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1.0 Executive Summary

ControlPoint Technologies with the assistance of Liberty Utilities completed the Salem, NH
distribution planning study for 2020. The revised Liberty Utilities Distribution Planning
Criteria® was used to determine any Electric Supply System upgrades required to meet
existing and future capacity requirements. The study focused on the distribution
requirements needed to supply the proposed 13.5-18.5-megawatt (MW) (See Table 5)
Tuscan Village business park development located at the former Rockingham Park Track.
The study also focused on addressing asset concerns at Barron Ave Substation and Salem
Depot Substation. The recommended solution would address Distribution Planning Criteria
violations at Golden Rock Substation and Spicket River Substation while integrating system
operation and maintenance enhancements in an economically responsible manner.

This study is a revision of the 2016 Salem Area Study performed by ControlPoint. The
Study’s main objective is to review prudency of the 115kV Rockingham supply alternative
(Plan 6) and to compare with New Hampshire Public Utilities Commission (NHPUC) Staff's
recommended alternative, which further relies on the 22.8kV sub-transmission system
supply and existing 13.2kV distribution substations as an overall solution to address the
area’s deficiencies (Plan 1). Additional 22.8 kV alternatives were also evaluated for
comparison.

As described in this report, there exists multiple alternatives for addressing the problems
identified in the area. These plans resolved the issues with differing effectiveness and with
differing costs. The plans that involve investing and relying on the 22.8 kV system were
shown to be similar or more costly than the recommended plan.

The major components of the recommended plan are focused on upgrading the source of
supply to the 13.2 kV distribution system from a 22.8kV/13.2 modular substation-based
system to a 115kV/13.2kV bulk substation-based system. This shift towards a 115kV based
bulk system has been utilized in Liberty’s rebuild of Pelham Substation, Michael Ave
Substation and Mt Support Substation. See Appendix H — Comparable Past Studies to
Salem for detalils.

Thus far, Liberty and National Grid have completed the work listed below related to the
preferred 115kV alternative?:

e Phase 1 - Installation of a 115/13.2 kV - 33/44/55 MVA transformer, a 115kV in-line
breaker and two 13.2kV feeders at the Golden Rock Substation and the offload of
Barron Avenue Substation was completed in 20193. Extension of Pelham 14L4 was
completed in 2018 to provide temporary load relief and system capacity in the
Salem Area. This temporary transfer of approximately 7 MVA enables Liberty to

1 As approved under Order No. 26,376 in DE 19-064 Liberty Utilities (Granite State Electric) Corp. d/b/a
Liberty Utilities, Petition for Permanent and Temporary Rates.

2 For purposes of this review, the resulting loading from the completed work below will not be included in
the 2019 base case load model for Alternative #4 and #5 to allow an even comparison between
alternatives.

3 The Liberty Utilities portion of the Golden Rock project has been approved by the New Hampshire
Public Utilities Commission under Order No. 26,376 in DE 19-064 Liberty Utilities (Granite State Electric)
Corp. d/b/a Liberty Utilities, Petition for Permanent and Temporary Rates.
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provide electric service to a portion, but not all, of Tuscan Village Development
anticipated load while the Rockingham Substation is constructed. Installation of a
third Golden Rock feeder to reduce load at risk at Spicket River substation is
expected to be completed in 2021. Installation of a second 115kV transmission line
into Golden Rock Substation is expected to be completed in 2020 by National Grid.

o Phase 2 — Purchase of land within the Tuscan Village Development to construct the
new Rockingham #21 Substation was completed. Liberty is in the process of
finalizing engineering activities for the Transmission Line and Substation projects
and ordering long lead material items. Construction of the 115kV line project will
begin in the winter of 2020 and is expected to be completed in 2022. The
Rockingham Substation and associated feeders are expected to be completed in
2021. The Rockingham Substation will be designed to ultimately have ten feeder
positions and two capacitor bank positions. Five feeders and one capacitor bank
would be supplied by each transformer. Initially, five feeders, two and three from
each transformer, will be installed in 2021. These will be utilized to supply the
Tuscan Village load, allow the retirement of the Salem Depot Substation and
provide backup to the Spicket River Substation.

» Phase 3 — Liberty has not developed any firm plans in its capital budget for Phase 3
within the 15-year planning horizon. For future reference, Phase 3 could replace the
115/22.8 kV transformer at Golden Rock with a 115/13.2kV transformer, convert the
substation to a breaker and half scheme and re-purpose the 22.8 kV lines as 13.2kV
feeders.

2.0 Introduction

2.1 Purpose

The purpose of this study was to resolve all identified area concerns in the Salem Area
through the 15-year 2020-2036 study horizon. An in-depth review of the area was performed
that included the analysis of thermal loading, voltage, reliability, asset condition, power quality,
environmental, safety and voltage performance. Alternative plans were developed, which
included NHPUC Staff's proposed alternative, and a preferred plan was recommended as
being most prudent after detailed plan comparisons.

2.2 Problem

A study’s initial system assessment is typically based on the needs identified through the
problem identification process guided by the Company’s Planning Criteria. In addition to the
assessment performed in the 2016 version of the Study, updated system characteristics were
evaluated to use 2019 loading and existing system configuration to identify a variety of normal
and contingency capacity issues in the Salem Area.

A major point of concern is several existing asset condition concerns with substation
equipment and layout.

Furthermore, another concern is the proposed 13.5-18.5-megawatt (MW) business park at
Tuscan Village. Available capacity to supply the proposed development is not sufficient from
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the existing system.
3.0 Background

3.1 Geographic Scope

This study was performed on the Liberty Utilities Distribution System supplying Salem, New
Hampshire. The system is confined to the City of Salem, NH with small excursions into
Windham and Derry, NH and Methuen, MA. See Figure 1 below:
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Figure 1 Salem, NH Geographical Map
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3.2 Electrical Scope

The Salem Area includes 115 kV, 22.8 kV, and 13.2 kV facilities interconnected through five
area substations. The Table 1 below summarizes these interconnections:

Supply Alternate Supply Station Feeder | Customers
2352 2393 oL1 967
2352 2393 Salem Depot 9 9L2 128
2352 2393 9L3 1,261
2393 2353 (National Grid) 10L1 813
2393 2353 (National Grid) | Barron Ave 10 | 10L2 884
2353 (National Grid) 2393 10L4 775
2353 | 13L1 2,081
. . 53 (Nationa Spicket River
1,899
2376 (National Grid) Grid)* 13 13L2
13L3 2,438
2352 2393 18L1 62
2352 2393 1,929
Olde Trolley 18 18L2
2393 2352 18L3 842
2393 2352 18L4 693
G133W 2353 & 2376 Golden Rock 2352 4,347
(National Grid) (National Grid) 19° 2393 3,232

Table 1: Salem Area Electric System

One 115 kV radial transmission supply line crosses the Massachusetts/New Hampshire border
from Methuen, MA to feed two transformers at the Golden Rock Substation. Figure 2 in
Appendix A — System One Lines shows the 22.8 kV Supply System. Figure 4 in Appendix A —
System One Lines shows the 13.2 kV Distribution System.

Liberty Utilities serves 22,351 Customers in the Salem Area. In 2019, the Salem Planning
Study Area generated a peak demand of 98.72 MW. The Salem area consists of
approximately 13.1 miles of 22.8 kV three-phase supply line and approximately 143 miles of
13.2 kV three-phase mainline.

4 Approximately 5.2 miles of the 2376 is exposed to outages without any backup, with 4.3 miles in
National Grid maintenance territory and 0.9 miles in Liberty Ultilities territory.

5 Customers supplied by the 2352 and 2393 supply lines are a summation of customers supplied from the

related substation transformers. These supply lines do not directly serve customers at 22.8 kV service
voltage.
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The Salem Study Area is a summer peaking area and is limited by summer equipment ratings.
The study was conducted using load data beginning with the recorded 2019 peak load; refer to

Table 2, below:

Station Circuit | 2019 Peak Load | Limiting Element | SN | % of SN
(Amps) Amps
BARRON AVENUE 10 1001 107 250 E Fuse 387 28%
BARRON AVENUE 10 10L2 268 40 CU Bus 526 51%
BARRON AVENUE 10 1004 176 1-5/6.25 MVA Xfmr 339 52%
OLDE TROLLEY 18 18L1 133 1000 Al Cable 503 26%
OLDE TROLLEY 18 18L2 404 1000 Al Cable 503 80%
OLDE TROLLEY 18 18L3 375 336.4 Al 515 73%
OLDE TROLLEY 18 18L4 387 333 kVA Reg 516 75%
SALEM DEPOT 9 oL1 271 1-5/6.25/7 MVA Xfmr 322 84%
SALEM DEPOT 9 oL2 224 1-5/6.25/7 MVA Xfmr 322 70%
SALEM DEPOT 9 oL3 319 1-7.5/9.375 MVA Xfmr 507 63%
SPICKET RIVER 13 13L1 326 333 kVA 522 62%
SPICKET RIVER 13 1312 290 333 kVA 522 56%
SPICKET RIVER 13 13L3 442 333 kVA 522 85%
Golden Rock 2352 776 2 X 1000 CU Cable 1376 56%
Golden Rock 2393 654 2 X 1000 CU Cable 1376 47%

Table 2 Salem Area 2019 Peak Loads

The Company developed an econometric model to forecast peak demands through 2036. The
forecast model incorporates the impact of weather as well as demographic and local economic
conditions on peak demands. The load was escalated through 2036 using the seasonal peak

forecast under a 90/10 extreme weather scenario; refer to Table 3, below:
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Year MW % Increase
2019 | 192.581
2020 | 207.731 7.87%
2021 | 208.283 0.27%
2022 | 208.823 0.26%
2023 | 209.373 0.26%
2024 | 209.899 0.25%
2025 | 210.407 0.24%
2026 | 210.901 0.23%
2027 | 211.378 0.23%
2028 | 211.837 0.22%
2029 | 212.282 0.21%
2030 | 212.719 0.21%
2031 | 213.149 0.20%
2032 | 213.562 0.19%
2033 | 213.958 0.19%
2034 | 214.336 0.18%
2035 | 214.698 0.17%

2036 | 215.051 0.16%
Table 3 LUNH 2020-2036 90/10 seasonal peak forecast

The forecast model was then adjusted for spot loads to reflect new customer demands
larger than 300 kilowatts (“kW"), refer to Table 4 below. The Distribution System was
modeled and analyzed using the CYME application to perform the load flow analysis.

Year D'sé::gﬂ:t'“" Location Load (Amps)
2020 18L1 Rockingham Mall 65
2020 16L4 Tuscan Village Development South 274
2020 9L1 Tuscan Vilage Development Morth 174
2020 gL2 Data Center Expansion 44
2020 9L3 Commercial Development / Medical / Mursing 36
2021 18L4 Tuscan Vilage Development South 363

Table 4 Salem Area Spot Loads

Table 5 below tabulates detailed estimated loads for the Tuscan Village business park.
This includes completed, under construction, in progress and no current tenant
categories. Consistent with Company practice, anticipated kW demand represents
diversified load, understanding that all loads are not active at the same time, at full
power.
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Tuscan Village Demand

End Use Diversified Tuscan Status
kW Demand Section
Dolben 1 North Complete
Blackbrook North Complete
Ford North Complete
Market Basket North Opened July 2019
Home Sense North Opened Sept 2019
Sierra North Awaiting opening due to covid
MB Retail 3 North No tenant due to Covid
MB Retail 4 North No tenant due to Covid
Starbucks & Retail North Under Construction
Retail 1-4 North Under Construction
Restaurant 1 North 2021
Restaurant 2 North 2021
35 N BROADWAY _ North Sal's Redevelopment - added by JR
6/3/2020
Hanover Apts [ R In Progress
Klemms [ R Complete
StLtl [ R In Progress
St Lt2+3 and well [ R In Progress
OMJ Buildings [ R In Progress
Pressed [ R In Progress
Mass General (with Solar) I souh In Progress
Building 100 (11.7) 245 South In Progress
Building 200 (15.2) 317 South In Progress
Building 300 (5.2) 109 South In Progress
Building 400 (9) 188 South In Progress
Building 500 (6.5) 107 South In Progress
Building 520 (2.1) EV 44 South In Progress
Building 600 w/ev (18.4) 386 South In Progress
Building 700 (8.1) 154 South In Progress
Building 800 w/ev (11.2) 235 South In Progress
Building 900 (1.3) 28 South In Progress
Building 1100 Drive (11.3) 236 South In Progress
Hotel/Conf/Retail 1,300 South No tenant
Resi Village 368 South No tenant
Offices Spaces 4,025 South No tenant
Over 55+ 166 South No tenant
Retail 2,426 South No tenant
Dolben 2 (255 units) I souh In Progress
Total North 3,961 Includes Sal's Redevelopment (378kVA)
Total South 14,494
Total Tuscan Village 18,433
Total Tuscan Village Completed/In- 10,043 These are for secured tenants
Progress
Total Tuscan Village without signed 8,412 This is an estimate based on targeted end
tenant use

Table 5 Tuscan Village Diversified Loads
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3.4 Modeling and Criteria

CYME models were created for the Salem area 13.2 kV distribution system. PSS/e models
were created for the 22.8 kV supply system. Transformers, supply lines, and distribution
circuits were evaluated and modeled for each year thru 2036. The peak load and the available
tie capacity for each component of the system was determined. Contingencies for the loss of a
major component of the electrical system (N-1) were developed, and the system
consequences reviewed.

As the Golden Rock 19L6 and 19L8 13.2 kV feeders were new additions to the area,
energized in December 2019, the original 2019 base models did not include the feeders. Area
load was allocated under the prior system configuration before the installation of the 19L6 and
19L8. Subsequently, the system model was reconfigured to depict 19L6 and 19L8 as planned.
It should be noted that this study would have resulted in increased loading violations if these
feeders were not present.

The in-progress construction of the Tuscan Village business park was modeled for all Plans as
a total load of 13.5 MW, which is a minimum expected demand, and is 5 MW or 37% lower
than Liberty's expected, diversified demand for the development as proposed at 18.5 MW. See
Table 5. This demand assumes a conservative 1.5 MW for the northern Tuscan parcel and 12
MW for the southern parcel. If the Tuscan Village development grows to a demand closer to
what is reflected in Table 5, the overloads and voltages presented in this study worsen
considerably and could result in new violations not currently identified.

Each Alternative Plan was reviewed on the 13.2 kV and 22.8 kV system.
Distribution System Ratings were used to identify any station, supply line, and distribution
circuit system capacity and reliability deficiencies, as applicable to Liberty Utilities Planning

Criteria. The Liberty Utilities Planning Criteria has been reviewed and updated with PUC Staff
input.
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Substation Transformer

Distribution Circuit

Normal

Loading to remain within
100% of normal rating.

Voltage at customer meter
to remain within
acceptable range.

Circuit phasing is to remain
balanced.

Loading to remain within
100% of normal rating.

Voltage at customer meter
to remain within
acceptable range.

Circuit phasing is to remain
balanced.

Loading to remain within
100% of normal rating.

Voltage at customer meter
to remain within
acceptable range.

Circuit phasing is to remain
balanced.

N-1 Contingency, which
results in facilities
operating above their Long-
Term Emergency (LTE)
rating but below their
Short-Term Emergency
(STE) rating.

Load must be transferred
to other supply lines in the
area to within their LTE
rating.

Repairs are expected to be
made within 24 hours.

Evaluate alternatives if
more than 120 MWhr of
load at risk results
following post-contingency
switching.

Load must be transferred
to nearby transformer to
within their LTE rating.

Repairs or installation of
Mobile Transformer
expected to take place
within 24 hours.

For transformers larger
than 10 MVA nameplate,
evaluate alternatives if
more than_ 180 MWhr of
load at risk results
following post-contingency
switching.

Load must be transferred
to nearby feeder to within
their LTE rating.

Repairs expected to be
made within 24 hours.

Evaluate alternatives if
more than 16 MWhr of
load at risk results
following post. (Guideline)

N-1 Contingency, which
results in facilities
operating above their
Short-Term Emergency
(STE) rating.

As Needed - Typically 15
min for OH conductors and
24 hours for UG cables.

Loads must be reduced
within 15 minutes to
operate within their LTE
rating.

As Needed - Typically 15
min for OH conductors and
1-24 hours for UG cables.

Table 6 Liberty Utilities Planning Criteria

3.5 Active & Completed Projects

Installation of a 115 kV/13.2 kV - 33/44/55 MVA transformer, a 115kV in-line breaker and two
13.2kV feeders at the Golden Rock Substation and the offload of Barron Avenue Substation
was completed in December 2019 (Barron Ave Substation modular feeders will remain available
for emergency use throughout construction of the recommended plan).

e An extension of Pelham 14L4 was completed in 2018 to provide temporary load relief
and system capacity in the Salem Area. This temporary solution enables Liberty to
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provide electric service to a portion, but not all, of Tuscan Village Development
anticipated load while the Rockingham Substation is constructed.

¢ Installation of the third Golden Rock feeder to reduce load at risk at Spicket River
substation is expected to be completed in 2020. Installation of a second 115kV at
Golden Rock is expected to be completed in 2020.

4.0 Problem lIdentification

4.1 Thermal Loading — Existing Violations

Existing system analysis reviewed two base cases, one being the 2019 peak case,
without a new 115 kV / 22.8 kV supply transformer at Golden Rock. A second base case
was also reviewed, as the recent addition of a 115 kV / 22.8 kV supply transformer at
Golden Rock with three distribution feeders is needed to adequately reflect the Salem
Area system modifications that have been approved by the NHPUC. Analysis results in
this section represent the 2019 peak base case.

4.1.1 Normal Configuration — based on 2019 peak loads

4.1.1.1 Sub-Transmission System

Analysis resulted in no violations.

4.1.1.2 Transformers

Analysis resulted in no violations.

4.1.1.3 Feeders

The 13.2 kV distribution system supplies the peak load demand with no
violations. However, to accommodate this loading the feeder 14L4 supplied
from the Pelham Substation has been temporarily placed in an abnormal
configuration. It is supplying load transferred from Salem to allow for the
Tuscan Village increasing load.

4.1.2N-1 Contingency & Load-At-Risk

4.1.2.1 Sub-Transmission System

Base Case 22.8 kV Analysis determined that the 22.8 kV supply system is
nearing Summer Emergency limits in certain first contingency scenarios,
refer to Appendix C — Area Loading Analysis, Table 13. As a result, no
additional load should be added to the Salem 22.8 kV system, and no
future load growth can occur without future overloads.

The Spicket River No.13 Station is currently supplied at 22.8 kV by the
2376 circuit from the National Grid Ward Hill Substation in Methuen, MA.
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The 2376 circuit ties with the 2353 circuit, which also originates from Ward
Hill, via a pole mounted recloser loop scheme. The tie is located in the
Spicket River Massachusetts Right of Way. Downstream of the 2376/2353
tie, the 2376 continues for 4.3 miles in National Grid territory crossing into
New Hampshire and continuing 0.9 miles to the Spicket River No. 13
Substation. Approximately 5.2 miles of the 2376 is exposed to outages
without any backup, with 4.3 miles in National Grid maintenance territory
and 0.9 miles in Liberty Utilities territory.

The loss of the 22.8 kV source for an outage on the 5.2-mile section would
require the Spicket River circuits to be backed up by existing distribution
circuit ties, however area feeders are not positioned geographically to re-
supply the Spicket River distribution feeders. To resolve low voltage issues
during contingency, even cascading load does not re-supply Spicket River
in all scenarios. While analysis shows that Spicket River distribution
feeders can be patrtially re-supplied via distribution ties to avoid exceeding
MWHIr criteria, a minimum of fifteen switching steps would be required for
partial re-supply; presenting operability challenges. Appendix E — Spicket
River Backup Analysis for details.

Liberty Utilities relies on the Transmission provider to expedite repairs
should an outage related problem occur anywhere along the 4.2 miles of
transmission owned 2376 sub-transmission line downstream of the
2376/2353 tie. Loss of the 23 kV sub-transmission supply circuit to the
Spicket River No.13 Station could cause Liberty Utilities to have up to 226
MWHrs of load at risk, after restorative switching occurs and for an
assumed repair time of 12 hours. This violates Liberty’s planning criteria of
120 MWhrs. In 2021 an express feeder 19L4 will be installed from the
Golden Rock Substation to Spicket River to reduce the load at risk to below
120 MWhrs.

4.1.2.2 Transformers

The Golden Rock Station is currently supplied radially from National Grid’s
G133 115 kV line which originates in West Methuen Station in MA. The
station is backed up by National Grid’s 22.8 kV lines 2376 and 2353 which
originate in Methuen and West Methuen Stations in MA. Liberty Utilities
relies on the Transmission provider to expedite repairs should an outage
related problem occur on the 115 kV line or on the substation transformer.
Loss of either could cause Liberty Utilities to have up to 300 MWHrs of load
at risk, after restorative switching occurs and for an assumed repair time of
24 hours. This violates Liberty’s planning criteria of 180 MWhrs. In 2021, a
new 115kV transmission line will be installed from Methuen to Salem NH to
resolve the load at risk related to the loss of the 115 kV transmission line.
This however does not address the load at risk issue with the loss of the
115-22.8 kV transformer at Golden Rock. See Appendix D — MWHr
Summary for details.
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4.1.2.3 Feeders

Analysis resulted in no violations.

4.2 Thermal Loading — Predicted Violations

System analysis for this section reviewed two base cases, one being the 2019 peak
case, without a new 115 kV / 22.8 kV supply transformer at Golden Rock. A second
base case was also reviewed, as the recent addition of a 115 kV / 22.8 kV supply
transformer at Golden Rock with three distribution feeders is needed to adequately
reflect the Salem Area system modifications that have been approved by the NHPUC.
Analysis results in this section represent the 2022 Base Case with Tuscan Village
development, and the recent addition of a 115 kV / 22.8 kV supply transformer at
Golden Rock in-service.

4.2.1 Normal Configuration

4.2.1.1 Sub-Transmission System

Analysis resulted in no violations.

4.2.1.2 Transformers

Analysis resulted in the following violations:
e Salem Depot 9L1 Feeder at 99% in 2022, up to 102% in 2036

Loading percentages are versus Summer Normal Ratings. See Appendix
C — Area Loading Analysis, Table 15. It is assumed that the predicted
demand for the Tuscan Village Development would normally be supplied
by the 9L1 and 18L4 feeders. The 14L4 feeder has been extended from
Pelham NH to Salem NH to provide temporary load relief on the 18L4
feeder to allow Tuscan Village to grow as the recommended solution is
implemented. Until the recommended solution is implemented, the
development will not be able to fully expand to its final configuration due
to the lack of capacity of the distribution system.

4.2.1.3 Feeders

Analysis resulted in the following violations:
e Salem Depot 9L1 Feeder at 99% in 2022, up to 102% in 2036

Loading percentages are versus Summer Normal Ratings. See Appendix C —
Area Loading Analysis, Table 14.
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4.2.2N-1 Contingency & Load at Risk

4.2.2.1 Sub-Transmission System

The Salem 22.8 kV distribution system was originally designed as a dual
fed and redundant system with automatic transfer schemes at the
substations. If loading exceeds the emergency rating on the adjacent
line, steps need to be taken to block transfer at substation which could
potentially result in prolonged outages to avoid overload and damage to
equipment. While some overloads may not result in excess of 120 MWHr
criteria, all supply line overloads are prevented, as they could constitute a
conductor sag hazard or could cause permanent damage to equipment.
Once an interruption occurs, there are several steps that are taken to
ensure that the load can be strategically and safely be placed back in
service to within ratings of the equipment. This could result in many
customer outages of long duration.

Analysis resulted in the following predicted violations:
e 2352 overloads:
o0 Golden Rock to Barron Ave Tap at 99% in 2022, up to 102% in
2036
o0 Olde Trolley Tap to Olde Trolley at 104% in 2022, up to 107%
in 2036
e 2393 overloads:
0 Golden Rock to Barron Ave Tap at 99% in 2022, up to 102% in
2036
0 Barron Ave Tap to Olde Trolley Tap at 115% in 2022, up to
118% in 2036
o0 Olde Trolley Tap to Olde Trolley at 104% in 2022, up to 107%
in 2036
e 2353 MECo to Golden Rock at 142% in 2022, up to 149% in 2036.

Loading percentages are versus Summer Emergency Ratings. See Appendix
C — Area Loading Analysis, Table 18.

4.2.2.2 Transformers

Analysis resulted in the following violations:

Salem Depot 9L1 Transformer at 119% in 2022, up to 123% in 2036
Salem Depot 9L2 Transformer at 131% in 2022, up to 135% in 2036
Salem Depot 9L3 Transformer at 104% in 2022, up to 107% in 2036
Olde Trolley 18L1 Transformer at 98% in 2022, up to 101% in 2036
Olde Trolley 18L2 Transformer at 98% in 2022, up to 101% in 2036
Olde Trolley 18L3 Transformer at 97% in 2022, up to 100% in 2036
Olde Trolley 18L4 Transformer at 97% in 2022, up to 100% in 2036

Loading percentages are versus Summer Emergency Ratings. See Appendix C
— Area Loading Analysis, Table 17).
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4.2.2.3 Feeders

Analysis resulted in the following Year 2022 violations:

e Spicket River 13L2 Feeder has a MWHr violation at 17.5 MWHTrs
e Olde Trolley 18L3 Feeder has a MWHr violation at 23.5 MWHTrs
e Olde Trolley 18L4 Feeder has a MWHr violation at 23.4 MWHrs

4.3 Asset Condition

ControlPoint and Liberty Utilities’ Engineering and Substation teams reviewed asset conditions
within the Study Area. The evaluation included the following:

1.

2.

Site visits to all Salem area Stations.

Review of past condition assessment reports provided to Liberty Utilities by
National Grid and by United Power Group, Inc in 2014.

Review - National Grid Internal Strategy Document Distribution Substation
Transformers Revised Strategy — October 2009.

Recent DGA Tests for available transformers at Barron Ave and Salem Depot.
Consultation with Liberty Utilities’ Operations and Control Center personnel

Walkthrough of the area substations with PUC Staff. This walkthrough was
performed in June 2020 with PUC Staff to visit all of the Salem Area substations to
discuss benefits of the 115kV sourced substations and drawbacks and limitations
of the existing 23kV sourced substations. Preliminary findings of the Salem Area
Study was provided for discussion.

Field reviews assessed the feasibility of adding additional modular feeder positions at each
substation and upgrading existing equipment. Asset condition concerns were found at Barron
Ave and Salem Depot Substations and are documented below.

43.1

Barron Ave Substation

The following is a list of asset condition concerns at Barron Ave Substation:

The substation was originally constructed in early 1960s

In 2009, the 10L1 supply transformer was deemed in “need of replacement” by
2014 due to “combustible gasses present”®

The 10L1 Transformer bushings are showing signs of deterioration.’

In 2009, the 10L4 supply transformer was deemed in “need of replacement” by
2025 due to “combustible gasses present” 8

6 Annex A - National Grid Internal Strategy Document Distribution Substation Transformers Revised
Strategy — October 2009

7 Annex B — 10L1 Testing & Maintenance Report: United Power Group - August 2014

8 Annex A - National Grid Internal Strategy Document Distribution Substation Transformers Revised
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¢ The 10L4 Transformer bushings are showing signs of deterioration and are leaking
oil around the bottom valve.®

e The 10L1 recloser has a McGraw-Edison Form 3 Control, which uses cartridges to
select a limited number of protection curves. The device is obsolete, so finding a
reliable source for new cartridges or parts is difficult. Other area utilities are actively
retiring Form 3s because of its shortcomings with protection coordination and parts
availability.

e Circuit Regulator Contacts are nearing end of useful life. The internal contacts are
not a regular maintenance items, typical practice would be to replace the units
entirely.

e Height to live parts inside the substation is below minimum height clearance
requirements for a modern substation (See Appendix B — Asset Condition
Documents, Figure 49, Figure 50, and Figure 51). Space is limited for new
equipment access for installation & maintenance. Maintenance work near live parts
requires extra time and/or outages to be able to maintain worker safety. The load
growth in the area will further strain the equipment and will limit the ability of the
Company to re-supply the load from alternate supplies to perform maintenance
and/or emergency restorations.

e Recent Dissolved Gas Analysis (DGA) tests from April 2020 concluded that 10L1
and 10L2 transformers are both showing elevated levels of carbon monoxide
and/or carbon dioxide, indicating signs of overheated cellulose insulation.*°

e System Control has multiple concerns with operating the facilities at Barron Ave
Station. Lack of monitoring and remote control of the equipment is a major
concern. It is difficult to react efficiently while being forced to rely on customer calls
for outages. Additional safety concerns exist given the lack of ability to remotely de-
energize facilities quickly in emergency situations.

