
Important NoticeImportant Notice

Date September 15, 2017

To: All Employees/Contractors/Suppliers

From: Mark A. Wood

Subject: Our Injury & Illness Prevention Plan

______________________________________________________________________

We have just published our official BIC Switchgear Services, Inc. Injury & Illness Prevention
Plan 

The idea is to make sure that we all work together in an environment that supports our business
and keeps everyone safe and healthy.

This is a very important document.

There is a lot of information here and it is relevant to your job.

Please review it thoroughly.

You are responsible for its contents.

Thank you very much for your cooperation.
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Receipt & AcknowledgmentReceipt & Acknowledgment

of BIC Switchgear Services, Inc.of BIC Switchgear Services, Inc.

Illness & Injury Prevention HandbookIllness & Injury Prevention Handbook

Please read the following statements, sign below and return to your supervisor.

I Understand & Acknowledge BIC Switchgear Services, Inc. Safety Policies & 
Procedures

 I have received and read a copy of the BIC Switchgear Services, Inc. Injury & Illness 
Prevention Handbook.

 I understand that the information in this document supersedes previous documents and 
verbal instructions.

 I understand further that the policies and procedures described in this document are subject 
to change at the sole discretion of BIC Switchgear Services, Inc. at any time. 

Safety Practices
I also acknowledge that I have read and understand all of the Safety Practices contained in this
Injury & Illness  Prevention  Handbook and I  agree  to  abide  by these  policies.  If  I  have not
complied with the procedures and policies as described, I agree to hold BIC Switchgear Services,
Inc. harmless for injuries that I may sustain as a result of such actions. 

I also agree to immediately report, in writing, any discrepancies in practices or conditions directly
to my immediate supervisor and/or the BIC Switchgear Services, Inc. Responsible Safety Officer.

Confidential Information
I am aware that  during the course of my employment  confidential  information will  be made
available  to  me,  for  instance,  product  designs,  marketing  strategies,  customer  lists,  pricing
policies  and  other  related  information.  I  understand  that  this  information  is  proprietary  and
critical to the success of BIC Switchgear Services, Inc. and must not be given out or used outside
of  BIC  Switchgear  Services,  Inc.’s  premises  or  with  non-BIC  Switchgear  Services,  Inc.
employees.  In  the  event  of  termination  of  employment,  whether  voluntary  or  involuntary,  I
hereby agree not to utilize or exploit this information with any other individual or company.

__________________________________________ ________________________________

Employee’s Printed Name Position

__________________________________________ ________________________________
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Employee’s Signature Date

BIC Switchgear Services, Inc.BIC Switchgear Services, Inc.

Injury & IllnessInjury & Illness

Prevention Program

Mark A. Wood
Responsible Safety Officer

BIC Switchgear Services, Inc.
2804 5th Avenue South

Irondale, AL 35210
205-951-5455

safety@bicswitchgear.com
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Injury & Illness Prevention ProgramInjury & Illness Prevention Program

Written Plan 
Every employer should have a written Injury & Illness Prevention plan. This is our plan. Please
read it carefully. While no plan can guarantee an accident free work place, following the safety
procedures set forth in this manual will significantly reduce the risk of danger to you and your co-
workers. Thank you for all our safety. 

Introduction to Our Program 
State and federal law, as well as company policy, make the safety and health of our employees
the first consideration in operating our business. Safety and health in our business must be a part
of  every operation,  and  every employee's  responsibility  at  all  levels.  It  is  the  intent  of  BIC
Switchgear Services, Inc. to comply with all laws concerning the operation of the business and
the health and safety of our employees and the public. To do this, we must constantly be aware of
conditions in all work areas that can produce or lead to injuries. No employee is required to work
at a job known to be unsafe or dangerous to their health. Your cooperation in detecting hazards,
reporting dangerous conditions and controlling workplace hazards is a condition of employment.
Inform your supervisor immediately of any situation beyond your ability or authority to correct.
Employees will not be disciplined or suffer any retaliation for reporting a safety violation in good
faith. 

Safety First Priority 
The  personal  safety  and  health  of  each  employee  is  of  primary  importance.  Prevention  of
occupationally-induced  injuries  and  illnesses  is  of  such  consequence  that  it  will  be  given
precedence  over  operating  productivity.  To  the  greatest  degree  possible,  management  will
provide all mechanical and physical protection required for personal safety and health, but our
employees  must  bear  primary  responsibility  for  working  safely.  A  little  common  sense  and
caution can prevent most accidents from occurring. 

Individual Cooperation Necessary 
BIC Switchgear Services,  Inc.  maintains a safety and health program conforming to the best
practices of our field. To be successful, such a program must embody proper attitudes towards
injury and illness prevention on the part of supervisors and employees. It requires the cooperation
in  all  safety  and  health  matters,  not  only  of  the  employer  and  employee,  but  between  the
employee and all co-workers. Only through such a cooperative effort can a safety program in the
best interest of all be established and preserved. Safety is no accident; think safety and the job
will be safer. 

Safety Program Goals 
The objective of BIC Switchgear Services, Inc. is a safety and health program that will reduce the
number  of  injuries  and  illnesses  to  an  absolute  minimum,  not  merely  in  keeping  with,  but
surpassing the best experience of similar operations by others. Our goal is zero accidents and
injuries. 



Safety Policy Statement 
It is the policy of BIC Switchgear Services, Inc. that accident prevention shall be considered of
primary  importance  in  all  phases  of  operation  and administration.  It  is  the  intention  of  BIC
Switchgear Services, Inc.'s management to provide safe and healthy working conditions and to
establish and insist upon safe practices at all times by all employees. The prevention of accidents
is an objective affecting all  levels of our company and its operations. It is,  therefore, a basic
requirement that each supervisor make the safety of all employees an integral part of his or her
regular management function. 

It is equally the duty of each employee to accept and follow established safety regulations and
procedures. Every effort will be made to provide adequate training to employees. However, if an
employee is ever in doubt about how to do a job or task safely, it is his or her duty to ask a
qualified  person  for  assistance.  Employees  are  expected  to  assist  management  in  accident
prevention activities.  Unsafe conditions must  be reported immediately.  Fellow employees  that
need help should be assisted. Everyone is responsible for the housekeeping duties that pertain to
their jobs. Every injury that occurs on the job, even a slight cut or strain, must be reported to
management and/or the Responsible Safety Officer as soon as possible. Under no circumstances,
except emergency trips to the hospital, should an employee leave the work site without reporting
an injury. When you have an accident, everyone is hurt. Please work safely. Safety is everyone's
business. 

Safety Rules for All Employees 
It is the policy of BIC Switchgear Services, Inc. that everything possible will be done to protect
you from accidents, injuries and/or occupational disease while on the job. Safety is a cooperative
undertaking requiring an ever-present safety consciousness on the part of every employee. If an
employee is injured, positive action must be taken promptly to see that the employee receives
adequate treatment. No one likes to see a fellow employee injured by an accident. Therefore, all
operations must be planned to prevent accidents. 

To carry out this policy, the following rules will apply: 

1)1) All employees shall follow the safe practices and rules contained in this manual and such 
other rules and practices communicated on the job. 

2)2) All employees shall report all unsafe conditions or practices to the proper authority, including
the supervision on the project, and, if corrective action is not taken immediately, a 
governmental authority with proper jurisdiction over such practices. 

3)3) The RSO shall be responsible for implementing these policies by insisting that employees 
observe and obey all rules and regulations necessary to maintain a safe work place and safe 
work habits and practices. 

4)4) Good housekeeping must be practiced at all times in the work area. Clean up all waste and 
eliminate any dangers in the work area. 

5)5) Suitable clothing and footwear must be worn at all times. Personal protection equipment 
(hardhats, respirators, eye protection) will be worn whenever needed. 

6)6) All employees will participate in a safety meeting conducted by their supervisor once every 
ten working days. 

7)7) Anyone under the influence of intoxicating liquor or drugs, including prescription drugs 
which might impair motor skills and judgment, shall not be allowed on the job. 

8)8) Horseplay, scuffling, and other acts which tend to have an adverse influence on safety or 
well-being of other employees are prohibited. 



9)9) Work shall be well planned and supervised to avoid injuries in the handling of heavy 
materials and while using equipment. 

10)10) No one shall be permitted to work while the employee's ability or alertness is so impaired 
by fatigue, illness, or other causes that it might expose the employee or others to injury. 

11)11) There will be no consumption of liquor or beer on the job. 

12)12) Employees should be alert to see that all guards and other protective devices are in proper 
places and adjusted, and shall report deficiencies promptly to the RSO. 

13)13) Employees shall not handle or tamper with any electrical equipment, machinery, or air or 
water lines in a manner not within the scope of their duties, unless they have received specific
instructions. 

14)14)All injuries should be reported to the RSO so that arrangements can be made for medical or 
first aid treatment. 

15)15) When lifting heavy objects, use the large muscles of the leg instead of the smaller muscles of 
the back. 

16)16) Do not throw things, especially material and equipment. Dispose of all waste properly and 
carefully. Bend all exposed nails so they do not hurt anyone removing the waste. 

17)17) Do not wear shoes with thin or torn soles. 

Responsible Safety Officer 
The  identity  of  the  person  who  is  responsible  for  the  BIC Switchgear  Services,  Inc.  safety
program is Mark A. Wood. This person must be someone of sufficient authority to implement the
program. In addition to other titles, this person is called the Responsible Safety Officer. 

Designated 
In accordance with BIC Switchgear Services, Inc.'s safety and injury prevention program, Mark
A.  Wood has  been designated  as  the  Responsible  Safety Officer,  and  has  responsibility  and
authority to do the following in the name of BIC Switchgear Services, Inc.: 

1) Develop and implement rules of safe practices for each function within the company. 

2) Develop and implement safe operating rules for use of electrical and mechanical equipment
consistent with manufacturer's recommendations and specifications. 

3) Develop and implement a system to encourage employees to report unsafe conditions 
immediately. 

4) Conduct a thorough investigation of each accident, whether or not it results in an injury, to 
determine the cause of the accident and to prevent recurrence. In cases of a known injury 
accident, the investigation shall proceed only after consultation with BIC Switchgear 
Services, Inc. attorneys, who shall direct the investigation (the product of which investigation
shall be considered the work product of the attorney). 

5) Instruct supervisors in safety responsibilities. 

6) Develop and implement a program of employee safety education. 

7) Conduct scheduled and unscheduled inspections to identify and correct unsafe working 
conditions. Special attention shall be given to notice of serious concealed dangers. 

8) Maintain records of training, periodic inspections, corrective actions and investigations as 
required by law. The Responsible Safety Officer for BIC Switchgear Services, Inc. is Mark 
A. Wood. BIC Switchgear Services, Inc. will inform every person of the name of the 



Responsible Safety Officer and post his or her name and telephone/office number on the 
bulletin board where all other safety information is routinely maintained. 

Duties 
Overall responsibility and authority for implementing the injury and illness prevention program is
vested  in  Mark  A.  Wood,  the  Responsible  Safety  Officer.  Management  fully  supports  the
Responsible Safety Officer. As part of the job, the Responsible Safety Officer will supplement
this  written  injury and illness  prevention  program by:  establishing  workplace  objectives  and
safety recognition programs; working with all government officials in both accident investigation
and safety inspection procedures; maintaining safety and individual training records; encouraging
reporting of unsafe conditions and promoting a safe workplace. Some of these responsibilities
will be delegated to your immediate supervisor for implementation. 

Employee Compliance 
This written plan contains incentives designed to promote employee participation in the safety
program.  These incentives are not part  of  your  regular compensation and are not intended to
discourage you from reporting accidents. 

Agreement to Participate 
Every employer is required to provide a safe and healthful workplace. BIC Switchgear Services,
Inc. is committed to fulfilling this requirement.  A safe and healthful workplace is one of the
highest priorities of BIC Switchgear Services, Inc.. The information in this manual constitutes a
written  injury  and  illness  prevention  program.  While  BIC  Switchgear  Services,  Inc.  cannot
anticipate every workplace hazard, the following general principals should guide your conduct.
To be safe, you must never stop being safety conscious. Study the guidelines contained in this
manual. Discuss the workplace situation with the RSO. Attend all company sponsored training
and safety meetings. Read all posters and warnings. Listen to instructions carefully. Follow the
Code of Safe Work Place Practices contained herein. Participate in accident investigations as
requested. Accept responsibility for the safety of others. Maintain all required documentation. By
signing the acknowledgement at the end of this handbook, each employee promises to read and
implement this injury and illness prevention program. If you don't understand any policy, please
ask your supervisor. 

Accident Free Workplace 
To help us all meet our goal of an accident free workplace, we have instituted a contest: we will
offer a prize for each month in which there is not a single time-loss accident at work. The prize
will be awarded at random. Each month, the prize will be announced in advance. All employees
who worked more than 1 hour in the month are eligible. Failure to report an industrial injury will
suspend the prize for two months. 

Employee Safety Suggestion Box 
From  time  to  time,  BIC  Switchgear  Services,  Inc.  will  award  a  prize  for  the  best  safety
suggestion. To be eligible, please give your written safety suggestions to your supervisor during
the safety meetings. All these safety suggestions will be discussed at the meeting. The supervisor
whose  employee  wins  the  best  safety suggestion  will  also  be  given  a  prize.  The  group that
consistently has the best safety suggestions will also be recognized. Management is the sole judge
of  the  value  of  safety suggestions,  and  will  implement  as  many of  the  good suggestions  as
possible. 



Training 
Employee  safety training is  another requirement  of an effective injury and illness prevention
program.  While  BIC  Switchgear  Services,  Inc.  believes  in  skills  training,  we  also  want  to
emphasize safety training. All employees should start the safety training by reading this manual
and discussing any problems or safety concerns with your direct supervisor. You may wish to
make notes in the margins of this manual where it applies to your work.  

Safety & Health Training 
Training is one of the most  important elements of any injury and illness prevention program.
Such training is designed to enable employees to learn their jobs properly, bring new ideas to the
workplace, reinforce existing safety policies and put the injury and illness prevention program
into action. Training is required for both supervision and employees alike. The content of each
training session will vary, but each session will attempt to teach the following: 

a) The success of BIC Switchgear Services, Inc.’s injury and illness prevention program depends
on the actions of individual employees as well as a commitment by the Company. 

b) Each employee's immediate supervisor will review the safe work procedures unique to that
employee's job, and how these safe work procedures protect against risk and danger. 

c) Each employee will learn when personal protective equipment is required or necessary, and
how to use and maintain the equipment in good condition. 

d)  Each employee  will  learn what  to  do in  case  of  emergencies occurring in  the  workplace.
Supervisors are also vested with special duties concerning the safety of employees. 

The supervisors are key figures in the establishment and success of BIC Switchgear Services,
Inc.'s  injury  and  illness  prevention  program.  They  have  primary  responsibility  for  actually
implementing the injury and illness prevention program, especially as it relates directly to the
workplace. Supervisors are responsible for being familiar with safety and health hazards to which
employees are exposed, how to recognize them, the potential effects of these hazards, and rules
and procedures for maintaining a safe workplace. Supervisors shall convey this information to the
employees  at  the  workplace,  and  shall  investigate  accidents  according  to  the  accident
investigation policies contained in this manual. 

Periodic Safety Training Meetings 
BIC Switchgear Services, Inc. has safety meetings every 3 months. The purpose of the meeting is
to convey safety information and answer employee questions. The format of most meetings will
be to review, in language understandable to every employee, the content of the injury prevention
program, special work site hazards, serious concealed dangers, and material safety data sheets.
Each week, the RSO will review a portion of the company's safe work practices contained in this
booklet, or other safety related information. Whenever a new practice or procedure is introduced
into the workplace, it  will  be thoroughly reviewed for safety.  A sign-up sheet will  be passed
around each meeting, and notes of the meeting will be distributed afterwards. A copy of the notes
will also be placed in the file of each employee who attends the meeting. Employee attendance is
mandatory and is compensable unless part of an official state approved training program or pre-
employment requirement. 

Employee Responsibility for Training 
Teaching safety is a two-way street. BIC Switchgear Services, Inc. can preach safety, but only
employees can practice safety. Safety education requires employee participation. Every 3 months,
a  meeting  of  all  employees  will  be  conducted  for  the  purpose  of  safety  instruction.  The



employees will discuss the application of the Company's injury and illness prevention program to
actual  job assignments.  They will  also read and discuss  a  section of  the  manual  and review
application of general safety rules to specific situations. Remember, the following general rules
apply in all situations: 

a) No employee should undertake a job that appears to be unsafe. 

b)  No  employee  is  expected  to  undertake  a  job  until  he/she  has  received  adequate  safety
instructions, and is authorized to perform the task. 

c)  No employee  should use chemicals  without  fully understanding their  toxic  properties  and
without the knowledge required to work with these chemicals safely. 

d) Mechanical safeguards must be kept in place. 

e) Employees must report any unsafe conditions to the job site supervisor and the Responsible
Safety Officer. 

f) Any work-related injury or illness must be reported to management at once. 

g) Personal protective equipment must be used when and where required. All such equipment
must be properly maintained. 

Communication 
Employers should communicate to employees their commitment to safety and to make sure that
employees are familiar with the elements of the safety program. BIC Switchgear Services, Inc.
communicates  with its  employees  orally,  in the form of  directions and statements  from your
supervisor,  written,  in  the  form of directives  and this  manual,  and by example.  If  you  see a
supervisor or management do something unsafe, please tell  that person. We sometimes forget
actions speak louder than words. 

Accident Prevention Policy Posting 
Each employee has a personal responsibility to prevent accidents. You have a responsibility to
your family, to your fellow workers and to the Company. You will be expected to observe safe
practice  rules  and  instructions  relating  to  the  efficient  handling  of  your  work.  Your
responsibilities include the following: 

 Incorporate safety into every job procedure. No job is done efficiently unless it has been done
safely. 

 Know and obey safe practice rules. 

 Know that disciplinary action may result from a violation of the safety rules. 

 Report all injuries immediately, no matter how slight the injury may be. 

 Caution fellow workers when they perform unsafe acts. 

 Don't take chances. 

 Ask questions when there is any doubt concerning safety. 

 Don't tamper with anything you do not understand. 

 Report all unsafe conditions or equipment to your supervisor immediately. 

Accident Prevention Policy Posting 
A copy of  this  manual  will  be  posted  in  the  work area.  It  is  the  policy of  BIC Switchgear



Services, Inc. to provide a safe and clean workplace and to maintain sound operating practices.
Concentrated efforts  shall  produce safe working conditions and result  in efficient,  productive
operations. Safeguarding the health and welfare of our employees cannot be stressed too strongly.
Accident prevention is the responsibility of all of us. Department heads and supervisors at all
levels shall  be responsible for continuous efforts directed toward the prevention of accidents.
Employees are responsible for performing their jobs in a safe manner. The observance of safe and
clean work practices, coupled with ongoing compliance of all established safety standards and
codes, will reduce accidents and make our Company a better place to work. 

Safety Meetings
BIC Switchgear Services, Inc. has safety meetings every 3 months. The purpose of the meeting is
to convey safety information and answer employee questions. The format of most meetings will
be to review, in language understandable to every employee, the content of the injury prevention
program, special work site hazards, serious concealed dangers, and material safety data sheets.
Each week, the RSO will review a portion of the company's safe work practices contained in this
booklet, or other safety related information essential to accomplish the goals of the program. BIC
Switchgear Services, Inc. requires all its employees to accept responsibility for their own safety,
as well as that of others in the workplace. It is your responsibility to read this manual and to
become familiar with the Code of Safe Work Practices and Specific Safety Rules contained in
this manual, as well as any posted government Safety Orders. 

Hazard Identification & Abatement 
This  written safety and health  plan  sets  out  a  system for  identifying  workplace  hazards  and
correcting them in a timely fashion. Please review it carefully with your supervisor. Remember,
safety is everyone's responsibility. 

Safety Audits 
The  best  method  to  establish  a  safer  workplace  is  to  study  past  accidents  and  worker
compensation complaints. By focusing on past injuries, BIC Switchgear Services, Inc. hopes to
avoid similar problems in the future. Therefore, whenever there is an accident, and in many cases
upon review of past accidents, you may be requested to participate in a safety audit interview.
During  the  interview,  there  will  be  questions  about  the  nature  of  the  investigation  and  the
workplace safety related to the incident. Please answer these questions honestly and completely.
Also,  please  volunteer  any personal  observations  and/or  suggestions  for  improved workplace
safety. Based upon the study of past accidents and industry recommendations, a safety training
program has been implemented. In addition to other preventative practices, there will be a group
discussion of the cause of the accident and methods to avoid the type of accidents and injury
situations experienced in the past.  Work rules will  be reviewed and modified based upon the
study of  these  accidents.  In  addition  to  historical  information,  workplace  safety  depends  on
workplace observation. 

Your supervisor is responsible for inspecting your working area daily before and while you are
working, but this does not mean you are no longer responsible for inspecting the workplace also.
Each day, before you begin work, you must inspect the area for any dangerous conditions. Inform
your supervisor of anything significant, so other employees and guests are advised. You may also
be  given  written  communications  regarding  unsafe  conditions  or  serious  concealed  dangers.
Review this communication carefully and adjust your workplace behavior to avoid any danger or
hazards. If you are unclear or unsure of the significance of this written communication, contact
your supervisor and review your planned actions before starting to work. It is better to wait and
check, then to go ahead and possibly cause an injury to yourself  and others.  Managers must



provide written notice to employees of any serious concealed dangers of which they have actual
knowledge. In addition to providing written notice of all serious concealed dangers to employees
managers are required to report  serious concealed dangers to either OSHA or an appropriate
administrative agency within fifteen days, or immediately if such danger would cause imminent
harm, unless the danger is abated. Merely identifying the problem is not sufficient. The danger
must be reported to the appropriate supervisor and the Responsible Safety Officer, who then will
correct the problem.  If the danger cannot be corrected, then all employees will be warned to take
protective action so that the danger will not result in any injuries. 

Workplace Inspections 
In addition to the examination of records, work place safety inspections will occur periodically
every 3 months, when conditions change, or when a new process or procedure is implemented.
During these inspections, there will be a review of the injury and illness prevention policy and
BIC Switchgear Services, Inc. code of safe work practices. 

Accident Investigation 
A primary  tool  used  by  BIC Switchgear  Services,  Inc.  to  identify the  areas  responsible  for
accidents  is  a  thorough  and  properly  completed  accident  investigation.  The  results  of  each
investigation  will  be  reduced  to  writing  and submitted  for  review by management  and  BIC
Switchgear Services, Inc.'s insurance risk management advisors, and, if the accident resulted in
serious injury, to Company attorneys. If the accident resulted in serious injury, the procedure will
be  directed  by  the  attorneys  to  provide  the  most  reliable  evidence  or  description  legally
permissible. All investigations pursuant to the directions of legal counsel will be protected by all
applicable  privileges,  if  any.  The  attorney will  provide  more  detail  on  this  topic  during  the
investigation. 

Every job location will  have on site at least one camera, preferably either a video or a sixty
second  type,  with  enough  film  to  take  pictures  immediately  after  any  occurrence.  Some
workplaces  will  have  a  video  camera.  A written  report  should  be  prepared  from notes  and
diagrams  made  at  the  scene,  or  a  portable  tape/voice  recorder  will  be  used  to  record  direct
eyewitness statements as near to the actual time of observation as possible. All statements should
include the time and date given, and the town or county where the statement was made. It the
statement is intended to be used in court proceedings, a suitable jurat is required, otherwise, a
simple statement that the description is sworn to be true under penalty of perjury with the date,
place and time should be included. All pictures should be similarly identified. Let people know
on tape that they are being recorded. Also, make sure that the names and addresses and day and
evening phone numbers of all eye witnesses are noted or recorded. If a formal police report or
other official  investigation is  conducted by any government  agency,  get  the name and badge
number of the official, or a business card, and find out when a copy of the official report will be
available to the public. If you are requested to make a statement, you have the right to have the
Company lawyer attend your statement at no cost to you. 

A satisfactory accident report will answer the following questions: 
9) What happened? The investigation report should begin by describing the accident, the 

injury sustained, the eyewitnesses, the date, time and location of the incident and the date and
time of the report. Remember: who, what, when, where and how are the questions that the 
report must answer. 

10) Why did the accident occur? The ultimate cause of the accident 
may not be known for several days after all the data are analyzed. However, if an obvious 



cause suggests itself, include your conclusions as a hypothesis at the time you give your 
information to the person in charge of the investigation. 

11) What should be done? Once a report determines the cause of the 
accident, it should suggest a method for avoiding future accidents of a similar character. This 
is a decision by the Responsible Safety Officer and the supervisor on the project, as well as 
top management. Once a solution has been adopted, it is everyone's responsibility to 
implement it. 

12) What has been done? A follow up report will be issued after a 
reasonable amount of time to determine if the suggested solution was implemented, and if so,
whether the likelihood of accident has been reduced. 

Records 
BIC Switchgear Services, Inc. maintains records of employee training, hazard identification and
abatement, and accident investigation. 

OSHA Records Required 
Copies of required accident investigations and certification of employee safety training shall be
maintained  by the  Responsible  Safety Officer.  A  written  report  will  be  maintained  on  each
accident, injury or on-the-job illness requiring medical treatment. A record of each such injury or
illness is recorded on OSHA Log and Summary of Occupational Injuries Form 200 according to
its  instructions.  Supplemental  records  of  each injury are  maintained on OSHA Form 101,  or
Employers Report of Injury or Illness Form 5020. Every year, a summary of all reported injuries
or illnesses is posted no later than February 1, for one month, until March 1, on OSHA Form 200.
These records are maintained for five years from the date of preparation. 

General Statement on Safety 
BIC Switchgear  Services,  Inc.  strives  to  maintain  a  safe  place  to  work  and to  employ  safe
workers.  It  is  your  responsibility  to  conduct  your  work  in  a  safe,  responsible  manner.
Immediately report all accidents occurring on Company premises to your supervisor. 

General Statement on Safety 
Each employee has an individual responsibility to prevent accidents. It is to the benefit of all
employees  and BIC Switchgear  Services,  Inc.  that  you  report  any situation or condition you
believe may present a safety hazard, including any known or concealed dangers in your work
area.  BIC  Switchgear  Services,  Inc.  encourages  you  to  report  your  concern  either  to  your
immediate  supervisor  or  to  a  member  of  the  Safety  Committee.  The  supervisor  or  Safety
Committee will take immediate action to investigate the matter. 

Safety Equipment 
Proper  safety  equipment  is  necessary  for  your  protection.  The  Company  provides  the  best
protective equipment it is possible to obtain. Use all safeguards, safety appliances, or devices
furnished for your protection and comply with all regulations that may concern or affect your
safety.  Wear your gear properly -- all snaps and straps fastened, cuffs not cut or rolled. Your
supervisor will advise you as to what protective equipment is required for your job. Certain jobs
require standard safety apparel and appliances for the protection of the employee. 

Your supervisor is aware of the requirements and will furnish you with the necessary approved
protective appliances. These items shall  be worn and effectively maintained as a condition of
your continued employment and part of our mutual obligation to comply with the Occupational



Safety and Health Act. Safety goggles, glasses and face shields shall correspond to the degree of
hazard, i.e., chemical splashes, welding flashes, impact hazard, dust, etc. Do not alter or replace
an  approved  appliance  without  permission  from your  supervisor.  Rubber  gloves  and  rubber
aprons shall be worn when working with acids, caustics or other corrosive materials. Specified
footwear must be worn. No jewelry shall be worn around power equipment. Hearing protection
appliances (approved muffs or plugs) shall be worn by all employees working within any area
identified as having excess noise levels. Your supervisor will instruct you in the proper use of the
appliance. 

Protective Clothing 
Proper  safety  equipment  is  necessary  for  your  protection.  The  Company  provides  the  best
protective equipment it is possible to obtain. Use all safeguards, safety appliances, or devices
furnished for your protection and carry out all regulations that may concern or affect your safety.
Wear your gear properly - all snaps and traps fastened, cuffs not cut or rolled. Your supervisor
will advise you as to what protective equipment is required for your job. 

Smoking & Fire Safety 
Fire is one of the worst enemies of any facility. Learn the location of the fire extinguishers. Learn
how to use them. You can help prevent fires by observing the smoking rules: 

 Smoking is not allowed on the site, except in designated areas. 

 Smoking is not permitted in rest rooms. 

 If you are not sure about where you may smoke, ask the supervisor. 

Reporting
All  serious  accidents  must  be reported to  OSHA.  In cases  of hospitalization or  death,  a full
investigation with copies to governmental authorities will be required. In less serious cases, the
investigation report must be presented to the company for disclosure to its insurance carrier and
for remedial action at the work site. 



General Code of Safe Work PracticesGeneral Code of Safe Work Practices

General Fire Safety 
Our local fire department is well acquainted with our facility, its location and specific hazards.
All  fire  doors  and shutters  must  be  maintained  in  good operating  condition.  Fire  doors  and
shutters  should  be  unobstructed  and  protected  against  obstructions,  including  their
counterweights. Fire door and shutter fusible links must be in place. All automatic sprinkler water
control valves, if any, air and water pressures should be checked routinely. The maintenance of
automatic sprinkler systems is assigned to the Responsible Safety Officer. Sprinkler heads should
be protected by metal guards if they could possibly be exposed to damage. Proper clearance must
be maintained below sprinkler heads. Portable fire extinguishers are provided in adequate number
and  type  and  are  located  throughout  the  facility.  Fire  extinguishers  are  mounted  in  readily
accessible locations. Fire extinguishers are recharged regularly and the date of last inspection
noted on their tags. All employees are periodically instructed in the use of extinguishers and fire
protection procedures. Notify the Responsible Safety Officer of any damage to fire protection
equipment. 

Cold
Prolonged exposure to freezing or cold temperatures can result in serious health problems such as
trench  foot,  frostbite  and  hypothermia.  In  extreme  cases,  including  cold  water  immersion,
exposure can result in death. Danger signs include uncontrolled shivering, slurred speech, clumsy
movements, fatigue and confused behavior. If these signs are observed, call for emergency help.

Some tips:

 Recognize environmental and workplace conditions that can be dangerous. 

 Learn the signs and symptoms of cold-induced illnesses/injuries and what to do to for yourself
and others. 

 Wear proper clothing for cold, wet and windy conditions including layers so you can adjust to 
changing conditions. 

 Be sure to take frequent short breaks in warm dry shelters to allow the body to warm up. 

 Try to schedule work for the warmest part of the day. 

 Avoid exhaustion or fatigue because energy is needed to keep muscles warm. 

 Use the buddy system—work in pairs so that one worker can recognize danger signs. 

 Drink warm, sweet beverages (sugar water, sports-type drinks) and avoid drinks with caffeine
(coffee, tea, sodas or hot chocolate) or alcohol. 

 Eat warm, high-calorie foods such as hot pasta dishes. 

 Remember, you face increased risks when you take certain medications, are in poor physical 
condition or suffer from illnesses such as diabetes, hypertension or cardiovascular disease. 

Powder Actuated Tools 



The employees using powder-actuated tools must be properly trained and will be issued a card as
proof of that training. Some of the powder-actuated tools being used have written approval of the
Division of Occupational Safety and Health. Check to see which tools require a certification and
which certificates have been issued. Each powder-actuated tool should be stored in its own locked
container when not being used. Signs measuring at least 7” x 10” and in bold face typed reading
“POWDER-ACTUATED TOOL IN USE” must be placed conspicuously when the tool is being
used. All powder-actuated tools must be left unloaded until they are actually ready to be used.
Each day before using, each powder-actuated tool must be inspected for obstructions or defects.
The  powder-actuated  tool  operators  must  have  and must  use  appropriate  personal  protective
equipment such as hard hats, safety goggles, safety shoes and ear protectors whenever they are
using these machines. 

Machine Guarding 
Before operating any machine, every employee must have completed a training program on safe
methods of machine operations. It is the primary purpose of supervision to ensure that employees
are  following safe  machine  operating  procedures.  There  will  be  a  regular  program of  safety
inspection of machinery and equipment. All machinery and equipment must be kept clean and
properly maintained. There must be sufficient clearance provided around and between machines
to allow for safe operations, set up, servicing, material handling and waste removal. 

All  equipment  and  machinery  should  be  securely  placed,  and  anchored  when  necessary,  to
prevent  tipping  or  other  movement  that  could  result  in  personal  injury.  Most  of  the  time,
machinery should be bolted to the floor to prevent falling during an earthquake, and the electrical
cord to the machinery fixed with a breaker or other shut-off device to stop power in case of
machine movement. There must be a power shut-off switch within reach of the operator's position
at  each machine.  Electrical  power  to each machine  shall  be capable of  being locked out  for
maintenance,  repair  or  security.  The non-current  carrying  metal  parts  of  electrically operated
machines must be bonded and grounded. The foot-operated switches are guarded and/or arranged
to prevent accidental actuation by personnel or falling objects. All manually operated valves and
switches controlling the operation of equipment  and machines  must  be clearly identified and
readily accessible. 

All EMERGENCY stop buttons are colored RED. All the pulleys and belts which are within 7
feet of the floor or working level are properly guarded. All moving chains and gears must be
properly guarded. All splash guards mounted on machines that use coolant must be positioned to
prevent coolant from splashing the employees. The supervisor will instruct every employee in the
work area on the methods provided to protect the operator and other employees in the machine
area from hazards created by the operation of a machine, such as nip points, rotating parts, flying
chips and sparks. The machinery guards must be secure and arranged so they do not present a
hazard. All special hand tools used for placing and removing material must protect the operator's
hands. All revolving drums, barrels and containers should be guarded by an enclosure that is
interlocked with the drive mechanisms, so that revolution cannot occur unless the guard enclosure
is in place. All arbors and mandrels must have firm and secure bearings and be free of play. 

A protective mechanism has been installed to prevent machines from automatically starting when
power is restored after a power failure or shutdown. Machines should be constructed so as to be
free  from  excessive  vibration  when  the  size  tool  is  mounted  and  run  at  full  speed.  If  the
machinery is  cleaned with  compressed  air,  the  air  must  be  pressure  controlled  and personal
protective equipment or other safeguards used to protect operators and other workers from eye
and bodily injury. All fan blades should be protected by a guard having openings no larger than
1/2 inch when operating within 7 feet of the floor. Saws used for ripping equipment must be
installed with anti-kickback devices and spreaders. All radial arm saws must be arranged so that



the cutting head will gently return to the back of the table when released. 

Lock-out / Block-out Procedures
All  machinery  or  equipment  capable  of  movement  must  be  de-energized  or  disengaged  and
blocked or locked out during cleaning, servicing, adjusting or setting up operations, whenever
required. The locking out of the control circuits in lieu of locking out main power disconnects is
prohibited. All equipment control valve handles must be provided with a means for locking out.
The lock-out procedure requires that stored energy (i.e. mechanical, hydraulic, air) be released or
blocked before equipment is locked out for repairs. Appropriate employees  are provided with
individually keyed personal safety locks. Employees are required to keep personal control of their
key(s) while they have safety locks in use. Employees must check the safety of the lockout by
attempting a start up after making sure no one is exposed. Where the power disconnector does not
also  disconnect  the  electrical  control  circuit,  the  appropriate  electrical  enclosures  must  be
identified. The control circuit can also be disconnected and locked out.

Welding, Cutting & Brazing
Only  authorized  and  trained  personnel  are  permitted  to  use  welding,  cutting  or  brazing
equipment.  All  operators  must  have a  copy of  the  appropriate  operating instructions  and are
directed to follow them. Compressed gas cylinders should be regularly examined for obvious
signs of  defects,  deep rusting,  or  leakage.  Use care in  handling and storing cylinders,  safety
valves, relief valves and the like, to prevent damage. Precaution must be taken to prevent mixture
of air or oxygen with flammable gases, except at a burner or in a standard torch. Only approved
apparatus (torches, regulators, pressure-reducing valves, acetylene generators, manifolds) may be
used. Cylinders must be kept away from sources of heat. It is prohibited to use cylinders as rollers
or  supports.  Empty  cylinders  must  be  appropriately  marked,  their  valves  closed  and  valve-
protection caps on. 

Signs  reading:  “DANGER-NO SMOKING,  MATCHES,  OR OPEN LIGHTS,”  or  equivalent
must be posted. Cylinders, cylinder valves, couplings, regulators, hoses and apparatus must be
kept free of oily or greasy substances. Care must be taken not to drop or strike cylinders. Unless
secured on special trucks, all regulators must be removed and valve-protection caps put in place
before moving cylinders. All cylinders without fixed hand wheels must have keys, handles, or
non-adjustable wrenches on stem valves when in service. 

