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Disclaimer & Legal Notice

This publication is the work product of Energy Compliance, Inc. and is provided for general
information and educational purposes only. It does not constitute legal advice, regulatory guidance,
engineering advice, or formal interpretation of any NERC Reliability Standard, FERC order, RTO or

ISO protocol, or state commission rule.

This publication may not be used or cited as authority in any audit, enforcement, regulatory, or legal
proceeding. Compliance with NERC Reliability Standards depends on facts and circumstances
unique to each registered entity, and the reader should consult qualified counsel and subject matter

experts when making compliance decisions.

NERC, FERC, and the names of Regional Entities are referenced here for descriptive purposes only.
Energy Compliance, Inc. is not affiliated with, sponsored by, or endorsed by the North American
Electric Reliability Corporation, the Federal Energy Regulatory Commission, or any NERC Regional

Entity.

Energy Compliance, Inc. assumes no responsibility or liability for errors, omissions, or outcomes

resulting from the use of this publication.
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Foreword

This professional reference is one of a series Energy Compliance, Inc. publishes for

registered entities and the people who run their compliance programs.

| have spent more than thirty years on every side of the bulk electric system. | have
operated control centers as a Reliability Coordinator, Transmission Operator, and
Power System Operator. | have audited grid facilities and signed off on findings as a
senior compliance auditor. | have worked enforcement matters from inside the
regulator's process. For the last several years | have advised registered entities directly

through the firm | founded.

The entities that do reliability well share a habit. They take the standards seriously
without confusing them with reliability itself. A NERC Reliability Standard is a floor, not a
ceiling. Compliance is something an auditor evaluates; reliability is something a system
either delivers or does not. So these entities prepare for audits by building programs

that survive real questions, not binders that look thick.

That is the perspective these references try to share. Each one takes a single topic,
whether a standard family, an operational function, a regulatory framework, or an

emerging industry problem, and walks through how it actually works.

They are written for the compliance manager who wants to understand the system and
not just memorize requirements. For the legal counsel who has to brief a board

honestly. For the senior operator who has been told that compliance and reliability are
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the same thing and suspects they are not. And for the new compliance hire who was

handed a binder and told good luck.

These references are not marketing material disguised as content. They come out of
three decades of doing this work and watching it succeed and fail. | have written them in
the same voice | use in a control room or in front of a Regional Entity audit team: direct,

grounded in evidence, and honest about what the standards do and do not require.

Energy Compliance exists because much of the consulting offered to registered entities
today is structured for billable hours rather than for outcomes. Every engagement is
overseen by a senior practitioner. We do not bring five people to a meeting that needs
one. We automate the work that should be automated and apply senior judgment to the
work that requires it. If that is what you want in a compliance partner, the back of this

reference has our contact information.

If not, the reference still belongs to you. Take what is useful and apply it well. And

remember the only test that ultimately matters: when the system needs to perform, does

it?

Rob Smith

Founder and Principal, Energy Compliance, Inc.
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Executive Summary

The Transmission Control Center is where the Bulk Electric System is run in real time. It is the
seat where a Transmission Operator's reliability obligations get exercised, by people who don't
get a second take. The decisions made there are the difference between a contingency
contained and a contingency that propagates. Reliability is performed in the control center.
Compliance is documented around it.

This reference walks through the control center the way an operator lives it: what the room is
for, how it sees the system, where its authority ends, how it handles risk, coordination, people,
emergencies, restoration, and tools, and how the standards and the audit process look at all of
it. The points | would want any reader to leave with:

Reliability accountability in a control center is collective. No single entity owns all of it. In
my view, the failures that matter most sit at the handoffs between entities, not inside one
desk.

Awareness is something the operator holds, not something the screens show. When the
operator's picture of the system breaks down, more displays will not rebuild it.

A tool earns its place only when it informs at a pace the operator can actually use.
Boundary disputes between a control center and its neighbors stop being abstract the
moment an action is taken on the wrong side of a boundary. In my view, that is where
most boundary findings start.

Procedures give rotating crews a consistent way to handle varied conditions. When
operators abandon one under stress, its design deserves the first look.

Audits look at how a real event was handled, by whom, on what authority, and with what
record. Programs ready for that question are in the strongest position.

Energy Compliance, Inc. - - Page 5



EC-WP-301 - Transmission Control Center Operations

1 Transmission Control Centers
Within the Bulk Electric System

1.1 What This Reference Covers

This reference looks at how Transmission Control Centers (TCCs) have changed as the system
around them has changed: more complexity, more interconnection, more real-time data, and
more automation. It covers the interfaces between a TCC and the entities it works with every
shift, chiefly its Reliability Coordinator (RC), the Balancing Authorities (BAs) in its area, and
neighboring Transmission Operators (TOPs), along with the activities and requirements that go
with those relationships.

The aim is to explain how a TCC contributes to reliability of the Bulk Electric System (BES) and
where the scope of its responsibility, and its people's responsibility, begins and ends. It is
written in descriptive terms. It is not an operating manual, and it does not walk through every
compliance element of every standard that touches the room.

1.2 Where Planning Meets Real Time

The control center is where BES reliability is exercised in real time. It sits at the point where
planned and assumed system conditions meet real-time system performance. Planning sets the
basis for how the system is expected to perform under a given set of assumptions. The control
center then finds out, moment after moment, whether that expected performance actually shows
up. From a reliability standpoint, this is where system margins, operating capability, and
operator awareness all meet.

NERC registers entities by function, not by asset. The Transmission Operator is the registered
function; the NERC Glossary defines it as the entity responsible for the reliability of its "local"
transmission system, and that operates or directs the operations of the transmission Facilities.
The TCC is where a TOP does that work. Because the obligations follow the function, reliable
transmission operation depends far more on how activities are coordinated than on who owns
which assets. In the control center, the transmission system's operating data, the operating
authority, and the communication channels needed to manage the system all come together in
one place.

1.3 Physics Does Not Respect Boundaries

What happens in a control center is tied directly to the physics of the BES. Power flow follows
electrical laws, not political or corporate boundaries, and the equipment a TCC watches
responds to conditions that may originate far away. An action in the control center can have
local effects with wide consequences. An event in a remote part of the Interconnection can
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arrive as a serious local operating problem. Reliable operation cannot be maintained by isolated
actions in one room. It takes a full picture of system conditions.

One of the hallmarks of work in a transmission control center is managing risk in real time:
keeping the system within established thermal, voltage, and stability limits while loads, planned
and forced outages, and other conditions move in ways nobody can fully predict. The job is not
to cover every contingency. It is to keep enough margin and enough awareness of the system
and its loads to react when conditions change.

1.4 The Operational Interface to the Reliability System

Control centers are the operational interface to the rest of the reliability system. Operating
procedures, responses to Reliability Coordinator Operating Instructions, and coordination with
other TOPs and with BAs all run through the control center, with authority, responsibility, and
communication defined in operating agreements and in the Reliability Standards. The control
center is where those relationships become something an operator can act on.

The work itself has changed with the system. More interconnection, higher transfer levels, more
complex operation, and the need to analyze and act on large amounts of real-time data against
a large set of possible contingencies, often on short timelines, all make control center work
harder than it used to be. The objective has not changed: keep the entire BES within acceptable
limits. But the nature of the task has changed enough to justify revisiting procedures and
improving existing practice.