4.3.2 Salem Depot Substation
The following is a list of asset condition concerns at Salem Depot Substation:

¢ The substation was originally constructed in 1950s

e The existing 9L1 and 9L2 Breaker Positions and bus are constructed on Wood Pole
Structures with limited clearance. The concern with wood pole structures is they
lose their structural integrity over time. This deterioration causes equipment and
brackets containing equipment to not function as designed and could lead to
catastrophic equipment failure and faults during operation. In addition, maintenance
work near live parts requires extra time and/or outages to be able to maintain
worker safety. The added load growth will limit the ability of the Company to re-
supply load from alternate supplies to perform maintenance and/or emergency
restorations.

e Both the 9L1 and 9L2 transformers contain Polychlorinated Biphenyl (PCB) oil. The
9L1 contains 690 gallons of PCB oil. The 9L2 transformer contains 1,010 gallons of
PCB oil. PCB oil is a widely recognized environmental risk.

Strategy — October 2009
9 Annex C — 10L4 Testing & Maintenance Report: United Power Group - September 2014
10 Annex E — 2020 Dissolved Gas Analysis: Weidmann
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¢ Height to live parts inside the substation is below minimum height clearance
requirements for a modern substation (See Appendix B — Asset Condition
Documents, Figure 52, Figure 53, and Figure 54).

e 9L1 has shown previous history of combustible gas over 1,000 (uL/L). In 2009 it
was recommended to be replaced by 2014.1!

e 9L2 has shown previous history of combustible gas over 1,000 (uL/L). In 2009 it
was recommended to be replaced by 2014. Recent tests indicate an immediate
risk of failure.?

e 9L3 has shown previous history of elevated combustible gas. In 2009 it was
recommended to be replaced by 2025. 3

e 9L1 and 9L2 Circuit Regulator Contacts are nearing end of useful life. Typical
practice would be to replace the units entirely.

e The existing bus structure configuration for two of the existing feeders greatly
restricts the ability to upgrade/replace the existing transformers and require a
complete rebuild.

e The 9L3 Transformer 9T3's H3 bushing is showing signs of deterioration.*
System Control has multiple concerns with operating the facilities at Salem Depot
Station. Lack of monitoring and remote control of the equipment is a major
concern. It is difficult to react efficiently while being forced to rely on customer calls
for outages. Additional safety concerns exist given the lack of ability to remotely de-
energize facilities quickly in emergency situations.

4.3.3 New 22.8 /13.2 kV Substation Construction Feasibility

It is expected per the Asset Condition Review performed by ControlPoint that any new
feeder additions or equipment replacements at either Barron Ave or Salem Depot
Substations will trigger significant modifications and the need for complete rebuild of
the substations to ensure proper OSHA/NESC clearances for worker safety, and
conformance with Company requirements for SCADA, GridMod, communications, and
other monitoring and control protocols.

Safety concerns with improper clearances would require large portions of the
substation to be de-energized and re-supplied from alternate feeds while the
modifications are made. The load growth in the area will prevent these planned
outages from taking place and could impact the Company’s ability to modify these
substations and meet customer expectations of electric service in a timely manner.

Conceptual designs were developed as a part of the review to approximate the
required footprint needed to rebuild Barron Ave and Salem Depot Substations. The
conceptual designs account for the space needed for incoming 22.8 kV supply lines,
22.8 kV protective devices, supply transformers, 13.2 kV breakers, circuit regulators

11 Annex A - National Grid Internal Strategy Document Distribution Substation Transformers Revised
Strategy — October 2009

12 Annex E — 2020 Dissolved Gas Analysis: Weidmann
Barron Ave 10L2 - Test Report #
13 Annex A - National Grid Internal Strategy Document Distribution Substation Transformers Revised
Strategy — October 2009
14 Annex D — 9L3 Testing & Maintenance Report: United Power Group - August 2014
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and space to accommodate maintenance for each modular feeder position. See
Appendix B — Asset Condition Documents, Figure 45 and Figure 46 for conceptual
equipment layouts, and Figure 47 and Figure 48 for site layout sketches. Please note
that the substation designs are conceptual, meant only to approximate required space
for new facilities.

At Barron Ave Substation, the space for a substation rebuild to accommodate an
anticipated (4) four 13.2 kV feeders is limited by the existing parcel. The Spicket River
travels along the southern border of the parcel, Public Way limits the northern border,
and the Salem Rail Trail limits the eastern border.

A rebuild of the substation would require much of the existing infrastructure to be
temporarily moved or taken out of service to make room for new construction.
Operating the system with these facilities unavailable presents many challenges. With
the existing off-schedule equipment, construction would be limited to light loading
periods, and additional outages could prove difficult to restore. Care would need to be
taken to avoid environmental concerns associated with temporary or permanent
construction in the vicinity of Spicket River. Integrating adequate access to the
equipment for operation and maintenance, expanding the station footprint, adding a
control house, developing feeder getaway routes, all present challenges.

Salem Depot Substation also has space constraints for additions or rebuild of the
substation. To get an anticipated five (5) 13.2 kV feeders served from Salem Depot,
the required substation footprint challenges the limits of the parcel. A rebuild of the
substation would require much of the existing infrastructure to be temporarily moved or
taken out of service to make room for new construction. Operating the system with
these facilities unavailable presents many challenges. With the existing off-schedule
equipment, additional outages could prove difficult to restore. Integrating adequate
access to the equipment for operation and maintenance, expanding the station
footprint, adding a control house, developing feeder getaway routes, all present
challenges.

At Salem Depot Substation, purchase of the parcels adjacent to the existing substation
parcel was investigated. The property owner of the nearby residential property was not
interested in selling. When contacted, the now vacant lot which previously held a
restaurant was not interested in selling. Since then, the restaurant is no longer
operating due to fire damage.
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4.4 Power Quality & Voltage Performance

4.4.1 Supply System Loss Comparison

Each of the studied supply system configurations was evaluated for performance from a
system losses perspective. These values represent losses on the supply system,
including supply transformers, with proposed Tuscan Village load. See Section 3.4 for
configuration descriptions.

o Supply Configuration #1 (@ 22.8 kV): Area losses: 2.1 + j26.9 MVA = 26.98 MVA
o Supply Configuration #2 (@ 115 kV): Area losses: 1.0 + j15.4 MVA = 15.43 MVA

Results show that the options utilizing a 115 kV supply system would have approximately
half the kW supply losses when compared to a 22.8 kV supply system. Under a 115kV
supply configuration, Liberty’s distribution customers could save up to $761,813 annually.

With regards to energy service, customers could save up to $623,633 annually. This
reflects transmission savings.

4.4.213.2 kV Distribution System Loss Comparison

Each of the studied distribution system configurations was evaluated for performance from
a system losses perspective. These values represent losses on the primary (13.2 kV)
lines only, with proposed Tuscan Village load.

Alt#1 Alt #2 Alt#3 Alt#4 Alt#5 Alt#6 Alt#7
Alt#1 Feeder Alt #2 Feeder Alt#3 Feeder Alt#4 Feeder Alt#5 Feeder Alt#6 Feeder Alt#7 Feeder
Feeder kw Feeder kw Feeder kw Feeder kw Feeder kw Feeder kw Feeder kw
Losses Losses Losses Losses Losses Losses Losses
10L1 110.55 10L1 132.17 10L1 157.74 10L1 8.17 10L1 8.24 21L1 46.23 10L1 51.58
10L2 31.55 10L2 156.07 10L2 57.75 10L2 150.35 10L2 149.90 21L5 127.82 10L2 19.50
10L4 40.01 10L4 33.86 10L4 33.86 10L4 40.01 10L4 40.03 13L1 196.33 10L4 33.84
13L1 206.79 13L1 194.34 13L1 41.11 10L5 40.88 21111 23.18 13L2 95.54 13L1 195.38
13L2 114.89 13L2 95.55 13L2 20.11 13L1 22.26 13L1 4111 13L3 93.59 13L2 94.44
13L3 79.22 13L3 96.92 13L3 9.94 13L2 23.59 13L2 23.31 18L1 7.06 13L3 91.90
18L1 5.79 18L1 7.01 18L1 192.02 13L3 5.79 13L3 25.18 18L2 35.43 18L1 7.01
18L.2 0.02 18L2 2.82 18L.2 7.06 14L4 123.17 14L4 262.18 18L3 109.96 18L2 78.56
18L3 118.16 18L3 110.14 18L3 2.82 18L1 108.8 18L1 7.06 18L4 123.94 18L3 108.79
18L4 3.26 18L4 10.55 18L4 108.79 18L2 3.31 18L2 124.55 21L6 45.27 18L4 48.07
9Ll 29.06 oLl 29.06 9Ll 10.55 18L3 294.01 18L3 108.79 21L7 7.95 9Ll 27.28
9L2 26.53 aL2 35.84 9L2 10.14 18L4 6.09 18L4 3.31 2118 31.22 9L2 35.84
9L3 76.50 9L3 106.51 9L3 35.84 9L1 9.68 oLl 9.69 19L4 13.14 9L3 104.70
19L4 8.34 19L4 13.14 19L4 106.51 9L2 35.83 aL2 35.84 19L6 48.27 19L4 98.87
19L6 3.23 19L6 60.11 19L6 13.14 9L3 106.51 9L3 106.51 198 50.78 19L6 1.64
19L.8 388.96 198 205.17 19L.8 310.16 9L4 49.47 21L9 317.47 14L4 3.71 1416 112.50
14L4 486.26 14L4 192.02 14L4 205.17 9L5 334.24 21L10 43.63 14L4 401.91
10L5 33.06
9L4 0.08
9L5 334.24
Alt #1 Alt #2 Alt #3 Alt # 4 Alt#5 Alt#6 Alt #7
Total 1,729.12 Total 1,481.28 Total 1,690.09 Total 1,362.16 Total 1,329.98 Total 1,036.24 Total 1,511.81
Losses Losses Losses Losses Losses Losses Losses
Table 7 13.2 kV Feeder Losses by Alternative
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4.4.3 Power Quality — Existing Violations
4.4.3.1 Normal Configuration

22.8 kV Sub Transmission System

Olde Trolley 23 kV bus at .9411 per-unit and Salem Depot 23 kV
bus at .9328 per-unit.

Feeders
Analysis resulted in no violations.

4.4.3.2 N-1 Contingency

Sub Transmission System

Olde Trolley 23 kV bus at .87171 per-unit for either 2352 or
Golden Rock 115/23 kV transformer out-of-service.

Salem Depot 23 kV bus at .86229 per-unit for either 2352 or
Golden Rock 115/23 kV transformer out-of-service.

Feeders

Voltage violations exist during 13L1 contingency. Refer to
Appendix C — Area Loading Analysis, Figure 55.

4.4.4 Power Quality — Proposed Plans

Analysis of multiple Alternative Plans resulted in the following remaining voltage
violations. See Appendix F — 22.8 kV Voltage Analysis for details.

Alternative Plan 3 analysis resulted in the following voltage violations during
contingency:

o Salem Depot 23 kV bus at .9375 per-unit. Olde Trolley 23 kV bus at .9471 per-
unit during normal operating conditions.

e Olde Trolley 23 kV bus at .87857 per-unit for 2352 and Golden Rock 115/23
kV transformer out-of-service.

o Salem Depot 23 kV bus at .8676 per-unit for 2352 and Golden Rock 115/23
kV transformer out-of-service.

Alternative Plan 5 analysis resulted in the following voltage violations during
contingency:

o Salem Depot 23 kV bus at .87524 per-unit for 2352 out-of-service.
Rockingham 23 kV bus at .88188 per-unit for 2352 or second new line out-of-
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service.

Alternative Plan 7 analysis resulted in the following voltage violations during
contingency:

e Olde Trolley 23 kV bus at .89932 per-unit for Golden Rock 115/23 kV
transformer out-of-service.

e Salem Depot 23 kV bus at .89206 per-unit for Golden Rock 115/23 kV
transformer out-of-service.

5.0 Plan Development

After identifying all existing and anticipated problems with the Salem Area, plans were
developed to address system deficiencies.

Plan One through Plan Five focused on alternatives that made attempts to utilize and invest in
the 22.8 kV system to address area issues. Plan Six was very similar to the 2016 Study
recommended plan, utilizing the new Golden Rock Substation’s 115kV/13.2kV transformer and
proposed Rockingham Station’s two 115 kV / 13.2 kV transformers to provide area load relief
and support retirement of deteriorating 22.8 kV assets. Plan Seven utilizes the new Golden
Rock Station 115kV/13.2kV transformer along with the existing 22.8kV/13.2kV modular feeders
and installs an additional new 13.2 kV feeder circuit from Pelham Station #14 to offload Olde
Trolley Station load.

It should be noted that Plans Four and Five are no longer feasible given the recent installation of
a 115kV / 13.2kV transformer at Golden Rock Substation, which has been approved by NHPUC
Staff. The installation of a 115kV / 13.2kV transformer at Golden Rock, common in Plans One,
Two, Three, Six, and Seven of this study, provides much needed load relief to the 13.2 kV
system in the area, and allows load to be transferred from the 22.8 kV supply system that
without it, has existing first contingency MWHr violations. Plans Four and Five were developed
for this study as a hindsight review to compare Plan 6 to Plans Four and Five, which are
focused on expanding the 22.8 kV Sub-transmission system in the area.

Plans One through Three, and Plan Seven rely on an adequate supply from the existing 22.8 kV
supply system to satisfy the area needs. The 22.8 kV supply system capabilities were analyzed
in parallel with the distribution study. See Section 6.0 and Appendix C — Area Loading Analysis
for detalils.

5.1 Plan Summary

¢ Plan One — NH PUC Staff Recommended Plan - Install a second 115 kV transmission
line into Golden Rock Station supplying a new 115 kV/13.2 kV, 33/44/55 MVA,
substation transformer with up to four (4) new circuit positions. Install three 13.2 kV
feeders at Golden Rock Substation to reduce Spicket River Station load at risk, supply
Tuscan Village and support system contingencies. Add four 2,500 kVA generators to
provide additional non-wires contingency support. This plan is estimated at $11,410,000.
(See Figure 5,Figure 6,Figure 7,Figure 8,Figure 9).

¢ Plan Two — Install a second 115 kV transmission line into Golden Rock Station supplying
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a new 115 kV/13.2 kV, 33/44/55 MVA, substation transformer with up to four (4) new
circuit positions. Install three 13.2 kV feeders at Golden Rock Substation to reduce
Spicket River Station load at risk supply Tuscan Village and support system
contingencies. Rebuild Barron Ave and Salem Depot Substations to resolve issues with
equipment condition. This plan is estimated at $24,000,000. (See Figure 10,Figure
11,Figure 12,Figure 13).

Plan Three - Install a second 115 kV transmission line into Golden Rock Station
supplying a new 115 kV/13.2 kV, 33/44/55 MVA, substation transformer with up to four
(4) new circuit positions. Install three 13.2 kV feeders at Golden Rock Substation to
reduce Spicket River Station load at risk, supply Tuscan Village and support system
contingencies. Install one new feeder at Barron Ave and two new feeders at Salem
Depot substations to supply Tuscan Village and support system contingencies. Rebuild
remaining modular feeder at Barron Ave and Salem Depot Stations to resolve issues
with equipment condition. This plan is estimated at $35,310,000. (See Figure 14, Figure
15, Figure 16, Figure 17)

Plan Four - Install a second 115 kV transmission line into Golden Rock Station supplying
a new 115 kVv/22.8 kV, 33/44/55 MVA, substation transformer with four (4) new circuit
positions. From the Golden Rock Substation, install one new double circuit 22.8 kV pole
line along the 22.8 kV Right of Way. Install one new 13.2kV modular feeder at Barron
Ave and two new 13.2kV modular feeders at Salem Depot substations to supply Tuscan
Village and support system contingencies. Rebuild remaining modular feeder at Depot
Ave and Salem Depot Stations to resolve issues with equipment condition. This plan is
estimated at $33,940,000. (See Figure 18, Figure 19, Figure 20, Figure 21)

Plan Five - Install a second 115 kV transmission line into Golden Rock Station supplying
a new 115 kV/22.8 kV, 33/44/55 MVA, substation transformer with up to four (4) new
circuit positions. From the Golden Rock Substation, install two new double circuits 22.8
kV pole line along the 22.8 kV Right of Way. Rebuild Barron Ave and Salem Depot
Stations to resolve issues with equipment condition. Install a 22.8/13.2 kV Substation
with three modular feeders at Tuscan Village. This plan is estimated at $33,150,000.
(See Figure 22,Figure 23,Figure 24,Figure 25,Figure 26)

Plan Six - Install a second 115 kV transmission line into Golden Rock Station supplying
a new 115 kV/13.2 kV, 33/44/55 MVA, substation transformer with up to four (4) new
circuit positions. Install three 13.2 kV feeders at Golden Rock Substation to reduce
Spicket River Station load at risk and retire the Barron Ave Substation. Install two 115
kV transmission lines into Rockingham Station supplying two new 115 kV/13.2 kV,
33/44/55 MVA, substation transformers with up to five (5) new circuit positions each.
Install five 13.2 kV feeders at Rockingham Substation to supply Tuscan Village, support
system contingencies and retire Salem Depot Substation. This plan is estimated at
$35,490,000. (See Figure 27, Figure 28,Figure 29,Figure 30,Figure 31,Figure 32,Figure
33, Figure 34, Figure 35,Figure 36,Figure 37, and Figure 37)

Plan Seven — Installs a 115 kV transmission line into Golden Rock Station supplying a
new 115 kV/13.2 kV, 33/44/55 MVA, substation transformer with up to four (4) new
circuit positions. Install two 13.2 kV feeders at Golden Rock Substation to reduce

28 028



Liberty Utilities
System Planning
Salem Area Study 2020

Spicket River Station load at risk and support system contingencies. Add a second 13.2
kV feeder 14L5 from the Pelham 115kV/13.2kV Station to off load the Olde Trolley
22.8kV/13.2kV Station to supply Tuscan Village and support system contingencies.
Rebuild Barron Ave and Salem Depot Substations to resolve issues with equipment
condition. This plan is estimated at $25,100,000. (See Figure 38,Figure 39,Figure
40,Figure 41,Figure 42,Figure 43,Figure 44)

6.0 Plan Considerations and Comparisons

The effectiveness of each plan to address the identified system deficiencies, including asset
conditions, and meet company strategies are evaluated based on System Performance,
Operability, Future Growth/Expansion Opportunities, Cost and Reserve Capacity Provided.

System Performance is evaluated based on the plan’s potential to deliver reliable power to
customers. In general, new supply sources should be located as close as possible to the load
centers to minimize line losses, maintain voltages within limits and to minimize exposure of
circuits to outages. Densely populated feeders and longer feeders experience more losses,
have a higher rate of interruption and impact to system reliability. In addition, long feeders pose
a challenge in maintaining nominal voltages within acceptable range. Each plan is evaluated on
its ability to maintain nominal voltage within +/- 5% of nominal voltage during peak loading
conditions and customer exposure to interruptions.

Operability is evaluated based on how the plan impacts the safe and efficient operation of the
electric system. It evaluates how the plan’s proposed additions affects the safety of field
personnel and utility workers operating the electric distribution system and how it improves the
ease of operation. Operability is also evaluated on how the plan aligns with the Company’s
strategy to be local and responsive to the needs of our customers and to reduce the reliance on
the transmission provider. It is based on the plan’s ability to meet the company’s distribution
planning criteria which represents the capability of the distribution system to provide reliable
power during system intact conditions and first contingency conditions. It also represents the
ability for the company to appropriately manage day-to-day contingency and storm operating
risks given the company’s resource base.

Future Growth is evaluated based on the plan’s potential to enable future infrastructure
additions and provide for expansion opportunities. For example, a plan that installs a substation
nearest the load centers and has room for expansion, has better growth opportunities than a
plan that installs a substation with a smaller footprint, away from the load centers.

Capacity provided is evaluated based on the plan’s amount of reserve capacity gained for
distribution feeders, substation transformers and supply lines beyond the present distribution
system capabilities. Capacity provided is analyzed by determining the ratio of reserve capacity
gained per dollar invested.

Each plan specifies capacity in two classes; Total MVA capacity and Firm MVA capacity. Total
MVA capacity can be defined in this study as overall capacity made available. Firm MVA
capacity gives a measure of the ability of the Plan to continue to provide capacity in absence of
one major component. Total MVA capacity is often never fully available or utilized, as excess
capacity always needs to be available for contingency scenarios. For example, a double-ended
substation containing two supply transformers, each rated at 50 MVA thermal, would provide
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100 MVA of Total MVA capacity, and 50 MVA of Firm MVA capacity. To responsibly plan for first
contingency (i.e. bus, transformer, or supply failure), the loading on the substation should not be
designed to serve much more than the Firm capacity, 50 MVA in this example, during normal
peak conditions, so that capacity can be available in a first contingency scenario. The
geographical location and ratings of feeders can also limit the available or utilized capacity of a
transformer.

The effectiveness of each plan in addressing each of these areas in a cost-effective manner
was evaluated.

6.1 Plan One

6.1.1 System Performance

Plan One installs a new 115 kV supply to a new 115/13.2kV transformer and three
distribution feeders at the Golden Rock Substation. It adds four 2.5 MVA generators
for backup power, one at Barron Ave, one at Salem Depot and two at Spicket River.
This plan extends the Golden Rock 19L8 feeder and the Barron Ave 10L2 feeder
approximately 2.5 miles and 1.6 miles respectively to supply the Tuscan Village
Development. This results in long feeders to reach the load centers, resulting in
increased kW losses. Please note that the 14L4 circuit was used during analysis to
serve load planned for the 10L2 under this Plan. It is expected that kW losses shown
on the 14L4 would be transferred to the extension of the 10L2.

6.1.2 Operability

Plan One does not resolve existing concerns with substation equipment at Salem
Depot and Barron Ave and will further increase safety hazard risk, maintenance
activities, risk of equipment failure and other concerns described in Section 4.3.
Generator refueling and maintenance located at a substation that already has existing
maintenance concerns also presents an operability challenge. Locating diesel fuel
storage in close proximity to aging substation equipment could also prove hazardous
in the event of a fire.

Strategically placed voltage support equipment such as line capacitors and regulators
are required to resolve low voltage issues during a Spicket River supply contingency.
Cascading load and adding voltage support results in operability challenges with
partial re-supply, occupying valued resources during major outage events. Refer to
Appendix E — Spicket River Backup Analysis for backup overview.

This plan is not consistent with the company’s initiatives in resiliency and grid
modernization and could negatively impact the Company’s response to storms and
emergencies. The lack of SCADA at Salem Depot and Barron Ave Substations limits
visibility for emergency response. The Plan does not address any of the asset needs
at those substations and limits the ability to implement any automated restoration
schemes, or protection schemes related to future DER or smart grid integration.

This plan does the bare minimum to serve Tuscan Village, leaving 22.8 kV circuits
mostly unavailable to re-supply Golden Rock during a contingency event. See
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Appendix C — Area Loading Analysis, Table 23. This plan results in a load at risk at
Golden Rock that is above the allowable per the Distribution Planning Criteria. See
Appendix D — MWHr Summary. This makes outage planning longer and more difficult.
It also does not reduce the reliance on the transmission provider.

6.1.3 Future Growth / Expansion Opportunities

Plan One provides limited opportunities for future expansion of the distribution
system. It provides capacity to supply predicted growth in the Tuscan Village during
system intact conditions but fails to adequately support the area’s predicted demand
during first contingency condition. This plan only provides four feeders to be used for
future load growth at the Golden Rock Substation, three of which would be utilized
under this plan. With no additional capacity available on the 22.8 kV sub-transmission
system, future growth will require a large investment to provide additional capacity
similar to what is being proposed with Plan Six.

6.1.4 Capacity Provided

Plan One provides the least capacity from all plans considered. Appendix G —
Comparison of Plans — Cost vs Added Capacity shows predicted feeder capacity
resulting from Plan One and how it compares with other Alternative Plans considered.
It is estimated that this plan will provide a total MVA increase of 88.7 MVA and
available Firm increase of 10.0 MVA.

6.1.5 Economic Comparison
Plan One is estimated at $11,410,000*°, of which $3,500,000 has been spent to date.
When reviewing cost per MVA capacity provided, Plan One has a cost of
approximately $129,000 per MVA of total capacity provided, and
It also has a cost of approximately $1,410,000 per MVA of firm capacity provided.

Here is where this Plan compares with the other proposed Plans:
e Overall Cost: Lowest
e Cost per Total MVA Capacity: Lowest
e Cost per Firm MVA Capacity: Highest

6.1.6 Other Considerations

Alternative Plan #1 incorporates the use of “non-wires”, using local diesel generation
to help support contingency issues.

Alternative Plan #1 comes with unique siting challenges for diesel generation, fuel

151t should be noted that Plan One also carries with it an estimated annual operating expense of
$200,000 per year for the proposed diesel generation.
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storage, and electrical facilities to accommodate connection to the 13.2 kV
distribution at each substation. While there exists adequate real estate to add diesel
generators, installations at Barron Ave and Salem Depot will require modification of
the substation fence to fit the new facilities. Diesel generator installation at the
substations will be challenging due to its proximity to residential customers, where
noise pollution will be a concern. Storage of diesel fuel and the refueling of the
generator would present an environmental hazard and permitting challenge.
Furthermore, wetlands just to the south (Spicket River) pose environmental concerns
for any new construction at Barron Ave.

Alternative Plan #1 presents concerns with noise pollution and air pollution from
burning diesel fuel. The installation includes two large tractor trailers containing the
generator, fuel tank transformer and protective equipment. Barron Ave Substation will
require electrical facilities to be expanded closer to the residential customer on the
western parcel boundary. A Residential customer adjacent to the substation has been
vocal with complaints with the Substation aesthetics, noise, and work being
performed at Barron Ave.

6.2 Plan Two

6.2.1 System Performance

Plan Two installs a new 115 kV supply to a new 115/13.2kV transformer and three
distribution feeders at the Golden Rock Substation. It builds on Plan One by
rebuilding the existing modular feeders at Barron Ave Station and at Salem Depot
Station. This plan extends the Golden Rock 19L8 feeder and the Barron Ave 10L2
feeder approximately 2.5 miles and 1.6 miles respectively to supply the Tuscan
Village Development. This results in long feeders and the same system performance
issues as discussed in Plan One.

6.2.2 Operability

Plan Two, with the rebuilding of the substation equipment at Salem Depot and Barron
Ave, resolves the asset condition concerns. The rebuilding of these substations also
improves resiliency, providing SCADA for system operators and adequate work
clearances for line workers.

However, this plan lacks the necessary capacity to re-supply the Golden Rock
substation during first contingency, resulting in MWHr violations that are above the
allowable limit per the Planning Criteria. Refer to Appendix D — MWHr Summary.
Refer to Appendix E — Spicket River Backup Analysis for backup overview. It also
does not reduce the reliance on the transmission provider. Increasing modular
transformer capacity while not addressing loaded supply lines will not add useable
capacity to address area issues. The limitation of the 22.8 kV system to supply the
increased load during contingency conditions make system restoration difficult or
impossible, making this Plan impractical.
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6.2.3 Future Growth / Expansion Opportunities

Similar to Plan One, Plan Two provides limited opportunities for future expansion of
the distribution system. It provides capacity to supply predicted growth in the Tuscan
Village during system intact conditions but fails to adequately support the area’s
predicted demand during first contingency condition.