Liquefied gases must be stored and shipped valve-end up with valve covers in place. Before a
regulator is removed, the valve must be closed and gas released from the regulator. All employees
are instructed never to crack a fuel-gas cylinder valve near sources of ignition. Red is used to
identify the acetylene (and other fuel-gas) hose, green for oxygen hose, and black for inert gas
and air hose. All pressure-reducing regulators must be used only for the gas and pressures for
which they are intended. 

Arc Welders
The open circuit  (No Load) voltage of arc welding and cutting machines  must  be as low as
possible and not in excess of the recommended limits. Under wet conditions, automatic controls
for reducing no-load voltage must be used. Grounding of the machine frame and safety ground
connections of portable machines  must  be checked periodically.  Electrodes must  be removed
from the holders when not in use. All electric power to the welder must be shut off when no one
is  in  attendance.  Suitable  fire  extinguishing  equipment  must  be  available  for  immediate  use
before starting to ignite the welding torch. The welder is strictly forbidden to coil or loop welding
electrode cable around his/her body.  All wet welding machines must be thoroughly dried and
tested before being used. All work and electrode lead cables must be frequently inspected for



wear and damage, and replaced when needed. All connecting cable lengths must have adequate
insulation. 

When the object to be welded cannot be moved and fire hazards cannot be removed, shields must
be used to confine heat, sparks and slag. Fire watchers will be assigned when welding or cutting
is performed in locations where a serious fire might develop. All combustible floors must be kept
wet, covered by damp sand, or protected by fire-resistant shields. When floors are wet down,
personnel should be protected from possible electrical shock. When welding is done on metal
walls, precautions must be taken to protect combustibles on the other side. Before hot work is
begun, used drums, barrels, tanks and other containers must be so thoroughly cleaned that no
substances  remain  that  could explode,  ignite  or  produce toxic  vapors.  It  is  required that  eye
protection helmets, hand shields and goggles meet appropriate standards. Employees exposed to
the hazards created by welding, cutting or brazing operations must be protected with personal
protective equipment and clothing. Check for adequate ventilation where welding or cutting is
performed. When working in confined spaces, environmental monitoring tests should be taken
and means provided for quick removal of welders in case of emergency. 

Compressors & Compressed Air   
All  compressors  must  be  equipped  with  pressure  relief  valves  and  pressure  gauges.  All
compressor air intakes must be installed and equipped to ensure that only clean, uncontaminated
air enters the compressor. Every air receiver must be provided with a drain pipe and valve at the
lowest point for the removal of accumulated oil and water. Compressed air receivers must be
periodically drained of moisture and oil. All safety valves shall be tested frequently and at regular
intervals to determine whether they are in good operating condition. A current operating permit
issued by the Division of Occupational Safety and Health shall be maintained. The inlet of air
receivers and piping systems must be kept free of accumulated oil and carbonaceous materials. 

Compressed Gas & Cylinders    
Cylinders  with  a  water  weight  capacity  over  30  pounds  must  be  equipped  with  means  for
connecting a valve protector device, or with a collar or recess to protect the valve. Cylinders must
be legibly marked to identify clearly the gas contained.  Compressed gas cylinders should be
stored only in areas which are protected from external heat sources such as flame impingement,
intense radiant heat,  electric arcs or high temperature lines. Cylinders must  not be located or
stored in areas where they will be damaged by passing or falling objects, or subject to tampering
by unauthorized persons. Cylinders must be stored or transported in a manner to prevent them
from creating a hazard by tipping, falling or rolling. All cylinders containing liquefied fuel gas
must be stored or transported in a position so that the safety relief device is always in direct
contact with the vapor space in the cylinder. Valve protectors must always be placed on cylinders
when the cylinders are not in use or connected for use. All valves must be closed off before a
cylinder is moved, when the cylinder is empty, and at the completion of each job. Low pressure
fuel-gas cylinders must be checked periodically for corrosion, general distortion, cracks, or any
other defect that might indicate a weakness or render them unfit for service. The periodic check
of low pressure fuel-gas cylinders includes a close inspection of the cylinder's bottom. 

Hoists & Auxiliary Equipment   
Every overhead electrical hoist shall be equipped with a limit device to stop the hook travel at its
highest and lowest points of safe travel. Check these limits without a load to ensure the device is
working correctly. Each hoist should automatically stop and hold any load up to 125 percent of its
rated load if its actuating force is removed. Check this periodically under controlled conditions.
Make sure that the rated load of each hoist is legibly marked and visible to the operator. Stops



should be provided at the safe limits of travel for trolley hoists. The controls of hoists should be
plainly marked to indicate direction of travel  or motion.  Every cage-controlled hoist must  be
equipped with an effective warning device. Close-fitting guards or other suitable devices should
be installed on hoists to assure hoist ropes will be maintained in the sheave grooves. All hoist
chains  or  ropes  must  be  of  sufficient  length  to  handle  the  full  range  of  movement  for  the
application, while maintaining two full wraps on the drum at all times. All nip points or contact
points between hoist ropes and sheaves which are permanently located within 7 feet of the floor,
ground or working platform must be guarded. It is prohibited to use chains or rope slings that are
kinked or twisted. The operator should avoid carrying loads over people. Only employees who
have been trained in the proper use of hoists are allowed to operate them. 

Industrial Trucks / Forklifts    
Only trained personnel should be allowed to operate industrial trucks. Lift Truck Operating rules
must be posted and will be strictly enforced. When operating any industrial truck, substantial
overhead protective equipment will be provided on high lift rider equipment. Directional lighting
is also provided on each industrial truck that operates in an area with less than 2 foot candles per
square foot of general lighting. Each industrial truck must have a warning horn, whistle, gong or
other device which can be clearly heard above the normal  noise in the area where operated.
Before using a forklift, check that the brakes on each industrial truck are capable of bringing the
vehicle to a complete and safe stop when fully loaded. The parking brake must effectively prevent
the  vehicle  from moving  when  unattended.  When  motorized  hand  and  hand/rider  truck  are
operated, and when the operator releases the steering mechanism, make sure that both the brakes
are applied and power to the motor shut off. Maintenance records are available so that a driver
can check on the servicing of the truck in case of questions. When an industrial truck operates in
areas where flammable gases, vapors, combustible dust, or ignitable fibers may be present in the
atmosphere, the vehicle must be approved for such locations with a tag showing such approval
posted  on  the  vehicle  itself.  Industrial  trucks  with  internal  combustion  engines,  operated  in
buildings  or  enclosed areas,  should be carefully checked to ensure  that  the  operation of  the
vehicle does not cause harmful concentration of dangerous gases or fumes. 

Spraying Operations      
In any spraying operation there should be adequate ventilation before starting any spraying job.
As to the conditions of the area where the spray job is to be done, consideration should be taken
before beginning work. If the area is enclosed, does it require mechanical ventilation? Before
working,  make  sure  that  the  area  is  free  of  combustible  materials,  and  that  there  are  "No
Smoking" signs adequately posted and easily seen. If mechanical ventilation is provided when
spraying in enclosed areas, air should not be recirculated so as to avoid contamination. There
should be adequate space and ventilation for all drying areas. Also in an enclosed area, spray
operations must  be at least 20 feet from flames, sparks, operating electrical motors and other
ignition sources. The spray area should be free of any hot surfaces.  

Any solvent used in the cleaning process should not have a flash point of 100 degrees or less. If
portable lamps are used to illuminate the spray areas they must be approved for the location and
must be suitable for use in a hazardous area. Approved respiratory equipment will be provided
and must be used when appropriate during spraying operations. If a sprinkler system is within the
confines of the spraying area operation, it should be in working order and will be inspected semi-
annually to make sure that it is in operating condition. 

If a spraying booth is used for the spraying operation, it must be made of metal, masonry or other
noncombustible material. Make sure that "NO SMOKING" signs are posted in spray areas, paint
rooms,  paint  booths and paint  storage areas.  The spray booth must  be completely ventilated.



Booth floors and baffles must  be easily cleaned and noncombustible. Ducts and access doors
must be easily cleaned. Lighting fixtures for both outside and inside the spray booth must  be
enclosed in clear  see-through sealed panels.  Electric  motors  for  exhaust  fans  must  be placed
outside the booth. Belts and pulleys must be completely enclosed. Drying apparatus should be
located in a well ventilated area in the booth and properly grounded. Infrared drying apparatus
must be kept out of the spray area during a spraying operation. 

Confined Spaces       
Before entry into a confined space, all impellers, agitators, or other moving equipment contained
in the confined space must  be locked-out.  Ventilation must  be either natural  or  mechanically
provided into the confined space. All hazardous or corrosive substances that contain inert, toxic,
flammable  or  corrosive  materials  must  be  valved  off,  blanked,  disconnected  and  separated.
Atmospheric  tests  should  be  performed  to  check  for  oxygen  content,  toxicity  and explosive
concentration. Atmospheric tests must be performed on a regular basis in a confined area where
entry is required. The area must also be checked for decaying vegetation or animal matter that
could produce methane. Adequate lighting must be provided within the space. If the confined area
is located below the ground or near where motor vehicles are operating, care must be taken that
vehicle exhaust or carbon monoxide does not enter the space. 

When personnel enter a confined area, assigned safety standby employees who are alert to the
work being done, are able to sound an alarm if necessary and to render assistance, must be in the
area.  These  standby  employees  must  be  trained  to  assist  in  handling  lifelines,  respiratory
equipment,  CPR,  first  aid,  and  be  able  to  employ  rescue  equipment  that  will  remove  the
individual from the confined area. Standby personnel should be in teams of two during such an
operation  or  else  within  the  vicinity  if  working  separately.  There  must  also  be  an  effective
communication system utilized while the operation is occurring. When equipment which utilizes
oxygen,  such  as  salamanders,  torches  or  furnaces,  is  used  in  a  confined  space,  adequate
ventilation must  be provided to guarantee oxygen content and combustion for the equipment.
When this equipment is used, adequate measures must be taken to assure that exhaust gases are
vented outside the enclosure. When gas welding or burning is used, hoses must be checked for
leaks. Compressed bottled gas must be outside the area and torches must be lit outside the area
also. The atmosphere must be tested each time before lighting a torch. 

Environmental Controls     
All employees  must  be aware of the hazards involved when working with chemicals and the
remedies  that  need  to  be  used  when  an  accident  does  occur.  A  training  program will  give
instructions on how to handle the chemical being used and first aid to be applied to victims of
chemical  exposure.  First  aid  and  caution  signs  will  be  conspicuously  posted  so  as  to  alert
individuals on a constant basis. Charts identifying the chemicals utilized in the workplace, their
symptoms and effects must also be posted. The workers must know what the acceptable level of
exposure  to  a  chemical  is  and  what  safety  systems  must  be  in  place  when  working  with  a
chemical. Staff should also be aware of new chemical products which may be available that are
less harmful, and they must ensure that facilities are adequately ventilated when using chemicals
on the premises. Spray painting operations done in spray rooms or booths must be equipped with
an appropriate exhaust system. Periodic inspections must be made of the booth and noted on an
inspection tag posted on the booth. 

If welding is done, the welder should be certified. In the area of operation where the welding is
taking place, the welder must be aware of ventilation available, the type of respirator that can be
used in the area, and if exposure time or other means will suffice as a safe and adequate measure
when  welding  as  to  the  fumes  that  will  be  emitted.  Welders  should  also  be  supplied  with



protective  clothing  and  a  flash  shield  during  welding  operations.  When  forklifts  and  other
vehicles are used in buildings or other enclosed areas,  carbon monoxide levels must  be kept
below maximum acceptable concentration. Noise levels also present a potential hazard. Noise
levels within a facility must be at acceptable levels and if not, steps must be taken to reduce the
level using recommended engineering controls. 

When fibrous materials such as asbestos are being handled, the necessary precautions must be
taken to protect the employee from the material. The material must be labeled, along with signs
conspicuously posted that these materials are being used in the area. Employees should be aware
of effective methods used to prevent emission of airborne asbestos fibers, silica dust and other
similar hazardous materials. Some of the recommended methods of controlling the emission of
these  materials  are  by  using  water  and  vacuuming,  rather  than  blowing  and  sweeping,  the
materials. Machinery such as grinders, saws and other tools that produce a fine airborne dust must
be vented  to  an industrial  collector  or  central  exhaust  system.  In any ventilation  system the
system  should  be  designed  and  operated  at  an  airflow  and  volume  necessary  for  proper
application and effectiveness. In the design of the ventilation system the ducts and belts must be
free of obstructions and slippage. 

As with all  operations,  there must  be written standards on the procedures for the equipment,
description of the job task, usage of the protective equipment provided, such as the selection and
use  of  respirators,  and  when  they  are  needed.  Any  water  that  is  provided  to  an  employee
throughout the facility should be clearly identified as to whether it is for drinking, washing or
cooking. All restrooms must be kept clean and sanitary. Employees should be screened before
taking positions that may expose them to hazards they are not physically capable of handling. 

An employee who takes an assignment which requires physical labor must be trained to lift heavy
loads  properly  so  as  not  to  damage  themselves  physically.  If  the  work  assignment  involves
dealing  with  equipment  that  produces  ultra-violet  radiation,  the  employee  must  be  properly
protected or given the correct protective clothing. An employee posted to an assignment on a
roadway where there is heavy traffic must  be given the designated protective clothing (bright
colored traffic orange warning vest) and safety training regarding the hazards of this job. 

Hazardous Chemical Exposures   
In any company which utilizes chemical substances, a training program on the handling, hazards,
storage, exposure risks, symptoms of chemical exposure, and first aid needs to be part of any new
employees training. There must also be follow-up training sessions as to any new chemical or
processes  that  may  be  initiated  by  the  company.  Follow-up  training  sessions  act  as  a
reinforcement of safety standards that need to be followed on a daily basis. In a training program,
employees  will  learn  acceptable  levels  of  chemical  exposure,  proper  storage and labeling of
chemicals, and usage of protective clothing and equipment for handling chemicals. They will also
learn about potential fire and toxicity hazards, when not to have a chemical in a confined area, or
to store in closed containers, usage of eye wash fountains and safety showers, and the necessary
posting of open, and dangerous areas. 

Airborne Contaminants 
It is important that an employee recognize the Threshold Limit Values or Permissible Exposure
Limits of airborne contaminants and physical agents in the workplace. A procedural manual or set
of  instructions  must  be  part  of  the  program,  with  periodic  inspections  that  clearly  indicate
whether an employee may be mishandling a chemical or endangering himself or others. Part of
the manual or procedures must establish a standard of when and how to deal with chemical spills,
neutralizing, and disposing of spills or overflows. These procedures must also be posted in an
area that is easily accessible for reference usage. 



First  Aid  training  and  equipment  will  be  routine  in  any  facility  where  chemicals  are  used.
Employees must know how to handle equipment in emergency situations, what equipment needs
to be used and whether the equipment is adequate for the situation. Respirators may be used
either as protective safety equipment or for emergency usage. Therefore, the employee should
recognize that  respirators  need to  be stored in  a  clean,  sanitary and convenient  location and
inspected on a regular basis. Also what respirators are approved by NIOSH for their particular
applications.  With  a  first  aid  program an  employee  will  recognize  when a  problem may  be
occurring by exposure to a chemical  ranging from headaches, nausea,  dermatitis  problems to
other factors of discomfort when they use solvents or chemicals. In the design of a facility that
transports chemicals from storage to vats, the content of pipes and storage containers must be
clearly marked. Within that facility design there must be an emergency shut off system in case of
accident. Each employee will be trained as to these emergency shut-off systems. 

Ventilation is another major factor in the design of any facility.  Whether by natural means or
mechanical, the system must be designed to control dust, fumes, solvents, gases, smoke or vapors
which  may be  generated  in  the  workplace.  It  is  also  important  that  a  medical  or  biological
monitoring system be in operation as part of the safety standards. If internal combustion engines
are used in the facility, or if there is a chance of leakage or mixture with a chemical that could
create a toxic gas, atmospheric gas levels must be monitored. If toxic chemicals are used and
stored in the facility they should be located in an isolated area to guarantee safety. 

Hazardous Substances Communication  
When hazardous substances are used in the workplace, a hazard communication program dealing
with Material Safety Data Sheets (MSDS), labeling and employee training will be in operation.
MSDS materials will be readily available for each hazardous substance used. A training program
plus regular question and answer sessions on dealing with hazardous materials will be given to
keep employees informed. The program will include an explanation of what an MSDS is and how
to use and obtain one;  MSDS contents  for  each hazardous substance or  class  of  substances;
explanation of the “Right to Know”; identification of where employees can see the employer's
written hazard communication program and where hazardous substances are present in their work
area; the health hazards of substances in the work area, how to detect their presence, and specific
protective measures to be used; as well as informing them of hazards of non-routine tasks and
unlabeled pipes. 

Electrical        
The workplace will be aware of the OSHA Electrical Safety Orders and will comply with the
same. Employees will  be required to report any hazard to life or property that is observed in
connection  with  a  job,  electrical  equipment  or  lines.  Employees  will  be  expected  to  make
preliminary inspections or appropriate tests to determine conditions before starting work. When
equipment or lines are to be serviced, maintained or adjusted, employees must be aware of open
switches.  Lockouts must  be tagged whenever  possible.  Equipment  such as electrical  tools or
appliance must be grounded or of the double insulated type. Extension cords being used must
have a grounding conductor. The workplace supervisor must be aware if multiple plug adaptors
are  prohibited.  If  ground-fault  circuit  interrupters  are  installed  on  each  temporary  15  or  20
ampere,  120  volt  AC  circuit  at  locations  where  construction,  demolition,  modifications,
alterations or excavations are being performed, temporary circuits must be protected by suitable
disconnecting switches or plug connectors with permanent wiring at the junction. 

Electricians must be aware of the following: 
Exposed wiring and cords with frayed or deteriorated insulation must be repaired or replaced.



Flexible cords and cables must be free of splices or taps. Clamps or other securing means must be
provided on flexible cords or cables at plugs, receptacles, tools, equipment. The cord jacket must
be held securely in place. All cord, cable and raceway connections must be intact and secure. In
wet or damp locations, electrical tools and equipment must be appropriate for the use or location,
or otherwise protected. The location of electrical power lines and cables (overhead, underground,
under floor, other side of walls) must be determined before digging, drilling or similar work is
begun. All metal measuring tapes, ropes, hand lines or similar devices with metallic thread woven
into the fabric are prohibited for use where they could come in contact with energized parts of
equipment or circuit conductors. 

The use of metal ladders is prohibited in areas where the ladder or the person using the ladder
could  come  in  contact  with  energized  parts  of  equipment,  fixtures  or  conductors.  All
disconnecting switches and circuit breakers must be labeled to indicate their use or equipment
served. A means for disconnecting equipment must always be opened before fuses are replaced.
All  interior  wiring  systems  must  include  provisions  for  grounding  metal  parts  or  electrical
raceways,  equipment and enclosures. All electrical raceways  and enclosures must  be fastened
securely in place. All energized parts of electrical circuits and equipment must be guarded against
accidental contact by approved cabinets or enclosures. Sufficient access and working space will
be provided and maintained around all electrical equipment to permit ready and safe operations
and maintenance. All unused openings (including conduit knockouts) in electrical enclosures and
fittings must  be closed with appropriate covers, plugs or plates. Electrical enclosures such as
switches, receptacles, and junction boxes must be provided with tight-fitting covers or plates. 

Motors
Disconnecting switches for electrical motors in excess of two horsepower must  be capable of
opening the circuit when the motor is in a stalled condition without exploding. (Switches must be
horsepower rated equal to or in excess of the motor hp rating.) Low voltage protection must be
provided in the control device of motor driven machines or equipment which could cause injury
from inadvertent starting. A motor disconnecting switch or circuit breaker must be located within
sight of the motor control device. 

Motors: 
a) must be located within sight of their controller; 

b) must have their controller disconnecting means capable of being locked in the open position; 

c) or must have separate disconnecting means installed in the circuit within sight of the motor. 

A controller for a motor in excess of two horsepower must be rated equal to but not in excess of
the motor it services. Employees who regularly work on or around energized electrical equipment
or lines will be instructed in cardio-pulmonary resuscitation (CPR) methods. Employees will be
trained on how to work on energized lines or equipment over 600 volts. 

Noise         
Noise levels are measured using a sound level meter or an octave bank analyzer and records kept.
Engineering controls will be used to reduce excessive noise levels. When engineering controls are
not feasible, administrative controls (i.e,  worker rotation) will be used to minimize individual
employee exposure to noise. An ongoing preventive health program will be utilized to educate
employees in safe levels of noise, exposure, effects of noise on their health, and use of personal
protection. Approved hearing protective equipment (noise attenuating devices) will be available
to every employee working in areas where continuous noise levels exceed 85 dB. To be effective,
ear protectors must be properly fitted and employees will be instructed in their use and care. 



Fueling         
Where flammable liquids are used, employees will be trained to deal with spillage during fueling
operations, how it is to be cleaned, the types and designs of fueling hoses and the specific types
of fuel it can handle, whether fueling is being done with a nozzle that is a gravity flow system or
self-closing, how to avoid spills and recognition that if a spill does occur, the safety of restarting
an engine. Employees must be aware that an open flame or light near any fuel is prohibited when
fueling or the transfer of fuel is occurring. "NO SMOKING" signs will be posted conspicuously. 

Piping Systems       
Substances that are transported through piping need to be identified by color or labeling. Signs
must be posted identifying the substance being transported through the pipes as to whether it is
hazardous  and where  turn-off  valves,  connections  and outlets  are  located.  All  tags  used  for
labeling will be of a durable material with distinguishable and clearly written print. When non-
potable water is piped through a facility, outlets or taps, notices will be posted to alert employees
that it is unsafe and not to be used for drinking, washing or personal use. When pipelines are
heated by electricity,  steam or other external sources, warning signs or tags placed at unions,
valves, or other serviceable parts will be part of the system. 

Material Handling      
In the handling of materials, employees must know the following: There must be safe clearance
for equipment through aisles and doorways. Aisle ways must be designated, permanently marked,
and kept clear to allow unhindered passage. Motorized vehicles and mechanized equipment will
be inspected daily or prior to use. Vehicles must  be shut off and brakes must be set prior to
loading  or  unloading.  Containers  of  combustibles  or  flammables,  when  stacked  while  being
moved,  must  be separated  by dunnage  sufficient  to  provide stability.  If  dock boards  (bridge
plates)  are used when loading or unloading operations are taking place between vehicles and
docks, precautions must be observed. Trucks and trailers will be secured from movement during
loading  and  unloading  operations.  Dock  plates  and  loading  ramps  will  be  constructed  and
maintained with sufficient strength to support imposed loading. Hand trucks must be maintained
in safe operating condition.  Chutes must  be equipped with sideboards of sufficient  height  to
prevent the handled materials from falling off. At the delivery end of rollers or chutes, provisions
must be made to brake the movement of the handled materials. Pallets must be inspected before
being loaded or  moved.  Hooks with safety latches  or other arrangements  will  be used when
hoisting materials, so that slings or load attachments won't accidentally slip off the hoist hooks.
Securing chains, ropes, chockers or slings must be adequate for the job to be performed. When
hoisting material or equipment, provisions must be made to assure no one will be passing under
the  suspended  loads.  Material  Safety  Data  Sheets  will  be  available  to  employees  handling
hazardous substances. 

Transporting Employees & Materials  
When employees are transporting either employees or materials, they must have an operator's
license for that classification of vehicle and be certified or trained in the operation of that vehicle.
For a safety program to be effective, they must also have knowledge of First Aid courses and
safety equipment, as well as the vehicle and how it operates. As employees are transported by
truck, provisions must be provided to prevent their falling from the vehicle. Vehicles should be in
good working condition, inspected on a regular basis and must be equipped with lamps, brakes,
horns,  mirrors,  windshields and turn signals in  good working order.  If  the  vehicle  transports
numerous individuals it must be equipped with handrails, steps, stirrups or similar devices, placed
and  arranged  so  that  employees  can  safely  mount  or  dismount.  Safety  measures  to  ensure
passenger safety should be observed.  When cutting tools with sharp edges are carried in the



passenger compartment,  they must  be placed in closed boxes or secured containers.  Carrying
flares  and  two  reflective  type  flares  and  a  fire  extinguisher  must  be  part  of  the  standard
emergency equipment carried in the vehicle at all times. 

Ventilation        
In the operation of any facility ventilation system, there needs to be a design to integrate several
systems of control which will expel contaminates and provide clean air. The systems must take
into  consideration  the  volume  and  velocity  that  will  be  needed  to  successfully  remove
contaminates.   The  system  must  not  fail  in  the  case  of  an  emergency  situation  where  two
contaminates are exposed to each other when a fire or explosion occurs. In the design of the
system,  clean-out  ports  or  doors that  are provided at  intervals  will  not  exceed 12 feet  in all
horizontal runs of exhaust ducts.  The system must be operational so that it will not offset the
functions of other operations. 

Sanitizing Equipment & Clothing   
In any operation where protective clothing is used, a set of standards of the handling, cleaning,
and disposal of the clothing will be developed. In the line of work where an employees is exposed
to a hazardous substance, is the employee required to change or take a shower? If so, both a
change and shower room will be provided along with appropriate disposal areas of collection for
the cleaning and sanitizing of the clothing. When working in a facility where employees need
protective clothing, a training course will be held. Employees will also know where and when
they can eat or smoke in such a facility. Conspicuously posted signs will be arranged throughout
the plant. 

Infection Control      
When a facility is engaged in using a laboratory or any research that involves the handling of
infectious  diseases,  or  other  biotechnological  materials,  the  personnel  will  be  trained  in  the
handling of such materials. Technicians must have training in the handling of these materials as
safety precautions must be observed on a constant basis. The facilities will be designed to comply
with the needed and standardized practices that are used by the industry and recognized by state
licensing  agencies.  The  standards  used  and  developed  by  the  facility  must  also  take  into
consideration environmental hazards and laws which are applicable. Technicians normally will
handle cultures which contain human specimens as blood or body fluids that carry infectious
bacteria.  The practices  of a laboratory will  include proper  ventilation,  emergency equipment,
necessary protective clothing, refrigeration, hand-washing sinks, bio-hazard tags, labels, needle
containers, detergents/disinfectants and a manual on emergency procedures in case of an accident.
The training of the technician will include universal precautions, how to manage and handle a
needle stick exposure, HVB evaluations, antibody testing and vaccinations and how to dispose of
these materials when finished with testing or evaluation. The workplace must be equipped with
the proper equipment to meet the safety precautions universally recognized by the state licensing
agency. A general practice of cleaning and disinfecting the equipment and environment must be
observed. 

Ergonomics        
With the introduction of computers into the workplace, new areas of physical debilitation have
been recognized. These new potential hazards have required a redesigning of both the workplace
and how employees  work.  A set  of  standards will  be developed and practiced with this new
technology. Furniture will be adjustable, positioned and arranged to minimize strain on all parts
of the body. The glare of a computer screen will be minimized by a glare screen to prevent eye
strain. Repetitive motions can harm, back, shoulders, neck, wrists and other parts of the body, so



employees will not proceed with a task when they are physically feeling an impairment. Each
employee will be entitled to a rest break. 

Ventilation for Indoor Air Quality  
HVAC systems should provide at least the quantity of outdoor air required by the State Building
Standards  code,  Title  24,  Part  2.  The  HVAC systems  should  be  inspected  annually for  any
potential problems and there should be an approved inspection certificate available for review.
Records should be retained for a minimum five year period. 

Crane Checklist       
With the operation of cranes there are several functional areas to be considered. Cranes should be
inspected on a biannual basis with the inspection certificate available when a question arises. The
crane must be utilized in an operation which does not violate OSHA regulations. Cranes will be
visually inspected for defective components prior to any work shift. Electrically operated cranes
will  be effectively grounded,  preventive maintenance established,  have a clearly visible load;
operating controls clearly identified; a fire extinguisher provided at the operator's station; rated
capacity  visibly  marked;  an  audible  warning  device  mounted  on  the  crane,  and  sufficient
illumination.  Crane  design  shall  be  such  that  the  boom will  not  fall  over  backwards  when
equipped with boom stops. 

Safety Posters       
BIC Switchgear Services, Inc. is required to post certain employment related information. The
required information is maintained on bulletin board where employees  can find the following
required posters:  Various state  and federal  orders  regulating the Wages,  Hours  and Working
Conditions in certain industries. Pay Day Notice Anti-Discrimination Poster Equal Employment
Opportunity is the Law (EEOC form) OSHA Safety and Health Protection on the Job Notice of
Workers Compensation Carrier Notice to Employees:  Unemployment Insurance and Disability
Insurance Notice: Employee Polygraph Protection Act (form WH 1462) Access to Medical and
Exposure Records Notice to Employees: Time Off to Vote In addition to the above listed notices,
a  copy of  this  injury prevention  program,  a  log  and summary  of  Occupational  Injuries  and
Illnesses,  a copy of BIC Switchgear Services,  Inc.’s  code of Safe Work Practices and a Fire
Prevention and Evacuation Plan will be posted. 

Material Data Safety Sheets for BIC Switchgear Services, Inc.'s premises are available in the
Library. When employees are required to work on the premises of any other employer, such as a
service call or installation situation, the job site will maintain a collection of Material Data Safety
Sheets that describe any hazards unique to that site. Check with the other employer's  job site
coordinator or supervisor for the exact location of the MSDS information. 

In addition to these required safety postings, emergency numbers are maintained on the Bulletin
Board. In most cases of real emergency call 911. State your name, the nature of the emergency,
and exact location of the injury. Answer all questions completely. Do NOT use 911 for routine
calls to police or fire departments. 

Licenses & Permits     
In addition to other postings required by law, BIC Switchgear Services, Inc. maintains a copy of
all necessary business licenses, permits,  and notices required by the National Labor Relations
Board or other governmental  bodies,  notices of citations during abatement  periods, and other
required information which are posted during the appropriate times on bulletin board. 



Personal Protective Equipment Clothing 
13) Where there is a danger of flying particles or corrosive materials,

employees must wear protective goggles and/or face shields provided or approved by BIC 
Switchgear Services, Inc.. 

14) Employees are required to wear safety glasses at all times in 
areas where there is a risk of eye injuries such as punctures, contusions or burns. 

15) Employees who need corrective lenses are required to wear only 
approved safety glasses, protective goggles, or other medically approved precautionary 
procedures when working in areas with harmful exposures, or risk of eye injury. 

16) Employees are required to wear protective gloves, aprons, 
shields and other means provided in areas where they may be subject to cuts, corrosive 
liquids and/or harmful chemicals. 

17) Hard hats must be worn in areas subject to falling objects, and at 
all times while at construction sites. 

18) Appropriate footwear including steel toed shoes must be worn in 
an area where there is any risk of foot injuries from hot, corrosive, poisonous substances, 
falling objects, crushing or penetrating action. 

19) When necessary employees must use the approved respirators 
which are provided for regular and emergency use. 

20) All safety equipment must be maintained in sanitary condition 
and ready for use. Report any defective equipment immediately. 

21) An eye wash facility is located in the Back of Shop. If any 
irritant gets into an employee's eyes, call for medical assistance immediately and flush the 
eye out with clean water. 

22) A shower is provided for emergencies. Ask your supervisor for 
more details on use of this facility. 

23) Food may not be eaten in work areas, or in places where there is 
any danger of exposure to toxic materials or other health hazards. Ask your supervisor to 
identify safe eating places. 

24) In cases where the noise level exceeds certain levels, ear 
protection is required. 

25) In cases of cleaning toxic or hazardous materials, protective 
clothing provided must be worn. 

Hardhats        
In BIC Switchgear Services, Inc., hardhats are required when appropriate, but are rarely needed
when  in  the  BIC Shop.  Hardhats  are  common  in  our  industry  and are  often  required  when
working outside the BIC Shop. There was a time, about one hundred years ago, when no one
wore a hardhat. But, over time, the value of hardhats to save lives was firmly proven, so that the
entire industry now accepts this safety device as a natural article of clothing, like a football player
wearing a helmet during a game. Sometimes a person fails to wear a hardhat,  either through
forgetfulness  or  through underestimating  the  risk  of  head  injury which  can  be  prevented  by
wearing one. Remember that all it takes is a carelessly dropped tool or piece of material coming
down on your head to cause severe injury or even death. There are a number of workers disabled
with various type of head injuries and vision problems because they didn't wear a hardhat. When
you wear a hardhat, wear it right. Keep it squarely on your head with the inside band properly



adjusted. See you supervisor if you arer having trouble adjusting the hardhat. 

Work Environment
Work sites must be clean and orderly. Work surfaces must be kept dry or appropriate means taken
to assure the surfaces are slip-resistant. Spills must be cleaned up immediately. All combustible
scrap, debris and waste must be stored safely and removed promptly. Combustible dust must be
cleaned  up  with  a  vacuum  system  to  prevent  the  dust  from  going  into  suspension.  The
accumulated combustible dust must be removed routinely. Metallic or conductive dust must be
prevented from entering or accumulating on or around electrical enclosures or equipment. Waste
containers must be covered. Oily and paint soaked rags are combustible and should be discarded
in sealable metal containers only. Paint spray booths, dip tanks and paint areas must be cleaned
regularly. All oil and gas fired devices should be equipped with flame failure controls that will
prevent flow of fuel if pilots or main burners are not working. Ask your supervisor where these
controls  are  located.  Make  sure  all  pits  and  floor  openings  are  either  covered  or  otherwise
guarded. 

Walkways        
All aisles and passageways must be kept clear. Also, aisles and passageways should be clearly
marked. Wet surfaces must be covered with non-slip material and all holes properly covered or
marked with warning guards.  All  spills  must  be cleaned up immediately,  and a caution sign
placed on all wet or drying surfaces. In cases of passageways used by forklifts, trucks or other
machinery,  use  a  separate  aisle  for  walking,  if  available.  If  no  separately  marked  aisle  is
available, use extreme caution. Remember, walking in a passageway used by machinery is like
walking in the middle of a street used by cars: You may have the right of way, but the heavier
vehicle can't always see you and can't always stop in time. The key to moving around in such
circumstances is to stop, look and listen and then to move when there is no danger. Make eye
contact  with the drivers of moving vehicles so that  you  know that  they know you are there.
Equipment must be properly stored so that sharp edges do not protrude into walkways. Changes
in  elevations  must  be  clearly  marked,  as  must  passageways  near  dangerous  operations  like
welding, machinery operation or painting. If there is a low ceiling, a warning sign must be posted.
If the walkway or stairway is more than thirty inches above the floor or ground, it must have a
guardrail. If an employee is aware of any breach of these standards, please inform the workplace
supervisor. 

Floor & Wall Openings     
Be careful when working near floor and wall  openings. All floor openings (holes) should be
guarded by a cover, guardrail or equivalent barrier on all sides except at the entrance to stairways
and  ladders.  Toe  boards  must  be  installed  around  the  edges  of  a  permanent  floor  opening.
Skylights must be able to withstand at least 200 pounds pressure. Glass used in windows, doors,
and walls (including glass block) must be able to withstand a human impact, and if required by
code, be shatterproof "safety glass." Before beginning work at a new location, inspect it to insure
that all floor openings which must remain open, such as floor drains, are covered with grates or
similar covers. In roadways and driveways, covers with capacity to carry a truck rear axle load of
at least 20,000 pounds must protect all manholes and trenches. In office buildings, fire resistive
construction requires that the doors and hallway closures be properly rated and be equipped with
self-closing features. Be sure that there are at least two fire emergency exits accessible from your
location at all times. 

Work Area
Fire extinguishers must remain accessible at all times. Means of egress should be kept unblocked,



well-lighted and unlocked during work hours. Excessive combustibles (paper) may be not stored
in work areas. Aisles and hallways must kept clear at all times. Designated employees have been
trained to respond to a fire or other emergency. Workplaces are to be kept free of debris, floor
storage and electrical cords. Adequate aisle space is to be maintained. File cabinet drawers should
be opened one at a time and closed when work is finished. Proper lifting techniques are to be used
by  employees  to  avoid  over  exertion  and  strain  when  carrying  loads.  No  alcohol  or  any
intoxicating substance may be consumed prior to or during work. 

