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Executive Summary

A. Introduction

This report summarizes the first, Utility Operations, phase of an audit of the affiliated transactions
and a management audit that The Liberty Consulting Group (Liberty), conducted on behalf of the
New Jersey Board of Public Utilities (Board or BPU), of Jersey Central Power & Light Company
(JCP&L), FirstEnergy (FE), and its affiliates. Our examination consisted of following phases:
e Phase One: Expedited treatment of a focused series of topics grouped together to comprise
a “Utility Operations” component - - this report describes the results of our examination of
these topics
e Phase Two: Subsequent treatment of functions remaining to be addressed as part of a
comprehensive management audit of JCP&L and an audit of the affiliated transactions
among JCP&L, FirstEnergy, and its affiliates - - a second report will describe the results
of our examination of topics within that scope.

We completed audit field work on the topics summarized in this report largely by September 1,
2021, but have been able to incorporate some subsequently provided information. We have yet to
have time to review some information, evaluate it, and follow-up as required with management.
Throughout Phase One, management has frequently failed to provide responses to audit requests
in accord with either the normal durations for engagements of this type, more generous due dates
acknowledging failure to meet normal ones, or requests expedited because of the shortened time
schedule all understood at the outset of our engagement. We worked diligently and with strong
support from BPU staff in overcoming the substantially greater degree of delay and
unresponsiveness experienced here. Some improvement occurred, but without recovering past
delay, preventing accumulated lag, or overcoming a continuing pattern of unresponsiveness in key
areas.

We appreciate the opportunity to be of service for the BPU, we thank the BPU Staff for its strong
support and understanding, and we appreciate the efforts of the JCP&L-assigned personnel for
their attempts to assist in overcoming the problems that FirstEnergy has caused for the completion
of our work.

B. Chapter II: Operations Organization

We examined how JCP&L’s Operations Organization and related FirstEnergy organizations:

e Provide adequate responsibility, accountability, and resources for identifying JCP&L’s
unique system reinforcement, addition, enhancement, and other needs through regular,
focused, formal processes

e How those individuals and groups responsible for assessing the conditions and needs of
New Jersey’s electric infrastructure regularly employ comprehensive, objective, and
quantifiable performance measures to guide their work

e The extent to which needs of New Jersey electric customers and the infrastructure that
serves them drive the system performance expectations, operating decisions and
expenditure executed by in the JCP&L service territory.
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FirstEnergy Operating Responsibilities - - FirstEnergy Corporation (FE) has placed with
FirstEnergy Service Company (FESC) centralized responsibility for JCP&L’s transmission and
sub-transmission systems and for support of many of the distribution system functions common to
its ten operating companies. One can expect this centralized operations and support model to result
in cost savings to the pool of operating companies; e.g., from economies of scale in purchasing
common equipment and materials and from efficiencies gained by using standardized procedures
and technology platforms for work management, tracking equipment inspections and maintenance
orders, tracking, analyzing and reporting reliability performance, and for outage management in
the various control centers.

The service company provides centralized purchasing, accounting, business services, regulatory,
legal, and communication services to the ten operating companies. It provides standardized
maintenance program design and support, work management processes and technologies, and peer
reviews among FirstEnergy’s operating companies. It provides transmission and substation
planning and engineering, which includes high level management of the substation inspection,
maintenance, and reliability programs. It also provides capital portfolio services, laboratory
services, and technical subject matter experts to evaluate equipment conditions for the subsidiaries.
FESC also provides multi-year Lines and Substation training programs to provide qualified
apprentices to its operating companies.

FirstEnergy enhances storm preparedness and response for each operating company by providing
centralized emergency preparedness, weather forecasting and analyses services and
alternate/backup facilities for the individual distribution control centers. It also acts as a clearing
house for internal company-to-company storm resources, and organizes and oversees the sharing
of line crew, tree clearance, damage assessment, control room operations and logistics support
personnel to support emergency operations.

FESC’s contributions to JCP&L’s Operations efficiencies include its Work Management (WM)
organization, which provides guidance, technologies, and monitoring capabilities to each
operating company, to promote effectiveness in ensuring that the construction, and the inspection
and maintenance tasks completed by each utility each year comport with local program schedules,
priorities, and regulatory commitments. Work Management provides the technologies and
assistance that JCP&L’s district-level operating personnel use to plan, design, and schedule work.
The technologies allow operations management and Work Management personnel to monitor work
performance contemporaneously, and to identify inefficiencies and resource needs.

JCP&L Operating Responsibilities - - JCP&L’s Operations Services organization has
responsibility for distribution lines and distribution engineering. The Lines organization has
responsibility for construction, inspection and maintenance of the distribution overhead and
Underground Residential Distribution circuits, pad mount switchgear and transformers, and
streetlights. The Operations Support organization has responsibility for the inspection and
maintenance of the substations, relay, and control installations, ducted cables, and low voltage
networks. The Lines and Substation field organizations conduct their work from district offices
located across the service area. Each district shop has dedicated staff. Using work management
processes and technologies provided and supported by FirstEnergy, these organizations manage
crew scheduling and work production effectiveness and efficiency. The work management

February 7, 2023 Nz Page ES 2
The Liberty Consulting Group



Board of Public Utilities Final Report — Public Phase One of an Affiliates and
State of State of New Jersey Executive Summary Management Audit of JCP&L

technologies allow the district personnel and central JCP&L management and work management
functions to monitor job and crew planning, crew productivity, and job progress and completions
through the use of standard tools and measures.

Work Management personnel assist district personnel in using the technologies and processes and
help review and correct crew scheduling and crew performance issues. The districts do not use
specific crew scheduling and performance goals (beyond timely completion of scheduled work),
but district leadership focuses on improving crew scheduling and job efficiencies. Each Lines and
Substation district has a manager, one or two work planner/schedulers, one or two job layout
technicians, several field supervisors, and a number of construction and maintenance crew
personnel. In total, JCP&L deploys 402 lines workers, which we find sufficient for timely
completing the current workload of planned and emergent work.

JCP&L Engineering Responsibilities - - The Operations Services Engineering group has a staff of
101 engineers, supported by 26 FirstEnergy engineers and technicians, including distribution
system planning engineers, inspection and maintenance engineers, and reliability engineers. We
found the distribution system load forecasting and system planning processes appropriate for an
electric distribution utility of JCP&L’s size and complexity. JCP&L has not faced increasing loads
on a system-wide basis, but several areas have witnessed growth resulting from new housing
developments. System planning needs are monitored on a localized geographic basis, with
planning engineers assigned to focus on one or two of the 14 Lines operating districts. These
system planners collaborate with builders and developers, monitor building permits and other load-
indicative data, run load modeling programs, and develop least cost solutions for providing for the
load growth without violating any system planning or operating criteria.

JCP&L Staffing - - ICP&L’s Operations organization works under a Vice President of Operations,
a Director of Operations Services (Lines and Engineering), a Director of Operations Support
(Substations, LV networks, Cables, Work Management, and Distribution Control Centers), and a
Regional Director of Operations Services (Fleet, Facilities, Vegetation Management, and Storm
Response Logistics). A manager of Emergency Preparedness also reports to the Vice President.
We found the current Directors well experienced, with established firm command and control of
their organizations via reporting managers, supported by the use of embedded technologies that
support monitoring of work and reliability status. Two of the Directors have many years of
experience with JCP&L and each previously filled the other’s position. They back each other up
and the Vice President - Operations as Incident Commanders for storms and other operating
emergencies. The Directors are ultimately accountable for inspections, maintenance, reliability,
system planning, system operations, and work efficiencies.

JCP&L'’s Work Management Methods - - We found planning, scheduling, and work performance
tracking functions well organized and effective. The roles filled by FirstEnergy and JCP&L’s work
management functions offer synergies in regarding work management tools, and methods for the
monitoring scheduling, job preparation, execution of JCP&L’s construction and inspection and
maintenance work. Using FirstEnergy technology and processes system-wide, management
appropriately monitors job status and completion timeliness.
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We reviewed, as requested, any fuel management performed by or for JCP&L. As a transmission
and distribution company, it does not have fossil generation, fuel stock, or power production
expenses. Until its sale in March 2021, JCP&L did hold a 50 percent interest in the Yards Creek
pumped storage hydroelectric facility, which produced modest output.

We have no recommendations in the Operations Organization area.

C. Chapter III: System Planning and Load Management

JCP&L has built its electric systems to comport with National Electrical Safety Code (NESC)
standards and New Jersey Administrative Code (N.J.A.C.) requirements. Systems incorporate
much use of “n-1"" design, which permits continued operation after a single contingency, frequently
supported through automated or manual switching. Management operates its distribution system
appropriately to manage circuit and substation loads, by allowing its equipment to be fully utilized,
by using capacitors to minimize reactive current, and by forecasting when load growth might cause
violations of operating criteria.

FirstEnergy’s energy and load forecasting organization uses a probabilistic and statistically
adjusted forecast method for determining system energy and overall system demand forecasts. The
distribution system planning process includes a comprehensive, data-driven, bottom-up process
that provides for regular, and clear identification of gaps, needs, potential solutions, costs, and
distribution system performance.

Management uses an appropriate method for predicting peak load increases on the distribution
circuits and substations, and in areas experiencing load growth. It appropriately addresses weather-
adjusted peak loads caused by the predicted load growth, and identifies where on the system new
demand levels will result in operating criteria violations. We found the sources of data used for
forecasting peak loads appropriate and circuit peak load forecasts reasonably accurate.

Management’s process for making decisions about expenditures to address New Jersey facility
operations and capital needs seeks to optimize New Jersey system performance and customer
costs. Management uses appropriate methods for developing, vetting, and approving growth-
related capital project portfolio budgets. The capital budgeting process operates on the basis of
identifying alternatives and seeking least cost means for resolving operating criteria violations and
maximizing reliability improvements per dollar spent to achieve them. The distribution system
capital portfolio planning process starts from the bottom up - - proposals from district engineers
make their way through engineering review, JCP&L management review, and finally through
FirstEnergy Portfolio review before approval and inclusion into the active capital projects
portfolio.

FirstEnergy and JCP&L oversee their capital projects using effective project managers and
appropriate management software tools. Distribution capital construction spending has met
budgeted amounts based on our review of 2017 to 2020 data. However, FirstEnergy Service
Company does not adjust budgets when projects experience delays in New Jersey transmission
and sub-transmission construction under centrally-managed construction and operating
responsibility. This lack of adjustment creates the appearance of underspending annual capital
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budgets for transmission lines and sub-transmission line construction projects. Delayed projects
get re-budgeted into following years.

We have no recommendations in the System Planning and Load Management area.

D. Chapter I'V: Asset Management

The Operations Organizations chapter addressed the structure and overall resources through which
the JCP&L Lines and Substation district shops plan and design work, assign and schedule crews,
and track inspections and maintenance tasks to ensure timely completion. Reviewing data since
2017 discloses completion of all distribution preventive maintenance tasks on reclosers, regulators,
and capacitor banks scheduled under inspection programs. Management also completed all
corrective maintenance (CM) tasks either immediately upon identifying a defect or during the year
following identification, depending on criticality. It also completed all corrective maintenance
tasks, using a prioritizing process, for the transmission and sub-transmission system. The
substation organization completed all CM tasks, except for a few non-critical tasks purposely
deferred to increase efficiency by bundling the work with upcoming scheduled preventive
maintenance (PM) work. Management has deferred no substation PMs in the past four calendar
years.

JCP&L spent about $9.5 million for inspections and corrective maintenance for the distribution
system in 2020 and about $5 million for similar work on the transmission system. Since 2017,
inspection and CM costs have increased about 23 percent for distribution and about 38 percent for
transmission related work.

The inspection and maintenance programs comport with the NESC, N.J.A.C rules and regulations,
and BPU orders, and we found them consistent with good utility practices. We did, however, find
reason to question the five-year inspection cycle time that management employs for overhead lines
and underground equipment inspections. The advanced ages of much operating line equipment
and the durations of customer interruption caused by equipment failures warrant examination of
shortening the five-year cycle.

Our Asset Management recommendations include:

1. Develop, track and be accountable to annual T&D maintenance budgets based on the
spending actually required to comply with inspection and maintenance program
requirements.

2. Develop a system-wide programmatic approach to mitigating the negative reliability
impacts resulting from the failure of aging equipment.

E. Chapter V: Vegetation Management

The Operations Organization chapter addressed the structure and resources that FirstEnergy
Service Company and JCP&L bring to bear in vegetation management for JCP&L’s electric
systems. This chapter provides the results of our examination of vegetation management programs
for compliance with BPU requirements.
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Vegetation management comprises a central element in maintaining reliability, especially in less
urban, Northeastern regions with dense tree population. Equipment- and tree-caused outages
comprise JCP&L’s top two causes of customer minutes of interruption (CMI). Age and the efficacy
of maintenance programs drive equipment-caused outages. Major sources of tree-caused outages
and their prevention include how management maintains clearances between power lines and
growing tree limbs, and its efforts to remove trees likely to fall into lines, especially during storms.

The four-year cycle for vegetation management programs and practices prior to 2016 conformed
to typical utility practice and BPU Orders and regulations. At that time, management expanded
removals of trees to improve tree-related reliability. The expansion included on and off right of
way trees presenting a clear and present hazard of falling onto power lines. Management also
began to remove overhanging limbs on the portions of all circuits located between the substations
and the first downstream protective device (Zone 1). The $97 million Reliability Plus
Infrastructure Investment Program (IIP) in 2019 and 2020 added to these Zone 1 overhang
removals, overhanging limbs from the first protective device to the end of the main lines (Zone 2)
on 277 selected circuits. Management plans to continue maintaining those circuits during the four-
year cycle, as it did during the IIP projects.

Management spent about $28 million for vegetation management per year in 2019 and 2020,
including $7.5 and $4.4 million for hazard tree removals in 2019 and 2020 respectively. JCP&L
removed almost 30,000 hazard trees in 2019 and more than 25,500 hazard trees in 2020 from its
distribution and sub-transmission systems.

Management initiated a Vegetation Management Circuit Performance Program (VMCP) in 2021.
For each of the 1,187 circuits, management will report on a semi-annual basis, all tree-related
outages by weather condition (blue sky, minor weather days, and major events). The program also
calls for a focus on the worst-performing 12 percent of circuits, measured by their System Average
Interruption Duration Index (SAIDI) performance over the prior four years. Management evaluates
the drivers of SAIDI on these circuits (e.g., overhanging limbs and off-corridor trees), applying
improvement methods such as enhanced overhang trimming and off-corridor tree mitigation to
them.

Contractors operating under the direction of the Forestry organization completed vegetation
management work and established effective clearances in executing the four-year cycles, including
routine trimming, removing overhanging limbs and removing hazard trees. As described in
Chapter 11, Operations Organizations, the foresters continually verify tree contractor performance
for quality and adherence to standards, but formal tree contractor performance documentation is
not maintained.

Management has undertaken great effort and incurred large costs for enhanced tree trimming and
removal practices, especially the vegetation work recently associated with the IIP program.
Nevertheless, JCP&L’s overall System Average Interruption Frequency Index (SAIFI), Customer
Average Interruption Duration Index (CAIDI), and SAIDI metrics have not markedly improved
since 2017. Management indicated that non-tree related 34kV reliability challenges in 2020 and
2021 effectively masked significant reliability gains associated with enhanced vegetation
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management practices, and new tree-related 2021 SAIFI and CAIDI data. It will take more
complete data and analysis to establish post-IIP performance clearly.

Our Vegetation Management recommendations include:

1. Demonstrate that enhanced Zone 2 vegetation work conducted as part of ITP Reliability
Plus was as effective in reducing SAIFI and CAIDI as predicted.

F. Chapter VI: Contractors

Utilities generally use a mix of external contractors and internal company employees to
accommodate fluctuating workloads and achieve economies without incurring significant swings
in employee staffing through frequent cycles of hiring and layoffs, especially in field-construction
work. Contracting also provides a means for securing specialized skills for activities whose scale
does not support sufficiently full loading of in-house resources. Utilities do need to ensure,
however, that contractors adhere to company safety practices and engineering and construction
standards. In addition, companies need to manage their contractors, just as they manage their own
personnel, to ensure that they receive the quality and quantity of work that they expect and that the
customers are funding. This management entails ensuring that company supervisors of contractors
have well-defined responsibilities and processes, and supporting tools, to make their monitoring
tasks more effective in securing the value that the company and its customers deserve.

We evaluated how and at what levels JCP&L has used contractors over time, and explored the
reasons for changes in contractor staffing levels. We examined contracting strategies and selection
processes used by the FirstEnergy Service Company supply chain organization in support of
JCP&L operations, including the pricing approaches applied for the types and scopes of work
typically assigned to contractors. We also examined how management inspects, evaluates, and
manages contractor performance.

Management contracts with a single firm, selected competitively, to perform distribution system
activities associated with underground locating (mark-outs). JCP&L Engineering Services and the
FirstEnergy Service Company Joint Use & Cable organization provides combined oversight of the
underground locating contractor work at JCP&L.

Mark-out performance declined from 2016 through 2018, but has improved since, with the number
of damages per locate request declining each year. In response to poor performance, management
replaced its underground locating contractor in the first quarter of 2017 with another single firm.
However, this locating contractor’s performance also fell below expectations. Management
adopted a performance improvement plan and worked closely with the contractor to bring
performance to expectations. Management also began to closely track on-time performance, BPU
Notices of Probable Violation (NOPV), and complaints from contractors and property owners.
Since then, the new locating contractor’s mark-out performance improved and third-party damages
declined.

The very low rate of third-party damages on occasions not preceded by a mark-out request
indicates success in increasing awareness of the notification system among contractors, excavators,
and the public.
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Management does not employ a documented process or procedure for project manager,
engineering or field supervisor use in efforts to observe, evaluate, report, record, or archive the
performance of the contractors relative to any model or standardized quality, schedule or cost
effectiveness parameters. Management depends on its supervisors and managers to ensure
individually and informally contractor performance, without any formal contractor performance
recordkeeping procedure or tools.

Our Contractors recommendations include:

1. Develop a standard process to inspect, evaluate, document, and manage the quality and
quantity of a contractor’s performance when measured against the standards, terms and
conditions of their contract with JCP&L.

2. Develop a formal contractor performance management process and a system of record
to capture performance data and enable comparative analyses of the quality, efficiency
and cost effectiveness of competing contractor and company resources, and support data-
driven resource allocation decisions.

3. Integrate the analysis of relative execution risks and the potential of reducing risk into
JCP&L resource allocation decisions.

G. Chapter VII: Reliability Programs and Smart Grid Activities

The Operations Organization chapter describes how JCP&L structured its reliability engineering
organization to manage reliability programs and activities. The chapter explains how management
assigns engineers by area to monitor reliability performance, identify problems and propose and
prioritize local reliability improvement solutions. This chapter addresses JCP&L’s compilation
and tracking of reliability indices, evaluation of outage causes, and initiatives and programs for
improving reliable service in systemic ways.

JCP&L must meet BPU reliability targets for each of its Regions, with targeted levels based on
historical reliability indices. Management’s stated asset reliability philosophy seeks first to meet
BPU targets first then go beyond them, based on more aggressive internal JCP&L goals.
Management employs enhanced reliability programs to augment traditional, routine inspection and
maintenance and vegetation management, and highest priority (or worst- performing) circuits
programs. Despite the stated philosophy, however, overall SAIFI and CAIDI reliability
performance measures have not improved appreciably since 2017.

To a material extent, actual JCP&L customers’ reliability experience depends a great deal on where
they live and work - - in northern or central New Jersey. Each Region’s reliability history has
differed and BPU targets for each differ as well. The BPU Northern Region SAIFI targets lie 11
percent higher for SAIFI, and 37 percent higher for CAIDI as compared with targets for the Central
Region. Notably, neither the BPU nor the internal JCP&L reliability targets have changed (i.e.,
they have not targeted steadily improving performance) since 2017, and are not set to change until
the expected 2023 review of the BPU’s regulations. The Northern Region’s 2020 actual SAIFI
exceeded that of the Central Region by 43 percent and its CAIDI by 30 percent.
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From 2017 through 2020, the Northern and Central Regions’ actual CAIDI performance each has
bettered BPU required levels and nearly equaled or bettered the more stringent company targets,
with the exception of Central Region 2018 CAIDI. Except for 2020, the Northern Region’s SAIFI
bettered the BPU’s required SAIFI level, but did so with respect to the internal target only in 2017.
The Central Region’s SAIFI bettered the BPU level in each year of the 2017 through 2020 period.
Central Region SAIFI bettered or approached the internal SAIFI targets in 2017 and 2020, but did
not in 2018 or 2019.

System-wide CAIDI performance typically fell near the median and in the second quartile of
reporting utilities, when compared to annual IEEE nationwide surveys from 2017 through 2020.
However, for 2018, JCP&L’s CAIDI fell into the third quartile. System-wide SAIFI measured
against the EEI survey data shows significantly lower performance - - in the third quartile for all
years except for 2019, when it fell lower, into the bottom quartile.

The two JCP&L Regions exhibit very different reliability performance. For example, had
Northern’s 2019 SAIFI and CAIDI equaled Central’s overall JCP&L SAIFI and CAIDI would
have placed in the middle of the second IEEE quartile.

Since 2017, tree-caused outages in the Northern Region have doubled or tripled those of the
Central Region. Tree-caused outages primarily led to 2016’s inclusion in BPU regulations of a
program for removing overhanging limbs in Zone 1. JCP&L added Zone 2 as part of the 2019-
2020 Reliability Plus Infrastructure Investment Program (Reliability Plus IIP).

Excluding major storms, equipment and off-right-of-way trees comprised the largest causes
(accounting together for over half of 2020 customer minutes of interruption). Management
expenditures of $97 million on Reliability Plus IIP in 2020 and 2021 included measures to reduce
tree-related outages and improve automatic sectionalizing and restoration. Sub-transmission
outages, growing each year since 2017 accounted for 16 percent of 2020 customer interruptions.
Projects have been planned to improve sub-transmission reliability.

We found management’s base reliability programs and activities consistent with good utility
practices and its methods for identifying reliability needs appropriate. Reliability engineers
regularly examine and analyze outage data, and make sound use of Outage Management System
(OMS) outage data and a reliability dashboard. Management employs appropriate means for
identifying outage causes, but lacks information about a large portion (about 20 percent) of 2020
outage causes, which it has labeled as “other/unknown.”

Appropriate methods apply in justifying and prioritizing reliability projects, such as the Reliability
Plus IIP, installing automatic circuit tie schemes, and installing Trip Saver electronic fuses.
Management defines, develops, justifies, prioritizes, and approves projects appropriately and with
primary focus on the needs of customers.

Management completed the Reliability Plus IIP within established durations and costs. We found
enhanced vegetation management, additional automatic sectionalizing and restoration, and flood
prevention enhancements for vulnerable substations likely to provide improved reliability and
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resiliency. However, the IIP did not address aged aerial cables or other categories of aging
equipment, despite the fact that equipment failures rival trees as leading outage causes.

Our Reliability and Smart Grid Operations recommendations include:

1. Implement formal process to improve field diagnoses of outage causes by troubleshooters
and improve accuracy in capturing causes in the outage management system by
troubleshooters and DCC personnel.

2. Expedite analyses to validate that sub-transmission improvement projects planned for
2022-2026 adequately improve SAIFI and CAIDI performance.

3. Systematically address the reduction of outages attributed to aerial cable and open bare
wire failures.

H. Chapter VIII: Cyber Security and System Vulnerability

FirstEnergy Service Company has responsibility for cybersecurity at its operating companies,
including JCP&L. We assessed the overall cybersecurity organization and its processes, including
its ability to comply with BPU cybersecurity requirements. We examined FirstEnergy’s methods
and practices for the monitoring, identification, and response to cybersecurity threats and attacks.

The FirstEnergy Cyber Security organization operated effectively. The centralized FirstEnergy
approach served well, allowing New Jersey-specific requirements to be met. The organization
employed capable resources at nearly full staffing levels. We observed a comprehensive and
integrated system of processes and procedures. We found no critical breaches in cybersecurity.

Success in finding, training, and retaining human resources proved particularly notable in an
industry that has faced especially strong growth in demands for capable resources. Demand for
cybersecurity professionals well exceeds supply in the energy and other industries. FirstEnergy
has successfully navigated this issue in a manner that keeps its organization robust. We found
regular internal auditing that includes retention of firms for external examinations that seek to
identify vulnerabilities.

Our Cyber Security and System Vulnerability recommendations include:
1. Fill staffing vacancies promptly.

I. Chapter IX: System Resiliency and Restoration

System resiliency encompasses the ability of the entire electrical system from generation to
transmission to distribution, and support systems, such as fuel supply, to respond to material
perturbations on the network with minimal, or minimized, adverse effects. Restoration
encompasses the activities associated with bringing the system back to its operable state prior to
the event (e.g., storm) that disturbed or damaged it. Well executed activities, such as event
forecasting, preceding restoration allow for its effective and timely execution. Both system
resiliency and restoration require an expansive set of activities and have broad effects. Our
examination addresses six areas:
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e Event Forecasting

e Authority and Process of Securing Resources

e Establishing, Updating, and Communicating Estimated Times of Restoration
e Liaison with Government Officials

e Storm Order Compliance and Metrics

e Undergrounding to Improve Reliability and Resiliency.

The first four review areas largely take on significance in relation to an “event;” the last two, Storm
Order Compliance, and Undergrounding, examine JCP&L’s responsiveness to BPU directives,
and provide a narrow resiliency-focused review of how management addresses undergrounding
options for its worst performing circuits. A general review of the accuracy and applicability to
emergency preparedness activities and functions of JCP&L’s Emergency Plan for Service
Restoration (its E-Plan) supplements those six review areas.

The following paragraphs briefly summarize the result of our examination in each of the seven
review areas.

Emergency Plan for Service Restoration (E-Plan) - - JCP&L developed its current E-Plan in
response to a recommendation contained in a January 23, 2013, BPU Order. It uses the National
Incident Management System (“NIMS”) emergency management structure, concepts, and
principles, including the incident command system (“ICS”). An E-Plan database supplements the
E-Plan and contains a significant amount of supporting information for use by FirstEnergy
corporate and JCP&L personnel, all available electronically.