This plan only provides four feeders to be used for future load growth at the Golden
Rock substation, three of which would be utilized under this plan. Although Salem
Depot Substation and Barron Ave Substations are rebuilt under this plan with
additional feeder availability, lacking capacity available on the 22.8 kV sub-
transmission system limits the overall load-carrying capability of the two substations.
See Appendix C — Area Loading Analysis, Table 27 and Table 28. As a result, future
growth will also require a large investment to provide additional capacity, similar to
what is being proposed with Plan Six.

6.2.4 Capacity Provided

Plan Two provides the third least capacity from all plans considered. Appendix G —
Comparison of Plans — Cost vs Added Capacity shows predicted feeder capacity
resulting from Plan Two and how it compares with other Alternative Plans considered.
It is estimated that this plan will provide a total MVA increase of 104.7 MVA and
available Firm increase of 17.1 MVA.

6.2.5 Economic Comparison
Plan Two is estimated at $24,000,000, of which $3,500,000 has been spent to date.

When reviewing cost per MVA capacity provided, Plan One has a cost of
approximately $229,000 per MVA of total capacity provided, and
It also has a cost of approximately $1,403,000 per MVA of firm capacity provided.

Here is where this Plan compares with the other proposed Plans:
e Overall Cost: 2" Lowest
e Cost per Total MVA Capacity: 2" Highest
e Cost per Firm MVA Capacity: 2" Highest

6.2.6 Other Considerations

Alternative Plans #2 and #3 (described below) each require complete rebuilds of
Barron Ave and Salem Depot Substations, where Salem Depot would likely require
additional real estate acquisition. Refer to Section 4.3.3 for further discussion. The
land required for a Substation rebuild at Barron Ave may be available, but is limited,
due to Spicket River along the southern border of the parcel, Barron Ave to the north,
residential property to the west, and Salem Rail Trail to the east. To utilize the
existing parcel, the existing Barron Ave facilities would require removal. This puts
added stress on the other modular substation transformers and further limits the
system during contingency. Wetlands concern also limits the space available at
Barron Ave for a complete rebuild. To rebuild Salem Depot, additional real estate
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acquisition would be required on parcels just north of the Substation, where the
Customer was approached by Liberty and was not interested in selling. Liberty
Utilities owns a 6,100 square foot strip of land adjacent to Salem Depot on Middle
Street, where could be made available for an additional feeder position, however two
underground feeder getaways (9L2 and 9L3) are currently routed through the parcel,
along with one overhead line (9L1) and pole mounted recloser, that would require
relocation. It should be noted that these feeder relocations were not considered in the
Plan (applicable to Plans 2,3,4,5,7) estimates.

6.3 Plan Three

6.3.1 System Performance

Similar to Plan Two, Plan Three installs a new 115 kV supply to a new 115/13.2 kV
transformer and three distribution feeders at Golden Rock Substation. Like Plan Two,
It rebuilds the existing modular feeders at Barron Ave Station and at Salem Depot
Station. It builds on Plan Two by installing one new modular feeder at Barron Ave
Station and two new modular feeders at Salem Depot Station.

Modeling of the 23kV system identified the following violations of the Distribution
Planning Criteria related to voltage performance. Refer to Appendix F —22.8 kV
Voltage Analysis.

During normal operation, Plan 3 results in voltages as low as 0.9375 per-unit at the
Salem Depot 23kV bus and 0.9471 per-unit at the Olde Trolley 23kV bus.

During contingency operation, Plan 3 results in voltages as low as 0.879 per-unit at
the Olde Trolley 23kV bus for either a 2352 outage or a Golden Rock T1 transformer
outage. It also results in voltages as low as 0.877 per-unit for either a 2352 outage or
a Golden Rock T1 transformer outage.

6.3.2 Operability

Plan Three proposes to rebuild the substation equipment at Salem Depot and Barron
Ave, resolving the asset condition concerns. Refer to Section 4.3.3 for further
discussion. This plan is consistent with the company’s initiatives in resiliency and
available capacity but still has shortcomings due to lack of supply capacity during
contingencies. This plan lacks the necessary capacity to re-supply the Golden Rock
substation during first contingency, resulting in MWHTr violations that are above the
allowable limit per the Planning Criteria. Refer to Appendix D — MWHr Summary. It
also does not reduce the reliance on the transmission provider. This plan is not
sustainable due to the existing 22.8 kV sub-transmission system'’s lack of capacity
with no available source to supply it. See Appendix C — Area Loading Analysis, Table
33. The limitation of the 22.8 kV system to supply the increased load make this Plan
impractical.
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6.3.3 Future Growth / Expansion Opportunities

Plan Three does not provide for future capacity additions, as substations are
expanded to their maximum footprint. The ultimate design of five feeders from the
Salem Depot Substation, four feeders from Barron Ave coupled with the opportunity
to install an additional four feeders from the Golden Rock substation adds adequate
capacity on the 13.2 kV system. However, as stated for Plan Two, increasing modular
transformer capacity while not addressing loaded supply lines will not add useable
capacity to address area issues. There is no capacity available to support the
installed capacity from the 22.8 kV sub-transmission system and as such this Plan is
not viable. See Appendix C — Area Loading Analysis, Table 33.

To accommodate any future expansion or growth, a plan such as Plan Six will be
required.

6.3.4 Capacity Provided

Plan Three provides the fourth least capacity from all plans considered. Appendix G —
Comparison of Plans — Cost vs Added Capacity shows predicted feeder capacity
resulting from Plan Three and how it compares with other Alternative Plans
considered. It is estimated that this plan will provide a total MVA increase of 146.9
MVA and available Firm increase of 60.3 MVA. Lack of capacity provided by this plan
on the 22.8 kV system makes this Plan not viable.

6.3.5 Economic Comparison
Plan Three is estimated at $35,310,000, of which $3,500,000 has been spent to date.
When reviewing cost per MVA capacity provided, Plan Three has a cost of
approximately $240,000 per MVA of total capacity provided, and
It also has a cost of approximately $586,000 per MVA of firm capacity provided.

Here is where this Plan compares with the other proposed Plans:
e Overall Cost: 2" Highest
e Cost per Total MVA Capacity: Highest
e Cost per Firm MVA Capacity: 4" Highest

6.3.6 Other Considerations

Plan Three has the same siting concerns as discussed in Plan Two.
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6.4 Plan Four

This plan review was for comparison only and is not feasible. See Section 5.0.

6.4.1 System Performance

Plan Four installs a new 115 kV supply to a new 115/22.8 kV transformer and one
22.8 kV feeder at Golden Rock Substation. It rebuilds the existing modular feeders at
Barron Ave Station and at Salem Depot Station. It also installs one new modular
feeder at Barron Ave Station and two new modular feeders at Salem Depot Station.
This plan extends the Barron Ave 10L2 feeder approximately 1.6 miles to supply the
Tuscan Village Development. Reliability concerns posed by aging and obsolete
equipment is mitigated by the replacement of the aging equipment at Salem Depot
and Barron Ave Substations.

6.4.2 Operability

Plan Four has operability required to operate the system. It rebuilds two substations
with six 23/13.2kV transformers, eliminating aging equipment, maintenance and
operating concerns. Adds three additional modular feeders one at Barron Ave and
two at Salem Depot. Refer to Section 4.3.3 for further discussion. This plan provides
capacity to allow future distribution automation further improving operability of the
system and storm response. The added capacity allows Liberty to re-supply the
Spicket River and Golden Rock substations during first contingency condition.

6.4.3 Future Growth / Expansion Opportunities

Plan Four provides for future capacity additions in an area expected to experience
significant growth. The ultimate design of five feeders from the Salem Depot
Substation, four feeders from Barron Ave coupled with the additional four feeders at
the Golden Rock substation adds adequate capacity on the 22.8 kV system to
support the additional modular feeders. It should be noted that Barron Ave and Salem
Depot Substations would be expanded to their maximum footprint after addition of the
new modular feeder positions.

6.4.4 Capacity Provided
Plan Four provides the second most capacity from all plans considered.
Appendix G — Comparison of Plans — Cost vs Added Capacity shows predicted feeder
capacity resulting from Plan Four and how it compares with other Alternative Plans

considered. It is estimated that this plan will provide a total MVA increase of 152.1 MVA
and available Firm increase of 108.1 MVA.

6.4.5 Economic Comparison
Plan Four is estimated at $33,940,000, of which $0 has been spent to date.

When reviewing cost per MVA capacity provided, Plan Three has a cost of
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approximately $223,000 per MVA of total capacity provided, and
It also has a cost of approximately $314,000 per MVA of firm capacity provided.

Here is where this Plan compares with the other proposed Plans:
e Overall Cost: 3" Highest
e Cost per Total MVA Capacity: 3" Highest
e Cost per Firm MVA Capacity: 6" Highest

6.4.6 Other Considerations

Due to asset concerns and the need for complete substation rebuilds at Barron Ave
and Salem Depot to implement a 22.8 kV-based solution, the considerations
described for Plan Two are also associated with Alternatives #4 and #5. Alternative
#4 also requires new 22.8 kV supply lines, however existing right-of-way corridors are
expected to be adequate for the new lines. Permits for new pole locations and
vegetation management would be necessary to implement Alternative #4.

Plan Four shifts the demand further out towards the end of the 23kV system which
could require additional infrastructure improvements not identified in this study. Ata
minimum it would require replacement of two 22.8 kV line reclosers rated at 1,000
Amps continuous operating current to handle contingency power flows. A detailed
protection study would be required to determine if overcurrent pickups could be
increased and still achieve proper coordination among devices at Golden Rock
Substation, 22.8 kV line reclosers, and Salem Depot Substation, which, based on
past review may not be achievable.

6.5 Plan Five

This plan review was for comparison only and is not feasible. See Section 5.0.

6.5.1 System Performance

Plan Five installs a new 115 kV supply to a new 115/22.8 kV transformer and one
22.8 kV feeder at Golden Rock Substation. It rebuilds the existing modular feeders at
Barron Ave Station and at Salem Depot Station. It installs a new 22.8/13.2 kV Tuscan
Village Substation with three 13.2kV modular feeders with space for a fourth feeder.
Being located centrally in the town of Salem, results in shorter feeders to supply load
from Rockingham Substation and flexibility to support other parts of the study area
during first contingency conditions. Shorter feeders consist of fewer elements that can
fail and typically have fewer outages and less losses. Reliability concerns posed by
aging and obsolete equipment is mitigated by the replacement of the aging Salem
Depot and Barron Ave.

This plan results in facilities that can maintain adequate voltage on all distribution

feeders during system intact and first contingency conditions but cannot maintain
adequate voltages on the 23kV system during contingency conditions.
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During contingency operation, Plan 5 results in voltages as low as 0.875 per-unit at
the Salem Depot 23KV bus for a 2352 outage. It also results in voltages as low as
0.88 per-unit at the Rockingham 23kV bus for a Line #2 outage. Refer to Appendix F
— 22.8 kV Voltage Analysis.

6.5.2 Operability

Plan Five has operability required to operate the system. It rebuilds two substations
with six 23/13.2kV transformers, eliminating aging equipment, maintenance and
operating concerns. Refer to Section 4.3.3 for further discussion. Adds a new
substation with three additional modular feeders close to the load center. This plan
provides capacity to allow future distribution automation further improving operability
of the system and storm response. The added capacity allows Liberty to re-supply the
Spicket River and Golden Rock substations during first contingency condition.

6.5.3 Future Growth / Expansion Opportunities

Plan Five provides for future capacity additions in an area expected to experience
significant growth. The ultimate design of three updated feeders at the Salem Depot
Substation, three updated feeders from Barron Ave coupled three new 22.8/13.2 kV
modular feeder at the new Tuscan Village Station with the additional four feeders at
the Golden Rock substation adds adequate capacity on the 22.8 kV system to
support the additional modular feeders, although somewhat limited by the 23kV
voltage performance.

6.5.4 Capacity Provided

Similar to Plan Four, Plan Five provides the second most capacity from all plans
considered. However, it has 14.4 MVA less Firm capacity added. Appendix G —
Comparison of Plans — Cost vs Added Capacity shows predicted feeder capacity
resulting from Plan Five and how it compares with other Alternative Plans considered.
It is estimated that this plan will provide a total MVA increase of 152.1 MVA and
available Firm increase of 93.7 MVA.

6.5.5 Economic Comparison
Plan Four is estimated at $33,150,000, of which $1,500,000 has been spent to date.

When reviewing cost per MVA capacity provided, Plan Three has a cost of
approximately $218,000 per MVA of total capacity provided, and
It also has a cost of approximately $354,000 per MVA of firm capacity provided.

Here is where this Plan compares with the other proposed Plans:
e Overall Cost: 4" Highest
e Cost per Total MVA Capacity: 4" Highest
e Cost per Firm MVA Capacity: 5" Highest
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6.5.6 Other Considerations

Alternative #5 requires the same considerations as Alternatives #2 through #4, with
the addition of a new substation at Tuscan Village, which will require real estate
acquisition and environmental permitting. Liberty has purchased the land required for
a proposed Rockingham Substation.

Plan Five also has the same concerns as Plan Four regarding system demand being
shifted further out the 22.8 kV system and even more so with Plan 5. Like Plan Four
this would require an additional protection study to determine required infrastructure
improvements and if adequate coordination can be achieved.

6.6 Plan Six

6.6.1 System Performance

Plan Six installs a new 115/13.2kV Rockingham substation at the load center in the
Tuscan Village Development. Being located centrally in the town of Salem, results in
shorter feeders to supply load from Rockingham Substation and flexibility to support
other parts of the study area during first contingency conditions. Shorter feeders
consist of fewer elements that can fail and typically have fewer outages and less
losses. Refer to Section 4.4 for loss comparison. This plan results in facilities that
can maintain adequate voltage on all distribution feeders during system intact and
first contingency conditions. Reliability concerns posed by aging and obsolete
equipment is mitigated by the retirement of the aging Salem Depot and Barron Ave
Substations, and the installation a more modern and robust Rockingham substation.

6.6.2 Operability

Plan Six has the best operability over the other plans. It retires two substations
including six 23/13.2kV transformers, with aging, maintenance and operating
concerns. This plan provides capacity to allow future distribution automation further
improving operability of the system and storm response. The added capacity allows
Liberty to re-supply the Spicket River and Golden Rock substations during first
contingency condition resulting in the plan that most reduces the reliance in the
transmission provider.

The breaker-and-a-half substation design proposed for Rockingham Substation is
commonly used by utilities for new substations because it is easy to expand, provides
high reliability, and allows flexibility in operation, allowing for breaker, bus, or
transformer maintenance without taking an outage. This new substation would also
meet Liberty Standards for SCADA, which provides valuable data for system
operators and engineering.

Alternative Plan Six, compared to other Plans, installs three new supply transformers.

Plans Two through Five, and Seven, invest in the limited 22.8 kV system that utilize
up to nine supply transformers that require regular maintenance.
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6.6.3 Future Growth / Expansion Opportunities

Plan Six provides for future capacity additions in an area expected to experience
significant growth. The ultimate design of ten feeders from the Rockingham
Substation coupled with the opportunity to install an additional four feeders from the
Golden Rock substation makes this plan the most attractive from a future growth
standpoint. At Tuscan Village, there still exist empty lots with unsecured tenants,
which present the potential for future high energy applications. Possible development
on these lots presents future load growth that needs to be planned for. Tuscan Village
will also attract “spill-over” growth from neighboring businesses given its economic
effect and strategic location in the study area.

In addition to the available capacity for additional feeders to be installed at the
Rockingham station, this plan provides a path for re-purposing the 22.8 kV
distribution system from Golden Rock as 13.2kV to allow for an additional four
distribution feeders beyond the planning horizon.

6.6.4 Capacity Provided

Plan Six provides the most capacity from all plans considered.

Appendix G — Comparison of Plans — Cost vs Added Capacity shows predicted feeder
capacity resulting from the Alternative Plans. It is estimated that this Plan will provide a
total MVA increase of 177.7 MVA and available Firm increase of 142.3 MVA, even with
the retirement of Barron Ave and Salem Depot Substations. After installing the six
13.2kV feeders at Rockingham Substation to resolve predicted deficiencies, Liberty will
have the ability to install as required, the remaining four 13.2kV distribution feeders to
address future capacity, reliability and asset condition deficiencies for many years to
come.

6.6.5 Economic Comparison
Plan Four is estimated at $34,900,000, of which $5,000,000 has been spent to date.

When reviewing cost per MVA capacity provided, Plan Three has a cost of
approximately $196,000 per MVA of total capacity provided, and
It also has a cost of approximately $245,000 per MVA of firm capacity provided.

Here is where this Plan compares with the other proposed Plans:
e Overall Cost: Highest
e Cost per Total MVA Capacity: 6" Highest
e Cost per Firm MVA Capacity: Lowest

6.6.6 Other Considerations

Alternative #6 utilizes the existing 22.8 kV right-of-way that parallels Route 28 to
extend 115kV lines approximately 2.25 miles up to a proposed substation near
Rockingham Park Boulevard. This 115kV line extension has already undergone
several key approvals, including a NPCC-approved E1 exclusion afforded by the
approved BES Definition. Also, ISO-New England determined no significant adverse
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effect identified with regard to the PPA - Rockingham project. This complex
construction will also require DOT Permitting and traffic management, environmental
review, town permits, and aerial easements.

Liberty has purchased the land required for the proposed Rockingham Substation.

Alternative #6 proposes new 115 kV infrastructure, which will require significantly taller
structures, however with routing through a primarily commercial area, community
impact is expected to be the least of all alternatives. Largest impacts may be aerial
easements, construction of footings for structures, and construction at roadway
crossings that could disrupt traffic. Additional lines across the street from residences on
Duffy Ave may cause complaints. Some construction may temporarily disrupt use of a
portion of the Salem Rail Trail.

6.7 Plan Seven

6.7.1 System Performance

Plan Seven installs a new 115 kV supply to a new 115/13.2 kV transformer and two
distribution feeders at Golden Rock Substation and installs a new 13.2 kV feeder
(24L5) from the rebuilt Pelham Substation. The new 13.2 kV feeder 14L5 along with
the 14L4 from Pelham Station will be used to unload the Olde Trolley feeders 18L2
and 18L4. These two feeders (14L4 and 14L5) are approximately 3.4 miles long and
will be on the same structures increasing the vulnerability to a hit by auto event to a
significant portion of the system. In some areas three feeders (14L3, 14L4 and 14L5)
will be on the same structures further increasing the vulnerability to a hit by auto
event. Appendix D — MWHr Summary contains MWHr totals for losses of multiple
circuits in such a scenario.

Similar to Plans One and Two, this plan lacks the necessary capacity and voltage
support to re-supply the Spicket River substation during the loss of supply
contingency. This plan resolves the existing concerns with substation equipment at
Salem Depot and Barron Ave.

This plan results in facilities that can’t maintain adequate voltages on the 23kV
system during contingency conditions.

During contingency operation, Plan 7 results in voltages as low as 0.899 per-unit at
the Olde Trolley 23kV bus and as low as .892 per-unit at the Salem Depot 23 kV bus
for a Golden Rock T1 outage. Refer to Appendix F — 22.8 kV Voltage Analysis for
details.
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6.7.2 Operability

Plan Seven proposes to rebuild the substation equipment at Salem Depot and Barron
Ave, resolving the asset condition concerns and providing for opportunities in Grid
Modernization. Refer to Section 4.3.3 for further discussion. This plan has
shortcomings due to lack of supply capacity during contingencies. This plan lacks the
necessary capacity to re-supply the Golden Rock substation during first contingency,
resulting in MWHTr violations that are above the allowable limit per the Planning Criteria.
Refer to Appendix D — MWHr Summary. It does not reduce the reliance on the
transmission provider. This plan is not sustainable due to the existing 22.8 kV sub-
transmission system’s lack of capacity with no available source to supply it. See
Appendix C — Area Loading Analysis, Table 53. The limitation of the 22.8 kV system to
supply the increased load make this Plan impractical.

6.7.3 Future Growth / Expansion Opportunities

Similar to Plan One and Plan Two, Plan Seven provides limited opportunities for
future expansion of the distribution system. It provides capacity to supply predicted
growth in the Tuscan Village during system intact conditions but fails to adequately
support the area’s predicted demand during first contingency condition.

This plan only provides four feeders to be used for future load growth at the Golden
Rock substation, three of which would be utilized under this plan. Although Salem
Depot Substation and Barron Ave Substations are rebuilt under this plan with
additional feeder availability, lacking capacity available on the 22.8 kV sub-
transmission system limits the overall load-carrying capability of the two substations.
See Section 4.1.2.1 for violations, which are unchanged with this Plan. As a result,
future growth will also require a large investment to provide additional capacity,
similar to what is being proposed with Plan Six.

6.7.4 Capacity Provided

Plan Seven provides the 5" most capacity from all plans considered. Appendix G —
Comparison of Plans — Cost vs Added Capacity shows predicted feeder capacity
resulting from Plan Seven and how it compares with other Alternative Plans
considered. It is estimated that this plan will provide a total MVA increase of 116.7
MVA and available Firm increase of 29.1 MVA.

Plan Seven leaves considerable capacity for Golden Rock 13.2 kV feeders to offload
the 22.8 kV supply system, however in contingency scenarios such as loss of the

Golden Rock 115 kV / 13.2 kV supply transformer, capacity limits are exceeded on
the 22.8 kV supply system.

6.7.5 Economic Comparison
Plan Four is estimated at $25,010,000, of which $3,500,000 has been spent to date.

When reviewing cost per MVA capacity provided, Plan Three has a cost of
approximately $214,000 per MVA of total capacity provided, and
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It also has a cost of approximately $859,000 per MVA of firm capacity provided.

Here is where this Plan compares with the other proposed Plans:
e Overall Cost: 5" Highest
e Cost per Total MVA Capacity: 5" Highest
e Cost per Firm MVA Capacity: 3" Highest

6.7.6 Other Considerations

Due to asset concerns and the need for complete substation rebuilds at Barron Ave
and Salem Depot to implement a 22.8 kV-based solution, the considerations
described for Plan Two are also associated with Alternatives #7.

Plan Seven extends a new feeder for approximately 3.4 miles from Pelham to Salem
and will result in multiple feeders on the same structures, increasing the vulnerability
to a hit by vehicle event to a significant portion of the system. Liberty Utilities is
strongly against unnecessary double and triple-circuiting for this reason. An
alternative would be underground construction, which is not cost effective, as the
additional feeder would only be providing a limited 12 MVA of capacity into Salem for
an estimated cost of $6,800,000
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See Appendix G — Comparison of Plans — Cost vs Added Capacity for a side-by-side
comparison of plans that reviews cost versus added capacity. For a further comparison of the
Alternative Plans, a matrix was assembled to compare each Plan’s ranking in each of the
criteria used to evaluate the plans. This methodology is similar to what is being used at another
New Hampshire Utility. See Table 8 below:

Plan Comparison Matrix
. o . Plan | Plan | Plan | Plan | Plan | Plan | Plan
Evaluation Criteria Weight Factor 1 5 3 4 5 6 7
1- SYSTEM PERFORMANCE 20% 1 3 4 55 55 7 2
2- OPERABILITY 25% 1 3 4 55 55 7 2
3- FUTURE EXPANSION 10% 1 3 4 5 6 7 2
5- CAPACITY PROVIDED 15% 1 2 4 55 5.5 7 3
4- COST 30% 7 6 2 3 4 1 5
Total 28 | 3.75 | 34 4.7 5.1 5.2 | 3.05
RANK 7 4 5 3 2 1 6

Table 8: Plan Comparison Matrix

The matrix considers the importance of each criteria, calculating a higher weight to Plans that
rank higher in the most important areas.

Given this evaluation, Plans Five and Six are the highest-scoring plans. It should be noted that
cost comparison may be unevenly factored in this evaluation, as several plans are relatively
close in estimated cost. For example, while Plan Five is only 6% less than Plan Six, it's rank
(4") boosts it score considerably, even though the cost difference is relatively minor between
the four most expensive plans.

7.0 Other Plan Considerations and Comparisons

7.1 Non-Wires Alternatives Considerations

Given the widespread loading concerns and MWHr totals, Battery Energy Storage was
not found to be a cost-effective method for addressing capacity and reliability concerns
in the area. Preliminary estimates at $1.876M per MW6 (assuming 4-hour Energy/Power
ratio) far exceed Cost/MVA when compared to other alternatives. Non-Wires
Alternatives were only considered for Plan 1.

16 U.S. Department of Energy Hydrowires, July 2019. Energy Storage Technology and Cost Characterization Report, Table ES.1.
https://www.enerqy.qov/sites/prod/files/2019/07/f65/Storage%20Cost%20and%20Performance%20Characterization%20Report_Fin
al.pdf
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8.0 Conclusions and Recommendations

The goal of system planning is to provide adequate capacity for safe, reliable, and economic
service to customers with minimal impact on the environment. To achieve that goal, the
distribution system is planned, measured, and operated with the objective of providing electric
service to customers under system intact conditions (i.e., “normal”) and first contingency
conditions (“N-1"). System Planning also includes careful management of system assets;
addressing asset conditions where present to avoid failures and provide a safe working
environment for workers.

The seven Alternative Plans were evaluated on how they address the needs of Salem area
electric supply system. Alternatives were reviewed and compared for cost-effectiveness and
their ability to address system performance, operability, reliability, and future growth.

Plan One does the bare minimum to serve Tuscan Village, leaving 13.2 kV and 22.8 kV circuits
mostly unavailable to re-supply during contingencies. It also has several siting and
environmental concerns for diesel generation. Plan One also still leaves existing Planning
Criteria violations and substation condition unresolved. For these reasons, Plan One is not
recommended.

The inability to add capacity to the 22.8 kV sub transmission system effectively precludes the
ability to utilize any alternatives based on any expansion or upgrade of 22.8kV/13.2kV modular
feeders substations. Also refer to Section 4.3.3 for constructability challenges. For these
reasons, Plans Two, Three, and Plan Seven are not recommended.

As stated in Section 5.0, Plans Four and Five were developed for this study as a hindsight
review, and are not feasible or buildable. The study concludes that while these options would
have been feasible if pursued, they are similar in cost to Plan Six, but do not provide the MVA
capacity and ability for future growth that Plan Six provides. Plan Six also retires facilities from
areas facing neighborly opposition, while Plans Four and Five expand or maintain electrical
equipment closer to neighboring parcels. Plan Six installs three supply transformers to serve the
area, while Plans Four and Five each install nine supply transformers. Plan Six simplifies the
power delivery system in the Salem Area. Plans Four and Five conflict with Liberty’s general
initiative to transition towards a 115/ 13.2kV system. For these reasons, Plans Four and Five
are not recommended.

Based on the comparisons of the Alternative Plans, Plan #6 is the recommended Plan. This is
recommended because this provides the best solution to the identified system issues in the
Salem area which include concerns with equipment condition at the Baron Ave and Salem
Depot Substations and predicted overloads in the area. It is the best plan to enable Liberty to be
a locally managed Company and responsive to the needs of its customers while reducing its
dependence on the transmission provider. This plan best meets the Company Distribution
Planning Criteria and will allow the Company to best manage its day to day, contingency, and
storm operating risks given its resource base. Unlike Plans One, Two, Three and Seven, Plan
Six solves all Planning Criteria violations.

The three proposed 115 kV/13.2 kV transformers (one of which has already been installed at
Golden Rock) would satisfy the capacity requirements now and into the future.
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It addresses the asset condition issues and safety risks by retiring end of life facilities. This
eliminates the maintenance, environmental and community issues associated with the three
modular feeders at Barron Ave Station and the three modular feeders at Salem Depot Station.