Driving         
Drive safely. If vehicles are used during the work day, seat belts and shoulder harnesses are to be
worn at all times. Vehicles must be locked when unattended to avoid criminal misconduct. Do not
exceed the speed limit. Vehicles must be parked in legal spaces and must not obstruct traffic.
Defensive driving must be practiced by all employees. Employees should park their vehicles in
well-lighted areas at/or near entrances to avoid criminal misconduct. 

Vehicle Maintenance      
Work safely when repairing vehicles. Where tires are mounted and/or inflated on drop center
wheels, a safe practice procedure must be posted and enforced. Where tires are mounted and/or
inflated on wheels with split rims and/or retainer rings, a safe practice procedure must be posted
and enforced. Each tire inflation hose must have a clip-on chuck with at least 24 inches of hose
between the chuck and an in-line hand valve and gauge. The tire inflation control valve should
automatically shut off the air flow when the valve is released. A tire restraining device such as a
cage, rack or other effective means must be used while inflating tires mounted on split rims, or
rims using retainer rings. Employees are strictly forbidden from taking a position directly over or
in front of a tire while it's being inflated. Proper lifting techniques must be used by employees to
avoid over-exertion when lifting packages. 

Cleanliness        
All work sites must  be clean and orderly.  All work surfaces must  be kept dry or appropriate
means taken to assure that  surfaces are slip-resistant.  All  spill  materials  or  liquids should be
cleaned up immediately and combustible scrap, debris and waste stored safely and removed from
the work site promptly. Any accumulations of combustible dust must be routinely removed from
elevated  surfaces  including  the  overhead structure  of  buildings.  Combustible  dust  should  be
cleaned  up  with  a  vacuum  system  to  prevent  the  dust  going  into  suspension.  Metallic  or
conductive  dust  must  be  prevented  from  entering  or  accumulating  on  or  around  electrical
enclosures or equipment. Covered metal waste cans are provided for oily and paint-soaked waste.
Use them. All oil and gas fired devices must be equipped with flame failure controls that will
prevent flow of fuel if pilots or main burners are not working. Paint spray booths, dip tanks, etc.,
must be cleaned regularly. Washing facilities are provided, so wash your hands after handling
materials. 

Tool Maintenance      
Faulty or improperly used hand tools are a safety hazard. All employees shall be responsible for
ensuring that tools and equipment (both company and employee-owned) used by them or other
employees at their workplace are in good condition. Hand tools such as chisels, punches, etc.,
which develop mushroom heads during use,  must  be reconditioned or  replaced as necessary.
Broken or fractured handles on hammers, axes and similar equipment must be replaced promptly.
Worn or bent wrenches should be replaced regularly. Appropriate handles must be used on files
and similar tools. Appropriate safety glasses, face shields, etc., must be worn while using hand
tools or equipment which might produce flying materials or be subject to breakage. Eye and face



protection must be worn when driving in tempered spuds or nails. Check your tools often for
wear or defect. Jacks must be checked periodically to assure they are in good operating condition.
Tool handles must be wedged tightly into the heads of tools. Tool cutting edges should be kept
sharp enough so the tool will move smoothly without binding or skipping. When not in use, tools
should be stored in a dry, secure location. 

Ladders         
Check ladders each and every time before you climb. Ladders should be maintained in good
condition:  joints between steps  and side rails  should be tight;  hardware and fittings  securely
attached; and movable parts operating freely without binding or undue play. Non-slip safety feet
are provided on each ladder. Ladder rungs and steps should be free of grease and oil. Employees
are prohibited from using ladders that are broken, missing steps, rungs, or cleats, or that have
broken side rails or other faulty equipment. It is prohibited to place a ladder in front of doors
opening  toward  the  ladder  except  when  the  door  is  blocked  open,  locked  or  guarded.  It  is
prohibited to place ladders on boxes, barrels, or other unstable bases to obtain additional height.
Face the ladder when ascending or descending. Be careful when you climb a ladder. Do not use
the top step of ordinary stepladders as a step. When portable rung ladders are used to gain access
to elevated platforms, roofs, etc., the ladder must always extend at least 3 feet above the elevated
surface. It is required that when portable rung or cleat type ladders are used, the base must be so
placed that slipping will not occur, unless it is lashed or otherwise held in place. 

All portable metal ladders must be legibly marked with signs reading “CAUTION” – “Do Not
Use Around Electrical Equipment.” Employees are prohibited from using ladders as guys, braces,
skids, gin poles, or for other than their intended purposes. Only adjust extension ladders while
standing at a base (not while standing on the ladder or from a position above the ladder). Metal
ladders  should  be  inspected  for  tears  and  signs  of  corrosion.  Rungs  of  ladders  should  be
uniformly spaced at 12 inches, center to center. 

Portable Power Tools     
Portable power tools pose a special danger to employees because they are deceptively small and
light, yet  they can do great bodily harm if used improperly or poorly maintained. These rules
apply to all power tools, but are especially important when handling portable saws, drills and
power screw drivers. Check your equipment before you use it. All grinders, saws and similar
equipment should be equipped with appropriate safety guards. Power tools should not be used
without  the correct  shield,  guard,  or  attachment,  recommended by the manufacturer.  Portable
circular saws must be equipped with guards above and below the base shoe. Circular saw guards
should  be checked periodically  and before  each  use  to  assure  they are  not  wedged up,  thus
leaving the lower portion of the blade unguarded.  All  rotating or moving parts  of  equipment
should be guarded to prevent physical contact. 

All cord-connected, electrically-operated tools and equipment should be effectively grounded or
of the approved double insulated type.  Effective guards must  be in place over belts,  pulleys,
chains, sprockets, on equipment such as concrete mixers, air compressors, etc. If portable fans are
provided, they must be equipped with full guards or screens having openings 1/2 inch or less. Do
not attempt to lift  heavy objects without proper equipment. Hoisting equipment will be made
available for lifting heavy objects, with hoist ratings and characteristics appropriate for the task.
Power tools are either battery operated or wired. If battery operated, don't under-estimate their
power. A small electric drill or power screw driver can cause a severe injury if it lands in the
wrong place. While not usually a shock hazard, the battery pack contains toxic chemicals and
does emit a low voltage electric current. Don't drop or incinerate the battery pack, or a tool with a
self-contained power source. Hard wired equipment can be portable or fixed. Typically used with



extension cords, the more powerful hard wired equipment presents a double safety problem: the
actual  equipment  plus  its  electrical  power  source.  Ground-fault  circuit  interrupters  must  be
provided  on  all  temporary  electrical  15  and  20  ampere  circuits  used  during  periods  of
construction.  Pneumatic  and  hydraulic  hoses  on  power-operated  tools  should  be  checked
regularly for deterioration or damage. 

Abrasive Wheel Equipment (Grinders)  
The work rest used should be kept adjusted to within 1/8 inch of the wheel. The adjustable tongue
on the top side of the grinder should be kept adjusted to within 1/4 inch of the wheel. The side
guards should cover the spindle, nut and flange and 75 percent of the wheel diameter. Bench and
pedestal grinders should be permanently mounted. Goggles or face shields should always be worn
when grinding. The maximum RPM rating of each abrasive wheel should be compatible with the
RPM rating of the grinder motor. Fixed or permanently mounted grinders must be connected to
their electrical supply system with metallic conduit or by other permanent wiring method. Each
grinder  should  have  an  individual  on  and  off  control  switch.  The  switch  should  be  easily
accessible  anytime  you  operate  the  machine.  Each electrically operated grinder  is  effectively
grounded. Do not defeat the grounding mechanism,  especially by using non-three prong plug
adapters. Note the method by which new abrasive wheels are mounted. Visually inspect and ring
test new abrasive wheels. The dust collectors and powered exhausts provided on grinders must be
used in operations that produce large amounts of dust. The splash guards mounted on grinders
that use a coolant should be mounted so that no one is ever splashed with the coolant. The work
area around a grinder must be kept clean at all times. It is your responsibility as operator of any
machine to ensure the necessary safety precautions are taken before using the machine. 

Combustible Materials     
All combustible scrap, debris and waste materials (oily rags, etc.) must be stored in covered metal
receptacles and removed from the work site promptly. Proper storage to minimize the risk of fire,
including spontaneous combustion must be practiced. Only approved containers and tanks are to
be used for the storage and handling of flammable and combustible liquids. All connections on
drums and combustible liquid piping, vapor and liquid must be kept tight. All flammable liquids
should be kept in closed containers when not in use (e.g., parts-cleaning tanks, pans, etc.). Bulk
drums of flammable liquids must be grounded and bonded to containers during dispensing. 

Storage rooms for flammable and combustible liquids must have explosion-proof lights. Storage
rooms  for  flammable  and combustible  liquids  should have mechanical  or  gravity ventilation.
Liquefied petroleum gas must be stored, handled, and used in accordance with safe practices and
standards.  No  smoking  signs  must  be  posted  on  liquefied  petroleum  gas  tanks.  Liquefied
petroleum storage tanks should be guarded to prevent damage from vehicles. All solvent wastes
and flammable liquids should be kept in fire-resistant, covered containers until they are removed
from the work site. 

Vacuuming should be used whenever possible rather than blowing or sweeping combustible dust.
Fire separators should be placed between containers of combustibles or flammables when stacked
one upon another to assure their support and stability. Fuel gas cylinders and oxygen cylinders
must be separated by distance, fire resistant barriers, etc., while in storage. Fire extinguishers are
selected for the types of materials and placed in areas where they are to be used. 

These fire extinguishers are classified as follows: 
Class A - Ordinary combustible materials fires. 

Class B - Flammable liquid, gas or grease fires. 



Class C - Energized-electrical equipment fires. 

Appropriate  fire  extinguishers  must  be  mounted  within  75  ft.  of  outside  areas  containing
flammable  liquids,  and  within  10  ft.  of  any  inside  storage  area  for  such  materials.  All
extinguishers  must  be  serviced,  maintained  and  tagged  at  intervals  not  to  exceed  one  year.
Extinguishers should be placed free from obstructions or blockage. All extinguishers must  be
fully  charged  and  in  their  designated  places  unless  in  use.  Where  sprinkler  systems  are
permanently  installed,  are  the  nozzle  heads  arranged  so  that  water  will  not  be  sprayed  into
operating electrical switch boards and equipment? Check to see that heads have not been bent or
twisted from their original position. 

“NO  SMOKING”  rules  will  be  enforced  in  areas  involving  storage  and  use  of  hazardous
materials. “NO SMOKING” signs have been posted where appropriate in areas where flammable
or  combustible  materials  are  used  and/or  stored.  Safety  cans  must  be  used  for  dispensing
flammable or combustible liquids at point of use. All spills of flammable or combustible liquids
must  be  cleaned  up  promptly.  Storage  tanks  should  be  adequately  vented  to  prevent  the
development  of excessive vacuum or pressure as a result  of  filling,  emptying,  or  atmosphere
temperature  changes.  Storage  tanks  are  equipped  with  emergency  venting  that  will  relieve
excessive internal pressure caused by fire exposure. 

Mechanical Lockout / Tagout    
Point of operation devices shall protect the operator by: 

 Preventing and/or stopping normal stroking of the press if the operator's hands are 
inadvertently placed in the point of operation; or 

 Preventing the operator from inadvertently reaching into the point of operation or withdrawing 
his/her hands if they are inadvertently located in the point of operation, as the dies close; or 

 Preventing the operator from inadvertently reaching into the point of operation at all times; or 

 Requiring application of both of the operator's hands to machine operating controls and 
locating such controls at such a safety distance from the point of operation that the slide 
completes the downward travel or stops before the operator can reach into the point of 
operation with his/her hands; or 

 Enclosing the point of operation before a press stroke can be initiated and maintaining this 
closed condition until the motion of the slide had ceased; or 

Enclosing  the  point  of  operation  before  a  press  stroke  can  be  initiated,  so  as  to  prevent  an
operator from reaching into the point of operation prior to die closure or prior to cessation of slide
motion during the downward stroke. A gate or movable barrier device shall protect the operator.
A presence sensing point of operation device shall protect the operator by interlocking into the
control circuit to prevent or stop slide motion if the operator's hand or other part of his/her body is
within the sensing field of the device during the down-stroke of the press slide. The device may
not be used on machines using full revolution clutches. The device may not be used as a tripping
means to initiate slide motion. The device shall be constructed so that a failure within the system
does not prevent the normal stopping action from being applied to the press when required, but
does prevent the initiation of a successive stroke until the failure is corrected. The failure shall be
indicated by the system. 

Muting (bypassing of the protective function) of such device, during the upstroke of the press
slide, is permitted for the purpose of parts ejection, circuit checking, and feeding only. The safety
distance  from the  sensing  field  to  the  point  of  operation  shall  be  greater  than  the  distance



determined by the following formula: Ds = 63 inches/second x Ts where: Ds = minimum safety
distance (inches); 63 inches/second = hand speed constant; and Ts = stopping time of the press
measured at approximately 90@ position of crankshaft rotation (seconds). 

Guards shall be used to protect all areas of entry to the point of operation not protected by the
presence  sensing  device.  The  pull-out  device  shall  protect  the  operator  and  shall  include
attachments for each of the operator’s hands. Attachments shall be connected to and operated
only by the press slide or upper die. Attachment shall be adjusted to prevent the operator from
reaching  into  the  point  of  operation  or  to  withdraw the  operator's  hands  from the  point  of
operation before the dies close. A separate pull-out device shall be provided for each operator if
more than one operator is used on a press. Each pull-out device in use shall be visually inspected
and checked for proper adjustment at the start of each operator shift, following a new die set-up,
and when operators are changed. 

Necessary maintenance or repair or both shall be performed and completed before the press is
operated.  The  sweep  device,  shall  protect  the  operator  as  specified  in  this  subsection,  by
removing his/her hands safely to a safe position if they are inadvertently located in the point of
operation, as the dies close or prior to tripping the clutch. Devices operating in this manner shall
have a barrier,  attached to the sweep arm in such a manner  as to prevent  the operator from
reaching into the point of operation, past the trailing edge of the sweep arm on the downward
stroke of the press. This device may not be used for point of operation safeguarding. The sweep
device must be activated by the slide or by motion of a foot pedal trip rod. The sweep device
must be designed, installed and operated so as to prevent the operator from reaching into the point
of operation before the dies close. The sweep device must be installed so that it will not itself
create an impact or shear hazard between the sweep arm and the press tie rods, dies, or any other
part of the press or barrier. 

Partial enclosure conforming with this subsection, as to the area of entry which they protect, must
be provided on both sides of the point of operation to prevent the operator from reaching around
or behind the sweep device and into the point of operation after the dies start to close. Partial
enclosures shall  not themselves create a pinch point or shear hazard. A holdout or a restraint
device shall protect the operator and shall include attachments for each of the operator's hands.
Such attachments  shall  be securely anchored and adjusted in such a way that the operator is
restrained from reaching into the point of operation. A separate set of restraints shall be provided
for each operator if more than one operator is required on a press. The two hand control device
shall protect the operator. 

When used in press operations requiring more than one operator, separate two hand controls shall
be provided for  each operator,  and shall  be designed to require  concurrent  application of all
operators'  controls to activate the slide. The removal of a hand from any control button shall
cause the slide to stop. The safety distance between each two hand control device and the point of
operation  shall  be  greater  than  the  distance  determined  by  the  following  formula:  Ds  =  63
inches/second x Ts, where: Ds = minimum safety distance (inches); 63 inches/second = hand
speed constant; and Ts = stopping time of the press measured at approximately 90@ position of
crankshaft rotation (seconds). 

First Aid Kits       
First-aid kits and required contents are maintained in a serviceable condition. Unit-type kits have
all  items  in the  first-aid kit  individually wrapped,  sealed,  and packaged in comparable  sized
packages. The commercial or cabinet-type kits do not require all items to be individually wrapped
and sealed, but only those which must be kept sterile. Items such as scissors, tweezers, tubes of
ointments  with caps,  or  rolls  of  adhesive  tape,  need not  be  individually wrapped,  sealed,  or
disposed of after a single use or application. Individual packaging and sealing shall be required



only for those items which must be kept sterile in a first-aid kit. 

First-aid kits shall contain at least the following items: 

10 Package Kit: 

 1 Pkg. Adhesive bandages, 1" (16 per pkg.) 

 1 Pkg. Bandage compress, 4" (1 per pkg.) 

 1 Pkg. Scissors* and tweezers (1 each per pkg. 

 1 Pkg. Triangular bandage, 40" (1 per pkg.) 

 1 Pkg. Antiseptic soap or pads (3 per pkg.) 

 5 Pkgs. of consulting physician's choice 

16 Package Kit: 

 1 Pkg. Absorbent gauze, 24" x 72" (1 per pkg.) 

 1 Pkg. Adhesive bandages, 1" (16 per pkg.) 

 2 Pkgs. Bandage compresses, 4" (1 per pkg.) 

 1 Pkg. Eye dressing (1 per pkg.) 

 1 Pkg. Scissors* and tweezers (1 each per pkg.) 

 2 Pkgs. Triangular bandages, 40" (1 per pkg.) 

 1 Pkg. Antiseptic soap or pads (3 per pkg.) 

 7 Pkgs. of consulting physician's choice 

24 Package Kit: 

 2 Pkgs. Absorbent gauze, 24" x 72" (1 per pkg.) 

 2 Pkgs. Adhesive bandages, 1" (16 per pkg.) 

 2 Pkgs. Bandage compresses, 4" (1 per pkg.) 

 1 Pkg. Eye dressing (1 per pkg.) 

 1 Pkg. Scissors* and tweezers (1 each per pkg.) 

 6 Pkgs. Triangular bandages (1 per pkg.) 

 1 Pkg. Antiseptic soap or pads (3 per pkg.) 

 9 Pkgs. of consulting physician's choice 

36 Package Kit: 

 4 Pkgs. Absorbent gauze, 24" x 72" (1 per pkg.) 

 2 Pkgs. Adhesive bandages, 1" (16 per pkg.) 



 5 Pkgs. Bandage compresses, 4" (1 per pkg.) 

 2 Pkgs. Eye dressing (1 per pkg.) 

 1 Pkg. Scissors* and tweezers (1 each per pkg.) 

 8 Pkgs. Triangular bandages, 40" (1 per pkg.) 

 1 Pkg. Antiseptic soap or pads (3 per pkg.) 

 13 Pkgs. of consulting physician's choice Scissors shall be capable of cutting 2 layers of 15 
oz. cotton cloth or its equivalent. 

The first-aid kits are maintained at the ten, sixteen, twenty-four or thirty-six package level. Where
the eyes or body of any person may be exposed to injurious chemicals and/or materials, suitable
facilities for quick drenching or flushing of the eyes and body are provided, within the work area,
for immediate emergency use. A poster shall be fastened and maintained either on or in the cover
of each first- aid kit and at or near all phones plainly stating, the phone numbers of available
doctors, hospitals, and ambulance services within the district of the work site. 

First Aid Station      
If  a  fixed establishment  employs  more  than 200 employees  at  one central  location,  First-aid
stations shall be located as close as practicable to the highest concentration of personnel. First-aid
stations shall be well marked and available to personnel during all working hours. One person
holding a valid first-aid certificate shall be responsible for the proper use and maintenance of the
first-aid station. First-aid stations shall be equipped with a minimum of two first-aid kits, the size
of which shall be dependent upon the number of personnel normally employed at the work site.
One first-aid kit  may be a  permanent  wall-mounted  kit,  but  in  all  cases  the  station shall  be
equipped with at least one portable first-aid kit. When required by the circumstances, the station
shall be equipped with two wool blankets and a stretcher in addition to first-aid kits. A roster,
denoting  the  telephone  numbers  and  addresses  of  doctors,  hospitals  and  ambulance  services
available to the work site, shall be posted at each first-aid station. 

Late Night Crime Prevention    
All establishments operating between the hours of 11:00 p.m. and 6:00 a.m. should provide crime
prevention training to their employees. Crime prevention training shall be a part of the accident
prevention program. Training will be made available to ensure that the purpose and function of
robbery and violence prevention are understood by employees and that the knowledge and skills
required for their safety have been provided. The training and training materials outline security
policies,  safety and security procedures,  and personal  safety and crime avoidance techniques.
Formal  instruction  through  a  training  seminar  or  training  video  presentation  will  be  made
available  and  upon  completion  the  employee  shall  sign  off  on  the  date,  time,  and  place  of
training. The training documentation will be placed in the employee's personnel file. 

The following elements will be covered in the crime prevention training program: 
 An explanation of the importance of keeping the location clean, neat, and uncluttered thereby 

making it as unattractive as possible to robbers. 

 An explanation of the purpose of maintaining an unobstructed view of the cash register from 
outside the store, provided the cash register is located in a position visible from the street. 
Instruction on reasons for operating only minimum number of cash registers at night. 

 Keeping the cash register fund to a minimum. 



 Taking extra precautions after dark, i.e., keep alert, observe lighting and dark corners, spot 
possible hiding places. 

 Violence prevention procedures in case of robbery. 

 A refresher course on crime prevention on or near the employee's anniversary date. 

 Videotape and crime prevention material shall be available for employee's review at their 
request. 

In addition to providing crime prevention training as defined in this section, the company posts a
conspicuous sign in the window or door which states that there is a safe on the premises and it is
not  accessible to the employees  on the premises  and that  the cash register  contains  only the
minimal amount of cash needed to conduct business. All displays, and any other material posted
in window(s) or door(s) should be arranged so as to provide a clear and unobstructed view of the
cash register; provided the cash register is located in such a position so as to be visible from the
street. If there is any cash on the premises after dark, the Company has a drop-safe, limited access
safe, or comparable device on the premises. Please use it. In addition, the outside lights will be on
for that portion of the approach and parking area that is necessary to accommodate customers
during all night hours the late night retail establishment is open. 

Company Fire Brigades     
In some industries, the company establishes a fire fighting brigade. The company does this by
drafting a policy statement that announces the existence of a fire brigade; the basic organizational
structure; the type, amount, and frequency of training to be provided to fire brigade members; the
expected number of members in the fire brigade; and the functions that the fire brigade is to
perform at the workplace. The organizational statement is available for inspection by government
officials and by employees or their designated representatives. 

Employees who are expected to do interior structural fire fighting must be physically capable of
performing duties which may be assigned to them during emergencies. The employer shall not
permit  employees  with  known  heart  disease,  epilepsy,  or  emphysema,  to  participate  in  fire
brigade  emergency  activities  unless  a  physician's  certificate  of  the  employees’  fitness  to
participate in such activities is provided. Approved self-contained breathing apparatus shall be
provided to and worn by fire brigade members while working inside buildings or confined spaces
where toxic products of combustion or an oxygen deficiency may be present. Such apparatus
shall also be worn during emergency situations involving toxic substances. 

Approved self-contained breathing apparatus may be equipped with either a “buddy-breathing”
device or a quick disconnect valve, even if these devices are not certified by NIOSH. If these
accessories are used, they shall not cause damage to the apparatus, or restrict the air flow of the
apparatus, or obstruct the normal operation of the apparatus. Approved self-contained compressed
air breathing apparatus may be used with approved cylinders from other approved self-contained
compressed air breathing apparatus provided that such cylinders are of the same capacity and
pressure rating. All compressed air cylinders used with self-contained breathing apparatus shall
meet DOT and NIOSH criteria. Self-contained breathing apparatus shall have a minimum service
life rating of thirty minutes in accordance with the methods and requirements of the mine safety
and  health  administration  (MSHA)  and  NIOSH,  except  for  escape  self-contained  breathing
apparatus  (ESCBA)  used  only  for  emergency  escape  purposes.  Self-contained  breathing
apparatus shall be provided with an indicator which automatically sounds an audible alarm when
the remaining service life of the apparatus is reduced to within a range of twenty to twenty-five
percent of its rated service time. 



Positive Pressure Breathing Apparatus 
Self-contained breathing apparatus ordered or purchased after January 1, 1982, for use by fire
brigade  members  performing  interior  structural  fire  fighting  operations,  are  of  the  pressure-
demand or other positive-pressure type. Effective July 1, 1983, only pressure-demand or other
positive-pressure  self-  contained  breathing  apparatus  shall  be  worn  by fire  brigade  members
performing interior structural  fire fighting.  This does not  prohibit  the use of a self-contained
breathing apparatus where the apparatus can be switched from a demand to a positive-pressure
mode.  However,  such  apparatus  shall  be  in  the  positive-pressure  mode  when  fire  brigade
members are performing interior structural fire fighting operations. 

Negative-pressure self-contained breathing apparatus with a rated service life of more than two
hours and which have a minimum protection factor of 5,000, as determined by an acceptable
quantitative fit test performed on each individual, is acceptable for use only during those interior
structural  fire  fighting  situations  for  which  the  employer  demonstrates  that  long  duration
breathing apparatus is necessary. Quantitative fit test procedures shall be available for inspection
by the  director  or  authorized  representative.  Such negative-pressure  breathing  apparatus  will
continue to be acceptable for eighteen months after a positive-pressure breathing apparatus with
the same or longer rated service life is certified by NIOSH. After this eighteen-month period, all
self-contained breathing apparatus used for these long duration situations shall be of the positive-
pressure type. 

This section does not require an employer to organize a fire brigade. 
It  is  suggested  that  pre-fire  planning  be  conducted  by  the  local  fire  department  and/or  the
workplace fire brigade in order for them to be familiar with the workplace and process hazards.
Involvement with the local fire department or fire prevention bureau is encouraged to facilitate
coordination and cooperation between members of the fire brigade and those who might be called
upon for assistance during a fire emergency. 

Body protection
Fire brigade members may wear a fire-resistive coat in combination with fully extended boots, or
they may wear a fire-resistive coat in combination with protective trousers. Fire-resistive coats
and  protective  trousers  meeting  all  of  the  requirements  contained  in  NFPA  1971-1975,
“Protective Clothing for Structural Fire Fighters,” are acceptable as meeting the requirements of
this standard. The lining is required to be permanently attached to the outer shell. However, it is
permissible to attach the lining to the outer shell material by stitching in one area such as at the
neck. Fastener tape or snap fasteners may be used to secure the rest of the lining to the outer shell
to facilitate cleaning. Reference to permanent lining does not refer to a winter liner which is a
detachable extra lining used to give added protection to the wearer against the effects of cold
weather and wind. 

Hand protection
Fire  fighters  should wear  protective gloves or  a  glove system.  A glove system consists  of  a
combination of different gloves. The usual components of a glove system consist of a pair of
gloves, which provide thermal insulation to the hand, worn in combination with a second pair of
gloves  which  provide  protection  against  flame,  cut  and  puncture.  Protective  gloves  should
provide dexterity and a  sense of  feel  for  objects.  Criteria  and test  methods  for  dexterity are
contained in the NIOSH publications, “The Development of Criteria for Firefighters’ Gloves;
Vol. I: Glove Requirements,” and “Vol. II: Glove Criteria and Test Methods.” These NIOSH
publications also contain a permissible modified version of Federal Test Method 191, Method
5903, (paragraph of Appendix E) for flame resistance when gloves, rather than glove material, are



tested for flame resistance. 

Head, eye & face protection
Head  protective  devices  which  meet  the  requirements  contained  in  NFPA  No.  1972  are
acceptable  as  meeting  the requirements  of  this  standard for  head protection.  Head protective
devices are required to be provided with ear flaps so that the ear flaps will be available if needed.
It is recommended that ear protection always be used while fighting interior structural fires. Many
head protective devices are equipped with face shields to protect the eyes and face. These face
shields are permissible as meeting the eye and face protection requirements of this paragraph as
long  as  such  face  shields  meet  the  requirements  of  the  general  safety  and health  standards.
Additionally,  full  face  pieces,  helmets  or  hoods  of  approved  breathing  apparatus  are  also
acceptable as meeting the eye and face protection requirements. It is recommended that a flame
resistant protective head covering such as a hood or snood, which will not adversely affect the
seal of a respirator face piece, be worn during interior structural fire fighting operations to protect
the sides of the face and hair. 



Responsible Safety OfficerResponsible Safety Officer

General Statement      
The Responsible Safety Officer is the person who has been delegated the authority to develop and
administer BIC Switchgear Services, Inc.’s health and safety program. 

Duties         
By law, the Responsible Safety Officer is the person designated by the company with the duty
and authority  to  implement  and maintain  BIC Switchgear  Services,  Inc.’s  Injury and Illness
Prevention Program. The Responsible Safety Officer is assigned the responsibility of providing
technical  guidance  and services  in  the  field of  health  and safety needed by BIC Switchgear
Services, Inc. management. To fulfill this objective the Responsible Safety Officer is required to: 

26) Provide management at all levels with the information, advice, 
and assistance needed to formulate BIC Switchgear Services, Inc.'s health and safety policy, 
directives, procedures, and standards. 

27) Assist management at all levels in establishing and maintaining a
healthful and safe working environment free from unacceptable risks, in conformance with 
OSHA health and safety guidelines and in compliance with applicable standards, codes, and 
regulations. 

28) Monitor operations within BIC Switchgear Services, Inc. and, 
where appropriate at off-site facilities, provide management with the information needed to 
maintain a healthful and safe working environment, free from unacceptable risks. 

29) Develop and provide general safety education and training 
programs. Assist in the development of specific job safety training programs. 

30) Develop plans and train response personnel to control emergency
situations (earthquake, radiation, injury, fire, etc.). 

31) Provide health and safety support services assigned by the 
Company Officer to whom the Responsible Safety Officer reports. 

32) Maintain a staff of specialists or consultants knowledgeable in 
all areas of safety. 

33) Prepare and maintain BIC Switchgear Services, Inc.’s Health and
Safety Manual and other documents that relate to safety. Specify proper protective equipment
for issuing to employees. 

34) Check plans of all new projects for construction safety, industrial
safety, and other safety reviews as required by OSHA and BIC Switchgear Services, Inc. 
regulations. 

35) Stop hazardous operations where life hazard or major property 
damage is imminent and follow with documented evidence. 

To carry out its responsibilities, the Responsible Safety Officer maintains a staff of specialists and
outside consultants in the appropriate environment, health, and safety disciplines. 

These disciplines include: Construction Safety, Engineering Services, Environmental Protection,



Industrial  Hygiene,  Laser  Safety,  Mechanical  Safety,  Non-destructive  Testing,  Occupational
Safety, Radiation Safety, Safety Training, and Education Seismic Safety 

Five Functions       
The functions of the Responsible Safety Officer are divided into five areas: 

1. Operations 

2. Health Physics 

3. Engineering Services/Occupational Safety 

4. Industrial Hygiene 

5. Environmental Protection 

Some of these functions may be delegated in whole or in part to staff and/or outside consultants. 

Operations        
This area deals with the day-to-day safety operations of the BIC Switchgear Services, Inc.. It
includes the following personnel: Field Supervisors or Field Safety Officers help in the planning
or preparation of hazardous projects and analysis of difficult safety problems. They provide on-
site training; protective equipment and other safety-related equipment for hazardous operations;
maintenance  of  environmental  monitoring  devices;  evaluation  of  ventilation  and air  cleaning
equipment; and radioactive or chemical source inventory. Decontamination and Waste Disposal
Contractors provide services to decontaminate  special  equipment;  assistance with clean-up of
radioactive or hazardous chemical  spills;  collection and disposal  of  radioactive materials  and
hazardous  chemicals.  Special  Transportation  Contractor  provides  services  for  receiving  and
shipping  of  radioisotopes  and  consultation  on  the  regulations  concerning  transportation  of
hazardous chemicals. 

Radiation Physics      
This area is composed of the following functions: The Radiation Physics Section is primarily
concerned with the radiation safety aspects of accelerators. The areas of immediate concern are
the following: 

 Radiation intensity in occupied areas 

 Adequacy of radiation safety interlock systems 

 Access control to radiation areas 

 Proper sign and warning systems 

 Review and approval of facility radiation Operational Safety Procedures 

In addition, the Radiation Physics Section performs the following functions: 

 Experimental beam line safety analysis 

 Shielding calculations for proposed new accelerators Radiation damage studies Development
of measurement instruments and techniques 

 Experimental source term measurements 

 Neutron energy spectral measurements 



The X-Ray Safety Section evaluates the use of x-ray equipment at BIC Switchgear Services, Inc..
This is accomplished by periodic radiation surveys,  physical inspection of x-ray facilities and
logbooks, approval of Operational Safety Procedures, and the receipt of Certification of Training
documents.  This  Section  also  advises  on  matters  of  instrument  selection,  measurement
techniques, and safety apparatus design (interlocks, barriers, monitors, etc.). This Section files
and distributes all documentation generated by the above operations. 

Engineering Occupational Safety   
The primary  concern of  this  area  is  the  general  safety of  BIC Switchgear  Services,  Inc..  Its
responsibilities include: 

 Occupational Safety: Investigation, statistical analysis, and review of personal injury, 
property damage, and vehicle accident reports. 

 Recommendation on protective clothing and equipment for eyes, head, feet, and 
hands to prevent traumatic injury. 

 Evaluation of material-handling and storage facilities, such as manual and 
mechanical handling devices, slings, ropes, chains, and hooks. 

 Review of design, layout, and code compliance of new or modified facilities and 
buildings and follow-up inspections of construction sites. 

 Recommendation on proper use and care of ladders, ramps, elevated walks, and 
work platforms. 

 Review of traffic safety, such as traffic signs and markings, traffic patterns, and 
layout planning. 

 Determination of qualified operators of special vehicles and equipment. 

 Mechanical Safety: Review/design/inspection of hazardous equipment. 

 Advise on vehicle safety (design, consultation). 

 Recommendation of adherence to mechanical design codes, standards, and 
procedures.

 Provision of non-destructive testing services. 

 Reviews of Operational Safety Procedure relating to hazardous equipment. 

 Seismic Safety: Design of anchoring or restraining devices. Inspections and 
consultations. Interface with building and construction contractors. 

Industrial Hygiene      
This function must recognize, evaluate, and recommend control for occupational health hazards.
Outside consultants are responsible for providing the following services: 

 Toxicology of occupational chemical hazards 

 Control of non-ionizing electromagnetic spectrum hazards, such as lasers, ultraviolet, 
infrared, and microwave-radio frequency radiation 

 Evaluation of ventilation for comfort, dilution, and local exhaust 

 Noise and sound analysis 



 Illumination evaluation 

 Environmental sanitation, such as food, water, and vector and pest control 

 Measurement of physiological stresses, such as temperature extremes 

 Provision of protective equipment, such as respiratory, hearing, and special eye protection 

 Control of bio-hazards 

 Laser safety 

Environmental Protection    
This area is involved with the identification and quantification of environmental quality concerns,
development and maintenance of operating permits, assessment of pollution abatement programs,
and liaison with environmental protection agencies. It includes the following services: 

 Environmental monitoring, surveillance and analysis of contaminants in air, rain, surface 
water, soil, and stack exhaust 

 Air pollution control 

 Water pollution control 

 Polychlorinated biphenyl inventory in transformers and capacitors. 

 Underground tank monitoring and reporting 

 Treatment facilities permitting and sampling for regulatory compliance 

 Environmental remediation of contaminated sites. 

Common Functions      
All the functions of the Responsible Safety Officer include the following areas of responsibilities:

 Environmental Monitoring, including both workplace and office data collection and 
measurement techniques. 

 Decontamination and Waste Disposal. 

 Safety Resource Library Maintenance. 

 The Responsible Safety Officer should either maintain or have the Company maintain a 
library that contains copies of codes, standards, safety manuals, and reports that regulate 
BIC Switchgear Services, Inc.’s safety program. The library also contains copies of texts and 
reports regarding health and safety. 

 Industrial Hygiene and Environmental Protection. 

 Health Physics laboratory. Maintain extra protective clothing, safety glasses and safety shoes
for guests and existing employees needing temporary replacement of their protective 
equipment. 



Safety TrainingSafety Training

BIC Switchgear Services, Inc. policy and federal law require that BIC Switchgear Services, Inc.
staff, participating guests, and visitors receive appropriate health and safety training. Managers
are  responsible  for  ensuring  that  employees  and  guests  under  their  supervision  receive  this
training so they are fully informed about possible occupational health hazards and know how to
work safely. Training must include BIC Switchgear Services, Inc.'s health and safety orientation
for  new employees  plus any additional  training specific  to  the  nature  of hazards  on the job;
employees must complete this training before they can work unsupervised. All new employees
must attend the new employee orientation within the first month of employment. 

OSHA  and  other  federal  regulations  spell  out  several  specific  health  and  safety  training
requirements for special hazards. These include, but are not limited to, radiation safety, hazard
communication for exposure to hazardous substances, asbestos exposure, respirator use, hearing
conservation, laser safety, confined space hazards, and certification for using material in moving
equipment such as forklifts and overhead cranes. Employees who do hazardous work, such as
working with high-voltage power supplies, or who are members of building emergency teams are
required to have CPR and First Aid certification. 