To understand what goes on in a transmission control center, start with its place in the larger
reliability structure. A control center is not a place of autonomous decision making. It operates
inside a framework of standards, agreements, and wide-area direction that was built to keep the
system reliable at all times, and the operator's job is to make that framework work in real time.

End-of-Chapter Summary

The control center turns planning assumptions and Reliability Standards into operating actions.
It works because data, authority, and coordination meet in one room, which is what a system-
wide view on an interconnected grid requires.

From the Field

A Transmission Control Center is the seat where the entity's reliability obligations get exercised in
real time. The standards expect that level of consequence to be staffed accordingly.

The TCC sees what the system is doing and decides what to do about it. The control center is the
operative function; the rest of the program supports it.
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2 Situational Awareness and Real-
Time System Visibility

2.1 Data, Judgment, and the Right Information at the Right Time

Knowing the current state of the BES, and where it could go next, is an essential reliability
function. It depends on two things: the information being available, and the people in the control
center interpreting it correctly. Good data is necessary but not sufficient. Reliable operation also
needs operators who can apply knowledge and judgment to decide what the system can do
relative to its limits, its expected contingencies, and its operating procedures.

Real-time visibility comes from telemetry, breaker and relay status, alarms, and analysis tools
that together show the actual state of the system. The inputs include power flows, voltages,
equipment status, and topology changes, among others. The goal is not to collect the most
data. It is to have the right information at the right time so the operator can keep the system
inside its operating criteria.

The standards treat data quality as an operating obligation, not a nice-to-have. TOP-010-1(i)
requires each TOP to implement an Operating Process or Operating Procedure to address the
quality of the Real-time data it needs for Real-time monitoring and Real-time Assessments,
including criteria for evaluating data quality, a way to show data quality to the System Operator,
and actions to address data quality problems with the entities that supply the data. The same
standard requires an alarm process monitor that tells System Operators when the Real-time
monitoring alarm processor has failed. An operator who doesn't know the alarms have stopped
is an operator who thinks the system is quiet.

2.2 Awareness Beyond Your Own Boundary

Situational awareness does not end at the edge of your own transmission system. The BES is
highly interconnected, so a control center has to know about real-time conditions in adjacent
systems and across Reliability Coordinator Areas. Interchange in and out of the system,
generation response, and disturbances in neighboring systems all affect your operating margin.
The control center needs local detail on critical facilities and a regional view at the same time,
and it needs working communication with its RC and with adjacent TOPs.

TOP-001-6 writes part of this into the requirements. In determining System Operating Limit
(SOL) exceedances, a TOP must monitor Facilities within its own area, monitor the status of
Remedial Action Schemes, and obtain and use status, voltage, and flow data for Facilities
outside its area that it has identified as necessary. It also requires data exchange capabilities,
with redundant and diversely routed infrastructure within the primary Control Center, for
exchanging Real-time data with the RC, the BA, and the other entities the TOP has identified it
needs data from.
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2.3 Margin, and Seeing It Shrink

Understanding system limits, and the distance to them, is a core piece of situational awareness.
Operators need to know how far the current state is from thermal, voltage, and stability limits,
both in the base case and under credible contingencies. That distance changes constantly with
load, generation, and configuration. The ability to see margin shrinking before a limit is
breached is one of the most important things an operator can have.

2.4 Temporal Awareness

Another part of situational awareness is temporal. Knowing what is happening now matters.
Knowing what will be happening in the next few minutes or hours matters as much. Load trends,
weather, resource status, and planned switching all shape the future state of the system. The
control center should help the operator build that forward view, for example by putting current
and forecast weather, planned switching, generation changes, and contingency analysis results
in front of the operator together.

2.5 Judgment Still Decides

Automation and analysis tools support situational awareness. They do not replace judgment.
Alarm and trend displays can show that something unusual is happening, but the operator still
has to interpret it and decide what matters most. In practice, situational awareness is the
combined product of the technology, the procedures, and the skills available to the operator at
that moment.

Situational awareness proves its worth in abnormal conditions, when disturbances, equipment
failures, or fast state changes shorten the time to act and raise the cost of a mistake. The
control room should give the operator a settled framework for maintaining awareness, managing
the flow of interactions, and keeping the system secure when that happens.

End-of-Chapter Summary

If one point carries forward from this chapter, it is that awareness means knowing where the
system is headed as well as where it stands. The operator who tracks margin and trend, not just
current values, is the one ready when conditions turn.

From the Field

Situational awareness isn't a SCADA display. It's the operator's mental model of the system, fed by
the displays. Lose the model and the displays don't help. A TCC operator running on incomplete or
corrupted information is making decisions on bad data, and the integrity of the data feed is part of
the integrity of the operation.

The standards expect operators to know what's happening. The training expectations, the staffing
requirements, and the data quality and alarm monitoring requirements all flow from that one
expectation.
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3 Operating Authority,
Responsibility, and Control
Boundaries

3.1 Why Authority Has to Be Defined in Advance

Control center actions rest on defined authority and responsibility, and on defined boundaries
around the facilities the control center monitors and controls. Those definitions are critical to
reliable operation because they set the points at which decisions must be made and actions
taken, and they set the scope of control over critical parts of the system. The control center is
where those boundaries are exercised.

The obligations follow the registered function. For a TCC, that is the Transmission Operator
function, and authority is assigned by function rather than by geography or asset ownership.
The control center supports the TOP in maintaining operational control of the transmission
Facilities in its Transmission Operator Area. That includes carrying out operating procedures
and instructions, directing switching, and responding to conditions that threaten to push the
system past its limits.

TOP-001-6 states the core obligation plainly: each TOP shall act to maintain the reliability of its
Transmission Operator Area via its own actions or by issuing Operating Instructions. It also
requires the TOP to give its System Operators the authority to approve planned outages and
maintenance of telemetering and control equipment, monitoring and assessment capabilities,
and associated communication channels. Authority that lives only in an org chart does not meet
that test. It has to be in the hands of the person on shift.

Clear authority matters most when actions might otherwise be delayed, when it is unclear who
takes precedence, or when actions conflict under stressed conditions. Those are exactly the
moments when nobody has time to sort it out.

3.2 Control Boundaries and Physical Behavior

Control boundaries exist because the grid is one physical system spread across many utilities,
transmission systems, and geographic areas. Each control center works within a defined
electrical and functional boundary, but that boundary does not limit where physical behavior
goes. Voltages, currents, frequency, and reactive power flows cross boundaries freely.
Operators have to run their equipment knowing that their actions can have consequences in
other areas. Reliability is coordinated, or it isn't reliability.
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3.3 The TOP and Reliability Coordinator Relationship

The most important boundary structure in the BES links Transmission Operators and Reliability
Coordinators. The RC has the wide-area view and the authority to direct actions to prevent or
mitigate reliability problems; the NERC Glossary describes the RC as the highest level of
authority responsible for Reliable Operation of the BES. The control center, as part of the TOP,
has to be able to respond immediately to RC Operating Instructions and fit them to local
conditions.

IRO-001-4 sets the rule. Each TOP, BA, Generator Operator, and Distribution Provider shall
comply with its RC's Operating Instructions unless compliance cannot be physically
implemented or would violate safety, equipment, regulatory, or statutory requirements. An
operator who cannot follow an instruction for one of those reasons needs to know that in the
moment, and needs to tell the RC.