The installation of the new 115 kV/13.2 kV supply transformer design substations supports the
integration of distribution automation and grid-modernization systems. These systems are
designed to improve the operation of the distribution system. System reliability benefits from the
automatic identification, isolation and minimizing of system outages along with speedy
restoration to non-damaged sections. The robust nature of the updated system improves the
ability to operate the system. Scheduled and emergency maintenance requirements can be
addressed efficiently.

The cost per total MVA added for Plan Six is the second lowest and the cost per firm MVA

added is the lowest. This means that this solution is cost-effective in providing reliable capacity
today and for the future, for normal conditions and contingency scenarios.
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9.0 Appendices
9.1 Appendix A — System One Lines

Salem 23 kV System
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Figure 3 Salem 13.2 kV Tie Map (Alternate)
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Alternative Plan 4-New Golden Rock transfomer, single 23 kV line and reconfiguration
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Alternative Plan 5-New Golden Rock transformer, 2-23 kV lines and reconfiguration
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Alternate #5 — Golden Rock Station 115/22.8 kV Expansion
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Figure 26 Alternative #5 New 22.8 kV/13.2kV Tuscan Village Substation One Line
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Figure 31 Alternate #6 Feeder 19L8 - One Line
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Figure 34 Alternate #6 New Rockingham Station - Feeder 21L1 - One Line
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Figure 38 Alternative #7 Golden Rock Substation 115kV/13.2kV Expansion — One Line
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Figure 41 Alternate #7 Golden Rock 19L6 - One Line
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9.2 Appendix B — Asset Condition Documents
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Figure 45 Barron Ave Conceptual Station Equipment Layout
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Figure 48 Salem Depot Site Layout

93

Liberty Utilities
System Planning
Salem Area Study 2020




¥60

Liberty Utilities
System Planning

Salem Area Study 2020
68" 142"

A i A 'S

& ) i ] [ LA

116.5" 137"
106.5" 116.5 114 115"
: 101" 97" 93.5" 115" 109" 109"

\  J \

Y ( y ’J Y z Y
Regulator Breaker/Recloser Transformer
Feeder # - 10L1

Simplified sketch for measurements — these measurements taken
between each transformer, breaker/recloser and regulator at
Barron Ave

L]
]

Violates NESC Clearance

Violates Liberty Utilities Design Clearance

Figure 49 Barron Ave 10L1 Clearance Sketch

94



S60

Liberty Utilities
System Planning
Salem Area Study 2020

67" 135"
/) A
3 A [} i 3 | W
120" 138"
103" 120 115 112"
" og" 100.5"  96.5" 112" 109 109"
\ | \
Y r y ’-‘ Y Y L‘ L4
Regulator Breaker/Recloser Transformer
Feeder # - 1012

Simplified sketch for measurements — these measurements taken
between each transformer, breaker/recloser and regulator at
Barron Ave

[
]

Violates NESC Clearance

Violates Liberty Utilities Design Clearance

Figure 50 Barron Ave 10L2 Clearance Sketch

95



57"

A
 J

Liberty Utilities
System Planning
Salem Area Study 2020

148.5"

A
|

109"

06" 109

915" 104" | 98"

116"

109" 104.5" 105"

Regulator Breaker/Recloser Transformer

Simplified sketch for measurements — these measurements taken
between each transformer, breaker/recloser and regulator at
Barron Ave

960

Feeder # - 10L4

- Violates NESC Clearance

Violates Liberty Utilities Design Clearance

Figure 51 Barron Ave 10L4 Clearance Sketch

96



160

Liberty Utilities
System Planning
Salem Area Study 2020

62" 138"
A [
Fy A i A i
118"
101 Kl 108"
" ggn 81" 795" 745" 0 107"
\ Y L
Y ( i ’j ¥ Y Y
Regulator Breaker/Recloser Transformer
Feeder # - 9L1
Simplified sketch for measurements — these measurements taken - Violates NESC Clearance

Salem Depot

between each transformer, breaker/recloser and regulator at

Figure 52 Salem Depot 9L1 Clearance Sketch

97

I:l Violates Liberty Utilities Design Clearance



860

66"

A
Y

Liberty Utilities
System Planning
Salem Area Study 2020

135"

A
Y

Py |
=1
|
!

120"

103.5" 111

102" 89" 93.5"

131"

110"

110" 106" 106"

Regulator Breaker/Recloser Transformer

Simplified sketch for measurements — these measurements taken
between each transformer, breaker/recloser and regulator at
Salem Depot

Feeder # - 912

- Violates NESC Clearance

I:l Violates Liberty Utilities Design Clearance

Figure 53 Salem Depot 9L2 Clearance Sketch

98



660

Liberty Utilities
System Planning
Salem Area Study 2020

91" 136
—_— <3 o
) i
e} Iy A i B [ A
126" 158"
115" 126 121 146"
110" 101" 94" 146" 140" 140"

Regulator Breaker/Recloser

Simplified sketch for measurements — these measurements taken
between each transformer, breaker/recloser and regulator at
Salem Depot

L]
]

Transformer

Feeder # - aL3

Violates NESC Clearance

Violates Liberty Utilities Design Clearance

Figure 54 Salem Depot 9L3 Clearance Sketch

99



00l

9.3 Appendix C — Area Loading Analysis

Base Case - 2019

Liberty Utilities
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Salem NH Feeder Analysis
2019 2022 2036
Study Area Substation Voltage (kV)| Feeder Sl\'lARatlng SEARatmg
(Amps) (Amps) Amps N-1 | %SN |Amps| N-1 | %SN | Amps N-1 %SN

Salem NH BARRON AVENUE 10 13.2|10L1 387 462 107 355| 28% 118 344 30% 121 341 31%
Salem NH BARRON AVENUE 10 13.2(10L2 526 578 268 310 51% 290 288 55% 299 279| 57%
Salem NH BARRON AVENUE 10 13.2(10L4 339 339 176 163| 52% 193 146] 57% 198 141 59%
Salem NH OLDE TROLLEY 18 13.2(18L1 503 565 133 432 27% 221 344 44% 227 338| 45%
Salem NH OLDE TROLLEY 18 13.2(18L2 503 515 404 111 80% 384 131 76% 396 119 79%
Salem NH OLDE TROLLEY 18 13.2|18L3 515 515 375 140 73% 346 169 67% 356 159 69%
Salem NH OLDE TROLLEY 18 13.2(18L4 516 612 387 225 75%| 488 124  95% 502 110 97%
Salem NH PELHAM 14 13.2|14L4 530 589 44 545 8% 392 197 74% 404 185| 76%
Salem NH SALEM DEPOT 9 13.2[9L1 322 371 271 100 84%| 470 -99| 146% 484 -113| 150%
Salem NH SALEM DEPOT 9 13.2(9L2 322 371 224 147 70% 292 79| 91% 301 70| 93%
Salem NH SALEM DEPOT 9 13.2(9L3 507 507 319 188| 63% 391 116| 77% 402 105 79%
Salem NH SPICKET RIVER 13 13.2|13L1 515 515 326 189 63% 352 163| 68% 363 152 70%
Salem NH SPICKET RIVER 13 13.2|13L2 515 515 290 225| 56% 316 199] 61% 325 190| 63%
Salem NH SPICKET RIVER 13 13.2(13L3 522 522 442 80[ 85%| 463 59| 89% 477 45|  91%

Table 9 Base Case - Normal Configuration — 13.2 kV Feeder Loading
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Salem NH Transformer Analysis

0]

System Voltage Maximum Rating (MVA) Projected Load
(kv) 2019 2022 2036
Study Area Substation Tranf. ID.| From To NaFTa fﬂ':te SN SE |MVA| N-1 |%SN|MVA | N-1 [%SN| MvA | N1 | %SN
Salem NH GOLDEN ROCK 19 Tl 115 23 50 78.7 91.6 56.9| 34.7[ 72%| 68.6/ 23.0| 87% 70.6[ 21.0 90%
Salem NH BARRON AVENUE 10 L1 23 13.2 7 9.4 10.9 2.4 85| 26% 2.7 8.2 29% 28] 8.1 29%
Salem NH BARRON AVENUE 10 L2 23 13.2 7 13.6 14.2 6.1 8.1| 45% 6.6 7.6] 49% 6.8 7.4 50%
Salem NH BARRON AVENUE 10 L4 23 13.2 7 9.1 10.3 4.0 6.3] 44% 4.4 5.9 48% 4.5 5.8 50%
Salem NH OLDE TROLLEY 18 L1 23 13.2 9.375 12.4 12.9 3.0 9.9] 25% 5.0 79| 41% 5.2 7.7 42%
Salem NH OLDE TROLLEY 18 L2 23 13.2 9.375 12.4 12.9 9.2 3.7 75% 8.8 4.1 71% 9.0 3.9 73%
Salem NH OLDE TROLLEY 18 L3 23 13.2 9.375 12.5 13 8.6| 4.4 69% 7.9 5.1 63% 8.1 4.9 65%
Salem NH OLDE TROLLEY 18 L4 23 13.2 9.375 12.5 13 8.8 4.2| 71%| 11.2 1.8/ 89% 11.5] 1.5 92%
Salem NH SALEM DEPOT 9 L1 23 13.2 7 7.36 10.1 6.2 39| 84%| 10.7| -0.6| 146% 11.1] -1.0 150%
Salem NH SALEM DEPOT 9 L2 23 13.2 7 7.36 9.2 51 4.1] 70% 6.7 2.5 91% 6.9] 2.3 93%
Salem NH SALEM DEPOT 9 L3 23 13.2 9.375 11.6 11.6 7.3 4.3 63% 8.9 2.7 77% 9.2 2.4 79%
Salem NH SPICKET RIVER 13 L1 23 13.2 9.375 14.4 14.4 7.5 6.9] 52% 8.1 6.3] 56% 8.3 6.1 58%
Salem NH SPICKET RIVER 13 L2 23 13.2 9.375 13.9 14.4 6.6 7.8/ 48% 7.2 7.2 52% 7.4 7.0 53%
Salem NH SPICKET RIVER 13 L3 23 13.2 9.375 13.9 14.4 10.1] 4.3] 73%| 10.6 3.8] 76% 10.9] 35 78%
Table 10 Base Case - Normal Configuration - Transformer Loading
Salem NH Supply Line Analysis
Line Section Rating (MVA) Projected Load
2019 2022 2036

Study Area Circuit Voltage From To Limiting Element SN SE MVA | %SN|] MVA [ %SN | MVA [ %SN
Salem NH 2352 23[Golden Rock Barron Awve. Tap UG Cable 2-1000 Cu 54.8 65.4] 30.9] 56%| 40.2| 73%| 41.4 75%
Salem NH 2352 23|Barron Awve. Tap Olde Trolley Tap OH Line 1113 ACSR 56.4 72.5] 30.9] 55%| 40.2] 71%| 41.4 73%
Salem NH 2352 23[Olde Trolley Tap Olde Trolley Recloser 800 A. 31.9 31.9] 12.3] 39%| 13.8] 43%| 14.2 45%
Salem NH 2352 23|Olde Trolley Tap Salem Depot #9 Relay Relay 27.1 27.1] 18.6] 69%| 26.4[ 97%| 27.1| 100%
Salem NH 2393 23|Golden Rock Barron Awve. Tap UG Cable 2-1000 Cu 54.8 65.4] 26.0] 47%| 28.4] 52%| 29.2 53%
Salem NH 2393 23[Barron Awve. Tap Olde Trolley Tap OH Line 795 ACSR 45.2 58.2| 17.4] 38%| 19.1| 42%)| 19.6 43%
Salem NH 2393 23|Olde Trolley Tap Olde Trolley UG Cable 2-500 Cu 31.9 31.9] 17.4] 55%| 19.1| 60%| 19.6 62%
Salem NH 2393 23[Olde Trolley Tap Salem Depot #9 Recloser 800 A. 27.1 27.1 0.0] 0% 0.0l 0%| 0.0 0%
Methuen 2353 23|Meth Jnctn Golden Rock Relay 600 A. 23.9 23.9 4.0 17% 0.0f 0%| 0.0 0%
Methuen 2376 23[Meth Jnctn Golden Rock Relay 600 A. 23.9 23.9 0% 0%| 0.0 0%
Methuen 2376 23|SPICKET RIVER TAP [SPICKET RIVER OH Line 795 AAC 35.9 40.7] 24.2| 67%| 25.9] 72%| 27.3 76%

Table 11 Base Case 2019 Supply Line Normal Loading
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Salem NH Transformer Contingency Analysis

System Voltage (kV) | Maximum Rating (MVA) Projected Contingency
Study Area Substation Tranf. ID. 2019 2022 2036
From To Naénafiilgte SN SE MVA % SE MVA % SE MVA % SE
Salem NH GOLDEN ROCK 19 T1 115 23 50 78.70 91.60 0.0 0% 0.0 0% 0.0 0%
Salem NH BARRON AVENUE 10 L1 23 13.2 7 9.40 10.90 4.2 39% 7.0 64% 7.2 66%
Salem NH BARRON AVENUE 10 L2 23 13.2 7 13.60 14.20 4.2 30% 7.0 49% 7.2 51%
Salem NH BARRON AVENUE 10 L4 23 13.2 7 9.10 10.30 4.2 41% 7.0 68% 7.2 70%
Salem NH OLDE TROLLEY 18 L1 23 13.2 9.375 12.40 12.90 9.9 7% 11.3 88% 11.6 90%
Salem NH OLDE TROLLEY 18 L2 23 13.2 9.375 12.40 12.90 9.9 7% 11.3 88% 11.6 90%
Salem NH OLDE TROLLEY 18 L3 23 13.2 9.375 12.50 13.00 9.9 76% 11.3 87% 11.6 90%
Salem NH OLDE TROLLEY 18 L4 23 13.2 9.375 12.50 13.00 9.9 76% 11.3 87% 11.6 90%
Salem NH SALEM DEPOT 9 L1 23 13.2 7 7.36 10.10 4.7 46% 12.0 119% 12.4 123%
Salem NH SALEM DEPOT 9 L2 23 13.2 7 7.36 9.20 4.7 51% 12.0 131% 12.4 135%
Salem NH SALEM DEPOT 9 L3 23 13.2 9.375 11.60 11.60 4.7 40% 12.0 104% 12.4 107%
Salem NH SPICKET RIVER 13 L1 23 13.2 9.375 14.40 14.40 12.1 84% 13.4 93% 13.8 96%
Salem NH SPICKET RIVER 13 L2 23 13.2 9.375 13.90 14.40 12.1 84% 13.4 93% 13.8 96%
Salem NH SPICKET RIVER 13 L3 23 13.2 9.375 13.90 14.40 12.1 84% 13.4 93% 13.8 96%
Table 12 Base Case 2019 Transformer Contingency Loading
Salem NH Supply Line Contingency Analysis
o Voltage Line Section Rating (MVA) 2019 PrOJectedzg;JZntmgency 5036
Study Area Cireuit kV) Load > Load > Load >
From To SN SE MVA SE % SE MVA SE % SE MVA SE % SE

Salem NH 2352 23|Golden Rock Barron Awve. Tap 54.8 65.4 48.3 0.0 74% 59.3 0.0 91% 61.0 0.0 93%
Salem NH 2352 23|Barron Ave. Tap Olde Trolley Tap 56.4 72.5 48.3 0.0 67% 59.3 0.0 82% 61.0 0.0 84%
Salem NH 2352 23|Olde Trolley Tap Olde Trolley 31.9 31.9 29.7 0.0 93% 32.9 1.0 103% 33.9 2.0 106%
Salem NH 2352 23|Olde Trolley Tap Salem Depot #9 27.1 27.1 18.6 0.0 69% 26.4 0.0 97% 27.1 0.0 100%
Salem NH 2393 23|Golden Rock Barron Awe. Tap 54.8 65.4 56.9 0.0 87% 68.6 3.2 105% 70.6 5.2 108%
Salem NH 2393 23[Barron Ave. Tap Olde Trolley Tap 45.2 58.2 56.9 0.0 98% 68.6 10.4 118% 70.6 12.4 121%
Salem NH 2393 23[Olde Trolley Tap Olde Trolley 31.9 31.9 29.7 0.0 93% 32.9 1.0 103% 33.9 2.0 106%
Salem NH 2393 23|Olde Trolley Tap Salem Depot #9 27.1 27.1 18.6 0.0 69% 26.4 0.0 97% 27.1 0.0 100%
Methuen MA 2353 23|Meth Jnctn Golden Rock 23.9 23.9 34.9 11.0 146% 44.6 20.7 187% 47.1 23.2 197%
Methuen MA 2376 23|Meth Jnctn Golden Rock 23.9 23.9 26.0 2.1 109% 28.4 4.5 119% 30.0 6.1 125%
Methuen MA 2376 23|SPICKET RIVER TAP |SPICKET RIVER 35.9 40.7 24.2 0.0 59% 25.9 0.0 64% 27.3 0.0 67%

Table 13 Base Case 2019 Supply Line Contingency Loads
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Salem NH Feeder Analysis
2022 2036
: SN Rating S.E
Study Area Substation Voltage (kV)| Feeder (Amps) Rating
(Amps) | Amps| N-1 | %SN | Amps| N-1 | %SN

Salem NH BARRON AVENUE 10 13.2|10L1 387 462 0 462 0% 0 462 0%
Salem NH BARRON AVENUE 10 13.2|10L2 526 578 0 578 0% 0 578 0%
Salem NH BARRON AVENUE 10 13.2|10L4 339 339 0 339 0% 0 339 0%
Salem NH OLDE TROLLEY 18 13.2|18L1 503 565 196 369 39% 202 363 40%
Salem NH OLDE TROLLEY 18 13.2|18L2 503 515 336 179 67% 346 169] 69%
Salem NH OLDE TROLLEY 18 13.2|18L3 515 515 433 82| 84% 446 69| 87%
Salem NH OLDE TROLLEY 18 13.2|18L4 516 612 480 132 93% 494 118 96%
Salem NH PELHAM 14 13.2|14L4 530 589 292 297 55% 301 288 57%
Salem NH SALEM DEPOT 9 13.2{9L1 322 371 320 51 99% 329 42| 102%
Salem NH SALEM DEPOT 9 13.2|9L2 322 371 242 129 75% 249 122 77%
Salem NH SALEM DEPOT 9 13.2|9L3 507 507 386 121 76% 397 110| 78%
Salem NH SPICKET RIVER 13 13.2|13L1 515 515 470 451 91% 484 31l 94%
Salem NH SPICKET RIVER 13 13.2|13L2 515 515 352 163| 68% 362 153| 70%
Salem NH SPICKET RIVER 13 13.2|13L3 522 522 344 178 66% 354 168| 68%
Salem NH GOLDEN ROCK 19 13.2{19L4 530 589 76 513] 14% 78 511] 15%
Salem NH GOLDEN ROCK 19 13.2|19L6 530 589 233 356 44% 240 349 45%
Salem NH GOLDEN ROCK 19 13.2|19L8 530 589 212 377 40% 218 371 41%

Table 14 Base Case (w/ Golden Rock 13.2 kV) Feeder Normal Loading
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Salem NH Transformer Analysis

System Voltage Maximum Rating (MVA) Projected Load
(kV) 2022 2036
Study Area Substation Tranf. ID.| From To NaFrzna?ipr)]I;te SN SE MVA | N-1 |%SN| MVA N-1 % SN
Salem NH BARRON AVENUE 10 L1 23 13.2 7 9.4 10.9 0.0 10.9( 0% 0.0 10.9 0%
Salem NH BARRON AVENUE 10 L2 23 13.2 7 13.6 14.2 0.0 14.2 0% 0.0 14.2 0%
Salem NH BARRON AVENUE 10 L4 23 13.2 7 9.1 10.3 0.0 10.3 0% 0.0 10.3 0%
Salem NH OLDE TROLLEY 18 L1 23 13.2 9.375 12.4 12.9 4.5 8.4 36% 4.6 8.3 37%
Salem NH OLDE TROLLEY 18 L2 23 13.2 9.375 12.4 12.9 7.7 52| 62% 7.9 5.0 64%
Salem NH OLDE TROLLEY 18 L3 23 13.2 9.375 12.5 13 9.9 3.1 79% 10.2 2.8 82%
Salem NH OLDE TROLLEY 18 L4 23 13.2 9.375 12.5 13 11.0 2.0 88% 11.3 1.7 90%
Salem NH SALEM DEPOT 9 L1 23 13.2 7 7.36 10.1 7.3 2.8 99% 7.5 2.6 102%
Salem NH SALEM DEPOT 9 L2 23 13.2 7 7.36 9.2 5.5 3.7 75% 5.7 3.5 77%
Salem NH SALEM DEPOT 9 L3 23 13.2 9.375 11.6 11.6 8.8 2.8| 76% 9.1 2.5 78%
Salem NH SPICKET RIVER 13 L1 23 13.2 9.375 14.4 14.4 10.7 3.7 75% 11.1 3.3 7%
Salem NH SPICKET RIVER 13 L2 23 13.2 9.375 13.9 14.4 8.0 6.4 58% 8.3 6.1 60%
Salem NH SPICKET RIVER 13 L3 23 13.2 9.375 13.9 14.4 7.9 6.5 57% 8.1 6.3 58%
Salem NH GOLDEN ROCK 19 T2 115 13.2 50 83.9 94.4 11.9] 825 14% 12.3 82.1 15%

Table 15 Base Case (w/ Golden Rock 13.2 kV) Transformer Normal Loads
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Salem NH Supply Line Analysis

Line Section Rating (MVA) Projected Load
2022 2036

Study Area Circuit Voltage From To SN SE MVA | %SN | MVA| %SN

Salem NH 2352 23|Golden Rock Barron Ave. Tap 54.7 67.4] 33.8] 62%]| 34.8 64%
Salem NH 2352 23|Barron Ave. Tap Olde Trolley Tap 72.5 72.5| 33.8] 47%| 34.8 48%
Salem NH 2352 23|0lde Trolley Tap Olde Trolley 31.9 31.9] 12.2| 38%| 12.5 39%
Salem NH 2352 23|0lde Trolley Tap Salem Depot #9 27.1 27.1] 21.7| 80%| 22.3 82%
Salem NH 2393 23|Golden Rock Barron Ave. Tap 54.7 67.4] 20.9] 38%| 21.5 39%
Salem NH 2393 23|Barron Ave. Tap Olde Trolley Tap 45.2 58.2] 20.9| 46%| 21.5 48%
Salem NH 2393 23|Olde Trolley Tap Olde Trolley 31.9 31.9] 20.9] 65%]| 21.5 67%
Salem NH 2393 23|0lde Trolley Tap Salem Depot #9 27.1 27.1 0.0l 0%]| 0.0 0%
Methuen 2353 23|Meth Jnctn Golden Rock 23.9 23.9 0.0l 0%| 0.0 0%
Methuen 2376 23|Meth Jnctn Golden Rock 23.9 23.9 0%| 0.0 0%
Methuen 2376 23|SPICKET RIVER TAP |SPICKET RIVER 35.9 40.7] 26.7| 74%| 28.1 78%

Table 16 Base Case (w/ Golden Rock 13.2 kV) Supply Line Normal Loading

Salem NH Transformer Contingency Analysis
System Voltage (kV) | Maximum Rating (MVA) Projected Contingency
Study Area Substation Tranf. ID. 2022 2036
From To Nameplate | = g SE MVA | %SE | MvA | %sE
Rating

Salem NH BARRON AVENUE 10 L1 23 13.2 7 9.40 10.90 0.0 0% 0.0 0%
Salem NH BARRON AVENUE 10 L2 23 13.2 7 13.60 14.20 0.0 0% 0.0 0%
Salem NH BARRON AVENUE 10 L4 23 13.2 7 9.10 10.30 0.0 0% 0.0 0%
Salem NH OLDE TROLLEY 18 L1 23 13.2 9.375 12.40 12.90 12.6 98% 13.0 101%
Salem NH OLDE TROLLEY 18 L2 23 13.2 9.375 12.40 12.90 12.6 98% 13.0 101%
Salem NH OLDE TROLLEY 18 L3 23 13.2 9.375 12.50 13.00 12.6 97% 13.0 100%
Salem NH OLDE TROLLEY 18 L4 23 13.2 9.375 12.50 13.00 12.6 97% 13.0 100%
Salem NH SALEM DEPOT 9 L1 23 13.2 7 7.36 10.10 12.0 119% 12.4 123%
Salem NH SALEM DEPOT 9 L2 23 13.2 7 7.36 9.20 12.0 131% 12.4 135%
Salem NH SALEM DEPOT 9 L3 23 13.2 9.375 11.60 11.60 12.0 104% 12.4 107%
Salem NH SPICKET RIVER 13 L1 23 13.2 9.375 14.40 14.40 10.7 75% 11.1 77%
Salem NH SPICKET RIVER 13 L2 23 13.2 9.375 13.90 14.40 10.7 75% 11.1 77%
Salem NH SPICKET RIVER 13 L3 23 13.2 9.375 13.90 14.40 10.7 75% 11.1 7%
Salem NH GOLDEN ROCK 19 T2 115 13.2 50 83.90 94.40 35.2 37% 36.2 38%

Table 17 Base Case (w/ Golden Rock 13.2 kV) Transformer Contingency Loading
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Salem NH Supply Line Contingency Analysis

901

. . . Projected Contingency
o Voltage Line Section Rating (MVA) 2002 2035
Study Area Circuit
kVv) Load > Load >
From To SN SE MVA % SE MVA % SE

SE SE
Salem NH 2352 23|Golden Rock Barron Ave. Tap 54.7 67.4 66.6 0.0 99% 68.6 1.2 102%
Salem NH 2352 23[Barron Ave. Tap Olde Trolley Tap 72.5 72.5 66.6 0.0 92% 68.6 0.0 95%
Salem NH 2352 23[Olde Trolley Tap Olde Trolley 31.9 31.9 33.0 1.1 104% 34.0 2.1 107%
Salem NH 2352 23[Olde Trolley Tap Salem Depot #9 27.1 27.1 21.7 0.0 80% 22.3 0.0 82%
Salem NH 2393 23|Golden Rock Barron Ave. Tap 54.7 67.4 66.6 0.0 99% 68.6 1.2 102%
Salem NH 2393 23|Barron Awve. Tap Olde Trolley Tap 45.2 58.2 66.6 8.5 115% 68.6 10.4 118%
Salem NH 2393 23|Olde Trolley Tap Olde Trolley 31.9 31.9 33.0 1.1 104% 34.0 2.1 107%
Salem NH 2393 23[Olde Trolley Tap Salem Depot #9 27.1 27.1 21.7 0.0 80% 22.3 0.0 82%
Methuen MA 2353 23|Meth Jnctn Golden Rock 23.9 23.9 33.8 9.9 142% 35.7 11.8 149%
Methuen MA 2376 23|Meth Jnctn Golden Rock 23.9 23.9 20.9 0.0 87% 22.0 0.0 92%
Methuen MA 2376 23[SPICKET RIVER TAP |SPICKET RIVER 35.9 40.7 26.7 0.0 65% 28.1 0.0 69%

Table 18 Base Case (w/ Golden Rock 13.2 kV) Supply Line Contingency Loading
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Alternative Plan #1 Loading

Salem NH Feeder Analysis
2019 2022 2036
. SN Rating S.E
Study Area Substation Voltage (kV)| Feeder (Amps) Rating
(Amps) | Amps | N1 | %SN | Amps | N-1 | %SN |Amps| N-1 | %SN