We found the E-Plan professionally prepared, well structured, comprehensive, easy to navigate,
and functional in highlighting the key activities, organizational structure, reporting requirements,
and emergency response to various pre-defined event levels. However, the E-Plan lacks a
comprehensive update since its development in 2013 and in some areas contains inaccurate
position titles, describes processes not currently followed, and unfilled reporting requirements.
Some of these deficiencies could prove material under certain circumstances, but they appear not
to have affected emergency preparedness in recent events. The E-Plan appears scheduled for
completion of an update by year-end 2021.

The E-Plan itself, the E-Plan database, and the actual practices employed by company personnel
in emergency response appear well-understood and executed by those involved and responsible,
reflected in emergency planning and response results that have been, in large measure, reasonable.

Event Forecasting - - Incipient weather systems that present potentially damaging effects to an
electric system require early identification and continuous monitoring and communication to
emergency preparedness personnel, to ensure performance of appropriate preparations to deal with
effects of the event. Adequate preparation begins with credible weather forecasts, conservative
judgement applied to event magnitude and impact (or Event Level classification), and consistent
and timely (re)evaluation of the impact and storm Event Level as conditions change during event
approach.
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FirstEnergy Service Company’s Meteorology and Unmanned Aerial Services department provide
weather forecasts to JCP&L and affiliates. The department has two degreed meteorologists. The
meteorologists draw raw data from the National Weather Service and input it into in-house
developed algorithms and programs to produce weather forecasts for all FirstEnergy affiliates. The
department uses a third-party services contract for lightning forecasts, but has not used outside
weather services. Management conducts no regular, structured benchmarking of FirstEnergy
developed forecasts with those of external service providers.

FirstEnergy Service Company meteorologists communicate weather event information via a
system of alerts to a broad-based distribution list of JCP&L personnel and, depending on potential
impact, communicate directly and regularly with JCP&L emergency preparedness staff. In
addition, and as a standard practice for JCP&L, FirstEnergy meteorologists run what is known as
the Outage Volume Model (OVM). This in-house developed tool estimates the number of outage
orders and affected customers associated with a predicted weather event. JCP&L uses OVM output
as an input into Event classification. However, the OVM lacks consistent output accuracy
compared to actual outage orders experienced for major storms. Management last made a model
update in 2018. Like the E-Plan, management has scheduled for year-end 2021 a new outage and
damage model now under development by a third party.

The OVM serves as an input into JCP&L’s Event Classification, which consists of five levels, I —
V, representing varying levels of storm impact. Level I, for example, represents less than 40,000
customers affected while Level V represents greater than 600,000 affected customers. The use of
Event Level classifications, although different among different utilities, reflects standard practice
in the industry and typically serves, among other uses, as a resource and organizational mobilizing
device. Classifications can and do change over time, as more accurate weather information
becomes known. JCP&L Event Classifications, however, do not directly correlate with estimated
resource requirements. Nor is there clear evidence that Event Classifications are consistently
announced prior to an event, although company personnel seemingly do understand the magnitude
of events requiring response. In some cases, event classifications seem to occur post-event - - to
correspond to what was experienced rather than pre-event to serve as an organizing catalyst.

Authority and Process of Securing Resources - - The process of securing resources begins with the
identification of need. Contemporaneous with weather alerts, the Outage Volume Model, based on
specific weather parameter inputs, produces a range of outage orders and customers affected for
weather events affecting affiliates, including JCP&L. The Event Impact Estimation Tool,
developed in 2018 but only recently (2020) deployed, then approximates the number of line
resources required to return the system to its pre-event service level within a given restoration-day
estimate. That estimate serves as an input to internal JCP&L storm management discussions about
the number of resources required for restoration.

Available internal and on-premises contractor resources are compared with the number of
estimated resources deemed necessary for restoration. If sufficient internally sourced resources are
not available, JCP&L contacts the FirstEnergy Emergency Operation Center (“EOC”), which has
responsibility for coordinating requests for internal FirstEnergy and external resource assistance.
The FirstEnergy EOC Lead, working with the FirstEnergy Logistics Support Branch Director,
owns the resource allocation process. JCP&L does not have an active, external facing role, beyond
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communication and coordination with FirstEnergy in resource acquisition or deployment if its
needs exceed those that management can source internally.

A review of 36 Major Events during the period from 2018 — 2021 showed 12 events where JCP&L
requested resources from the FirstEnergy EOC and 11 where resources ultimately came without a
documented request Resources provided proved less than those requested in only one of those 12
instances. Of note, half of JCP&L initial resource requests for those major events came on or after
event arrival.

Establishing, Updating, and Communicating Estimated Times of Restoration - - Analyses in this
section focused on the timeliness and accuracy of JCP&L in establishing estimated times of
restoration (ETRs), in updating that information as changes in circumstances develop, and in
communicating ETRs initially and on an ongoing basis to customers and local officials. We began
by examining the JCP&L process to estimate restoration times for customers with a service outage,
during “blue-sky” events and storms. An examination of the systems, tools, and communications
channels supporting the process to develop, update, and communicate ETRs internally and
externally, followed. Finally, we reviewed post-storm reports, emergency plans for storm response
and communications, and considered feedback from customers following recent large storms.

JCP&L’s recent ETR process enhancements, used during Hurricane Ida, produced more localized
ETRs much more quickly, thereby significantly reducing the number of customers that received
global ETRs. Better ETRs provided sooner help customers and governmental officials make better
decisions needed to deal with an extended power outage. Better defined ETRs available in the
OMS feed all available communications channels (web, call center, social media, texting, liaisons,
corporate communications) allowing customer and the public access to information they need. We
recommended that JCP&L monitor and measure ETR accuracy and timeliness, including regularly
surveying customers, mayors, OEMs and other stakeholders to continue to incorporate feedback
as JCP&L hones this process.

Liaison with Government Olfficials - - This section examined the sufficiency of staffing and
assignments of liaisons with government officials during normal conditions and storm events. The
review examined the organizations that bear the responsibility for communications with state and
local government authorities and understanding the process of assignment of employees to support
officials during normal days and larger outages. The review encompassed the plans for storm
response and communications, training requirements, post-storm reports, and discussions with
management to understand liaison performance during recent storms. The review also examined
the communications channels, systems, and technologies that support liaisons during a storm.

We found a solid foundation of JCP&L and FirstEnergy system employees available and trained
to act as liaisons during a storm. Employees serve in the municipal liaison roles during normal
days as well as storms, bringing territorial familiarity and existing relationships with the officials
and within communities they support. JCP&L’s recent actions to improve ETR accuracy and
timeliness and to provide more frequent and more individualized restoration status
communications, provides valuable situational information to community and government
officials to aid in decision-making as they support constituents during a storm.
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JCP&L should continue its focus on ETR accuracy and timeliness. It should also continue to reach
out through after-storm meetings, forums, and surveys and continue to adjust communications
processes to provide a better experience for impacted customers and communities.

Storm Order Compliance and Metrics - - Adherence to utility regulatory authority directives
comprises an expected, but sometimes overlooked aspect of good utility management. The BPU
required JCP&L to respond to a series of recommendations related to storm performance in two
of its Orders, one issued in 2018 and the other in 2020. There were twelve JCP&L-related
recommendations in the former Order and nine in the latter. JCP&L responded properly and in a
timely fashion to each of the recommendations.

We reviewed compliance with Board recommendations and JCP&L’s application of ‘major event’
designation to certain storm events. Such an application is important because the calculation of
standard reliability performance metrics excludes the reliability effects of events that receive
‘major event’ designation. New Jersey’s official definition of what constitutes a major event
applies four criteria: (a) 10 percent or more of customers being affected in an operating area, and
as extended to other utility operating areas providing assistance to the affected areas, (b) service
interruptions due to independent system operator (ISO) actions, (c) a state of emergency declared
by the State or Federal government, and (d) providing mutual aid to another EDC or utility. The
application of one or more of the major event criteria resulted in, on average during the period
2017 - 2020, over one in five days being associated with a major event (a significantly greater
proportion of time than that associated with most other utilities).

Undergrounding to Improve Reliability and Resiliency - - Ultilities very generally find
undergrounding existing overhead lines cost prohibitive. But with weather events becoming more
extreme, reliability becoming ever more central to quality of life, and certain parameters of
undergrounding (such as cost and benefit assumptions) being subject to change, regularly
revisiting the potential for undergrounding problematic circuits or segments of circuits makes
increasing sense.

JCP&L does not regularly perform such analyses but was required, due to a 2020 Board directive,
to review its five worst performing circuits to assess undergrounding as a cost beneficial option.
The subsequent analysis supported JCP&L’s position that undergrounding even segments of its
worst performing circuits did not make sense economically. However, the lack of a range of values
for key input variables (e.g., cost, reliability impacts) limited the results to single benefit-cost
values for each circuit segment. Lacking more robust results that employ ranges for variable
values, coupled with the absence of actual cost and reliability data surrounding the effects of
undergrounding, JCP&L should regularly review the benefits and cost associated with
undergrounding its worst performing circuits. A pilot project allowing it to obtain actual
undergrounding cost and benefit data to introduce JCP&L-specific values into future studies
appears useful.

Our System Resiliency and Restoration recommendations include:
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1. Complete the update to the E-Plan and related documentation by year-end 2021, as
scheduled.

2. Complete the development of the new OVM-like model.
3. Ensure clear, timely and widespread communication of storm event classification

4. Ensure JCP&L resource requests are timely and consistent with Event Level
classification declaration.

5. Continue to monitor and measure JCP&L’s accuracy and success in creating, updating,
and communicating ETRs.

6. Continue to develop and improve communications with the public, elected officials and
OEM staff based on feedback gathered following storm or outage events

7. Provide in JCP&L Major Event reports for which the Major Event classification was
based on sharing of its resources how the unavailability of those resources directly
affected its ability to maintain targeted reliability levels in its operating region(s).

8. Conduct updates of analyses of the costs and benefits using selective undergrounding at
least every two years.

9. Develop a pilot project for undergrounding a poorly performing line segment or a small
group of them.

J. Chapter X: Customer Service

Dealing with a global pandemic for more than a year and a half, JCP&L’s customers and
employees, like everyone around the world, have faced unique challenges. Most JCP&L and
FirstEnergy Service Company Customer Service employees were mobilized to work at home or
start field work from home, almost immediately in March 2020, after the pandemic started in the
U.S. Employees required to report in person to company locations worked under Covid-19 safety
protocols. All JCP&L Customer Service operations continued, with many adaptations to
accommodate customer and employee safety and to lessen the economic impact.

Management paused or modified many customer services and processes to follow government
requirements. Walk-in business office locations closed to protect the public and employees and
meter and field employees ceased visiting meters located inside premises or behind fences to limit
employee and customer interactions. Field Collectors stopped visiting customer premises. New
Jersey utilities, including JCP&L, halted service disconnections for non-payment and requirements
for security deposits for customers signing up for service, initially voluntarily, and then under
gubernatorial orders.

Whether adjusting to a short-term need or the new normal, JCP&L and FirstEnergy Customer
Service has adapted to the changing requirements and continued to provide customer service. Call
Center operations continued, without interruption, to deliver high-level service to customers, with
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call volumes lower than typical. Other customer service functions have struggled due to worker
shortages or increased workload; e.g., due to pandemic-related restrictions on permissible
activities and working down backlogs after activity resumption. Meter Reading performance
declined during the Pandemic as has Billing performance, with both closely related. A Pandemic-
induced shortage of meter readers and JCP&L’s recently announced plan to fully deploy smart
meters combined to create a deficit in required meter readings performed, producing estimated
bills, and increasing workload in the Billing department to produce these bills. Billing delays
resulted for some customers.

Residential field collection enforcement has paused since March 2020, to help customers deal with
the economic challenges brought on by the Pandemic. JCP&L has remained active in customer
outreach and in accommodating with extended deferred payment plans, but customer arrearages
have continued to grow. Management expects non-payment service disconnections to resume next
Spring, following the end of the winter moratorium. Resumption will substantially increase calls
to the Contact Centers as customers seek to negotiate payment plans and cover past due balances.
Write-offs should grow in 2022 with the resumption of field collection activity.

Across our five-year review period, JCP&L’s Customer Service expenses have run higher than
those of most of its benchmarking peer group, suggesting further efficiencies obtainable through
automation and process improvement. Consolidated operations in the Contact Centers, Billing,
and Payment Processing have achieved cost efficiencies but opportunities exist in the Business
Offices, Meter Reading, Meter Services, and Field Collections. If accomplished, JCP&L can
achieve a reduction in overall Customer Service cost per customer.

Recent Customer Service initiatives and the new organization and strategy have strengthened focus
on measuring and improving the customer experience. Future initiatives planned can improve
communications with customers, expand and enhance self-service options, install meter reading
automation in the field to reduce field costs, bring in data analytics to support continuous
improvement, and automate routine manual processing.

As JCP&L moves back toward normal operations, these efforts and a sharp focus on the customer
experience should correctly guide the organization in the coming months. JCP&L should commit
to filling vacancies and appropriately staffing Meter Reading and Billing functions, that are
stressed due to worker shortages and increasing workload and backlogs and prepare the entire
Customer Service organization for the influx of activity that will occur next spring when past-due
collections activities are expected to resume more normal operations.

Our Customer Service recommendations include:

1. Pursue cost efficiencies and customer experience improvement opportunities, including
those offered by FE Forward Customer Service recommendations.

2. Staff functions sufficiently to address backlog and transaction deficits.

3. Investigate options to address issues and develop and implement an action plan to address
declining Customer Service employee ratings.
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4. Dedicate resources to develop a strategy and concerted approach to identifying and
pursuing potential service theft.

K. Chapter XI: Financial Risks and Consequences of Parent and Affiliate
Operations
FirstEnergy and its utility operating subsidiaries experienced two, late-2020 rounds of credit

downgrades by two of the three ratings agencies. Standard and Poor’s (S&P’s) ratings fell below
investment grade levels, as the next illustration shows.

Late 2020 FirstEnergy Downgrades by S&P

S&P Credit Ratings

AAA Extremely strong capacity to meet financial commitments.
2 AA Very strong capacity to meet financial commitments.
£
o A Strong capacity to meet financial commitments, but somewhat
E susceptible to adverse economic conditions and changes in
E circumstances.
Z
_E BBB Adequate capacity to meet financial commitments, but more subject to
adverse economic conditions.
BBB-  Considered lowest investment-grade by market participants.
BB+ Considered highest speculative-grade by market participants.
BB Less vulnerable in the near-term but faces major ongoing uncertainties
. to adverse busi financial and ic conditions.
E B More vulnerable to adverse busii fil ial and
2 conditions but currently has the capacity to meet financial
z commitments.
s
§_ CCC  Currently vulnerable and dependent on favorable business, financial
e and economic conditions to meet financial commitments.
cC Highly vulnerable; default has not yet occurred, but is expected to be a
virtual certainty.
(e Currently highly vulnerable to non-payment, and ultimate recovery is
expected to be lower than that of higher rated obligations.
D Payment default on a financial commitment or breach of an imputed
promise; also used when a bankruptey petition has been filed or similar
action taken.

FirstEnergy, JCP&L, and some other FirstEnergy electric utilities have had S&P corporate credit
ratings of BB, with a negative outlook for the future. JCP&L’s exposure to the risks of the
FirstEnergy holding company has become evident with these downgrades that resulted from
holding company, not JCP&L issues. Maintaining access to liquidity capital at all times comprises
a tenet of a utility’s obligation to serve - - these downgrades threatened such access for JCP&L in
late 2020 and in 2021. Following our drafting of this report, S&P on October 19, 2021 raised the
JCP&L Issuer Credit Rating to BB+.

JCP&L has for many years had ring-fencing in place intended to insulate the utility from negative
financial impacts of FirstEnergy and its other operations. Despite existing insulation, JCP&L credit
ratings fell below investment grade levels in late 2020, caused by actions related to the Department
of Justice (DOJ) investigations directed at actions and circumstances at the FirstEnergy level.

Our examination of the credit rating downgrades found existing ring-fencing ineffective in
protecting JCP&L. S&P has appeared to recognize no effective insulation for FirstEnergy’s utility
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operating subsidiaries, including JCP&L, rating it and FirstEnergy the same. Rating agency
documents demonstrate that FirstEnergy’s joint operation of liquidity facilities (revolving credit
facilities and money pools) for all of its companies expose JCP&L to the risks of FirstEnergy, its
debt, its other businesses, and the financial legacy of FirstEnergy Solutions, since divested after
falling into bankruptcy.

We sought to answer two key, threshold questions:
¢ Do existing ring-fencing provisions represent “best practices”

e Do they adequately protect JCP&L’s financial status and New Jersey customers?

The answer to each of these questions is clearly “No”. Best Practices for ring-fencing include
extensive, detailed measures that, through a more than 20-year maturation process for utility
regulatory authorities, including the BPU, have evolved to the present “state of the art.” That
evolutionary process has produced measures much more effective than those protecting JCP&L
from holding company or affiliate distress or downturns. As tested by real-world experience, the
best example of effective ring-fencing came for Oncor Energy in Texas in 2007, designed to
protect the utility from its new parent, Energy Future Holdings and its heavy debt leverage. That
parent eventually filed for bankruptcy, but Oncor’s ring-fencing effectively protected the utility.
The Oncor ring-fencing was also retained by the Texas PUC in the sale of the utility upon its
emergence from bankruptcy. Another example of a utility that is considered to be effectively ring-
fenced is at Baltimore Gas and Electric and Constellation Energy, a subsidiary of Exelon.

Meeting best practice would require large scale replacement of JCP&L’s existing ring-fencing
with a new, complete set of insulation measures that fully protect JCP&L with BPU enforcement
mechanisms. Moreover, introduction for JCP&L of measures not even reaching the level of best
practices could substantially increase the present level of insulation that exists.

Our Financial Risks and Consequences of Parent and Affiliate Operations recommendations
include:

1. Create for FirstEnergy and JCP&L lasting and enforceable ring-fencing measures
sufficient for JCP&L to make the utility an “insulated entity” by Standard & Poor’s, and
to be rated on its own credit characteristics by all three credit rating agencies.

2. Give JCP&L full governance and operational control over all of its financing facilities.

L. Chapter XII: External Affairs - - The “DOJ Investigation”

We examined what at the beginning of our work was described as a “DOJ Investigation.” What
we knew at that time came in large part from public information about the indictment of certain
Ohio legislative leadership, staff, and lobbyists in connection with payments related pending Ohio
legislation that would provide financial support for two Ohio nuclear plants owned and operated
by a now-former subsidiary of FirstEnergy. We also understood from FirstEnergy that it remained
at the time of our first inquiries engaged with federal officials in a related investigation. We met
with little success in securing from FirstEnergy information in order to perform our assigned task
- -to assess its potential implications for JCP&L and its customers. From then through the drafting
of this report, we faced repeated management refusals to provide significant, meaningful
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information not already made public (e.g., through reports to the U.S. Securities and Exchange
Commission).

Our knowledge of the investigation advanced considerably in July of 2021, but not due to any
change in FirstEnergy’s lack of transparency. The breakthrough came from the Office of the U.S.
Attorney for the Southern District of Ohio. The Office released word of a Deferred Prosecution
Agreement calling for the filing of a criminal charge of conspiracy to commit wire fraud, made
subject to dismissal should FirstEnergy comply with the agreement and pay a $230 million penalty.
The agreement and a related Statement of Facts whose truth the current FirstEnergy CEO has
acknowledged describe tens of millions of dollars in payments, using non-profit (Section
501(c)(4)) entities, to influence passage of legislation that would further FirstEnergy’s financial
interests. The acknowledged facts also include multi-million dollar payments to firms connected
to an individual at the time about to become (and now the former) chair of Ohio’s utility regulatory
authority. Those payments related to long-standing consulting agreements with the firms; those
contracts existed during periods when the connected individual also worked at a law firm serving
as general counsel for an industrial group of energy users.

The contents of the Deferred Prosecution Agreement and FirstEnergy’s actions reflect disastrous
failures in its exercise of legislative and utility regulatory aspects of external affairs. Those failures
involved a large number of senior personnel terminated or separated from FirstEnergy employment
for participation in, knowledge of, or inaction regarding actions for which FirstEnergy has paid a
heavy price in hopes of securing dismissal of federal criminal wire fraud charges. The FirstEnergy
individuals gone include the then CEO, top external affairs leadership and senior attorneys - - all
or nearly all responsible for managing or conducting affairs undertaken on behalf of all the
FirstEnergy operating companies, including JCP&L.

In addition to the removal of key executives, management has undertaken organizational,
programmatic, and process and procedure remediation. Those efforts have a broad and appropriate
scope. Nevertheless, substantial and important questions - - answers to which FirstEnergy has
refused to support - - remain. The nature and extent of the actions taken in the acknowledged
circumstances were remarkable, and a broad range of organizations, leadership, and management
contributed to their occurrence.

We consider it unsound to accept without corroboration that the attitudes, conduct, decisions, and
inactions at issue found an outlet in only one state or involving only one set of legislative and
regulatory issues. We sought but could not obtain such corroboration; FirstEnergy will not provide
information important in placing informed, reasonable limits on the extent of what has happened
or may happen, and on its implications for JCP&L and its customers. Management will not even
provide to us in carrying out an engagement on behalf of the BPU, what it has provided to other
agencies on related matters. Moreover, it will not even provide (claiming it does not have the
information to do so)

. Senior FirstEnergy
personnel at the time of those circumstances used such entities in a manner that generated the filing
of a federal criminal charge; it is appropriate to consider whether it did so in other cases, and if so,
with possible implications involving but extending beyond assignment or allocation of costs to
JCP&L.
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Accordingly, we are not in a position to determine the extent to which FirstEnergy has assigned or
allocated to JCP&L costs for improper activities, although, it is reasonable to believe that none of
the $230 million penalty required by the Deferred Prosecution Agreement will be so assigned or
allocated. Charges did come to JCP&L for a portion of the payments identified in the underlying
Statement of Facts; FirstEnergy later reversed them after events in Ohio involving its senior
leadership became public. However, management considers the costs of state regulatory
examinations recoverable. We find it illogical to acknowledge the unrecoverability of costs
incurred through federal but not state examination of the same and related circumstances. Legal,
outside consultant, and employee costs associated with the elements of our engagement (and others
the Board may undertake with respect to circumstances like those described here) should be
segregated in a manner that assures that JCP&L’s charges to New Jersey customers will exclude
them.

Our examination found another group of questionable costs whose magnitude remains in doubt.
We learned of a management examination of suspect costs from certain vendors. That investigation
found some of those costs assigned or allocated to the operating companies improperly or without
sufficient justification. The amount management found to have been recovered through JCP&L
rates was about $500,000 through 2020, and is anticipated to reach $800,000 by the end of 2021.
More significant than this amount, however, are the implications for cost assignment and allocation
more generally. Assignment and allocation should operate objectively, fairly, and accurately at all
times, not just as they affect a particular test year.

We found management’s decision to examine invoices sound and its description of the results
clear. However, management declined to provide information about how it selected the invoices
for study, and how it may have determined whether the results obtained indicated a need for further
examination. We have been left by management’s refusal to provide information with an
insufficient basis for concluding whether management’s efforts have disclosed the full extent of
the cost consequences of assignments and allocations made improperly or without sufficient
justification to JCP&L.

FirstEnergy’s independent accountants

financial statements. It requires attention to how assignments and
allocations occur and their impacts on JCP&L. We will further explore those matters in Phase 2 of
our engagement.

We learned through efforts to secure information about the DOJ Investigation of a potentially
related matter involving audit work performed for FirstEnergy by an outside firm. An employee
terminated by the firm downloaded 57 documents related to FirstEnergy audits, provided them to
the Securities and Exchange Commission, has alleged that they disclose unlawful action, and has
connected their downloading and provision to events associated with the DOJ Investigation.

We requested from FirstEnergy the documents (which are its own) and information about their
nature, and about litigation between it and the individual. Those inquiries were made to help us
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determine: (a) what light they may shed on matters where FirstEnergy has been uncooperative in
providing information, and (b) whether they may disclose other material controls, assignment,
allocation, or other issues within the scope of our work. We did not receive significant, useful
information in response to our requests.

However, in examining the litigation, we found a judge’s order presenting substantial implications
for another important aspect of managing external affairs. Protection of whistleblower identity
comprises an important means for enabling enforcement and regulatory authorities to secure
information material to exercising their public responsibilities. A judge’s order found that the
attachment of a letter by FirstEnergy’s counsel to a public filing “...served no legitimate
purpose...” and produced “...the effect of publicly identifying [the individual] as a
whistleblower...”. The order went on to address implications for FirstEnergy:

Based on this record, the best the Court can say for Plaintiffs' counsel with respect to this
filing is that they were negligent or allowed their clients to use them to advance improper
purposes. In this view, their justifications for filing the letter, though false and unsupported
in the record, walk the line of technical compliance with their obligations while
simultaneously advancing the ulterior motives of their clients. [emphasis added]

The 57 files and the aftermath of downloading them raise important questions left unanswered by
FirstEnergy’s refusal to provide information. They provide an important example of another
important external affairs failure. Finally, they show by ironic example what our efforts to gain
information illustrate - - the inconsistency between FirstEnergy’s statements and its actions
regarding transparency.

Our External Affairs - - The “DOJ Investigation” recommendations include:

1. Follow developments in continuing federal criminal and administrative and other state
proceedings.

2. Establish means for precluding the inclusion in JCP&L rates FirstEnergy and JCP&L
employee and outside costs associated with state reviews of the implications of conduct
related or similar to that encompassed by the DOJ Investigation.

3. Provide semi-annual reports and presentations to the BPU staff regarding DOJ
Investigation remediation measures.

4. Provide validation of the completeness of management’ Vendor Invoice examination or,
failing that, require an independent review sufficient to identify and calculate all likely
impacts to JCP&L and its customers.

