastructure, Safety, and Reliability Plan
Responses to Division Set 1 (Batch 1)

Dear Ms. Massaro:

On behalf of The Narragansett Electric Company d/b/a Rhode Island Energy (the
“Company”), enclosed, please find the please find the Company’s responses to the Division’s
First Set of Data Requests in the above-reference matter. This filing includes responses to DIV
1-1; DIV 1-2; DIV 1-3; DIV 1-5; DIV 1-7; DIV 1-8; DIV 1-9; DIV 1-11; DIV 1-12; DIV 1-13;
DIV 1-15; DIV 1-16; DIV 1-17; DIV 1-18; DIV 1-19; DIV 1-26; DIV 1-30; DIV 1-31; DIV 1-
32; DIV 1-34; DIV 1-38; DIV 1-39; and DIV 1-40.

Executable Excel files are also attached for the following attachments: Attachment DIV
1-1-1; Attachment DIV 1-1-2; Attachment DIV 1-1-3; Attachment DIV 1-1-4; Attachment DIV
1-9; Attachment DIV 1-13; Attachment DIV 1-15; Attachment DIV 1-30; and Attachment DIV
1-32.

The remaining responses will be filed on or before Tuesday, November 29, 2022.

Thank you for your attention to this filing. If you have any questions, please contact me
at 401-784-4263.

Sincerely,

FHe { r—

Andrew S. Marcaccio
Enclosures

cc: Gregory Schultz, Esq., Division
Christy Hetherington, Esq., Division
Paul Roberti, Esq., Division
John Bell, Division
Al Contente, Division
Linda Kushner, Division
Greg Booth, Division



Andrew S. Marcaccio, Counsel 280 Melrose Street &

PPL Services Corporation Providence, RI 02907 -
AMarcaccio@pplweb.com Phone 401-784-7263 Rhode Island Energy

a PPL company

November 23, 2022

VIA ELECRONIC MAIL & HAND DELIVERY

Luly E. Massaro, Commission Clerk

Rhode Island Division of Public Utilities and Carriers
89 Jefferson Boulevard

Warwick, RI 02888

RE: RIE’s Proposed FY2024 Electric Infrastructure, Safety, and Reliability Plan
R I Division 1 (Batch 2

Dear Ms. Massaro:

On behalf of The Narragansett Electric Company d/b/a Rhode Island Energy (the
“Company”), enclosed, please find the please find the Company’s responses to the Division’s
First Set of Data Requests in the above-reference matter. This filing includes responses to
DIV 1-4; DIV 1-6; DIV 1-10; DIV 1-14; DIV 1-20; DIV 1-21; DIV 1-22; DIV 1-23; DIV 1-24;
DIV 1-25; DIV 1-27; DIV 1-28; DIV 1-29; DIV 1-33; DIV 1-35; DIV 1-36; DIV 1-37 and
DIV 1-41.

The Company is also providing .CEV files in response to DIV 1-22. The Company is
transmitting these files via separate link because they are too large to transmit by e-mail. Please
be advised that in response to DIV 1-20, the Company is seeking confidential treatment of
Attachments DIV 1-20-1 through 1-20-6. These attachments will also be transmitted via
separate link.

This transmittal completes the Company’s responses to the Division’s First Set of Data
Requests in the above-referenced matter. Thank you for your attention to this filing. If you have
any questions, please contact me at 401-784-4263.

Sincerely,

FHe A p—

Andrew S. Marcaccio
Enclosures

cc: Gregory Schultz, Esq., Division
Christy Hetherington, Esq., Division
Paul Roberti, Esq., Division
Al Contente, Division
John Bell, Division (w/confidential attachments & .CEV files)
Greg Booth, Division (w/confidential attachments & .CEV files)
Linda Kushner, Division (w/confidential attachments & .CEV files)



The Narragansett Electric Company

d/b/a Rhode Island Energy

In Re: Proposed FY 2024 Electric Infrastructure, Safety and Reliability Plan
21-Month Filing: Period April 2023 — December 2024
Responses to the Division’s First Set of Data Requests

Issued on November 4, 2022

Request:

Division 1-1

Provide the following data in executable format:

a.

Response:

Chart 8, page 25
Capital Spending by Category FY 2012-CY24

Attachment 4 - Chart 5
RI Reliability Performance CY 2012 — CY 2021
Regulatory Criteria (Excluding Major Event Days)

Attachment 4-Chart 6
RI Reliability Performance CY 2012 — CY 2021
Regulatory Criteria (Including Major Event Days)

Attachment 4-Chart 8

Rhode Island Customers Interrupted by Cause
Major Event Days Excluded

By Calendar Year (2012-2021)

Please see Attachment DIV 1-1-1 (Chart 8), Attachment DIV 1-1-2 (Attachment 4 - Chart 5),
Attachment DIV 1-1-3 (Attachment 4-Chart 6) and Attachment DIV 1-1-4 (Attachment 4-Chart
8) in Excel format.

Prepared by or under the supervision of: Nicole Begnal



The Narragansett Electric Company

d/b/a Rhode Island Energy

In Re: Proposed FY 2024 Electric Infrastructure, Safety and Reliability Plan
Attachment DIV 1-1-1

Page 1 of 1

Spending Rationale FY12 FY13 FY14 FY15 FY16 FY17 FY18 FY19 FY20 FY21 FY22 NGFY23 | Cv23 cv24
o . Budget 9 Mos. 12 Mos.
Customer Request/ Publi
R:Z;:Z:eniq”es /Public 13075 | 10410 | $17138 | $17.760 | 17412 | $20233 | $19627 | 23080 | s28667 | 21900 | 34335 | s27.183 | 20683 | 28357
Damage Failure 12,993 17,515 14,374 3,044 14,531 15,614 19,184 13,999 17,028 19,491 | $20200 | s$14251 | $11651 | 15878
Grid Modernization 0 0 0 0 0 0 0 0 0 0 SO SO $34,522 48,586
Asset Condition 10,320 8,071 20,905 25,141 27,179 31274 | 41,978 32,897 32,878 | 41,816 | $35792 | $48289 | $59,962 | 56,152
Non-Infrastructure 149 2,269 (346) 1,216 457 622 363 673 145 (57) $1,100 $1,520 $1,375 1,289
System Capacity & 13,995 11,249 25,972 25,390 19,920 16,371 25,906 39,515 24,958 17,387 | $15303 | s$135508 | $24,765 | 20,455
Performance
Total Capital Spending | $50,532 | $49,514 | $78,043 | $73,051 | $79,499 | $84,114 | $107,058 | $111,072 | $103,676 | $100,627 | $106,730 | $104,750 | $152,958 | $170,717
Chart 8
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The Narragansett Electric Company

d/b/a Rhode Island Energy

In Re: Proposed FY 2024 Electric Infrastructure, Safety and Reliability Plan

Attachment DIV 1-1-2

Page 1 of 1
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The Narragansett Electric Company

d/b/a Rhode Island Energy

In Re: Proposed FY 2024 Electric Infrastructure, Safety and Reliability Plan

Attachment DIV 1-1-3

Page 1 of 1
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The Narragansett Electric Company

d/b/a Rhode Island Energy

In Re: Proposed FY 2024 Electric Infrastructure, Safety and Reliability Plan

Attachment DIV 1-1-4

Page 1 of 1

E€ET'VLY szL'oLy 688805 €78°26Y 08€'08€ v66'vLY 981T'vSt €EV'89€ 910°6V€ OE8'EEY |ejol pueso
YSEVE Tre'Te 985°sE 10Ty 816'0€ 880°C€ €0L°T€ LS9°6T 800°6T 9/T'CE umouun
ovs‘Tet z00'0vT LEV'LET 718'0CT ST0's6 9€0L8 8vT'eL LLT'0L 950°sS 6S7'00T 93l
(A4 988 6960V 90TLT 98L'€T 808'CL ¥6S'TT ¥8¢'8T 856°S 660'6T uolssiwsuel |
781°9¢ VLY'8€E Sv9’se GeT'6e 0TL'EC ¥66'€€ 112'6C 955°eE 2068V TL6TS uolssiwsued]-qns
968°T€ €TV CE 0€8°L 20861 9199 STS‘8¢ 7€6'99 888°0€ 78881 L6E'E9 uoneisqns
108'ST LT1'0C 8¥9'CT 99.'S S0S‘PT 7€80T vLEVT SvL's 0TE'€T 79€'6 Suiuayan
76€°99 T0€99 81708 76006 vvS‘8s €LT'89 €LE°C9 CET'EY LT6'SS LT60V |euonualy]
€48°'0v ¥91'6¢C 99z'ts 0zs'sy 0TSy PIS'EY 6v0'€E 8066 6TL'VS vov'Ly Jay10/1uswa|3 uewny
108°L 990'ST 6ETT or'TT S66°CT 68Y°S 619°9T 6ST'ET I8Y'ET €V0'L ‘0D /auswia|3 uewny
966'CL €09°sS IT'eL 98€'s9 91€'sS 996°LY SLS'LL 092'6L TET'6E TOE'LY uawdinb3 pajelolaiaq
¥£8'8C Sov'se LLTYT ¥99'T¢ ove'sT TYS'e€e 1€8°6¢ LyT'Te vZe0T 716'6 [ewiuy
[Axal €L6LT L0S°8 96'TT STT'8 876°0T LL9°8 0zz's 8TEY 8LLY JUSWUOJIAUT 3SJ9APY
TZAD 0CAD 6TAD 8TAD LTAD 9TAD STAD VIAD €TAD CTAD asne)

papn|ox3 sAeq jJuaag Jolep




The Narragansett Electric Company

d/b/a Rhode Island Energy

In Re: Proposed FY 2024 Electric Infrastructure, Safety and Reliability Plan
21-Month Filing: Period April 2023 — December 2024

Responses to the Division’s First Set of Data Requests

Issued on November 4, 2022

Division 1-2

Request:

Is RIE requesting Division concurrence on a 9-month or 21-month plan?

Response:

For its Fiscal Year (“FY”) 2024 Electric Infrastructure, Safety, and Reliability (“ISR”) Plan,
Rhode Island Energy is requesting the Rhode Island Division of Public Utilities and Carriers’
(“Division”) concurrence on a 21-month capital investment and other spending plan for the
period April 1, 2023, through December 31, 2024. As a result of the acquisition of the Company
by PPL Rhode Island Holdings, LLC from National Grid USA, which closed on May 25, 2022,
the Company’s fiscal year changed from the twelve-month period ending March 31 to the
twelve-month period ending December 31. As a one-time transition from its prior fiscal year
under National Grid USA ownership to its current fiscal year under PPL Rhode Island Holdings,
LLC ownership, the Company is seeking the Division’s concurrence on a spending plan that
covers the remaining nine-month period of calendar year 2023, which are not included in the
Company’s approved FY 2023 Electric ISR Plan, and the twelve-month period of calendar year
2024.

Prepared by or under the supervision of: Nicole Begnal



The Narragansett Electric Company

d/b/a Rhode Island Energy

In Re: Proposed FY 2024 Electric Infrastructure, Safety and Reliability Plan
21-Month Filing: Period April 2023 — December 2024

Responses to the Division’s First Set of Data Requests

Issued on November 4, 2022

Division 1-3

Request:

When will RIE file its subsequent ISR Plan, and what will be the proposed term of the plan?

Response:

Rhode Island Energy will submit the proposed Fiscal Year 2025 Electric ISR Plan to the
Division of Public Utilities and Carriers between April 1, 2024, and May 1, 2024. The Company
would file with the Public Utilities Commission on or around July 1, 2024, with anticipated
approval on or around October 1, 2024. The term of the plan would be the twelve-month period
from January 1, 2025, through December 31, 2025.

The Company is open to considering alternatives regarding the timing for its subsequent Electric
ISR Plan filing.

Prepared by or under the supervision of: Nicole Begnal



The Narragansett Electric Company

d/b/a Rhode Island Energy

In Re: Proposed FY 2024 Electric Infrastructure, Safety and Reliability Plan
21-Month Filing: Period April 2023 — December 2024

Responses to the Division’s First Set of Data Requests

Issued on November 4, 2022

Division 1-4

Request:

How are grid modernization investments, which are 25% of total FY 2024 ISR Plan spend,
determined and incorporated in the Work Plan Process (Chart 2, page 8)?

Response:

To determine the grid modernization investments, the Company, in accordance with
requirements of the Amended Settlement Agreement approved by the Public Utilities
Commission (“PUC”) in Docket No. 4770, is engaging with stakeholders through the Power
Sector Transformation Advisory Group, to develop a comprehensive Grid Modernization Plan
(“GMP”). The Company is conducting a statewide assessment in conjunction with the
development of its GMP, which the Company will be filing with the PUC in the near term. The
Company will supplement this and related responses as additional information that may impact
the proposed Electric ISR spend becomes available through the development of the GMP. That
assessment aligns with the inputs, process, and outputs described in the Work Plan Process
(Chart 2, page 8). In determining the grid modernization investments to include in the Fiscal
Year 2024 Electric ISR Plan spend, the Company used similar methods for forecasting, capacity
reviews, and study details, but in many cases expanded analysis techniques to assess the different
dynamic nature of future technology of both load and solutions. Like Area Studies, the GMP
will identify system issues, complete an alternative assessment, and outline details of required
technologies and investments. The GMP also will present a capital plan, but in a different
manner from traditional planning efforts. The similarities and differences are further detailed as
follows.

Similarities:

e Forecasts - The GMP starts with the same load forecast used by all other planning
efforts.

e Capacity Reviews - The GMP uses the same annual capacity reviews that are used
to inform other planning efforts.

e Study Process - All 11 Rhode Island areas were studied for the GMP.

e Alternatives - Because the purpose of the GMP is to evaluate whether grid
modernization technologies should be pursued, two alternatives were considered:
(1) solutions with grid modernization technologies and (2) solutions without grid
modernization technologies.

Prepared by or under the supervision of: Ryan Constable



The Narragansett Electric Company

d/b/a Rhode Island Energy

In Re: Proposed FY 2024 Electric Infrastructure, Safety and Reliability Plan
21-Month Filing: Period April 2023 — December 2024

Responses to the Division’s First Set of Data Requests

Issued on November 4, 2022

Division 1-4, page 2

Differences:

e Forecasts - The GMP forecast projects beyond the typical 15 years to 2050 to
sufficiently analyze system issues that may arise in meeting Rhode Island’s Act
on Climate requirements.

e Study Process - The GMP analysis method is substantially more complex than
typical planning efforts as contemplated by the Capital Work Plan Process (Chart
2, page 8).

e (Capital Work Plan — Although the GMP evaluates infrastructure investments
under the “with and without grid modernization” options, these infrastructure
investments were not compiled into a work plan. This is in recognition of the size
and location variations that can occur with actual customer adoption of heating
and transportation electrification and distributed generation on the path to
achieving the Act on Climate mandates. Rhode Island Energy will be aligning
such infrastructure investments with actual customer adoption in future
interconnection studies and future area studies. The infrastructure evaluated with
the GMP is used to determine an avoided cost benefit of the foundational grid
modernization investments.

e The capital plan developed, as aligned with the intent of the GMP, includes the
foundational grid modernization investments and field devices to maximize
benefits.

To summarize, the grid modernization investments are based on standard planning needs
assessment and are aligned with the Work Plan Process (Chart 2, page 8). Rhode Island Energy
plans to file the GMP with the PUC in December 2022 demonstrating the urgency of proceeding
now with grid modernization investments that are needed to address existing and future system
issues and present the least cost and most benefits versus continuing on a non-grid modernization
path.

Prepared by or under the supervision of: Ryan Constable



The Narragansett Electric Company

d/b/a Rhode Island Energy

In Re: Proposed FY 2024 Electric Infrastructure, Safety and Reliability Plan
21-Month Filing: Period April 2023 — December 2024

Responses to the Division’s First Set of Data Requests

Issued on November 4, 2022

Division 1-5
Request:

The Division has been recommending a 10 year I&M cycle. What evaluation and analysis has
the Company given to the longer cycle and did RIE review the National Grid assessments?

Response:

The Company does not have specific analysis showing that 10 years or longer is a

more appropriate cycle time. The Company does, however, believe that the revised distribution
I&M inspection program is much more targeted and efficient than it was in the past. The
Company has decreased its budgeted spend by choosing to field repair only what is categorized
as high priority. This allows the Company to continue to monitor the condition of the assets
while keeping the repairs targeted.

Prepared by or under the supervision of: Ryan Constable
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The Narragansett Electric Company

d/b/a Rhode Island Energy

In Re: Proposed FY 2024 Electric Infrastructure, Safety and Reliability Plan
21-Month Filing: Period April 2023 — December 2024

Responses to the Division’s First Set of Data Requests

Issued on November 4, 2022

Division 1-6

Request:

Does RIE agree with past Division recommendations regarding previous ISR Plan reviews, and
if not, explain the reasoning?

Response:

The Company has reviewed the past five years of Division recommendations regarding previous
Electric ISR Plan reviews. Please see table below for the Company’s comments regarding
previous reviews and proposed revisions to the Division’s recommendations going forward.

Prepared by or under the supervision of: Nicole Begnal and Kathy Castro
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The Narragansett Electric Company

d/b/a Rhode Island Energy

In Re: Proposed FY 2024 Electric Infrastructure, Safety and Reliability Plan
21-Month Filing: Period April 2023 — December 2024

Responses to the Division’s First Set of Data Requests

Issued on November 4, 2022

Division 1-7

Request:

Explain in detail how the 2023/2024 21-month ISR Plan fits the Long Range Plan (“LRP”’) and
specifically the Company’s previous LRP meeting explanation of substation elimination and
deferrals by Mr. Constable.

Response:

The Company’s Long-Range Plan (“LRP”) is presented in two five-year steps ranging from
calendar year 2023 to calendar year 2032. Step 1 of the plan, which spans between calendar
years 2023 to 2027, is inclusive of discretionary and non-discretionary spend within all spending
rationale categories: System Capacity and Performance, Asset Condition, Non-Infrastructure,
Damage Failure, Customer Request and Public Requirement, and Grid Modernization. Step 2 of
the plan spans between calendar years 2028 to 2032. At this time, the Company has only
included spend originating from the completed Area Studies and the fundamental investments
included in the Grid Modernization Plan. These investments fall within the System Capacity and
Performance, Asset Condition, and Grid Modernization spending rationale categories. Other
non-discretionary and discretionary categories were not included in Step 2 of the LRP because of
the unreliable nature of forecasting spend on projects that are unknown and further out in time.

The proposed Fiscal Year 2024 ISR Plan includes spend from the first 21 months of Step 1 of the
LRP. This includes nine months of calendar year 2023 and twelve months of calendar year 2024
(i.e., April 1, 2023 through December 31, 2024). Also, although the Company is not requesting
concurrence with calendar years 2025 to 2027, the capital forecasts are provided in the five-year
budget overview.

The recent completion of Area Studies has introduced new System Capacity and Performance

and Asset Condition projects to the 21-month ISR Plan. The Providence, East Bay, and Central
RI East multi-year projects have been in previous ISR Plans and are included in the current ISR
Plan. The following is a list of projects from the LRP that the Company added to the ISR Plan:

Apponaug Long Term Plan (Station Rebuild)

Centredale Conversion

Phillipsdale Rebuild (continuation of East Bay area work)

Bristol Substation New Feeder (continuation of East Bay area work)

Tiverton Substation Asset Condition and New Feeder Projects

Central RI West Asset Condition and System Capacity & Performance Projects
Nasonville Substation Expansion

Staples Reliability Improvements

Prepared by or under the supervision of: Ryan Constable
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The Narragansett Electric Company

d/b/a Rhode Island Energy

In Re: Proposed FY 2024 Electric Infrastructure, Safety and Reliability Plan
21-Month Filing: Period April 2023 — December 2024

Responses to the Division’s First Set of Data Requests

Issued on November 4, 2022

Weaver Hill New Substation

Newport Area Loading, Contingency, and Asset Condition Projects
Northwest RI Loading, Voltage, and Asset Condition Projects
South County West Loading, Voltage, and Contingency Projects
Blackstone Valley South Asset Condition Projects (Conversions)
West Greenville Asset Condition Projects

e Auburn Substation Rebuild (continuation of Providence area work)

Mr. Constable explained in a meeting in early 2022 that the Company based project execution
schedules on several factors, including need identified within the study, required sequencing of
work, resource needs, and availability of funds. At the time of the meeting, prior to the
acquisition of the Company by PPL Rhode Island Holdings, LLC, there were several factors,
including resource and cash constraints that required the deferral of projects. Rhode Island
Energy has a renewed focus and commitment to address the system issues represented by the
projects listed above and, after consideration of the contributing factors described above, it has
not identified the need to delay work.

Also at that meeting, Mr. Constable explained that the scope of certain projects might be
eliminated or adjusted through the grid modernization analysis. For example, the Merton Station
Rebuild included as part of the Newport Asset Condition projects may be converted to 13.8 kV
instead of rebuilt at 4 kV. Any adjustments will be described within the Grid Modernization
Plan that the Company expects to file with the Public Utilities Commission in late December
2022. Projects originating from Area Studies will reference the Grid Modernization Plan to
ensure the Company is advancing the most comprehensive solution.

Prepared by or under the supervision of: Ryan Constable

41



The Narragansett Electric Company

d/b/a Rhode Island Energy

In Re: Proposed FY 2024 Electric Infrastructure, Safety and Reliability Plan
21-Month Filing: Period April 2023 — December 2024

Responses to the Division’s First Set of Data Requests

Issued on November 4, 2022

Division 1-8

Request:

Provide the Company’s IEEE quartile results for SAIDI, SAIFI and CAIDI from 2012-2021.
Provide for regional utilities (describing the region) and nationally if available.

Response:

IEEE yearly benchmarking quartiles (based on all participating utilities across United States) for
SAIFI, SAIDI and CAIDI are summarized in the following table. In the recent years, Rhode
Island Energy SAIFI has consistently ranked in the 2™ quartile and while 2021 shows 1% quartile
the Company is at the absolute bottom. The Company considers its current average performance
as 2" quartile. Reliability investments, such as the main line recloser program, grid
modernization and the CEMI 4 are being proposed in response to this consistent decline in SAIFI
performance with the goal of ranking in the top of companies in the 1% quartile.

CY2012 | CY2013 | CY2014 | CY2015 | CY2016 | CY2017 | CY2018 | CY2019 | CY2020 | CY2021
SAIF.I 1st 1st 1st 2nd 2nd 1st 2nd 2nd 2nd 1st
Quartile
SAID.I 1st 1st 1st 1st 1st 1st 1st 1st 1st 1st
Quartile
CAID.I 1st 1st 1st 1st 1st 1st 1st 1st 1st 1st
Quartile

Prepared by or under the supervision of: Ryan Constable
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The Narragansett Electric Company

d/b/a Rhode Island Energy

In Re: Proposed FY 2024 Electric Infrastructure, Safety and Reliability Plan
21-Month Filing: Period April 2023 — December 2024

Responses to the Division’s First Set of Data Requests

Issued on November 4, 2022

Division 1-9

Request:

Regarding Attachment 4-Chart 3, provide in executable format RIE’s CEMI Performance vs EEI
Survey for years 2012-2021.

Response:

RIE’s CEMI performance vs EEI survey is attached in executable format as an Excel file
referenced as Attachment DIV 1-9.

Prepared by or under the supervision of: Ryan Constable
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The Narragansett Electric Company

d/b/a Rhode Island Energy

In Re: Proposed FY 2024 Electric Infrastructure, Safety and Reliability Plan

Attachment DIV 1-9

Page 1 of 3
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The Narragansett Electric Company
d/b/a Rhode Island Energy

In Re: Proposed FY 2024 Electric Infrastructure, Safety and Reliability Plan

EEI 2012 Survey With Major storm

1st 2nd 3rd 4th
CEMI3+ <=9.00 10.00-12.60 12.93-18.00 >=19.00
CEMI4+ <=3.90 4.00-5.94 6.00-9.00 >=10.00
CEMI5+ <=1.52 1.60-2.70 2.80-4.38 >=5.00
CEMI6+ <=0.60 0.61-1.10 1.20-2.00 >=2.36
EEI 2013 Survey With Major storm
1st 2nd 3rd 4th
CEMI3+ <10.20 10.20-13.67 14.22-19.10 >=20.43
CEMI4+ <3.91 3.91-6.41 6.84-9.70 >=9.72
CEMI5+ <1.80 1.80-2.92 3.07-5.00 >=5.40
CEMI6+ <0.76 0.76-1.35 1.49-3.19 >=3.20
EEI 2014 Survey With Major storm
1st 2nd 3rd 4th
CEMI3+ <11.00 11.00-13.66 13.73-21.05 >=21.10
CEMI4+ <4.68 4.68-6.20 6.70-11.00 >=11.40
CEMI5+ <2.03 2.03-3.10 3.11-5.70 >=5.90
CEMI6+ <1.00 1.00-1.50 1.56-3.00 >=3.52
EEI 2015 Survey With Major storm
1st 2nd 3rd 4th
CEMI3+ <9.90 9.90-14.10 14.20-24.50 >=24.70
CEMI4+ <4.29 4.29-5.90 6.10-12.91 >=13.20
CEMI5+ <1.9 1.90-2.70 2.80-7.00 >=7.30
CEMI6+ <0.78 0.78-1.20 1.22-4.00 >=4.29
EEI 2016 Survey With Major storm
1st 2nd 3rd 4th
CEMI3+ <11.10 11.10-14.23 14.232 - 20.00 >20
CEMI4+ <5.06 5.06-7.01 7.07-10.00 >10
CEMI5+ <2.07 2.07-3.02 3.05-4.89 >4.89
CEMI6+ <1.00 1.00-1.21 1.29-2.36 >2.36
EEI 2017 Survey With Major storm
1st 2nd 3rd 4th
CEMI3+ <9.00 9.00-16.00 16.10-24.78 >24.78
CEMI4+ <3.78 3.78-8.00 8.05-13.01 >13.01
CEMI5+ <1.61 1.61- 4.00 4.15-7.95 >7.95

Attachment DIV 1-9
Page 2 of 3
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The Narragansett Electric Company

d/b/a Rhode Island Energy

In Re: Proposed FY 2024 Electric Infrastructure, Safety and Reliability Plan
Attachment DIV 1-9

|cEMIE+ <072 | o072-180 | 181493 | >493 | Page 3 of 3
EEI 2018 Survey With Major storm
1st 2nd 3rd 4th
CEMI3+ <11.14 11.14-16.33 16.40-25.30 >25.30
CEMI4+ <4.98 4.98-8.00 8.46-14.18 >14.18
CEMI5+ <2.01 2.01-4.08 4.10-8.12 >8.12
CEMI6+ <0.86 0.86-2.09 2.20-5.00 >5.00
EEI 2019 Survey With Major storm
1st 2nd 3rd 4th
CEMI3+ <13.06 13.06-18.95 19.04-27.47 >27.47
CEMI4+ <6.20 6.20-8.83 8.85- 14.08 >14.08
CEMI5+ <2.91 2.91-4.36 4.51-8.10 >8.10
CEMI6+ <1.39 1.39-2.33 2.36-4.64 >4.64
EEI 2020 Survey With Major storm
1st 2nd 3rd 4th
CEMI3+ <10.91 10.91- 15.98 16.06 - 22.77 >22.77
CEMI4+ <4.67 4.67-7.76 7.92 - 13.05 >13.05
CEMI5+ <1.91 1.91 -4.10 4.10 - 7.38 >7.38
CEMI6+ <0.89 0.89- 2.065 2.15-4.20 >4.20
EEIl 2021 Survey With Major storm
1st 2nd 3rd 4th
CEMI3+ <11.74 11.74- 18.04 18.04 - 24.89 >24.89
CEMI4+ <5.51 5.51-9.12 9.12 - 13.27 >13.27
CEMI5+ <2.39 2.39 -4.83 4.83-7.6 >7.6
CEMI6+ <1.09 1.09-2.38 2.38 -4.33 >4.33
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The Narragansett Electric Company

d/b/a Rhode Island Energy

In Re: Proposed FY 2024 Electric Infrastructure, Safety and Reliability Plan
21-Month Filing: Period April 2023 — December 2024

Responses to the Division’s First Set of Data Requests

Issued on November 4, 2022

Division 1-10

Request:

The Company has discussed that there is an effort to improve reliability given actual reliability
metric results and trending in Rhode Island. Explain and support this effort in light of the
Company’s ability to meet or exceed regulatory reliability targets (Attachment 4-Chart 4).
Provide a comparison of forecasted and proposed spend in the FY 2024 ISR Plan spend, by
category, against the Company’s previously forecasted spend for the same time periods as filed
in Docket 5209 (specifically, compare file ISR FY2024-Attachment 3 (Final to the Division 10-
21-22) to file FY2023 RI Elec 5 Yr. Budget-Att 3 (PUC 12-20-21)). Highlight each category and
corresponding amount of spend proposed in the FY 2024 ISR Plan that is intended to support
RIE’s efforts to improve reliability that were not included in the previous ISR Plan. Include
GMP investments considered necessary to support this effort, if applicable, and identify those
investments and associated costs.

Response:

Rhode Island Energy acknowledges that reliability performance meets targets as shown in
Attachment 4-Chart 4; however, there is an upward trend in both SAIDI and SAIFI performance
as highlighted by Attachment 4-Charts 1 and 2. Based on IEEE SAIFI benchmarking results, the
Company consistently ranked in the second quartile, and, although 2021 shows first quartile
performance, the Company is at the bottom. The Company considers its current average
performance as second quartile. Based on latest J.D. Power results, overall Customer
Satisfaction, which has a direct correlation to reliability, has plunged to fourth quartile. All
measures indicate the declining reliability performance of the system and the need for course
correction.

Attachment DIV 1-10 shows a comparison between ISR FY2024-Attachment 3 (Final to the
Division 10-21-22) to file FY2023 RI Elec 5 Yr. Budget-Att 3 (PUC 12-20-21). For simplicity,
Fiscal Year (“FY”) 2024 values of the FY 2023 plan are compared to Calendar Year (“CY”)
2024 values of the FY 2024 plan. The following items, included in the System Capacity and
Performance section of the plan, are highlighted to support Rhode Island Energy’s efforts to
improve reliability that were not included in the previous ISR Plan:

e Mainline Recloser Enhancements
e Staples substation Reliability Improvements
e Tiverton Substation

Grid modernization investments are integral to each other and need to be advanced in a

coordinated manner to maximize benefits for all customers. The following investments, which

Prepared by or under the supervision of: Ryan Constable
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The Narragansett Electric Company
d/b/a Rhode Island Energy
In Re: Proposed FY 2024 Electric Infrastructure, Safety and Reliability Plan
21-Month Filing: Period April 2023 — December 2024
Responses to the Division’s First Set of Data Requests
Issued on November 4, 2022

Division 1-10, page 2

are included in the Grid Modernization section of the plan, are intended to support multiple
efforts inclusive of reliability:

ADMS/DERMS Advanced

Advanced Reclosers in the Grid Modernization section
Electromechanical Relay Replacement Program

Fiber Network

IT Infrastructure

Mobile Dispatch

In addition to the investments listed above, the Company is planning to progress a CEMI-4
program to address areas of poor performance. System and Circuit Average Interruption
Frequency Indices measure the experience of the average customer; however, using them
exclusively can drive planning and investment decisions to parts of the system that have the
highest customer densities. This leads to uneven reliability performance across the distribution
circuits and unhappy customers. Currently, approximately 12% (60,000) of Rhode Island
Energy customers experience four or more interruptions in a rolling twelve-month period,
putting Rhode Island Energy in the third quartile of performance. The CEMI Program will
identify and fix reliability issues for customers experiencing significantly poorer service than
ystem or circuit averages with a goal of first quartile performance within five to ten years. The
following is the five-year capital budget that will be proposed in the Company’s final FY 2024
ISR Plan filing:

CEMI4 | Cost Type R CY 2024 CY 2025 CY 2026 CY 2027
Program (9 Months)
Cash CAPEX $820 $1,640 $1,640 $1,640 $1,640
Flows OPEX $30 $60 $60 $60 $60
($000s) | Removal $35 $65 $65 $65 $65

Prepared by or under the supervision of: Ryan Constable
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The Narragansett Electric Company

d/b/a Rhode Island Energy

In Re: Proposed FY 2024 Electric Infrastructure, Safety and Reliability Plan

Attachment DIV 1-10

Page 1 of 3
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The Narragansett Electric Company

d/b/a Rhode Island Energy

In Re: Proposed FY 2024 Electric Infrastructure, Safety and Reliability Plan

Attachment DIV 1-10

Page 2 of 3
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The Narragansett Electric Company

d/b/a Rhode Island Energy

In Re: Proposed FY 2024 Electric Infrastructure, Safety and Reliability Plan

Attachment DIV 1-10

Page 3 of 3
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The Narragansett Electric Company
d/b/a Rhode Island Energy
In Re: Proposed FY 2024 Electric Infrastructure, Safety and Reliability Plan
21-Month Filing: Period April 2023 — December 2024
Responses to the Division’s First Set of Data Requests
Issued on November 4, 2022

Request:

Division 1-11

Please expand Attachment 4-Chart 8 (page 25) to include the number of minutes that customers
were interrupted for each interruption cause for CY2017-CY21.

Response:

Referring To Attachment 4 — Chart 8,! the following table summarizes customer minutes of
interruptions by cause from CY2017 to CY2021:

Cause CcY17 CY18 CcY19 CY20 CY21
Adverse Environment 341,769 879,895 307,937 704,283 456,912
Animal 1,093,111 1,125,352 830,296 1,487,469 1,777,528
Deteriorated Egmt 4,654,948 5,266,850 5,023,359 5,239,394 6,001,946
EILérrnnaer;t/Company 741,172 804,697 429,240 1,688,155 812,365
Human Element/Other 3,718,950 4,026,043 3,251,025 2,189,150 3,036,064
Intentional 2,501,563 2,805,085 3,975,123 3,010,202 2,975,715
Lightning 1,537,330 550,580 1,450,612 1,224,556 1,607,363
Sub-Transmission 1,672,628 2,075,016 753,213 2,571,916 1,251,987
Substation 617,255 463,435 293,839 1,597,252 1,055,057
Transmission 600,634 209,408 1,323,993 297,496 750,175
Tree 9,403,813 11,476,841 13,478,697 12,533,121 11,860,769
Unknown 3,095,630 2,889,374 2,773,492 1,884,039 2,804,336
Grand Total 29,978,803 32,572,576 33,890,826 34,427,033 34,390,217

I Please note Attachment 4 — Chart 8 is found on Bates 71.

Prepared by or under the supervision of: Ryan Constable
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The Narragansett Electric Company

d/b/a Rhode Island Energy

In Re: Proposed FY 2024 Electric Infrastructure, Safety and Reliability Plan
21-Month Filing: Period April 2023 — December 2024

Responses to the Division’s First Set of Data Requests

Issued on November 4, 2022

Division 1-12

Request:

Provide all data, reports, surveys or assessments that indicate Rhode Island utility customer
satisfaction with electric utility reliability, including results of J.D. Power Electric Utility Business
Customer Satisfaction Study.

Response:

J.D. Power 2022 3" quarter results for Rhode Island Energy indicate residential customers
overall satisfaction trended lower for the third consecutive quarter. The 667 (out of 1000) score
is lower than the mean of 709 and ranks in the 4™ quartile when compared to other midsize
eastern utilities.

J.D. Power Quality and Reliability score was 717 (out of 1000), lower than the mean score of
757 and ranked in the 4™ quartile. Below is the summary from the report.

Overall Satisfaction Trend
W East Midsize W Rhode Island Energy (formerly National Grid)
Overall Satisfaction

731

Delmarva Power 755

Green Mountain Power 734
693

Penn Power 27
Adlantic City Electric 725 667
[}
Potomac Edison 720 2022 2022 202
o Q2 a3

Rochester Gas & Electric 717

Factor Breakdown

M East Midsize [l Rhode Island Energy (formerly National Grid)

Mon Power 705
United llluminating 695
774
748 757
Orange & Rockland 685 700 nr
667 676
632 oc2
Rhode Island Energy (formerty National Grid) 667 812
Central Hudson Gas & Electric 660 I I I
Versant Power 605

Overall Billing & Price Power Quality & Corporate Communicationd, Customer Ca
Satisfaction Payment Reliability Citizenship

Prepared by or under the supervision of: Ryan Constable
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The Narragansett Electric Company
d/b/a Rhode Island Energy
In Re: Proposed FY 2024 Electric Infrastructure, Safety and Reliability Plan
21-Month Filing: Period April 2023 — December 2024
Responses to the Division’s First Set of Data Requests
Issued on November 22, 2022

Request:

Division 1-13

Provide an updated 3VO0 chart in executable format, specifically identifying projects in the FY
2024 ISR Plan (see FY 2023 Attachment DIV 1-14).

Response:

An updated 3VO chart is included below along with an excel file as Attachment DIV 1-13.

. . CY2023 Forecast (9M) | C€Y2024 Forecast(12 M) 3vo
Substation Project Estimate 04/01/23 - 12/31/23 01/01/24-12/31/24 | Targeted csc‘,',::,:tt‘,f,',
Completion
Capex Opex Capex Opex Capex Opex Date Date
Projected
Peacedale $427,500 | $22,500 $14,600 $0 $0 $0 03/31/22 | (3 i007s
Clark St $540,000 | $60,000 | $405,000 | $45,000 | $135,000 | $15,000 | 03/31/24 TBD
Natick $540,000 | $60,000 | $405,000 | $45,000 | $135,000 | $15,000 | 03/31/24 TBD
FY 2025 3V0 D-SUB $0 $0 $0 $0 $675,000 | $75,000 TBD TBD
TOTAL FORECAST FY23-FY24 $824,600 | $90,000 | $945,000 | $105,000

Prepared by or under the supervision of: Ryan Constable
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The Narragansett Electric Company

d/b/a Rhode Island Energy

In Re: Proposed FY 2024 Electric Infrastructure, Safety and Reliability Plan
21-Month Filing: Period April 2023 — December 2024

Responses to the Division’s First Set of Data Requests

Issued on November 4, 2022

Division 1-14

Request:

What RIE or PPL departments are responsible for performing load forecasts and capacity
reviews? Has RIE incorporated any load forecasting changes under PPL ownership? Explain
and provide a copy of the latest detailed load forecast.

Response:

The load forecasts are being developed as a collaborative effort between the PPL Load Analytics
& ISO Settlement group and the National Grid Load Forecasting group. There have been no
changes to the load forecasting process under PPL ownership. The latest detailed forecast is the
NARRAGANSETT ELECTRIC COMPANY 2022 Electric Peak (MW) Forecast, dated
November 2021 and is included as Attachment DIV 1-14. This forecast is also available through
the RI Data Portal (https://ngrid.apps.nationalgrid.com/NGSysDataPortal/RI/index.html).
Capacity reviews are completed by Rhode Island Energy’s Distribution Planning & Asset
Management group. There are no changes to this process.

Prepared by or under the supervision of: Ryan Constable
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In Re: Proposed FY 2024 Electric Infrastructure, Safety and Reliability Plan
Attachment DIV 1-14

Page 1 of 70

NARRAGANSETT ELECTRIC COMPANY
2022 Electric Peak (MW) Forecast
15-Year Long-Term

2022 t0 2036

November 2021

Original, Nov/12/2021

Economics and Load Forecasting
Advanced Data & Analytics

nationalgrid
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d/b/a Rhode Island Energy

In Re: Proposed FY 2024 Electric Infrastructure, Safety and Reliability Plan
Attachment DIV 1-14

Page 2 of 70

REVISION HISTORY & GENERAL NOTES

Revision History

Version Date Changes
Original 11/12/2020 - ORIGINAL
General Notes:

- Hourly load data through August 2021; projections from 2021 winter forward.

- Economic data is from Moody’s vintage August 2021.

- Energy Efficiency, electric heating, solar, energy storage and demand response is internal data
vintage August 2021.

- Electric Vehicle data is POLK data vintage May 2021. Medium- and heavy- duty electric vehicles
and E-buses have been added this year.

- Peak MW and Energy GWH source is ISO-NE/MDS meter-reconciled data (Jan. 2003 to Jun.
2021), internal unreconciled preliminary data (Jul. 2021 to Aug. 2021).

- Peak load data is metered zonal load; but without ISO bulk system losses.