Managers should identify training needs for the job classifications for which they are responsible.
Please refer to specific chapters in this manual for further information on training requirements.
Consult with the Responsible Safety Officer staff about other training needs and requirements.
Training  not  provided  by  Responsible  Safety  Officer,  such  as  on-the-job  training,  is  the
responsibility of line management. This includes information on procedural changes or system
modifications that impact safety. 

Responsible  Safety  Officer  provides  several  health  and  safety  training  courses,  technical
assistance  on  training  needs,  and  resources  to  help  supervisors  fulfill  their  training
responsibilities. An announcement describing health and safety courses offered by Responsible
Safety  Officer  is  distributed  quarterly.  Educational  resources  such  as  fact  sheets,  hazard
summaries, and other written materials, as well as videos and slide shows, are available from
Responsible Safety Officer. 

Supervisors can get a catalog from Responsible Safety Officer describing audio-visual materials
that may be used to supplement safety training programs. ALL health and safety training must be
documented.  Supervisors  must  note  the  participants’  names  and  employee  numbers,  topics
discussed, instructor(s), and date. Supervisors are responsible for maintaining training records. A
copy of  this  information  should be sent  to  the  Responsible  Safety Officer  training/education
coordinator for inclusion in BIC Switchgear Services, Inc.’s training data base. 



Hazard WarningsHazard Warnings

Introduction       
Every reasonable method to warn employees of hazards and dangers and to inform them of the
actions required must be utilized. Signs, characteristic lights, and audible alarms as additional
safeguards  for  built-in  mechanical  and  physical  protection  must  be used.  To ensure  uniform
response by personnel,  the  warning signs  and devices  must  be of  the  same  type  for  similar
hazards. Obtaining and installing the warning systems is the responsibility of the Responsible
Safety Officer as well as group using them. 

Signs: Contents & Configuration    
Signs must conform to the colors, symbols, lettering size, and proportions as specified by BIC
Switchgear Services, Inc., except that radiation signs must conform to the requirements stated in
10 CFR 20. Every warning sign must include the following components: 

 An approved heading that indicates the relative hazard 

 A statement of the type of hazard 

 A statement of what to do or not to do in the area 

Sign Selection       

The sign portfolio maintained by the Responsible Safety Officer may be used to help in selecting
suitable signs. The Responsible Safety Officer will also advise regarding the types needed and
their  sources of supply.  The Responsible Safety Officer stocks some signs.  Special  signs are
custom made in the BIC Switchgear Services, Inc. shops or are purchased from outside vendors. 

Danger Signs       

Danger signs are used only where injury or damage is certain to occur if approved operating
instructions  and  procedures  are  not  followed.  Personnel  must  be  warned  of  the  serious
consequences of ignoring the message. The top of this sign says DANGER in white letters on a
red oval that is edged by a rectangular black border. The body of the sign is white with the
message printed in black. 

Caution Signs       

Caution signs are used where injury or damage is possible and employees must be on their guard.
The top of this sign says CAUTION in yellow letters on a black rectangle. The body of the sign is
yellow with the message printed in black. 

Informational Signs      

Informational signs are used where instructions are needed. The heading says NOTICE in white
letters on a green rectangle when the message relates to safety and on a blue rectangle for other
messages. The body of the sign is white with the message printed in black. 

Directional Signs      

Directional signs are used to indicate exits, fire escapes, evacuation routes, stairways, location of
first aid, etc. The direction symbol appears near the top in white on a green rectangle. The body



of the sign must have a color contrasting with the general background. 

Warning Devices       
Warning devices such as lights and audible alarms must be installed where they are needed to
warn personnel against remaining in or entering hazardous areas. Personnel must be instructed
about  the  meaning  and  the  response  required  when  an  alarm  sounds.  An  explanatory  sign
(describing  hazard  and  action  to  take)  must  be  posted  near  a  warning  light  that  when  ON
indicates  danger,  caution,  high  explosives,  or  radioactivity.  In  a  highly illuminated  area,  the
warning light should be surrounded by a disk or wide-angled cone of a contrasting color. 

Evacuation Alarm System     

The facility supervisor and Responsible Safety Officer shall jointly decide the type of evacuation
alarm system when needed. 

Evacuation Alarm      

All buildings on site are equipped with a means of notifying personnel to leave the building,
which is usually the public address system. Every dangerous operation area, indoor and outdoor,
must be provided with devices to notify personnel to leave the area. The general evacuation alarm
is a steady klaxon horn sound that means, “Everyone leave the building immediately and go to
the prearranged assembly point or as directed by the public address system.” The extensiveness
and reliability of the alarm system must be proportional to the magnitude of the credible accidents
that could occur from the operations in or near the building. 

Evacuation Alarm - Automatic

An automatic evacuation alarm must be installed that is triggered by a detector directly sensitive
to  the  nature  of  the  hazard  for  any  operation  in  which  an  accident  could  rapidly  endanger
employees  outside the immediate area.  Such an operation must  not  proceed unless the alarm
system is functional. Manual activation capability and a public address back-up system must be
provided in the building. This alarm system must be protected by an automatic emergency power
supply. 

Manual Alarm System      

A manually operated alarm system must be installed for operations in which accidents would not
cause immediate danger to personnel outside the area of the incident but that could develop into
dangerous situations.  A public  address  system operable  from the building and from the Fire
Department and Protective Services must be provided. 



EmergenciesEmergencies

Organization       
BIC Switchgear Services, Inc. requires that during every emergency an organized effort be made
to protect personnel from further injury and to minimize property damage. All of BIC Switchgear
Services, Inc.'s resources can be made available to respond to an emergency.  Each supervisor
must know what to do during an emergency in his or her area and must be certain that his or her
employees understand their roles. 

Master Emergency Response Plan   
BIC Switchgear Services, Inc.'s Master Emergency Response Plan delineates lines of authority
and responsibility for emergency response. In this context, a major emergency may be one of the
following: a potential major loss to a building or facility; an emergency that involves more than
one building or facility; a situation in which a choice must be made in the assignment of relative
levels  of  authority  among  emergency-response  groups;  a  potential  hazard  to  the  surrounding
community; threat; civil disturbances or alerts; natural disasters such as earthquakes, floods, and
landslides; and site wide electrical power or other utility failure. 

During response to such major events, if deemed necessary by management or BIC Switchgear
Services, Inc. Fire or Police may be summoned, and a pre-designated succession of management
personnel would determine who would take charge. The primary responsibility person designated
to be in charge is to ensure that priorities are established, that the response is appropriate and
adequately implemented,  and that  the proper notifications are made.  In most  cases the direct
involvement of local supervision and remedial action will be necessary. 

Adequate emergency response will be made at the group, department, and building levels, with
support from Fire, Medical, Protective Services, and other support organizations. As a practical
matter it must be recognized that management personnel are normally on site only 40 of the 168
hours per week. Thus, there may be considerable delay before management personnel can assume
on-site direction of major emergencies. This highlights the importance of local initiative, at least
at the onset of an emergency. 

The underlying philosophy of the emergency response plan is the recognition that each employee
has a vital role and a basic responsibility in the area of safety and emergency action. The only
reasonable expectation is that at the onset of an emergency the initial response will be at the
individual  level.  Immediate  and  knowledgeable  action  is  vital.  The  emergency  plans  for
individual buildings and facilities set forth the responses to be taken by employees following the
discovery of an emergency. 

Following the immediate  measures  taken by the individual,  the  responsibility for  action will
normally  proceed  upward  through  normal  organizational  lines  of  authority  to  the  Building
Manager  and to  emergency-response groups.  Involvement  of  individuals  at  a higher  level  of
responsibility will depend on the particular situation. To reiterate, levels of responsibility proceed
downward from top management while action and response levels proceed upward from the first
person involved. 

Please have the courage to call outside assistance like the police and firefighters. Dial 9-1-1. 



When the police, firefighters or paramedics arrive, surrender command to an qualified emergency
specialist. Notify management as soon as practical, which means after all immediate responses
have  been  exercised.  The  operator  at  911  will  tell  you  who  is  the  person  in  charge  of  the
specialized personnel assigned to respond to the emergency. An orderly transfer of responsibility
is then made from the local building or facility organization to this responding unit. 

The examples listed below identify the most likely outside incident commander for the following
types of emergencies: 

 Injury: Ranking Fire Officer or Physician 

 Fire: Ranking Fire Officer 

 Bomb Threat: Ranking Police Officer 

 Civil Disturbance: Ranking Police Officer 

 Radioactive or Chemical Spills: Ranking Fire Officer Responsible Safety Officer Special Toxic
Clean Up crew or alternate 

 Power Outage: Pacific Gas and Electric or local Plant Power Engineer 

 Mechanical Utility Failures: Construction and Maintenance Department Superintendent 

 Structural Plant Failures: Engineering Department Head or alternate 

 Landslide: Engineering Department Head or alternate 

In most emergencies the person who should be in charge is obvious. However, an emergency
might arise that requires the major involvement of more than one emergency-response group. In
such a case the ultimate authority among those on the scene may not be obvious. In this event,
management should be consulted for direction. 

Building Emergency Plan     
A specific emergency plan for each building or facility must be prepared under the direction of
the Building Manager. A Building Manager and Deputy Manager must be appointed and oriented
for  each building or complex.  Generally,  the  Building Manager  is  the person in charge of a
building  or  facility.  The  Building  Manager  has  specific  responsibility  for  the  preparation,
updating, and implementation of the emergency plan for this area. This responsibility includes
recommending personnel to attend indoctrination and training programs. Specifically, each plan
must  contain the following information and procedures as appropriate for each building: The
names of the Building Manager, Deputy Manager, and Assistant Manager(s). 

A list of people with specific duties during an emergency and a description of their duties. For
example,  specific people should be assigned to supervise evacuation and to carry out a rapid
search of the area (assuming this can be done safely). Floor plans showing evacuation routes, the
location of shutoff switches and valves for the utility systems (water, gas, electricity), and the
locations  of  emergency equipment  and supplies  (including medical).  Indications  on the floor
plans of areas where specific hazards (i.e., toxic, flammable, and/or radioactive materials) exist.
Location and description of special hazards or hazardous devices should be included in the text
together with shutdown procedures if applicable. 

Designation of a primary assembly point for evacuees, well away from the building. An alternate
site should also be designated in case the first choice cannot be used. 

Reentry  procedures.  No  one  should  reenter  an  evacuated  building  or  area  without  specific
instructions  from  the  Building  Manager  or  other  person  in  charge.  Department  Head  and



Supervisor responsibilities regarding emergency preparedness and action procedures. Emergency
plans for facilities or equipment requiring an Operational Safety Procedure (OSP). 

Operational Safety Procedures   

OSP’s  for  individual  facilities  or  pieces  of  equipment  must  include emergency plans  for  the
facilities or equipment. 

Supervisors Responsibilities   

During an emergency,  the supervisor must: Ensure that those under his or her supervision are
familiar  with the plan for the building, particularly the recommended exit  routes and how to
report an emergency. Render assistance to the person in charge during an emergency, as required.
Maintain familiarity with the shutdown procedures for all equipment used by those under his or
her supervision. Know the location and use of all safety equipment on his or her floor. Keep
employees from reentering an evacuated area until reentry is safe. 

No Loitering Policy      

Employees  not  involved  in  the  emergency  must  stay  away  from  the  scene  and  follow  the
instructions issued over the public address system or directly from the person in charge. The
sounding of a fire bell  means immediate evacuation by the nearest exit.  Employees  must  not
reenter an area that they have evacuated until notified that it is safe to return. 

Employee Responsibilities     

Employees,  other than emergency-response groups, involved in any emergency greater than a
minor  incident  are  expected  to  act  as  follows:  If  there  is  threat  of  further  injury or  further
exposure to hazardous material, remove all injured persons, if possible, and leave the immediate
vicinity. If there is no threat of further injury or exposure, leave seriously injured personnel where
they  are.  Report  the  emergency  immediately  by  phone.  State  what  happened,  the  specific
location, whether anyone was injured, and your name and phone number. Proceed with first aid
or attempt to control the incident only if you can do so safely and have been trained in first aid or
the emergency response necessary to control the incident. Show the ranking emergency-response
officer where the incident occurred, inform him or her of the hazards associated with the area,
provide any other information that will help avoid injuries, and do as he or she requests. 



Emergency Action PlanEmergency Action Plan

At BIC Switchgear Services, Inc., we have established specific plans of action for dealing with a
variety of emergencies – please read this section carefully and commit it to memory.

Evacuation
Leave the building at the nearest exit to your location and proceed to the front of the property
near 5th Avenue South.  The accounting for all employees after an emergency evacuation will be
performed at this spot.

Reporting Fires & Other Emergencies
Call 911

Rescue & Medical Duties
Call 911

Contacts
Irondale Police Department (non-emergency):  956-5990

Irondale Fire Department (non-emergency):  951-1408

Medical Facility:  American Family Care – Eastwood:  956-9192

Workers Compensation Insurance:  Sheffiedl Group:  437-2344



Employee Health ServicesEmployee Health Services

Medical Services
The objectives of the Medical Services Department are: 

 To ensure that employees are assigned duties they are physically able to perform. 

 To provide medical care and rehabilitation of the occupationally ill or injured. 

 To provide emergency treatment of serious illnesses or injuries. 

 To encourage employees to maintain their physical and mental health. 

 To assist in maintaining a healthful and safe work environment. 

Occupational Health Monitoring   
Pre-placement,  periodic,  special,  and  termination  examinations  are  conducted  and emergency
services  are  provided.  Potential  occupational  exposures  to  hazardous  situations  or  agents  are
investigated on a continuing basis in cooperation with the Responsible Safety Officer. Diagnosis
and treatment of non-occupational illness or injury are limited to minor first aid, emergencies,
and special situations for which treatment is in the best interest of BIC Switchgear Services, Inc.
and the patient. The Company offers confidential counseling for employees to aid in resolving
work-related or personal problems. 

On Site Medical Aid      
BIC Switchgear Services, Inc. does not have an On Site Medical Services Program.  All medical
services are performed at American Family Care – Eastwood, located at 1652 Montclair Road,
Birmingham, AL 35210 (Telephone:  956-9192) or other medical location as determined by the
employee and/or BIC Switchgear Services, Inc. 

 

Bioassay Program 

All employees with significant potential for internal exposure to radioisotopes, e.g., by inhalation
of  ingestion,  are  requested  to  submit  urine  samples  periodically  for  radiochemical  analysis.
Accidental  releases of radioisotopes in the workplace may require employees  to collect urine
and/or fecal samples for analysis in order to estimate their internal radiation exposure. 

Return to Work       
Restrictions  may  be  placed  on  an  employee's  work  pursuant  to  physical  examination,
occupational or non-occupational illness, or injury. 

Pregnancy & Workplace Hazards   
As soon as an employee learns that she is pregnant,  she must  inform the Responsible Safety
Officer of  the expected date of childbirth. The employee  should have her physician or nurse
discuss  her  work  environment  with  her  and  will  determine  whether  any  change  in  the
environment should be made to ensure her good health and that of her baby.   These proposed



changes  should  be  provided  to  BIC  Switchgear  Services,  Inc.  in  writing  and  given  to  the
Responsible Safety Officer.

Employee Assistance Program    
The Company offers confidential assistance in resolving personal problems such as alcoholism,
drug abuse, emotional disturbances, and legal, marital, or financial difficulties. Employees may
seek this assistance or be referred by supervisors. Classes on topics such as stress management
are offered on an as-requested basis. 

Safety Glasses       
Appointments with an optometrist to fit safety glasses are available. The glasses are supplied free
of charge to employees needing this protection. Employees may bring a recent prescription or
have a refraction done here for a nominal cost. 

Immunizations       
Employees  needing immunizations  for  travel  may have them at  Medical  Services.  In  special
instances where a communicable disease is imminent, immunization is offered to the entire BIC
Switchgear Services, Inc. population. Tetanus toxoid is routinely administered to laborers and
animal handlers. 

Occupational Injury/Illness    
Treatment  is  coordinated  with  outside  specialists  in  accordance  with  the  provisions  and
requirements  of  Workers'  Compensation  laws.  Every injury sustained  while  performing  BIC
Switchgear  Services,  Inc.  assigned  tasks,  no  matter  how  minor,  must  be  reported  to  the
employee's supervisor and to the Responsible Safety Officer. If an employee goes to a private off-
site doctor about a job-incurred injury or illness, the physician consulted should be informed that
the injury or illness is industrial. It is the employee's responsibility to notify the RSO and his/her
supervisor of the injury or illness and the treatment received. An occupational injury or illness is
one which results from a work accident or from an exposure involving an incident in the work
environment. In most cases, the employee will be referred to his/her private physician, a selected
specialist,  or  a  hospital  emergency  room.  Standard  procedures  for  ingestion  of  poisons,  eye
injuries,  burns,  cardiac arrest,  coma,  etc.,  are followed.  In the event  that  a patient  cannot  be
moved from the site of the injury, primary aid will be rendered by BIC Switchgear Services, Inc.
physicians, nurses, firefighters, or ambulance personnel. A physician should be notified of any
major accident that occurs at any time at the workplace. When the company physician has been
notified, he/she will take the responsibility for appropriate notification of family, relatives, and
the President's Office. 

In the event of an occupational injury or illness that requires care by a specialist, the patient is
referred to his/her personal physician or a physician selected from a panel of locally practicing
specialists. Medical Services is prepared to provide definitive treatment for minor occupational
injuries  or  illnesses  and  rehabilitation  where  appropriate.  Diagnosis  and  treatment  such  as
suturing, splinting, dressing, and analgesia are given routinely when appropriate by the physicians
and registered nurses on site. Minor injuries and illnesses not associated with work frequently are
treated by the physician or nurse on duty. 

Patients who present themselves with more severe or chronic health problems are consulted with
and referred to their  personal  physician or transported,  if  necessary by ambulance,  to nearby
hospitals  for emergency care. No injured or ill  persons, regardless of employment  status, are
denied first aid or referral to medical resources in the community. BIC Switchgear Services, Inc.
personnel are advised by the Responsible Safety Officer regarding known personal exposure to



radiation. The procedure and urgency of notification and subsequent action by the physician vary
in detail depending on the particulars of the exposure or spill. 

Usually,  in the event of contamination by radioactive isotopes or possible activation by high-
energy  beam,  the  employee(s)  will  receive  a  whole-body  count  and  bioassay  of  excreta,  if
indicated. Dose estimates are the joint responsibility of Responsible Safety Officer and Medical
Services Departments.  Medical Services is prepared to assist  in decontamination of personnel
when necessary especially of contaminated wounds. BIC Switchgear Services, Inc. has written
mutual aid agreements with local hospitals to admit and care for contaminated injured personnel.
Employees who are injured severely or become seriously ill at work are transported to Medical
Services in the ambulance operated by the Fire Department, except when other transportation is
specifically  approved  by  Medical  Services.  If  necessary,  the  ambulance  is  used  to  transport
patients to nearby hospitals or clinics. 

Privacy Notice       
BIC Switchgear Services, Inc. should provide the information below to individuals who are asked
to complete medical history forms or otherwise supply personal information about themselves.
The information on this form is requested for purposes of maintaining a complete medical record
on each BIC Switchgear Services, Inc. employee as part of the Occupational Medical Program of
the Medical Services Department. Furnishing the requested information is voluntary, but failure
to provide such information on pre-employment examination may delay or even prevent medical
approval  for  employment.  Supplying  information  on  subsequent  examinations  is  in  the  best
interest of the employee and is intended to protect the health of BIC Switchgear Services, Inc.
employees. 

All  information  in  employee  medical  records  is  available  only  to  Medical  Services  staff.
Information from medical records cannot be disseminated outside Medical Services without the
written consent of the employee except as required by law; however, the information may be used
as  a  basis  for  recommendations  by  the  Responsible  Safety  Officer  to  various  persons  in
miscellaneous  personnel  matters  such  as,  but  not  limited  to,  consideration  for  employment,
transfer, work assignment, and eligibility for benefits. Individuals have the right to review their
own records in accordance with company policies. Information on these policies may be obtained
from the Personnel Department or the Responsible Safety Officer. 



Building Management & ConstructionBuilding Management & Construction

Introduction       
BIC Switchgear Services, Inc.’s buildings and equipment must  equal or exceed existing legal
standards  for  safety,  fire  prevention,  sanitation,  architectural  barriers,  health  protection,  and
resistance  to  seismic  forces.  Safeguards  must  provide  built-in  protection  against  injury  to
personnel or damage to property and include methods for limiting the consequences of accidents.
Protection  systems  must  permit  the  most  effective  work  conditions  consistent  with  effective
safeguards. Since physical plant facilities are the responsibility of the Engineering Department,
the following matters related to engineering and construction must be referred to the Engineering
Department:  New construction or alteration of  buildings,  building facilities,  fixed equipment,
outside utilities such as cooling towers, electrical substations, underground pipes, conduits, or
vaults, roadways, parking lots, walkways, landscaping, sewers, and drainage systems. Plans under
consideration that will affect any structure or physical plant facility because of the size of the
project,  loads, vibration, temperature requirements,  humidity control,  radiation background, or
ventilation requirements, or any code-related feature of the facility. 

Engineering Responsibilities   
The Engineering Department is responsible for planning, construction, and alterations involving
physical  plant  facilities.  Job  control  by  the  Engineering  Department  includes  obtaining  all
required official  approvals;  requesting new account  numbers;  initiating requisitions,  materials
orders, and job orders; and administrating all subcontracts pertaining to the project. To initiate
new construction  or  alterations,  a  request  is  submitted  to  the  Engineering  Department.  The
submission must inform the Plant Engineering Department of the proposed use and any special
safety requirements for the project. The Responsible Safety Officer will assist the Engineering
Department in determining the need for developing specific safety criteria and facilities. 

Structural Alterations     

Plant  alterations  that  are  necessary  for  safety  or  to  improve  safety  should  be  carried  out
expeditiously. Requests for such alterations or additions, and job orders for such projects, should
be  conspicuously  marked  as  safety  projects.  The  Responsible  Safety  Officer  establishes
appropriate priorities for these safety projects. 

Hazardous Materials      
Hazardous materials  must  be handled and stored in  enclosures  that  1)  protect  the worker  by
means appropriate to the hazard and 2) protect the casual or unwitting passerby from hazards or
access to hazards. These aims are achieved by work enclosures such as hoods, glove boxes, fire
safes,  and  fenced  areas.  Applicable  construction  criteria  for  such  work  enclosures  are  given
below. 

Standards        
The standards and recommendations of the American Conference of Governmental  Industrial
Hygienists (ACGIH) will be followed. 



Hazmat Glove Boxes      

Glove boxes for use with radioisotopes or other hazardous materials will be purchased or built
and installed only with the approval of the Responsible Safety Officer. 

Fences         
Fences of suitable type must be provided wherever unauthorized access can lead to personnel
injury or property damage.  Protection from such serious hazards as high level radiation, high
pressure, or exposed high voltage requires special considerations. Vehicle gates must be at least
12 ft wide. 

General Requirements     
The  following  general  requirements  apply  to  all  buildings:  Construction  should  be  of  non-
combustible or fire-rated materials as much as possible. Building Manager must ensure that the
floors of traffic corridors are unobstructed and meet code requirement. All work areas should
have the following: At least two unobstructed exits if total floor area is over 250 sq ft. A smooth
wall finish and smooth, impermeable work surfaces. 

 Automatic fire detection and suppression systems. 

 Adequate ventilation. 

 Additional requirements for manufacturing, industrial or production areas are as follows: 

 Safety enclosures or barriers for high energy systems. 

 Warning signals and safety interlocks for high energy systems or equipment. 

 Adequate grounding devices for electrical systems as required by the National Electric Code 
and this manual. 

 Proper design of pressurized gas systems in accordance with this manual. 

Additional requirements for chemical handling areas are as follows: 

 Process and special ventilation in accordance with the ACGIH standards and 
recommendations. Safety storage arrangements for chemicals. 

 Emergency eye wash and shower facilities. 

Contractors        
In addition to the full- and part-time employees on the BIC Switchgear Services, Inc. payroll,
important  work  is  performed  by  personnel  through  contract  arrangements.  These  non-BIC
Switchgear Services, Inc. persons are sometimes referred to as contract or subcontract personnel.
Nevertheless, the safety obligations of subcontractor personnel are the same as those of the BIC
Switchgear Services, Inc. employees. Those BIC Switchgear Services, Inc. supervisors assigned
to direct work of contractor and/or subcontractor employees must instruct and otherwise provide
safety equipment and conditions equivalent to those provided to payroll employees. This is to
ensure  that  BIC  Switchgear  Services,  Inc.  property  is  protected  from  damage  and  that  all
employees, payroll or non-payroll, are protected from work injury and illness. BIC Switchgear
Services, Inc. is required by law to make its facilities as safe as possible for the protection of the
employees of its contractors and subcontractors, as well as any other visitor. 



Construction Safety      
Construction safety is closely monitored by the various on-site construction supervisors, job site
coordinators,  superintendents,  architects,  engineers,  government  and  private  inspectors,
contractor's and subcontractor's safety officials and BIC Switchgear Services, Inc.'s Responsible
Safety Officer, all of whom must work closely together. Each contractor and subcontractor must
supply the name of its designated safety official for that job site to BIC Switchgear Services,
Inc.'s Responsible Safety Officer before being allowed to commence work on the site. In addition,
the following definitions and procedures formalize the safety responsibilities and duties of all
those persons involved with construction site management. 

Construction Leadership     
The  following  definitions  describe  personnel  referred  to  in  these  procedures.  Construction
Inspector.  The  person  assigned  by  BIC  Switchgear  Services,  Inc.  to  monitor  subcontractor
activities  for  construction  compliance  with  the  subcontract  specifications  and  drawings.
Responsible  Safety  Officer.  The  person  assigned  to  monitor  construction  safety.
Architect/Engineer (A/E). The person assigned by BIC Switchgear Services, Inc. to ensure that a
construction project is built according to contract documents and design intent may also be called
Project  Architect,  Project  Engineer,  or  Project  Manager.  Subcontractor.  Firm responsible  for
actual construction and compliance with all safety regulations. 

OSHA Regulations and Building Owner  
Responsible Safety Officer has been given the responsibility by BIC Switchgear Services, Inc.
and OSHA for  monitoring  the  safety of  construction  site  activities  and  enforcing  all  OSHA
regulations.  The  extent  of  monitoring  will  vary  depending  upon  the  type  of  activity  the
subcontractor is engaged in. The Responsible Safety Officer role after visiting a construction site
is to advise the Construction Inspector and the Architect/Engineer wherever the subcontractor is
in violation of a safe practice or an unsafe condition exists. After notification by Responsible
Safety  Officer,  the  Construction  Inspector  and  the  Architect/Engineer  are  responsible  for
notifying  the Subcontractor to  take corrective action.  The responsibility for  correction of the
problems rests with the Subcontractor. The Responsible Safety Officer will follow up to ensure
that corrective action is being taken or had been taken by the Subcontractor. A record will be
maintained by the Responsible Safety Officer giving the date, discrepancies noted, notifications
given, and actions taken by the Subcontractor. 

Subcontractor Safety     
The  Responsible  Safety  Officer  is  responsible  for  monitoring  the  safety  performance  of  the
Subcontractor.  He/she will  usually coordinate visits with the Construction Inspector,  or if the
Construction  Inspector  is  not  available,  will  carry  on  the  monitoring  activities.  The
Subcontractor's  safety performance must  be logged by the Responsible Safety Officer,  and if
necessary  referred  in  writing  to  the  Construction  Inspector  and  the  Architect/Engineer  for
notification to the Subcontractor and subsequent action as appropriate by the Subcontractor. 

Sub-Contractor Employees    

Except when responding to an emergency, personnel entering a construction site must: Identify
themselves  to  the  Construction  Inspector  and/or  Architect/Engineer  upon  arrival.  State  the
purpose of their visit and the area to be visited. Obey the on-the-job instructions, wear appropriate
protective equipment, and follow any special instructions given by the Construction Inspector.
Communicate  with  the  Subcontractor  only  through  the  Construction  Inspector  and  the
Architect/Engineer.  Notify  the  Construction  Inspector  when  their  visit  is  terminated.  The



Responsible  Safety  Officer  visits  to  construction  sites  will  normally  be  limited.  Instructions
and/or  recommendations  from  the  Responsible  Safety  Officer  must  be  directed  to  the
Subcontractor in the presence of the Construction Inspector. In cases of imminent threat to life
safety or  severe  hazard  of  injury,  the  Responsible  Safety Officer  Inspector  may  contact  the
Subcontractor without the presence of the Construction Inspector. Operational problems relating
to the safety will be coordinated by the Responsible Safety Officer and discussed directly with the
Construction Inspector and/or with the Architect/Engineer. The Construction Inspector and the
Architect/Engineer will notify the Subcontractor of the need to fulfill his responsibilities. 

Subcontractors Project Safety Program 

The Subcontractor must submit a project safety program for review and acceptance before any
on-site activities. The Safety Program must be acceptable to the Responsible Safety Officer, with
copies of the accepted program going to the Construction Inspector, the Architect/Engineer, and
the Contract Administrator. The subcontractor must comply with all rules and the construction
industry safety orders by OSHA. 

Pre-Job Construction Conferences  
The Construction Inspector must notify the Responsible Safety Officer of the subcontractor's on-
site start date and discuss any unusual safety problems with the Responsible Safety Officer and
the Architect/Engineer. In addition, Responsible Safety Officer and the Architect/Engineer will
discuss any unusual safety problems at a construction pre-start meeting with the Subcontractor. 

Fire Permits       

The Subcontractor must call the Fire Department for a burn permit and describe where and what
is to be burned. A Firefighter must meet with and visit the location with the superintendent where
the burning is  to take place and will  instruct  him/her  in the precautions to be taken and the
placement of fire extinguishers. In case of problems, the Firefighter's first points of contact are
the  Construction  Inspector  and  the  Architect/Engineer.  However,  in  case  of  immediate  fire
hazard, he/she will contact the person creating the hazard directly. Fire permits may be issued on
an extended basis if appropriate.  

Fire Inspections      

Construction  site  fire  safety  inspections  may  be  made  at  any  time  by  any  authorized
representative. All discrepancies or problems observed must be in writing and addressed to the
Construction Inspector and the Architect/Engineer. 

Stop Work Orders      
The BIC Switchgear Services, Inc. stop work procedure applies to all construction subcontractor
activities. It must be used only where life-safety or hazard of severe injury situations exist, or
where significant damage to equipment or property could occur if the operation continued. The
Construction Inspector or Architect/Engineer of a construction project is responsible for directing
the Subcontractor to stop an operation whenever he/she has reason to believe that continuing will
lead  to  injury  or  damage  to  BIC  Switchgear  Services,  Inc.  or  Subcontractor  employees  or
property. The Responsible Safety Officer is authorized to request the Construction Inspector to
have the Subcontractor stop any operation they believe will  lead to injury of BIC Switchgear
Services,  Inc.  or  Subcontractor  personnel  or  damage  to  BIC  Switchgear  Services,  Inc.  or
Subcontractor property.  All work stoppages must be in writing to the Subcontractor and must
reference  Safety  and  Health  or  the  Subcontract's  General  Conditions,  and,  if  known,  the
appropriate OSHA regulation. A safety memorandum must be issued by the Responsible Safety
Officer  after  each  instance  of  stopping  work,  with  copies  to  the  Construction  Inspector,  the



Architect/Engineer, and the Contract Administrator. Work must not resume until authorized by
BIC Switchgear Services, Inc. management. An example of a work stoppage situation would be
having people working next to an upper-level edge not provided with edge barriers. A stop work
notice  would  be  issued  and  work  would  not  resume  until  BIC  Switchgear  Services,  Inc.
management was satisfied that proper barriers were in place. When issuing a stop work order,
only those areas of the construction project immediately involved in the hazardous situation are
included in the order. Differences of opinion between the Responsible Safety Officer and the
Construction Inspector or Architect/Engineer concerning a stop work order must be immediately
referred  to  their  supervisors  or  department  heads.  The  Responsible  Safety  Officer's
recommendations must be followed until the supervisors/department heads make a decision. In
the  absence  of  the  Construction  Inspector,  the  Responsible  Safety  Officer  must  direct  the
Subcontractor  to  stop  an  operation  that  the  Responsible  Safety Officer  considers  perilous  to
personnel or property. The Responsible Safety Officer must locate the Construction Inspector, the
Architect/Engineer, or the department head and notify them of the action taken. 

Serious Accidents On Site    
In  the  event  of  a  serious  accident  on  a  construction  site,  the  Construction  Inspector,
Architect/Engineer, or Responsible Safety Officer will determine if all work is to be immediately
stopped.  If  work is  stopped,  all  workmen in the immediate  area  are to  be assembled  by the
Subcontractor  until  the  Responsible  Safety  Officer  has  conducted  an  initial  investigation,
collected applicable information from witnesses, and determined whether work may resume. The
person  stopping  work  must  initiate  notification  of  Responsible  Safety  Officer  and  BIC
Switchgear Services, Inc.'s legal Counsel. 

Radiation Exposure      
Subcontract personnel who plan to work in areas where they may be exposed to ionizing radiation
from BIC Switchgear Services, Inc. operations must receive a personal dosimeter and radiation
safety training from the Responsible Safety Officer before work begins. Each dosimeter issued to
Subcontractor personnel must be returned at the designated periods and at the conclusions of the
job. Training will be handled on a case-by-case basis for each contract. The length of this training
will range from 15 minutes to 1 hour, depending on the facility in which work is to be done. The
Responsible Safety Officer must be notified of the above situation before work begins so that a
determination can be made as to whether dosimeters will be issued and what radiation training
will be required. 

Excavation and Shoring     
Job orders, purchase orders, and subcontracts for excavations that are 5 or more feet deep or are
in unstable earth and in which people will work, must specify that shoring is required that is in
compliance with 29  CFR 1926,  Subpart  P,  Excavation,  which is  available  from Engineering
Department or the Responsible Safety Officer. If it is necessary to deviate from the requirements,
a  civil  engineer  registered by the  State  must  submit  detailed  data  to  the  Responsible  Safety
Officer  for  alternative  effective  shoring  and  sloping  systems.  These  data  shall  include  soil
evaluations,  slope  stability,  and  estimation  of  forces  to  be  resisted,  together  with  plans  and
specifications of the materials and methods to be used.  When sheet  piling is  to be used,  full
loading due to ground water table must be assumed unless prevented by weep holes and drains or
other  means.  Additional  stringers,  uprights,  and  bracing  must  be  provided  to  allow for  any
necessary temporary removal of individual supports. Excavated material must be located at least
2 ft back from the edge of excavations of 5-ft or greater depth and 1 ft back from the edge for
excavations less than 5-ft deep. Sloping. Instead of a shoring system, the sides or walls of an
excavation  may  be  sloped,  if  this  provides  equivalent  protection.  The  degree  of  sloping  is



dependent on the type of soil and the depth of excavation. Sloping requirements are shown in 29
CFR 1926,  Subpart  P,  Appendix B. Supervision. Excavation work must  always  be under the
immediate supervision of someone with authority and qualifications to modify the shoring system
or work methods as necessary to provide greater safety. A ladder projecting 36 in. above ground
surface must be provided for access and exit. Travel distance to the ladder must not exceed 25 ft. 



Fire SafetyFire Safety

Introduction       
Policy and planning for fire safety at BIC Switchgear Services, Inc. takes into account the special
fire hazards for specific operating areas, the protection of high-value property, and the safety of
employees. These ends are met by: 

 Non-combustible or fire-rated materials and construction practices suitable to the assigned 
uses of buildings and facilities. 

 Alarm systems and automatic extinguishing systems. 

 Availability of suitable hand extinguishers and local hose lines for use before firefighters 
arrive. 

 Access to professional fire department, always staffed and trained in the control of 
emergencies that could occur at the Company. (The Fire Department makes the initial 
response to all requests for emergency aid received on the emergency telephone number, 
911.) 

This chapter covers the fire safety responsibilities of employees and supervisors and sets forth the
fire safety rules and procedures. 