Salem NH BARRON AVENUE 10 13.2|10L1 387 462 107 355| 28% 463 -1 120% 477 -15| 123%
Salem NH BARRON AVENUE 10 13.2|10L2 526 578 268 310|] 51% 320 258| 61% 330 248| 63%
Salem NH BARRON AVENUE 10 13.2|10L4 339 339 176 163| 52% 260 79 77% 268 71 79%
Salem NH OLDE TROLLEY 18 13.2|18L1 503 565 133 4321 27% 196 369 39% 201 364 40%
Salem NH OLDE TROLLEY 18 13.2|18L2 503 515 404 111 80% 6 509 1% 6 509 1%
Salem NH OLDE TROLLEY 18 13.2|18L3 515 515 375 140 73% 349 166 68% 359 156 70%
Salem NH OLDE TROLLEY 18 13.2|18L4 516 612 387 225 7% 204 408| 40% 210 402 41%
Salem NH PELHAM 14 13.2(14L4 530 589 44 545 8% 317 272 60% 326 263 62%
Salem NH SALEM DEPOT 9 13.2(9L1 322 371 271 100| 84% 302 69| 94% 311 60| 97%
Salem NH SALEM DEPOT 9 13.2|19L.2 322 371 224 147 70% 240 131 75% 247 124 7%
Salem NH SALEM DEPOT 9 13.2|9L3 507 507 319 188 63% 391 116 77% 402 105 79%
Salem NH SPICKET RIVER 13 13.2|13L1 515 515 326 189 63% 358 157 70% 369 146 72%
Salem NH SPICKET RIVER 13 13.2|13L2 515 515 290 225| 56% 225 290| 44% 232 283 45%
Salem NH SPICKET RIVER 13 13.2|13L3 522 522 442 80| 85% 483 39 93% 497 25| 95%
Salem NH GOLDEN ROCK 19 13.2|119L4 530 589 589 0% 77 512 14% 79 510] 15%
Salem NH GOLDEN ROCK 19 13.2|19L6 530 589 589 0% 246 343| 46% 252 337| 48%
Salem NH GOLDEN ROCK 19 13.2|19L8 530 589 589 0% 359 230| 68% 369 220| 70%
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Table 19 Alt #1 Feeder Normal Loading
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Salem NH Transformer Analysis
System Voltage Maximum Rating (MVA) Projected Load
(kV) 2019 2022 2036
Study Area Substation Tranf. ID.| From To Na';"a firélgte SN SE |[MvAa| N1 |%SN|MvA | N1 [%sNn| mva N-1 %SN

Salem NH BARRON AVENUE 10 L1 23 13.2 7 9.4 10.9 2.4 85| 26%| 10.6] 0.3]113% 10.9 0.0 116%
Salem NH BARRON AVENUE 10 L2 23 13.2 7 13.6 14.2 6.1 81 45%| 7.3 6.9 54% 7.5 6.7 55%
Salem NH BARRON AVENUE 10 L4 23 13.2 7 9.1 10.3 40 6.3] 44%| 59| 44| e5% 6.1 4.2 67%
Salem NH OLDE TROLLEY 18 L1 23 13.2 9.375 12.4 12.9 30 99] 25%| 45] 84| 36% 4.6 8.3 37%
Salem NH OLDE TROLLEY 18 L2 23 13.2 9.375 12.4 12.9 92| 37| 75%| o1 128 1% 0.1 12.8 1%
Salem NH OLDE TROLLEY 18 L3 23 13.2 9.375 125 13 86| 44| 69%| 80[ 5.0/ 64% 8.2 4.8 66%
Salem NH OLDE TROLLEY 18 L4 23 13.2 9.375 12.5 13 88| 42] 71w 47| 83| 37% 4.8 8.2 38%
Salem NH SALEM DEPOT 9 L1 23 13.2 7 7.36 10.1 6.2 39 84%| 69 32| 94% 7.1 3.0 97%
Salem NH SALEM DEPOT 9 L2 23 13.2 7 7.36 9.2 s 41] 70w 55 3.7 75% 5.6 3.6 7%
Salem NH SALEM DEPOT 9 L3 23 13.2 9.375 11.6 11.6 73] 43] 63%| 89 27 77% 9.2 2.4 79%
Salem NH SPICKET RIVER 13 L1 23 13.2 9.375 14.4 14.4 75| 69] 52%| 82[ 6.2 5% 8.4 6.0 59%
Salem NH SPICKET RIVER 13 L2 23 13.2 9.375 13.9 14.4 6.6] 7.8 48%| 51| 93] 37% 5.3] 9.1 38%
Salem NH SPICKET RIVER 13 L3 23 13.2 9.375 13.9 14.4 101 43| 73%| 110 34 79% 11.4 3.0 82%
Salem NH GOLDEN ROCK 19 T2 115 13.2 50 78.7 91.6 0.0 916/ ow| 156 76.0] 20% 16.0 75.6 20%

Table 20 Alt #1 Transformer Normal Loading

Salem NH Supply Line Analysis

Line Section Rating (MVA) Projected Load
2019 2022 2036

Study Area Circuit Voltage From To SN SE MVA | %SN| MVA [ %SN | MVA| %SN

Salem NH 2352 23|Golden Rock Barron Awve. Tap 54.8 65.4| 30.9] 56%| 25.9] 47%| 26.7 49%
Salem NH 2352 23|Barron Awe. Tap Olde Trolley Tap 56.4 72.5] 30.9] 55%| 25.9] 46%)| 26.7 47%
Salem NH 2352 23|0lde Trolley Tap Olde Trolley 31.9 31.9] 12.3] 39% 4.6 14%| 4.7 15%
Salem NH 2352 23|0Olde Trolley Tap Salem Depot #9 27.1 27.1| 18.6] 69%| 21.3] 79%| 22.0 81%
Salem NH 2393 23|Golden Rock Barron Awe. Tap 54.8 65.4] 26.0f 47%| 30.6] 56%]| 31.5 57%
Salem NH 2393 23|Barron Awe. Tap Olde Trolley Tap 45.2 58.2| 17.4| 38%| 12.6] 28%]| 13.0 29%
Salem NH 2393 23|Olde Trolley Tap Olde Trolley 31.9 31.9] 17.4] 55%| 12.6] 40%| 13.0 41%
Salem NH 2393 23|Olde Trolley Tap Salem Depot #9 27.1 27.1 0.0 0% 0.0 0%| 0.0 0%
Methuen 2353 23[Meth Jnctn Golden Rock 23.9 23.9 4.0 17% 0.0l 0%| 0.0 0%
Methuen 2376 23[Meth Jnctn Golden Rock 23.9 23.9 0% 0%| 0.0 0%
Methuen 2376 23|SPICKET RIVER TAP [SPICKET RIVER 35.9 40.7) 24.2| 67%| 24.4] 68%]| 25.7 2%
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Table 21 Alt #1 Supply Line Normal Loading
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601

Salem NH Transformer Contingency Analysis
System Voltage (kV) | Maximum Rating (MVA) Projected Contingency
Study Area Substation Tranf. ID. 2019 2022 2036
From To Na; ‘;‘;';te SN SE MVA | %SE | MvA | %sE | Mva | wsE
Salem NH BARRON AVENUE 10 L1 23 13.2 7 9.40 10.90 6.3 58% 8.8 80% 9.0 83%
Salem NH BARRON AVENUE 10 L2 23 13.2 7 13.60 14.20 6.3 44% 8.8 62% 9.0 63%
Salem NH BARRON AVENUE 10 L4 23 13.2 7 9.10 10.30 6.3 61% 8.8 85% 9.0 87%
Salem NH OLDE TROLLEY 18 L1 23 13.2 9.375 12.40 12.90 9.9 7% 11.5 89% 11.8 92%
Salem NH OLDE TROLLEY 18 L2 23 13.2 9.375 12.40 12.90 9.9 7% 11.5 89% 11.8 92%
Salem NH OLDE TROLLEY 18 L3 23 13.2 9.375 12.50 13.00 9.9 76% 11.5 88% 11.8 91%
Salem NH OLDE TROLLEY 18 L4 23 13.2 9.375 12.50 13.00 9.9 76% 11.5 88% 11.8 91%
Salem NH SALEM DEPOT 9 L1 23 13.2 7 7.36 10.10 9.3 92% 9.3 92% 9.6 95%
Salem NH SALEM DEPOT 9 L2 23 13.2 7 7.36 9.20 9.3 101% 9.3 101% 9.6 104%
Salem NH SALEM DEPOT 9 L3 23 13.2 9.375 11.60 11.60 9.3 80% 9.3 80% 9.6 82%
Salem NH SPICKET RIVER 13 L1 23 13.2 9.375 14.40 14.40 12.1 84% 8.4 58% 8.7 60%
Salem NH SPICKET RIVER 13 L2 23 13.2 9.375 13.90 14.40 12.1 84% 8.4 58% 8.7 60%
Salem NH SPICKET RIVER 13 L3 23 13.2 9.375 13.90 14.40 12.1 84% 8.4 58% 8.7 60%
Salem NH GOLDEN ROCK 19 T2 115 13.2 50 78.70 91.60 8.4 9% 17.0 19% 17.5 19%
Table 22 Alt #1 Transformer Contingency Loading
Salem NH Supply Line Contingency Analysis
. . . Projected Contingency
Study Area Cireuit Voltage Line Section Rating (MVA) 2019 2022 2035
(k) From To SN se | wmva |97 | gse | mva |29 | gse | omva | F0397 | gesE
SE SE SE
Salem NH 2352 23|Golden Rock Barron Awve. Tap 54.8 65.4 48.3 0.0 74% 38.6 0.0 59% 39.7 0.0 61%
Salem NH 2352 23[Barron Ave. Tap Olde Trolley Tap 56.4 72.5 48.3 0.0 67% 38.6 0.0 53% 39.7 0.0 55%
Salem NH 2352 23[Olde Trolley Tap Olde Trolley 31.9 31.9 29.7 0.0 93% 17.2 0.0 54% 17.8 0.0 56%
Salem NH 2352 23|Olde Trolley Tap Salem Depot #9 27.1 27.1 18.6 0.0 69% 21.3 0.0 79% 22.0 0.0 81%
Salem NH 2393 23|Golden Rock Barron Ave. Tap 54.8 65.4 56.9 0.0 87% 56.5 0.0 86% 58.2 0.0 89%
Salem NH 2393 23[Barron Awe. Tap Olde Trolley Tap 45.2 58.2 56.9 0.0 98% 56.5 0.0 97% 58.2 0.0 100%
Salem NH 2393 23|Olde Trolley Tap Olde Trolley 31.9 319 29.7 0.0 93% 17.2 0.0 54% 17.8 0.0 56%
Salem NH 2393 23|Olde Trolley Tap Salem Depot #9 27.1 27.1 18.6 0.0 69% 21.3 0.0 79% 22.0 0.0 81%
Methuen MA 2353 23|Meth Jnctn Golden Rock 23.9 23.9 34.9 11.0 146% 31.9 8.0 133% 33.7 9.7 141%
Methuen MA 2376 23[Meth Jnctn Golden Rock 23.9 23.9 26.0 2.1 109% 30.6 6.7 128% 32.2 8.3 135%
Methuen MA 2376 23|SPICKET RIVER TAP |SPICKET RIVER 35.9 40.7 24.2 0.0 59% 24.4 0.0 60% 25.7 0.0 63%

Table 23 Alt #1 Supply Line Contingency Loading
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Alternative #2 Loading

Salem NH Feeder Analysis
2019 2022 2036
. SN Rating S.E
Study Area Substation Voltage (kV)| Feeder (Amps) Rating
(Amps) | Amps | N-1 | %SN |Amps| N-1 | %SN |Amps| N-1 | %sSN

Salem NH BARRON AVENUE 10 13.2(10L1 387 462 107 355| 28% 427 151 81% 440 138 84%
Salem NH BARRON AVENUE 10 13.2|10L2 526 578 268 310 51% 259 319| 49% 266 312 51%
Salem NH BARRON AVENUE 10 13.2|10L4 339 339 176 163| 52% 181 3971 34% 186 392| 35%
Salem NH OLDE TROLLEY 18 13.2|18L1 503 565 133 432 27% 217 348| 43% 223 342 44%
Salem NH OLDE TROLLEY 18 13.2(18L2 503 515 404 111 80% 44 471 9% 45 470 9%
Salem NH OLDE TROLLEY 18 13.2(18L3 515 515 375 140 73% 349 166 68% 359 156 70%
Salem NH OLDE TROLLEY 18 13.2(18L4 516 612 387 225|  75% 205 407 40% 211 401 41%
Salem NH PELHAM 14 13.2|114L4 530 589 44 545 8% 317 2721 60% 326 263 62%
Salem NH SALEM DEPOT 9 13.2|19L1 322 371 271 100 84% 303 275 58% 312 266 59%
Salem NH SALEM DEPOT 9 13.2|9L2 322 371 224 147] 70% 288 290 55% 297 281 57%
Salem NH SALEM DEPOT 9 13.2(9L3 507 507 319 188 63% 391 187 74% 402 176 77%
Salem NH SPICKET RIVER 13 13.2(13L1 515 515 326 189 63% 347 168 67% 357 158 69%
Salem NH SPICKET RIVER 13 13.2(13L2 515 515 290 225| 56% 312 203| 61% 321 194 62%
Salem NH SPICKET RIVER 13 13.2(13L3 522 522 442 80| 85% 386 136 74% 397 125 76%
Salem NH GOLDEN ROCK 19 13.2|19L4 530 589 589 0% 84 528 16% 87 525 17%
Salem NH GOLDEN ROCK 19 13.2(19L6 530 589 589 0% 313 299| 60% 322 290 61%
Salem NH GOLDEN ROCK 19 13.2(19L8 530 589 589 0% 413 199 79% 425 187 81%

oLl

Table 24 Alt #2 Feeder Normal Loading

110



Ll

Liberty Utilities
System Planning
Salem Area Study 2020

Salem NH Transformer Analysis

System Voltage Maximum Rating (MVA) Projected Load
(kV) 2019 2022 2036

Study Area Substation Tranf. ID.| From To Nag;izlgte SN SE MVA [ N-1 [%SN| MVA [ N-1 [%SN|MVA| N-1 [%SN
Salem NH GOLDEN ROCK 19 T1 115 23 50 78.7 91.6 56.9] 34.7| 72%| 56.7| 34.9| 72%| 58.4| 33.2| 74%
Salem NH BARRON AVENUE 10 L1 23 13.2 7 9.4 10.9 2.4 85| 26% 9.8 11| 78%| 10.0 3.0 80%
Salem NH BARRON AVENUE 10 L2 23 13.2 7 13.6 14.2 6.1 8.1 45% 59 83| 43%| 6.1 8.1 45%
Salem NH BARRON AVENUE 10 L4 23 13.2 7 9.1 10.3 4.0 6.3| 44% 4.1 6.2 33%| 4.3] 8.7 34%
Salem NH OLDE TROLLEY 18 L1 23 13.2 9.375 12.4 12.9 3.0 9.9 25% 50 7.9| 40%| 5.1 7.8 41%
Salem NH OLDE TROLLEY 18 L2 23 13.2 9.375 12.4 12.9 9.2| 37| 75% 1.0] 119 8%| 1.0f 119 8%
Salem NH OLDE TROLLEY 18 L3 23 13.2 9.375 12.5 13 8.6 4.4| 69% 8.0 50| 64%| 8.2 4.8| 66%
Salem NH OLDE TROLLEY 18 L4 23 13.2 9.375 12.5 13 8.8| 4.2| 71% 47| 83| 37%| 4.8 8.2 39%
Salem NH SALEM DEPOT 9 L1 23 13.2 7 7.36 10.1 6.2| 3.9| 84% 6.9 32| 55%| 7.1 5.9 57%
Salem NH SALEM DEPOT 9 L2 23 13.2 7 7.36 9.2 51/ 41| 70% 6.6 26| 53%| 6.8 6.2] 54%
Salem NH SALEM DEPOT 9 L3 23 13.2 9.375 11.6 11.6 7.3 4.3| 63% 8.9 2.7 7% 9.2 2.4 79%
Salem NH SPICKET RIVER 13 L1 23 13.2 9.375 14.4 14.4 7.5 6.9 52% 79| 6.5 55%| 8.2 6.2 57%
Salem NH SPICKET RIVER 13 L2 23 13.2 9.375 13.9 14.4 6.6 7.8] 48% 71| 7.3] 51%| 7.3 7.1 53%
Salem NH SPICKET RIVER 13 L3 23 13.2 9.375 13.9 14.4 10.1] 4.3 73% 8.8/ 56| 63%| 9.1 53| 65%
Salem NH GOLDEN ROCK 19 T2 115 13.2 50 78.7 91.6 0.0/ 91.6] 0%| 185| 73.1| 24%| 19.1| 72.5] 24%

Table 25 Alt #2 Transformer Normal Loading
Salem NH Supply Line Analysis
Line Section Rating (MVA) Projected Load
2019 2022 2036

Study Area Circuit Voltage From To SN SE MVA | %SN] MVA | %SN | MVA| %SN
Salem NH 2352 23|Golden Rock Barron Awve. Tap 54.8 65.4] 30.9] 56%| 28.4] 52%]| 29.2 53%
Salem NH 2352 23|Barron Awve. Tap Olde Trolley Tap 56.4 72.5] 30.9] 55%| 28.4] 50%)| 29.2 52%
Salem NH 2352 23(Olde Trolley Tap Olde Trolley 31.9 31.9] 12.3] 39% 6.0] 19%| 6.1 19%
Salem NH 2352 23|Olde Trolley Tap Salem Depot #9 27.1 27.1| 18.6] 69%| 22.4] 83%|( 23.1 85%
Salem NH 2393 23|Golden Rock Barron Awe. Tap 54.8 65.4] 26.0| 47%| 28.3] 52%| 29.2 53%
Salem NH 2393 23|Barron Ave. Tap Olde Trolley Tap 45.2 58.2| 17.4| 38%| 12.7] 28%| 13.0 29%
Salem NH 2393 23|0lde Trolley Tap Olde Trolley 31.9 31.9] 17.4] 55%| 12.7] 40%]| 13.0 41%
Salem NH 2393 23|0lde Trolley Tap Salem Depot #9 27.1 27.1 0.0l 0% 0.0/ 0%| 0.0 0%
Methuen 2353 23[Meth Jnctn Golden Rock 23.9 23.9 4.0] 17% 0.0l 0%| 0.0 0%
Methuen 2376 23|Meth Jnctn Golden Rock 23.9 23.9 0% 0%| 0.0 0%
Methuen 2376 23|SPICKET RIVER TAP [SPICKET RIVER 35.9 40.7( 24.2] 67%| 23.9] 67%| 25.2 70%

Table 26 Alt #2 Supply Line Normal Loading
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Salem NH Transformer Contingency Analysis
System Voltage (kV) | Maximum Rating (MVA) Projected Contingency
Study Area Substation Tranf. ID. 2019 2022 2036
From To Nag;\ fi‘:;te SN SE MVA | %SE | MVA | %sSE | mva | w%sE

Salem NH BARRON AVENUE 10 L1 23 13.2 7 9.40 10.90 6.3 58% 11.3 87% 11.6 89%
Salem NH BARRON AVENUE 10 L2 23 13.2 7 13.60 14.20 6.3 44% 11.3 79% 11.6 82%
Salem NH BARRON AVENUE 10 L4 23 13.2 7 9.10 10.30 6.3 61% 11.3 87% 11.6 89%
Salem NH OLDE TROLLEY 18 L1 23 13.2 9.375 12.40 12.90 9.9 77% 11.5 89% 11.8 92%
Salem NH OLDE TROLLEY 18 L2 23 13.2 9.375 12.40 12.90 9.9 7% 11.5 89% 11.8 92%
Salem NH OLDE TROLLEY 18 L3 23 13.2 9.375 12.50 13.00 9.9 76% 11.5 88% 11.8 91%
Salem NH OLDE TROLLEY 18 L4 23 13.2 9.375 12.50 13.00 9.9 76% 11.5 88% 11.8 91%
Salem NH SALEM DEPOT 9 L1 23 13.2 7 7.36 10.10 9.3 92% 11.8 91% 12.1 93%
Salem NH SALEM DEPOT 9 L2 23 13.2 7 7.36 9.20 9.3 101% 11.8 91% 12.1 93%
Salem NH SALEM DEPOT 9 L3 23 13.2 9.375 11.60 11.60 9.3 80% 11.8 102% 12.1 105%
Salem NH SPICKET RIVER 13 L1 23 13.2 9.375 14.40 14.40 12.1 84% 13.4 93% 13.8 96%
Salem NH SPICKET RIVER 13 L2 23 13.2 9.375 13.90 14.40 12.1 84% 13.4 93% 13.8 96%
Salem NH SPICKET RIVER 13 L3 23 13.2 9.375 13.90 14.40 12.1 84% 13.4 93% 13.8 96%
Salem NH PELHAM 14 T1 115 13.2 40 50.30 56.00 8.4 15% 17.0 30% 17.5 31%
Salem NH PELHAM 14 T2 115 13.2 40 50.30 56.00 8.4 15% 17.0 30% 17.5 31%
Salem NH GOLDEN ROCK 19 T2 115 13.2 50 78.70 91.60 0% 0% 0%

Table 27 Alt #2 Transformer Contingency Loading

Salem NH Supply Line Contingency Analysis

Line Section Rating (MVA Projected Contingency
Study Area Circuit Voltage 9 ( ) 2019 2022 2036
k) From To SN se | mva Losag 7| wse | mva Lo;g 7| wse | mva Logg 7| wsE
Salem NH 2352 23|Golden Rock Barron Awve. Tap 54.8 65.4 48.3 0.0 74% 41.1 0.0 63% 42.3 0.0 65%
Salem NH 2352 23|Barron Ave. Tap Olde Trolley Tap 56.4 72.5 48.3 0.0 67% 41.1 0.0 57% 42.3 0.0 58%
Salem NH 2352 23|Olde Trolley Tap Olde Trolley 31.9 31.9 29.7 0.0 93% 18.6 0.0 58% 19.2 0.0 60%
Salem NH 2352 23|Olde Trolley Tap Salem Depot #9 27.1 27.1 18.6 0.0 69% 22.4 0.0 83% 23.1 0.0 85%
Salem NH 2393 23|Golden Rock Barron Awe. Tap 54.8 65.4 56.9 0.0 87% 56.7 0.0 87% 58.4 0.0 89%
Salem NH 2393 23[Barron Ave. Tap Olde Trolley Tap 45.2 58.2 56.9 0.0 98% 56.7 0.0 98% 58.4 0.2 100%
Salem NH 2393 23|Olde Trolley Tap Olde Trolley 31.9 31.9 29.7 0.0 93% 18.6 0.0 58% 19.2 0.0 60%
Salem NH 2393 23|Olde Trolley Tap Salem Depot #9 27.1 27.1 18.6 0.0 69% 22.4 0.0 83% 23.1 0.0 85%
Methuen MA 2353 23|Meth Jnctn Golden Rock 23.9 23.9 34.9 11.0 146% 32.5 8.6 136% 34.3 10.4 144%
Methuen MA 2376 23|Meth Jnctn Golden Rock 23.9 23.9 26.0 2.1 109% 28.3 4.4 119% 29.9 6.0 125%
Methuen MA 2376 23|SPICKET RIVER TAP |SPICKET RIVER 35.9 40.7 24.2 0.0 59% 23.9 0.0 59% 25.2 0.0 62%

4%

Table 28 Alt #2 Supply Line Contingency Loading

Alternative #3 Loading
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Salem NH Feeder Analysis
2019 2022 2036
. SN Rating S.E
Study Area Substation Voltage (kV)| Feeder (Amps) Rating
(Amps) | Amps | N-1 | %SN |Amps| N-1 | %SN |Amps| N-1 | %SN

Salem NH BARRON AVENUE 10 13.2{10L1 387 462 107 355| 28% 460 118| 88% 473 105 90%
Salem NH BARRON AVENUE 10 13.2|10L2 526 578 268 310 51% 276 302 52% 284 294| 54%
Salem NH BARRON AVENUE 10 13.2(10L4 339 339 176 163 52% 181 397 34% 186 392| 35%
Salem NH OLDE TROLLEY 18 13.2(18L1 503 565 133 432 27% 217 348 43% 224 341 44%
Salem NH OLDE TROLLEY 18 13.2(18L2 503 515 404 111 80% 44 471 9% 45 470 9%
Salem NH OLDE TROLLEY 18 13.2(18L3 515 515 375 140 73% 341 174] 66% 351 164 68%
Salem NH OLDE TROLLEY 18 13.2|18L4 516 612 387 225| 75% 204 408| 40% 210 402  41%
Salem NH PELHAM 14 13.2(14L4 530 589 44 545 8% 317 272 60% 326 263| 62%
Salem NH SALEM DEPOT 9 13.2|9L1 322 371 271 100| 84% 219 359 42% 226 352 43%
Salem NH SALEM DEPOT 9 13.2(9L2 322 371 224 147( 70% 288 290 55% 297 281| 56%
Salem NH SALEM DEPOT 9 13.2|9L3 507 507 319 188| 63% 391 187 74% 402 176 77%
Salem NH SPICKET RIVER 13 13.2(13L1 515 515 326 189 63% 168 347 33% 173 342 34%
Salem NH SPICKET RIVER 13 13.2|13L2 515 515 290 225| 56% 146 369| 28% 150 365 29%
Salem NH SPICKET RIVER 13 13.2(13L3 522 522 442 80| 85% 102 420 19% 105 417 20%
Salem NH GOLDEN ROCK 19 13.2(19L4 530 589 589 0% 84 528] 16% 86 526| 16%
Salem NH GOLDEN ROCK 19 13.2(19L6 530 589 589 0% 542 70| 103% 558 54| 106%
Salem NH GOLDEN ROCK 19 13.2|19L8 530 589 589 0%| 275 337 52% 283 329 54%
Salem NH BARRON AVENUE 10 13.2[10L5 516 589 589 0% 121 468| 23% 125 464| 24%
Salem NH SALEM DEPOT 9 13.2|9L4 516 589 589 0% 8 581 2% 8 581 2%
Salem NH SALEM DEPOT 9 13.2[9L5 516 589 589 0% 466 123 90% 480 109 93%