Report Contact(s):
Jingrui (Rain) Xie
jingrui.xie2 @nationalgrid.com

Joseph F. Gredder
joseph.eredder(@nationalgrid.com
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The Narragansett Electric Company

d/b/a Rhode Island Energy

In Re: Proposed FY 2024 Electric Infrastructure, Safety and Reliability Plan
Attachment DIV 1-14

Page 4 of 70

Summary

National Grid’s US electric system is comprised of four companies serving 3.5 million customers in
Rhode Island, Massachusetts, and upstate New York. The four electric companies are: Narragansett
Electric Company, serving 0.5 million customers Rhode Island!, Massachusetts Electric Company and
Nantucket Electric Company, serving 1.3 million customers in Massachusetts and Niagara Mohawk
Power Company serving 1.7 million customers in upstate New York. Figure 12 shows the Company’s
service territory in the U.S.

Figure 1: National Grid U.S. Service Territory

Forecastingpeak electric load is necessary for the Company’s capital planning process so the Company
can assess the reliability of its electrical infrastructure, procure and build required facilities in a timely
manner, and provide system planning with information to prioritize and focus their efforts.

The Company’s3 peak demandin 2021 was 1,8 18 MW on Wednesday, June30 athour-ending 16. This
2021 peak was 8% below the company’s all-time high of 1,985 MW reached on Wednesday, August
2,2006.

This summer’s weather forthe Company peak was considered warmer than ‘normal’ (oraverage). The
peak weather fell in the 83 percentile of peak weather over the last 20 years. This means that only 17%

! National Grid is in the process of sellingits RhodeIsland service territory to Pennsylvania Power and Light Company.
This transactionis targeted for completionin February 2022.

% National Grid also serves gas customers in these same states which are also shown on this map.

3 Company refers to Narragansett Electric Company for the remainder ofthis report.
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of summer peaks are expected to be warmer*. This year’s peak is considered 89 MW above the peak
the company would have experienced under normal weather. Thus, on an adjusted “normal” basis this
year’s peak was estimated to be 1,729 MW, a decrease of 1.6% compared to last year’s adjusted peak.

NECO expects slightly growting peak load in the next five years, and bigger growth is expected in late
years of the forecast horizon driven by growing demand and load adding from increasing penetration
of transporation electrification. Summer peak remains to be the annual peak for the Company through
out the forecast horizon. Figure 2 shows this forecast graphically.

SUMMER Peaks (actuals and 50/50, 90/10 &95/5)
after DER Impacts
2,500
2,000 -
1,500
=
=
1,000
—— Normal 50-50
—&— Extreme 90-10
500 — — Extreme 955
— A ctuals
- --- normal_50_50_HE18
U I I T T T T T TS NS POt N S B S (NN, S SR S BN PR S S R
ST ST ST ST T T TTT T EFE S

Figure 2: Historical (actual & weather-adjusted) and Projected Summer Peaks

This forecast incorporates the impacts of a changing hour of the peak over time. In general, due to
increased solar photovoltaics (PV) and electric vehicles (EV) the hour of the peak moves from its
current afternoon/early evening time to later in the evenining time. As this occurs, the impact of PV is
less pronounced on the new peak hour. For comparison, the dasheds line in Figure 2 shows how the
load at the 5-6 PM hour or hour-ending 18, where PV has more impact continues to decline over the
planning horizon.

* For planning purposes, network strategy uses a 90/10 for transmission planninganda 95/5 for distribution planning for
weather extremes.
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Forecast Methodology

The overall approach to the peak forecastis to relate (or regress) peak MWs to aggregate system energy
and economic indicators (if appropriate).

The model is developed based on a “reconstructed” model of past load. That is, claimed energy
efficiency, installed solar PV and demand response impacts are added back to the historical data set
before the models are run. Electric vehicle impacts are removed from the historical data set. Electric
heat pumps both add or remove load depending on the season (removed in winter and added in the
summer). The statistical forecast is made based on the “reconstructed” data set. Then, the future
cumulative estimates of savings or additions for these DERs are taken out or added to the statistical
forecast to arrive at the final forecast. Hourly profiles for the DERs are applied to the hourly profiles
for the loads to determine the annual peaks.

The results of this forecast are used as input into various system planning studies. The forecast is
presented for three weather scenarios. The transmission planning group uses the extreme 90/10 weather
scenario for its planning purposes. Up until year 2019, distribution planning used the 95/5. The 50/50,
or weather-normal scenario is used for capacity market, strategic scenarios, incentive mechanisms and
other relevant work.
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Weather Assumptions

Weather data is collected from the relevant weather stations located within the Company’s New

England service territory and used to weather-adjust peak demands. The Providence weather station
is used for Rhode Island.

The weather variables used in the model include heating degree days for the winter months and a
temperature-humidity index (THI)® for the summer months. Other variables such as maximum or
minimum temperature on the peak day are also evaluated. These weather variables are from the actual
days that each peak occurred in each season over the historical period. Summer THI uses a weighted
three-day index (WTHI)® to capture the effects of prolonged heat waves that drive summer peaks.
Weather adjusted peaks are derived for a normal (50/50) weather scenario and extreme weather
scenarios (90/10 and 95/5)’.

e Normal 50/50 weather is the average weather on the past 20 annual peak days.

e Extreme 90/10 weatheris such thatit is expected that 90% of the time itshould notbe exceeded.
It is similarly inferred thatitshould occurno more than one time in a ten-year period on average.

e Extreme 95/5 weather is such that it is expected that 95% of the time it should not be exceeded.
It is similarly inferred that it should occur no more than one time in a twenty -year period on
average.

These normal and extremes are used to derive the weather-adjusted historical and forecasted values for
each of the normal and extreme cases.

Figure 3 shows the historical, weather-normal, and weather-extreme values for WTHI for the
Company.

> THI is calculatedas (0.55 * dry bulb temperature) + (0.20 dew point)+17.5. Maximum values foreachof the24 h ours
in a day are calculated and the maximum valueis used in the WTHI formula.

¢ WTHI is weighted 70% day of peak, 20% one day priorand 10% two days prior.

" Normal distribution is assumed to derive the extreme weather scenarios. This probabilistic approach employs Z-scores
and standard deviations to calculate the extreme weather scenarios.
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Figure 3: Actual, weather-normal and extreme WTHI

63



The Narragansett Electric Company

d/b/a Rhode Island Energy

In Re: Proposed FY 2024 Electric Infrastructure, Safety and Reliability Plan
Attachment DIV 1-14

Page 9 of 70

Distributed Energy Resources (DERSs)

In Rhode Island, there are anumber of policies, programs, and technologies that impact customer loads.
These include, but are not limited to energy efficiency (EE), solar photovoltaics (PV), electric vehicles
(EV), demand response (DR), electric storage (ES), and electric heat pumps (EH). These collectively
are termed distributed energy resources (DERs) because they impact the loads at the customer level, as
opposed to traditional, centralized power supplies.

A base case forecast is developed for each ofthe DERs and is part of the official forecast. For each of
the DERs, a higher case and a lower case are developed, if appropriate. The inclusion of multiple cases
for each DER, as well as the different combinations of them, provides system and strategic planners
with additional information to make informed decisions. The discussion below is based on the
expected, or base case.

Figure 4 shows the expected load before and after DERs impacts and Figure 5 shows the impacts for
the DERs each year. On average, DERs are expected to decrease future growth from 0.5% per year
over the next five years to 0.2% per year. In the longer term — next fifteen years, the pre-DER growth
rate is expected to be 0.4% per year. With the increasing penetration of beneficial electrification and
the shift of expected peak hour to later of the day, the net savings from DERs is expected to become
smaller and the post-DER growth rate is expected to be 0.7% per year.

Figure 4: Annual loads before and after the impacts of DERs
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SUMMER PEAK FORECAST (50/50)
DERs (basecase)
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Figure 5: Annual impact of DERs

Each of the DERSs is discussed next.

Energy Efficiency (EE)

National Grid has run EE programs in its Rhode Island jurisdiction for many years and will continue
to do so for the foreseeable future. In the short-term and through 2023, EE targets are based on the
Company three-year plan. Post-2024 until 2028, the incremental value of persistent EE savings is held
constantat2023 levels. In 2028, persistentsavings are still expected to continue to grow butata slower
rate each year. The growth rate slows by 5% annually to account for saturation of claimable savings.

Figure 5 above shows the expected load and energy efficiency program impacts to peaks by year for
the base case. Asof 2021, it is estimated that these EE programs have reduced load by 350 MW, or
15.5% comparedto the counterfactual with no EE programs. By 203 6, itis expected thatthis reduction
will grow to 586 MW or 24.3% of what load would have been had these programs not been
implemented. Over the fifteen-year planning horizon these reductions lower annual peak growth from
0.4% to negative 0.3% per year. Figure 6 presents the annual incremental (left) and cumulative (right)
estimated EE summer MW savings.
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Figure 6: Energy efficiency summer MWs by year

Solar Photovoltaic (PV)8

Actual installed PV is tracked by the Company and used for the historical values in Figure 7. The
projection for the future is based on an estimate of installations for units already in the application
queue for the current year, then a continuation of those levels until year 2025, and then a slowly
declining number of new annual installations to account for saturation, increasing marginal costs,
and/or the uncertainties on the continuation of existing public policies.

Figure 7 shows the projected connected PV installations. Asof 2021, itis estimated about 394 MWs
will have been connected, growing to 1,446 MW by the end of the planning period.

¥ This discussion is limited to PV which is expected to reduce loads and would not include those PV installations
considered to be supply by the ISO. This can include both ‘behind-the-meter” and in “front-of-the-meter” (e.g.
community solar which is allocated back to customers).
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Figure 7: Solar-PV connected nameplate (AC) MW by year

While installed PV continues to grow, suppressing peak load, its impact drops off considerably as the
peak hour shifts later in the day when there is less daylight.

Electric Vehicles (EV)

EVs increase peak load over time. EVs of interest are those that plug-in to the electric system and
include “plug-in hybrid electric vehicles” (PHEVs) and “plug-in battery-only electric vehicles”
(BEVs). These two types are those that have impacts on the electric network. In addition to light-duty
EVs that the Company has been tracking and considering in its electric load forecasts, this year, the
Company expand the scope from light-duty EVs only to include light-duty, medium-duty, heavy-duty
EVs and electric buses, and consider the EV adoptions of BEVs and PHEVs in these four different
vehicle types.

The light-duty EV base case is developed from Bloomberg’s 2021 Long-term Electric Vehicle Outlook
(BNEF-2021). The EV sales share of light-duty vehicles sales is assumed to follow BNEF-2021
estimates and vehicle scrap is also assumed based on BNEF-2021’s estimates to develop the net EV
in-operation numbers. In this case, the EV sales share of LDV sales is assumed to achieve 31% by 2030
and 59% by 2035. The adoptions of medium-duty EV (MDEV) and heavy- duty EV (HDEV) and E-
buses are based on BNEF-2021 estimates and MOU policy targets. The base case is more of a market-
driven case of adopting MDEV, HDEV, and E-buses. In this case, the MDEV, HDEV, and E-buses are
estimated to be about 16%, 17%, and 26% of MDV, HDV, and buses respectively by the year 2036.

Figure 8 shows the future estimated number of EVs in the Company’s Rhode Island service territory.
As of the end of 2021, it is estimated that about 4,500 EVs, including light-duty, medium-duty, heavy-
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duty and buses, will be on the roads in the service territory, growing to almost 255,000 by the end of
the fifteen-year planning horizon.

Figure 8: Number of Incremental and Cumulative EV's

It is estimated that these vehicles may have increased cumulative summer peak loads by about 1.6 MW
as of 2021, increasing to 217.4 MW of cumulative peak load increase in 2036. While EVs do add to
both peak and energy loads over time, they are considered ‘beneficial’® electrification.

Demand Response (DR)

DR programs actively target reductions to peak demand during hours of high expected demand and/or
reliability problems. These resources must be dispatched, unlike the more passive energy efficiency
programs that provide savings throughout the year. The DR programs enable utilities and the
Independent System Operator (ISO) to act in response to a system reliability concern or economic
(pricing) signal. Duringthese events, customers can actively participate by either cutting their load or
by turning on a generator to displace load from behind the customer’s meter.

In general, there are two categories of Demand Response programs in Rhode Island. These are ISO
programs and Company retail level programs.

The ISO programs, referred here as “wholesale DR”, have been active for several years and were
activated multiple times over that period. There were no ISO activations this year. The company’s
policy has been to add-back reductions from these dispatches to its reported system peak numbers.
This is because the Company cannot dispatch the ISO resources so there is no guarantee that these ISO

? Beneficial electrification is based on an overall portfolio of lowered carbon emissions from the transportation sector
coupled with lower/carbon free generation ofelectricity in the power sector to support the chargingof the EVs.
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DR events would be at the times of Company peaks. Therefore, the company must plan assuming they
are not called.

The Company recently began to run its own DR program at the ‘retail’, or customer level over the last
few years. In contrastto the wholesale level DR programs implemented by the ISO, these programs
are activated by the Company.

In 2021, estimated impact of the retail DR program was about 29 MW and is expected to grow to about
44 MW, or 1.9% of summer peak load by year 2025. No additional incremental DR MW is expected
beyond that point because it is assumed that the program’s market potential is at its maximum by then
but the cumulated MW is expected to be carried through the rest of the forecast horizon.

Energy Storage (ES):

There is currently no explicit state energy storage policy targets in Rhode Island, nor any Company run
programs to promote this DER. In year2020 about 0.53 MW of storage was installed. By 2036, itis
estimated that storage may help shave the summer peak load by about 7 MW, which is about 0.4% of
what load would have been had these programs not been implemented. It is also noted that there is a
small amountof storage beingcaptured in the Company’s Demand Responseprogram in Rhode Island.

Electric Heat Pumps (EH):

The base case for years 2021 to 2030 are based on the Company’s pro rata share of the ISO-NE heat
electrification forecast, which is a projection for residential heat pumps installations in the state.
Commercial heat pumps are not currently incentivized. Subsequent to this and through the end of the
planning cycle in year 2036, incremental heat pumps continue to grow, but at a smaller amount each
year to reflect a level of saturation. Figure 9 shows the annual number of electric heat pumps assumed
for the forecast.
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Figure 9: Number of electric heat pumps

All prior discussion on load & DERs above is limited to the base case. Additional higher and lower
scenarios are provided later in this section (see ‘DER scenarios’) and in the Appendices.
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Peak Day 24 Hourly Curves

While the single peak values discussed above are of major importance, the estimated impacts due to
DERs on the load profile on these peak days is also significant. A 24-hour peak day load profile is
provided below. This allows the Company to look beyond the traditional approach of predicting only
the ‘single’ highest seasonal system peak each year. The process looksat the hourly load shape of all
24 hours of each peak day for each year of the planning horizon to determine the load and impact of
DERs. This is useful to show the changing hours of the peaks as more DERs are added. For example,
as more and more PV is added to the system, the summer peak hour will shiftaway from afternoon
hours where solar irradiation is highest to evening hours as the solar reductions taper off. As more
electric vehicles chargers are installed, evening and nighttime loads can go up.

Figure 10 shows the impact of the “24 hour” peak summer day for selected years over the planning
horizon for the base case DERs.

Figure 10: Peak Summer day hourly load, pre and post DERs

Figure 10 clearly shows how the expected DERs not only lower the loads, but also shift the hour of the
peaks. “Gross” refers to loads before DER impacts and “Net’ refers to loads after DER. The selected
years are 2022, 2026, 2031 and 2036.

Figure 11 shows the impact of the “24 hour” peak winter day for selected years over the planning
horizon with the base case DERs.
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Figure 11: Peak Winter day hourly load, pre and post DERs

Figure 11 shows the dual peaks associated with winter days as well as the very low load hours during
the daytime hours due to solarand the rapid ramp upsneeded as the sun sets. The increasingpenetration
of electric heat pumps and electric vehicles will significantly increase the usage in later years. The
figures above show the Gross and Net load profiles for the base case DERs.

Appendix C contains additional load shapes for other day types including: summer, winter and shoulder
month average weekdays andweekends. These show the varyingseasonal patterns as well as the lower
load shoulder months which are mostly comprised of base load with minimal impacts of cooling or
heating. Weekend load patterns also provide insight to lower load profiles since there is no weekday
business load.
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DER Scenarios

So far, this report has shown results for the peak forecast with the base case DERs scenario. The
Company has also looked at a number of scenarios where each of the DERs (EE, PV, EV, DR, and
EH) also has a higher case and a lower case scenario, if appropriate. Lookingata range of scenarios
can provide planners with additional information on what loads might be under various combinations
of DER scenarios!?,

Each of the various combinations of DERs scenarios — base, high and low —were modeled. This creates
thousands of combinations. In order to assess the probabilities of any one of these scenarios occurring,
each DER case was assigned a ‘probability level. For example, for the three EE cases, these were
assigned 80% likelihood for the base case, 15% for the low case, and 5% for the high case. These
assignments are based on group consensus with the SMEs for the DER and sum to 100%. For this
report, the probabilities for each DER are assumed to be independent of each other. This process is
repeated for each DER. Table 1 shows the probabilities used in the forecast.

Table 1, Probabilities for each DER case

RI Low Base High
Energy Efficiency 15% 80% 5%
Solar - PV 5% 60% 35%
Electric Vehicles 20% 70% 10%
Demand Response 5% 85% 10%
Energy Storage n/a 100% n/a
Electric Heat Pumps 20% 75% 5%

Figure 12 shows the basecase (which is the most likely) in blue solid line and the maximum and
minimum cases in red solid lines which provide the highest and lowest bounds for planning purposes.
The base is the scenario with base cases from all DER technologies. The maximum load scenario /
minimum DER saving scenario is the scenario with high cases for energy efficiency, solar PV, demand
response, and energy storage; and low cases for electric vehicles and electric heat pumps. The minimum
load scenario / maximum DER saving scenario is the scenario with low cases for energy efficiency,
solar PV, demand response, and energy storage; and high cases for electric vehicles and electric heat
pumps. It also shows the other more likely cases besides the basecase, and they are shown as black
dashed lines.

The peak load five years fromnow or in year 202 6, ranges from about 1,708 MW to 1,817 MW - a 109
MW spread, with the base caseat 1,746 MW. The uncertainty increases over time, so that fifteen years
from now or in year 2035, the range expands to from about 1,794 MW to 2,177 MW, or almost a 382
MW spread, with the base case at 1,928 MW. Itis noted that while the maximum and minimum cases
are shown to provide bounds for the forecast, those specific scenarios are very, very unlikely.

!9 n this forecast, six DERs, each with three cases (ES only has base case) — base, high and low, creates 244 (3/5+1)
cases foreach weather scenario. With three weather scenarios 732 scenarios are generated for the Company.
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NECO Summer Peak, Top DER Scenarios
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Figure 12: Summer Peaks (50/50), NET, selected DER scenarios

Although summer peaks remain to be the annual peak throughout the forecast horizon, winter peaks
attract increasing interests with the increasing penetration in the heating electrification sector. Figure
13 shows the winter peak load of selected DER scenarios through the end of the forecast horizon in the
same format as Figure 12. Please note, because the winter peak hour is expected to be hour-edning 19
or later, solar irradiance is not expected to be available for these projected peak hour thus there is no
PV saving expected for the net peak hour in winter. There are two dash lines being closer to the
maximum load scenario on the top, they represent the high electric heat pump case with base cases for
other DER technologies and high electric vehicle case with base cases for other DER technologies.
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While Figure 12 & 13 above show what the longer term annual single summer peaks and winter peaks
look like, Figures 14 and 15 show what the 24-hour peak day profiles might be for selected years.
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Figure 14: 50/50 case, net summer peak, w/range of DER scenarios, year 2026
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Figure 15: 50/50 case, net summer peak, w/range of DER scenarios, year 2036
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Figure 16: 50/50 case, net winter peak, w/range of DER scenarios, year2025
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Figure 17: 50/50 case, net winter peak, w/range of DER scenarios, year2035

What becomes apparent is that the range of possible outcomes in the early years (Figure 14 &16),
quickly increases fifteen years out (Figure 15 & 17). Note that the mid-day hours have a wider range
of possible loads than other times of the day.

Appendices D and E describe the process for determiningthese scenarios and what the input cases look
like.

The base case DER projections included in this forecast are based on current trends, approved
programs, and existing state policy targets. They are considered the most probable scenario at this
time. The higher and lower scenarios are provided to give additional insights into what loads could
look like under differentscenarios. These are notmeantto be all-inclusive and may or may notcapture
some of the more ambitious and aspirational type DER scenarios associated with more renewables due
to climate and other regional discussions. These can include, among other things, additional
electrification of the transportation and heating sectors, and managed EV charging. The Company is
actively monitoring these processes and will incorporate, as appropriate, new policies and scenarios
as they become more likely.
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Climate Scenarios

The Company provides a climate change scenario based on possible changes in weather over time.
This scenario shows potential changes to peak loads should average temperatures and volatility
increase over time. Figure 18 compares the basecase, 50/50 summer peak forecast vs. alternative
loads with higher average weather values.

Figure 18 Summer loads basecase and with climate change

The input assumption is a 0.7 degree rise in average temperatures per each ten years and a five percent
increase in volatility over that same period. These increases are evenly divided across each year. No
regional specific climate study was aware of, so the scenario was developed based on a study that the
NYISO performed relative to climate change.!! Average temperature is a factor in each of the three
weather scenarios. The volatility value of 5% is currently a placeholder. The NYISO report did not
assume a value for this, however, since the 90/10 and 95/5 scenarios in this report do include variance
in the modeling, a placeholder value was assumed for this exercise.

Table 2 shows the differences between the loads in the basecase and the potential higher loads with
the climate change assumptions for the three weather scenarios.

"'NYISO Climate Change Phase 11 Study, page 4, dated April 23,2020
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Table 2 Comparison of loads between Basecase and Climate Change scenario for year 20362

50-50 90-10 95-5
Base w/CC Base w/CC Base w/CC
Year 2036 (MWs) 1,895 1,955 2,095 2,169 2,152 2,229
Delta
(MWs) 61 73 77
Delta (%) 3.2% 3.5% 3.6%

12 Please note, thenumbers are based on the peak load at a fixed hour of theday and may not necessarily be the sameas
the predicted annual peak.
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Comparison 0f 2021 Forecast to 2020 Forecast

Figure 19 provides a comparison of this year’s summer peak (which is also the annual peak) forecast
to last year’s. Generally speaking, there is very little difference in the “Gross” forecasts (the forecast
with the DERs reconstituted). The “Net” forecasts are slightly higher than forecasts released in 2020
mainly due to lower net DER impacts.

4 ™
SUMMER Peaks (50-50), Comparison to Prior Year Forecast
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Figure 19 Comparison of current forecast to prior forecast, Gross and Net, Summer 50-50
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Figure 20 provides a comparison of this year’s winter peak forecast to last year’s. The “Gross”
forecasts (the forecast with the DERs reconstituted) are pretty close as last year’s release. The “Net”
forecasts are higher mainly driven by the lower net DER impacts.

Figure 20 Comparison of current forecast to prior forecast, Gross and Net, Winter 50-50
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The Narragansett Electric Company

d/b/a Rhode Island Energy

In Re: Proposed FY 2024 Electric Infrastructure, Safety and Reliability Plan

Attachment DIV 1-14

Page 61 of 70
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The Narragansett Electric Company
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In Re: Proposed FY 2024 Electric Infrastructure, Safety and Reliability Plan

Attachment DIV 1-14
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The Narragansett Electric Company

d/b/a Rhode Island Energy

In Re: Proposed FY 2024 Electric Infrastructure, Safety and Reliability Plan
Attachment DIV 1-14

Appendix E: DER Scenarios Development Page 63 o 70
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The Narragansett Electric Company
d/b/a Rhode Island Energy
In Re: Proposed FY 2024 Electric Infrastructure, Safety and Reliability Plan

Energy Efficiency A“aChm[f;l; féxolf' ;g

e Persistent and non-persistent savings are differentiated to correctly account for the accumulation of
claimable savings over time. Non-persistent savings from behavioral programs like the home
energy report do not accumulate over time. Home energy report savings are assumed to remain at
the same level for each year of the planning cycle across all three cases. Savings from persistent
programs do accumulate over time (i.e. lighting programs).

e Allreported and planned savings values in the forecast data are in net, program-claimable annual
savings terms.

e Any savings from heat pumps and demand response programs are removed as they are projected

separately.
Base
e The Company three-year plan from the Subject Matter Experts (SMEs) is used for the short-term
through 2023.

e Post-2024 until 2028, the incremental value of persistent EE savings is held constant at 2023 levels.
In 2028, persistent savings are still expected to continue to grow but at a slower rate each year. The
growth rate slows by 5% annually to account for saturation of claimable savings.

e The incremental persistent EE savings in the high case is set at 110% of the base case.
e In 2028, persistent savings are still expected to continue to grow but at a slower rate each year. The
growth rate slows by 5% annually to account for saturation of claimable savings.

e The incremental persistent EE savings in the low case is set at 85% of the base case.
e In 2028, persistent savings are still expected to continue to grow but at a slower rate each year. The
growth rate slows by 5% annually to account for saturation of claimable savings.
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The Narragansett Electric Company
d/b/a Rhode Island Energy
In Re: Proposed FY 2024 Electric Infrastructure, Safety and Reliability Plan

Attachment DIV 1-14
Solar-PV Page 65 of 70

Base
e The 2021 prediction is based on the 2021 Year-to-Date connected projects, the SME expectations
from projects in the queue, and the status/stages of the projects in the queue. The same level of new
installations is assumed till the year of 2025.
o Inthe longer term, new installations are assumed to start to taper off due to saturation, increasing
marginal costs, and/or the uncertainties on the continuation of existing public policies.

High
e The near-term (2021-2025) predictions on the incremental installation are from the high scenario
of our Market Fundamental team.
e Inthe longer term, new installations are assumed to start to taper off due to saturation, increasing
marginal costs, and/or the uncertainties on the continuation of existing public policies.

Low
e The low case for PV assumes remaining the same level of 2020’s incremental installation till 2025.
e Inthe longer term, new installations are assumed to start to taper off due to saturation, increasing
marginal costs, and/or the uncertainties on the continuation of existing public policies.
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The Narragansett Electric Company

d/b/a Rhode Island Energy

In Re: Proposed FY 2024 Electric Infrastructure, Safety and Reliability Plan

. : Attachment DIV 1-14
Electric Vehicles Page 66 of 70

Light-duty Vehicles

Base
e The base case is developed from Bloomberg’s 2021 Long-term Electric Vehicle Outlook (BNEF-
2021). The EV sales share of light-duty vehicle (LDV) sales is assumed to follow BNEF-2021
estimates and vehicle scrap is also assumed based on BNEF-2021’s estimates to develop the net
EV in-operation numbers. In this case, the zero-emission vehicle sales share of LDV sales is
assumed to achieve 31% by 2030 and 59% by 2035.

High
e The high case assumes an accelerated full-electrification scenario in which the zero-emission
vehicle sales share of LDV sales is assumed to achieve 64% by 2030 and 100% by 2035. It also
aligns with BNEF-2021"s “Net Zero” scenario and California drafted ACC-II regulation.

Low

e The low case is a moderate transportation electrification case developed from BNEF-2021. In this
case, the zero-emission vehicle sales share of LDV sales is assumed to reach 25% by 2030 and 54%
by 2035.

Medium-duty and Heavy-duty Vehicles, and E-buses

The adoptions of medium-duty EV (MDEV) and heavy- duty EV (HDEV) and E-buses are based on BNEF-
2021 estimates and the MOU policy targets. Two cases were developed for the adoption’s forecasts of these
electric vehicle types. The base case is more of a market-driven case of adopting MDEV, HDEV, and E-
buses. Inthis case, the MDEV, HDEV, and E-buses are estimated to be about 16%, 17%, and 26% of MDYV,
HDV, and buses, respectively, by the end of the load forecast horizon. The high case is an accelerated
electrification scenario for medium- and heavy-duty vehicles and E-buses. In this case, the MDEV, HDEV,
and E-buses are estimated to be about 38%, 20%, and 63% of MDV, HDV, and buses, respectively, by the
end of the load forecast horizon.

Overall, the base light-duty EV case and the base medium- and heavy-duty EVs and E-buses case is
considered as the base EV case. The high light-duty EV case and the high medium- and heavy-duty EVs
and E-buses case is considered as the low EV case. The low light-duty EV case and the base medium- and
heavy-duty EVs and E-buses case is considered as the low EV case.
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The Narragansett Electric Company
d/b/a Rhode Island Energy
In Re: Proposed FY 2024 Electric Infrastructure, Safety and Reliability Plan
Attachment DIV 1-14
Page 67 of 70
Demand Response

Base Case:

For the short term (i.e. until 2024), the approved Company targets from the SME Program
Administrator for DR is used as the projection. Post year 2024, no additional incremental MW are
added. Itis assumed that the program’s market potential is at its maximum and the projections are
held constant through year 2036.

High Case:
The high case is a continued incremental growth following the approved program years.

Beginning in year 2025, the prior years’ annual incremental level is continued, however, at a
smaller amount each year forward to reflect a level of saturation. This value is set at 15% less
incremental new participation each year versus the prior year.

Low Case:

For the short-term, the 2021 level is held constant through year 2024. Then post 2024, there is
assumed to be a discontinuation of the Company incentivized program. Since DR needs to be
implemented, dispatched, and paid for continuously unlike other DER programs which once
installed persist for many years and still garner savings, DR impacts can end once funding is
discontinued. Thus, post year 2024, it is assumed that residential type DR would move to zero.
However, for commercial related programs, there may still be sufficient non-Company market
pricing incentives for some customers to continue to implement DR. It is assumed that post 2024,
alevel of 60% of the 2024 commercial level continues into the future planning horizon.
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The Narragansett Electric Company
d/b/a Rhode Island Energy
In Re: Proposed FY 2024 Electric Infrastructure, Safety and Reliability Plan

Attachment DIV 1-14
Energy Storage Page 68 of 70

There is currently no explicit state energy storage policy targets in RI, nor any Company run programs to
promote this DER. In year 2020 about 0.53 MW of storage was installed. For the base case this same level
of about half MW per year is continued into the future. No low or high cases are included. It isnoted that
there is a small amount of storage being captured in the Company’s Demand Response program in RI.
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The Narragansett Electric Company
d/b/a Rhode Island Energy
In Re: Proposed FY 2024 Electric Infrastructure, Safety and Reliability Plan

. Attachment DIV 1-14
Electric Heat Pumps Page 69 of 70

Base Case:

This based on the Company’s pro rata share of the ISO-NE heat electrification forecast, which is
a projection for residential heat pumps installations in the state. Commercial heat pumps are not
currently incentivized. The ISO-NE forecast ends in 2030 and is extended to 2036 by assuming
5% annual decrease from 2030 levels. This approach provides for about a 12% penetration of all
homes by year 2030, and about 23% by year 2036.

High Case:

The high case is based on achieving residential penetration of abouta 35% by 2030 and 47% by
2036, which is similar levels seen in Massachusetts high case. For commercial establishments,
the penetration levels are 7% in 2030 and 25% in 2036. An “S-Curve function” is used to reach
these levels of penetration in Rhode Island.

Low Case:
The low case is set at half the base case. This approach provides for about a 6% penetration of all
residential homes by year 2030, and about 12% by year 2036.
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The Narragansett Electric Company

d/b/a Rhode Island Energy

In Re: Proposed FY 2024 Electric Infrastructure, Safety and Reliability Plan
21-Month Filing: Period April 2023 — December 2024

Responses to the Division’s First Set of Data Requests

Issued on November 4, 2022

Division 1-15

Request:

On pages 10-11, the Company explains that “(a) base case is developed for each DER item using
its own recent trend, approved programs, and studies as appropriate. The combination of the base
cases from these DER items is considered as the base DER scenario and is considered as the
most probable scenario at this time. Scenarios of varying levels and types of DER adoption are
also developed to provide additional insights into what loads could look like under different
scenarios. System Planning used the load with base DER scenario projections from the most
recent load forecast for System Capacity and Area Planning Reviews as well as the Grid
Modernization Plan.”
a. Is the Company relying on a single load forecast for Area Planning Reviews and the Grid
Modernization Plan? Why or why not?
b. If multiple forecasts are utilized, explain in detail the difference in the models. Provide
all criteria, assumptions and workpapers used to develop forecasts, with underlying data
in executable format.

Response:

a. Yes, the Company starts with the same load forecast base scenarios for Area Planning
Reviews and the Grid Modernization Plan. The Grid Modernization Plan forecast,
however, needed to be projected beyond the typical 15 years to 2050 to sufficiently
analyze system issues that may arise in meeting Rhode Island’s Act on Climate
requirements. The same forecast is used to provide consistency between the various
efforts.

b. Attachment DIV 1-15 shows how the existing forecast was projected to 2050.

Prepared by or under the supervision of: Ryan Constable
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d/b/a Rhode Island Energy
Attachment DIV 1-15

The Narragansett Electric Company
In Re: Proposed FY 2024 Electric Infrastructure, Safety and Reliability Plan
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The Narragansett Electric Company

d/b/a Rhode Island Energy

In Re: Proposed FY 2024 Electric Infrastructure, Safety and Reliability Plan
21-Month Filing: Period April 2023 — December 2024

Responses to the Division’s First Set of Data Requests

Issued on November 4, 2022

Division 1-16

Request:

The RIE Gas Long-Range Resource and Requirements Plan for the Forecast period 2022/2023 to
2026/2027 indicates that the Company projects the residential heating market to increase through
Planning Year 2027 (page 4). Concurrently, RIE discusses the impact of increasing adoption of
electric heat pumps in peak electric load forecasting and relies on those projections, in part, for
investments under System Capacity and Area Planning Reviews as well as the Grid
Modernization Plan (pages 10-11). Explain why the electric ISR includes GMP and other
investments for increased electric heating load from fuel switching customers while at the same
time the Company forecasts increases in the number of gas customers and usage. Provide a
detailed discussion on the relationship between the energy forecasts used in the gas and electric
infrastructure plans. Describe how the Company avoids duplicating Rhode Island customer
energy needs and associated capital investment.

Response:

Per page 4 of the Rhode Island Energy Gas Long-Range Resource and Requirements Plan for the
Forecast period 2022/2023 to 2026/2027 (“Gas Long-Range Plan”): “...the residential heating
market is projected to increase by an average of 473,000 dekatherms per year, the Residential
Non-Heating market is projected to decrease by an average of 8,800 dekatherms per year.”

On the same page: “the Company is projecting its Base Case design year sendout requirements
to increase over the five-year forecast period by an average of 449 MDth, or approximately 1.0
percent, per year (see Section IIL.F.), and design day sendout to increase by an average of 4,292
Dth, or 1.1 percent, per year. This change represents an approximate increase of 1% per year.”
The base case and design day increases are approximately one percent per year for a five- year
period. This typical one percent increase should not be used as a comparison to Rhode Island
Energy’s Act on Climate-related efforts in either the electric or gas business. Instead, the
Company encourages a focus on Section IV.E. Rhode Island Act on Climate and Gas
Decarbonization in the Gas Long-Range Plan.

Specifically: “The Company is committed to advancing Rhode Island’s Act on Climate’s (AOC)
netzero GHG emissions future by 2050 and supports the various efforts underway to further
develop the plans for the implementation of Act on Climate requirements including through the
PUC initiated Docket 22-01-NG related to the future of the gas distribution business, the
development of the Executive Climate Change Coordinating Council’s (EC4) 2022 report and
the development of RIE’s AOC Report (to be released early 2023) in response to the AOC
requirements associated with the recent sale transaction.”

Prepared by or under the supervision of: Ryan Constable
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The Narragansett Electric Company

d/b/a Rhode Island Energy

In Re: Proposed FY 2024 Electric Infrastructure, Safety and Reliability Plan
21-Month Filing: Period April 2023 — December 2024

Responses to the Division’s First Set of Data Requests

Issued on November 4, 2022

Division 1-16, page 2

And: “The Company will utilize the outcomes from Docket 22-01-NG, EC4 work, as well as
additional RIE analysis associated with its AOC Report to inform future LRP reports.” The
AOC Report is expected to create a number of scenarios and so no specific scenario will be
immediately incorporated into the LRP.

The Company began communications regarding the gas and electric forecasts related to the Act
on Climate in August 2022 after a consultant was selected to perform the AOC Report. As
described in the Gas Long Range Plan, the AOC Report is expected to be completed in early
2023. A detailed comparison cannot be provided until the report is complete; however, the
Company remains committed to avoiding duplication of customer energy needs and associated
capital investment. Based on current forecasts impacting the Fiscal Year 2024 Gas and Electric
ISR Plans, there is no current duplication. The Company will continue communications between
the gas and electric businesses for future forecasts and future ISR Plans.

Further, the Company has explained in various meetings that the electric forecast used within the
upcoming GMP is used to test the electric system sufficiently to determine if foundational grid
modernization investments are cost effective. The Company has explained that the feeder and
wire investments would be recommended following actual customer adoption of the heating and
transportation adoption. This again reinforces the Company’s commitment to avoid duplication.

Prepared by or under the supervision of: Ryan Constable

129



The Narragansett Electric Company

d/b/a Rhode Island Energy

In Re: Proposed FY 2024 Electric Infrastructure, Safety and Reliability Plan
21-Month Filing: Period April 2023 — December 2024

Responses to the Division’s First Set of Data Requests

Issued on November 4, 2022

Division 1-17

Request:

Regarding Company response to Docket 5209, FY 2023 ISR Plan, DIV 1-4 (in part)

Q: Describe potential system impacts expected with increased EV charging and the steps the
Company is taking to monitor and manage those impacts.

Response: The potential system impacts with increased EV charging are similar to any
increasing load impacts. These impacts are largely related to capacity and voltage constraints.
However, certain EV charging segments are conducive to intelligent management to reduce these
system impacts. The Company has demonstrated how this feature of EV charging load can be
leveraged in its SmartCharge Rhode Island program. In that program Customers are financially
incentivized to charge their EVs during off-peak periods, there-by increasing utilization of
existing assets and minimizing system impacts.

In the FY 2024 proposed plan, the Company discusses adding EV load impacts to peak forecasts
(page 10). Further, the Company states that “(a)dditional factors adding complexity to the
operation of the distribution system are EV charging, electric heat pump conversions, needed
reliability improvements, robust VVO/CVR systems and established time varying rates for
consumers” (page 21) as rationale for GMP.

a. How is the Company accounting for its current capability to manage EV charging in
developing its 15-year load forecast (Chart 3, page 10)?

b. How is the Company leveraging its current managed charging capabilities in
determining GMP investment needs?

Response:

a. The SmartCharge Rhode Island program is being evaluated on a small percentage of
electric vehicle (“EV”’) owners. The Company would not apply a program with a small
population of vehicles to a state-wide forecast until that program has a much higher
participation percentage. The SmartCharge RI program does provide promise; however,
even if the program shows consistent and reliable summer evening peak reduction, the
forecast must still evaluate EV base load without program reductions. Forecasts are also
moving toward evaluation of a number of multiple periods within a year versus the
traditional summer and winter peaks, which will require the program to further adapt to
the emerging critical periods.

Prepared by or under the supervision of: Ryan Constable
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The Narragansett Electric Company

d/b/a Rhode Island Energy

In Re: Proposed FY 2024 Electric Infrastructure, Safety and Reliability Plan
21-Month Filing: Period April 2023 — December 2024

Responses to the Division’s First Set of Data Requests

Issued on November 4, 2022

Division 1-17. page 2

b. Similar to other current programs, the management of variable distributed energy
resources is tied to fixed definitions of on-peak and off-peak periods, critical peak prices,
and other non-real time, non-localized distribution system indicators. None of the
existing management systems is tied to real time localized distribution system issues as
would be required in the future. Therefore, those current programs are not accounted for
in determining the investment needs that fall under the grid modernization framework.
There is some potential to adapt and leverage the SmartCharge RI program after grid
modernization investments are in place. The grid modernization investments will be
those investments that determine the real-time localized needs that would become inputs
to programs such as these. With a Distributed Energy Resource Management System
(“DERMS”) leveraging the SmartCharge RI program participant database and with new
communication methods, the SmartCharge RI program can be adapted to continue to
provide EV management benefits.

Prepared by or under the supervision of: Ryan Constable
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The Narragansett Electric Company

d/b/a Rhode Island Energy

In Re: Proposed FY 2024 Electric Infrastructure, Safety and Reliability Plan
21-Month Filing: Period April 2023 — December 2024

Responses to the Division’s First Set of Data Requests

Issued on November 4, 2022

Division 1-18

Request:

What are the Company’s current demand response (DR) programs and the types of loads that are
managed? Provide the major underlying components necessary to implement the programs
(Company infrastructure, systems, software, and/or customer devices, etc.). Discuss functionality
including whether the Company relies on passive load management (time-varying rates,
communication to customers, incentive programs, etc.), or active load management (direct load
control via customer or Company owned devices). Can the Company integrate larger numbers and
types of Customer loads, such as EVs and heat pumps, with existing systems? Explain in detail.

