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INTRODUCTION

One of the primary concerns of the committee, regarding OCS for light rail and electric trolley bus systems, was the lack of uniform practices for the maintenance of the OCS, including but not limited to the structural supports, components and hardware, system parameters and operating procedures, and equipment.  The OCS Sub-Committee for Rail Transit Systems was formed in 2001 with the purpose of developing standards and guidelines governing the design, construction and maintenance of OCS for transit systems.  
The majority of the operating electrified rail transit systems use overhead contact systems (OCS) to supply direct-current (dc) power to the rail vehicles. In order to be able to maintain or restore service while minimizing impacts to revenue service, an agency needs to be able to maintain the OCS energized.  The purpose of this recommended practice is to provide a set of guidelines that can be used by the operators of new start-up systems to develop manuals, practices and procedures for the safe and effective maintenance of energized OCS, or by the maintenance organizations of existing well-established systems to amplify or refine their existing practices.  It is not intended that this recommended practice forms the basis for a mandatory standard.  Acceptance or rejection of any or all of the recommendations contained herein is left to the discretion of the individual agency, which should determine the applicability of these recommendations to proposed or existing operating practices and procedures.
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The following members of the balloting committee voted on this standard. Balloters may have voted for approval, disapproval, or abstention. (To be provided by IEEE editor at time of publication.)

1. Purpose
The purpose of this recommended practice is to provide guidelines for establishing requirements and procedures for maintenance on energized OCS equipment.  
Note - It is recommended that each agency perform a safety risk analysis to determine the agency’s own requirements for the safety of the proposed maintenance program.  In addition, it is recommended that each agency develop standard operating procedures and/or safety procedures, which identify the preferred course of action when performing maintenance on or near energized OCS equipment.

1.1. Scope
This recommended practice provides general recommendations for developing  requirements and procedures for performing maintenance on energized direct current (dc) overhead contact systems (OCS) for transit systems rated at a nominal voltage of 1500 volts or less.  These recommendations are based on sound engineering safety principles and extensive field experience by many transit agencies.  
This recommendation includes:

General recommendations for work limits/approach boundaries  
General recommendations for live line work clearances
General recommendations for appropriate PPE for live line work
General recommendations for required special tools for live line work

General recommendations for required special work equipment for live line work

General recommendations for qualifying employees for live line work 
General requirements for other procedures 

2. References 
This recommended practice should be used in conjunction with the following publications.  If the following publications are superseded by an approved revision, the revision should apply.
2.1. IEEE Std 100-2000, IEEE Standard Dictionary of Electrical and Electronic Terms, 7th Edition
2.2. IEEE Glossary of Terms for Overhead Contact Systems
2.3. IEEE P1628/D4, Recommended Practice for Maintenance for dc Overhead Contact Systems for Transit Systems
2.4. ANSI/SIA A92.2-2001, American National Standard for Vehicle-Mounted Elevating and Rotating Aerial Devices
2.5. APTA RT-S-FS-006-03, Standard for Traction Electrification Distribution System Inspection, Maintenance and Testing
2.6. NFPA 70E

3. Definitions, Abbreviations And Acronyms
3.1. Aerial Manlift Equipment – Equipment such as extended towers, boom-mounted cages or baskets, and truck-mounted ladders, that is primarily designed to place personnel and equipment aloft to work on elevated structures and equipment. 
3.2. Agency/Owner–The Authority responsible for the operation and maintenance of the system

3.3. ANSI - American National Standards Institute
3.4. ASTM - American Society for Testing and Materials
3.5. Bucket Truck –  A self propelled rubber tired work vehicle, equipped with a moveable boom topped with a enclosure in which a worker stands, used to lift maintenance personnel both vertically and horizontally to allow the performance of OCS maintenance.  
3.6. Ground -  need to define ground, as in earth ground
3.7. Grounded – need to define grounded or grounding 
3.8. High-Rail Vehicles – A self propelled rubber tired work vehicle that is equipped with steel guide wheels which can be deployed to allow the vehicle to operate as a rail vehicle or retracted to allow the vehicle to operate as a road vehicle. 
3.9. Insulated Aerial Equipment ​– Aerial Equipment insulated separately from other conducting surfaces by a dielectric (including air space) offering a high resistance to the passage of current.
3.10. OSHA - Occupational Safety and Health Administration

3.11. Platform Truck – A self propelled rubber tired work vehicle, equipped with a lift platform, used to lift maintenance personnel both vertically to allow the performance of OCS maintenance.  
3.12. Qualified Person – Cross reference NFPS definition – One who has skills and knowledge related to the construction and operation of the electrical equipment and installations and has received safety training on the hazards involved.  A person who, by reason of instruction, training, and experience, is familiar with high voltage circuits and OCS equipment and has demonstrated familiarity with the work to be performed and the hazards involved.
3.13. Work Car/track car – A steel wheel, self propelled work vehicle that operates on rail only.
4. Requirements for working live
It is the responsibility of the Agency to determine and establish the requirements which allow qualified individuals to work on energized OCS equipment.  It is the responsibility of each qualified person to adhere to the requirements of the Agency, and to ensure all proper precautions are being followed.  The following topics should be addressed when establishing the requirements for work live:

1. Work limits/approach boundaries  
2. Clearances for live line work
3. Appropriate PPE for live line work

4. Special tools for live line work

5. Special work equipment for live line work

6. Qualifying employees for live line work 
7. Recommended live line work practices 
In addition the agency should consider the following when establishing the requirements for live line work:

1. An agency wide safety policy and or procedure

2. OCS Maintenance and inspection procedures 

3. Minimum design requirements for insulation of the OCS

5. Recommendations

5.1. Work /approach limits

The Agency should establish working distances or approach limits for all employees, not just employees who work on the OCS.  These work limits will establish how close an employee is allowed to get to the OCS while it is energized.  In general, this is accomplished by defining employees as qualified or un- qualified to work on or near energized OCS equipment.  Unless an employee has been qualified by the agency to work on or near energized equipment, they should be classified as un-qualified.  