M. Chapter XIII: External Affairs Organizations

We examined the management and operations of the functions that FirstEnergy for a number of
years placed within the FirstEnergy Service Company external affairs organization. That
organization has provided a broad range of external affairs functions for all FirstEnergy operating
companies on a consolidated basis, but for many functions assigned resources dedicated to
individual operating companies. JCP&L, unlike the other operating companies, had until recently
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managed communications, interactions and relationships with local officials and stakeholders
through its own organization, headed by a JCP&L executive reporting to the company president.
FirstEnergy moved the JCP&L organization from under the utility president to the FirstEnergy
Service Company External Affairs organization in August 2021.

FirstEnergy’s consolidated approach to managing state regulatory affairs before the aftermath of
the revelations of circumstances (beginning in mid-2020) encompassed by the DOJ Investigation
already split state regulatory affairs in a way we found sub-optimal. Its effects in New Jersey and
wherever else it may have been applied, included dividing into two separate organizations
responsibility for addressing state utility regulatory authority (here the BPU) communications,
representation, and relationship management.

The termination and separation of a very large number of executives, managers, and lawyers may
have addressed some of the root causes of events and inactions leading to the DOJ Investigation.
We, however, have no way of knowing that, given the lack of transparency into the events leading
to those separations. What is known is that the result of changing organizational responsibilities
that has accompanied ongoing personnel replacement activity has increased from two to three the
number of top executive sources of direction of key state regulatory matters:
e The CFO, who has responsibility for Rates & Regulatory Affairs personnel divided by state
and charged with the more routine interfaces, largely with staff and more geared to the
BPU proceedings that engage JCP&L
e The Senior Vice President, Operations, who has responsibility for State & Federal
Regulatory Affairs “advisors,” who communicate and interact on what management terms
broader policy issues, stakeholder processes, and higher level communications
e The Senior Vice President and Chief Legal Officer, under whom a group of attorneys
responsible for addressing regulatory matters with legal ramifications operates.

This organizational approach does not recognize regulatory affairs as its own discipline, instead
viewing it as an aspect of three other areas that have a clearly more defined and elevated role in
the corporate view of success drivers - - finance, operations, and law. We view regulatory affairs
differently in general, not to mention specifically at a company that has experienced the effects of
the transgressions that FirstEnergy has.

The company emphasizes its discovery of “tone at the top” as the paramount issue it has needed
to address in the wake of the effects of those transgressions. Part of what we think is missing in
that tone is the voice of senior leadership focused on the centrality of regulatory affairs to an entity
like FirstEnergy generally and JCP&L. There is not a regulatory voice at the top to help keep that
tone true. Top management has unduly submerged regulatory affairs; it should designate a top
officer, a legal professional, who regularly engages with FirstEnergy’s other senior leaders
regularly and who will have control over the resources, now split among the three senior executives
listed above.

Our experience in this engagement has made clear that both JCP&L top executive management
and the lead FirstEnergy have assigned to JCP&L for managing state utility regulatory affairs do
not have substantial influence in securing from the FirstEnergy resources from the three units
identified above timely or effective support and execution in responding transparently and
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otherwise appropriately to regulatory needs such as those our engagement addresses. The
performance we have observed questions both timely and effective execution of regulatory
activities. Consolidating responsibilities under very senior leadership can produce much needed
improvement in execution. FirstEnergy has of late invested much in making ethics and compliance
a more vital and positive contributor to “tone at the top” and the creation of a culture that
internalizes the value of ethical conduct. A similar investment is in order in regulatory affairs.

FirstEnergy had located a successful economic development organization under its external affairs
organization - - reportedly moved to a newly-created Customer Experience organization in
September 2021. For what appear to be moderate expenditures on a stable organization, it has
succeeded in bringing desirable and economically beneficial development projects into existence
at a healthy rate - - excepting JCP&L’s region. Understanding that policy, economic, and
demographic conditions differ, it nevertheless makes sense for management to work with state and
local stakeholders to seek ways to bring to New Jersey at least some measure of the success
attained in the areas served by the other operating companies.

We also examined communications and shareholder services, both performed through centralized
FirstEnergy Service Company organizations, with stable staffing and costs. We found no concerns
with their performance effectiveness. Moreover, in the case of communications, we found effective
coordination and communication with local JCP&L management, promoting the development and
tailoring of communications vehicles attuned to the needs and circumstances of the area of New
Jersey it serves.

Our External Affairs Organization recommendations include:
1. Return to JCP&L'’s lead officer responsibility for New Jersey external affairs.
2. Consolidate responsibility for rate and regulatory affairs under a senior legal executive.

3. Conduct a focused study of means for cost effectively improving development program
success in JCP&L’s serving region.
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Chapter I: Introduction

A. Background

This report summarizes the first, Utility Operations phase of an Audit of the Affiliated
Transactions and a Management Audit of Jersey Central Power & Light Company that The Liberty
Consulting Group (Liberty), conducted on behalf of the New Jersey Board of Public Utilities
(Board or BPU. We performed this audit in two phases:
e Phase One: Expedited treatment of a focused series of topics grouped together to comprise
a “Utility Operations” component - - this report describes the results of our examination of
the scope encompassed by these topics
e Phase Two: Subsequent treatment of functions remaining to be addressed as part of a
comprehensive management audit of JCP&L and an audit of the affiliated transactions
among JCP&L, FirstEnergy, and its affiliates - - a second report describes the results of
our examination of topics within that scope.

The scope set for this audit made two New Jersey-specific focuses central to our work - - financial
protections for New Jersey customers and New Jersey operations performance. Key elements in
recent years driving the former include the bankruptcy of FirstEnergy commercial power and
energy operations of and the July 2020 announcement of grand jury indictments of Ohio legislative
leadership, advisors, and lobbyists as a result of conduct involving FirstEnergy. The aftermath
brought termination of or separation from employment of a significant number of key corporate
executives, including FirstEnergy’s Chief Executive Officer, and a series of credit ratings agency
downgrades to FirstEnergy and its operation utilities (including JCP&L).

We have performed five previous management audits of this type for the NJ BPU, most recently
at ACE/Exelon. Previous audits included South Jersey Gas and New Jersey Natural Gas, and two
at Elizabethtown Gas, the most recent of which occurred under then parent AGLR Resources and
the earlier when ETG formed part of NUI. The first ETG/NUI audit occurred under conditions
where holding company created severe financial distress that threatened ETG.

We completed audit field work on the topics summarized in this report largely by September 1,
2021, but have incorporated some later received information from 2021. The accompanying Phase
2 report contains and relies on data gathered through the early part of 2022. While the subjects of
some of that data overlap with the work described in this Phase One report, we have not sought to
update this report to address it.

Throughout Phase 1, management frequently failed to provide responses to audit requests in accord
with either the normal durations for engagements of this type, more generous due dates
acknowledging failure to meet normal ones, or requests expedited because of the shortened time
schedule all understood at the outset of our engagement. Some measure of delay occurs typically
in work of this type, making mention of it gratuitous - - that was not so here. We worked diligently
and with strong support from BPU Staff in overcoming the substantially greater degree of delay
and unresponsiveness experienced here. Some improvement occurred, but without recovering past
delay, preventing accumulated lag, or overcoming a continuing pattern of unresponsiveness in key
areas.
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The most significant area of unresponsiveness came with respect to issues involving an agreement
that eventuated between FirstEnergy and the Office of the U.S. Attorney for the Southern District
of Ohio and as well with respect to issues related to the investigation preceding it. That agreement
called for indicting FirstEnergy on federal criminal wire charges, subject to dismissal should
FirstEnergy comply with all terms that agreement imposed.

The delays occasioned by FirstEnergy’s slow and often unresponsive answers and the inability
that its lack of transparency has produced in addressing questions about the DOJ Investigation that
the BPU asked us to address have simply proved too great an obstacle to schedule and too
expansive an impairment of our ability to provide answers to consign to the usual, acceptable, and
manageable label as “what comes with the territory.”

We appreciate the opportunity to be of service for the BPU, we thank the BPU Staff for its strong
support and understanding, and we appreciate the efforts of the JCP&L-assigned personnel for
their attempts to assist in overcoming the problems that FirstEnergy has caused for the completion
of our work.

B. Structure of This Report

This report combines the chapters that describe the findings, conclusions, and recommendations
that we have reached in the “Utility Operations” areas comprising Phase One of our engagement.
This report’s structure employs the following outline:
e Chapter I: Introduction
e “Utility Operations” Chapters:
Chapter II: Operations Organization
Chapter III: System Planning and Load Management
Chapter IV: Asset Management
Chapter V: Vegetation Management
Chapter VI: Contractors
Chapter VII: Reliability Programs and Smart Grid Activities
Chapter VIII: Cyber Security and System Vulnerability
Chapter IX: System Resiliency and Restoration
Chapter X: Customer Service
¢ One additional chapter due to the critical nature of its scope and required timeliness of its
implications:
o Chapter XI: Financial Risks and Consequences of Parent and Affiliate Operations
e Chapter XII: External Affairs - - The “DOJ Investigation”
e Chapter XIII: External Affairs Organizations.

O O O O O O O o0 O

The accompanying Phase Two report addresses the Management Audit and Audit of Affiliated
Transactions topics of this audit’s scope.
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Chapter II: Operations Organization

A. Background

This chapter describes and presents the results of our review of the JCP&L’s Operations
organization and FirstEnergy’s organizations that provide operations services and support to
JCP&L. We focused on the structure and processes for forming plans, making decisions, and
drawing asset, operational, and other support from other FirstEnergy entities in conducting New
Jersey utility operations. In particular, we observed JCP&L’s effectiveness in meeting New Jersey
electric customers’ needs by making independent decisions about planning, reinforcing,
improving, maintaining, and operating its distribution system.

Subsequent chapters of this report address our detailed review of other relevant utility operations
topics, including management’s inspection, maintenance, and reliability programs, practices, and
regulatory compliance. These later chapters also address how management plans its system, how
it develops and prioritizes its capital projects resulting from those plans, and whether Capital and
Operations and Maintenance (O&M) spending is consistent with financial forecasts and approved
budgets.

Our examination of operations also included the requested examination of fuel management
practices. Fully vertically integrated utilities generally have fleets that consume fuels in producing
energy for their retail customers. Some electric distribution companies continue to have small,
legacy supply facilities, including purchased power agreements, following movement of electric
supply to competitive markets. Like JCP&L, however, those serving as a transmission and
distribution (wires) company, own no fossil fuel-fired generation, hold no fuel stock, and lack any
power production expenses. Accordingly, JCP&L has no fuel and, therefore, no Fuels
Management program.

We considered in performing our examination of the Operations Organization whether
management:

e Provides adequate responsibility, accountability, and resources for identifying JCP&L’s
unique system reinforcement, addition, enhancement, and other needs through regular,
formal processes

e Assesses the condition and needs of New Jersey electric infrastructure and regularly
employs comprehensive, objective, and quantifiable performance measures

e Effectively employs organizations and resources that work in common on New Jersey and
other FirstEnergy facilities under performance expectations and criteria that address New
Jersey system performance and costs

e Employs sufficient numbers of New Jersey dedicated resources to ensure sufficient
attention to the condition of those facilities, their performance, identification of gaps, and
planning for means to address such gaps.
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B. Findings

1. FirstEnergy Support for JCP&L Operations

FirstEnergy Service Company has responsibility for managing JCP&L’s transmission and sub-
transmission systems and supports many of the distribution system functions common to its ten
operating companies. FirstEnergy Service Company provides centralized purchasing, accounting,
business services, regulatory, legal, and communication services to the operating companies. It
provides standardized maintenance program design and support, work management processes and
technologies, and peer reviews among FirstEnergy’s operating companies. It provides
transmission and substation planning, engineering (including high level management of the
substation inspection, maintenance, and reliability programs), capital portfolio services, laboratory
services, and technical subject matter experts to evaluate equipment conditions for the subsidiaries.
FirstEnergy also provides multi-year Lines and Substation training programs to provide qualified
apprentices to its operating companies. FirstEnergy enhances storm preparedness and response for
each operating company by providing centralized weather forecasting and analyses services, and
alternate/back up facilities for the individual primary distribution control centers.

The following listing identifies the FirstEnergy Service Company organizations that directly
manage JCP&L equipment or that provided support to JCP&L’s direct management of operations
and equipment:
e VP Transmission
o Director of Transmission Operations

o Director of Transmission Planning and Protection
o Director of Transmission and Substations
o Director of Asset and Records Control

e VP Utility Operations
o Director FEU Safety and Human Resources

o President of JCP&L

e VP Distribution Support
o Director ED Operations Services

Director Regional Workforce Development - Power System Institute
Director ED Operations Support
Director Work Management

O O O O

Director Energy Efficiency Compliance (reportedly moved under the VP Customer
Engagement after the drafting of this report)

Director Outage Management
Director Vegetation Management

Director Energy Efficiency Implementations (reportedly moved under the VP
Customer Engagement after the drafting of this report)

o Director Emergency Management
o Director ADMS/GIS Project

e VP Construction and Design Services
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Director Transmission and Substation Design
Director Transmission Project

Director Portfolio Management

Director Transmission Program

O O O O O

Director EMT Program.

These organizations provide JCP&L with support in the following areas: Energy Delivery
Operations Services, Work Management, Vegetation Management, Outage Management, New
ADMS (OMS)/GIS Project, Emergency Preparedness, and Energy Efficiency Compliance and
Reporting, and Energy Efficiency Implementation. Following are descriptions of descriptions of
some of these organizations.

a. Delivery Services and Support

The FirstEnergy Service Company Energy Delivery Operations Services organization provides
JCP&L with technical support and subject experts on operational dynamics; e.g., for powerline
harmonics, solar issues, system planning, and system reliability. These engineers attend technical
conferences and share technical knowledge among the operating companies. FirstEnergy has two
technical support engineers embedded within JCP&L. The FirstEnergy Service Company
Operations Support organization supplies and supports the technologies for the distribution control
centers (DCCs), it provides substation operating and equipment subject experts, and it provides
substation commissioning engineers for new construction and retrofit projects and upgrades.

b. Reliability

The FirstEnergy Service Company Operations Services organization supports the reliability
technologies provided to JCP&L and the operating companies for measuring, analyzing and
reporting reliability performance indices. FirstEnergy organizes a peer group forum with all
operating companies’ reliability engineers meeting two to four times each year to discuss common
reliability challenges, technologies, solutions, and costs. JCP&L shares and expands its knowledge
and reliability expertise through participation in these periodic forums. To maintain both an
organizational and management focus on reliability, FirstEnergy provides a daily scorecard to the
operating companies, comparing actual daily performance with pro-rata targets, and indicating
whether current performance is on pace to meet each year-end reliability target.

c. FirstEnergy System Planning Organization

The FirstEnergy Service Company Operations Services organization also assists JCP&L and the
operating companies with system planning and with training in the use of the circuit modeling
software (CYME) system planning software, an industry standard distribution circuit analysis
program. Two FirstEnergy Service Company system planners are embedded in New Jersey, but
they support all ten FirstEnergy utilities with EPRI (Electric Power Research Institute)
collaboration and with planning software issues. JCP&L Engineering management members meet
with their FirstEnergy operating company counterparts four times a year, and meet with other New
Jersey utilities on an ad hoc basis to identify and mitigate common system operations issues such
as distributed generation, solar integration, and demand side management. FirstEnergy Service
Company’s system planning group prepares JCP&L’s overall energy and demand forecasts, while
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JCP&L planning engineers prepare the more localized circuit-level and area-level demand
forecasts.

d. Work Management

FirstEnergy Service Company’s Work Management organization improves work efficiencies for
JCP&L operations organizations, by providing the work management processes and technologies
to ensure that all work is executed by the districts in concert with program schedules and job
priorities. Work Management provides the technologies and assistance that JCP&L’s districts use
to plan, design, and schedule work. The technologies allow leadership and Work Management
personnel to monitor workload execution in near real time, and to identify inefficiencies and
resource needs.

FirstEnergy implemented a Regional Work Management organization model in 2008 to optimize
and standardize work processes and practices among its operating companies. The Work
Management organization within FirstEnergy Service Company has 26 positions in Akron, and it
has 4 Work Management positions (including a supervisor), embedded within JCP&L. The
Director of “Work Management and FEU Process Improvement” oversees three teams, each led
by a manager, comprising the FEU Process Improvement Team, the Work Management
Operations Support Team, and the Work Management Systems Team.

The Work Management Operations Support Team ensures that JCP&L, and the other FirstEnergy
operating companies appropriately use Work Management’s work preparation, resource planning,
crew scheduling, and work performance tracking software technologies, and that they are
following the standardized FirstEnergy Work Management procedures. The Work Management
Support Team monitors JCP&L’s work management practices, monitors work performance
compared with performance targets, provides work performance reports, and provides insight and
guidance to help correct work performance issues. This group also assists JCP&L with resource
planning (by analyzing forecast labor requirements versus available labor resources) and can
augment operating company resources during storms and other emergencies. Work Management
conducts monthly meetings with the operating companies to review workflow performance reports
and to address strengths, weaknesses, and opportunities. Best practices and lessons learned are
shared between FirstEnergy Work Management and the operating companies. The Work
Management Systems Team provides training and support, along with the Information Technology
(IT) Team, for the various work management technologies provided to JCP&L and the other
operators.

e. Vegetation Management

FirstEnergy Service Company’s vegetation management organization has responsibility for
transmission and sub-transmission vegetation management, and it provides guidance, standard
processes, practices, and technologies for JCP&Ls distribution vegetation management
organization. Economy of scale savings result from FirstEnergy’s taking responsibility for
vegetation management for its entire transmission system, by assisting its 10 operating companies
with obtaining contractors, and by providing standardized technologies for the operating
companies to conduct vegetation management activities on their respective distribution systems.
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FirstEnergy Service Company’s Vegetation Management Organization, under a Director of
Vegetation Management, has full responsibility for vegetation management on the transmission
lines in New Jersey, and has responsibility for planning and managing transmission vegetation
work, and for complying with the regulatory reporting required by the BPU and North American
Electric Reliability Corporation (NERC)/ Federal Energy Regulatory Commission (FERC). Its
arborists plan and manage the transmission work and conduct annual aerial, driving and walking
inspections along transmission rights of way. The organization has a staff of about 75, including
foresters, analysts, and clerks. All FirstEnergy Service Company foresters are certified utility
arborists. Distribution and sub-transmission vegetation management is 100 percent managed by
JCP&L’s Forestry Services Organization. However, FirstEnergy Service Company Transmission
Services function has budget responsibility for sub-transmission vegetation management costs,
with JCP&L system costs recovered under the FERC-authorized transmission tariff.

The FirstEnergy Service Company Vegetation Management Organization supports JCP&L
distribution and sub-transmission vegetation management procedures and consults with JCP&L
on BPU compliance issues, and along with the Supply Chain Organization, assists JCP&L
Vegetation Management in identifying and contracting with certified and vetted vegetation
contractors. FirstEnergy Service Company also provides and maintains for JCP&L the Vegetation
Management System (VGMS) software program used to schedule vegetation management work,
to record contractor timesheets, and to track completions in the field. The FirstEnergy Service
Company Vegetation Management Organization provides monthly reports and monitors JCP&L
vegetation management costs and progress. It also holds monthly vegetation management budget
meetings with JCP&L and participates with JCP&L in providing sufficient vegetation management
crews from other affiliates, if necessary, in preparing for and executing major storm response tree
clearance work.

f.  Supply Chain

FirstEnergy’s Supply Chain organization leverages economies of scale in resourcing vendors,
materials, and contractors to its ten operating companies. FirstEnergy Supply Chain selects
vendors and contractors and provides materials purchasing, warehousing, and stores functions for
JCP&L. Two directors had led FirstEnergy’s Supply Chain Organization- - one supporting the
Utilities group and the other supporting the Regulated Generation and Corporate groups.
Following the drafting of this report, management reported an October 2021 Supply Chain
reorganization under a Vice President of Supply Chain responsible for three directors (for Strategic
Category Management, Material Operations and Solutions/Standards).

The Utilities group has responsibility for sourcing materials and services for the operating
companies, including JCP&L. The unit has multiple managers and buyers. Supply Chain buyers
procure materials using a competitive bidding process involving multiple vendors, and the buyers
issue purchase orders for JCP&L. Supply Chain embeds Stores personnel within the JCP&L
districts, and they act as liaisons between the district managers, layout technicians,
planner/schedulers, and supervisors and the centralized warehouse in Pennsylvania. The Supply
Chain organization also procures contractors for JCP&L, following evaluation criteria that
includes safety records, environmental issues, schedule adherence, delivery reliability,
subcontractor diversity, payment terms, and each contractor’s experience and demonstrated
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capabilities. Once JCP&L operations has concurred with each contractor selection by Supply
Chain, the buyers then issue a purchase order to the contractor.

g. Transmission and Construction and Design

JCP&L’s Operation Support organization provides the resources for much of the normal day-to-
day maintenance activities performed for JCP&L’s transmission and sub-transmission lines, and
its substations. However, FirstEnergy Service Company’s Transmission and Construction and
Design organizations have responsibility for construction, inspections, maintenance, and reliability
of the substations and the transmission lines in New Jersey. FirstEnergy Service Company’s
Substation Engineering has responsibility for the design and construction of all JCP&L
substations, including its distribution substations.

h. Transmission and Substation Service

JCP&L lines and substation workers execute inspections and maintenance in the substations, sub-
transmission lines, and low voltage networks; however, FirstEnergy’s Transmission and
Substation Services organization has responsibility for the management of inspection and
maintenance programs for the JCP&L transmission and sub-transmission lines and substations
(including distribution substations) and the low voltage (LV) networks. This organization includes
the Transmission Maintenance group, the Transmission and Substation Support group, the Relays
and Controls group, and the Major Equipment and Commissioning groups.

The Transmission group provides technical support and subject matter expertise related to
transmission line maintenance practices and methods, emergency response, construction methods,
utility industry standards, and regulatory compliance requirements; and it develops and scopes
condition-based capital projects. Examples of appropriate collaboration with JCP&L include a
project prioritization process, investigating line encroachments, prioritizing defects identified by
the line patrols, tracking inoperable equipment, and providing parts and outage coordination across
all the operating territories.

The Substation group also provides JCP&L with very similar technical support and subject matter
expertise related to substation maintenance practices and methods. Examples of collaboration with
JCP&L on substation operational topics includes specifying replacement and/or repair of
substation equipment, targeted circuit breaker replacements based on condition issues, and
providing post-storm hazard mitigation personnel.

The use by all 10 operating companies of FirstEnergy standardized specifications and procedures
is efficient and cost effective, and FirstEnergy’s central staff of subject matter experts precludes
the need for JCP&L to duplicate the costs of those resources.

1. Transmission System Operations

Operating two transmission control centers for the ten operating companies, rather than 10 separate
control centers, provides savings for each operating company. FirstEnergy’s Transmission System
Operations organization has responsibility for operating JCP&L’s transmission and sub-
transmission systems from the Akron transmission control center, along with some of the other
FirstEnergy transmission assets. Another center controls transmission facilities for the southern
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operating companies. Transmission operations work with PJM, the regional transmission
organization, and with JCP&L, to provide secure transmission system operation within New
Jersey. The control centers are staffed 24/7 with PIM/FERC certified operators. The Transmission
Operations Support groups include Transmission Metering, Outage Coordination, Tools and
Technology, Power Network Analysis, Regional Transmission Organization (RTO) Energy
Transactions, Compliance and Procedures, and Transmission Training. FirstEnergy’s
Transmission Operations also works with JCP&L’s DCCs and the DCCs of the other operating
companies for transmission and sub-transmission outage scheduling, for preparing switching
instructions and orders, and for coordinating local and regional emergency restorations.

j.  Regional Workforce Development

Finding qualified applicants for lines and substation workers can prove difficult; FirstEnergy
provides line and substation worker training to ensure that JCP&L has an adequate pipeline of
qualified apprentices and mid-career hires. The FirstEnergy organization provides trained
apprentices for JCP&L’s line and substation crews. FirstEnergy’s Regional Workforce
Development organization manages the parent company’s training schools, the FirstEnergy Power
System Institute (PSI), which trains inexperienced applicants to be qualified as apprentices for the
Lines and Substation organizations. The 24-month PSI courses includes a summer internship for
orientation to actual in-field working crews. Management and the IBEW require that the applicants
are tested, interviewed, background checked, and that they are required to demonstrate skills
before hiring. Two of the PSI facilities are in New Jersey.

2. FirstEnergy Costs Allocated to JCP&L Operations

FirstEnergy allocates costs to JCP&L each year to pay for critical utility business support functions
that JCP&L would otherwise need to staff internally if it operated as a standalone entity. Those
costs in turn should be justified by JCP&L receiving at least the same quantity and quality of
services that it would experience if providing them internally. Using its standardized and
centralized business support model, FirstEnergy has the same arrangement, and allocates the same
types of costs, to each of its subsidiaries.

The three FirstEnergy organizations directly serving the JCP&L Operations Organization are the
Supply Chain, T&D Support, and Utility Operations organizations. The following table shows the
costs allocated to JCP&L for those functions from 2017 to 2020.

FirstEnergy Allocations to JCP&L for Operations Services Provided
FE Organization 2017 2018 2019 2020 2021 Budget
Supply Chain $534,308 $558,999 $676,418 $747,266 $919,122
Utility Operations | $179,535 $217,784 $769,787 $834,562 $670,829
T&D Support $26,406,330 | $30,917,408 | $33,295,770 | $37,442,952 | $40,739,836
Total $27,120,173 | $31,694,191 | $34,741,975 | $39,024,780 | $42,329,787
% Annual Increase 16.9% 9.6% 12.3% 8.5%

To execute its support services role, FirstEnergy staffs, manages and allocates employee Full Time
Equivalents (FTEs) to each operating utility. The next table shows the allocations of FirstEnergy
FTEs from the Supply Chain, T&D Support and Utility Operations organizations to JCP&L
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operations from 2017 to 2020. The effectiveness of those FirstEnergy functions in providing
support to JCP&L operations are detailed in Section C.1 above.

