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1. Executive Summary

A comprehensive study of the East Bay area was performed to identify existing and potential
future distribution system performance concerns. System evaluation included comparison of
equipment loading to thermal (capacity) limits, contingency response capability (Distribution
Planning Criteria), voltage performance (Rl PUC requirements), breaker operating capability, arc
flash review, reactive compensation performance, asset condition, and safety and environmental
issues. The recommendations provide a comprehensive solution to address all the system
performance concerns existing and anticipated in the study area thru 2030.

The most recent major infrastructure development investment in the study area occurred in the
1990’ s with the construction of Wampanoag substation in East Providence and the expansion of
Bristol substation. These investments relieved a highly utilized distribution and sub-transmission
system. New investments are required to provide additional relief to the supply and distribution
systemsin the area. Additionaly, there are anumber of asset condition, safety, and reliability
concerns that need to be addressed.

Three plans were devel oped to address existing area problems and to provide for future needs
within the study areathru the year 2030. Each plan provides a comprehensive solution to
address all concernsin the study area. The concerns include thermal loading near or above rated
capability of equipment, contingency response capability that does not meet distribution planning
guidelines, asset condition concerns, safety concerns, and reliability concerns.

Plan 1 includes building two new substations supplied from the 115kV transmission system.
System rearrangement proposed within this plan reduces loading and dependence on the 23kV
sub-transmission system. The following are the major modifications proposed:

e Replace the out of phase 23/12.47kV substation at Phillipsdale with a new 115/12.47kV
station. Initial construction would consist of asingle 40MVA LTC transformer, straight-
bus metal-clad switchgear, four feeder positions, and a 7.2MV AR two-stage capacitor
bank. The ultimate build-out would be two 40MV A LTC transformers supplying
straight-bus metal-clad switchgear with atie breaker, eight feeder positions, and two
7.2MV AR two-stage capacitor banks.

e Build anew 115/12.47kV substation in the city of East Providence on a gas company
owned land parcel adjacent to the 115kV transmission right-of-way. Initial construction
would consist of asingle 40MVA LTC transformer, straight-bus metal-clad switchgear,
four feeder positions, and a 7.2MV AR two-stage capacitor bank. The ultimate build-out
would be two 40MVA LTC transformers supplying straight-bus metal-clad switchgear
with atie breaker, eight feeder positions, and two 7.2MV AR two-stage capacitor banks.

e Expand the existing 115/12.47kV substation at Warren by installing two new 12.47kV
distribution feeder positions and a two-stage 7.2MV AR capacitor bank on each bus.

The Plan 1 total cost estimate (over all years) is $37.70M ($31.68M capex, $2.14M opex,
$3.88M removal).



Plan 2 includes adding new distribution capacity supplied from an upgraded 23kV sub-
transmission system and has limited investment in expansion of the 115kV transmission system.
The following are the major modifications proposed:

Replace the existing 23/4.16kV substation at Kent Corners with two 23/12.47kV modular
feeders supplied from an upgraded 23kV system. The sub-transmission upgrades require
approximately 7.50 miles of line reconductoring along a public roadway system.

Build two new 23/12.47kV modular feeders on a Company owned site in East
Providence. Thiswas the location of Rumford substation which was retired and removed
inthe 1990's.

Replace the existing out of phase 23/12.47kV substation at Phillipsdale with two new
23/12.47kV modular feeders. The new feeders would phase with the rest of the
distribution system in the area.

Build anew 115/23kV substation at Mink Street to supply the reinforced, upgraded, and
expanded 23kV system. Construction would consist of asingle 40MVA transformer
supplying asingle 23kV line.

Address asset condition concerns at Phillipsdale and Warren 115/23kV substations.
These two stations, along with Mink Street, will supply the 23kV system.

The Plan 2 total cost estimate (over al years) is $50.00M ($42.29M capex, $3.19M opex,
$4.52M removal).

Plan 3isahybrid of Plan 1 and Plan 2. It includes expanding the 115kV transmission system
along with expanding and reinforcing the 23kV sub-transmission system. The following are the
major modifications proposed:

Replace the existing out of phase 23/12.47kV substation at Phillipsdale with a new
115/12.47kV station. Initial construction would consist of asingle AOMVA LTC
transformer, straight-bus metal-clad switchgear, four feeder positions, and a7.2MVAR
two-stage capacitor bank. The ultimate build-out would be two 4OMVA LTC
transformers supplying straight-bus metal-clad switchgear with atie breaker, eight feeder
positions, and two 7.2MV AR two-stage capacitor banks.

Build anew 115/23kV substation at Mink Street to supply the reinforced, upgraded, and
expanded 23kV system. Construction would consist of asingle 40MV A transformer
supplying asingle 23kV line.

Replace the existing 23/4.16kV substation at Kent Corners with two 23/12.47kV modular
feeders supplied from an upgraded 23kV supply system. The sub-transmission upgrades
require approximately 7.50 miles of line reconductoring along a public roadway system.

Address asset condition concerns at Warren 115/23kV substation. This station, along
with Mink Street, will supply the 23kV system.

The Plan 3 total cost estimate (over al years) is $41.20M ($34.29M capex, $2.45M opex,
$4.46M removal).



Plan 1 is recommended for implementation. It provides a comprehensive solution to address all
the concernsin the study area at least cost. Thetotal cost of Plan 1is $37.70M whichis
$13.00M lower in cost than Plan 2 and $3.50M lower in cost than Plan 3.

Plan 1 isleast sensitive to load growth and offers the most flexibility for future expansion.

Plan 1 eliminates most of 23kV sub-transmission system installed along public roadways which
has significant exposure to motor vehicle accidents and tree related outages. Plan 2 and Plan 3
offer no economic or reliability benefits over Plan 1 and are more sensitive to higher than
forecasted load growth.



2. Introduction

2.1 Purpose

A comprehensive study of the East Bay area was performed to identify existing and potential
future distribution system performance concerns. System evaluation included comparison of
equipment loading to thermal (capacity) limits, contingency response capability (Distribution
Planning Criteria), voltage performance (Rl PUC requirements), breaker operating capability, arc
flash review, reactive compensation performance, asset condition, and safety and environmental
issues. The recommendations provide a comprehensive solution to address all the system
performance concerns existing and anticipated in the study area thru 2030.

2.2 Problem

A study’sinitial system assessment istypically based on the needs identified through the Annual
Planning process. The latest Annual Planning review showed a variety of normal and
contingency capacity issues in the East Bay Area. Furthermore, informal asset condition reviews
and inspection results indicated there may be growing asset condition concerns.

3. Background
3.1 Scope
3.1.1 Geographic Scope

The East Bay study area consists of the city of East Providence and the towns of Barrington,
Bristol, and Warren. The study areais bounded to the east by the Commonwealth of
Massachusetts, to the north by the City of Pawtucket, and to the west and south by the
Providence River. The study areais shown geographically in Appendix 9.1.

3.1.2 Electrical Scope

Three 115kV transmission lines supply the load in the study area. Two lines, E-183E and F-184,
originate at Brayton Point substation and one line, X-3, originates at Somerset substation. The
study area has an extensive sub-transmission system consisting of five 23kV lines (2242, 2243,
2267, 2291, and 2295). One line diagrams are shown in Appendix 9.2.

Three 115/12.47kV substations (Bristol, Wampanoag, and Warren) supply approximately
115MW of areaload. The remainder of the load, or approximately 63MW, is supplied from the
23kV sub-transmission system originating at Warren, Phillipsdale, and Mink Street substations.
Thereisasmall pocket of 4.16kV load, approximately 7.3MW, supplied from Kent Corners
substation. Nineindustrial customers are supplied directly from the 23kV sub-transmission
system.

Mink Street, located in Massachusetts, has a 115/23/13.2kV 3-winding transformer that supplies
both a23kV lineand a 13.2kV station. The 23kV line only supplies customers in Rhode Island.
Mink Street isthe only station located outside the study area that supplies East Bay customers.



3.2 Areaload and Load Forecast

The study area has approximately 43,000 customers with a peak electrical demand of 178MW.
The study areais summer peaking and summer limited. This study used the most recent forecast
developed by National Grid, the “2014 New England Electric Peak Forecast”. It utilized the
95/5 extreme weather scenario case. Table 1 shows the forecasted |oad growth rate for the study
areafrom 2015 to 2030.

TABLE 3.2 — Forecasted L oad Growth Rate from 2015 to 2030 for Study Area

Forecasted Growth — East Bay AVG AVG
2015 2016 2017 2018 2019 ‘20 to '23 ‘24 to '30
2.3% 1.4% 1.0% 0.6% 0.7% 0.7% 0.8%

3.3 Active Projects

Two active transmission studies were reviewed to determine potential impacts on the East Bay
study areainfrastructure and the plans being considered in this study.

The Southeastern Massachusetts and Rhode Island (SEMA/RI) study is expected to address
transmission supply constraints in the southeastern Massachusetts and Rhode Island areas which
includes the East Bay area. The results from this transmission study are not expected to impact
any of the improvements being proposed in the East Bay Area Study.

The state of Rhode Island has requested the company investigate the feasibility of
undergrounding the E-183W transmission line from the Phillipsdal e substation tap in East
Providence to Franklin Square substation in Providence. One option identified isthe installation
of atransition structure for this 115kV line on the site being considered for a proposed East
Providence substation. A preliminary review has not identified any major concerns with the
site’ s ability to accommodate both projects.

