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SYSTEM PLANNING AND BUDGET PROCESS FLOW

Unitil’s annual budget of system improvement projects is created through inputs of various
departments. The majority of the projects entered into the capital budget are developed through
the Subtransmission System and Distribution System planning processes. The loads and
capability of the Subtransmission System (from System Supplies to the substations) is modeled
and planned ten years into the future. The evaluation and recommended improvement projects
are detailed annually in the Electric System Planning Reports. The Distribution System (from
the substation to the customer) is planned five years into the future and the evaluation is detailed
annually in the Distribution System Planning Studies. The planning process is worked
throughout each year and the flow of the process is displayed in the Diagram 1 below.
Load forecasting:
The planning process starts with forecasting the total system loads as well as the individual
substation and circuit loads.

A) The total system load is forecasted out ten years for the System Planning Study using a

linear trend regression model that correlates a ten-year history of daily peak load versus
daily average temperature and humidity. The annual peak system load is used with
corresponding actual daily average temperature for the past ten years. The forecasting
methodology is described in the main body of this report. System load projections are
used to create an estimated average annual load growth rate as well as two load level
projections (Peak Design Load level and Extreme Peak Load level). The load level
projections are used to develop load flows for the Electric System Planning process, per
Unitil’s Electric System Planning Guide (Appendix B).

B) The individual substation and circuit loads are forecasted out five years by trending the
past five year historic loads. Where individual customer loads can affect the trending,
individual large customer loads are used in evaluating and creating the future load
projections.

Load Flow Development and System Constraint Evaluation:
C) The forecasted loads are used to develop load flows and evaluate the constraints and

limits of the Subtransmission System and Distribution Systems. For development of the
load flows and constraints of the Subtransmission system, Siemens PSS/E planning
software is used. This software creates system load flows and reports on system
constraints using a balanced three-phase model of the system developed from the load
forecasts, equipment ratings, system impedances, and constraint criteria per Unitil’s
Electric System Planning Guide (Appendix B). In developing the Subtransmission
System model, each year the Unitil Energy Systems model system model is updated with
system updates from the previous year and consolidate with the updated model from ISO-
NE and Eversource.

Distribution System Load Flow models are created using the Minor and Minor Windmil
software. This software creates load flow for each individual phase. The loads used in these
models are projected loads of the individual circuits allocated with loads of individual large
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customers and step-down transformers. The load flows are compared to the equipment

ratings and system constraint criteria specified in Unitil’s Distribution Planning Guideline

(Appendix E). The impedance model in the Windmil Software is developed directly from

the GIS system information. Therefore changes and upgrades to the distribution system are

automatically supplied to the load flow model at the beginning of each year when the circuit
models are developed.

The Distribution Engineering Department then evaluates the system constraints reported by

the appropriate load flow model and generates alternate system upgrades. The solutions are

then modeled into the load flow model to ensure proposed system upgrades alleviate the
system constraint. When all constraints for the future years are evaluated and system
solutions are proposed for each constraint, the Distribution Engineering Department presents
their findings and alternative solutions to the Operations Departments as well as the Energy

Systems Engineering Department. During this presentation, the Operations Departments

may also present system equipment concerns and other solutions may be presented to

incorporate operational concerns.

Once all alternatives are scoped, the Operations Department and Energy Systems

Departments will assist in generating cost estimates for each alternative. The Distribution

Engineering Department will then perform cost/benefit analysis to select the overall least cost

and best proposal.

Planning Reports:

D) After all analysis is complete, including the cost benefit analysis of possible solutions, the
Electric System Planning reports and the Distribution Planning reports are completed and
published to Unitil stakeholders. The planning reports include a description and results
of the analysis performed including, load flows, power factor analysis, with loading and
voltage violations and system deficiencies. The reports also describe the scope and
benefits of solutions to alleviate the deficiencies. Some line overloads and voltage
violations can be solved with minor solutions with minimal cost. Where the deficiencies
are not easily solved and require where a large project is proposed as a solution, multiple
alternatives will be presented in the planning report with the recommended solution.
When analyzing alternative solutions, operational costs and future risks are also
evaluated. If the recommended solution is not simply the lowest cost solution, a

justification is included with the recommended solution.

Project Budgeting:
E) After the planning studies are reviewed and approved by engineering management, the

recommended projects entered into the capital budget with other projects entered from
the reliability studies, operations personnel and other departments. When all projects are
entered, each individual project is presented to the review group. System improvement
projects are entered and justified individually. Unitil does not create blanket spending for
system improvement projects. During the presentation of the projects, the project scope
and justification is reviewed as well as the project category and priority. When all
projects are accepted into the budget, engineering and operations managers and directors
compare the cost reports to recommended spending level by the Engineering and
Operations managers and directors provided by the Finance Department. The projects
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may then be revised to bring the total budget to the recommended spending level. The
budget is then presented to the Sr. management team for final review prior to presenting
to the board for final approval.
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1.0

Introduction

11

Purpose

The objective of this guide is to define study methods and design criteria used to assess the
adequacy of Unitil transmission, subtransmission, and substation systems; and to provide
guidance in the planning and evaluation of modifications to these systems. The purpose is to
ensure appropriate and consistent planning and design practices to satisfy applicable criteria and
reasonable performance expectations.

All Unitil facilities which are considered Pool Transmission Facilities (PTF) shall be designed in
accordance with the reliability standards published by ISO New England (ISO-NE), Northeast
Power Coordinating Council (NPCC) and North American Electric Reliability Corporation
(NERC) as well as the criteria established within this document.

All facilities which are not considered PTF but are part of Unitil’s transmission, subtransmission,
and substation systems shall be designed in accordance with the latest version of this document.

Detailed design of facilities may require additional guidance from industry or technical standards
which are not addressed by any of the documents referenced in this guide.

Systems should be planned and designed with consideration for ease of operation. Such
considerations include, but are not limited to:

e Utilization of standard components to facilitate availability of spare parts
e Minimization of post contingency switching operations
e Minimization of the use of Special Protection Systems (SPS)

All Unitil facilities shall be designed and operated in accordance with all applicable state
regulatory requirements as specified in the State of New Hampshire’s “Code of Administrative
Rules” or the Commonwealth of Massachusetts “Code of Massachusetts Regulations”.

Current copies of this procedure can be found on the Hampton Shared Drive. Hard copies are not version controlled.
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1.2

13

14

1.5

Applicability & Scope

This document applies to the planning and design of the Unitil transmission, subtransmission,
and substation systems.

Updating the Procedure

The Director, Engineering is responsible for maintaining this guideline to ensure this guideline is
current with changes in the company’s organization, policies or to capture good utility practices.
All revisions and/or additions shall detail a revision date and number on the top right corner of
each page within the header, as well as a brief description in the Revision History section on the
cover.

Comments are welcomed and should be documented (using the Request for Procedure/Change
Form reference in Appendix C) and addressed to the Director, Engineering. All documented
comments shall be retained in a separate file and reviewed each time this procedure is revised.
These comments will keep the contents of the procedure current and enhance its usefulness.

Revision Notes
This document is being issued as a new guideline and supersedes all previous revisions.
Availability

Current copies of this procedure can be found on the Hampton Shared Drive. Hard copies are not
version controlled.

NOTE: Only up-to-date versions of the documents are posted on the Hampton Shared Drive.
All other revisions (both electronic and hardcopy) should not be referenced.

Current copies of this procedure can be found on the Hampton Shared Drive. Hard copies are not version controlled.
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2.0

General Information

2.1

Definitions

Contingency

Contingency Configuration

Design Contingency

Distribution Point

Drastic Action Level (DAL)

FElement

Extreme Peak Load

Interface

Load Cycle

An event, usually involving the loss of one or more elements,
which affects the power system at least momentarily.

A modified arrangement of the system to attain acceptable
conditions following a contingency event.

A pre-determined scenario for loss of an element that system
adequacy is measured against.

Locations on a system that are direct supply points for customer
load.

Any loading of an element above its STE limit. DAL loading
requires immediate relief, including the shedding of load if
necessary, to avoid the likelihood of unacceptable or catastrophic

damage to equipment.

An overhead/underground line section or device such as a
generator, transformer, or circuit breaker.

A load forecast equating to a 96/4 probability

A collection of transmission lines connecting two areas of the
transmission system.

Refers to the varying facility loading over a 24-hour period.

Long-Time Emergency (LTE) Limit, Summer or Winter

Loss of Load

Non-Distribution Point

Allowable peak loading to which equipment can operate for a
single, non-repeating load cycle due to emergency circumstances,
accepting the possibility of higher than normal loss of life or loss
of strength.

Loss of electric service to one or more customers.

Locations on a system that are not direct supply points for
customer load.

Current copies of this procedure can be found on the Hampton Shared Drive. Hard copies are not version controlled.
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Normal Configuration The intended arrangement of a system when all normally in-

service elements are available.

Normal Limit, Summer or Winter
Allowable peak loading to which equipment can operate during
normal, continuous load cycling and prescribed seasonal

conditions.
Peak Design Load A load forecast equating to a 90/10 probability
Radial Line A transmission or subtransmission line, or portion of a line, with

only one effective supply end and no back up ties to carry or
deliver power.

Short-Time Emergency (STE) Limit, Summer or Winter
One-time peak loading which can be sustained by equipment for
up to 15 minutes while corrective actions are underway following a
contingency, and accepting the likelihood of higher than normal
loss of life or loss of strength.

Special Protection Systems A Special Protection System (SPS) is a protection system designed
to detect abnormal system conditions and take corrective action
other than the isolation of faulted elements. Such action may
include changes in load, generation, or system configuration to
maintain system stability, acceptable voltages, or power flows.
Automatic underfrequency load shedding is not considered an SPS.

System Supply Transformer Transformers that deliver power into a system from its external
transmission supply.

Current copies of this procedure can be found on the Hampton Shared Drive. Hard copies are not version controlled.
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3.0

Planning Criteria

Unitil transmission, subtransmission, and substation systems should be planned and designed for safe,
economical and reliable performance with consideration for normal and reasonably foreseeable
contingency situations, load levels, and generation.

3.1

Allowable Equipment Loading

Thermal ratings for system equipment are established to obtain the maximum use of the
equipment accepting some defined, limited loss of life or loss of strength. These ratings are
based on Unitil’s Electrical Equipment Rating Procedures (PR-DT-TC-01). The principal
variables used to derive these ratings include specific equipment physical parameters and design,
maximum allowable operating temperatures, seasonal ambient weather conditions, and
representative daily load cycles.

Normal ratings describe the allowable loading to which equipment can operate for normal,
continuous load cycling up to peak demands at the indicated Normal Limit. Emergency ratings
allow brief operation of equipment to higher peak demand limits for emergency situations.

The following listing summarizes Unitil equipment thermal ratings:

Rating Allowable Duration before Relief
Summer Normal Limit Continuous
Summer Long-Time Emergency (LTE) Limit 12 hours

Summer Short-Time Emergency (STE) Limit 15 minutes

Winter Normal Limit Continuous
Winter Long-Time Emergency (LTE) Limit 4 hours

Winter Short-Time Emergency (STE) Limit 15 minutes

Equipment loaded at or below its Normal Limit is operating within normal loading conditions.
Equipment loaded above its Normal Limit is operating at emergency loading conditions, and
may be experiencing higher than normal loss of life or loss of strength.

Equipment loaded above its Normal Limit and at or below its Long Time Emergency Limit is
operating at a long time emergency load level. Long-time emergency loading may be sustained
for a single, non-repeating load cycle where the Normal Limit is exceeded for no more than the
allowable duration.

Equipment loaded above its Long Time Emergency Limit and at or below its Short Time
Emergency Limit is operating at a short time emergency load level. Short time emergency
loading must be relieved to normal or LTE conditions within 15 minutes. Unitil systems should
be planned and designed to avoid short-time emergency loading. However, it is acceptable for
equipment to be loaded to short-time emergency conditions following a loss-of-element
contingency, provided automatic or remote actions are in place to relieve the loading within the
specified time.

Current copies of this procedure can be found on the Hampton Shared Drive. Hard copies are not version controlled.
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3.2

3.3

Equipment loaded beyond its Short Time Emergency Limit is operating at a Drastic Action Level
(DAL), and immediate relief is required including the shedding of load if necessary. If a facility
operates at this level for more than five minutes, equipment may suffer unacceptable damage.
Unitil systems shall not be planned for equipment to reach DAL loadings. Unitil does not
publish DAL ratings higher than the STE limit since loading above the STE limit requires a
drastic action response.

Allowable System Voltages

System voltage ranges are established to obtain adequate operating voltages for system
customers, maintain proper equipment performance, avoid over-excitation of transformers or
under-excitation of generators, and preserve system stability. Unitil systems should be planned
and designed to sustain steady state operating voltages at Non-Distribution Points within a
minimum limit of 90% of nominal (108 V on a 120 V base) and a maximum limit of 105% of
nominal (126 V on a 120 V base). Unitil systems should be planned and designed to sustain
steady state operating voltages at Distribution Points within a minimum limit of 97.5% of
nominal (117 Von a 120 V base) and a maximum limit of 104.2% of nominal (125 V ona 120 V
base).

In this context, Non-Distribution Points indicate locations that are not direct supply outputs for
distribution circuit loads. Most transmission and subtransmission lines are Non-Distribution, as
are most substation facilities where the voltage regulation is applied after the low-side bus (i.e. at
the individual distribution circuit terminals).

Correspondingly, Distribution Points indicate locations that are direct supply outputs for
distribution circuit loads. This may be, for example, at unregulated distribution circuit or
customer taps off of subtransmission lines or at substation low-side buses where voltage
regulation is provided by load-tap-changing power transformers or regulators at the transformer
output.

It is acceptable for steady-state voltage excursions beyond these limits to occur immediately
following a contingency event and while corrective actions are in progress. However, Unitil
systems should be planned and designed to limit the extent and duration of such excursions.

Furthermore, Unitil systems shall not be planned to accept unchecked voltage collapse.

There are no design limits on the amount of change in operating voltages from initial pre-
contingency to immediate post contingency levels.

System Configuration

Unitil systems shall be planned and designed to meet applicable criteria utilizing specific normal
and contingent configurations of system elements.

The Normal Configuration shall describe the intended arrangement of the system when all
normally in-service elements are available. Unitil systems should be planned and designed to

Current copies of this procedure can be found on the Hampton Shared Drive. Hard copies are not version controlled.
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operate within normal equipment ratings and voltage ranges when in the Normal Configuration
at all normally anticipated load levels.

The arrangement of system elements may be temporarily altered to a configuration for routine
operating and maintenance purposes. An acceptable alternate configuration should also satisfy
normal ratings and voltages. It is not a requirement that Unitil systems be planned or designed
for every possible configuration.

A Contingency Configuration describes a modified arrangement of the system in response to
planned or unplanned outage of an Element. Unitil systems should be planned and designed to
be promptly arranged into prescribed Contingency Configurations when necessary to attain
acceptable conditions following specific contingent emergencies, and to operate within specified
equipment ratings and voltage ranges when in these configurations.

3.4  System Load

Unitil systems shall be planned and designed to meet applicable criteria up to specific normal
and emergency load levels.

3.4.1 Peak Design Load

The Peak Design Load is the benchmark load level that system adequacy is measured
against. This load level is derived from a 90/10 forecast (a load level with a probability
of being exceeded once every ten years). It shall be the highest anticipated coincident,
active (real) power demand of all system customers, plus associated system losses, plus
adjustments deemed reasonable to address forecasting uncertainties. The Peak Design
Load is the actual load and losses to be supplied, and not the net sum of power flows at
system boundaries after being offset by internal sources. Unitil systems should be
planned and designed to operate within specified equipment ratings and voltage ranges at
load levels up to the established Peak Design Load.

3.4.2 Extreme Peak Load

The Extreme Peak Load is the maximum foreseeable load level that Unitil systems
should be planned and designed to operate within specified equipment ratings and voltage
ranges with all elements available. This load level is derived from a 96/4 forecast (a load
level with a probability of being exceeded once every twenty years).

3.5  Load Power Factor
Unitil systems should be planned and designed to operate within the ISO-NE Load Power Factor

Standards published for that area at Peak Design Load levels.
3.6  System Generation & Distributed Energy Resources (DER)

For planning purposes, the output of generation interconnected to the Unitil system as well as the
output or load offset by other DER projects will be evaluated based on availability and reliability
during peak times. Typical historical performance for each unit may be used as the initial basis

Current copies of this procedure can be found on the Hampton Shared Drive. Hard copies are not version controlled.
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3.7

3.8

3.9

for generation dispatch assumptions. These assumptions should take into account factors for
seasonal variations, demonstrated forced-outage rates, operating limits, and expected
performance during system disturbances.

The planning and operation of generating plants outside of Unitil systems is not typically within
the scope of Unitil planning requirements unless they have a direct impact on system adequacy.
The impact of generation inside or within the immediate vicinity of Unitil systems should be
taken into account. Unitil systems should be planned and designed to operate within normal
equipment ratings and voltage ranges during the outage of any utility-owned generating plant.

The adequacy of system infrastructure to meet Unitil’s end use load obligations necessitates that
it be self-sufficient from generation interconnected to the Unitil system. Unitil systems are to be
planned and designed to operate within specified equipment ratings and voltage ranges with at
least one-half of interconnected generating facilities out of service.

Normal Conditions

Unitil systems shall be planned and designed to operate within normal equipment ratings and
voltage ranges for the following conditions:

e System in Normal Configuration;

e load levels up to Peak Design Load;

e outage of any generating plant within the immediate vicinity of the Unitil system;

e outage up to 50% of interconnected generation (cumulative output) using typical seasonal
generation dispatch

Contingency Conditions

Unitil systems shall be planned and designed to meet applicable criteria for specific pre-
determined contingency scenarios.

Design Contingencies describe the pre-determined emergency scenarios that system adequacy is
measured against. Unitil systems should be planned and designed to operate within specified
equipment ratings and voltage ranges following actions in response to the following Design
Contingencies:

e loss of any non-Radial Line element, or

¢ loss of any Radial Line element with no backup tie, or
e Joss of any System Supply Transformer, or

e Extreme Peak Load with all elements available

Allowable Loss of Load

The objective of planning and designing the system to meet Design Contingency criteria is to
utilize system elements up to their maximum allowable capabilities to carry or restore as much
load as possible. It is understood and accepted that many system fault or equipment failure
events, including loss-of-element Design Contingencies, may result in the temporary loss of
customer load until damaged components are isolated and restoration switching is performed.

Current copies of this procedure can be found on the Hampton Shared Drive. Hard copies are not version controlled.
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However, limited loss of customer load for more extended periods of time are acceptable design
compromises for specific circumstances where other alternatives are not practical or economical.

3.9.1 Loss-of-Element Contingency

To provide continuity or immediate restoration of service to all portions of system load
for all reasonably foreseeable contingencies requires fixed infrastructure with spare
capacity or redundancy for each element. This level of design may be inefficient and
cost-prohibitive to cover the contingent loss of certain major elements. The loss of
limited portions of system load for limited periods of time may be tolerated under defined
circumstances as part of prudent, cost-effective alternatives to fixed infrastructure. These
alternatives are traditionally either of two choices: (1) the interruption of load while
repairs are being made to an element that cannot be backed up; or (2) the interruption of
load while mobile or spare equipment is made available from another location,
transported and placed into service where needed. The table below describes the
conditions where loss of load is allowable.

Table 3.9.1-1 Allowable Loss of Load

Allowable Allowable

Design Contingency Loss of Load Duration
Loss of a radial line element with no backup tie <30 MW < 24 hours
Loss of an external system supply transformer <30 MW < 24 hours

Under these contingencies, it is understood that remaining system elements will be
utilized up to their maximum allowable capabilities to carry or restore as much load as
possible. Allowable Loss of Load refers to a collection of customers within the system
that cannot be restored after automatic or manual actions. This load is the peak
coincident demand of this collection of customers, and not the net sum of power flow that
may be seen if offset by sources within the affected portions of the system. The
allowable impact is limited to these affected customers, not the overall load level at any
given time. If actual load at the time is not at peak conditions, it is not acceptable to
extend interruptions to a wider collection of customers by summing the demands at that
time up to the same numerical limit.

3.9.2 Extreme Circumstances

Widespread outages or catastrophic failures resulting from contingencies more severe
than defined Design Contingencies may exceed the limits described in the previous
section.

3.9.3 Regional Load Shed

Unitil systems shall be designed to maintain compliance with NERC, NPCC and ISO-NE
requirements for manual and automatic load shedding capabilities.

Current copies of this procedure can be found on the Hampton Shared Drive. Hard copies are not version controlled.
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4.0

Planning Studies

4.1

4.2

4.3

Basic Types of Studies

System planning studies based on steady-state power flow simulation shall be routinely
conducted to assess conformance with the criteria and standards cited in this guide. These
studies will review present and future anticipated system conditions under normal and
contingency scenarios. The scale and composition of the Unitil electric system does not
typically warrant routine analysis of its dynamic behavior. Transient stability analysis (and other
forms of study) are conducted as needs arise.

Study Period

The lead-time required to plan, permit, license, finance, and construct transmission,
subtransmission or substation upgrades is typically between one and ten years depending on the
complexity of the project. As a result, system planning studies should examine conditions at
various intervals covering a period of ten-years to identify potentially long-term projects.

Modeling and Assessment for Steady-State Power Flow

The modeling representation for steady-state power flow simulation should include the
impedance of lines, generators, reactive sources, and any other equipment, which can affect
power flow or voltage (e.g. capacitors or reactors). The representation should include voltage or
angle taps, tap ranges, and control points for fixed-tap, load-tap-changing, and phase shifting
transformers.

Specific issues related to the study, which need to be addressed, are discussed below.

4.3.1 Element Ratings

Thermal ratings of each load-carrying element in the system are determined to obtain the
maximum use of the equipment. The thermal ratings of each modeled system element
reflect the most limiting series equipment within that element (including related station
equipment such as buses, circuit breakers, and switches). A circuit breaker is understood
to include its associated current transformers and the bus section between the breaker
bushing and its current transformer(s). Models will include two rating limits for each
season’s case:

Summer models Summer Normal, Summer LTE
Winter models Winter Normal, Winter LTE

4.3.2 Modeled Load

Peak Design and Extreme Peak forecasts should be developed annually for a period of ten
years. Modeled loads for each region should be developed in sufficient detail to
distribute the active and reactive coincident loads (coincident with the system’s total peak
load) throughout the system such that the net effect of loads and losses matches expected
power flows and the overall Peak Design or Extreme Peak load for each case.

Current copies of this procedure can be found on the Hampton Shared Drive. Hard copies are not version controlled.
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4.3.3

4.3.4

435

4.3.6

Load Levels

To evaluate the sensitivity to daily and seasonal load cycles, studies may require
modeling several load levels. Minimum requirements call for study of peak load levels
(Peak Design or Extreme Peak). Where high voltage issues or unusual reactive power
flows are a concern, or the degree of consequences and exposure to risks must be
quantified, lesser load levels may be studied. The basis for these loads can be either
summer or winter conditions, whichever is the worst case scenario for the system. In
some areas, both seasons should be studied.

Balanced Load

Balanced, three-phase, 60 Hz ac loads should be assumed at each load center unless
specifically identified by an area or circuit study. Balanced loads are assumed to have the
following characteristics:

e The active and reactive load of any phase is within 90% to 110% of the load of the
other phases

e The voltage unbalance between the phases, measured phase—to—phase, is less than 3%

e Harmonic voltage distortion is within limits recommended by the current version of
IEEE Std. 519

Reactive Compensation

Reactive compensation should be modeled as it is designed to operate on the system and,
when appropriate, located on the low voltage side of substation transformers. Reactive
compensation on distribution feeders and circuits are assumed to be included within the
modeled loads.

Generation Dispatch

Analysis of system sensitivity to variations in generation dispatch is necessary during a
study. The intent is to test the adequacy of the Unitil system as much as can be
reasonably anticipated against the end use loads which it is obligated to serve.

The basis for modeling should begin with initial assumptions of generating unit outputs at
their typical seasonal levels. Cases may then be modified to reflect intended criteria and
assumptions for future conditions.