Using 2020 as an example, FirstEnergy Service Company allocated slightly more than $39 Million
to JCP&L for the support functions provided by about 250 FirstEnergy Service Company
employees, or about $130,000 per allocated employee. Given the depth and breadth of the services
provided, we found the allocated costs appropriate and perhaps as importantly, found them very
likely less than the fully loaded costs that JCP&L would incur to hire, retain and manage the staff
to perform these functions internally.

FirstEnergy FTEs and Number Allotted to JCP&L

. L. 2017 FTEs| 2018 FTEs | 2019 FTEs | 2020 FTEs | 2021 FTEs
FE Organization
FE|JCPL| FE |JCPL| FE |JCPL| FE | JCPL | FE | JCPL
Supply Chain 26| 2.8 42 5.6 39 5.5 40 6.2 41 6.3
Utility Operations 140( 53.3 | 140 | 542 | 152 | 57.1 | 149 | 53.5 | 158 | 55.3
T & D Support 823 167.4 1053 208 |1105(235.8|1020{191.4|1231(230.8
223.5 267.8 298.4 251.1 292
Total & % Allocated 989 1235 1296 1209 1430
© o Afocale 22.6% 21.7% 23.0% 20.8% 20.4%
% Annual Increase allocated FTEs 20% 11% -16% 16%

3. JCP&L Operations Organizations

JCP&L’s Lines, Engineering, and Substations organizations have experienced and knowledgeable
leadership and are appropriately organized and staffed with engineers and technicians, and with
qualified line and support personnel to accomplish assigned work. Work management practices
focus on ensuring that all required work is completed on time.

JCP&L’s Operations organizations are led by the Vice President of Operations, who oversees four
operations organizations in turn led by the three directors and one manager. The Director of
Operations Services has responsibility for distribution engineering (planning, maintenance, and
reliability), distribution operations (headquartered in district line shops), and damage and
compensation claims (e.g., car/pole accidents). The Director of Operations Support has
responsibility for the substation and underground inspections and maintenance (using substation,
cable, and relay personnel assigned to substation district shops), the two distribution control
centers and their staffs, and for the JCP&L’s work management team. The Regional Operations
Support Director has responsibility for the vehicle fleet (managing about 900 vehicle units),
facilities, meters, vegetation management program execution, and for storm response logistics.
The Emergency Preparedness Manager has responsibility for ensuring that the incident command
team structure is staffed, trained and prepared for major events. Except for personnel rotations and
replacements, the Operations organization structure has not changed since 2017. JCP&L’s
Operations Organization is standardized and follows the functional model used by nearly all
FirstEnergy operating companies.

FirstEnergy encourages the movement of management personnel between and within operating
companies to broaden experience, to strengthen succession planning and to promote the cross
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fertilization of best practice. JCP&L’s current incumbent senior directors are cross-experienced
and cross-qualified and can cover the duties of each other and of the vice president. Management
is developing a less senior incumbent director, four regional general managers, and a number of
lines and substation managers as part of their leadership succession plan.

The JCP&L Operations Directors do not directly report to FirstEnergy management, but rather
they report to JCP&L’s Vice President of Operations, who in turn reports to JCP&L’s President,
The JCP&L President reports to FirstEnergy’s Senior Vice President of Utilities.

a. Operations Services

JCP&L Operations Services (line work and distribution engineering) has about 700 employees,
including about 570 field personnel reporting to fourteen geographically spread distribution lines
shops, six in the northern region and eight in the central region. Two other shops handle
transmission facilities. These local shops have responsibility for line work, Underground
Residential Distribution (URD) work, and pad mount transformer and switchgear equipment
installation and maintenance, and streetlight work. The Operations Services organization includes
the engineering staff and the regional and district distribution management, district staffs, and line
worker personnel.

Functions within Operations Services include distribution system planning, managing distribution
inspection, maintenance, and reliability programs, field work management, planning, scheduling,
and execution; and managing distribution reliability and growth projects. Four Regional General
Managers and one Manager of Engineering report to the Director. The Director is ultimately
responsible for the engineering and the completion of distribution system planning and overhead
distribution circuit inspection, maintenance, and reliability work.

JCP&L Operations participates in monthly meetings with other FirstEnergy Operations units to
discuss common, critical operating topics. The Director also periodically discusses common issues
with his counterpart at PSE&G. The Operations Services Engineering group includes 101
engineers and is supported by 26 FirstEnergy engineers. The JCP&L engineering organization
includes distribution system planning engineers, inspection and maintenance engineers, and
reliability engineers.

Personnel assigned to each of the fourteen line shops typically include a district manager, one or
two work planners/schedulers and job layout technicians, crew supervisors, a shop technician, a
mechanic, line workers, and an embedded FirstEnergy stores employee.

JCP&L line crews consist of two or of three lines workers, depending on whether a crew contains
an apprentice. Line workers’ duties include distribution line construction and maintenance,
performing troubleshooter (electric first responder) work under the direction of distribution system
operators (DSOs), installing, repairing, and replacing direct buried URD cables, and maintaining
streetlights. Management provides line crew chiefs with cellular connected laptop computers for
remotely accessing OMS orders and Geographic Information System (GIS) maps. The FirstEnergy
Service Company Transmission and Construction and Design Organizations manage transmission
and sub-transmission inspection and maintenance, but JCP&L provides two crews for transmission
and sub-transmission work.
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JCP&L currently has 402 line-workers, an increase from 383 in 2019 designed to offset future
projected retirements, and to satisfy other forecast resource needs. JCP&L deploys new line
workers by hiring qualified journeymen in the marketplace from other utilities and contractors,
and by maintaining a steady flow of qualified apprentices from graduates of the two PSI locations
in New Jersey. Management and the IBEW require that new line workers pass written tests, be
interviewed, pass background checks, and physically demonstrate line work and safety skills.

JCP&L terms its electric outage first responders “troubleshooters.” Troubleshooters work as a one-
person line crew. JCP&L employs four or five troubleshooters per district; they work 24/7 shifts.
Troubleshooters report through Operations Services leadership, but they take work direction from
the DSOs (distribution system operators) in the DCCs, under the Operations Support Organization.
All troubleshooters have laptop computers to access OMS orders and GIS maps and other data.

JCP&L has equipped its line and substation crews and troubleshooter trucks with GPS tracking.
The DSOs and district management can track truck locations to aid in dispatching the closest
available resource to emergent situations. The GPS capability also allows for recording daily
departure and arrival times for crews and encourages productivity.

JCP&L currently deploys distribution construction and maintenance crews from four contractor
companies, comprising about 44 contractor personnel. The current construction and maintenance
contracting approach at JCP&L focuses on retention of contractors to perform work that exceeds
the capacity of internal crews to accomplish. JCP&L’s annual work plans load company crews to
full capacity, then assign the excess to contractors. Large, contracted job awards come following
competitive bidding, but smaller jobs may be contracted using negotiated fixed cost or cost-plus
terms and conditions. Internal crews perform all baseline inspection and maintenance work and
undertake smaller, routine construction jobs, to the limits of their capacities. Otherwise,
contractors work larger, externally-funded projects; e.g., government-sponsored road expansions.
Management also often uses competitive bidding for special initiatives, such as the $97 million
2019 and 2020 Reliability Plus IIP project, to the extent they impose needs greater than internal
forces can handle.

b. Operations Support

The Operations Support organization’s responsibilities include managing the inspections,
maintenance, and reliability field work related to substations, low voltage (LV) networks, and
ducted underground cables (but not direct burial URD cable), operating the JCP&L distribution
system with the staffs of the two distribution control centers, and managing the and the embedded
JCP&L work management team. The organization has one Director of Regional Operations
Support, four General Managers of Regional Support and one Manager of Distribution System
Operations (DCC), who all report to the Director.

The Operations Support organization operates three shops in the northern region and four shops in
the central region. JCP&L stations 86 UC&M (substation) mechanics in the northern region and
100 in the central region. Substation mechanic hiring typically employs a pool of PSI substation
school graduates; they operate under a two-year apprenticeship. FirstEnergy Service Company has
responsibility for substation engineering and designs. JCP&L locates relay technicians and cable
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workers at several substation districts. Management employs 28 relay and control technicians and
several cable crews for installing and repairing ducted cables and for maintaining the LV networks
in Morristown.

c. Lines and Substations Field Operations

JCP&L currently has sufficient field employee resources to accomplish required work each year.
Management has since 2017 worked to complete all BPU-required and internally driven
distribution and substation inspection and maintenance and reliability program work each year. It
has maintained or increased internal line and substation personnel as work requirements and
attrition have dictated.

JCP&L Line and Substation FTEs

FTE Type | 2017 2018 2019 2020 2021
Line 389 402 390 383 402
Substation 127 134 135 143 154
Total 516 536 525 526 556

JCP&L has organized and staffed its Lines and Substations districts to support efficient and timely
efforts to plan, schedule, and execute required work, using work management procedures and
technologies. Personnel assigned to each line and substation district shop typically include a
district manager, one or two work planners/schedulers and job layout technicians, crew
supervisors, a shop technician, a mechanic, line workers, and an embedded FirstEnergy stores
person.

Our in-person observations of working district operations found effective planning, scheduling,
and executing field work. We went to several line and substation/cable shops in both regions,
witnessing office and field operations across a number of technical disciplines. We monitored early
morning job briefings and weekly crew scheduling meetings, and we observed the use of OMS
data, work management technologies including CREWS distribution job preparation software,
CASCADE substation job awareness and tracking software, CLIK job scheduling and tracking
software, weekly crew assignment spreadsheets, and individual construction and maintenance job
packets. A substation inspector also demonstrated CASCADE software use for substation
equipment inspections.

The planner/schedulers in each district prepared, with the supervisors, “firm” crew schedules for
the following week, and “soft” tentative crew schedules for the second and sometimes third week.
The planner/scheduler ensured that the stores person and the district distribution tech had prepared
and staged all the materials needed for the current day’s assignments for the crews, avoiding delays
and allowing for efficient crew deployments each morning.

Substation planners/schedulers use CASCADE for assigning substation inspections and
maintenance. All crew chiefs and troubleshooters have laptops for receiving and completing OMS
orders electronically and viewing GIS maps and other operating documents online.
Planners/schedulers and supervisors are always aware of crew locations, via GPS tracking
technology.
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Before scheduling a job, the district planners/schedulers assign a layout technician to design and
prepare the job packet. The layout technician/designer uses the Crew Work Request System
(CREWS) software program, which allows designers to develop project labor and material
estimates. The software automatically determines the allocation of job costs to either operating
expense or to capital expenses based on rules established by the accounting department. The layout
technicians prepare job packets including GIS map printouts showing the task required and the
estimated labor and materials resources which will be required, conducting site visits if necessary
to clarify their designs.

The job packets go to a planner/scheduler. These persons and their supervisors review the job
packets for key factors (e.g., accuracy and buildability) before inserting the job into the district
schedule for assignment to a crew. Each district has one or two locally assigned layout technicians
who prepare single-phase jobs, while Morristown engineering layout technician/designers prepare
larger 3-phase jobs. The supervisors and planners/schedulers communicate with customers to
arrange for any required forced outages and to verify schedules and logistics for new connections
or equipment replacements.

The managers, the planner/schedulers, the job layout technicians, the FirstEnergy stores person,
the shop technician who prepares materials, and the supervisors all appeared to effectively
coordinate, schedule and supply the workflows associated with new business requests, inoperative
equipment jobs, and other corrective maintenance priorities. The involvement of district
planners/schedulers and the use of work management technologies, relieve line and substation
supervisors of the administrative burden of preparing the schedules and ordering and staging
materials. The line crew supervisors each manage several crews. Under the work management
process described above, the line crew supervisors have the capability for efficiently deploying
crews to jobs in the mornings, and have the time and capacity to actively supervise the crews in
the field, to conduct pre-job inspections, and to verify that jobs are completed consistent with
specifications.

The work planning and scheduling technologies provided by the Work Management organization
allow the districts, and management in general, to view the real time status of jobs being prepared,
jobs scheduled, jobs in progress, and jobs completed. Work Management personnel monitor and
measure each district’s job management performance, including the accurate accounting of labor
and material costs charged to each job, the comparison of estimated vs. actual scope performed
and hours charged, and adherence to program schedules and priorities. As a result of this effective
process, scheduled annual inspections and maintenance work tasks are completed before the end
of each year, new business connections are established, and emergent events are remedied in a
timely manner.

d. Distribution Control Centers

JCP&L staffs its two distribution control centers (DCCs) with distribution system operators
(DSOs) and with technologies common to all the FirstEnergy operating companies. The DCC
manager reports to the Director of Operations Support and the two supervisors at each DCC report
to the manager. The DCC staffs are made up of DSOs, clerks, a distribution tech, and an engineer.

February 7, 2023 =Nz Page 15
The Liberty Consulting Group



Board of Public Utilities Final Report — Public Phase One of an Affiliates and
State of State of New Jersey Operations Organization Management Audit of JCP&L

The Power-On OMS system is backed up with OMS systems at the FirstEnergy Transmission
Control Center (TCC) and with other DCCs among the FirstEnergy operating companies.
Management has configured the facilities and systems to permit any FirstEnergy DCC to control
and dispatch resources to operate any of the constituent electric distribution systems. FirstEnergy’s
TCC in Akron, Ohio monitors and controls JCP&L’s transmission and sub-transmission systems.
A Wadsworth, Ohio facility serves as its backup, while a second TCC is in Fairmont, WV for
support of the FirstEnergy southern operating companies.

The two JCP&L DCCs and all FirstEnergy operating companies have similar staffing, and
common policies, procedures, and technologies. When necessary (e.g., when a storm event affects
only one region), the two JCP&L DCCs assist each other in system operations. The other operating
companies’ DCCs also assist the JCP&L during storm events by providing additional DSOs (either
remotely or onsite) to perform dispatching and system operations duties for specific operating
areas, by providing additional storm leadership to augment the JCP&L Incident Command Team
and by providing additional Storm Analysis personnel to assist with OMS verification of storm
outage and restoration data, and other storm and outage management functions guided by JCP&L’s
processes and priorities.

The DSOs direct troubleshooters, line, and substation crews to field locations based on their
analysis of customer call information, OMS-predicted outage locations, and System Control and
Data Acquisition (SCADA) alarms. The DSOs communicate with the TCC to maintain awareness
of sub-transmission and transmission status. The DSOs have direct control of the operation of the
distribution system up to the switch on the high side of the distribution substation transformers,
and they write and direct switching, orders, issue clearances, monitor system conditions, review
outage orders for data accuracy. The DSOs also direct the work of the DCC clerks who in turn
perform callouts for field personnel during off-hours, contact NJ One-Call for underground utility
locate and mark requests, request police and flagging support for traffic control, and electronically
assign troubleshooter crews to OMS orders as directed by a DSO.

Following DSO review of an outage order for accuracy of cause codes and customer restoration
times, the DCC Distribution Technician verifies the accuracy of the data, adjusts, and approves
the order to be archived according to the FirstEnergy outage data Review and Approve process.
The DCC engineer provides technical support to the DSOs, interfaces with the distribution
engineering group, and leads the storm analysis team during storm events.

We conducted site visits to both DCC facilities and storm rooms - - one in Morristown for the
Northern Region and the other in Holmdel for the Central Region. Each control center has SCADA
and Energy Management System (EMS) monitoring and control for nearly all JCP&L distribution
substations and circuits, including automatic circuit tie schemes, and smart grid installations. An
Incident Command Team storm room sits adjacent to each DCC, configured with system status,
OMS monitors, and communications facilities for use during major storm or other large restoration
events.

JCP&L has assigned 49 employees, including four supervisors, between the two DCCs. The
Morristown control room has 13 distribution system and substation operators and two supervisors,
and the Holmdel facility 16 distribution system and substation operators and two supervisors. A
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minimum of two DSOs remain on duty around the clock in each control room, with supervisory
coverage for the first two of three rotating shifts. No supervisors are assigned to the third shift, but
an experienced senior DSO remains on duty. Each DCC has have several terminals for SCADA
and EMS operation, the Power-On OMS, and a large screen weather monitor. Management has
been replacing the legacy Power-On OMS with a new FirstEnergy-wide network management
systems that integrates the OMS, GIS, SCADA, with Energy Management systems. It can adapt
the system to integrate any future AMI applications implemented. The replacement schedule calls
for 2022 completion.

FirstEnergy has interconnected both DCCs, the TCC at Akron, and the DCCs for all other nine
FirstEnergy operating companies with dedicated phone lines; each can monitor and operate the
others’ OMS systems. Met-Ed in Pennsylvania provides the primary JCP&L DCC and OMS
backup facility. The FirstEnergy Meteorology Services keeps operators informed of approaching
weather.

Operations Services line employees served as JCP&L’s outage first responders (the
“troubleshooters” described earlier), but the DSOs manage their outage response work.
Management covers the Northern Region with 45 troubleshooters and the Central Region with 46,
scheduling them for 24/7 coverage. Management assigns most to specific geographic service
territories, but several serve as “relief” troubleshooters, covering for others during shift changes
and vacations. The DSOs and the troubleshooters communicate using radios, cell phones, and
laptop computers. These laptop computers connect to the OMS and the GIS systems through
cellular technology, enabling troubleshooters quickly to identify trouble and outage locations and
view the same outage data and circuit diagrams as the DSOs with whom they work. Management
recently completed a project that verified the accuracy of the GIS system.

Receipt of a customer outage report leads to customer service or voice response unit preparation
of outage order for entry into the OMS. Completion by the OMS of its diagnosis, problem
identification, and a probable outage location permits a DSO to notify the assigned troubleshooter
of generation of an outage ticket generated in OMS and viewable by their laptop computers.
Dispatch of the troubleshooter to the predicted outage location permits confirmation of the outage,
investigation of the cause, and, where possible, restore service. The troubleshooter notifies the
DSO if the customer is restored. The DSO or clerk can assign another troubleshooter or request a
near-by line or tree crew to assist with more extensive or complex restoration activities.

e. Inspection and Maintenance

Two engineers and four distribution technicians from the Operations Services engineering
organization have responsibility for coordinating and managing inspections, maintenance, and
repairs of JCP&L’s distribution equipment, excepting underground cables. The distribution
technicians also conduct inspections of URD system components, including pad mount
transformers and switchgear. The 402 line workers of the Lines Organization field groups within
the Operations Services organization work from six distribution lines shops in the Northern Region
and eight in the Central Region. Another two traveling distribution construction crews and two
transmission line shops exist as well. Line workers perform line inspections and maintenance, and
they conduct repair work on direct buried URD cable, pad mount transformers, and streetlights.
Distribution technicians in the engineering group conduct pad mount transformer inspections.
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JCP&L’s Operations Support organization also has responsibility for inspections and maintenance
of substations, relays, ducted underground cables, and the low voltage networks. The substation
field organization has three shops in the Northern Region and four shops in the Central Region.
Among these substation shops are cable crews and relay technicians. Operations Services has 154
UC&M (substation) mechanics, an increase of 13 FTEs since 2017, and 26 relay technicians —
three more FTEs than in 2017

FirstEnergy Transmission organizations have responsibility for planning, designing, engineering,
operating, and inspecting JCP&L’s transmission and sub-transmission lines, but the JCP&L
Operations Services organization provides two dedicated transmission line crews for physically
maintaining those lines, and it provides two Line Inspectors for the sub-transmission system. The
FERC-authorized transmission tariff addresses recovery of costs for the work on the JCP&L
system. FirstEnergy Substation organizations have responsibility for planning, designing, and
engineering JCP&L’s substations and for the inspection and maintenance costs associated with the
transmission and sub-transmission equipment in those substations. However, JCP&L conducts the
inspections and maintenance of all substations, with cost recovery similarly occurring under the
FERC-authorized transmission tariff.

f. Distribution Vegetation Management

The JCP&L Forestry Services organization has responsibility for scheduling, inspection, and
oversight of the distribution vegetation management program (VMP) activities. Foresters annually
plan and schedule cyclical tree trimming work based on prioritized circuit lists provided by the
reliability engineering organization.

The JCP&L Regional Operations Support Director has responsibility for sub-transmission and
distribution vegetation management. The JCP&L Forestry Services Manager reports to this
Director, and the organization includes a supervisor, 11 foresters (nine of which are certified utility
arborists) and an analyst spread over the Northern and Central Regions. The foresters, familiar
with local tree species, analyze tree-related reliability data, determine when trees should be
removed, and continually monitor tree clearances in their assigned areas. The JCP&L foresters
review post storm tree-related outages and comply with directions from municipalities and shade
tree commissions in executing their work. The forestry contractors notify customers and property
owners about trimming and obtain permissions for tree removals on a tree-by-tree basis. They also
work with the New Jersey Department of Environmental Protection (DEP) when trimming and
removing trees on state owned property, and they ensure that tree crews comply with applicable
state forestry regulations. As required by Order dated April 23, 2014 in BPU Docket No.
EO11090543, Forestry Services investigates tree outages affecting 500 or more customers or
lasting more than three hours.

Contractors directly supervise their vegetation crews; JCP&L’s arborists work with those
supervisors to ensure accomplishment of scheduled work and to verify trim compliance with
standards and the appropriate maintenance cycles. Management bids and awards vegetation
contracts, using lump sum pricing for circuit trimming and unit prices for tree removals. JCP&L
has agreements with seven or eight certified vegetation management contractors who offer about
120 vegetation crews that routinely work on JCP&L facilities. Each crew uses two or three
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trimmers, and often work together to minimize the road blocking durations. Some contractors use
separate crews for brush spraying and removal, while others use the same personnel for both
activities. These crews are also available for storm work, and if more are needed, FirstEnergy
Service Company can seek to arrange for crews from the other FirstEnergy operating companies.

JCP&L’s arborists approve contractor timesheets and track scheduled and completed work using
a software program. The contractor’s arborists first inspect all work, followed by JCP&L foresters,
who inspect for compliance to the specifications. When necessary, the foresters require the
contractors address all non-compliant work prior to payment. To improve trimming quality and
verify completions, the foresters inspect 100 percent of contractor work and conduct weekly audits
of the work and its costs.

g. Distribution Reliability Engineering Organization

JCP&L approaches the maintenances of system reliability comprehensively through a range of
practices. Management monitors system reliability needs, based on outage causes monitored on a
localized basis. JCP&L considers reliability improvement a focus since it became a FirstEnergy
operating company in 2001. Early efforts to improve reliability included installation of fault
locators on the overhead lines system and increasing the use of mid-circuit automatic circuit
reclosers. The System Operations Engineering group has ultimate responsibility for designing
reliability and resiliency programs, implementing those programs, and for monitoring outages and
reliability metrics. The group operates under the Operations Services Director and the Engineering
Manager.

JCP&L assigns reliability engineers to one or two specific operating districts. These reliability
engineers monitor outage cause data, address customer reliability issues, and develop cost efficient
solutions for mitigating reliability issues. Management compiles and distributes a reliability
scorecard based on outage data each day, using a convenient dashboard display comparing daily
JCP&L reliability performance to targets, and comparing that performance with results from the
other FirstEnergy operating companies. The dashboard enables prompt detection of threats to
meeting reliability performance targets set on an annual basis.

FirstEnergy’s reliability organization includes a transmission reliability manager, three engineers,
and two analysts, a FERC/NERC compliance group, and a reliability compliance group staffed
with a manager and three analysts. The JCP&L Engineering Services organization includes a
general supervisor of reliability and assets (currently an open position) and a supervisor of
engineering services, who leads JCP&L’s reliability engineering organization. The supervisor of
Engineering Services leads the 11 district reliability engineers responsible for the 14 operating
districts.

The Engineering Services organization also includes an analyst and a senior consulting engineer
with extensive experience. The reliability group receives its outage and system condition real-time
data from the company’s Power-On OMS system and its Plant Information system, which monitors
voltage and current sensors in nearly all substations. On a monthly basis, a working group of
reliability engineering and operations personnel analyze outages of more than 125,000 CMI to
identify potential mitigating operations and system condition improvements. Local reliability
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engineers investigate smaller outages on an ad hoc basis, but without a formal outage size or
duration threshold.

The district reliability engineers and engineering management, including the Operation Services
Director, routinely review data to identify cause trends and check for erroneous data. Engineering
management monitors daily SAIDI reports to identify weather-caused issues. Adjustments of OMS
data occur, as necessary, to ensure accurate reporting of blue-sky, minor weather, and excluded
major data. All reliability personnel and management have direct access to the FirstEnergy
reliability dashboard and the underlying data.

Operating company reliability engineers from across FirstEnergy conduct peer group meetings
two to four times each year to discuss systematic equipment issues, technologies, and costs. Local
reliability engineers and their supervisor meet weekly to discuss common and specific issues.
District reliability engineers follow up on outages and customer issues, inspect locations, and
working with district managers and supervisors develop proposed solutions. Generally, outage
mitigation work, such as spot trimming or replacing a recloser, secures approval by the manager
and the engineering team and charging to a set of “Fix It Now” reliability blanket accounts that
include both O&M and capital funds. These costs are allocated according to pre-set accounting
department rules. The local reliability engineers work and communicate directly with customers
to address reliability issues such as addressing customers experiencing multiple interruptions
(CEMI).

h. Distribution System Capacity Planning Organization

JCP&L’s system demand has not been increasing overall, but several areas have experienced
growth, with new residential load a principal contributor. JCP&L’s Operations Services
Engineering organization conducts distribution system capacity planning and distributed
generation system planning. A planning engineer assigned to one or two operating districts
monitors system needs on a localized basis. These system planners consider data that includes load
growth and run load programs, using it to develop least cost solutions for meeting expected future
needs in line with planning and operating criteria.

The distributed generation group accepts solar applications from residential customers, reviews
the system effects of behind-the-meter solar generation, approves applications, and maintains a
solar customer database. Distribution planning engineers undertake specific reviews for solar
installations exceeding 300 kW. When new solar installations reach 3,000 KW, FirstEnergy-level
planning personnel reviews them for transmission system effects.