3.4 Other Boundaries: Generation and Distribution

There are also boundaries between transmission and generation operation, and between
transmission and distribution. Much of the interaction across those boundaries is automatic, but
operation in one part of the system still affects the others in ways that need attention. TOP-001-
6 requires each BA, Generator Operator, and Distribution Provider to comply with the TOP's
Operating Instructions, subject to the same physical, safety, equipment, regulatory, and
statutory exceptions, and to inform the TOP if it cannot. Those interactions need to be
recognized, and the communication needed to avoid surprises has to be in place.

3.5 Authority Under Stress

In normal operation, authority rarely comes up. In abnormal conditions it becomes a major
issue. Multiple equipment failures, loss of communications, and system separation put operators
in uncertain situations where decisions have to be made fast. That is when following predefined
authority rules matters most. Without them, misunderstandings lead to actions nobody would
take with a clear head, and some of those actions are unsafe.

From a reliability standpoint, operating authority and control boundaries are operational, not
administrative. They exist so that actions taken in the control center are appropriate and can be
coordinated in time as a situation develops. Working within defined boundaries, and
coordinating across them, is central to effective control center operation.

End-of-Chapter Summary

Authority is set by function and exercised in the control center. It has to be clear, coordinated
with the RC, and defined before abnormal conditions test it.

From the Field

The operator with the authority to act carries the responsibility for the action. Boundary disputes
can become findings when an action gets taken on the wrong side of a boundary, so know where
your authority ends.
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4 Real-Time Risk Management and
Contingency Awareness

4.1 Risk Is Managed Where the State Changes

Transmission control center operation is about managing reliability risk in real time. Planning
assessments work from assumptions and study conditions. Real-time operation works with a
changing system state and the uncertainty that comes with it. The control center is where that
risk is recognized, analyzed, and managed as the state changes.

The standards frame this in time horizons. TOP-002-5 requires each TOP to have an
Operational Planning Analysis that lets it assess whether planned next-day operations will
exceed any SOL, and an Operating Plan for next-day operations to address the potential
exceedances that analysis finds. In real time, TOP-001-6 requires each TOP to ensure that a
Real-time Assessment is performed at least once every 30 minutes, and to initiate its Operating
Plan to mitigate an SOL exceedance identified through Real-time monitoring or a Real-time
Assessment. The TOP must use its RC's SOL methodology when it determines SOL
exceedances.

4.2 Contingency Awareness Is Dynamic

Contingency awareness is a central part of real-time risk management. Operators have to keep
track of the credible contingencies that matter and how the system would respond to each one
under current conditions. That picture can change in minutes with load, redispatch, topology
changes, or a unit becoming unavailable. The control center's ability to run contingency analysis
continuously, and to combine it with the operator's own knowledge, is what keeps that
awareness current.

4.3 Margin Over Avoidance

In a control center, risk management is more about keeping margin to limits than about avoiding
risk altogether. System Operators handle competing needs at the same time: supporting
scheduled interchange, dealing with forced transmission outages, holding operating reserve for
the unexpected, and more. Most decisions are made under real uncertainty. So the operator
needs to know how to set priorities that protect reliability whatever happens next.

Control centers also have to catch risk as it builds, before a limit is actually exceeded. A slow
erosion of margin from rising load, worsening weather, or similar causes is often harder to see
than a major disturbance. Effective operation depends on spotting those risk-increasing trends
quickly and taking corrective action in time to keep risk acceptable.
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4.4 Local Risk and Wide-Area Risk

One of the harder problems is the interaction between local and wide-area risk. Something that
looks minor locally can matter a great deal at the wide-area or Interconnection level. Something
the RC sees as a wide-area concern can land hard on one local system because of a
transmission constraint or thin local reserves. The control center has to reconcile those views
and take actions that serve both local and system-wide reliability.

4.5 People in the Risk Loop

Human factors are built into real-time risk management. System Operators process large
amounts of data, monitor and prioritize alarms, and carry out their normal duties under time
pressure. Automation and analysis help, but the operator still applies a great deal of judgment.
A reliability-centered approach to risk management combines tools, procedures, training, and
expertise.

Real-time risk management does not mean constant real-time intervention. Keeping a
transmission system reliable often calls for restraint, monitoring, and preparation more than
active control. A good control center knows when a situation needs intervention and when the
system can safely be watched. Getting that balance right is a mark of a mature operation.

End-of-Chapter Summary

Transmission control centers continuously monitor reliability risk: credible contingencies, current
margin, and developing trends. Control center risk management has three aims: keep as much
operating margin as practical, anticipate reliability problems before they arrive, and keep local
and wide-area views coordinated. It combines analysis tools with established procedures and
operating practice to keep the system reliable as conditions change.

From the Field

Planning is what you do before the contingency. Real-time is what you do during it. The two have
different time horizons, different tools, and different decision authorities.

A contingency that planning didn't anticipate becomes the operator's problem in real time. The
operator has to respond from training and judgment, not from procedure.

Real-time risk management is performed at the speed of the system. Making five-minute decisions
on hour-old studies is how cascading events take hold.
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5 Coordination and Communication
Across Operating Entities

5.1 A Decentralized System With Defined Roles

Reliable control center operation depends on extensive coordination and communication among
operating entities. BES operation is decentralized: Transmission Operators, Reliability
Coordinators, Balancing Authorities, and neighboring transmission control centers each have
defined roles and tasks. Transmission control centers are coordination hubs, exchanging
information and aligning operating actions in the interest of reliability.

Coordination is necessary because conditions and decisions routinely cross functional and
geographic boundaries. Power flows respond to generation dispatch, interchange schedules,
and topology changes across the Interconnection. A TCC has to stay in active communication
with its BAs about how system conditions affect generation and interchange, including
conditions caused by disturbances outside its own system.

COM-001-3 makes the channels themselves an obligation. Each TOP must have Interpersonal
Communication capability with its RC, with each BA, Distribution Provider, and Generator
Operator in its Transmission Operator Area, and with each adjacent TOP, and must designate
an Alternative Interpersonal Communication capability with its RC, each BA in its area, and
each adjacent TOP, whether synchronously or asynchronously connected. The alternative has
to be tested at least once each calendar month. If a test fails, the TOP must initiate action within
two hours to repair it or designate a replacement.

5.2 Working With the Reliability Coordinator

The relationship with the RC is one of the most important a TCC has. The RC holds the wide-
area view and gives an independent read on whether conditions or operating changes pose
risks that local operations cannot handle alone. The TCC feeds the RC the information it needs:
voltages, line outages, loads, actual outages, and operating modes that can affect the grid.
TOP-001-6 requires the TOP to inform its RC, known impacted BAs, and known impacted TOPs
of actual or expected operations that result in, or could result in, an Emergency.

When the RC directs a change that requires switching lines or equipment, the TCC confirms
that its transmission system and substations can accommodate it. In other words, it carries out
the instruction within local equipment limits while still supporting the RC's wide-area decision.