Fire Department       
The Community Fire Department is responsible for protecting people and property from fires,
explosions,  and other  hazards  through prevention and expeditious  control  of  such events.  In
addition,  the  Fire  Department  provides  first-response  rescue  and  transportation  services  in
medical  emergencies.  The  Fire  Department's  inspection  staff  is  responsible  for  ensuring
company-wide compliance with fire safety and protection requirements  and for reviewing all
plans  and  procedures  for  compliance  with  these  requirements;  for  inspecting  and  testing
automatic  fire  protection  and  alarm systems  and  ensuring  their  maintenance  and  repair;  for
conducting  fire  safety  and  protection  inspections;  and  for  providing  fire  prevention
recommendations.  Other  responsibilities  include  training  employees  in  fire  safety equipment,
practices,  and  procedures.  All  these  fire  protection  and response  functions  are  performed  in
conformance  with OSHA regulations,  State  law,  BIC Switchgear  Services,  Inc.  policies,  and
nationally recognized standards and guidelines for fire and life safety. 

The Fire Chief and the Fire Marshall have the authority to enforce applicable requirements of the
Uniform Building Code;  the  Uniform Fire Code;  National  Fire Protection Association Codes
(including the Life Safety Code), Standards, and Recommended Practices; and the fire protection
provisions of OSHA Orders. All employees must immediately report fires, smoke, or potential
fire hazards to the Fire Department (dial 911). All employees must conduct their operations in
such a way as to minimize the possibility of fire. This means applying rules such as keeping
combustibles  separated  from  ignition  sources,  being  careful  about  smoking,  and  avoiding
needless accumulations of combustible materials. Supervisors are responsible for keeping their
operating areas safe from fire. 



The Responsible Safety Officer and the Fire Department will provide guidance and construction
criteria with respect to fire and life safety as well as inspections. The provision and maintenance
of fire detection systems and both automatic and manual  fire extinguishing equipment  is the
responsibility of the Responsible Safety Officer. But the supervisor, who best knows the day-to-
day nature of his/her operations, is responsible for notifying the Responsible Safety Officer of
operations that change the degree of fire risk and will therefore require a change in the planned
fire protection provisions. 

Supervisor Responsibilities    
Supervisors  must  ensure  that  their  personnel  are  properly  instructed  regarding  potential  fire
hazards involved in their work and around their workplaces, the proper precautions to minimize
fires, and the procedures in case of fire. The local Fire Department and the Responsible Safety
Officer also offer formal courses and training materials on fire prevention and response: 

 Fire Safety 

 Fire-Extinguisher Operation 

 Self-Contained Breathing Apparatus 

Class A Combustibles     
Class A combustibles are common materials such as wood, paper, cloth, rubber, plastics, etc.
Fires in any of these fuels can be extinguished with water as well as other agents specified for
Class A fires. They are the most common fuels to be found in non-specialized operating areas of
the work place such as offices. Safe handling of Class A combustibles means: Disposing of waste
daily.  Keeping work area clean and free of fuel paths, which can spread a fire,  once started.
Keeping combustibles away from accidental ignition sources such as hot plates, soldering irons,
or other heat or spark-producing devices. Keeping all rubbish, trash, or other waste in metal or
metal-lined receptacles with tight-fitting covers when in or adjacent  to buildings.  (Exception:
wastebaskets of metal or of other material and design approved for such use, which are emptied
each day,  need not  be covered.)  Using safe  ash trays  for  disposal  of  smoking materials  and
making sure that the contents are extinguished and cold to the touch before emptying them into a
safe receptacle. Planning the use of combustibles in any operation so that excessive amounts need
not be stored. Storing paper stock in metal cabinets and rags in metal bins with automatically
closing lids. Making frequent inspections and checks for noncompliance with these rules in order
to catch fires in the potential stage. 

Class B Combustibles     
Class B combustibles are flammable and combustible liquids (including oils, greases, tars, oil-
base paints, lacquers) and flammable gases. Flammable aerosols (spray cans) are treated here.
Cryogenic  and pressurized flammable  gases are treated elsewhere in this manual.  The use of
water to extinguish Class B fires (by other than trained firefighters) can cause the burning liquid
to  spread  carrying  the  fire  with  it.  Flammable-liquid  fires  are  usually  best  extinguished  by
excluding the air  around the burning liquid.  Generally,  this  is  accomplished by using one of
several approved types of fire-extinguishing agents, such as the following: Carbon dioxide ABC
multipurpose dry chemical Halon 1301 (used in built-in, total-flood systems) Halon 1211 (used in
portable extinguishers) Fires involving flammable gases are usually controlled by eliminating the
source of fuel, i.e., closing a valve. Technically, flammable and combustible liquids do not burn.
However,  under  appropriate  conditions,  they generate  sufficient  quantities  of  vapors  to  form
ignitable vapor-air mixtures. As a general rule, the lower the flash point of a liquid, the greater
the fire and explosion hazard. It should be noted that many flammable and combustible liquids



also pose health hazards. NOTE: The flash point of a liquid is the minimum temperature at which
it gives off sufficient vapor to form an ignitable mixture with the air near the surface of the liquid
or  within  the  vessel  used.  It  is  the  responsibility  of  the  user  to  ensure  that  all  Class  B
combustibles  are  properly  identified,  labeled,  handled,  and  stored.  If  assistance  is  required,
contact the Responsible Safety Office. Safe handling of Class B combustibles means: Using only
approved containers, tanks, equipment, and apparatus for the storage, handling, and use of Class
B combustibles. Making sure that all containers are conspicuously and accurately labeled as to
their contents. Dispensing liquids from tanks, drums, barrels, or similar containers only through
approved pumps taking suction from the top or through approved self-closing valves or faucets.
Storing,  handling,  and using Class  B combustibles  only in approved locations,  where  vapors
cannot  reach any source of ignition,  including heating equipment,  electrical  equipment,  oven
flame, mechanical or electrical sparks, etc. Never clean with flammable liquids within a building
except in a closed machine approved for that purpose. Never storing, handling, or using Class B
combustibles in or near exists, stairways, or other areas normally used for egress. In rooms or
buildings,  storing flammable  liquids  in  excess  of  10 gallons  in  approved storage cabinets  or
special  rooms  approved  for  the  purpose.  Knowing  the  locations  of  the  nearest  portable  fire
extinguishers rated for Class B fires and how to use them.  Never smoking,  welding,  cutting,
grinding, using an open flame or unsafe electrical appliances or equipment, or otherwise creating
heat that could ignite vapors near any Class B combustibles. 

Electrical Fires      
There are many combustible materials, including electrical equipment, oxidizing chemicals, fast-
reacting or explosive compounds, and flammable metals, which present specialized fire safety
and extinguishing problems. Refer to other appropriate chapters of this manual for safe handling
advice. If in doubt, request advice from the Responsible Safety Officer. 

Welding & Other Permits    
As part of the local Fire Department's program to control and reduce fire hazards, a permit system
is in effect to cover welding, burning, or other operations with a high fire hazard. Typically,
operations that require a permit are: Welding (arc, oxyacetylene, or heliarc) Soldering (which
requires an open flame) Use of a torch (for cutting, bending, forming, etc.) Use of tar pots (for
road  work  or  roofing,  etc.)  Open  fires  for  any purpose  Spray painting  To  obtain  additional
information or to request a permit for these operations, call the Fire Department on it business
line, not the emergency 911 number. 

Portable Heaters      
The use of these devices, whether privately or company owned, is allowed only where there is no
chance of  causing injury to  personnel  or  of  creating a  fire  hazard.  This  provision obviously
requires common sense in safely locating such devices and ensuring that they do not operate
when they are unattended.  These devices may not  be used in locations where:  Flammable or
explosive vapors or dusts may be present. Smoking, eating, or drinking are prohibited because
toxic or radioactive materials may be present. The area has been designated as unsafe for such
devices.  The  following  practices  should  be  carried  out  when  operating  portable  heating
appliances: Do not place the appliance on unstable or readily combustible materials. Maintain a
clearance of at least 12 inches between the appliance and combustible materials. Ensure that the
appliance is  approved by either  Underwriters  Laboratories,  Inc.,  or  Factory Mutual  Research
Corporation. Connect the appliance directly to a proper electrical outlet using only the cord with
which it was originally equipped. Do not use extension cords in lieu of permanent wiring. Do not
operate appliances during off hours if they are unattended unless they are controlled by a timer
installed  by  an  BIC  Switchgear  Services,  Inc.  electrician.  The  timer  will  automatically  de-



energize the appliance during off hours and energize it  not more than 30 minutes before the
arrival of personnel. If 24 hour operation is desirable, the proposed operation and arrangement
must be reviewed by the local Fire Department and a permit obtained. This permit must be posted
near the operating appliance for the information of off-shift personnel who may be checking the
area. 

Fire Fighting Equipment     
This section describes the fixed and portable equipment that is provided in working areas for fire
protection. The fixed equipment includes automatic sprinklers, detectors and alarms, fire doors,
etc. The portable equipment consists of fire extinguishers and hoses to be operated by employees
before the arrival of the local Fire Department. 

Fire Detectors       
Several  types  of automatic  fire  detectors  are used throughout  BIC Switchgear  Services,  Inc.,
according to particular needs and purposes. All of them will detect fire (by one of several means)
and transmit an alarm to the fire station. In the many buildings equipped with evacuation alarm
bells, the automatic detectors activate those alarms, as do the manual pull boxes. In some cases,
automatic  extinguishing  systems  are  activated  by  automatic  detectors.  The  Fire  Department
always dispatches firefighters and apparatus to the scene of any automatically actuated alarm. 

Sprinkler Systems      
Many buildings are provided with automatic sprinkler systems.  The sprinkler heads contain a
fusible element (most commonly fused at 212 degrees F) which, on melting, opens the head and
starts a spray of water. The resulting flow of water in the piping activates an alarm at the fire
station, and firefighters are dispatched. Automatic sprinkler heads can be damaged if they are
subjected  to  mechanical  abuse.  A protective  cage should  be installed where  such  damage  is
possible. Heat inadvertently applied to the sprinkler head can also activate the sprinkler when no
actual fire is present. Normal heat sources should therefore be kept away from sprinkler heads. To
avoid decreasing the flow or spread of water or altering the spray pattern, do not allow material or
furniture to be located too near the sprinkler head. Allow at least 18 inches of clearance around
sprinkler heads. Sprinkler system control valves must be kept accessible for Fire Department use.
Allow at least 3 feet of clearance (enough for a man to pass through easily) around such valves. 

Alarm System       
In most buildings, evacuation alarm bells are automatically activated when fire is detected. They
can also be activated manually at  strategically located pull  boxes.  The emergency actions  of
personnel and the evacuation procedures for each building or operating area are usually set forth
in the Operational Safety Procedures for each building and posted near the main entrance or fire
exit or elevator. Never use the elevator in case of a fire. 

Fire Doors        
Automatic fire doors and dampers are provided at strategic points to close and block the spread of
smoke and fire when these are sensed by automatic detectors. Automatic fire doors must never be
blocked or left in disrepair so that they cannot close and latch automatically as intended in the
event of a fire. Self-closing fire doors are those doors designed and installed to close each time
after being opened. They too must never be blocked, wedged, or tied open. If such doors must be
kept open, the self-closers must  be replaced with approved automatic smoke-activated release
hold-open devices. 



Fire Exits        
Exit  corridors must  not  be used for storage.  The Life Safety Code,  NFPA 101,  requires that
buildings designed for human occupancy must have continuous and unobstructed exits to permit
prompt  evacuation  of  the  occupants  and  allow  necessary  access  for  responding  emergency
personnel. The intent of the Code is to keep exits free from obstructions and clear of combustible
materials.  Attention  to  housekeeping,  therefore,  is  very  important.  “Temporary”  storage  of
furniture,  equipment,  supplies,  or  anything  else  is  not  permitted  in  exit  ways.  Combustibles,
including recyclable waste paper, are not permitted in exit ways. Metal lockers with ends and tops
ferried to the walls  and that  do not  interfere with minimum exit  width requirements  may be
installed in exit  corridors when approved by the Fire Department and the Responsible Safety
Officer. 

The following requirements must be met for storage locker/cabinets: Cabinets will be permitted
on one side of the corridor only.  Cabinets must  end at least 6 ft from the corridor exit  door.
Cabinet ends must be at least 12 in. from the edge of the doorway on the latch side and from the
edge of the door leaf when fully opened into the corridor. The cabinets must not be more than 20
in. deep by 37 in. wide by 72-3/4 in. high. The cabinets must  be all  metal  construction with
positive latches to prevent spillage of contents in the event of an earthquake. All doors must
return automatically to the closed position when not  held open manually.  A 45 degree-angle
fairing must be provided from the wall to the corridor corner of the cabinet. Fairing must be
provided at both ends of cabinet or bank of cabinets. 

*A 45 degree-angle fairing must be provided at the top of the cabinets from the outside corridor
edge of cabinet to the wall. All cabinets must be anchored to the wall firmly enough to withstand
0.5g of lateral acceleration (or a lateral load equal to 1/2 the total dead weight of the cabinet and
its contents) in the event of an earthquake. Liquids and chemicals are not to be stored in corridor
lockers. All cabinets must be kept locked, with one key being retained by the Building Manager.
All cabinets must be labeled with the contents and the name, address, and telephone number of
the assigned user. Any deviation from the above requirements must be approved by Responsible
Safety Officer. 

Fire Hydrants       
Fire  hydrants  are  maintained for  emergency use by the Fire Department.  They must  be kept
accessible and in good working condition. Certain temporary uses may be authorized in writing
by the Chief or Assistant Chief of the Fire Department. An example of such temporary use may
be  connection  by  construction  contractors.  When  temporary  connections  are  authorized,  the
following practices  must  be  observed:  Use  only valved  outlets.  Use  only a  hydrant  spanner
provided by the Fire Department. (Other types of wrench can damage the wrench flats on the
valve stem.) Do not leave connections in place unattended, except at construction sites. Close a
hydrant valve 1/8th turn after fully opening it. (This is done so that a person mistakenly turning
the valve the wrong way will not cause damage by forcing it.) When replacing the outlet caps
after using a hydrant, screw them on only hand-tight. 

Mechanical Equipment Rooms    
Mechanical equipment rooms contain boilers, blowers, compressors, filters, electrical equipment,
etc. Such rooms must  be separated from other areas of a building by fire-resistant  walls and
doors. To maintain the integrity of these separations, the fire doors must never be left open. Fan
rooms  house  ventilation  equipment  which  often  includes  automatic  shut  down  and  dampers
activated by interlocking with the building smoke  and fire detectors.  Fire dampers  and other
automatic shut-down provisions must not be disabled without Fire Department approval (as for
temporary maintenance procedures). Mechanical equipment rooms and fan rooms must not be



used for storage of any kind. 

Construction Areas      
Construction areas under control of either BIC Switchgear Services, Inc. or outside contractors
must be maintained in a fire-safe condition and accessible to emergency response forces. 

Life Safety Code      
The Life  Safety Code  of  the  National  Fire  Protection  Association,  NFPA 101,  requires  that
emergency lighting be provided for means of egress in certain areas. The Code states emergency
lighting is required in exit corridors in any office-type building where the building is two or more
stories in height above the level of exit discharge. In industrial occupancies such as laboratories
and shops, the Code requires emergency lighting in all exit aisles, corridors, and passageways.
Emergency lighting may be installed in areas where not required by the Code when such areas
present an egress hazard during a power failure. Although elevators are not considered a means of
egress within the jurisdiction of the Life Safety Code, they do require emergency lighting. (Titles
8 and 24 require that emergency lighting be maintained in an elevator for a period of at least four
hours.) Several types of emergency lights that satisfy the specifications of the Life Safety Code
are: Battery Type - Only rechargeable batteries may be used. The rating of the battery must be
such that it provides power for illumination for one and one-half hours in the event of a failure of
normal lighting. Generator Type - When emergency lighting is provided by an electric generator,
a delay of not more than 10 seconds is permitted. Exit sign lights, when burned out, should be
reported to Maintenance for service. 

Exit Corridors       
Exit  corridors must  not  be used for storage.  The Life Safety Code,  NFPA 101,  requires that
buildings designed for human occupancy must have continuous and unobstructed exits to permit
prompt  evacuation  of  the  occupants  and  allow  necessary  access  for  responding  emergency
personnel. The intent of the Code is to keep exits free from obstructions and clear of combustible
materials.  Attention  to  housekeeping,  therefore,  is  very  important.  "Temporary"  storage  of
furniture,  equipment,  supplies,  or  anything  else  is  not  permitted  in  exit  ways.  Combustibles,
including recyclable waste paper, are not permitted in exit ways. Metal lockers with ends and tops
ferried to the walls  and that  do not  interfere with minimum exit  width requirements  may be
installed in exit  corridors when approved by the Fire Department and the Responsible Safety
Officer. The following requirements must be met for storage locker/cabinets: Cabinets will be
permitted on one side of the corridor only. Cabinets must end at least 6 ft from the corridor exit
door. Cabinet ends must be at least 12 in. from the edge of the doorway on the latch side and
from the edge of the door leaf when fully opened into the corridor. The cabinets must not be more
than 20 in. deep by 37 in. wide by 72-3/4 in. high. The cabinets must be all metal construction
with positive latches to prevent spillage of contents in the event of an earthquake. All doors must
return automatically to the closed position when not  held open manually.  A 45 degree-angle
fairing must be provided from the wall to the corridor corner of the cabinet. Fairing must be
provided at both ends of cabinet or bank of cabinets. 

* A 45 degree-angle fairing must be provided at the top of the cabinets from the outside corridor
edge of cabinet to the wall. All cabinets must be anchored to the wall firmly enough to withstand
0.5g of lateral acceleration (or a lateral load equal to 1/2 the total dead weight of the cabinet and
its contents) in the event of an earthquake. Liquids and chemicals are not to be stored in corridor
lockers. All cabinets must be kept locked, with one key being retained by the Building Manager.
All cabinets must be labeled with the contents and the name, address, and telephone number of
the assigned user. Any deviation from the above requirements must be approved by Responsible



Safety Officer. 

No Smoking        
Smoking is forbidden in certain areas for fire safety reasons. Such areas include the following:
Where flammable gases or liquids are stored, handled, or used. Where significant quantities of
combustible materials, such as paper, wood, cardboard, or plastics are stored, handled, or used.
Where liquid- or gaseous-oxygen is stored, handled, or used. Within 20 ft of a smoke detector. In
tape and record storage vaults  and computer  equipment  areas.  Areas that  are designated "No
Smoking" areas for fire safety reasons are indicated by large rectangular signs consisting of white
backgrounds with red letters stating “NO SMOKING.” 



ToolsTools

Company Provided Tools     
BIC Switchgear  Services,  Inc.  provides  hand and powered portable  tools  that  meet  accepted
safety standards. A damaged or malfunctioning tool must not be used; it must be turned in for
servicing and a tool in good condition obtained to complete the job. Employees must use the
correct tool for the work to be performed; if they are unfamiliar with the operation of the tool,
they  must  request  instruction  from  their  supervisor  before  starting  the  job.  Supervisors  are
responsible for ensuring that their subordinates are properly trained in the operation of any tool
that they are expected to operate. An employee is not permitted to use a powder-actuated tool
unless instructed and licensed by the manufacturer. 

Grounding        
Tools that are not double-insulated must  be effectively grounded and tested. Testing must  be
accomplished before initial issue, after repairs, and after any incident that could cause damage,
such as dropping or exposure to a wet environment. Grounded tools must always be used with an
effectively grounded circuit. Any extension cord used with a grounded tool must be a three-wire,
grounded  type.  Electric-powered  hand  tools  used  on  construction  sites,  on  temporary  wired
circuits, or in wet environments will be used in conjunction with an approved ground fault circuit
interrupter (GFCI). The responsibility for implementing and maintaining this program rests with
the  individual  supervisors  involved.  Tool  testing  equipment  will  be  maintained  by  the
Responsible  Safety  Officer.  Documentation  of  tool  testing  will  be  maintained  by  the  group
owning powered hand tools. Tools maintained in a tool crib and tested prior to issue are exempted
from this  requirement.  Repairs  of  defective  tools  will  only  be  made  by  qualified  electrical
personnel. 

Shop Rules        
Any BIC Switchgear Services, Inc. facility housing shop tools is defined by OSHA as a shop. It is
the responsibility of the person in charge of each shop to ensure compliance with the following
practices:  Shop  machines  and  tools  are  to  be  used  only  by  qualified  personnel.  It  is  the
responsibility of the person in charge of the shop to render a judgment as to who is qualified. The
person in charge will take whatever action is deemed necessary to prevent a personal injury or
damage to equipment. Equipment guards and protective devices must be used and must not be
compromised.  Approved  eye  protection  (visitor's  glasses)  must  be  worn  by  anyone  entering
and/or passing through shop areas. Approved industrial safety eye protection must be worn by
anyone working in a posted shop area. Shoes or boots covering the whole foot must be worn in
shop areas. Persons using machine tools must not wear clothing, jewelry, or long hair in such a
way as to represent a safety hazard. 

 



Traffic & TransportationTraffic & Transportation

Speed Limits       
The speed limit  on  BIC Switchgear  Services,  Inc.  property  is  25  miles  per  hour.  However,
conditions such as road repair, wet weather, poor visibility,  and pedestrian traffic may require
speeds much lower than 25 mph. All traffic laws are strictly enforced. As a result of high density
traffic,  limited  parking,  and  general  congestion,  it  is  recommended  that  shuttle  buses  and
transportation services  be used whenever  possible.  These services  are  convenient  and reduce
exposure to potential motor vehicle accidents. 

Official Vehicle Use     
The BIC Switchgear Services, Inc. requires that an operator hold a valid driver's license for the
class of vehicle that he/she is authorized to operate. Persons intending to operate forklifts are
required to successfully complete the appropriate course as outlined in this manual. 

Responsibility       
Each Division Director and Department Head is responsible for restricting the use of Company-
furnished vehicles to official Company business only. They are also responsible for limiting use
of such vehicles to properly authorized personnel. Use of an official vehicle for an employee's
personal  convenience or benefit  constitutes misuse and is  prohibited.  Employees  who misuse
Company vehicles are subject to disciplinary action and financial responsibility for any accident.
All drivers of Company vehicles are responsible for reporting any damage or deficiency to the
Motor  Pool.  Repairs,  adjustments,  and  maintenance  can  only  be  accomplished  if  the  driver
adequately documents and reports these items. Failure to report unsafe vehicle conditions can
result in an accident. 

Safety Belts       
Employees operating or riding in company-furnished vehicles, or personal vehicles on official
company business, are required to wear safety belts at all times. The driver should instruct the
passengers to fasten their safety belts before operating the vehicle. 

Accidents        
Any accident involving Company vehicles (included private, rented, or leased vehicles used on
official Company business) must be reported to the driver's supervisor. If the driver is unable to
make a report, another employee who knows the details of the accident must make the report. It is
BIC Switchgear Services,  Inc.’s  policy that  employees  should not  admit  to  responsibility for
vehicle accidents occurring while on official business. It is important that such admissions, when
appropriate, be reserved for the company and its insurance carrier. The law requires that each
driver involved in a vehicle accident must show his/her license on request by the other party. Be
sure  to  obtain adequate  information  on the drivers  involved as  well  as  on the owner  of  the
vehicles.  Names,  addresses,  driver's  license  numbers,  vehicle  descriptions,  and  registration
information  are  essential.  In  addition,  a  description of  damages  is  needed for  completion  of
accident reports. If the accident is investigated by off-site police agencies, request that a copy of
the police report be sent to BIC Switchgear Services, Inc., or obtain the name and department of
the investigating officer.  A printed card titled “In Case of  Accident” is  kept  in each official
vehicle to assist in collecting required information. In case of collision with an unattended vehicle



(or other property), the driver of the moving vehicle is required by law to notify the other party
and to exchange information pertaining to the collision. If unable to locate the other party, leave a
note in,  or attached to, the vehicle (or other property)  giving the driver's  name,  address, and
vehicle license number. The driver of any BIC Switchgear Services, Inc. vehicle involved in an
accident must also complete a Company Motor Vehicle Accident Report and submit it to his/her
supervisor within one work day of the accident. The supervisor should interview the driver and
complete  the  supervisor's  portion  of  the  report.  Within  two  work  days  of  the  accident,  the
completed form and vehicle must be taken to the Administration Office so that damages may be
estimated and repairs scheduled. Forms for obtaining appropriate information about an accident
are  carried  in  the  vehicle  or  may be  obtained  from Administration.  The  Responsible  Safety
Officer will receive copies of all accident reports and will prepare any required OSHA reports. 

Warnings & Citations     
Any operator of a vehicle at BIC Switchgear Services, Inc. who violates the State Vehicle Code
may be issued a written warning or citation. A warning will include a description of the violation
and cite the relevant code section, date, time, location, and the name of the officer issuing the
warning. A person who receives such a warning will  be called to meet  with the Responsible
Safety Officer. If more than one warning is issued in a six-month period, the Responsible Safety
Officer will normally suspend the offender's driving and parking privileges at the Company. The
first suspension will be for a period of one month. If there is a repeat violation, the period of
suspension will be for six months. Serious offenses may result in revocation of privileges and
may include termination of employment. 

Safety Hazards Correction    
The Safety Committee reviews all accidents involving Company-furnished vehicles, whether on
site or off site,  and makes recommendations to have safety hazards corrected. The committee
meets periodically to review accidents or to review and consider other issues relating to traffic
safety. The committee is also the hearing board for drivers who are involved in vehicle accidents
or who have received a warning notice for a moving violation, as noted above. Such drivers may
appear before this committee to explain causes of accidents or violations. 

Parking         
Here are the parking designations in use at BIC Switchgear Services, Inc.: 

 Red Zones: No stopping, standing, or parking. 

 Yellow Zones: Stopping only for the purpose of loading or unloading passengers or freight. 

 Green Zones: Limited time parking. 

 Government Vehicles: Official vehicles only. 

 Reserved Parking: Vehicle with designated license number only. 

 Time Zone Lanes: All vehicles must be prepared to move at the time indicated. 

 Compact Car: Vehicle must not extend beyond rear limit line. 

 General Parking: Vehicles must be parked in designated places only and must not extend 
beyond the edge of road, stripes, or rear limit lines. 

Violators of the above parking rules will  be issued a warning notice, order-to-show cause, or
citation. 



Off-Site SafetyOff-Site Safety

Off-Site Operations      
Off-site operations are those performed away from the Company and for which BIC Switchgear
Services, Inc. personnel have responsibility in one or more of the following fields: design, test,
transportation,  assembly,  operation,  maintenance,  disassembly,  and  storage  or  removal  of
equipment. 

All off-site operations must be reviewed to determine if an Operational Safety Procedure (OSP) is
required. The OSP will be reviewed by the Responsible Safety Officer. Personnel contemplating
off-site operations must give written notification of the nature and scope of the project to the
Responsible Safety Officer. This notification must be made as soon as possible after the project is
approved. The OSP will be reviewed by the Responsible Safety Officer. 

The Responsible Safety Officer may visit off-site operations in order to: 

 Observe local conditions. 

 Inspect facilities prior to operation. Evaluate periodically operating procedures and 
modifications. 

 Evaluate procedures for disassembly, transportation, and storage. 

When  BIC  Switchgear  Services,  Inc.  employees  are  injured  or  become  ill  during  off-site
operations,  the  following  procedure  should  be  used:  Employees  should  obtain  appropriate
treatment by a nearby physician or hospital staff. Those rendering care should be informed that
the injury is work related.  The Responsible Safety Officer should be informed so the proper
injury report can be prepared. 

The following Pre and Post Job Safety Checklist will be followed:

AT  NO  TIME WILL WORK  BE  PERFORMED  ON  ENERGIZED  EQUIPMENT  OTHER
THAN REMOVING SUCH EQUIPMENT FRO SERVICE OR PLACING SUCH EQUIPMENT
INTO SERVICE.

Equipment Isolation

All Personal Protection Equipment (PPE) required per NFPA 70E shall be used.

1. Verify all PPE is utilized

2. Verify equipment to be de-energized and open as approved by
customer

3. Follow Mfg. requirements for racking out desired equipment

4. Verify only control circuits are available during operational tes
(NO PRIMARY POWER AVAILABLE)

5. Perform  all  tests  per  BIC  and   National  Electrical  Testing



Association (NETA)  guidelines

6. Re-install unit and notify proper personnel that the equipment is
ready for service.

EQUIPMENT PRE AND POST VERIFICATION

1. Verify all  equipment  and tools  to be used for specific cell  (screwdrivers,
jumpers, shorting clips, etc)

2. Verify all equipment has been removed from work area

3. Verify  inventory  of  equipment  before  release  of  said  equipment  to  be
energized.

Boating & Driving      
Group leaders and/or supervisors of employees planning to engage in marine boating or diving
operations  as  part  of  a  work  assignment  must  contact  the  Responsible  Safety  Officer  for
guidelines and safety procedures relevant to their specific operation. An “Application for Vessel
Use” must be filled out and reviewed by the Responsible Safety Officer for each vessel to be used
for boating or diving operations. 

Reference standards for safe boating and diving operations are the following: 

 Rules and Regulations for Small Passenger Vessels (under 100 gross tons), U.S. 
Department of Transportation, Coast Guard 323, 1977. 

 Navigation Rules: International-Inland, U.S. Department of Transportation, Coast Guard, 
Series M6672.2 (supersedes Coast Guard 169), 1982. 

 Research Vessel Safety Standards, University-National Oceanographic Laboratory System, 
Woods Hole Oceanographic Institute, Woods Hole, MA, May 1976. Commercial Diving 
Operations Policy and Procedure, 29 CFR 1910, Subpart T, Vol. VI, No. 36, August 18, 1980.

Biological HazardsBiological Hazards

Definitions        
By law, an infection control plan must be prepared by every person that handles, stores, uses,
processes, or disposes of infectious medical wastes. This infection control plan complies with
OSHA requirement, 29 CFR 1910.1030, Blood Borne Pathogens. The plan includes requirements
for  personal  protective  equipment,  housekeeping,  training,  and  a  procedure  for  reporting
exposures. Biological Hazard. The term biological hazard or bio-hazard is taken to mean any
viable infectious agent (etiologic agent) that presents a risk, or a potential risk, to the well being



of humans. Each supervisor has identified the specific biological hazard associated with your job,
and the supervisor will arrange for your training if necessary. Etiologic Agents. The United States
Department of Health and Human Services, Public Health Service, Classification of Etiologic
Agents on the Basis of Hazard, is the classification system used at BIC Switchgear Services, Inc.
for  etiologic agents.  Medical  Wastes/Infectious Wastes.  All  laboratory waste  emanating from
human or animal tissues, blood or blood products or fluids; all  cultures of tissues or cells of
human origin or cultures  of etiologic agents;  specimens  of  human or  animal  parts  or  tissues
removed by surgery, autopsy, or necropsy. Universal Precautions. Refers to a system of infectious
disease control that assumes that every direct contact with body fluids is infectious and requires
every employee exposed to be protected as though such body fluids were infected with blood-
borne  pathogens.  All  infectious/medical  material  must  be  handled  according  to  Universal
Precautions (OSHA Instruction CPL 2-2.44A) 

General Procedures      
The following procedures must be followed by personnel when in medical or biological rooms or
laboratories. All supervisors must ensure that their staff is trained in proper work practices, the
concept  of  universal  precautions,  personal  protective  equipment,  and  in  proper  clean-up and
disposal  techniques.  Resuscitation  equipment,  pocket  masks,  resuscitation  bags,  or  other
ventilation equipment must be provided to eliminate the need for direct mouth to mouth contact
in  groups  where  resuscitation  is  a  part  of  their  responsibilities.  Eating,  drinking,  smoking,
applying cosmetics or lip balm, and handling contact lenses are prohibited in work areas where
there is  a potential for  exposure to any health hazard.  Food and drink must  not  be stored in
refrigerators, freezers, or cabinets where blood or other potentially infectious material is stored or
in other areas of possible contamination. 

In infectious disease laboratories, the following requirements apply to utility rooms and attics
serving these laboratories: Only authorized employees, participating guests, students, and visitors
are permitted to enter. All surplus materials and equipment must be kept out of these rooms.
Drinking  fountains  must  be  the  sole  source  of  drinking  water  for  humans.  Masks  and  eye
protection are required when contact of mucosal membranes (eyes, mouth or nose) with body
fluids is likely to occur (e.g., splashes or aerosolization). According to the level of risk, wearing
laboratory  or  protective  clothing  may  be  required  for  persons  entering  infectious  disease
laboratories.  Likewise,  showers  with a germicidal  soap may be required before  exit.  Gowns,
aprons, or lab coats must be worn whenever there is a possibility that body fluids could splash on
skin or clothing. 

Gloves
Gloves must be made of appropriate disposable material, usually intact latex or vinyl. They must
be used in the following circumstances: When the employee  has cuts,  abraded skin,  chapped
hands,  dermatitis,  or  similar  conditions.  During  instrumental  examination  of  the  otopharynx,
gastrointestinal (G.I.) tract, and genitourinary (G.U.) tract. When examining abraded or non-intact
skin of a patient with active bleeding. While handling blood or blood products or other body
secretions during routine laboratory procedures. Employees must wash their hands immediately,
or as soon as possible, after removal of gloves or other personal protective equipment and after
hand  contact  with  blood  or  other  potentially  infectious  materials.  All  personal  protective
equipment must be removed immediately upon leaving the work area, and if this equipment is
overtly contaminated, it must be placed in an appropriate area or container for storage, washing,
decontamination, or disposal. Contaminated laboratory clothing must not be worn in clean areas
or  outside  the  building.  Only  disposable  Luer-lok  syringes  and  needles  may  be  used.  All
procedures involving blood or other potentially infectious agents must be performed in a manner
that will minimize splashing, spraying, and aerosolization. Individuals must not work alone on



any hazardous  operation.  All  employees  working  with  radiation  or  radioactive  materials  are
required to receive training. 

Medical Wastes       
Medical/infectious  waste  must  be  segregated  from  other  waste  at  the  point  of  origin.
Medical/infectious waste, except for sharps (i.e., razor blades, broken glass, needles, etc.) capable
of puncturing or cutting, must be contained in double disposable red bags conspicuously labeled
with the words “INFECTIOUS WASTE” and “BIO-HAZARD.” Used needles or other sharps
(razor blades, broken glass, scalpels, etc.) must not be sheared, bent, broken, recapped, or re-
sheathed. Infectious sharps must be contained for disposal in leak-proof, rigid puncture-resistant
containers available from BIC Switchgear Services, Inc. Infectious waste contained as described
above must be placed in reusable or disposable leak-proof bins or barrels that are conspicuously
labeled with the words “INFECTIOUS WASTE” and “BIO-HAZARD.” These waste barrels are
picked up regularly by an outside company licensed to handle infectious wastes. All infectious
agents,  equipment,  or  apparatus must  be disinfected in an autoclave or otherwise  disinfected
before being washed or disposed of. 

Each individual working with infectious bio-hazardous agents is responsible for disinfection and
disposal of these agents. Mixed waste that includes biological/infectious waste and radioactive
waste  must  be  disinfected  by  a  person  trained  in  radioisotope  safety  and  waste  disposal
procedures. After disinfection call the Responsible Safety Officer for disposal. Biological wastes
that do not contain radioactive or hazardous substances may be disinfected by steam sterilization
(autoclave) then disposed of in the regular trash. Liquid bio-hazardous waste may be disposed of
in the sewage system following chemical decontamination. 

Reusable glassware must be decontaminated in sodium hypochlorite (household bleach) solution
(1:9) prior to rinsing and acid washing. The glassware must then be sterilized in an autoclave. To
minimize the hazard to firefighters or emergency response personnel, at the close of each work
day and  before  the  building  is  closed,  all  infectious  or  toxic  material  must  be  placed  in  a
refrigerator, placed in an incubator, or autoclaved or otherwise disinfected. 

Infectious  agents  must  not  be  placed  in  an  autoclave  and  left  overnight  in  anticipation  of
autoclaving  the  next  day.  All  laboratory  rooms  containing  infectious  substances  must  have
designated separate areas or containers labeled “INFECTIOUS – TO BE AUTOCLAVED” or
“NOT  INFECTIOUS  –  TO  BE  CLEANED.”  All  infectious  disease  work  areas,  including
cabinets, must be prominently marked with the Bio-hazards Warning Symbol. Floors, laboratory
benches, and other surfaces in buildings where infectious agents are handled must be disinfected
with a suitable germicide, such as 1:9 sodium hypochlorite solution (household bleach) as often
as  necessary  as  determined  by  the  supervisor.  The  surroundings  must  be  disinfected  after
completion of operations involving planting, pipetting, centrifuging, and similar procedures with
infectious agents. Floor drains throughout the building must be flooded with water or disinfectant
at least once each week to fill traps and to prevent sewer gases from escaping. Floor drains in new
construction must be omitted wherever possible. 