3.4 Limitations on Infrastructure Development

The study areais an electrical island. It is bounded to the east by the Commonwealth of
Massachusetts with a 13.2kV distribution system, to the north by the City of Pawtucket with a
13.8kV distribution system, and to the west and south by the Providence River. The study area
is shown geographically in Appendix 9.1.

3.5 Assumptions & Guidelines

The current Distribution Planning Guide rev 1, February 2011 (“DPG”) was used when
performing this study. The guide describes the normal and contingency anaysis, aswell as
considerations for safety, the environment, reliability, reactive compensation, |oad balance,
voltage, and efficiency, used in National Grid’s distribution planning studies.

The Distribution Planning & Asset Management department uses the Siemens PTI PSS/e
loadflow program to analyze the transmission and sub-transmission system. Thisisthe same
program that is used by 1SO NE and the National Grid Transmission Planning department.
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The CYMdist 5.04 Revision 5.0 program was used to analyze radial three-phase unbalanced
systems (distribution feeders). Databases are extracted from the GE-SmallWorld GIS System
into a Microsoft Access format.

The ASPEN program was used to determine short circuit duty values at all substations.

4. Problem Identification
4.1 Therma Loading
4.1.1 Normal Configuration - Thermal Loading

The distribution system in the East Bay areais heavily loaded with limited capacity to supply
new load. Table 4.1.1 shows the projected feeder loading on the distribution system for the main
limiting element of each circuit. Excluding the out of phase feeders and the small pocket of
4.16kV load, by 2020 approximately 50% of the feeders are projected to be loaded above 90% of
SN rating. By 2026, 70% of the feeders are projected to be loaded above 90% of SN rating.

TABLE 4.1.1 - Projected Summer Normal Feeder Loading

2020 2026 2028 2030
Substation Fdr
Amps | %SN | Amps | %SN | Amps | %SN | Amps | %SN

BARRINGTON 4F1 330 | 64% 344 | 67% 350 68% 355 69%
BARRINGTON 4F2 468 | 92% 488 | 96% 496 97% 504 99%
BRISTOL 51F1 519 | 81% 543 | 84% 552 86% 561 87%
BRISTOL 51F2 481 | 91% 503 | 95% 511 96% 520 98%
BRISTOL 51F3 431 | 86% 451 | 90% 458 91% 466 93%
WAMPANOAG 48F1 488 | 9% 512 | 102% 520 | 104% 528 | 105%
WAMPANOAG 48F2 445 | 86% 466 | 91% 474 92% 482 94%
WAMPANOAG 48F3 559 | 110% 585 | 115% 595 | 117% 604 | 119%
WAMPANOAG 48F4 542 | 102% 568 | 107% 577 | 109% 586 | 111%
WAMPANOAG 48F5 461 | 95% 483 | 100% 491 | 101% 498 | 103%
WAMPANOAG 48F6 420 | 79% 440 | 83% 447 84% 455 86%
WARREN 5F1 379 | 8% 392 | 92% 398 94% 404 95%
WARREN SF2 39 | 91% 411 | 95% 416 96% 422 97%
WARREN 5F3 393 | 76% 407 | 79% 413 80% 419 81%
WARREN S5F4 466 | 91% 483 | 95% 490 96% 496 97%
OUT OF PHASE FEEDERS

PHILLIPSDALE 20F1 336 | 79% 352 | 83% 358 84% 363 85%
PHILLIPSDALE 20F2 398 | 94% 417 | 98% 424 | 100% 430 | 101%
WATERMAN AVE | 78F3 263 | 64% 276 | 68% 281 69% 285 70%
WATERMAN AVE | 78F4 248 | 61% 260 | 64% 264 65% 268 66%
4.16kV POCKET OF LOAD

KENT CORNERS 4732 336 | 82% 352 | 86% 358 88% 364 89%
KENT CORNERS 4733 349 | 86% 366 | 90% 372 91% 378 93%
KENT CORNERS 4734 382 | 94% 400 | 98% 406 | 100% 413 | 101%




Loading of distribution line sections of each feeder were analyzed using the CY ME software.
Minimal overloaded sections were identified as shown in Appendix 9.4.

There are no projected transformer or supply line normal configuration overloads within the
study period.

4.1.2 Contingency Configuration - Thermal Loading

A contingency analysis was performed for all feedersin the study area. This analysis calculates
aMWh ‘exposure’ or risk assuming aworst case component failure. The assumptions made for
this analysisinclude:

e A one-hour response time before performing the first switching step to allow
sufficient time for a crew to respond to the outage.

e Assumes 30-minutes to execute each additional switching step. This appears
reasonable since the feedersin this area are relatively short.

e Assumes afailed component can be repaired within four hours. Some feeders
have underground cable getaways which may require alonger repair time. Dueto
the fact that exposureisrelatively small, a cable failure was not assumed in the
calculations.

e Some feeders are double circuited on the same pole plant, primarily near the
substation. Due to the fact that exposure isrelatively small, afailure involving
two feeders was not assumed in the cal culations.

e The MWh calculations utilize the summer emergency ratings of the feeders.

Table 4.1.2 below shows the MWh exposure for each study area feeder and any remaining un-
served load. Because the feeders are heavily loaded, nearly all exceed the MWh exposure
recommended in the DPG. The DPG recommends mitigating any exposure in excess of
16MWh.
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TABLE 4.1.2 - Calculated MWh exposure and Un-Served Load on Feeders

: MWh Un-Served
Substation Feeder Exposure MW
BARRINGTON 4 4F1 18.2 3.45
BARRINGTON 4 4F2 22.7 291
BRISTOL 51A 51F1 24.7 2.36
BRISTOL 51A 51F2 25.2 4.06
BRISTOL 51A 51F3 21.1 2.52
WAMPANOAG 48 48F1 25.6 4.25
WAMPANOAG 48 48F2 235 452
WAMPANOAG 48 48F3 29.3 3.80
WAMPANOAG 48 48F4 42.0 10.31
WAMPANOAG 48 48F5 21.6 2.89
WAMPANOAG 48 48F6 26.2 5.15
WARREN 5 5F1 194 3.47
WARREN 5 5F2 24.5 5.00
WARREN 5 5F3 22.6 4.18
WARREN 5 5F4 21.0 0.99
WATERMAN AVENUE 78 | 78F3* 5.4 0.00
WATERMAN AVENUE 78 | 78F4* 5.3 0.00
PHILLIPSDALE 20 20F1* 23.9 5.67
PHILLIPSDALE 20 20F2* 13.6 1.08

* NOTE: These feeders are not in-phase with the remainder feeders. Any switching involving these
feederswill require customers to be exposed to a short duration outage.

There are no MWh exposure issues above guidelinesl for the station transformers and
subtransmission system. However, one contingency |oad-at-risk issue involving the supply from
the Mink Street substation should be noted. Mink Street is alow-profile station with two
transformers. This station islocated in Seekonk, MA, but includes a three-winding power
transformer with a 23kV tertiary winding supplying East Bay areaload. Peak loading on the
23kV winding is limited to 122MV A because capacity is needed to supply the Massachusetts
13.2kV load. Thislimit resultsin approximately 14MW of un-served load for loss of the
preferred supply to Barrington substation and limits the ability to add load to the 23kV system.
A oneline on Mink Street is shown in Appendix 9.2.

4.2 Voltage Performance

The PSS/e load flow program was utilized to model the electrical system to the 23kV sub-
transmission level including step-down transformers to the distribution feeder level. The DPG
recommends that customer service voltages be maintained to meet ANSI 84.1 guidelines. ANSI
84.1 requires that service voltages be maintained between 0.95 and 1.05 per unit during normal
loading conditions and between 0.90 and 1.10 per unit during contingency conditions. Because
of the ability to adjust transformer tap settings and with existing voltage regulation equipment,
the supply system can vary greater than the required service voltage range. However for study
purposes, the supply system is screened for potential issues using the ANSI 84.1 ranges. No

! The Distribution Planning Guide, dated Feb 2011, recommends mitigation of station transformer and
subtransmission contingency issues when the load-at-risk exceeds 240 MWh.
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voltage issues were identified during this screening effort. See Appendix 9.3 for |oadflow
diagrams.

The CYME program models all three phases of each distribution feeder for its entire length
starting at the substation. Voltages at all points should be maintained between the range of 0.95
to 1.05 per unit, or from 114 voltsto 126 volts on a 120 volt base. Minor violations were
identified but these violations can be corrected through minor feeder balancing. See Appendix
9.4 for CYME diagrams.

4.3 Asset Condition

Asset condition reviews were conducted at each substation within the study area.

Mink Street is alow-profile station with two transformers. This station islocated in Seekonk,
MA, but includes a three-winding power transformer with a 23kV tertiary winding supplying
East Bay areaload.  The asset condition review (for this study’ s purposes) is limited to this
three-winding transformer and there are no immediate issues.