5.3 Working With Neighboring Transmission Operators

Coordination between neighboring TOPs matters just as much. Planned outages, switching, and
operating conditions in one area can affect another. Control centers have to share information
about planned and ongoing events so each can understand the effect on its neighbors. Without
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that coordination, a local event can erode margin on the other side of the seam, or two systems
can respond in ways that work against each other. TOP-001-6 also requires each TOP to assist
other TOPs in its RC Area when asked and able, provided the requesting TOP has implemented
its comparable Emergency procedures, subject to the safety, equipment, regulatory, and
statutory exceptions.

5.4 Communication When It Counts

Communication during abnormal or emergency conditions is harder. Under disturbances,
multiple contingencies, or dynamic instability, coordinating mitigation and restoration takes fast,
clear communication. Well-established protocols, and a shared understanding of how each
party operates under stress, are real reliability safeguards. Poor communication under stress
makes a bad situation worse.

COM-002-4 sets the minimum protocol. Each BA, RC, and TOP must document
communications protocols for operating personnel who issue and receive Operating
Instructions, train its operators on those protocols before they issue an Operating Instruction,
and assess adherence at least once every twelve calendar months. During an Emergency, an
issuer of an oral two-party, person-to-person Operating Instruction must confirm the receiver's
repeat-back is correct, reissue the instruction, or take an alternative action if no response is
received or the receiver did not understand the instruction. The receiver must repeat it back or
ask for it to be reissued. That is three-part communication, and in my experience the voice
recording is where an auditor goes to check it.

From a reliability standpoint, coordination and communication are not secondary activities. They
are primary control activities. Control center work depends on exchanging large amounts of
information, coordinating and timing control actions, and keeping a shared picture of system
status among entities whose roles and perspectives can conflict. That is what keeps the actions
of many entities aligned on one interconnected system.

End-of-Chapter Summary

Every coordinating call keeps a local action in line with what the wider system needs. The value
shows most in unusual conditions, when a problem on one side of the seam can otherwise
spread to the other.

From the Field

The TCC doesn't operate alone. Every action involves coordination with the BA, the RC, the GOPs,
and adjacent TOPs. Coordination quality is reliability quality. A TCC that talks only to itself misses
the wide-area picture. The phone call across the seam is sometimes more important than the
SCADA picture inside it.

Communication discipline is what audits look at when something goes wrong. Did the call happen,
did the right people hear it, was the action taken on the right authority. Those three questions
write the after-action report.
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6 Human Performance and the
Control Center Environment

6.1 Judgment Under Pressure

The reliability of a transmission control center depends heavily on human performance in a
demanding environment. Advanced tools that process large amounts of information help
operators respond quickly. But control center reliability still rests on the judgment of the people
on shift: how they read the operating condition, how they handle the complexity in front of them
minute to minute, and how they decide under stress, often without complete information. The
control center environment has to support consistent human performance in both normal and
abnormal operation.

Control center operation demands sustained attention. Operators can spend long stretches
watching a quiet system between bursts of high activity. Staying alert through the quiet periods
matters as much as reacting well when the system gets busy. Standardized displays, alarm
management, and consistent work processes reduce unnecessary load on the operator's
attention.

Decisions often have to be made without knowing how the system will respond or when better
information will arrive. In my view, the operator who uses available margin early, while there is
still time and room to act, usually buys time for what comes next. The operator who waits for
certainty often runs out of options first.

6.2 Fatigue, Workload, and Shift Design

Fatigue and workload are real factors in human performance. Operators can lose situational
awareness and judgment after long shift extensions, unusual rotations, or a long-running system
event. Staffing models, shift arrangements, and a willingness to bring in more people during
extended events all belong in any honest assessment of operator reliability. Shift design looks
administrative, but the reliability question is whether the operator can perform at the same level
from the start of the shift to the end of it.

6.3 Qualification and Training

The standards set minimums for who sits in the chair and how they are prepared. PER-003-2
requires each TOP to staff its Real-time operating positions performing TOP reliability-related
tasks with System Operators who hold a valid NERC certificate demonstrating minimum
competency in the listed areas; non-certified personnel performing those tasks must be under
the direct supervision of a NERC-certified System Operator at that position. PER-005-2 requires
each TOP to use a systematic approach to develop and implement training for its System
Operators, built on a list of company-specific Real-time reliability-related tasks, and to verify

Energy Compliance, Inc. - - Page 16



EC-WP-301 - Transmission Control Center Operations

each operator's capability to perform those tasks. A TOP with operational authority or control
over Facilities with established Interconnection Reliability Operating Limits (IROLs), or with
protection systems or operating guides to mitigate IROL violations, must also provide
emergency operations training using simulation technology.

Those are floors. A training program built only to the list will produce operators who can pass an
audit and still freeze on a night that doesn't look like the list.

6.4 The Operator and the Automation

The relationship between the operator and the automation also affects performance. Automation
can help the operator build situational awareness by cutting down the information to be
processed and by flagging anomalies. Over-reliance on automation can also pull the operator
out of the loop and erode understanding of how the system works underneath. The best control
center environment is one where the operator understands the automated functions well enough
to supervise them properly.

6.5 The Team on Shift

Team dynamics affect reliability too. Control center operation is rarely a one-person job.
Operators, shift supervisors, and support staff work together: they build a shared understanding
of the situation, check each other's decisions, and coordinate actions. Roles should be clear,
and everyone on shift should share the same picture of what is happening. Good
communication among the team is what makes actions appropriate, coordinated, and timely
during complex or fast-moving events.

Reliability cannot be designed into a system without accounting for what the people in it can do.
It is not just a matter of design or technology. The transmission control center is where people,
tools, and procedures interact constantly, and it is one of the clearest examples of human
performance driving system reliability.

End-of-Chapter Summary

Vigilance, decisions, and response under stress all depend on the person in the chair. Staffing,
shift design, and the operator-machine interface either support that performance or wear it
down.

From the Field

Reliability is performed by people in chairs, watching screens, making decisions. The system that
supports those decisions is part of reliability; the person making them is the operative element.

Fatigue, distraction, and shift design aren't HR concerns. They're reliability variables. No standard
names fatigue, but the staffing and training requirements reach the chair, and an audit can ask
about both.

A control center designed for the people in it is a control center designed for reliability. The two are
not separable.
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7 Abnormal Conditions,
Emergencies, and System Response

7.1 When the System Leaves Normal

Abnormal and emergency conditions are the hardest test of real-time operations. They are the
moments when the operating staff carries the most risk, when decisions are compressed into
the least time, and when the system's dynamic behavior is most active. When the system
departs materially from normal, the real-time control center is the common point for all the wide-
area coordination that follows.

Abnormal conditions come from many causes: relay misoperations, severe weather, automatic
protection operations, sudden changes in load or generation. In these conditions the operating
priority shifts from economic efficiency to keeping the system stable and preventing cascading.
Within moments of a significant event, the control center has to identify the source of the
disturbance, determine its extent, and track current constraints and remaining margin.

EOP-011-4 requires each TOP to develop, maintain, and implement one or more Reliability
Coordinator-reviewed Operating Plans to mitigate operating Emergencies in its Transmission
Operator Area. The plans cover roles and responsibilities for activating them and the processes
to prepare for and mitigate Emergencies, including notifying the RC of current and projected
conditions, canceling or recalling transmission and generation outages, and reconfiguring the
transmission system.