Distribution Capacity Planning has responsibility for producing distribution circuit and substation
peak load (demand) forecasts. JCP&L Operations Services has 20 planning engineers and
technicians, a supervisor, assigning 3 distribution District Planning Engineers for each of the
Central and Northern Regions. The planning engineers model the systems in their districts using
FirstEnergy-provided CYME. All FirstEnergy operating companies use the same software.
Integration of this software with the GIS allows graphic display of all circuits graphically and
identifies voltages, line loading, phase balance, capacitor locations, and other circuit attributes.
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The JCP&L system planning engineers access load data from multiple sources. These sources
include real-time and peak circuit current and phase balance readings and transformer load tap
changer (LTC) indicator positions, entered each month by substation inspectors into the equipment
maintenance system (CASCADE via digital recording devices). This system feeds into the load
flow analysis program (LFDMS). Planning engineers test peak circuit load data trends for accuracy
by comparing CASCADE data to separately collected SCADA/PI Historian data. Planning
Engineers use the LFDMS data to track load changes caused by new loads, by permanent load
transfers, or by temporary load transfers driven by equipment outages for repairs or maintenance.
The Planning Engineers develop reports for load transfers and new loads.

Planning Engineers use the circuit and substation demand growth data obtained from the LFDMS
system, as gathered by the monthly substation inspections and the PI Historian data, along with:
e Historical load data,
e SCADA load profiles
e (Combined observations of DCC operations, local planning engineer, customer support,
area manager, and line manager and supervisor regarding possible criteria violations
e Forecast information from economic development groups (e.g., the New Jersey Builder’s
Association)
e Predicted new business data from JCP&L’s New Business Group.

Planning Engineers enter the expected load changes into the CYME circuit modeling program to
identify potential planning and operating criteria violations for circuits and substations. They also
use the CYME to model possible solutions for criteria violations, such as load transfers and
installing step up transformers.

Planning Engineers integrate a weather factor for those circuits where increased loads are
forecasted. To account for the possibility of unusually hot weather for several days leading to a
peak load day, the planners adjust the increase in the calculated forecast peak load, based on the
last 5 -years’ peak load days weather, for an 80 percent chance that the weather conditions will not
cause the actual peak load to be higher than the weather-adjusted forecasted peak load. This is
called 80/20 weather normalization. However, even if the actual peak load is higher than the
adjusted forecast load, JCP&L circuits can withstand excess loading for short time periods.

The six District-assigned system planning engineers also have responsibility for conducting field
audits to verify GIS data and mapping accuracy, including circuit configurations, phasing
arrangements, and asset conditions. Observations about these characteristics prove especially
important following major storms, permitting local system component reconfiguration to assist in
restoration activities. Planning engineers review the peak circuit load data trends for accuracy,
using separate SCADA/PI Historian data. These six planners also work with area managers, district
managers, line supervisors, customer support, and economic development groups to identify
sources of new loads and possible planning or operating criteria violations, in order to develop
alternative load management solutions for their districts'

FirstEnergy provides training for and supports users of the CYME circuit modeling software and
LFDMS load flow software used in all ten operating companies. Two FirstEnergy planners support
all ten FirstEnergy operating companies with (Electric Power Research Institute) EPRI
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collaboration and with planning technology issues. They work from New Jersey locations. JCP&L
engineering management meets with counterparts at other FirstEnergy operating companies four
times a year; they also meet on an ad hoc basis with other counterparts from New Jersey’s other
electricity distribution companies to identify and mitigate system operations issues.

i. Safety

In 2019, JCP&L management intensified safety training and safety procedures compliance
monitoring. Management provides annual refresher training to every crew member using its
“manual of operations” as a reference, and the crew supervisors are required to review crew worker
job safety practices, including the required use of personal protective equipment and compliance
to grounding, switching, and tagging procedures for each job. Supervisors are also required to
ensure that all crew members understand and conduct their work consistent with the company’s
safety practices. Management also increased their attention on compliance with all traffic laws and
preventing vehicle accidents. The Operations Services (lines) and Operations Support
(substations) organizations experienced 13 OSHA reportable injuries each year from 2017 to 2019.
In 2020, recordable injuries decreased to 8 and that improved performance has continued into
2021.

4. Fuels Management

EDC:s in states that have restructured electricity markets (like New Jersey) procure the energy and
capacity required to serve retail customers who do not choose a competitive supplier through a
combination of Non-Ultility Generator (NUG) contracts, bilateral contracts with power producers
or energy traders, day-ahead and real-time energy purchases from Independent System Operator
(ISO) operations, and supply auctions typically known as Basic Generation Service (BGS),
Standard Offer Service (SOS), or Provider of Last Resort (POLR) auctions. In New Jersey, supply
for each EDC'’s retail load comes from New Jersey’s BGS Auction process. In 2021, JCP&L sold
its 50 percent interest in the Yards Creek pumped storage hydroelectric facility, which in typical
years produced a modest net generation output for the total plant of 200,000 to 300,000 MWh.
New Jersey retail customers may also opt out of supply service from their EDC and procure their
energy from a third-party supplier (TPS). The EDC still delivers the energy to these customers.

The New Jersey BGS Auction process is a sophisticated annual process that secures full
requirements (100 percent of retail customer load) through a descending clock auction format. A
subsequent, chapter of our Phase Two report (Power Supply and Market Conditions) addresses the
results of this process; all of JCP&L’s energy and capacity and is procured through this process.
JCP&L and the other New Jersey EDCs annually submit a joint proposal to the BPU seeking
approval of the auction process for use in procurement. A third-party consultant administers the
auction while a separate third party consultant serves as the auction monitor.

As of the divestiture of Yards Creek in 2021, JCP&L holds no power generating facilities.
Accordingly, JCP&L holds no fuel inventory or related procurement processes. Accordingly, it
has no Fuels Management program.

JCP&L also has no NUG contracts, its final one expiring in 2017. From this point, all of JCP&L’s
power supply comes from the NJ BGS Auctions, a process we address in Phase Two of this report.
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The last of 13 NUG contracts in which JCP&L was a buyer was with Manchester Renewable
Power Corp. (MRPC) which terminated on February 8, 2017.

Prior to the termination of the MRPC NUG contract, JCP&L had regularly initiated efforts to
mitigate excess (above-market) costs related to NUG output. Termination of MRPC ended the
need for mitigation efforts and the associated mitigation reports that JCP&L had previously
submitted to the BPU. JCP&L’s mitigation reports indicate that towards the end of the MRPC
contract, the environmental attributes from the MRPC contract had brought the market value of
the output more in line with contract prices, and in fact may have made the contract above-market
due to REC prices.

C. Conclusions

1. The FirstEnergy and JCP&L Operations organizations working in cooperation have a
structure, alignment and level of experienced resources and they use methods, practices,
and systems sufficient to identify and plan comprehensively and appropriately for
meeting system needs unique to JCP&L.

The organizations and individuals responsible for assessing the condition and needs of New
Jersey’s electric infrastructure regularly employ comprehensive, objective, and quantifiable
performance measures to their assessments. The resources applied to JCP&L-specific system
needs are sufficient in number, experience and expertise. The division of responsibilities between
JCP&L and FirstEnergy promote dedicated attention to the New Jersey system, while also
providing additional support, synergies, and back-up resources and systems available to the parent
company. The performance expectations and criteria used appropriately address New Jersey
system performance and cost issues.

FirstEnergy provides many functions in common to support and in some cases to directly manage
activities common to its ten operating companies, offering an ability to combine resources to
reduce total personnel numbers, to permit internalizing specialized skills that smaller enterprises
must contract with outsiders to secure, to gain efficiency and performance enhancement through
the development and use of standardized methods and procedures, and to facilitate cross-use of
personnel when emergencies strike a part of the region FirstEnergy serves.

Work management comprises an important example of benefits produced by the sharing of
responsibilities between FirstEnergy and JCP&L, with the centralized FirstEnergy staff providing
and supporting the standardized maintenance programs and work management processes and
technologies. Transmission and substation planning, engineering, capital portfolio services,
laboratory services, and the provision of subject matter experts to evaluate equipment conditions
provide further examples of synergies from the centralized model. FirstEnergy supplements storm
preparedness and response in JCP&L and the other operating companies by providing weather
forecast services and arranging for storm management and support personnel and organic utility
and contractor line and tree resources to be shared by the affiliate companies during emergencies.
FirstEnergy also provides multiple back up facilities for the DCCs.
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2. FirstEnergy has located primary responsibility for New Jersey operations management
within JCP&L, which has an organization, resource alignment and numbers sufficient to
ensure safe, reliable, and economical service.

JCP&L’s Operations organizations have responsibility for all distribution engineering functions
including system planning, budgeting, maintenance and reliability programs, and the distribution
vegetation management program. Management appropriately staffs these organizations. The
fourteen lines shops and seven substation shops have responsibility for conducting and completing
all routine and emergency distribution, subtransmission and substation field work. The shop staffs
include appropriate numbers of managers, planner/schedulers, job layout techs, shop technicians,
mechanics, supervisors, and crews and use FirstEnergy provided work management technologies
to design, plan, schedule, and track jobs and job performance.

The JCP&L Forestry Services organization has responsibility for scheduling, inspecting and
monitoring of the distribution vegetation management program (VMP) activities and are staffed
appropriately to execute those functions.

3. JCP&L’s lines and substation districts employ a structure and staffing sufficient to
provide for timely completion of inspection and maintenance program work, new
business service extensions and enhancements and emergent repairs and corrective
actions.

The districts employ FirstEnergy’s work management job planning, scheduling, and tracking
technologies. Line and Substation district managers and planners/scheduler use OMS data,
CREWS distribution job preparation software, CASCADE substation job awareness and tracking
software, CLICK job scheduling and tracking software, and weekly crew assignment spreadsheets
to administer the combined distribution system workload. We found the organization structured
appropriately to coordinate inspection and maintenance job preparation and completion, to make
new business connections, and to manage emergent events and repairs.

Data indicates completion of essentially all assigned inspections and preventive and corrective
maintenance work since 2017 and timely completion of new business extensions and emergent
work.

4. FirstEnergy has effectively structured organizations to assist JCP&L with required
inspection and maintenance engineering, analysis and reporting capabilities and provides
effective work management processes and technologies for use in inspection and
maintenance activities.

FirstEnergy engineering organizations support JCP&L inspection and maintenance activities with
engineering expertise. FirstEnergy also provides equipment experts who analyze inspection and
testing data. FirstEnergy’s Beta Laboratory performs substation equipment oil and dissolved gas
tests for JCP&L and the other operating companies.

FirstEnergy’s Work Management organization provides software technologies used for designing,
estimating, and preparing jobs, and the software programs for scheduling jobs, tracking jobs, and
for monitoring job performance. Work Management analysts monitor job performance, assist
management when job execution or schedule performance falls short, and provide long-term
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resource requirement forecasts for management based on predicted work hour requirements versus
available personnel resources.

5. FirstEnergy has effectively structured organizations to provide JCP&L with vegetation
management standards and program management tools and practices.

FirstEnergy supports JCP&L distribution and sub-transmission vegetation management standards,
practices, and procedures. It consults with JCP&L on BPU compliance issues, assists in
contracting with certified and vetted vegetation contractors, and provides and maintains the VGMS
software program used to schedule vegetation management work, to record contractor timesheets,
and to track completions. FirstEnergy provides monthly reports and monitors JCP&L vegetation
management costs and progress and conducts monthly vegetation management budget meetings.
FirstEnergy also arranges for the sharing of vegetation management crew resources among the
operating companies to assist in major storm restoration operations.

6. FirstEnergy has effectively structured organizations to provide JCP&L with reliability
engineering and reporting assistance.

FirstEnergy supports the reliability technologies provided to JCP&L, and tracks and reports
reliability performance for JCP&L and the other operating companies. FirstEnergy organizes
collaboration among its system’s affiliate reliability engineers and JCP&L actively participates in
those forums. FirstEnergy compiles and publishes a daily dashboard comparing reliability
performance metrics with targets. The dashboard tracks how well year-to-date performance
supports achievement of year-end targets. FirstEnergy also provides software technologies to
monitor outage and reliability status and historical performance effectively.

7. FirstEnergy has effectively structured organizations to provide JCP&L with system
planning assistance and with load flow software technologies.

The FirstEnergy system planning organization provides training to and assists all ten operating
companies with the CYME planning software, a standard distribution circuit analysis program.
Two FirstEnergy planners are located in New Jersey, but they support all ten FirstEnergy operating
companies with EPRI (Electric Power Research Institute) collaboration and with planning software
issues. FirstEnergy system planning management conducts JCP&L’s system wide energy and
demand forecasts, while JCP&L planning engineers conduct the more localized circuit and area
demand forecasts.

8. FirstEnergy’s centralized Supply Chain organization appropriately supports the
resourcing of vendors, materials, and contractors for JCP&L.

FirstEnergy Supply Chain selects vendors and contractors using competitive bidding and provides
materials purchasing, warehousing, and stores functions for JCP&L. Supply Chain’s Utilities
group sources materials and services for all operating companies. Supply Chain embeds within the
JCP&L districts Stores personnel acting as liaisons between the district managers, layout
technicians, planner/schedulers, and supervisors and the centralized warehouse in Pennsylvania.
Supply Chain’s procuring of contractors for JCP&L utilizes standardized evaluation criteria that
include safety records, environmental compliance, schedule adherence, delivery performance,
contractor and subcontractor diversity, payment terms, and each contractor’s specific experience
and capability.
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9. Responsibilities for planning, scheduling, and tracking crew work scheduling and
completion are appropriately shared and executed by FirstEnergy and JCP&L.

Embedded FirstEnergy Service Company employees assist JCP&L lines and substation
management in tracking performance, identifying issues, and recommending improvements.
FirstEnergy performs centralized work tracking and metrics functions, and JCP&L is locally
responsible for work planning, scheduling, and work execution functions. Management has not
established specific Key Performance Indicators for inspection and maintenance program
performance; however, it employs comprehensive and transparent resource management methods.
Its processes ensure tracking and completion of regulatory-required inspection and maintenance
tasks and other critical work in the field. The Work Management organization effectively
organizes, maintains, and monitors work conducted by the line and substation districts. The line
and substation districts use sound standardized tools for scoping jobs, estimating labor hours,
assigning materials, and for planning, scheduling, tracking, and monitoring.

JCP&L has appropriate resource management processes to effectively identify field staffing needs
and recruit, hire, train, develop and deploy qualified employees. Management recruits new craft
hires from contractors, other utilities, and from their own internal training and development
schools. JCP&L selects apprentice line and substation workers from among the graduates of
FirstEnergy’s two PSI schools, following a rigorous selection process which includes background
checks, applicant interviews, and written and hands-on skills demonstration tests. The process for
hiring journeyman craft personnel from contractors and other utilities includes similarly
appropriate vetting and qualifications testing.

10. FirstEnergy employs an appropriately centralized and staffed Transmission Vegetation
Management organization and effectively supports JCP&L’s Distribution Vegetation
Management function with standards, program management tools and practices.

FirstEnergy’s vegetation management organization has responsibility for budgeting transmission
and sub-transmission vegetation management, including tree trimming, tree removal and brush
management for all transmission lines and rights of way in New Jersey. Their roles include
planning and managing transmission vegetation work and complying with the regulatory reporting
requirements of BPU and NERC/FERC. All FirstEnergy foresters are certified utility arborists.
JCP&L’s Forestry Services Organization oversees and executes distribution and sub-transmission
vegetation management. The FERC-authorized transmission tariff governs recovery of the costs
for JCP&L sub-transmission vegetation management work.

FirstEnergy supports JCP&L distribution and sub-transmission vegetation management standards,
practices, and procedures. It consults with JCP&L on BPU compliance issues, assists in
contracting with certified and vetted vegetation contractors, and provides and maintains the VGMS
software program used to schedule vegetation management work, to record contractor timesheets,
and to track completions. FirstEnergy also coordinates the sharing of vegetation management crew
resources among the operating companies to assist in major storm restoration operations.
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11. JCP&L has no fuel management processes or need for one anymore.

JCP&L neither owns nor operates power plants. All of JCP&L’s power is supplied by the BGS
Auction process. Its last NUG contract expired more than four years ago, and it sold its last
remaining interest in supply facilities (Yards Creek).

D. Recommendations

We have no recommendations in the Operations Organization area.
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Chapter III: System Planning and Load Management

A. Background

Utility electric system designs, and operating and system planning criteria, are guided by the
National Electrical Safety Code (NESC) as well as New Jersey statutes and BPU orders.
Transmission designs must comply with FERC/NERC requirements. Design criteria should also
be guided by the condition of the existing electric system and its components. Much of JCP&L’s
distribution and sub-transmission electric system is aged, much traverses rights of way and
roadsides in areas of high tree densities, and much has exposure to damaging car-pole accidents.
This combination results in high level outage risk from tree contact, equipment failure, and third
party damages.

Therefore, sound system design criteria for these conditions should include automatic
sectionalizing and reclosing schemes on main and lateral circuits and should include n-1 system
configurations that are designed to isolate faulted line sections or faulted substation transformers
and transfer unaffected circuit loads or transformer loads to other circuits or to other substation
transformers. The circuits and transformers should have the capacities to carry these temporary
transferred loads from another circuit or transformer. Examples of these configurations include
smart grids, manual and automatic circuit tie schemes, the use of primary circuit and secondary
circuit networks, and the use of circuit conductors and substation transformers installed with
planned excess capacity.

Circuit voltages and loads should be managed using appropriate conductor sizes and appropriate
placement of capacitors, voltage regulators, step up transformers, and transformer load tap
changers. The application of distributed generation also reduces circuit and transformer loads.

A utility’s system planning organization should use engineers to monitor operating conditions and
communicate with local management, new business personnel, distribution operations, and
customers, to identify early where evolving loads threaten violations of design and operating
criteria. System energy and system demand forecasts should be based on a comprehensive set of
data using probabilistic methods including normalizing weather data. To ensure that an electric
system operates within design criteria, a utility must accurately forecast future peak loads, at least
for areas where new loads will be added to circuits and substations. Even where overall system
loading is not increasing, forecasting future annual peak loads (demand) for specific circuits
serving areas of load growth should be regular and systematic. Those forecasts should include
adjustments for likely hottest weather before and during the peak load day, and they must be
reasonably accurate so that the capital is efficiently spent.

The methods for identifying the need for a growth-related capital project, for developing
comprehensive solutions, for estimating costs, and for vetting, prioritizing, and authorizing
proposed capital projects, should be thorough and consistent. Methods should be in place to
manage capital construction projects and to control variations of actual costs versus the estimated
costs that were used during the prioritization process.
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Management decisions about capital expenditures to address New Jersey facility operations and
capital needs should seek to optimize New Jersey system performance and New Jersey customer
costs.

To evaluate JCP&L’s design criteria, its methods for system planning and load forecasting, and its
methods for selecting capital projects for resolving criteria violation, Liberty examined
management’s:

Electric system design and operating criteria

System configuration effect on reliability

Peak loads

Distributed energy resources

Statistically determined system energy and system demand forecasting

Capacity planning organization

Load information sources and accuracy

Distribution demand forecasting

Peak load forecasting accuracy

Circuit and substation transformer loading

Process for developing solutions to criteria violations

Large customer connection process

Capital budgeting process

Capital portfolio management

Management of capital projects.

B. Findings

1. JCP&L Electric System Design and Operating Criteria

An electric utility electric system should be designed and constructed to comply with the National
Electrical Safety Code (NESC), New Jersey Administrative Code (N.J.A.C.), and Federal
Electrical Regulatory Commission (FERC), as appliable. It also, should be designed and
constructed to provide safety and reliability.

FirstEnergy developed the distribution planning criteria for JCP&L but modified them to comply
with N.J.A.C. requirements. The NESC and New Jersey statutes require JCP&L to provide safe
facilities and provide electric service within specific limitations. JCP&L system designers apply
these requirements and system planners consider violations to the following requirements when
determining the need for capital projects:

NESC Compliance - - The design standard used for JCP&L facilities comports with the code NESC
standard. Management constructs its system according to Grade C and Grade B line construction,
which includes stronger poles (class 2 poles replacing class 4 poles) and double cross arms, double
insulators, and guyed terminal poles at crossings over main-line railroad tracks, over limited-
access highways, and where spans cross each other. Management also incorporates several safety
factors in line and pole calculations to provide extra strength. Installing stronger-grade poles than
required and implementing the ground-line inspection program in place for many years have
helped ensure that poles continue to meet strength requirements as equipment ages. These
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requirements address strength required to withstand at least 0.5 inch of radial ice, with a wind
loading of 4 lbs. per square foot, at 0° F. These construction requirements, however, are not
intended to provide distribution line and pole strengths necessary to withstand conditions
exceeding those expected worst weather conditions, or to withstand the weight of fallen trees.

2. Compliance with N.J.A.C. Title 14:5-3.2 Electric Service Requirements

a. Standard Voltage

Management maintains standard voltage levels at customer meters. Delivered secondary voltage
cannot vary more than five percent above or below the standard voltage over a five-minute test
period, to the extent not caused by events outside company control or by customer-apparatus
operation violating utility rules. Unloaded voltages at services cannot vary more than 15 percent
between phases. JCP&L uses load tap changing transformers (LTCs), line voltage regulators,
capacitors, and step-up transformers to maintain distribution feeder voltage above the minimum
acceptable level and below the maximum levels. Circuit conductors sometimes require upgrades
(more capacity) to prevent unacceptable voltage drops on long, densely populated feeders,
especially when those long circuits must also have the capacity to accept load transfers from
adjacent feeders.

JCP&L system planners, using CYME system modeling software, conduct load flow and voltage
duty calculations for new loads of greater than 300 kW connected to the system. FirstEnergy
transmission planners also conduct sub-transmission and transmission system studies when new
connected load exceeds 3,000 kW. Based on the studies, where existing capacity or feeder voltage
control devices do not prove sufficient to maintain standard voltage to customers, JCP&L may
transfer loads between phases or between circuits, step up the distribution voltage on long lines,
or upgrade conductors and substation transformers to provide greater capacity.

b. Load Management

JCP&L manages circuit loads by several means. The distribution control centers (DCCs) monitor
the circuit and substation loads and other conditions. System planners forecast peak load increases
and take actions to prevent operating criteria violations. System Operations permits equipment to
be loaded to engineering limits that allow acceptable loss of life, and the system design includes
capacitor installations to reduce reactive current loads on the circuits and substations.

JCP&L normally operates its distribution circuits well within 100 percent of published ratings, but
permit circuits loadings to 125 percent for extended periods, and up to 140 percent for two hours,
when temporarily transferring loads. Those temporary overload situations undergo continuous
monitoring until control center operators (DSOs) and distribution engineering and operations take
actions to relieve the loading issue and return the system to normal configuration. JCP&L bases
its emergency ratings on factory heat run testing or on loss-of-life studies, using industry-accepted
transformer temperature versus transformer loss of life calculations.

In 2020, JCP&L operated, for short periods during load transfers, a few circuits and substation
transformers at more than nominal 100 percent ratings. These temporary operations involved 24
of the 1,145 circuits and 28 of the 514 substation transformers. Loadings remained within the
operating criteria. The DCCs monitor the status of equipment operating above ratings, using
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substation inspectors to observe and record real -time transformer winding temperatures during
emergencies and infrared thermographic inspection equipment to check for overheated
connections on the circuits.

Management employs 4,920 capacitor banks to reduce loading and maintain voltage on the
distribution system. Two kinds of power flow on electric systems: (a) Real Power, which does
work and for which residential customers pay, and (b) Reactive Power, which does not do work,
but which equipment like induction motors, air conditioners, and transformers require for proper
functioning. Generating stations can provide a source of reactive power. However, the
transmission and distribution of reactive power causes energy losses and voltage reduction along
the way. Alternatively, this reactive power can be supplied by capacitors connected to the
distribution system at locations close to the loads which use the reactive power, resulting in fewer
overall energy losses. JCP&L installs capacitors both in substations and on feeders to reduce
current at various locations on the system. Additionally, JCP&L also has installed large 34.5 kV
reactive flow compensation assemblies at two transmission/distribution substations. These
assemblies are made up of large numbers of capacitors and reactors and serve to automatically and
quickly control sudden and large changes in reactive power flow on the sub-transmission and
transmission systems.

c. Reliable Service

JCP&L’s engineering organization seeks to meet or outperform targets set by the statute and the
BPU. JCP&L addresses specific reliability issues by annually addressing the worst performing
circuits, by working with customers experiencing multiple interruptions, by installing circuits with
the capacity to be tied together, by conducting enhanced Zone 1 tree trimming on all circuits, by
conducting enhanced Zone 2 tree trimming on selected circuits, and by installing mid-circuit
reclosers, automatic circuit tie schemes, smart grids, and automatic reclosing electronic fuses. We
addressed these activities in the Reliability Programs and Smart Grid Activities chapter. The 2019-
2020 Reliability Plus projects initiated or accelerated some of these activities, as that chapter
describes.

3. Distribution System Configuration

JCP&L has n-1 redundancy or distribution circuit tie capability (more than one source available to
serve customers) on nearly all (1,150 of 1,171) distribution circuits. Many circuits have more than
one circuit tie connection; about 2,500 circuit ties exist on the 1,150 n-1 circuits. The remaining
21 circuits serve in fringe areas where ties with other circuits are not readily available. Some
circuits have automatic tie schemes, some have remote control tie schemes, and some have manual
tie switches requiring intervention in the field by a troubleshooter.

By 2000, management had already installed tie switches on many circuits. In the early 2000s, when
JCP&L came into the FirstEnergy group of electric utilities, JCP&L began replacing main-line
fuses with mid-circuit reclosers where it determined that these reclosers were cost-effective for
improving reliability. These mid-circuit reclosers allow line faults downstream of the reclosers to
be cleared while continuing service to customers upstream from the mid-circuit recloser.
Management continued installing tie switches and constructing or upgrading its circuits with larger
conductors to allow the transfer of load between circuits.
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Management later began replacing circuit tie switches with reclosers that automatically open and
close in cooperation with each other to transfer loads from one circuit to another. These schemes
are called “automatic circuit tie schemes.” If the Zone 1 portion of a circuit faults, the Zone 2
portion can automatically tie itself to another circuit. Zone 1 comprises the main-line circuit from
the substation breaker to the first recloser. Zone 2 comprises the main-line portion from the recloser
to the end of the circuit. Some circuits have more than one tie switch or tie recloser, depending on
their complexity. Prior to 2014, JCP&L had installed 24 automatic circuit tie schemes and added
three more schemes in 2014. As of the end of 2020, JCP&L increased that number dramatically,
having installed 116 automatic circuit tie schemes. Of the 116 automatic circuit tie schemes
installed, 82 also have SCADA control. JCP&L is in the process of installing SCADA control on
the remaining 34 circuit tie schemes. JCP&L also installed even more sophisticated smart grids on
two circuits supplied by the Morristown Substation and on one Ridge Substation circuit. All the
circuits and distribution transformers involved with the automatic circuit tie schemes are rated for
the additional transferred loads.