Response:

The Company offers its ConnectedSolutions demand response (“DR”) programs for both
residential and business customers. For residential, managed loads include thermostats, energy
storage systems, and solar inverters. Incentive levels and event parameters vary depending on the
load type. For businesses, the program is load-agnostic, but common loads include HVAC,
lighting, and energy storage. There are two participation options: Targeted Dispatch, primarily
for load reductions, and Daily Dispatch, primarily for energy storage. Additional information
can be found at https://www.rienergy.com/RI-Home/ConnectedSolutions/ and
https://www.rienergy.com/RI-Business/Energy-Saving-Programs/ConnectedSolutions.

Regarding the major underlying components necessary to implement the programs:
e Company Infrastructure - none
e Systems/Software — Demand Response Management System (“DRMS”) (outsourced)

e Customer Devices — thermostats, energy storage, solar inverters, control boxes for
business customers

Regarding passive load management:
e The Company does not offer Time-Varying Rates
¢ Communication to Customers — this is not a normal part of the DR program, but the

Company has used it in emergency situations to request customers to curtail load to
prevent larger outages
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e Incentive Programs - ConnectedSolutions is an incentive program for businesses that
want to control their own loads

Regarding functionality, ConnectedSolutions is active load management of customer-owned
thermostats, energy storage, and solar inverters.

The Company can integrate larger numbers of residential and non-residential customers and
types of customer loads with existing systems. Heat pumps are currently included in the program,
and with the Company's existing software/systems, it is possible to expand ConnectedSolutions
to include DR from EVs.

Prepared by or under the supervision of: Brett Feldman
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The Narragansett Electric Company

d/b/a Rhode Island Energy

In Re: Proposed FY 2024 Electric Infrastructure, Safety and Reliability Plan
21-Month Filing: Period April 2023 — December 2024

Responses to the Division’s First Set of Data Requests

Issued on November 4, 2022

Division 1-19

Request:

The Company states that it anticipates completion of 100% of the annual capacity reviews in
February 2023. What is the budgeted amount for this potential work in the proposed ISR Plan?
Provide the results of the capacity reviews for the past three years, including a description of the
planning criteria violation, proposed solution, actual project implemented, timeframe, and cost.

Response:

There is no budgeted amount for the annual capacity reviews included in the ISR plan for FY
2024.

For ISR FY 2021, please see Attachments 9A - Feeder Load Projections and 9B - Transformer
Load Projections of the pre filing documents for the results of that year’s capacity reviews.

For ISR FY 2022, please see Attachment 10-1 Load Projections of the pre filing documents for
the results of that year’s capacity reviews.

For ISR FY 2023, please see Attachment 10-1 of the pre filing documents for the results of that
year’s capacity reviews.

Please see the Attachment DIV 1-19, which includes more detailed information for each
particular feeder/transformer overload concern, and what actions were taken if any.

Prepared by or under the supervision of: Ryan Constable

134



The Narragansett Electric Company

d/b/a Rhode Island Energy

In Re: Proposed FY 2024 Electric Infrastructure, Safety and Reliability Plan

Attachment DIV 1-19

5
P
£
*41moJ43 peo| anizeSaN "uadel uopde oN| %66 %66 %001 V/N V/N €T M €de¢€ UOLIBALL ERN
‘Apnis @ouapinoud Jad| %S0T %S0T %90T V/N V/N €T A uUuLL 981099 1se3  IINIAINOYJ
AMST O} POHSAUOD pUE PaJiIdJ 3 0} JOPa34 "SYIUOW Jawwns SulINp paJoluoWw J93Ud) |0J1U0D ‘UdY e} UOIIJE ON
"SYIuOW JaWwwWNS SulNp PaJojuow JI3U) |043U0) ‘U e} uoide ON|  %00T %00T %10T V/N V/N €T A4 €rat paJp|3 140dM3IN
‘uoneisgns|  %TTT %TTT %CTT V/N V/N €T AM 1487| Seouedwem EE
92U3PIN0I{ 3Se] AQ PIPEO|440 ¢ 03 JOPIS "SYIUOW JaWWNS SulnNp PaJo}iuow Ja1ua) [043U0D ‘U e} UOIIOE ON
“YIMOoJ3 peo| dA1leSBN U e} uolde oN %66 %66 %00T V/N V/N €C A 418 |oisug g3
0S 103f04d uINgNy Yim peojo Ajjenjusna ||im Apnis eale 31Y) 19paay paoueleg| %ZO0T %¢0T %€0T V/N V/N €T A4 94¢L 9AY ujodun 314D
0$ "CSMTOT Y3 0} peo| paJidjsuel] | %86 %66 %001 V/N V/N €T Ad| TSMZOT [EIEN SASH
0S “T¥MLTT 94l 01 peo| patiajsuel]| %c0T %¢0T %t70T V/N V/N €T A EVMLTT 3||!AuoseN NAS9
0$ "€4€€ Y} 03 peo| pasidysued||  V/N %6TT %6TT %0CT V/N CCAd v4€E UOLIBAIL 308
‘SYIuOW JaWwwiNs ulNp paJojuow J23Ud) |043U0) ‘Uddel uode oN|  V/N %00T %10T %¢0T V/N CT A Z4€€ UOLISALL ERN
"p3foud yum peojyo Ajlemuans oy Apmis|  v/N %S0T %S0T %S0T V/N T M 7489 uoAuay| ERN
eaJy 305 ‘paldwalie dAIBUID) e SAIIM-UON 'SYIUOW JaWWNS SulINp PaJojuOW 433U |0J3U0) ‘U e} UOIIOE ON
"103f04d yum peojyo Ajjeniuana o1 Apnis|  v/N %L0T %901 %901 V/N CCAd LT plala3em 308
eaJy 3DS ‘pardwalie dAIBUID) e SAIIM-UON 'SYIUOW JaWWNS SulINp PaJoHUOW 433U |0J3U0) ‘U e} UOIIOE ON
"}o9f01d yum peojyo Ajlenjuans oy Apnis| /N %01 %E0T %v0T V/N CCAd €46S 9|epadesd 308
eaJy 305 ‘pardwalie dAIBUID) e SAIIM-UON 'SYIUOW JaWWNS SulINp PaJoHUOW 433U |0J3U0) ‘U e} UOIIOE ON
"103f04d yum peojyo Ajjenjuana o1 Apnis|  v/N %E0T %C0T %C0T V/N CCAd Tdevy puuog 308
eaJy 305 ‘pardwalie dAIBUID) e SAIIM-UON 'SYIUOW JaWWNS SulINp PaJoHUOW 433U |0J3U0) ‘U e} UOIIOE ON
0$ "8uiauejeq Japaay pawlopiad pue zZE 3y} 01 peo| paudjsuell|  V/N %90T | %L0T | %80T V/N T M 7r/L|  98409D1se3|  IINIAIAOYd
0S ‘6% 1T 2y} 0} peo| pawdysued |  V/N %t0T %t0T %90T V/N CT A T0TT 1S yanos|  3IDN3IAINOYd
‘SYIUOW JaWWNS SulINp paJojiuow Ja3ua) [043U0D ‘UM E] UOIOE ON V/N %101 %101 %101 V/N CC A T48¢ 9)ld weuind I4ON
*SYIUOW JBWWINS SUlINP PaJ0}IUOW J33U3) [043U0D ‘UdXe) Uolde ON|  V/N %T0T %001 %00T V/N T M €469 uojue 14ON
*SYIUOW JBWWINS SULINP P3J0}IUOW J33U3) [013U0D ‘UdNE} UOIIdE ON V/N %901 %901 %L0T V/N CCAd Ersy paip|3 140dM3IN
‘SYIuOW JaWwWINS ulNp PaJojuowW JS3U) |043U0) ‘Udde} uode oN|  V/N %T0T %T0T %T0T V/N CTA| ThMLE uosdar 140dM3IN
0$ 'u011e1SgNS BJUBPIADIJ I1Se3 Mau 0} padtajsuedy| /N %0 %10T %c0T V/N T A v uoj8ulieg a3
9q ||Im peoj ||e Apnis Aeg 1se3 Jad ‘Syluow Jawwns Sulnp paJjojiuow Ja1ua) [043U0D ‘U e} UOIIOe ON
NSTS ‘uonepuswwodal|  v/N %€0T %¢0T %¢0T V/N CT A 94€9 [I'H suidoH MIYD
1I1H J9AB3A\ YHM PEO|4O Aj|ENIUBAS ||IM APNIS BAIY MIYD "84GST 03 PEO| PAJIdjSUBI] ‘PIpPPE YdIMS MIN
0$ "CSMZOT dY3 01 peo| paidjsuedl|  V/N %98 %98 %¢0T V/N CT Ad| TSMzoT [EIEN SASH
0s "TZ0T Ul UoNelISqNS Yied |[dUUNQ MU 0] PEO| ||e Pa.Idjsuel| "99MLOT dY3 O} peo| pasdjsuel]|  V/N %ST %ST %S0T V/N CTAd| 09MLOT| T#3Idnimed SASH
*SYIUOW JBWWINS SULINP P3J0}UOW J33uad) [013U0) ‘UdE} UoIIde ON V/N %101 %C0T %E0T V/N CC M| YPMCTT s3|deis NASH
0S "T¥MLTT 9y} 0} peo| pausdjsued]|  V/N %9TT %9TT %8TT V/N CTA| EVMLTT 3||!AuoseN NAS9
“Apnis @duapino.d Jad V/N V/N %E0T %E0T %01 TCAd Zr99 3|IAsIy3iuy| JON3IAINOYd
AST 03 Pa1SAUOD pUB PaJIldJ 9 03 JOP334 ‘SYIUoW Jawwns SulnNp paJojuOW 433U |0J43U0Y) ‘U E) UOIIOE ON
“Apnis @duapino.d Jad V/N V/N %S0T %S0T %901 TCAd Tra9 3||IAs3yiuy JON3IAINOYd
AST 03 PaHSAUOD pUB PaJIldJ 9 03 JOP334 ‘SYIuoW Jawwns SulnNp paJojuOW 433U |0J43U0)) ‘U e} UOIIOE ON
"YIMoJ3 peo| dA1leSBN U e} uolde ON V/N V/N %66 %66 %00T TCAd CTITET uo3sury 140dM3IN
0s "CSMTOT 9y 01 peo| pauiajsued]| /N V/N %06 %06 %S0T TT Ad| TSMZOoT Asjlep SASH
05 "TZ0T Ul UONEeISqNS Y4ed |[SUUNQ MU 0] PEO| ||e paLIdjsuelL "ZyMZOT dYl O peo| pasdjsuell|  V/N V/N 0 0 %LTT TZAd| OSMLOT| T#3I}dnimed SASH
0$ "T¥M/LZT @Y} 0} peo| pasidjsuel| |  V/N V/N %E0T %E0T %101 TC A EVMLTT d||lAuoseN NAS9
150) uonnjos Suney Suney Suney Suney Suney YUSIAd| 19poaq uoneisqns| easy Suiuueld
% €202 | % ¢20C | % 120C | % 020C [ % 610C

135



The Narragansett Electric Company

d/b/a Rhode Island Energy

In Re: Proposed FY 2024 Electric Infrastructure, Safety and Reliability Plan
21-Month Filing: Period April 2023 — December 2024

Responses to the Division’s First Set of Data Requests

Issued on November 4, 2022

Division 1-20

Request:

The Company discusses completion of 10 Area Studies by December 2021 and provides a link to
the Rhode Island System Data Portal to access the reports (page 16). The Portal hosts four
reports. Please indicate how the remaining six reports can be accessed.

Response:

The six area study reports are included as follows:

Attachment DIV 1-20-1 — Blackstone Valley South Area Study
Attachment DIV 1-20-2 — Central RI West Area Study
Attachment DIV 1-20-3 — Newport Area Study

Attachment DIV 1-20-4 — Northwest RI Area Study
Attachment DIV 1-20-5 — South County West Area Study
Attachment DIV 1-20-6 — Tiverton Area Study

These studies will not be posted to the Rhode Island System Data Portal until they are reviewed
for Critical Energy Infrastructure Information or other confidential information. The Company
will complete this review as soon as possible.

Prepared by or under the supervision of: Ryan Constable
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The Narragansett Electric Company

d/b/a Rhode Island Energy

In Re: Proposed FY 2024 Electric Infrastructure, Safety and Reliability Plan
21-Month Filing: Period April 2023 — December 2024

Responses to the Division’s First Set of Data Requests

Issued on November 4, 2022

Attachments DIV 1-20-1 through DIV 1-20-6

REDACTED
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The Narragansett Electric Company

d/b/a Rhode Island Energy

In Re: Proposed FY 2024 Electric Infrastructure, Safety and Reliability Plan
21-Month Filing: Period April 2023 — December 2024

Responses to the Division’s First Set of Data Requests

Issued on November 4, 2022

Division 1-21

Request:

Regarding the Planning Study Processes (Chart 5, page 17): Is RIE planning changes to this
process under PPL ownership? Discuss in detail. What department will perform the studies in
the future? What is the proposed schedule for refresh of each Area Study? How will GMP load
forecast assumptions be incorporated in Area Studies?

Response:

Rhode Island Energy has no plans to change the study process as a result of PPL ownership. The
study process will continue to be used to develop comprehensive area plans in parallel with
existing and emerging program work and other discretionary work the Company considers
necessary. Distribution Planning and Asset Management will continue to conduct the studies
and the proposed refresh remains at generally 5 years, subject to various practical details. For
example, the previous Providence Area Study recommended a very complex multi-year solution.
It is impractical to restudy the area with major construction and major system reconfiguration in
progress.

The Company does recognize that there will be fundamental changes to the planning process
because of decarbonization efforts. This will drive new forecasting needs and new analysis
techniques, with such new methods currently being explored to prepare the Grid Modernization
Plan (“GMP”). As described in the Company’s responses to DIV 1-4 and DIV 1-15, the GMP
starts with the same 15-year forecast as traditional studies, but then projects the forecast to 2050.
First, the traditional load forecast is incorporated into the GMP. Next when the GMP is
complete, the extended forecast will be used to inform future load forecast reports along with
new and existing programs and actual customer Distributed Energy Resource adoption trends.

Prepared by or under the supervision of: Ryan Constable
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The Narragansett Electric Company

d/b/a Rhode Island Energy

In Re: Proposed FY 2024 Electric Infrastructure, Safety and Reliability Plan
21-Month Filing: Period April 2023 — December 2024

Responses to the Division’s First Set of Data Requests

Issued on November 4, 2022

Division 1-22

Request:

The Company during the November 1, 2022 conference call stated that it had experienced 112
breaker operations. Over what period of time did these operations take place? How many of
these operations were momentary? How many of these operations were the relay fast curve in a
fuse save scheme before the fuse cleared the faulted section or the fault was purely momentary?
How many of these operations would have occurred even if there was a down line circuit
recloser? How many of the operations were multiple operations as a result of a main line fault
not cleared by a tap fuse? How many of the operations resulted in a sustained fault which locked
open the breaker? Did the Company download the event recorder information for each event and
if yes provide a copy?

Response:

From October 30, 2021 through October 30, 2022 Rhode Island Energy (“RIE” or the
“Company”’) experienced 112 sustained circuit breaker interruptions. During fair weather days'
the system averaged one circuit breaker outage approximately every 3 days.

None of the operations was a momentary interruption or part of a fast trip fuse saving scheme.
The Company currently employs a fuse blowing philosophy. That is, each protective device is set
to fully coordinate with other devices. The Company moved away from fuse saving to reduce
momentary interruptions to customers and to better manage non reclose assurance requests from
line workers. The Company is currently reviewing the differences between fuse saving and fuse
blowing protection philosophies. PPL’s Pennsylvania distribution system employs fuse saving,
but because of the difference in circuit topology between the Rhode Island and Pennsylvania
systems, a fuse save strategy is unlikely to be adopted.

Had downstream sectionalizing reclosers been in place, 31 circuit breaker interruptions would
have been avoided. Had self-healing recloser schemes (aka, FLISR - Fault Location, Isolation
and Service Restoration) been in place, 83 of the 112 events would have substantially reduced
customer interruptions (“CI”’) and customer interruption minutes (“CMI”).

Three of the 112 interruptions also had downstream devices operate along with the circuit
breakers. Two occurred during storms when multiple events occurred on the system (02/18/2022
— 175 events and 07/02/2022 lightning storm — 29 events). The last event occurred on 09
/11/2022 and was perceived to be a mis-operation on a Rhode Island / Massachusetts feeder
between the station breaker and the line recloser. However, the fault records retrieved from the

"' When the daily SAIDI was less that half the TMED exclusion threshold of 6.88 minutes.

Prepared by or under the supervision of: Ryan Constable
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The Narragansett Electric Company

d/b/a Rhode Island Energy

In Re: Proposed FY 2024 Electric Infrastructure, Safety and Reliability Plan
21-Month Filing: Period April 2023 — December 2024

Responses to the Division’s First Set of Data Requests

Issued on November 4, 2022

Division 1-22, page 2

circuit breaker relay suggest galloping conductors caused a second fault. None of these three
events was counted among the 31 that would have been improved by the placement of a
sectionalizing recloser.

Fault information from distribution circuit breaker relays is retrieved on an ad hoc basis when the
relay has event capturing capability and a protection scheme mis-operation is suspected. Rhode
Island Energy is currently developing a database application to formally store fault records
retrieved for coordination reviews. Records for 3 of the 112 events are attached in SEL
AcSELerator format as Attachment DIV 1-22-1, Attachment DIV 1-22-2, and Attachment DIV
1-22-3.

Prepared by or under the supervision of: Ryan Constable
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The Narragansett Electric Company

d/b/a Rhode Island Energy

In Re: Proposed FY 2024 Electric Infrastructure, Safety and Reliability Plan
21-Month Filing: Period April 2023 — December 2024

Responses to the Division’s First Set of Data Requests

Issued on November 4, 2022

Division 1-23

Request:

Explain in detail the various proposed recloser programs being implemented under both the
discretionary and non-discretionary spending categories. Include proposed budgets for the term
of the programs. Provide all documentation to justify the need, level of investment, and location
of recloser additions.

Response:

There are two recloser programs being implemented under both the discretionary and non-
discretionary spending categories. The two programs are the ‘Mainline Recloser Enhancements’
in the discretionary spending category and ‘Grid Modernization Plan — Advanced Reclosers’ in
the non-discretionary spending category.

Mainline Recloser Enhancements

Proposed Budget (in 000s)

CY2023 1 ¢y 9024 | cv2025 | CY2026 | CY 2027
(9 months)

9,504 - - - -

Summary of Issues: There are approximately 100 4kV and 15 kV circuits that have zero
reclosers serving greater than one mile of overhead line exposure and more than 100 customers.
In addition, there are approximately 70 15kV circuits that have only one recloser serving greater
than five miles of overhead line exposure and more than 1,000 customers. The absence of
reclosers on these circuits increases the amount of customer outages due to the lack of
sectionalization and reduces the ability to remotely transfer load during an outage. The
Company has determined that the lack of reclosers is a contributing factor to the rising System
Average Interruption Frequency Index (“SAIFI”) values.

Recommended Plan: Install reclosers prioritized based on feeder length, number of customers,
type of customers, and feeder reliability values to reduce mainline fault impacts. This effort will
consider future feeder rearrangements proposed by area study recommendations to ensure
recloser reliability value. All reclosers will use the latest control technology aligned with the
pending Grid Modernization Plan (“GMP") and location selection will be aligned with ultimate
GMP implementation.

Justification: This recloser program is intended to create near term SAIFI benefits to reverse the
Company’s current upward trend in this metric. The program is aligned with grid modernization

Prepared by or under the supervision of: Ryan Constable
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Issued on November 4, 2022

Division 1-23, page 2

and represents an accelerated portion of the ultimate GMP framework regarding reclosers.
Benefits are calculated in a similar manner between this program and the GMP using the
USDOE ICE Calculator. The Mainline Recloser Enhancement Program will provide an
approximate customer benefit of approximately $3M per year. The 20-year net present value
benefit is approximately $40M.

Locations: Locations were determined and prioritized by gathering mainline outage events on
circuits with less than 2 mainline reclosers, more than 500 customers, and more than 3 miles of
overhead conductor. The event data was used to develop circuit interruption frequency, and
location priority was ranked by those values. Attachment DIV 1-23 shows the location priority
list.

Grid Modernization Plan — Advanced Reclosers

Proposed Budget (in 000s)

(VAP CY 2024 CY 2025 | CY 2026 | CY 2027
(9 Months)
17,405 25,190 25,693 26,207 26,732

Summary of Issues: The distribution system has traditionally been built to ensure adequate
available capacity at all times by building the necessary distribution system capacity to
accommodate forecasted peak loading on extreme weather days in accordance with the
Company’s planning criteria. Designing the system to meet these worst-case scenarios assuming
one-way power flow eliminated or lessened the need for day-to-day load management for
distribution grid management. In addition, when a fault does occur on the system, restoration has
been made possible by manually switching to isolate the fault and serving with power from
alternative sources where possible. As distributed energy resource (“DER”) penetration
increases and is located anywhere on the distribution system, it will result in possible two-way
power flow, overloads in the reverse direction under light load conditions, and desensitization of
protection systems during fault conditions. Similar to voltage management, the increasing
complexity of the grid will require a transition away from simple autonomous controls to control
schemes that are integrated across an entire feeder. The load control and near real-time power
measurements provided by Advanced Reclosers, when used in combination with ADMS, enable
engineering and operations personnel to automatically isolate faults and restore service
(“FLISR”) and better manage capacity and voltage along individual feeders, ultimately resulting
in lower costs to all Rhode Island Energy customers through optimization. An accelerated
deployment of Advanced Reclosers is being proposed to ensure distribution equipment is
operated within its rated capacity and that faults on the system are cleared efficiently. Those
areas and feeders with existing DER penetration and the greatest overload and/or protection

Prepared by or under the supervision of: Ryan Constable
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The Narragansett Electric Company

d/b/a Rhode Island Energy

In Re: Proposed FY 2024 Electric Infrastructure, Safety and Reliability Plan
21-Month Filing: Period April 2023 — December 2024

Responses to the Division’s First Set of Data Requests

Issued on November 4, 2022

Division 1-23, page 3

coordination risk will be prioritized. The targeted deployment of Advanced Reclosers, which is
part of the Company’s GMP, is forecasted to reduce both the duration and frequency of outages.

Recommended Plan: The GMP proposes investment in Advanced Reclosers on the Distribution
class systems, taking into consideration Area Study solutions which may call for the
reconfiguration and or conversion of certain circuits. The proposal calls for the installation of
both main line and tie point reclosers.

Justification: The GMP reclosers provide a number of benefits including system visibility and
sensing and operational efficiencies, but their primary benefit is improving system reliability.
Preliminary results of the reliability benefits were developed using the USDOE ICE calculator
and these benefits were presented in a November 2022 Power Sector Transformation Advisory
Group meeting. The presentation is included in the response to DIV 1-36.

The preliminary benefits table is shown below in Table 1 with the recloser benefits highlighted.

Table 1 — Preliminary GMP Benefits

Preliminary GMP Benefits
As of November 8, 2022 Nominal (SM) NPV (SM)

Avoided Infrastructure Costs ) 1,005 | S 439
VVO/CVR Benefits ) 431 | S 323
EV/TVR Benefits ) 343 | S 243
Whole House TOU/CPP S 307 | S 222
Operational Savings TBD TBD
|Reduced Outage Frequency Benefits | S 413 | S 283 I
Reduced Outage Duration Benefits TBD TBD
Reduced DER Curtailment TBD TBD

Total Calculated GMP Benefits S 2,500 | S 1.510

Locations: Locations have not been determined for the GMP reclosers as of this time. They will
be determined during the first quarter of calendar year 2023 in a similar manner to the
prioritization of the Mainline Recloser Enhancement Project.

Prepared by or under the supervision of: Ryan Constable
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The Narragansett Electric Company

d/b/a Rhode Island Energy

In Re: Proposed FY 2024 Electric Infrastructure, Safety and Reliability Plan
21-Month Filing: Period April 2023 — December 2024

Responses to the Division’s First Set of Data Requests

Issued on November 4, 2022

Division 1-24

Request:

National Grid previously performed a study that evaluated recloser replacements and the need
for additional reclosers on the Rhode Island system (see National Grid Form 3A Recloser
Replacement Study NE dated March 14, 2016). The projects emanating from this study are being
completed under the discretionary spending category in the ISR Plan.

a. Provide a list of recloser replacements both completed and planned under this study with
actual/estimated costs.

b. Are the reclosers compatible with RIE’s proposed communication and control systems
in the GMP? Explain.

c. Provide a detailed explanation of what portions of the 2016 recloser study completed
by National Grid that RIE is retaining and what portion RIE is abandoning.

Response:

a. The Form 3A program was designed to replace near end-of-life assets. The average
service life of each unit exceeded 25 years. Operational issues that initiated the program
included battery charging circuit malfunctions and severe rusting of the control cabinets
which led to mis-operations. New recloser placements were not part of this program. A
list of Form 3 A reclosers identified for replacement is shown in Attachment DIV 1-24.

b. The reclosers are compatible with Rhode Island Energy’s proposed communication and
control systems for the Grid Modernization Plan (“GMP”) reclosers because they can be
adopted into Rhode Island Energy’s Outage Management System for remote control and
to a Programable Logic Control for automatic switching schemes.

c. Rhode Island Energy has no plan to abandon reclosers installed as part of the Form 3A
program.

Prepared by or under the supervision of: Ryan Constable
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The Narragansett Electric Company

d/b/a Rhode Island Energy

In Re: Proposed FY 2024 Electric Infrastructure, Safety and Reliability Plan
21-Month Filing: Period April 2023 — December 2024

Responses to the Division’s First Set of Data Requests

Issued on November 4, 2022

Division 1-25

Request:

Provide a copy of the systemwide fault current study and “protective coordination study” and the
standards followed for performing such a study.

Response:

Rhode Island Energy (“RIE” or the “Company”) does not perform a systemwide fault current
study. In lieu of a statewide study, RIE performs more resource efficient fault current analysis
and protective coordination reviews for specific issues and projects. As examples, a distributed
generation impact study includes complex coordination issues and certain area studies identify
specific localized coordination concerns. These issues are reviewed, and recommendations are
developed during those studies. Where there are no expected coordination concerns, such as
with 2 to 3 reclosers in series on a circuit, coordination reviews are done during early stages of
execution.

For previous ISR Plans, RIE has made many recommendations that include reclosers, breakers,
and other protective devices, for which the protective coordination was determined during early
engineering stages of project execution. Fault current levels and coordination issues are not a
driver for any of the proposed investments.

Prepared by or under the supervision of: Ryan Constable

150



The Narragansett Electric Company

d/b/a Rhode Island Energy

In Re: Proposed FY 2024 Electric Infrastructure, Safety and Reliability Plan
21-Month Filing: Period April 2023 — December 2024

Responses to the Division’s First Set of Data Requests

Issued on November 4, 2022

Division 1-26

Request:

Provide a copy of all protective coordination standards and protocols which serve as the basis for
protective device installation and settings. This would include but is not limited to: use of a fuse
save scheme, maximum fuse size applied; percent of setting above peak load current or cold load
pickup percentage and so on. This information should spell out all the Company’s protective
coordination philosophies on relay application, recloser application, fuse application, and
sectionalizer application.

Response:

The Company currently uses National Grid’s protection coordination standards included as
Attachment 1-26-1. PPL’s protective coordination standards are also provided in Attachment
DIV 1-26-2. Rhode Island Energy is currently reviewing the two standards and will be adopting
the standards most applicable for Rhode Island for future protective device coordination efforts.
There is substantial alignment between the two standards, but a few differences such as fuse save
(PPL) versus fuse blow (National Grid) strategies exist. The differences will be carefully
reviewed, but due to differences between the Pennsylvania and Rhode Island distribution system
topology, a fuse save strategy is unlikely to be adopted.

Prepared by or under the supervision of: Ryan Constable
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The Narragansett Electric Company

d/b/a Rhode Island Energy

In Re: Proposed FY 2024 Electric Infrastructure, Safety and Reliability Plan
Attachment DIV 1-26-1

Page 2 of 22
ENGINEERING DOCUMENT Doc. # GL.01.01.001
‘ . Guideline: Engineering and Asset Management Page 2of 22
nat;onalgrld Distribution Feeder Protection Guidelines
Related to Feeder Breaker and Recloser Version 1.0 — 06/07/09
Applications on Radial Distribution Circuits

1.0 INTRODUCTION

The procedures and criteria presented in this manual will provide guidance for the application of relay
and control settings for feeder circuit breakers and reclosers on NATIONAL GRID’s radial distribution
feeders. These guidelines are applicable to distribution systems that are designed and constructed in
accordance with the current NATIONAL GRID standards and design philosophies. There are many
different legacy systems and equipment within NATIONAL GRID and the limitations and operation of
these systems and equipment must be considered in the application of these guidelines.

2.0 OBJECTIVE OF OVERCURRENT PROTECTION

The protective schemes resulting from the application of the guidelines contained herein are intended
to detect and clear all faults on the electric distribution system for the purpose of:

Maintaining a safe and reliable distribution system.

Minimizing the number of customers impacted for a given fault condition.
Protecting distribution equipment from damage due to fault current.

Aid in the locating of faults and thereby reducing restoration times.

aoow

3.0 DEFINITION OF TERMS

Circuit Breaker

A sectionalizing device used to open or close an electric power circuit either during normal power
system operation or during abnormal conditions. A circuit breaker serves in the course of normal
system operation to energize or deenergize loads. During abnormal conditions, when excessive
current develops, a circuit breaker opens to protect equipment and surroundings from possible damage
due to excess current. These abnormal currents are usually the result of short circuits.

Coordinating Time Interval (CTI)
The differences in the operating times of series protective devices needed to ensure that coordination
exists between the operation of these devices for expected fault conditions.

DC Offset
DC offset is a transient component of AC fault current resulting from the instantaneous change of fault
current, refer to figure #1.

PRINTED COPIES ARE NOT DOCUMENT CONTROLLED.
FOR THE LATEST AUTHORIZED VERSION PLEASE REFER TO THE APPROPRIATE DEPARTMENT WEBSITE OR DOCUMENTUM.
File: GL.01.01.001 Dist. Feeder Protection Guidelines Related to Originating Department: Sponsor:
Feeder Breaker & Recloser Applications on Radial Dist. Circuits Network Asset Planning Brian Hayduk
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ENGINEERING DOCUMENT
Guideline: Engineering and Asset Management

Doc. # GL.01.01.001
Page 3of 22

nationafgrid Distribution Feeder Protection Guidelines

Related to Feeder Breaker and Recloser
Applications on Radial Distribution Circuits

Version 1.0 — 06/07/09

Figure #1

PRINTED COPIES ARE NOT DOCUMENT CONTROLLED.
FOR THE LATEST AUTHORIZED VERSION PLEASE REFER TO THE APPROPRIATE DEPARTMENT WEBSITE OR DOCUMENTUM.

File: GL.01.01.001 Dist. Feeder Protection Guidelines Related to
Feeder Breaker & Recloser Applications on Radial Dist. Circuits

Originating Department:
Network Asset Planning

Sponsor:
Brian Hayduk

154



The Narragansett Electric Company

d/b/a Rhode Island Energy

In Re: Proposed FY 2024 Electric Infrastructure, Safety and Reliability Plan
Attachment DIV 1-26-1

Page 4 of 22
ENGINEERING DOCUMENT Doc. # GL.01.01.001
‘ . Guideline: Engineering and Asset Management Page 4of 22
nat;ona]grld Distribution Feeder Protection Guidelines
Related to Feeder Breaker and Recloser Version 1.0 — 06/07/09
Applications on Radial Distribution Circuits

Dead Time/Band or Open Interval
In the reclosing cycle, a selectable time interval that will control how long the device will be open,
following a trip operation, prior to the device issuing a reclose command.

Fuse Saving
Term used to describe the application of specific settings in a relayed protective device employing a

fast trip with automatic reclosing that will allow it to operate fast enough to prevent a down stream fuse
from operating/becoming damaged if a temporary fault, were to occur down stream of that fuse. In the
application where a recloser is protected by a fuse, a fault on the downstream side of the fuse will result
in the recloser tripping before the fuse link starts to melt. On subsequent reclose operations the
recloser’s protection settings will switch to a slower TOC setting and if the fault is still present, the fuse
will clear before the recloser trips to lockout. This operation sequence is different than the preferred
application, where the fuse will clear the fault before the recloser trips.

Instantaneous Settings

In general, instantaneous settings are used to limit equipment damage from high magnitude fault
conditions. Unlike the typical time-overcurrent function, where the operating time of the device is
inversely proportional to the magnitude of the current, a device utilizing the instantaneous function will
essentially operate instantaneously for any current magnitude sensed by the device at, or above, the
user selected instantaneous setting. Consequently, for any given fault equal to or great in magnitude
than the value chosen for the instantaneous setting, coordination with down stream protective devices
is generally not possible. As a practice, and to provide some level of coordination with down stream
protective devices, instantaneous pickup settings can be derived by taking a value of 125% of the
magnitude of an expected end of zone, bolted fault for a radial line for instantaneous elements that do
not respond to dc offset. An instantaneous value of 150% of the magnitude of an expected end of
zone, bolted fault is recommended if the instantaneous element is sensitive to DC offset. Generally,
instantaneous functions are used in conjunction with time overcurrent functions where the
instantaneous pickup value is set much higher than the time overcurrent pickup value, refer to figure
#2.
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Figure #2
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Load Encroachment

The load encroachment function can be used in conjunction with overcurrent protection in those special
cases where load current and fault current are similar in magnitude. The load encroachment function
will typically block operation of the overcurrent protection under normal load conditions but allow
operation of overcurrent protection under fault conditions by detecting the change in the impedance
angle, power factor, of the line. Load impedance typically has a lower impedance angle (higher power
factor) than fault impedance. The load encroachment relay can detect when this change in impedance
angle occurs. The limitations with load encroachment are in those situations where load current has a
very low power factor.

Overcurrent Protection

A protection scheme where a current sensing device will operate a breaker or recloser to interrupt fault
current based upon an algorithm where the operating time of the protective device is generally inversely
proportional to the magnitude of the sensed current. This function is often referred to as Time-
Overcurrent Protection (TOC). The exception being when Instantaneous functions are used, see
Instantaneous Settings.

Permanent Fault

Permanent faults are those which require human intervention, repairs, maintenance, or replacement of
equipment, to clear before a circuit can be returned to service. Isolation of permanent faults can be
accomplished by the operation of circuit breakers, reclosers, sectionalizers, and fuses.

Pickup
A selectable value that is the minimum magnitude of current that will allow a relayed protective device
to operate

Protected and Protecting Device Coordination

Protection of an electrical circuit is accomplished through the coordinated application of series
protective devices. Coordination exists between the protected (upstream) device and the protecting
(downstream) device(s) when the protecting device clears a permanent or temporary fault before the
protected device, which can be a recloser, breaker, or another fuse, operates, refer to figure #3

Figure #3

PRINTED COPIES ARE NOT DOCUMENT CONTROLLED.
FOR THE LATEST AUTHORIZED VERSION PLEASE REFER TO THE APPROPRIATE DEPARTMENT WEBSITE OR DOCUMENTUM.
File: GL.01.01.001 Dist. Feeder Protection Guidelines Related to Originating Department: Sponsor:
Feeder Breaker & Recloser Applications on Radial Dist. Circuits Network Asset Planning Brian Hayduk

157



The Narragansett Electric Company

d/b/a Rhode Island Energy

In Re: Proposed FY 2024 Electric Infrastructure, Safety and Reliability Plan
Attachment DIV 1-26-1

Page 7 of 22
ENGINEERING DOCUMENT Doc. # GL.01.01.001
‘ . Guideline: Engineering and Asset Management Page 7of 22
nat;onalgrld Distribution Feeder Protection Guidelines
Related to Feeder Breaker and Recloser Version 1.0 — 06/07/09
Applications on Radial Distribution Circuits

Protective Device Zone of Protection (Reach)
That section of an electrical circuit where a protective device can detect a fault and operate an
interrupting device in order to isolate the faulted line section from the remainder of the circuit

Recloser

A self-contained relayed protective device that can be installed in an aerial, padmounted or substation
pedestal arrangement. A recloser is usually made up an interrupting device, similar to a circuit breaker,
controlled by multifunctional protective device.

Reclosing Function

The function by which a protective device will operate a breaker or recloser to isolate a faulted line
section and remain open for a predetermined length of time, (Dead Time), then close again (Reclose) in
an attempt to re-energize the that same line section under the presumption that the original fault was
temporary in nature and has since cleared itself from the line. The protective device can be
programmed to repeat this sequence a predetermined number of times (Operations/Shots to Lockout).
If the fault is still present after the last programmed sequence of reclosing the protective device will trip
and remain open (Trip to Lockout)

Reclosing Reset Time

A selectable time delay that is used by a recloser control or reclosing relay after a successful reclose to
reset any accumulated trip operations. Reset after successful reclose occurs when the recloser or
breaker is closed and no overcurrent is detected.

Relay
An electromagnetic or electronic device for remote or automatic control that is actuated by variation in

conditions of an electric circuit and that operates in turn other devices (as switches, breaker, or
reclosers) in the same or a different circuit.

Reset Time

The typical electromechanical relay will not reset its timing immediately after a fault is interrupted by a
down stream device. There is usually a significant time needed for the timing disc to reset to its neutral
position (Reset Time). Thus, when reclosing is employed by a down stream device such as a recloser,
the recloser’s dead bands must be long enough and/or the number of reclose shots must be restricted
to allow the upstream electromechanical relay to fully reset, otherwise, the relay will operate resulting in
miscoordination. Reset times vary from manufacturer to manufacturer and relay model to model. The
manufacturer’s literature should be reviewed to determine what that particular relay’s reset time is.

Temporary Fault

Fault conditions that are temporary in nature. They can be caused by momentary contacts with
vegetation (a tree branch), contamination, lightning, even animal contact. Temporary faults generally
clear themselves from electrical circuits in less than 1.0 seconds.
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Time Adder

A selectable time delay where the trip time of a given TCC is shifted in time by the additional specified
time. In contrast to the Time Multiplier, the Time Adder adds a constant delay time to the curve. For
example if a curve had an operating time of 0.014 seconds for a specified current value and a 0.1sec
time adder is used the new operating time would be 0.1140 seconds, refer to figure #4.

Figure #4
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Time Current Characteristic (TCC)

The operating characteristic of the device represented as a log — log plot of the device’s operating time
versus current, where the operating time is generally inversely proportional, or some variation, to the
magnitude of the current being sensed by the device. Time is plotted on the vertical axis and current
magnitude is the horizontal axis, refer to figure #5.

Figure #5

PRINTED COPIES ARE NOT DOCUMENT CONTROLLED.
FOR THE LATEST AUTHORIZED VERSION PLEASE REFER TO THE APPROPRIATE DEPARTMENT WEBSITE OR DOCUMENTUM.

File: GL.01.01.001 Dist. Feeder Protection Guidelines Related to Originating Department: Sponsor:
Feeder Breaker & Recloser Applications on Radial Dist. Circuits Network Asset Planning Brian Hayduk

160



The Narragansett Electric Company
d/b/a Rhode Island Energy

In Re: Proposed FY 2024 Electric Infrastructure, Safety and Reliability Plan
Attachment DIV 1-26-1
Page 10 of 22

ENGINEERING

Guideline: Engineering and Asset Management

DOCUMENT

Doc. # GL.01.01.001
Page 100f 22

nationalgrid Distribution Feeder Pr

Applications on Radial

Related to Feeder Breaker and Recloser

otection Guidelines

Distribution Circuits

Version 1.0 — 06/07/09

Time Dial

A modifying function typically used on relay TCC curves, similar to the vertical TM function on recloser
controls. The TCC curve is slowed down by shifting it upwards in Time Current space, refer to figure
#6. Electromechanical relays have an actual adjustable time dial which governs how far the timing disk

actually travels.

Figu
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Transformer Inrush Current

A transient phenomenon in which there occurs a short-duration inrush of magnetizing current when an
unloaded, or loaded, distribution or power transformer is energized. The transformer’s primary
protective device must be capable of withstanding this inrush current without operating (or, in the case

of certain types of fuses, without sustaining damage to their fusible elements). A conservative estimate

of the integrated heating effect on the primary fuse as a result of this inrush current is roughly
equivalent to a current defined by the following:

. 6 x nominal load current for one second;
. 12 x nominal load current for up to 0.1 seconds; and
. 25 x nominal load current for up to 0.01 seconds.