Barrington is a 23/12.47kV substation with a single transformer supplying two feeders with
approximately 17MW of peak load. Appendix 9.2 shows a one-line of the station. A number of
concerns exist at this station:
e Thesacrificial air break (1T23) on the 25MV A power transformer does not provide
adeqguate protection and results in an elevated risk of transformer failure.
e The station bus does not comply with current minimum clearance requirements.
Jersey barriers are currently used to prevent accidental contact as a temporary
measure.
e The4F2recloser isno longer reliable. Thisrecloser has been identified for
replacement in the ARP.
e This station has no remote status, control and monitoring of all switching devices,
transformers, voltage regulation and battery systems (no EMS).

Kent Cornersisa 23/4.16kV substation supplying 7.3MW of peak load. Appendix 9.2 shows a
one-line of the station. This station isthe only 4.16kV station left inthe area. Itisa1950's
vintage station with mostly original equipment. A number of concerns exist at this station:
e Thecircuit breakers are no longer reliable.
e The 23kV air-break motor operators and live parts are obsol ete and require custom
made parts to continue to maintain these air-breaks.
e The station power transformers are 1950’ s vintage. Parts for transformer bushings
are no longer manufacturer supported.
e There have been neighborhood complaints about transformer noise. Station islocated
in aheavily congested residential neighborhood.
e Thisstation has no remote status, control and monitoring of all switching devices,
transformers, voltage regulation and battery systems (no EMYS).
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The Phillipsdale 115/23kV substation supplies two 23/12.47kV stations and a number of
industrial customers with a combined peak load of approximately 30MW. Appendix 9.2 shows a
one-line of the station. A number of concerns exist at this station:

The power transformers are 1960’ s vintage. T1 transformer isthe only transformer in
the system with attached coolers. T2 transformer shows significant signs of aging
and has been identified for replacement in the ARP. Replacement of the T2
transformer has been deferred pending completion of this study.

Transformer grounding reactors are concrete encased with small visible cracks.
There is no spare grounding reactor to respond to afailure.

Transformer 23kV disconnect switches are non-gang operated and are not readily
accessible to operate.

The 23kV breakers are no longer reliable.

The transformer and bus arrestors are obsol ete.

A timed scheme at the station prevents bus ties from occurring unless disabled. This
scheme is complex to operate.

The Phillipsdale 23/12.47kV substation consists of non-standard equipment and construction.
Appendix 9.2 shows aone-line of the station. A number of concerns exist at this station:

A single LTC transformer suppliestwo 12.47kV feeders with pole mounted line
reclosers. The reclosers have a history of poor reliability.

The distribution voltage from this station only phases with Waterman Avenue
feeders. Thisresultsin apocket of load being out of phase with the rest of the system
and makes maintenance of the station equipment challenging.

The LTC transformer is a delta/zig-zag with no system spare and only a single mobile
transformer in the system suitable for thislocation. A transformer failure would tie
up this mobile for an extended period.

The Warren 115/23kV station consists of two 30/40/50 MV A transformers supplying two 23kV
lines with approximately 34MW of peak load. Appendix 9.2 shows a one-line of the station. A
number of concerns exist at this station:

The 23kV breakers have reliability concerns.

The pin type insulators on the 23kV bus are obsol ete.

The 23kV protection islocated in an old control house with electro-mechanical
relays. Most of this protection is obsolete.

There are obsolete GE Butyl Rubber PT’s

The RAPR system is obsolete.

The Waterman 23/12.47kV station islocated just north of Wampanoag substation. It consists of
two 10/12.5 MVA transformers supplying four feeders. Appendix 9.2 shows a one-line of the
station. Only two Waterman feeders supply customer load because the other two feeders are
landlocked by Wampanoag substation to the south. In addition, these two feeders only phase
with Phillipsdal e feeders which creates a pocket of out-of phase load in the area. A number of
concerns exist at this station:
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The 23kV air-break switch is obsolete.

The transformers have sacrificial high side air breaks switches which are obsolete.
The 23kV capacitor bank has an obsolete VBM switch.

The 23kV equipment is mounted on wood poles.

Most of the 23kV sub-transmission system consists of aged pole plant and small wire installed
on congested public roadways. A one-line of the 23kV supply system is shown in Appendix 9.2.
Only asmall portion of this system has been rebuilt in the last 20-years. The remainder of the
system consists of amixture of 795 Al, 336.4Al, 2/0Cu, and 1/0Cu wire with 12.47kV under-
build. A major investment to replace both the pole plant and wire size would be required to
increase the capacity of this system.

4.4 Additional Analysis

4.4.1 Rdiability Performance

A reliability review was conducted to check feeder indices against system targets. For calendar
year 2014, the SAIFI target was 1.05 and SAIDI target was 71.9 minutes. No three year trends
were identified requiring further reliability analysis. See Table 4.4.1 below.

TABLE 4.4.1 — Study Area Reliability Indices

2014 2013 2012
FEEDER | CKAIFI | CKAIDI | CKAIFI | CKAIDI | CKAIFI | CKAIDI
53-20F1 1.019 | 101.75 3.122 | 112.71 0.045 0.27
53-20F2 1.063 | 139.31 1.243 82.38 0.159 18.04
53-47J2 0.003 0.29 0.291 5.88 0.025 6.82
53-47J3 0.106 4.64 0.000 0.00 0.051 6.73
53-4734 0.011 0.72 0.098 7.23 0.103 15.25
53-48F1 0.157 6.75 0.039 4.06 0.891 54.20
53-48F2 1.055 | 100.74 0.136 33.91 2436 | 123.97
53-48F3 0.056 5.28 0.139 15.59 1.661 | 160.22
53-48F4 0.040 5.47 0.109 9.97 0.077 20.58
53-48F5 0.064 7.10 0.143 23.63 0.073 6.94
53-48F6 0.071 7.35 0.059 4.20 0.504 30.07
53-4F1 0.215 28.54 1.151 90.14 1.016 96.34
53-4F2 0.333 26.31 1.861 | 106.53 1.339 | 131.67
53-51F1 0.623 | 103.16 0.189 24.17 0.143 11.33
53-51F2 0.239 18.33 0.086 5.70 0.160 6.38
53-51F3 0.227 17.55 1.088 97.15 0.428 19.07
53-5F1 2.040 | 130.98 1.468 98.81 0.259 28.43
53-5F2 0.209 16.38 0.245 79.90 2.716 | 196.41
53-5F3 0.110 5.02 0.342 82.02 1.767 | 232.77
53-5F4 0.225 49.33 1.178 79.47 1.197 | 285.36
53-78F3 0.073 14.81 0.850 50.80 0.083 8.11
53-78F4 1.254 81.31 0.045 2.70 0.040 3.27
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4.4.2 ArcHas)

On Apri 1, 2014, th2 United States Department of Labor’s Occupat onal Safety and Health
Administration (“O HA™) issued final rule 1910.269 requiring the employer to assess the
workpla:e to identify employees exposed to hazards fro n flames or electric arcs. 1910.269
propose 1 complianc2 dates of January 1, 2015 and April 1, 2015 for completion of the hazard
assessm nt and implementation of the assessment results respective y. Asthe industry adjusted
to these 1ew require ments and cal culation methods, the Jates were djusted to March 31, 2015
and August 31, 2015.

As described above arc flash regulations were issued an 1 analysis  ethods were reviewed and
adjusted during the :ourse of this study. A review using CYME fault current analysis and
protectiaon coordinat on values with ArcPro incident energy calculat ons provided an analysisin
compliaice with OSHA requirements. Appendix 9.5 s 10ws the res.lts of this analysis with no
study area feeders indicating incident energies above 8 calories per :entimeter squared (cal/cm?2).

4.4.3 Fault Du y/Short Circuit Availahility

The AS ’EN progra n was used to cal cul ate single phase to ground and three phase short circuit
duty val Jes at each rea substation. These values were compared to the station breaker
interrupting capabilities. The table in Appendix 9.6 sum marizes the results of this analysis. No
breakersin the study area where identified to have a short circuit duzy exceeding their
interrupting capability.

4.4.4 Reactive Compensation

I SO-NE conducts an annual survey of actual load power factor oper ations and compares it
against the applicable standards. The latest survey has this overall area compliant at all times.
The results of this s irvey are shown on Table 4.4.4 below:

TABLE 4.4.4. 1SO-NE Power Factor Sur /ey Results

CURRENT LPF SURVEY SU
Spring Summer Fall
9,195 22,177 27,360 | 9,271 | 1}
5/19/13] 08/21/2013| 07/19/1319/29/13| 12
4:00 18:00 17:00 | 5:00 | 1
Narragansett 0.983 0.997 0.995] 0.983

The power factor pe-formance of the study area’ s feedersis limited to those that have Pl data
availability. Thisin:ludesonly the 12.47kV feedersat Varren substation. Peak power factor
perform ince for these feeders shows them to be near un ty or leading, indicating adequate feeder
reactive support. Available datafor major 115kV transformer interfaces and the 23 kV sub-
transmission lines al so show power factor near unity or dlightly lagging.

5. Plan Development

5.1 Consideration of Distributed Generation in Plan Developmeant

The impact of existi g and planned distributed generation (“DG”) i istallations were considered
in the pl an formatio 1. Installations of significant size (greater than .MW) appear on one 23 kV
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sub-transmission line (2267 line). There are two solar array sites on thisline, one existing and
one proposed, each sized at 3 MWs. Appendix 9.11 lists the existing and proposed DG within
the study area.