In modeling the system, no more than one-half of interconnected generation should be
considered as being in commission and operational for the future study period. This may
be modeled conservatively by taking the most significant facilities for a portion of the
system out of service until the sum total of interconnected generation has been reduced
by at least fifty percent (50%) from their typical historical output. Remaining units may
be modeled at their historical output. This may result in additional units being reduced or

Current copies of this procedure can be found on the Hampton Shared Drive. Hard copies are not version controlled.
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4.4

4.5

off-line if that has been their typical history (e.g. hydro generation during periods of low
river flow).

4.3.7 Facility Status

Initial conditions assume all existing facilities normally connected to the system are
available and operating as designed or expected.

Studies should reaffirm the necessity and in-service need date of future planned
improvements or modifications and confirm that they remain the most cost-effective
option available. Risks, consequences, and exposure levels should be determined in the
event that projects are not completed as planned.

Addressing System Deficiencies and Constraints

System studies should clearly identify results that fail to satisfy criteria or constrain performance.
To the extent that supporting information is available, these deficiencies or constraints should be
quantified in terms of severity, extent of impact, duration and periods of exposure.

Development and Evaluation of Alternatives

If the performance or reliability of the forecasted system does not conform to the applicable
criteria, then alternative solutions based on performance, reliability, technical preference,
economics, and capacity will be developed and evaluated. The evaluation of alternatives and
recommendations for system upgrades or modifications will be summarized within system
planning studies.

45.1 Performance

The system performance with the proposed alternatives should meet or exceed all
applicable planning criteria for the duration of the ten-year planning horizon. This does
not preclude incremental system upgrades or modifications that are implemented as part
of a multi-phase project to meet this overall objective.

45.2 Technical Preference

Technical preference should be considered when evaluating alternatives. Technical
preference refers to concerns such as standard versus non-standard design or to an effort
to develop a future standard. It may also refer to concerns such as age and condition of
facilities, availability of spare parts, ease of maintenance, ability to accommodate future
expansion, or ability to implement.

45.3 Economics

Initial and future investment cost estimates should be prepared for each alternative
identified during the course of a study. These estimates shall be used to perform a Net
Present Value analysis as well as a cost/benefit analysis as deemed necessary for each
alternative.

Current copies of this procedure can be found on the Hampton Shared Drive. Hard copies are not version controlled.
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454

45.5

4.5.6

Capacity

All equipment should be sized based on economics, operating requirements, standard
sizes, and engineering judgment. Engineering judgment should include recognition of
realistic future constraints that may be avoided with minor incremental expense. As a
rough guide, unless the equipment is part of a staged expansion, the capability of any new
equipment or facilities should be sufficient to operate without constraining the system
and without additional major modifications for at least ten years.

Recommendation

Every study that identifies potential violations of design criteria shall propose
recommended actions. The recommended actions should be based on factors such as the
forecasted performance, reliability, economics, technical preference, schedule,
availability of land and materials, acceptable facility designs, environmental impacts of
facilities, and complexity to license and permit.

Reporting Study Results

A system planning study report should define the modeling assumptions, study
procedures, system constraints and/or violations of design criteria identified, alternatives
for system upgrades or modifications considered, economic comparison, and final
recommendations resulting from the study.

Current copies of this procedure can be found on the Hampton Shared Drive. Hard copies are not version controlled.
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Appendix A — Design Guideline Summary

Allowable Element Allowable Loss of
Loading Load
Design Condition Load Level Generation Limit! Duration Limit Duration
Normal Configuration —
all elements in service, or < Normal Continuous none .
non-emergency configuration - uou
outage of generating plant . < Normal Continuous none —
i i typical seasonal
Contingency Configuration — < Peak dispatch <ITE < 12 hours (S) none .
loss of non-radial line Design w/ up to half of B < 4 hours (W)
loss of a Unitil system supply transformer Load Elc:zfi:%]’jty <LTE iegnt;a:j;c’;n:re; none -
loss of radial line generating units < < 12 hours (S)
. . <LTE <30 MW | =24 hours
(no backup tie) out of service < 4 hours (W)
< 12 hours (S)
* y g <L < <
loss of an external system supply transformer <LTE < 4 hours (W) 30 MW 24 hours
Extreme Peak — all elements in service < Extreme <ITE < 12 hours ()
Peak Load B < 4 hours (W) none B

(S) = Summer load cycle
(W) = Winter load cycle

* Loss of load up to these limits is allowed in cases where Unitil distribution service is supplied by another
utility from a site without an on-site back-up transformer. This criteria is intended to facilitate the installation
of a mobile transformer in order to restore load.

! STE loading is acceptable following a loss-of-element contingency, provided actions are available to trelieve the loading within 15 minutes.
Current copies of this procedure can be found on the Hampton Shared Drive. Hard copies are not version controlled.
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Appendix B — Voltage Range Summary

Condition Low Limit High Limit
(p.u.) (p.u.)
Non-Distribution Points 0.90 1.05
Distribution Points 0.975 1.042

Current copies of this procedure can be found on the Hampton Shared Drive. Hard copies are not version controlled.
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1 EXECUTIVE SUMMARY

This study is an evaluation of the Unitil Energy Systems — Capital (UES-Capital) electric
power system. Its purpose is to identify when system growth is likely to cause system
supplies and main elements of the 34.5 kV subtransmission and substation systems to reach
unacceptable design limits, and to provide recommendations for the most cost-effective
system improvements. The study examines the UES-Capital system under summer peak load
conditions in its normal operating configuration and in response to design contingencies for
the loss of key system elements. The study covers the ten year period from 2016 through

2025.
The following system improvements are recommended from the results of this study:
Year Project Description Justification Cost
Re-conductor 37 Line
2020 | (Penacook S/S — Maccoy St Tap) Contingency Loading $300,000

Note: It is assumed that Broken Ground is in service by 2017. Cost estimates do not include general
construction overheads.

2 INTRODUCTION

The purpose of this study is to plan for recommended system improvements to meet system
design and performance objectives. It evaluates the adequacy of the UES-Capital electric
system with respect to its external system supply interconnection and internal system
infrastructure throughout the study period. Conditions are examined at increasing load levels
(representing expansion of electric customer load) under normal operating conditions,
contingency scenarios for loss of major system elements, and extreme load levels above
forecast design loads (representing load expansion plus exceptional hot weather conditions).

Detailed system models were developed for each year of design and extreme peak load
levels. Power flow simulations were performed for normal and contingency configurations.
From these simulations, system deficiencies were identified. System improvement
alternatives were developed and tested to assess the impact they had on these deficiencies.
Cost estimates were developed for each improvement alternative, and a cost-benefit
comparison was made for the improvement plan options. Final recommendations represent
the proposed system improvement plan.

3 SYSTEM DESCRIPTION

The UES—Capital electric power system is supplied by the Eversource 34.5 kV
subtransmission system from six interconnection points. Four of these interconnections
emanate from the Eversource Garvins substation located in Bow. Two tie points originate
from the Eversource Oak Hill S/S located in Concord.

The Eversource Garvins S/S is served from three 115 kV transmission lines; the H-137
originating from Merrimack Station, the G-146 connecting to Deerfield S/S, and the C-189

UES-Capital Electric System Planning Study 2016-2025 Page 30of 11
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connecting to the Farmwood S/S. Two 115 - 34.5 kV, 36/48/60/67.2 MV A transformers
supply the Garvins 34.5kV bus. Three UES-Capital subtransmission lines (374, 375 & 396)
are served directly from Garvins 34.5kV breaker positions. A fourth interconnection is a
radial tap of the Eversource 318 Line. This radial tap serves as the normal supply into the
UES-Capital Hollis S/S.

The Eversource Oak Hill S/S is served from two 115kV transmission lines; the B-15 and B-
84 Lines from Farmwood S/S. Two 115 - 34.5 kV, 24/40/44.8 MV A transformers supply the
Oak Hill 34.5kV bus. Two Eversource 34.5kV subtransmission lines emanating from Oak
Hill (3122 and 317 lines) supply the UES-Capital Penacook S/S.

The UES-Capital electric system consists of seven 34.5kV subtransmission lines
interconnecting sixteen distribution substations. The 374 Line operates radially between
Garvins and Bow Jct S/S. The 396 Line supplies the 374 Line beyond Bow Jct S/S. From
Bow Jct S/S the 374 Line operates in parallel with the 375 Line Garvins to Bridge St S/S.
The 34 and 35/36 lines operate in parallel from Bridge Street S/S to Penacook S/S. The 37
line operates radially from Penacook S/S to Boscawen S/S. The 33 line interconnects Bow
Junction S/S and West Concord S/S with a normally open point at Pleasant St S/S. The 38
line interconnects Hollis S/S with the 35 line at the Horse Shoe Pond Tap with a normally
open point at Hazen Drive S/S.

In 2017, the new UES Broken Ground system supply located in Concord will be placed in
service. Broken Ground will be supplied by two incoming 115 KV transmission lines (tapped
off the C-189 Line) and consist of two 115 — 34.5 kV, 60 MVA transformers. Two 34.5 kV
subtransmission lines will emanate from Broken Ground. One of these lines (288 Line) will
terminate at the Hollis 34.5kV bus to supply Hollis substation. The UES 318 Line tap will be
removed and UES load will no longer receive supply from Eversource’s 318 Line. The
second line from Broken Ground will be the 38 Line. As part of this construction, the 38
Line will be normally open at Hollis substation. The reconfigured 38 Line will be served
radially from Broken Ground with a normally open tie with the 35 Line at Horseshoe Pond.

In addition to the 34.5kV interconnections with Eversource, five non-utility generating plants
connect internally into the UES—Capital system. The largest, Wheelabrator Concord
(SES-Concord), interconnects at 34.5 kV at the 37X1 tap off the 37 line and typically
supplies 12 MW to 14 MW into the system. Three hydro-generation facilities, Penacook
Upper Falls, Penacook Lower Falls and Briar Hydro, interconnect at 34.5 kV in the vicinity
of Penacook substation. Concord Steam interconnects to the 13.8 kV distribution system in
downtown Concord. Finally, the Eversource Garvins Falls hydro-generation station
interconnects directly at Garvins S/S.

A system one-line diagram is included in Appendix I for reference.
4  SYSTEM LOADS

The scheduling of system modifications is dependent on the projected timetable of system
loads that trigger the need. For planning purposes, design forecasts are based on linear trend

UES-Capital Electric System Planning Study 2016-2025 Page 4 of 11
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projections of a ten-year history of daily load versus temperature regression models, which
account for the correlation of daily loads to actual daily temperature. This results in a range
of peak load possibilities for each year, which vary due to annual highest temperature. Peak
Design Load and Extreme Peak Load forecasts are set assuming specific probability limits
per the intent of planning guidelines. Details of the methodology and results are given in
Appendix D — Ten Year System Load Forecasts.

The resulting UES-Capital system load projections used for this study are provided in the
table below.

UES-Capital System Loads Under Study

Projected Peak Extreme
Summer Design Load Peak Load
Season (MW) (MW)
2016 137.9 141.3
2017 139.0 143.0
2018 140.1 144.1
2019 141.3 146.1
2020 142.3 147.2
2021 143.2 148.7
2022 143.9 149.7
2023 144.7 150.2
2024 145.7 151.3
2025 147.0 152.9

5 SYSTEM MODELING AND ANALYSIS

Traditional load flow analysis methods were used to evaluate the UES-Capital system for this
study. System modeling and power flow simulations were performed using PSS®E (version
33.3.0) software by Siemens. Because summer hot weather conditions present the greatest
thermal constraints on system equipment, and UES-Capital is a historically summer peaking
system, this study examines summer peak load conditions only.

An initial load flow model of the UES-Capital system was created to replicate conditions
during the 2014 summer peak. Details of the UES-Capital system infrastructure were
assembled using best available data on system impedances, transformer ratios, equipment
ratings, etc. This model was added to a representation of the surrounding external power
system from load flow cases provided by ISO-NE and Eversource. Bus loads were compiled
for the model by aggregating substation, circuit, and large customer load information for the
July 2, 2014 summer peak. Much of this load information is available only as
non-coincident, monthly peak demands. With the operating configuration, substation and
capacitors set in the model to actual conditions at the time, overall scaling adjustments were
made to bus loads to reasonably match the power flow simulation results to actual recorded
system flows for the peak day and hour. Once completed, this established a confident model
representing the UES-Capital system as it existed during the 2014 summer peak.

UES-Capital Electric System Planning Study 2016-2025 Page 5of 11
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Base-case models for study of future years were developed from this 2014 peak model.
Anticipated system configuration and known individual load adjustments were made. Then
overall bus loads were grown to set the total UES-Capital system load plus internal losses, as
seen at the system supply delivery points, to the study loads (Section 4 — System Loads).

These base-cases were used to analyze normal operating conditions, extreme peak
conditions, and all major design contingencies for each of the ten years under study.
Unacceptable system conditions were identified based on the Unitil Electric System Planning
Guide. Details summarizing these criteria are given in Appendix A — Evaluation Criteria.

6 POWERFACTOR ANALYSIS

Load power factor for the UES-Capital system is subject to the guidelines of ISO-NE
Operating Procedure No. 17 — Load Power Factor Correction (OP-17). The power factor
limitations outlined in OP-17 are summarized in the following table for the ISO-NE New
Hampshire Area.

ISO-NE New Hampshire Area — 2016-2026 Load Power Factor Limits

Equivalent
Load Minimum Maximum
(% of Peak) p.f. p.f.
28% n/a 0.9850, lagging
66% 0.9550, lagging 0.9725, leading
100% 0.9758, lagging n/a

On July 2, 2014 at 14:00, the UES-Capital system reached a peak demand of 123.879 MW.
The system was lagging by 11.972 MVAr during that peak hour, with a corresponding power
factor of 0.9694 (lagging)*.

In 2016 at a system peak design load of 137.9 MW, the estimated net power factor is
expected to be approximately 0.9737 (lagging) as seen at the 115 kV system supply delivery
points. The apparent improvement of system power factor compared to the actual LPF in
2014 is largely due to the Oak Hill 115kV capacitor bank being offline during the 2014 peak
hour. The 2016 model and all future models assume this capacitor bank to be online. In
addition, significant system improvements and configuration changes completed by
Eversource during this period will change the supply point load share ratios thus reducing the
supply losses allocated to UES-Capital.

In 2017, the Broken Ground system supply is expected to be in-service. This new supply
substation will have 19.2MVAr of reactive compensation installed on the 34.5kV bus. With
the new system supply and additional capacitor banks, the estimated net power factor is
expected to remain above the minimum LPF standard throughout the study period.

! Estimated LPF at the 115kV transmission system after allocating supply losses and reactive compensation
based on UES-Capital’s load share ratio at each supply point.

UES-Capital Electric System Planning Study 2016-2025
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The following table lists the estimated system power factor for select years over the ten year

study period.
UES-Capital System — Anticipated Power Factor
Est. Minimum
Uncorrected System Load * p.f. correction
Year (MW) (MVAr) p.f. (115 kV) (MVAr)
2016 138.61 32.40 0.9737, lagging 1.41
2017 139.51 17.50 0.9922, lagging n/a
2025 147.50 20.88 0.9901, lagging n/a

* - with no improvements, all internal system generation offline, and all existing substation
capacitors switched into service. Load levels shown include UES’s share of system
supply transformer losses at Garvins and Oak Hill.

Note: This analysis assumes that (4) 4.8MVAr capacitor banks will be installed at Broken
Ground and that the existing 3.6MVAr capacitor bank at Hollis will be removed once
this system supply is in-service. It is also noted that at present load forecasts, it is
anticipated that only two of the capacitor banks at Broken Ground will be needed for
LPF correction in 2017 and by 2025 three will be required leaving additional margin
not represented in the table above.

7 SYSTEM CONSTRAINTS

The following summarizes the system deficiencies driving improvement proposals during the
ten year study period, with the load level and projected year in which they first occur. The
table is sorted by year and load level. The system constraint is listed in the year when it first
violates planning criteria. Not all circumstances driving the system constraint are shown in
this table.

Load
Year | Level System Constraint Circumstances
(MW)

Conductor Overload —

2020 | 142.3 37 Line Penacook to Maccoy St Tap

Loss of Circuit 4X1

The table below is used to further document the system constraints as summarized in the
table above. This table is sorted by constraint. All of the contingency conditions for each
constraint are detailed. The result column identifies why the constraint does not meet
planning criteria. More details on exposure, voltage and loading values can be referenced in
the contingency table in Appendix F.

! Although this LPF would not meet the ISO-NE LPF standard for NH, no improvements are recommended for
2016 since UES reports LPF to ISO-NE as a single entity and the aggregate LPF for UES is anticipated to meet
the standard.

UES-Capital Electric System Planning Study 2016-2025 Page 7 of 11
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Constraint Year Circumstances Result

Equipment Overload —
37 Line Penacook to Maccoy St | 2020 | Loss of Circuit 4X1

Tap

Loading > 100% Normal
Exposure > 12 hrs

8 SYSTEM IMPROVEMENT OPTIONS
The following sections describe details of system improvement alternatives examined to
address the deficiencies identified earlier in this report.

8.1 37 Line Overload

A normally open tie exists between the 37 Line and circuit 4X1 out of Penacook S/S at the
37R4X1 recloser located at the Maccoy Street Tap. This tie is utilized as an alternate source
following the contingent loss of either circuit 4X1 or the 37 Line. This source transfer is
manual for the loss of circuit 4X1 but is implemented as an automatic source transfer for the
loss of the 37 Line between Penacook and the Maccoy Street Tap. The load carrying
capability of the 37 Line is limited by a section of 1/0 ACSR conductor from Penacook S/S
to the 37J41 (approx. 1.25 miles).

At system load levels above 137.9MW (2016), the 37 Line will be loaded above its Normal
rating if all of circuit 4X1 is transferred (with all generation is off-line). Although loading is
expected to be above the Normal rating at these load levels, exposure to loading above
Normal for more than 12 consecutive hours is not anticipated until the system load level
approaches 142.3MW (2020).

8.1.1 Re-conductor 37 Line from Penacook to Maccoy St Tap

Summary:
Prior to summer 2020, replace the 1/0ACSR phase conductor on the 37 Line from
pole 8 to the Maccoy Street Tap with 556 AA conductor. This consists of
approximately 1.25 pole miles in length. The 266 ACSR neutral conductor will
remain.

Cost Estimate:
Re-conductor 37 Line $300,000
Total (w/o General Construction OHSs) $300,000

Results:
Loading on the 37 Line following the loss of Circuit 4X1 will remain below its
normal rating for many years beyond the study period.

8.1.2 Recommendation
Reconductoring as described in 8.1.1 is the recommended solution as there are no
other viable alternatives to address this constraint.

UES-Capital Electric System Planning Study 2016-2025 Page 8 of 11
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9 MASTER PLAN ANALYSIS

A 20 year master plan review has been completed in addition to the 10 year analysis
discussed in this report. This analysis reviews a system model with peak design load that has
been scaled proportionately to an equivalent 20 year forecast assuming the historical growth
rate!. The review is completed under base-case configuration with all elements in service.

This is a high level review which identifies potential system problems which occur beyond
the 10 year planning horizon. This review is used to develop a long term vision for the
system which is used to guide incremental improvements. For total system loads up to
158 MW the following additional conditions have been identified for base-case conditions.

« Garvins transformer loading at 87% Eversource TFRAT
o Oak Hill transformer loading at 79% Eversource TFRAT
« Broken Ground transformer T1 loading at 42% of rating
« Broken Ground transformer T2 loading at 18% of rating
Modeling Assumptions:

- All available capacitor banks switched in

- All internal generation offline

- 37 Line Re-conductored

Other Considerations:

Future studies and the Unitil/Eversource Joint Planning process will focus on alternatives for
making use of the additional supply capacity provided by Broken Ground to relieve system
constraints identified for the loss of a supply transformer at Garvins or Oak Hill detailed
below.

Loss of a System Supply transformer:

e Following the loss of a Garvins transformer in 2025, the remaining transformer at
Garvins will reach 87% of its Eversource TFRAT until the mobile or system spare
can be installed. Oak Hill loading will approach 92% of Eversource TFRAT. If
higher than expected loads are experienced, the only alternative currently available is
manual load shedding.

e Following the loss of an Oak Hill transformer in 2020, the remaining unit approaches
101% of Eversource TFRAT. Eversource switching to shed load on the 317 Line
reduces loading to below Eversource TFRAT. However, this Eversource load will
remain isolated until the mobile is installed at Oak Hill. If additional load reduction
is necessary Unitil can shift the 33 Line to Bow Junction. However, this switching
only offloads Oak Hill incrementally. The Joint Planning Committee is currently
evaluating system improvement alternatives to utilize the Broken Ground supply to
restore all load following this contingency.

! UES-Capital loads were grown 7% and Eversource loads were grown 17% over this 10 year period with the
exception of the Portsmouth area which was grown 24%.
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10 EINAL RECOMMENDATIONS
The following summarizes final recommendations given in this report.
Year Project Description Justification Cost
Re-conductor 37 Line
2020 | (Penacook S/S — Maccoy St Tap) Contingency Loading $300,000

Note: cost estimates do not include general construction overheads.

UES-Capital Electric System Planning Study 2016-2025
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APPENDIX A
EVALUATION CRITERIA

The following summarizes the application of electric system planning guidelines as used in
this study. These criteria are based on Unitil’s Electric System Planning Guide Rev 3 (March
13, 2014).

LOADING

Peak design conditions — all elements in service:
= Allload in service
= All elements operating within Normal Limit ratings w/ half of internal, non-utility
generating units out of service

Peak design conditions — loss of non-radial lines, or Unitil owned system supply transformers
(after switching):
= All load restored to service
= All elements operating within LTE Limit ratings for up to 12 hours w/ half of
internal, non-utility generating units out of service
= All elements operating within Normal Limit ratings after 12 hours of LTE loading
w/ half of internal, non-utility generating units out of service

Peak design conditions — loss of radial lines, or external system supply transformers (after
switching):
= Upto 30 MW of load left out of service for up to 24 hours
= All elements operating within LTE Limit ratings for up to 12 hours w/ half of
internal, non-utility generating units out of service
= All elements operating within Normal Limit ratings after 12 hours of LTE loading
w/ half of internal, non-utility generating units out of service

Extreme Peak conditions — all elements in service:
= Allload in service
= All elements operating within LTE Limit ratings for up to 12 hours w/ half of
internal, non-utility generating units out of service
= All elements operating within Normal Limit ratings after 12 hours of LTE loading
w/ half of internal, non-utility generating units out of service

VOLTAGE
All conditions:

* Forall 115 and 34.5 kV non-distribution® points: 90% < V< 105%
* Forall 34.5, 13.8 and 4.16 kV distribution? points: 97.5% <V < 104.167%

1
2

“non-distribution” indicates only locations that are not direct supply outputs for distribution circuit loads
“distribution” indicates locations that are direct supply outputs for distribution circuit loads, after all
transformation and/or voltage regulation
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The following is a listing of the present summer and winter thermal ratings for UES-Capital 34.5 kV Lines studied in this report.