The inrush that occurs on any particular energization will depend, among other things, on the residual
magnetism of the transformer core as well as the instantaneous voltage when the transformer is
energized. Since these two parameters are unknown and uncontrollable, the proper relay setting or
fuse must be selected to withstand the maximum inrush that can occur under worst-case energization.
In the case of a fuse, the minimum-melting curve should be such that the fuse will not operate as a
result of this magnetizing-inrush current.

To avoid a nuisance operation of the transformer-primary fuse or relayed protective device, it must be
capable of withstanding the magnetizing-inrush current of the transformer superimposed on the
transient overcurrent associated with picking up cold load current, the expected overload current
associated with the total KVA connected. The time-integrated heating effect of the cold-load current
profile on thermally responsive devices, such as fuses, is usually represented by the following
equivalent multiples of transformer nominal rated load current:

. 3 x nominal load current for up to 10 seconds; and
. 2 x nominal load current for up to 15 minutes.

The transformer primary fuse or relayed protective device to must be able to withstand the combined
magnetizing- and load-inrush current associated with an extended outage, refer to figure #7.
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Figure #7
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Vertical Time Multiplier (TM)

A modifying function typically used on Recloser TCC curves, similar function to a Time Dial function on
relays. The TCC curve is slowed down, shifted up in time by the specified multiplier, refer to figure #8.
For example if a curve had an operating time of 0.4 seconds with a TM =1, for a specified current value,
that same curve would have an operating time of 0.8 seconds, at the same specified current value, if

TM=2.0.

Figure #8
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4.0 GENERAL PRINCIPLES OF OVERCURRENT PROTECTION ON RADIAL CIRCUITS

Coordination of overcurrent protective devices is defined as their proper specification and arrangement
in series along a distribution circuit so that they function to clear faults from the lines in accordance with
a prearranged sequence of operation.
e The protecting device must clear a permanent or temporary fault before the protected device
interrupts the circuit (fuse) or operates to lockout (relayed device)
e Qutages caused by permanent faults must be restricted to the smallest section of the system for
the shortest time

Relay controlled circuit breakers and reclosers are the devices addressed under these guidelines.

Main-Line Protection

Overcurrent protection is usually employed by the first protective device on a primary feeder in the form
of a relayed circuit breaker or a power-class recloser located in the substation. If portions of the main-
line and long laterals extend beyond the zone of protection of the relay controlled breaker or recloser at
the substation, additional overcurrent protective equipment such as fuses or reclosers should be
installed in series on the main-line to ensure that any bolted faults that can possibly occur on the line
can be detected and isolated in less than a 1.0 seconds.

Utilizing Reclosing for Temporary Fault Protection

On overhead line circuits the majority of the faults that may develop are temporary in nature. For this
reason reclosing is generally utilized on these lines in an attempt to try and clear the temporary fault,
and reenergize the line, thus avoiding a permanent outage. Reclosing is not to be utilized on
completely underground circuits or where more than 50% of the circuit main line is underground
mainline since cable faults, by their very nature, are rarely temporary. In many cases circuits are
comprised of a combination of both large overhead and UG mainline sections. In those cases where a
large underground section of mainline does rise up and transition to overhead, line reclosers can be
used to provide overcurrent protection and reclosing on the overhead section of mainline. Likewise, on
those circuits where a large underground mainline section originates off a large overhead section of
line, a recloser can be used to provide overcurrent protection without reclosing on the underground line
section while reclosing is employed on the feeder breaker.

Instantaneous Settings

The use of the Instantaneous Setting Function is a very limited application due to the fact that
coordination with down stream protective devices is usually not possible. The application of
instantaneous settings is basically limited to underground circuits that are express in nature and where
the expected fault current magnitudes are very high. Specifically the instantaneous application is
warranted when a protective device using typical time-overcurrent curves alone will not operate fast
enough to isolate the faulted section before critical equipment on the line is damaged. Generally,
equipment damage curves are reviewed to determine this. Typical cable damage curves are derived
from the equation T = (k (A/l))?, where A is the area in circular mils, T is the time, | is the current, and k
is a constant. In the case of new mainline underground construction, it is usually the solid dielectric
cable in conduit, where the limiting element is the shield wire, our current standard being 18 strands of
#14 Cu. The assumption is that the neutral wires are connected together in every manhole, and that a
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cable section will be replaced after a fault. The shield needs to survive long enough to allow the

protective relaying to operate, but cable damage in the faulted section is allowed. The shield wires are
limited to withstand the following current magnitudes over time before they are damaged.

Shield Wire - 18 strands of #14 Cu

Seconds Cycles Current KA
0.08 5 27.3
0.167 10 19.3
0.5 30 11.2
1.0 60 7.9

Figure 9 illustrates the resulting conductor damage curve plotted against fuse and relay TCCs.

Figure 9

Due to the significant volume of varied legacy underground cable in service, the appropriate equipment

damage curves should be reviewed whenever fault current magnitudes exceed 8kA.
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In those cases where instantaneous tripping is warranted and minimal coordination is to be maintained
with down stream devices, as a practice, instantaneous pickup settings can be derived by taking a
value of 125% (150% for clapper or plunger type inst) of the magnitude of an expected end of zone,
bolted fault, in addition, reclosing is not to be utilized.

When relayed protective devices, such as reclosers, are added to main line down stream of substation
relays employing instantaneous settings, and it is desirable to continue to utilize the instantaneous
function on the line section between the recloser location and the instantaneous relay, the
recommended practice is to set the instantaneous pickup settings to a value of 125% (150% for clapper
or plunger type inst) of the magnitude of an expected, bolted fault at the recloser location. This will
allow the Time Over Current element to take precedence over the Instantaneous element, for any fault
that may occur down stream of the recloser. The recloser can be coordinated with this TOC setting to
ensure that the recloser will operate and isolate a fault down stream of it with out causing the feeder’s
instantaneous element to trip the substation breaker. If maintaining instantaneous the setting is not
desired, disable, or set the instantaneous pickup setting higher that than the largest magnitude of
expected fault current.

Fuse Saving
Choosing TCC curves and settings to allow fuse saving is not a recommend practice as it can result in

excessive momentary interruptions for all customers downstream of that recloser or breaker.

The use of saving is discouraged and its use is limited to pre-approved special situations.
In those special approved situations, in order for fuse saving to be successful, all of the following
criteria must be met:

e Only in areas where line reclosers are protecting remotely accessible single phase line sections,
where fused single phase circuit branches (65K fuse or size greater fuse) experience a high
frequency of operation due to temporary faults.

¢ Inlocations beyond the protecting fuses, the fault current must not exceed 1,180amps,
otherwise, the recloser cannot clear the fault fast enough without damaging the fuse.

Fuse saving should never be used on substation feeder breakers/reclosers, otherwise a significant
number of customers will be exposed to nuisance momentary outages.

Load Encroachment

Load Encroachment is applied on distribution feeders in conjunction with time overcurrent protection to
maintain sensitivity for detection of end-of-feeder faults in applications where load growth has exceeded
minimum fault detection levels. Load encroachment allows phase overcurrent elements to be set
independent of load levels or thermal ratings. This enables phase overcurrent elements to be set with
pick values that may otherwise thermally limit that feeder or line section and still allow adequate fault
sensitivity under high load conditions, refer to National Grid Doc #PR.10.00.00 “Application Guide :
Protection — Feeder Load Encroachment”

Recommended Load Encroachment settings for distribution feeders using SEL351 or 651R
relays/recloser controls:

PLAF = 32 degrees

PRINTED COPIES ARE NOT DOCUMENT CONTROLLED.
FOR THE LATEST AUTHORIZED VERSION PLEASE REFER TO THE APPROPRIATE DEPARTMENT WEBSITE OR DOCUMENTUM.
File: GL.01.01.001 Dist. Feeder Protection Guidelines Related to Originating Department: Sponsor:
Feeder Breaker & Recloser Applications on Radial Dist. Circuits Network Asset Planning Brian Hayduk

167



The Narragansett Electric Company

d/b/a Rhode Island Energy

In Re: Proposed FY 2024 Electric Infrastructure, Safety and Reliability Plan
Attachment DIV 1-26-1

Page 17 of 22

ENGINEERING DOCUMENT Doc. # GL.01.01.001
) . Guideline: Engineering and Asset Management Page 170f 22
nat;onalgrld Distribution Feeder Protection Guidelines
Related to Feeder Breaker and Recloser Version 1.0 — 06/07/09
Applications on Radial Distribution Circuits

NLAF =-90
PLAR = 95
NLAR = 270
.85x1000 x KV .
ZLF = 85100 dalAMC (PriOhms) x CTR (SecOhms)
2 x FeederRating s x1.15 PTR

ZLR = .1 min setting (sec-ohms)

Where:

PLAF = Maximum Positive Load Angle Forward (-90 to +90 deg)
NLAF = Maximum Negative Load Angle Forward (-90 to +90 deg)
PLAR = Maximum Positive Load Angle Reverse (+90 to +270 deg)
NLAR = Maximum Negative Load Angle Reverse (+90 to +270 deg)
ZLF = Forward minimum load impedance (.05 — 64 ohms-sec)

ZLR = Reverse minimum load impedance (.05 — 64 ohms-sec)

Figure #10

PLAR

Under normal load conditions operation of the time overcurrent phase element is blocked by the load
encroachment element. When a fault does occur, the load angle swings from the blocked zone into the
trip zone and the time over current element is no longer blocked thereby allowing the breaker or
recloser to operate to clear the fault, refer to figure #10.
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5.0 GUIDELINES FOR DETERMINING TIME OVERCURRENT SETTINGS FOR CIRCUIT

BREAKERS AND RECLOSERS ON RADIAL CIRCUITS PROTECTING SECTIONS OF FEEDER

MAIN LINE

5.1 When two or more relayed protective deices are arranged in series on the same circuit, the
TCC pickup value chosen for a protection element (Phase or Ground) on the upstream
device must always be greater in magnitude that the pickup value for the corresponding
TCC protection element (Phase or Ground) on the downstream device.

52

5.3

Phase pickup settings are not intended to be selected to prevent thermal overload of a
limiting element or circuit.

5.2.1 The phase setting must be able to coordinate with the largest down stream fuse

522

523

524

525

526

and/or the phase setting of any relayed down stream protective device.
At a minimum, the phase setting shall coordinate with a 140K fuse.

As a general rule, the phase setting must be able to clear an end of zone bolted 3
phase fault in less than a second.

Ideally, substation relay/recloser phase pickup settings should be selected to be at
least greater than 115% of the current rating of the circuit’'s limiting element, (check
summer normal rating or where applicable winter normal rating), found in that
protective device’s zone of protection.

Line recloser Phase pickup settings shall be at least 115% of the expected peak
loading for the line section in the recloser’s zone of protection.

Phase settings must be able to carry inrush current (includes magnetizing and cold
load inrush).

Ground settings for a substation relay/recloser must fully coordinate with any downstream
settings of any relayed protective device, and a 100K fuse.

53.1

53.2

If fuses larger than 100K are present down stream, and, if system parameters allow,
coordination with that fuse can be attempted, for a bolted fault, within that fuse’s
zone of protection.

As a general rule, a bolted end of zone ground fault should be cleared less than a
second. This criteria can be met through activation of either the Ground or the
Phase Element.
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TCC to fall between the fuse’s minimum melt and total clearing characteristics, this
will allow the fuse to clear a fault down stream of it during the breaker or recloser’s

will be difficult to meet (for example, when the fault current magnitude is less than

instances consideration should be given to additional mainline protection, or the use
of enhanced overcurrent protection, such as load encroachment settings should be

0.3 seconds is considered adequate assuming breaker time does not exceed 0.1

54 Line recloser ground settings must coordinate with the ground characteristics of any
downstream protective devices, (another recloser or reclosers), and with a 100K fuse.

5.4.1 In applications where reclosing is utilized, it is acceptable to have the relay ground
reclose cycle before the recloser goes to lockout..

5.4.2 When fuses larger than 100K are present on the line down stream of the recloser, an
attempt should be made to coordinate for bolted fault within that fuse’s zone of
protection.

5.5  To ensure adequate fault sensitivity, a bolted end of line fault, at the end of the protective
device’s zone of protection, (reach), should be cleared in less than a second.

5.5.1 In many areas there will be circuits where fault magnitudes are such that this criteria
500amps, a 100K fuse will not clear a fault in less than 1.0 second). In such
considered. Consequently, good engineering judgment must come into play to
determine what is feasible and practical.

5.6 The protective device must be able to clear the maximum fault available without damage to
itself (interrupting rating), and before damage occurs to equipment.

5.7 The recommended coordinating time interval (CTI) to ensure coordination between series
protective devices is as follows:

5.7.1 Electromechanical relay to Electromechanical relay — 0.4 seconds
seconds

5.7.2 Electromechanical relay to electronic device - 0.3 seconds
Electromechanical device to fuse — 0.2 seconds

5.7.3 Electronic device to electronic device — 0.2 seconds

5.7.4 Electronic device to fuse — 0.1 seconds

5.7.5 Fuse to fuse — 0.1 seconds

5.8

Substation feeder relay/recloser settings and line recloser settings are the responsibility of
the Network Asset Planning Department. The System Protection Department shall review
and approve any requested substation relay/recloser settings before they are issued to the
appropriate group for implementation.
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6.0 GUIDELINES FOR RECLOSING

Generally, reclosing shall be used on all overhead main line conductors. Two reclose attempts (3 shots
to lockout) are recommended to be used for substation reclosing and three reclose attempts (four trips
to Lockout) are generally recommended for line reclosers, refer to figure #11.

Figure #11

Consideration may be given to a fourth reclose attempt for line reclosers on feeders in remote rural
areas. Typically, the open time for the first open interval should be 5 seconds, 10 seconds for the
second, and 15 for the third and fourth open intervals. Reclosing reset time is recommended at 60

seconds.
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These reclose and reclosing reset times can be applied to most electronic or microprocessor type
protective devices. Certain older electronic recloser controls have limitations on the available settings
due to the discreet plug in modules that are used. Any electromechanical protective relays in the circuit
require consideration of that device’s reset time and hence much longer dead bands may be required to
allow the relays to fully reset. Also, electromechanical reclosing relays will have setting limitations due
to the nature of their construction and operation.

7.0 ALTERNATE SETTINGS PROFILE

Certain microprocessor based protective devices allow the user to program in multiple setting profiles
that can be used for special applications. An alternate settings profile can be employed to prevent
tripping of a protective device during certain emergency contingency situations. In such an application,
the phase pickup value is recommended to be at least 115% of the short time emergency rating on
the circuit. Generally reclosing will not be employed. The responsibility for activating these settings
and subsequently returning to the normal settings will reside with the Regional Control Centers
providing the units are on EMS. Coordination with other series protective devices will be compromised
when these settings are enabled.
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1. Executive Summary

1.1 Abstract

A. Define a set of rules to improve service performance to customers through optimization of

automatic line sectionalizing.

1.2 Automatic sectionalizing philosophy guidelines

A. A set of guiding principles for circuit optimization can be found in Table 1.1. These principles are
meant to allow flexibility in the method of developing automatic sectionalizing while achieving a
consistent result across the distribution system.

Sectionalizing

Principle

Isolate permanent faults
with the nearest upstream
automatic sectionalizing
device.

Clear faults in the fastest
reasonable time.

Implement hot line tag on
capable devices.

Save fuses for transient
faults.

Purpose

Interrupt the fewest amounts of
customers possible.

Reduce the number of operations per
device by reducing the number of
devices tripping.

Reduce maintenance costs by limiting
equipment damage caused by heat
generated during faults.

Reduce voltage dip induced
momentaries caused by slow clearing.

Protect crews performing hot line work
by reducing incident energy to the
lowest amount possible.

The upstream automatic sectionalizing
device should operate to protect line
fuses from operating during transient
faults.

Where the fuse cannot be saved the
upstream device should not operate.

Table 1.1 Sectionalizing Principles

© PPL Electric Utilities Corporation. All rights reserved.
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1.3 Impact on key performance indicators

A.

The automatic sectionalizing guidelines provide a circuit optimization strategy to improve

reliability performance indicators and reduce maintenance costs by reducing device wear and

tear, while maintaining at minimum a baseline of industry standard protection.

Properly set and coordinated protective schemes offer many benefits to key performance
indicators, which are detailed in subsequent discussion points in this section.

Scheme Implementation: The effect on key performance indicators applies to all new protective

schemes. While all efforts are made to revise older schemes and bring them up to current

standards it is not always possible to replace existing equipment or revisit existing settings in a

timely manner.

SAIFI: Proper coordination of protective devices reduces SAIFI by reducing the number of
customer interruptions — when the desired protective device trips to isolate a system

disturbance (that is, the device closest to the fault) — the number of customers experiencing an

outage caused by the interruption is reduced.

Y. Total Number of Customer Interruptions

AIFI =
S Total Number of Customers Served

SAIDI: Proper coordination of protective devices reduces SAIDI by reducing the number of

customer interruptions — fewer customers experiencing an outage will reduce the sum of the

“Customer Interruption Durations.”

Y Customer Interruption Durations
SAIDI =

Total Number of Customers Served

CAIDI: Proper coordination of protective devices reduces CAIDI by reducing the total number of
customers affected by an interruption — when the device closest to the system disturbance
isolates the fault less customers will experience the interruption, and the sum of the “Customer
Interruption Durations” will also be reduced.

Y. Customer Interruption Durations
CAIDI =

Total Number of Customer Interruptions

MAIFI: Eliminating fuse savings at the feeder CB relay improves MAIFI be preventing the CB
from tripping for faults that will also be cleared by a fuse, reducing the number of customers
that would have experienced a momentary when a permanent outage will also occur. Other
performance indicators should not be affected because the fuse was likely to have operated
anyway, causing a permanent outage.

© PPL Electric Utilities Corporation. All rights reserved.
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Reducing the number of devices that trip to save a fuse to one will provide only minor
reductions to MAIFI, but will prevent misoperations that can occur when multiple devices trip
for the same fault.

Y. Total Number of Custmer Momentary Interruptions
MAIFI =

Total Number of Customers Served
1.4 Summary of automatic sectionalizing strategy

A. Each distribution feeder shall be equipped with a circuit breaker controlled by a protective relay
or recloser operated in protective mode. The protective elements shall be set in accordance
with the guidelines described in this document and the distribution protection standards. At a
minimum protection will include, but is not limited to: overcurrent, hot line tag and reclosing.

B. Automatic line sectionalizing devices, which include: reclosers, sectionalizers and fuses, shall be
set in similar fashion to the feeder protective device. The placement of line sectionalizing
devices shall be decided by distribution planning, reliability engineering or distribution design
with consultation from distribution protection. To maximize the efficiency of the system all
devices shall have settings that comply with the automatic sectionalizing guidelines described in
this document.

C. Overcurrent protection is the preferred method to detect and isolate faults on the distribution
system because it provides accurate fault detection for reasonable cost and requires a moderate
level of setting calculation complexity. Overcurrent detects faults downstream from the device
point of origin, while the device is normally sourced, and initiates tripping instantaneously or by
time-delayed curves where the clearing is inversely proportional to the current. The clearing
times are optimized to provide maximum coordination with upstream protective devices
(substation or transmission sectionalizing device at the feeder CB, feeder CB or other reclosers
for line devices) and downstream automatic sectionalizing devices.

D. Reclosing is provided on circuit breakers and reclosers and is utilized to automatically close the
device after a protective trip is initiated. Given that an estimated 85%* of faults are transient
this relieves the system operator or line crew from having to manually close the device after
each transient operation. Reclosing is limited to a maximum of three operations because the
chance of holding on the third and subsequent trips is less than 1%. Reclosing attempts may be
reduced or blocked due to excessive lengths of downstream cable or excessive fault magnitudes
that could damage equipment, or in rare cases for coordination with other line devices.

E. Hot line tag is provided for crew safety while hot line work is performed within the minimum
approach distance (MAD). OSHA requires that reasonable estimates of incident energy be made

1IEEE C37.104-2012
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for crews performing live line work within the MAD to establish the required personal protective
equipment (PPE) such that no clothing shall melt and damage the workers skin during a flash.
Hot line tag makes all tripping instantaneous and blocks reclosing, thus reducing the incident
energy to the minimum and potentially eliminating the need for additional PPE that could prove
hazardous in certain working conditions.

F. Fuse savings is provided because of the estimated 85% transient faults. While not all transient
faults are past fuses, without fuse savings those transient faults that are past fuses would result
in a permanent outage, increasing duration of outage and circuit restoration times when the
transient could have been cleared and automatically restored by the upstream line device.

G. Inaccordance with the guidelines provided in this document all automatic sectionalizing devices
shall be coordinated to limit interruptions to the fewest amount of customers possible and to
reduce tripping to the fewest devices possible. All efforts will be made to limit the overreach of
the protective zones where coordination cannot be achieved.

H. In general, the last device before a normally point will be made protective so that some form of
line protection is provided during a transfer.

I. Detailed descriptions of operation for each automatic sectionalizing device element can be
found in subsequent sections.

2. Definition of Schemes

2.1 Explanation of protective zone

A. A protective zone is defined as the circuit downstream from the protective device while it is
normally sourced. The limit of the protective zone is the next downstream protective automatic
sectionalizing device, with the exception of fuses due to the fuse savings scheme. See Figure 2.1
for an illustration.

B. The limit of protection is the minimum line-end fault current within the device’s zone of
protection —i.e. the device must be able to detect all unrestricted faults within its zone. A
variable percent margin of error is added to line-end faults to account for some fault restriction,
inaccuracy in metering equipment and inaccuracy in system models. IEEE recommends a
minimum of 150%?2 safety margin on line-end faults.

C. Due to circuit configuration there are instances where the placement of automatic sectionalizing
devices on the distribution system does not allow for a clear “next downstream” device. In these
instances the protective zones may overlap and multiple devices could operate for transient

2 |EEE Std €37.230-2007
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faults. The standards provide guidelines to limit multiple devices from going to lockout for
permanent faults wherever this coordination is possible.

Further, there are locations where the 69 KV zone distance protection will overreach substation
power transformers and portions of the 12 KV line. Where this occurs the feeder relay
instantaneous overcurrent must be set to clear faults faster than the zone distance relays and

detect faults 20% further than the zone distance relays in all cases. It is not desirable to operate
transmission protection for 12 KV faults. Therefore, at these locations the overlapping of
protective zones cannot be avoided and multiple line devices may operate to lockout for

permanent faults. See Figure 2.2 for an illustration.

Substation
Circuit Breaker

B Recloser A

Recloser A ground
minimum line-end

past the fuses to
provide fuse savings

fault
Recloser B is in
th Swf'tCh r':oclle Recloser A phase
Recloser A phase er:yore ec:ser Tap F minimum line-end
zone of protection s Vzone o ap Fuse fault
protection extends
l past it l
‘ Recloser B
Tap Fuse Tap Fuse
P Recloser A zone of P
protection extends

Figure 2-1 lllustration of protective zones
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E.

Finally, at substations where 69 KV fuses are used to protect the power transformer the 69 KV
fuse zone of protection will overreach the 12 KV line for considerable distance. Since it is not

desirable to operate the 69 KV fuses for line faults the feeder CB must operate faster than the
fuses for all line faults. This is accomplished with instantaneous overcurrent elements. As with

the zone distance overreach, the overlap of the protective zones cannot be avoided and
therefore multiple line devices may operate for permanent faults. See Figure 2.3 for an
illustration.

Figure 2-2 Example of Zone Distance Overreach

1. The zone 2 reach is set at 125% of the transmission line impedance.
The zone 2 reach is the area inside the circle.

3. In this example the 69/12kV transformer falls inside the circle, as does some length of
12kV line impedance.

4. The point where the 12kV line crosses the arc of the zone 2 circle is the extent of the
zone 2 reach onto the 12kV system.

5. The 50P2P/3P setting is determined at 90% of the phase-to-phase fault magnitude at
that location, +10% further reach of the zone 2.
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Figure 2-3 Example TCC Graph for 69 KV Fuse Coordination
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2.1 Explanation of overcurrent protection and coordination

A.

Overcurrent protection uses input current from current transformers (CTs) mounted in the
device bushings that meter the line current; the metered current is then compared to the
calculated setting and if the current exceeds the setting trip-timing begins. When the timer
expires a trip command is sent to the recloser or circuit breaker. See Figure 2.4 for an example
of how the internal relay decision logic works for an overcurrent element.

Figure 2-4 Example Time Overcurrent Relay Logic

The overcurrent pickup setting is calculated to be as sensitive as possible while still allowing for
maximum line loading. This ensures the protective device will protect line equipment and detect
as many restricted faults as possible while not being load limiting. These calculations may not be
valid while the device is abnormally sourced and it is understood that overcurrent settings are
developed for “system normal” conditions only.

Instantaneous overcurrent (I0C) elements will detect faults and send a trip command in
approximately 1 cycle; therefore it is not possible to coordinate I0C elements. It is understood
that where 10C protective zones overlap multiple devices will operate for the same fault. This is
not desirable but is an unavoidable byproduct of overcurrent protection schemes. Because
these elements cannot be coordinated all efforts are made to limit the overlap of zones.

It is common for time overcurrent (TOC) protective zones to overlap, however these elements
will send a trip command after a variable time delay based on curve timeout, therefore it is
possible to make the devices operate in a desired order. The process of developing the required
settings to achieve the desired operating order is known as “coordination.” See Figure 2.5 for an
example of TOC coordination.
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Figure 2-5 Sample TCC Graph for TOC Coordination

2.2 Explanation of hot line tag
A. Hot line tag (HLT) is an industry defined function that, when enabled on a device disables
reclosing and makes all tripping instantaneous. Any detected fault will cause a trip command to

be sent instantaneously and reclosing will not be allowed.

B. HLT is available for crew safety and is used while hot line work is being performed within the
MAD.

C. Tripping is made instantaneous to reduce the incident energy released to the smallest amount
possible. Reclosing is not allowed so crews have a chance to clear the area if a fault occurs.
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2.3 Explanation of reclosing and fuse savings

A.

Per IEEE C37.104-2002 85-90% of all faults are transient, meaning a protective device detected a
short circuit and interrupted the current flow, and then the fault self-cleared. It is thus desirable
to automatically close the protective device without any operator or line crew action. This is
known as “reclosing.”

The number of recloses is determined by a variety of factors but generally 3 reclose attempts
are made. The percentage chance of holding upon reclosing decreases to approximately 15% on
the second trip and 1% for all subsequent trips. We can therefore conclude that most faults that
don’t clear on the first trip are permanent faults.

Given that 85% of faults are transients it is not desirable to operate the fuse when the fault
could be cleared and the line automatically restored by an upstream device within a few
seconds. This is called a “fuse savings” scheme. To accomplish fuse savings the upstream
protective device must operate with a time delay shorter than the fuse total clear time which is
typically less than 5 cycles.

If fuse savings were eliminated any transient fault downstream from a fuse would result in
operation of the fuse. This increases CAIDI because the customers have been interrupted and
cannot be remotely restored because the fuse can only be replaced locally, and increased
maintenance costs because a line crew must be sent to the location to replace the fuse.

On a feeder relay, fuse savings is accomplished with instantaneous elements, however, upon
study it was found that fault magnitudes within the typical feeder CB zone of protection will
operate the fuse and the CB at the same time. Therefore, fuse savings was eliminated on the
feeder CB.

In a recloser, fuse savings is accomplished with “fast curves” which operate instantaneously
above approximately 1,000A and have a short time delay at lower magnitudes. Old style
hydraulic reclosers have 2 fast trips built in to the operating mechanism; modern programmable
recloser controls are set to 1 fuse savings operation.

In older schemes overlap of fast curves was allowed because of equipment limitations; in
modern recloser controls fast trips can be easily blocked, therefore, fuse savings should be
limited to one device per fuse. That is, one device should operate one time to save any fuse.
Multiple devices may still operate where circuit configuration does not provide for coordination.
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3. Feeder Protection

3.1 Description of feeder relay protective elements

A.

Scheme Implementation: The relay information in this and subsequent sections applies to all
new protective schemes. While all efforts are made to revise older schemes and bring them up
to current standards it is not always possible to replace existing equipment or revisit existing
settings in a timely manner.

Current and Potential Inputs: Protective elements in the primary and backup relays rely mainly
on current inputs from the CT, except the Blown Fuse Trip Logic, which uses potential from the
PT inputs, and the Under-Frequency trip logic, which uses potential, but can switch to current if
the voltage is not available. The CTs are connected on the bus side of the feeder breaker, and
the PTs are connected on the 12.47kV bus.

51P1: 51P1 is a phase time overcurrent element. The pickup is set below the minimum line-end
fault, but above maximum load. The time characteristics are adjusted to provide at least 18
cycles of coordination with downstream reclosers. In Group 2, the 51P1 pickup is typically set 1
tap higher than the Group 1 pickup to allow increased load on the feeder.

51P2: 51P2 is a phase time overcurrent element used for fast tripping when the relay is set to
Hot Line Tag. The 51P2 pickup is set the same as the 51P1 pickup, but the time dial is set lower.

51G1: 51G1 is a residual time overcurrent element. The pickup is set above the allowed feeder
unbalance, but below the 51P pickup, in order to detect high-impedance ground faults. A trip on
this element will block reclosing, since these faults are frequently caused by downed
conductors. The 51G should coordinate with downstream ground elements, if they are in use.

50P1: 50P1 is a definite time overcurrent element used to provide fast tripping for some portion
of the feeder. 50P1 will typically have a definite time delay to allow downstream fuses
overreached by the element to operate; however, the delay is set off when the relays are in
Group 2 to allow fuse savings.

50P2/Q2: The 50P2/Q2 elements are used to prevent high side transformer fuses from blowing
for a high magnitude feeder fault when the substation is in abnormal configuration, i.e., one of
the 12.47kV main or bus section breakers are open at a station where the bus section is
normally closed. At a substation with high side circuit breakers/switchers, or at a substation with
a normally open bus section breaker, 50P2/Q2 would typically not be used. 50P2 operates on
phase current, while 50Q2 operates on negative sequence current.

50P3/Q3: The 50P3/Q3 elements are used to prevent high side transformer fuses from blowing
for a high magnitude feeder fault when the substation is in Normal configuration, and to
coordinate with zone distance relays at the remote source substation if the distance settings
reach through the transformer into the 12.47kV system. If the transformers have high side
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circuit breakers/switchers rather than fuses, 50P3/Q3 would be set to cover some portion of the
getaway for high magnitude faults, and to coordinate with any overreaching transmission
distance elements. 50P3 operates on phase current, while 50Q3 operates on negative sequence
current.

Blown Fuse Trip: Blown Fuse Trip logic is only in use at substations where the high side of the
transformer is protected by fuses. If a fault causes only one fuse to operate, phase to neutral
12.47kV bus voltage will be approximately half of nominal on two of the phases. Upon detecting
this condition, the logic will wait for three minutes, and then trip the feeder to protect customer
equipment from the unbalanced voltage condition. A Blown Fuse trip will also lock out reclosing.
If the transformer has a high side circuit breaker/switcher, the Blown Fuse logic should be
blocked.

Underfrequency (81) Trip: If Underfrequency Load Shedding is in use at the substation, and the
primary and backup relays are tasked with controlling the scheme, the 81 element will trip the
feeder if frequency dips below the set point for more than the specified time delay. The 81
element is supervised by checking for sufficient current and voltage before allowing a trip. The
underfrequency scheme at a given substation might or might not be controlled by the primary
and backup SEL-751s, as some stations have the scheme implemented by means of a PLC.

3.2 Description of feeder relay inputs

A. 43M Recloser Selector Switch: If the Recloser Selector switch is set in the Primary position, the

primary relay will control reclosing operations. If the switch is set to Backup, the backup relay
will control reclosing. This input is used in the relay reclose initiate supervision logic and used to
supervise closing.

Relay Trouble (To Backup from Primary only): If the primary relay experiences a trouble state,
such as a hardware/software alarm or a complete loss of operation, the backup relay will
receive a signal on this input which allows it to assume control of reclosing. The primary relay
trouble signal should be connected in parallel with the 43M Recloser Selector Switch so that
either primary Relay Trouble OR the 43M switch set in the Backup position will allow the backup
relay to assume control of reclosing.

101 NAC Supervisory Disable: The 101 Circuit Breaker Control Switch must be in the Normal
After Close (NAC) position (red semaphore) to allow reclosing, a SCADA close, or a SCADA trip in
either relay.

52A Contact: A 52A contact is required to supervise a number of operations, including Unlatch
Trip, Unlatch Close, Reclose Initiate, Unlatch Blown Fuse Alarm, Unlatch Underfrequency Trip
Alarm, Manual Closing, Slow Breaker Logic, and Trip and Close Coil Monitors. For example, the
relay can use the 52A status to ensure that the breaker has opened before unlatching TRIP.
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D. Activate I0OC When Abnormal (Abnormal Station Status): At a substation with a normally closed

bus section breaker (that is, the 12.47kV bus is normally supplied by both transformers in

parallel), the primary and backup SEL-751 feeder relays will receive a signal from the SEL-487B

bus relays if the station is in an Abnormal condition.

The 487Bs send the Abnormal signal when any of the low side main or bus section breakers are

open, indicating that the feeders are only being supplied by a single transformer. The feeder
relays are then allowed to trip on 50P2/Q2 settings (see settings discussion below) for a high

magnitude fault. At a station with a normally open bus section breaker, this input may be left

unwired since the feeders will always be supplied only by a single transformer.

E. 101 CB Control Switch Close: Turning this switch to the Close position will start a 10 second

timer in the primary and backup relays. Upon timeout, both relays will attempt to close the CB.

F. Input Fuse Monitor: If DC input voltage is lost to the primary and/or backup relays, circuit
breaker trouble logic will send an alarm to SCADA.

G. Spring Charge Fail: A low spring charge will typically open the normally closed contacts on
49MX. The primary and backup relay Spring Charge Fail input will thus go low when spring

charge is low and circuit breaker trouble logic will send an alarm to SCADA. If no spring charge
contact is available, this input should be wired directly to the positive DC supply. The resulting

constant high signal will ensure that the Spring Charge Fail logic will not assert.

H. IPP Reclosing Block: If there is live voltage from customer-owned generation on a tripped feeder

(open contact), a low IPP Block Reclose input will temporarily stall an in-progress reclosing
operation. If the voltage persists more than 60 seconds, reclosing will be locked out.

On feeders that do not have significant customer-owned generation, and thus no feeder-side

voltage check, this input should be wired directly to the positive DC supply. The resulting
constant high signal will ensure that the IPP Block Reclose logic will not assert.

I. Supervisory (SCADA) Trip: As long as the 101 Circuit Breaker Control Switch is in the NAC

position, a signal received from hardwired SCADA on this input will cause the relay to attempt to

open the breaker.

hardwired SCADA on this input will cause the relay to attempt to close the breaker.

Supervisory (SCADA) Close: As long as the 101 Circuit Breaker Control Switch is in the NAC
position, and the relay is not receiving an IPP Delayed Reclose signal, a signal received from

K. Relay Trip Input (Reclose Initiate): The primary and backup relays each receive a Trip contact

from the other relay, i.e., the primary receives a trip from the backup and vice versa. If the
primary receives a trip, it will attempt to initiate reclosing, and likewise for the backup.
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However, the reclosing initiate will only be successful in the given relay if the previously
mentioned reclosing supervision conditions are met.

L. Close Coil Monitor: If voltage to the breaker close circuit is lost, the Close Coil Monitor input to
the primary and backup relays will go low. If this occurs while the breaker is open, circuit
breaker trouble logic will send an alarm to SCADA. Note that there are multiple methods of
obtaining the close voltage status, depending on the type of breaker in use.

M. Trip Coil Monitor: The Trip Coil Monitor indicates whether the circuit breaker trip coil is
continuous/ready to trip while the breaker is closed. If the trip coil is not ready to trip (TCM
input is low) and the breaker is closed, relay reclosing will be driven to lockout, and circuit
breaker trouble logic will send an alarm to SCADA. Note that there are multiple methods of
obtaining the trip coil ready status, depending on the type of breaker in use.

3.3 Description of feeder relay outputs

A. Trip: The Trip output from the primary and backup relays is wired to the CB trip coil and will
close to trip the breaker for the operation of any relay protective element. Note that the 101 CB
Control Switch trip contact is wired directly to the CB trip coil rather than to a relay input and
hence will not trip the breaker through the relay.

B. Close (Manual and Auto): The Close output from the primary and backup relays is wired to the
CB close coil. The output will close the breaker for an operation of the reclose logic, or after a
10-second delay if the 101 CB Control switch is moved to the Close position.

C. Relay Failure Alarm: If the primary or backup relay experiences a trouble state, such as a
hardware or software alarm, or fails completely, the Relay Failure contact will close. The primary
Relay Failure contact is wired to an input on the backup relay, which will allow the backup to
assume reclosing control in case of a primary failure. The backup Relay Trouble contact is not
used the logic.

D. SCADA Trip: As long as the 101 Circuit Breaker Control Switch is in the NAC position, a signal
received by the primary and/or backup relay through the Supervisory (SCADA) Trip input, or
through a remote open command, will close this output and attempt to open the breaker. The
output is wired to the circuit breaker trip coil.

E. SCADA Close: As long as the 101 Circuit Breaker Control Switch is in the NAC position, and the
relay is not receiving an IPP Delayed Reclose signal, a signal received by the primary and/or
backup relay through the Supervisory (SCADA) Close input, or through a remote close command,
will close this output and attempt to close the breaker. The output is wired to the circuit breaker
close coil.
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F. Breaker Failure Trip: When the primary or backup relay issues a TRIP command, the relay starts
the Breaker Failure Delay (BFD) timer. If BFD times out before the relay detects that all current
through the feeder breaker has been interrupted, the relay will issue a Breaker Failure Trip (BFT)
to alert the SEL-487B bus relays of the failed breaker. The BFT contact from the primary SEL-751
feeder relay is wired to the SEL-487B/R1 and from the backup feeder relay to the SEL-487B/R2.

G. Relay Trip Output (Reclose Initiate): If the primary and/or backup relay trips for any protection
function other than 51G, Underfrequency, or Blown Fuse Logic, the Relay Trip (Reclose Initiate)
output will indicate to the other relay that the trip has occurred, i.e., the primary signals the
backup, and vice versa. This allows both relays to be aware when the other relay has tripped and
to initiate reclosing if it is currently tasked with reclosing duty.

4. Substation Transformer Protection

4.1 Explanation of transformer differential scheme protective elements

A. Scheme Overview: The SEL-487E transformer relay provides primary differential protection for
the transformer, as well as backup protection in the form of overcurrent elements. In addition
to current based protection, the relay can also trip the transformer for protective functions (low
oil, high temperature, etc.) provided by monitoring equipment in the transformer control
cabinet. No reclosing is permitted for any transformer trip, but the 487E will initiate breaker
failure to the high side SEL-751 for a trip.

B. Current Inputs: The number and location of current inputs to the transformer SEL-487E depends
on the type of high side fault interrupter in use.

If the high side device is a circuit switcher, the 487E will typically receive currents from a three-
phase CT located on the high side transformer bushings, a three-phase CT on the bus side of the
low side main breaker, and a CT on the transformer neutral. The high and low side three-phase
CTs are used for transformer differential and overcurrent, and the neutral CT is used for the REF
element.

If the high side interrupter is a circuit breaker, the 487E will typically receive currents from a
three-phase CT on the line side of the high side breaker, a three-phase CT on the bus side of the
low side main breaker, three-phase CTs on the high and low side transformer bushings, and a CT
in the transformer neutral.

The breaker CTs are used for transformer differential and overcurrent, the neutral CT is used for
the REF element, and the bushing CTs are used for fault location targeting.

The 487E does not receive any potential inputs.

C. Transformer Differential (87): The transformer SEL-487E will trip for restrained and
unrestrained differential elements (87R and 87U) for faults in the transformer zone of

© PPL Electric Utilities Corporation. All rights reserved.

191




The Narragansett Electric Company

d/b/a Rhode Island Energy

In Re: Proposed FY 2024 Electric Infrastructure, Safety and Reliability Plan
Attachment DIV 1-26-2

Page 19 of 49

Standard No. | 1-003

PPL Electric Utilities

Revision | 01

Distribution Protection Department Effective Date | 06.01.2016

Valid Until | 06.01.2021

Distribution Protection Philosophy

Sheet | 19 of 49

protection. The restrained element functions by comparing operate current with restraint
current using the differential characteristic. The unrestrained element functions purely on the
operate current and does not consider harmonic blocking or restraint current. This element trips
the high and low side fault interrupters.