Water  used  to  mop  floors  must  contain  a  disinfectant.  Wet  mopping  or  the  use  of  vacuum
cleaners equipped with high-efficiency filters is the preferred method of cleaning floors. Avoid
sweeping when possible. 

Stock solutions of suitable disinfectants must be maintained in each laboratory. Laboratories must
be  sprayed  with  insecticides  as  often  as  is  necessary  to  eliminate  flies  and  other  insects.
Protection against vermin must be provided at all building exterior openings. Infectious agents
must not be dumped into the building drainage system without prior disinfection. 

Mechanical  garbage  disposal  units  must  not  be  used  to  dispose  of  contaminated  wastes.



Mechanical disposal units release considerable amounts of aerosol. 

Working with Infectious Agents   
All  procedures  using  infectious  agents  that  may  generate  aerosols  must  be  performed  in  a
ventilated safety cabinet. These procedures include opening test tubes, flasks, and bottles; using
pipettes;  making  dilutions;  inoculating;  necropsying  animals;  grinding;  blending;  opening
lyophile tubes; operating a sonic vibrator; and operating a standard table model centrifuge, etc. A
safety box or safety shaker tray must be used to house or safeguard all containers of infectious
agents placed on shaking machines. A safety centrifuge cabinet or safety centrifuge cup must be
used  to  house  or  safeguard  infectious  agents  during  any  centrifuging  operation.  When
centrifuging is performed in a ventilated cabinet, the glove panel must be in place with the glove
ports covered. An operating centrifuge creates reverse air currents that may permit an infectious
agent to escape from an open cabinet. A respirator must be worn when changing a glove or gloves
attached to a cabinet whenever there is any possibility that an infectious aerosol may be present in
the cabinet. All pipetting must be carried out with the aid of a rubber bulb or other vacuum assist
device.  Mouth  pipetting  is  strictly  forbidden.  Infectious  bio-hazardous  mixtures  must  not  be
prepared by bubbling expiratory air  through a  liquid with a pipette.  Infectious bio-hazardous
agents must not be blown out of a pipette. Infectious bio-hazardous agents must not be mixed by
pipetting. Contaminated pipettes must be placed horizontally in a pan containing enough suitable
disinfectant to allow complete immersion. Contaminated pipettes must not be placed vertically in
a cylinder. The pan and pipettes must be disinfected in an autoclave as a unit and replaced in a
clean pan with fresh disinfectant. 

Broth cultures must be taken in a manner that avoids wetting the plug or cap. If the plug or cap is
exposed, it must be disposed of in the proper container or disinfected. Before centrifuging, the
tubes must be inspected for cracks and the inside of the trunnion cup must be inspected for rough
walls caused by erosion or adhering matter.  Bits  of  glass, if  any,  must  be removed from the
rubber cushion. A germicidal solution added between the tube and trunnion cup disinfects the
outer surface of both, and also provides an excellent cushion against shocks that might otherwise
break the tube. Decanting centrifuge tubes should be avoided. If it must be done, wipe off the
outer rim with a disinfectant to prevent the infectious fluid from spinning off as an aerosol. The
tube should not be filled to the point where the rim will become wet with culture. Water baths and
Warburg baths used to inactivate, incubate, or test infectious agents must contain disinfectant. For
cold water baths, 70% propylene glycol is recommended. When a building vacuum line is used,
suitable traps or filters must be interposed to ensure that pathogens do not enter the fixed vacuum
system.  Deep  freeze  and  dry  ice  chests  and  refrigerators  must  be  inspected  and  cleaned
periodically  to  remove  any  broken  ampules,  tubes,  etc.,  that  may  contain  infectious  agents.
Rubber gloves and respiratory protection must be worn during this cleaning. All infectious or
toxic agents stored in refrigerators or deep freezers must be properly labeled. All virulent fluid
cultures or viable powdered infectious agents in glass vessels must be transported, incubated, and
stored in easily handled, non-breakable, leak-proof containers that are large enough to contain all
the  fluid  or  powder  if  the  glass  vessel  leaks  or  breaks.  All  inoculated  Petri  plates  or  other
inoculated solid media must be transported and incubated in leak-proof pans or other leak-proof
containers. Care must be exercised in the use of membrane filters to obtain sterile filtrates of
infectious materials. Because of the fragility of the membrane and other factors, such filtrates
must not be handled as non-infectious until culture or other tests have proved their sterility. 

Cuts         
If an employee has a needle stick, cut, or mucous membrane exposure to body fluids he/she must
report the incident immediately to the Responsible Safety Officer. 



Blood Exposure       
All employees exposed to human blood and blood products must report to the Responsible Safety
Officer for information and possible inclusion in the Hepatitis B Immunization Program. 

Experimentation       
The  Responsible  Safety  Officer  provides  oversight  and  auditing  for  experimentation  with
recombinant DNA or an infectious biological hazard. Experimentation of bio-hazardous agents
involving animals must meet the strict guidelines set forth in the Animal Welfare Act of 1970.
The implementing rules and regulations appear in the Code of Federal Regulations, Title 9. Any
experimentation  of  bio-hazardous  agents  with  animals  must  be  approved  prior  to
experimentation. 

Infection Control Plan     
The purpose of  the  Infection Control  Plan is  to  protect  the  health  and safety of  the  persons
directly involved in  handling the materials,  BIC Switchgear  Services,  Inc.  personnel  and the
general public by ensuring the safe handling, storage, use, processing, and disposal of infectious
medical waste. This plan complies with OSHA requirement proposed for 29 CFR 1910.1030,
Blood Borne Pathogens. Medical wastes/Infectious wastes: All laboratory waste emanating from
human or animal tissues, blood or blood products or fluids; all  cultures of tissues or cells of
human origin or cultures  of etiologic agents;  specimens  of  human or  animal  parts  or  tissues
removed by surgery, autopsy, or necropsy. Universal precautions: Refers to a system of infectious
disease control which assumes that every direct contact with body fluids is infectious and requires
every employee exposed to be protected as though such body fluids were infected with blood-
borne  pathogens.  All  infectious/medical  material  must  be  handled  according  to  Universal
Precautions (OSHA Instruction CPL 2-2.44A). 

The following universal precautions must be taken. 

1. Gloves must be made of appropriate disposable material, usually intact latex or vinyl. They
must be used: a. when the employee has cuts, abraded skin, chapped hands, dermatitis, or the like.
b.  during  instrumental  examination  of  the  otopharynx,  gastrointestinal  (G.I.)  tract,  and
genitourinary (G.U.) tract. c. when examining abraded or non-intact skin of a patient with active
bleeding.  d.  while  handling blood or  blood products  or  other  body secretions  during routine
laboratory procedures. 

2.  Gowns, aprons, or lab coats must be worn when splashes of body fluid on skin or clothing are
possible. 

3.  Mask and eye protection are required when contact of mucosal membranes (eyes, mouth or
nose) with body fluids is likely to occur (e.g. splashes or aerosolization). 

4.   Resuscitation equipment,  pocket  masks,  resuscitation bags,  or other ventilation equipment
must be provided to eliminate the need for direct mouth to mouth contact. (This statement if
required for groups where resuscitation is a part of their responsibility such as a Fire Department
or Police or Medical Emergency Services). 

5.  Phlebotomy: Gloves must be available for use by phlebotomists. 

6.  Pipetting: All pipetting must be carried out with the aid of a rubber bulb or other vacuum
assist device. Mouth pipetting is strictly forbidden. 

Waste Disposal Plan      
1. Medical/Infectious waste must be segregated from other waste at the point of origin. 



2.  Medical/Infectious  waste,  except  for  sharps  (e.g.  razor  blades,  broken glass,  needles,  etc.)
capable of puncturing or cutting must be contained in double disposable red bags conspicuously
labeled with the words, “INFECTIOUS WASTE – BIO-HAZARD.” 

3.  Infectious  sharps  must  be  contained  for  disposal  in  leak-proof,  rigid  puncture  resistant
containers (available from BIC Switchgear Services, Inc.). 

4. Infectious waste thus contained as described in procedures 2 and 3 above must be placed in
reusable or disposable leak-proof bins or barrels which must be conspicuously labeled with the
words,  “INFECTIOUS  WASTE  –  BIO-HAZARD.”  These  waste  barrels  are  be  picked  up
regularly by an outside company licensed to handle infectious wastes. 

5.  Mixed  waste  that  includes  biological/infectious  waste  and  radioactive  waste  must  be
disinfected  by  a  person  trained  in  radioisotope  safety  and  waste  disposal  procedures.  After
disinfection call the Responsible Safety Officer for disposal. 

6.  Spills/Disinfectants:  a solution of sodium hypochlorite (household bleach) diluted 1:9 with
water must be used to disinfect, following initial clean-up of a spill with a chemical germicide
approved as a hospital disinfectant. Spills must be cleaned up immediately. 

7. After removing gloves, and/or after contact with body fluids, hands and other skin surfaces
must be washed thoroughly and immediately with soap or other disinfectant in hot water. 

8.  Other  biological  wastes  that  do  not  contain  radioactive  or  hazardous  substances  may  be
disinfected by steam sterilization (autoclave) and then disposed of in the regular trash. 

9.  Liquid  bio-hazard  waste  may  be  disposed  of  in  the  sewage  system  following  chemical
decontamination. 

10.   Reusable glassware must  be decontaminated in sodium hyperchlorite (household bleach)
solution (1:9) prior to rinsing and acid washing. Then the glassware must  be sterilized in an
autoclave. All supervisors must ensure that their staff is trained in proper work practices, the
concept  of  universal  precautions,  personal  protective  equipment,  and  in  proper  clean-up and
disposal techniques. 

CarcinogensCarcinogens

Introduction       
This section of the Safety Manual describes the recommendations and requirements established to
govern  the  use  of  substances  that  pose  a  carcinogenic  risk.  All  personnel  using  chemical
carcinogens  are  expected  to  be  familiar  with  these  guidelines  and  conduct  their  operations
accordingly. 

Categories of Carcinogens    
OSHA  has  divided  this  list  of  carcinogens  into  the  following  three  categories:  1.  Human
Carcinogens:  Those  materials  for  which  there  is  sufficient  evidence  of  carcinogenicity  from
studies of humans to indicate a causal  relationship between the agents and human cancer.  2.
Human Suspect Carcinogens: Those materials with limited evidence of carcinogenicity in humans
and  generally  substantiated  evidence  as  animal  carcinogens.  3.  Animal  Carcinogens:  Those
materials that have sufficient evidence of carcinogenicity from studies of experimental animals



cancer in humans and/or animals. However, since many are not well studied, less hazardous than
one designated as a human carcinogen. Below is a partial list of chemical carcinogens which may
be  found  in  use  at  BIC  Switchgear  Services,  Inc..  A  complete  list  is  available  from  the
Responsible Safety Officer. Chemical Name/ Reference 

Confirmed Human Carcinogens: 
ACRYLONITRILE  OSHA  AMINODIPHENYL;  4-  IARC,  NTP,  ACGIH  ARSENIC  AND
ARSENIC COMPOUNDS IARC, NTP, OSHA ASBESTOS IARC, NTP, ACGIH BENZENE
IARC, NTP BENZIDINE IARC, NTP, ACGIH BIS(CHLOROMETHYL)ETHER IARC, NTP,
ACGIH CHLORAMBUCIL IARC, NTP CHLOROMETHYL METHYL ETHER IARC, NTP
CHROMIUM  (VI)  COMPOUNDS IARC,  NTP,  ACGIH DIBROMO-3-CHLOROPROPANE;
1,2-  OSHA  NAPHTHYLAMINE;  2-  IARC,  NTP,  ACGIH  NITRODIPHENYL;  4-  ACGIH
VINYL CHLORIDE IARC, NTP, ACGIH 

Suspected Human Carcinogens: 
ACETYLAMINOFLUORENE;  2-  OSHA  AFLATOXINS  IARC,  NTP,  ACGIH
BENZO(A)PYRENE ACGIH, IARC BERYLLIUM AND BERYLLIUM COMPOUNDS IARC,
NTP, ACGIH BUTADIENE; 1,3- ACGIH CADMIUM AND CADMIUM COMPOUNDS NTP
CARBON  TETRACHLORIDE  ACGIH  CHLOROFORM  ACGIH  DICHLOROBENZIDINE;
3,3'-  ACGIH,  OSHA  DIMETHYL  SULFATE  ACGIH,  IARC
DIMETHYLAMINOAZOBENZENE; 4- OSHA 

Responsibilities      
The responsibilities of various groups involved with chemical safety at BIC Switchgear Services,
Inc. are described below. 

Responsible Safety Officer: Determines if the use of a carcinogen creates a significant potential
for occupational exposure. Evaluates operations for compliance with OSHA mandated standards.
Provides  technical  guidance  to  personnel  regarding  the  selection  of  appropriate  laboratory
practices and engineering controls. Investigates all reported incidents that result in exposure of
personnel  or  the  environment  to  chemical  carcinogens and recommends  corrective actions  to
reduce the potential for recurrence. Supervises cleanup operations where incidents have resulted
in  significant  contamination  of  laboratory  areas  or  personnel.  Updates  and  transmits  list  of
carcinogens to the Purchasing Department Authorizes issue of carcinogens stocked at the BIC
Switchgear  Services,  Inc.  Storeroom.  Purchasing  Department:  Specifies  special  distribution
procedures and purchase orders for carcinogens. 

Materiels Management Department: Obtains approval from the Responsible Safety Officer before
issuing carcinogens. 

Receiving Department:  Notifies  the  Responsible  Safety Officer  of  the  receipt  of  carcinogens
designated for special distribution (Distribution Category A). 

Supervisor:  Employs  and  ensures  the  use  of  appropriate  practices,  engineering  controls,  and
personal  protective  equipment  that  reduce  the  potential  for  exposure  as  low  as  reasonably
achievable. Informs employees under his/her supervision of the potential hazards associated with
the  use of  carcinogens and provides  proper  training  and instruction in  the  use  of  laboratory
practices, engineering controls, and emergency procedures. Reviews operating procedures with
the Responsible Safety Officer before the initiation of an operation or when significant changes
occur in an ongoing operation. Reports to the Medical Services Department any incident that
involves the exposure of personnel to carcinogens. Reports to the Responsible Safety Officer any
incident that results in danger of environmental contamination from carcinogens. Provides any



necessary assistance during accident investigations. 

Other Company Personnel: Know and comply with safety practices required for the assigned
task.  Wear  appropriate  protective  clothing.  Report  all  unsafe  conditions  to  the  laboratory
supervisor. Attend appropriate training in safety procedures for handling and using carcinogenic
materials. Report to the Responsible Safety Officer when pregnant to review working conditions.
Report to the immediate supervisor and the Responsible Safety Officer all  facts pertaining to
incidents resulting in exposure to carcinogens or in environmental contamination. 

Practices & Controls     
The practices and engineering controls included in this section provide general safeguards that are
recommended  for  the  use  of  chemical  carcinogens.  To  select  the  appropriate  safeguards,
knowledge is required of the physical and chemical properties, the proposed use, the quantity
needed, the carcinogenic and other toxic hazards, and the applicable health and safety standards.
Careful  judgment  is  therefore  essential  in  planning  any  activity  that  involves  chemical
carcinogens. Personnel within the Responsible Safety Officer's Department are available to assist
the laboratory supervisor in selecting the appropriate safeguards. Carcinogen Safety Data Sheets
provide details of chemical and physical properties, hazards, and safe operational procedures for
specific carcinogens. 

 Wear gloves appropriate to the task. Discard after each use and immediately after any 
obvious contact. 

 Wear appropriate eye protection. The type of eyewear used will depend upon the hazard 
presented by the operation and chemical in use. Contact lenses should be removed. 

 Do not eat, drink, smoke, chew gum or tobacco, apply cosmetics carcinogens are used or 
stored. Do not pipette by mouth -- use mechanical aids. 

 Wash hands immediately after the completion of any procedure. Wash immediately after an 
exposure, or if appropriate, shower the affected area. 

 Provide respirators for emergency use. (Personnel who will use respirators must have 
medical approval and be properly trained before use.) 

Operational Practices: Label all primary and secondary containers and place warning signs on
entrances to work or storage areas.  To obtain appropriate labels and signs, call the Responsible
Safety Officer. Limit entry to only personnel authorized by the supervisor for entry to work or
storage areas.  Women who are pregnant  must  consult  with the Medical  Services Department
before the start of any activity involving chemical carcinogens. 

Maintenance and Emergency Storage Areas: Cover work surfaces with stainless steel or plastic
trays, absorbent paper with a moisture-proof lining, or other impervious material. Decontaminate
or discard the protective covering materials  after  the procedure has been completed.  Conduct
aerosol-generating procedures or procedures involving volatile carcinogens in a chemical fume
hood,  a  glove box,  or  other  suitable  containment  equipment.  Examples  of  aerosol-producing
operations  opening  of  closed  vessels;  transfer  operations;  preparation  of  mixtures;  blending;
sonification;  open  vessel  centrifugation.  Capture  vapors  or  aerosols  produced  by  analytical
instruments  with  local  exhaust  ventilation  or  ventilation  into  a  chemical  fume  hood.
Decontaminate  obviously  contaminated  equipment.  Transfer  carcinogens  in  tightly  closed
containers  placed within  a  durable  outer  container.  Maintain an inventory of  all  carcinogens
including the quantities acquired, dates of acquisition, and disposition. Keep working quantities
to a minimum; do not exceed the amounts required for use in one week. This does not include
amounts  stored  in  a  designated  area  or  a  central  cabinet.  Dissolve  finely  divided  powdered
carcinogens, if possible, into a liquid. This reduces the possibility of generating an aerosol. Use



mixtures that are as dilute as possible. 

Place contaminated  materials  in  a closed plastic bag and sealed primary container.  Place the
primary  container  in  a  durable  box  before  transporting.  Label  each  primary  container  with
content, amount, physical state, and percentage breakdown when dealing with a mixture. Each
box  must  have  a  complete  list  on  contents  or  description  written  on  an  official  Hazardous
Material packing list. To obtain blank packing lists, contact the Responsible Safety Officer. 

Chlorinated Hydrocarbons    
The chlorinated hydrocarbons as a whole have many industrial as well as laboratory uses. At BIC
Switchgear  Services,  Inc.  they  are  commonly  used  as  cleaners,  degreasers,  paint  removers,
solvents, and extractants. 

Hazards        
Most of these compounds have an anesthetic (narcotic) effect, causing workers to feel "drunk,"
become unconscious, or even die if the amount of inhaled vapor is excessive. Individuals working
around moving machinery can be subject to accidents when their judgment and coordination are
impaired by the anesthetic effects of inhaled solvents. Usually it is the anesthetic effect that is
responsible for sudden unconsciousness of persons exposed to solvents in tanks, pits, and other
confined  spaces.  Trichloroethylene,  ethylene  dichloride,  and  chloroform  are  examples  of
compounds that are powerful anesthetics. Some, but not all, of the chlorinated hydrocarbons are
strong poisons that damage the liver, kidneys, nervous system, and/or other parts of the body.
This damage may be permanent or even cause death, although recovery from lesser exposures
does occur. Single exposures to higher concentrations of vapors, as well as repeated exposure to
small concentrations can produce symptoms of poisoning. These symptoms most often come on
gradually, with nausea, loss of appetite, vomiting, headaches, weakness, and mental confusion
most often noted. Carbon tetrachloride, tetrachloroethane, and 1,1,2-trichloroethane are examples
of compounds that are strong poisons. All chlorinated hydrocarbons on repeated contact with the
skin can cause rashes (dermatitis) because of their ability to remove the protective fats and oils
from the skin. A few of these solvents are known to be capable of entering the body through
contact with the skin. 

In addition, many of these compounds are highly irritating to the membranes around the eyes and
in the nose, throat, and lungs. Examples of chlorinated hydrocarbons that have irritant properties
are ethylene dichloride and chloroform. Some compounds are human suspect carcinogens, such
as  carbon tetrachloride and chloroform.  In  studies  on laboratory animals,  several  chlorinated
hydrocarbons  have  been  linked  to  the  production  of  cancer.  These  compounds  are  ethylene
dichloride,  perchloroethylene,  and  trichloroethylene.  At  present,  there  is  no  direct  evidence
associating these compounds with an increased risk of cancer in humans. When heated, these
compounds  can decompose,  forming highly toxic  fumes  of  phosgene,  hydrochloric  acid,  and
chlorine. Most of the chlorinated hydrocarbons are nonflammable; however, there are exceptions.

The Table below lists important characteristics of some of the common chlorinated hydrocarbon
solvents. 

TLV Volatility* 

 Common name    Chemical name  (ppm)** (mm 
Hg) Flammability 

 Acetylene dichloride 1,2-dichloroethylene  200 200 

 Moderate Carbon tetrachloride*** Tetrachloromethane   5 115 



 Nonflammable Chloroform***   Trichloromethane   10 200 

 Nonflammable Ethylene dichloride  1,2-dichloroethane  10 80 

 Moderate Methyl chloroform  1,1,1-trichloroethane 350 132 

 Nonflammable Methylene chloride  Dichloromethane   100 435 

 Nonflammable Perchloroethylene  Tetrachloroethylene  50 18 

 Nonflammable Tetrachloroethane  1,1,2,2-tetrachloroethane 1 8 

 Nonflammable Trichloroethane   1,1,2,-trichloroethane  10 25 

 Nonflammable Trichloroethylene  Trichloroethylene   50 76 

* The threshold limit value (TLV) is expressed as parts of pure solvent vapors per million parts
(ppm) of air. 

** The vapor pressure at 77F (25C). 

*** Designated as a carcinogen by OSHA. 

Because  of  their  inherent  properties,  these  compounds  are  harmful  to  varying  degrees.  For
questions concerning the hazards of a specific compound, contact the Responsible Safety Officer.

Precautions       
The above table includes information on the TLV, the volatility,  and the flammability of the
compounds listed. These three characteristics always must be taken into careful consideration in
selecting a  compound in order to minimize  the health  hazards connected with its  use.  1,1,1-
trichloroethane  (ethyl  chloroform)  is  recommended  for  degreasing  operations.  If  there  is  a
possibility of skin or eye contact, wear the appropriate protection equipment. Gloves made of
impervious material should be worn for hand protection. Barrier creams are in no instance as
protective  as  impervious  gloves.  However,  if  finger  dexterity  is  an  absolute  requirement,  a
solvent resistant ointment may be used in some instances. For high vapor concentrations, control
by local exhaust ventilation or chemical fume hoods is necessary. 

Chlorinated hydrocarbons should be stored in cool,  dry,  and well-ventilated areas. Containers
should be checked for leaks because metal corrosion can occur from hydrochloric acid produced
by  the  decomposition  of  the  solvent.  Decomposition  may  occur  under  conditions  of  high
temperature,  exposure to moisture,  and exposure to ultraviolet  light.  Compounds,  both in the
original containers and in containers used by employees, should be labeled so that the potentially
injurious substances are plainly identified. Labels for perchloroethylene, trichlorethylene, 1,1,1-
trichloroethane, and carbon tetrachloride can be obtained at the BIC Switchgear Services, Inc.
Central Storeroom. Chlorinated hydrocarbons must be placed in an organic liquid waste can for
disposal. When the waste can is full, Decontamination and Waste Disposal personnel must be
called to pick it up. 

Fiberglass
Fiberglass is found in many materials (such as flexible duct,  Nema G-10, and electrical wire
insulation) used at the Company. 

Hazards        
Irritation of the exposed skin, a common complaint among persons working with this material, is
the result of the mechanical irritation from small glass fibers. The sensation varies from an itch to
a prickling or burning sensation. Common locations involved are the arms, face, or neck. Another



cause  of  dermatitis  is  contact  with  fiberglass  binders  or  coating  materials.  Except  for  skin
irritation, there is no other known health hazard associated with exposure to fiberglass particles.
Results of medical research, including examinations of hundreds of persons who have worked in
fiberglass  plants  for  as  long  as  25  to  30  years,  give  evidence  that  fiberglass  is  inert  and
noninjurious to the person's overall health. It will not cause silicosis. 

Precautions       
Persons with skin problems should consult the Medical Services Department before working with
fiberglass. Wear loose-fitting clothing and change daily. Adherent fibers on the skin should be
washed off with an ample amount of lukewarm or cool water. Air hoses and brooms should not
be used to clean off fibers from the body because these methods may drive the fibers deeper into
the skin. Showering at the end of a work shift is advisable. Plastic binders should be fully cured
before working on fiberglass laminates.  Use vacuum pickup units  when machining fiberglass
parts.  Practice good housekeeping. Some skin protective creams may be of benefit.  At home,
clothing should be washed separately in a tub or basin. Washing machines should not be used.
Ideally, rubber gloves should be worn. The tub or basin should then be fully rinsed. 

Flammable Liquids      
Class B combustibles are flammable and combustible liquids (including oils, greases, tars,  oil
base paints,  lacquers) and flammable  gases. Flammable aerosols (spray cans) are also treated
here. Water should not be applied to fire in a Class B combustible. The use of water may float
burning liquids, causing the fire to spread more rapidly. Class B fires are usually extinguished by
excluding the air around the burning liquid. This is accomplished by one of several approved
types of fire extinguishing agents,  e.g.,  carbon dioxide, ABC multipurpose dry chemical,  and
Halon  1301  (a  vaporizing  liquid  that  breaks  the  flame  front).  Technically,  flammable  and
combustible liquids do not burn. However, under appropriate conditions, they generate sufficient
quantities of vapors to form ignitable vapor-air mixtures. As a general rule, the lower the flash
point of a liquid, the greater the fire and explosion hazard. (The flash point of a liquid is the
minimum temperature at which it gives off sufficient vapor to form an ignitable mixture with the
air near its surface or within its containment vessel.) Many flammable and combustible liquids
also pose health hazards. It is the responsibility of the user to ensure that all Class B combustibles
are  properly  identified,  labeled,  handled,  and  stored.  If  assistance  is  required,  contact  the
Responsible Safety Officer Safety. 

Classifications      
Flammable  and  combustible  liquids  are  defined  and  divided  into  classes  as  shown  below.
Flammable Liquids (Class I). Liquids having flash points below 100F (37.8C) and having vapor
pressures not exceeding 40 pounds per square inch (absolute) at 100F (37.8C). 

Flammable Class I liquids are subdivided as follows: 

Class IA. Liquids having flash points below 73F (22.8C) and boiling points below 100F (37.8C).
Flammable aerosols (spray cans) are included in Class IA. 

Class IB. Liquids having flash points below 73F (22.8C) and having boiling points at or above
100F (37.8C). 

Class  IC.  Liquids  having  flash  points  at  or  above  73F  (37.8C)  and  below  100F  (37.8C).
Combustible Liquids (Classes II and III). Liquids having flash points at or above 100F (37.8C). 

Combustible liquids in Class II and Class III are subdivided as follows: 

Class II. Liquids having flash points at or above 100F (37.8C) and below 140F (60.0C). 



Class IIIA. Liquids having flash points at or above 140F (60.0C) and below 200F (93.4C). 

Class IIIB. Liquids having flash points at or above 200F (93.4C). 

Unstable (Reactive) Liquids. 

These  are  liquids  that  in  the  pure  state,  or  as  commercially  produced  or  transported,  will
vigorously polymerize, decompose, combine, or become self-reactive under conditions of shock,
pressure, or temperature. Use of such materials must have prior approval from the Responsible
Safety Officer on a case-by-case basis. 

Fire Hazards       
Fires involving Class B combustibles are especially dangerous because they release heat quickly,
causing the fire to spread rapidly. The handling and use of these combustibles presents the most
significant  single  source  of  fire  hazard.  Misuse  or  improper  storage  threatens  not  only  the
employee and the entire building, but all fellow employees. Liquids with flash points below room
temperature  (Class  IA and  IB  liquids)  continually  emit  sufficient  quantities  of  vapors  to  be
ignitable, except when chilled to temperatures below their flash points. Even when chilled, if
spilled on a floor or work surface, they will  heat rapidly and pose severe fire and explosion
hazards. Liquids with flash points above room temperature (Class IC, II, IIIA, and IIIB liquids)
can  easily  be  heated  to  the  point  at  which  they  will  create  flammable  vapor-air  mixtures.
Flammable  liquid  vapors  are  heavier  than air.  They can travel  for  appreciable  distances  and
accumulate in low places. Since it is the vapor of flammable liquids that burns, the fire hazard
may not  be confined  to  the  immediate  vicinity of  actual  use.  Vapors  can  be  ignited  several
hundred feet from the point of vapor generation. Flammable liquid vapors generally have low
ignition-energy requirements and can often be ignited by small sparks from electrical motors,
switches, relay contacts, etc. 

Precautions       
Recommended precautions are based on the properties of the liquid to be used and the intended
application.   The  user  cannot  make  a  correct  decision  on  necessary  precautions  unless  the
properties of the liquid are known and the intended use is reviewed from a safety standpoint.
There  must  be  sufficient  ventilation  to  preclude  the  accumulation  of  flammable  vapors.
Flammable liquids should be used in a fume hood or with local exhaust ventilation. Normal room
ventilation may be sufficient to permit small-scale use of flammable liquids (milliliter quantities).
However, if larger quantities of liquid must  be used in such facilities, it will  be necessary to
provide  additional  ventilation  by  opening  doors  and  windows  or  providing  some  form  of
temporary exhaust ventilation. Extreme care must be exercised when using flammable liquids in
closed spaces with minimal ventilation (such as glove boxes and tanks). Even milliliter quantities
of flammable liquids can cause the build-up of explosive mixtures in the confined space. 

Containers       
The maximum allowable sizes of containers and portable tanks are identified in the table below:
Flammable liquids  Combustible liquids Class   IA  IB  IC  II  III Glass or approved plastic 1 pt*
1 qt*  1 gal  1gal  1 gal Metal (other than Department of Transportation (DOT) drums 1 gal  5 gal
5 gal  5 gal  5 gal Safety cans** 2 gal  5 gal  5 gal  5 gal  5 gal Metal drums 60 gal 60 gal 60 gal
60 gal 60 gal (DOT specifications) Approved portable tanks 660 gal 660 gal 660 gal 660 gal 660
gal * 

Glass or approved plastic containers of no more than 1 gallon capacity may be used for Class IA
or IB flammable liquids if (1) such liquid either would be rendered unfit for its intended use by
contact  with metal  or  would excessively corrode a metal  container  so as to create  a leakage



hazard or (2) the user's process either would require more than 1 pint of a Class IA liquid or more
than 1 quart of a Class IB liquid, of a single assay lot, to be used at one time. 

**  Approved  safety  cans  of  various  materials  and  capacities  are  available  through  BIC
Switchgear Services, Inc.. 

Cabinets        
Storage  cabinets  must  be  designed  and  approved  for  the  anticipated  usage.  Approved metal
storage cabinets are available in various sizes from BIC Switchgear Services, Inc. stock. Not
more than 120 gallons of Class I, Class II, and Class IIIA liquids, combined, may be stored in a
storage cabinet. Of this total, not more than 60 gallons may be of Class I and Class II liquids,
combined, and not more than three such cabinets may be located in a single fire-separation area. 

Refrigerators       
Ordinary domestic refrigerators must not be used for the storage of flammable liquids because
they  contain  certain  built-in  ignition  sources  (such  as  electrical  contacts).  These  sources  of
ignition may initiate a fire or an explosion if flammable  vapors are present.  In special cases,
ordinary refrigerators have been modified to specifications approved for storage of flammable
liquids. Refrigerators are now available commercially that are specifically designed and approved
for storage of flammable materials. Refrigerators must bear an appropriate label as supplied by
the Responsible Safety Officer. 

Allowable Quantities     
To adequately manage  the exposure hazards in each building,  or  fire-separation area in each
building, it is necessary to consider the needs of all users, and/or of user groups in aggregate, for
each building or fire-separation area. The restrictions set forth below provide guidance for lower
usage levels. In general, quantities in excess of three-months usage should not be stored. If the
need for larger quantities is anticipated, contact the Responsible Safety Officer for assistance. The
maximum allowable quantities of Class B combustibles outside designated and approved storage
rooms or facilities are listed below: Less than one gallon of Class I and Class II liquids combined,
in glass or plastic containers, is the maximum allowed outside of approved storage cabinets when
not actually in use. One gallon is the maximum allowable container size for general dispensing of
Class I and Class II liquids unless in an approved safety can. Where more than one laboratory
unit is located in a single fire-separation area, all Class I and Class II liquids must be stored in
approved storage cabinets or approved safety cans. Ten gallons of Class I and Class II liquids,
combined,  in  approved  safety  cans,  is  the  maximum  allowable  outside  of  approved  storage
cabinets.  Five  gallons  of  Class  IIIA liquids  is  the  maximum  allowable  outside  of  approved
storage cabinets or safety cans. For single fire-separation areas, 10 gallons of Class I and Class II
liquids, combined, is the maximum quantity allowable outside of approved storage cabinets or
approved safety cans. For single fire-separation areas, 25 gallons of Class I and Class II liquids,
combined, is the maximum allowable quantity outside of approved storage cabinets. For single
fire-separation  areas,  60  gallons  of  Class  IIIA liquids  is  the  maximum allowable  outside  of
approved storage cabinets. 

Fluorocarbon Solvents     
Fluorocarbon solvents  are  organic  compounds  containing fluorine.  Common names  for  some
members of this family are Freon-TF, Freon-MF, and Freon-BF. 

Hazards        
The vapors are four to five times heavier than air and tend to accumulate in tanks, pits, and low



places. This displaces the oxygen, which can cause suffocation, or the vapors themselves may be
toxic  in  high concentrations.  Fluorocarbon solvents  will  dissolve and extract  the  natural  oils
present in the skin. If contact is prolonged, the skin may become dry and perhaps cracked. The
vapors have little or no effect on the eyes. If the liquid is splashed in the eyes, temporary redness
may be produced. Lower boiling liquids may cause freezing if splashed on the skin or in the eyes.
Fluorocarbon  vapors  decompose  when  exposed  to  high  temperatures.  Toxic  fumes  such  as
hydrofluoric acid, hydrochloric acid, and phosgene may be formed. Fluorocarbon solvents are
nonflammable. 

Precautions       
Contact the Responsible Safety Officer if fluorocarbon solvents are used in enclosed areas such
as  tanks and pits.  Forced-air  ventilation and air  supplied respirators  may be required.  Avoid
contact with hot surfaces, electric heating elements, or open flames. If toxic fumes are formed,
good ventilation will be required. Wear gloves made of neoprene or equivalent when there is the
possibility of prolonged or repeated skin contact with the liquid. Wear protective clothing and eye
goggles if the liquid may be splashed. 

Hazardous Gases       
The general  precautions  for  compressed  gas  cylinders  must  be  followed.  Large  cylinders  of
hazardous gases should not be purchased if it is possible to use small cylinders. The color coding
must not be used on the cylinder to identify its contents. These colors have not been standardized
by the suppliers. Read the label placed on the cylinder. The Responsible Safety Officer must be
notified of all hazardous gases ordered to ensure that adequate facilities are available (e.g., fume
hoods, safety showers, alarms, fire extinguishers, respirators, etc.) and that the user is aware of
the hazardous properties of the material. When hazardous gases are received by BIC Switchgear
Services, Inc., the Responsible Safety Officer will pick up and deliver all cylinders of J-size and
smaller.  Larger cylinders will  be released by the Responsible Safety Officer delivery by BIC
Switchgear Services, Inc. or contractor employees. Cylinders should be returned to the vendor as
soon as possible after use. It is not uncommon for gas cylinders to develop leaks during storage.
Arrangements  for  pickup  of  used  cylinders  are  made  by  contacting  the  Responsible  Safety
Officer. Before pickup, the cylinder valve must be closed, the regulator or needle valve must be
removed, and the valve cover put back on the cylinder. Arrangements for pickup of cylinders that
are leaking or have valves that are stuck open should be made by contacting the Responsible
Safety Officer. 

Mercury         
The most widely used form of mercury at BIC Switchgear Services, Inc. is elemental mercury.
Mercury also exists as a salt and as an organic compound. From the standpoint of risk to human
health,  the  most  important  forms  of  mercury  are  elemental  mercury  vapor  and  short-chain
organoalkylmercurials such as methylmercury and ethylmercury. 