Summer Capacity

Winter Capacity

Normal LTE Normal LTE |Normal LTE Normal LTE
Limiting Nominal Limit  Limit | Limit Limit | Limit Limit | Limit Limit
Line Section Factor Voltage | (Amps) (Amps)| (MVA) (MVA) |(Amps) (Amps)| (MVA) (MVA)
33 Line - West Concord to Pleasant St 266 ACSR 34.5 kv 463 562 27.7 33.6 605 677 36.2 40.5
33 Line - Bow Junction to Iron Works 556 AA 345 kv 739 902 44.2 53.9 968 1087 57.8 65.0
33 Line - Iron Works to Pleasant St #2 CU 34.5 kv 240 289 14.3 17.3 312 348 18.6 20.8
34 Line — Bridge Street to West Concord 266 ACSR 345 kv 463 562 27.7 33.6 605 677 36.2 40.5
34 Line — West Concord to Penacook 266 ACSR 34.5 kv 463 562 27.7 33.6 605 677 36.2 40.5
35 Line — Bridge Street to Sewalls Falls 266 ACSR 345 kv 463 562 27.7 33.6 605 677 36.2 40.5
36 Line — Sewalls Falls to Peancook 266 ACSR 34.5 kv 463 562 27.7 33.6 605 677 36.2 40.5
37 Line — Peancook to Maccoy Tap 1/0 ACSR 34.5 kV 253 305 15.1 18.2 330 368 19.7 22.0
37 Line — Maccoy Tap to Boscawen 266 ACSR 34.5 kv 463 562 27.7 33.6 605 677 36.2 40.5
38 Line® - Broken Ground to Hollis 795 AA 34.5 kV 915 1121 54.7 67.0 1201 1351 71.8 80.7
38 Line — Hollis to Hazen Drive Phase Trip 34.5 kv 400 400 23.9 23.9 400 400 23.9 23.9
38 Line — Horse Shoe Pond to Hazen Dr Phase Trip 34.5 kV 480 480 28.7 28.7 480 480 28.7 28.7
374 Line - at Bridge Street 556 AA 34.5 kv 730 891 43.6 53.2 956 1074 57.1 64.2
374 Line - at Garvins 556 AA 345 kv 730 891 43.6 53.2 956 1074 57.1 64.2
375 Line - at Bridge Street 556 AA 34.5 kv 730 891 43.6 53.2 956 1074 57.1 64.2
375 Line - at Garvins 556 ACSR 345 kv 739 902 44.2 53.9 968 1087 57.8 65.0
288 Line' — Broken Ground to Hollis 795 AA 34.5 kv 915 1121 54.7 67.0 1201 1351 71.8 80.7
396 Line - Garvins to 396X1 Tap 795 AA 345 kv 915 1121 54.7 67.0 1201 1351 71.8 80.7
396 Line - 396X1 Tap to Bow Junction 795 Spacer 34.5 kv 860 1072 51.4 64.1 860 1072 51.4 64.1
! This line will be constructed as part of the Broken Ground system supply project.
UES-Capital Electric System Planning Study 2016-2025 Page B.1




REDACTED

APPENDIX C

UES-CAPITAL TRANSFORMER RATINGS

APPENDIX C
Page 14 of 120

The following is a listing of the present summer and winter thermal ratings for UES-Capital

Substation Power Transformers.

Summer Capacity

Winter Capacity

Distribution Substation Voltage Normal LTE Normal LTE
Transformers (MVA) | (MVA) | (MVA) | (MVA)
13T1 Boscawen 34.5-13.8 kV 6.20 6.32 6.98 7.26
13T2 Boscawen 34.5-13.8 kV 8.19 8.44 9.17 9.63
18T2 Bow Bog 34.5-13.8 kV 3.33 3.38 3.78 3.98
7T1 Bow Junction 34.5-13.8 kV 12.45 12.65 13.65 14.34
1T1 Bridge St. 34.5-4.16 kV 8.19 8.44 9.24 9.70
1T2 Bridge St. 34.5-4.16 kV 8.19 8.44 8.44 8.44
3T1 Gulf st 34.5-4.16 kV 5.06 5.16 5.75 6.04
3T2 Gulf st. 34.5-4.16 kV 4.13 4.23 4.66 4.89
24T1 Hazen Drive 34.5-4.16 kV 2.71 2.76 3.07 3.24
24T2 Hazen Drive 34.5-4.16 kV 3.84 3.92 4.34 4.58
8T1 Hollis 34.5-4.16 kV 3.81 3.89 4.31 4.57
22T1 Iron Works Rd. 34.5-13.8 kV 12.45 12.66 13.91 14.61
14T1 Langdon 34.5-4.16 kV 5.06 5.16 5.75 6.04
23T1 Montgomery St. 34.5-13.8 kV 9.00 9.27 10.28 10.79
4T1 Penacook 34.5-13.8 kV 12.45 12.66 13.97 13.97
21T1 Storrs St. 34.5-13.8 kV 9.00 9.27 10.35 10.97
16T1 Terrill Park 34.5-4.16 kV 6.20 6.32 6.93 7.21
2T1 West Concord 34.5-13.8 kV 5.67 5.84 6.56 6.92
15T1 West Portsmouth 34.5-4.16 kV 12.44 12.63 13.97 14.59
15T2 West Portsmouth 34.5-4.16 kV 1.86 1.93 2.18 2.31
Summer Capacity Winter Capacity
System Supply Voltage Normal | Thermal | Normal | Thermal
Transformers (MVA) Limit (MVA) Limit
TB-39 Garvins® 115 -34.5kV 60 69 60 69
TB-51 Garvins 115-345kV 60 70 60 70
TB-15 Oak Hill* 115 —34.5 kV 45 50 45 50
TB-84 Oak Hill* 115 - 34.5kV 45 52 45 52
Broken Ground T1° 115 - 34.5kV 60 72 60 72
Broken Ground T2° 115 - 34.5kV 60 72 60 72

! Garvins and Oak Hill system supply transformers listed are property of Eversource.
% In 2017, the new Broken Ground system supply will be in service with two 60 MV/A transformers with a

Thermal Limit of 72 MVA each.

UES-Capital Electric System Planning Study 2016-2025
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Unitil APPENDIX D

Unitil Service Corp.

Ten-Year System Load Forecasts
Summer 2016 - 2025

Projection Methodology

The historical basis for each system is a series of yearly regression models that are developed
to correlate actual daily loads to actual daily temperatures in that season. Once a model is
established, an estimated peak load can be derived for that season for any given temperature.
There are two dimensions of variability introduced with this modeling. First is the highest
daily temperature experienced within a season, which varies with short-term weather trends
from one year to another. Second is the model estimate of peak load at any specific
temperature. This estimate has its own variation of possibilities due to the influence of other
existent factors not incorporated into the model. These variations are characterized as
randomness in making future projections. The probability distribution for annual highest
temperatures is assumed to follow the discrete distribution of past historical highest
temperatures. The random possibilities of peak load outcomes for any specific temperature
are assumed to follow a standard probability distribution model with a mean centered on the
point estimate of the peak load at that temperature and varying based on its individual
standard deviation according to the fit of the seasonal model to the actual historical values.

To establish load projections, a Monte Carlo simulation is run to produce random annual
highest temperatures and random peak load estimates at those temperatures from each year’s
seasonal model that makes up the historical basis. Each trial in the simulation is projected
forward using linear trending. This results in a range of peak load possibilities for each
future year assuming linear growth, and varying due to annual highest temperature
possibilities and variability in loads versus temperature. The likelihood of specific peak load
levels occurring in any particular future year can be estimated from an assumed probability
distribution using the mean and standard deviation of the trial results for that year. The
Average Peak Load, Peak Design Load and Extreme Peak Load forecasts are set at specific
probability limits per the intent of planning guidelines.

Load Levels

The Average Peak Load is provided as a guide for general load growth decisions not related
to system infrastructure planning. The attached Average Peak Design Load forecasts are set
at the 50% probability limit. Based on the assumptions of the modeling and projection
methods, each year there is an equal likelihood of that year’s peak demand load being either
higher or lower than the Average Peak Load level.

For the purpose of assessing the adequacy of system infrastructure, contingency studies for
the loss of major system elements are evaluated against Peak Design Load levels to identify
where and when system constraints do not meet planning guidelines. The attached Peak
Design Load projections are set at the 90% probability limit. This is intended to roughly
equate to a 1-in-10 year likelihood that the Peak Design Load level will be exceeded.
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It is important to recognize that with this level of study, constraints and reinforcements are
not necessarily associated with major contingencies occurring only at the highest peak hour
of the year. Instead, they are associated with contingencies occurring any time during
broader stretches of heavy loading that may or may not encompass that one maximum peak
hour. In situations when actual demand somewhat exceeds contingency design forecasts,
there should be less concern that design criteria will be challenged unless a contingency
condition also exists at the same time. The probability of major contingencies existing at
times when loads exceed Peak Design Load levels should be quite small. Furthermore, the
period of exposure to those unplanned conditions should be kept brief if such an event were
to occur.

More demanding Extreme Peak Load levels are used for evaluation of system constraints
under these higher conceivable load conditions, but without the loss of major equipment.
The attached Extreme Peak Load projections are set at the 96% probability limit. This is
intended to roughly equate to a 1-in-25 year likelihood that the Extreme Peak Load level will
be exceeded. Under conditions up to these Extreme Peak Load levels, it is essential that the
system, with all major elements in service, meet planning guidelines while serving all
customers. In the event that conditions exceed these Extreme Peak Load levels, load
shedding and/or additional loss of equipment life may be acceptable.

UES-Capital Electric System Planning Study 2016-2025 Page D.2



REDACTED

APPENDIX C
Page 17 of 120

The UES Capital system reached a peak load for the summer of 2014 of 123.879 MW on
July 2, 2014 at 2:00 PM. The daily average temperature was 80°F on this peak day. The
highest peak load for the UES Capital system remains 134.007 MW, set on August 2, 2006 at

2:00 PM. The daily average temperature for this day was 88°F. The historical mean of

annual highest daily average temperatures for the past ten years is 83.1°F. The linear trend of

the 83°F mean point estimates from annual load-versus-temperature models for the UES

Capital system is -0.25 MW per year with an average standard deviation of £3.4 MW among
the models at this temperature.

UES-Capital Ten-Year Summer Design Forecasts

Projected Average Peak Extreme
Summer Peak Load Design Load Peak Load
Season (MW) (MW) (MW)
2016 128.3 137.9 141.3
2017 128.5 139.0 143.0
2018 128.8 140.1 144.1
2019 129.6 141.3 146.1
2020 129.6 142.3 147.2
2021 129.8 143.2 148.7
2022 130.1 143.9 149.7
2023 130.8 144.7 150.2
2024 131.0 145.7 151.3
2025 131.5 147.0 152.9

Summer Peak Load (kW)
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UES-Capital — Historical Summer System Peak Loads and Design Forecasts.
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The information provided in this section describes details of power flow simulation results

for year by year studies of the UES-Capital system in its normal or proposed operating

configuration(s). The system is examined for deficiencies under peak design and extreme

peak loading conditions with all elements in service. Details are quantified as to the

adequacy of the normal system operating configuration, and substation and subtransmission

system infrastructure. System voltages or equipment loadings that are approaching
operational limits are noted.

Base-case conditions studied are based on the following generation dispatch conditions.

Only generators interconnected internal to the UES-Capital system and local area Eversource

generators are listed.

Status /
Generator Location Output Level

SES UES 37 Line Offline
Lower Falls Hydro UES 37 Line 1.66MW
Briar Hydro UES Circuit 4X1 Offline
Upper Falls Hydro UES Circuit 4X1 1.15MW
Concord Steam UES Circuit 1X7P Offline
Garvins Hydro Eversource Garvins S/S Offline
Amoskeag Hydro Eversource Eddy S/S Offline
Hooksett Hydro Eversource 334 Line Offline
Pembroke Hydro Eversource 335 Line Offline

The UES-Capital system was modeled in two base-case configurations as summarized

below:

2016 (137.9MW):

e UES system looped between Garvins & Penacook with 317/3122 load shed

scheme disabled

e Second transformer at Eversource Rimmon Substation in-service

UES-Capital Electric System Planning Study 2016-2025
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2017 — 2025 (139.0MW — 147.0MW):
e Broken Ground system supply in-service

e UES system looped between Garvins & Penacook with 317/3122 load shed
scheme disabled

e 38 Line fed radially from Broken Ground to Horse Shoe Pond (38 recloser open)
e Eversource’s 332 Line open at J3532
e Eversource’s 334 Line open at 334J15

Complete details of these system configurations are provided below:

374 Line — Garvins to Bow Junction

The 374 Line operates radially between Garvins and Bow Junction
e 374 breaker normally closed at Garvins

374J4 switch normally open

374J375 switch normally open at Garvins

396J374 switch normally open at Garvins

318J374 switch normally open at Garvins®

e Distribution loads normally supplied:
- Bow Junction S/S circuits 7W3, 7W4 and 7X1

396 Line and 374 Line — Garvins to Bridge Street

The 396 Line is the supply to the 374 Line beyond the 374J4 at Bow Jct. These lines operate
in parallel with 375 Line from Garvins to Bridge Street.

e 396 breaker normally closed at Garvins

e 0374 breaker normally closed at Bridge Street

e 396J374 switch normally open

e 374J4 switch normally open

e Distribution loads normally supplied:
- Langdon S/S circuits 14H1, 14H2, and 14X3
- 374A (Industrial Park Tap)
- Gulf Street S/S circuits 3H1, 3H2, and 3H3
- Bridge Street circuits 1H1, 1H2, 1H6 and 1X7P (in parallel with 375 Line)?
- Montgomery Street S/S circuits 21W1A, 21W1P, Elderly Housing, Nelson Plaza and
Concord Steam

375 Line — Garvins to Bridge Street

The 375 Line operates in parallel with 396/374 Line from Garvins to Bridge Street
e 375 breaker normally closed at Garvins

e 0375 breaker normally closed at Bridge Street

e 374J375 switch normally open at Garvins

! This switch is being installed by Eversource in 2014 as part of the Garvins 115kV upgrades.
% These circuits are fed from the 374 Line side of the normally closed 1XBT1 bus tie switch at Bridge Street
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e Distribution loads normally supplied:
- Terrill Park S/S circuits 16H1, 16H3, 16X4, 16X5, and 16X6
- 375X1(Flanders Tap)
- Bridge Street S/S circuits1H3, 1H4, 1H5, 1X7A (in parallel with 374 Line) *
- Storrs Street S/S circuits 22W1A, 21W1P, and Holiday Inn*

396X1 Line — 396 Line to Bow Bog
e 396X1J1 normally closed at the 396 Line tap at Garvins

e Distribution loads normally supplied:
- 17X1 (Z-Tech Corporation)
- Bow Bog S/S circuit 18W2

33 Line — Bow Junction to West Concord

The 33 Line is a double ended line between Bow Junction and West Concord that normally
operates radially from each source with an open point at Pleasant Street

e 33 Recloser normally closed at Bow Jct. S/S

e 033 OCR normally closed at W. Concord S/S

e 33J1 switch normally open at Pleasant St S/S

e Distribution loads normally supplied:
- 33X2 (State of NH Tap), 33X3 (St Paul’s Tap), 33X4 (Little Pond Rd Tap), 33X5
(Jefferson Pilot Tap), 33X6 (NH Prison Tap)
- Iron Works Road S/S circuits 22W1, 22W2 and 22W3
- Pleasant Street S/S circuit 6X3

34 Line — Bridge Street to Penacook

The 34 Line operates in parallel with the 35/36 Line from Bridge Street to Penacook
e 34 breaker normally closed at Bridge St

e 034 breaker normally closed at Penacook

e Distribution loads normally supplied:
- 34X1 Tap (alternate supply to Montgomery Street - normally open at DS-17A)
- 34X3 Tap (alternate supply to Storrs Street - normally open at 200E cutouts)
- 34X2 (Concord Center)
- West Concord S/S circuits 2H1, 2H2, 2H3, and 2H4
- 34X4 (Crowley Foods)
- Penacook S/S circuits 4W3 and 4W4 (when operating in parallel with 35/36 Line)?

35 and 36 Lines — Bridge Street to Penacook®
The 35/36Line operates in parallel with the 34 Line from Bridge Street to Penacook.

! These circuits are fed from the 375 Line side of the normally closed 1XBT1 bus tie switch at Bridge Street

2 These circuits are fed from the 34 Line side of the normally closed 4XBT1 bus tie switch at Penacook

® This line is designated the 35 Line on the Bridge Street side of Sewalls Falls and the 36 Line on the Penacook
side.
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e 35 breaker normally closed at Bridge St.
e 036 breaker normally closed at Penacook

e Distribution loads normally supplied:
- West Portsmouth St. S/S circuits 15W1, 15W2 and 15H3
- Penacook S/S circuit 4X1 including Briar Hydro, Upper Falls Hydro, 41A Tap, 41B
Tap and Hoyt Tap (when operating in parallel with 34 Line) *
- 35X1 (Locke Road Tap) and several other lateral taps in the vicinity of Locke Road
(35X2, 35X3, 35X4)

37 Line — Penacook to Boscawen

The 37 Line operates radially from Penacook to Boscawen with normally open tie to circuit
4X1.

e 37 breaker normally closed at Penacook

e 37R4X1 recloser at Maccoy St Tap normally open (alternate supply from circuit 4X1)

e Distribution loads normally supplied:
- Lower Falls Hydro, SES, 37X1 (37A tap)
- Boscawen S/S circuits 13W1, 13W2, 13W3, and 13X4 (Elektrisola)

38 Line — Hollis to 35 Line(Horseshoe Pond)

2016:

The 38 Line is a double ended line between Hollis and the 35 Line at Horse Shoe Pond Tap
that normally operates radially from each source with an open point at Hazen Drive.

e 038 breaker normally closed at Hollis

e 38 recloser normally closed at Horseshoe Pond (35 Line Tap)

e 38R1 recloser normally open at Hazen Drive

2017 — 2025:

The 38 Line operates radially from Broken Ground to Horse Shoe Pond Tap with a normally
open tie with the 35 Line.

e 038 breaker normally closed at Broken Ground

e 38 recloser normally open at Horse Shoe Pond (35 Line Tap)

e Distribution loads normally supplied:
- Hollis S/S circuits 8H1, 8H2, 8X3, and 8X5
- 38A tap (Alton Woods)
- Canterbury Meadows Tap (alternate supply to Canterbury Meadows — normally open at
cutouts)
- Hazen Drive S/S circuits 24H1, 24H2
- State Tap (State of NH Campus on Hazen Drive)
- 38B Tap (Fort Eddy)
- Horseshoe Pond Business Park Tap

! These circuits are fed from the 35 Line side of the normally closed 4XBT1 bus tie switch at Penacook
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- New Hampshire Technical School Tap

Bridge Street 34.5kV bus 7.2 MVAr (345 kV)
Bridge Street 4kV bus 1.2 MVAr (4.16 kV)
Bridge Street 4kV bus 1.2 MVAr (4.16 kV)
37 Line at Boscawen S/S 3.6 MVAr (345 kV)
Bow Junction 34.5kV bus 3.6 MVAr (34.5 kV)

Hollis S/S 34.5kV bus®
Hollis S/S 4kV bus

38 Line at Hazen Drive S/S
Penacook S/S 34.5kV bus

33 Line at Pleasant Street S/S
33 Line at West Concord S/S
Iron Works 13.8kV bus

3.6 MVATr (34.5 kV)
0.3 MVATr (4.16 kV)
3.6 MVATr (34.5 kV)
7.2 MVATr (34.5 kV)
3.6 MVATr (34.5 kV)
2.4 MVAT (34.5 kV)
2.4 MVAT (13.8kV)

APPENDIX C
Page 22 of 120

Broken Ground 34.5kV bus 9.6 MVAr (34.5kV)
Broken Ground 34.5kV bus 9.6 MVAr (34.5kV)

Other capacitors on distribution circuits are typically not directly modeled, but rather are
included within modeled loads.

The system is examined for deficiencies under peak design and extreme peak loading
conditions with all elements in service. In addition, the system is examined for deficiencies
under peak design and extreme peak loading conditions with at least half of the available
generation off-line. Details are quantified as to the adequacy of the normal system operating
configuration, and substation and subtransmission system infrastructure

The following table is used to summarize the results of the analysis. Not all of the items
identified in the table are violations of established planning guidelines. All conditions where
the loading is at or above the normal rating or where voltage levels are at or below the
planning criteria are identified. An asterisk (*) is used to identify the results which do not
meet planning guidelines. Each condition which does not meet planning criteria is
considered to be a system constraint and a system improvement alternative is required. The
table is organized by year and load level. For each base-case, there may be multiple
conditions that result.

! This capacitor bank will be removed in 2017 as part of the Broken Ground project.
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Load
Year Level | * Location/Element Condition Planning Criteria or Rating
(MW)
Garvins Transformer TB-39 Loading® Loading > 88% Eversource TFRAT Loading > Eversource TFRAT
2016 137.9

Garvins Transformer TB-51 Loading®

Loading > 87% Eversource TFRAT

Loading > Eversource TFRAT

Basecase peak loading constraints eliminated in 2017 with Broken Ground in-service

Extreme (Extreme Peak Load) Planning Flags

Load
Year Level | * Location/Element Condition Planning Criteria or Rating
(MW)
Garvins Transformer TB-39 Loading' Loading > 89% Eversource TFRAT Loading > Eversource TFRAT
2016 141.3

Garvins Transformer TB-51 Loading"

Loading > 89% Eversource TFRAT

Loading > Eversource TFRAT

Extreme peak loading constraints eliminated in 2017 with Broken Ground in-service

! Results with second transformer at Eversource Rimmon S/S in service, Eversource 332 & 334 Lines split, and UES system looped
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APPENDIX F
CONTINGENCY ANALYSIS

The information provided in this section describes the power flow simulation results for the
case by case studies of loss of system elements at peak load conditions. These details are
provided to quantify the adequacy of substation and subtransmission system infrastructure
under contingency circumstances, and to guide development of operating procedures to
respond to these scenarios. System voltages or equipment loadings that are approaching
operational limits are described for each significant switching step. Details regarding
troubleshooting faults or isolation of specific components to be left out of service are not
typically provided. Similarly, not all details that would be required in formal switching
orders are included.

The following is a summary list of the loss-of-element contingencies studied:
1) Loss of G146 — Deerfield to Garvins

2) Loss of H137 — Merrimack Station to Garvins
3) Loss of C189 — Farmwood to Garvins®

4) Loss of C189 — Garvins to Curtisville?

5) Loss of C189 — Curtisville to Farmwood

6) Loss of B15 — Farmwood to Oak Hill

7) Loss of B84 — Farmwood to Oak Hill

8A\) Loss of Garvins TB39 Transformer

8B) Loss of Garvins TB51 Transformer

9A) Loss of Oak Hill TB15 Transformer

9B) Loss of Oak Hill TB84 Transformer

10) Loss of Broken Ground Transformer T1?
11) Loss of Broken Ground Transformer T2
12) Loss of 374 Line at Garvins

13) Loss of 375 Line at Garvins

14) Loss of 374 Line at Bridge Street

15) Loss of 375 Line at Bridge Street

16) Loss of 396 Line at Garvins

17) Loss of 33 Line at Bow Junction

18) Loss of 318 Line at Garvins

19) Loss of 318 Line Tap at Hollis (or Loss of Hollis Regulators) *
20) Loss of 317 Line, Oak Hill to Penacook

21) Loss of 3122 Line, Oak Hill to Penacook
22) Loss of 34 Line at Penacook

23) Loss of 34 Line at Bridge Street

24) Loss of 36 Line at Penacook

25) Loss of 35 Line at Bridge Street

26) Loss of 33 Line at West Concord

! This contingency will be eliminated from study in 2017 when Broken Ground is in-service.
% This contingency will be studied for the years 2017-2025 when Broken Ground and Eversource‘s Curtisville
are in-service.
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27) Loss of 1X7P Circuit at Bridge Street
28) Loss of 1X7A Circuit at Bridge Street
29) Loss of 37 Line at Penacook

30) Loss of 37 Line beyond Maccoy Tap
31) Loss of Circuit 4X1 at Penacook

32) Loss of 288 Line at Broken Ground?
33) Loss of the 38 Line at Hollis

34) Loss of 38 Line at Horseshoe Pond Tap!
35) Loss of the 38 Line at Broken Ground®

For each element scenario, the system was reviewed only under the assumed worst
circumstances for the location of the loss of equipment. Furthermore, the switching
examined may in some cases set up a configuration that appears to re-energize a faulted
element or ignore a lack of sectionalizing. As a study of system capabilities, the emphasis is
on performance in contingency configurations, and not maintenance switching or emergency
troubleshooting. Finally, the switching examined may not be the only contingency response
available.

The following table is used to summarize the results of the analysis. Not all of the items
identified in the table are violations of established planning guidelines. All conditions where
the loading is at or above the normal rating or where voltage levels are at or below the
planning criteria are identified. An asterisk (*) is used to identify the results which do not
meet planning guidelines. Each condition which does not meet planning criteria is
considered to be a system constraint and a system improvement alternative is required.