The DG was analyzed from a hypothetical peak reduction perspective. Peak contribution factors,
the ratio of the megawatts generated on peak versus the nameplate rating of the generator, can
vary greatly on adaily or yearly basis as aresult of location, weather, and other factors.
Observing the 2014 summer data for the in-service solar array shows peak contribution factors of
77%, 40%, 23%, and 10% for 12:00PM, 3:00PM, 4:00PM, and 6PM respectively. Using a
conservatively high peak contribution factor of 30% of nameplate, resultsin a possible peak
reduction of 1.8 MW for the existing and proposed DG. This equates to approximately 45 amps
at 23kV. There are no projected sub-transmission normal configuration overloads predicted in
the study period. This peak reduction analysis resulted in no impact to the proposed plans.

Area DG was also analyzed from a comprehensive study-wide perspective. All area stations,
except Wampanoag, have contingency |oad-at-risk issues and asset conditions issues (see
Sections 4.1.2 and 4.3). The existing and proposed DG does not address or avoid necessary asset
condition issues and is not significant or dependable in load levels to mitigate capacity issues.

As aresult, the comprehensive plans are also unaffected by the existing or proposed distributed
generation.

5.2 Common Items

The Bristol/Warren areaiis electrically isolated from the East Providence/Barrington area. There
are no feeder ties between these areas because of the Barrington River. Theriver forms a natural
barrier that makes feeder ties between the areas neither practical nor economical.

Although there are no thermal concerns to resolve in the Bristol/Warren area, the feeders are
highly utilized resulting in contingency |oad-at-risk exceeding the DPG guidelines. To resolve
thisissue, the following investments are recommended.

e |nstall anew feeder, 51F4, at Bristol substation. A one-line of the proposed work is
shown in Appendix 9.7.

e Upgrade the thermal capability of the Warren 5F2 and 5F4 feeders. Thisinvolves
upgrading the front end of both circuits.

The investments and expenses for the common items are shown in Table 5.2 below:
TABLE 5.2 - Estimated Cost of Common Items ($M)

Description Capex Opex Removal Total

East Bay Common Item (D-Sub) $0.590 $0.075 $0.005 $0.670
East Bay Common Item (D-Line) $0.620 $0.042 $0.153 $0.815
TOTAL (COMMON) $1.210 $0.117 $0.158 $1.485
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53 Pan-1

This plan includes building two new substations supplied from the 115kV transmission system.
System rearrangement proposed within this plan reduces loading and dependence on the 23kV
sub-transmission system. The following are the major modifications proposed:

Construct anew 115/12.47kV Station at Phillipsdale:

Build anew 115/12.47kV substation at Phillipsdale. Initial construction would consist of a
single 40MVA LTC transformer, straight-bus metal-clad switchgear, a 7.2 MV AR station
capacitor bank, and four feeder positions. The ultimate build-out would be two 40OMVA LTC
transformers supplying straight-bus metal-clad switchgear with atie breaker, two 7.2MVAR
capacitor bank, and eight feeder positions. A oneline of this proposed station is shown in
Appendix 9.8. The station would be supplied from the 115kV lines, X-3 and E-183W. The four
new feeders from this station would:

e Replace the 23/12.47kV non-standard construction at Phillipsdal e substation with
standard station equipment, address the asset condition concerns, and provide
capacity to supply new customers in the northern section of the City of East
Providence.

o Eliminate out of phase feeder ties by correcting the voltage phasing. Thiswould
increase switching flexibility, reduce restoration time, and improve reliability since
customers would not be exposed to short outages during switching.

e Retire Waterman substation to address asset condition concerns, eliminate the need
for amajor investment to upgrade the 23kV supply system, and eliminate the out of
phase feeder ties that exist at Waterman.

¢ Reduceload on the 115/23kV station at Phillisdale from 30MW to 3SMW. The long-
term strategy would be to convert the two remaining 23kV customersto 12.47kV and
retire the 23kV station. This approach eliminates a major investment on the 23kV
station to address the asset condition and obsol ete equipment concerns.

The new feeders would be routed on public roadways in new manhole and ductline
infrastructure. Fiveindustrial customers would be converted from 23kV to 12.47kV which
would reduce load on the 23kV system, eliminate circuitsinstalled in a difficult to access right-
of-way adjacent to the railroad corridor, and eliminate a major investment to address the poor
condition of the pole plant along this 23kV right-of-way.

The customersto be converted to 12.47kV are: Hasbro with (3) 500kV A transformers; Handy
Harmon with (3) 667kV A transformers; Cape Cod Ice with (3) 333kVA transformers, BA Ballou
with (3) 500kV A transformers; and Nyman Manufacturing which is primary metered customer
with a peak demand of 1.70MW.

Construct anew 115/12.47kV Station in East Providence:

Build anew 115/12.47kV substation on First Street in East Providence on a gas company owned
parcel next to the 115kV transmission right of way. Initial construction would consist of asingle
40MVA LTC transformer, straight-bus metal-clad switchgear, a7.2 MV AR station capacitor
bank, and four feeder positions. The ultimate build-out would be two 40MVA LTC transformers
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supplying straight-bus metal-clad switchgear with atie breaker, two 7.2MV AR capacitor banks,
and eight feeder positions. A one line of this proposed station and the site plan is shown in
Appendix 9.8. The station would be supplied from the 115kV line, E-183W. The four new
feeders from this station would:

e Provide capacity to relieve the heavily loaded distribution feedersin the area, address
MWh violations, and provide capacity to supply load growth.

e Retire Kent Corners 23/4.16kV substation. This retirement would address the only
remaining pocket of 4.16kV load in the area and is a component of a comprehensive
plan to eliminate the need for anew 115/23kV station at Mink St.

e Beacomponent of acomprehensive approach that eliminates the need for amajor
upgrade of the 23kV supply system. The sub-transmission upgrades would require
approximately 7.50 miles of line reconductoring along a public roadway system.

The four new feeders would be routed on public roadways in new manhole and ductline
infrastructure. Kent Corners 4.16kV load would be converted to the 12.47kV system thru direct
conversions and the use of step-down transformers to reduce cost. One industrial customer and a
solar generator would be converted from 23kV to 12.47kV. The conversion of these customers
isrequired to provide routes for the new 12.47kV feeders.
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Add two new feeders at Warren Substation:

Expand Warren 115/12.47kV substation by adding two new distribution feeders and two
7.6MV AR station capacitor banks. The new feeders would be routed into Barrington and be
used to retire Barrington substation. A one line of the proposed station expansion is shown in
Appendix 9.8. Thisinvestment would address the asset and safety concerns at Barrington
substation, eliminate the need for a new 115/23kV station at Mink Street, and eliminate the need
for major upgrades on the 23kV supply system.

Substation Retirements:

The final component of this plan isto retire a number of substations in the study area and remove
all equipment and foundations to below grade. The stations retirements are Mink Street 23kV
station; Barrington substation; Kent Corners substation; Phillipsdale 23/12.47kV substation;
Waterman substation; and retire the 2291 Line position at Warren substation. These substation
retirements are part of a comprehensive plan to address al the issuesin the study area at least
Ccost.

The proposed mainline distribution for Plan 1 is shown in Appendix 9.8. The investments and
expenses for Plan 1 are detailed in Table 5.3 below.

TABLE 5.3 - Estimated Investments and Expenses for Plan 1

Investment Description ($M) Capex Opex Removal Total

Phillipsdale Substation (T-Line) $0.400 $0.020 $0.010 $0.430
Phillipsdale Substation (T-Sub) $0.300 $0.000 $0.000 $0.300
Phillipsdale Substation (D-Line) $3.716 $0.064 $0.260 $4.040
Phillipsdale Substation (D-Sub) $6.020 $0.600 $0.380 $7.000
East Providence Substation (T-Line) $0.400 $0.000 $0.000 $0.400
East Providence Substation (T-Sub) $0.300 $0.000 $0.000 $0.300
East Providence Substation (D-Line) $7.371 $0.405 $1.424 $9.200
East Providence Substation (D-Sub) $6.020 $0.550 $0.030 $6.600
Warren Substation (D-Line) $3.700 $0.100 $0.350 $4.150
Warren Substaion (D-Sub) $3.450 $0.290 $0.175 $3.915
Mink Street Retirement (D-Sub) $0.000 $0.020 $0.220 $0.240
Barrington Sub Retirement (D-Sub) $0.000 $0.030 $0.345 $0.375
Kent Corners Sub Retirement (D-Sub) $0.000 $0.030 $0.345 $0.375
Waterman Sub Retirement (D-Sub) $0.000 $0.030 $0.345 $0.350
Plan 1 (T-Spend) $1.400 $0.020 $0.010 $1.430
Plan 1 (D-Spend) $30.277 $2.119 $3.874| $36.270
Total Spend $31.677 $2.139 $3.884| $37.700
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5.4 Alternative Plans
54.1 Plan-2

This plan includes adding new distribution capacity supplied from an upgraded 23kV sub-
transmission system and has limited investment in expansion of the 115kV transmission system.
The following are the major modifications proposed:

Install two new 23/12.47kV Feeders at Phillipsdale substation

This alternative would build two new 23/12.47kV modular feeders at Phillipsdal e substation.
The new feeders would be used to retire the existing non-standard construction that currently
exists at Phillipsdale and would correct the out-of-phase feeder ties. A one-line of the proposed
station is shown in Appendix 9.9.

