Source Material: U.5.-Canada Power System Outage Task Force Final Report
Context: Forensic Engineering Review
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THE EASTERN
INTERCONNECTION

One Synchronous Machine
B Spans the eastern two-thirds of the U.S.
and Canada (Saskatchewan to Maritimes).

B Operates as a single, synchronized AC grid;
electricity is produced the instant it is

consumed.
/" EASTERN L m Includes ~140 control areas functioning
INTERCONNECTION /2 within a shared physical reality.

\

Integration and Interdependence

B Physics dictates power flow along the path
of least impedance, ignoring institutional
boundaries.

B Generation and load must balance
continuously to maintain 60 Hz frequency.

B Disturbances in one zone propagate
actively through AC ties to neighbors.
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Design Targets for
Reliability

1. Continuous Balance

= Match real power (MW) generation to
demand to maintain frequency.

® Match reactive power (MVAr) supply to
demand to maintain voltage profiles.

2. The N-1 Criterion

m System must operate reliably even if the
single most critical element (generator or
line) fails.

m QOperations must be adjusted
pre-contingency to ensure
post-contingency stability.

3. Protection and Stability

® Faults must be cleared in cycles (< 0.1
seconds) to preserve equipment.

m System must dampen oscillations and
return to steady state within seconds.
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Operating Context: August 14, 15:05 EDT

Environment Dispatch & Flow System Status
O
87°F SECURE / N-1
O
31°C COMPLIANT
* The system was electrically
» Temperatures: High (87°F/31°C secure immediately prior to the
in Akron). Not extreme for » Significant power transfers from first line trip.
August. South/West to North/East.  Key generators (Cook Unit 2,
e Demand: High air conditioning * Loop flows creating heavy Davis-Besse, Eastlake 5) were
load, but within historical peak loading on Northern Ohio offline, reducing local reactive
capabilities. transmission. support.
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Functional Failure Modes

1. Reactive Power Balance (Voltage Stability)

* |nability to support voltage in the Cleveland-
Akron load pocket.

 Depletion of dynamic reactive reserves led to
reliance on static capacitors.

2. Thermal Containment

« Localized overloads were not contained;
shedding load was not executed.

» High currents caused line sagging, leading to
ground faults (tree contacts).

3. Synchronism

« Phase angle separation between Cleveland
and the Interconnection grew uncontrollable.

* Protective relays interpreted power swings as

faults, triggering separation.
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Cause 2

Degraded Situational Awareness S

Awareness

Alarm Processor Failure

* 14:14 EDT: Alarm application stalled; screens
remained static (“frozen”).

* Operators were not alerted to the failure of the
monitoring tool itself.

&
1 4 : 1 4 E DT State Estimation and Contingency Analysis
SYSTEM STALLED » Real-time contingency analysis (RTCA) tools were

effectively blind to changing topology.

* Operators lacked “state estimation” to verify the
validity of raw data.

The “Normalcy” Bias

* Without alarms, operators assumed a quiet system
was a stable system.

* External reports of trips were dismissed as data
errors.
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Physical Margin Erosion (15:05 - 15:41 EDT)

Incremental Loading on Sammis-Star Line » Sequential Li
1500 Contacts): Li

vegetation d

expansion.
1000

MW

500

0
Harding-Chamberlin Hanna-Juniper Trip ~ Star-South Canton

Trip (15:05) (15:32) Trip (15:41)

B Native Load Contribution to Facility Loading
" Incremental Loading Due to Non-FE Transactions / FE Transactions

ne Loss (Tree
nes sagged into

ue to thermal

» Redistribution: Each trip shifted
power flow to remaining parallel
lines, increasing their thermal load.

» Voltage Decay: Loss of
transmission paths increased
impedance, depressing voltage.
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Cascading Protection Actions

Role of Zone 3 Protection

« Designed as remote backup protection.

« Susceptible to operation during
extreme loading or low voltage
(perceived high impedance).

The Tipping Point (Sammis-Star)
* 16:05 EDT: Sammis-Star tripped on
Zone 3 protection.

* Not a tree contact; a protection
response to massive power flow.

The Cascade

« Remaining 138 kV underlying system
instantly overloaded.

* 16 remote lines tripped within seconds
via Zone 3, believing they saw faults.

Sammis-Star
16:05 EDT

Red Lines:
Zone 3 Tripped Lines

|
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Why Stabilisation Did Not Occur

Too slow to trigger automatic safety nets, Events moved faster than

too fast for blinded operators.
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Erosion Phase (Hours)

15:05 - 16:05

Exhaustion of Margin

« Dynamic reactive reserves (generators) were
already maxed out.

« No automatic under-voltage load shedding
scheme existed.

Cascade Phase (Seconds)
16:05 - 16:10

Coordination Limitations

» Absence of a unified, real-time view across
control area boundaries.

» Manual load shedding impossible without
visibility.
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: 61,800 MW

Popuiation: ~50 Million

Cascade Duration: ~9
Seconds

Consequences

Scope

Affected: Ohio, Michigan, Pennsylvania,
New York, Vermont, Massachusetts,
Connecticut, New Jersey, Ontario.

Impact

Restoration: Hours to 4 days (Rolling
blackouts in Ontario for a week).

Economic Cost: $4-10 Billion (estimated).

Significant impact on water, transportation,
and manufacturing.
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Where Margin Was Lost Before the Event

Loss of Margin

Vegetation Monitoring System Reactive Power
Management Robustness Planning

 Actual line ratings were lower « Dependence on single-point- » Inadequate study of voltage
than assumed due to physical of-failure alarm system. stability limits in Cleveland-
encroachment. + Lack of visualization tools to Akron.

» Buffer between line and ground see the ‘state’ of the system « Reliance on remote generation
was smaller than models vs. raw data. that could not push reactive
predicted. power to load center.
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Transferable System Insights

Invisible Margin
Erosion

Large systems can drift toward
failure while looking “normal”
if variables consuming margin
are not explicitly monitored.

Criticality of
Situational Awareness

Operators cannot manage what
they cannot see. Monitoring
systems are critical
infrastructure.

Local vs. Global
Optimization

Protection systems (Zone 3)
optimized for local equipment
safety can be the mechanism of

global systemic collapse.
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Closing Reflection

We operate complex systems based on
assumed margins.

Are our monitoring tools accurately
reflecting the physical reality of those
margins today?

Or are we, like the grid on August 14,
operating comfortably in the drift?
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