7.2 Operating Without Complete Information

Emergency operation is defined by uncertainty and incomplete information. It may not be clear
which alarms are real, what the current telemetry values are, or whether the models reflect the
system'’s actual state. Readings may be stale or may disagree with each other. The operator
has to exercise judgment anyway, with heavy cross-checking and coordination with other
systems, people, and teams. In these moments, operation depends less on exact knowledge
and more on procedure and on the clear exercise of operating authority.

7.3 Coordination Changes in an Emergency

The shift into an emergency also changes the coordination dynamic. When an Emergency
occurs, the RC issues Operating Instructions aimed at stabilizing the grid, and the TCC has to
carry them out while fitting them to local conditions. Clear communication and a shared
understanding of who has authority become critical.
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7.4 Priority Goes to the Bulk System

Priority is another key factor. In an emergency, the System Operator often has to decide which
of several possible actions comes first. The general rule of thumb is that preserving overall bulk
system reliability comes first, even when that means a worse outcome for the affected local
area. The logic is simple. If the bulk system fails, the local area loses with it. So when local
needs and the needs of the bulk system conflict, the bulk system is protected first.

7.5 Separation and Islanding

System separation, islanding, and partial system outages are a different and harder problem.
After a separation, the control center is dealing with a new configuration, fewer resources, and
fewer operating options. Holding frequency and voltage stable inside an island is critical to
keeping load and generation in balance, and help from outside the island may not be available.

An emergency can run straight into the restoration period. The control center has to
synchronize, coordinate switching, and match resources and load pickup to what the system
can carry. The continuity between the two phases is why restoration has to be paced carefully to
avoid secondary disturbances.

7.6 Recording What Happened

Events that affect transmission reliability call for more than following the plan. They call for
judgment and initiative, and they create reporting and analysis obligations once the immediate
danger passes. EOP-004-4 requires each responsible entity to have an event reporting
Operating Plan and to report the event types listed in its Attachment 1 by the later of 24 hours
after recognizing that an event type threshold has been met or the end of the next business day.
FERC has approved EOP-004-5, which takes effect October 1, 2027, and retires EOP-004-4
when it does; until then, EOP-004-4 governs.

Separately, the ERO Event Analysis Process (version 5.0, effective January 1, 2024) is how
NERC and the Regional Entities review qualifying events and draw lessons learned from them.
One of its categories is squarely a control center event: loss of monitoring or control at a Control
Center that degrades the entity's ability to make Real-time operating decisions for 30 continuous
minutes or more.

End-of-Chapter Summary

In an emergency, the control center gathers information fast, sets priorities, and sometimes acts
on an unclear picture. The aim stays fixed: protect stability, then resynchronize and restore.

From the Field

The disturbance happens in seconds. The post-event report happens in days. Both are reliability
obligations, and both are audited.

A TCC that didn't capture the event accurately can't be analyzed accurately. Telemetry, alarm logs,
voice recordings, and operating logs all become evidence.
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8 System Restoration and Recovery
Operations

8.1 Restoration as a Continuation of the Emergency

System restoration is one of the most complex and highest-risk operations a transmission
system can face. A large-scale blackout, or a smaller outage affecting part of the system,
requires the control center to coordinate the effort to bring it back. From a reliability standpoint,
restoration is not a single event. It is a continuation of emergency operation, aimed at returning
the system to a stable normal state in an orderly, planned way.

Restoration runs under very different conditions from normal operation. The system may be
heavily segmented, generation may be unavailable or severely limited, and transmission is re-
energized step by step rather than all at once. The control center has less visibility and less
operating capability, and has to watch frequency, voltage, and stability closely as restoration
proceeds.

The standards require the plan to exist before it is needed. EOP-005-3 requires each TOP to
develop and implement a restoration plan approved by its RC. The plan has to include, among
other things, restoration strategies coordinated with the RC's high-level strategy for the
Interconnection, procedures for restoring interconnections with other TOPs under the RC's
direction, identification of Blackstart Resources and Cranking Paths, acceptable voltage and
frequency limits during restoration, and Operating Processes for transferring operations back to
the Balancing Authority under the RC's criteria. The TOP reviews the plan and submits it to the
RC annually, verifies it at least once every five years through analysis of actual events,
simulation, or testing, and gives its System Operators annual System restoration training. It also
participates in the RC's restoration drills, exercises, or simulations when the RC requests.

8.2 Sequencing

Sequencing is one of the central reliability concerns during restoration. The order in which
transmission lines, generation, and load are energized, synchronized, and picked up affects the
stability and performance of the system. The control center operates switching to establish
paths for power flow, synchronizes generators, and picks up load as the system's capability
allows. Poor sequencing can cause instability, voltage collapse, and repeated cycles of tripping
and re-energizing, all of which delay restoration.

8.3 Coordination With the RC and Neighbors

Restoration requires close coordination with the RC and neighboring control centers.
Boundaries may change during the effort, as the system is divided into islands for restoration
and as tie lines are re-energized. The TCC has to synchronize its restoration actions with the
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wide-area effort so that its own steps support stability and do not conflict with the RC's
restoration direction. That takes situational awareness and communication in a fast-changing,
unpredictable situation.

8.4 The Human Side of Restoration

Restoration places its own demands on people. Operators have to stay alert over long periods,
often in difficult and stressful conditions with little rest. Decision making during restoration
moves forward cautiously and flexibly, with constant reassessment, and may require stopping or
reversing a step at any moment. Restraint and discipline matter as much as making the right
call.

8.5 Picking Up Large Load Blocks

Picking up large blocks of load, such as industrial plants or other large customers, is a major
step in restoration. The control center has to decide when those loads can be re-energized and
how the system will be controlled at that moment to stay stable. Getting that timing right relative
to the generation and transmission support available is critical.

8.6 Returning to Normal

Restoration is not just about putting the lights back on. It is about returning the whole system to
operational readiness. Once restoration is complete, the transition from restoration mode back
to normal operation is its own key activity: normal operating relationships and procedures
resume, and the control center confirms that transmission limits and margins are fully restored.

End-of-Chapter Summary

Transmission control centers support restoration by controlling the sequence of energization,
using available margin, and coordinating local plans with the wide-area recovery. Restoration
depends on several control center functions at once: knowledge of system topology, situational
awareness, and management of generation, transmission, and load. It should be carried out in
an organized, predictable, stable way until the BES is fully back to normal.

From the Field

Procedures exist because operators rotate, conditions vary, and consistency matters. A procedure
that gets ignored under pressure is a procedure that wasn't designed for the pressure. Procedural
drift is a slow finding. The first time the procedure isn't followed exactly, no event. The fifth time,
no event. The fiftieth time, an event, traceable to procedural drift.

A procedure that isn't trained on isn't a procedure. It's a document. Training is what makes the
procedure operational.
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9 Technology, Automation, and
Decision Support in Control Centers

9.1 Technology Supports the Judgment

Much of what happens in a transmission control center runs on technology and automation that
provide situational awareness, analysis, and decision support. A complex, highly interconnected
system produces an overwhelming amount of data for the operating staff every second.
Technology supports reliable operation by presenting that data in a usable form, warning early
of abnormal conditions, enabling fast analysis, and helping operators make timely decisions. It
does not remove the need for operating judgment.