The table is organized by year and load level. For each contingency, there may be multiple
conditions that result. For each of the conditions, an exposure calculation is completed to
determine the number of individual and consecutive hours as well as the number of
individual and consecutive days where the system may be exposed to this condition. The last
column is used to identify which planning criteria have been surpassed. The results from this
analysis are summarized in the following table.
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Load
Level Planning Criteria or
Year | (MW) Contingency Condition Exposure Rating
Up to 24MW of Load Out of <24hrs 30MW of Load Out of
Service (Hollis) Service up to 24 hrs
Loading @ 97% of Oak Hill Loading > Eversource
Loss of Garvins TB-39 Transformer TB-15 TERAT
or Loading @ 93% of Oak Hill Loading > Eversource
2016 | 1379 |— Transformer TB-84 TFRAT
Loss of Garvins TB-51 Loading on 317/3122 Lines @ <12 hrs Loading > Normal Rating

101% Normal Rating

Voltage on 33 & 38 Lines @
0.96 PU*

Voltage < 0.975 PU

! Marginal low voltage conditions is limited to a small number of customers and is resolved with additional switching or when internal generation comes back
online.
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Load
Level Planning Criteria or
Year | (MW) Contingency Condition Exposure Rating
30MW of Load Out of
Up to 13MW of Load Out of )
Service (Eversource 317 Line) <24hrs | Service up to 24 hrs
Loss of Oak Hill Transformer TB-15" Loading @ 97% of Oak Hill :
Transformer TB-15 (or TB-84) '{2?&'?9 > Eversource
or
Loading @ 93% of Garvins Loading > Eversource
Loss of Oak Hill Transformer TB-84 Transformer TB-39 TER ATg u
Loading @ 92% of Garvins .
Transformer TB-51 .Iliggi'\q.g > Eversource
i 0,
2016 | 137.9 | | oss of 375 Line at Bridge St Loa_dlng @ 96 A’.Of Normal <12hrs Loading > Normal
Rating on 374 Line
Loss of 33 Line at Bow Jct Voltage on 33 Line 0.96 PU Voltage < 0.975 PU
3025 Line @ 103% Normal .
(Oak Hill - Hollis) <12 hrs Loading > Normal
Loading on 35 Line @ 93% <12hrs Loading > Normal

Loss of 318 Line at Garvins

Normal Rating

Loading on 38 Recloser at
Horseshoe Pond @ 81%
minimum phase pickup

Loading > 90% pickup

! Results shown are after Eversource switching to isolate Eversource 317 Line load
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Load
Level Planning Criteria or
Year | (MW) Contingency Condition Exposure Rating
Up to 15MW of Load Out of
Service (8X3, 8H1 & 8H2) <24hrs | 2OMWof Load Out of
Service up to 24 hrs
Loss of Hollis Tap (or Hollis Regulators) Loading on 38 Recloser at L sading > 80% bicks
Horseshoe Pond @ 81% g pickup
minimum phase pickup
Up to 13MW of Load Out of <24 hrs 30MW of Load Out of
Service (Eversource 317 Line) Service up to 24 hrs
Loss of 317 Line
Loading @ 96% of Normal
201 137. ) ) :
016 379 Rating of 3122 Line <12 hrs Loading > Normal
Loadi 115% of N I .
oading @ 115% of Norma <12 hrs Loading > Normal

Loss of 3122 Line

Rating (92% LTE)of 317 Line

Loading @ 92% of Garvins
Transformer TB-39

Loading @ 91% of Garvins
Transformer TB-51

Loading > Eversource
TFRAT

Loading > Eversource
TFRAT
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Load
Level Planning Criteria or
Year | (MW) Contingency Condition Exposure Rating
Loading on 33 Line @ 96% .
Normal Rating <12hrs Loading > Normal
. . Loading > Eversource
. Loading @ 92% of Garvins
Loss of 34 Line at Penacook Transformer TB-39 TFRAT
Loading @ 91% of Garvins .Iliggi'\q.g > Eversource
Transformer TB-51
. . 5
Loss of 34 Line at Bridge Street Loading on .33 Line @ 96% <12 hrs Loading > Normal
Normal Rating
i 0,
Loqdlng @ 93@ of Normal <12 hrs Loading > Normal
2016 | 1379 Rating of 318 Line
' Loss of 35 Line at Bridge Street
Loading @ 102% of Normal .
Rating of 318 Tap <12 hrs Loading > Normal
Loading @ 91% of Garvins Loading > Eversource
Transformer TB-39 TFRAT
. Loading @ 90% of Garvins Loading > Eversource
Loss of 33 Line at West Concord Transformer TB-51 TERAT
Loading on 33 Line @ 96% <12 hrs Loading > Normal
Normal Rating
i 0,
Loss of Circuit 4X1 Loading @ 109% of Normal <12 hrs Loading > Normal

Rating of 37 Line
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Load
Level Planning Criteria or
Year | (MW) Contingency Condition Exposure Rating
Up to 22MW of Load Out of <24 hrs 30MW of Load Out of
Service (Horse Shoe Corp Service up to 24 hrs
Center & Tech School) P
. : 0
2016 | 137.9 | Loss of 38 Line @ Horse Shoe Pond Loa_dlng @ 104_/0 of Normal <12 hrs Loading > Normal
Rating of 318 Line
Loading @ 114% of Normal .
Rating (94% LTE) of 318 Tap <12hrs Loading > Normal
i 0,
2020 | 142.3 | Loss of Circuit 4X1 Loading @ 113% of Normal > 12 hrs Loading > Normal

Rating (94% LTE) of 37 Line
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Load
Level Planning Criteria or
Year | (MW) Contingency Condition Exposure Rating
Loading @ 87% of Garvins )
Transformer TB-39 (or TB-51) Loading > Eversource
TFRAT
Loss of Garvins TB-39 Loading @ 92% of Oak Hill )
Transformer TB-15 Loading > Eversource
or TFRAT
2025 | 1470 1= Loading @ 89% of Oak Hill Loading > Eversource
Loss of Garvins TB-51 Transformer TB-84 g
TFRAT
;/Slltage on 33 Line @ 0.95 Voltage < 0.975 PU

! Marginal low voltage conditions is limited to a small number of customers and is resolved with additional switching or when internal generation comes back

online.
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Load
Level Planning Criteria or
Year | (MW) Contingency Condition Exposure Rating
30MW of Load Out of
Up to 16MW of Load Out of <24 hrs | Service upto 24 hrs
Service (Eversource 317 Line) ]
Loading > Eversource
Loss of Oak Hill Transformer TB-151 Loading @ 92% of Oak Hill TFRAT
Transformer TB-84 (or TB-15) i
0 Loading > Eversource
=r TFRAT
Loading @ 78% of gsarvins
Loss of Oak Hill Transformer TB-84 Transformer TB-39 Loading > Eversource
) . TFRAT
Loading @ 77% of Garvins
2025 | 147.0 Transformer TB-517
i 0,
Loss of 375 Line at Garvins Loqdlng @ 96 A’.Of Normal <12 hrs Loading > Normal
Rating on 374 Line
. . Loading @ 98% of Normal .
Loss of 375 Line at Bridge St Rating on 374 Line <12 hrs Loading > Normal
Loss of 33 Line at Bow Jct Voltage on 33 Line 0.95 PU Voltage < 0.975 PU
. Up to 16MW of Load Out of 30MW of Load Out of
Loss of 317 Line Service (Eversource 317 Line) <24 hrs Service up to 24 hrs
i 0,
Loss of 3122 Line Loading @ 101% of Normal <12 hrs Loading > Normal

Rating of 317 Line

! Results shown are after Eversource switching to isolate Eversource 317 Line load (approx. 16 MW)
? Loading on Garvins transformers at 100% of TFRAT rating until Eversource switching to manually shed 317 Line load is completed.
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Load
Level Planning Criteria or
Year | (MW) Contingency Condition Exposure Rating
: : 0
Loss of 34 Line at Penacook h%??&gﬁlg;ti?% Line @ 103% <12 hrs Loading > Normal
. . Loading on 33 Line @ 103% i
2025 | 147.0 Loss of 34 Line at Bridge Street Normal Rating <12hrs Loading > Normal
i 0,
Loss of 33 at West Concord Iligztii(rj]g%r%;()ljrﬁz()f Normal <12 hrs Loading > Normal
Loss of 37 Line beyond Maccoy Tap Up to 11MW of Load Out of <24 hrs 3OMW of Load Out of
Service Service up to 24 hrs
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APPENDIX G
CONTINGENCY SWITCHING PROCEDURES

The information provided in this section describes the system switching analyzed in the
contingency analysis. The results of these simulations are summarized in the table in
Appendix F.

The information below describes the initial event, initial load out of service, switching
procedure to restore load, and system concerns. The initial event describes which devices
have operated to isolate the fault. The initial load out of service is the load which has been
isolated in conjunction with the initial event. The switching procedure to restore load is the
approach that has been taken to restore as much load as possible while still satisfying
applicable planning criteria. This is meant to be used as a guide and not as step by step
switching procedures to be implemented in the field. Finally, those system concerns that
have been identified by the analysis of the final configuration are listed for the 10 year study
timeframe.

1) Loss of G146 Line, Deerfield to Garvins
(fault between 246 and 4629 breakers at Deerfield, and G1460 breaker at Garvins)

Initial Event:
- 246 trips to lockout at Deerfield
- 4629 trips to lockout at Deerfield
- 51460 trips to lockout at Garvins
- No load out of service

Switching Procedures:
- No switching necessary

System Concerns:
- None

2) Loss of H137 Line, Merrimack Station to Garvins
(fault between H137 breaker at Merrimack Station and H1370 breaker at Garvins)

Initial Event:
- H137 trips to lockout at Merrimack Station
- H1370 trips to lockout at Garvins
- No load out of service

Switching Procedures:
- No switching necessary

System Concerns:
None
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3) Loss of C189 Line, Farmwood to Garvins (2016)
(fault between C1890 breaker at Garvins and the 189J3 switch at Farmwood)

Initial Event:
- C1890 trips to lockout at Garvins
- 892 and 8939 breakers trip to lockout at Farmwood
- No load out of service

Switching Procedures:
- No switching necessary

System Concerns:
None

4) Loss of C189 Line, Garvins to Curtisville (2017-2025)
(fault between C1890 breaker at Garvins and the C189S breaker at Curtisville)

Initial Event:
- C1890 trips to lockout at Garvins
- C189S trips to lockout at Curtisville
- No load out of service

Switching Procedures:
- No switching necessary

System Concerns:
None

5) Loss of C189 Line, Curtisville to Farmwood (2017-2025)
(fault between C189N breaker at Curtiville and the 189J3 switch at Farmwood)

Initial Event:
- C189N breaker at Curtisville trips to lockout
- 892 and 8939 breakers trip to lockout at Farmwood
- No load out of service

Switching Procedures:
- No switching necessary

System Concerns:
None

6) Loss of B15 Line, Farmwood to Oak Hill
(fault between J315 switch at Farmwood and J15 circuit switcher at Oak Hill)

UES—-Capital Electric System Planning Study 2016-2025 Page G.2



APPENDIX C
REDACTED Page 36 of 120

Initial Event:
- 139 and 145 breakers trip to lockout out at Farmwood
- TB15 breaker trips and locks out at Oak Hill
- No load out of service

System Concerns:
This contingency is similar to the loss of TB-15. Refer to contingency 9A

7) Loss of B84 Line, Farmwood to Oak Hill
(fault between J484 switch at Farmwood and J84 circuit switcher at Oak Hill)

Initial Event:
- 892 and 8202 breakers trip to lockout out at Farmwood
- TB84 breaker trips and locks out at Oak Hill
- No load out of service

System Concerns:
This contingency is similar to the loss of TB-84. Refer to contingency 9B

8A)  Loss of Garvins TB39 Transformer
(Garvins TB39 transformer fault)

Reference part 8B) Loss of Garvins TB51 transformer below. The remaining
Garvins TB51 transformer for this contingency has a slightly higher thermal limit.
Otherwise, details on initial event, automatic restoration, follow-on switching
procedures, and associated system concerns are effectively the same.

8B)  Loss of Garvins TB51 Transformer
(Garvins TB51 transformer fault)

Initial Conditions and Switching Procedures in 2016 with the 2" Transformer at
Rimmon in-service:

Initial Event:
- G1460, H1370 and C1890 trip at Garvins
- TB36, TB39, TB51, 318, 374, 375, 396, 3320 and 3340 trip at Garvins
- 34 and 35 trip at Bridge Street via transfer trip from Garvins
- J51 opens at Garvins

- Load out of service:

Hollis 8H1, 8H2, 8X3, 8X5 374A Industrial Park Drive

38 Line distribution loads (038 to 38J3) Tap

Bow Bog 18W?2 Gulf Street 3H1, 3H2, 3H3

17X1 (Z-Tech Corporation) Bridge Street 1H1, 1H2, 1H3, 1H4,
Bow Junction 7X1, 7TW3, 7W4 1H5, 1H6

Langdon Street 14H1, 14H2, 14X3
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Terrill Park 16H1, 16H3, 16X4, 16X5, 16X6  1X7A

318X2, 318X4 (Eversource) Storrs Street 21W1A
Garvins Hydro (Eversource) 1X7P

332 Line (Eversource) Montgomery Street 21W1P
334 Line to China Mills (Eversource) 33X2 (NH State Tap)

Iron Works Road 22W1, 22W2, 22W3
Concord Steam

375X1(Flanders Tap)
Automatic Restoration:

- H1370 recloses at Garvins

- TB39 recloses at Garvins

- 374, 375 and 396 reclose at Garvins

- Load restored:
Bow Bog 18W2 Iron Works Road 22W1, 22W?2,
17X1 (Z-Tech Corporation) 22W3
Bow Junction 7X1, 7W3, 7W4 Montgomery Street 21W1P
Langdon Street 14H1, 14H2, 14X3 Garvins Hydro (Eversource)
374A Industrial Park Drive Tap Concord Steam

Gulf Street 3H1, 3H2, 3H3

33X2 (NH State Tap)

IX7A

Storrs Street 21W1A

1X7P

Bridge Street 1H1, 1H2, 1H3, 1H4, 1H5, 1H6
Terrill Park 16H1, 16H3, 16X4, 16X5, 16X6
375X1(Flanders Tap)

- Remaining load out of service:
Hollis 8H1, 8H2, 8X3, 8X5
38 Line distribution loads (038 to 38J3) 318X2, 318X4 (Eversource)
332 Line (Eversource)
334 Line to China Mills (Eversource)

Supply transformer loading at system loads of 137.9MW (2016):
- Garvins TB-39 transformer expected to reach 76% of Eversource TFRAT
- Oak Hill TB-15 transformer expected to reach 95% of Eversource TFRAT
- Oak Hill TB-84 transformer expected to reach 91% of Eversource TFRAT
- 317 & 3122 Lines at 98% of normal rating

Perform switching to restore 38 Line load:
1. Hollis — Open 038 OCR
2. Hazen Drive — Close 38R1

Eversource switching to restore load:
1. Hollis — Open DS318
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2. Garvins — Close 318 OCR
3. 332/335 Line — Close J3532
4. China Mills 334 Line — Close 334J15

Load Restored:
38 Line distribution loads (038 to 38J3)
318X2, 318X4 (Eversource)
332 Line (Eversource)
334 Line to China Mills (Eversource)

System Concerns before mobile is installed at Hollis:

At system loads of 137.9 MW (2016):
- Garvins TB-39 transformer expected to reach 81% of Eversource TFRAT
- Oak Hill TB-15 transformer expected to reach 97% of Eversource TFRAT
- Oak Hill TB-84 transformer expected to reach 93% of Eversource TFRAT
- 317 & 3122 Lines at 101% of normal rating
- Marginal low voltage on 33 & 38 Lines

- Up to 24 MW of load remains out of service:
Remaining load out of service:
Hollis 8H1, 8H2, 8X3, 8X5

Note:

Transferring Pleasant St on the 33 Line to Bow Jct marginally improves voltages
and reduces 317 & 3122 Line loading. This switching can be performed if actual
conditions necessitate. However, this switching increases loading on remaining
Garvins transformer to TFRAT. Consult with ESCC prior to switching.

... install Eversource 35 MVA, 115-34.5 kV Mobile S/S at Hollis S/S to restore
Hollis Load ...

Switching Procedures following Mobile installation
1. Hollis - close DS318

- Load Restored
Hollis 8H1, 8H2, 8X3, 8X5
- All load restored

System Concerns with Mobile S/S in-service:
- None

... install Eversource 44.8 MVA, 115-34.5 kV spare transformer at Garvins S/S,
release Mobile S/S, and restore system configuration to the extent possible...

System Concerns:
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- None (assuming 34 and 35 OCB’s open at Bridge Street)

Initial Conditions and Switching Procedures 2017-2025 with Broken Ground in-
service:
Initial Event:
- G1460, H1370 and C1890 trip at Garvins
- TB36, TB39, TB51, 318, 374, 375, 396, 3320 and 3340 trip at Garvins
- 34 and 35 trip at Bridge Street via transfer trip from Garvins
- J51 opens at Garvins

- Load out of service:

Bow Bog 18W2 1IX7A

17X1 (Z-Tech Corporation) Storrs Street 21W1A

Bow Junction 7X1, 7W3, 7W4 1X7P

Langdon Street 14H1, 14H2, 14X3 Montgomery Street 21W1P

374A Industrial Park Drive Tap 33X2 (NH State Tap)

Gulf Street 3H1, 3H2, 3H3 Iron Works Road 22W1, 22W2, 22W3
Bridge Street 1H1, 1H2, 1H3, 1H4, 318X2, 318X4 (Eversource)

1H5, 1H6 Garvins Hydro (Eversource)

Terrill Park 16H1, 16H3, 16X4, 16X5, 16X6  Concord Steam

332 Line (Eversource) 375X1(Flanders Tap)

334 Line to China Mills (Eversource)

Automatic Restoration:
- H1370 recloses at Garvins
- TB39 recloses at Garvins
- 374, 375 and 396 reclose at Garvins

- Load restored:

Bow Bog 18W2 Iron Works Road 22W1, 22W?2,
17X1 (Z-Tech Corporation) 22W3

Bow Junction 7X1, 7W3, 7W4 Montgomery Street 21W1P
Langdon Street 14H1, 14H2, 14X3 Garvins Hydro (Eversource)
374A Industrial Park Drive Tap Concord Steam

Gulf Street 3H1, 3H2, 3H3

33X2 (NH State Tap)

1X7A

Storrs Street 21W1A

1X7P

Bridge Street 1H1, 1H2, 1H3, 1H4, 1H5, 1H6
Terrill Park 16H1, 16H3, 16X4, 16X5, 16X6
375X1(Flanders Tap)

All Unitil load Restored

- Remaining load out of service:
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318X2, 318X4 (Eversource)
332 Line (Eversource)
334 Line to China Mills (Eversource)

Eversource perform switching to restore load:
1. Garvins — Close 318 OCR

2. 332/335 Line — Close J3532

3. China Mills 334 Line — Close 334J15

Load Restored:
318X2, 318X4 (Eversource)
332 Line (Eversource)
334 Line to China Mills (Eversource)

- Remaining load out of service:
None

System Concerns:

At system loads of 147.0 MW (2025):
- Garvins TB-39 at 87% TFRAT
- Oak Hill TB-15 transformer expected to reach 92% of Eversource TFRAT
- Oak Hill TB-84 transformer expected to reach 89% of Eversource TFRAT
- Marginal low voltage on 33 Line

... install Eversource 35MVA 115-34.5 kV mobile Garvins S/S and restore system
configuration to normal to the extent possible ...

9A)  Loss of Oak Hill TB15 Transformer
(Oak Hill TB84 transformer fault)

Reference part 9B) Loss of Oak Hill TB15 transformer below. The remaining
Oak Hill TB84 transformer for this contingency has a slightly higher thermal
limit. Otherwise, details on initial event, automatic restoration, follow-on
switching procedures, and associated system concerns are effectively the same.

9B) Loss of Oak Hill TB84 Transformer
(Oak Hill TB84 transformer fault)

Initial Conditions and Switching Procedures in 2016 with the 2" Transformer at
Rimmon in-service:

Initial Event:
- TB84 and J84 trip and lock out at Oak Hill
- No load out of service
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System Concerns:
- Oak Hill TB15 transformer expected to reach 110% of Eversource TFRAT
- Garvins TB39 transformer expected to reach 99% of Eversource TFRAT
- Garvins TB51 transformer expected to reach 98% of Eversource TFRAT

Switching Procedures:
1. Open 317 Tap recloser (between Oak Hill and Penacook)

- Load out of service:
Eversource 317 Line

At a system load level of 137.9MW (2016):
- Oak Hill TB15 transformer expected to reach 97% of Eversource TFRAT
- Garvins TB39 transformer expected to reach 93% of Eversource TFRAT
- Garvins TB51 transformer expected to reach 92% of Eversource TFRAT

... install Mobile S/S at Oak Hill S/S...

1. Oak Hill S/S - install Eversource 35 MVA Mobile S/S and close in to 34.5 kV bus
(Eversource)
2. Oak Hill S/S — close 317 Tap reclsoer (Eversource)
- Load restored:
Eversource 317 Line
- All load restored:

System Concerns:
- None

Initial Conditions and Switching Procedures 2017-2025 with Broken Ground in-
service:

Initial Event:
- TB84 and J84 trip and lock out at Oak Hill
- No load out of service

System Concerns:

At a system load level of 147.0MW (2025):
- Oak Hill TB15 transformer expected to reach 107% of Eversource TFRAT
- Garvins TB39 transformer expected to reach 84% of Eversource TFRAT
- Garvins TB51 transformer expected to reach 84% of Eversource TFRAT

Switching Procedures:
1. Open 317 Tap recloser (between Oak Hill and Penacook)

- Load out of service:
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Eversource 317 Line

- Oak Hill TB15 transformer expected to reach 92% of Eversource TFRAT
- Garvins TB39 transformer expected to reach 78% of Eversource TFRAT
- Garvins TB51 transformer expected to reach 77% of Eversource TFRAT

... install Mobile S/S at Oak Hill S/S...

1. Oak Hill S/S - install Eversource 35 MVA Mobile S/S and close in to 34.5 kV bus
(Eversource)
2. Oak Hill S/S — close 317 Tap reclsoer (Eversource)
- Load restored:
Eversource 317 Line distribution
loads
- All load restored:

System Concerns:
- None

10) Loss of Broken Ground Transformer T1 (2017-2025)

Initial Event:
- Broken Ground — T1 115kV breaker 28T1 opens and locks out
- Broken Ground — T1 35kV breaker 28XT1 opens and locks out
- Load out of service:
Broken Ground 28X5
Hazen Drive 24H1, 24H2, 24H3
38 Line distribution loads

Switching Procedures:
1. Broken Ground — Close 35kV bus tie BT28

All Load Restored

System Concerns:
At a system load level of 147.0MW (2025):
- None

11) Loss of Broken Ground Transformer T2 (2017-2025)

Initial Event:
- Broken Ground — T2 115kV breaker 28T2 opens and locks out
- Broken Ground — T2 35kV breaker 28XT2 opens and locks out
- Load out of service:
Broken Ground 28X5
Hollis 8H1, 8H2
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Switching Procedures:
2. Broken Ground — Close 35kV bus tie BT28

All Load Restored

System Concerns:
At a system load level of 147.0MW (2025):
- None

12)  Loss of 374 Line at Garvins
(fault between 374 breaker at Garvins and 374J3 switch at Bow Junction)

Initial Event:
- 374 trips at Garvins
- Load out of service:
Bow Junction 7X1, 7TW3, 7TW4 Iron Works Road 22W1, 22W2, 22W3
33X2 (NH State Tap)

Switching Procedures:
1. Bow Junction S/S — open 374J3 switch
2. Bow Junction S/S — close the 374J4
- Load restored:
Bow Junction 7X1, 7TW3, 7W4 Iron Works Road 22W1, 22W2, 22W3
33X2 (NH State Tap)

- All load restored

System Concerns:
At a system load level of 147.0MW (2025):
- None

13)  Loss of 375 Line at Garvins
(fault between 375 breaker at Garvins and 375J3 switch at Terrill Park)

Initial Event:
- 375 trips to lockout at Garvins
- 0375 trips to lockout at Bridge Street
- Load out of service:
Terrill Park 16H1, 16H3, 16X4, 16X5, 16X6
375X1(Flanders Tap)

System Concerns:
At a system load level of 139.0MW (2016):

- 374 Line Bow Jct to Langdon Street at 99% Normal Rating
At a system load level of 147.0MW (2025):
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- 374 Line Bow Jct to Langdon Street at 102% Normal Rating

Switching Procedures:
1. Terrill Park S/S — open 375J3 switch
2. Bridge Street S/S — close 0375 breaker
- Load restored:
Terrill Park 16H1, 16H3, 16X4, 16X5, 16X6
375X1(Flanders Tap)
- All load restored

System Concerns:
At a system load level of 139.0MW (2016):
- 396 Line at 95% of Normal rating
- 374 Line Bow Jct to Langdon Street at 111% Normal Rating

At a system load level of 147.0MW (2025):
- 396 Line at 97% of Normal rating
- 374 Line Bow Jct to Langdon Street at 114% Normal Rating

... Additional Switching Procedures to Relieve Loading on 396/374 Lines ...