Table 29 Alt #3 Feeder Normal Loading
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Salem NH Transformer Analysis
System Voltage Maximum Rating (MVA) Projected Load
(kv) 2019 2022 2036
Study Area Substation Tranf. ID.| From To Na;';?:]l;te SN SE [MVA | N1 |%SN|MVA | N-1 [%SN|MVA|N-1| %SN
Salem NH BARRON AVENUE 10 L1 23 13.2 7 9.4 10.9 2.4 85 26%| 105 04| 84%| 10.8] 2.2 87%
Salem NH BARRON AVENUE 10 L2 23 13.2 7 13.6 14.2 6.1 81| 45%| 6.3] 79| 46%| 6.5 7.7 48%
Salem NH BARRON AVENUE 10 L4 23 13.2 7 9.1 10.3 40| 6.3] 44%| 41| 6.2| 33%| 43| 87 34%
Salem NH OLDE TROLLEY 18 L1 23 13.2 9.375 12.4 12.9 3.0 99 25%| 50 79| 40%| 51| 7.8 41%
Salem NH OLDE TROLLEY 18 L2 23 13.2 9.375 12.4 12.9 9.2| 3.7[ 75% 1.0/ 11.9] 8%| 1.0 11.9 8%
Salem NH OLDE TROLLEY 18 L3 23 13.2 9.375 12.5 13 8.6] 4.4 69%| 7.8 52| 62%| 80| 5.0 64%
Salem NH OLDE TROLLEY 18 L4 23 13.2 9.375 12.5 13 8.8 42| 71%| 47| 83| 37%| 4.8 82 38%
Salem NH SALEM DEPOT 9 L1 23 13.2 7 7.36 10.1 6.2 3.9 84%| 50 51| 40%| 52| 7.8 41%
Salem NH SALEM DEPOT 9 L2 23 13.2 7 7.36 9.2 51 4.1 70%| 6.6 26| 53%| 6.8 6.2 54%
Salem NH SALEM DEPOT 9 L3 23 13.2 9.375 11.6 11.6 7.3 43| 63%| 89 27| 77%| 9.2 24 79%
Salem NH SPICKET RIVER 13 L1 23 13.2 9.375 14.4 14.4 75| 6.9 52%| 3.9] 105 27%| 4.0| 10.4 28%
Salem NH SPICKET RIVER 13 L2 23 13.2 9.375 13.9 14.4 6.6 7.8] 48%w| 3.3] 11.1] 24%| 3.4| 11.0 25%
Salem NH SPICKET RIVER 13 L3 23 13.2 9.375 13.9 14.4 10.1| 43| 73%| 23] 12.1] 17%| 2.4 12.0 17%
Salem NH GOLDEN ROCK 19 T2 115 13.2 50 78.7 91.6 0.0 91.6] 0%| 20.6] 71.0] 26%| 21.2| 70.4 27%
Salem NH BARRON AVENUE 10 L5 23 13.2 9.375 14.4 14.4 0.0 14.4] 0%| 2.8 11.6] 19%| 2.8| 11.4 21%
Salem NH SALEM DEPOT 9 L4 23 13.2 9.375 14.4 14.4 0.0 144 0%| 02| 142 1%| 0.2] 14.0 1%
Salem NH SALEM DEPOT 9 L5 23 13.2 9.375 14.4 14.4 0.0 14.4 0%| 107 3.7 74%| 11.0] 3.2 81%
Table 30 Alt #3 Transformer Normal Loading
Salem NH Supply Line Analysis
Line Section Rating (MVA) Projected Load
2019 2022 2036
Study Area Circuit Voltage From To SN SE MVA | %SN| MVA [ %SN | MVA| %SN
Salem NH 2352 23|Golden Rock Barron Awve. Tap 54.8 65.4] 30.9] 56%| 37.3] 68%| 38.4 70%
Salem NH 2352 23|Barron Ave. Tap Olde Trolley Tap 56.4 72.5] 30.9] 55%]| 37.3] 66%]| 38.4 68%
Salem NH 2352 23|Olde Trolley Tap Olde Trolley 31.9 31.9] 12.3] 39% 6.0] 19%| 6.1 19%
Salem NH 2352 23|Olde Trolley Tap Salem Depot #9 27.1 27.1] 18.6] 69%| 31.4/116%| 32.3] 119%
Salem NH 2393 23|Golden Rock Barron Awve. Tap 54.8 65.4] 26.0] 47%| 29.3| 53%| 30.1 55%
Salem NH 2393 23|Barron Awve. Tap Olde Trolley Tap 45.2 58.2] 17.4| 38%| 12.5| 28%)| 12.8 28%
Salem NH 2393 23|Olde Trolley Tap Olde Trolley 31.9 31.9] 17.4] 55%| 12.5| 39%| 12.8 40%
Salem NH 2393 23|Olde Trolley Tap Salem Depot #9 27.1 27.1 0.0 0% 0.0/ 0%| 0.0 0%
Methuen 2353 23[Meth Jnctn Golden Rock 23.9 23.9 4.0] 17% 6.9 29%| 7.3 30%
Methuen 2376 23[Meth Jnctn Golden Rock 23.9 23.9 0% 0%| 0.0 0%
Methuen 2376 23|SPICKET RIVER TAP |SPICKET RIVER 35.9 40.7| 24.2| 67% 9.5 26%]| 10.0 28%

1425

Table 31 Alt #3 Supply Line Normal Loading

114



Liberty Utilities
System Planning
Salem Area Study 2020

Salem NH Transformer Contingency Analysis
System Voltage (kV) | Maximum Rating (MVA) Projected Contingency
Study Area Substation Tranf. ID. 2019 2022 2036
From To NaF:r; fi‘;';te SN SE MVA | %SE | MVA | %SE | Mva | %sSE

Salem NH BARRON AVENUE 10 L1 23 13.2 7 9.40 10.90 4.2 39% 7.9 61% 8.1 63%
Salem NH BARRON AVENUE 10 L2 23 13.2 7 13.60 14.20 4.2 30% 7.9 56% 8.1 57%
Salem NH BARRON AVENUE 10 L4 23 13.2 7 9.10 10.30 4.2 41% 7.9 61% 8.1 63%
Salem NH OLDE TROLLEY 18 L1 23 13.2 9.375 12.40 12.90 9.9 7% 6.1 48% 6.3 49%
Salem NH OLDE TROLLEY 18 L2 23 13.2 9.375 12.40 12.90 9.9 77% 6.1 48% 6.3 49%
Salem NH OLDE TROLLEY 18 L3 23 13.2 9.375 12.50 13.00 9.9 76% 6.1 47% 6.3 49%
Salem NH OLDE TROLLEY 18 L4 23 13.2 9.375 12.50 13.00 9.9 76% 6.1 47% 6.3 49%
Salem NH SALEM DEPOT 9 L1 23 13.2 7 7.36 10.10 4.7 46% 7.8 60% 8.1 62%
Salem NH SALEM DEPOT 9 L2 23 13.2 7 7.36 9.20 4.7 51% 7.8 60% 8.1 62%
Salem NH SALEM DEPOT 9 L3 23 13.2 9.375 11.60 11.60 4.7 40% 7.8 68% 8.1 70%
Salem NH SPICKET RIVER 13 L1 23 13.2 9.375 14.40 14.40 12.1 84% 4.8 33% 4.9 34%
Salem NH SPICKET RIVER 13 L2 23 13.2 9.375 13.90 14.40 12.1 84% 4.8 33% 4.9 34%
Salem NH SPICKET RIVER 13 L3 23 13.2 9.375 13.90 14.40 12.1 84% 4.8 33% 4.9 34%
Salem NH GOLDEN ROCK 19 T2 115 13.2 50 78.70 91.60 0.0 0% 0% 0%
Salem NH BARRON AVENUE 10 L5 23 13.2 9.375 14.40 14.40 0% 7.9 56% 8.1 57%
Salem NH SALEM DEPOT 9 L4 23 13.2 9.375 14.40 14.40 0% 7.8 55% 8.1 57%
Salem NH SALEM DEPOT 9 L5 23 13.2 9.375 14.40 14.40 0% 7.8 55% 8.1 57%

Table 32 Alt #3 Transformer Contingency Loading

Salem NH Supply Line Contingency Analysis

Line Section Rating (MVA Projected Contingency
Study Area Circuit Voltage 9( ) 2019 2022 2036
(kv) From To SN s | mva Lo:lc_:j | wse | mva Lo;lc:—i | wse | mva Logg > | wse
Salem NH 2352 23| Golden Rock Barron Awve. Tap 54.8 65.4 48.3 0.0 74% 50.0 0.0 76% 51.5 0.0 79%
Salem NH 2352 23[Barron Ave. Tap Olde Trolley Tap 56.4 72.5 48.3 0.0 67% 50.0 0.0 69% 51.5 0.0 71%
Salem NH 2352 23|Olde Trolley Tap Olde Trolley 31.9 31.9 29.7 0.0 93% 18.4 0.0 58% 19.0 0.0 60%
Salem NH 2352 23|Olde Trolley Tap Salem Depot #9 27.1 27.1 18.6 0.0 69% 31.4 4.3 116% 32.3 5.2 119%
Salem NH 2393 23[Golden Rock Barron Ave. Tap 54.8 65.4 56.9 0.0 87% 66.4 1.0 102% 68.4 3.0 105%
Salem NH 2393 23|Barron Ave. Tap Olde Trolley Tap 45.2 58.2 56.9 0.0 98% 66.4 8.3 114% 68.4 10.2 118%
Salem NH 2393 23|Olde Trolley Tap Olde Trolley 31.9 31.9 29.7 0.0 93% 18.4 0.0 58% 19.0 0.0 60%
Salem NH 2393 23[Olde Trolley Tap Salem Depot #9 27.1 27.1 18.6 0.0 69% 31.4 4.3 116% 32.3 5.2 119%
Methuen MA 2353 23[Meth Jnctn Golden Rock 23.9 23.9 34.9 11.0 146% 41.5 17.6 174% 43.8 19.9 183%
Methuen MA 2376 23[Meth Jnctn Golden Rock 23.9 23.9 26.0 2.1 109% 29.3 5.4 123% 30.9 7.0 129%
Methuen MA 2376 23|SPICKET RIVER TAP |SPICKET RIVER 35.9 40.7 24.2 0.0 59% 9.5 0.0 23% 10.0 0.0 25%

Sk

Table 33 Alt #3 Supply Line Contingency Loading
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Liberty Utilities
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Salem Area Study 2020

Salem NH Feeder Analysis
2019 2022 2036
. SN Rating S.E
Study Area Substation Voltage (kV)| Feeder (Amps) Rating
(Amps) | Amps | N-1 | %SN |Amps| N-1 | %SN |Amps| N-1 | %sSN

Salem NH BARRON AVENUE 10 13.2(10L1 387 462 107 355| 28% 117 461 22% 121 457 23%
Salem NH BARRON AVENUE 10 13.2(10L2 526 578 268 310] 51% 479 99| 91% 493 85| 94%
Salem NH BARRON AVENUE 10 13.2|10L4 339 339 176 163| 52% 192 386 36% 197 381 38%
Salem NH OLDE TROLLEY 18 13.2|18L1 503 565 133 432 27% 217 348| 43% 224 341 44%
Salem NH OLDE TROLLEY 18 13.2(18L2 503 515 404 111 80% 411 104 82% 423 92| 84%
Salem NH OLDE TROLLEY 18 13.2(18L3 515 515 375 140 73% 341 174 66% 351 164 68%
Salem NH OLDE TROLLEY 18 13.2(18L4 516 612 387 225|  75% 133 479 26% 137 475| 26%
Salem NH PELHAM 14 13.2|114L4 530 589 44 545 8% 382 2071 72% 393 196 74%
Salem NH SALEM DEPOT 9 13.2|19L1 322 371 271 100 84% 201 3771 38% 207 371 39%
Salem NH SALEM DEPOT 9 13.2|9L2 322 371 224 147] 70% 288 290 55% 297 281 57%
Salem NH SALEM DEPOT 9 13.2(9L3 507 507 319 188 63% 391 187 74% 402 176 77%
Salem NH SPICKET RIVER 13 13.2(13L1 515 515 326 189 63% 168 347 33% 173 342 34%
Salem NH SPICKET RIVER 13 13.2(13L2 515 515 290 225| 56% 146 369| 28% 150 365| 29%
Salem NH SPICKET RIVER 13 13.2(13L3 522 522 442 80| 85% 204 318| 39% 210 312 40%
Salem NH BARRON AVENUE 10 13.2|10L5 516 589 589 0% 169 420 33% 174 415 34%
Salem NH SALEM DEPOT 9 13.2(9L4 516 589 589 0% 500 89| 97% 515 74| 100%
Salem NH SALEM DEPOT 9 13.2[9L5 516 589 589 0% 466 123[ 90% 480 109 93%

Table 34 Alt #4 Feeder Normal Loading
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Liberty Utilities
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Salem Area Study 2020

Salem NH Transformer Analysis
System Voltage Maximum Rating (MVA) Projected Load
(kv) 2019 2022 2036
Study Area Substation Tranf. ID.| From To Na;;’;ﬂ'gte SN SE [mva| N1 [o%esN| Mva | N1 [s%sN|mva| N3 | sesn
Salem NH GOLDEN ROCK 19 T1 115 23 50 78.7 91.6 56.9| 34.7| 72%| 53.0 38.6] 67%]| 60.7| 30.9 77%
Salem NH GOLDEN ROCK 19 4 115 23 50 78.7 91.6 91.6] 0%| 28.0] 63.6] 36%| 61.3] 30.3 78%
Salem NH BARRON AVENUE 10 L1 23 13.2 7 9.4 10.9 2.4 85 26% 27| 82| 29%| 2.8]10.2 22%
Salem NH BARRON AVENUE 10 L2 23 13.2 7 13.6 14.2 6.1 81| 45%| 11.0] 3.2| 81%| 11.3] 2.9 83%
Salem NH BARRON AVENUE 10 L4 23 13.2 7 9.1 10.3 4.0 6.3] 44%| 4.4 59 48%w| 45 85 36%
Salem NH OLDE TROLLEY 18 L1 23 13.2 9.375 12.4 12.9 3.0 9.9 25% 50/ 7.9 40%| 51| 7.8 41%
Salem NH OLDE TROLLEY 18 L2 23 13.2 9.375 12.4 12.9 9.2| 3.7 75% 9.4 35| 76%| 9.7] 3.2 78%
Salem NH OLDE TROLLEY 18 L3 23 13.2 9.375 12.5 13 8.6 4.4 69% 7.8 52| 62%| 80| 5.0 64%
Salem NH OLDE TROLLEY 18 L4 23 13.2 9.375 12.5 13 8.8 4.2 71% 3.0 10.0] 24%| 3.1 9.9 25%
Salem NH SALEM DEPOT 9 L1 23 13.2 7 7.36 10.1 6.2 3.9 84%| 46| 55 62%| 4.7/ 8.3 38%
Salem NH SALEM DEPOT 9 L2 23 13.2 7 7.36 9.2 51 4.1 70% 6.6] 2.6 90%| 6.8 6.2 54%
Salem NH SALEM DEPOT 9 L3 23 13.2 9.375 11.6 11.6 7.3 43| 63% 8.9 27| 77%| 9.2| 2.4 79%
Salem NH SPICKET RIVER 13 L1 23 13.2 9.375 14.4 14.4 75 6.9 52% 3.9] 10.5| 27%| 4.0] 10.4 28%
Salem NH SPICKET RIVER 13 L2 23 13.2 9.375 13.9 14.4 6.6 7.8 48% 3.3] 11.1] 24%| 3.4| 11.0 25%
Salem NH SPICKET RIVER 13 L3 23 13.2 9.375 13.9 14.4 10.1] 4.3] 73%| 47 9.7] 34%| 4.8 9.6 35%
Salem NH BARRON AVENUE 10 L5 23 13.2 9.375 14.4 14.4 0.0] 14.4] 0% 3.9| 10.5| 27%| 4.0 10.2 29%
Salem NH SALEM DEPOT 9 L4 23 13.2 9.375 14.4 14.4 0.0| 14.4 0% 11.4] 3.0 79%| 11.8[ 2.4 87%
Salem NH SALEM DEPOT 9 L5 23 13.2 9.375 14.4 14.4 0.0| 14.4 0%| 10.7] 3.7[ 74%| 11.0] 3.2 81%
Table 35 Alt #4 Transformer Normal Loading
Salem NH Supply Line Analysis
Line Section Rating (MVA) Projected Load
2019 2022 2036
Study Area Circuit Voltage From To SN SE MVA [%SN| MVA | %SN | MVA| %SN
Salem NH 2352 23|Golden Rock Barron Awve. Tap 54.8 65.4] 18.6] 34%| 42.2) 77%]| 43.4 79%
Salem NH 2352 23|Barron Awve. Tap Olde Trolley Tap 56.4 72.5] 18.6] 33%| 42.2) 75%| 43.4 7%
Salem NH 2352 23|0lde Trolley Tap Olde Trolley 31.9 31.9 0.0] 0% 0.0l 0%| 0.0 0%
Salem NH 2352 23|0lde Trolley Tap Salem Depot #9 27.1 27.1] 18.6] 69%)]| 42.2)156%]| 43.4] 160%
Salem NH 2393 23|Golden Rock Barron Awve. Tap 54.8 65.4] 17.4] 32%| 10.8) 20%]| 11.2 20%
Salem NH 2393 23|Barron Awve. Tap Olde Trolley Tap 45.2 58.2| 17.4] 38%]| 10.8) 24%]| 11.2 25%
Salem NH 2393 23|0lde Trolley Tap Olde Trolley 31.9 31.9 0.0l 0%| 10.8] 34%]| 11.2 35%
Salem NH 2393 23|0lde Trolley Tap Salem Depot #9 27.1 27.1 0.0l 0% 0.0l 0%| 0.0 0%
Methuen 2353 23|Meth Jnctn Golden Rock 23.9 23.9 4.0] 17% 3.9] 16%| 4.0 17%
Methuen 2376 23|Meth Jnctn Golden Rock 23.9 23.9 0% 0%| 0.0 0%
Methuen 2376 23[SPICKET RIVER TAP [SPICKET RIVER 35.9 40.7] 24.2] 67%| 11.8| 33%| 12.2 34%
Salem NH Line #3 23|Golden Rock Barron Awve. Tap 54.8 65.4] 20.9 28.0] 51%]| 28.8 53%
Salem NH Line #3 23|Barron Ave. Tap Rockingham Tap 56.4 72.5 0.0 14.4] 25%| 14.8 26%

Table 36 Alt #4 Supply Lines Normal Loading
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Salem NH Transformer Contingency Analysis

System Voltage (kV) | Maximum Rating (MVA) Projected Contingency
Study Area Substation Tranf. ID. 2019 2022 2036
From To NaF'; ff:}':te SN SE MVA | %SE | MVA | %SE | MVA | %SE
Salem NH GOLDEN ROCK 19 T1 115 23 50 78.70 91.60 0% 81.0 88% 83.4 91%
Salem NH GOLDEN ROCK 19 T2 115 23 50 78.70 91.60 0% 81.0 88% 83.4 91%
Salem NH BARRON AVENUE 10 L1 23 13.2 7 9.40 10.90 4.2 39% 7.3 56% 7.5 58%
Salem NH BARRON AVENUE 10 L2 23 13.2 7 13.60 14.20 4.2 30% 7.3 51% 7.5 53%
Salem NH BARRON AVENUE 10 L4 23 13.2 7 9.10 10.30 4.2 41% 7.3 56% 7.5 58%
Salem NH OLDE TROLLEY 18 L1 23 13.2 9.375 12.40 12.90 9.9 77% 8.4 65% 8.6 67%
Salem NH OLDE TROLLEY 18 L2 23 13.2 9.375 12.40 12.90 9.9 7% 8.4 65% 8.6 67%
Salem NH OLDE TROLLEY 18 L3 23 13.2 9.375 12.50 13.00 9.9 76% 8.4 65% 8.6 67%
Salem NH OLDE TROLLEY 18 L4 23 13.2 9.375 12.50 13.00 9.9 76% 8.4 65% 8.6 67%
Salem NH SALEM DEPOT 9 L1 23 13.2 7 7.36 10.10 4.7 46% 10.6 81% 10.9 84%
Salem NH SALEM DEPOT 9 L2 23 13.2 7 7.36 9.20 4.7 51% 10.6 81% 10.9 84%
Salem NH SALEM DEPOT 9 L3 23 13.2 9.375 11.60 11.60 4.7 40% 10.6 91% 10.9 94%
Salem NH SPICKET RIVER 13 L1 23 13.2 9.375 14.40 14.40 12.1 84% 5.9 41% 6.1 42%
Salem NH SPICKET RIVER 13 L2 23 13.2 9.375 13.90 14.40 12.1 84% 5.9 41% 6.1 42%
Salem NH SPICKET RIVER 13 L3 23 13.2 9.375 13.90 14.40 12.1 84% 5.9 41% 6.1 42%
Salem NH BARRON AVENUE 10 L5 23 13.2 9.375 14.40 14.40 4.2 29% 7.3 51% 7.5 53%
Salem NH SALEM DEPOT 9 L4 23 13.2 9.375 14.40 14.40 4.7 32% 10.6 74% 10.9 76%
Salem NH SALEM DEPOT 9 L5 23 13.2 9.375 14.40 14.40 4.7 32% 10.6 74% 10.9 76%

Table 37 Alt #4 Transformer Contingency Loading
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Salem NH Supply Line Contingency Analysis

Line Section Rating (MVA Projected Contingency
Study Area Circuit Volkt\zjge o : 2019 2022 2036
k) From To sN | se | mva "Ogg 7| wse | mva "Ogg 7| wse | mva "ogg 7| wsE
Salem NH 2352 23|Golden Rock Barron Awve. Tap 54.8 65.4 36.0 0.0 55% 42.2 0.0 65% 43.4 0.0 66%
Salem NH 2352 23|Barron Ave. Tap Olde Trolley Tap 56.4 72.5 36.0 0.0 50% 42.2 0.0 58% 43.4 0.0 60%
Salem NH 2352 23[Olde Trolley Tap Olde Trolley 31.9 31.9 29.7 0.0 93% 0.0 0.0 0% 0.0 0.0 0%
Salem NH 2352 23|Olde Trolley Tap Salem Depot #9 27.1 27.1 18.6 0.0 69% 42.2 15.1 156% 43.4 16.4 160%
Salem NH 2393 23|Golden Rock Barron Awve. Tap 54.8 65.4 48.3 0.0 74% 30.0 0.0 46% 30.8 0.0 47%
Salem NH 2393 23[Barron Awe. Tap Olde Trolley Tap 45.2 58.2 48.3 0.0 83% 30.0 0.0 52% 30.8 0.0 53%
Salem NH 2393 23|Olde Trolley Tap Olde Trolley 31.9 31.9 29.7 0.0 93% 30.0 0.0 94% 30.8 0.0 97%
Salem NH 2393 23|Olde Trolley Tap Salem Depot #9 27.1 27.1 18.6 0.0 69% 0.0 0.0 0% 0.0 0.0 0%
Methuen MA 2353 23[Meth Jnctn Golden Rock 23.9 23.9 18.6 0.0 78% 18.0 0.0 75% 19.0 0.0 80%
Methuen MA 2376 23|Meth Jnctn Golden Rock 23.9 23.9 17.4 0.0 73% 0.0 0.0 0% 0.0 0.0 0%
Methuen MA 2376 23[SPICKET RIVER TAP |SPICKET RIVER 35.9 40.7 24.2 0.0 59% 11.8 0.0 29% 12.5 0.0 31%
Salem NH Line #3 23[|Golden Rock Barron Awe. Tap 54.8 65.4 20.9 0.0 32% 55.8 0.0 85% 58.9 0.0 90%
Salem NH Line #3 23|Barron Awve. Tap Rockingham Tap 56.4 72.5 0.0 0.0 0% 42.2 0.0 58% 44.5 0.0 61%
Salem NH Line #3 23| Olde Trolley Tap Salem Depot #9 27.1 27.1 0.0 0.0 0% 42.2 15.1 156% 44.5 17.4 164%

Table 38 Alt #4 Supply Line Contingency Loading
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Salem NH Feeder Analysis

2019 2022 2036
. SN Rating S.E
Study Area Substation Voltage (kV)] Feeder (Amps) Rating
(Amps) | Amps | N-1 | %SN |Amps| N-1 | %SN [Amps| N-1 | %sSN
Salem NH BARRON AVENUE 10 13.2|10L1 387 462 107 355| 28% 117 461 22% 121 457 23%
Salem NH BARRON AVENUE 10 13.2|10L2 526 578 268 310 51% 475 103| 90% 489 89 93%
Salem NH BARRON AVENUE 10 13.2(10L4 339 339 176 163| 52% 191 387| 36% 197 381 38%
Salem NH OLDE TROLLEY 18 13.2(18L1 503 565 133 432 27% 217 348 43% 224 341 44%
Salem NH OLDE TROLLEY 18 13.2(18L2 503 515 404 111 80% 409 106| 81% 421 94| 84%
Salem NH OLDE TROLLEY 18 13.2|18L3 515 515 375 140 73%| 341 174| 66% 351 164| 68%
Salem NH OLDE TROLLEY 18 13.2|18L4 516 612 387 225 75% 133 479| 26% 137 475| 26%
Salem NH PELHAM 14 13.2|14L4 530 589 44 545 8%| 382 207 72% 393 196 74%
Salem NH SALEM DEPOT 9 13.2(9L1 322 371 271 100| 84% 201 377 38% 207 371 39%
Salem NH SALEM DEPOT 9 13.2(9L2 322 371 224 147 70% 288 290 55% 297 281 57%
Salem NH SALEM DEPOT 9 13.2|9L3 507 507 319 188| 63% 391 187 74% 402 176 77%
Salem NH SPICKET RIVER 13 13.2|13L1 515 515 326 189| 63% 168 347 33% 173 342 34%
Salem NH SPICKET RIVER 13 13.2|13L2 515 515 290 225| 56% 164 351 32% 169 346| 33%
Salem NH SPICKET RIVER 13 13.2{13L3 522 522 442 80| 85% 206 316| 40% 212 310 41%
Salem NH ROCKINGHAM 21 -23kV 13.2|121L9 516 589 589 0% 460 129| 89% 474 115 92%
Salem NH ROCKINGHAM 21 -23kV 13.2121L10 516 589 589 0% 500 89 97% 515 74| 100%
Salem NH ROCKINGHAM 21 -23kV 13.2{21L11 516 589 589 0% 170 419 33% 175 414  34%

Table 39 Alt #5 Feeder Normal Loading
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Salem NH Transformer Analysis

System Voltage Maximum Rating (MVA) Projected Load
(kV) 2019 2022 2036

Study Area Substation Tranf. ID.| From To Na;:,?izl:te SN SE MVA | N-1 |%SN| MVA | N-1 |%SN| MVA [ N-1 % SN
Salem NH GOLDEN ROCK 19 Tl 115 23 50 78.7 91.6 56.9] 34.7[ 72%| 31.0[ 60.6] 39%| 31.9] 59.7 40%
Salem NH GOLDEN ROCK 19 T2 115 23 50 78.7 91.6 0.0] 91.6 0%| 53.7[ 37.9] 68%| b55.3] 36.3 70%
Salem NH BARRON AVENUE 10 L1 23 13.2 7 9.4 10.9 24| 85| 26% 27| 82| 29%| 2.8 102 22%
Salem NH BARRON AVENUE 10 L2 23 13.2 7 13.6 14.2 6.1 8.1] 45%| 10.9 3.3] 80%| 11.2 3.0 82%
Salem NH BARRON AVENUE 10 L4 23 13.2 7 9.1 10.3 4.0 6.3 44%| 44| 59 48%| 45/ 85 36%
Salem NH OLDE TROLLEY 18 L1 23 13.2 9.375 12.4 12.9 3.0l 9.9 25% 5.0 7.9 40%| 51| 78 41%
Salem NH OLDE TROLLEY 18 L2 23 13.2 9.375 12.4 12.9 9.2 3.7 75% 9.4 3.5 75% 9.6 3.3 78%
Salem NH OLDE TROLLEY 18 L3 23 13.2 9.375 12.5 13 8.6] 4.4 69% 7.8 52| 62%| 80 50 64%
Salem NH OLDE TROLLEY 18 L4 23 13.2 9.375 12.5 13 8.8 4.2 71% 3.0l 10.0] 24%| 3.1 99 25%
Salem NH SALEM DEPOT 9 L1 23 13.2 7 7.36 10.1 6.2 3.9] 84% 4.6 5.5] 62% 4.7 8.3 38%
Salem NH SALEM DEPOT 9 L2 23 13.2 7 7.36 9.2 51| 4.1] 70% 6.6 2.6] 90%| 6.8 62 54%
Salem NH SALEM DEPOT 9 L3 23 13.2 9.375 11.6 11.6 7.3 43| 63% 8.9 27 71| 92 24 79%
Salem NH SPICKET RIVER 13 L1 23 13.2 9.375 14.4 14.4 7.5 6.9] 52% 3.9] 10.5| 27% 4.0 10.4 28%
Salem NH SPICKET RIVER 13 L2 23 13.2 9.375 13.9 14.4 6.6 7.8] 48% 3.8 10.6] 27% 3.9] 10.5 28%
Salem NH SPICKET RIVER 13 L3 23 13.2 9.375 13.9 14.4 10.1]  4.3] 73% 47| 9.7] 34%| 49 95 35%
Salem NH ROCKINGHAM 21 -23kV L9 23 13.2 9.375 12.5 13 0.0] 13.0 0%| 10.5 2.5| 84%| 10.8 2.2 87%
Salem NH ROCKINGHAM 21 -23kV L10 23 13.2 9.375 12.5 13 0.0] 13.0 0%| 11.4 1.6 91%| 11.8 1.2 94%
Salem NH ROCKINGHAM 21 -23kV|  L11 23 13.2 9.375 12.5 13 0.0 13.0 0% 39 91| 31%| 40 90 32%