The existing 115/23kV station at Phillipsdale would supply the new modular feeders requiring
the asset condition issues described in Section 4.3 to be addressed. The 1960’ s vintage power
transformer would be replaced with 40 MV A transformers to address the reliability concerns.
The 23kV breakers would be replaced along with the obsolete bus and transformer arrestors.
The electromechanical relays would be upgraded with modern solid state relays. The timed bus
tie scheme would be removed and EM S would be installed.

Install two new 23/12.47kV Feeders at Rumford substation

Plan 2 would install two new 23/12.47kV modular feeders at the former Rumford substation site
located at 127 North Broadway in East Providence. Feeders would be supplied from the
115/23kV station at Phillipsdale. Accessto the right-of-way along the railroad corridor would be
improved and the obsol ete pole plant would be replaced. A one-line of the proposed station is
shown in Appendix 9.9.

The new Rumford substation feeders would provide capacity to supply new load growth, address
MWh violations, and be used to retire Waterman Ave substation. The new feeders would also
correct out-of-phase feeder ties, eliminate the need for asset replacement work at Waterman Ave
substation, relocate the station away from Wampanoag substation, and move the station to a
more robust 23kV supply system.

Waterman substation feeders are landlocked to the south by Wampanoag substation and the
23kV supply consists of small wire and aged pole plant that does not meet current standards for
23kV construction. As such, there is no economic or reliability benefit to maintaining Waterman
Ave substation in its current location.

Install two new 23/12.47kV Feeders at Kent Corners substation

Plan 2 would install two new 23/12.47kV modular feeders at Kent Corners substation. The new
feeders would provide capacity to relieve the heavily loaded distribution system in the area,
address contingency |oad-at-risk issues, and provide capacity to supply new load growth.
Investment would also eliminate the small pocket of 4.16kV load in the study area by retiring the
existing Kent Corners 23/4.16kV station. A one-line of the proposed station is shown in
Appendix 9.9.
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Build aNew 115/23kV Substation at Mink Street?

A new 115/23kV substation would be built at Mink Street to supply Kent Corners and
Barrington substations. Construction would consist of asingle 40MV A transformer supplying a
single 23kV line. The station would be supplied by an existing 115kV line at Mink Street. A
one-line of the proposed station is shown in Appendix 9.9.

Address Concerns at Barrington Substation

Plan 2 would address asset and safety concerns with Barrington substation. The sacrificial air
break on the station transformer would be replaced with a circuit switcher, the bus work and taps
would be raised to comply with current standards, the 4F2 V SA recloser would be replaced to
address asset condition concerns and EM S would be installed at the station.

Upgrade and Reinforce the 23kV Sub-Transmission System

The 23kV sub-transmission system from Mink Street consists of a mixture of 336 Al, 2/0 Cu and
1/0 Cu wire. This system is not adequate to supply the proposed Kent Corners and Barrington
substations. To supply these stations the small wire would have to be replaced with 795 Al open
wire. Construction would consist of approximately 7.5 miles of double circuited roadway
infrastructure along highly utilized and congested public roadways. Thiswould require
replacement of all the aged pole plant to meet current standards and to accommodate the larger
wiresize.

The normal supply to Barrington substation would be from the Warren 115/23kV station, a
station with numerous asset condition concerns. As part of this plan, the asset condition
concerns at Warren would be addressed. The 23kV breakers would be replaced along with all
the obsolete pin type businsulators. The obsolete protection would be upgraded and rel ocated
from the old control house to the new control house. A one line of the proposed 23kV supply
system is shown in Appendix 9.9.

This plan results in a comprehensive solution for the East Bay area and addresses all asset
condition, safety, and reliability concerns. Plan addresses all thermal concerns, provides
capacity to supply load growth, and addresses all distribution planning criteriaviolations. The
required investments and expenses for Plan 2 are detailed in Table 5.4.1 below.

2 Mink Street 115/23kV substation will be located in Massachusetts and supply customersin Rhode Island. 1t will
be built, owned, and operated by the New England Power Company (NEPCo). An appropriate rate recovery
mechanism needs to be developed. Rate recovery could occur thru a Transmission Rate Tariff or thru a Direct
Assignment Charge. A Loca Service Agreement may also need to be filed with the Federal Energy Regulatory
Commission (FERC). If this plan were to be implemented, the legal department will be consulted to determine the
most appropriate rate recovery mechanism for these assets.
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TABLE 5.4.1 - Estimated Investments and Expenses for Plan 2

Investment Description ($M) Capex Opex Removal Total

Mink St Substation (T-Line) $0.500 $0.000 $0.000 $0.500
Mink St Substation (T-Sub) $3.500 $0.020 $0.220 $3.740
Phillipsdale Substation (T-Sub) $9.000 $0.600 $0.080 $9.680
Phillipsdale Substation (D-Sub) $3.550 $0.400 $0.350 $4.300
Phillipsdale Substation (D-Line) $2.250 $0.050 $0.160 $2.460
Kent Corners Substation (D-Sub) $3.600 $0.400 $0.350 $4.350
Kent Corners Substation (D-Line) $10.200 $0.800 $2.600 $13.600
Rumford Substation (D-Sub) $3.600 $0.360 $0.000 $3.960
Rumford Substation (D-Line) $1.450 $0.050 $0.400 $1.900
Warren Substation (D-Sub) $2.835 $0.300 $0.025 $3.160
Barrington Substation (D-Sub) $1.800 $0.180 $0.020 $2.000
Waterman Sub (D-Sub) $0.000 $0.030 $0.320 $0.350
Plan 2 (T-Spend) $13.000 $0.620 $0.300 $13.920
Plan 2 (D-Spend) $29.285 $2.570 $4.225 $36.080
Total Spend $42.285 $3.190 $4.525 $50.000

542 Pan-3

Thisplanisahybrid of Plan 1 and Plan 2. It includes expanding the 23kV sub-transmission
system to supply both existing and new 23/12.47kV distribution substations and includes
expanding the 115kV system to supply anew 115/12.47kV station at Phillipsdale. The following
are the major modifications proposed:

Construct anew 115/12.47kV Station at Phillipsdale

This option would build a new 115/12.47kV substation at Phillipsdale. Initial construction
would consist of asingle A0MVA LTC transformer, straight-bus metal-clad switchgear, a

7.2 MV AR station capacitor bank, and four feeder positions. The ultimate build-out would be
two 40MV A LTC transformers supplying straight-bus metal-clad switchgear with atie breaker,
two 7.2MV AR capacitor banks, and eight feeder positions. A one line of this proposed station is
shown in Appendix 9.10. The station would be supplied from the 115kV lines, X-3 and
E-183W. The four new feeders from this station would:
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e Replace the 23/12.47kV non-standard construction at Phillipsdale with standard
substation equipment, address the asset condition concerns, and provide capacity
to supply new customers in the northern section of the City of East Providence.

e Eliminate out-of-phase feeder ties by correcting the voltage phasing. Thiswould
increase switching flexibility, reduce restoration time, and improve reliability
since customers would not be exposed to short outages during switching.

¢ Retire Waterman substation to address asset condition concerns, eliminate the
need for amajor investment to upgrade the 23kV supply system, eliminate the
out-of-phase feeder ties that exist at Waterman, and eliminate the need to build a
new 115/23kV station at Mink Street.

e Reduceload on the 115/23kV station at Phillisdale from 30MW to 3BMW. The
long-term strategy would be to convert the two remaining 23kV customers to
12.47kV and to retire the 23kV station. This eliminates a major investment on the
23kV station to address the asset condition and obsol ete equipment concerns.

The new feeders would be routed along city streets in new manhole and ductline infrastructure.
Five industrial customers would be converted from the 23kV system to the 12.47kV system.
This conversion eliminates circuitsinstalled in a difficult to access right-of-way adjacent to the
railroad corridor, and eliminates a major investment to address the poor condition of the pole
plant along this 23kV right-of-way.

The customersto be converted to 12.47kV are: Hasbro with (3) 500kV A transformers; Handy
Harmon with (3) 667kV A transformers; Cape Cod Ice with (3) 333kVA transformers, BA Ballou
with (3) 500kV A transformers; and Nyman Manufacturing which is primary metered customer
with 1.70MW of peak.

Install two new 23/12.47kV Feeders at Kent Corners substation

Plan 3 would install two new 23/12.47kV modular feeders at Kent Corners substation. The new
feeders would provide capacity to relieve the heavily loaded distribution system in the area,
address MWh violations, and provide capacity to supply new load growth. Investment would
also eliminate the small pocket of 4.16kV load in the study area by retiring the existing Kent
Corners 23/4.16kV station. A one-line of the proposed station is shown in Appendix 9.10.

Build new 115/23kV Substation at Mink Street3

A new 115/23kV substation would be built at Mink Street to supply Kent Corners and
Barrington substations. Construction would consist of asingle 40MV A transformer supplying a
single 23kV line. The station would be supplied by an existing 115kV line at Mink Street. A
one-line of the proposed station is shown in Appendix 9.10.