1. Pleasant Street — Close 33J1
2. Pleasant Street — Open 033J2

System Concerns:
At a system load level of 139.0MW (2016):
- None

At a system load level of 147.0MW (2025):
- 374 Line Bow Jct to Langdon Street at 96% Normal Rating

14)  Loss of 374 Line at Bridge Street
(fault between 0374 breaker at Bridge Street and 374J8 switch at Gulf Street)

Initial Event:
- 0374 trips to lockout at Bridge Street
- 396 trips to lockout at Garvins
- Load out of service:
Langdon Street 14H1, 14H2, 14X3 17X1 (Z-Tech Corporation)
374A Industrial Park Drive Tap Gulf Street 3H1, 3H2, 3H3
Bow Bog 18W?2

Switching Procedures:
1. Gulf Street S/S — open 374J8 switch
2. Garvins S/S — close 396 breaker

- Load restored:
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Langdon Street 14H1, 14H2, 14X3 17X1 (Z-Tech Corporation)
374A Industrial Park Drive Tap Gulf Street 3H1, 3H2, 3H3

Bow Bog 18W?2
- All load restored

System Concerns:
At a system load level of 139.0MW (2016):
- None

At a system load level of 147.0MW (2025):
- None

15)  Loss of 375 Line at Bridge Street
(fault between 0375 breaker at Bridge Street and 375X1(Flanders Tap))

Initial Event:
- 0375 trips to lockout at Bridge Street
- 375 trips to lockout at Garvins
- Load out of service:
Terrill Park 16H1, 16H3, 16X4, 16X5, 16X6
375X1(Flanders Tap)

Switching Procedures:
1. Terrill Park S/S — open 375J6 in-line disconnects
2. Garvins S/S - close 375 breaker
- Load restored:
Terrill Park 16H1, 16H3, 16X4, 16X5, 16X6
375X1(Flanders Tap)

- All load restored

System Concerns:
At a system load level of 139.0MW (2016):
- 374 Line Bow Jct to Langdon Street at 96% Normal Rating

At a system load level of 147.0MW (2025):
- 374 Line Bow Jct to Langdon Street at 98% Normal Rating

16)  Loss of 396 Line at Garvins
(fault between 396 breaker and 96D X1 at Garvins)

Initial Event:
- 396 trips to lockout out at Garvins
- 0374 trips to lockout at Bridge St
- Load out of service:
Bow Bog 18W2
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Langdon Street 14H1, 14H2, 14X3 17X1 (Z-Tech Corporation)
Gulf Street 3H1, 3H2, 3H3 374X1 (Industrial Park Tap)

Switching Procedures:
1. Open 96DX1 at Garvins
2. Bow Jct - close 374J4 switch

NOTE: Do Not Restore line from Bridge Street. Closing the 0374 at Bridge
Street creates unacceptable loading on the 375 Line.

- Load restored:
Bow Bog 18W2 17X1 (Z-Tech Corporation)
Langdon Street 14H1, 14H2, 14X3 374X1 (Industrial Park Tap)
Gulf Street 3H1, 3H2, 3H3

- All load restored

System Concerns:
At a system load level of 139.0MW (2016):
- None

At a system load level of 147.0MW (2025):
- None

17)  Loss of 33 Line at Bow Junction
(fault between 33 recloser at Bow Junction and 33J4)

Switching Procedures:
1. Iron Works Road S/S — open 33J6 switch
2. Pleasant Street S/S — close 33J1 switch

- Load restored:

Iron Works Road 22W1, 22W2, 22W3

3. NH State Tap 33X2 — open 33J4 switch
4. lIron Works Road S/S — close 33J6 switch

- Load restored:

33X2 (NH State Tap)

System Concerns:
At a system load level of 139.0MW (2016):
-Marginal low voltage on 33 Line

At a system load level of 147.0MW (2025):
- Marginal low voltage on 33 Line
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18)  Loss of 318 Line at Garvins
(fault between 318 breaker at Garvins and 318D X6 switches)

Initial Event:
- 318 trips to lockout at Garvins
- Load out of service:
Hollis 8H1, 8H2, 8X3, 8X5 318X2, 318X4 (Eversource)
38 Line distribution loads (038 to 38J3)

Switching Procedures:
1. Hollis S/S — open 038 recloser
2. Hazen Dr. — close 38R1 recloser
- Load restored:
38 Line distribution loads (038 to 38J2)

Hollis S/S — open 8BT1 bus tie switch
318 Line — open 318J3 switch (Eversource)
318 Line — close J2518 switch (Eversource)
- Load restored:
Hollis 8H1, 8H2, 8X3

o s w

6. Hollis S/S — close 038 recloser
- Load restored:
Hollis 8X5

~

318 Line — open 318D X6 switch (Eversource)
8. 318 Line — close 318J3 switch (Eversource)
- Load restored:
318X2, 318X4 (Eversource)
- All load restored

Additional switching to relieve loading on Horseshoe Pond 38 Recloser:
9. Confirm Hollis and Hazen Drive 3.6MVAr capacitor banks in service

At a system load level of 139.0MW (2016):
- 38 recloser at Horseshoe Pond Tap expected to exceed 81% of the equivalent 480A
phase overcurrent trip setting (440A pickup with load encroachment)
- 35 Line Bridge Street to Horse Shoe Pond Tap at 93% of Normal Rating
- 3025 Line (Eversource) between Oak Hill and Hollis Tap at 103% of Normal Rating

NOTE: Broken Ground eliminates this contingency.
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19)  Loss of 318 Hollis Tap (or Loss of Hollis Regulators)
(fault between 318J3 switch and DS318 disconnects OR Hollis regulator failure)

Initial Event:
- 318 trips to lockout at Garvins
- Load out of service:
Hollis 8H1, 8H2, 8X3, 8X5 318X2, 318X4 (Eversource)
38 Line distribution loads (038 to 38J3)

Switching Procedures:
1. Hollis S/S — open 038 recloser
2. Hazen Dr. — close 38R1 recloser
- Load restored:
38 Line distribution loads (038 to 38J3)

o

Hollis Tap — open 318J3 switch (Eversource)
6. Garvins S/S — close 318 breaker
- Load restored:

318X2, 318X4 (Eversource)

~

Hollis S/S — open 803 bus-side regulator disconnect switches
Hollis S/S — open 8XBT1 bus tie
9. Hollis S/S - close 038 recloser
- Load restored:
Hollis 8X5

o

Additional switching to relieve loading on Horseshoe Pond 38 Recloser:
10. Confirm Hollis and Hazen Drive 3.6MVAr capacitor banks in service

System Concerns:
At a system load level of 139.0MW (2016):
- 38 recloser at Horseshoe Pond Tap expected to exceed 81% of the equivalent
480A phase overcurrent trip setting (440A pickup with load encroachment)
- Up to 15MW of load will remain out of service until repairs are made (8X3,
8H1, 8H2).

NOTE: This contingency details a fault on a tap consisting of 3 sections of
overhead line or a regulator failure. Therefore, it is anticipated that
restoration will occur in less than 12 hours of this event.

- Consult Engineering in order to identify any distribution switching and/or
sectionalizing on 8X3, 8H1, or 8H2 that may facilitate additional load
restoration.

Additional switching following repairs:
11. Hollis S/S - close 803 bus-side regulator disconnect switches
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12. Hollis Tap — close 318J3 switch (Eversource)
13. Hollis — close 8XBT1 bus tie
14. Hazen Dr. — open 38R1 recloser

- Load restored:
8X3, 8H1, 8H2

All load restored
NOTE: Broken Ground eliminates this contingency.
20)  Loss of 317 Line, Oak Hill to Penacook (fault on the 317 Line)

Initial Event:
- 317 trips to lockout at Oak Hill
- 3170 trips to lockout at Penacook

Load out of service:
Eversource 317 Line to Davisville

System Concerns:
At a system load level of 139.0MW (2016):
- 3122 Line at 96% of Normal Rating
- Up to 13MW of load (317 Line) will remain out of service until repairs are made

At a system load level of 147.0MW (2025):
- Up to 16MW of load (317 Line) will remain out of service until repairs are made

NOTE: Broken Ground reduces 3122 loading constraint.

Switching Procedures:
1. Eversource to restore 317 Line load from Davisville (to the extent as possible)

21)  Loss of 3122, Oak Hill to Penacook (fault on the 3122 Line)

Initial Event:
- 3122 trips to lockout at Oak Hill
- 31220 trips to lockout at Penacook

Load out of service:
None

System Concerns:
At a system load level of 139.0MW (2016):
- 317 Line @115% of its Normal Rating (92% of LTE)
- Garvins TB39 transformer expected to reach 92% of Eversource TFRAT
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- Garvins TB51 transformer expected to reach 91% of Eversource TFRAT

NOTE: Broken Ground reduces 3122 loading and eliminates Garvins
transformer loading constraint.

At a system load level of 147.0MW (2025):
- 3122 Line at 101% of Normal Rating

22)  Loss of 34 Line at Penacook
(fault between 034 breaker at Penacook and 34J6 switch)

Initial Event:
- 034 trips to lockout at Penacook
- 34 trips to lockout at Bridge Street

- Load out of service:

34X2 (Concord Center 33X5 (Jefferson Pilot)

West Concord 2H1, 2H2, 2H3, 2H4 33X4 (Little Pond Road Tap)
34X4 (Crowley Foods) 33X3 (St Pauls)

33X6 (NH State Prison) Pleasant Street 6X3

Switching Procedures:
1. West Concord S/S — open 033 recloser
2. Pleasant Street S/S — close 33J1 switch

- Load restored:
Pleasant Street 6X3 33X5 (Jefferson Pilot)
33X3 (St Pauls) 33X6 (NH State Prison)
33X4 (Little Pond Tap)

3. West Concord S/S — open 34J6 switch
4. Bridge Street S/S — close 34 breaker
- Load restored:
34X2 (Concord Center)
West Concord 2H1, 2H2, 2H3, 2H4
34X4 (Crowley Foods)

- All load restored

System Concerns:

At a system load level of 139.0MW (2016):
- 33 Line @96% of its Normal Rating
- Garvins TB39 transformer expected to reach 92% of Eversource TFRAT
- Garvins TB51 transformer expected to reach 91% of Eversource TFRAT

At a system load level of 147.0MW (2025):
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- 33 Line @103% of its Normal Rating

23)  Loss of 34 Line at Bridge Street
(fault between 34 breaker at Bridge Street and 34J1 switch at the 34X2 (Concord Center)
Tap)

Initial Event:
- 34 trips to lockout at Bridge Street
- 034 trips to lockout at Penacook
- Load out of service:

34X2 (Concord Center) 33X5 (Jefferson Pilot)

West Concord 2H1, 2H2, 2H3, 2H4 33X4 (Little Pond Road Tap)
34X4 (Crowley Foods) 33X3 (St Pauls)

33X6 (NH State Prison) Pleasant Street 6X3

Switching Procedures:
1. West Concord S/S — open 033 recloser
2. Pleasant Street S/S — close 33J1 switch
- Load restored:
Pleasant Street 6X3 33X5 (Jefferson Pilot)
33X3 (St Pauls) 33X6 (NH State Prison)
33X4 (Little Pond Road Tap)

w

West Concord S/S — open 34J3 switch
4. Penacook S/S - close 034 breaker
- Load restored:
West Concord 2H1, 2H2, 2H3, 2H4

o

34X2 (Concord Center) — open 34J1 switch
6. West Concord S/S - close 34J3 switch
- Load restored:

34X2 (Concord Center)

- All load restored

System Concerns:

At a system load level of 139.0MW (2016):
- 33 Line @96% of its Normal Rating
- Garvins TB39 transformer expected to reach 90% of Eversource TFRAT
- Garvins TB51 transformer expected to reach 89% of Eversource TFRAT

At a system load level of 147.0MW (2025):
- 33 Line @103% of its Normal Rating
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24)  Loss of 36 Line at Penacook
(fault between 036 breaker at Penacook and 35J6A switches)

Initial Conditions and Switching Procedures in 2016 with the 2™ Transformer at
Rimmon in-service:

Initial Event:
- 036 trips to lockout at Penacook
- 35 trips to lockout at Bridge Street

- Load out of service:
West Portsmouth 15W1, 15W2, 15H3
35X1, 35X2, 35X3, 35X4(Locke Rd)
38 Line distribution loads (38 to 38J3)
Hazen Drive 24H1, 24H2

Switching Procedures:
1. West Portsmouth Street S/S — open 35J4 switch
2. Bridge Street S/S — close 35 breaker

- Load restored:
West Portsmouth 15W1, 15W2, 15H3
38 Line distribution loads (38 to 38J3)
Hazen Drive 24H1, 24H2

3. 35 Line — open 35J6A switches
4. West Portsmouth Street S/S — close 35J4 switch
- Load restored:
35X1, 35X2, 35X3, 35X4(Locke Rd)
- All load restored

System Concerns:

At a system load level of 139.0MW (2016):
- Garvins TB39 transformer expected to reach 90% of Eversource TFRAT
- Garvins TB51 transformer expected to reach 89% of Eversource TFRAT

Initial Conditions and Switching Procedures in 2016 with the 2" Transformer at
Rimmon in-service:

Initial Event:
- 036 trips to lockout at Penacook
- 35 trips to lockout at Bridge Street

- Load out of service:
West Portsmouth 15W1, 15W2, 15H3
35X1, 35X2, 35X3, 35X4(Locke Rd)
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Switching Procedures:
1. West Portsmouth Street S/S — open 35J4 switch
2. Bridge Street S/S — close 35 breaker

- Load restored:
West Portsmouth 15W1, 15W2, 15H3

3. 35 Line — open 35J6A switches
4. West Portsmouth Street S/S — close 35J4 switch
- Load restored:
35X1, 35X2, 35X3, 35X4(Locke Rd)
- All load restored

At a system load level of 147.0MW (2025):
- None

Loss of 35 Line at Bridge Street
(fault between 35 breaker at Bridge Street and 35J1 switch at Horseshoe Pond)

Initial Conditions and Switching Procedures in 2016 with the 2™ Transformer at
Rimmon in-service:

Initial Event:

- 35 trips to lockout at Bridge Street

- 036 trips to lockout at Penacook

- Load out of service:
West Portsmouth 15W1, 15W2, 15H3
Locke Rd. taps
38 Line distribution loads (38 to 38J3)
Hazen Drive 24H1, 24H2

Switching Procedures:
1. State Tap — open 38J2 switch
2. Hazen Dr. — close 38R1 recloser
- Load restored:
- Hazen Drive 24H1, 24H2
- 38 Line distribution loads (38J3 to 38J2)

3. Horse Shoe Pond Tap — open 35J1 switch
4. Penacook S/S - close 036 breaker
- Load restored:
West Portsmouth 15W1, 15W2, 15H3
Locke Rd. taps
38 Line distribution loads (38 to 38J2)
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- All load restored

System Concerns:
At a system load level of 139.0MW (2016):
- Hollis Tap (318 Line to Hollis DS318), 336 AA conductor at 102% of
Normal
- 318 Line Garvins to Hollis Tap 93% Normal

Initial Conditions and Switching Procedures 2017-2025 with Broken Ground in-
service:

Initial Event:
- 35 trips to lockout at Bridge Street
- 036 trips to lockout at Penacook
- Load out of service:
West Portsmouth 15W1, 15W2, 15H3
Locke Rd. taps

Switching Procedures:
1. Horse Shoe Pond Tap — open 35J1 switch
2. Penacook S/S - close 036 breaker
- Load restored:
West Portsmouth 15W1, 15W2, 15H3
Locke Rd. taps

- All load restored

System Concerns:
At a system load level of 147.0MW (2025):
- None

26)  Loss of 33 Line at West Concord
(fault between 033 recloser at West Concord and 33X6 (NH State Prison))

Initial Event:
- 033 trips to lockout at West Concord
- Load out of service:
33X6 (NH State Prison) 33X3 (St Pauls)
J33X5 (Jefferson Pilot) Pleasant Street 6X3
33X4 (Little Pond Road Tap)

1. 33X6 (NH State Prison) — open 33J12 Line GOAB
2. Pleasant Street S/S — close 33J1 switch
- Load restored:
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Pleasant Street 6X3

33X3 (St Pauls)

33X4 (Little Pond Road Tap)
33X5 (Jefferson Pilot)

33X6 (NH State Prison)

- All load restored

System Concerns:

At a system load level of 139.0MW (2016):
- 33 Line @96% of its Normal Rating
- Garvins TB39 transformer expected to reach 91% of Eversource TFRAT
- Garvins TB51 transformer expected to reach 90% of Eversource TFRAT

System Concerns:
At a system load level of 147.0MW (2025):
- 33 Line @103% of its Normal Rating

27)  Loss of 1X7P Circuit at Bridge Street
(fault between 1X7P recloser at Bridge Street and DS-17P switch at Montgomery Street)

Initial Event:
- 1X7P trips to lockout at Bridge Street
- Load out of service:
Montgomery Street 21W1(P)
Nelson Plaza
Eelderly Housing
Concord Steam

Switching Procedures:
1. Montgomery Street S/S — open DS-17P switch
2. Montgomery Street S/S — close DS-17A switch
- Load restored:
Montgomery Street 21W1(P)
Nelson Plaza
Elderly Housing
Concord Steam
- All load restored

System Concerns:
At a system load level of 139.0MW (2016):
- None

At a system load level of 147.0MW (2025):
- None
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28)  Loss of 1X7A Circuit at Bridge Street
(fault between FA1X7 fusing at Bridge Street and incoming 1X7A switch at Storrs Street)

Initial Event:
- FAL1XT7 fuses operate at Bridge Street
- Load out of service:
1X7A (Holiday Inn)
Storrs Street 21W1A

Switching Procedures:
1. Storrs Street S/S — open switch on incoming 1X7A
2. 34 Line (p.142) — close 34X3 fused cutouts
- Load restored:
1X7A (Holiday Inn)
Storrs Street 21W1A
- All load restored

System Concerns:
At a system load level of 139.0MW (2016):
- None

At a system load level of 147.0MW (2025):
- None

29)  Loss of 37 Line at Penacook
(fault between 37 breaker at Penacook and 37J1 switch)

Initial Event:
- 37 trips to lockout at Penacook
- Penacook Lower Falls Hydro generation trips off line
- SES Concord generation trips off line

- Load out of service:
37X1 Tap
Boscawen 13W1, 13W2, 13W3, 13X4
Penacook Lower Falls Hydro
SES Concord

Maccoy Street Tap Automatic Restoration Scheme:
NOTE: The switching below assumes the distribution automation scheme is
enabled at the Maccoy Street Tap. This switching can be performed manually if

the automation scheme is disabled.

1. Maccoy Tap —37R1 recloser opens
2. Maccoy Tap — 37R4X1 closes
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- Load restored:
37X1 Tap
Boscawen 13W1, 13W2, 13W3, 13X4
Penacook Lower Falls Hydro
SES Concord

- All load restored
At a system load level of 139.0MW (2016):
- None

At a system load level of 147.0MW (2025):
- None

30)  Loss of 37 Line beyond Maccoy Tap
(fault between p.33 on 37 Line and the Penacook Lower Falls Hydro tap)

Initial Event:
- 37 trips to lockout out at Penacook
- Penacook Lower Falls Hydro generation trips off line
- SES Concord generation trips off line
- Load out of service in Summer 2013:
37X1 Tap
Boscawen 13W1, 13W2, 13W3, 13X4
Penacook Lower Falls Hydro
SES Concord

- No switching available

System Concerns:
- Up to 11MW (2025) of load remains out of service

31)  Loss of Circuit 4X1 at Penacook
(fault at 4X1 recloser)

Initial Event:
- 4X1 trips to lockout at Penacook
- Penacook Upper Falls Hydro generation trips off line
- Briar Hydro generation trips off line
- Load out of service:
Penacook 4X1
Penacook Upper Falls Hydro
Briar Hydro

Switching Procedures:
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1. Sectionalize Circuit 4X1
2. Close the 37R4X1 at Maccoy Tap
- Load restored:
Penacook 4X1
Penacook Upper Falls Hydro
Briar Hydro
- All load restored

System Concerns:
At a system load level of 139.0MW (2016):
- 37 Line - Penacook to Maccoy St Tap, 1/0 AA expected to reach 109% of its
Normal rating

At a system load level of 142.3MW (2020):
- 37 Line - Penacook to Maccoy St Tap, 1/0 AA expected to reach 113% of its Normal
Rating* (94% LTE)

* Exposure to loading above Normal exceeds 12 consecutive hours. Does not meet design
guidelines.

32) Loss of 288 Line at Broken Ground

Initial Conditions and Switching Procedures 2017-2025 with Broken Ground in-
service:

Initial Event:
- 288 trips to lockout at Broken Ground

Load out of service:
Hollis 8H1, 8H2, 8X3

Switching Procedures:
1. Broken Ground - Open 288101 DXs
2. Hollis - Close the 038 Recloser at Hollis
- Load restored:
Hollis 8H1, 8H2, 8X3

- All load restored
System Concerns:

At a system load level of 147.0MW (2025):
- None

33)  Loss of 38 Line at Hollis
(fault at 038 recloser)
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Initial Event:
- 38 trips to lockout at Hollis
- Load out of service:
38 Line distribution loads (038 to 38J3)

Switching Procedures:
1. Hollis S/S — open 03801 recloser line-side disconnects
2. Hazen Dr. — close 38R1 recloser
- Load restored:
38 Line distribution loads (038 to 38J3)
- All load restored

At a system load level of 139.0MW (2016):
- None

NOTE: Broken Ground eliminates this contingency.

34)  Loss of 38 Line at Horseshoe Pond Tap
(fault at 38 recloser)

Initial Event:
- 38 trips to lockout at Horseshoe Pond Tap
- Load out of service:
38 Line distribution loads (38 to 38J3)
Hazen Drive 24H1, 24H2

Switching Procedures:
1. Horseshoe Pond Tap — open 38J2 switch
2. Hazen Dr. — close 38J3 recloser
- Load restored:
- Hazen Drive 24H1, 24H2
- 38 Line distribution loads (38J3 to 38J2)

3. Fort Eddy Tap — open 38J0 recloser disconnects
4. Horseshoe Pond Tap — close 38J2 switch
- Load restored:
- 38 Line distribution loads (38J0 to 38J2)

NOTE: Up to 2.2MW of load remains out of service until repairs are made if the
fault is on the 38 Line.

At a system load level of 139.0MW (2016):
- Hollis Tap (318 Line to Hollis DS318), 336 AA conductor at 114% of
Normal / 94% LTE rating
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- 318 Line (Garvins to Hollis tap), 477 ACSR conductor at 104% of Normal /
83% LTE rating.

NOTE: Broken Ground eliminates this contingency.

35) Loss of 38 Line at Broken Ground

Initial Conditions and Switching Procedures 2017-2025 with Broken Ground in-
service:

Initial Event:
- 038 trips to lockout at Broken Ground

Load out of service:
Hazen Drive 24H1, 24H2
38 Line distribution loads

Switching Procedures:
1. Broken Ground — open 03801 DXs
2. Hollis — close 038 recloser
- Load restored:
Hazen Drive 24H1, 24H2
38 Line distribution loads

- All load restored
System Concerns:

At a system load level of 147.0MW (2025):
- None

UES-Capital Electric System Planning Study 2016-2025 Page G.27



APPENDIX C
REDACTED Page 61 of 120

APPENDIX H

REFERENCES

1. Electric System Planning Guide. Unitil Service Corp. Rev 3 March 13, 2014

2. Electrical Equipment Rating Procedures. Unitil Service Corp. Rev. 3 November 6, 2012
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1 EXECUTIVE SUMMARY

This study is an evaluation of the UES—Seacoast electric power system. Its purpose is to
identify when system growth is likely to cause system supplies and main elements of the
34.5 kV subtransmission and substation systems to reach unacceptable design limits, and to
provide recommendations for the most cost-effective system improvements. The study
examines the UES—Seacoast system under summer peak load conditions in its normal
operating configuration and in response to design contingencies for the loss of key system
elements. The study covers the ten year period from 2016 through 2025.