Table 40 Alt #5 Transformer Normal Loading
Salem NH Supply Line Analysis
Line Section Rating (MVA) Projected Load
2019 2022 2036

Study Area Circuit Voltage From To SN SE MVA | %SN| MVA | %SN | MVA [ %SN

Salem NH 2352 23|Golden Rock Barron Awve. Tap 54.8 65.4] 30.9] 56%| 20.1] 37%]| 20.7 38%

Salem NH 2352 23|Barron Awve. Tap Olde Trolley Tap 56.4 72.5] 30.9] 55%| 20.1] 36%)]| 20.7 37%

Salem NH 2352 23|Olde Trolley Tap Olde Trolley 31.9 31.9] 12.3] 39% 0%| 0.0 0%

Salem NH 2352 23|Olde Trolley Tap Salem Depot #9 27.1 27.1] 18.6] 69%| 20.1] 74%| 20.7 76%

Salem NH 2393 23|Golden Rock Barron Awve. Tap 54.8 65.4] 26.0] 47%| 10.8] 20%]| 11.2 20%

Salem NH 2393 23|Barron Awe. Tap Olde Trolley Tap 45.2 58.2] 17.4] 38%| 10.8] 24%]| 11.2 25%

Salem NH 2393 23|Olde Trolley Tap Olde Trolley 31.9 31.9] 17.4] 55%| 10.8] 34%]| 11.2 35%

Salem NH 2393 23|0lde Trolley Tap Salem Depot #9 27.1 27.1 0.0] 0% 0.0l 0%| 0.0 0%

Methuen 2353 23[Meth Jnctn Golden Rock 23.9 23.9 4.0[ 17% 0%| 0.0 0%

Methuen 2376 23[Meth Jnctn Golden Rock 23.9 23.9 0% 0%| 0.0 0%

Methuen 2376 23|SPICKET RIVER TAP [SPICKET RIVER 35.9 40.7] 24.2] 67%| 12.3| 34%]| 12.7 35%

Salem NH Line #3 23|Golden Rock Barron Awve. Tap 54.8 65.4 27.9] 51%)| 28.7 52%

Salem NH Line #3 23|Barron Awe. Tap Rockingham Tap 56.4 72.5 14.3] 25%| 14.7 26%

Salem NH Line #3 23|0lde Trolley Tap Salem Depot #9 27.1 27.1 0.0l 0%]| 0.0 0%

Salem NH Line #4 23|Golden Rock Barron Ave. Tap 54.8 65.4 25.8| 47%| 26.6 49%

Salem NH Line #4 23|Barron Awve. Tap Rockingham Tap 56.4 72.5 25.8| 46%)| 26.6 47%

Salem NH Line #4 23|Olde Trolley Tap Salem Depot #9 56.4 72.5 0.0l 0%| 0.0 0%

Table 41 Alt #5 Supply Line Normal Loading
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Salem NH Transformer Contingency Analysis

System Voltage (kV) | Maximum Rating (MVA) Projected Contingency
Study Area Substation Tranf. ID. 2019 2022 2036
From To Nameplate [ g\ SE MVA | %SE | MVA | %SE | MvA | w%sE
Rating
Salem NH GOLDEN ROCK 19 T1 115 23 50 78.70 91.60 0% 84.7 92% 87.2 95%
Salem NH GOLDEN ROCK 19 T2 115 23 50 78.70 91.60 0% 84.7 92% 87.2 95%
Salem NH BARRON AVENUE 10 L1 23 13.2 7 9.40 10.90 6.3 58% 9.0 69% 9.2 71%
Salem NH BARRON AVENUE 10 L2 23 13.2 7 13.60 14.20 6.3 44% 9.0 63% 9.2 65%
Salem NH BARRON AVENUE 10 L4 23 13.2 7 9.10 10.30 6.3 61% 9.0 69% 9.2 71%
Salem NH OLDE TROLLEY 18 L1 23 13.2 9.375 12.40 12.90 9.9 77% 8.4 65% 8.6 67%
Salem NH OLDE TROLLEY 18 L2 23 13.2 9.375 12.40 12.90 9.9 77% 8.4 65% 8.6 67%
Salem NH OLDE TROLLEY 18 L3 23 13.2 9.375 12.50 13.00 9.9 76% 8.4 65% 8.6 66%
Salem NH OLDE TROLLEY 18 L4 23 13.2 9.375 12.50 13.00 9.9 76% 8.4 65% 8.6 66%
Salem NH SALEM DEPOT 9 L1 23 13.2 7 7.36 10.10 9.3 92% 10.1 77% 10.4 80%
Salem NH SALEM DEPOT 9 L2 23 13.2 7 7.36 9.20 9.3 101% 10.1 7% 10.4 80%
Salem NH SALEM DEPOT 9 L3 23 13.2 9.375 11.60 11.60 9.3 80% 10.1 87% 10.4 89%
Salem NH SPICKET RIVER 13 L1 23 13.2 9.375 14.40 14.40 12.1 84% 6.2 43% 6.3 44%
Salem NH SPICKET RIVER 13 L2 23 13.2 9.375 13.90 14.40 12.1 84% 6.2 43% 6.3 44%
Salem NH SPICKET RIVER 13 L3 23 13.2 9.375 13.90 14.40 12.1 84% 6.2 43% 6.3 44%
Salem NH ROCKINGHAM 21 -23kV L9 23 13.2 9.375 12.50 13.00 0.0 0% 12.9 99% 13.3 102%
Salem NH ROCKINGHAM 21 -23kV L10 23 13.2 9.375 12.50 13.00 0.0 0% 12.9 99% 13.3 102%
Salem NH ROCKINGHAM 21 -23kV L11 23 13.2 9.375 12.50 13.00 0.0 0% 12.9 99% 13.3 102%

Table 42 Alt #5 Transformer Contingency Loading
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Salem NH Supply Line Contingency Analysis

Line Section Rating (MVA Projected Contingency
Study Area Circuit VoLt\zjge o : 2019 2022 2036
V) From To sN | s | mva "Ogg 7| wse | mva "ogg 7| wse | mva "ogg 7| wsE
Salem NH 2352 23|Golden Rock Barron Awve. Tap 54.8 65.4 48.3 0.0 74% 46.0 0.0 70% 47.3 0.0 72%
Salem NH 2352 23|Barron Ave. Tap Olde Trolley Tap 56.4 72.5 48.3 0.0 67% 46.0 0.0 63% 47.3 0.0 65%
Salem NH 2352 23[Olde Trolley Tap Olde Trolley 31.9 31.9 29.7 0.0 93% 0.0 0% 0.0 0.0 0%
Salem NH 2352 23|Olde Trolley Tap Salem Depot #9 27.1 27.1 18.6 0.0 69% 46.0 18.9 170% 47.3 20.2 175%
Salem NH 2393 23|Golden Rock Barron Awve. Tap 54.8 65.4 56.9 0.0 87% 25.2 0.0 38% 25.9 0.0 40%
Salem NH 2393 23[Barron Awe. Tap Olde Trolley Tap 45.2 58.2 56.9 0.0 98% 25.2 0.0 43% 25.9 0.0 45%
Salem NH 2393 23[Olde Trolley Tap Olde Trolley 31.9 31.9 29.7 0.0 93% 25.2 0.0 79% 25.9 0.0 81%
Salem NH 2393 23|Olde Trolley Tap Salem Depot #9 27.1 27.1 18.6 0.0 69% 0.0 0.0 0% 0.0 0.0 0%
Methuen MA 2353 23|Meth Jnctn Golden Rock 23.9 23.9 30.9 7.0 129% 20.1 0.0 84% 21.2 0.0 89%
Methuen MA 2376 23|Meth Jnctn Golden Rock 23.9 23.9 26.0 2.1 109% 10.8 0.0 45% 11.4 0.0 48%
Methuen MA 2376 23[SPICKET RIVER TAP |SPICKET RIVER 35.9 40.7 24.2 0.0 59% 12.3 0.0 30% 13.0 0.0 32%
Salem NH Line #3 23|Golden Rock Barron Awe. Tap 54.8 65.4 0.0 0.0 0% 38.7 0.0 59% 40.8 0.0 62%
Salem NH Line #3 23|Barron Awve. Tap Rockingham Tap 56.4 72.5 0.0 0.0 0% 25.2 0.0 35% 26.6 0.0 37%
Salem NH Line #3 23|Olde Trolley Tap Salem Depot #9 27.1 27.1 0.0 0.0 0% 0.0 0% 0.0 0.0 0%
Salem NH Line #4 23| Golden Rock Barron Awe. Tap 54.8 65.4 0.0 0.0 0% 46.0 0.0 70% 48.5 0.0 74%
Salem NH Line #4 23[Barron Awe. Tap Rockingham Tap 56.4 72.5 0.0 0.0 0% 46.0 0.0 63% 48.5 0.0 67%
Salem NH Line #4 23| Olde Trolley Tap Salem Depot #9 56.4 72.5 0.0 0.0 0% 46.0 0.0 63% 48.5 0.0 67%

Table 43 Alt #5 Supply Line Contingency Loading

Alternative #6 Loading
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Salem NH Feeder Analysis
2019 2022 2036
. SN Rating S.E
Study Area Substation Voltage (kV)| Feeder (Amps) Rating
(Amps) | Amps | N-1 | %SN |Amps| N-1 | %SN | Amps| N-1 | %SN

Salem NH OLDE TROLLEY 18 13.2|18L1 503 565 107 458 21%| 217 348 43% 224 341 44%
Salem NH OLDE TROLLEY 18 13.2|18L2 503 515 268 247| 53%| 252 263 50% 260 255 52%
Salem NH OLDE TROLLEY 18 13.2|18L3 515 515 176 339 34%| 348 167| 68% 358 157 70%
Salem NH OLDE TROLLEY 18 13.2|18L4 516 612 133 479 26% 461 151 89% 474 138 92%
Salem NH PELHAM 14 13.2|14L4 530 589 323 266 61% 46 543 9% 48 541 9%
Salem NH SPICKET RIVER 13 13.2|13L1 515 515 271 244 53%| 347 168| 67% 357 158| 69%
Salem NH SPICKET RIVER 13 13.2|13L2 515 515 224 291| 43% 312 203 61% 321 194 62%
Salem NH SPICKET RIVER 13 13.2|13L3 522 522 319 203| 61%| 390 132| 75% 402 1201 77%
Salem NH GOLDEN ROCK 19 13.2|19L4 530 589 589 0% 84 528 16% 86 526 16%
Salem NH GOLDEN ROCK 19 13.2|19L6 530 589 589 0%| 259 353| 49% 267 345 51%
Salem NH GOLDEN ROCK 19 13.2|19L8 530 589 589 0%| 235 377  45% 242 370f 46%
Salem NH ROCKINGHAM 21 13.2(21L1 530 589 589 0%| 455 134 86% 468 121| 88%
Salem NH ROCKINGHAM 21 13.2|21L2 515 589 589 0% 0 589 0% 0 589 0%
Salem NH ROCKINGHAM 21 13.2[21L3 515 515 515 0% 0 515 0% 0 515 0%
Salem NH ROCKINGHAM 21 13.2|21L4 515 515 515 0% 0 515 0% 0 515 0%
Salem NH ROCKINGHAM 21 13.2[21L5 530 589 589 0%| 281 308 53% 289 300f 55%
Salem NH ROCKINGHAM 21 13.2[21L6 530 589 589 0%| 288 301] 54% 296 293 56%
Salem NH ROCKINGHAM 21 13.2[21L7 530 589 589 0%| 372 217 70% 383 206 72%
Salem NH ROCKINGHAM 21 13.2(21L8 530 589 589 0%| 441 148| 83% 454 135| 86%

1745

Table 44 Alt #6 Feeder Normal Loading
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Salem NH Transformer Analysis

System Voltage Maximum Rating (MVA) Projected Load
(kv) 2019 2022 2036
Study Area Substation Tranf. ID.| From To Nag;;'[r’l'gte SN SE |MVA| N1 |%SN|MVA | N1 [%SN|MVA| N1 | %sN
Salem NH GOLDEN ROCK 19 T1 115 23 50 78.7 91.6 91.6] 0%| 29.2| 62.4] 37%| 30.1| 61.5 38%
Salem NH OLDE TROLLEY 18 L1 23 13.2 9.375 12.4 12.9 2.4| 10.5] 20% 5.0 7.9 40%| 51| 7.8 41%
Salem NH OLDE TROLLEY 18 L2 23 13.2 9.375 12.4 12.9 6.1 6.8 49% 5.8 7.1 47%| 59| 7.0 48%
Salem NH OLDE TROLLEY 18 L3 23 13.2 9.375 12.5 13 40| 9.0 32% 8.0/ 50| 64%| 82 48 65%
Salem NH OLDE TROLLEY 18 L4 23 13.2 9.375 12.5 13 3.0 10.0[ 24%| 10.5| 2.5| 84%| 10.8] 2.2 87%
Salem NH SPICKET RIVER 13 L1 23 13.2 9.375 14.4 14.4 6.2 8.2 43% 7.9 65 55%| 82| 6.2 57%
Salem NH SPICKET RIVER 13 L2 23 13.2 9.375 13.9 14.4 51| 9.3] 3% 71| 7.3 51%| 7.3 7.1 53%
Salem NH SPICKET RIVER 13 L3 23 13.2 9.375 13.9 14.4 7.3 7.1 52% 8.9 55 64%| 92| 52 66%
Salem NH GOLDEN ROCK 19 T2 115 13.2 50 78.7 91.6 0.0 916 0%| 13.2| 78.4| 17%| 13.6| 78.0 17%
Salem NH ROCKINGHAM 21 T1 115 13.2 50 78.7 91.6 0.0 91.6] 0%| 25.3| 66.3] 32%| 26.1] 655 33%
Salem NH ROCKINGHAM 21 T2 115 13.2 50 78.7 91.6 0.0] 91.6] 0%| 16.7| 74.9] 21%| 17.2| 74.4 22%
Table 45 Alt #6 Transformer Normal Loading
Salem NH Supply Line Analysis
Line Section Rating (MVA) Projected Load
2019 2022 2036

Study Area Circuit Voltage From To SN SE MVA [ %SN] MVA | %SN | MVA| %SN
Salem NH 2352 23|Golden Rock Barron Awe. Tap 54.8 65.4 9.6] 17%]| 10.7] 20%| 11.0 20%
Salem NH 2352 23|Barron Ave. Tap Olde Trolley Tap 56.4 72.5 9.6] 17%]| 10.7] 19%| 11.0 20%
Salem NH 2352 23|Olde Trolley Tap Olde Trolley 31.9 31.9 8.6] 27%| 10.7[ 34%]| 11.0 35%
Salem NH 2352 23|0lde Trolley Tap Salem Depot #9 27.1 27.1 1.0 4%]| 18.5] 68%]| 19.0 70%
Salem NH 2393 23|Golden Rock Barron Awve. Tap 54.8 65.4 7.1 13%| 18.5| 34%| 19.0 35%
Salem NH 2393 23[Barron Awve. Tap Olde Trolley Tap 45.2 58.2 7.1 16%| 18.5 41%]| 19.0 42%
Salem NH 2393 23|0lde Trolley Tap Olde Trolley 31.9 31.9 7.1 22%| 18.5] 58%]| 19.0 60%
Salem NH 2393 23|0lde Trolley Tap Salem Depot #9 27.1 27.1 0.0] 0% 0.0 0% 0.0 0%
Methuen 2353 23|Meth Jnctn Golden Rock 23.9 23.9 0.0 0% 0.0 0%| 0.0 0%
Methuen 2376 23|Meth Jnctn Golden Rock 23.9 23.9 0% 0%| 0.0 0%
Methuen 2376 23[SPICKET RIVER TAP |SPICKET RIVER 35.9 40.7] 18.6] 52%| 24.0| 67%]| 25.3 71%

Table 46 Alt #6 Supply Line Normal Loading
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Salem NH Transformer Contingency Analysis

System Voltage (kV) | Maximum Rating (MVA) Projected Contingency
Study Area Substation Tranf. ID. 2019 2022 2036

From To NaFr;; (;‘;';te SN SE MVA | %SE | MVA | %SE | MVA | %sSE
Salem NH GOLDEN ROCK 19 T1 115 23 50 78.70 91.60 0.0 0% 0.0 0% 0.0 0%
Salem NH OLDE TROLLEY 18 L1 23 13.2 9.375 12.40 12.90 5.2 40% 9.7 75% 10.0 78%
Salem NH OLDE TROLLEY 18 L2 23 13.2 9.375 12.40 12.90 5.2 40% 9.7 75% 10.0 78%
Salem NH OLDE TROLLEY 18 L3 23 13.2 9.375 12.50 13.00 5.2 40% 9.7 75% 10.0 77%
Salem NH OLDE TROLLEY 18 L4 23 13.2 9.375 12.50 13.00 5.2 40% 9.7 75% 10.0 77%
Salem NH SPICKET RIVER 13 L1 23 13.2 9.375 14.40 14.40 9.3 65% 12.0 83% 12.3 86%
Salem NH SPICKET RIVER 13 L2 23 13.2 9.375 13.90 14.40 9.3 65% 12.0 83% 12.3 86%
Salem NH SPICKET RIVER 13 L3 23 13.2 9.375 13.90 14.40 9.3 65% 12.0 83% 12.3 86%
Salem NH GOLDEN ROCK 19 T2 115 13.2 50 78.70 91.60 0.0 0% 0% 0.0 0%
Salem NH ROCKINGHAM 21 Tl 115 13.2 50 78.70 91.60 0.0 0% 44.8 49% 46.1 50%
Salem NH ROCKINGHAM 21 T2 115 13.2 50 78.70 91.60 0.0 0% 44.8 49% 46.1 50%

Table 47 Alt #6 Transformer Contingency Loading
Salem NH Supply Line Contingency Analysis
| voltage Line Section Rating (MVA) 2019 Projemedzggzn Frdeney 2036
Study Area Circuit
kv) From To SN se | mva [P gse | omva | 0397 | gese | mva | F0397 | ghsE
SE SE SE

Salem NH 2352 23|Golden Rock Barron Awve. Tap 54.8 65.4 16.7 0.0 25% 29.2 0.0 45% 30.1 0.0 46%
Salem NH 2352 23|Barron Awe. Tap Olde Trolley Tap 56.4 72.5 16.7 0.0 23% 29.2 0.0 78% 30.1 0.0 80%
Salem NH 2352 23|Olde Trolley Tap Olde Trolley 31.9 31.9 15.6 0.0 49% 29.2 0.0 92% 30.1 0.0 94%
Salem NH 2352 23|Olde Trolley Tap Salem Depot #9 27.1 27.1 1.0 0.0 4% 0.0 0.0 0% 0.0 0.0 0%
Salem NH 2393 23|Golden Rock Barron Awe. Tap 54.8 65.4 16.7 0.0 25% 29.2 0.0 45% 30.1 0.0 46%
Salem NH 2393 23[Barron Ave. Tap Olde Trolley Tap 45.2 58.2 16.7 0.0 29% 29.2 0.0 78% 30.1 0.0 80%
Salem NH 2393 23|Olde Trolley Tap Olde Trolley 31.9 31.9 15.6 0.0 49% 29.2 0.0 92% 30.1 0.0 94%
Salem NH 2393 23|Olde Trolley Tap Salem Depot #9 27.1 27.1 1.0 0.0 4% 0.0 0.0 0% 0.0 0.0 0%
Methuen MA 2353 23|Meth Jnctn Golden Rock 23.9 23.9 9.6 0.0 40% 10.7 0.0 45% 11.3 0.0 47%
Methuen MA 2376 23|Meth Jnctn Golden Rock 23.9 23.9 7.1 0.0 30% 18.5 0.0 7% 19.5 0.0 82%
Methuen MA 2376 23|SPICKET RIVER TAP |SPICKET RIVER 35.9 40.7 18.6 0.0 46% 24.0 0.0 59% 25.3 0.0 62%

Table 48 Alt #6 Supply Line Contingency Loading
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Alternative #7 Loading

Salem NH Feeder Analysis
2019 2022 2036
. SN Rating S.E
Study Area Substation Voltage (kV)| Feeder (Amps) Rating
(Amps) | Amps | N-1 | %SN |Amps| N-1 | %SN |Amps| N-1 | %sSN

Salem NH BARRON AVENUE 10 13.2(10L1 387 462 107 355| 28% 268 310| 51% 276 302| 52%
Salem NH BARRON AVENUE 10 13.2(10L2 526 578 268 310] 51% 287 291| 55% 295 283 56%
Salem NH BARRON AVENUE 10 13.2|10L4 339 339 176 163| 52% 181 3971 34% 186 392| 35%
Salem NH OLDE TROLLEY 18 13.2|18L1 503 565 133 432 27% 217 348| 43% 224 341 44%
Salem NH OLDE TROLLEY 18 13.2(18L2 503 515 404 111 80% 201 224  58% 299 216 59%
Salem NH OLDE TROLLEY 18 13.2(18L3 515 515 375 140 73% 341 174 66% 351 164 68%
Salem NH OLDE TROLLEY 18 13.2(18L4 516 612 387 225|  75% 284 328| 55% 292 320 57%
Salem NH PELHAM 14 13.2(14L4 530 589 44 545 8% 490 99| 92% 504 85| 95%
Salem NH SALEM DEPOT 9 13.2|19L1 322 371 271 100 84% 297 281 56% 305 273 58%
Salem NH SALEM DEPOT 9 13.2|9L2 322 371 224 147] 70% 288 290 55% 297 281 57%
Salem NH SALEM DEPOT 9 13.2(9L3 507 507 319 188 63% 391 187 74% 402 176 77%
Salem NH SPICKET RIVER 13 13.2(13L1 515 515 326 189 63% 348 167 68% 358 157 70%
Salem NH SPICKET RIVER 13 13.2(13L2 515 515 290 225| 56% 310 205| 60% 319 196 62%
Salem NH SPICKET RIVER 13 13.2(13L3 522 522 442 80| 85% 385 137 74% 396 126 76%
Salem NH GOLDEN ROCK 19 13.2|19L4 530 589 589 0% 84 528 16% 86 526 16%
Salem NH GOLDEN ROCK 19 13.2(19L6 530 589 589 0% 113 499 22% 116 496 22%
Salem NH PELHAM 14 13.2(14L6 528 647 647 0% 326 321 62% 336 311] 64%

yx4’

Table 49 Alt #7 Feeder Normal Loading
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Salem NH Transformer Analysis

System Voltage Maximum Rating (MVA) Projected Load
(kv) 2019 2022 2036
Study Area Substation Tranf. ID.| From To NaFr{:l fﬂ'gte SN SE |MVA| N1 |%sSN|MvA | N1 |%SN|MVA| N1 | oSN
Salem NH GOLDEN ROCK 19 T1 115 23 50 78.7 91.6 56.9] 34.7| 72%| 60.9| 30.7[ 77%| 62.7| 28.9 80%
Salem NH BARRON AVENUE 10 L1 23 13.2 7 9.4 10.9 24| 85 26%| 6.1 48] 65%| 6.3 6.7 50%
Salem NH BARRON AVENUE 10 L2 23 13.2 7 13.6 14.2 6.1 81| 45%| 6.6 7.6] 48%| 6.8 74 50%
Salem NH BARRON AVENUE 10 L4 23 13.2 7 9.1 10.3 40 6.3 44%| 41| 6.2| 45%| 43| 87 34%
Salem NH OLDE TROLLEY 18 L1 23 13.2 9.375 12.4 12.9 3.0l 9.9 25%| 5.0 79| 40%| 51 7.8 41%
Salem NH OLDE TROLLEY 18 L2 23 13.2 9.375 12.4 12.9 9.2 3.7 75% 6.6 6.3 54%| 6.8 6.1 55%
Salem NH OLDE TROLLEY 18 L3 23 13.2 9.375 12.5 13 8.6 4.4 69% 7.8| 52| 62%| 8.0 5.0 64%
Salem NH OLDE TROLLEY 18 L4 23 13.2 9.375 12.5 13 8.8 42| 71%| 65 65 52%| 6.7 6.3 53%
Salem NH SALEM DEPOT 9 L1 23 13.2 7 7.36 10.1 6.2 39| 84%| 6.8 3.3 92%| 7.0 6.0 56%
Salem NH SALEM DEPOT 9 L2 23 13.2 7 7.36 9.2 5.1 4.1 70% 6.6 2.6] 90% 6.8 6.2 54%
Salem NH SALEM DEPOT 9 L3 23 13.2 9.375 11.6 11.6 73] 43| 63%| 89 27| 77%| 92| 24 79%
Salem NH SPICKET RIVER 13 L1 23 13.2 9.375 14.4 14.4 75 6.9 52%| 80| 6.4] 55%| 8.2 6.2 57%
Salem NH SPICKET RIVER 13 L2 23 13.2 9.375 13.9 14.4 6.6 7.8 48%w| 7.1 7.3 51%| 7.3 7.1 52%
Salem NH SPICKET RIVER 13 L3 23 13.2 9.375 13.9 14.4 10.1] 43| 73%| 88| 56| 63%w 91 53 65%
Salem NH GOLDEN ROCK 19 T2 115 13.2 50 78.7 91.6 0.0 916 0%| 45 871 6% 46 87.0 6%
Table 50 Alt #7 Transformer Normal Loading
Salem NH Supply Line Analysis
Line Section Rating (MVA) Projected Load
2019 2022 2036

Study Area Circuit Voltage From To SN SE MVA | %SN| MVA | %SN | MVA| %SN
Salem NH 2352 23|Golden Rock Barron Awve. Tap 54.8 65.4] 30.9] 56%| 33.9] 62%]| 34.9 64%
Salem NH 2352 23|Barron Awe. Tap Olde Trolley Tap 56.4 72.5] 30.9/ 55%| 33.9] 60%]| 34.9 62%
Salem NH 2352 23|0lde Trolley Tap Olde Trolley 31.9 31.9] 12.3] 39%| 11.6] 36%| 12.0 38%
Salem NH 2352 23[Olde Trolley Tap Salem Depot #9 27.1 27.1] 18.6| 69%| 22.3] 82%]| 23.0 85%
Salem NH 2393 23|Golden Rock Barron Awe. Tap 54.8 65.4] 26.0| 47%| 27.0] 49%]| 27.8 51%
Salem NH 2393 23|Barron Awe. Tap Olde Trolley Tap 45.2 58.2| 17.4| 38%| 14.3] 32%| 14.7 33%
Salem NH 2393 23|0lde Trolley Tap Olde Trolley 31.9 31.9] 17.4] 55%| 14.3] 45%| 14.7 46%
Salem NH 2393 23|0lde Trolley Tap Salem Depot #9 27.1 27.1 0.0] 0% 0.0/ 0%| 0.0 0%
Methuen 2353 23|Meth Jnctn Golden Rock 23.9 23.9 4.0 17% 0.0f 0%| 0.0 0%
Methuen 2376 23|Meth Jnctn Golden Rock 23.9 23.9 0% 0%| 0.0 0%
Methuen 2376 23[SPICKET RIVER TAP |SPICKET RIVER 35.9 40.7) 24.2| 67%| 23.8] 66%)| 25.2 70%

Table 51 Alt # 7 Supply Line Normal Loading
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Salem NH Transformer Contingency Analysis

System Voltage (kV) | Maximum Rating (MVA) Projected Contingency
Study Area Substation Tranf. ID. 2019 2022 2036
From To NaF:'; fi‘::te SN SE MVA | %SE | MVA | %SE | MVA | %sSE