3 Mink Street 115/23kV substation will be located in Massachusetts and supply customersin Rhode Island. 1t will
be built, owned, and operated by the New England Power Company (NEPCo). An appropriate rate recovery
mechanism needs to be developed. Rate recovery could occur thru a Transmission Rate Tariff or thru a Direct
Assignment Charge. A Loca Service Agreement may also need to be filed with the Federal Energy Regulatory
Commission (FERC). If this plan were to be implemented, the legal department will be consulted to determine the
most appropriate rate recovery mechanism for these assets.
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Address Concerns at Barrington Substation

Plan 3 would address asset and safety concerns with Barrington substation. The sacrificial air
break on the station transformer would be replaced with a circuit switcher, the bus work and taps
would be raised to comply with current standards, the 4F2 V SA recloser would be replaced to
address asset condition concerns and EMS would be installed at the station.

Upgrade and Reinforce the 23kV Sub-Transmission System:

The 23kV sub-transmission system from Mink Street consists of a mixture of 336 Al, 2/0 Cu and
1/0 Cu wire. Thissystem is not adequate to supply the proposed Kent Corners and Barrington
substations. To supply these stations the small wire would have to be replaced with 795 Al open
wire. Construction would consist of approximately 7.5 miles of double circuited roadway
infrastructure along highly utilized and congested streets. Thiswould require replacement of all
the aged pole plant to meet current standards and to accommodate the larger wire size.

The normal supply to Barrington substation would be from the Warren 115/23kV station, a
station with numerous asset condition concerns. As part of this plan, the asset condition
concerns at Warren would be addressed. The 23kV breakers would be replaced along with all
the obsolete pin type businsulators. The obsolete protection would be upgraded and rel ocated
from the old control house to the new control house. A one line of the proposed 23kV supply
system is shown in Appendix 9.10.

This plan results in a comprehensive solution for the East Bay area and addresses all asset
condition, safety, and reliability concerns. Plan addresses all thermal concerns, provides
capacity to supply load growth, and addresses all distribution planning criteriaviolations. The
required investments and expenses for Plan 3 are detailed in Table 5.3.2 below.
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TABLE 5.4.2 — Estimated Investments and Expenses for Plan 3:

Investment Description ($M) Capex Opex Removal Total

Phillipsdale Substation (T-Line) $0.400 $0.000 $0.000 $0.400
Phillipsdale Substation (T-Sub) $0.300 $0.000 $0.000 $0.300
Phillipsdale Substation (D-Line) $4.430 $0.120 $0.545 $5.095
Phillipsdale Substation (D-Sub) $6.020 $0.600 $0.380 $7.000
Kent Corners Substation (D-Sub) $3.600 $0.400 $0.350 $4.350
Kent Corners Substation (D-Line) $10.300 $0.800 $2.600 $13.700
Mink St Substation (T-Line) $0.500 $0.000 $0.000 $0.500
Mink St Substation (T-Sub) $3.500 $0.020 $0.220 $3.740
Mink St Substation (D-Line) $0.600 $0.000 $0.000 $0.600
Warren Substation (D-Sub) $2.840 $0.300 $0.025 $3.160
Barrington Substation (D-Sub) $1.800 $0.180 $0.020 $2.005
Waterman Sub (D-Sub) $0.000 $0.030 $0.320 $0.350
Plan 1 (T-Spend) $4.700 $0.020 $0.220 $4.940
Plan 1 (D-Spend) $29.590 $2.430 $4.240|  $36.260
Total Spend $34.290 $2.450 $4.460 $41.200

5.4.3 Do Nothing

Taking no action would leave all the problems mentioned in Section 4 unaddressed. Violations
of the Distribution Planning Criteria would continue to exist and worsen as time goes by,
adversely affecting customer service and reliability performance.

Taking no action could make supplying new customer loads very challenging and could result is
the company operating the system above its rated capability.
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6. Plan Considerations and Comparisons

6.1 Economic, Schedule, and Technical Comparisons

The estimated investments and expenses for the three Plans are shown in Table 6.1 below. The
economic comparisons exclude the cost of common items.

TABLE 6.1 — Estimated Investments and Expenses for Plan 1, Plan 2, and Plan 3
PLAN 1 PLAN 2 PLAN 3

Description Capex |Opex [Rem. [Total |Capex |Opex [Rem. [Total |Capex |[Opex [Rem. |Total

East Bay (T-Line) $0.80| $0.02| $0.01| $0.83( $0.50|$0.00| $0.00| $0.50| $0.90($0.00|$0.00( $0.90

East Bay (T-Sub) $0.60| $0.00| $0.00| $0.60( $12.50| $0.62| $0.30|$13.42| $3.80|$0.02|$0.22| $4.04

EastBay (D-Sub) |$15.50($1.52|$1.85($18.87|$15.29|$1.67| $1.13|$18.08| $14.29|$1.53|$1.14|$16.96

East Bay (D-Line) |$14.80($0.60|$2.00($17.40|$14.00|$0.90| $3.10|$18.00| $15.30| $0.90| $3.10|$19.30

TOTAL $31.70| $2.14| $3.86| $37.70( $42.29| $3.19| $4.53|$50.00|$34.29($2.45($4.46$41.20

Plan 1 isleast sensitive to load growth and offers the most flexibility for future expansion. It
eliminates most of the 23kV supply system installed along the roadway and with significant
exposure to motor vehicle accidents and tree related outages. It adds new distribution capacity
supplied from amore reliable 115kV system with little exposure to motor vehicle accidents and
tree related outages. It has flexibility to add additional distribution feeders with a minimal
investment on the supply system and with minimal permitting.

Plan 2 isthe most sensitive to load growth. 1t upgrades the 23kV system to supply new
23/12.47kV distribution stations. The 23kV supply upgrades would consist of predominantly
highly congested roadway construction and be limited to 795 aluminum open wire, which limits
the capacity to 35MVA. Once this capacity is reached, the only economical approach would be
to utilize the 115kV transmission system to supply new distribution stations. The 23kV supply
system would have exposure to motor vehicle accidents and tree related outages due to the
roadway construction. Although beyond the 15 year study horizon, this plan only defers the

eventual need to implement portions of Plan 1 once the capacity of the 23kV supply systemis
utilized.

Plan 3isahybrid of Plan 1 and Plan 2. It islessflexible than Plan 1 but more flexible than

Plan 2. Itinstalls anew station supplied from the 115kV system and new distribution capacity
supplied from areinforced 23kV system. The 23kV supply would consist of predominantly
roadway construction and be limited to 795 aluminum open wire, which limits the capacity to
35MVA. Aswith Plan 2, once this capacity is reached, the only economical approach would be
to utilize the 115kV system to supply new distribution stations. The 23kV supply system would

have exposure to motor vehicle accidents and tree related outages due to the roadway
construction.
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6.2 Non-Wires Alternatives Considerations

Where an issue has been identified, a Non-Wires Alternative may also be considered

as an option to defer a transmission, sub-transmission, or distribution wires

solution for aperiod of time. Considering Non-Wires Alternatives to every wires

solution is not practical given the low cost of alarge volume of potential wires

solutions, the magnitude of load relief required in certain situations, the time to acquire
Non-Wires Alternatives (and verify their availability) or instances where the issue is

poor operating condition of the asset. Asaresult, Non-wires Alternatives are screened against
the following four guidelines:

A. The Wires solution, based on Engineering judgment, will likely be more than
$1M;

B. If load reduction is necessary, then it will be less than 20 percent of the total load
in the area of the defined need,;

C. Start of construction is at least 36 months in the future; and

D. The need is not based on Asset Condition.

Although the plans developed for this study will exceed $1M and the start of construction for the
majority of the work will be at least 36 months in the future, there are significant asset condition
issues within the study area as described in Section 4.3. Therefore Non-Wires Alternatives are
not considered feasible to provide a comprehensive study area solution.

However, a Non-Wires solution could be investigated to address the contingency |oad-at-risk
issuesin Bristol and Warren in lieu of installing a new feeder at Bristol substation and upgrading
the feeders at Warren substation. This solution, common to all plans (see Section 5.1), does not
have an asset condition component. Since thisinvestment is recommended in the outer years of
the study (see Section 7.0), it provides sufficient lead time to investigate the feasibility of anon-
wires solution for the area.

6.3 Permitting, Licensing, Real Estate, and Environmental Considerations

Common to al plansis permitting for distribution line poles. Depending on the town, these
poles will be set either by Verizon or by National Grid. Pole setsfor Plan 1 would consist of
routine requests and standard construction and no major obstacles are expected. Plan 2 and

Plan 3 would require upgrading the 23kV supply system with 795 bare aluminum conductors and
would have 12.47kV distribution under-build. This construction would occur along highly
congested public roadways and could face opposition from the Town of Barrington and the City
of Providence. Guying thistype of construction may require private property easements which
could be challenging to obtain and could increase the cost of the plans.

The Warren 115/12.47kV substation was initially permitted for six feeders. Therefore, the
addition of two feeders at this station should be routine with no major issues anticipated. The
station SPCC plan will need to be updated with the additional equipment. The new Warren
feeders would be routed to Barrington. The feeders would utilize a bridge crossing and
underground infrastructure to be built on a bike path as part of a Department of Transportation

27



(DOT) bridge rebuild project. The company is currently coordinating the bridge crossing with
the DOT bridge rebuild project.

The option to build anew 115/12.47kV station at Phillispdale has been reviewed at a conceptual
level. Space at the station islimited, however, it is anticipated that sufficient space exists to
build the proposed station. Construction of the new station will impact the existing 23/12.47kV
station which needs to remain in-service during construction. It is anticipated that some of the
existing equipment will need to be temporarily relocated while the new station is built. The
existing station SPCC plan will need to be revised due to the new station.