Work or approach limits are measured between the closest part of the employee or tool/material in an out reached position and the energized OCS.   Working on near energized OCS should be accomplished in the most effective and safe manner as possible.
5.1.1. Recommended work clearances  for un-qualified employees  
The recommended work limit or approach distance for un-qualified employees working near a dc OCS rated at a nominal voltage of 1500 V or less this distance is 3.05 M (10’-0”).   

5.1.2. Recommended work clearances for qualified employees  

The recommended work limit or approach distance for qualified employees working near, but not on, a dc OCS rated at a nominal voltage of 1500 V or less this distance is 0.66 M (2’-2”).   
5.2. Recommended live line work clearances
Live line work clearances are measured between an energized apparatuses and a ground source. Live line clearances define where live line maintenance can be performed.   It is recommended that two sets of live line clearance be defined.  Normal live line clearances define where qualified employees can follow normal live line procedures to do live line work. Restricted live line clearances defines areas where restricted clearance provisions must be followed in order to work the line live, or alternatively, live line work is prohibited.  

It is the Agency’s responsibility to determine the minimum clearances.  The recommended minimum clearance between an energized apparatuses and a ground source for “Normal Live Line Work” is 4’-0”.  
Restricted live line clearances are areas where the minimum clearance for normal live line maintenance can not be maintained.  Some examples include; clearances to tunnel of overhead bridges, station canopies, and other structures.  Working on energized OCS with in a restricted clearance area requires additional provisions.   Work should be prohibited in restricted clearances zones unless employees are qualified to work within restricted clearance areas and appropriate measures are employed to mitigate the additional risk.   
5.3. Recommended  PPE for live line work
The agency should establish requirements for PPE when performing maintenance on energized OCS equipment.  Personal protective equipment which is selected should conform to all applicable safety standards as outlined by ANSI, ASTM, NFPA, and OSHA.  

Suggested personal protective equipment which should be considered for qualified employees performing live line work includes; Fire resistant clothing, eye protection, fire resistant fall protection harness, fire resistance reflective safety vest, hard toe foot protection, electrical protective gloves,  sleeves, and nonconductive hard hat.

The agency should establish guidelines for the proper use and care of all PPE.  In addition guidelines should be established for when different pieces of PE is required to be worn.  

5.3.1. Electrical protective gloves and sleeves
Electrical protective gloves consist of a flexible rubber glove with gauntlet and a soft pliable leather glove that is worn over the rubber glove to protect it against punctures or abrasions.  Electrical protective gloves are marked with ANSI/ASTM classifications, classifications are based on the Maximum Use Voltage.  Electrical protective gloves must be electrically tested and certified at their voltage class before initial use.  Electrical protective gloves must be electrically tested periodically in accordance with the USA Standard Specification for Rubber Protective Equipment for Electrical Workers.   It is recommended that an outside testing agency do all testing of gloves and sleeves.    The Agency should establish a minimum and maximum period between tests.  
In addition to the electrical test, is recommended that Agency establish guidelines for testing prior to each use.  These guidelines should include testing rubber gloves and sleeves for punctures and cuts.  Inspecting leather gloves for wear, cuts etc.  Gloves and sleeves should not be used if visual inspection proves them to be defective.

5.4. Special tools for live line work

The American National Standards Institute, American Society for Testing and Materials & Occupational Safety and Health Administration have a number of standards which describe the requirements for testing tools and apparatus used to perform maintenance on the OCS.  Agencies should observe these standards as they apply to the safety of the users of the equipment.  The equipment to which these standards apply is:

Hot Sticks

Shotgun Hot Sticks

High Voltage Gloves and Sleeves
High Voltage Insulated Tools

Rubber Blankets and Mats

Insulated Bucket Trucks or Elevated Platforms

Slings

Rubber Line Hoses 

These items should be tested and inspected daily before each use if used daily.  All rubber protective materials should be stored in a dry environment unfolded.  If any defect is found while inspecting the protective equipment, the immediate supervisor should be notified and the equipment taken out of service.  

An inspection and testing program should be established by the agency.  All required inspection and testing should be provided by an independent laboratory.  A log, which details the testing performed on the equipment, should be established by the agency and should be in addition to the test information provided by the test laboratory.
5.5. Special  work equipment for live line work
Insulating Aerial equipment
5.6. Qualifying employees for live line work 

Employees doing live line work on the OCS should have satisfactorily completed a formal training course of instruction and practice. Records should be maintained that include training and work experience in the areas that they are expected to perform.  Qualified employees should be re examined periodically to determine the adequacy of the workers knowledge of the rules and procedures, their ability to use tools and techniques
6. Recommended live line work practices 

6.1. General Precautions

1) Live Line maintenance should not be started when if the threat of lightning is present

2) The automatic re-closure of breakers feeding the line section should be made inoperable while live line maintenance is being performed.

3) All work equipment and insulating tools should be inspected for defects before work begins.  

4) Proper PPE should be worn when performing live line work

5) Care should be taken to maintain proper clearances when using conductive materials.
6) When working on energized conductors, care should be taken to make sure the conductor does not flash over to adjacent objects located along the line.  

7) A well developed set of formal, written work rules should be provided for safe implementation of live line work.  

6.2. Precautions when working a line live

1) When working a line live the worker shall be insulated from ground and objects 

2) Only tested and dielectrically approved insulating lift mechanisms 
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