Many faults have only a momentary duration (e.g., when caused by wind-blown branches
contacting conductors), but the resulting blown fuses from even a fleeting contact cause customers
on lateral feeders to experience sustained outages, and restoration depends on the arrival of
troubleshooters at the location. To reduce customer outages on lateral circuits (branches from the
main lines), JCP&L began installing advanced electronic fuse devices (Trip Saver II) in 2018 to
protect main feeders from faults on the lateral circuits. The older, “one-shot” fuses blow for both
sustained faults and momentary faults on the laterals, whereas the Trip Savers can open and reclose
up to four times before dropping permanently open. These open-reclose sequences allow a
temporary fault to clear. The 2019 -2020 Reliability Plus program included additions of 777 Trip
Savers.

Management has specified that newly installed or replacement transformers in distribution
substations have excess capacity so that they can handle loads transferred to that substation’s
circuits from circuits supplied by other substations.

4. JCP&L MW Peak Loads

The next table shows that customer numbers have remained nearly static overall. Customer
numbers, however, have increased in some areas, especially within the Central Region.

JCP&L Customers

Year Nortl.lern Cent.ral Total
Region Region

2010 459,805 636,598 1,096,403

2017 460,090 638,626 1,098,716

2021 464,921 660,310 1,125,231

The service territory’s pockets of growth include the Lakewood area. JCP&L’s system peak load
has, however, decreased over the past 15 years. JCP&L peak loads occur during the summers,
driven by air conditioning. Between 2014 and 2021, JCP&L’s annual peak load has been around
6,000 MW. The highest historical peak demands occurred in 2006, with 6,702 MW, and in 2011,
with 6,604 MW. Since the 2014 and 2011 peaks, the highest loads experienced have ranged from
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5,637 MW to 6,056 MW. The peak load so far in 2021 reached 5,872 MW. The next chart reflects
no system load growth since 2013.

JCP&L Peak MW
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5. Distributed Energy Resources

Other than a general lack of substantial new loads on the system in recent years, a primary driver
for the decrease of the overall peak demand since 2013 has been the widespread installation of
behind-the-meter and network-connected wholesale distributed generation. Between 4,000 and
5,000 of JCP&L customers install solar panels each year. The resulting current total of more than
40,000 net metered customers generate a peak of about 750 MWs from behind the meters.
Additionally, JCP&L has about 360 MW of wholesale solar generation connected directly to the
grid. Management indicated that because most of its system is not highly loaded, it has not yet
experienced any system operations problems caused by the behind-the-meter and wholesale solar
generation. JCP&L participates in periodic meetings with other New Jersey utilities to discuss
common operational issues associated with distributed energy sources.

6. System Demand Forecasting

The FirstEnergy Load Forecasting organization uses a SAE (Statistically Adjusted End Use) model
to forecast residential and commercial heating, cooling, and other energy usage. The program
models changing energy intensities, appliance and equipment saturations, and economic drivers.
Many factors are included, such as historical sales patterns, weather history, economic data,
efficiency standards, numbers of customers, energy prices, and billed days to forecast future cycle
sales. FirstEnergy Load Forecasting Engineers adjust the results of the model to account for the
impact of behind-the-meter generation and for electric car saturations. To forecast industrial
energy usage, these engineers input into the SAE model a combination of historical cycle sales,
economic data, industrial expansion reports, projections of significant changes in monthly sales,
and behind-the-meter generation. Load Forecasting also models the net energy usage change
caused by the increased numbers of street and highway lights, and by the reduced energy usage of
modern LED streetlights.

To forecast the annual peak load on JCP&L’s overall system, FirstEnergy uses the weather data
and its energy forecast as drivers of retail demand, allowing the inclusion of economic data in the
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model. The forecasted system demands employ probabilistic “normal” peak-setting temperatures,
where there is a 50 percent chance that the peak-setting temperature will higher and a 50 percent
chance that the peak-setting temperature will be lower.

7. Distribution Capacity Planning Organization

JCP&L’s Operations Services Engineering organization conducts distribution system capacity
planning and distributed generation system planning. The distributed generation group accepts
solar applications from residential customers, reviews the effect of the behind-the-meter solar
generation on the system, approves applications, and maintains a solar customer database.
Distribution planning engineers review the effect on the system when solar installations exceed
300 kW. FirstEnergy planning reviews the effect on the transmission system for solar installation
greater than 3,000 kW.

JCP&L’s Distribution Capacity Planning department has responsibility for producing distribution
circuit and substation peak load (demand) forecasts. JCP&L Operations Services has 20 planning
engineers and technicians, plus a supervisor. These resources include three distribution district
planning engineers for the Central Region and three district planning engineers for the Northern
Region, each responsible for one to three operating districts. The planning engineers model the
systems in their districts using FirstEnergy-provided CYME software. The load flow software is
used by all FirstEnergy companies. CYME is integrated with the Geographic Information System
(GIS) , and it displays all circuits graphically and identifies voltages, line loading, phase balance,
capacitor locations, etc. It is available and used by all planning engineers. The district planning
engineers assist each other and discuss and resolve system planning issues.

The six district system planning engineers have responsibility for conducting field audits to verify
GIS data and mapping accuracy, including circuit configurations, phasing, and asset types and
locations. Such factors prove especially important following major storm restoration work.
Planning engineers review the peak circuit load data trends for accuracy, using separate
SCADA/PI Historian data. Additionally, these planners work with area managers, district
managers and line supervisors, customer support, and economic development groups to identify
possible new loads, possible criteria violations, and a range of potential solutions for their districts.
The district system planners have responsibility for GIS accuracy, for identifying future changes
in loading, for identifying possible criteria violations, and for developing and presenting possible
solutions to criteria violations in each of their districts.

FirstEnergy Service Company provides training to and assists all ten utilities with the CYME
planning software, a standard distribution circuit analysis program. Two FirstEnergy planners
work from New Jersey locations, supporting all ten FirstEnergy utilities with EPRI (Electric Power
Research Institute) collaboration and with planning technology issues. JCP&L Engineering
management meets with other FirstEnergy utilities four times a year, and it meets ad hoc with other
New Jersey utilities to identify and mitigate system operations issues cause by distributed
generation.

8. Load Information Sources

JCP&L Planning Engineers access loading data from multiple sources for distribution system
demand forecasting. Substation inspectors record each month into the CASCADE equipment
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maintenance system real-time and peak circuit current and phase balance readings, as well as
transformer load tap changer (LTC) maximum raise/lower indicator positions. The CASCADE
system feeds into the LFDMS load flow analysis program. Planning engineers review the peak
circuit load data trends for accuracy, by comparing CASCADE data to separate SCADA/PI
Historian data. Planning Engineers use the LFDMS data to track discrete load changes caused by
new loads, from permanent load transfers, or from temporary load transfers caused by equipment
outages required for repairs or for maintenance. The Planning Engineers develop reports for load
transfers and new loads.

9. Distribution Demand Forecasting

Management has used the same demand forecasting method for many years. System loadings have
remained level and are expected to remain so in the near future. System planning therefore
concentrates on conducting circuit-based planning, and sometimes on area-based planning, when
new circuits and substation changes are involved. Primarily, the circuits with increasing loads
serve new housing developments, especially in Lakewood and the Atlantic coast areas. JCP&L
planning horizons are appropriately short, from one or two years for circuits, and from two to four
years for substations.

Planning engineers use the circuit and substation demand growth data obtained from the LFDMS
system, as gathered by the monthly substation inspections and the PI Historian data, along with:

e Historical load data

e SCADA load profiles

e The knowledge of DCC operations, local planning engineers, customer support, area

managers, and line managers and supervisors of possible criteria violations
e Economic development groups, such as the New Jersey Builder’s Association
e Predicted new business data from the New Business Group.

Planning engineers enter the expected load changes into the CYME circuit modeling program to
identify possible criteria violations for circuits and substations. They also use the CYME to help
identify possible solutions for criteria violations, such as load transfers and installing step up
transformers.

Planning Engineers integrate a weather factor for those circuits with forecasted increases in loads.
To account for the possibility of unusually hot weather for several days leading to a peak load day,
the planners adjust the increase in the calculated forecast peak load, based on the last 5 years’ peak
load days’ weather, for an 80 percent chance that the weather conditions will not cause the actual
peak load to be higher than the weather-adjusted forecasted peak load (termed “80/20” weather
normalization). However, even if the actual peak load is higher than the adjusted forecast load,
JCP&L circuits are designed and constructed to withstand excess loading for short time periods.

10. Peak Load Forecasting Accuracy

Planning engineers maintain a New Load Report to monitor the accuracy of their circuit peak load
forecasts and to follow up when necessary. We reviewed the 2017 and 2018 forecasts for years
2019 and 2020, which included 129 circuits with expected and actual new loads for 2019 and 2020.
We found that some peak loads had not occurred as expected, because of delays and load transfers
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to other circuits. Nevertheless, most actual peak loads came close to or the same as the forecasted
loads. Actual 2020 peak load exceeded the 2018 forecast (by 20 percent) for only one circuit -
South Lakewood Circuit 67490. Management explained that the loads from smaller incremental
increases from single-family home developments in the Lakewood area have been increasing faster
in 2020 than previously forecast. To reduce the loading, management had transferred load to
another circuit in 2021, and it plans to construct a line extension and effect another load transfer
prior to summer 2022.

11. Developing Solutions to Criteria Violations

System planning functions include development of cost-effective solutions for preventing
situations where design and operating criteria are violated. JCP&L district planners, sometimes
with assistance of senior district planners or the supervisor, assess cases where their studies show
that circuit or substation components cannot meet peak loads while operating within their
established ratings. They outline candidate solutions, and work with field leadership and
engineering groups to select preferred alternative solutions, and prepare recommendations for
approval, prioritization, and eventual plan and budget inclusion. Management considers low-cost
solutions, then high-cost solutions in roughly the following order:

e Changing transformer no-load taps
Transferring load among feeders or substations
Balancing loads
Installing step-up transformers
Improving power factor to increase voltage by installing capacitors or voltage regulators
Install cooling fans to increase transformer capacity
Replace voltage regulators
Upgrade substation egress cables
Transfer load to another feeder
Reconductor feeder to increase capacity
Construct a new circuit
Convert feeder voltage
Replace transformer
Add a transformer
Install new modular substation.

12. Large Customer Connection Process

When a prospective customer requests a new connection of at least 300 kW, distribution planning
is involved, and if the new connection is greater than 3,000 kW, the FirstEnergy transmission
planning also becomes involved. JCP&L personnel and the customer (usually a housing
subdivision developer) meet to review the scope of the project, and JCP&L collects the cost to
conduct the load flow and voltage studies. Planners then conduct the studies and develop the design
and cost estimates for the customer’s project requirements. Upon concluding an agreement for the
construction cost, JCP&L collects the amount of the project cost from the customer. This includes
costs such as installing larger conductors, and new circuits and substations.

Management holds the funds until the project becomes a capital investment, and JCP&L meets the
customer needs. The customer’s funds are returned after a predetermined period when the
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customer is connected and consistently paying for the service under the appropriate Tariff. The
holding of funds prevents a loss to JCP&L if the customer fails to connect or to continually use
the service, after construction is started. Sometimes costs are prorated. If JCP&L installs a 10
MV A substation transformer (criterion minimum), but the customer only requires 5 MVA of load,
the customer is only required to pay upfront for one-half the cost of the project.

13. Capital Budgeting Process

A utility’s capital budgeting process should be based on implementing least cost projects which
successfully comply with regulations or design and operating criteria, and to improve reliability
for lowest cost. The project scope and estimated costs used for prioritizing a project in the portfolio
should be reasonably close to the completed project actual scope and cost.

JCP&L follows FirstEnergy’s corporate capital portfolio process for each capital budget category.
All ten operating companies follow the same process. JCP&L’s annual reliability capital portfolio
development process includes an annual engineering and operations staff review of historical
outage data, suggested solutions to improve distribution reliability, estimated reliability impacts
of the proposed solutions, and conceptual cost estimates of each project by the distribution design
staff. Engineering then ranks and prioritizes the projects based on cost/benefit analyses using
estimated customer minutes of interruptions avoided per dollar invested. FirstEnergy’s substation
engineering and design department conduct a similar process for substation related design scopes
and estimates.

Distribution load growth capital categories include distribution projects required to satisfy
operating criteria conflicts, to provide for planned town and county roadway projects, to satisfy
regulatory forestry requirements, and to satisfy expected new business needs. A JCP&L and New
Jersey Department of Transportation (NJDOT) agreement allows the NJDOT to hire an approved
contractor to complete JCP&L-designed line work, consistent with JCP&L’s specifications to
support road widening projects.

The capital planning budget categories include:

o Forestry — JCP&L Forestry’s portfolio is based on satisfying mandatory annual tree
trimming requirements. (Note: Vegetation management is all O&M beginning in 2021)

e System Planning — JCP&L’s system planning projects portfolio is based on best solutions
to address operating criteria violations.

e Fix-it-Now and New Business — JCP&L reserves a portion of each annual capital portfolio
to cover expected and unexpected emergent capital work with scopes under $50,000. The
“fix-it-now” blanket budget covers emergent repair issues, and a new business blanket
covers unpredicted orders for new business connections. JCP&L’s New Business capital
portfolio is based on requests from developers, from growth data provided by the New
Jersey Builders Association, and from local knowledge gathered by External Affairs
management. New Business planning is volatile and subject to market pressures.
Sometimes planned large new business projects don’t occur or are delayed for years.
JCP&L management and engineering approve the work orders charged to the blankets,
which include both O&M and Capital charges.
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JCP&L distribution system capital portfolio planning begins from the bottom-up - - proceeding
from district engineers, to engineering review, to JCP&L management review and approval, and
finally to FirstEnergy Portfolio review and approval. Suggestions for distribution planning and
reliability projects are initially identified by February of each year by district planning and
reliability engineers, district managers and supervisors. Presentations of proposed initial designs
are prepared along with estimated costs (often based on similar projects) and benefits. Each spring
the engineers present their proposed projects to the JCP&L engineering team and leadership for
in-depth review and vetting. After the initial review the engineers modify project scopes, designers
work out more detailed project designs, and planning engineers determine internal resource and
material requirements and costs, based on the CREWS project planning program and practical
experience. Expected external costs are also included, such as hiring flagging contractors for work
along busy roadways. By April, the fine-tuned projects are reviewed and prioritized again for
review by the Director of Operations Services.

By the fall of each year, the engineering staff presents graphical charts and diagrams of the
proposed capital projects, including priorities and justifications, to JCP&L senior management —
president and vice presidents - who may require additional background information and
justification. JCP&L senior management provides input during the capital prioritizing process
before capital projects are submitted to FirstEnergy for final approval.

The JCP&L President, assisted by engineering, presents the distribution capital projects to the
FirstEnergy Capital Portfolio Group, who review each capital project’s justification and costs. The
Capital Portfolio Group, after questions are satisfied, approve acceptance of JCP&L capital
projects for the following year or subsequent years. This same process is followed by all
FirstEnergy utilities. Since 2017, all of JCP&L’s proposed capital projects submitted to
FirstEnergy’s portfolio team have been approved.

FirstEnergy’s Transmission and Substation engineering organization follows a parallel process to
approval, except that transmission and sub-transmission lines and transmission substation capital
projects portfolios are developed, designed, and estimated (using a construction software program)
by FirstEnergy engineering groups. Distribution substation capital project portfolios are
developed, designed, justified, and estimated, by collaborative teams drawn from the JCP&L
Operations Support (Substations) and FirstEnergy substations engineering organizations.

14. Capital Portfolio Management

The following charts show that JCP&L’s annual capital spending for its distribution circuits and
FirstEnergy’s annual capital spending on substations have run close to the annual budgeted
amounts since 2017. However, because FirstEnergy does not adjust budgets when projects are
delayed, it appears to have been annually underspending its capital budgets for JCP&L’s
transmission lines and sub-transmission line construction projects.
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The FirstEnergy Portfolio Management organization manages the overall capital spending budget
and spending for the JCP&L transmission system, including the transmission and sub-transmission
lines and substations, and other components such as cyber and physical security systems, and
operations systems, etc. The Portfolio Management Organization has responsibility for managing
the annual JCP&L transmission system capital spending and it is accountable for ensuring that the
capital spending is best used within the limits of the annual overall JCP&L transmission system
capital budget. It manages the funding of 50 to 200 capital construction projects each year.

The overall annual JCP&L transmission system capital budget is based on the totals of the
estimated annual cost of the combined proposed transmission system projects planned to
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commence, be worked, or be completed for that year. The specific transmission and sub-
transmission lines construction budgets for the projects that could ideally commence during the
budget year are included as place markers in the transmission lines budget. Sometimes budgeted
funds are not spent because of permitting, siting, equipment delivery and other delays.

Because of project delays, specific project budgets sometimes find themselves repeated in more
than one year’s capital budget. The portfolio organization does not cancel approved projects, but
the engineering organizations may decide to change the scope of a proposed project or include a
project within another project. Unspent funds can be moved from one portfolio category to another.
The controlling capital spending limit is the overall JCP&L transmission system budget. The
current total JCP&L transmission system budget and spending is about $200 million.

The portfolio organization working with the project management organization decides where
unspent capital funds originally budgeted for transmission and sub-transmission lines are needed.
Portfolio management does not typically include contingencies for unplanned projects within the
budgets. Portfolio management, engineering, and project management work together to ensure that
NERC required capital transmission projects are funded and expedited, and that delayed capital
projects are re-budgeted for following years.

The Portfolio Management organization monitors capital project spending monthly to ensure
compliance with the overall annual JCP&L transmission system budget. When Portfolio
management uses unspent funds from the transmission budget for other JCP&L transmission
spending, it does not change budgeted amounts. Not adjusting budgets introduces the appearance
of discrepancies in reporting of transmission and sub-transmission capital construction budget and
actual spending amounts.

When Project Management requests funding for a change in scope of an in-progress project,
additional capital funding for that project must be justified by project management and approved
by portfolio management. Portfolio management reviews project costs and completion dates.
When project spending and/or completion dates substantially exceed the budgeted cost estimate
and completion date, portfolio management works with the responsible engineering and project
management organizations to identify the causes and to mitigate the cause of underestimating costs
for future projects.

15. Managing Capital Projects

Less complicated distribution projects of less than $100,000 generally get managed by district
managers and supervisors. Otherwise, the JCP&L engineering manager assigns one of the two
project managers to work with district management, system operations, protection, supply chain
and other organizations to coordinate, manage, and track the projects to completion. Before
commencing any project, an engineering supervisor determines that the project design is accurate,
that all related switching and outages issues have been considered, and the engineer and/or the
project manager conducts a project pre-construction briefing with the crews. Scope changes in
design along the way get reported, and justified change orders approved by district managers,
supervisors, or project managers. Corrective maintenance work identified during a project, but not
related to the project scope, is completed and charged to a “fix-it-now” blanket. When spending is
charged to a “blanket account,” each charge is itemized, described, and accounted for.
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Management uses its two internal distribution line traveling construction crews for smaller
projects, when they are available. These crews are prepared to change location on short notice, to
work anywhere and during evenings and normal off-days if required. JCP&L often uses line
contractors for large projects, such as the Infrastructure Investment Program in 2019 and 2020.

Although management does not use KPIs to verify capital project performance, it tracks the actual
versus the planned resource usage and project costs using its Primavera project software program.
JCP&L’s Work Management dashboard allows real time monitoring by the Director of Operations
Services and others for project scope creep and to identify costs assigned to incorrect accounts.
The allocation of project charges to capital and O&M accounts is determined by FirstEnergy
accounting practices.

FirstEnergy contracts out major substation projects, and those large-scale jobs are managed by
FirstEnergy project managers.

C. Conclusions

1. JCP&L’s distribution system design provides substantial intrinsic reliability, with almost
the entire system constructed to n-1 redundancy standards with distribution circuit tie
capability.

Nearly all JCP&L’s distribution system has been designed and constructed for n-1 reliability with
distribution circuit tie capability. Thus, customers do not experience extended outages for the loss
of a single system component. JCP&L’s planning criteria require n-1 designs, and distribution
circuits are engineered with the reserve capacity to accept loads from other circuits and with circuit
tie switch and recloser schemes so that loads from one circuit can be transferred between circuits.
JCP&L widely uses electronic reclosing devices rather than one-shot fuses for protecting its lateral
circuits, allowing some transient faults like brushing tree contacts to clear without causing
extended outages.

2. JCP&L’s design criteria meet or exceed the requirements of both the NESC standards
and the N.J.A.C. requirements.

JCP&L constructs its system to meet NESC Grades B and C standards, and it monitors its system
and develops solutions for violations of N.J.A.C. statute operating requirements, including
providing stable, standard voltages at the customer’s meter, detecting sustained load growth and
preventing loads from causing equipment failure, providing reliability by design, and providing
efficiencies in operations by balancing reactive loads to maintain a near-unity power factor (and
providing for minimal reactive current flow).

3. Management operates its distribution system to appropriately manage circuit and
substation loads.

JCP&L manages circuit loads by several means. The distribution control centers monitor the
circuit and substation loads and other operating conditions. System planners forecast circuit and
substation peak load increases and they initiate actions to prevent operating criteria violations.
Distribution system operators load equipment to limits that allow acceptable loss of equipment life
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over time, and the circuits and substations include capacitors installed to minimize reactive current
loads on the circuits and substations.

4. FirstEnergy’s load forecasting organization uses an appropriate probabilistic and
statistically adjusted forecast method for determining JCP&L annual system energy and
overall system demand forecasts.

The FirstEnergy Load Forecasting organization uses a SAE (Statistically Adjusted End Use) model
to forecast residential and commercial heating, cooling, and other significant categories of
customer energy usage. The model accounts for changing energy intensities, appliance and
equipment saturations, and economic drivers. Many factors are included, such as historical cycle
sales, weather history, economic data, efficiency standards, numbers of customers, energy prices,
and billed days to forecast future cycle sales. FirstEnergy Load Forecasting uses the weather and
its energy forecast as inputs for the system retail demand forecasts, allowing economic data to be
included in the model. The forecasted system demands are based on probabilistically “normal”
peak-setting temperatures.

5. JCP&L’s distribution system planning process includes a comprehensive, data-driven,
bottom-up process that provides for regular, and clear identification of electric supply
gaps, needs, potential solutions, costs, and system performance.

JCP&L'’s system planning organization includes district system planners, each responsible for one
to three of JCP&L districts. These district planners “own” their areas, are familiar with local
conditions, monitor system loading issues, and gather data for identifying criteria violations and
providing initial solutions.

The data used for forecasting its peak loads is taken from appropriate sources. JCP&L Planning
Engineers access loading data from multiple sources for distribution system demand forecasting.
Real-time and peak circuit current and phase balance readings, as well as transformer load tap
changer positions, are recorded each month, The CASCADE system in turn feeds into the LFDMS
load flow analysis program. Planning Engineers use the LFDMS data to track discrete load changes
caused by new loads, or from permanent load transfers, or temporary load transfers caused by
equipment outages for repairs or maintenance.

Distribution Capacity Planning has responsibility for producing distribution circuit and substation
peak load (demand) forecasts. The planning engineers model the systems in their districts using
FirstEnergy-provided CYME software which is integrated with the GIS.

6. Management uses an appropriate method for predicting load increases on a circuit or in
an area caused by new growth, for forecasting weather-adjusted peak loads caused by
the predicted load growth, and for identifying where the new demand levels will result in
design criteria violations.

Although load growth and demand in JCP&L regions has been very modest for the past several
years, the service territory does have some areas of substantial load growth and demand. JCP&L
system planners obtain new growth and demand data from monthly demand records, historical
data, district management, the New Business group, and the other sources. Planning adjusts the
forecast demand with a weather factor and JCP&L planning engineers run load flow studies to
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detect any criteria violations when at least 300 kW is planned to be added to a circuit. FirstEnergy
runs studies for the sub-transmission and transmission system when at least 3,000 kW is added to
a circuit.

7. JCP&L’s circuit peak load forecasts have proven reasonably accurate.

Liberty reviewed JCP&L’s 2017 and 2018 circuit peak load forecasts for circuits with new loads
expected to materialize in 2019 and 2020. The utility’s circuit peak load forecasts have been
reasonably accurate and consistent with utility good practice. Only one circuit, in the fast-growing
Lakewood area, substantially exceeded the 2018 peak load forecast for 2020. Those peak loading
issues were mitigated by transferring part of the new load to another circuit.

8. Management makes considered decisions about expenditures to address New Jersey
facility operations, to optimize New Jersey system performance, and to prudently control
New Jersey customer costs.

We found that management uses appropriate methods for developing, vetting, and approving
growth-related capital project portfolio budgets. Typically, district planning engineers develop
various solutions for criteria violations which have been identified, and they present preliminary
project proposal scopes, designs, costs, and justifications to the engineering organization. The
group evaluates the proposed projects for optimum practicality, then designers develop detailed
designs including materials and resources requirements and estimated costs using historical cost
information and design software.

The detailed project scopes, designs, costs, and justifications are then reviewed by the engineering
organization and the Director of Operations Services before being presented for executive
approval. Planning engineers then provide detailed presentations indicating project costs and
benefits to the JCP&L VP of Operations and the JCP&L President. The JCP&L President then
presents the distribution capital projects and portfolios to his peers on the FirstEnergy Capital
Portfolio Group. This group includes JCP&L capital projects in the next capital portfolio. This
same process is followed by all FirstEnergy utilities.