The proposed 115/12.47kV station on First Street in East Providence will be built on agas
company owned site. The station will be supplied by a short tap from the 115kV line running
thru the property. The 115kV tap will require a notification to the Rhode Island Energy Facility
Siting Board (EFSB). The company isin the process of placing an Environmental Land Use
Restriction (ELUR) on this site but it will not restrict the property from being used as a
substation. The City of Providence has requested the company investigate undergrounding the
115kV line, E183W, to Franklin Square substation. One option isto install the E183W line riser
structure at this site. The site appears to be large enough to accommodate both undergrounding
the 115kV line and the proposed substation. Both projects will need to be coordinated.

The former Rumford substation site used to house a 23/4.16kV substation and has two 23kV
supply lines running behind the site. Thissiteis presently undeveloped. There are no major
obstacles anticipated at this time that would prohibit the use of this site to install the proposed
23/12.47kV modular feeders and new taps from the 23kV supply lines.

Kent Corners substation is located in asmall parcel of land asis located within a congested
residential area. The proposed installation of two modular feeders at this station could face local
opposition. In addition, the existing 4.16kV station would have to remain in service while the
new 23/12.47kV modular feeders are being constructed which could impact the ability for the
company to screen the station from the neighborhood. There have been numerous complaints
about transformer noise at the station. Any construction at this location could result in potential
neighborhood opposition.

6.4 Planned Outage Considerations

All three plans require work on 115kV supplied stations. Plan 1 and Plan 3 require tapping 115
kV transmission lines. Any required 115kV line outages will have to be coordinated with | SO-
NE.

The existing Phillipsdale 23/12.47kV substation will have to remain in-service while the new
115/12.47kV substation at Phillipsdale in energized. Thiswill required rel ocating some of the
12.47kV circuits. A preliminary review has not identified any major concerns with these
relocations.
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6.5 Asset Physical Security Considerations

National Grid Security department will be consulted during the design process for the new
substations. Recommendations for improved security at existing area substations will also be
solicited and incorporated.

6.6 System Loss Analysis

A loss analysis was conducted to compare Plan 1 to the existing system. The purpose of this
comparison was to check that the recommended plan reduced losses, and by such aresult would

create amore efficient system. Table 6.6 demonstrates over IMW of peak load loss savings with
Plan 1.

TABLE 6.6 — Megawaitt Loss Savings Analysis

Voltage Existing Plan 1 MW Loss
L evel Configuration | Configuration | Savings

115kV 2.42 2.43 -0.01
23kV 0.99 0.27 0.72
12.47kV 4.96 4.79 0.17
4.16kV 0.28 0 0.28
Total 8.65 7.49 1.16
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7. Conclusions and Recommendations

The three plans provide a comprehensive solution for the area and address all asset condition,
safety, and reliability concerns. The plans address thermal 1oading concerns, provide capacity to
supply new load growth, and addresses distribution planning criteria violations thru the study
horizon period of 2030.

Plan 1 isrecommended for implementation. Plan 1 provides a comprehensive solution to
address all the concernsin the study area at least cost. Thetotal cost of plan 1is$37.70M which
is$13.00M lower in cost then Plan 2 and $3.50M lower in cost than Plan 3.

Plan 1 isleast sensitive to load growth and offers the most flexibility for future expansion. Plan
eliminates most of 23kV supply system consisting of predominantly roadway construction with
exposure to motor vehicle accidents and tree related outages. When needed, additional
distribution capacity can be added with a minimal investment on the supply system and minimal
permitting impact. The recommended capital spending by fiscal year for Plan 1 is shown in
Table 7.0 below:

TABLE 7.0: Recommended Capital Spend by Fiscal Y ear:

Description P TOTAL FY18 | FY19 | FY20 | FY21 | FY22 | FY23 | FY24 | FY25 | FY26 | FY27
East Providence Sub (T-Line) C049819 $0.40 0.00 | 0.02 | 0.08 | 0.12 | 0.12 | 0.06

East Providence Sub (T-Sub) C049820 $0.30 0.00 0.02 | 0.06 | 0.09 | 0.09 | 0.04

East Providence Sub (D-Sub) C046726 $6.00 0.06 | 0.30 | 1.20 | 1.80 | 1.80 | 0.84

East Providence Sub (D-Line) C046727 $7.40 0.07 037 | 148|222 (222|104

Warren Sub Expansion (D-Sub) C065166 $3.50 0.04 | 018 | 0.70 | 1.05| 1.05 | 0.49

Warren Sub Expansion (D-Line) C065187 $3.70 0.04 | 019 | 0.74|1.11| 1.11| 0.52

Mink Street 23kV Retirement (D-Sub) C065806 $0.00

Barrington Sub Retirement (D-Sub) C065293 $0.00

Kent Corners Retirement (D-Sub) C065295 $0.00

Waterman Ave Re irement (D-Sub) C065297 $0.00

Phillipsdale Sub (T-Line) $0.40 000| 0.02| 0.08|0.12|0.12| 006
Phillipsdale Sub (T-Sub) $0.30 000 | 0.02 | 0.06 | 0.09 | 0.09 | 004
Phillipsdale Sub (D-Sub) $6.00 006 | 030120180 (180|084
Phillipsdale Sub (D-Line) $3.72 004|019 074|111 | 111|052
Common ltems $1.21 0.11 | 0.20 | 050 | 0.40
T-Spend $1.40 $0.01 | $0.04 ($0.14($0.22 [$0.25($0.24 ($0.21 [$0 21 [$0.10 [ $0.00
D-Spend $31.53 $0.21 | $1.03 ($4.12($6.28 [$6.67 [$4.83 [$3.02 ($3.11 ($1.86 [ $0.40
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8. Factors Influencing Futures Studies

Unexpected significant load growth is one factor that could affect future studies. The
recommended plan initially installs a single transformer and four feeders at Phillipsdale and East
Providence substations. However, both substations will be permitted for two transformers and
eight feeders. At least eight additional feeders (or approximately 80MW of distribution capacity)
can be installed to accommodate unexpected future load growth.

The Phillipsdale 115/23kV substation has numerous asset condition concerns which are being
deferred. Loading on the 23kV station will be reduced to approximately 3MW and the station
will supply only two industrial customers. It is recommended that this area be reviewed in the
next few years and consideration be given to fully retire Phillipsdale 23kV station in lieu of
performing any major asset replacement work.

A transmission study is currently being performed for the Southeastern M assachusetts and Rhode
Island area. One potential plan involves extending the 115kV line from Bristol substation to
Aquidneck Island. Thiswill provide an option to eliminate the 23kV supply to Bristol substation
and allow for the retirement of the 23kV station at Warren. If thistransmission investment isto
occur, it isrecommended that any asset replacement work at the Warren 23kV station be
compared against supplying Bristol substation with a second 115kV line. Even today, for
various n-1 contingencies, the 23kV lineis not capable of supplying the full Bristol load.
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9.1 AreaMaps
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FIGURE 9.1.1 - STUDY AREA
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9.2 OnelineDiagrams
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FIGURE 9.2.2 —23kV SUPPLY SYSTEM ONE-LINE DIAGRAM
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FIGURE 9.2.4 - BARRINGTON SUBSTATION ONE-LINE DIAGRAM




FIGURE 9.2.5-KENT CORNERS SUBSTATION ONE-LINE DIAGRAM
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FIGURE 9.2.6 — PHILLIPDALE SUBSTATION ONE-LINE DIAGRAM
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FIGURE 9.2.8 - WATERMAN SUBSTATION ONE-LI
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9.3 Loadflow Diagrams

This section contains the electrical one-line loadflow diagrams. The diagrams show transformer and
subtransmission power flows throughout the study area. Included below are notes and guides to assist the

review of these diagrams.

General Layout
Load Symbolwith MW &
Bus Number & Transformer MVAr Values
Mame

E .