9.2 SCADA

Supervisory control and data acquisition (SCADA) is the core of control center software. It
provides second-by-second measurements and the control and status of significant equipment
across the system: line flows, voltages, breaker status, and alarms over large regions. SCADA's
value to the control center comes from meaningful visibility into a dynamic system, delivered as
an accurate, timely picture of actual conditions.

That picture can fail, and the ERO treats a failure seriously. The ERO Event Analysis Process
lists, among its examples of a qualifying loss of monitoring or control, loss of the operator's
ability to remotely monitor or control BES elements, loss of communications from SCADA
remote terminal units, unavailability of ICCP links, and unacceptable state estimator or real-time
contingency analysis solutions.

9.3 State Estimation and Real-Time Contingency Analysis

State estimation and real-time contingency analysis are central decision support tools for
assessing and reducing reliability risk. They let the TOP see how the grid would respond to
planned and unplanned events from its current state. They predict overloads, voltage problems,
and stability issues, which tells the operator how much margin exists and where the exposure is,
so the control center can act before a problem rather than after it. In my view, these tools are
the usual means of performing the Real-time Assessment that TOP-001-6 requires at least
every 30 minutes, and TOP-010-1(i) requires an Operating Process or Operating Procedure to
address the quality of the analysis used in those assessments.

9.4 Automation and Its Limits

Automation now reaches across many functions, from alarm processing to data validation to
suggested actions. From a reliability standpoint, automation is a way to manage information
overload and make the operator more effective by filtering out trivial or unimportant system
states. The over-reliance risk described in 6.4 applies here as well.
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9.5 Synchrophasors and Wide-Area Monitoring

Phasor measurement unit (PMU) data and wide-area monitoring systems make much more of
the system's dynamic behavior visible. High-resolution measurements show power oscillations,
frequency behavior, and voltage instability that conventional SCADA usually cannot. Control
centers use that data alongside existing tools to see and analyze fast-developing dynamic
phenomena. The same technology makes it practical to store and analyze large amounts of
data, so equipment and system behavior can be studied over time.

9.6 Tools Do Not Remove Uncertainty

Even with these tools, uncertainty and complexity remain. Models and simulations cannot
always reproduce what the system actually does, measured data has real gaps, and interpreting
any result requires knowing how the whole system is operating. The impact of technology on the
people who use it deserves particular attention. Operators need to know how to use each tool,
in which mode, and under what assumptions and limits, and they need to recognize when they
are misreading a model's assumptions or limits.

The balance between automation and human oversight is one of the central challenges in
control center technology. Reliable operation requires that the human-machine interface support
the operator's role, so that the system's behavior stays within the operator's understanding and
decisions can be made without the tools obscuring the operating picture. The challenge is to
match technological progress to the realities of the control center and the people in it.

End-of-Chapter Summary

Better tools give operators earlier warning and a clearer view of a more complex system. They
still need operator judgment behind them, and the balance between the two decides how much
the tools are worth.

From the Field
Operating tools support decisions. They don't make decisions. The operator who can't explain a
decision without the tool doesn't own the decision.

A model that isn't validated against real performance is a model that won't be trusted when the
contingency hits. Trust in the tool is built before it's needed.

Decision support that arrives faster than the operator can absorb is not decision support. It's noise.
The reliability of the tool depends on the cadence at which it informs.
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10 Oversight, Compliance Context,
and Reliability Accountability

10.1 Preparedness, Not Prescription

Transmission control center operation is governed by procedures that provide the control and
supervision reliability requires, without someone having to direct each action as it is taken.
Reliability oversight asks whether the system's resources can perform as the standards expect,
and whether the entity has the technical, procedural, and management capability to operate
reliably under the conditions it will face. The control center is where those capabilities are put to
work.

The NERC standards that bear on control center work deal mainly with operations,
preparedness, communication, and situational awareness. They assign functional roles and
requirements, and some of them define the scope of authority and the relationships between
entities. In my view, their real value is that they do not try to prescribe the action for every real-
time condition. Legitimate operating decisions rest on valid information and sound judgment
applied to a system that never stops changing, and the standards are written to leave room for
that.

The standards, as | read them, focus on preparedness and performance, not on guarantees of
outcome. A control center is expected to have certified and trained operators, adequate tools
and data, and procedures that let them make informed decisions. When an event is reviewed
after the fact, the questions that matter are whether the entity met its obligations, used the
information it had, and coordinated with the entities it needed to. A bad outcome does not by
itself mean the operation failed, and a good outcome does not prove it succeeded.

10.2 Where the Standards Touch the Control Center

The table below maps the chapters of this reference to the currently effective standards that
most directly govern a Transmission Operator's control center. It is a starting point, not a
complete applicability list; each entity's registration and its RC's and Regional Entity's
requirements decide the full set.

Standard (effective) What it asks of the TOP's control center Ch.

TOP-001-6 (Apr. 1,2024) Act to maintain reliability; Real-time Assessment at least every 30 2,3,4,5
minutes; mitigate SOL exceedances; data exchange capability

TOP-002-5 (Oct. 1, 2025) Next-day Operational Planning Analysis and Operating Plans 4

TOP-010-1(i) (Apr. 1, 2018) Real-time data quality, analysis quality, alarm process monitor 2,9
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Standard (effective) What it asks of the TOP's control center Ch.
IR0O-001-4 (Apr. 1, 2017) Comply with RC Operating Instructions, with stated exceptions 3,7
COM-001-3 (Oct. 1, 2017) Interpersonal and Alternative Interpersonal Communication capability 5
COM-002-4 (July 1, 2016) Documented protocols; three-part communication in Emergencies 5
PER-003-2 (July 1, 2019) NERC-certified System Operators in Real-time positions 6
PER-005-2 (July 1, 2016) Systematic approach to training; simulation training where IROLs apply 6
EOP-011-4 (Oct. 1, 2024) RC-reviewed Operating Plans to mitigate operating Emergencies 7
EOP-004-4 (Apr. 1,2019) Event reporting Operating Plan and reporting (EOP-004-5 effective Oct.1, = 7
2027)
EOP-005-3 (Apr. 1, 2019) RC-approved restoration plan, verification, annual training 8

10.3 Accountability Is Collective

Accountability in the control center is collective. Transmission Operators, Reliability
Coordinators, and Balancing Authorities each hold a piece of it, and system reliability comes out
of how they interact. The control center is where the action happens: it carries out instructions,
shares information, and operates the system. But reliability accountability is distributed because
the grid itself is distributed.

10.4 Learning After the Event

Post-event analysis and learning are an important part of oversight. Disturbances, near-misses,
and operating problems give an entity a reason to revisit its assumptions, examine how its tools
were used, and test whether its coordination worked. The control center contributes by
recording what happened, the actions taken, and the reasoning behind each choice. That
learning should correct the program without piling on prescriptions that strip out judgment.

10.5 Managing Risk, Not Eliminating It

Oversight is not risk elimination. Operating the BES means managing known risks and the risk
that comes with uncertainty, including low-probability, high-impact events. Control center work
manages that risk within established limits; it cannot remove it.

End-of-Chapter Summary

Rules cannot script every control center action, so the framework rewards preparedness,
coordination, and judgment. Reviews after the event keep accountability real.