. 51P: 51P is set to protect the transformer against internal faults, as well as faults on the high
side of the transformer. The pickup is set above load, while the curve is chosen to coordinate
with the transformer damage curve and the transformer inrush current, and the time dial is
chosen to coordinate with the transformer damage curve, the transformer inrush current, and
the low side feeder curves. 51P is set the same as a similar element in the high side SEL-751. This
element trips the high and low side fault interrupters.

. 51G: 51G is set to protect the transformer against internal ground faults, as well as ground faults
on the high side of the transformer. Since the element is not responsive to load, it can be set
more sensitively than the corresponding phase element (51P), but must coordinate with the
remote transmission terminal ground relays. The pickup is selected to be above the highest
transformer unbalance due to load, while the curve and time dial are selected to coordinate
with the transmission relays. 51G is set the same as a similar element in the high side SEL-751.
This element trips the high and low side fault interrupters.

. 50P: 50P is set to protect the high side of the transformer and might protect for some internal
faults. It is set above the transformer’s rated current and above the low side’s maximum fault
current, and hence does not require a time delay to coordinate with low side devices. This
element trips the high and low side fault interrupters.

. 50G: 50G is set to protect the high side of the transformer for ground faults and might protect
for some internal faults. It should be set slightly lower than the 50G element at the remote
transmission terminal, which assumes that both the local and remote breakers will trip.
However, the local breaker will not reclose, while the remote breaker will. 50G is set the same
as a similar element in the high side SEL-751. This element trips the high and low side fault
interrupters.

. REF: The Restricted Earth Fault (REF) element provides sensitive detection of ground faults
which occur near the transformer neutral. REF compares current in the transformer neutral with
310 on the low side of the transformer to determine if a fault exists. The REF element will be
disabled if no transformer neutral CT is available. This element trips the high and low side fault
interrupters.

Transformer Low Oil Level Trip: The relay will trip the high and low side fault interrupters if
transformer monitoring equipment indicates that transformer main tank oil level is low (below a
specific level). If oil level monitoring is not available or tripping is not desired, the logic can be
disabled.
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4.2

J.

K.

Transformer Winding Temperature Trip: The relay will trip the high and low side fault
interrupters if transformer monitoring equipment indicates that the transformer winding
temperature is excessive. If winding temperature monitoring is not available or tripping is not
desired, the logic can be disabled.

Transformer Fault Pressure Trip: The relay will trip the high and low side fault interrupters if
transformer monitoring equipment indicates that sudden/fault pressure is excessive. If the relay
detects a fault outside of the differential zone, sudden/fault pressure tripping will be blocked. If
pressure monitoring is not available or tripping is not desired, the logic can be disabled.

LTC Oil Temp Trip: The relay will trip the high and low side fault interrupters if transformer
monitoring equipment indicates that LTC oil temperature is excessive. If LTC oil temperature
monitoring is not available or tripping is not desired, the logic can be disabled.

.LTC Low Oil Trip: The relay will trip the high and low side fault interrupters if transformer

monitoring equipment indicates that LTC oil level is low (below a specific level). If LTC oil level
monitoring is not available or tripping is not desired, the logic can be disabled.

SEL-487E relay inputs explanation

A.

High Side Fault Interrupter 52A: A high side fault interrupter 52A contact is included in the relay
Event Reports (ER), Sequential Events Recorder (SER) and breaker monitoring, but is not used to
supervise any protection or control operations.

. Low Side Main 52A: A low side main circuit breaker 52A contact is included in the relay Event

Reports (ER) and Sequential Events Recorder (SER), but is not used to supervise any protection
or control operations.

. Transformer Low Qil Level Trip (Normally Open): The relay will receive a signal on this input if

monitoring equipment indicates that the transformer main tank oil level is low (below a specific
level). The contact used to supply this signal is normally open, and must logically agree with a
normally closed oil level monitoring contact (below) before the relay will issue a transformer
trip. If this monitor is not available or tripping is not desired, the logic can be disabled.

. Transformer Low Oil Level Trip (Normally Closed): The relay will see the signal on this input

drop out if monitoring equipment indicates that the transformer main tank oil level is low
(below a specific level). The contact used to supply this signal is normally closed, and must
logically agree with a normally open oil level monitoring contact (above) before the 487E will
issue a transformer trip. If this monitor is not available or tripping is not desired, the logic can be
disabled.
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. Transformer Winding Temperature Trip: The relay will receive a signal on this input and issue a
transformer trip if monitoring equipment indicates that the transformer winding temperature is
excessive. If this monitor is not available or tripping is not desired, the logic can be disabled.

Transformer Fault Pressure Trip: The relay will receive a signal on this input if monitoring
equipment indicates that transformer sudden pressure (fault pressure) is excessive. The 487E
supervises this input with relay word bit CON (external fault detected). If CON is low (that is, no
external fault is detected) and the sudden pressure input is high, the relay will issue a
transformer trip. If this monitor is not available or tripping is not desired, the logic can be
disabled.

. LTC Oil Temp Trip: The transformer SEL-487E will receive a signal on this input and issue a
transformer trip if monitoring equipment indicates that the LTC oil temperature is excessive. If
this monitor is not available or tripping is not desired, the logic can be disabled.

. LTC Low Oil Level Trip (Normally Open): The relay will receive a signal on this input if
monitoring equipment indicates that the LTC oil level is low. The contact used to supply this
signal is normally open, and must logically agree with a normally closed oil level monitoring
contact (below) before the 487E will issue a transformer trip. If this monitor is not available or
tripping is not desired, the logic can be disabled.

LTC Low Oil Level Trip (Normally Closed): The relay will see the signal on this input drop out if
monitoring equipment indicates that the LTC oil level is low. The contact used to supply this
signal is normally closed, and must logically agree with a normally open oil level monitoring
contact (above) before the 487E will issue a transformer trip. If this monitor is not available or
tripping is not desired, the logic can be disabled.

Input Fuse Monitor: If DC input voltage is lost to the relay, trouble logic will send an alarm to
SCADA.

. Winding Temperature Fuse Monitor: If DC input voltage to the equipment associated with
Transformer Winding Temperature monitoring is lost, this input will drop out and relay logic will
send an alarm to SCADA.

. Top Oil Temperature Fuse Monitor: If DC input voltage to the equipment associated with Top
Oil Temperature monitoring is lost, this input will drop out and relay logic will send an alarm to

SCADA.

.Fault Pressure Trip Fuse Monitor: If DC input voltage to the equipment associated with Fault
Pressure monitoring is lost, this input will drop out and relay logic will send an alarm to SCADA.
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4.3 SEL-487E relay outputs explanation

A.

Trip High Side Fault Interrupter Trip Coil 1: The relay will trip the high side fault interrupter
through this output for the following elements/conditions: Transformer differential (restrained
or unrestrained), overcurrent (inverse or instantaneous), Restricted Earth Fault (REF),
Transformer Low Oil, Transformer Winding Temperature, Transformer Fault Pressure, LTC Qil
Temperature, or LTC Low Oil. This output is wired to the high side fault interrupter trip coil.

. Trip High Side Fault Interrupter Trip Coil 2: The relay will trip the high side fault interrupter

through this output for the following elements/conditions: Transformer differential (restrained
or unrestrained), overcurrent (inverse or instantaneous), Restricted Earth Fault (REF),
Transformer Low Oil, Transformer Winding Temperature, Transformer Fault Pressure, LTC Qil
Temperature, or LTC Low Qil. This output is wired to the high side fault interrupter trip coil #2. It
is left unwired if the fault interrupter does not have a second trip coil.

. Breaker Failure Initiate to High Side SEL-751: Upon issuing a transformer trip command, the

transformer SEL-487E will signal the high side SEL-751 to initiate breaker failure on the fault
interrupter.

. Trip Low Side CB: The relay will trip the low side main breaker through this output for the

following elements/conditions: Transformer differential (restrained or unrestrained),
overcurrent (inverse or instantaneous), Restricted Earth Fault (REF), Transformer Low Oil,
Transformer Winding Temperature, Transformer Fault Pressure, LTC Oil Temperature, or LTC
Low Oil. This output is wired to the low side main breaker trip coil.

. Trip Low Side CB Status (No reclose): If the transformer SEL-487E issues a transformer trip, this

contact will close to signal the low side main SEL-751 that the trip has occurred and to block
reclosing. Upon receiving the signal, the 751 will retrip the breaker and drive reclosing to
lockout.

Relay Testing 87 Trip: The Relay Testing Differential Trip output will close for a restrained or
unrestrained (87R or 87U) transformer differential trip.

. Relay Testing 50/51 Trip: The Relay Testing 50/51 Trip output will close for any overcurrent trip

(REF, 51P, 51G, 50P, 50G).

4.4 SEL-751 TX protective element explanation

A.

Current and Potential Inputs: Protective elements in the high side SEL-751 rely mainly on
current inputs from the CTs, except for the 59P Balanced Power trip signal to the SEL-487B bus
relays, which uses potential from the PT inputs, and the Low Gas Lockout which depends on a
contact signal from the fault interrupter.
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The three-phase CTs are connected on the high side of the transformer, and might be shared
with the SEL-487E transformer differential, depending on whether the high side fault interrupter
is a circuit switcher or a circuit breaker. If the high voltage lightning arrester lies outside of the
transformer differential zone of protection, currents from a CT connected to the ground lead of
the arrestor will also be provided to the 751.

The PTs are connected A-phase-to-ground and C-phase-to-ground on the high side of the
transformer. No B-phase PT is connected because in the event of a high side ground fault, the
voltage on two of the phases will rise. Thus, for any ground fault, at least A or C will provide
indication to the relay.

. 50P2: 50P2 is set to protect the high side of the transformer and might protect for some internal
faults. It is set above the transformer’s rated current and above the low side’s maximum fault
current, and hence does not require a time delay to coordinate with low side devices. 50P2 is
backup to a similar element in the SEL-487E transformer relay.

. 50P3: 50P3 is a “high set” instantaneous phase overcurrent element. Its function is to serve as
last-chance phase protection in case of failure in other phase elements. 50P3 is not settable in
the RDB template.

. 51P: 51P is set to protect the transformer against internal faults, as well as faults on the high
side of the transformer. The pickup is set above load, while the curve is chosen to coordinate
with the transformer damage curve and the transformer inrush current, and the time dial is
chosen to coordinate with the transformer damage curve, the transformer inrush current, and
the low side feeder curves. 51P is backup to a similar element in the SEL-487E transformer relay.

. 50N1: The 50N1 element is only in use at stations that have a circuit switcher as the high side
fault interrupter. The element receives current from a CT in the ground lead of the lightning
arrester and is used to detect a failed arrester.

. 50N2: 50N2 is a “high set” instantaneous element. Its function is to serve as last-chance failed
lightning arrester protection in case of failure in the 50N1 element. 50N2 is not settable in the
RDB template.

. 51G: 51G is set to protect the transformer against internal ground faults, as well as ground faults
on the high side of the transformer. Since the element is not responsive to load, it can be set
more sensitively than the corresponding phase element (51P), but must coordinate with the
remote transmission terminal ground relays. The pickup is selected to be above the highest
transformer unbalance due to load, while the curve and time dial are selected to coordinate
with the transmission relays. 51G is backup to a similar element in the SEL-487E transformer
relay.

. 50G1: 50G1 is set to protect the high side of the transformer for ground faults and might protect
for some internal faults. It should be set slightly lower than the 50G element at the remote
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4.5

transmission terminal, which assumes that both the local and remote breakers will trip.
However, the local breaker will not reclose, while the remote breaker will. 50G1 is backup to a
similar element in the SEL-487E transformer relay.

50G2: 50G2 is a “high set” instantaneous phase overcurrent element. Its function is to serve as
last-chance ground protection in case of failure in other ground elements. 50G2 is not settable
in the RDB template.

59P: 59P is an overvoltage element used to protect B-type substations from single-phase-to-
ground faults on the 69kV system. The delta high side of the 69/12.47kV transformer cannot
provide zero sequence current for a ground fault, thus the voltage will rise on the two unfaulted
high side phases. Once the remote terminal trips for the fault, the high side SEL-751 will signal
the SEL-487B bus relays to trip the low side main breaker and isolate the fault.

Low Gas Lockout: If the high side fault interrupter provides a low gas lockout contact to the SEL-
751 high side relay, the relay will include the lockout in the trip equation, as well as the breaker
failure initiate equation.

. Breaker Failure Initiate: The relay includes the following elements/inputs in the breaker failure

initiate equation: Any trip, except a trip due to a failure of the low side main circuit breaker; a
breaker failure initiate signal from the SEL-487E transformer relay; or a low gas fault interrupter
lockout. Upon initiation of the breaker failure timer, the relay will retrip the fault interrupter. If
breaker failure times out, the relay will send a signal to trip the low side main breaker and
attempt to open the high side MOD or the circuit switch disconnects, depending on the
equipment in use.

.Low Side Main Circuit Breaker Failure: If the high side SEL-751 receives a signal from the SEL-

4878 bus relay that the low side main circuit breaker has failed, the 751 will trip the high side
fault interrupter.

SEL-751 TX relay inputs explanation

A

Fault Interrupter 52A Contact: A 52A contact is required to supervise a number of operations,
including Unlatch Trip, Unlatch Close, Trip Coil and Close Coil Monitors, Slow Trip and Slow Close
alarms, and Open and Close MOD outputs. For example, the relay uses the 52A status in
conjunction with current detection to ensure that the high side fault interrupter has opened
before unlatching TRIP.

. Circuit Fault interrupter 52B Contact: A 52B contact is used by the relay to supervise the 10

second delay for local control switch open or close of the high side MOD.

. Trip Coil Monitor #1: The Trip Coil Monitor indicates whether the high side fault interrupter trip

coil #1 is continuous/ready to trip while the fault interrupter is closed. If the trip coil is not ready
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to trip (TCM input is low) and the fault interrupter is closed, circuit breaker trouble logic in the
relay will send an alarm to SCADA.

. Close Voltage Monitor: If voltage to the high side fault interrupter close circuit is lost, the Close
Voltage Monitor input to the relay will go low. If this occurs while the fault interrupter is open,
circuit breaker trouble logic will send an alarm to SCADA.

. Trip Coil Monitor #2: The Trip Coil Monitor indicates whether the high side fault interrupter trip
coil #2 is continuous/ready to trip while the switcher is closed. If the trip coil is not ready to trip
(TCM input is low) and the fault interrupter is closed, circuit breaker trouble logic in the relay
will send an alarm to SCADA.

. Low Side Circuit Breaker Fail: If the SEL-487B bus relays receive a signal indicating that the low
side main breaker has failed, the 487Bs will pass that signal to the high side SEL-751. The 751
will then trip the high side circuit fault interrupter and will not initiate breaker failure.

. Input Fuse Alarm: If DC input voltage is lost to the relay, circuit breaker trouble logic will send
an alarm to SCADA.

. MOD Contact: An ‘a’ contact from the high side MOD is used to indicate MOD open/close status
to SCADA. This contact is only available if a separate MOD is in use.

Breaker Failure Initiate from SEL-487E: The SEL-487E transformer relay will send a signal to the
high side SEL-751 for any transformer trip. Upon receiving this input, the 751 will initiate breaker
failure timing for the high side fault interrupter.

. Low Gas Pressure Alarm: If gas pressure in the high side circuit breaker drops below the
specified alarm level, this relay input will go high and send an alarm to SCADA.

. Low Gas Pressure Lockout Alarm: If gas pressure in the high side circuit breaker drops below
the specified lockout level, this relay input will go high and send an alarm to SCADA. A gas
lockout will also cause the relay to trip the circuit breaker and initiate breaker failure.

. Spring Charge Fail: A low spring charge will typically open the normally closed contacts on
49MX. The relay Spring Charge Fail input will thus go low when spring charge is low and circuit
breaker trouble logic will send an alarm to SCADA.

. CB Control Switch Close: Turning this control switch to the Close position will start a 10 second

timer in the relay. Upon timeout, the relay will attempt to close the high side fault interrupter,
as long as it is open.
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. 101 Supervisory Disable: The 101 Circuit Breaker Control Switch must be in the Normal After

Close (NAC) position for the relay to allow a SCADA close of the circuit fault interrupter.

. MOD Control Switch NAC: The MOD Control Switch must be in the Normal After Close (NAC)

position for the relay to allow a local or remote close of the MOD. The control switch is only
installed/wired if a separate MOD is in use.

. MOD Control Switch Open: If the high side circuit breaker is open, turning the MOD control

switch to the trip position will start a 10 second timer in the relay. Upon timeout, the relay will
attempt to open the high side MOD. The control switch is only installed/wired if a separate MOD
isin use.

MOD Control Switch Close: If the high side circuit breaker is open, turning the MOD control
switch to the close position will start a 10 second timer in the relay. Upon timeout, the relay will
attempt to close the MOD, as long as the breaker is still open and the MOD control switch is in
the NAC position. The control switch is only installed/wired if a separate MOD is in use.

4.6 SEL-751 TX relay outputs explanation

A.

Breaker Failure Trip to Low Side Breaker: The high side SEL-751 will initiate breaker failure
timing on the high side circuit fault interrupter for the following conditions: Any trip, other than
a low side breaker fail trip; a breaker failure initiate signal from the SEL-487E transformer relay;
or a low gas lockout from the high side breaker. If breaker failure times out, the 751 will issue a
trip with no reclose signal through this contact to the low side SEL-751.

. Close (Manual and Auto): If the 101 CB Control Switch is turned to the close position, the relay

will start a 10 second timer. Upon time out, the relay will attempt to close the high side fault
interrupter after ensuring that it is already open.

. SCADA Open: A signal received by the relay through a SCADA remote open command will close

this output and attempt to open the circuit fault interrupter. The output is wired to the trip coil.

. SCADA Close: As long as the 101 CB Control Switch is in the NAC position, a signal received by

the relay through a SCADA remote close command will close this output and attempt to close
the high side fault interrupter after ensuring that it is already open. The output is wired to the
close coil.

. Balanced Power Trip to 487B/R1: If the high side SEL-751 detects an overvoltage condition on

the high side of the transformer, this contact will close to send a signal to bus relay SEL-
487B/R1, which will in turn trip the low side main breaker.
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F. Balanced Power Trip to 487B/R2: If the high side SEL-751 detects an overvoltage condition on
the high side of the transformer, this contact will close to send a signal to bus relay SEL-
487B/R2, which will in turn trip the low side main breaker.

G. Open MOD: The high side SEL-751 will close this contact to open the high side MOD or the
circuit switcher disconnects for three conditions. The first condition is if breaker failure times
out in the relay. After a breaker failure trip, the relay will wait 2 additional seconds, then open
the MOD/disconnects even if the breaker/switcher is closed.

The second condition is after receiving an open signal from the MOD control switch. The relay
will wait for 10 seconds, then open the MOD after ensuring that the circuit breaker/switcher is
already open. This function is only available if a separate MOD is in use.

The third condition is upon receiving a remote MOD open command from SCADA.

H. Close MOD: This output will attempt to close the high side MOD after a 10 second delay if the
MOD control switch is turned to the close position, or if the relay receives a remote MOD close
command from SCADA. In both cases, the circuit breaker/switcher must be open and the MOD
control switch must be in the NAC position to attempt the close operation. The MOD control
switch is only installed/wired if a separate MOD is in use.

I. Trip Breaker Trip Coil #1: This output is wired to the high side fault interrupter trip coil #1 and
will close to trip the fault interrupter for any protective trip, any breaker failure initiation, or for
a breaker failure on the low side breaker.

J. Trip Breaker Trip Coil #2: This output is wired to the high side fault interrupter trip coil #2 and
will close to trip the fault interrupter for any protective trip, any breaker failure initiation, or for
a breaker failure on the low side breaker. Note that a circuit switcher will typically only have a
single trip coil.

5. Substation Bus Protection

5.1 Explanation of bus differential scheme protective elements

A. Scheme Overview: The SEL-487B bus relays provide differential protection for the bus, as well
as balanced power protection for the transformers. Differential trips are issued based on the
zone (bus L or bus R) in which the fault occurs. Balanced power trips are issued by the 487Bs
either for reverse power through the transformer, or upon receiving an overvoltage signal from
the high side SEL-751.

Although there are two 487Bs (R1 and R2), neither relay is consider primary or backup, with
both relays being able to provide all protection and control capabilities.
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In addition to strictly protective functions, the 487Bs also signal the appropriate SEL-751 breaker
relays to allow or block reclosing, trip adjacent breakers for failed breaker conditions, and
perform auto transfers for loss of voltage on the low side buses.

. Current and Potential Inputs: Protective elements in the bus SEL-487Bs rely on current from CTs
(bus differential, reverse power), and potential from PTs (trip/auto transfer for loss of voltage),
as well as contact logic from other relays (breaker failure, high side over voltage).

The SEL-487Bs receive currents from three-phase CTs on the feeder side of all feeder breakers,
both sides of the bus section breaker, and the transformer side of both low side main breakers.
All CTs are connected so that current flowing into the bus is seen as positive current by the
relay.

The 487Bs also receive A-phase-to-ground potential from the L side of the bus section breaker,
and C-phase-to-ground potential from the R side of the bus section breaker.

. Bus Differential (87): The SEL-487Bs will trip on restrained and unrestrained differential
elements for faults in either bus zone of protection. The differential elements in the relays are
divided into three separate zones: A zone for bus R, a zone for bus L, and an overall “Check
Zone” which combines both buses into a single zone. In order to issue a differential trip for a
specific bus, the relays must sense a fault internal to the zone for that bus, as well as internal to
the Check Zone.

. Trip for Loss of Voltage: At a station with a normally open bus section breaker, the SEL-487Bs
will trip the appropriate low side main breaker if voltage is lost on either bus due to loss of the
transmission line. If all other conditions are met, the relay will attempt to energize the dead bus
from the live bus by issuing a close to the bus section breaker.

. Breaker Failure: If the SEL-487Bs receive a breaker failure signal from an adjacent SEL-751 relay,
the 487Bs will trip the correct surrounding breakers and signal the associated SEL-751s to block
reclosing.

. Balanced Power (Reverse Power): Reverse power protection consists of six 51P phase inverse
time overcurrent elements, one for each phase on both of the low side main breakers. These
elements are torque controlled by directional elements in the low side main SEL-751s. If the 51P
elements time out for an overcurrent and the torque control from the 751s indicate reverse
current (current flowing from the low side bus towards the high side bus through a
transformer), the 487Bs will trip the appropriate low side main breaker.

The 487Bs will only trip for reverse power if both of the low side main breakers and the bus
section breaker are closed.

. Balanced Power (Overvoltage) from High Side Relay: At a B-type substation, a high side SEL-751
that senses an overvoltage (59) will signal the SEL-487s to trip the appropriate low side main
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breaker. For more information on the 59 element, see the Protective Elements section of the
high side SEL-751 Operating Philosophy document.

5.2 SEL-487B relay inputs explanation

A. Bus Section 52A Contact: A bus section breaker 52A contact is used to supervise a number of
operations in the SEL-487Bs, including supervision of Balanced Power tripping, Balanced Power
closing, initial conditions for Loss of Voltage Auto Transfers, and bus section breaker tripping for
bus restoration after an auto transfer. At a B-type substation, the bus section 52A is used as part
of the logic that signals the feeder SEL-751s when the station is in normal or abnormal
configuration.

B. Bus Section Breaker Failure: If the SEL-487Bs receive a bus section breaker failure signal from
the bus section SEL-751, the 487Bs will trip both low side main breakers, block reclosing, and
block auto transfers.

C. Main R 52A Contact: A 52A contact from main breaker R is used to supervise a number of
operations in the SEL-487Bs, including supervision of Balanced Power tripping, Balanced Power
closing, initial conditions for Loss of Voltage Auto Transfers, bus section breaker closing for auto
transfers, and bus section breaker tripping for bus restoration after an auto transfer. At a B-type
substation, the main R 52A is used as part of the logic that signals the feeder SEL-751s when the
station is in normal or abnormal configuration.

D. Main R Breaker Failure: If the SEL-487Bs receive a breaker failure signal from the main R SEL-
751, the 487Bs will retrip main R and block reclosing, trip the bus section breaker (assuming it is
closed) and block reclosing, block auto transfers, and trip the transformer high side fault
interrupter and block reclosing.

E. Balanced Power Reverse Direction Main R: When the main R SEL-751 detects current flowing
from the low side bus towards the high side (reverse direction), the 751 will signal the bus SEL-
487Bs. The 487Bs use this input to torque control Balanced Power tripping elements (see
Balanced Power in the Protective Elements section, below).

F. 2R Breaker Failure: If the SEL-487Bs receive a breaker failure signal from the feeder 2R SEL-751,
the 487Bs will trip the main R breaker and block reclosing, trip the bus section breaker and block
reclosing (assuming it is closed), and block auto transfers.

G. 3R Breaker Failure: If the SEL-487Bs receive a breaker failure signal from the feeder 3R SEL-751,
the 487Bs will trip the main R breaker and block reclosing, trip the bus section breaker and block
reclosing (assuming it is already open), and block auto transfers.

H. 4R Breaker Failure: If the SEL-487Bs receive a breaker failure signal from the feeder 4R SEL-751,
the 487Bs will trip the main R breaker and block reclosing, trip the bus section breaker and block
reclosing (assuming it is closed), and block auto transfers.
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5R Breaker Failure: If the SEL-487Bs receive a breaker failure signal from the feeder 5R SEL-751,
the 487Bs will trip the main R breaker and block reclosing, trip the bus section breaker and block
reclosing (assuming it is closed), and block auto transfers.

. 6R Breaker Failure: If the SEL-487Bs receive a breaker failure signal from the feeder 6R SEL-751,
the 487Bs will trip the main R breaker and block reclosing, trip the bus section breaker and block
reclosing (assuming it is closed), and block auto transfers.

. Balanced Power (59) TXR: The TXR high side SEL-751 will send a signal to the bus SEL-487Bs if an
overvoltage condition is detected on the high side of the transformer. Upon receiving the signal
on this input, the 487Bs will trip the main R breaker, block reclosing, and disable auto transfers.

. Input Fuse Monitor: If DC input voltage is lost to the bus SEL-487Bs, relay logic will send an
alarm to SCADA.

.Main L 52A Contact: A 52A contact from main breaker L is used to supervise a number of
operations in the SEL-487Bs, including supervision of Balanced Power tripping, Balanced Power
closing, initial conditions for Loss of Voltage Auto Transfers, bus section breaker closing for auto
transfers, and bus section breaker tripping for bus restoration after an auto transfer. At a B-type
substation, the main L 52A is used as part of the logic that signals the feeder SEL-751s when the
station is in normal or abnormal configuration.

. Main L Breaker Failure: If the SEL-487Bs receive a breaker failure signal from the main L SEL-
751, the 487Bs will retrip main L and block reclosing, trip the bus section breaker (assuming it is
closed) and block reclosing, block auto transfers, and trip the transformer high side fault
interrupter and block reclosing.

. Balanced Power Reverse Direction Main L: When the main L SEL-751 detects current flowing
from the low side bus towards the high side (reverse direction), the 751 will signal the bus SEL-
487Bs. The 487Bs use this input to torque control Balanced Power tripping elements (see
Balanced Power in the Protective Elements section, below).

. 2L Breaker Failure: If the SEL-487Bs receive a breaker failure signal from the feeder 2L SEL-751,
the 487Bs will trip the main L breaker and block reclosing, trip the bus section breaker and block
reclosing (assuming it is closed), and block auto transfers.

. 3L Breaker Failure: If the SEL-487Bs receive a breaker failure signal from the feeder 3L SEL-751,
the 487Bs will trip the main L breaker and block reclosing, trip the bus section breaker and block
reclosing (assuming it is closed), and block auto transfers.

. 4L Breaker Failure: If the SEL-487Bs receive a breaker failure signal from the feeder 4L SEL-751,
the 487Bs will trip the main L breaker and block reclosing, trip the bus section breaker and block
reclosing (assuming it is closed), and block auto transfers.
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5.3

5L Breaker Failure: If the SEL-487Bs receive a breaker failure signal from the feeder 5L SEL-751,
the 487Bs will trip the main L breaker and block reclosing, trip the bus section breaker and block
reclosing (assuming it is closed), and block auto transfers.

6L Breaker Failure: If the SEL-487Bs receive a breaker failure signal from the feeder 6L SEL-751,
the 487Bs will trip the main L breaker and block reclosing, trip the bus section breaker and block
reclosing (assuming it is closed), and block auto transfers.

. Balanced Power (59) TXL: The TXL high side SEL-751 will send a signal to the bus SEL-487Bs if an

overvoltage condition is detected on the high side of the transformer. Upon receiving the signal
on this input, the 487Bs will trip the main L breaker, block reclosing, and disable auto transfers.

SEL-487B relay outputs explanation

A.

Main R Trip: The bus SEL-487Bs will trip the main R breaker through this output for the
following conditions: A bus R differential trip, a main R breaker failure, a bus R feeder breaker
failure, a bus section breaker failure, an R-side reverse power or overvoltage (balanced power)
trip, or loss of voltage on bus R (auto transfer). This output is wired to the breaker trip coil.

. Main L Trip: The bus SEL-487Bs will trip the main L breaker through this output for the following

conditions: A bus L differential trip, a main L breaker failure, a bus L feeder breaker failure, a bus
section breaker failure, an L-side reverse power or overvoltage (balanced power) trip, or loss of
voltage on bus L (auto transfer). This output is wired to the breaker trip coil.

. Bus Section Trip: The bus SEL-487Bs will trip the bus section breaker for the following conditions

(assuming it is closed): A differential trip on either bus R or bus L, a feeder breaker failure on
either bus, a main R or main L breaker failure, or to re-open the bus section breaker for
successful restoration of a bus after a loss of voltage auto transfer. This output is wired to the
breaker trip coil.

. Bus Section Close, Auto Transfer: After the bus SEL-487Bs trip the appropriate low side main

breaker for a loss of bus voltage, the 487Bs will issue a close signal through this output to the
bus section SEL-751. The 751 will then attempt to close the bus section breaker after checking
for certain conditions. If the bus section breaker successfully closes, the dead bus will be
energized by the live bus.

. Station in Abnormal State, ‘Type B’: The SEL-751 feeder relays at a B-type substation have two

levels of instantaneous overcurrent protection. The correct instantaneous element to be used is
dependent on whether the station is in normal or abnormal configuration. If either of the low
side main breakers or the bus section breaker is open, the SEL-487Bs will send a signal through
this output to an auxiliary relay, which in turn signals the feeder 751s indicating that the station
is in abnormal configuration.
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. Relay Testing Differential (87) Trip: The Relay Testing Differential Trip output will close for a bus
differential trip on either the R bus or the L bus.

. Relay Testing Breaker Failure Trip: The Relay Testing Breaker Failure Trip output will close for a
feeder breaker failure trip on either the R bus or L bus, or on the main R or main L breaker.

. Bus Section Trip Status, Reclose: If the bus SEL-487Bs trip the bus section breaker for a
differential fault on either bus, the 487Bs will close this contact to signal the bus section SEL-751
that reclosing is permitted. This contact will only close if the number of permitted bus
differential operations has not been exceeded.

Bus Section Trip Status, No Reclose: If the bus SEL-487Bs trip the bus section breaker for a
feeder breaker failure on either the R bus or L bus, a breaker failure on the main R or main L
breaker, or a successful bus restoration after an auto transfer, the 487Bs will close this contact
to signal the bus section SEL-751 that reclosing is not permitted.

. Main R Close Status, Balanced Power: After tripping main R for balanced power (reverse power
or high side overvoltage), the SEL-487Bs will wait for a selectable time, then close this contact
and send a signal to the main R SEL-751 requesting a breaker close. Before sending the signal,
the 487Bs will check that the allowable number of balanced power operations has not been
exceeded and that the bus section breaker is closed.

. Main R Trip Status, No Reclose: Upon tripping the main R breaker for any of the following
reasons, the bus SEL-487Bs will close this contact to send a signal to the main R SEL-751 that
reclosing is not permitted: Bus section breaker failure, a balanced power operation (reverse
power or high side overvoltage), bus R feeder breaker failure, main R breaker failure, or the
number of allowable bus differential operations is exceeded.

. Main R Trip Status, Reclose: If the SEL-487B trips main R for a differential fault on bus R, or as
part of a loss of voltage auto transfer, this contact will close to send a signal to the main R SEL-
751 that reclosing is permitted. This contact will only close for a differential trip if the number of
permitted bus differential operations has not been exceeded.

.TXR Circuit Breaker Trip: If the bus SEL-487Bs receive a breaker failure trip signal from the main
R SEL-751, the 487Bs will trip the TXR high side fault interrupter. This output is wired to the fault
interrupter trip coil.

. TXR Circuit Breaker Trip, No Reclose (Main R Failed): If the bus SEL-487Bs receive a breaker
failure trip signal from the main R SEL-751, the 487Bs will close this contact to signal the TXR
high side SEL-751 to block breaker failure initiate and retrip the breaker.

. TXL Circuit Breaker Trip: If the bus SEL-487Bs receive a breaker failure trip signal from the main
L SEL-751, the 487Bs will trip the TXL high side fault interrupter. This output is wired to the fault
interrupter trip coil.
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5.4

P. TXL Circuit Breaker Trip, No Reclose (Main L Failed): If the bus SEL-487Bs receive a breaker

failure trip signal from the main L SEL-751, the 487Bs will close this contact to signal the TXL high
side SEL-751 to block breaker failure initiate and retrip the breaker.

. Main L Close Status, Auto Transfer: After tripping main L for balanced power (reverse power or

high side overvoltage), the SEL-487Bs will wait for a selectable time, then close this contact and
send a signal to the main L SEL-751 requesting a breaker close. Before sending the signal, the
487Bs will check that the allowable number of balanced power operations has not been
exceeded and that the bus section breaker is closed.

. Main L Trip Status, No Reclose: Upon tripping the main L breaker for any of the following

reasons, the bus SEL-487Bs will close this contact to send a signal to the main L SEL-751 that
reclosing is not permitted: Bus section breaker failure, a balanced power operation (reverse
power or high side overvoltage), bus L feeder breaker failure, main L breaker failure, or the
number of allowable bus differential operations is exceeded.

. Main L Trip Status, Reclose: If the SEL-487B trips main L for a differential fault on bus L, or as

part of a loss of voltage auto transfer, this contact will close to send a signal to the main L SEL-
751 that reclosing is permitted. This contact will only close for a differential trip if the number of
permitted bus differential operations has not been exceeded.

SEL-751 main relay protective elements explanation

A. Scheme Overview: The low side main SEL-751 performs control and monitoring functions for

the 12.47 kV low side main circuit breaker.

Protective trips are issued directly to the breaker by the SEL-487B bus and SEL-487E transformer
relays, and also communicated to the low side SEL-751. The 751 will retrip the breaker upon
receipt of the trip signal, and controls reclosing, only allowing the reclose process to begin if the
trip was caused by a bus fault or an auto transfer due to loss of voltage. The 751 will also begin
timing and notify the SEL-487Bs if breaker failure times out.

If the trip was due to failure of an adjacent breaker, an excessive number of bus differential
operations, a transformer trip, or a balanced power trip, reclosing will be locked out. Breaker
failure will not be initiated in the low side SEL-751 for a trip that does not allow reclosing.

The relay also handles local control switch closing, SCADA trip, SCADA close, and breaker
monitoring functions such as trip coil, close coil, and spring charge alarms.

. Current and Potential Inputs: The low side SEL-751 is primarily a control relay, but does perform

two protective functions. The relay can send a breaker failure trip signal to the SEL-487Bs as
necessary, and also supplies directional torque control signaling to the 487Bs for balanced
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power trips. Both functions rely on current inputs from CTs connected on the transformer side
of the low side main breaker.

The relay also receives voltages from PTs connected on both sides of the low side main breaker.
Voltages from the bus side are three phase to neutral, while the voltage coming from the
transformer side is C phase to neutral only. These voltages are used to qualify breaker closing
conditions. (See Input: Close from SEL-487B, above, for more information on voltage checks).

5.5 SEL-751 main relay inputs explanation

A.

52A Contact: A 52A contact is required to supervise a number of operations, including Unlatch
Trip, Unlatch Close, Reclose Initiate, Auto Transfer Logic, Slow Breaker Logic, and Trip and Close
Coil Monitors. For example, the relay uses the 52A status to ensure that the breaker has opened
before unlatching TRIP.

. Spring Charge Fail: A low spring charge will typically open the normally closed contacts on

49MX. The relay Spring Charge Fail input will thus go low when spring charge is low and circuit
breaker trouble logic will send an alarm to SCADA.

. Close from SEL-487B: If the SEL-487B bus relays issue an auto transfer close to the low side main

SEL-751, the low side relay will check several conditions before attempting to close the breaker.
To close, the line side of the breaker must be Live (>95% nominal voltage) and the bus side must
be Dead (<25% nominal voltage), or the two sides must pass a synch check. Additionally, the 101
Circuit Breaker Control Switch must be in the Normal After Close (NAC) position to prevent
closing the breaker if it has been locally tripped through the 101 switch.

. Trip Status, No Reclose: The SEL-487B bus, SEL-487E transformer, and the high side SEL-751

relays will send a signal to the low side SEL-751 if they are issuing a trip for the following
reasons: A breaker failure condition, a balanced power trip, the bus differential has exceeded its
maximum number of operations, or a transformer trip. Upon receiving this signal the low side
SEL-751 will retrip the breaker and drive reclosing to lockout. These trips will not initiate breaker
failure.

. Trip Status, Reclose: The SEL-487B bus relay will send a signal to the low side SEL-751 if it is

issuing a trip for the following reasons: A bus differential operation, or an auto transfer due to
loss of voltage. Upon receiving this signal the low side SEL-751 will retrip the breaker and initiate
breaker failure timing. Reclosing will not be blocked by this input, thus reclosing operations can
begin normally if all other supervision conditions permit.

. Close Coil Monitor: If voltage to the low side breaker close circuit is lost, the Close Coil Monitor

input to the relay will go low. If this occurs while the breaker is open, circuit breaker trouble
logic will send an alarm to SCADA. Note that there are multiple methods of obtaining the close
voltage status, depending on the type of breaker in use.
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5.6

. 101 CB Control Switch Close: Turning this switch to the Close position will start a 10 second

timer in the relay. Upon timeout, the relay will attempt to close the breaker as long as the
voltage check is passed (see Input: Close from SEL-487B, above), and the 101 switch is back in
the NAC position.

. Input Fuse Alarm: If DC input voltage is lost to the relay, circuit breaker trouble logic will send

an alarm to SCADA.

Trip Coil Monitor: The Trip Coil Monitor indicates whether the circuit breaker trip coil is
continuous/ready to trip while the breaker is closed. If the trip coil is not ready to trip (TCM
input is low) and the breaker is closed, circuit breaker trouble logic in the relay will send an
alarm to SCADA. Note that there are multiple methods of obtaining the trip coil ready status,
depending on the type of breaker in use.

101 NAC Supervisory Disable: The 101 Circuit Breaker Control Switch must be in the Normal
After Close (NAC) position for the low side SEL-751 to allow reclosing, a SCADA close, a local
control switch close, or a close from the SEL-487B bus differential relays.

SEL-751 main relay outputs explanation

A.

Trip: The Trip output from the low side SEL-751 is wired to the low side main CB trip coil and will
close to retrip the breaker upon receipt of a trip signal from the SEL-487B bus relays. Note that
the 101 CB Control Switch trip contact is wired directly to the CB trip coil rather than to a relay
input and hence will not trip the breaker through the relay.

. Close (Manual and Auto): The Close output from the low side SEL-751 is wired to the low side

main CB close coil. The output will attempt to close the breaker for an operation of the reclose
logic; upon receipt of a close signal from the SEL-487B bus relays while NAC and voltage checks
are passed; or after a 10-second delay if the 101 CB Control switch is moved to the Close
position while the NAC and voltage checks are passed. (See Input: Close from SEL-487B, above,
for more information on voltage checks).

. SCADA Trip: A signal received by the relay through a SCADA remote open command will close

this output and attempt to open the breaker. The output is wired to the circuit breaker trip coil.

. SCADA Close: As long as the 101 CB Control Switch is in the NAC position and voltage checks are

passed, a signal received by the relay through a SCADA remote close command will close this
output and attempt to close the breaker. The output is wired to the circuit breaker close coil.
(See Input: Close from SEL-487B, above, for more information on voltage checks).

. Breaker Failure Trip to SEL-487B/R1: If breaker failure times out in the low side SEL-751, the

relay will send a breaker failure trip to the SEL-487B/R1 bus relay. 487B/R1 then trips and locks
out the bus section breaker and the appropriate high side fault interrupter.
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F. Breaker Failure Trip to SEL-487B/R2: If breaker failure times out in the low side SEL-751, the
relay will send a breaker failure trip to the SEL-487B/R2 bus relay. 487B/R2 then trips and locks
out the bus section breaker and the appropriate high side fault interrupter.

