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SAFETY ADVISORY 
FOR MISHAP PREVENTION


Mishap Type:

Electrical Switchboard Incident
Injury:

4 Personnel Hospitalized                                                              

Type of Work:
Maintenance of Electrical Switchboard 

Equipment:

High Voltage Shore Power Switchboard
MISHAP DESCRIPTION
Shipboard electricians tagged out a ship’s high voltage shore power switchboard in preparation for maintenance.  Using the Tagout Users Manual (TUM), ship’s force tagged out the switchboard.  While verifying the de-energized state, the electricians measured stray voltage.  Four personnel (ship’s force and shipyard personnel) investigated the stray voltage.  Unfortunately there was an unknown 4,160V line (behind the switchboard) that was not identified.  This line energized the switchboard.  During the investigation of the stray voltage an apparent arc flash occurred, injuring all four personnel.  
ARC FLASH
An Arc Flash is a dangerous condition associated with the explosive release of energy caused by an electrical arc due to either a phase to ground or phase to phase fault. This fault can result from many factors, including dropped tools, accidental contact with electrical systems, build up of conductive dust, corrosion, and improper work procedures.

Arc flashes or faults can cause serious injury or death to workers. At the initiation of an arc fault, tremendous energy can be released in a very brief time. Metal conductor parts can vaporize resulting in hot vapors and hot metal being violently spewed. The thermal energy can result in severe external as well as internal burns to workers caused by direct exposure to the arc or by igniting clothing. The rapid thermal escalation of the air and vaporization of metal can create a very loud explosion and tremendous pressures. This can result in ruptured eardrums, collapsed lungs, and forces that violently knock workers back.

From 1992 through 2001, 44,363 electricity-related injuries occurred in the United States, according to the National Institute of Occupational Health. Of those injuries, 17,101 involved electric arc-flash burn.  
Protection from arc flashes can be maximized by a combination of de-energizing equipment to the maximum extent practicable, identifying a flash protection boundary, and wearing PPE adequate for the hazard.  Although not applicable to work in Naval Ships, the National Fire Protection Association (NFPA) 70E, Standard for Electrical Safety in the Workplace, provides guidance in Article 130.3:

A flash hazard analysis shall be done in order to protect personnel from the possibility of being injured by an arc flash. The analysis shall determine the Flash Protection Boundary (FPB) and the personal protective equipment (PPE) that people within the Flash Protection Boundary shall use.
The FPB can be calculated by using the equations given in the NFPA 70E.  Tables provide guidance for PPE specifically designed for arc flash,
INTERIM PREVENTIVE MEASURES TO TAKE
The investigation into this mishap is ongoing, but some actions can be taken to reduce the potential for a recurrence.
· NAVSEA released an advisory message, O 171210Z Nov 06, concerning high voltage switchboards on CVN-68 Class aircraft carriers.  
· Considerations when faced with situations involving stray voltage
· Is there a procedure in place when ‘stray’ voltage is identified? 

· Is time critical ORM used?

· Is CO’s permission obtained for trouble shooting energized equipment?

· Is the original placement of tags verified before testing for ‘stray’ voltage? Even if the identified ‘stray’ voltage is low, there may be additional (higher voltage) sources. 

· Is PPE required when trying to identify source ‘stray’ voltage?
BEST PRACTICES FOR ELECTRICAL SAFETY

While deviating from procedures in technical manuals and other electrical standards often contribute to mishaps involving electrical work, the root causes may also result from deficiencies in policy development, work planning, lockout/tagout, and configuration management.  The following are selected best practice considerations when performing electrical work.
· Walk down the work site to (1) identify equipment to be worked on, (2) ensure that equipment to be isolated is clearly marked, (3) verify or modify drawings to reflect as-built conditions, and (4) identify additional hazards or other safety issues. 

· Ensure that lockout/tagout procedures or work instructions include a zero-energy check to confirm the effectiveness of the lockout/tagout installation. Always perform a zero-energy check on the circuit to be worked. Perform these checks any time new areas or equipment are accessed. 