From the Field

The auditor wants a real event: who handled it, on what authority, with what evidence. Operations
without records is undocumented. Records without operations is theater.
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11 Synthesis of Transmission
Control Center Reliability Functions

11.1 Integration Is the Point

A transmission control center brings together reliability concepts, system theory, and a great
deal of human judgment and organization. Across normal, abnormal, and restoration conditions,
it is where BES reliability actually happens. Its importance does not come from any single task
or technology. It comes from how it integrates and manages many reliability functions at once
under changing conditions.

11.2 Translating Assumptions Into Decisions

Planning studies, operating standards, and reliability criteria together describe how the system
is supposed to behave. Reality does not always cooperate. Actual system performance often
differs from what was assumed. The control center's role is to translate those assumptions into
operating insight and decisions, weighing the planning and operating assumptions against what
is actually driving load, generation, weather, and system conditions at that moment.

11.3 Margin Is Dynamic

Margin management runs through every chapter of this reference: thermal, voltage, frequency,
and stability margins all have to be kept. In the control center, margin is not a fixed quantity. It
grows and shrinks with system conditions. One of the control center's most important
contributions is recognizing when margin starts to shrink and acting before a limit is exceeded.

11.4 Coordination Is the Constant

Coordination is the other thread. Reliable bulk system operation is not a matter of isolated
control actions. Every control center is part of a network of operating centers, each with defined
and bounded areas of authority. The TOP works with its RC, its BAs, neighboring TOPs, and its
own internal groups so that local actions serve system-wide reliability.

11.5 People and Tools Together

Reliability is the product of human and technical performance. Tools and information can
improve visibility and analysis, but they never replace a skilled operator's ability to interpret what
is in front of them, set the right priorities, and use sound judgment when the picture is unclear.
The transmission control center is the structure that brings human expertise and technology
together to manage reliability risk.
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11.6 Abnormal Conditions Show the Whole System

The control center's system-wide reach is clearest in abnormal conditions and restoration,
where the coupling between resources, the effect of shrinking margin, and the loss of operating
options all show up at once. Keeping the grid stable and restoring normal service after a major
disruption depends on established operating practice, coordination with neighboring systems,
and control actions matched to what the system can do in real time. What the control center
does during those events largely determines how the recovery goes.

Put together, these points lead to a basic principle. Reliability in a transmission control center is
not a single action. It is sustained over time through coordinated effort, and it requires
continuous monitoring, adherence to established procedures and relationships, and conformity
with reliability criteria. Whatever the conditions, the control center's primary responsibility stays
the same: keep the system reliable through sound, coordinated, prudent real-time operation.

End-of-Chapter Summary

Transmission control center operation combines planning assumptions, system physics, human
decision making, and coordination to deliver real-time reliability. Its core functions are margin
management, situational awareness, coordinated action, and disciplined response to the
unexpected. Together they are how the control center keeps the BES inside its limits from one
minute to the next.

From the Field

"Procedures cover every contingency” is impossible by design. Procedures cover anticipated
contingencies. The unanticipated ones require judgment, and the standards expect operators
capable of exercising it.

"We staff to the standard." The standard is a floor. Staffing for actual operating complexity is the
program decision; the standard is the minimum.
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12 Concluding Observations on
Transmission Control Center
Operations

12.1 Uncertainty Is the Common Thread

The transmission control center is where the BES is actually operated, minute by minute,
against its limits. It is where planning and operating assumptions, levels of authority, individual
performance, and system dynamics all meet in real time. Seen this way, control centers are not
just places where procedures get followed. They are organizations performing a critical reliability
function that keeps the interconnected system running, continuously.

The common thread through every control center activity is uncertainty. Control center operation
never stands still. Loads change, resources vary, weather moves load, and equipment fails.
Whatever the cause, reliability is maintained by staying aware of current conditions, holding
reserves, and exercising sound judgment within established guidelines and operating
procedures.

12.2 Lessons Worth Carrying

Human performance remains a dominant factor, even with technology and automation in place.
Decision support tools, real-time analysis, and wide-area monitoring all improve visibility and
analysis. Experienced operators are still needed to make the judgment calls that manage risk.
The transmission control center is where that expertise and that technology come together.

12.3 A Dynamic Process

Seen from a wider perspective, transmission control center operation rests on one principle:
BES reliability is a dynamic process, not a static state. The system has to be watched and ready
for whatever develops. Control centers take reliability concepts developed elsewhere and put
them into practice, in real time, around the clock.

The work in transmission control centers is going to get more complicated. One thing won't
change. These control centers exist to make sure the high-voltage transmission system that
moves power across the BES stays reliable and secure, and is operated in a way that manages
risk and keeps the grid stable so electricity reaches the people who depend on it.

End-of-Chapter Summary

A Transmission Control Center keeps the BES reliable by managing uncertainty, applying
system knowledge, and exercising disciplined judgment with the support of technology, through
normal operation, emergencies, and restoration.
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Glossary

Term

Balancing Authority (BA)

Bulk Electric System (BES)

Contingency
Emergency or BES Emergency
Frequency

Interconnection

Operating Authority

Operating Instruction

Real-time Assessment (RTA)

Meaning in this paper

The responsible entity that integrates resource plans ahead of time, maintains
Demand and resource balance within a Balancing Authority Area, and supports
Interconnection frequency in real time. (NERC Glossary)

Unless modified by the inclusions and exclusions in the NERC definition, all
Transmission Elements operated at 100 kV or higher and Real Power and
Reactive Power resources connected at 100 kV or higher. It does not include
facilities used in the local distribution of electric energy. (NERC Glossary,
summarized)

The unexpected failure or outage of a system component, such as a generator,
transmission line, circuit breaker, switch or other electrical element. (NERC
Glossary)

Any abnormal system condition that requires automatic or immediate manual
action to prevent or limit the failure of transmission facilities or generation
supply that could adversely affect the reliability of the Bulk Electric System.
(NERC Glossary)

The rate at which alternating current completes its cycles, measured in hertz
(Hz).

A geographic area in which the operation of Bulk Power System components is
synchronized such that the failure of one or more of such components may
adversely affect the ability of the operators of other components within the
system to maintain Reliable Operation of the Facilities within their control.
When capitalized, any one of the four major electric system networks in North
America: Eastern, Western, ERCOT and Quebec. (NERC Glossary)

As used in this reference, the authority to direct or take action on the operation
of the BES within a defined scope. Not a NERC Glossary term.

A command by operating personnel responsible for the Real-time operation of
the interconnected Bulk Electric System to change or preserve the state, status,
output, or input of an Element of the Bulk Electric System or Facility of the Bulk
Electric System. A discussion of general information and of potential options or
alternatives is not an Operating Instruction. (NERC Glossary)

An evaluation of system conditions using Real-time data to assess existing (pre-
Contingency) and potential (post-Contingency) operating conditions. (NERC
Glossary, first sentence)
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Term

Reliability Coordinator (RC)

Situational Awareness (SA)

System Operating Limit (SOL)

System Operator

Transmission Operator (TOP)

Voltage

Meaning in this paper

The entity that is the highest level of authority who is responsible for the
Reliable Operation of the Bulk Electric System, has the Wide Area view of the
Bulk Electric System, and has the operating tools, processes and procedures,
including the authority to prevent or mitigate emergency operating situations in
both next-day analysis and real-time operations. (NERC Glossary, first sentence)

As used in this reference, knowing what is happening on the system,
understanding what it means, and anticipating what happens next. Not a NERC
Glossary term.