G. Balanced Power Reverse Direction to SEL-487B/R1: If the low side SEL-751 sees current flowing
from the 12.47kV bus toward the 69kV bus/buses, the 751 will signal SEL-487B/R1 on this input.
The signal is used as torque control in the 487B for balanced power trips.

H. Balanced Power Reverse Direction to SEL-487B/R2: If the low side SEL-751 sees current flowing
from the 12.47kV bus toward the 69kV bus/buses, the 751 will signal SEL-487B/R2 on this input.
The signal is used as torque control in the 487B for balanced power trips.

SEL-751 bus section relay protective elements explanation

A. Current and Potential Inputs: The SEL-751 bus section relay is primarily a control relay and does
not perform any protective functions other than breaker failure trip signaling. Breaker failure
timing relies on current inputs from CTs connected on the R side of the bus section breaker.

The relay also receives voltages from PTs connected on both sides the bus section breaker.
Voltages from the R side are three phase to neutral, while the voltage coming from the L side is
C phase to neutral only. These voltages are used to qualify breaker closing conditions. (See
Input: Close from SEL-487B, above, for more information on voltage checks).

SEL-751 bus section relay inputs explanation

A. 52A Contact: A 52A contact is required to supervise a number of operations, including Unlatch
Trip, Unlatch Close, Reclose Initiate, Manual Closing, Slow Breaker Logic, and Trip and Close Coil
Monitors. For example, the relay uses the 52A status to ensure that the breaker has opened
before unlatching TRIP.

B. Spring Charge Fail: A low spring charge will typically open the normally closed contacts on
49MX. The relay Spring Charge Fail input will thus go low when spring charge is low and circuit
breaker trouble logic will send an alarm to SCADA.

C. Close from SEL-487B: If the SEL-487B bus differential relays issue an auto transfer close to the
bus section SEL-751 on this input, the bus section relay will check several conditions before
attempting to close the breaker. To close, one side of the breaker must be Live (>95% nominal
voltage) and the other side must be Dead (<25% nominal voltage), or the two sides must pass a
synch check. Additionally, the 101 Circuit Breaker Control Switch must be in the normal after
close (NAC) position to prevent closing the bus section if it has been locally tripped through the
101 switch.
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5.9

D. Trip from SEL-487B, No Reclose: The SEL-487B bus differential relays can directly trip the bus

section breaker. However, if the trip is required due to a breaker failure situation, or an auto
transfer, the bus section SEL-751 will receive a signal from the 487Bs to retrip the breaker and
drive reclosing to lockout. This prevents the bus section relay from attempting to reclose the
breaker when an adjacent breaker has failed or for an auto transfer situation.

. Trip from SEL-487B, Reclose: The SEL-487B bus differential relays can directly trip the bus

section breaker. However, if the trip is required due to a bus differential operation, the bus
section SEL-751 will receive a signal from the 487Bs to retrip the breaker and initiate breaker
failure timing. Reclosing will not be blocked by this input, thus reclosing operations can begin
normally if all other reclosing supervision conditions permit.

Close Coil Monitor: If voltage to the breaker close circuit is lost, the Close Coil Monitor input to
the relay will go low. If this occurs while the breaker is open, circuit breaker trouble logic will
send an alarm to SCADA. Note that there are multiple methods of obtaining the close coil
voltage status, depending on the type of breaker in use.

. 101 CB Control Switch Close: Turning this switch to the Close position will start a 10 second

timer in the relay. Upon timeout, the relay will attempt to close the breaker as long as the
voltage check is passed (see Close from 487B, above), and the 101 switch is back in the Normal
After Close (NAC) position.

. Input Fuse Alarm: If DC input voltage is lost to the relay, circuit breaker trouble logic will send

an alarm to SCADA.

Trip Coil Monitor: The Trip Coil Monitor indicates whether the circuit breaker trip coil is
continuous/ready to trip while the breaker is closed. If the trip coil is not ready to trip (TCM
input is low) and the breaker is closed, circuit breaker trouble logic in the relay will send an
alarm to SCADA. Note that there are multiple methods of obtaining the trip coil ready status,
depending on the type of breaker in use.

101 NAC Supervisory Disable: The 101 Circuit Breaker Control Switch must be in the Normal
After Close (NAC) position for the bus section SEL-751 to allow reclosing, a SCADA close, a local
control switch close, or a close from the SEL-487B bus differential relays.

SEL-751 bus section relay outputs explanation

A.

Trip: The Trip output from the bus section SEL-751 is wired to the breaker trip coil and will close
to retrip the breaker upon receipt of a trip signal from the SEL-487B bus relays. Note that the
101 CB Control Switch trip contact is wired directly to the CB trip coil rather than to a relay input
and hence will not trip the breaker through the relay.

. Close (Manual and Auto): The Close output from the bus section SEL-751 is wired to the CB

close coil. The output will attempt to close the breaker for an operation of the reclose logic;
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upon receipt of a close signal from the SEL-487B bus relays while NAC and voltage checks are
passed; or after a 10-second delay if the 101 CB Control switch is moved to the Close position
while the NAC and voltage checks are passed. (See Input: Close from SEL-487B, above, for more
information on voltage checks).

. SCADA Trip: A signal received by the relay through a SCADA remote open command will close
this output and attempt to open the breaker. The output is wired to the circuit breaker trip coil.

. SCADA Close: As long as the 101 CB Control Switch is in the NAC position and voltage checks are
passed, a signal received by the bus section SEL-751 through a SCADA remote close command
will close this output and attempt to close the breaker, as long as the breaker is open. The
output is wired to the circuit breaker close coil. (See Input: Close from SEL-487B, above, for
more information on voltage checks).

. Breaker Failure Trip to SEL-487B/R1: If breaker failure times out in the bus section SEL-751, the
relay will send a breaker failure trip to the SEL-487B/R1 bus relay. The 487B/R1 relay then trips
and locks out the main low side breakers.

. Breaker Failure Trip to SEL-487B/R2: If breaker failure times out in the bus section SEL-751, the

relay will send a breaker failure trip to the SEL-487B/R2 bus relay. The 487B/R2 relay then trips
and locks out the main low side breakers.
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6. Feeder Protection Examples

6.1 Purpose statement

A. Several examples of different feeder configurations are included in this section, each
demonstrating the general procedure for applying the protection standards.

In reality it is impossible to apply protection standards in a truly uniform manner as every feeder

has unique conditions, be they fault coverage, coordination with PPL or customer equipment, or

reliability concerns. These examples are provided to show the decision process for how the

general protection principles can be applied in a specific manner, customizing each feeder to

maximize effectiveness.

6.2 Phase Overcurrent Fault vs. Load Coverage

A. Phase overcurrent elements must be balanced between a minimum level of fault coverage and
maximum circuit loading. In all cases the phase overcurrent pickup is set at a minimum of 1.5x
the lowest short circuit current within the protective devices zone. It is therefore possible the
protective setting will encroach on load and limit the feeder loadability. This is an unavoidable
byproduct of all protective schemes, and the circuit must be planned and operated accordingly.

25000

20000
» 15000 Close to the substation available fault
b .
E‘_ cu;ent is greater than feeder load. Fault Current
£ \ .
< 10000 prd Maximum Feeder Load

5000 \
T —
0
0 10 20 30 40 50 60 70
Percent Impedance (Distance from Source)

Figure 6-1: Typical Feeder Fault Current vs. Typical Maximum Circuit Loading
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feeder CB would be load limiting because it must protect
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Figure 6-2: Feeder Load vs. Overcurrent Pickup Overlap
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Figure 6-3: Feeder CB Minimum Setting vs. Recloser Minimum Setting
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6.3 Example 1: Basic Feeder Configuration

Maximum Short
Circuit where zones
overlap = 4000A

Protective Sectionalizer °

Feeder E% j Normally Open
cB Switch

Sectionalizer

Feeder CB Protective recloser
minimum short minimum short

circuit = 1200A % % circuit = 840A
Protection Summary

Zones of Protection
= The feeder CB is always protective. Its zone covers the blue highlighted area.
= The first recloser is made protective to provide an automatic sectionalizing point at approximately the mid-
point of the feeder. Its zone is the red highlighted area.
= This divides the feeder into two distinct protective zones, which is an advantage because it allows the feeder
overcurrent pickup to be set above the maximum feeder load while still providing the maximum sensitivity
for faults within its zone of protection. The protective recloser then provides fault coverage for the
remainder of the feeder.
Fuse Savings
= The feeder CB zone does not provide fuse savings.
= The protective recloser provides fuse savings for its entire zone. One fast fuse savings ground trip would be
enabled. This fulfills the fuse savings principle.
Coordination
= The feeder CB instantaneous trips are set short of the first protective recloser wherever possible.
= The feeder CB and protective recloser are coordinated on delayed curves at the maximum available short
circuit current where the zones overlap. This fulfills the principle of clearing faults in the fastest possible time.
=  Both downstream tapped reclosers are made sectionalizers to eliminate the coordination process with the
upstream protective reclosers. This fulfills both the principle of isolating faults with the nearest upstream
automatic sectionalizing device and clearing faults in the fastest possible time.

Safety

= All electronic reclosers have hot line tag available. The crew should white tag the nearest protective device
upstream from their work location.
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Figure 6-4: Example 1 Feeder CB Minimum Fault Current and Overcurrent vs. Feeder Load

The recloser load limit of 560A in
this case is typically greater than the
maximum load past the recloser.
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Figure 6-5: Example 1 Recloser Minimum Fault Current vs. Overcurrent Setting

© PPL Electric Utilities Corporation. All rights reserved.

2

15




The Narragansett Electric Company

d/b/a Rhode Island Energy
In Re: Proposed FY 2024 Electric Infrastructure, Safety and Reliability Plan
Attachment DIV 1-26-2

Page 43 of 49

PPL Electric Utilities

Distribution Protection Department

Distribution Protection Philosophy

Standard No. | 1-003
Revision | 01
Effective Date | 06.01.2016
Valid Until | 06.01.2021
Sheet | 43 of 49

A.

From this example we can conclude that overcurrent protection can be load limiting. As the
distance from the source is increased the circuit impedance increases, reducing the available
short circuit current at any given location. Further, as the study point is moved away from the
feeder source the conductor size will decrease, sometimes quite dramatically on taps, causing a
non-linear increase in circuit impedance and thus a large reduction in available fault current.

Figure 6-6: Thevenin Equivalent Circuit

The short circuit current

he wire
change.

O e AN AN ===
We can reduce the As we add wires the :
< > system impedance to a » impedance will not be ‘4—— changesast
thevenin equivalent. the same for all wires. ‘ impedances
(O

We can also conclude that making one recloser protective, where possible, is the most efficient
and effective course of action. For this example the available fault current on the taps is high
enough that setting the midline recloser to be protective will not cause it to be load limiting, and
we can reduce the number of operations to save a fuse to one trip by the protective recloser,
rather than multiple overreaching trips by multiple protective reclosers.

Sectionalizers eliminate the need for coordination and are not affected by load so they are
logical choices to automatically isolate faults on the taps. That is, for faults on the taps the
protective recloser would trip and the sectionalizer would count, and when the maximum count
is reached the sectionalizer will open, isolating the tap and keeping the rest of the customers

past the protective recloser in service.

T

The available short circuit
current at the end of the tap is
840A. The minimum setting is
840/1.5 = 560A. Generally, 560A
is not load limiting at any
recloser location.

I~

The sectionalizer will isolate
the tap without the need
for protective settings.

Figure 6-7: Overcurrent Reach

© PPL Electric Utilities Corporation. All rights reserved.
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6.4 Example 2: Evolution of Example 1

Maximum Short
Circuit where zones
overlap = 4000A

Protective Sectionalizer °

Feeder Eg\? j Normally Open
cB Switch

Sectionalizer

Feeder CB Protective recloser
minimum short minimum short

circuit = 1200A % % circuit = 300A
Protection Summary

Zones of Protection
=  Thereis a subtle but important difference in this example — the available fault current at the end of the tap
has changed to 300A. This could result from increased tap length and/or small wire, which has higher
impedance.
= |f we were to leave the midline recloser protective it would now be load limiting. That is, the minimum
setting required to detect a fault at the end of the tap is 300A/1.5=200A. A setting Of 200A would almost
certainly be load limiting for a midline device.
= Therefore, on this circuit it would better to make the midline device a switch and the tapped reclosers
protective, providing coverage to the taps without being load limiting at the midline.
Fuse Savings
=  The feeder CB zone does not provide fuse savings.
=  The tapped reclosers would each provide a single fast trip.
=  The midline recloser would not provide any fuse savings, meaning all fuse savings would be eliminated for
taps fed from the main three phase backbone. This may or may not be desirable depending on the reliability
of the circuit.
Coordination
= The feeder CB instantaneous trips are set short of the first protective recloser(s) wherever possible.
Safety
=  The crew should white tag the nearest protective device upstream from their work location.

© PPL Electric Utilities Corporation. All rights reserved.
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The new circuit configuration would look as follows:

Switch

Feeder
CB

Protective
@

From this example we can conclude that a simple variation in wire impedance or length can
cause the operation of the circuit to be drastically reconfigured. The single tap that has low

Protective

The feeder CB zone now
extends past the midline device.
There would be no fuse savings
in this zone.

j Normally Open
Switch

available fault current makes it impossible for the midline device to detect all faults within its

zone and not be load limiting, therefore the recloser on that tap must be made protective.

Making the tapped reclosers protective causes them to miscoordinate with the midline device,
requiring that device to be made a switch. This forces all of the protection on the feeder CB for
the zone that would have been covered by the midline recloser.

The feeder CB does not provide fuse savings, and since the midline recloser has been made a
switch it also does not provide fuse savings. This means any single phase taps in the blue zone
would not have fuse savings — that is, any fault past those fuses will immediately operate the
fuse without a trip from the feeder CB. In this kind of circuit configuration the loss of fuse

savings is unavoidable.

© PPL Electric Utilities Corporation. All rights reserved.
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6.5 Example 3: Equipment Variation with Example 1

Maximum Short Cooper Form 6, which is not
Circuit where zones capable of operating as a
overlap = 4000A sectionalizer.

Protective Sectionalizer °®

y Open
cB a Switch

Sectionalizer

Feeder CB Protective recloser
minimum short minimum short

circuit = 1200A % % circuit = 1200A

Protection Summary

Zones of Protection
= There is another subtle variation in this circuit — the available fault current at the end of the tap is now
1200A. This means it is once again possible to set the midline recloser as a protective device and not be load
limiting.
= However, let us consider that the tapped reclosers are not capable of sectionalizer operation — perhaps they
are Cooper Form 6 devices which do not have that function available.
= The result is that all the tapped reclosers must be made protective. Further, if it was desired to have the
midline device be protective, perhaps for fuse savings, or required for zone coverage, we would need to
coordinate all three devices in three separate zones.
Fuse Savings
= The feeder CB zone does not provide fuse savings.
= The tapped reclosers would have the fast trip blocked.
= The midline recloser would provide fuse savings for the whole circuit past its location. This prevents multiple
operations to save the same fuse, eliminating the overlapping fast trips that cannot be coordinated.
Coordination
= The feeder CB instantaneous trips are set short of the first protective recloser(s) wherever possible.
= The protective devices are coordinated on delayed curves.
=  Fast curves cannot be coordinated.
Safety
= The crew should white tag the nearest protective device upstream from their work location.

© PPL Electric Utilities Corporation. All rights reserved.
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The reconfigured circuit would look as follows:

. Protective
Protective

Feeder

CB

Protective

j Normally Open
Switch

'\

There are now three distinct
protective zones for the delayed

operations.

A. From this example we can conclude that equipment limitations can dictate the operation of the

circuit. The Form 6 reclosers cannot be made sectionalizers so they must be coordinated as a

protective device which causes a total change in how the protection philosophy is applied.

B. However, it is not desirable to overlap zones so the fast trips are eliminated on the tapped
reclosers but maintained on the midline device, providing fuse savings for the feeder without

overlapping zones and creating nuisance trips.

. Protective
Protective v

Feeder

g A
Protective

j Normally Open
Switch

The fast operation of the
midline device would still
protect the whole downstream
feeder.

© PPL Electric Utilities Corporation. All rights reserved.
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C. Fast trips must be nearly instantaneous in operation to save fuses. Typical operating time is 2.75
cycles or .0458 seconds. Coordination margins are at least 18 cycles or 0.30 seconds, making it
impossible to coordinate fast trips and still save fuses.

The reclosers are coordinated
on delayed curves with 18
cycles margin.

The fast trips cannot be 7

coordinated and still provide
fuse savings.

© PPL Electric Utilities Corporation. All rights reserved.

221




The Narragansett Electric Company

d/b/a Rhode Island Energy

In Re: Proposed FY 2024 Electric Infrastructure, Safety and Reliability Plan
Attachment DIV 1-26-2

Page 49 of 49

Standard No. | 1-003

PPL Electric Utilities

Revision | 01

Distribution Protection Department Effective Date | 06.01.2016

Valid Until | 06.01.2021

Distribution Protection Philosophy
Sheet | 49 of 49

If the fast trip were delayed it /

would not operate before the
fuse.

© PPL Electric Utilities Corporation. All rights reserved.
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Responses to the Division’s First Set of Data Requests

Issued on November 4, 2022

Division 1-27

Request:

Provide a copy of each feeder Time Current Coordination Curve (“TCC”) showing the existing
and proposed new devices and device types and settings.

Response:

As stated in the response to Division 1-25, Rhode Island Energy (“RIE” or the “Company”) does
not believe a systemwide fault current study is necessary for general utility practice as it could
result in resource inefficiencies. Therefore, a copy of each feeder Time Current Coordination
Curve (“TCC”) showing existing and proposed devices and device types and settings is not
available.

Unless the Company identifies a complex coordination issue that requires coordination reviews
during study phases, like distributed generation interconnections, it typically completes
coordination reviews during early stages of execution.

Two feeders have been selected to demonstrate the TCC curves!. The first feeder is the 34F1
feeder out of Chopmist substation, which represents a long rural circuit on which all the devices
are currently existing. The second feeder is the 18F5 feeder out of the Johnston substation which
represents a short urban feeder, which, for this example, adds an additional main line recloser
(275508014). In this example the station breaker and first main line recloser did not require
additional setting changes to accommodate the proposed device.

Attachment DIV 1-27 shows a coordination table for each circuit. The 34F1 table shows a
coordination issue between two fuses, a 25K and 15K fuse. The Company accepts this level of
miscoordination in order to limit circuit exposure, improve reliability, and provide better end-of-
line fault sensing. It is accepted good utility practice to design a protective system that forces
miscoordination between the furthest devices and least number of customers. The 18F5 table
shows an additional Grid Modernization Plan recloser with no coordination issues.

Please see the figures below for additional information on the selected feeders.

! After notifying the Division that the Company does not have a copy of each feeder, the
Division updated its request asking the Company to provide two examples of RIE’s existing
work for a short feeder and a long rural feeder.

Prepared by or under the supervision of: Ryan Constable
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Division 1-27. page 2

Figure 1 — Selected Feeders
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Time in Seconds

Division 1-27. page 3

Figure 2 — 34F1 TCC
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Time in Seconds

Division 1-27. page 4

Figure 3 — 18F5 TCC
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The Narragansett Electric Company

d/b/a Rhode Island Energy

In Re: Proposed FY 2024 Electric Infrastructure, Safety and Reliability Plan
21-Month Filing: Period April 2023 — December 2024

Responses to the Division’s First Set of Data Requests

Issued on November 4, 2022

Division 1-28

Request:

Provide individual feeder circuit maps showing the existing and proposed protective device
changes, and additions.

Response:

Individual feeder maps showing the existing and proposed protective device changes are not
available. Although various programs and systems, such as CYME and EMS, can create maps
with protective devices, the Company does not produce such maps to perform protective
coordination and device placement. Instead, the programs are used directly. Also, device
placement is still being determined. An example CYME diagram, shown in Figure 1, below, is
provided for the 18F5 feeder out of the Johnston substation. The response to DIV 1-27 shows
the time current coordination curve for this circuit with the new recloser.

Sloud St

Figure 1 — 18F5 Protective Devices
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The Narragansett Electric Company

d/b/a Rhode Island Energy

In Re: Proposed FY 2024 Electric Infrastructure, Safety and Reliability Plan
21-Month Filing: Period April 2023 — December 2024

Responses to the Division’s First Set of Data Requests

Issued on November 4, 2022

Division 1-29

Request:

Provide a detailed discussion of how RIE is meeting the IEEE standard C32-230
recommendations in its new recloser addition program.

Response:

The Company understands this request to refer to the C37-230 recommendations and provides
this response based on that understanding.

The C37-230 is a recommended guideline and not a formal standard for compliance. IEEE and
the industry recognize the standard is wholly voluntary. Regardless, Rhode Island Energy finds
value in IEEE C37-230, as it does all IEEE documents and generally meets the guideline.

The new recloser investments are driven by reliability needs -- not topics contained within C37-
230. However, when the reclosers are installed, they will be installed with the following
considerations aligned with C37-230:

Check for clearing end-of line fault current.

Overcurrent settings will be set above the load limit of the circuit.

Overcurrent time dial should be selected for coordination with largest fuse size.
The detection of ground faults takes priority over coordination.

Coordination margin will be maintained according to Company procedures.

Personnel at Rhode Island Energy have been incorporating such details into their coordination
studies for decades — well prior to the first version of C37-230 in 2007.

The details of the topics above may be changing as Rhode Island Energy evaluates and
potentially adopts PPL’s standards. Further protection coordination details are included in the
response to DIV 1-26.

Prepared by or under the supervision of: Ryan Constable
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The Narragansett Electric Company

d/b/a Rhode Island Energy

In Re: Proposed FY 2024 Electric Infrastructure, Safety and Reliability Plan
21-Month Filing: Period April 2023 — December 2024

Responses to the Division’s First Set of Data Requests

Issued on November 22, 2022

Division 1-30
Request:

Provide an updated 3VO0 chart in executable format, specifically identifying projects in the FY
2023 ISR Plan (see response to R-11I-2 in FY2022 ISR Plan).

Response:

An updated 3VO chart is included below along with an excel file as Attachment DIV 1-30.

. . Actual Spend through . 3vo
Project Estimate Remaining FY23 forecast Targeted 3V0 Actual
Substation 09/30/22 i .
Completion | Completion Date
Capex Opex Capex Opex Capex Opex Date
Projected
Peacedale $427,500 $22,500 $129,217 S0 $231,359 S0 03/31/22 03/08/23
Projected
Langworthy $275,000 $25,000 $128,530 S0 $215,710 S0 03/31/22 01/09/23
Projected
Wampanoag $95,000 $5,000 S0 S0 $79,016 $1,320 03/31/23 03/29/23
Projected
Clarkson St $95,000 $5,000 $1,031 S0 $73,275 $3,112 03/31/23 01/16/23
TOTAL FORECAST FY23 $599,360 $4,432

Prepared by or under the supervision of: Ryan Constable
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The Narragansett Electric Company

d/b/a Rhode Island Energy

In Re: Proposed FY 2024 Electric Infrastructure, Safety and Reliability Plan
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Division 1-31

Request:

Provide complete details on the Nasonville substation and outage, including but not limited to
the following:

a. Substation characteristics including location, area served, voltages, transformer
arrangement, feeders, etc.

b. Description of the incident including date, time, weather conditions, and cause.

c. Estimated substation and feeder loading at time of incident compared to
substation/circuit normal and emergency ratings.

d. Number of customers impacted.
e. Restoration activities and timeline of customer count and load restored.

f. A detailed circuit diagram indicating all interconnected feeders and what loads were
transferred to adjacent substations

g. The duration of time it took for the Company to place a mobile transformer/substation in
service to serve load and how much of the load was served from the mobile.

h. Indicate for each adjacent circuit each smart device and device location that provided
increased visibility for the event, loads and DG capability.

1. Show each DG and its location that was called upon to serve load during the event and
explain in detail what communications the Company had through telemetry to allow it to
know the DG output in real time.
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Response:

(a)

(b)

o

Nasonville substation (#127) is located at 445 Douglas Pike, Smithfield, RI. Nasonville
Substation serves the northwestern part of Rhode Island. Areas served include portions
of North Smithfield, Burrillville, Gloucester, and Pascoag Municipal.

The station consists of one 115 kV to 13.8 kV load tap changing transformer with a
delta/wye winding configuration, 30 degree lagging. 28,000/37,333/46,667 kVA
OA/FA/FA @ 65 deg C rise

The switchgear feeds four 13.8 kV grounded wye distribution feeders: 127W40, 127W41,
127W42, and 127W43.

On Tuesday August 23, 2022, at 18:23, the Nasonville Substation transformer tripped off
by transformer differential relaying. Operations of the equipment at the Nasonville
Substation resulted in loss of all Nasonville Substation feeders and triggered alarms to
Rhode Island Energy Distribution Dispatch in Lincoln, RI. A Rhode Island Energy
Substation Supervisor arrived at the station shortly thereafter. There was fire burning
inside the station switchgear with thick smoke. The Rhode Island Energy Overhead Line
(“OHL”) Department isolated the feeders from the switchgear. After confirming the
isolation, the firefighters were allowed to enter the switchgear and put out the smoldering
fire with portable chemical fire extinguishers. During this time, additional Rhode Island
Energy Engineering and Operations personnel responded to the station. Customers were
picked up on feeder ties.

At the time, there was a severe thunderstorm with torrential downpours and lightning,
which dumped several inches of rain on Southern New England. The temperature was
approximately 74 degrees F with 17 mph wind gusts.

The protective relaying operations at the Nasonville Substation were preceded by a feeder
fault on the 41 feeder caused by a fallen tree between poles 253 and 254 Clear River
Road (Pascoag ROW). A pole mounted recloser located on the 41 feeder between the
fallen tree and the station cleared the feeder fault. Shortly after this feeder fault, there
was a dielectric failure in the Nasonville switchgear in the 41 feeder cubicle. It is likely
that the thru-fault from the fallen tree damaged the connection of the 41 breaker C phase
terminal to the switchgear bus. This damaged connection resulted in sustained arcing
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with extreme heat, destroying isolation and insulation systems, causing the faulting of the

switchgear bus.
(c)
Loading
at Time of Normal Emergency

Circuit Failure Rating Rating
Nasonville 271 TR | 25 MVA 51.3 MVA 57.8 MVA
127W43 325 A 559 A 597 A
127W42 225 A 495 A 495 A
127W41 150 A 495 A 495 A
127W40 175 A 495 A 495 A
Woonsocket 1 TR 15 MVA 52 MVA 60 MVA
26W7 175 A 515 A 515 A
26W5 200 A S15A 515A
26W1 125 A 515 A d

(d) Approximately 4,617 Rhode Island Energy customers (kWh meters) and 4,700 Pascoag
Utility District customers (kWh meters).

(e) Power restoration was a multi-step effort that was completed over several days.

e Step 1 included immediate action by the Rhode Island Energy Distribution
Dispatch in Lincoln, RI using existing feeder ties to pick up load as soon as
possible.

e Step 2 included the use of existing distributed generation, inclusive of solar,
battery energy storage, and both existing and roll-on diesel generation to
support system load during constraint periods over the multi-day effort.

e Step 3 included the installation of the mobile switchgear and restoration of all
feeders to normal configuration.
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Step 1
8/23/202

18:23

19:03

19:30

19:44

20:31

21:35

Division 1-31. page 4

4,617 Rhode Island Energy customers and 4,700 Pascoag Utility District
customers out at beginning of event. 127W40, 127W41, 127W42, &
127W43 Feeders all out

2,623 Rhode Island Energy customers out, 1,994 customers restored using
OHL crews via field ties (2/3 of 127W40 feeder restored)

1,684 Rhode Island Energy customers out, 939 additional customers
restored using OHL crews via field ties (remaining 127W40 feeder)

661 Rhode Island Energy customers out, 1,023 additional customers
restored using OHL crews via field ties (127W42 restored)

658 Rhode Island Energy customers out, 3 additional customers restored,
Pascoag Utility District customers restored, using OHL crews via field ties
(127W43 restored)

19 Rhode Island Energy customers out, 639 additional customers restored
using OHL crews via field ties (most of 127W41 restored)

**At this time waiting on loads to decrease and crews to investigate a possible
recloser issue to pick up remaining customers.

22:25

23:01

Tree branch in R/W on the 127W41 wire causes a fault which results in a
phase burning down on Providence Pike. Due to previous restore 26W5
CB locks out, which causes 5,404 customers to lose power (most of
127W40, most of 127W41, all of 127W42 and 50% of normal 26 W5
customers). This is the second outage of the event to 4,108 customers,
first outage of event to 1,315 customers.

Phase Down issue isolated, 70 customers restored via remote switching,
5,334 remaining out (Original 26 W5 customers)

08/24/2022

00:37

00:52

01:13

Further repairs made to Providence Pike, OHL crews keep Nasonville load
isolated and restore 1,245 customers via OHL field switching (all original
26 W5 customers now restored)

Further patrol completed with no issues found, OHL crews completed
switching to restore 473 customers. 3,616 customers still out. (Portion of
127W40 restored)

Further patrol completed with no issues found, 1,015 customers restored
via remote SCADA switching 2,601 customers still out (Portion of
127W40)
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01:26

Division 1-31. page 5

Tree in R/W issue cleared, remaining R/W patrol completed with no other
issues found. All customers restored via remote SCADA switching.

Step 2 (8/24/2022 — 8/27/2022)

Continuous monitoring of third party owned solar generating sites. This effort
was primarily reactive to adjust for loss of solar due to cloud coverage.
Continuous coordination with Pascoag Municipal, optimizing use and
dispatch of their battery energy storage system and rotating generation.

3 Megawatts of roll-on generation was installed at the Harrisville Fire District
Water Department Site (115 Central St., Burrillville, RI). The equipment was
on site on 8/25/2022 at 15:30 and picked up load at 20:05.

3 Megawatts of generation was installed along the ROW, adjacent to the
Burrillville Wastewater Treatment Plant (151 Clear River Dr., Burrillville,
RI). The equipment was on site on 8/25/2022 at 20:00 and picked up load on
8/26/2022 at 14:40.

3 Megawatts of generation was installed along the ROW near the Burrillville
Police Station (1477 Victory Highway, Oakland, RI). The equipment was on
site on 8/26/2022 at 12:30 and picked up load at 18:00.

Step 3 (8/24/2022 — 9/6/2022)

A mobile switchgear and mobile battery were delivered to Nasonville on
Wednesday morning, 8/24/2022. Feeder cables were removed from the
existing switchgear and extended to the mobile switchgear. Primary supply
and control cables were installed from the transformer to the mobile
switchgear. A temporary AC service was installed. Low voltage supply and
control cables were installed from the mobile battery to the mobile switchgear.
The substation transformer was tested and confirmed to be acceptable for
service. On Saturday, August 27%, the mobile switchgear was energized and
the Nasonville feeders were restored to normal configurations by 7:00 pm.
On September 6, 2022, a remote terminal unit and cellular antenna was
installed for SCADA indication and control.

(f) Please refer to Attachment DIV 1-31-1, which reflects:.
e Page l:Portions of the Woonsocket Sub. 26W1 feeder were transferred to the
Woonsocket Sub. 26 W7 feeder.
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Division 1-31. page 6

Page 2:Portions of the Woonsocket Sub. 26W5 feeder were transferred to the
Riverside Sub. 108W53 and the Riverside Sub. 108W61 feeder.

Page 3:All of the Nasonville 127W43 feeder including Pascoag Muni was
transferred to the Woonsocket 26W1 feeder.

Page 4:All of the Nasonville 127W42 feeder was transferred to the Woonsocket
26WS5 feeder.

Page 5:Portions of the Nasonville 127W41 feeder were transferred to the
Woonsocket 26 W5 (RI Energy customers) and the 26 W1 (Pascoag Muni).

Page 6:Portions of the Nasonville 127W40 feeder transferred to the Woonsocket
26WS5 feeder, 321 W2 feeder, and the 26W7 feeder.

o All durations pertinent to this restoration were provided in section E of this response:
o 100% of the load served by Nasonville had been transferred to the mobile switchgear as
of Saturday August 27th at 19:00.

(h) Please refer to Attachment DIV 1-31-2, which shows:

26W7 Feeder: Recloser 642001, P6-90 Cap Bank, P8 Graham Drive Feeder
Monitor, Recloser 642118, recloser 642094, P16 capacitor bank, recloser 642117,
recloser 642086, P 18 capacitor bank, Recloser 642085, Recloser 642109, recloser
642112, P26 capacitor bank

26W1 Feeder: Recloser 642098, Pole 194 Pascoag ROW Feeder Monitor,
Recloser 642006, Recloser 642086, capacitor bank 642003, Recloser 642079,
P132 Providence Pike capacitor bank, Recloser 642099

26W5 Feeder: Recloser 642027, capacitor bank P33 St. Paul St., Recloser
642082, P511 Great Rd., capacitor bank

127W43 Feeder: P391 Pascoag ROW capacitor bank, Recloser 641066, Recloser
127W43

127W42 Feeder: Recloser 641049, Recloser 641047

127W41 Feeder: P144 Bronco Highway capacitor bank, recloser 641026, recloser
641064, recloser 127W41

127W40 feeder: recloser 641056, P226 Douglas Pike capacitor bank, P294
Douglas Pike capacitor bank, recloser 641012, recloser 641008, recloser 642135,
recloser 641063
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Pascoag Municipal was called on to deploy their 1 MW of generation and 9 MWHrs of
energy storage equipment.
Eleanor Slater Hospital, Zambarano was called upon to deploy 750 kW of emergency
backup generation.
Solar generation sites are not typically designed to be dispatched. The sites generate
when the sunlight and utility connection is supportive.
Typically, solar generation sites of 1 MW or greater connect to the distribution system
through reclosers equipped with radio communications. Real time data for generation
sites of less than 1 MW are typically not available to Rhode Island Energy Distribution
Dispatch.
DG sites greater than 1 MWs: Please refer to Attachment DIV 1-31-2:
e 1MW PV RI 16721813, Brandywick LLC, 90 Tifft Rd.: 26 W7 Feeder
e 1 MW PV, P24-33 Tifft Rd., 26W7 Feeder
e 06.22 MW PV, RI 26549231, King Solar, 20 Oxford Rd., 26 W7 Feeder
e 2MW PV, RI 24201390, 19733795, North Smithfield Solar, 1 Pound Hill Rd.,
26W1 Feeder
e 6.22 MW PV, RI 24845370, Turning Point Energy, P117-3 Pound Hill Rd. 26 W1
Feeder
e (.84 MW PV, RI 25255833, Greenville Rd. Solar, P62-4 Greenville Rd., 26W1
Feeder
e 1.6 MW Hydro, RI 138, Ridgewood Power, P37-24 ROW off St. Paul St., 26W5
Feeder
e 254 MW PV, RI 23918636, Nautilus Solar, P302-3 Victory Highway, 127W42
Feeder
e 3.3MW PV, RI 2399135, 0 Danielle Drive, Burrillville Solar, 127W42 Feeder
e 39MW PV, FI 29106677, 0 Log Rd., Log Rd. Solar, 127W40 Feeder
e 1 MW Generation, Pascoag Municipal, 127W41, 127W43 Feeders

The following figures show examples of capacitor and recloser information obtained through
telemetry to determine the DG output in real-time.
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Figure DIV 1-31-1 — Typical Capacitor Information Screen
(red box shows real-time data)

m 127W41 Volt Var Optimization Capacitor Page

Pole Location * Capacitor Rem/Local * Auto Current Voltage

CAP Alarm Comm Failure
" P1:4 Bern‘co Hwy Normal Normal
Norma i Remote Enabled

B Normal 1200 KVAR
C Normal

Rev Current Door
Normal Normal

Figure DIV 1-31-2 — Typical Recloser Information Screen
(red box shows real-time data)
B 127W42 Feeder, P11-3 Danielle Dr., Burrillville RI PCC @ DG
DG VIPER - NON-RECLOSER CONTROL
* 641049 PTR [RECLOSESTALL ]
* 641049 HLT HLT Off NO AC POWER Normal
* 641049 GROUND TRIP BATTERY TROUBLE Normal
* 641049 RECLOSING Off CTL/SYS ALARM
LOCKOUT Off

Normal

CTL DOOR Normal

SUPERVISORY CTL Remote
ABOVE MIN TRIP Normal

VOLTAGE PROTECT ENABLE
OVER/UNDER VOLT TRIP Normal

SYNC CHECK ENABLE
- OVER/UNDER FREQ TRIP Normal

AUTO VOLT RESTR ENABLE
GEN CLOSE BLOCK Normal

COMM FAILURE Normal

RELAY INFORMATION CONTROL AMPS VOLTS Y line VOLTS Z Load

* RESET TARGETS 2 AA 14.13 kv 14.38 kv

* SET GROUP 1 2 BA 13.97 kv 13.94 kV

* SET GROUP 2 1CA 14.01 kv 14.24 kv
0 GA

* SWITCHMODE f Orbit Cellular Controls
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Division 1-32

Request:

How often does the Company experience a catastrophic substation event (non-storm)? Provide a
detailed list of occurrences over the last 15 years.

Response:

For purposes of this response a catastrophic substation event is defined as an event with CI >=
2000 and CMI > 25000, duration greater than 5 hours and with major equipment failure. From
01/01/2006 to 10/31/2022, on blue sky days, the Company has experienced two such events, one
in 2022 and the other in 2014.

The details of the two events are shown in Attachment DIV 1-32 in executable form.
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Division 1-33

Request:

The Company has discussed that GMP investments would be important in restoration efforts
following an event similar to Nasonville. To expand on the Company’s statement, describe the
GMP investments, how the Company would rely on the investments, how the GMP investments
would change or improve restoration efforts achieved by the Company, the quantifiable
improvement in reliability that would be expected with GMP investments, and the estimated cost
of the GMP investments.

Response:

The Grid Modernization Plan (“GMP”) investments could have assisted the Nasonville
restoration in many ways. The following list describes the issues, how the GMP investments
could have mitigated the issues, and approximate quantification of the benefits. The costs of the
GMP investments are not provided in this response because the GMP investments represent a
comprehensive solution that cannot be broken down and attributed to a single event. The
Nasonville event alone does not justify the GMP investments. Instead, the Nasonville event
provides a recent case of how the GMP investments provide a number of benefits and provide
those benefits immediately.

1. Voltage Management:

a. Voltage Issue 1 - Voltage dropped below American National Standards Institute
limits because of extended feeder length under outage reconfiguration.
Approximately half of the devices had remote monitoring to provide visibility
into low voltage issues, but the other half did not. Some customers outside the
Control Center’s voltage visibility reported voltage as low as 96V at their houses.

b. Voltage Issue 2 - A Woonsocket load tap changer (“LTC”) set point adjustment
was needed to compensate for the higher voltage drop resulting in lower remote
end voltage because of additional loading and extended feeder length. A crew
was dispatched to manually change the LTC set point.

c. Voltage Issue 3 — The system had high voltage while trying to get the first mobile
generator to come online. The high voltage prevented the generator from
relieving load for approximately two hours. Remote tripping of capacitors was
used to reduce voltage, but further voltage reduction was required. A crew was
dispatched to adjust an upstream non-advanced regulator. Manual tap position
adjustment of the generator’s step-up transformer and generator control power
factor adjustment were ultimately necessary to bring the voltage within an
acceptable range to bring the unit online.
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d. Voltage Issue 4 - A non-advanced regulator controller had a controller failure
during the event resulting in high voltage. Crews were dispatched to troubleshoot
the controller.

2. Loadflow Analysis:

a. Loadflow Issue - Modeling the reconfigured system to perform load flow
simulations that assessed potential contingency actions was necessary to support
operations. It was difficult to perform these assessments with offline simulation
tools because of repeated manual entry of multiple meter data points that was
required to make the offline model sufficiently accurate to aid contingency
planning.

3. Distributed Energy Resource (“DER”) Dispatch:

a. DER Dispatch Issue 1 - Pascoag Municipal’s battery dispatch was conducted
through phone calls between Rhode Island Energy’s Control Center and Pascoag
Municipal personnel. The daily dispatch was setup each morning. Although the
initial daily battery dispatch setup was reasonable, cloud coverage of large
photovoltaic (“PV”) sites on the 26W 1 feeder combined with the battery charging
schedule sometimes exacerbated loading issues. Operations needed to quickly
adjust and readjust through phone calls with Pascoag Municipal personnel to
change the battery status.

b. DER Dispatch Issue 2 — PV generation sites tripped because of large voltage
deviations, which resulted in excessive feeder loading.