· Upon completion of wiring work, check for proper voltages, phasing, and grounding. 

· Use lockout/tagout processes if there is a possibility that work may be performed in close proximity to energized electrical conductors. 
· Ensure that lockout/tagout procedures or work instructions include independent verification that the lockout/tagout has been correctly performed. 

· Ensure that purchased electrical components and equipment are acceptance-tested before they are put into service.  

· Work on energized circuits should be performed only after obtaining special approvals and developing job-specific safety controls. 

· Always use electrical-rated personal protective equipment (e.g., insulated gloves and boots, ground-fault circuit interrupters, double-insulated tools, and rubber mats) when working on energized electrical circuits and equipment (required by 29 CFR 1910.335(a)(1)(i)). 

· Stop work if an unanticipated electrical hazard or condition is encountered and seek appropriate assistance.
· For decommissioning work, re-evaluate electrical hazards as systems and equipment are dismantled and isolations are removed. 
Safety Responsibilities

When performing tasks that may involve electrical hazards, roles and responsibilities should be clearly defined, understood, and reviewed before beginning work. In addition, all personnel must be aware of their responsibility to stop work whenever the safety of the operation is questionable. The following questions, based on lessons learned from recent electrical occurrences, pertain to the safety responsibilities of all personnel.
· Managers
· Has sufficient rigor been applied to hazards analyses, work planning, and equipment inspection in work environments involving multiple tiers of contractor personnel? 

· Have site-specific electrical requirements been provided to contractors for implementation? 

· Are personnel aware of their stop-work authority, and do they understand how to invoke it? 

· Do qualified supervisory personnel oversee personnel in training and briefings? 
· Do safety committees meet regularly and address emerging electrical safety issues, benchmark other programs, share best practices, self-assess their safety programs, and explore new technologies for locating concealed utilities and electrical hazards?
· Work Planners
· Are accurate drawings and equipment identification used? Have the drawings and equipment identification been verified by subject matter experts to ensure they reflect as-built configuration? 

· Do inspections check for potential hazards and anything that could interfere with the performance of work? 

· Are measures taken to locate undetected and embedded power lines? 

· Are personnel assigned personal protective equipment suitable for planned tasks and for potentially undetected electrical hazards?  

· Supervisors
· Do pre-job briefings identify all electrical safety hazards? 

· Do personnel understand their tasks and the potential hazards involved?
· Do personnel understand their responsibility to stop work when problems emerge instead of taking adhoc compensatory measures?
Policy, regulations, and technical guidance 

The following are documents that provide requirements and guidance for performing electrical work safely.
· OPNAVINST 5100.19D – NAVOSH Program Manual for Forces Afloat 
· OPNAVINST 5100.23G – Safety and Occupational Health Program Manual
· MCO 5100.8 – Marine Corps Occupational Safety and Health Order
· Naval Ships’ Technical Manual 300 
· NAVSEA Technical Manual SO400-AD-URM-010/TUM – Tagout Users’ Manual
· EM385 1-1 – U.S. Army Corps of Engineers Safety Health Requirements Manual
· 29 CFR 1910.147 – Control of Hazardous Energy (Lockout/Tagout)
· 29 CFR 1910.332 – Safety-Related Work Practices
· 29 CFR 1910.335 – Safeguard for Personnel Protection
· 29 CFR 1915.181 – Electrical Circuits and Distributions Boards
· 29 CFR 1926.417 – Lockout and Tagging of Circuits
· NFPA 70E-2004, Part II 2-1.3.3 - Flash Hazard Analysis

· NFPA 70E-2004, Part II 2-1.3.3.3  – Protective Clothing and Personal Protective Equipment for Application with a Flash Hazard Analysis

ADDITONAL INFORMATION
Centers for Disease Control - Protection from Electric Shock & Arc 
Flash - http://www.cdc.gov/elcosh/docs/d0500/d000580/d000580.html
OSHA – Controlling Electrical Hazards, Publication 3075 - http://www.osha.gov/Publications/osha3075.pdf 
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