Salem NH GOLDEN ROCK 19 T1 115 23 50 78.70 91.60 0.0 0% 0.0 0% 0.0 0%

Salem NH BARRON AVENUE 10 L1 23 13.2 7 9.40 10.90 6.3 58% 8.4 65% 8.7 67%

Salem NH BARRON AVENUE 10 L2 23 13.2 7 13.60 14.20 6.3 44% 8.4 59% 8.7 61%

Salem NH BARRON AVENUE 10 L4 23 13.2 7 9.10 10.30 6.3 61% 8.4 65% 8.7 67%

Salem NH OLDE TROLLEY 18 L1 23 13.2 9.375 12.40 12.90 9.9 7% 9.2 71% 9.5 73%

Salem NH OLDE TROLLEY 18 L2 23 13.2 9.375 12.40 12.90 9.9 7% 9.2 71% 9.5 73%

Salem NH OLDE TROLLEY 18 L3 23 13.2 9.375 12.50 13.00 9.9 76% 9.2 71% 9.5 73%

Salem NH OLDE TROLLEY 18 L4 23 13.2 9.375 12.50 13.00 9.9 76% 9.2 71% 9.5 73%

Salem NH SALEM DEPOT 9 L1 23 13.2 7 7.36 10.10 9.3 92% 11.2 86% 11.5 88%

Salem NH SALEM DEPOT 9 L2 23 13.2 7 7.36 9.20 9.3 101% 11.2 86% 11.5 88%

Salem NH SALEM DEPOT 9 L3 23 13.2 9.375 11.60 11.60 9.3 80% 11.2 96% 11.5 99%

Salem NH SPICKET RIVER 13 L1 23 13.2 9.375 14.40 14.40 12.1 84% 11.9 83% 12.3 85%

Salem NH SPICKET RIVER 13 L2 23 13.2 9.375 13.90 14.40 12.1 84% 11.9 83% 12.3 85%

Salem NH SPICKET RIVER 13 L3 23 13.2 9.375 13.90 14.40 12.1 84% 11.9 83% 12.3 85%

Salem NH GOLDEN ROCK 19 T2 115 13.2 50 78.70 91.60 0% 0% 0.0 0%

Table 52 Alt #7 Transformer Contingency Loading
Salem NH Supply Line Contingency Analysis
Line Section Rating (MVA Projected Contingency
Study Area Circuit Voltage 9 ( ) 2019 2022 2036
k) From To SN se | mva Losag Z| wse | mva Lo;g | wse | mva Logg 7| wsE

Salem NH 2352 23|Golden Rock Barron Awve. Tap 54.8 65.4 48.3 0.0 74% 48.2 0.0 74% 49.6 0.0 76%
Salem NH 2352 23|Barron Ave. Tap Olde Trolley Tap 56.4 72.5 48.3 0.0 67% 48.2 0.0 67% 49.6 0.0 68%
Salem NH 2352 23|Olde Trolley Tap Olde Trolley 31.9 31.9 29.7 0.0 93% 25.9 0.0 81% 26.7 0.0 84%
Salem NH 2352 23|Olde Trolley Tap Salem Depot #9 27.1 27.1 18.6 0.0 69% 22.3 0.0 82% 23.0 0.0 85%
Salem NH 2393 23|Golden Rock Barron Awe. Tap 54.8 65.4 56.9 0.0 87% 60.9 0.0 93% 62.7 0.0 96%
Salem NH 2393 23[Barron Ave. Tap Olde Trolley Tap 45.2 58.2 56.9 0.0 98% 48.2 0.0 83% 49.6 0.0 85%
Salem NH 2393 23|Olde Trolley Tap Olde Trolley 31.9 31.9 29.7 0.0 93% 25.9 0.0 81% 26.7 0.0 84%
Salem NH 2393 23|Olde Trolley Tap Salem Depot #9 27.1 27.1 18.6 0.0 69% 22.3 0.0 82% 23.0 0.0 85%
Methuen MA 2353 23|Meth Jnctn Golden Rock 23.9 23.9 30.9 7.0 129% 38.1 14.2 159% 40.2 16.3 168%
Methuen MA 2376 23|Meth Jnctn Golden Rock 23.9 23.9 26.0 2.1 109% 27.0 3.1 113% 28.5 4.6 119%
Methuen MA 2376 23|SPICKET RIVER TAP |SPICKET RIVER 35.9 40.7 24.2 0.0 59% 23.8 0.0 59% 25.2 0.0 62%

Table 53 Alt #7 Supply Line Contingency Loading
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2022 Predicted Contingency N-1 Problems
Plan | 180 MWhr Transformer Criteria 120 MWhr Supply Line Criteria Feeders above 16 MWhr
Violations Violations
Description MWhr Description MWhr Description MWhr
Base | Golden Rock T1 679 | 2393 Baron Ave Tap to 159 1813 18
Outage Olde Trolley Tap

G133 - 115kV 439 | 18L4 24

Transmission Line 9L1 24

9L2 20

9L3 23

1311 18

1312 20

1313 17

1 | Golden Rock T1 254 9L2 16
Outage

2 | Golden Rock T1 237 9L2 16
Outage

3 | Golden Rock T1 352 912 16
Outage

4 9L2 16

5 21L10 19

9L2 16

6 21L7 25

2118 23

7 | Golden Rock T1 345 9L2 16

Outage 14L4 / 14L6 52

1413 / 1414 / 14L6 88

Table 54 2022 Predicted Contingency N-1 Problems
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9.5 Appendix E — Spicket River Backup Analysis

Without Voltage Support (2019 Base Case w/ GRin service) With Voltage Support (2019 Base Case w/ GRin service)

Eleven Operations
At 20 min per operation total restoration time = Three Hours and 40 Min
Figure 55: Voltage Performance during 13L1 contingency (low voltage <0.95 per-unit shown in red)
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Voltage Issues

Plan
Alternative 1

Alternative 2
Alternative 3

Alternative 4

Alternative 5

Alternative 7

Base

Description
Existing 23 kV system. 2.5 MW of

generation available on each of the
Salem Depot 9L3 and Barron Ave. 10L4
feeders during contingency conditions.

Existing 23 kV system.

Add 2-23/13 kV feeder positions at

Salem Depot and one at Barron Ave. to
the existing system.

Add the second Golden Rock 115/23 kV
transformer, one new 23 kV line, 2-
23/13 kV feeder positions at Salem
Depot and one at Barron Ave. to the

existing system.

Add the second Golden Rock 115/23 kV

transformer, two new 23 kV lines and a

new 23/13 kV Rockingham substation to

the existing system.

Existing 23 kV system. Added
contingency of picking up the Pelham

14L4 and L6 feeders through ties to Olde
Trolley and Barron Ave.

Existing 23 kV system.

132

Summer Normal
None

None
Salem Depot 23 kV
bus at .9375 per-unit.
Olde Trolley 23 kV bus
at .9471 per-unit.

None

None

None

Olde Trolley 23 kV bus
at .9411 per-unit and
Salem Depot 23 kV
bus at .9328 per-unit.

Contingency
None

None
Olde Trolley 23 kV bus at .87857 per-
unit for 2352 and Golden Rock
115/23 kV transformer out-of-service.

Salem Depot 23 kV bus at .8676 per-
unit for 2352 and Golden Rock
115/23 kV transformer out-of-service.

None

Salem Depot 23 kV bus at .87524 per-
unit for 2352 out-of-service.
Rockingham 23 kV bus at .88188 per-
unit for 2352 or second new line out-
of-service.

Olde Trolley 23 kV bus at .89932 per-
unit for Golden Rock 115/23 kV
transformer out-of-service.

Salem Depot 23 kV bus at .89206 per-
unit for Golden Rock 115/23 kV
transformer out-of-service.

Olde Trolley 23 kV bus at .87171 per-
unit for either 2352 or Golden Rock
115/23 kV transformer out-of-service.

Salem Depot 23 kV bus at .86229 per-

unit for either 2352 or Golden Rock
115/23 kV transformer out-of-service.
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9.7 Appendix G — Comparison of Plans — Cost vs Added Capacity

MVA Capacity Provided $/MVA

Alternative Plan Total Cost Spent to Date Towards Plan Criteria

()] () Total Firm Total  Firm Ranking
Alt Plan #1 $11.41* $3.5 88.7 10 $129 | $1,141 7
Alt Plan #2 $24.00 $3.5 104.7 17.1 $229 | $1,404 4
Alt Plan #3 $35.31 $3.5 146.9 60.3 $240 | $586 5
Alt Plan #4 $33.94 $0.0 152.1 108.1 $223 $314 3
Alt Plan #5 $33.15 $1.5 152.1 93.7 $218 | $354 2
Alt Plan #6 $34.90 $5.0 177.7 142.3 $196 $245 1
Alt Plan #7 $25.01 $3.5 116.68 29.1 $214 $859 6

* Does not include annual operating expenses for diesel generation, estimated to be $200,000 / year
Table 55 Comparison of Plans — Cost vs Added Capacity
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9.8 Appendix H- Comparable Past Studies to Salem

A. Mt Support Substation Expansion
a. Project Need

The main driver for the Mt Support Substation Expansion Project was load relief
of forecasted overloads under normal and contingency conditions and voltage
violations. With the contingency loss of the Mt Support transformer or
Transmission line, the sub transmission system would result overloaded. Other
feeders and transformers in the area were projected to violate the Distribution
Planning Criteria for normal and contingency loading.

b. Selected Solution
To address the system deficiencies in the area, rather than expand or rely on the
existing sub transmission system, the preferred solution included the extension of
a new 115kV transmission line, the installation of a new 115/13.2kV transformer
and the installation of two new 13.2kV distribution feeders.

B. Michael Ave Substation

a. Project Need
The main driver for the Michael Ave Project was to provide added capacity for
the expansion of Whelen Engineering in Charlestown NH and to address the
asset conditions at the Charlestown Substation. The issues experienced with the
Charlestown substation were similar to those being experienced with Salem
Depot and Barron Ave substations.

b. Selected Solution
To address the asset condition at the Charlestown Substation and provide added
capacity to supply Whelen Engineering, the preferred solution included the
installation of a new 115kV substation in Charlestown NH including a new
115/13kV transformer, a new 115kV transmission line and two new 13.2kV
distribution feeders. The new Michael Ave substation allowed for the retirement
of the Charlestown Substation and for the expansion of Whelen Engineering.

C. Pelham Substation Expansion

a. Project Need
The main driver for the Pelham Substation Expansion Project was load relief of
forecasted overloads under normal and contingency conditions and to address
the asset condition of the existing substation transformer. With the contingency
loss of the Pelham transformer or Transmission line, the system lacked the
necessary capacity to resolve Planning Criteria Violations for load at risk. Other
feeders in the area were projected to violate the Distribution Planning Criteria for
normal and contingency loading.

b. Selected Solution
To address the system deficiencies in the area, the preferred solution included
the complete refurbishment of the Pelham substation including the extension of a
new 115kV transmission line tap, the installation of a new 115/13.2kV
transformer, the replacement of the existing 115/13.2kV transformer and the
installation of two new 13.2kV distribution feeders.
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Standard - Doc. # ENG-SUB006 — August 2020
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Distribution Substation Transformers Strategy Statement

The strategic aims for Distribution Substation Power Transformers are to:

¢ minimize random transformer failures
¢ ensure that the transformer population is capable of performing its function
e provide replacement for those units that are identified as more likely to fail.

A list of candidates for replacement on a per state basis can be found in the state specific section of this
document. It should be noted that transformers suggested for replacement are evaluated in conjunction with
substation reviews. This strategy is based on transformer condition and risk, and has been developed with
significant input from subject matter experts, local operations colleagues and available historic and test results.

This strategy supports both reliability and a sustainable network by establishing a list of replacement candidates

by state, applying an ongoing GE Type U replacement program, and employing a tactical application of Load
Tap Changer (LTC) filtration and condition monitoring.

Amendments Record

Approved By

Summary of Changes / Author(s) (Inc. Job Title)

Issue Date
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John Pettigrew
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Distribution Asset Strategy Executive Vice President,
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Distribution Substation Transformers Strategy Justification

1.0  Purpose and Scope

This strategy sets forth a Distribution Substation Transformer program to allow National Grid to confidently
rank it’s substation transformers in terms of health, identify those transformers that are most critical to the
system, and rank transformers in terms of risk so that the transformers are properly prioritized for asset
replacement.

This strategy is consistent with the approach taken for our transmission assets and supports achieving the
objective to improve reliability and meet service quality standards in all states in which National Grid operates.
This strategy pertains to substation transformers described by FERC as distribution, which includes TxD, and
DxD.

2.0 Background

Substation transformers are a critical asset class in the successful operation of the electrical distribution system.
Consequently, we must endeavor to be proactive in our determination of the following:

Transformer health through test and assessment

Need for maintenance and content of the maintenance
Spares and mobiles strategies

System requirements and transformer capability
Identification of ‘at risk’ units

Identification of replacement candidates

Substation transformers have a number of characteristics that require close attention and supervision, such as:

Transformers are usually very reliable (depending on size, configuration LTC’s etc)
Transformers have a long asset life expectancy

Failures may cause significant interruptions

Transformers are expensive

Replacement is an involved procedure requiring coordination of many departments and issues
Determining health and condition is a complex task

Lead times for new transformers may be over a year

Individual transformers of known manufacturer/design may be less reliable than others

Safety and environmental concerns regarding large quantities of oil

Replacement versus refurbish or repair decisions are complex

Transformers have many sub-systems, including bushings, cooling, oil containment, tap changers, etc.
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2.1 Substation Maintenance Standards

Transformer maintenance is covered under our substation maintenance standards and procedures. A list of
substation maintenance documents can be found in SMS 400.00.1. There is no international standard that
applies to transformer asset health. Work has been conducted to identify root cause analysis of failures at
CIGRE, Doble Engineering, and HSB Insurance (1,2,3,4). These documents are referenced when transformer
decisions are made at National Grid.

An oil sample is taken from our transformers on a one or two-year time-frame based on the size of the
transformer as described in Substation Maintenance Standard (SMS) 402.02.1 and 402.01.1. Transformers rated
15 MVA and above are tested annually, and transformers rated between 2.5-14.9 MV A are tested on a 24 month
interval (7, 8). The interval may change based on the results of the Dissolved Gas Analysis (DGA) or system
incidents that indicate possible transformer health issues.

Transformers receive a bi-monthly Visual and Operational (V&QO) inspection as part of the substation bi-
monthly V&O. A severe trouble condition' problem is addressed immediately. Problems and discrepancies
found are corrected, and problems and discrepancies not corrected are recorded on an inspection card and
follow-up work is generated. This is in accordance with the SMS 400.06.1 [17].

In addition, Thermographic Inspections are performed on transformers as part of the annual substation
Thermographic Inspection. A Thermographic Inspection Report is created for detected problems and follow-up
work is scheduled. This is in accordance with the SMS 400.07.1 [18].

Specialized testing to ascertain transformer health in detail is performed on commissioning or after an incident
(7, 8). These tests include power factor, capacitance, Sweep Frequency Response Analysis (SFRA) and other
tests to gain information about the integrity of the transformer insulation and winding structure.

Transformers equipped with Load Tap Changers (LTC’s) will receive a V&O inspection (six times a year),
thermographic inspection (annually), and DGA sample on the LTC. Internal inspections are performed if the
results of the inspections and/or the DGA sample indicates the need, or if the number of operations exceeds the
ROP constant or the time interval limit has been reached. The timeframe for DGA samples and internal
inspections are based on the manufacturer and type of LTC, which is listed in SMS 412.01.1[19].

Maintenance is performed on transformers as necessary based on the findings of the above mentioned
inspections, oil analysis, testing and Company expert analysis and knowledge of the unit.

2.2 Data

The substation distribution transformer population consists of 1,471 operating units and 155 spares. This is
based on an MV A rating up to 20 MVA. Of the 1,471 operating units and 155 spares listed in AIMMS, 1,078
units and 99 spares have associated age data.

The age profile for the operating distribution transformers are displayed in Figure 1. Fifty percent of the
transformer population with a known age was manufactured prior to 1972, with the majority being between 35
and 60 years old. In addition, 5 % of the population is greater than 70 years old, while 10% are greater than 60

' Hazardous situation to system operation and/or National Grid employees or the public
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years old. Twenty-seven percent of the transformer population is missing age data information. The
transformer age profile on a per state basis can be found in the Appendix. After analyzing the age profile data
on a per state basis, it is expected that the average age of the transformer population is actually higher than the
average 29 years indicated and most likely closer to what is seen in Rhode Island, and average age of 36 years
with only 7.6% of missing age data. The greater the percentage of missing age data, the younger the
transformer population seems to be, indicating that the missing age data relates to older units.

Substation Operating Transformers Age Profile
National Grid - EDO
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Figure 1. Distribution Transformer Age Profile

The age profile for the spare transformers is displayed in Figure 2. The average age of the spare fleet of
transformers is 22 years. Fifty percent of the transformer population was manufactured prior to 1973, with the
majority being between 35 and 54 years of age. In addition, 7 % of the population is greater than 63 years of
age while 16% are greater than 52 years of age. Thirty-six percent of the transformer spare population is
missing age data information.

The number of spares and age data, which was extracted from AIMMS, is presently under review. An initiative
to determine the number of viable spares is underway, and CASCADE will be updated in 2010 in conjunction
with the development of a transformer spares strategic approach.
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Substation Distribution Transformer Age Profile
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Figure 2: Distribution Transformer Age Profile Spares

The transformers MV A profile is shown in Figure 3 and indicates that 75% of the transformer population is 5
MVA or less, 91% is 7.5 MVA or less, and 98% is 20 MV A or less. DGA samples are typically taken on
transformer banks rated 2.5 MVA or larger, equating to 0.833 MV A for single phase units in accordance with
Substation Maintenance Standard 402.02.1 version 1.8.

Substation Operating Transformers MVA Profile
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Figure 3. Distribution Transformer MVA Profile
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2.3 Events

Over the last ten years there have been 47 transformers system wide that have failed due to various reasons.
Figure 4 displays the number of failures on a per year basis.

Substation Distribution Transformer Failures
National Grid - EDO

—_
n

—_
o

Quantity

o n S~ (o2} oo
I I I

1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009
Year of Failure

Figure 4. National Grid Transformer Failures

Based on the IDS and SIR data, over the last ten years there have been 212 events related to substation
transformers. The most frequent listed failure reason extracted from this data is deteriorated equipment (79)
followed by animals (32), overload (15), short circuit (14) and device failed (12). The number one cause of
substation transformer failures is through faults. A healthy transformer is more likely able to withstand a thru
fault than a unit that is deteriorated, aged or in poor electrical/mechanical condition.

Transformer failures are inevitable but we aim to minimize the likelihood of failures caused both by:

¢ Internal events — insulation failure, winding movement etc.
e External events — through faults, lightning, animal incursions etc.

Incipient internal events may be detected through Dissolved Gas Analysis (DGA), Visual & Operational
Inspections (V&O), InfraRed inspections, PIW’s or identified through engineering and industry knowledge.
External events are addressed through application of lightning arresters, animal protection and pursuit of such
activities as Feeder Hardening and Vegetation Management.

The failure rate for power transformers is approximately 0.5% per year with an average age at failure of
between 30 and 35 years. Older units are not, per se, more likely to fail. However, they may be more
susceptible due to accumulated effects of through faults and irreversible paper aging mechanisms. Transformer
failures are captured by Substation O&M Services and the details distributed to key personnel in a bi-annual
report. It is recommended that these failures be entered and maintained in Cascade in future.

2.4 Transformer Health and Risk Scores (THaRS)

In order to better manage the transformer fleet, we need to better understand the condition of all members of the
fleet and their risks. This is not a simple matter and even the best managed fleet would still be prone to some

Uncontrolled when printed Page 7 of 31
143



Docket No. DE 19-064

Attachment A

Page 8 of 31
National Grid Internal Strategy Document
Distribution Substation Transformers
Revised Strategy — October 2009

random failures. The aim is to prevent as many failures as possible, reduce the exposure, and thus reduce impact
to an acceptable level (1).

Transformers tend to be reliable (3), but the reliability is a function of faults seen, maintenance and the
manufacture/design of the transformer. DGA alone is not sufficient to detect incipient faults, and the industry
best practice is to expect that about 25% to 50% of imminent failures may be detected using DGA. To help
better manage our transformer fleet and not rely on DGA alone, a scoring system based on condition and risk
has been put in place to formulate a ‘watch list” of transformers. This list will be closely monitored, and an
action plan will be developed for each transformer on ‘watch’ to assist in preventing failures.

Distribution uses the work developed for transformer dissolved gas analysis (DGA) at National Grid UK as
discussed at the Doble 2002 Client Conference (5). The technical discussion presented by John Lapworth,
National Grid, UK discusses a method of using a DGA scoring system based on ratios of key gasses to identify
transformers that may be at risk of poor condition. Certain key gasses and combinations of key gasses are
indicators of particular problems within a transformer. The basic combustible gas results are combined to give a
single DGA score for each transformer for each oil sample. This DGA score is the baseline for prioritizing our
fleet of transformers.

DGA analysis is performed by engineers in each region. The DGA scoring system is a newly applied tool in
National Grid that assists in the ranking process. In the UK for transmission transformers, generally with
conservators” since they are free-breathing and key gasses are released into the atmosphere, a score of 60 is an
indication of ‘monitor’ while a score of 100 is an ‘alarm’ situation. In the early days of analysis and review, it
seems that with US distribution transformers, generally sealed’ , we can set the ‘monitor’ level to 100 and the
‘alarm’ level to 150. Key gasses remain contained within the transformer oil on sealed units, and therefore will
have more combustible gasses present. This is, of course, a heuristic process but it can be validated by
reviewing DGA results from known failed units. Failed units in the data set have an average DGA score in
excess of 300, but as this was post fault, further analysis is necessary to gain the proper trend information.

Once the transformer population has received a DGA score, analysis with Subject Matter Experts (SME’s)
occurs to evaluate transformers with elevated scores or scores that have increased significantly since the
previous analysis. This review, which includes review of other maintenance performed (V&O Inspection,
Infrared survey, known problems such as through faults, field repairs, protective component issues, capacity
issues), is conducted and the DGA rating is adjusted accordingly. After this review, the DGA score is
converted to a DGA rating, which becomes part of the Transformer Health and Risk Score (THaRS) method
used to prioritize transformers for replacement. A rating of 10 indicates a DGA score greater than 125, a rating
of 5 indicates a DGA score between 76 and 125, and a DGA score less than 75 receives a rating of 1. However,
these ratings are adjusted based on favorable or unfavorable comments from the SME’s. For example, if a
transformer’s DGA score is greater than 125, but the SME’s input is favorable (stable, transformer repaired,
etc), then the score will be changed froma 10 to a 1.

* Conservator type transformers have free-breathing tanks and key gasses are released into the atmosphere.
? Sealed transformers have sealed tanks and key gasses remain within the transformer oil
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In addition to the DGA rating, an MV A score is provided to each unit based on the formula (MV A+20)/20.
Twenty MV A is used indicating the largest MV A for distribution class transformers. A larger unit is considered
more critical than a smaller unit because typically it may carry more load, and is more costly to replace.

As displayed in Figure 1, National Grid has a large population of aging transformers. As the unit ages, the
insulation condition deteriorates and therefore becomes more susceptible to failures. In addition, older units
have more likely been exposed to through faults, thus further weakening the insulation integrity. Also, parts
become obsolete and maintenance becomes costly. The health review includes an age score based on a life
expectancy of 60 years, an age that we expect half of our transformers to reach. A transformer that is 60 years
old would receive a score of 2, while a transformer that is new would receive a score of 1.

Transformers that contain 50 ppm or more of PCB are considered a hazardous waste and must be handled and
disposed of in accordance with EP-1, Waste Management. Units that are known or expected to contain PCB in
the insulating oil are an environmental and human health risk, and therefore are considered during this
transformer health review. A transformer failure that contains 50 ppm or more of PCB in the oil is a
contamination issue that requires an immediate and costly clean up. A score of 1.2 is given to those units
containing PCB of 50 ppm or more, and a score of 1 to those units that are PCB free. Although PCB spills are
serious, units containing PCB insulating oils can be mitigated by retro-filling with mineral oil.

Highly Utilized (HUtz) transformers are those transformers that have been identified to operate at 100% load or
more during peak load periods. Although based on certain circumstances and the time of year, these
transformers may or may not exceed 100% load. However, a transformer that is operated at its limit or above
for long periods of time may result in a more rapid deterioration of condition than units operated below
maximum load. In addition, since the capacity of these transformers has been exceeded, a future solution may
be necessary in order to withstand the growth these transformers are serving. Therefore, a HUtz score has been
incorporated into the health and risk review. If a transformer is operated above 100% load, the amount above
100% is added to 1.0. For example, a transformer that operates at 114% load will receive a HUtz score of 1.14.

The scores are applied to each transformer and a final transformer health and risk score (THaRS) is determined.
The transformers are ranked in order of replacement priority based on the descending order of the final score.
Further technical input from SME’s is performed and the list is revised in light of their comments and
experience. Table 1 describes the transformer health and risk scores.

THaRS is a simple but comprehensive method developed to initiate the replacement prioritization of the
distribution substation transformer fleet. The scoring system is highly weighted on transformer condition with
some risk incorporated into the analysis. Additionally, it should be noted that both O&M and the operations
staff have provided comments and direction with regards to the history and capability of individual units, and
assisted with the prioritization of the final list.
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Condition Evaluation Impact Evaluation Risk Analysis
DGA Age PCB HUtz MVA THaRS
10 >125 (60+Age)/60 | 1.2 = 1.0 + (20+MVA)/20
05>75<=125 PCB percent DGA*MVA*Age*PCB*HUtz
01<=75 1.0 # overload
PCB
Comments | Based on the Based on
from SME’s life largest unit
are included | expectancy being 20
in the score | of 60 years MVA

Table 1. Transformer Health and Risk Scores

Applying transformer health and risk scores allows us to provide a basic asset ranking. Future asset ranking
methods will combine the methods discussed in this document along with the following:
¢ Design and manufacture information
Station situation
Oil quality
Transformer winding type and LTC Type
Capability of asset to perform required function
Past performance, maintenance and costs
Spare availability and mobile readiness
¢ Available through fault and interruption data

Transformer health and risk scores are not, by themselves, an indicator of a transformer problem. There is a
need for more engineering judgment. For example, DGA results in NY tend to have higher hydrogen values
than those from NE and the cause is related to the lab used; consequently they have a higher DGA score. Going
forward, NY and NE will be using the same laboratory, and this ambiguity will be resolved.

The transformer health and risk score (THaRS) profile for National Grid’s transformer fleet is displayed in
Figure 6. The results represent the latest DGA records and PCB comments listed in AIMMS for all FERC coded
TxD and DxD units rated greater than 0.5 MVA. The Highly Utilized Transformer List for Summer 2009 was
used to determine the HUtz score (13).

Figure 5 shows how the scores are placed in good, fair and poor health and risk categories. There is some
overlap, but when the score is above 10, the transformer warrants further investigation and is most likely on the
15 year replacement list. For example, if a transformer had a score of 6.5, the unit may either be considered
good or fair. If a transformer received a score of 18, then the unit could be considered either fair or poor.
Further analysis would be necessary in order to determine the outcome. A transformer with a score of 37 would
be considered poor and a score of 3.3 would be considered good. In any event, a transformer with a score of 10
or higher warrants further investigation, and is most likely on the replacement list.

There were a total of 887 THaRS performed on National Grid’s fleet of transformers; 323 performed on NE
units and 524 performed on NY units. This does not correlate with the total number of operating transformers
because either a DGA sample was not performed (units less than 2.5 MV A do not require DGA samples),
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or the MVA rating is 0.5 MVA or less.

The average THaRS of the National Grid fleet of operating transformers is 3.11, which indicates that the
majority of the units are in good condition and pose little risk. In addition, 825 transformers have scores less
than 10, of which 92.5% have scores less than 5. There is 1 transformer with a score greater than 40; 1 with a
score between than 30 and 40; 10 with a score between than 20 and 30, and 62 with a score between than 10 and
20. From a population of 887 units scored, and noting that not all transformers are DGA sampled, 7% have a
score greater than 10. All scores have been reviewed to ensure consistency of approach. It is recommended that
those units (50) with scores in the fair-poor and poor categories have a mitigation plan in place in case of failu