4. Load Management:

a. Loading Issue 1 — Crews had to be dispatched to switch locations for initial
restoration and to restore the system to normal configuration.

b. Loading Issue 2 - A large customer was asked to curtail their operations during
the event to avoid system overloads. The customer shutdown their operations for
approximately two days.

c. Loading Issue 3 — Because the system was near its loading limits, load shed plans
were developed. Customer communications were distributed for potential
evening load shed needs during the immediate days following the station event.
Although no load shed actions were taken, the proposed actions were developed
using existing switch and protective device locations.

GMP Actions and Equipment:
a. Voltage Visibility GMP Benefit — More granular voltage visibility along feeders
would allow operations to respond to more voltage issues before customer
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complaints or equipment damage occur. This would be accomplished with an
ADMS system, communication system, advanced capacitors and regulators, and
real-time loadflow.

Distribution Voltage Operational GMP Benefit 1 - Remote switching of
capacitors and regulators would solve voltage issues and DER dispatch issues
without dispatch of line crews. This would be accomplished with an ADMS
system, communication system, advanced capacitors and regulators, and real-time
loadflow.

. Distribution Voltage Operational GMP Benefit 2 - Remote control of capacitors
and regulators would inform the Control Center of equipment or control issues
before those equipment issues become critical. This would be accomplished with
an ADMS system, communication system, and advanced capacitors and
regulators.

Substation Voltage Operational GMP Benefit - Remote adjustment of LTC
controls could have avoided the need to dispatch a crew to adjust the LTC
manually. This would be accomplished with an ADMS system, communication
system, and sensing from advanced capacitors and meters.

Real-Time Load Flow GMP Benefits - Real-time load flow tools would have
merged real-time system configuration and meter data into the model
automatically for fast simulations to evaluate potential contingency actions. This
would be accomplished with an ADMS system, communication system, sensing
from capacitors, meters, and reclosers, and real-time loadflow.

. DER Dispatch GMP Benefit 1 - Direct control of battery storage would allow for
a faster coordinated response to provide optimal feeder load management during
significant loading or generation changes. This would be accomplished with an
ADMS system, communication system, sensing from capacitors, meters, and
reclosers, real-time loadflow, and a DER monitor/manage system.

. DER Dispatch GMP Benefit 2 - DER monitor/manage would enable volt/var
inverter controls that regulate voltage locally at PV sites to prevent tripping and
prevent voltage swings should nearby sites trip or cloud cover occur. This would
be accomplished with an ADMS system, communication system, sensing from
capacitors, meters, and reclosers, real-time loadflow, and a DER monitor/manage
system.

Load Management GMP Benefit 1 — Advanced reclosers would provide system
self-healing and quicken restoration. This would be accomplished with an ADMS
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J. system, communication system, advanced reclosers, sensing from capacitors, and
meters, and real-time loadflow.

k. Load Management GMP Benefit 2 — With the monitoring, load flow, and voltage
control benefits of GMP, the large customer’s load could have been managed to
avoid shutdown. This would be accomplished with an ADMS system,
communication system, sensing from capacitors, reclosers, and meters, and real-
time loadflow.

1. Load Management GMP Benefit 3 — Load shed plan could be developed at a
much more granular level, potentially to the individual meter. This would be
accomplished with an ADMS system, communication system, sensing from
capacitors, reclosers, and meters, and real-time loadflow.

GMP Benefits Quantification:

The following benefit quantifications are estimates, not actuals, and have been developed for the
Company’s response to this data request. Rhode Island Energy does not typically quantify
benefits for a specific outage event. The pending GMP calculates systemwide benefits in a
similar manner to the items below.

a. Avoided Crew Dispatch for Switching — Approximately two crews for five hours
would have been avoided at the beginning and end of the system reconfiguration
duration for a total of $7,500.

b. Avoided Crew Dispatch for Troubleshooting — Approximately five crew
dispatches would have been avoided at $1000 per dispatch, equaling $5,000. This
includes crew, operator, and engineering time. The failed regulator control
required significant resources and time, so this estimate may be conservatively
low.

c. Value of Self-Healing — The United States Department of Energy (“USDOE”)
Interruption Cost Estimate (“ICE”) Calculator was used to evaluate the first two
switching steps as self-healed. A value of $480,000 was calculated.
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d. Value of Customer Curtailment — USDOE ICE Calculator was used to evaluate
the large customer shutdown for two days. A value of $24,000 per day was
calculated, or $48,000 total for the two days.!

e. Value of Real-Time Loadflow — Time for two engineers for three days at a total
of $9,000

Other system level benefits have not been quantified. For example, Control Center efficiencies
have not been quantified. These would include switching order development and execution,
operator time savings associated with access to real-time load flow, and faster decision making
with access to granular system data.

! Pending customer claim is reportedly in the vicinity of $120,000, suggesting it is possible that the ICE Calculator
is conservatively low in this instance.
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Division 1-34

Request:

The Company presented Northwest Rhode Island (NWRI) Area Study results to the Division on
April 28, 2020 which included Nasonville Substation. At the time, the Company identified 13
MVA or 350MWH of unserved load for a transformer failure at peak (Nasonville T2 is the single
transformer at the substation). The unserved load would result after the Company completed load
transfers and restoration efforts.

The Division followed up with an Information Request dated April 30, 2020, including the
following Question #13:

On page 11 of the presentation, the Company states that loss of Nasonville T2 results in 13 MVA
of unserved load at peak (350 MWHr). What is the Company’s current restoration plan for loss
of Nasonville T2? Provide details on switching schemes or load transfers, mobile installation,
etc. For a mobile installation, include nameplate, where the mobile is stored relative to
Nasonville Substation, timeframe to transport and connect the mobile, substation site
characteristics that enable efficient connection or present challenges, protection scheme impacts
or issues, etc.

The Company responded, in part:

There are three mobiles available for installation at Nasonville Substation, which are listed
below. The order of preference for this location is Mobile No. 8094, 7408, 7704 with mobile
regulator 8137. The selection of which mobile to deploy is based upon availability at the time of
need. National Grid has a fleet of 10 circuit switch trailers and 20 mobile LV cable trailers that
can be utilized as needed to complete the installation. The central storage location for this
equipment is the Construction Depot facility in Whitinsville, MA located 25 minutes away. The
timeframe to deploy the mobile as an emergency response is 8 hours. The response time is based
on worst case and pertains to winter off hours and includes clearing, permitting, loading, and
delivery of all the equipment.

a. Compare and contrast the Company’s planned restoration with actual restoration
results after the Nasonville incident.

b. Summarize the four options put forth in the NWRI Area Study to resolve the
Nasonville contingency at risk and estimated costs, identifying the preferred option.

c. Describe the actual work being performed to rebuild Nasonville and alignment with
the recommended option put forth in the NWRI Area Study. What is the total
estimated cost and timeline for the substation rebuild?
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d. Describe any enhancements or changes being incorporated in the substation rebuild
that were not contemplated in the Area Study, incremental cost associated with the
enhancement, and rationale for construction deviations

Response:

a. The Company’s planned restoration differs with actual restoration results after the
Nasonville incident because the planned restoration considered a transformer failure,
and the actual event was a switchgear failure which included a station fire. The
mobile switchgear was on site in approximately 12 hours, however the station damage
due to the fire required over three days of repairs before the switchgear could be fully
installed.

Although the system impact between a switchgear and transformer are similar, there
were no sustained outages during the actual restoration. This is because the event
happened in late summer where loads where approximately 75% of peak. Also, a 4-6
MVA customer agreed to shut down for the first two days after the station event.
Within three days of the station event, 9 MV A nameplate (7 MVA sustained
operation) of roll-on generation was installed.

b. Option 1-New 115kV supply line from Woonsocket and station expansion.

This is the preferred option which recommends installing a new 115kV bay at
Woonsocket substation to bring a new 115 kV overhead supply line to Nasonville
substation. The Nasonville substation will also be expanded by adding a second
transformer and 13kV straight bus.

Spend (SM) Total

CapEx $54.426
OpEx $0.723
Removal §2.228
Total $57.377

Option 2-New 115kV supply line from Woonsocket and station rebuild.

This option recommends installing a new 115kV bay at Woonsocket substation to
bring a new 115 kV overhead supply line to Nasonville substation. The Nasonville
substation will also be rebuilt in a breaker-and-a-half configuration with two
transformers.

Prepared by or under the supervision of: Ryan Constable

260



The Narragansett Electric Company

d/b/a Rhode Island Energy

In Re: Proposed FY 2024 Electric Infrastructure, Safety and Reliability Plan
21-Month Filing: Period April 2023 — December 2024

Responses to the Division’s First Set of Data Requests

Issued on November 4, 2022

Spend (SM) Total

CapEx $63.513
OpEx $0.723
Removal 52.436
Total 566.672

Option 3—New 115kV supply line from West Farnum and station expansion.

This option brings a new 115kV overhead line from West Farnum substation and
expands Nasonville with a second 115kV/13.8kV transformer and a 13.8kV metalclad
straight bus. This requires installation of a new 115 kV radial line with two breaker
bays at West Farnum substation to bring a new 115kV line through the existing ROW.

Spend (SM) Total

CapEx $60.046
OpEx $0.533
Removal 52,145
Total 562.724

Option 4—New 34.5kV supply line from the Iron Mine Hill Substation and station
expansion

This option brings a new 34.5 kV overhead supply line from the Iron Mine Hill
substation to Nasonville and adds a new 34.5/13.8KV transformer and straight bus
with two feeder positions at Nasonville substation. This new supply line will be
brought into the Nasonville substation throughout the existing transmission ROW.

Spend (SM) Total
CapEx 552.689
OpEx $0.733
Removal 51.645
Total $55.067

The station will be rebuilt equivalent to the prior configuration incorporating PPL
standards to the furthest extent possible. Currently, an open-air design will be used
instead of the existing switchgear configuration to expedite the replacement. This new
open-air station will be installed and fed with the existing transformer. This is aligned
with the recommended option in that it restores the original functionality as it was at
the time of the NWRI study. As the site is rebuilt, physical arrangement will include
consideration of the study recommended option
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The total estimated cost of the replacement of the existing station is approximately
$4.1 million. It is expected that the replacement will be complete the first quarter of
2024.

The recommended expansion of the station will be of the open-air design to match the
station rebuild. As part of this design, there will be a tie breaker to allow the buses to
be tied together to facilitate maintenance. The cost for the tie breaker is approximately
$38,000.
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Division 1-35

Request:

Provide current copies of all planning policies, guidelines, and design criteria relied upon to
develop the ISR Plan, including but not limited to Distribution Planning Guide, Annual Load
Forecasting, Annual Capacity Review, Vegetation Management Guide, Overhead Line Patrol
and Maintenance Policy, distribution design guidelines, Complex Project Delivery Stage-Gate
Process, and Delegation of Authority and Sanctioning framework. For each, discuss whether the
document is consistent with National Grid’s policies or guidelines, and if not, describe the
changes and resulting impacts to the distribution planning and project implementation process.

Response:

Please see attached all applicable documents related to the ISR Plan.

Distribution Planning Guide: Please see Attachment DIV 1-35-1. This is consistent with
National Grid’s policies and guidelines with minor changes to include changes in technology.
This does not change the distribution planning and project implementation process.

Annual Load Forecasting: The load forecasts are being developed as a collaborative effort
between the PPL Load Analytics & ISO Settlement group and the National Grid Load
Forecasting group. There have been no changes to the load forecasting process under PPL
ownership.

Annual Capacity Review: This remains unchanged from National Grid’s policies and
guidelines.

Vegetation Management Guide: Please see Attachment DIV 1-35-2. The specifications
currently used for Vegetation Management are the same as National Grid’s but are in the process
of being revised. This has not affected the distribution planning and project implementation
process.

Overhead Line Patrol and Maintenance Policy: Rhode Island Energy is drafting a new policy
currently incorporating changes and anticipates it being complete in January. The Company will
share with the Division once it is finalized and discuss the differences in comparison with
National Grid’s policies and guidelines.

Distribution Design guidelines: Please see Attachment DIV 1-35-3 for Overhead and
Attachment DIV 1-35-4 for Underground policies. Rhode Island Energy has accepted the RI
applicable National Grid standards as the starting point for distribution standards and are
currently assessing best practices to implement in both PA and RI.
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Complex Project Delivery Stage-Gate Process: Please see Attachment DIV 1-35-5. The
Complex Project Delivery Stage-Gate Process has minor differences compared to National
Grid’s Complex Capital Delivery Process for milestone names. These changes do not impact the
distribution planning and project implementation process.

Delegation of Authority and Sanctioning Framework: Please see Attachment DIV 1-35-6.
The new Delegation of Authority and sanctioning framework differ slightly from National Grid
as it has been designed for a flatter, more localized organization. This is in the draft stage, as the
Company is working on gaining alignment between both the electric and gas teams. This does
not impact the distribution planning or project implementation, as sanctioning will occur at the
same point in the process as it did at National Grid.
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Integrated Electric System Planning Study Process

1. Introduction

In order to maintain a consistent approach to electric system planning, it is necessary that uniform
planning criteriais followed and proper coordination among internal and external stakeholder groupsis
completed. Thisdocument has been updated with ‘integrated planning’ concepts including specific
Distributed Energy Resource (DER) inputs and greater transmission planning consultation to provide
guidance on the performance and expected work product of area planning studies.

2. Purpose

This document details the Integrated Planning and Asset Management study process for system planners,
the functions that support them, and the stakeholders reliant on their work product. It is expected that
execution of awell-defined study process will result in timely delivery of infrastructure devel opment
recommendations having thoroughly defined project scopes that satisfy the needs and expectations of all
stakeholders (especially customers). In addition, it enhances the organization’ s ability to meet its
obligation to provide safe, reliable, and efficient electric service for customers at reasonable costs.

3. Applicability
This guide appliesto al personnel within Distribution Planning and Asset Management assigned to work
on:
e Integrated Area Studies
e Program Studies (initial or modification)
e Complex Customer Service Requirements Studies — Typically, large services requests, generally
8MW or greater and/or greater than 5SMW with requirements for service redundancy

Members of departments that support the study process and associated work product development should
be trained in and/or aware of this process.

Although there are many fundamental similarities, DER interconnection studies are covered in a separate
interconnection guide.

4. Annual Planning
The prioritization of area planning studiesto be executed and the engineering analysis conducted within
an area study is supported by the Annual Planning Screening Process. This processis arecurring annual
effort which aides in the identification of system performance concerns. As part of this effort, the
following is historically recorded or estimated:
o Area(feeder, substation, and supply line) peak loads (date, time, and value) both coincident and
non-coincident with the system peak load.
e System peak load (date, time, and value).
o Load forecast with energy efficiency (EE), distributed generation (DG), and electric vehicle (EV)
inputs as load modifiers to the peak value. These forecasts include some regional differences
o Area(feeder, substation, and supply line) contingency loading during peak load.

As aresult of evolving integrated planning needs, the following information will be added or changed:
o Area(feeder, substation, and supply line) light loads (date, time, and value). Where possible,
obtain 8760 hour per year Pl Historian load data.
o DG existing and in-queue | ocations and amounts
e Separate forecasts to be obtained for base load, EE, DG, EV, and heat electrification (HE) inputs
as|oad modifiers to the peak value. These forecasts include some regional differences
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e EV and HE existing and in-queue information when possible
o Existing Demand Response (DR) programs
e Exigting Energy Storage (ES) locations and amounts.
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5. Milestonesand Consultation Guidance

Each area study generally follows a set of milestones to enable an efficient study process with robust
consultation. Although stakeholder engagement can occur at any time, the following guide describes the
content of each milestone and recommended consultation inputs:

Scoping Activities

Initial System Assessment

Study Kickoff

Detailed System Assessment / Engineering Analysis
Plan Development and Project Estimating

I dentification of Recommended Plan

Technical Review

Documentation

Sanctioning

Further detail on each of these milestones follows:

5.1. Scoping
This milestone includes:

Gather the most recent version of the Distribution Planning Guidelines (“DPG”)

0 Upon consultation with the manager, gather any other emerging guidelines that have not
been formally incorporated into the DPG (ex: grid modernization or volt-var optimization
guidelines).

Gather equipment rating data, settings data, specifications data, etc.
Gather the most recent Distribution Standards including, but not limited to:
0 Overhead conductor ratings (section 6.0)
Generic underground cable ratings (section 35.14)
Latest recloser controls (pages 12-338 to 12-340)
Latest capacitor controls (pages 15-335 to 15-336, 15-404 to 15-405)
Latest sensor controls (page 15-600)
0 Storm Hardening (section 4.0)
Define the electrical scope (lines and substations to be studied)
Define the geographic scope (towns and portions or towns to be included in study)
Build/update system modelsin CYME, PSS/e, ASPEN
Gather the latest forecast and review/refine the arealfacility load and expected |oad growth from
the present to the study’ s horizon year (typically 15 years)

0 Integrated Planning Update — Gather separate forecasts for load, EE, DG, EV, HE, DR,
and ES. Gather 8760 hour yearly load cycles for each technology. If necessary, default
load cycles can be used. Gather 8760 hour per year data for feeders, substation, and
supply lines as available.

Gather service territory maps

Gather large commercial and industrial customer load datat

Gather or request asset condition reports?

Identify all infrastructure development limitations (ex: river, highway, state forest, etc)

Gather documentation of existing system performance concerns (ex: thermal, reliability, voltage,
reactive support, arc flash, fault duty, etc.)®

O O0OO0Oo

1 Consult with Customer and Community
2 Consult with Substation O& M Services
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e Gather recently completed area projects or ongoing area projects within the work plan. Thiswill
set the base year and base configuration.
o Gather existing and in-queue distributed generation or distributed energy resources

e Gather state information or policies regarding distribution planning or distributed energy
resources

The engineer will then develop a scope that details the study area boundaries and concerns. The study
scope will be reviewed by their respective manager. The manager must approve the study scope before
next steps are executed.

The final scoping activity isto request study team members. The study engineer will request formal team
members from the following departments, via Study Engineering Request form.

e Transmission Planning

e Transmission Line Engineering

e  Substation Engineering

e Protection Engineering (Relay, Communications, and Controls and Integration)

The following additional departments may be expected to provide input during various stages of the study
and will be included in study meetings as required:
e Substation O&M Services Operations

e Transmission Control Center and/or Regiona Control Center
e Project and Program Management

e Community and Customer Management

e Distribution Design

o Safety

e Environmental
o Legd

e Rea Edtate

All study contributors will be provided proper accounting to charge their time in support of the study.
Once a study team is formed, the study engineer will schedule the study kickoff meeting.

5.2. Initial System Assessment
Study areainitial system assessment consists of a quick analysis of facilities and system performance within the
identified study geographic and electric scope. As part of the assessment, the study engineer will conduct the
following:

e Exigting and in-queue distributed generation and distributed energy resources

o A review for compliance with Planning Guidelines:

0 Thermal (load vs. capability) issues using the annua planning screening spreadsheet, CYME,
and PSS/e

3 At aminimum, include annua plan screening information. Consult with area engineering and operations experts
astime allows.

4 For example, astudy starting in year X may set a base year of X+3 if substantial system modification will be
completed in year X+3.
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0 Voltage—using CYME, PSS/e
0 Reactive Support
o Asset condition assessments and consideration of active asset programsincluding, but not limited
to:
Breaker Replacement
EMS
Metal Clad Substations
Indoor Substations
Underground Cable
o0 Distribution Line Inspection & Maintenance
e Screening review of arc flash and fault duty data
e Screening review of CKAIDI and CKAIFI reliability indices® against state targets or average
values

O oO0Oo0Oo0oo

Initial system assessment is completed when the planner has enough information to consult with the wider
group of subject matter experts and internal departments at the study kickoff. A careful balance of
anaysis to ensure study timeline efficiency isrequired. Too little analysis leaves the planner unable to
lead arobust discussion during the kickoff meeting to gather asset, operational, and construction
complexities that help refine issues and generate comprehensive aternatives. Too much analysis may
lead to rework by the planner should new information result from the kickoff. It is preferable that high
level alternative concepts are developed during Initial System Assessment simply to generate discussion.
Never should alternatives be fully developed or considered final within this step. Throughout the Initial
System Assessment, it is expected that informal and regular consultations will be required with
Transmission Planning, Distribution Design, Substation Engineering, Transmission Line Engineering,
Substation O&M Services, and/or Operations.

5.3. Study Kickoff
The study kickoff isameeting held to inform the larger stakeholder group that an area study is underway
and to solicit inputs from those with knowledge of the system infrastructure in the area under review.

The study engineer will invite the following groups/representatives to the Kickoff meeting:
e  Community & Customer Management
e Operations:

0 Distribution Line (OH & UG) Supervisors

0 Substation O&M Supervisors

o Distribution Design

Substation O & M Services

System Control Center

Project Management

Program Management (Substation and Line)

Distribution Engineering and Asset M anagement

o Field Engineer

o0 Field Engineering Manager

e Transmission Engineering and Asset Management
0 Transmission Planning Engineer
0 Transmission Asset Management Engineer

e Transmission Line Engineering

55-year reliability datais preferred. 3-year datamay be used to avoid years of significant major storm activity or
significant system reconfiguration.
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Substation Engineering

Protection Engineering

Resource Planning

0 Short Term Resource Planning
0 Long Term Resource Planning
Product Energy Services (NWA)
IT/1S

The study engineer will present the following:

Proposed study electrical and geographic scope

Recent area studies and infrastructure development projects impacting the area

Study areaload and initial understanding of load growth expected in the area

Known concernsin the area

Using one-lines, possible infrastructure devel opment plans for discussion

Using area maps, possible distributed energy resource ideas for discussion

Study schedule and the names of representatives of departments assigned to support it

Upon completion of this presentation, the study engineer will open the meeting for group discussion.
Specific input that the study engineer islooking for includes:

Acceptance of electrical and geographic boundaries
Operational concerns, examples.
o Switching flexibility
0 Restoration areas of concern (ex: rights-of-way, direct buried cables)
Asset condition concerns not already identified
Safety by Design
System performance concerns not already identified, examples:
0 Reliability
0 Voltage
0 Loading
Details on any significant near-term load additions in the area not a ready identified
Details on any significant distributed energy resources in the area not already identified
Details on potential aternative ideas or concerns, examples.
0 Locationsthat should/could be considered for new substation development
0 Substation expansion opportunities
0 Feeder routing (new feeders and feeder ties)
0 Local issuesthat might impact infrastructure development options, examples
1. Local regulations requiring underground vs. overhead construction
2. Status of community relationships with the Company
Details on any distributed energy resource opportunities that should be considered

Representatives assigned from all groups are expected to support the study throughout the entire process
and document any concernstheir department may have along the way.

All individuals invited to the kickoff meeting should be asked to forward the meeting notice to any other
individuals they would like to have take part in the meeting.

It is expected that the study engineer will prepare minutes of this meeting. Minutes will be shared with all
those invited to participate in the meeting.
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5.4. Detailed System Assessment / Engineering Analysis
The study engineer will utilize input received at the study kickoff meeting in subsequent detailed analysis
and comprehensive plan development. All areadistribution studies will require the same basic analysis

steps.

The study engineer should look to optimize existing system performance and identify any common
infrastructure development needs of the area prior to engaging in the detailed analysis associated with
finaizing the development of dternative plans. Simple no-cost or low-cost system adjustments such as
switching or load balancing can be progressed immediately by the planner and do not need to be formally
included in the study report. Instead, the study base case should be adjusted to include these simple
changes.

The study engineer should:
e Conduct system fault studies, associated protective device coordination, and breaker capability
reviews
Conduct incident energy calculations (arc flash)
Conduct system thermal assessments
Conduct system loss studies
Conduct system reliability assessments
Conduct system voltage performance eval uation
Analyze Digtributed Energy Resources (DER) impacts

Typica Anaysistools:
e PSS/eload flow software for analysis of :
0 Supply system (transmission and sub-transmission)
0 Network system
e CYME and other radial distribution feeder analysis software
CYME, ASPEN, and other protective device coordination software including short circuit
anaysis
ArcPro for Arc Hash analysis
GIS systems
Annual Planning Screening Spreadsheets
Equipment ratings programs
Cascade and other asset information systems

Note that the presentation of results and defense of recommendations is significantly enhanced by the
functionality of these tools (particularly load flow and radial distribution feeder analysis software). These
tools will strengthen response to questions posed during the review of recommendations. Thesetools
enable quick evauation of “what if” questions that could otherwise cause unacceptable delaysin study
delivery.

5.5. Plan Development and Project Estimating

Once the engineering analysisis performed, the study engineer develops and refines alternative infrastructure
development and non-wires alternative plans and updates associated plan one-lines. The plans should be technically
comparable to the furthest extent possible. Infrastructure and non-wires aternatives can be combined to create
comparable plans.

The following team members/departments will provide afeasibility review of these one-lines:
o Field Engineer
e Substation Engineer

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

File: Study Process Document_ver04_2022-08-24_Final Originating Department: Authors:
(002).doc Distribution Planning and Asset Management Roger Cox/Alan
LaBarre/Ryan Constable

271



The Narragansett Electric Company

d/b/a Rhode Island Energy

In Re: Proposed FY 2024 Electric Infrastructure, Safety and Reliability Plan
Attachment DIV 1-35-1

Page 8 of 13
Engineering Document Doc. # PR.11.01.001
Electric System Studies Page 8 of 13
Integrated Electric System Study Process Version 4 08/24/2022

Transmission Line Engineer
Distribution Design Engineer
Operations

Transmission Planning

OPTIONAL - It is suggested the planner gather all internal stakeholders® at a Plan Devel opment meeting
to review and gain acceptance of the various plans immediately prior to requesting estimates. Itis
important that the various engineering functions understand the interrel ationship between their individual
portions of the comprehensive plans. Without thisreview, it is often difficult for the engineering
functions to understand the segmented nature of estimate requests.’

As the one-lines and plans are modified with this cross functional input, engineering analysiswill be
refined as needed to accommodate for any scope changes. Once the plans and one-lines are completed,
the study engineer will request study estimates from the respective team members (substation engineer,
transmission line engineer, and distribution design engineer) for al aternative plans.®

It is expected that estimates will be returned within 8-12 weeks of the request date. Estimators will use
primary equipment scope and known field conditions along with recent costs for comparable projectsto
develop estimates. Field visits are not required but are encouraged especialy if constructability or future
system maintenance (ex. R/W accessibility) isaconcern. Estimates are expected to be suitable for plan
comparison/selection and enableinitia partia sanction of more detailed engineering activities.
Substation and transmission line conceptua engineering reports and estimates may be requested if they
can be completed within the 8-12 weeks. Distribution line estimates can be completed by the planner
using the Company’s Success Enterprise estimating tool and can be considered at a conceptual level of
accuracy.

Note: When considering alternate locations for anew substation. The site where anew substation will be
constructed should be selected by the sponsor with input from the project team. Where aternate sites are required
for regulatory reasons or are desirable for other reasons, those alternate sites should also be selected by the sponsor.
In addition to the engineering requests, sites should be assessed for other flaws that could warrant them unsuitable
for use. These“duediligence’ assessments for potentially “fatal flaws’ should be performed by the following
departments and reported to the sponsor: Environmental, Real Estate, Legal (Siting), Project Management, and
Construction or Operations.

While estimates are under development, the planner should organize and document the technical benefits and issue
resolution of each aternative. The planner has discretion to the level of analysis for alternatives that are expected to
be economically non-competitive.

Once the study estimates are returned, the study engineer will review and finalize the identified plans. Study team
members will be asked to note their agreement with the scope of projects estimated.

6 Similar to the kickoff meeting invite list

7 For example, a substation request that asks for a common item such as a capacitor bank to be estimated separately
from afeeder position which may be an aternative plan.

8 Requests should be well documented with clearly defined one-line scope diagrams, using
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5.6. Identification of Recommended Plan
As part of this phase, the study engineer reviews the various alternatives with costs, identifies, and
finalizes arecommended plan. Once the recommended plan isidentified, the study engineer completes
(with team member assistance as required):
e Economic comparison of plans
Technical comparison of plansif not equivalent
Performance of an environmental and safety review of recommended plan
Identification of the system outages required to implement the recommended plan
Statement or summary of alignment with Climate Resiliency standards’
If not formally evaluated as a criteria, strategy, or program within the study, include a statement
or summary of alignment with potential or pending Grid M odernization concepts.°
e Review of the recommended plan project implementation schedul e

The planner should summarize recommended plan risks to the furthest extent possible. For example,
permitting or site acquisition delay risks could be noted with the system issues that may result. Potential
mitigation concepts, including acceptance of risk, can be described. Thisis not intended to be an
exhaustive review and it is noted that significant internal department consultation and support is
necessary. Instead, thisrisk anaysisisonly intended to help or guide future efforts.

Once dl thisanalysis is completed and documented, the study engineer updates the project team members
on the final recommended plan.

5.7. Technical Review

This meeting will be held once the planner has completed the magjority of the study analysis and after an
internal review in Distribution Planning and Asset Management has been completed, but prior to the
formal study document approval process.

The primary purpose of this meeting isto give those who will be asked to approve the area study report an
opportunity to hear a presentation and ask their own questions on the overall study effort. It is expected
that this meeting will facilitate the study report approval process that will in most instances follow soon
after.

The presentation will provide a description of the issue identification efforts and a comparison of all
plans, including estimated costs, describing the advantages and disadvantages of each.

The planner will cover the following topics in presentation format during the meeting. The presentation
will be split (between Distribution Planning and Transmission Planning) if study responsibility is split.

Study scope (electric system one-lines and map of area)

Study areaload and load growth

Additional study assumptions

System performance concerns identified (existing and predicted)

Plans considered to address concerns with detail ed description of the scope of proposed projects,
time and cost required to implement, technical differences, as well as unresolved stakeholder
concerns

9 All recommendation should be built to the latest storm hardening and substation flood mitigation standards
10 For example, use of latest controls that prevent near term obsolescence
1 Consult with Long Term Resource Planning for implementation schedule and cash flow assistance.
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¢ Plan recommended to address concerns with detailed description of the scope of proposed
projects, time, and cost required to implement

M eeting participants are expected to constructively challenge study assumptions and analysis (ex. load
growth assumptions, load flow models, equipment ratings, interpretation of planning criteriain
determining violations, etc.) and the plans developed to address area concerns. If a specific project’s
scope of work isin question (ex. asset condition concerns not addressed) and can not be resolved in this
meeting, the Study engineer will set up subsequent meetings with the project team for more detailed
discussion and problem resol ution.

The following groups/representatives are part of the Technical Review meeting governance:
o Asset Management (NY or NE), including:
0 Vice President Asset Management
o Director Digtribution Planning and Asset M anagement
0 Manager of Asset Management
0 Director of Transmission Planning and Asset Management
0 Manger of Transmission Planning
e Electrical Systems Engineering, including:
0 VicePresident of Electrical Systems Engineering
o Director of Substation Engineering Design
o Director of Protection Engineering
0 Director of Transmission Line Engineering
e Operations (NY or NE), including:
0 Vice President of Operations
o Director of Distribution Design
o Director of Overhead Lines
0 Director and Manager of Substation O& M
e Dispatch and Contral, including:
0 VicePresident of Control Center Operations
e Jurisdictional Leadership, including:
0 Jurisdictional President
0 Community and Customer Management, Director
o Representatives assigned from all groups that are supporting the study (attendance required)

5.8. Documentation

The area study report is the primary documentation delivered upon completion of the area study. This
report becomes a source document for many other forms and reports (used both internally and externally).
As such, the importance of form and order in reports be as consistent as possible.

In order to properly complete the report template, the study engineer will need to have done the work
necessary to prepare the following general report sections:
e Executive summary, including:
0 Explanation of why the study was done and the major concerns/needs for the area
0 A brief description of the aternatives considered
0 A brief description of the recommended plan
0 Reasonsfor the recommendation
0 Cost and cash flow of the recommended plan
e Introduction, including:
0 Purpose statement
0 Problem statement

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

File: Study Process Document_ver04_2022-08-24_Final Originating Department: Authors:
(002).doc Distribution Planning and Asset Management Roger Cox/Alan
LaBarre/Ryan Constable

274



The Narragansett Electric Company

d/b/a Rhode Island Energy

In Re: Proposed FY 2024 Electric Infrastructure, Safety and Reliability Plan
Attachment DIV 1-35-1

Page 11 of 13
Engineering Document Doc. # PR.11.01.001
Electric System Studies Page 11 of 13
Integrated Electric System Study Process Version 4 08/24/2022

¢ Background, including:
0 A statement on al items gathered in Section 4.1

0 Versions or dates of guidelines, standards, forecasts, databases, screening work, and software
used
¢ Problem/Issue Identification, including:
0 A summary of all analysisdonein Sections 4.2 and 4.4
¢ Plan Development, including:
0 A summary of all efforts donein Section 4.5
¢ Description of recommended plan, including:
0 A summary of the comparative analysis and conclusions made during Section 4.6
0 A clear summary of the sequencing of projects, project dependencies, proposed cash flow, and
risks.
e Conclusion and factors affecting future studies
o Appendices, including but not limited to:
0 Geographic study area maps
0 One-linediagramsfor stations, sub-transmission systems, and circuit tie maps - base case and
recommended plan
Feeder rating sheets
Existing and in-queue Distributed Generation tables
Annual Plan screening tables — base case and recommended plan
CYME, PSSE, and Aspen screens and tabular exports - base case and recommended plan
Strategy or program tabular details including criticality rankings
Arc flash tables - base case and recommended plan
Reliability indices tables
Fault duty analysis tables - base case and recommended plan
Estimate data

OO0 O0OO0OO0OO0OO0OO0Oo

Appendix A and B of this document provide a detailed outline of area study and program study report
content respectively.

Study reports will be issued following the Study Results presentation (and resolution of any issuesit
raised). The report will be electronically issued with a cover letter to the following individuals for
approval:

e Respective Manager of Distribution Asset Management

o Respective Director of Distribution Planning and Asset Management

e Vice President Asset Management

The study report will be electronically stored on Distribution Planning and Asset Management’s
SharePoint site.

It is expected that the Customer and Community Management group will communicate the recommended plan with
external stakeholders as appropriate. Consultation with jurisdictional leader for approval of the external
communication plansis required.

5.9. Sanctioning

It is expected that the study engineer will, upon study approval, seek initial sanction of any recommended
projects having forecasted spending within the next three fiscal years.

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

File: Study Process Document_ver04_2022-08-24_Final Originating Department: Authors:
(002).doc Distribution Planning and Asset Management Roger Cox/Alan
LaBarre/Ryan Constable

275



The Narragansett Electric Company

d/b/a Rhode Island Energy

In Re: Proposed FY 2024 Electric Infrastructure, Safety and Reliability Plan
Attachment DIV 1-35-1

Page 12 of 13
Engineering Document Doc. # PR.11.01.001
Electric System Studies Page 12 of 13
Integrated Electric System Study Process Version 4 08/24/2022

6. Appendix A

Study Report Table of Contents

1 Executive Summary
2. Introduction
21 Purpose
22 Problem
3. Background
31 Scope
3.1.1 Geographic Scope
3.1.2 Electrical Scope
3.2 Areal oad and L oad Forecast
3.3 Active Projects
34 Limitations on Infrastructure Development
35 Assumptions & Guidelines
3.6 Spot Loads
3.7 Existing and I n-queue Distributed Generation
3.8 State Policies or Programs
4. Problem I dentification
4.1 Thermal Loading
4.2 Voltage Performance
4.3 Asset Condition
44 Additional Analysis
441 Reliability Performance
442 ArcFlash
4.4.3 Fault Duty/Short Circuit Availability
444 Reactive Compensation
445 Protective Coordination
5. Plan Development
51 Common ltems
52 Plan-1
53 Alternative Plans
531 Plan-2
532 Plan-3
5.3.3 Do Nothing
6. Plan Considerations and Comparisons
6.1 Economic, Schedule, and Technical Comparisons
6.2 Permitting, Licensing, Real Estate, and Environmental Considerations
6.3 Planned Outage Considerations
6.4 Asset Physical Security Considerations
6.5 Climate Resiliency
6.6 Grid Modernization
7. Conclusions and Recommendations
8. Factors Influencing Futures Studies
9. Appendix

PRINTED COPIES ARE NOT DOCUMENT CONTROLLED.

FOR THE LATEST AUTHORIZED VERSION PLEASE REFER TO THE ENGINEERING DOCUMENTS CABINET IN DOCUMENTUM.

File: Study Process Document_ver04_2022-08-24_Final
(002).doc

Originating Department: Authors:

Distribution Planning and Asset Management

Roger Cox/Alan
LaBarre/Ryan Constable

276




The Narragansett Electric Company
d/b/a Rhode Island Energy

In Re: Proposed FY 2024 Electric Infrastructure, Safety and Reliability Plan

Attachment DIV 1-35-1
Page 13 of 13

Engineering Document
Electric System Studies

Doc. # PR.11.01.001
Page 13 of 13

Integrated Electric System Study Process

Version 4 08/24/2022

Appendix B

Program Report Table of Contents

1
2.

Executive Summary
Introduction

21 Purpose

22 Problem

2.3 Scope

Background

Program Description

41 Infrastructure Development

4.2 | dentification

4.3 Prioritization
4.3.1 Resour ce Consider ations
4.3.2 Objectives and Benefits
4.3.3 Costs

Conclusions and Recommendations

Factors Requiring Program Review

Appendix

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

File: Study Process Document_ver04_2022-08-24_Final
(002).doc

Originating Department:
Distribution Planning and Asset Management

Authors:
Roger Cox/Alan
LaBarre/Ryan Constable

277




The Narragansett Electric Company

d/b/a Rhode Island Energy

In Re: Proposed FY 2024 Electric Infrastructure, Safety and Reliability Plan
Attachment 1-35-2

Page 1 of 11

FOREWORD

This specification documents the objectives, practices and procedures for vegetation
management on Rhode Island Energy company distribution circuits in Rhode Island only. The
specification also defines the responsibilities of Rhode Island Energy vegetation management
personneland contractors, identifies procedures to be followed by contractors performing all
work and defines the requirements to maintain vegetation acceptable to the Company.

Questions or inquiries regarding information provided in this document should be referred to the
Rhode Island Energy Manager of Vegetation Strategy.

Christopher J Rooney
Manager
Rhode Island Energy T&D
Date of Review/Revision:
Revision Date Description
0 11-7-2022 Original Specification

278




The Narragansett Electric Company

d/b/a Rhode Island Energy

In Re: Proposed FY 2024 Electric Infrastructure, Safety and Reliability Plan
Attachment 1-35-2

Page 2 of 11

&

Rhode Island Energy”™

a PPL coergany

RI DISTRIBUTION LINE CLEARANCE SPECIFICATIONS Date 11-7-2022
L Scope/Intent

1L

ML

1.1 These specifications cover the cutting, clearing, pruning, tree removal and
herbicide treatment of vegetation along overhead electric distribution lines and the
corresponding substations. The intent is to define the minimum clearances to be
obtained between the overhead conductors and vegetation that will be acceptable
to RI Energy. These specifications are strictly for use on overhead line
maintenance pruning projects. This is not a specification to be used for enhanced
hazard tree removal, new construction clearing or rebuild construction clearing.

Program Objectives:

2.1 The goals and objectives of the RI Energy Distribution Line Clearance program
areto provide safe, reliable, electric service through a cost effective, integrated
vegetation management program. RI Energy acknowledges differences in the
manner in which various landowners respond to the need for routine line
clearance activities, together with occasional differences in easement rights.
Therefore, these specifications are designed to address:

e the minimum clearance requirements necessary to sustain safe, reliable
electric service while striving to satisfy the concerns of sensitive customers,

¢ and the optimum clearance requirements necessary to sustain an appropriate
level of safety and reliability.

Definitions:

Maintained Area: Generally defined as an area where the landowner or occupant is
mowing the lawn and/or caring for gardens, ornamental shrubs or trees in the area under
and immediately adjacent to the distribution poles. It includes commercial land uses such
as business areas, parking lot edges and the tree lawn areas along urban and suburban
streets. Un-maintained areas, of course, hold the opposite of these characteristics. It
should be noted that within residential (maintained) areas there may be small sections of
un-maintained property between yards or along the roadside of residential front lawns,
etc. These small sections shall be treated as maintained areas for the purposes of this
specification.

Mature Tree Line: A generally straight and contiguous line of trees nine (9) inches d.b.h.
or greater, that mark the boundary between the forested edge and the maintenance
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corridor. In the case of an existing mature tree line, there may be individual mature trees
that are rooted closer to the pole centerline than the common mature tree line. In these
instances the mature tree line continues behind those individual trees.