Hazards        
Mercury can  enter  the  body through  the  lungs,  the  skin,  and  the  digestive  system.  Because
mercury vaporizes at room temperature, inhalation of its vapors is the most likely route of entry.
Short  exposures to high levels  of  mercury vapor  can cause acute poisoning characterized by
tightness and pain in the chest,  difficulty in breathing, inflammation of the mouth and gums,
fever, and headaches. Acute poisoning, however, is rare. Much more common among workers is
chronic poisoning caused by long-term exposure to lower levels of mercury. Steady exposure can
cause a slow build-up of mercury in the body that can result in illness, personality changes, and
eventual disability. Symptoms of chronic poisoning include inflammation of the mouth and gums,



weakness, loss of appetite and weight, shaking (particularly in the hands), and irritability. During
an ordinary laboratory spill of metallic mercury, clean-up effort need not be either hasty or heroic
since a long duration of exposure to the vapors would be required before any adverse symptoms
would occur. However, at elevated temperatures, the concentration of mercury vapor rises rapidly
and poisoning can occur within a short period of time. 

Precautions       
Avoid skin contact. Keep mercury containers closed when not in use. Use plastic or metal catch
cans under all mercury apparatus that is likely to break or spill; make transfers over a catch pan.
Provide adequate ventilation, especially if mercury is heated above room temperature. Use a label
similar to that below on all equipment and vessels containing mercury. Store in protected area in
closed,  labeled  containers,  preferably  plastic.  If  a  glass  bottle  is  used,  place  in  a  secondary
container. Dispose of mercury by placing in sealed, labeled containers. Send unused mercury to a
licensed salvage company. If mercury is used, call the Responsible Safety Officer. Do not pour
mercury  down any drains.  If  Mercury is  spilled  at  room temperature  notify the  Responsible
Safety Officer as soon as possible to obtain clean-up equipment and a mercury vapor survey. If
mercury  is  released  at  elevated  temperatures,  evacuate  the  area  immediately  and  notify  the
emergency dispatcher at the Fire Department, call 911. Equipment being sent to the warehouse
for storage must be drained of mercury, properly secured, and tagged with a mercury label. 

Oxygen Pumping in Vacuum Systems  
Oxygen in concentrations 25% by volume should not be introduced into a mechanical vacuum
pump charged with hydrocarbon oil, which is a combustible fluid. During compression in the
pump, the pressure of the oxygen may reach as high as 2-3 atmospheres, and at this pressure it
may cause an explosion if combined with a hydrocarbon oil. 

Required Solution      
Pump manufacturers recommend the use of an inert fluid in place of hydrocarbon oil. Various
fluids  are  available,  such  as  Fomblin  or  HaloVac  (Sargent-Welch  Science  Company).
Modification of the pump may be required because these fluids have high molecular weights and
high specific gravities and may be incompatible with seals. An inquiry to the pump manufacturer
is recommended. Pumps modified for oxygen service shall be permanently identified and used
only with the specified fluid. 

Peroxidizable Compounds     
Isopropyl ether, ethyl ether, dioxane, tetrahydrofuran, and other alkyl ethers form peroxides on
exposure to air and light. Because these chemicals are packaged in an air atmosphere, peroxides
can form even though the containers have not been opened. The longer the storage period of these
chemicals, the greater the amount of dangerous peroxides that may form. Experience has shown
that isopropyl ether is by far the worst offender. 

Hazards        
These peroxides are highly unstable, explosive chemicals that may detonate if subjected to high
temperature, shock, or friction. Concentration by evaporation or distillation of the ether increases
the risk of detonation. 

Precautions       
Ethers containing an inhibitor should be purchased when possible. Ethers should be kept in cans
rather than glass bottles. Ethers should be stored in as cool a location as feasible (but not stored in



refrigerators unless explosion-proof). Ethers should always be tested for peroxide content before
any distillation procedure and, of course, should not be used if peroxides are found to be present.
Safety shields should be placed in front of reaction vessels or distillation apparatus in hoods when
they involve ethers. At least 10% bottoms in distillation should be left. Any container of uncertain
age  or  condition  must  not  be  opened,  particularly when  the  cap  or  stopper  is  tightly  stuck.
Suspected  containers  must  not  be  removed  or  disposed  of.  Contact  the  Responsible  Safety
Officer. Containers of isopropyl ether must have the red label shown below, indicating the date of
purchase, attached to the outside surface. These labels should be applied by storeroom personnel.
When the container is opened, the opening date should also be recorded on this label.  These
containers must be disposed of one year after purchase, or three months after opening. Call the
Responsible Safety Officer for pick-up of containers for disposal. 

Polychlorinated Biphenyls (PCBs)  
PCBs are a broad class of nonflammable,  synthetic,  chlorinated hydrocarbon insulating fluids
used mostly in capacitors and transformers at BIC Switchgear Services, Inc.. Synonyms include
askarel, aroclor, inerteen, pyranol, therminol, and many others. 

Hazards        
Prolonged skin contact with PCB oils can cause skin irritation and occasionally the formation of
temporary acne-like cysts. Eye contact can cause severe irritation and inflammation. Breathing
the vapor or mist  from heated oil  can cause respiratory irritation.  PCBs are listed as suspect
carcinogens. Because of their inert character and stability under extreme physical stresses, PCBs
do not break down in the environment. PCBs are widely dispersed in the environment and can
accumulate in foods found in the human diet. 

Precautions       
When working with PCB-contaminated equipment or on PCB spills, the appropriate personnel
must  wear protective equipment,  including viton gloves, coveralls,  and splash goggles.  Small
spills can be absorbed in vermiculite or Sorb-all. Place waste material in plastic bags and call the 

Decontamination & Waste Disposal Unit. 
All equipment containing PCBs must be disposed of through the Responsible Safety Officer. In
case of large spills or explosion of a capacitor, evacuate all personnel from the area. Call the Fire
Department, 911, for assistance. Provide or maintain ventilation in the affected area, if possible.
If  entry to  the  area  is  necessary,  self-contained breathing apparatus  must  be worn.  All  large
capacitors containing PCBs and all PCB transformers must be labeled. Banks of capacitors may
be labeled as a unit. Capacitors and transformers within a confined area with limited access may
be labeled at each point of entry. Labels may be obtained at the Central Storeroom or from the
Responsible Safety Officer. A record of the quantity, type, movement, and disposal of PCB items
must be maintained by each owner. A yearly update of the record is made. Calibration of Gas
Detection Systems: This policy covers the calibration of systems to detect flammable, toxic, or
pyrophoric gases being used at BIC Switchgear Services, Inc.. Specifications of Calibration: The
specifications of the calibration technique and the frequency of calibration must be described in
the  Operational  Safety  Procedure  governing  the  operation  of  apparatus  with  which  the  gas-
detecting system is associated. It is recommended that calibrations of these systems be performed
by an approved an outside contractor or by Scientific and Technical Resources personnel. In all
cases calibrations must be carried out by an independent party: calibration of these systems may
not  be  carried  out  by  the  group  operating  the  apparatus.  When  changes  are  required  in  the
Operational  Safety  Procedure,  approval  of  the  new  procedure  will  be  coordinated  by  the
Responsible Safety Officer. 



Chemical SafetyChemical Safety

Introduction       
The  objective  of  this  chapter  is  to  provide  guidance  to  all  BIC  Switchgear  Services,  Inc.
employees and participating guests who use hazardous materials so that they may perform their
work safely. Many of these materials are specifically explosive, corrosive, flammable, or toxic;
they  may  have  properties  that  combine  these  hazards.  Many  chemicals  are  relatively  non-
hazardous by themselves but become dangerous when they interact with other substances, either
in planned experiments or by accidental contact. To avoid injury and/or property damage, persons
who handle chemicals in any area of the Company must understand the hazardous properties of
the chemicals with which they will be working. Before using a specific chemical, safe handling
methods must always be reviewed. Supervisors are responsible for ensuring that the equipment
needed to work safely with chemicals is provided. The cost of this equipment is borne by the
Company. 

Hazcom Plan        
On May 25, 1986 the Occupational Safety and Health Administration (OSHA) placed in effect
the requirements of a new standard called Hazard Communication (29 CFR 1910.1200). This
standard establishes requirements to ensure that chemical hazards in the workplace are identified
and that this information, along with information on protective measures, is transmitted to all
affected employees.  This section describes how BIC Switchgear Services, Inc. employees  are
informed  of  the  potential  chemical  hazards  in  their  work  area  so  they  can  avoid  harmful
exposures and safeguard their health. Components of this program include labeling, preparing a
material safety data sheet (MSDS), and training. 

With regard to MSDS, BIC Switchgear Services,  Inc.  has limited coverage under the OSHA
Hazard Communication Standard. The Company is required to maintain only those sheets that are
received with incoming shipments for the following reasons: the Company commonly uses small
quantities  of  many  different  hazardous  materials  for  short  periods  of  time;  that  the  hazards
change, often unpredictably; many materials are of unknown composition and most workers are
highly trained. 

Responsibilities of Supervisors/Management Identify hazards for respective work areas. 

Ensure hazards are properly labeled. Obtain/maintain copies of material safety data sheets,  as
required,  of  each  hazardous  material  used  in  the  work  area  and  make  them  accessible  to
employees during each work shift. Have the written Hazard Communication Program available to
all employees. Provide hazard-specific training for employees. Identify hazardous materials in the
hazard review section of the BIC Switchgear Services, Inc. purchase requisition form. Employees
must: Attend safety training meetings. Perform operations in safe manner. Notify management
immediately  of  any  safety  hazards  or  injuries.  When  ordering  materials,  identify  hazardous
chemicals in the hazard review section of the BIC Switchgear Services, Inc. purchase requisition
form. The Responsible Safety Officer must: Develop a written Hazard Communication Program.
Maintain  a  central  file  of  material  safety  data  sheets.  Review  and  update  BIC  Switchgear
Services,  Inc.  stock  safety  labels.  Provide  generic  training  programs.  Assist  supervisors  in
developing  hazard-specific  training  programs.  Oversee  the  Hazard  Communication  Standard



written policy and implementation plans. Alert on-site contractors to hazardous materials in work
areas.  Alert  on-site  contractors  that  they  must  provide  to  their  employees  information  on
hazardous materials they bring to the work site.  The number of hazardous chemicals and the
number of reactions between them is so large that prior knowledge of all potential hazards cannot
be assumed. Therefore, when the chemical properties of a material are not fully known, it should
be assumed hazardous and used in as small quantities as possible to minimize exposure and thus
reduce the magnitude of unexpected events. The following general safety precautions should be
observed when working with chemicals: Keep the work area clean and orderly. Use the necessary
safety equipment. Carefully label every container with the identity of its contents and appropriate
hazard warnings. 

Store incompatible chemicals in separate areas. 

Substitute less toxic  materials  whenever possible.  Limit  the volume of  volatile or  flammable
material to the minimum needed for short operation periods. Provide means of containing the
material if equipment or containers should break or spill their contents. Follow the requirements
of this manual, if systems that can generate pressure or are operated under pressure are involved.
Provide a back-up method of shutting off power to a heat source if any hazard is involved. Obtain
and read the Material Safety Data Sheets. 

Task Evaluation       
Each task that requires the use of chemicals must be evaluated to determine the potential hazards
associated with the work. This hazard evaluation must include the chemical or combination of
chemicals that will be used in the work, as well as other materials that will be used near the work.
If a malfunction during the operation has the potential to cause serious injury or property damage,
an Operational  Safety Procedure  (OSP)  must  be prepared and followed.  Operations  must  be
planned to minimize the generation of hazardous wastes. Additionally, unused chemicals should
be recycled. 

Supervisor Responsibility    
Supervisors are responsible for establishing safe procedures and for ensuring that the protective
equipment  needed  to  work  with  the  chemicals  is  available.  Supervisors  must  instruct  their
workers about possible hazards, safety precautions that must be observed, possible consequences
of an accident, and procedures to follow if an accident does occur. The supervisor is required to
enforce the proper  use of protective equipment  and the established safety practices.  It  is  the
responsibility of employees and all who use BIC Switchgear Services, Inc. facilities to understand
the properties of the chemicals with which they will work and to follow all precautions that apply
to each specific task. When faced with an unexpected threat of malfunction, injury, or damage,
employees  are  expected  to  choose  a  course  of  action  that  provides  the  most  protection  to
themselves and to others in the area. Every employee is expected to report to the supervisor any
unsafe condition seen in the area that would not permit him/her to work safely. The Responsible
Safety Officer assists employees and supervisors to work safely by providing information on the
hazardous properties of materials, recommending methods for controlling the hazards of specific
operations, and by monitoring the work environment. Supervisors must instruct their personnel
about  the  potential  hazards  involved  in  the  work,  proper  safety  precautions  to  follow,  and
emergency procedures to use if an accident should occur. To supplement the supervisor's training,
the Responsible Safety Officer will conduct training courses and materials on selected topics. In
addition, material  safety data sheets and safety information, including hazards, health effects,
potential routes of exposure, proper handling precautions, and emergency procedures on specific
chemicals, are available through the Responsible Safety Officer's office. 



Effects on Reproduction     
Both men and women may be exposed to hazardous agents that can cause infertility or result in
genetic damage that is passed on to offspring. These agents include ionizing radiation, alcohol,
cigarette smoke, pharmaceuticals, and some of the thousands of different chemicals that are used
in the home or workplace. Although many of these have been tested to determine whether they
cause acute (immediate) effects on the body, few have been studied to see if they cause cancer
(carcinogens), birth defects (teratogens), or genetic defects (mutagens). Even fewer have been
studied to see if  they can cause infertility,  menstrual  disorders,  or  other disorders relating to
reproduction. The primary path for hazardous substances to reach an unborn child is through the
placenta. Scientists now believe that most chemical substances or drugs can cross this barrier with
varying degrees of ease and enter the system of the developing fetus. Thus, many chemicals and
drugs that enter a pregnant woman's body (through breathing, swallowing, absorption through the
skin, etc.) will eventually enter the mother's blood circulation and find their way into the unborn
child. In general, the important questions of exactly how much of the toxic substance that enters
the mother's body will reach the fetus or what concentration the fetus can tolerate without harmful
effects are not yet answered. The fetus may be most vulnerable in the early weeks of pregnancy,
but it is also at risk later in pregnancy. In light of the potential harm of workplace exposures to
both  a  pregnant  woman  and her  developing  fetus,  it  is  very important  and  required  by BIC
Switchgear Services, Inc. policy for the woman to inform the Responsible Safety Officer of her
pregnancy immediately. 

Airborne Contaminants     
Exposures by inhalation of airborne contaminants (gases, vapors, fumes, dusts, and mists) must
not  exceed  the  levels  listed  in  the  latest  edition  of  Threshold  Limit  Values  of  Airborne
Contaminants  (TLV)  published  by  the  American  Conference  of  Governmental  Industrial
Hygienists.  These  TLV  levels  refer  to  airborne  concentrations  of  substances  and  represent
conditions under which it is believed that workers may be repeatedly exposed without adverse
effect. In all cases of potentially harmful exposure, feasible engineering or administrative controls
must first be established. In cases where respiratory protective equipment, alone or with other
control measures, is required to protect the employee, the protective equipment must be approved
by the Responsible Safety Officer, for each specific use. 

Safety Equipment      
Eyewash fountains are required if the substance in use presents an eye  hazard. The eyewash
fountain must provide a soft stream or spray of aerated water. In areas where a corrosive chemical
or rapid fire hazard exists, safety showers must be provided for immediate first aid treatment of
chemical splashes and for extinguishing clothing fires. The shower must be capable of drenching
the victim immediately in the event of an emergency.  Eyewash fountains and safety showers
should be located close to each other so that, if necessary, the eyes can be washed while the body
is showered. Access to these facilities must always remain open. In case of accident, flush the
affected  part  for  at  least  15  minutes.  Report  the  accident  to  the  Responsible  Safety Officer
immediately. A special first aid treatment kit for fluorine and hydrofluoric acid burns is prepared
by the Medical Services Department. The kit is obtained by contacting the Responsible Safety
Officer. Safety shields must be used for protection against possible explosions or splash hazards.
Company equipment must be shielded on all sides so that there is no line-of-sight exposure of
personnel. The sash on a chemical fume hood is a readily available partial shield. However, a
portable shield must also be used, particularly with hoods that have vertical-rising sashes rather
than horizontal-sliding sashes. 



Labels         
All containers (including glassware, safety cans, plastic squeeze bottles) must have labels that
identify their chemical contents. Labels should also contain information on the hazards associated
with the use of the chemical. Precautionary labels are available from BIC Switchgear Services,
Inc. stock room for most of the common chemicals. 

Chemical Storage      
The  separation  of  chemicals  (solids  or  liquids)  during  storage  is  necessary  to  reduce  the
possibility  of  unwanted  chemical  reactions  caused  by  accidental  mixing.  Explosives  such  as
picric acid should be stored separately outdoors. Use either distance or barriers (e.g., trays) to
isolate chemicals into the following groups: Flammable liquids (e.g., acetone, benzene, ethers,
alcohols). Place in approved fire lockers. Other liquids (e.g., chloroform, trichloroethane). Acids
(e.g., nitric, sulfuric, hydrochloric, perchloric). * Treat acetic acid as a flammable liquid. Bases
(e.g., sodium hydroxide, ammonium hydroxide). Lips, strips, or bars should be installed across
the width of reagent shelves to restrain the chemicals in case of earthquake. Chemicals must not
be stored in the same refrigerator used for food storage. Refrigerators used for storing chemicals
must be appropriately identified by placing a label on the door (labels may be obtained from
Responsible Safety Officer). 

Emergencies        
In case of an emergency, consider any of the following actions if appropriate: Evacuate people
from the area. Isolate the area. If the material is flammable, turn off ignition and heat sources.
Call the Fire Department or 911 for assistance. Wear appropriate personal protective equipment.
Pour Sorb-all or appropriate neutralizing agent on spill. Clean up; place waste in plastic bag for
disposal. Chemical spill cleanup materials are available from stores as listed below: Flammable
solvent spill kit Flammable solvent absorbent Acid spill kit Acid spill absorbent Caustic (base)
spill kit Caustic (base) absorbent Safety equipment kit (contains scoops, sponge, safety glasses,
disposal bags, etc.) Cabinet to hold kits 

Disposal of Chemicals     
All BIC Switchgear Services, Inc. employees, participating guests, and visitors using hazardous
chemicals are responsible for disposing of these chemicals safely. Federal and state regulations
mandate strict disposal procedures for chemicals. To comply with these regulations all persons
using  Company  facilities  must  observe  these  procedures.  Routine  Disposal  of  Chemicals  In
general  the  disposal  of  hazardous  chemicals  to  the  sanitary  sewer  is  not  permitted.  The
Responsible  Safety  Officer  will  advise  on  the  proper  disposal  of  chemical  wastes.  In  using
chemical  waste  storage  containers,  certain  procedures  must  be  observed,  as  listed  below:
Incompatible chemicals must not be mixed in the same container (e.g., acids should not be mixed
with bases; organic liquids should not be mixed with strong oxidizing agents). Waste oils must be
collected in 55-gallon drums. Disposal solids, and explosive materials must be stored in separate
containers. 

The following requirements must be met as a condition for pickup and disposal of chemicals by
the Responsible Safety Officer: 

 Chemicals must be separated into compatible groups. 

 Leaking containers of any sort will not be accepted. 

 Dry materials (gloves, wipes, pipettes, etc.) must be securely contained in plastic bags and 
over packed in a cardboard box. 



 Packages that are wet or have sharp protruding objects will not be accepted for pick up.

 Unknown chemicals will require special handling. 

The responsible department must make every effort to identify the material that is to be disposed.
If  all  the user's  attempts  to identify the waste  chemicals  have failed,  the  Responsible Safety
Officer will accept the waste and analyze the material. For more information call the Responsible
Safety Officer. Each breakable container must be properly boxed. Place all bottles in plastic bags,
then place in a sturdy container and use an absorbent cushioning material that is compatible with
the chemicals. Each primary container must be labeled with content, amount, physical state, and
the  percentage breakdown of  a  mixture.  Each box must  have  a  complete  list  of  contents  or
description written on an official Responsible Safety Officer hazardous materials packing list.
Blank packing lists are available from the Responsible Safety Officer. For safety purposes, boxes
must be of a size and weight so that one person can handle them. Boxes that exceed 45 pounds or
18 inches on a side cannot be safely handled by one person and will not be acceptable for pick up.
General Housekeeping Rules: Maintain the smallest possible inventory of chemicals to meet your
immediate needs. Periodically review your stock of chemicals on hand. Ensure that storage areas,
or equipment containing large quantities of chemicals, are secure from accidental spills. Rinse
emptied  bottles  that  contain  acids  or  inflammable  solvents  before  disposal.  Recycle  unused
laboratory chemicals wherever possible. 

DO NOT: 

Place hazardous chemicals in salvage or garbage receptacles. Pour chemicals onto the ground.
Dispose of chemicals through the storm drain system. Dispose of highly toxic, malodorous, or
lachrymatory chemicals down sinks or sewer drains. 

Beryllium        
Beryllium is used predominantly in three forms: beryllium metal, beryllium oxide, and beryllium-
copper alloys. Beryllium-copper alloys may consist of 0.5 to 4% beryllium, although the most
common alloy has about 2% beryllium. Beryllium may also be alloyed with other metals, such as
nickel and cobalt, or be found as a salt, e.g., beryllium fluoride, chloride, nitrate, or sulfate, and as
beryllium hydroxide. Exposure to beryllium and its compounds can damage the skin, eyes, and
respiratory  system.  The  soluble  beryllium salts,  especially  the  fluoride  and  sulfate,  are  skin
sensitizers and in high concentrations are also primary skin irritants. If beryllium gets into broken
skin, the cut may abscess and not heal properly until the substance is removed. Eye irritations are
also  common,  and splash-burns  can  cause damage  to  the  cornea.  Breathing  dust  and  fumes,
however, is the most common cause of beryllium poisoning. The effects of inhaling high levels of
beryllium can range from mild inflammation of the nose and throat, a condition that resembles a
cold, to a severe pneumonia-like reaction characterized by coughing, difficulty in breathing, pain
and tightness in the chest, loss of appetite, and general fatigue. The effects of inhaling low levels
of beryllium over an extended period of time may be delayed from a few months to years after
the last exposure. 

Chronic  beryllium  poisoning  in  most  cases  affects  the  respiratory  tract.  The  onset  may  be
manifested by weakness, loss of weight, shortness of breath, and coughing. Beryllium dusts or
powders constitute a moderate fire hazard. However, any fire involving beryllium is a serious
threat to the health of nearby personnel. Avoid skin contact with beryllium salts or salt solutions,
and do not allow metallic beryllium to come in contact with open wounds or abrasions. Wear
gloves  when handling beryllium or beryllium compounds when loose contamination (dust  or
chips) is present. There is no danger in ordinary skin contact with beryllium metal,  alloys,  or



fused-ceramic material. 

All  operations  involving the generation of  airborne beryllium must  be done under controlled
conditions  for  which  concurrence  must  be  obtained  from  the  Responsible  Safety  Officer.
Operations such as machining, grinding, welding, cutting, drilling, sawing, and milling must be
enclosed and the exhaust ventilated through high-efficiency filters. A hazardous concentration of
beryllium fumes may be generated when the metal is heated above 650C (1200F), or when the
oxide is heated above 1540C (2800F). Scrupulous adherence to good housekeeping practices and
plant and personal cleanliness is an obvious necessity.  All beryllium parts must be stored and
transported  in  labeled  containers.  One  of  the  following  labels  may  be  used.  "Beryllium
(Beryllium oxides)" "Contains Beryllium" All beryllium and beryllium-contaminated waste must
be  placed  in  properly  marked  containers  and picked  up  by  the  Decontamination  and  Waste
Disposal  Section.  The following work on beryllium-copper alloys  may be performed without
special controls: lathe cutting using a coolant, shearing, forming, hand sawing, hand filing, hand
sanding, and soft soldering in a hood. 

Cadmium         
The greatest exposure potential is probably from welding or burning cadmium-plated parts and
brazing or silver soldering with cadmium-containing rods and wires. These brazing alloys contain
15 to 19% cadmium. Finely divided cadmium metal and cadmium oxide fumes are highly toxic
and must not be inhaled or ingested. A single exposure to high levels of cadmium in the air can
cause severe lung irritation, which may be fatal. Symptoms usually appear 4 to 10 hours after
exposure when cough, labored breathing, and commonly a feeling of constriction or a burning
sensation  in  the  chest  develop.  Generalized flu-like  symptoms  characterized  by shaky chills,
sweating,  aching  in  the  extremities  and  back,  headache,  and  dizziness  may  also  develop.
Continued  exposure  to  low  levels  of  cadmium  in  the  air  can  result  in  chronic  poisoning
characterized by irreversible lung injury and kidney damage. 

Cadmium is  suspected of  causing cancer  in  humans.  Symptoms  of  the  cumulative effects  of
cadmium may appear after  exposure has terminated.  Cadmium metal  dust  will  burn with the
evolution of a very hazardous brownish-yellow fume. Remove all  cadmium from plated parts
before  welding  or  burning.  Substitute  cadmium-free  silver  solder  whenever  possible.  When
cadmium  is  melted,  temperatures  should  be  kept  as  low  as  possible,  consistent  with  the
requirement of the operation, to prevent excessive fume generation. Indoor work or continuous
outdoor  work  that  involves  the  generation  of  airborne  cadmium  must  be  enclosed  to  the
maximum extent practical and be provided with a good exhaust system that collects and removes
the fumes as they are formed. If the work is outdoor and intermittent,  a properly fitted fume
respirator must be used. In confined spaces where an exhaust system is not practical, a supplied-
air respirator must be worn. Evaluation of exhaust systems and work situations and supply of
respiratory protective equipment are available from the Responsible Safety Officer. Cadmium-
containing and cadmium-plated parts should be kept separate from parts not containing cadmium
and marked appropriately so that accidental exposures resulting from cutting and welding will not
occur.  When there  is  cadmium dust,  cleaning must  be  performed  by vacuum pickup or  wet
mopping. No dry sweeping or blowing is permitted. 



Electrical SafetyElectrical Safety

Policy         
It  is  the  policy of  BIC Switchgear  Services,  Inc.  to  take every reasonable  precaution  in  the
performance  of  work  to  protect  the  health  and  safety  of  employees  and  the  public  and  to
minimize the probability of damage to property. The electrical safety requirements contained in
this chapter are regulations set forth by BIC Switchgear Services, Inc..   In addition to the safety
standards  listed in  this section,  BIC Switchgear Services,  Inc.  also adopts and adheres  to  all
Standards for Electrical Safety in the Workplace as listed in NFPA 70E which is attached to this
manual as Appendix A.

Employee Responsibility     
All BIC Switchgear Services, Inc. personnel are responsible for all aspects of safety within their
own groups. The Responsible Safety Officer is responsible for providing information, instruction,
and  assistance,  as  appropriate,  concerning  BIC  Switchgear  Services,  Inc.  electrical  safety
requirements and procedures. Individual employees are responsible for their own and their co-
workers' safety. This means: Become acquainted with all potential hazards in the area in which
they work. Learn and follow the appropriate standards, procedures, and hazard-control methods.
Never  undertake  a  potentially  hazardous  operation  without  consulting  with  appropriate
supervision. Stop any operation you believe to be hazardous. Notify a supervisor of any condition
or  behavior  that  poses  a  potential  hazard.  Wear  and  use  appropriate  protective  equipment.
Immediately report any occupational injury or illness to the Responsible Safety Officer, any on
site Medical Services Department and the appropriate supervisor. 

Supervisors
Each  employee  acting  in  a  supervisory  capacity  has  specific  safety  responsibilities.  These
include: Developing an attitude and awareness of safety in the people supervised and seeing that
individual safety responsibilities are fully carried out. Maintaining a safe work environment and
taking corrective action on any potentially hazardous operation or condition. Ensuring that the
personnel he/she directs are knowledgeable and trained in the tasks they are asked to perform.
Ensuring that safe conditions prevail in the area and that everyone is properly informed of the
area's safety regulations and procedures. Ensuring that contract personnel are properly protected
by  means  of  instructions,  signs,  barriers,  or  other  appropriate  resources.  Ensuring  that  no
employee  assigned  to  potentially  hazardous  work  appears  to  be  fatigued,  ill,  emotionally
disturbed, or under the influence of alcohol or drugs (prescription, over the county medicinal or
otherwise).  Management  at  every  level  has  the  responsibility  for  maintaining  the  work
environment at a minimal level of risk throughout all areas of control. 

Each manager: 

 Is responsible for being aware of all potentially hazardous activities within the area of 
responsibility. 

 May assign responsibility or delegate authority for performance of any function, but – 



 Remains accountable to higher management for any oversight or error that leads to injury, 
illness, or damage to property. 

Procedures        
It is the policy of BIC Switchgear Services, Inc. to follow the fundamental principles of safety,
which are described below. A clear understanding of these principles will improve the safety of
working with or around electrical equipment. Practice proper housekeeping and cleanliness. Poor
housekeeping is a major factor in many accidents. A cluttered area is likely to be both unsafe and
inefficient.  Every  employee  is  responsible  for  keeping  a  clean  area  and  every  supervisor  is
responsible for ensuring that his or her areas of responsibility remain clean. Identify hazards and
anticipate problems. Think through what might go wrong and what the consequences would be.
Do not hesitate to discuss any situation or question with your supervisor and coworkers. Resist
“hurry-up” pressure. Program pressures should not cause you to bypass thoughtful consideration
and planned procedures. 

Design for safety

Consider safety to be an integral part of the design process. Protective devices, warning signs,
and administrative procedures are supplements to good design but can never fully compensate for
its absence. Completed designs should include provisions for safe maintenance. 

Maintain for Safety

Good maintenance is  essential  to  safe  operations.  Maintenance procedures  and schedules  for
servicing and maintaining equipment and facilities, including documentation of repairs, removals,
replacements, and disposals, should be established. Document your work. An up-to-date set of
documentation adequate for operation, maintenance, testing, and safety should be available to
anyone  working  on  potentially  hazardous  equipment.  Keep  drawings  and  prints  up  to  date.
Dispose of obsolete drawings and be certain that active file drawings have the latest corrections.
Have designs reviewed. All systems and modifications to systems performing a safety function or
controlling a  potentially hazardous operation must  be reviewed and approved at  the  level  of
project engineer or above. Have designs and operation verified. All systems performing safety
functions or controlling a potentially hazardous operation must be periodically validated by actual
test procedures at least once a year, and both the procedures and actual tests must be documented.
Test equipment safety. Tests should be made when the electrical equipment is de-energized, or, at
most, energized with reduced hazard. Know emergency procedures. All persons working in areas
of  high  hazard  (with  high-voltage  power  supplies,  capacitor  banks,  etc.)  must  be  trained  in
emergency response procedures, including cardiopulmonary resuscitation (CPR) certification. 

Working with Energized Equipment  
This section contains safety requirements that must be met in constructing electrical equipment
and  in  working  on  energized  electrical  equipment.  Special  emphasis  is  placed  on  problems
associated with personnel working on hazardous electrical equipment in an energized condition.
Such work is permissible, but only after extensive effort to perform the necessary tasks with the
equipment in a securely de-energized condition has proven unsuccessful, or if the equipment is so
enclosed and protected that contact with hazardous voltages is essentially impossible. 

Definitions: The following definitions are used in this discussion of electrical safety. 

Authorized Person: An individual recognized by management as having the responsibility for and
expertise to perform electrical procedures in the course of normal duties. Such individuals are
normally members of electronic or electrical groups. 

Backup Protection: A secondary, redundant, protective system provided to de-energize a device,



system, or facility to permit safe physical contact by assigned personnel. A backup protective
system must be totally independent of the first-line protection and must be capable of functioning
in the event of total failure of the first-line protective system. 

Companion: A co-worker who is cognizant of potential danger and occasionally checks the other
worker. 

Electrical Hazard: A potential source of personnel injury involving, either directly or indirectly,
the use of electricity. 

Direct  Electrical  Hazard:  A  potential  source  of  personnel  injury  resulting  from the  flow  of
electrical energy through a person (electrical shocks and burns). 

Indirect Electrical Hazard: A potential source of personnel injury resulting from electrical energy
that  is  transformed  into  other  forms  of  energy (e.g.,  radiant  energy,  such  as  light,  heat,  or
energetic particles; magnetic fields; chemical reactions, such as fire, explosions, the production of
noxious gases and compounds; and involuntary muscular reactions). 

First Line Protection: The primary protective system and/or operational procedure provided to
prevent physical contact with energized equipment. 

General Supervision: The condition that exists when an individual works under a supervisor's
direction but not necessarily in the continuous presence of the supervisor. 

Grounding Point: The most direct connection to the source of a potential electrical hazard such as
the terminals of a capacitor. Such a point must be indicated by a yellow circular marker. 

Grounds, Electrical: Any designated point with adequate capacity to carry any potential currents
to  earth.  Designated  points  may  be  building  columns  or  specially  designed  ground-network
cabling,  rack,  or  chassis  ground.  Cold  water  pipes,  wire  ways,  and  conduits  must  not  be
considered electrical grounds. 

Grounds, Massive: Large areas of metal, concrete, or wet ground that make electrical isolation
difficult or impossible. Implied Approval: Approval is implied when a supervisor, knowing the
qualifications  of  an  individual,  assigns  that  individual  a  task,  or  responsibility  for,  a  device,
system, or project. 

Qualified Person: An individual recognized by management as having sufficient understanding of
a device, system, or facility to be able to positively control any hazards it may present. Must,
Should, and May: “Must” indicates a mandatory requirement. “Should” indicates a recommended
action. “May” indicates an optional or permissive action, not a requirement or recommendation. 

Safety Watch: An individual whose sole task is to observe the operator and to quickly de-energize
the equipment, using a crash button or circuit breaker control in case of an emergency, and to
alert emergency personnel. This person should have basic CPR training. 

Type of Hazards       
The degree of hazard associated with electrical shock is a function of the duration, magnitude,
and frequency of the current passed by the portion of the body incorporated in the circuit. The
current that can flow through the human body with contacts at the extremities, such as between
the hand or head and one or both feet, depends largely on the voltage. Body circuit resistance,
even with liquid contacts (barring broken skin) will probably be not less than 500 ohms. The
current  flow at  this  resistance  at  120 volts  is  240 milliamperes.  Recognition  of  the  hazards
associated with various types of electrical equipment is of paramount importance in developing
and applying safety guidelines for working on energized equipment. Three classes (in order of
increasing severity) of electrical hazards have evolved. 



Class A Hazard       
Class  A electrical  hazard  exists  when all  the  following conditions  prevail:  The  primary  AC
potential  does  not  exceed 130 volts  rms.  The available  primary AC current  is  limited  to  30
amperes  rms.  The  stored  energy  available  in  a  capacitor  or  inductor  is  less  than  5  joules
(J=CV2/2=LI2/2). The DC or secondary AC potentials are less than 50 volts line-to-line and/or to
ground or  the  DC or  secondary AC power  is  150 volt-amperes  (V-A) or  less.  Although the
voltages and currents may be considered nominal,  a "Class A" electrical hazard is potentially
lethal. This class is particularly dangerous because of everyday familiarity with such sources, an
assumed ability to cope with them, and their common occurrence in less guarded exposures. 

Class B Hazard       
A Class B electrical hazard has the same conditions as a Class A hazard except that the primary
AC potential is greater than 130 volts rms, but does not exceed 300 volts rms. 

Class C Hazard       
Class  C  electrical  hazard  classifications  prevail  for  all  situations  when  one  or  more  of  the
limitations set in Class B is exceeded. 

Employee Attitude      
The attitudes and habits of personnel and the precautions they routinely take when working on
energized equipment are extremely important. There are three modes of working on electrical
equipment. 

Mode 1: Turn Off the Power    
All operations are to be conducted with the equipment in a positively de-energized state. All
external sources of electrical energy must be disconnected by some positive action (e.g., locked-
out breaker) and with all internal energy sources rendered safe. "Mode 1" is a minimum hazard
situation. 

Mode 2: Latent Danger     
All  manipulative  operations  (such  as  making  connections  or  alterations  to  or  near  normally
energized components) are to be conducted with the equipment in the positively de-energized
state. Measurements and observations of equipment functions may then be conducted with the
equipment energized and with normal protective barriers removed. "Mode 2" is a moderate-to-
severe  hazard  situation,  depending  on  the  operating  voltages  and  energy  capabilities  of  the
equipment. 

