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Introduction …

• The driver for the Arc-Flash-Hazard assessment study was an 
Engineering Risk Assessment Process (ERAP) Report of 
September 2009 and compiled by RWE Power International.

• Required for the purpose of injury prevention and determination of 
appropriate levels of Personal Protective Equipment (PPE). 

• The incident energy and flash protection boundaries are • The incident energy and flash protection boundaries are 
determined based on the following two available standards for arc 
flash analysis: National Fire Protection Agency (NFPA) 70E-2009 
and IEEE Standards 1584-2002 & IEEE 1584a 2004.



Background – TCC Single Generator details …

• Manufacturer: ABB
• Rated output: 500 MVA
• Voltage: 21 kV
• Rated phase current: 13.75 kA
• Rated power factor: 0.90



• ABB ZS1/ZVC switchboard. 
• Comprising Type ZS1 draw-out vacuum circuit breakers.
• Metal fuse contactor switchgear Type ZVC.
• Busbar rating 3150 A & tee-offs 400 A.
• Original relays – ABB Type SPAM 150C & SPAJ 140C.

6.6 kV Switchboard …



Calculation methodology …

1. Compile SLD model in ETAP.
2. Carry out load flow study for validating model.
3. Determine the various fault scenarios.
4. Carry out short-circuit analysis (SCC). 
5. Apply various fault clearing times (FCT). 
6. Calculate the incident energy.
7. Determine the hazard/risk category.
8. Mitigation practices.



Compile ETAP 7.5 SLD model …



Load flow study



Short Circuit Current … (0.5 cycle results)



Short Circuit Current … (4 cycle results)



Short Circuit Current … (30 cycles)



Short Circuit Current … (Whirinaki PS)



Fault scenarios…

1. Worst case scenario is a fault at the switchboard 6.6 kV busbar.
2. Full load connected to 6.6 kV busbar.



Hazard/Risk category … before mitigation
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Hazard/Risk category …with mitigation
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Hazard/Risk category calculations…

Summary of PPE for clearance times 0.15 – 0.94 sec
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Mitigation measures …

1. TCC 6.6kV Switchboard Arc Flash Protection Requirements.
2. Arc Flash Protection Scheme.
3. Arc Flash Optical Sensors Arrangement.
4. Switchgear Layout with Arc Flash Protection System.
5. Communications Connection Diagram.
6. Electrical Safe Work Practices.



TCC 6.6kV Switchboard Arc Flash Protection 
Requirements …
• Existing switchboard compliant to 

IEC62271-200 for internal arc withstand 
safety.

• Installed SEL-751A feeder protection 
relays.

• Retrofitted optical arc flash detection 
system.system.

• To reduce high incident energy level from 
42.45 cal/cm2 to around 6.77 cal/cm2.

• To meet PPE NFPA70E Category “2” 
requirement i.e. clearance of fault not 
larger than 190ms.



Arc Flash Protection Scheme …

• 5 x SEL-751A relays installed on 1 incomer & 4 outgoing 
feeders.

• Each SEL-751A relay monitors up to 4 optical sensors.
• Monitors arc flash level & supervise instantaneous arc flash 

overcurrent.
• Mirrored bits for relay communications for bus/ local tripping 

and circuit breaker failure protection functions.
• Supplemented with trip circuit supervision, continuous 

monitoring for overall relay integrity including sensors.



Arc Flash Optical Sensors Arrangement …

• Bare-fibre loop sensor in busbar compartment.
• Point sensors in circuit breaker/ motor contactor/ busbar 

measuring compartment.
• Point sensors in circuit breaker cable compartment.



Towards SEL-751A relay

Arc Flash Optical Sensors Arrangement …

Towards SEL-751A relay

Busbar shutter

Bare-fiber arc flash sensor 



Arc Flash Optical Sensors Arrangement …

Point sensor

Point sensor



Arc Flash Optical Sensors Arrangement …



Switchgear Layout with Arc Flash Protection System



Communications Connection Diagram …



Electrical Safe Work Practices …

• Switchgear operation
– Racked out/ in with the door closed.
– Automated breaker closed with 30s delay.

• Restricted & Controlled Access
– During switching operations & inspections.
– Room must not be used as  a storage facility.– Room must not be used as  a storage facility.



Electrical Safe Work Practices …

• PPE Minimum Requirement
– When working around the switchgear with the door 

opened.
– Minimum PPE level 2 required.
– Includes a flame retardant shirt & pants, cotton 

underwear, eye and face protection, leather-over-underwear, eye and face protection, leather-over-
voltage-rated gloves and safety boots.



Summary …

• Importance of initially determining the short circuit current 
before AFH assessment.



Questions/comments …