Maintenance Corridor: The area physically located under and alongside the overhead
distribution feeder bounded by the mature tree line when one exists. In the absence of a
mature tree line the maintenance corridor is defined as the area that is at least ten (10)
feet either side of the pole centerline or equal to the previously maintained dimensions if
greater than ten (10) feet.

Service Drop or Service Line: The last span of triplex or open three wire extending to the
building or meter pole or a multi-span run of either triplex or open three wire that serves
a single customer. This does not include street light services.

Secondary: The conductor, either triplex or open wire, which extends from the
transformer to the Service Drop. Secondary spans may run along under primary spans or
separately.

Street Light Secondary: The conductor, either triplex or open wire, which leaves the
primary pole to pole configuration and extends out to service a street light or lights.

Scope of Work:

4.1 Pruning Standards: All pruning shall be performed in accordance with ANSI
A300 standards as well as the Best Management Practices — Tree Pruning
publication. All cuts shall be made at a parent branch or limb, so that no stub
shall remain. In cutting back a branch, the cut shall be made at a crotch or node
where the branch being removed is at least one-third the diameter of the parent
limb. All pruning cuts shall be made in accordance with proper collar cutting
methods, utilizing drop crotch principles to minimize the number of pruning cuts,
promote natural growth patterns, and maintain tree health and vigor (ANSI
A300). Climbing irons or spurs shall not be used in pruning a shade/ornamental
tree to be saved. Tree wound dressings shall not be applied.

4.2 Line Clearance within Maintained Areas: All overhead primary lines shall be
pruned to provide a minimum of ten (10) feet of overhead clearance, a minimum
of six (6) feet of side clearance from the outermost phase and a minimum of ten
(10) feet of clearance below the wires. The contractor shall recognize that the use
of ANSI A300 standards and techniques will result in clearances beyond the
dimensions noted above.

4.2.1 The main trunk of the tree or major leads which are structurally sound and
healthy may be left growing within these distances as long as none of the
smaller diameter end branches are within the clearance dimensions. In
that case the lead must be removed.
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Where greater clearances have been achieved in previous cycles, the
pruning shall be completed so as to re-establish the clearances in a manner
that equals or exceeds the previous clearance conditions.

The contractor shall ground cut any new volunteer growth capable of
growing into the wires from around poles, guys, fences, etc. within the
maintained yard areas after notifying the property owner.

It is an objective of Rhode Island Energy’s program to continually strive
to reduce the number of under-wire tree and branch growth that will
continually require pruning, by removing as many stems and growth as
possible on each cycle. The Contractor is expected to emphasize this type
of removal through the landowner contacts made by their customer contact
personnel.

Contractor shall exercise extreme care when pruning ornamental
plantings. Species, growth rates and growth characteristics should be
taken into account and may require differing clearances.

All slash from pruning in maintained areas shall be disposed of through
chipping. Large diameter wood may remain on site provided it is cut into
manageable lengths and piled neatly. Smaller debris shall be raked up and
removed so as to leave the property in a condition equal to the start of
work.

Line Clearance Outside of Maintained Areas: All overhead lines shall be pruned
to provide a minimum of fifteen (15) feet of overhead clearance and six (6) feet of
side clearance from the outermost phase.

4.3.1

432

433

4.3.4

Along off-road sections the contractor shall completely remove all side
branches that extend into the maintenance corridor from below and beside
the lines in order to “box out” the maintenance corridor. This practice will
minimize future pruning efforts as well as improve storm restoration and
line inspection efficiencies.

Where greater clearances have been achieved in previous cycles, the
pruning shall be completed so as to re-establish the clearances in a manner

that equals or exceeds the previous clearance conditions.

The contractor shall ground cut all trees and shrubs which have the ability
to interfere with the conductor out to the limits of the existing maintenance
corridor. Where a maintenance corridor does not already exist, ground
cutting shall be performed for a minimum distance of ten (10) feet either
side of centerline. Ground cutting shall include stems of eight (8) inches
d.b.h. or less, all as part of the fixed price bid. Along individual spans that
have been previously maintained using RI Energy’s past eight (8) foot
targeted ground cutting specification (trimming and removal) the same
approach shall be utilized.

Where trees beyond the limits of the maintenance corridor are extending
into the corridor, the contractor shall either prune those limbs back or have
the option to remove the tree as part of the fixed price bid. For trees, eight
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(8) inches d.b.h. or less, where the top of the tree is leaning out into the
corridor so that topping would be the only possible correction, the
contractor shall ground cut that tree as part of the fixed price bid.

4.3.5 Stumps shall be cut flat and as close to grade as possible.

4.3.6 All slash along the roadway or near residences shall be disposed of by
chipping or mowing/mulching. Where practical, chips may be blown back
onto the site without creating large chip piles. On off-road, un-
maintained sites, slash shall be mowed/mulched or neatly windrowed to
the edge of the maintenance corridor and cut to lie close to the ground,
away from sensitive locations. No debris shall be left anywhere that will
potentially block access, significantly alter any drainage or water resource,
or create any unsafe condition for the public. Alternatives to these
practices must be approved by Rhode Island Energy’s Forestry
representative and by the current landowner.

4.44 4 All dead or damaged overhead limbs over 8” D.B.H., branches or leads that are

4.54.5

4.6

capable of falling

onto overhead primary wires from above or along side the right-of-way and
potentially causing a tree outage, shall be removed at the time of pruning, and
included in the fixed price bid.

For all pine species growing above the overhead clearance limits with boughs
overhanging primary conductor - the contractor shall shorten all overhanging
boughs so to reduce the length of the branch by approximately 1/3 without
removing all needle growth from the entire branch. This shall be done in a
progressive manner beginning at the upper clearance dimension (10 or 15 feet)
and working upwards generally two (2) whorls in the tree as necessary to reduce
the likelihood of a long pine bough loaded with ice or wet snow, drooping down
or breaking onto the conductors.

Pruning Clearance for Secondary and Service Lines:

4.6.1 All secondary wire (triplex and open wire), other than that serving street
lights only, shall be pruned to provide a minimum of eighteen inches of
clearance from wire to vegetation.

4.6.2 All service wires (triplex or open wire) and street light secondary on the
circuit shall be inspected at the time of scheduled vegetation maintenance.
For branches that are either making hard contact with the service wire,
pushing on or creating tension enough to force the wire out of a natural
arc, or redirecting the wire out of a straight-line run, the vendor shall do
whatever pruning is necessary to correct that situation. The entire service
drop need not be pruned, only the point of conflict.

4.6.3 For open wire services, pruning is required for all the situations noted in
4.6.2 as well as anytime vegetative growth is forcing the three wires out of
their normal configuration. The vendor must take extra care when pruning
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around open wire services so not to cause a service interruption to our
customers.

4.74.7 Multiple Circuits and Under-builds: The contractor shall prune all distribution

4.8

4.9

4.10

4.11

circuits on a pole unless otherwise called out on the bid documents. Where a
distribution circuit is under-built below a sub-transmission the contactor is

responsible for the pruning of both the distribution circuit as well as the over-built
circuit utilizing the specification of the higher voltage circuit unless otherwise
directed in the bid documents. The contractor is also responsible for work on any
primary, secondary or service tap running off the sub-transmission line along that
specific distribution circuit. Any exceptions to the above will be explained at the
time of bidding. Reference the appropriate sections of either RI Energy’s Sub-

T IVM and/or Sideline specifications depending on the under-built situation.

Circuits along Transmission Rights-of-Way: The contractor shall employ this
specification on all sections of distribution circuits that run along segments of
transmission rights-of-way except for areas where the distribution circuit is
actually under-built on the same pole. In those cases the above section will apply.
Any exceptions to the above will be explained at the time of bidding.

Substation Clearances: All vegetation within 10' of the substation fence shall be
pruned, from ground to sky, removed and chipped and no overhanging branches
shall be allowed to remain. Where shrubs and trees have been planted for
screening purposes and are rooted within the 10' distance, only the fence side
branches shall be removed. Any volunteer growth (natural regeneration) rooted
within the 10' distance shall be removed.

Vine Control: All vines growing on poles, guy wires, stub poles or towers shall be
cut so as to create a “growth gap” of 4 feet and treated (where appropriate) with a
herbicide approved by the company.. Contactors should not attempt to remove
vines from any structure.

Hazard Tree Inspection and Removal: Other than work required in previous
sections, the removal of any tree over 8 inches d.b.h. within the maintenance
corridor or outside the maintenance corridor shall be considered a hazard tree
removal and is outside the fixed price bid.

4.11.1 While pruning the circuit, the contractor’s personnel shall perform a visual
inspection of each tree along the circuit in order to identify potential
defects and determine the potential risk for the tree to cause an
interruption over the length of the pruning cycle. The crew shall work
closely with an Rhode Island Energy Forestry representative to determine
potential hazard trees, preparing a list of trees in accordance with Rhode
Island Energy’s Hazard Tree Reporting Form. The completed lists of
potential hazard trees shall be regularly provided to the Forestry
representative for review
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and approval prior to removing any of those specific trees. Exceptions to
this procedure may be approved to enable removals of trees that have been
pre-identified as hazard trees by RI Energy representatives, trees that pose
an imminent risk, or to authorize hazard tree removals in off-road areas
where a skidder bucket is already on site.

4.11.2 Once a crew completes the removals on an approved list they shall note
the completion details on the Hazard Tree Reporting Form. This form
shall be submitted to the Forestry representative on a timely basis. Once
the list is audited the contractor may submit an invoice for that specific
work.

Contractor Requirements

The Contractor shall do all work and furnish all labor including supervision, tools,
machinery and transportation necessary for the pruning, removal and herbicide
treatment of trees to provide acceptable vegetation clearance for overhead lines of
Rhode Island Energy. Work at the fixed price rates will be designated on the
distributioncircuit maps, and identified in the pre-bid documents. Work at the
fixed price is based on overhead primary miles of line, and includes pruning, tree
and lead removal and herbicide treatment to all primary, secondary, service drops,
and substation fence areas as clarified in the Work Scope section of this
specification. Work at unit prices and/or hourly rates as also defined in the Work
Scope section will be designated at the pre-bid meeting or by a Rhode Island
Energy Forestry representative as required.

Contractor’s Responsibility

The Contractor shall provide all necessary supervision, labor, material, tools and
equipment for the safe execution of all work covered by these specifications.

The Contractor shall employ a competent field supervisor and customer contact
person(s) acceptable to the Corporation, in addition to the crew Foreman and
senior Company management. Notification personnel shall be qualified in tree
identification including identification of “proper under powerline trees”. The
supervisor shall be available to the Corporation at all reasonable times during the
entire extent of the project and/or contract. In addition, at least one member of
each stand-alone crew or unit of crews shall be fluent in the English language and
on-site.
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The Contractor shall comply with all building and sanitary laws and all Federal,
State, County, Town and Municipal laws, ordinances and regulations pertaining to
the work. The contractor shall be responsible for obtaining all permits necessary
to perform the work unless otherwise provided by Rhode Island Energy.

The Contractor shall notify each landowner and inform them of the clearing,
removal, pruning and herbicide work to be done, and where appropriate, agree on
access point(s), before crossing the property and then abide by the same. The
Contractor shall designate a Customer Contact Person(s) for each project they are
awarded and communicate that name and phone contact information for that
person to the Rhode Island Energy forestry representative for that project.

In the event that the Contractor cannot locate the landowner after using all
reasonable measures, or upon locating them is aware of an objection to the work
to be performed, the Contractor shall document the landowners concern and then
notify the Rhode Island Energy’s forestry representative within 24 hours in order
to obtain specific instructions and/or their permission prior to commencing work
onthat property.

In addition to the above notifications, where herbicide applications will be made,
the Contractor must follow any and all current notification requirements of any
applicable regulations.

The Contractor shall be held solely liable and indemnify Rhode Island Energy
fully for any and all claims and legal expenses for damage to crops, land, trees or
otherwise resulting from such violations, failure or damages arising out of the
Contractor’s negligence. The Contractor shall not be liable for claims or suits for
damage to property if the work causing such damage is done under specific
direction from RI Energy.

The Contractor shall replace or make necessary repairs to all property destroyed
or damaged in the course of the work and exercise due care and diligence in
adequately protecting all properties, both real and personal, from damage of
whatsoever nature whenever crossed over, on, or in the vicinity of the work. If
the contractor neglects or fails to promptly make said repairs or make good of said
destruction, the Corporation may make any and all necessary repairs to the
satisfaction of the property owner and the Contractor agrees to promptly
reimburse the Corporation the amount of its incurred cost and expenses.

The contractor shall inform the Rhode Island Energy’s Forestry representative

of their intent to start work at least two weeks prior to the start of any action on
a feeder.

285



6.10

6.11

6.12

6.13

6.14

The Narragansett Electric Company

d/b/a Rhode Island Energy

In Re: Proposed FY 2024 Electric Infrastructure, Safety and Reliability Plan
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The Contractor shall implement and provide the required training and certification
programs necessary to provide fully qualified Line Clearance Tree Trimmers or
Line Clearance Tree Trimmer Trainees. A single Foreman may supervise
multiple bucket trucks on the same project. In that case however, the minimum
qualifications for the “lead” person on each of the other trucks shall be a certified
qualified Line Clearance Tree Trimmer. At least one other employee on the truck
shall be at least a qualifying Line Clearance Tree Trimmer Trainee, in accordance
with all applicable OSHA requirements.

The Contractor shall submit a weekly time report to the Rhode Island Energy’s
Forestry representative, indicating the labor and equipment assigned to the
project, amountof work accomplished, quantities and location of herbicide
applications and location of the work.

The Contractor shall provide a monthly summary report to Distribution Forestry,
identifying crew staffing and equipment by area as of the first of each month, to
be submitted by the 5 of each month or the following Monday should the 5% fall
on the weekend. The report shall also identify work type (e.g., such as hourly,
new construction, danger trees, mowing; lump sum or unit price) by project,
percentage complete for all fixed price projects, and anticipated completion dates.

The Contractor shall provide a monthly OSHA injury summary report in a format
supplied by Rhode Island Energy for the previous month, no later that the 10% of
the month or the following Monday should the 10™ fall on the weekend. The data
in the report shall be separated by state as well as reported for the overall
ContractorCompany for any and all United States operations.

By April 10" of each year, the contractor shall provide a list of employees and
Aerial lifts that could reasonably be expected to work on RI Energy’s property to
Distribution Forestry. This listing shall include:

Employees:

e identify the current pay classification of each employee, together with
their union certification level,

e the date of their progression to their current pay level,

e the dates each employee completed their required OSHA safety and other
training, or retraining, including any annual refreshers,

e the date each employee last demonstrated their tree rescue and climbing
proficiency

e the date each employee completed first aid and CPR training,

o identify each certified pesticide applicator and their certification number.

Aerial Lifts:
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e The truck number and date of dielectric testing
e The next scheduled dielectric test date

The contractor shall provide a unit cost per tree for the removal of potential
hazard trees from the three phase portions of the circuit, as well as “high risk
target” hazard trees from the single-phase portions. See the attached Addendum #
1, Hazard Tree Removal, Unit Price Schedule to be bid separately from the fixed
price project. Rhode Island Energy reserves the right to award, in whole or in part,
the removal of hazard trees for each bid package on the basis of these unit price
costs, or to do the work at the contractor’s current hourly rates.

VIL Acceptance of Work

7.1

7.2

7.3

At appropriate intervals, the Contractor shall report and review the work
completed to date with Rhode Island Energy’s Forestry representative. The
Contractor may then invoice for the percentage of the work completed and
approved by Rhode Island Energy.

Near completion of the work, the Contractor shall notify the Rhode Island
Energy Forestry representative that the entire project has been reviewed by the
contractor’s supervision and is now ready for inspection. Upon review and
acceptance of all required work including the resolution of any and all required
corrective actions as well as any outstanding damage claims, the RI Energy
Forestry representative will give the contractor permission to submit a final
invoice for payment.

7.2.1 Traffic detail costs associated with re-work or corrective action shall be
borne by the Contractor.

7.2.2 Police detail costs for any work not completed by the end of the fiscal year
(March 31%") shall be borne by the Contractor. Rhode Island Energy has
the discretion to make allowances for circumstances outside of the
Contractor’s control. (Storms, requested outages, etc.)

The contractor shall understand, per their signed Master Purchase order with
Rhode Island Energy that time is of the essence with respect to the performance
of this work. The contractor shall take all appropriate actions necessary to
complete the work on schedule. Those actions shall include among other things,
the use of overtime,the use of supplemental labor crew resources from outside
areas, and the use of subcontractors, not withstanding the RI Energy requirement
for advanced approval of all subcontractors. All actions employed by the
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The contractor shall understand, per their signed Master Purchase order with
Rhode Island Energy that time is of the essence with respect to the performance
of this work. The contractor shall take all appropriate actions necessary to
complete the work on schedule. Those actions shall include among other things,
the use of overtime,the use of supplemental labor crew resources from outside
areas, and the use of subcontractors, not withstanding the RI Energy requirement
for advanced approval of all subcontractors. All actions employed by the to
complete their schedule are at their cost and shall not affect the lump sum contract
amount. In the event ofextenuating circumstances defined by RI Energy, the
company reserves the right to extend project completion dates.
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The Narragansett Electric Company

d/b/a Rhode Island Energy

In Re: Proposed FY 2024 Electric Infrastructure, Safety and Reliability Plan
21-Month Filing: Period April 2023 — December 2024

Responses to the Division’s First Set of Data Requests

Issued on November 4, 2022

Attachments 1-35-3 & 1-35-4

Please be advised that Attachments 1-35-3 & 1-35-4 are very voluminous and are very large
electronic files. The Company is providing these files separately via electronic link.

Prepared by or under the supervision of: Ryan Constable

289



The Narragansett Electric Company

d/b/a Rhode Island Energy

In Re: Proposed FY 2024 Electric Infrastructure, Safety and Reliability Plan
Attachment 1-35-5

Page 1 of 1
Project Project Diataslad Design Consiruchion Work Project Closura
Recommendation Appronal Vabdatan Plan Validation Completion Vabidabion
Construction Project
Phase Planning Execution
Gates
Milestones
Pivics | Develsp Projeet Strategy | pey [ gelect contractor and | wamdate pojeer
Cbjective | i il design | wecule construction. | Pt
W:“ﬁ?““ | and Approved Execution | e prepare for s eompletion
} Baselines consbruction
Wark «  Identdy need |« Project Plan - Perform detailed + RFPSiEsued frbid | . Execule constracton |«  Punch kst Sems
Steps +  Develop and analyze | -  Establish code feam desigh +  Conlract «  Place in service | complete
alfematives |« Acguire real estate | - Enwironméntal permit |+ Schedule & BC1C . Tum ower evETie |« PeImils closed out
Pertorm high fevel |+ Permilling stralegy subenitia Pricing acceniance operations [+ RedinesFCNs
M5k A5SLsSMent | = Concept Engneering | = Material ordering = Issue Conlracts i closed out
Integrate into 5 ori0 | i i [ Accounts csed
JEnpan | I |+ Aschive records

290



The Narragansett Electric Company

d/b/a Rhode Island Energy

In Re: Proposed FY 2024 Electric Infrastructure, Safety and Reliability Plan
Attachment 1-35-6

Page 1 of 6
=)
ol
Q
C
Ll
' yo)
c
qv]
>
e
e
(@)
-
o
S
<C
€ -
(@)
-
(@)
"
0]
@)
@
(D)
o)
>
@)
| -
(D)
c
L <<
(@)
©
c =
o O
n <
PR
3T
o o
L
- =
— O
'g<'-*5‘
-
X o g
A V) 2

291



The Narragansett Electric Company

d/b/a Rhode Island Energy

In Re: Proposed FY 2024 Electric Infrastructure, Safety and Reliability Plan

Attachment 1-35-6

Page 2 of 6

Jaded uoinoues

03D ‘00D ‘314 1uaplisaid
;99 lwwo) diysiapea

paJinbay sy

INOSS<

Jaded uoioues

INOSS - 3uaplisald
INOYS - 10329410 US
INOES-4010a41Q/198BURIA IS

dulo3up

INOSS 01 dn |NGS<

asM ssauisng

199ys 1oe4

INOES-4010a41Q/198BURIA IS
INTS-193euep
N0GS-10sin1adng

2110510 EOUREs

INGS 01dn

292



The Narragansett Electric Company

d/b/a Rhode Island Energy

In Re: Proposed FY 2024 Electric Infrastructure, Safety and Reliability Plan

Attachment 1-35-6

Page 3 of 6

€ 9SM ssauishg

'31IS 1Ul0daJeys uonoues 3|y 01 paisod ag |[eys siaded 19ays 10 pue uonodues
"Jusawdo|anap Buunp 8IS JuUlodaleys uondues 3|y 21uo0Ja103|3 ue azl|inn |feys losuods 10aloid

SHWIT YOQ uo paseq Janosdde ajeradosdde 309195 ‘|enuelp — |erosddy YOQ 199|196 el uoleziioyiny .

Jaded uoljoues yoeny :qej syjudwndoq e

29nlwwo) diysiopea o} |enosdde Joj Joded uoijoues 9IN0Y .

‘ue|d J9Mod Ul yo(q 404 3uianod 03 Jonud ‘siayioddns ajgedjjdde ay3 jo jenosdde uied pue 3nsuod 03 paJsinbaus sjdosuods 103foud .

9911wwo) diysiapea] 03 Juas pue saded uolloues e Jo uoi3d|dwod ainbal WOGS < SIUSWISIAU|

SHWI] YOQ uo paseq Janoidde ajelsdosdde 129|195 ‘|enue|p — |enosddy YOQ 19919S (el Uollezioyiny e
Jaded uolloues yoeny :qej sjuswnioqg e

‘ue|d 49Mod Ul yoQq 404
dunnou oy Jouud ‘siapioddns ajgedijdde ayy jo |earosdde ules pue 3jnsuod 01 padinbau st Josuods/ioyiny 103foud .

"ue|d JAMOd UIYM YOQ 21U0J303|3 JOJ PRIHWIGNS 34 ||IM NOSS 03 dn |AISS < Uy 4918348 SIUBWISIAU|

e S}WI] YOQ uo paseq aie|ndod 01Ny :ge| UOIIeZIIOYINY
.Abiau3 pupjs| sapoyy 199YS 1984 Yoeny :gej Sjuawndoqg e
_ ‘ue|d JaMOd UIYHM yO( 21U04303|3 4O} PAJUWQNS 3] [|IM |NGS 03 dn SIUBWISIAUL ||

Saul|9pINL) |eJauln

293



d/b/a Rhode Island Energy

The Narragansett Electric Company
In Re: Proposed FY 2024 Electric Infrastructure, Safety and Reliability Plan

asM ssauisng

Page 4 of 6
<

Attachment 1-35-6

Sjuswalinbal ue|d Jamod Jad siapJQ JJOM pue s103loud Sulpund N0 3so|)
PauJEd] SUOSSIT UBAWNIOQ
$S920.4d 1h03so|)

Adeinooe 91ewWi1Sa PaddXa NOA USYM UOIDUBS-3Y
91eWI1Sd UoIuesS

hb
<2193 PUBISI SpoUd aul|apIND UoIdUES-3Y

N

SS9J30.(d ujome_U\mmquLn_ UOI1oUEBS-9Y

294



The Narragansett Electric Company

d/b/a Rhode Island Energy

In Re: Proposed FY 2024 Electric Infrastructure, Safety and Reliability Plan

Attachment 1-35-6

Page 5 of 6

Auedwos 1dd e

.ABi1au3z pup|s| apoyy

BN

(314 UuIyUM 4Qad e aq p|noys siuawyoelie) Jaded uoioues |eul T

WGS< Jap|o4 Jaded uonoues g
199yS 10e4 |euld ‘T

WGS> J9p|o4 193ysS 1.4 T
1ap|od |eul

|enosdde Ja1je aAOW — U3P|04 SAIYJIY T
sjuswnooq afold ¢
Joded uoipoues yeuq ‘T
Japjo41sfoid T
WGS< Jap|o4 Jaded uoipues g

|enosdde Ja1je aAOW — 43p|04 SAIYJIY ¢
sjusawnsoqg aloid ¢
199ysSoe{yeiq T
Japjo4 19foid T
WGS> J9p|o4 193yS 1de4 T
J9p|o4 yeidg

94N10N.1S J3p|04 iodaleys

asM ssauisng

295



asM ssauisng

Page 6 of 6

3ulI010NPUOI3Y Z4T9 LS UOISIAIQ-S-XXXX0D :Z# 9|dwex]
uolsuedx3 qnS UOMBAIL-dS-XXXX0D :T# °|dwex3

mc_._k.
uonduoasaqg dSe c_mAHn_mn_wE
m_ﬂm% .cozﬁm%m. 10 S4e # 13foiq
10 ‘I3paae Sy

UOIJUSAUO) SulweN 214109dS

d/b/a Rhode Island Energy
Attachment 1-35-6

The Narragansett Electric Company
In Re: Proposed FY 2024 Electric Infrastructure, Safety and Reliability Plan

$91e1s3 ulds 1920SUOOM-0F/MLZT-ANYI-S4-XXXX0D :g# o|dwex]
60TT/PYTT-4DINN-dS-XXXX0D :T# d|dwex3

SURlLo (¥2IAIN ‘@ynyl dSe
10 ‘UoleIsgnSe ‘39) WAuoIOY , d4 c_mE asn)
10 “Jopaade Em_moLn_ 10754 109[04d mc_vc:“_
.Abi1au3z pup|s| apoyy

— UOIJUSAUO) sulweN weldold

(suoneso)
9|dinjnw s13A02
Jaded }I apnjoxa

‘a|qeajdde

Jl sweu
aun ‘umoy)
uoled07

UoIlUSAUO) Sulwep Jaded uolldoues/193ys 10e4

296



The Narragansett Electric Company

d/b/a Rhode Island Energy

In Re: Proposed FY 2024 Electric Infrastructure, Safety and Reliability Plan
21-Month Filing: Period April 2023 — December 2024

Responses to the Division’s First Set of Data Requests

Issued on November 4, 2022

Division 1-36

Request:

Provide the RIE Grid Modernization Plan. Provide all assessment data, evaluations, justification
documents, assumptions, workpapers, studies, and any information relied upon to develop the
GMP and associated budget in the FY24 ISR Plan. Provide data in executable format.

Response:

Rhode Island Energy’s Grid Modernization Plan (“GMP”) is being finalized and will be
provided when it is complete. The Company currently plans to file the GMP with the Public
Utilities Commission by the end of December 2022. As discussed with the AMF/GMP
Subcommittee of the Power Sector Transformation (“PST”) Advisory Group on November 9,
2022, the Company is using well-established Benefit-Cost Analysis (“BCA”) methodologies and
input assumptions. The BCA that will be used in the GMP will justify the Fiscal Year (“FY”)
2024 Electric Infrastructure, Safety, and Reliability (“ISR”’) Plan foundational investments and is
consistent with the Public Utilities Commission’s Docket 4600 Framework. The GMP will
include the study assumptions, projections, and analysis to support the conclusions that the GMP
foundational investments included in the FY 2024 Electric ISR Plan are justified and urgently
needed.

The presentations provided by the Company to the PST Advisory Group are included as
Attachment DIV 1-36-1 through Attachment DIV 1-36-4. These presentations provide
preliminary insight into the GMP studies, evaluations, and justifications in advance of the formal
GMP filing.

Attachment DIV 1-36-1, presented July 2022, includes details on the GMP study approach and
forecast inputs (slides 24-33).

Attachment DIV 1-36-2, presented August 2022, includes preliminary study results, reference
feeder details, and software functionality (slides 31-66).

Attachment DIV 1-36-3, presented October 2022, was a demonstration on the CYME analysis
used for the GMP effort.

Attachment DIV 1-36-4, presented November 2022, includes an update on study results,
functionality roadmaps, and initial benefit-cost analysis results.

Prepared by or under the supervision of: Wanda Reder
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The Narragansett Electric Company

d/b/a Rhode Island Energy

In Re: Proposed FY 2024 Electric Infrastructure, Safety and Reliability Plan
Attachment DIV 1-36-1

Page 6 of 40
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Rhode Island Energy”

Voltage

8760 hour analysis conducted — targeted critical date/time shown
Loading

2030 case includes DER allocation of EV, EHP, and DG (solar and on-shore wind)

High Generation Load Flow Case - 4/16/30 12PM
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Rhode Island Energy”
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Model Demonstrat

Power Sector Transformation — October 7, 2022

Grid Modernization Plan
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Rhode Island Energy”

Post Study Area Recommendations - Tiverton

a PPL company

After study recommendations — new feeder

Voltage

Loading

4/16/2025 11AM

7/22/2025 6PM

4/16/2025 11AM

7/22/2025 6PM
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Rhode Island Energy”

2040 GMP - Tiverton

a PPL company

2040 load, DG, EV, EHP levels, Winter Peaking

Voltage

Loading

4/16/2040 11AM

2/13/2040 6PM

4/16/2040 11AM

2/13/2040 6PM

T, O
S ot
o 6 |
i

&
& =

ith

The Narragansett Electric Company

d/b/a Rhode Island Energy

In Re: Proposed FY 2024 Electric Infrastructure, Safety and Reliability Plan
Attachment DIV 1-36-3

Page 12 of 17

We

thtle Connyan
] '

12

417



Rhode Island Energy”

2040 GMP — Tiverton — Non GMP Fixes

a PPL company

3 new feeders added to existing station, second substation with 2 new feeders added

Voltage

Loading

4/16/2040 11AM

2/13/2040 6PM

4/16/2040 11AM

2/13/2040 6PM
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Rhode Island Energy”

a PPL company

The Narragansett Electric Company
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The Narragansett Electric Company

d/b/a Rhode Island Energy

In Re: Proposed FY 2024 Electric Infrastructure, Safety and Reliability Plan
21-Month Filing: Period April 2023 — December 2024

Responses to the Division’s First Set of Data Requests

Issued on November 4, 2022

Division 1-37

Request:

Discuss the Company’s rationale for categorizing GMP as non-discretionary. Specifically, why
is the Company including elements of programs that were previously implemented as
discretionary, such as relay and recloser replacements, as non-discretionary?

Response:

The Company’s existing electric distribution system provides little distribution operator visibility
and limited automated control. Accelerated grid transformation is needed to manage system
complexity that is caused by increased distributed energy resource (“DER”) penetration and
electrification already occurring and by anticipated growth. Because of the current
characteristics of the Rhode Island Energy electric distribution system, the Company believes it
is not possible to continue to provide service reliably and safely with the status quo. Grid
Modernization Plan (“GMP”) investments that are designated as such in the Fiscal Year (“FY”)
2024 Electric Infrastructure, Safety, and Reliability (“ISR”) Plan are needed now for safe and
reliable operations; therefore, these investments are non-discretionary.

The Company may have included elements of the GMP as discretionary in the past; however,
now they are needed as components that work together holistically as GMP foundational
investment to provide the highest overall net benefits to achieve functionality required to meet
unmet operational, customer, and clean energy needs. Furthermore, during its review of the
Company’s FY 2021 Electric ISR Plan, the Commission found that similar investments
necessary to operate the electric distribution system should be considered non-discretionary.
Specifically, the Commission unanimously voted “to approve [the Company’s] FY 2021 Electric
Infrastructure, Safety and Reliability Plan with one modification. The $2 million proposed for
Advanced Capacitor/Regulator Controls and Feeder Monitor Sensors and Advanced Recloser
Controls in the Strategic DER Program should be moved from the system capacity performance
category to the non-discretionary Customer Request/Public Requirements category for cost
socialization.”!

There are many factors that lead to the conclusion that the GMP foundational investment is
urgent. These factors include the following:

e Deteriorating reliability trends;
e Lengthening distributed generation interconnection queue;

! See Minutes of Open Meeting Held on March 17, 2020, Docket No. 4995, at:
https://opengov.sos.ri.ecov/Common/DownloadMeetingFiles?FilePath=\Minutes\439\2020\362425.pdf

Prepared by or under the supervision of: Wanda Reder
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The Narragansett Electric Company

d/b/a Rhode Island Energy

In Re: Proposed FY 2024 Electric Infrastructure, Safety and Reliability Plan
21-Month Filing: Period April 2023 — December 2024

Responses to the Division’s First Set of Data Requests

Issued on November 4, 2022

Division 1-37. page 2

e Increased operational risk because of the presence of hidden load during switching,
voltage variability, and lack of situational awareness as evidenced during the August
2022 Nasonville event;

e High DER adoption rates that are reinforced with the State of Rhode Island’s Climate
Mandates? and various incentives; and

e A compromised supply chain, resulting in imminent delays for material availability.

The prudency of the decision to accelerate GMP investments is reinforced by having ADMS
Basic® operational software available at the TSA exit, which results in early benefits that are
closely timed with the installation of advanced field devices and having increased confidence in
the Rhode Island deployment plans based on PPL Electric’s experience in Pennsylvania over the
last decade.

It is urgently important to act now to move the GMP foundational investments forward so the
electric distribution system does not further hinder system reliability, customer empowerment, or
achievement of the Climate Mandates and does not create higher costs in the long run. By
delaying the GMP foundational investments, there will be a wide range of impacts including
opportunity cost, customer service, safety, reliability, increased costs, affordability risks, added
supply chain risks, delayed benefits, and challenges to enable clean energy.

2 The term “Climate Mandates” refers to the State’s aggressive policy mandates to transition to renewable energy
generation and net zero greenhouse gas emissions: (1) The 2021 Act on Climate, which sets forth enforceable,
statewide, and economy-wide greenhouse gas emissions mandates that require Rhode Island to reduce greenhouse
gas emissions by 45 percent below 1990 levels by 2030, 80 percent by 2040, and to achieve net-zero emissions by
2050; and (2) the 2022 amendments to the Renewable Energy Standard, which further accelerate the shift to
renewable energy resources by requiring 100 percent of electricity used in the State to be generated by renewable
energy resources by 2033.

3 PPL Corporation (“PPL”) is bringing a basic ADMS system (referred to herein as “ADMS Basic”) to Rhode Island
Energy as a condition of PPL Rhode Island Holdings, LLC’s acquisition of 100 percent of the outstanding shares of
common stock of The Narragansett Electric Company (the “Acquisition”) and as part of Rhode Island Energy’s
transition to PPL’s systems. ADMS Basic is the ADMS platform PPL currently has in place for PPL Electric
Utilities Corporation (“PPL Electric”) in Pennsylvania and which Rhode Island Energy will have in place for its
operations upon exit from the Transition Services Agreement with National Grid USA Service Company, Inc.
(“TSA”). As part of the Acquisition approval, PPL committed that it would not seek recovery from customers of
any transition costs. Part of that transition includes bringing ADMS Basic to Rhode Island Energy. Accordingly,
PPL is providing the ADMS Basic platform to Rhode Island Energy, the allocated costs of which will not be
recovered from Rhode Island customers. ADMS Basic is an enhancement from the National Grid distribution
management system. PPL and Rhode Island Energy plan to propose enhancements to ADMS Basic (which are not a
part of the transition) to increase functionalities and benefits. The defined term “ADMS Basic” refers specifically to
the software that PPL is providing to Rhode Island Energy as part of the transition.

Prepared by or under the supervision of: Wanda Reder
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The Narragansett Electric Company

d/b/a Rhode Island Energy

In Re: Proposed FY 2024 Electric Infrastructure, Safety and Reliability Plan
21-Month Filing: Period April 2023 — December 2024

Responses to the Division’s First Set of Data Requests

Issued on November 4, 2022

Division 1-38

Request:

What is the value and basis for the value of the basic ADMS operating functionality that RIE
states is being provided to RIE customers at “no cost.” (page 37)? What is the estimated cost to
fully implement proposed ADMS on the RIE system? Provide a breakdown by year, by
component, and by capital versus O&M.

Response:

Please see the Company’s response to Division 1-37. As the Company first discussed with the
AMF/GMP Subcommittee of the Power Sector Transformation Advisory Group in August 2022
and again in November 2022 at which time the Company provided an updated roadmap, the
Company will be offering a range of functionalities that is enabled by ADMS system operating
software. Rhode Island Energy expects to have the ADMS estimated cost and breakdown by
early December 2022 and intends to include them in the Grid Modernization Plan.

Prepared by or under the supervision of: Wanda Reder
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The Narragansett Electric Company

d/b/a Rhode Island Energy

In Re: Proposed FY 2024 Electric Infrastructure, Safety and Reliability Plan
21-Month Filing: Period April 2023 — December 2024

Responses to the Division’s First Set of Data Requests

Issued on November 4, 2022

Division 1-39

Request:

All previous ISR Plan projects and programs included justifications. Explain why RIE believes
the GMP budget does not require a comprehensive set of justifications.

Response:

Rhode Island Energy believes the Grid Modernization Plan (“GMP”) requires a comprehensive
set of justifications and has conducted the justification analysis within its GMP. Early
indications from reliability trends, and other reasons as noted in the Company’s response to
Division 1-37, demonstrate the urgency of making the GMP foundational investments. Because
of the urgency, the budget for these investments has been included in the Fiscal Year (“FY™)
2024 Electric Infrastructure, Safety, and Reliability (“ISR”) Plan, which will align with the GMP
the Company plans to file with the Public Utilities Commission by the end of the year.

Because the FY 2024 Electric ISR Plan and the GMP filings are occurring in parallel, Rhode
Island Energy has been communicating the justifications for the GMP investments with the
AMF/GMP Subcommittee of the Power Sector Transformation (“PST”) Advisory Group during
meetings held in July, August, October, and November 2022. The Company shared preliminary
Benefit-Cost Analysis (“BCA”) results with the PST Advisory Group in November 2022. Using
four benefits that would be achievable with the GMP foundational investments resulted in a
strong BCA ratio that was well above 1.0, which indicates that the GMP foundational
investments are viable. Further justifications will be included in the Company’s GMP filing
using a BCA analysis that complies with the Public Utilities Commission’s Docket No. 4600
Framework.
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The Narragansett Electric Company

d/b/a Rhode Island Energy

In Re: Proposed FY 2024 Electric Infrastructure, Safety and Reliability Plan
21-Month Filing: Period April 2023 — December 2024

Responses to the Division’s First Set of Data Requests

Issued on November 4, 2022

Division 1-40

Request:

Explain in detail how the Division and PUC can evaluate the legitimacy of the GMP budget
absent any GMP to evaluate?

Response:

Since July 2022, Rhode Island Energy has been sharing its Grid Modernization Plan (“GMP”)
investments with the AMF/GMP Subcommittee of the Power Sector Transformation Advisory
Group, the Division of Public Utilities and Carriers (the “Division”), and/or the Public Utilities
Commission (“PUC”) in various meetings and technical sessions to inform stakeholders of the
GMP developments and to solicit their input. This engagement process has provided
stakeholders with a preview of the approach the Company used for the GMP assessment and the
legitimacy of the recommendations. The Company plans to file the GMP with the PUC at the
end of the year at which time the Division will also receive the GMP. The Company plans to
include in the filing a comprehensive study to achieve the State of Rhode Island’s Climate
Mandates' with and without grid modernization. The study results will indicate that the path
forward with grid modernization is the only viable solution. The resulting GMP foundational
investments will be analyzed using the PUC’s Docket No. 4600 Framework, which will provide
the necessary information to evaluate the legitimacy of the GMP budget.

! Please see the Company’s response to Division 1-37, footnote 1.
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The Narragansett Electric Company

d/b/a Rhode Island Energy

In Re: Proposed FY 2024 Electric Infrastructure, Safety and Reliability Plan
21-Month Filing: Period April 2023 — December 2024

Responses to the Division’s First Set of Data Requests

Issued on November 4, 2022

Division 1-41

Request:

What support does RIE have for the GMP proposed budget?

Response:

The support that Rhode Island Energy has for the Grid Modernization Plan (“GMP”’) budget
proposed in the Fiscal Year 2024 Electric Infrastructure, Safety, and Reliability Plan includes
potential benefits and costs for GMP collected from (1) conducting workshops with key internal
and external personnel; (2)reviewing and participating in industry and government forums; (3)
gathering data and researching the GMP scope and investment approach used in other plans; (4)
gathering relevant use cases across the industry; (5) evaluating pertinent PPL. Corporation
operational data pre- and post-GMP implementation; (6) conducting extensive independent
research on different aspects of the scope of benefits and costs; (7) calculating benefit cost ratios
by developing key benefits of GMP and applying well-established Benefit-Cost Analysis
methodologies and input assumptions; and (8) conducting and validating detailed state-wide
modeling of all Rhode Island Energy feeders for every hour of targeted study years through 2050
to compare alternative investments needed to meet the State of Rhode Island’s Climate
Mandates'.

! Please see the Company’s response to Division 1-37, footnote 1.
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