The new Kingston system supply is assumed to be in service prior to the summer peak load
season in 2016.

The following system improvements are recommended from the results of this study:

Year Project Description Justification Cost™
Loading for
. I Loss of the 3342 Line,
2016 | Implement Additional Switching Steps Loss of the 3353 Line. n/a
Loss of the 3359 Line
Loading for
2019 | Modify 3810X and 3260X Protection Setting | Loss of the 3351 Line, n/a
Loss of 3362 Line®
Loading for
Construct a new 34.5 kV line from Guinea Loss of the 3342 Line,
2020 Switching to Hampton Loss of the 3353 Line, $1,600,000
Loss of the 3359 Line
2022 | Implement Alternate System Configuration Loading TB141 n/a

2 INTRODUCTION

The purpose of this study is to plan for recommended system improvements to meet system
design and performance objectives. It evaluates the adequacy of the UES-Seacoast electric
system with respect to its external system supply interconnection and internal
subtransmission system infrastructure throughout the study period. Conditions are examined
at increasing load levels (representing expansion of electric customer load) under normal
operating conditions, contingency scenarios for loss of single major system elements, and
extreme load levels above forecast design loads (representing load expansion plus
exceptional hot weather conditions).

Detailed system models were developed for each year of design and extreme peak load
levels. Power flow simulations were performed for normal and contingency configurations.
From these simulations, system deficiencies were identified. System improvement
alternatives were developed and tested to assess the impact they had on these deficiencies.
Cost estimates were developed for each improvement alternative, and a cost-benefit

! Cost estimates do not include general construction overheads.
% In 2022 after implementation of alternate configuration to address Great Bay loading.

UES-Seacoast Electric System Planning Study 2016-2025 Page 1 of 19
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comparison was made for the improvement plan options. Final recommendations represent
the proposed system improvement plan.

3 SYSTEM DESCRIPTION AS STUDIED

The UES-Seacoast electric power system is supplied from Northeast Utilities’ (NU) 345 kV
and 115 kV transmission systems via three two Eversource substations, Timber Swamp,
Peaslee, and Great Bay.

Timber Swamp substation, located in northwest Hampton, presently consists of a 345 kV
high-side ring bus, two 345 — 34.5 kV, 75/100/125/140 MV A transformers, and two 34.5 kV
low-side buses separated by a normally open bus tie breaker. Presently, one 34.5 kV bus
supplies two line terminals feeding the UES-Seacoast 3360 and 3371 lines. The second
34.5 kV bus supplies three line terminals feeding Eversource load. The 3360 and 3371

34.5 kV subtransmission lines transfer power from Timber Swamp substation to Guinea
switching station serving loads in several UES-Seacoast service territory towns.

Peeslee substation, located in central Kingston, consists of a 115 kV ring bus and supplies
Unitil’s Kingston substation. Kingston substation is supplied via two 115 kV lines
originating at Peaslee substation and consists of two 115 — 34.5 kV, 60 MVA transformers.
Four 34.5 kV subtransmission lines and two 34.5 kV distribution circuits emanate from
Kingston substation.

The third supply point, Great Bay Substation, is located in southern Stratham. Great Bay
consists of a 115 kV high-side bus, a single 115 — 34.5 kV, 24/32/40/44.8 MV A transformer,
and a 34.5 kV low-side bus. Two 34.5 kV subtransmission lines exit Great Bay Substation
and transfer power to eight distribution substations and taps which serve loads in the
Stratham and Exeter areas.

4 SYSTEM LOADS

The scheduling of system modifications is dependent on the projected timetable of system
loads that trigger the need. For planning purposes, design forecasts are based on linear trend
projections of a ten-year history of daily load versus temperature regression models, which
account for the correlation of daily loads to actual daily temperature. This results in a range
of peak load possibilities for each year, which vary due to annual highest temperature. Peak
Design Load and Extreme Peak Load forecasts are set assuming specific probability limits
per the intent of planning guidelines. Details of the methodology and results are given in
Appendix D — Load History and Design Forecasts.

The resulting UES Seacoast system load projections used for this study are provided in the
table below.

UES-Seacoast Electric System Planning Study 2016-2025 Page 2 of 19
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UES Seacoast System Loads Under Study

Projected Peak Extreme
Summer Design Load Peak Load
Season (MW) (MW)
2016 182.5 187.3
2017 185.7 191.5
2018 188.6 195.3
2019 190.6 197.9
2020 192.7 200.3
2021 195.1 204.0
2022 197.6 206.9
2023 199.3 209.5
2024 202.1 211.3
2025 203.7 214.0

5 SYSTEM MODELING AND ANALYSIS

Traditional load flow analysis methods were used to evaluate the UES-Seacoast system for
this study. System modeling and power flow simulations were performed using PSS®E
(version 33.3.0) software by Siemens. Because summer hot weather conditions present the
greatest thermal constraints on system equipment, and UES-Seacoast is a historically summer
peaking system, this study examines summer peak load conditions only.

An initial load flow model of the UES-Seacoast system was created to replicate conditions
during the 2014 summer peak. Details of the UES-Seacoast system infrastructure were
assembled using best available data on system impedances, transformer ratios, equipment
ratings, etc. This model was added to a representation of the surrounding external power
system from load flow cases provided by ISO-NE and Eversource. Bus loads were compiled
for the model by aggregating substation, circuit, and large customer load information for the
July 23, 2014 summer peak. Much of this load information is available only as
non-coincident, monthly peak demands. With the operating configuration, substation and
capacitors set in the model to actual conditions at the time, overall scaling adjustments were
made to bus loads to reasonably match the power flow simulation results to actual recorded
system flows for the peak day and hour. Once completed, this established a confident model
representing the UES-Seacoast system as it existed during the 2014 summer peak.

Basecase models for study of future years were developed from this 2014 peak day model.

Anticipated system configuration and known individual load adjustments were made. Then
overall bus loads were grown to set the total UES-Seacoast system load plus internal losses,
as seen at the system supply delivery points, to the study loads (Section 4 — System Loads).

These basecase models were used to analyze normal operating conditions, extreme peak
conditions, and all major design contingencies for each of the ten years under study.

UES-Seacoast Electric System Planning Study 2016-2025 Page 3 of 19
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Unacceptable system conditions were identified based on the Unitil Electric System Planning
Guide. Details summarizing these criteria are given in Appendix A — Evaluation Criteria.

6 POWER FACTOR ANALYSIS

Load power factor for the UES system (Seacoast and Capital) is subject to the guidelines of
ISO-NE Operating Procedure No. 17 — Load Power Factor Correction (OP-17). The power
factor limitations outlined in OP-17 are summarized in the following table for the ISO-NE
New Hampshire Area.

ISO-NE New Hampshire Area — Load Power Factor Limits

Equivalent
Load Minimum Maximum
(% of Peak) p.f. p.f.
28% n/a 0.9850, leading
66% 0.9550, lagging 0.9725, leading
100% 0.9758, lagging n/a

On July 23, 2014 at 18:00, the UES—Seacoast system reached a peak demand of

151.382 MW. The system was lagging by 13.838 MVAr during that peak hour, with a
corresponding 0.9735 (lagging)* power factor. This met the minimum LPF requirement of
0.9642 in effect during 2014.

In 2016 at a system peak design load of 182.5 MW, the estimated net power factor is
expected to be approximately 0.9988 (lagging) as seen at the 115 KV system supply delivery
points. By 2025 at a system peak design load of 203.7 MW the estimated net power factor is
expected to be approximately 0.9918 (lagging).

At these loads levels, no additional capacitor installations are needed to achieve a minimum
0.9758 (lagging) UES-Seacoast system net power factor over the next ten years.

7  SYSTEM CONSTRAINTS

The following summarizes the system deficiencies driving improvement proposals during the
ten year study period, with the load level and projected year in which they first occur. The
table is sorted by year and load level. The system constraint is listed in the year when it first
violates planning criteria. Not all circumstances driving the system constraint are shown in
this table. More details on exposure, voltage and loading values can be referenced in the
contingency table in Appendix F.

! Estimated LPF at the transmission system after allocating losses and reactive compensation based on UES-
Seacoast’s load share ratio at Timber Swamp.
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Year | Load Level System Constraint Circumstances
(MW)
Equipment Overload — 3342 Breaker at Hampton
Equipment Overload — 3342J1 Switch at Loss of 3353 Line, Guinea to
Prior Hampton Hampton
" Less than Conductor Overload — 3342 Line, Guinea to
2016 182.5 Hampton
Loss of 3359 Line, Guinea to
Conductor Overload — 3353 Line, Guinea to Mill Lane
Hampton Loss of 3342 Line, Guinea to
Hampton
2019 190.6 Protection Setting Overload — 3810X Minimum | Loss of 3351 Line, Great Bay to
' Pick-Up Setting Merrill’s Pit
2022 197.6 Equipment Overload — Great Bay TB141 Basecase

8 SYSTEM IMPROVEMENT OPTIONS

The following sections describe details of system improvement alternatives examined to
address the deficiencies identified earlier in this report. All cost estimates provided in this
report are without general construction overheads and are in present year dollars.

8.1 3342 Line and 3353 Line Overload Options

The 3342 and 3353 lines are non-radial lines that are used to restore load for the loss of the
3342, 3353 or 3359 lines. The existing conductor and other associated equipment on the
3342 and 3353 lines are expected to exceed their ratings during peak conditions prior to the
summer of 2016.

The following options were considered to eliminate the overload conditions associated with
the 3342 and 3353 lines and associated equipment (3342 Breaker and 3342J1 Switch).

8.1.1 Perform Additional Switching to Reduce 3353 and 3342 Line Loading

Summary:
The following additional switching steps were considered for various contingencies.

= For the Loss of the 3353 Line or 3342 Line from Guinea to Hampton:

e Seabrook Station Marsh Tap — open 48J50 switch
e Cemetery Lane S/S — close 3359J5 switch

UES-Seacoast Electric System Planning Study 2016-2025 Page 5 of 19
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= For Loss of the 3359 Line from Guinea to Mill Lane:

Lafayette Road — close 2X3J15X1 switch
Cemetery Lane S/S — open 15X1 recloser
Hampton Beach S/S — close J042 switch
Hampton Beach S/S — open J053 switch

Cost Estimate: negligible (no capital investment)

Results:
Loss of the 3342 Line, Guinea to Hampton
e All elements are within planning criteria throughout the study period.

Loss of the 3353 Line, Guinea to Hampton
e All elements are within planning criteria throughout the study period.

Loss of the 3359 Line, Guinea to Mill Lane
e All elements are within planning criteria through 2020".

8.1.2 Reconductor 3342 and 3353 Lines — Guinea to Hampton

Summary:
Replace the existing 477 AA phase conductor with 954 AA on the 3342 line and 3353
line from Guinea Switching to Hampton S/S. Similarly, replace/upgrade any
breakers, breaker CTs, in-line switches, connectors, hardware and other associated
equipment with ratings less than 1200 amps. The BT-2 bus tie switch at Hampton
will be upgraded to provide a rating of at least 900 amps.

Cost Estimate:

Reconductor 3342 and 3353 Lines — Guinea to Hampton $1,850,000
Replace 3342 Breaker at Guinea $100,000
Upgrade 3342J1 Switch at Hampton $25,000
Upgrade BT-2 Switch at Hampton $35,000

Total (w/o General Construction OHs)  $2,010,000

Results:
Loss of the 3342 Line, Guinea to Hampton
e From 2016 through 2025 and beyond, after switching to restore all load, loading
on the 3353 line between Guinea and Hampton with 954 AA is expected to
remain below planning guidelines.

! Last year of the Distribution System analysis.
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Loss of the 3353 Line, Guinea to Hampton

e After switching to restore all load, loading on the 3342 breaker at Guinea is
expected to remain below planning guidelines.

e After switching to restore all load, loading on the 3342J1 switch at Hampton is
expected to remain below planning guidelines.

e After switching to restore all load, loading on the 3342 line between Guinea and
Hampton with 954 AA is expected to remain below planning guidelines.

Loss of the 3359 Line, Guinea to Mill Lane
e After switching to restore all load, loading on the 3353 line between Guinea and
Hampton with 954 AA is expected to remain below planning guidelines.

8.1.3 Construct New 34.5 kV Line — Guinea to Hampton

Summary:
Construct a new 34.5 kV line from Guinea Switching to Hampton. Construction to
include 795 AA phase conductors on separate structures from the 3342 or 3353 lines
and the addition of new 34.5 kV line terminals at Guinea Switching Station and
Hampton Substation. The new line will supply the bus half at Hampton that is
presently supplied by the 3353 line and the 3353 line will supply the 3348 line.

Cost Estimate:

Construct new 3rd Line — Guinea to Hampton $925,000
Construct New Line Terminal at Guinea $300,000
Construct New Line Terminal at Hampton $375,000

Total (w/o General Construction OHs)  $1,600,000

Results:
Loss of the 3342 Line, Guinea to Hampton (3342J1 Bus Half)
e After switching to restore all load, loading on the new line between Guinea and
Hampton with the 795 AA conductor is expected to remain below planning
guidelines.

Loss of the New Line, Guinea to Hampton (3353J1 Bus Half)

e After switching to restore all load, loading on the 3353 line between Guinea and
Hampton with the existing 477 AA conductor is expected to remain below its
normal limit.

Loss of the 3359 Line, Guinea to Mill Lane
e After switching to restore all load, loading on the 3353 line between Guinea and
Hampton with 477 AA conductor is expected to exceed its normal limit.

UES-Seacoast Electric System Planning Study 2016-2025 Page 7 of 19
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Loss of the 3353 Line, Guinea to Hampton (New Bus Section)

e After switching to restore all load, loading on the new line between Guinea and
Hampton with the existing 795 AA conductor is expected to remain below its
normal limit.

8.1.4 Recommendation
The following system upgrades are the recommended solutions to the identified

constraints associated with the 3342 and 3353 lines:

e In 2016, perform alternate switching for the loss of the 3342, 3353 and 3359
Lines.

e In 2020, construct a new 34.5 kV line from Guinea Switching to Hampton.
Construction to include 795 AA phase conductors on separate structures from the
3342 or 3353 lines and the addition of new 34.5 kV line terminals at Guinea
Switching Station and Hampton Substation.

8.2 3810X Protection Setting Overload Options

After switching to restore all load for loss of the 3351 line from Great Bay to Merrill’s Pit the
minimum pick-up settings of the 3810X circuit position are expected to exceed their LTE
limit during peak conditions in 2019.

The following options were considered to eliminate the overload conditions associated with
3810X protection settings.

8.2.1 Implement New Settings

Summary:
Modify protection settings to achieve a minimum 1200 amps.

Cost Estimate: negligible (no capital investment)
Results:
Loss of the 3351 Line, Great Bay to Merrill’s Pit

e All elements are within planning criteria throughout the study period.

8.2.2 Perform Alternate Switching

Summary:
Prior to restoring Dow’s Hill substation and Winnicutt Road tap perform the
following switching steps for the loss of the 33511line from Great Bay to Merrill’s Pit:

e Exeter Switching — close BT-1A switch
e Exeter Switching — open J052 switch

Cost Estimate: negligible (no capital investment)

UES-Seacoast Electric System Planning Study 2016-2025 Page 8 of 19
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Results:
Loss of the 3351 Line, Great Bay to Merrill’s Pit
e All elements are within planning criteria throughout the study period.

8.2.3 Recommendation
Modifying the protection settings at Great Bay is the recommended solution to
address the loading concerns associated with the 3810X breaker. In the event the
necessary settings cannot be achieved then alternate switching steps shall be
implemented.

It is also recommended that the 3260X settings be modified at the same time as the
3810X settings. This change will be required in 2022 (See section 8.3).

8.3 Great Bay Overload Options
During summer conditions the following switching is currently performed to reduce the
loading of the Great Bay transformer.

Close J041 Switch at Exeter Switching
Open BT-1A Switch at Exeter Switching
Close 03341 Recloser at Wolf Hill

Open 41J51 Switch at Merrill’s Pit

In this configuration the Great Bay TB141 is expected to exceed 100% of the Eversource
normal operational limit during basecase conditions in 2022. TB141 is also projected to
exceed its TFRAT rating at during extreme peak conditions in 2025.

The following alternatives were considered to eliminate the overload conditions on the Great
Bay TB141 transformer.

8.3.1 Alternate System Configuration A
The following alternate system configuration was considered to reduce loading of the Great
Bay TB141 transformer.

Summary:
For load levels greater than 192 MW the following switching is proposed instead of
the switching that is currently being performed each summer to reduce Great Bay
loading:

Close J041 Switch at Exeter Switching
Open BT-1A Switch at Exeter Switching
Close 3352 Recloser at Wolf Hill

Open 52J62 Switch at Merrill’s Pit

Cost Estimate: negligible (no capital investment)

UES-Seacoast Electric System Planning Study 2016-2025 Page 9 of 19
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Results:
Normal System Configuration and Extreme Peak

e From 2022 through 2025 and beyond after basecase and extreme peak loading on
TB141 is expected to be within planning guidelines.

Loss of 3362/3352 Line
e From 2019 and beyond after switching to restore all load, loading of the 3260X
protection settings are expected to exceed its normal rating without shifting load

to Wolf Hill.

8.3.2 Install a 2" Transformer at Great Bay S/S

Summary:
Purchase and install a second 115-34.5 kV, 24/32/40/44.8 MV A transformer at Great

Bay. With the addition of a second transformer, Great Bay S/S will continue to
normally supply the 3362 and 3351 lines, the Merrill’s Pit 41J51 and 52J62 switches
will be normally closed and the 03341 and 3352 breakers at Wolf Hill will be

normally open.

Cost Estimate:
Purchase and install 115-34.5 kV, 24/32/40/44.8 MV A transformer $2,500,000*
Total (w/o General Construction OHs)  $2,500,000

Results:
Normal System Configuration and Extreme Peak
e From the time of installation through 2025 and beyond loading each transformer
at Great Bay is expected to remain below their thermal limits during peak design

load and extreme peak load conditions.

Loss of Great Bay TB141 Transformer

e From time of installation through 2025 and beyond, loading on the new Great Bay
transformer is expected to remain below its thermal limit without loss of load
following contingency switching to shift Exeter load to Wolf Hill.

Loss of new Great Bay Transformer

e From time of installation through 2025 and beyond, loading on the new Great Bay
transformer is expected to remain below its thermal limit without loss of load
following contingency switching to shift Exeter load to Wolf Hill.

Loss of 3362/3352 Line
e From 2019 and beyond after switching to restore all load, loading of the 3260X
protection settings are expected to exceed its normal rating without shifting load

to Wolf Hill.

! Invest by Eversource
UES-Seacoast Electric System Planning Study 2016-2025 Page 10 of 19
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Loss of 3351/3341 Line

e From 2019 and beyond after switching to restore all load, loading of the 3810X
protection settings are expected to exceed its normal rating without shifting load
to Wolf Hill.

8.3.3 Recommendation
Switching the system into alternate system configuration A is the recommended
solution to overcome loading concerns of the Great Bay TB141 transformer .

e In 2022, implement alternate system configuration A.

9 MASTER PLAN ANALYSIS

A 20 year master plan review has been completed in addition to the 10 year analysis
discussed in this report. This analysis reviews a system model with peak design load that has
been scaled proportionately to an equivalent 20 year forecast assuming the historical growth
rate. The review is completed under basecase configuration with all elements in service.

This is a high level review which identifies potential system problems which occur beyond
the 10 year planning horizon. This review is used to develop a long term vision for the
system which is used to guide incremental improvements. For total system loads up

228 MW the following additional conditions have been identified for basecase conditions.

+ Great Bay Transformer Loading
+ 3358 Line Overload Plaistow to Westville Road Tap

Modeling Assumptions:
- All available capacitor banks switched in
- All 2016-2025 projects have been completed.
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10 EINAL RECOMMENDATIONS
The following summarizes final recommendations given in this report.

Year Project Description Justification Cost”
Loading for
. L Loss of the 3342 Line,
2016 | Implement Additional Switching Steps Loss of the 3353 Line. n/a
Loss of the 3359 Line
Loading for
2019 | Modify 3810X and 3260X Protection Setting | Loss of the 3351 Line, n/a
Loss of 3362 Line?
Loading for
Construct a new 34.5 kV line from Guinea Loss of the 3342 Line,
2020 Switching to Hampton Loss of the 3353 Line, $1,600,000
Loss of the 3359 Line
2022 | Implement Alternate System Configuration Loading TB141 n/a

! Cost estimates do not include general construction overheads.
% In 2022 after implementation of alternate configuration to address Great Bay loading.
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APPENDIX A
EVALUATION CRITERIA

The following summarizes the application of electric system planning guidelines as used in
this study. These criteria are based on Unitil’s Electric System Planning Guide Rev 3 (March
13, 2014)

LOADING

Peak design conditions — all elements in service:
= All'load in service
= All elements operating within Normal Limit ratings w/ half of internal, non-utility
generating units out of service

Peak design conditions — loss of non-radial lines, or Unitil owned system supply transformers
(after switching):
= All load restored to service
= All elements operating within LTE Limit ratings for up to 12 hours w/ half of
internal, non-utility generating units out of service
= All elements operating within Normal Limit ratings after 12 hours of LTE loading
w/ half of internal, non-utility generating units out of service

Peak design conditions — loss of radial lines, or external system supply transformers (after
switching):
= Upto 30 MW of load left out of service for up to 24 hours
= All elements operating within LTE Limit ratings for up to 12 hours w/ half of
internal, non-utility generating units out of service
= All elements operating within Normal Limit ratings after 12 hours of LTE loading
w/ half of internal, non-utility generating units out of service

Extreme Peak conditions — all elements in service:
= Allload in service
= All elements operating within LTE Limit ratings for up to 12 hours w/ half of
internal, non-utility generating units out of service
= All elements operating within Normal Limit ratings after 12 hours of LTE loading
w/ half of internal, non-utility generating units out of service

VOLTAGE
All conditions:
* Forall 115, 69 and 13.8 kV non-distribution® points:  90% < V < 105%
* Forall 13.8 and 4.16 kV distribution? points: 97.5% <V < 104.167%

“non-distribution” indicates only locations that are not direct supply outputs for distribution circuit loads
“distribution” indicates locations that are direct supply outputs for distribution circuit loads, after all
transformation and/or voltage regulation

2
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The following is a listing of the present summer and winter ratings for UES—Seacoast 34.5 kV Lines studied in this report.