9. Management’s annual capital spending for distribution system construction has been
appropriate compared to budgets.

The overall annual JCP&L transmission system capital budget is based on the totals of the
estimated annual cost of the combined proposed transmission system projects planned to
commence, be worked, or be completed for that year. The specific transmission and sub-
transmission lines construction budgets for the projects that could ideally commence during the
budget year are included as place markers in the transmission lines budget. However, budgeted
transmission lines project funds are sometimes not spent during the year because major capital
transmission and sub-transmission lines projects are sometimes delayed because of permitting,
siting, equipment delivery, and other issues.

Because of project delays, specific project budgets are sometimes repeated in more than one year’s
capital budget. The portfolio organization does not cancel approved projects, but the engineering
organizations may decide to change the scope of a proposed project or include a project within
another project. It uses unspent funds from one budget bucket, such as transmission lines, for other
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transmission system capital spending needs. The controlling capital spending limit is the overall
JCP&L transmission system budget. Reportedly, the current total JCP&L transmission system
budget and spending is about $200 million.

The portfolio organization working with the project management organization decides where the
unspent capital funds budgeted for transmission and sub-transmission lines are needed for other
transmission system projects other than for lines - especially for unbudgeted emergent
transmission projects. Although delayed projects might affect reliability, portfolio management
indicated that using unspent funds from the transmission and sub-transmission lines budgets for
other transmission system projects does not affect transmission and sub-transmission system
reliability.

D. Recommendations

Liberty has no recommendations in the System Planning and Load Management area.
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Chapter IV: Asset Management

A. Background

1. Chapter Scope

A utility must fully execute well-designed inspection and maintenance programs to ensure that
system conditions support safe and reliable operation. Significant or recurring gaps in required
activities eventually produce degradation in service. Management should employ a thorough asset
management approach, use accurate and comprehensive data to support decisions, apply clear
performance objectives, and adopt appropriate cycles for recurring activities. Deferring
inspections and maintenance deprives management of clear and important opportunities to correct
defects before they have direct service consequence. Management should also have a formal life
cycle approach of monitoring the condition of its assets and intensifying maintenance or replacing
equipment to minimize the reliability impact of equipment failures. Engineering and field
resources should be skilled and remain sufficient to efficiently perform planned activities at
scheduled times.

Equipment age bears on deterioration of reliability, making effective inspection and preventive
maintenance programs essential. JCP&L, like most northeast utilities, operates substantially an
aged electric distribution system. Nineteen percent of JCP&L’s distribution poles and 42 percent
of distribution substation transformers and circuit breakers are more than 60 years old. Therefore,
to intervene before equipment fails and impacts reliability, a utility with aged equipment must
implement more intense proactive inspection and maintenance programs than a utility with
relatively recently installed equipment.

Chapter Il Operations Organization described the organizations responsible for inspections and
maintenance, the work management process, and work planning and scheduling. This chapter
presents the results of our examination of:

e FirstEnergy Service Company and JCP&L asset management strategy and Life Cycle
management
JCP&L New Jersey assets
Equipment age
Causes of equipment-caused customer minutes of interruption (CMI)
FirstEnergy Service Company and JCP&L inspection and maintenance programs
Distribution, sub-transmission, transmission, and substation corrective maintenance (CM)
completions
e Substation equipment preventive maintenance (PM).

Chapter V, Vegetation Management, presents the results of our detailed examination of vegetation
management programs and activities.

2. Electric System Assets

Assessing JCP&L'’s asset management needs requires an understanding of the nature of them.
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a. Transmission and Sub-Transmission System

The FirstEnergy Service Company Transmission organization has responsibility for transmission
and sub-transmission maintenance. JCP&L has one 500 kV line about 18 miles long, 66 circuits
of 230 kV lines about 609 miles long, and 11 circuits of 115 kV lines about 161 miles long. It
maintains a little more than 1,773 miles of overhead 34.5 kV sub-transmission lines, and almost
34 miles of underground 34.5 kV lines. The sub-transmission lines are typically looped, except for
several serving fringe areas.

The 500 kV, 230 kV, and 115 kV transmission systems provide the sources for the 34.5 kV sub-
transmission system, which in turn is the primary source for about 90 percent of the Northern
Region and the Central Region distribution systems. To maintain supply diversity and prevent
single-source-of-multiple-failures scenarios, all sub-transmission to distribution substations have
two transmission sources, except for about ten substations whose service areas border on other
utility service territories and are radially fed. Some sub-transmission lines run besides public roads,
some have double-circuit lines configuration, and some have distribution lines attached to the same
poles. The lines in the public road right of way face exposure to car-pole accidents, and the off-
roadway lines present generally more difficult access needs (sometimes requiring helicopters). To
improve reliability, management now builds all new 34.5 kV circuits using the same, hardier
specification applicable to JCP&L’s 115 kV lines, including taller, stronger poles. The next table
shows the numbers and mileage of the FirstEnergy/JCP&L transmission and sub-transmission
circuits in New Jersey. The 34.5 kV sub-transmission system circuits are numerous and lengthy.

Transmission/Sub-Transmission Circuits

Miles R

Voltage Overhead \ Underground Circuits
Transmission
500 kV 18 0 1
230 kV 609 0.12 66
115kV 160.5 0 11
Sub-Transmission

345kV] 1,773 | 34 | 242

Management operates and maintains 41 transmission substations (2-500kV, 33-230 kV, and 5-115
kV), and 252 distribution substations in New Jersey. Some of the transmission substations exist to
convert voltages between transmission systems, but most transmission substations provide the
supply interface between the transmission system and the 34.5 kV sub-transmission system. Some
transmission substations provide the direct source for the 19.9 kV, 12.47 kV, 4.16 kV, and the
4800-volt delta distribution systems. However, the large majority of the distribution substations
take supply from the sub-transmission, 34.5 kV system.

b. Distribution Circuits

JCP&L’s distribution system includes some older 4.16 kV and 4800-volt delta circuits and newer
12.47 kV, and 19.9 kV distribution circuits. The 19.9 kV distribution circuits consist of 34.5 kV
3-phase circuits in a grounded wye configuration. Management refers to the single-phase voltage
of 19.9 kV in naming those circuits to differentiate them from the circuits forming the 34.5 kV
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sub-transmission system. Although aged and with less load capacity than the 12.47 kV circuits,
management reports that the characteristics of the lower voltage, short-length 4.16 kV and 4800-
volt delta circuits make them less susceptible to tree-caused faults. Management has installed 4.16
kV to 12.47 kV step up transformers on several circuits to prevent or mitigate load and voltage
criteria violations. Management otherwise does not plan to upgrade its 4.16 kV and 4800-volt
facilities. The next table illustrates the numbers of and mileage of overhead and underground
circuits supplying JCP&L customers. About 25 percent of the distribution system consists of aged
4.16 kV and 4800-volt delta circuits. URD facilities account for most of the underground
distribution circuits.

Distribution Circuits

Overhead | Underground ..
Voltage Miles Milges* Circuits
19 kV (34.5) 237 324 11
12.47 kV 8,054 6,906 680
416 kV 1,098 247 286
4800-volt delta 2,071 87 205
LV Network - 11.51 5

* Underground Distribution miles includes URD

Management has since 2004 constructed its circuits to operate normally with excess capacity. This
approach provides greater operational flexibility, allowing circuits to be tied together to permit
load transfers in the event of faulted line sections or to isolate a section to perform maintenance.

c. Distribution Poles and Cables

JCP&L owns 331,479 distribution poles, 36,268 sub-transmission poles, and 2,331 transmission
poles. Telephone companies own about another 200,000 poles that support JCP&L equipment.

Management has historically used both open bare wire and spacer cable (a.k.a. Hendrix cable) for
overhead construction. Overhead bare wire and spacer cable failures are the top contributors to
equipment caused outages. Jacketed spacer cable affords some protection to minor brush and limb
contact but has a strong messenger cable that sometimes causes several poles and crossarms to
break when a tree falls across a span. Much past construction used spacer cable, but management
now uses spacer cable only where it cannot obtain proper tree clearances, even with enhanced
trimming. JCP&L has about 2,830 miles of spacer cable on its system. Management did not have
a record of the ages for most of its spacer cable.

Management reports 7,564 miles of underground, mostly URD, cable. JCP&L still operates
substantial amounts of legacy 1970s and 1980s vintage concentric-neutral cross-linked
polyethylene (plastic) insulated URD cables - - cable types and vintages considered insufficiently
reliable because their electric integrity so frequently degrades over time. The aluminum external
concentric neutral conductor on these cables tends to erode in moist ground, and the plastic
insulation fails when water enters the compromised cable insultation system. More modern EPR
rubber-insulated and XLPE cable, with an internal neutral conductor, is the current cable standard
and it is not susceptible to those failure modes.
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URD cable faults produce a large share of equipment-caused customer minutes of interruption
(CMI) each year. JCP&L provides n-1 reliability (although delayed) service for customers within
housing developments with 25 units or more units by installing underground primary circuits that
it can tie together, expediting restoration after isolating a faulted cable section. However, it takes
troubleshooters time to respond, isolate the faulted segment and re-energize the remaining
segments. Legacy URD circuits were direct buried; however, management has recently required
that developers install conduits in advance of JCP&L cable installation within them. Management
also has implemented an overhead version of residential loop feed design on the Barrier Islands.
This “backlot loop” system uses an overhead pole and wire design allowing for expedited isolation
of faulted wire sections and quicker restoration of customers from another supply circuit.

Management’s usual URD cable replacement practice calls for replacing cable sections only after
they have experienced a total of three faults or when customers specifically complain about cable
performance. Management addressed 429 URD cable failures in 2020. If a second section in a
supply loop fails before management has repaired or replaced the first faulted section, line workers
run a parallel cable on top of the ground to restore customers in the loop temporarily. Management
tags and tracks each faulted URD section in its OMS, and requires that maintenance resources
repair or replace faulted URD cable sections within 90 days of the cable failure. Each URD
segment failure should only affect a small number of customers when it experiences a fault.
Despite this expectation, underground cable failures comprised the fifth largest contributor to
equipment caused CMI (2.7 million) in 2020.

d. Distribution System Devices

Supervisory Control and Data Acquisition provides DCC operators with substation and circuit
operating conditions. Nearly all JCP&L substations and circuits are SCADA monitored and
controlled.

Management has installed many mid-circuit automatic circuit reclosers designed to limit sustained
outages to a maximum of about 500 customers. Many circuits have multiple tie reclosers that detect
when a circuit has de-energized and locked out because of a fault, and automatically restore a
portion of the affected customers by tying the unaffected circuit sections to another circuit.
Management also has installed comprehensive SCADA equipment at substations and on many
reclosers, allowing distribution operators to monitor and control the distribution substations,
breakers and reclosers remotely. The distribution system employs 3,254 electronic and 670
hydraulic reclosers.

Good utility practice calls for fusing lateral circuits where they branch off main circuits. However,
traditional fuses require manual replacement after just a single operation, often by a troubleshooter.
Lengthy customer outages can result when such a fuse blows for even a temporary, as opposed to
a sustained, fault. Devices that can distinguish between temporary and sustained faults are in fairly
common industry use and management has been replacing many lateral fuses with TripSaver II
electronic reclosing devices. These devices lock out for sustained faults, while restoring service
after brief interruptions from temporary faults that clear themselves. TripSaver II devices thus
reduce the number of customer minutes of interruption and often eliminate the need to dispatch a
troubleshooter to outages caused by temporary faults (e.g., tree branch contacts). JCP&L has
installed 777 TripSaver II devices.
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Management employs capacitors to maintain circuit loads at near unity power factor. Capacitor
banks provide necessary reactive power to induction motor loads, thus reducing the reactive power
load on the distribution and transmission system and serving to maintain standard voltage levels.
JCP&L has 4,920 capacitor banks on its distribution system.

Long distribution circuits prove susceptible to normal but significant voltage drop between the
supplying substation and customer loads at the end of the line. Management installs voltage
regulators to maintain distribution circuit voltages on long circuits to within required levels.
JCP&L has 997 pole-mounted voltage regulators. JCP&L also has load tap changers, which serve
a similar function to voltage regulators, on its substation transformers.

e. Other Networks

Low voltage (LV) networks serve parts of Morristown, N.J., and include 47 sets of transformers
and secondary protectors and about 11.5 miles of ducted cable. Most of these transformers and
protectors are 30 to 40 years old, and several have failed each year. Management designs these
networks with redundancy (to an n-1 criterion), which avoids outages under single equipment
failures. JCP&L can obtain replacement transformers and protectors from a local supplier.

f. Transformers and Substation Equipment

Substation transformers step transmission and sub-transmission voltages down to distribution
voltages. JCP&L operates 932 substation transformers. Circuit breakers isolate substation bus and
circuit faults. Management provides coordination between the relays that control the breakers and
the mid-circuit reclosers, lateral fuses and Trip Savers addressed above. The system employs 1,204
distribution circuit breakers. Since 2007, management has applied adaptive relaying to its breakers.
Dispatchers, using SCADA, can change the sensitivity of the breakers in substations between
modes. The normal, “fuse sacrifice mode” allows clearance of a downstream fault by a legacy fuse
(if not yet replaced by a Trip Saver). The “fuse save mode” has the substation breaker respond to
momentary interruptions from wind and lightning during storms. This mode allows the substation
breaker to sense a fault on the system beyond the fuse location and rapidly deenergize and then
reenergize the entire circuit in the hope that the lightning, wind, or tree branch induced fault has
passed. This protection mode introduces more fleeting momentary outages but minimizes
sustained downstream outages by preventing downstream fuses from blowing.

The JCP&L system also includes 75,072 pad mount transformers serving customers supplied by
URD direct buried or ducted cables.

Our examination considered whether management:

e Operates under an appropriate asset management philosophy that applies specific goals and
targets and incorporates actual electric system performance results into the development
and prioritization of inspection and maintenance programs

e Adopts and regularly reviews and adjusts (as necessary) comprehensive and effective
routine inspection, maintenance, and vegetation management programs

e Conducts inspection, maintenance, and vegetation management activities in accord with
those programs
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e Performance indicators should give senior management a clear and prompt picture of how
well and timely operations and maintenance (O&M) work is being completed and the
impact that work is having in achieving electric system reliability goals.

B. Findings

1. Inspection and Maintenance Budgeting and Spending

Management determines O&M budgets, including maintenance budgets, at the same time it does
capital budgets. While actual O&M spending increased each year, annual budgets have not been
consistent with spending for maintenance work. Management bases annual budgets for O&M
blankets on the previous year’s budget, and not on the previous year’s spending. Management
develops annual operating budgets to include “blanket accounts” to cover expected and unexpected
emergent operating and capital work. The “fix-it-now” blanket budget covers emergent repair
issues, and a “new business” blanket covers unexpected orders for new business connections.
Management itemizes each charge to the blankets and can track them. The accounting
organization, rather than the operations organization, makes decisions whether charges reflect
O&M or capital expenditures. The Company operations spending has been increasing since 2017,
as illustrated by this table. Management indicated that the increase in spending was caused by
unexpected line equipment replacement work and ensuring that all maintenance work was timely
completed.

T&D Operation Expenses
(in millions)
System 2017 | 2018 | 2019 | 2020 | 2021 Budget*
Distribution $129.3 | $139.9 | §147.1 | §155.9 $170.8
Transmission | $23.6 | $27.6 | $26.7 | $35.2 $32.6

Total $152.9 | $167.5 | $173.8 | $191.1 $203.4
* 2021 Budget includes planned Energy Efficiency spending of $23.4 million

Distribution and transmission inspection and maintenance spending increased from 2017 to 2020,
with spending substantially in excess of budgeted amounts. These results raise questions as to how
valuable the budgeting process is to management and what importance management and these
organizations place on meeting budgets. Management indicated that it spends O&M for
maintenance as required to complete its regular inspection and maintenance programs, even if
completion of those programs results in overspending. Management repurposes excess O&M
funding from other accounts, consistent with overall O&M budget limitations, when shortfalls
develop and management seems satisfied to work within the total O&M budget amount rather than
be concerned when it overspends in individual categories.
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2. Asset Management Approach, Strategy, and Life Cycle Management

a. Asset Management Philosophy

Management describes its asset management philosophy as employing “a comprehensive set of
engineering, operating, inspection, maintenance, and administrative process standards and
practices that optimize the value of asset investment, while maintaining reliability and safety.”
Management reports that it does this by conducting:
e Periodic inspections to identify conditions that are unsafe, or that jeopardize system
reliability
e Timely correction of those conditions
¢ Periodic maintenance to mitigate deterioration caused by age or operating conditions
e Periodic testing to identify abnormal conditions that cannot be identified by visual
inspection or maintenance activities
e Analysis of deterioration trends using intensified inspections and, in some cases, additional
testing
e Analyses to determine when a specific equipment life cycle is at an end and equipment
should be replaced based on engineering evaluation of equipment condition, maintenance,
and operating history, potential reliability consequences of failure, and whether loading is
an issue.

JCP&L follows FirstEnergy’s distribution and substation equipment inspection and maintenance
practices and cycles. FirstEnergy assists JCP&L with analyzing inspection and testing data and in
ensuring compliance with N.J.A.C. inspection and maintenance reporting requirements. Although
FirstEnergy provides baseline maintenance specifications for operating company work, JCP&L
can modify typical inspection, maintenance, and testing cycles when determined necessary to
monitor and investigate specific cases of deterioration.

JCP&L applies industry-accepted Reliability-Centered-Maintenance (RCM) processes. These
processes seek to ensure that equipment and systems will continue to perform as required in the
operating context that guides their use. The processes also seek to identify optimum safe minimum
levels of maintenance, cost, reliability performance, equipment availability, and appropriate levels
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of risk involved in managing assets. Applicable processes include analysis for each asset type and
equipment use, causes of critical failure modes, consequences of allowing assets to run to failure,
and the costs and benefits of post-failure supplemental maintenance, repair, or replacement versus
intervention to prevent asset failure. Management uses these processes to develop what it
determines to be optimum maintenance strategies based on equipment condition, importance, and
failure consequences.

Management uses structured, cyclical inspection and analysis programs to identify when more
intense maintenance is required, and to determine when assets should be upgraded or replaced
ahead of failure. A strength of the reliability-centered-maintenance process lies in less emphasis
on conservative time-based maintenance and instead relying on less-expensive non-intrusive
inspections and on engineering experience and knowledge of environmental and operating
conditions to determine a plan for maintenance and replacement actions.

We evaluated the fixed-interval (adjustable when justified) inspections and the preventive
maintenance activities undertaken to promote proper operation of each type of line and substation
asset. Management applies accepted utility practices, manufacturer’s recommendations, and the
experience and knowledge of its and FirstEnergy Service Company’s equipment specialists. These
activities comprise the minimum required to allow equipment already in adequate condition to
continue to operate reliably.

Inspection and Maintenance Programs comply with the intent of N.J.A.C. requirements for lines
inspections and maintenance and with its own schedules. N.J.A.C. Title 14:5-8.6, Inspection and
Maintenance Programs, requires that:

JCP&L shall have “inspection and maintenance programs for its distribution facilities, as
appropriate to furnish safe, proper, and adequate service. These programs shall be based
on factors, such as applicable industry codes, national electric industry practices,
manufacturer’s recommendation, sound engineering judgment, and past experience; be
focused in significant part on mitigating those interruption causes with the greatest impact
on reliability, such as those related to equipment, vegetation, and animals, and utilize tree
trimming, physical plant inspection, maintenance and protective measures and equipment
to assist in prevention and management of interruption when appropriate.

b. Life Cycle Management

FirstEnergy initiated its “Energizing the Future” (EtF) end-of-life process in 2018 and revised it
in 2020. This process includes guidelines for FirstEnergy’s Transmission Planning and Protection
organization to determine when transmission lines and substation equipment have reached the end
of operational life, and to determine when investments for replacement transmission equipment
are needed. The EtF guidelines include comprehensive lists of conditions, risks, and consequence
considerations for each type of transmission lines and substations equipment. Evaluations of the
transmission equipment and the prioritizations to replace equipment are determined by
FirstEnergy’s transmission planning and protection engineers.

JCP&L makes its distribution equipment replacement determinations using case-by-case data-
driven condition and criticality issues. Its strategy determines when to replace equipment using a
combination of regular condition assessments and reliability evaluations. Equipment replacement
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occurs when it is unsafe, does not perform its function, presents a risk to system integrity that
affects reliability, or the cost of on-going maintenance exceeds the cost of replacing the equipment.
Management may decide to allow equipment to run to failure if it has n-1 redundancy.

JCP&L’s highest priority feeder and CEMI programs include replacement of specifically identified
aged, failure-prone line equipment. Management has implemented ad hoc programs in the past to
replace defective spacer cables components and porcelain cutout switches, but it does not employ
any current programs to proactively focus on replacing aged failure-prone equipment system-wide.
We have concern about this approach, most particularly regarding the condition of aged aerial
spacer conductors and open bare wire conductors. Failures of this equipment have comprised the
largest contributors to equipment-caused customer minutes of interruption since 2017. JCP&L did
not make equipment failures a focus of its recent, $97 million Reliability Plus — Infrastructure
Investment Program. That project’s primary intent was to reduce tree-related outages and to
improve automatic sectionalizing and restoration of circuits.

3. Tracking and Analysis

Management maintains a record of distribution circuit visual and infrared (thermographic)
inspections and of the condition exceptions identified during those inspections, using its
Distribution Lines Inspections (DLI) record-keeping system. Management uses this system to:

e Monitor and trend distribution lines performance trends
Track critical equipment failures
Identify and develop early detection technologies
Improve PM activities
Accurately and consistently collect and trend data to support investigations and causal
analyses of critical equipment problems.

Like its use of the DLI system for distribution equipment inspections and maintenance,
management provides an even more comprehensive integration of its Transmission Asset Mapping
Interface (TAMI) system, its Cascade system, and its Asset Health Center (AHC) system to:

e Collect transmission and substation equipment condition data and to identify trends
Minimize critical equipment failures between scheduled maintenance intervals
Track corrective maintenance activities
Track equipment failures that do occur and develop strategies to prevent future failures
Collect and trend data for investigation and causal analyses of critical equipment failures
Implement monitoring technologies and methods to better detect equipment deterioration
Ensure that management is effectively implementing PM techniques and strategies to
manage its aged equipment base.

4. Equipment Age

Equipment age bears on deterioration, making effective inspection and preventive maintenance
programs essential. JCP&L, like nearly all North American utilities, operates a substantially aged
electric distribution system, as the next table illustrates. Nineteen percent of distribution poles and
42 percent of distribution substation transformers and circuit breakers are more than 60 years old.
The pole ages raise particular concern; FirstEnergy’s Wood Pole Inspection and Treatment
Program Procedure includes guidance setting average wood-pole ranges between 40 and 50 years.
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The next table illustrates the advanced age of a large portion of JCP&L pole plant and substation
transformer and circuit breaker populations.

JCP&L Plant Count and Ages

System Units | >40 Yrs | >60 Yrs | >70 Yrs
Distribution Pole Plant 331,479 58% 19% 9%
Sub-transmission Pole Plant 36,268 21% 3% <1%
Transmission Pole Plant 2,331 59% 2% <2%
Distribution Substation Transformers 576 74% 42% 12%
Transmission Substation Transformers 103 35% 16% 7%
Distribution Circuit Breakers 1,753 76% 42% 8%
Transmission Circuit Breakers 1,063 33% 18% 5%

Management has maintained only partial records of installation dates for the 12,060 miles of
overhead open bare wire and spacer cable and 7,564 miles of underground cables that combine to
form its 1,171 distribution (mostly URD) circuits. However, even the incomplete records show at
least a small percentage of the cable plant as more than 60 years old.

5. Blue Sky and Minor Storm Customer Minutes of Interruptions

Maintaining aged line and substation equipment and minimizing outage-causing equipment
failures proves challenging for all electric distribution companies. Management must balance
maintenance with replacement costs. Efforts to prevent outages or to shorten them must be
balanced to provide acceptable reliability at a manageable cost. Chapter VII, Reliability Programs
and Smart Grid Activities, includes our observations that JCP&L’s customer outage duration
performance falls at or slightly below average when compared with many other utilities in the
USA. That chapter also showed that equipment caused outages comprise the greatest contributor
to customer minutes of interruption (CMI) for JCP&L, Tree contacts also cause many customer
minutes of interruption, as explained in Chapter V, Vegetation Management.

6. Inspection and Corrective Maintenance Spending

Management spent about $9.5 million for inspections and corrective maintenance for the
distribution system and about $5 million for the transmission system in 2020. As indicated by this
table, inspection and Corrective Maintenance (CM) costs have increased about 23 percent for
distribution and about 38 percent for transmission since 2017.

Inspections and Corrective Maintenance Spending
Year | Distribution | Transmission
2017 | $7,731,270 $3,663,394
2018 | $8,767,380 $3,957,414
2019 | $9,720,860 $4,828,620
2020 | $9,487,694 $5,112,223
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7. Distribution Inspections and Corrective Maintenance

JCP&L timely completed all scheduled distribution equipment inspections and tests required by
its programs for each year between 2017 and 2020. This table indicates only the completion rates
for 2020, but serves to typify experience from earlier years in sub-transmission inspection
completion performance. The FirstEnergy Service Company Transmission Services group took
over the sub-transmission wood pole inspection program in 2020, resulting in a temporary increase
in the number of poles inspected in the first year of their involvement.