All Facility Ratings, System Voltage Limits, and stability limits, applicable to
specified System configurations, used in Bulk Electric System operations for
monitoring and assessing pre- and post-Contingency operating states. (NERC
Glossary)

An individual at a Control Center of a Balancing Authority, Transmission
Operator, or Reliability Coordinator, who operates or directs the operation of the
Bulk Electric System (BES) in Real-time. (NERC Glossary)

The entity responsible for the reliability of its "local" transmission system, and
that operates or directs the operations of the transmission Facilities. (NERC
Glossary)

The electrical potential difference that drives current through a circuit,
measured in volts.

This glossary contains selected definitions from the NERC Glossary of Terms for convenience.
It does not supersede or modify the official NERC Glossary of Terms.
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How Energy Compliance Can Help

A control center program is tested like an operator: on a real event, with the record in front of
the auditor.

Audit preparation and audit defense

For a TOP, IRO, COM, PER, or EOP audit, EC offers NERC compliance program support,
interpretation, and audit preparation, and audit and enforcement support (non-advocacy),
including audit defense with Notice of Penalty response and settlement posture. RSAW
production and data request strategy start from the evidence you already have: logs, voice
recordings, and Real-time Assessment records.

Program review and alignment

A regulator-perspective program review walks your control center program the way an audit
team will, from Operating Plans and communication protocols to restoration plans and training.
Reliability governance and program assessments, operational and engineering reliability
alignment, and compliance program design and improvement follow from what it finds.

Other EC services

NERC reliability and compliance advisory support; senior advisory with direct engagement on
complex reliability questions; registration and applicability analysis; mitigation planning and Self-
Report development; training and executive briefings on reliability frameworks; and industry
engagement in standards development and working-group participation.

WattOps Compliance

WattOps Compliance is EC's NERC compliance evidence platform (wattopscompliance.com),
the place for the evidence behind your TOP and COM requirements. EC will run one standard at
one facility through WattOps at no cost (CIP standards excluded).

RenewOps

RenewOps is EC's renewable operations monitoring and analytics platform, with a Data Center
module. Data from renewable and storage sites is part of what a TOP's control center has to
see.

If you want to know how your control center program would hold up in a real event review, call
me before the audit team asks.

Website: energycomplianceinc.com - Email: rsmith@complianceforenergy.com

Phone: 763.438.4427
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About Energy Compliance, Inc.

Energy Compliance, Inc. is an independent consulting and advisory firm based in
Bloomington, Minnesota, focused exclusively on electric reliability, cybersecurity
reliability, and regulatory compliance for organizations connected to the North American

Bulk Electric System.

We support registered entities, including Generator Owners and Operators,
Transmission Owners and Operators, Reliability Coordinators, Balancing Authorities,
and Distribution Providers. Our work spans NERC Reliability Standards, FERC orders,
RTO/ISO market participation rules, Regional Entity oversight, and state regulatory

frameworks.

We do this work differently than larger consulting firms. A senior practitioner with
regulator-side experience oversees every engagement. We staff for outcomes, not
billable hours. Our deliverables are written to be operationally executable and audit-
defensible, structured for the auditor's question rather than the consultant's binder.
Where automation can replace manual work, we build the automation. Where senior
judgment is required, the senior is in the room. Each engagement is scoped to the

entity's role, function, and bulk system impact.

Energy Compliance is not affiliated with, sponsored by, or endorsed by the North
American Electric Reliability Corporation, the Federal Energy Regulatory Commission,

or any Regional Entity.

Learn more at energycomplianceinc.com.
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Sources and Authorities

¢ North American Electric Reliability Corporation, Glossary of Terms Used in NERC
Reliability Standards (web version, retrieved October 25, 2026).
https://www.nerc.com/glossary-of-terms

¢ North American Electric Reliability Corporation, Reliability Standard TOP-001-6,
Transmission Operations (effective April 1, 2024).
https://www.nerc.com/globalassets/standards/reliability-standards/top/top-001-6.pdf

¢ North American Electric Reliability Corporation, Reliability Standard TOP-002-5,
Operations Planning (effective October 1, 2025).
https://www.nerc.com/globalassets/standards/reliability-standards/top/top-002-5.pdf

¢ North American Electric Reliability Corporation, Reliability Standard TOP-010-1(i),
Real-time Reliability Monitoring and Analysis Capabilities (effective April 1, 2018).
https://www.nerc.com/globalassets/standards/reliability-standards/top/top-010-1i.pdf

¢ North American Electric Reliability Corporation, TOP Reliability Standards family
listing (status and effective dates). https://www.nerc.com/standards/reliability-
standards/top

¢ North American Electric Reliability Corporation, Reliability Standard IRO-001-4,
Reliability Coordination, Responsibilities (effective April 1, 2017).
https://www.nerc.com/globalassets/standards/reliability-standards/iro/iro-001-4.pdf

¢ North American Electric Reliability Corporation, Reliability Standard COM-001-3,
Communications (effective October 1, 2017).
https://www.nerc.com/globalassets/standards/reliability-standards/com/com-001-
3.pdf

¢ North American Electric Reliability Corporation, Reliability Standard COM-002-4,
Operating Personnel Communications Protocols (effective July 1, 2016).
https://www.nerc.com/globalassets/standards/reliability-standards/com/com-002-
4.pdf

¢ North American Electric Reliability Corporation, Reliability Standard PER-003-2,
Operating Personnel Credentials (effective July 1, 2019).
https://www.nerc.com/pa/Stand/Reliability%20Standards/PER-003-2.pdf

¢ North American Electric Reliability Corporation, Reliability Standard PER-005-2,
Operations Personnel Training (effective July 1, 2016).
https://www.nerc.com/pa/Stand/Reliability%20Standards/PER-005-2.pdf

¢ North American Electric Reliability Corporation, Reliability Standard EOP-011-4,
Emergency Operations (effective October 1, 2024).
https://www.nerc.com/globalassets/standards/reliability-standards/eop/eop-011-4.pdf
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North American Electric Reliability Corporation, Reliability Standard EOP-004-4,
Event Reporting (effective April 1, 2019).
https://www.nerc.com/globalassets/standards/reliability-standards/eop/eop-004-4.pdf
North American Electric Reliability Corporation, Reliability Standard EOP-004-5,
Event Reporting (FERC order August 10, 2026, Docket RD26-8-000; effective
October 1, 2027). https://www.nerc.com/standards/reliability-standards/eop/eop-004-
5

North American Electric Reliability Corporation, Reliability Standard EOP-005-3,
System Restoration from Blackstart Resources (effective April 1, 2019).
https://www.nerc.com/globalassets/standards/reliability-standards/eop/eop-005-3.pdf
North American Electric Reliability Corporation, ERO Event Analysis Process,
Version 5.0 (approved September 20, 2023; effective January 1, 2024).
https://www.nerc.com/globalassets/programs/event-analysis/ero-event-analysis-
process-documents/ero_eap_v5.0.pdf

© Energy Compliance, Inc. - EC-WP-301 - October 2026

Energy Compliance, Inc. - energycomplianceinc.com - Page 35