Summer Capacity

Winter Capacity

Normal LTE Normal LTE |Normal LTE Normal LTE

Limiting Nominal | Limit  Limit | Limit Limit | Limit Limit | Limit Limit
Line Section Factor Voltage | (Amps) (Amps) | (MVA) (MVA) | (Amps) (Amps) (MVA) (MVA)
3341 Wolf Hill — Merrill’s Pit 03341 CTs 345 kV 600 35.9 600 35.9
3341 Merrill's Pit — Exeter Switching 795 AA 37 Arbutus 34.5 kV 915 1121 54.7 67.0 | 1201 1351 71.8 80.7
3341 Exeter Switching — Exeter #1 Cu 7 str. 34.5 kv 278 335 16.6 20.0 362 403 21.6 24.1
3342 Guinea — Hampton 3342J1 switch 34.5 kv 600 35.9 600 35.9
3342 Hampton — 3346 Line Tap 3342J2 switch 345 kV 400 23.9 400 23.9
3342 3346 Line Tap — Hampton Beach #1 Cu 7 str. 34.5 kv 278 335 16.6 20.0 362 403 21.6 24.1
3343 Guinea — Willow Road Tap 2/0 Cu str. 34.5 kv 373 451 22.3 26.9 486 543 29.0 32.4
3343 Kingston — Willow Road Tap 03343 CTs 34.5kV 500 29.9 500 29.9
3345 Kingston — Plaistow 477 AA 19 Cosmos34.5 kV 663 808 39.6 48.3 868 974 51.9 58.2
3346 Line Tap — High Street 336 AA 19 Tulip 34.5kV 531 645 31.7 38.5 694 777 41.5 46.4
3347 Line Tap — Portsmouth Avenue 336 AA 19 Tulip 34.5kV 531 645 31.7 38.5 694 777 41.5 46.4
3348 Hampton—Seabrook Marsh Tap 336 AA 19 Tulip 34.5kV 531 600 31.7 35.9 600 35.9
3350 Seabrook Marsh Tap—Seabrook  #1 Cu 7 str. 34.5 kV 278 335 16.6 20.0 362 403 21.6 24.1
3351 Great Bay — Dow’s Hill 828 Amp Trip 34.5kV 640 720 38.2 43.0 640 720 38.2 43.0
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Winter Capacity

Normal LTE Normal LTE |Normal LTE Normal LTE
Limiting Nominal | Limit  Limit | Limit Limit | Limit Limit | Limit Limit

Line Section Factor Voltage | (Amps) (Amps) | (MVA) (MVA) | (Amps) (Amps) | (MVA) (MVA)
3352 Wolf Hill — Merrill’s Pit 3352 CTs 345 kv 600 35.9 600 35.9

3352 Merrill’s Pit — Exeter Switching 795 AA 37 Arbutus 34.5 kV 915 1121 54.7 67.0 | 1201 1351 71.8 80.7
3352 Exeter Switching — Exeter #1 Cu 7 str. 34.5 kV 278 335 16.6 20.0 362 403 21.6 24.1
3353 Guinea — Hampton 3353 CTs 34.5 kv 600 35.9 600 35.9

3353 Hampton — 3346 Line Tap 3353J2 switch 345 kV 400 23.9 400 23.9

3353 3346 Line Tap — Hampton Beach #1 Cu 7 str. 34.5 kv 278 335 16.6 20.0 362 403 21.6 24.1
3354 Guinea — East Kingston 3354 CTs 345 kv 500 29.9 500 29.9

3354 Kingston — East Kingston 03354 CTs 34.5 kv 500 29.9 500 29.9

3356 Kingston — 3358 Line Tap 477 AA 19 Cosmos34.5 kV 663 808 39.6 48.3 868 974 51.9 58.2
3356 3358 Line Tap — Plaistow 336 AA 19 Tulip 345kV 531 645 31.7 38.5 694 777 41.5 46.4
3358 Line Tap — Westville 336 AA 19 Tulip 345kV 531 645 31.7 38.5 694 777 41.5 46.4
3359 Hampton — Seabrook Marsh Tap 336 AA 19 Tulip 34.5kV 531 645 31.7 38.5 694 777 41.5 46.4
3360 Timber Swamp — Guinea 03360 Breaker 345kv | 2000 2000 |119.5 1195 | 2000 2000 |119.5 1195
3362 Great Bay — Dow’s Hill 828 Amp Trip 34.5kV 640 720 38.2 43.0 640 720 38.2 43.0
3371 Timber Swamp — Guinea 03371 Breaker 345kVv | 2000 2000 |119.5 1195 | 2000 2000 |1195 1195
3112 Guinea — Ocean Road Tap 400 Amp Trip 34.5 kv 320 360 19.1 22.7 320 360 19.1 22.7
3165 Guinea — Ocean Road Tap 400 Amp Trip 34.5 kv 320 360 19.1 22.7 320 360 19.1 22.7
3172 Guinea — Ocean Road Tap 400 Amp Trip 34.5 kv 320 360 19.1 22.7 320 360 19.1 22.7

UES-Seacoast Electric System Planning Study 2016-2025 Page B.2




REDACTED

APPENDIX C

UES-SEACOAST TRANSFORMER RATINGS

APPENDIX D
Page 19 of 57

The following is a listing of the present summer and winter thermal ratings for UES-Seacoast

Substation Power Transformers.

Summer Capacity Winter Capacity
Distribution Substation Voltage Normal LTE Normal LTE
Transformers (MVA) (MVA) | (MVA) | (MVA)

1T1 Exeter 4.16 — 34.5 kV 4.49 4.58 5.07 5.38
172 Exeter 4.16 — 34.5 kV 4.49 4.58 5.07 5.38
2T1 Hampton 4.16 — 34.5 kV 6.20 6.32 6.98 7.26
3T1 Hampton Beach 4.16 — 34.5 kV 6.22 6.33 6.88 7.22
3T3 Hampton Beach 13.8-345kV 12.39 12.61 13.86 14.41
5T1 Plaistow 4.16 — 34.5 kV 3.83 3.90 4.38 4.38
6T1 East Kingston 13.8 — 34.5 kV 12.45 12.67 13.86 13.86
7T1 Seabrook 13.8 — 34.5 kV 6.22 6.33 6.98 7.33
13T1  Timberlane 13.8 - 34.5 kV 12.50 12.72 14.07 14.77
17T1  High St. 13.8 —34.5kV 12.45 12.67 13.97 14.66
19T1A Exeter Switch 4.16 — 34.5 kV 0.63 0.65 0.73 077
19T1B Exeter Switch 4.16 — 34.5 kV 0.63 0.65 0.73 0.77
19T1C Exeter Switch 4.16 — 34.5 kV 0.63 0.65 0.73 0.77
20T1  Dow’s Hill 4.16 — 34.5 kV 1.86 1.93 2.18 2.31
21T1  Westville 13.8 —34.5kV 12.45 12.67 13.97 14.64
21T2  Westville 13.8 - 34.5kV 12.45 12.66 13.91 14.61
46X1  Winnacunnet Rd. Steps | 4.16 —34.5kV 3.60 3.60 3.60 3.60

Note: This study does not attempt to identify distribution substation loading concerns. Distribution
substation transformer concerns are identified and addressed under the 5 year distribution planning study.

Summer Capacity

Winter Capacity

System Supply Voltage Normal | Thermal | Normal | Thermal

Transformers (MVA) Limit (MVA) Limit
Great Bay" 115 — 34.5kV 44.8 51° 53.5 63
Timber Swamp TB25" 345 - 34.5 kV 136 160 147 173
Timber Swamp TB69" 345 - 34.5 kV 136 160 147 173
Kingston 22T1 115 - 34.5kV 60 72 60 72
Kingston 22T2 115 — 34.5kV 60 72 60 72

! Property of Eversource
% Great Bay TB141 has an operation limit of 46 MVVA. During the summer of 2010 the Great Bay transformer was
carrying 46 MVA of load and came into alarm. The alarm set point is 90°C top oil temperature. The trip is set at
100°C top oil temperature.
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Ul’litil APPENDIX D

Ut Service Corp Ten-Year System Load Forecasts
' Summer 2016 - 2025

Distribution Engineering Dept.
February 11, 2015

The attached charts and tables summarize the most recent ten-year load forecasts for the
UES-Capital, UES-Seacoast, and FG&E electric systems. For each system, three forecasts are
established — an Average Peak Load, Peak Design Load and Extreme Peak Load. Each forecast
is based on a linear trend of the system’s temperature-adjusted ten-year load history.

Projection Methodology

The historical basis for each system is a series of yearly regression models that are developed to
correlate actual daily loads to actual daily temperatures in that season. Once a model is
established, an estimated peak load can be derived for that season for any given temperature.
There are two dimensions of variability introduced with this modeling. First is the highest daily
temperature experienced within a season, which varies with short-term weather trends from one
year to another. Second is the model estimate of peak load at any specific temperature. This
estimate has its own variation of possibilities due to the influence of other existent factors not
incorporated into the model. These variations are characterized as randomness in making future
projections. The probability distribution for annual highest temperatures is assumed to follow
the discrete distribution of past historical highest temperatures. The random possibilities of peak
load outcomes for any specific temperature are assumed to follow a standard probability
distribution model with a mean centered on the point estimate of the peak load at that
temperature and varying based on its individual standard deviation according to the fit of the
seasonal model to the actual historical values.

To establish load projections, a Monte Carlo simulation is run to produce random annual highest
temperatures and random peak load estimates at those temperatures from each year’s seasonal
model that makes up the historical basis. Each trial in the simulation is projected forward using
linear trending. This results in a range of peak load possibilities for each future year assuming
linear growth, and varying due to annual highest temperature possibilities and variability in loads
versus temperature. The likelihood of specific peak load levels occurring in any particular future
year can be estimated from an assumed probability distribution using the mean and standard
deviation of the trial results for that year. The Average Peak Load, Peak Design Load and
Extreme Peak Load forecasts are set at specific probability limits per the intent of planning
guidelines.

Load Levels

The Average Peak Load is provided as a guide for general load growth decisions not related to
system infrastructure planning. The attached Average Peak Design Load forecasts are set at the
50% probability limit. Based on the assumptions of the modeling and projection methods, each
year there is an equal likelihood of that year’s peak demand load being either higher or lower
than the Average Peak Load level.
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For the purpose of assessing the adequacy of system infrastructure, contingency studies for the
loss of major system elements are evaluated against Peak Design Load levels to identify where
and when system constraints do not meet planning guidelines. The attached Peak Design Load
projections are set at the 90% probability limit. This is intended to roughly equate to a 1-in-10
year likelihood that the Peak Design Load level will be exceeded.

It is important to recognize that with this level of study, constraints and reinforcements are not
necessarily associated with major contingencies occurring only at the highest peak hour of the
year. Instead, they are associated with contingencies occurring any time during broader stretches
of heavy loading that may or may not encompass that one maximum peak hour. In situations
when actual demand somewhat exceeds contingency design forecasts, there should be less
concern that design criteria will be challenged unless a contingency condition also exists at the
same time. The probability of major contingencies existing at times when loads exceed Peak
Design Load levels should be quite small. Furthermore, the period of exposure to those
unplanned conditions should be kept brief if such an event were to occur.

More demanding Extreme Peak Load levels are used for evaluation of system constraints under
these higher conceivable load conditions, but without the loss of major equipment. The attached
Extreme Peak Load projections are set at the 96% probability limit. This is intended to roughly
equate to a 1-in-25 year likelihood that the Extreme Peak Load level will be exceeded. Under
conditions up to these Extreme Peak Load levels, it is essential that the system, with all major
elements in service, meet planning guidelines while serving all customers. In the event that
conditions exceed these Extreme Peak Load levels, load shedding and/or additional loss of
equipment life may be acceptable.
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The UES-Seacoast system reached a peak load for the summer of 2014 of 151.382 MW on July
23,2014 at 6:00 PM*. The daily average temperature was 80°F on this peak day. The highest
peak load for the UES-Seacoast system remains 170.548 MW, set on August 2, 2006 at 5:00 PM.
The daily average temperature for this day was 87°F. The historical mean of annual highest
daily average temperatures for the past ten years? is 84.4°F. The linear trend of the 84°F mean
point estimates from annual load-versus-temperature models for the UES-Seacoast system is
+0.6 MW per year with an average standard deviation of 5.6 MW among the models at this

temperature.

Table 2. UES-Seacoast Ten-Year Summer Design Forecasts
Projected Average Peak Extreme
Summer Peak Load Design Load Peak Load

Season (MW) (MW) (MW)
2016 167.7 182.5 187.3
2017 168.6 185.7 1915
2018 169.7 188.6 195.3
2019 170.3 190.6 197.9
2020 171.4 192.7 200.3
2021 172.4 195.1 204.0
2022 172.9 197.6 206.9
2023 173.7 199.3 209.5
2024 174.5 202.1 211.3
2025 175.2 203.7 214.0
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Chart 2. UES-Seacoast — Historical Summer System Peak Loads and Design Forecasts.

- peak hourly consumption of 151,382 kWhr.

2

in late afternoon temperatures due to thunderstorms on this day.

- with adjustment to the daily average temperature on record for the summer peak day in 2005 to discount a drop
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APPENDIX E

BASE CASE STUDIES

The information provided in this section describes details of power flow simulation results
for year by year studies of the UES—Seacoast system in its normal or proposed operating
configuration(s). The system is examined for deficiencies under peak design and extreme
peak loading conditions with all elements in service. Details are quantified as to the
adequacy of the normal system operating configuration, and substation and subtransmission
system infrastructure. System voltages or equipment loadings that are approaching
operational limits are noted.

Unless otherwise noted, the system is modeled in its normal “summer season” operating
configuration, summarized as follows:

3360 Line, Timber Swamp to Guinea
e 43J60 switch normally open at Guinea

3371 Line, Timber Swamp to Guinea
e 54J71 switch normally open at Guinea

3343 Line, Guinea to Kingston
e 3343 breaker normally open at Guinea

43J18X1 switch normally open at the Guinea
J643 switch normally open at East Kingston
43354 X1 switch normally open at the New Boston Road Tap
Distribution loads normally supplied:

- Willow Road Tap circuit 43X1

- Shaw’s Hill Tap circuits 27X1 and 27X2

- Munt Hill Tap circuit 28X1

3354 Line, Guinea to Kingston
+ 3354 breaker normally open at Guinea
54J43X1 switch normally open at the Willow Road Tap
54J27 switch normally open at Shaw’s Hill Tap
54J28 switch normally open at Munt Hill Tap
Distribution loads normally supplied:

- East Kingston S/S circuits 6W1 and 6W?2

- New Boston Road Tap circuit 54X1
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3342 Line, Guinea to Hampton Beach
« BT-2 switch normally open at Hampton
« J042 switch normally open at Hampton Beach
« Distribution loads normally supplied:
- Hampton S/S circuit 2X2

3353 Line, Guinea to Hampton Beach
+ 53J46 switch normally open at the 3346 Line Tap
« Distribution loads normally supplied:
- Hampton S/S circuits 2H1 and 2X3
- Hampton Beach S/S circuits 3H1, 3H2, 3H3 and 3W4

3359 Line, Guinea to Seabrook Marsh Tap
+ 3359J5 switch normally open at the Cemetery Lane S/S
« Distribution loads normally supplied:

- Mill Lane Tap circuit 23X1

- Stard Road Tap circuit 59X1

- Cemetery Lane S/S circuit 15X1

3348 Line, Hampton to Seabrook Marsh Tap
« Distribution loads normally supplied:
- Seabrook Station

3346 Line, 3346 Line Tap to High Street
« Distribution loads normally supplied:
- Brazonics
- Hampton sewer treatment plant
- Winnacunnet Road Tap circuit 46X1
- High Street S/S circuits 17W1 and 17W2

3350 Line, Seabrook Marsh Tap to Seabrook
« Distribution loads normally supplied:
- Seabrook S/S circuits 7TW1 and 7X2

3345 Line, Kingston to Plaistow
e 45J56X1 switch normally open at the Hunt Road Tap
s 45J56X2 switch normally open at the Dorre Road Tap
« Distribution loads normally supplied:

- Timberlane S/S circuits 13W1, 13W2, and 13X3

- Plaistow S/S circuits 5H1 and 5H2
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3356 Line, Kingston to Plaistow
« J1356 switch normally open at Timberlane
« J556 switch normally open at Plaistow
« Distribution loads normally supplied:
- Hunt Road Tap circuit 56X1
- Dorre Road Tap circuit 56X2

3358 Line, Plaistow to Westville
« Distribution loads normally supplied:
- Process Engineering
- Westville Road Tap circuit 58X1
- Westville S/S circuits 21W1 and 21W2

3351 Line, Great Bay to Merrill’s Pit

« Distribution loads normally supplied:
- Winnicutt Road Tap circuit 51X1
- Dow’s Hill S/S circuit 20H1

3362 Line, Great Bay to Merrill’s Pit

s 62J51X1 switch normally open at Winnicutt Road Tap
+ 3347B recloser normally open at 3347 Line Tap

s J2062 switch normally open at Dow’s Hill

3347 Line, 3347 Line Tap to Portsmouth Avenue
« Distribution loads normally supplied:
- Guinea Road Tap circuit 47X1
- Osram Sylvania
- Portsmouth Avenue S/S circuits 11X1 and 11X2

3341 Line, Wolf Hill to Exeter
03341 recloser normally closed at Wolf Hill
41J51 switch normally open at Merrill’s Pit
41J57 switch normally open at P.E.A. Tap
J041 switch normally closed at Exeter Switching
BT-1A switch normally open at Exeter Switching
Distribution loads normally supplied:

- Exeter Switching S/S circuit 19X2

- Exeter S/S circuit 1H3

3352 Line, Wolf Hill to Exeter

« 3352 recloser normally open at Wolf Hill

+ Distribution loads normally supplied:
- P.EA.
- Exeter Switching S/S circuit 19H1 and 19X3
- Exeter S/S circuit 1H4
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Additionally, the following system capacitor banks are modeled as being switched in during
summer peak conditions:

Guinea S/S

Guinea S/S (2-3.6 MVAr banks)
Kingston S/S (4-4.8 MV Ar banks)
3351 Line at the 3347 Line Tap
3362 Line at the 3347 Line Tap
Portsmouth Avenue S/S

3352 Line at P.E.A. Tap

High Street S/S

Seabrook S/S

3359 Line at Mill Lane Tap

3343 Line at New Boston Rd. Tap
3354 Line at New Boston Rd. Tap
3345 Line at Plaistow S/S

3356 Line at Plaistow S/S

East Kingston S/S 13.8kV Bus
3358 Line at Westville S/S
Westville S/S 13.8kV Bus

Timberlane S/S (2-900 KVAR banks)

Hampton Beach S/S
Hampton Beach S/S

6.6 MVAr (34.5 kV)
7.2 MVAr (345 kV)
19.2 MVAr (34.5 kV)
2.4 MVAr (34.5 kV)
2.4 MVAT (34.5 kV)
2.4 MVAr (34.5 kV)
2.4 MVAT (34.5 kV)
2.4 MVAT (34.5 kV)
1.8 MVAr (345 kV)
2.4 MVAT (34.5 kV)
2.4 MVAT (34.5 kV)
2.4 MVAr (34.5 kV)
2.4 MVAr (34.5 kV)
2.4 MVAr (34.5 kV)
1.2 MVAr (13.8 kV)
2.4 MVAr (34.5 kV)
1.2 MVAr (13.8 kV)
1.8 MVAr (13.8 kV)
1.2 MVAr (4.16 kV)
0.6 MVAr (4.16 kV)

Other capacitors on distribution circuits are typically not directly modeled, but rather are
included within modeled loads.

The system is examined for deficiencies under peak design and extreme peak loading
conditions with all elements in service. In addition, the system is examined for deficiencies
under peak design and extreme peak loading conditions with at least half of the available
generation off-line. Details are quantified as to the adequacy of the normal system operating
configuration, and substation and subtransmission system infrastructure.

The following table is used to summarize the results of the analysis. Not all of the items
identified in the table are violations of established planning guidelines. All conditions where
the loading is at or above the normal rating or where voltage levels are at or below the
planning criteria are identified. An asterisk (*) is used to identify the results which do not

meet planning guidelines. Each condition which does not meet planning criteria is
considered to be a system constraint and a system improvement alternative is required. The
table is organized by year and load level. For each basecase, there may be multiple
conditions that result.
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Load
Year Level | * Location/Element Condition Planning Criteria or Rating
(MW)
2016 182.5 Great Bay 44.8 MV A Transformer 93% Eversource Operational Limit Loading > Operational Limit
2022 1976 Great Bay 44.8 MV A Transformer 91% Eversource TFRAT Loading > TRAFT

Great Bay 44.8 MV A Transformer

101% Eversource Operational Limit

Loading > Operational Limit

Extreme (Extreme Peak Load) Planning Flags

Load
Year Level | * Location/Element Condition Planning Criteria or Rating
(MW)
2016 187.3 Great Bay 44.8 MV A Transformer 97% Eversource Operational Limit Loading > Operational Limit
2017 185.7 Great Bay 44.8 MV A Transformer 91% Eversource TFRAT Loading > TRAFT
Great Bay 44.8 MV A Transformer 101% Eversource Operational Limit Loading > Operational Limit
2025 2140 | * Great Bay 44.8 MV A Transformer 101% Eversource TFRAT Loading > TRAFT
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APPENDIX F

CONTINGENCY ANALYSIS

The information provided in this section describes the power flow simulation results for the
case by case studies of the loss of system elements at peak load conditions. These details are
provided to quantify the adequacy of substation and subtransmission system infrastructure
under contingency circumstances, and to guide development of operating procedures to
respond to these scenarios. System voltages or equipment loadings that are approaching
operational limits are described for each significant switching step. Details regarding
troubleshooting faults or isolation of specific components to be left out of service are not
typically provided. Similarly, not all details that would be required in formal switching
orders are included.

The following is a summary list of the loss-of-element contingencies studied:

1)
2)
3)
4)
5)
6)
7)
8)
9)
10)
11)
12)
13)
14)
15)
16)
17)
18)
19)
20)
21)
22)
23)
24)

Loss of Timber Swamp TB25 Transformer
Loss of Kingston 22T2 Transformer

Loss of Kingston 22T2 Transformer

Loss of Great Bay TB141 Transformer

Loss of 3360 Line, Timber Swamp to Guinea
Loss of 3371 Line, Timber Swamp to Guinea
Loss of 3343 Line, Kingston to Guinea

Loss of 3354 Line, Kingston to Guinea

Loss of 3345 Line, Kingston to Plaistow

Loss of 3356 Line, Kingston to Plaistow

Loss of 3358 Line at Plaistow

Loss of 3351 Line, Great Bay to Merrill’s Pit
Loss of 3362 Line, Great Bay to Merrill’s Pit
Loss of 3347 Line at 3347 Line Tap

Loss of 3341 Line at Merrill’s Pit

Loss of 3352 Line at Merrill’s Pit

Loss of 3342 Line, Guinea to Hampton

Loss of 3353 Line, Guinea to Hampton

Loss of 3359 Line, Guinea to Mill Lane Tap
Loss of 3348 Line at Hampton

Loss of 3342 Line, Hampton to Hampton Beach
Loss of 3353 Line, Hampton to Hampton Beach
Loss of 3346 Line at 3346 Line Tap

Loss of 3350 Line at Seabrook Station Marsh Tap

For each element scenario, the system was reviewed only under the assumed worst
circumstances for the location of the loss of equipment. Furthermore, the switching
examined may in some cases set up a configuration that appears to re-energize a faulted
element or ignore a lack of sectionalizing. As a study of system capabilities, the emphasis is
on performance in contingency configurations, and not maintenance switching or emergency
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troubleshooting. Finally, the switching examined may not be the only contingency response
available.

The following table is used to summarize the results of the analysis. Not all of the items
identified in the table are violations of established planning guidelines. All conditions where
the loading is at or above the normal rating or where voltage levels are at or below the
planning criteria are identified. An asterisk (*) is used to identify the results which do not
meet planning guidelines. Each condition which does not meet planning criteria is
considered to be a system constraint and a system improvement alternative is required.

The table is organized by year and load level. For each contingency, there may be multiple
conditions that result. For each of the conditions, an exposure calculation is completed to
determine the number of individual and consecutive hours as well as the number of
individual and consecutive days where the system may be exposed to this condition. The last
column is used to identify which planning criteria have been surpassed. The results from this
analysis are summarized in the following table.
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Load
Level
Year (MW) Contingency Condition Exposure Planning Criteria or Rating
1 0,
3353 Line, Guinea to Hampton @ >12 hrs Loagg]rgn:oig?hﬁn'\lf; mal
120% of Normal consecutive hours
Loss of 3359 Line, Guinea to Mill Lane 3348 Line, Hampton to Seabrook
Station Marsh Tap @ 101% of <12 hrs Loading > 100% Normal
Normal
3342 Breaker at Guinea @ 129% . ..
of Thermal Limit Loading > Thermal Limit
3342J1 Switch at Hampton @ . -
2016 182.5 Loss of 3353 Line, Guinea to Hampton 129% of Thermal Limit Loading > Thermal Limit
. . Loading > 100% Normal
3342 Line, Guinea to Hampton @ > 12 hrs For more than 12
117% of Normal :
consecutive hours
. . Loading > 100% Normal
Loss of 3342 Line, Guinea to Hampton 3353 Line, Guinea to Hampton @ > 12 hrs For more than 12
117% of Normal ;
consecutive hours
. S 3810X overcurrent protection at Loading > 80% Trip
Loss of 3351 Line, Great Bay to Merrill’s Pit 86% of pick-up setting Setting
. . . 3353 Line, Guinea to Hampton @ . 0
2017 185.7 Loss of 3359 Line, Guinea to Mill Lane 101% of LTE Loading > 100% LTE
. 3359 Line, Guinea to Mill Lane : 0
2018 188.6 Loss of 3348 Line @ 101% of Normal <12 hrs Loading > 100% Normal
- - e
2019 | 190.6 | Lossof 3351 Line, Great Bay to Merrill’s Pit | SoL0X overeurrent protection at Loading > 90% Trip
91% of pick-up setting Setting
Loss of 3342 Line, Guinea to Hampton 3353 Line, Guinea to Hampton @ Loading > 100% LTE
101% of LTE
2020 192.7 3342 Line, Guinea to Hampton @
. . , . 0
Loss of 3353 Line, Guinea to Hampton 101% of LTE Loading > 100% LTE
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Load
Level
Year (MW) Contingency Condition Exposure Planning Criteria or Rating
. . . 3356 Line, Kingston to Hunt . 0
2023 1903 Loss of 3345 Line, Kingston to Plaistow Road @ 101% of Normal <12 hrs Loading > 100% Normal
Loss of 3356 Line, Kingston to Plaistow 3345 Line, Kingston to Hunt <12 hrs Loading > 100% Normal

Road @ 100% of Normal
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APPENDIX G
CONTINGENCY SWITCHING PROCEDURES

The information provided in this section describes the system switching analyzed in the
contingency analysis. The results of these simulations are summarized in the table in
Appendix F.