121% S 50 4
]

Bus Symbol w | 172
o
o Load Level
#[]‘x Branch / Line Indicator
Branch MWA N
Value T ©
If 2 #s = ik
MW / MVAr

/ Bus Voltage
117.2

LEGEND
Green = 5kV Class Equipment
Blue-Gray = 15kV Class Equipment

Green = 68kV Class Equipment
Brown = 115kV Class Equipment















9.4 CYME Radia Distribution Analysis Diagrams
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Figure 9.4.1 — CYME East Bay Existing Configuration — ’ircuit Arrangement
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Figure 9.1.2 — CYME East Bay Existing Configuration — Loading Analysis
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Figure 9.4.3 — CYME East Bay Existing Co figuration — Voltage Analysis
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Figure 9. .4 — CYME East Bay Plan 1 Configuration — C rcuit Arrangement
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Figure 9.4.5 - CYME East Bay Plan 1 Configuration — _oading Analysis




Figure 9.4.6 — CYME East Bay Plan 1 Configuration — voltage Analysis
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9.5 ArcFlash Anaysis

Substation Feeder Voltage LG Fault Current Clearing Time Incident Energy
(kV) (Amps) (secs) (cal/cm”2)
BARRINGTON 4 4F1 12.47 4,972 0.2269 1.16
BARRINGTON 4 4F2 12.47 5,011 0.1404 0.73
BRISTOL 51A 51F2 12.47 4,590 0.3278 151
BRISTOL 51A 51F1 12.47 6,275 0.2951 2.07
BRISTOL 51A 51F3 12.47 6,797 0.3947 3.09
KENTS CORNER 47 4732 4.16 7,673 0.1553 1.44
KENTS CORNER 47 47J1 4.16 7,756 0.1562 1.47
KENTS CORNER 47 4733 4.16 7,872 0.1555 1.49
KENTS CORNER 47 4734 4.16 8,142 0.1509 151
PHILLIPSDALE 20 20F2 12.47 4,711 0.2222 1.06
PHILLIPSDALE 20 20F1 12.47 4,712 0.1656 0.79
WAMPANOAG 48 48F5 12.47 6,077 0.3043 2.05
WAMPANOAG 48 48F6 12.47 6,080 0.3042 2.05
WAMPANOAG 48 48F2 12.47 6,165 0.3001 2.06
WAMPANOAG 48 48F1 12.47 6,351 0.2918 2.09
WAMPANOAG 48 48F3 12.47 6,472 0.2210 1.62
WAMPANOAG 48 48F4 12.47 6,590 0.2825 2.12
WARREN 5 5F2 12.47 6,586 0.2215 1.66
WARREN 5 5F4 12.47 6,597 0.3949 2.97
WARREN 5 5F1 12.47 7,069 0.4716 3.90
WARREN 5 5F3 12.47 7,199 0.3176 2.69
WATERMAN AVENUE 78 78F4 12.47 4,348 0.1691 0.73
WATERMAN AVENUE 78 78F3 12.47 4,551 0.1466 0.67
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9.6 Fault Duty Analysis

. s o Operating | Rated IC | 3-Phase 1-Phase
Substation Description Position KV (A) Fault (A) Fault (A)
Barrington 4 VSA-12 4F1 VCR 12.4 12,000 4,286 5,054
Barrington 4 VSA 4F2 VCR 12.4 12,000 4,286 5,054
Bristol 51 SDV 2T23 VCB 23 20,000 4,033 2,583
Bristol 51 PVDB1 15.5-20-2 51F1 VCB 12.4 20,000 6,714 6,897
Bristol 51 PVDB1 15.5-20-2 51F2 VCB 12.4 20,000 3,869 4,660
Bristol 51 PVDB1 15.5-16-1 51F3 VCB 12.4 20,000 6,714 6,897
Bristol 51 PVDB1 15.5-20-1 1-2 VCB 12.4 20,000 6,714 6,897
Bristol 51 PVDB1 15.5-20-2 3-4 VCB 12.4 20,000 6,714 6,897
Bristol 51 PVDB1 15.5-20-2 51C2 VCB 12.4 20,000 3,869 4,660
Kents Corner 47 0Z-15-100 47J4 OCB 4.16 10,000 6,900 8,150
Kents Corner 47 0Z-210 47J3 OCB 4.16 10,000 6,900 8,150
Kents Corner 47 0z-110 47J1 OCB 4.16 10,000 6,900 8,150
Kents Corner 47 0z-210 47J2 OCB 4.16 10,000 6,900 8,150
Phillipsdale 20 23KS500-12C 3 TRF 2 BUS 23 18,000 8,890 1,101
Phillipsdale 20 FKD-25.8-11000 2243 OCB 23 11,000 8,890 1,101
Phillipsdale 20 SDO 23 500 2242 OCB 23 11,000 7,411 754
Phillipsdale 20 SDO 23 500 4342 OCB 23 11,000 8,890 1,101
Phillipsdale 20 FKD-25.8-11000-3 3 TR 1BUS 23 18,000 8,890 1,101
Wampanoag 48 PVDB1 15.5 48F1 VCB 12.4 20,000 6,712 6,774
Wampanoag 48 PVDB1 15.5-16-1 48F2 VCB 12.4 20,000 7,120 7,190
Wampanoag 48 PVDB1 15.5-16-1 48F3 VCB 12.4 20,000 6,712 6,774
Wampanoag 48 PVDB1 15.5-20-2 48F4 VCB 12.4 20,000 7,120 7,190
Wampanoag 48 PVDB1 15.5-20-2 48F5 VCB 12.4 20,000 6,712 6,774
Wampanoag 48 PVDB1 15.5-20-2 48F6 VCB 12.4 20,000 7,120 7,190
Wampanoag 48 PVDB1 15.5-20-2 1-2 VCB 12.4 20,000 7,120 7,190
Wampanoag 48 PVDB1 15.5-20-2 3-4VCB 12.4 20,000 7,120 7,190
Wampanoag 48 PVDB1 15.5-20-2 5-6 VCB 12.4 20,000 7,120 7,190
Warren 5 FKA-38-22000-6Y 5 TR OCB 23 22,000 16,463 16,280
Warren 5 345G1500 6 TR OCB 23 22,000 16,463 16,280
Warren 5 345G1500 2295 OCB 23 22,000 16,463 16,280
Warren 5 34.5KS1500-12D 2291 OCB 23 22,000 16,463 16,280
Warren 5 PVDB1 15.5-20-2 5F1 VCB 12.4 20,000 7311 7424
Warren 5 PVDB1 15.5-20-2 5F2 VCB 12.4 20,000 6652 6764
Warren 5 PVDB1 15.5-20-2 5F3 VCB 12.4 20,000 7311 7424
Warren 5 PVDB1 15.5-20-2 5F4 VCB 12.4 20,000 6652 6764
Warren 5 PVDB1 15.5-20-2 1-2VCB 12.4 20,000 7311 7424
Warren 5 PVDB1 15.5-20-2 3-4 VCB 12.4 20,000 7311 7424
Waterman Ave 78 VSA-12 78F4 VCR 12.4 12,000 3920 2914
Waterman Ave 78 VSA 78F3 VCR 12.4 12,000 3920 2914
Waterman Ave 78 VSA 3-4 VCR 12.4 12,000 3920 2914
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9.7 Plan Development — Common ltems
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9.8 Plan Development —Plan 1
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FIGURE 9.8.1 — PHILLIPSDALE SUBSTATION ONE LINE-DIAGRAM (PLAN 1)
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FIGURE 9.8.2 - EAST PROVIDENCE SUBSTATION ONE LINE-DIAGRAM (PLAN 1)
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FIGURE 9.8.3 - EAST PROVIDENCE SUBSTATION SITE PLAN (PLAN 1)
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FIGURE 9.8.5 — PROPOSED MAINLINE DISTRIBUTION NORTH (PLAN 1)
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FIGURE 9.8.6 — PROPOSED MAINLINE DISTRIBUTION SOUTH (PLAN 1)
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9.9 Plan Development —Plan 2
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FIGURE 9.9.1 — PHILLIPSDALE SUBSTATION ONE-LINE DIAGRAM (PLAN 2)
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FIGURE 9.9.2 - RUMFORD SUBSTATION ONE-LINE DIAGRAM (PLAN 2)
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FIGURE 9.9.3 - KENT CORNERS SUBSTATION ONE-LINE DIAGRAM (PLAN 2)
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FIGURE 9.9.4 — MINK STREET SUBSTATION ONE-LINE DIAGRAM (PLAN 2)




FIGURE 9.9.5 - PROPOSED 23KV SUPPLY SYSTEM (PLAN 2)
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9.10 Plan Development — Plan 3
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FIGURE 9.10.1 — PHILLIPSDALE SUBSTATION ONE-LINE DIAGRAM (PLAN 3)
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FIGURE 9.10.2 - KENT CORNERS SUBSTATION ONE-LINE DIAGRAM (PLAN 3)
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FIGURE 9.10.4 — PROPOSED 23KV SUPPLY SYSTEM (PLAN 3)
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FIGURE 9.11.1 — Existing and Proposed Distributed Generation — East Bay Area

9.11 Distributed Generation Within the Study Area

Existing Proposed
Feeder # Organization Name Capacity Capacity Type
- (kw) ~© (kw) ~

2267 FORBES STREET PROJECT LLC 3000 0 Solar
2267 FORBES STREET PROJECT LLC 0 3000 Solar
53-20F1 NATIONAL SECURITY CORP 45.6 0 Solar
53-20F2 DAVID CHOPY 4 0 Solar
53-48F1 MARVIC ENTERPRISES INC 0 7 Solar
53-48F3 JENNY K FLANAGAN 0 2.15 Solar
53-48F4 EAST BAY STORAGE 0 75 Solar
53-4F2 ROGER E DESLAURIERS 3.87 0 Solar
53-4F2 NOAH PHILIP 3.44 0 Solar
53-51F2 JOHN BRANDO 4 0 Solar
53-51F2 ELIZABETH RADUCHA 5 0 Solar
53-51F3 SAFE-WAY AUTO SALES INC 50 0 wind
53-51F3 CLEMS ELECTRIC CO 28 0 Solar
53-5F1 GEOFFREY ALLEN 0 3.6 Solar
53-5F2 WESLEY J MILLER 3.66 0 Solar
53-5F2 TYSAS AND COMPANY INC 1.29 0 Solar
53-5F3 THOMAS FAIRCHILD 0 0.57 Solar
53-5F3 BEN LUK 0 6.45 Solar
TOTAL 3,149 3,095
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