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@ Substation Engineering
@ Lecture 32
@ Unit 5: Substation Safety and Regulations
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Electrical Safety Clearances

NESC Clearance Requirements

Substation Fire Protection

Oil Containment and Environmental Regulations
Arc Flash Hazards

Personal Protective Equipment (PPE)
Lockout/Tagout (LOTO) Procedures
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Electrical Safety Clearances

o Clearances are the minimum required air distances between
objects

@ Phase-to-Phase (P-P): Distance between energized conductors

@ Phase-to-Ground (P-G): Distance between energized part and
grounded structure

@ Safety Clearances: Distance between energized parts and areas
accessible to personnel

@ Air is the primary insulating medium in Air Insulated
Substations (AIS)
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NESC Clearance to Live Parts

o NESC Rule 124 mandates guarding of live parts

@ Live parts must be placed at a vertical and horizontal distance
out of reach

@ Vertical Clearance: Distance from the ground up to the lowest
live part

@ Horizontal Clearance: Distance from a walkway to a live part

@ Distances scale exponentially with system voltage and Basic
Insulation Level (BIL)
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Minimum Clearance Distances (NESC)

Nominal Voltage (kV) Vertical Clearance Horizontal Clearance

15 kV 9ft0in 3ft4in
34.5 kV 9 ft 3in 3ft7in
115 kV 11 ft 2 in 5ft5in
230 kV 15 ft 3 in 9ft7in
345 kV 18 ft 5 in 12 ft 9 in
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Working Clearances and Maintenance

@ Clearances must allow for safe maintenance of de-energized
equipment while adjacent bays are energized

@ Minimum Approach Distance (MAD): Safest distance a
qualified worker can approach an energized object

@ Vehicle Clearance: Access roads must allow bucket trucks to
pass under live buses

@ Fences must be placed far enough from live parts to prevent
accidental contact from outside
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Fire Protection in Substations

Guided by IEEE 979 and NFPA standards

Primary fire risk: Mineral oil in large power transformers

A transformer failure can result in an explosion and oil pool fire
Risk mitigation: Physical separation between transformers

Fire Walls (Blast Walls): Used when adequate physical
separation is not possible
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Fire Suppression Systems

Active systems designed to extinguish or control fires
Water Deluge Systems: Spray rings around the transformer

Foam Systems: Suppress oil fires rapidly

Nitrogen Injection: Depressurizes the transformer tank and
injects inert gas to prevent explosion

Control house fire alarms and clean agent suppression (FM-200
/ Novec 1230)
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Oil Containment and SPCC Plans

@ Environmental regulation: Spill Prevention, Control, and
Countermeasure (SPCC)

@ Mandated by the EPA to prevent oil discharge into navigable
waters

@ Substations with ;1320 gallons of oil require an SPCC plan

@ Secondary Containment: Moats, pits, or berms around
transformers

e Containment must hold 100% of the oil of the largest piece of
equipment + rainwater
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Arc Flash Hazards

@ An arc flash is a rapid release of energy due to an arcing fault

@ Generates extreme heat (up to 35,000°F), blinding light, and
acoustic blast

@ Most common during switching operations or racking circuit
breakers

o NFPA 70E provides guidelines for arc flash risk assessment

@ Arc flash boundaries must be calculated and labeled on
equipment
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Personal Protective Equipment (PPE)

@ Last line of defense against electrical hazards

o Standard PPE: Hard hat, safety glasses, steel-toe EH rated
boots

o Arc-Rated (AR) Clothing: Flame resistant daily wear
(Category 2)

@ Arc Flash Suits: Full 'bomb suit’ for high energy tasks
(Category 4)

@ Voltage-rated rubber gloves with leather protectors for live
work
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Lockout/Tagout (LOTO) Procedures

@ OSHA mandated procedure to ensure equipment is completely
de-energized

1. ldentify and shut down the equipment
Isolate from all energy sources (open disconnects)
Apply locks and tags to the isolation devices

Verify absence of voltage (Test Before Touch)
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Apply personal grounds
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Test Before Touch & Personal Grounds

Never assume a circuit is dead based on a breaker position
Use rated voltage detectors (hot sticks) to verify zero energy

Induced voltages can still be lethal in de-energized lines

Personal Protective Grounding (PPG) cables must be applied
after testing

@ Creates a short circuit to ground to trip breakers if accidentally
energized

Milav Dabgar Substation Engineering: Safety Standards 14 /17



Substation Security

@ Physical security is critical to prevent vandalism, theft
(copper), and sabotage

@ NERC CIP (Critical Infrastructure Protection) mandates
security for critical bulk power assets

@ Measures include access control, perimeter fencing,
surveillance cameras

@ Ballistic walls may be used for critical transformers to prevent
sniper attacks

e Cybersecurity of control systems (SCADA) is increasingly
critical
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@ Electrical clearances (vertical and horizontal) ensure safe
spaces for personnel

@ Fire protection and oil containment protect adjacent
equipment and the environment

@ Arc flash hazards require strict adherence to PPE standards
(NFPA 70E)

@ LOTO and grounding procedures are non-negotiable for safe
maintenance

@ Physical and cyber security are critical aspects of modern
substation design
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Next Lecture Preview

Gas Insulated Substations (GIS) - Part 1
Introduction to GIS technology
Advantages of GIS over conventional AlS

Properties of SF6 (Sulfur Hexafluoride) gas

Dielectric characteristics and environmental concerns
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