The information below describes the initial event, initial load out of service, switching
procedure to restore load, and system concerns. The initial event describes which devices
have operated to isolate the fault. The initial load out of service is the load which has been
isolated in conjunction with the initial event. The switching procedure to restore load is the
approach that has been taken to restore as much load as possible while still satisfying
applicable planning criteria. This is meant to be used as a guide and not as step by step
switching procedures to be implemented in the field. Finally, those system concerns that
have been identified by the analysis of the final configuration are listed for the 10 year study
timeframe.

1) Loss of Timber Swamp TB25 Transformer
(Timber Swamp TB25 transformer fault)
Initial Event:
- 6925 trips and locks out at Timber Swamp 345 kV Ring Bus
- 3135 trips and locks out at Timber Swamp 345 kV Ring Bus

- Load out of service:

Guinea 18X1 Cemetery Lane 15X1

Hampton 2H1, 2X2 and 2X3 Seabrook Station

Hampton Beach 3H1, 3H2, 3H3, 3W4 Munt Hill Tap 28X1
Winnacunnet Road Tap 46X1 Shaw’s Hill Tap 27X1 and 27X2
High Street 17W1 and 17W?2 Willow Road Tap 43X1
Brazonics East Kingston 6W1 and 6W2
Hampton sewer treatment plant New Boston Road Tap 54X1
Seabrook 7W1 and 7X2 Exeter Switching 19X2

Mill Lane Tap 23X1
Stard Road Tap 59X1

Automated Switching
- Timber Swamp S/S — TB25 opens
- Timber Swamp S/S — BT62 closes
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- Load restored:
Guinea 18X1
Hampton 2H1, 2X2 and 2X3
Hampton Beach 3H1, 3H2, 3H3, 3W4
Winnacunnet Road Tap 46X1
High Street 17W1 and 17W?2
Brazonics
Hampton sewer treatment plant
Seabrook 7W1 and 7X2
Mill Lane Tap 23X1
Stard Road Tap 59X1

- All load restored

System Comments and Concerns:
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Cemetery Lane 15X1

Seabrook Station

Munt Hill Tap 28X1

Shaw’s Hill Tap 27X1 and 27X2
Willow Road Tap 43X1

East Kingston 6W1 and 6W2
New Boston Road Tap 54X1
Exeter Switching 19X2

- All elements within planning criteria throughout the study period.

2) Loss of a Kingston 22T1 Transformer
(Kingston 22T1 transformer fault)

Initial Event:

- 22T1 breaker trips and locks out at Kingston

- 22XT1 low-side protection trips and locks out at Kingston

- Load out of service:
Munt Hill 28X1
Willow Road 43X1
Timberlane 13W1, 13W2, 13X3

Switching Procedures:
1. Kingston S/S — close BT22A breaker

- Load restored:
Munt Hill 28X1
Willow Road 43X1
Timberlane 13W1, 13W2, 13X3

System Comments and Concerns:

Shaw’s Hill 27X1, 27X2
Kingston 22X2
Plaistow 5H1, 5H2

Shaw’s Hill 27X1, 27X2
Kingston 22X2
Plaistow 5H1, 5H2

- Kingston 22T1 expected to exceed 90% of 72 MVA thermal rating at total system

load levels above 180 MW (prior to 2016).

* - Kingston 22T1 expected to exceed its 72 MVA thermal rating at total system load

levels above 206 MW (2020 and later).

... reconfigure system to reduce loading concerns ...
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2. Guinea Sw/S — close 3354 breaker
3. Kingston S/S — open 03354 breaker

System Comments and Concerns:
- All elements within planning criteria throughout the study period.
3) Loss of a Kingston 22T2 Transformer
(Kingston 22T2 transformer fault)
Initial Event:
- 22T1 breaker trips and locks out at Kingston

- 22XT1 low-side protection trips and locks out at Kingston

- Load out of service:

East Kingston 6W1, 6W2 New Boston Road 54X1
Kingston 22X1 Hunt Road 56X1

Dorre Road 56X2 Process Engineering
Westville Road Tap 58X1 Westville 21W1, 21W?2

Switching Procedures:
2. Kingston S/S — close BT22A breaker

- Load restored:

East Kingston 6W1, 6W2 New Boston Road 54X1
Kingston 22X1 Hunt Road 56X1

Dorre Road 56X2 Process Engineering
Westville Road Tap 58X1 Westville 21W1, 21W?2

System Comments and Concerns:
- All elements within planning criteria throughout the study period.

4) Loss of Great Bay TB141 Transformer
(failure of TB141 transformer)
Initial Event:
- J141 trips and locks out at Great Bay
- TB141 trips and locks out at Great Bay

- Load out of service:

Winnicutt Rd. Tap 51X1 Dow’s Hill 20H1

Guinea Rd. Tap 47X1 P.E.A.

Osram/Sylvania Exeter Switching 19H1, 19X3
Portsmouth Ave. 11X1, 11X2 Exeter 1H3 and 1H4
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Switching Procedures:
1. Great Bay S/S — open 3260X breaker
2. Great Bay S/S — open 3810X breaker
3. Merrill’s Pit — close 41J51 Switch
- Load restored:
Winnicutt Rd. Tap 51X1 Dow’s Hill 20H1
Guinea Rd. Tap 47X1 Portsmouth Ave. 11X1, 11X2
Osram/Sylvania
4. Wolf Hill — close 3352 recloser
- Load restored:
Exeter Switching 19H1, 19X3
Exeter 1H4
P.E.A.

- All load restored

System Comments and Concerns:
At a system load level of 203.7MW (2025)
- Wolf Hill recloser disconnect switches @98% of their Normal/LTE rating.

5) Loss of 3360 Line, Timber Swamp to Guinea
(fault between 03360 breaker at Timber Swamp and 3360 breaker at Guinea)

Initial Event:
- 03360 trips and locks out at Timber Swamp
- 3360 trips and locks out at Guinea

- Load out of service:
Exeter Switching 19X2

1. Wolf Hill — open 03341 recloser
2. Wolf Hill — close 3352 recloser
3. Merrill’s Pit — open 52J62 switch
4. Merrill’s Pit — close 41J51 Switch
- Load restored:
- Exeter Switching 19X2

- All load restored

System Comments and Concerns:
- All elements within planning criteria throughout the study period.
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6) Loss of 3371 Line, Timber Swamp to Guinea
(fault between 3341 breaker at Timber Swamp and 3371 breaker at Guinea)

Initial Event:
- 03371 trips and locks out at Timber Swamp
- 3371 trips and locks out at Guinea

- No Load out of service

Switching Procedures:
No switching necessary

System Comments and Concerns:
- All elements within planning criteria throughout the study period.

7) Loss of 3343 Line, Kingston to Guinea
(fault between 3343 breaker at Guinea and 03343 breaker at Kingston)

Initial Event:
- 03343 trips and locks out at Kingston

- Load out of service:
Willow Road Tap 43X1 Munt Hill Tap 28X1
Shaw’s Hill Tap 27X1, 27X2

Switching Procedures:
1. Willow Rd. Tap — open 43J43X1 switch
2. Willow Rd. Tap — close 54J43X1 switch
- Load restored:
Willow Rd. Tap 43X1
Munt Hill Tap — open 43J28 switch
4. Munt Hill Tap — close 54J28 switch
- Load restored:
Munt Hill Tap 28X1
Shaw’s Hill Tap — open 43J27 switch
6. Shaw’s Hill Tap — close 54J27 switch
- Load restored:
Shaw’s Hill Tap 27X1, 27X2

w

o

- All load restored:

System Comments and Concerns:
- All elements within planning criteria throughout the study period.
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8) Loss of 3354 Line at Kingston
(fault between 3354 breaker at Guinea and 3354J3 switch at East Kingston)

Initial Event:
- 03354 trips and locks out at Kingston

- Load out of service:
New Boston Road Tap 54X1 East Kingston 6W1, 6W2

Switching Procedures:
1. New Boston Road Tap — open 54J54X1 switch
2. New Boston Road Tap — close 43J54X1 switch
- Load restored:
New Boston Road Tap 54X1
3. East Kingston S/S — open J654 switch
4. East Kingston S/S — close J643switch
- Load restored:
East Kingston 6W1, and 6W2

- All load restored

System Comments and Concerns:
- All elements within planning criteria throughout the study period.

9) Loss of 3345 Line, Kingston to Plaistow
(fault between 3345 breaker at Kingston and J545 switch at Plaistow)

Initial Event:
- 3345 trips and locks out at Kingston

- Load out of service:
Timberlane 13W1, 13W2, 13X3
Plaistow 5H1, 5H2

Switching Procedures:
1. Plaistow S/S — open J545 switch
2. Plaistow S/S — close J556 switch
- Load restored:
Plaistow 5H1, 5H2
3. Timberlane S/S — open J1345 switch
4. Timberlane S/S — close J1356 switch
- Load restored:
Timberlane 13W1, 13W2, 13X3

- All load restored
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System Comments and Concerns:
At a system load level of 182.5MW (2016):
- All elements within planning criteria.

At a system load level of 203.7MW (2025):
- 3356 Line @104% of its Normal Rating.

10)  Loss of 3356 Line, Kingston to Plaistow
(fault between 3356 breaker at Kingston and J556 switch at Plaistow)

Initial Event:
- 3356 trips and locks out at Kingston

- Load out of service:
Hunt Rd. Tap 56X1 Westville 21W1, 21W2
Dorre Rd. Tap 56X2 Process Engineering
Westville Rd. Tap 58X1

Switching Procedures:
1. Plaistow S/S — open 3356J1 switch
2. Plaistow S/S — close J556 switch
- Load restored:
Westville Rd. Tap 58X1 Process Engineering
Westville 21W1, 21W?2
Hunt Rd. Tap — open 56J56X1 switch
4. Hunt Rd. Tap — close 45J56X1 switch
- Load restored:
Hunt Rd. Tap 56X1
Dorre Rd. Tap — open 56J56X2 switch
6. Dorre Rd. S/S — close 45J56X2 switch
- Load restored:
Dorre Rd. Tap 56X2

.

o1

- All load restored

System Comments and Concerns:
At a system load level of 182.5MW (2016):
- All elements within planning criteria.

At a system load level of 203.7MW (2025):
- 3345 Line @103% of its Normal Rating.
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11)  Loss of 3358 Line at Plaistow
(fault between 56J58 switch at Plaistow. and DS21 at Westville)

Initial Event:
- 3356 trips and locks out at Kingston

- Load out of service:
Hunt Rd. Tap 56X1 Westville 21W1, 21W?2
Dorre Rd. Tap 56X2 Process Engineering
Westville Rd. Tap 58X1

Switching Procedures:
1. Plaistow S/S — open 56J58 switch
2. Kingston S/S — close 3356 breaker
- Load restored:
Hunt Rd. Tap 56X1
Dorre Rd. Tap 56X2
- No Additional Switching Available

- Load remaining out of service
Westville Rd. Tap 58X1 Process Engineering
Westville 21W1, 21W?2

System Comments and Concerns:
At a system load level of 182.5MW (2016):
- Up to 21 MW remain out of service.

At a system load level of 203.7MW (2025):
- Up to 24 MW remain out of service.

12)  Loss of 3351 Line, Great Bay to Merrill’s Pit
(fault between 3260X breaker at Great Bay and 41J51 switch at Merrill’s Pit)

Initial Event:
- 3260X trips and locks out at Great Bay

- Load out of service:
Winnicutt Rd. Tap 51X1 Dow’s Hill 20H1
Guinea Rd. Tap 47X1 Osram/Sylvania
Portsmouth Ave. 11X1, 11X2

Automated Switching
- 3347 Line Tap — 3347A opens
- 3347 Line Tap — 3347B closes
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- Load restored:
Guinea Rd. Tap 47X1 Osram/Sylvania
Portsmouth Ave. 11X1, 11X2

Switching Procedures:
1. Winnicutt Rd. Tap — open 51J51X1 switch
2. Winnicutt Rd. Tap — close 62J51X1 switch
- Load restored:
Winnicutt Rd. Tap 51X1
3. Dow’s Hill S/S — open J2051 switch
4. Dow’s Hill S/S — close J2062 switch
- Load restored:
Dow’s Hill 20H1

- All load restored

System Comments and Concerns:
At a system load level of 182.5MW (2016):
- 3810X overcurrent protection at 86% of its minimum pick-up setting.

At a system load level of 203.7MW (2025):
- 3810X overcurrent protection at 97% of its minimum pick-up setting.

13)  Loss of 3362 Line, Great Bay to Merrill’s Pit
(fault between 3810X breaker at Great Bay and 52J62 switch at Merrill’s Pit)

Initial Event:
- 3810X trips and locks out at Great Bay

- Load out of service:
Exeter Switching 19H1, 19X3 P.E.A.
Exeter 1H4

Switching Procedures:
1. Merrill’s Pit — open 52J62 switch
2. Wolf Hill — close 3352 recloser
- Load restored:
Exeter Switching 19H1, 19X3 P.E.A.
Exeter 1H4

- All load restored

System Comments and Concerns:
- All elements within planning criteria throughout the study period.
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14)  Loss of 3347 Line at 3347 Line Tap
(fault between 3347 Line Tap and 3347J3 Switch)

Initial Event:
- 3347A trips and locks out at 3347 Line Tap
- 3347B remains open at 3347 Line Tap

- Load out of service:
Guinea Rd. Tap 47X1 Osram/Sylvania
Portsmouth Ave. 11X1, 11X2

Switching Procedures:
No Subtransmission switching available

... utilize distribution ties to restore as much load as possible ...

System Comments and Concerns:
At a system load level of 182.5MW (2016):
- Up to 18 MW remain out of service.

At a system load level of 203.7MW (2025):
- Up to 20 MW remain out of service.

15)  Loss of 3341 Line at Merrill’s Pit
(fault between 41J51 switch at Merrill’s Pit and 03341 breaker at Wolf Hill)

Initial Event:
- 03341 recloser trips and locks out at Wolf Hill

- Load out of service:
Summer 2024:
Exeter Sw/S 19X2 Exeter 1H3
Switching Procedures:
1. Wolf Hill — close 3352 recloser
2. Merrill’s Pit — open 52J62 switch
3. Exeter SW/S — open J041 switch
4. Exeter Sw/S — close BT-1A switch
- Load restored:
Exeter Sw/S 19X2 Exeter 1H3

- All load restored

System Comments and Concerns:
- All elements within planning criteria throughout the study period.
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16)  Loss of 3352 Line at Merrill’s Pit
(fault between 52J62 switch at Merrill’s Pit and 3352 breaker at Wolf Hill)

Initial Event:
- 3810X trips and locks out at Great Bay

- Load out of service:
Exeter Switching 19H1, 19X3 P.E.A.
Exeter 1H4

Switching Procedures:
1. Exeter Sw/S — open J052 switch
2. Exeter SW/S — close BT-1A switch
- Load restored:
Exeter Switching 19H1, 19X3 Exeter 1H4
3. P.E.A. Tap — open 52J57 switch
4. P.E.A. Tap — close 41J52 switch
- Load restored:
P.E.A.

- All load restored

System Comments and Concerns:
- All elements within planning criteria throughout the study period.

17)  Loss of 3342, Guinea to Hampton
(fault between 3342 breaker at Guinea and 3342J1 switch at Hampton)

Initial Event:
- 3342 trips and locks out at Guinea

- Load out of service:
Hampton 2X2 High Street 17W1, 17W2
Winnacunnet Rd. Tap 46X1 Brazonics
Hampton Sewer Treatment Plant

Switching Procedures:
1. Hampton S/S — open 3342J1 switch
2. Hampton S/S — close BT-2 switch
- Load restored:
Hampton 2X2 High Street 177W1, 17W2
Winnacunnet Rd. Tap 46X1 Brazonics
Hampton Sewer Treatment Plant
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- All load restored

System Comments and Concerns:
At a system load level of 182.5MW (2016):
- 3353 Line @117% of its Normal Rating.
- 3353 Line @96% of its LTE Rating.

At a system load level of 203.7MW (2025):
- 3353 Line @132% of its Normal Rating.
- 3353 Line @108% of its LTE Rating.

... reconfigure system as necessary to reduce loading concerns ...

3. Seabrook Station Marsh Tap — open 48J50 switch
4. Cemetery Lane S/S — close 3359J5 switch

- Load out of service:
Seabrook 7W1, 7X2 Seabrook Station

- All load restored:

System Comments and Concerns:
At a system load level of 182.5MW (2016):
- 3359 Line @97% of its Normal Rating.

At a system load level of 203.7MW (2025):
- 3359 Line @110% of its Normal Rating.
- 3359 Line @98% of its LTE Rating.

18)  Loss of 3353, Guinea to Hampton
(fault between 3353 breaker at Guinea and 3353J1 switch at Hampton)

Initial Event:
- 3353 trips and locks out at Guinea

- Load out of service:
Hampton 2H1, 2X3 Seabrook 7W1, 7X2
Hampton Beach 3H1, 3H2, 3H3, 3W4 Seabrook Station

Switching Procedures:
1. Hampton S/S — open 3353J1 switch
2. Hampton S/S — close BT-2 switch

- Load restored:
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Hampton 2H1, 2X3 Seabrook 7W1, 7X2
Hampton Beach 3H1, 3H2, 3H3, 3W4 Seabrook Station

- All load restored

System Comments and Concerns:
At a system load level of 182.5MW (2016):
- 3342 Breaker at Guinea @129% of its Thermal Limit.
- 3342J1 Switch at Hampton @129% of its Thermal Limit.
- 3342 Line @117% of its Normal Rating.
- 3342 Line @96% of its LTE Rating.

At a system load level of 203.7MW (2025):

- 3342 Breaker at Guinea @146% of its Thermal Limit.

- 3342J1 Switch at Hampton @146% of its Thermal Limit.
- 3342 Line @132% of its Normal Rating.

- 3342 Line @108% of its LTE Rating.

... reconfigure system as necessary to reduce loading concerns ...

3. Seabrook Station Marsh Tap — open 48J50 switch
4. Cemetery Lane S/S — close 3359J5 switch

- Load out of service:
Seabrook 7W1, 7X2 Seabrook Station

- All load restored:

System Comments and Concerns:
At a system load level of 182.5MW (2016):
- 3359 Line @97% of its Normal Rating.

At a system load level of 203.7MW (2025):
- 3359 Line @110% of its Normal Rating.
- 3359 Line @98% of its LTE Rating.

19)  Loss of 3359 Line, Guinea to Mill Lane Tap
(fault between 3359 breaker at Guinea and 3359J8 switch at Mill Road Tap)

Initial Event:
- 3359 trips and locks out at Guinea

- Load out of service:
Mill Lane Tap 23X1 Cemetery Lane 15X1
Stard Road Tap 59X1
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Switching Procedures:
1. Mill Lane Tap — open 3359J8 switch
2. Cemetery Lane S/S — close 3359J5 switch
- Load restored:
Mill Lane Tap 23X1 Cemetery Lane 15W1
Stard Road Tap 59X1

- All load restored:

System Comments and Concerns:
At a system load level of 182.5MW (2016):
- 3353 Line @120% of its Normal Rating.
- 3353 Line @98% of its LTE Rating.
- 3348 Line @100% of its Normal Rating.

At a system load level of 203.7MW (2025):
- 3353 Line @135% of its Normal Rating.
- 3353 Line @111% of its LTE Rating.

- 3348 Line @112% of its Normal Rating.
- 3348 Line @99% of its LTE Rating.

... reconfigure system as necessary to reduce loading concerns ...

Lafayette Road — close 2X3J15X1 switch
Cemetery Lane S/S — open 15X1 recloser
Hampton S/S Beach — close J042 switch
Hampton Beach S/S — open J053 Switch

ok

System Comments and Concerns:
At a system load level of 203.7MW (2025):
- 3353 Line @104% of its Normal Rating.

20)  Loss of 3348 Line at Hampton
(fault between 3348 breaker at Hampton and 48J50 switch at Seabrook Station Marsh
Tap)

Initial Event:
- 3348 trips and locks out at Hampton

- Load out of service:
Seabrook 7W1, 7X2 Seabrook Station
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Switching Procedures:
1. Seabrook Station Marsh Tap — open 48J50 switch
2. Cemetery Lane S/S — close 3359J5 switch

- Load out of service:
Seabrook 7W1, 7X2 Seabrook Station

- All load restored:

System Comments and Concerns:
At a system load level of 182.5MW (2016):
- 3359 Line @97% of its Normal Rating.

At a system load level of 203.7MW (2025):
- 3359 Line @110% of its Normal Rating.
- 3359 Line @98% of its LTE Rating.

21)  Loss of 3342 Line, Hampton to Hampton Beach
(fault between 3342R1 breaker at Hampton and J042 switch at Hampton Beach)

Initial Event:
- 3342R1 trips and locks out at Hampton

- Load out of service:
Winnacunnet Rd. Tap 46X1 Brazonics
High Street 17W1, 17W2 Hampton Sewer Treatment Plant

Switching Procedures:
1. 3346 Line Tap — open 42J46 switch
2. 3346 Line Tap — close 53J46 switch
- Load restored:
Winnacunnet Rd. Tap 46X1 Brazonics
High Street 17W1, 17W2 Hampton Sewer Treatment Plant

- All load restored:
System Comments and Concerns:
- All elements within planning criteria throughout the study period.
22)  Loss of 3353 Line, Hampton to Hampton Beach

(fault between 3353R1 breaker at Hampton and JO53 switch at Hampton Beach)

Initial Event:
- 3353R1 trips and locks out at Hampton
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- Load out of service:
Summer 2024
Hampton Beach 3H1, 3H2, 3H3, 3W4

Switching Procedures:
1. Hampton Beach S/S — open J053 switch
2. Hampton Beach S/S — close J042 switch
- Load restored:
Hampton Beach 3H1, 3H2, 3H3, 3W4
- All load restored:

System Comments and Concerns:
- All elements within planning criteria throughout the study period.

23)  Loss of 3346 Line at 3346 Line Tap
(fault between Hampton Tap and High Street S/S)

Initial Event:
- 3342R1 trips and locks out at Hampton

- Load out of service:
Winnacunnet Rd. Tap 46X1 Brazonics
High Street 17W1, 17W2 Hampton Sewer Treatment Plant

Switching Procedures:
No Subtransmission switching available

System Comments and Concerns:
At a system load level of 182.5MW (2016):
- Up to 9 MW remain out of service.

At a system load level of 203.7MW (2025):
- Up to 10 MW remain out of service.

24)  Loss of 3350 Line at Seabrook Station Marsh Tap
(fault between 3350 Line Tap at Seabrook Station Marsh Tap and 3350J1 switch at
Seabrook)

Initial Event:
- 3348 trips and locks out at Hampton

- Load out of service:
Seabrook 7W1, 7X2 Seabrook Station
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Switching Procedures:
1. Seabrook Station Marsh Tap — open 50J59 switch
2. Cemetery Lane S/S — close 3359J5 switch
- Load restored:
Seabrook Station

- Load remaining out of service
Seabrook 7W1,