Distribution and Sub-Transmission Inspections Completed in 2020

Task Planned | Completed | Percent
Distribution and Sub-Circuit Inspections 304 304 100%
Distribution and Sub-Transmission Circuit Thermography 359 357 99.4%
Capacitors 4,920 4,920 100%
Reclosers 1,664 1,664 100%
Distribution Wood Pole Ground Line Inspections 65,138 65,138 100%
Sub-Transmission Wood Pole Ground Line Inspections* 3,000 4,967 166%
Network Protection Operation Tests 10 10 100%
Network Protector Inspections 11 11 100%
Network Transformer Oil Tests 22 22 100%
Company Vault Inspections 80 80 100%
Manholes without Transformer Inspections 35 35 100%
Pad Mount Transformer Inspections 23,215 23,215 100%

8. Distribution Circuit Inspections

In addition to 10-year wood pole groundline inspections, management inspects 20 percent of its
distribution circuits (5-year cycles), including laterals, each year. It completes the identified
corrective maintenance tasks (CMs), in priority order, within the following year. Inspectors work
from a list of inspection items including issues with overhead conductors, poles, vegetation
clearance, hardware condition, guying and grounding integrity, and the condition of pole-mounted
equipment such as transformers, fuses and cutouts, lightning arrestors, and switched devices.
Additionally, a substation mechanic, certified as a thermographer, conducts thermographic
infrared inspections of the distribution system on a four-year cycle. Thermography is used to
proactively and non-intrusively identify poorly made and prone-to-failure electrical connections
by their heat signature. Line workers inspect all of the 4,920 capacitor banks on the system each
spring. All 1,664 distribution circuit reclosers are also inspected annually. Defective devices are
repaired or are replaced.

When an abnormal distribution circuit condition is identified, circuit inspectors and engineering
personnel evaluate whether corrective maintenance (CM) should be undertaken immediately or if
maintenance can be addressed through scheduled work in the coming year, based on equipment
criticality and any risk to public safety. For 2017 to 2020, the lines district shops completed
essentially all distribution CM tasks assigned them by the end of the following year.
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Distribution CMs and Completions

Distribution | Distribution ngcf;te J
Year CMs CMs e, p .
Within Following
Opened Completed
Year
2017 4,521 4,516 99.9%
2018 5,824 5,820 99.9%
2019 4,979 4,977 99.9%
2020 4,587 4,587 100%

Management has a formal prioritization method for issues identified by the distribution system
thermographic inspections described above. Thermographic infrared inspections of overhead
components identify overheated (poorly made or prone-to-failure) connections. This table shows
the CM tasks generated by thermographic inspections by priorities, and associated completions for
2020. Inspection and completion results are similar for 2017-2019. Management has been timely
completing all thermographic CMs.

2020 Distribution Thermographic CMs and Completions

Priority | Time Limit | Opened | Completed | Completion Rate
Priority 1 30 days 42 42 100%
Priority 2 90 days 21 21 100%
Priority 3 | 180 days 35 35 100%
Priority 4 | 365 days 87 87 100%

9. Sub-Transmission Inspections

JCP&L employs two sub-transmission inspectors who annually inspect 20 percent of JCP&L’s
sub-transmission system each year. Management conducts the distribution and sub-transmission
systems inspection programs at the same time. However, it administers them separately, because
the costs associated with sub-transmission inspection and corrective maintenance activities are
accounted for as transmission costs. FirstEnergy uses three levels of corrective maintenance
priorities for its sub-transmission lines and equipment. Priority 1 CMs indicate issues which
present the risk of imminent failure; management addresses these in seven days or less.
Management schedules and repairs Priority 2 CMs, situations posing some threat of failure if not
corrected, in 90 days or less. Management repairs Priority 3 CMs, issues not currently posing a
direct risk but that could develop into a risk, within one year; it monitors the status of each and
will bundle them with other scheduled maintenance for efficiency. In 2017, 2018, and 2019
management planned and completed 311, 306, and 45 Priority 2 CMs, respectively. This table
shows the Priority 2 CMs planned and completed for 2020. No Priority 3 CMs were reported.

2020 Sub-Transmission CMs and Completions

Priority | Time Limit | Opened | Completed Conl;glt(::tlon
Priority 1 7 days - - -
Priority 2 90 days 41 41 100%
Priority 3 | 365 days - - -
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10. Distribution and Sub-Transmission Wood Pole Inspection

JCP&L’s 10-year wood pole inspection program identifies poles with compromised structural
integrity and provides another comprehensive circuit-level inspection of distribution facilities to
supplement the five-year circuit inspection program. This “life cycle” program determines when
the safe useful life of a wood pole has ended.

Ground line pole inspections identify poles not meeting NESC strength requirements. As wood
poles age, they may split or experience fungal decay creating internal voids that reduce pole
strength. Pole deterioration rates depend on pole material, original preservative treatment, climate,
and soil conditions. On 10-year cycles, JCP&L’s pole inspection contractor inspects each
distribution pole and conducts a hammer sounding integrity test on those over 10 years old. Where
a sounding test indicates that voids may exist in a pole and for all poles older than 35 years, the
contractor excavates the circumference of the pole below the groundline, bores holes, and
measures the severity of any voids discovered. Any wood pole determined by the contractor to
have less than acceptable strength becomes listed for reinforcement or replacement, depending on
the severity of deterioration. Management replaces wood poles with active internal or external
decay. Unlike many other utilities, however, management does not inject life-extending fungicide
into distribution poles. Management cited as a reason clean-up and environmental concerns from
vehicle strikes causing fungicide spills from treated roadside poles. Transmission poles are treated
with fungicide when appropriate.

JCP&L owns and maintains 331,479 wood distribution poles. The distribution wood pole ground
line inspection program classifies poles needing attention into two categories. Classification as
“Priority 1”7 (with less than minimum NESC strength) calls for replacement within one year. The
second classification is termed “Priority” (approaching minimum NESC strength). JCP&L
Engineering reviews all Priority poles on a case-by-case basis for replacement, reinforcement or
monitoring.

This table indicates the distribution poles inspected for 2017-2020 and then replaced or reinforced,
based on the wood pole groundline inspection program

Distribution Wood Poles Replaced

Number of Priority 1 Poles Pl‘lOl‘.lty 1 Poles Priority Poles | Priority Poles Replaced
Year Poles . Reinforced . .
Identified Identified or Reinforced
Inspected or Replaced
2017 36,568 35 35 1,187 355
2018 27,877 14 14 1,794 566
2019 54,558 52 52 3,378 1,260
2020 65,138 98 98 4,020 1,800

In 2019, management moved from conducting distribution pole inspections on a circuit basis to a
geographic area basis. This shift roughly doubled the numbers of distribution poles normally
inspected per year (previously averaging about 33,000). The change has produced a significant
increase in the rate of discovery of Priority poles requiring corrective action. Operations is re-
evaluating the results of each pole inspection and establishing a work plan focusing on risk to
safety and customer outages. This second round of evaluations will produce scheduling for the
increased number of poles in need of reinforcement or replacement.
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Moving now from distribution to sub-transmission poles, the FirstEnergy Service Company
Transmission Maintenance group took over responsibility for managing JCP&L’s sub-
transmission pole inspection program in 2020, using the same inspection, boring, and treatment
procedures applied to transmission poles. Prior to 2020, JCP&L did not apply treatment to sub-
transmission or distribution poles.

JCP&L has 36,268 sub-transmission poles. As of 2020, the transmission groundline program uses
three priorities to indicate importance and urgency of corrective actions, rather than the two
distribution priorities. Classification as Priority 1 calls for transmission and sub-transmission pole
replacement within 7 days of identification. Priority 2 and 3 poles require replacement or
reinforcement 90 days and 1 year following identification.

The next table shows the sub-transmission Priority 1 poles replaced between 2017 and 2019 under
the Distribution Wood Pole Groundline program. FirstEnergy’s assumption of the sub-
transmission wood pole ground line inspection program under the transmission program in 2020
produced a large number of Priority 2 and 3 poles. The pole inspections occurred during the fourth
quarter of 2020. Management reported that all Priority 2 poles identified in late 2020 have already
been replaced in 2021, with scheduling of replacement or mitigation for the remaining Priority 3
poles later in 2021.

Sub-Transmission (34.5 kV) Wood Poles Replaced

Year | Priority 1 | Priority 2 | Priority 3 | Replaced or Reinforced
2017 1 1

2018 13 13

2019 21 21

2020 7 246 0

11. Transmission Circuit Inspections

FirstEnergy conducts routine helicopter inspections of its transmission systems on 6-month cycles,
conducts comprehensive helicopter inspections every 4 years, and conducts corona and infrared
inspections every 4 years. It also conducts ad hoc helicopter, drone, foot patrol, and climbing
inspections, as required. Company documents indicate that all these activities are completed on a
timely basis.

FirstEnergy uses three levels of corrective maintenance priorities for its transmission lines and
equipment. It schedules and repairs, in 7 days or less, Priority 1 CMs that present the risk of
imminent failure. It schedules and repairs, in 90 days or less, Priority 2 CMs are situations which
pose some threat of failure if not corrected. It schedules and repairs these Priority 3 CMs within
one year. Priority 3 CMs comprise those that do not pose a direct risk but could develop into a risk.
Management monitors the status of Priority 3 CMs and bundles them with other scheduled
maintenance for efficiency.
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12. Transmission Wood Pole Inspection and Replacement

FirstEnergy’s transmission wood pole inspection program identifies wood poles requiring
replacement or reinforcement because of excessive loss of pole strength, to treat the poles to arrest
or slow internal decay, and to apply external preservatives to extend pole life. The FirstEnergy
Transmission Maintenance organization schedules, manages, and documents transmission wood
pole inspections and treatments, tracking each inspection in an Access database. They track
Priority 1, 2, and 3 poles requiring corrective action in the Transmission Line Maintenance GIS
database.

FirstEnergy’s contractor conducts wood pole ground line inspections on all transmission poles on
a 10-year cycle. Inspections include an overall pole inspection, hammer sounding for voids,
excavating soil 18 inches below the groundline around the pole circumference, boring holes above
and below the ground line, and - if internal voids are identified - measuring the thickness of the
remaining pole shell. Finally, the contractor injects a fungicide into the pole and applies a
preservative to the pole surface above and below the groundline if wet soil conditions prevail. The
contractor determines the as-found pole strength based on remaining shell thickness and pole size.
The inspection results including pole strength are reported to FirstEnergy transmission
engineering, who categorizes the pole as acceptable, or if not, as Priority 1, 2, or 3 for
reinforcement or replacement. FirstEnergy re-samples 2 percent of the contractor-inspected poles
for verification of inspection quality and contract compliance.

FirstEnergy inspected all transmission poles in New Jersey in 2015 and all reinforcements and
completed replacements initiated by those inspections by the end of 2017. As a result, no
transmission poles were inspected or identified for reinforcement or replacement during the 2017
to 2020 period.

13. Underground and Pad Mount Transformer and LV Network Inspections

Distribution technicians (from the Engineering Organization) inspect 20 percent of the
underground system each year, including switches and terminations and 75,072 pad mount
transformers. Most pad mount transformer corrective maintenance (CMs) tasks are caused by
corrosion, missing locks, and damage from snowplows and mowing equipment. Management
completes 100 percent of its scheduled pad mount inspections each year, and in 2020 scheduled
and completed 665 pad mount transformer CMs on time.

Underground crews inspect the ducted cables, vaults, manholes, underground network
transformers and network protectors for the LV Network. Operations Support underground crews
and relay technicians conduct inspections, protector operational tests, and oil tests on the network
equipment including cables, conduits, transformers, protectors, vaults, and manholes. The relay
technicians conduct network protector (voltage-controlled circuit breaker) operational tests every
six months by simulating a de-energized primary supply circuit. An underground crew inspects
the vaults every six months, and samples each transformer’s insulating oil for quality tests every
two years. Management inspects cable manholes that do not contain transformers every five years.
This is consistent with FirstEnergy’s “Underground Ducted Network System” inspection and
testing specifications. Underground crews conduct network repairs, when necessary, except in the
rare instance that internal resources are not sufficient and, in those cases, management uses
qualified contractor specialists or repair shops.
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Management applies six levels of corrective maintenance priorities for LV Networks. Priority 1.1
“Immediate Risk” CMs risk require correction within 24 hours, Priority 1.2 “Critical” CMs within
30 days or less, and Priority 1.3 “Serious” CMs within 180 days. Priority 1.3 “Medium” CMs
require action within 1 year. JCP&L also designates some orders as 2.1 “Low” and 2.2 “Work
Queue” meaning no safety or reliability risks and requiring correction within one year or with other
maintenance activities. The next table shows LV CM completions for the years 2017 to 2020. The
two open items from 2019, since completed, were delayed by access issues involving a transformer
replacement.

LV CM Completions 2017 - 2020

Year | # Open | # Closed | Completion Rates
2017 6 6 100
2018 4 4 100
2019 6 4 67
2020 1 1 100

14. Substation Inspections and Preventive Maintenance

Substation maintenance consists of a complex set of periodic non-intrusive and intrusive
inspections, preventive maintenance, corrective maintenance, and oil, electrical, and mechanical
testing. The identification of emergent or trending deterioration observed through operating issues
or periodic inspections leads to ad hoc testing and sometimes more invasive inspections to verify
or correct conditions. Deteriorated substation equipment may be monitored, repaired, replaced, or
actually run to failure, whichever proves the most cost-effective solution after considering
criticality and failure consequences.

a. Substation Equipment Inspections, CMs, and Completions

Substation mechanics inspect each of the 326 T&D substations each month. Twice each year,
during a spring month and a fall month, more intense inspections include detailed inspections of
transformers, circuit breakers, and all circuit egress cables (from substation to riser pole). The
inspectors remove bird and animal nests and other debris from transformer radiators, and they
operate the transformer fans and oil pumps. Substation mechanics annually draw oil samples from
transformers and from load tap changers for quality tests, moisture tests, and dissolved gas
analyses to verify insulating oil quality and transformer condition. Management conducts infrared
thermographic inspections of all bus and equipment electrical connections on annual cycles. Relay
technicians conduct relay scheme verification tests on either 5-year cycles or 10-year cycles,
depending on whether the relays are providing protection for the transmission system or the
distribution system.

The next table shows that management completed all scheduled T&D substation equipment
inspections and operational tests in 2020. Documentation provided indicate similar completion
levels since 2017.
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T&D Substation Inspections Completed in 2020

Percent of
Task Planned | Completed | Tasks Required

by Program
Monthly Substation Inspections 3,912 3,912 100%
Transformer Inspections 939 939 100%
Circuit Breaker Inspections 1,204 1,204 100%
Non-PJM Relay Schemes 541 541 100%
PJM Relay Schemes 183 183 100%
Infrared Inspections 326 326 100%
Battery Inspections 342 342 100%
Substation Underground Inspections 594 594 100%

FE/JCP&L has four levels of corrective maintenance priorities for its substation equipment.
Priority 1.1 “Immediate Risk” CMs risk require correction within 24 hours, Priority 1.2 “Critical”
CMs risk within 30 days, Priority 1.3 “Serious” CMs within 180 days, and Priority 1.4 “Medium”
CMs within one year. Management at times defers some CMs without associated safety or
reliability risks and schedules them with other preventive maintenance work for efficiency reasons.
Pending CM completion, substation inspectors monitor conditions for deteriorating equipment
performance to determine if work requires expediting. Based on documents provided, CM on-time
performance has improved since the 2017 to 2019 period. The next table illustrates substation CM
completion rates for 2020.

Substation CMs Completed in 2020

Completed Completed
Priority T.l me Opened Wl.thm Outside Completion Deferred
Limit Time . Rate
Time Frame
Frame

Priority 1.1 | 24 hours 8 7 | 100% 0
Priority 1.2 | 30 days 161 87 69 96.9% 5
Priority 1.3 | 180 days 781 634 74 90.7% 73
Priority 1.4 | 365 days 1,619 1,341 55 86.2% 93

b. Substation Equipment Preventive Maintenance and Completions

FirstEnergy Service Company Substation Engineering provides inclusive and comprehensive sets
of maintenance procedures for all FirstEnergy operating company equipment types. It appears that
FirstEnergy’s maintenance procedures have resulted from extensive research with manufacturers,
electric utility industry organizations, and the combined experience and knowledge of
FirstEnergy’s substation equipment experts.

The substation transformer program appropriately includes dissolved gas in oil analyses, insulation
power factor testing, winding turns ratio testing, and winding resistance testing. Its circuit breaker
program includes power factor testing, oil analyses, timing testing, moisture testing, and high
potential and contact resistance testing. The FirstEnergy Service Company “Beta Lab” conducts
all oil testing and equipment forensic analyses.
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The maintenance procedures for substation transformers and circuit breakers are classified as Class
C - online inspections and tests, Class B - operation tests that may be either online or offline, and
Class A — offline testing. For circuit breakers, scheduled Class C maintenance is typically
conducted every 2 years, scheduled Class B maintenance every 6 years, and scheduled Class A
circuit breaker inspections and tests are conducted either based on the results of these other
inspections and tests, or on duty cycles - - the numbers of operations performed by the equipment
since the last inspection and maintenance. Circuit breaker maintenance activities are triggered by
different cycles and numbers of operations, based on a breaker’s type and manufacturer.

For transformers, Class A electrical tests are scheduled every 5 to 12 years, depending on size and
criticality. Whenever the results of Class B or Class C inspections and tests or observed operating
issues indicate the possibility of incipient problems, FirstEnergy’s substation engineering staff
may intervene and schedule Class A transformer or circuit breaker tests.

The next table outlines the time-based Class C, Class B, and Class A maintenance and.

T&D Substation Transformer Tests and Maintenance

PM Class Examples of Examples of Transmission | Distribution
Tests Maintenance Cycle Cycle
Nitrogen and oil | Inspections of oil levels,
Clasg C guahty and nitrogen pressure, Annual Annual
On-Line dissolved gas temperatures, pumps,
tests fans, clean coolers
Class B N1tr0g§n and oil Class C, plus check
On-Line or quahty and calibration and functions 4 to 5-year 4 to S years
. dissolved gas
Off-Line of temperature alarms
tests
Power-Factor,
winding turns Operational tests and 12 years
Class A ratios, core internal inspection of 5 except 8 years
Off -Line ground, and load tap changer (LTC), years with type U
winding if applicable bushings
resistance testing

Management reported that it had not deferred any of its scheduled substation preventive
maintenance tasks since 2017.

C. Conclusions

1. Management’s asset management philosophy of optimizing the value of assets while
maintaining reliability and safety comports with good utility practices.

FirstEnergy Service Company and JCP&L comply with their approach by conducting, and timely
completing, appropriate inspections, and maintenance on the transmission and distribution lines
and substations. Management uses analyses to determine when a specific equipment life cycle is
over and equipment should be replaced based on engineering evaluation of equipment condition,
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maintenance, and operating history, potential reliability consequences of failure, and whether
loading is an issue.

2. FirstEnergy and JCP&L inspection and reliability centered maintenance programs and
practices are appropriate for maintaining the current level of equipment caused SAIFI
and CAIDI and for meeting the BPU required reliability levels.

Inspection and reliability centered maintenance programs and practices comport with NESC, the
intent of the N.J.A.C. regulations, and good utility practice. FirstEnergy conducts routine
helicopter inspections of its transmission systems on six-month cycles, it conducts comprehensive
helicopter inspections every four years, and conducts corona and infrared inspections every four
years. It also conducts ad hoc helicopter, drone, foot patrol, and climbing inspections, as required.
It conducts transmission and sub-transmission wood pole groundline inspections and treatment on
10-year cycles. It conducts infrared inspections of the sub-transmission lines on 4-year cycles and
circuit patrols on 5-year cycles.

JCP&L conducts inspections of the distribution lines and mounted equipment on 5-year cycles,
and infrared inspections on 4-year cycles. It conducts wood pole groundline inspections on 10-
year cycles.

FirstEnergy and JCP&L use a reliability centered maintenance approach for substation equipment.
Management maximizes inspections and testing and conducts intrusive and expensive internal
inspection and maintenance only when determined necessary. JCP&L conducts monthly routine
substations and more intensive substation inspections twice a year, paying attention to
transformers, circuit breakers, and batteries. It conducts infrared inspections on substation
equipment every year. It conducts non-intrusive predictive transformer oil testing every year and
it periodically conducts intensive transformer and circuit breaker tests, the timing of those tests
based on equipment criticality and on equipment expert experience and knowledge. It conducts
intrusive internal maintenance on equipment only when inspection and test results, or numbers of
operations indicate the need to do so.

As reported in Chapter I, Operations Organization, JCP&L has sufficiently staffed its field
organizations, using work management technologies, to provide management regularly with the
status of all scheduled work, including inspection and maintenance tasks. This combination has
allowed management to comply with all program schedules. When analyses of equipment
conditions become necessary, JCP&L has access to FirstEnergy Service Company’s equipment
experts.

3. The line and substation districts and FirstEnergy Service Company’s Transmission
Maintenance organization has, at least since 2017, been completing all inspections and
maintenance tasks consistent with programs and priorities.

Liberty found that management have been completing transmission and distribution circuit,
equipment, substation equipment inspections and wood pole groundline inspections in a manner
consistent with program timelines. JCP&L had been completing all corrective maintenance work
according to prioritized scheduling guidelines. The only exception is that management has deferred
some non-critical substation CMs to be included with scheduled preventive maintenance work.
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Management had been completing transmission, distribution, and substation preventive
maintenance (PMs) consistent with the programs, without deferring PMs.

4. Practices for prioritizing its corrective maintenance work are appropriate for timely
addressing CMs based on criticality, and since 2017 JCP&L has completed its CMs on
time and according to priority.

Management has formal prioritization categories for its transmission, sub-transmission, low
voltage networks, and substation CMs that assign completion deadlines based on criticality.
However, management determines distribution circuit CM priorities on a case-by-case basis. The
Lines Districts schedule the work associated with each CM based on the relative severity of the
abnormal conditions and public safety concerns. Distribution CMs are either addressed
immediately or are scheduled to be addressed before the end of the following year.

5. The FirstEnergy/JCP&L asset management life cycle process is appropriate; distribution
and substation equipment replacement determinations use case-by-case data-driven
review of operating conditions and criticality issues.

JCP&L’s strategy is to determine when to replace equipment using a combination of regular
condition assessments and reliability evaluations. Equipment is replaced when it is unsafe, doesn’t
perform its function, is a risk to system integrity and reliability, or the cost of on-going
maintenance exceeds the cost of replacing the equipment. Management may decide to allow
equipment to run to failure if its failure will not result in a sustained system or customer outage.

6. FirstEnergy and JCP&L timely complete inspection and maintenance work even though
they consistently exceed their maintenance O&M budgets. (See Recommendation #1)

Funds required to complete all inspection and maintenance work have substantially exceeded the
annual budgets specific to this work. Management supplements the funds by using funds allocated
for other O&M activities. Management reported that it is limited only by the high-level O&M
budget and not the maintenance budgets. However, it is good utility practice to determine O&M
funding, based on experience from the previous year’s spending, and not by relying on the previous
year’s inaccurate budgets.

The following table shows for each category of spending the actual amounts divided by budgeted
amounts. Management cold not provide a 2017 budget amount for the Transmission costs, citing
a “planning oversight” which meant it did not budget internal labor costs for this category.
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Inspection and Maintenance Actual vs. Budget Results

Preventative Corrective Maintenance

Maintenance and Inspections

Distribution | Distribution | Transmission
2017 210% 130% n/a
2018 225% 147% 394%
2019 251% 160% 491%
2020 237% 143% 497%

Average 231% 145% 461%

7. JCP&L lacks a holistic approach to address and mitigate the negative impact of system-
wide aging equipment failures on reliability. (See Recommendation #2)

While JCP&L’s highest priority feeder and CEMI programs include the replacement of
specifically identified aged, failure-prone line equipment, management does not employ any
current programs to proactively and holistically focus on replacing aged failure-prone equipment
system-wide.

D. Recommendations

1. Develop, track and be accountable to annual T&D maintenance budgets based on the
spending actually required to comply with inspection and maintenance program
requirements. (See Conclusion #6)

A realistic budget would better allow management to monitor the efficiency and cost effectiveness
of the various maintenance programs and understand much more clearly the actual costs of
maintenance vs. replacement options. Consistently overspending budget line items can
inadvertently communicate a lack of commitment to financial rigor and cost control.

2. Develop a system-wide programmatic approach to mitigating the negative reliability
impacts resulting from the failure of aging equipment. (See Conclusion #7)

Management has implemented ad hoc programs in the past to replace defective spacer cables
components and porcelain cutout switches, but it does not employ any current programs to focus
proactively on replacing aged failure-prone equipment system-wide. Lessons learned from the
successful implementation of the highest priority feeder and CEMI programs should inform a
system-wide approach that management should adopt for application to aging equipment in
general.
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Chapter V: Vegetation Management

A. Background

Tree contact with overhead power lines comprises a primary cause of outages. The maintenance
of adequate clearances between tree limbs and wires proves critical during the trimming cycles to
preventing limb contact during all weather conditions. Management also must identify and remove
or mitigate dead or dying on and off the right-of-way trees that pose a risk of falling into the power
lines. Fallen trees prove a major cause of outages during major storm conditions. Many parts of its
service area require JCP&L management to execute comprehensive and effective vegetation
management programs designed to minimize tree contact and protect electric reliability.

In Chapter II, Operations Organizations, we addressed organizations responsible for the New
Jersey transmission, sub-transmission, and distribution systems vegetation management programs.

The Reliability Programs and Smart Grid Activities chapter addresses our examination of
reliability indices, including tree caused SAIFI and CAIDI. We have referred again to these
reliability indices in this chapter just to reinforce and reiterate the need for the enhanced vegetation
management programs and why they should be continued to improve tree caused SAIFI and
CAIDI.

This chapter addresses the effects of vegetation management programs, the recently enhanced
practice of removing overhanging limbs in distribution circuit Zones 1 and 2, and the increased
emphasis on hazard tree removals. We also examined vegetation management spending.

Our examination considered whether management has:
e Regularly reviewed and adjusted, if necessary, the vegetation management programs to
meet the reliability needs of JCP&L
e Conducted vegetation management in accord with the program requirements
e Met vegetation management budgets
e Monitored vegetation related reliability and adjusted plans and programs accordingly.

B. Findings

1. Vegetation Management Spending

JCP&L charged vegetation management costs (for trimming and tree removals) to a combination
of capital and O&M accounts until 2021, charging costs to capital accounts, when specific tree
operations supported capital construction, replacement, or expansion. JCP&L now charges all
cycle-based vegetation management costs to O&M accounts.

A higher-than-expected number of tree removals and targeted reliability work has largely 