Mode 3: Hot Wiring      
“Mode  3”  exists  when  manipulative,  measurement,  and  observational  operations  are  to  be
conducted with the equipment fully energized and with the normal protective barriers removed.
“Mode 3” is a severe hazard situation that should be permitted only when fully justified and
should be conducted under the closest supervision and control. One knowledgeable person should
be involved in addition to the worker(s). Written permission may be required. Work on Class B
or Class C energized circuitry must only be done when it is absolutely necessary. 

Safety Glasses       
Either safety glasses or a face shield must be worn when working on electrical equipment. 

Personal Protective Devices    
For work on any energized circuitry with a  Class  B or  Class  C hazard,  the  use  of  personal



protective  devices  (e.g.,  face  shields,  blast  jackets,  gloves,  and  insulated  floor  mats)  is
encouraged, even if not required. 

Elevated Locations      
Any person working on electrical  equipment on a crane or other elevated location must  take
necessary precautions to prevent a fall from reaction to electrical shock or other causes. A second
person, knowledgeable as a safety watch, must assume the best possible position to assist the
worker in case of an accident. 

Chain of Command      
The supervisory chain must be identified for normal operation and development, servicing, or
testing of hazardous equipment.  An up-to-date set  of  instructions for operation,  maintenance,
testing,  and  safety  should  be  provided  and  made  readily  available  to  anyone  working  on
hazardous equipment.  As many tests  as practicable should be made on any type  of electrical
equipment in the un-energized condition, or at most, energized with reduced hazard. All covering,
clothing, and jewelry that might cause hazardous involvement must be removed. Adequate and
workable lock-out/tag-out procedures must be employed. A person in a hazardous position who
appears to be fatigued, ill, emotionally disturbed, or under the influence of alcohol and/or drugs
(medicinal, or otherwise) must be replaced by a competent backup person, or the hazardous work
must  be  terminated.  Supervisors  and  workers  must  be  encouraged  to  make  the  conservative
choice when they are in doubt about a situation regarding safety.  Training sessions and drills
must be conducted periodically to help prevent accidents and to train personnel to cope with any
accidents that may occur. CPR instruction must be included. An emergency-OFF switch, clearly
identified and within easy reach of all  high-hazard equipment, should be provided. Also, this
switch may be used to initiate a call for help. Resetting an Emergency-OFF switch must not be
automatic but must require an easily understandable overt act. Automatic safety interlocks must
be provided for all access to high-hazard equipment. Any bypass of such an interlock should have
an automatic reset, display conspicuously the condition of the interlocks, and ensure that barriers
cannot  be  closed  without  enabling  the  interlock.  All  equipment  should  have  convenient,
comfortable, and dry access. Communication equipment (e.g., fire alarm box, telephone) should
be provided near any hazardous equipment. Its location should be clearly marked to ensure that
the  person  requesting  assistance  can  direct  the  people  responding  to  a  call  for  help  to  the
emergency site quickly. Any component that in its common use is non-hazardous, but in its actual
use may be hazardous, must  be distinctively colored and/or labeled. (An example might be a
copper  pipe  carrying  high  voltage  or  high  current.)  Periodic  tests  of  interlocks  to  ensure
operability must be performed and documented at least yearly. 

Protective Systems      
Equipment  must  be  designed and  constructed  to  provide  personnel  protection.  First-line  and
backup safeguards should be provided to prevent personnel access to energized circuits. Periodic
tests must be established to verify that these protective systems are operative. 

Safety Practices      
Additional safety practices are described below. 

Cable Clamping: A suitable mechanical-strain-relief device such as a cord grip, cable clamp, or
plug must be used for any wire or cable penetrating an enclosure where external movement or
force can exert stress on the internal connection. Grommets, adlets, or similar devices must not be
used as strain relief. 

Emergency Lighting: There must be an emergency lighting system that activates when normal



power fails in Class C conditions. 

Flammable & Toxic Material Control: The use of flammable or toxic material must be kept to a
minimum. When components with such fluids are used, a catch basin or other approved method
must be provided to prevent the spread of these materials should the normal component case fail. 

Isolation: All sources of dangerous voltage and current must be isolated by covers and enclosures.
Access to lethal circuits must be either via screw-on panels, each containing no less than four
screws or bolts, or by interlocked doors. The frame or chassis of the enclosure must be connected
to a good electrical ground with a conductor capable of handling any potential fault current. 

Lighting: Adequate lighting must be provided for easy visual inspection. Overload Protection:
Overload protection and well marked disconnects must be provided. Local “Off” controls must be
provided on remote-controlled equipment. All disconnects and breakers should be clearly labeled
as to which loads they control. 

Power: All  ac and dc power cabling to equipment  not  having a separate external  ground but
having wire-to-wire or wire-to-ground voltage of 50 volts or more must carry a ground conductor
unless cabling is inside an interlocked enclosure, rack, grounded wire way, or conduit, or feeds a
commercial  double-insulated or  UL-approved device.  This  requirement  will  ensure that  loads
such as portable test equipment, temporary or experimental, is grounded. UL-approved devices
such  as  coffeepots,  timers,  etc.,  used  per  the  manufacturer's  original  intent  are  permissible.
Rating:  All  conductors,  switches,  resistors,  etc.,  should  be  operated  within  their  design
capabilities. Pulsed equipment must not exceed either the average, the RMS, or the peak rating of
components.  The  equipment  should  be  derated  as  necessary  for  the  environment  and  the
application of the components. 

Safety Grounding: Automatic discharge devices must be used on equipment with stored energy of
5 joules or more. Suitable and visible manual grounding devices must also be provided to short-
to-ground all dangerous equipment while work is being performed. 

Safety Practices
The following check list must be used as a guide for circuits operating at 130 volts or more or
storing more than 5 joules. An enclosure may be a room, a barricaded area, or an equipment
cabinet. 

Access: Easily opened doors, panels,  etc.,  must  be interlocked so that the act of opening de-
energizes  the circuit.  Automatic  discharge of stored-energy devices must  be provided.  Doors
should be key-locked, with the same required key being also used for the locks in the control-
circuit-interlock chain. This key must be removable from the door only when the door is closed
and locked. 

Heat:  Heat-generating components,  such as  resistors,  must  be  mounted  so that  heat  is  safely
dissipated and does not affect adjacent components. 

Isolation: The enclosure must physically prevent contact with live circuits. The enclosure can be
constructed  of  conductive  or  non-conductive  material.  If  conductive,  the  material  must  be
electrically interconnected and connected to a good electrical ground. These connections must be
adequate to carry all potential fault currents. 

Seismic Safety: All racks, cabinets,  chassis,  and auxiliary equipment must  be secured against
movement during earthquakes. 

Strength: Enclosures must be strong enough to contain flying debris due to component failure. 

Temporary Enclosure: Temporary enclosures (less than 6-month duration) not conforming to the



normal requirements must be considered Class C hazards. 

Ventilation: Ventilation must be adequate to prevent overheating of equipment and to purge toxic
fumes produced by a fault. 

Visibility: Enclosures large enough to be occupied by personnel must allow exterior observation
of equipment and personnel working inside the enclosure. 

Warning Indicators: When systems other than conventional facilities represent Class C hazards,
the systems should be provided with one of the following two safety measures: 

(1) A conspicuous visual indicator that is clearly visible from any point where a person might
make hazardous contact or entry; and 

(2) A clearly visible primary circuit breaker or “OFF” control button on the front of the enclosure.

Safety Practices      
Because a wide range of power supplies exist, no one set of considerations can be applied to all
cases. The following classification scheme may be helpful in assessing power-supply hazards.
Power supplies of 50 volts or less with high current capability too often are not considered a
shock hazard, although these voltages are capable of producing fatal shocks. Since they are not
“high voltage,” such power sources frequently are not treated with proper respect. 

In addition to the obvious shock and burn hazards, there is also the likelihood of injuries incurred
in trying to get away from the source of a shock. Cuts or bruises, and even serious and sometimes
fatal  falls,  have resulted from otherwise insignificant  shocks.  Power supplies of 300 volts  or
more, with lethal current capability, have the same hazards to an even greater degree. Because
supplies in this category are considered Class C hazards, they must be treated accordingly. High-
voltage supplies that do not have dangerous current capabilities are not serious shock or burn
hazards in themselves and are therefore often treated in a casual  manner.  However,  they are
frequently  used  adjacent  to  lower-voltage  lethal  circuits,  and  a  minor  shock  could  cause  a
rebound into such a circuit. Also, an involuntary reaction to a minor shock could cause a serious
fall (for example, from a ladder or from experimental apparatus). 

The following are additional safety considerations for power supplies. 

Primary  Disconnect.  A  means  of  positively  disconnecting  the  input  must  be  provided.  This
disconnect must be clearly marked and located where the workmen can easily lock or tag it out
while  servicing  the  power  supply.  If  provided  with  a  lockout  device,  the  key  must  not  be
removable unless the switch or breaker is in the “Off” position. 

Overload Protection. Overload protection must be provided on the input and should be provided
on the output. 

Danger with Large Capacitors   
This  section describes  the  hazards associated with capacitors  capable of storing more  than 5
joules of energy. Capacitors may store hazardous energy even after the equipment has been de-
energized and may build up a dangerous residual charge without an external source; "grounding"
capacitors in series, for example, may transfer rather than discharge the stored energy. Another
capacitor hazard exists when a capacitor is subjected to high currents that may cause heating and
explosion. At one time, capacitors were called condensers and older capacitors may still bear this
label in diagrams and notices. Capacitors may be used to store large amounts  of energy.  An
internal failure of one capacitor in a bank frequently results in explosion when all other capacitors
in the bank discharge into the fault. Approximately 10 sup 4 joules is the threshold energy for
explosive failure of metal cans. Because high-voltage cables have capacitance and thus can store



energy, they should be treated as capacitors. 

The liquid dielectric in many capacitors, or its combustion products, may be toxic. Do not breath
the fumes from the oil in older capacitors. The following are safety practices for capacitors:

Automatic Discharge. Permanently connected bleeder resistors should be used when practical.
Capacitors in series should have separate bleeders. Automatic shorting devices that operate when
the equipment is de-energized or the enclosure is opened should be used. The time required for a
capacitor to discharge to safe voltage (50 volts or less) must not be greater than the time needed
for personnel to gain access to the voltage terminals – never longer than 5 minutes. In the case of
Class C equipment with stored energy in excess of 5 joules, an automatic, mechanical discharging
device must be provided that functions when normal access ports are opened. This device must be
contained locally within protective barrier to ensure wiring integrity and should be in plain view
of  the  person  entering  the  protective  barrier  so  that  the  individual  can  verify  its  proper
functioning. Protection also must be provided against the hazard of the discharge itself. 

Safety  Grounding.  Fully  visible,  manual-grounding  devices  must  be  provided  to  render  the
capacitors safe while they are being worked on. Grounding points must be clearly marked, and
caution must be used to prevent transferring charges to other capacitors. 

Ground Hooks. All ground hooks must: Have conductors crimped and soldered. Be connected
such that impedance is less than 0.1 ohms to ground. Have the cable conductor clearly visible
through its insulation. Have a cable conductor size of at least #2 extra flexible, or in special
conditions  a  conductor  capable  of  carrying  any potential  current.  Be in  sufficient  number  to
ground conveniently and adequately ALL designated points. Be grounded and located at normal
entry way when stored, in such a manner to ensure that they are used. In Class C equipment with
stored energy in excess of 5 joules, a discharge point with an impedance capable of limiting the
current to 500 amperes or less should be provided. This discharge point must be identified with a
yellow circular marker with a red slash and must be labeled “HI Z PT” in large readable letters. A
properly installed grounding hook must first be connected to the current-limiting discharge point
and then to a low-impedance discharge point (less than 0.1 ohm) that is identified by a yellow
circular marker. The grounding hooks must be left on all of these low impedance points during
the time of safe access. The low-impedance points must be provided, whether or not the HI-Z
current-limiting points are needed. Voltage indicators that are visible from all normal entry points
should also be provided. 

Fusing. Capacitors used in parallel should be individually fused when possible to prevent the
stored  energy  from dumping  into  a  faulted  capacitor.  Care  must  be  taken  in  placement  of
automatic-discharge safety devices with respect to fuses. If the discharge will flow through the
fuses, a prominent warning sign must be placed at each entry indicating that each capacitor must
be manually grounded before work can begin. Special knowledge is required for high-voltage and
high-energy fusing. 

Unused Terminal Shorting. Terminals of all unused capacitors representing a Class C hazard or
capable of storing 5 joules or more must be visibly shorted. 

Danger with Large Magnets    
This section describes inductors and magnets that can store more than 5 joules of energy or that
operate at 130 volts or more. The following are some hazards peculiar to inductors and magnets: 

The ability of an inductor to release stored energy at a much higher voltage than that used to
charge it.  Stray magnetic fields that attract magnetic materials.  Time-varying stray fields that
induce eddy currents in conductive material thereby causing heating and mechanical stress. Time-
varying magnetic fields that may induce unwanted voltages at inductor or magnet terminals. 



The following are safety practices for inductive circuits: 

Automatic  Discharge.  Freewheeling  diodes,  varistors,  thyrites,  or  other  automatic  shorting
devices must be used to provide a current path when excitation is interrupted. 

Connections. Particular attention should be given to connections in the current path of inductive
circuits. Poor connections may cause destructive arcing. 

Cooling. Many inductors and magnets are liquid cooled. The unit should be protected by thermal
interlocks on the outlet of each parallel coolant path, and a flow interlock should be included for
each device. 

Eddy Currents.  Units  with pulsed or  varying  fields  should  have  a  minimum of  eddy-current
circuits. If large eddy-current circuits are unavoidable, they should be mechanically secure and
able to safely dissipate any heat produced. 

Grounding. The frames and cores of magnets, transformers, and inductors should be grounded. 

Rotating Electrical Machinery.  Beware of the hazard due to residual voltages that exists until
rotating electrical equipment comes to a full stop. 

Safety Design       
Proper philosophy is vital to the safe design of most control applications. The following check list
should be used as a guide. 

Checkout.  Interlock chains  must  be checked for  proper  operation after  installation,  after  any
modification, and during periodic routine testing. 

Fail-Safe design. All control circuits must be designed to be “fail-safe.” Starting with a breaker or
fuse, the circuit should go through all the interlocks in series to momentary on-off switches that
energize  and "seal  in" a control  relay.  Any open circuit  or  short  circuit  will  de-energize  the
control circuit and must be reset by overt act. 

Interlock Bypass Safeguards. A systematic procedure for temporarily bypassing interlocks must
be established. Follow-up procedures should be included to ensure removal of the bypass as soon
as possible. When many control-circuit points are available at one location, the bypassing should
be made through the normally open contacts of relays provided for this purpose. In an emergency,
these relays can be opened from a remote control area. 

Isolation. Control power must be isolated from higher power circuits by transformers, contactors,
or other means. Control power should be not more than 120 volts, ac, or dc. All circuits should
use the same phase or polarity so that no additive voltages (Class B or Class C hazard) are present
between control circuits or in any interconnect system. Control-circuit currents should not exceed
5 amperes. 

Lock-out. A keyed switch should be used in interlock chains to provide positive control of circuit
use. To ensure power removal before anyone enters the enclosure, this same key should also be
used to gain access to the controlled equipment. 

Motor Control Circuits (Class B or Class C Hazards). All Class B or Class C motor circuits must
have a positive disconnect within view of the motor or, if this is not practical, a disconnect that
can be locked open by the person working on these motor circuits is acceptable. 

Over-Voltage Protection. Control and instrumentation circuits used with high-voltage equipment
must have provision for shorting fault-induced high voltages to ground. High-voltage fuses with a
high-current, low-voltage spark gap downstream from the high-voltage source are recommended.
This also applies to all circuits penetrating high-voltage enclosures. 



Voltage  Divider  Protection.  The  output  of  voltage  dividers  used with high voltages  must  be
protected from over-voltage-to-ground within the high-voltage area by spark gaps, neon bulbs, or
other appropriate means. 

Current Monitors. Currents should be measured with a shunt that has one side grounded or with
current  transformers  that  must  be either loaded or shorted at  all  times.  Instrument  Accuracy.
Instrumentation should be checked for function and calibration on a routine basis. 

Radiation Hazards      
This  section  covers  radiation  hazards  that  may  be  encountered  in  working  with  electrical
equipment.  The  following  information  should  be  used  as  a  rough  guide  to  radiation  safety.
Hazardous electromagnetic radiation must be isolated in shielded enclosures. Transmission paths
of microwave energy must be enclosed or barricaded and well-marked. Care must be taken to
avoid  reflecting  energy out  of  this  path.  Suitable  goggles  must  be  worn  where  exposure  is
possible. Dose rates must not exceed those shown below. 

Monitoring. When equipment capable of generating a radiation hazard is used, monitoring must
be  provided  to  detect  and  measure  the  radiation.  Where  personnel  may  be  exposed,  this
monitoring equipment  should be  arranged to de-energize  the  generating equipment  at  a  safe
preset level. Isolation. Equipment that produces x-rays (high-voltage vacuum tubes operating at
more than 15,000 volts) or any equipment that under fault conditions could produce x-rays (e.g.,
spectrometers) must  be isolated from personnel. This isolation may be by distance or by lead
shielding. For any questions, call the Responsible Safety Officer. 

High-power sources of ultraviolet, infrared, and visible light must be isolated by barriers that are
opaque to the radiation. When a beam of this radiation is projected out of an enclosure, the beam
path must be barricaded and well marked. Care must be taken to eliminate reflective surfaces
along the beam path. Suitable goggles must be worn where exposure is possible. 

More than 300 Volts
To work on systems with voltages greater than 300 volts (CLASS B OR C HAZARD): 

Open the feeder breaker, roll  out if possible, tag out,  and lock if in enclosure. If work is on
circuits of 600 V or more, positive grounding cables should be attached to all three phases. Tag
should contain who, why, and when information, and it is of vital importance because a person’s
life may depend on it.  “Vital” in this case means that the presence and status of the tag are
inviolate, and the tag must not be altered or removed except by the person who attached it. 

Less than 300 Volts
To work on systems with voltages less than 300 volts (CLASS A HAZARD): Turn-off and tag
the  feeder  breaker.  Tag  is  inviolate  except  on  projects  where  established  circuit  checkout
procedure allows a qualified person to remove it and energize circuit after checkout is complete. 

Motor Generator Systems     
For motor or generator work, primary feeder breaker must be opened, tagged, and locked out if
possible. For generator-load work, motor-start permissive key must be removed by person doing
work and restored when work is complete. 

High Voltage       
To work on high voltage power supplies and enclosures use Class B or Class C hazard procedure
specified in the safety requirements. Access should always be by permissive key that interrupts
input power when key is removed from control panel. Grounding of power supply output must
occur either automatically when key is removed from control panel or manually before access



door can be opened. 

High Current       
To work on high current power supplies (normally for magnets), treat system as a high voltage
power supply, if energy storage is 5 joules or more when system is off. If not, then requirements
for working on magnet are as follows: If power supply is equipped with Kirk (trademark) or
equivalent interlock, turn the key and remove. This locks the input breaker in "off" position until
key  is  reinserted  and  turned.  If  power  supply  is  not  equipped  with  a  Kirk  (trademark)  or
equivalent interlock, turn off and tag input circuit breaker. 

Working on Power Supplies    
The minimum requirements  for  working  on  any power  supply is  to  turn  the  power  off  and
properly tag feeder circuit breaker external to power supply. 

Electrical Lock-out/Tag-out Procedures
When you have to perform maintenance work on a machine,  take these four steps to protect
yourself and your co-workers from injury: 

36) De-energize the machine if possible. Positively disconnect the machine from the 
power source. If there is more than one source of power, then disconnect them all. 

37) If possible, lock out all disconnect switches. You must be given a lock and a key 
for each disconnect before you begin working on the machine. 

38) Tag all disconnect switches. Use the yellow or Red safety tags which state in 
large letters -- "Danger...Do Not Operate," or "Danger...Do Not Energize" and which give the
name of the individual who locked out the equipment, date and time. The tag must also state 
"DO NOT REMOVE THIS TAG". (The person who placed the tag may remove it only after 
the machinery maintenance has been completed.) 

39) Test the equipment to insure it is de-energized before working on it. First, 
attempt to operate the equipment by turning it on normally. Next, check all electrical lines 
and exposed areas with test equipment or a "lamp". Finally, short to ground any exposed 
connections using insulated grounding sticks. This test must be done even if the electrical 
connection is physically broken, such as pulling out a plug, because of the chance of 
discharging components. 

A  TAG  OUT  ONLY  PROCEDURE  MAY  BE  USED  IF  THE  MACHINE  CANNOT  BE
LOCKED OUT. IF THE MACHINE IS SUPPLIED ELECTRICAL POWER FROM A SINGLE
SOURCE,  WHICH  IS  UNDER  THE  EXCLUSIVE  CONTROL  OF  A  TRAINED  AND
QUALIFIED REPAIR PERSON AT ALL TIMES AND THERE ARE NOT ANY OTHER
PERSONS IN THE REPAIR AREA WHO COULD BE HARMED BY THE ACCIDENTAL
ENERGIZING OF THE MACHINERY,  THEN TAG OUT MAY BE USED INSTEAD OF
LOCK-OUT/TAG OUT. 

Be aware that many accidents occur at the moment of re-energizing. If the machinery is to be re-
energized,  all  persons  must  be  kept  at  a  safe  distance  away  from  the  machinery.  The  re-
energization can be performed only by a person who either performed the lock-out/tag out,  a
person acting under the immediate and direct commands of the original lock-out/tag out person,
or in the event of a shift change, or other unavailability of the original person, then the original
shall, before leaving, appoint a surrogate original person and show him or her all steps taken to
lock-out/tag out the equipment.



Ladders & ScaffoldsLadders & Scaffolds
Ladders         
Ladders must be in good condition, made of suitable material, of proper length, and of the correct
type  for  the  use  intended.  Damaged ladders  must  never  be used;  they should be repaired or
destroyed. Ladders used near electrical equipment must be made of a non-conducting material.
Stored ladders must be easily accessible for inspection and service, kept out of the weather and
away from excessive heat, and well supported when stored horizontally. A portable ladder must
not be used in a horizontal position as a platform or runway or by more than one person at a time.
A portable ladder must not be placed in front of doors that open toward the ladder or on boxes,
barrels, or other unstable bases. Ladders must not be used as guys, braces, or skids. The height of
a stepladder should be sufficient to reach the work station without using the top or next to the top
steps. Bracing on the back legs of stepladders must not be used for climbing. The proper angle
(75-1/2 degrees) for a portable straight ladder can be obtained by placing the base of the ladder a
distance from the vertical wall equal to one quarter of the vertical distance from base to top of
ladder's resting point. Ladders must be ascended or descended facing the ladder with both hands
free to grasp the ladder. Tools must be carried in a tool belt or raised with a hand line attached to
the top of the ladder. Extension ladders should be tied in place to prevent side slip. 

Scaffolds        
All  scaffolds,  whether  fabricated  on  site,  purchased,  or  rented  must  conform  with  the
specifications found in ANSI A10.8, Safety Requirements for Scaffolding. Rolling scaffolds must
maintain a 3:1 height to base ratio (use smaller dimension of base). The footing or anchorage for
a scaffold must  be sound, rigid, and capable of carrying the maximum intended load without
settling or displacement. Unstable objects such as barrels, boxes, loose brick, or concrete blocks
must not be used to support scaffolds or planks. No scaffold may be erected, moved, dismantled,
or  altered  unless  supervised  by competent  persons.  Scaffolds  and their  components  must  be
capable of supporting at least four times the maximum intended load without failure. Guard rails
and toe boards must be installed on all open sides and ends of scaffolds and platforms more than
10 ft above the ground or floor. Scaffolds 4 feet to 10 feet in height having a minimum horizontal
dimension in either direction of less than 45 inches must have standard installed on all open sides
and ends of the platform. Wire, synthetic, or fiber rope used for suspended scaffolds must be
capable of supporting at least 6 times the rated load. No riveting, welding, burning, or open flame
work may be performed on any staging suspended by means of fiber or synthetic rope. Treated
fiber  or  approved  synthetic  ropes  must  be  used  for  or  near  any  work  involving  the  use  of
corrosive  substances.  All  scaffolds,  bosun’s  chairs,  and  other  work  access  platforms  must
conform  with  the  requirements  set  forth  in  the  Federal  Occupational  Safety  and  Health
Regulations for Construction, 29 CFR 1926.451, except where the specifications in ANSI A10.8
are more rigorous. 

Floors         
Workroom floors must be in a clean and, as much as possible, dry condition. Drainage mats,
platforms, or false floors should be used where wet processes are performed. Floors must be free
from protruding nails, splinters, holes, and loose boards or tiles. Permanent aisles or passageways
must be marked. Floor holes must be protected by covers that leave no openings more than one
inch wide. Floor openings into which persons can accidentally walk must be guarded by standard
railings and toe boards. Open-sided floors, platforms, and runways higher than four feet must be



guarded  by standard  railings.  Toe  boards  must  be  used  wherever  people  can  pass  below or
hazardous equipment or materials are below. 

Fall Arrester Systems Required   
When workers are required to work from surfaces that are in excess of 7-1/2 ft above an adjacent
safe work place and are unprotected by railings, the following procedures and guidelines must be
applied: Before selecting personnel for work at elevated work stations, supervisors must consider
the workers' physical condition, such as medical problems, fear of heights, and coordination. The
Medical Services Department should be contacted for information in this regard. Approved fall-
arrester systems are required for all work at heights of 10 or more feet. A recommended fall-
arrester system consists of a full  body-harness, a lanyard consisting of 1/2inch nylon rope or
equivalent with a breaking strength of 5400 lb and a maximum length to provide for a fall no
greater than 6 feet,  Sala-type fall-arrester block (optional),  and an anchored hook-up location
Alternate equipment must be approved by the Responsible Safety Officer. Fall-arrester systems
are recommended for light work at heights between 7-1/2 and 10 feet. Fall-arrester systems are
not required when work is being done while standing on a ladder. Ladders should be tied off. Use
of a controlled descent device is not necessary unless it is impossible to reach a stranded person
by another means. The Responsible Safety Officer will advise, on request, regarding usage and
procedures. It  is the responsibility of the supervisor to plan the intended work sufficiently to
ensure that job planning and proper precautions have been taken. The Responsible Safety Officer
is available for consultation. 

Personnel Platforms      
Work  may  be  performed  from  a  crane-suspended  platform  where  another  procedure  is  not
possible  because  of  structure  design  or  work  site  conditions.  Personnel  platforms  must  be
designed by a qualified engineer and reviewed by the Responsible Safety Officer. The suspension
system must minimize tipping. The platform must be designed with a minimum safety factor of 5
based  on  the  ultimate  strength  of  the  members,  and  the  design  must  conform  to  29  CFR
1926.550(g). 



Materials HandlingMaterials Handling

Introduction       
BIC Switchgear Services, Inc. requires that safety planning and practices for commonplace tasks
be as thorough as for operations with unusual hazards. Commonplace tasks make up the greater
part of the daily activities of most employees and, not unexpectedly, offer more potential sources
of accidents with injuries and property damage. Every operation or work assignment begins and
ends with handling of materials. Whether the material is a sheet of paper (paper cuts are painful)
or a cylinder of toxic gas, accident  risks can be reduced with thorough planning.  Identifying
obvious and hidden hazards should be the first step in planning work methods and job practices.
Thorough planning  should  include  all  the  steps  associated  with  good management  from job
conception through crew and equipment decommissioning. Most of the material presented in this
chapter is related to the commonplace and obvious.  Nevertheless, a majority of the incidents
leading to injury,  occupational  illness,  and property damage stem from failure to observe the
principles associated with safe materials handling and storage. A less obvious hazard is potential
failure of used or excessive motorized handling or lifting equipment. The Responsible Safety
Officer  must  be  notified  whenever  it  is  desired  to  acquire  a  crane,  forklift,  truck,  or  other
motorized handling or lifting equipment from outside sources. 

Lifting & Moving      
Lifting and moving of objects must be done by mechanical devices rather than by manual effort
whenever this is practical. The equipment used must be appropriate for the lifting or moving task.
Lifting and moving devices must be operated only by personnel trained and authorized to operate
them. Employees must not be required to lift heavy or bulky objects that overtax their physical
condition or capability. 

Rigging         
Planning for safe rigging and lifting must begin at the design stage, and lifting procedures must
be  developed  for  assembly  and  installation.  The  lifting  procedure  should  be  developed  and
discussed with the rigging crew fore person. Responsibility for all rigging jobs is shared between
the rigging crew and the customer. The customer is responsible for defining and requesting the
move, for providing technical information on relevant characteristics of the apparatus, including
special lifting fixtures when required, for providing suggestions on rigging and moving, and for
assigning someone to represent them both in planning and while the job is being carried out. The
riggers  are  responsible  for  final  rigging  and  for  carrying  out  whatever  moves  have  been
designated. 

Before any movement takes place, however, each representative must approve the rigging and
other procedures associated with the intended move. Each must  respect the responsibility and
authority  of  the  other  to  prevent  or  terminate  any action  he  or  she  judges  to  be  unsafe  or
otherwise improper. The supervisor must make certain that personnel know how to move objects
safely by hand or with mechanical devices in the operations normal to the area and must permit
only those employees who are formally qualified by training and certification to operate a fork
truck, crane, or hoist. The supervisor must enforce the use of safe lifting techniques and maintain
lifting  equipment  in  good  mechanical  condition.  Employees  are  required  to  observe  all



established safety regulations relating to safe lifting techniques. The Responsible Safety Officer
provides training programs followed by certification for employees who have demonstrated the
ability to operate fork trucks of up to 4-ton capacity and for incidental crane operations that
require no special rigging. 

Manual Lifting Rules     
Manual lifting and handling of material must be done by methods that ensure the safety of both
the employee and the material. It is BIC Switchgear Services, Inc. policy that employees whose
work assignments require heavy lifting be properly trained and physically qualified, by medical
examination if deemed necessary. The following are rules for manual lifting: Inspect the load to
be lifted for sharp edges, slivers, and wet or greasy spots. Wear gloves when lifting or handling
objects with sharp or splintered edges. These gloves must be free of oil, grease, or other agents
that may cause a poor grip. Inspect the route over which the load is to be carried. It should be in
plain view and free of obstructions or spillage that could cause tripping or slipping. Consider the
distance the load is to be carried. Recognize the fact your gripping power may weaken over long
distances. Size up the load and make a preliminary “heft” to be sure the load is easily within your
lifting capacity. If it is not, get help. If team lifting is required, personnel should be similar in size
and physique. One person should act as leader and give the commands to lift, lower, etc. Two
persons carrying a long piece of pipe or lumber should carry it on the same shoulder and walk in
step. Shoulder pads should be used to prevent cutting shoulders and help reduce fatigue. 

To lift an object off the ground, the following are manual lifting steps: 

Make sure of good footing and set your feet about 10 to 15 inches apart. It may help to set one
foot forward of the other. Assume a knee-bend or squatting position, keeping your back straight
and upright. Get a firm grip and lift the object by straightening your knees - not your back. Carry
the load close to your body (not on extended arms). To turn or change your position, shift your
feet – do not twist your back. The steps for setting an object on the ground are the same as above,
but in reverse. 

Mechanical Lifting      
Mechanical devices must be used for lifting and moving objects that are too heavy or bulky for
safe manual  handling by employees.  Employees  who have not  been trained must  not  operate
power-driven  mechanical  devices  to  lift  or  move  objects  of  any weight.  Heavy objects  that
require special  handling or rigging must  be moved only by riggers or under the guidance of
employees specifically trained and certified to move heavy objects. 

Inspections        
Each mechanical  lifting or moving device must  be inspected periodically.  Each lifting device
must also be inspected before lifting a load near its rated capacity. Defective equipment must be
repaired before it is used. The rated load capacity of lifting equipment must not be exceeded.
Material moving equipment must be driven forward going up a ramp and driven backward going
down a ramp. Traffic must not be allowed to pass under a raised load. The floor-loading limit
must be checked before mobile lifting equipment enters an area. Passengers must not be carried
on lifting equipment unless it is specifically equipped to carry passengers. 

Load Path Safety      
Loads moved with any material handling equipment must not pass over any personnel. The load
path must be selected and controlled to eliminate the possibility of injury to employees should the
material handling equipment fail. Equipment worked on while supported by material handling



equipment must have a redundant supporting system capable of supporting all loads that could be
imposed by failure of the mechanical handling equipment. A suspended load must never be left
unattended but  must  be lowered to the working surface and the material  handling equipment
secured before leaving the load unattended. 

Off Site Shipping      
Material  being  shipped  off  site  must  be  packed  or  crated  by  competent  shipping  personnel.
Boxes, wooden crates, and other packing materials must be safely consigned to waste or salvage
as soon as practicable following unpacking. 

Truck Loading       
All objects loaded on trucks must be secured to the truck to prevent any shifting of the load in
transit. The wheels of trucks being loaded or unloaded at a loading dock must be chocked to
prevent movement. 

Clean Work Areas      
All areas controlled by BIC Switchgear Services, Inc. must be kept in orderly and clean condition
and used only for activities or operations for which they have been approved.  The following
specific rules must also be followed: Keep stairs, corridors, and aisles clear. Traffic lanes and
loading areas must be kept clear and marked appropriately.  Store materials in work rooms or
designated storage areas only. Do not use hallways, fan lofts, or boiler and equipment rooms as
storage areas. Do not allow exits, passageways, or access to equipment to become obstructed by
either stored materials or materials and equipment that is being used. Arrange stored materials
safely to prevent tipping, falling, collapsing, rolling, or spreading - that is, any undesired and
unsafe motion. Do not exceed the rated floor capacity of stored material for the area. The load
limit and the maximum height to which material may be stacked must be posted. Place materials
such  as  cartons,  boxes,  drums,  lumber,  pipe,  and  bar  stock  in  racks  or  in  stable  piles  as
appropriate for the type of material. 

Store  materials  that  are  radioactive,  fissile,  flammable,  explosive,  oxidizing,  corrosive,  or
pyrophoric only under conditions approved for the specific use by the Responsible Safety Officer.
Segregate and store incompatible materials in separate locations. Remove items that will not be
required for  extended periods from work areas  and put  them in warehouse storage.  Call  for
assistance.  Temporary  equipment  required  for  special  projects  or  support  activities  must  be
installed so that  it  will  not  constitute  a  hazard.  A minimum clearance of 36 inches  must  be
maintained around electrical power panels. Wiring and cables must  be installed in a safe and
orderly manner, preferably in cable trays. Machinery and possible contact points with electrical
power must have appropriate guarding. 

The  controls  for  temporary  equipment  must  be  located  to  prevent  inadvertent  actuation  or
awkward  manipulation.  When  heat-producing  equipment  must  be  installed,  avoid  accidental
ignition of combustible materials or touching of surfaces above 60 degrees C (140 F). Every work
location  must  be  provided  with  illumination  that  meets  OSHA  requirements.  Evaluation  of
illumination  quality  and  requirements  is  made  by  the  Responsible  Safety  Officer,  but  the
supervisor of an area is responsible for obtaining and maintaining suitable illumination. Areas
without natural lighting and areas where hazardous operations are conducted must be provided
with enough automatically activated emergency lighting to permit exit or entry of personnel if the
primary lighting fails. 

Cranes         
There are two types of heavy duty cranes at BIC Switchgear Services, Inc.. Bridge cranes are



classified as cab-operated or pendant-operated. Mobile cranes consist of a boom and controls
mounted on a truck chassis. Bridge and mobile cranes must be operated only by trained operators
designated by the supervisor  in  charge of  the  facility.  The supervisor  is  also responsible  for
ensuring that operators are trained, carrying out the inspections and following the safe operating
rules explained in the Operator/Rigger Training Program. The Operator/Rigger Training Program
is administered by the Responsible Safety Officer. The training staff consists of a qualified crane
consultant,  professional  riggers,  and the Responsible  Safety Officer.  There  are  two levels  of
required  training  and  performance:  Professional  Operator/Rigger:  Person  whose  principal
assignment includes crane operation and rigging functions. The chief operator/rigger must ensure
that  those  professional  operator/riggers  under  his/her  supervision  maintain  the  necessary
qualifications. Incidental Operator/Rigger: Person who performs operating/rigging functions as
an incidental part of his/her normal work assignment. Persons in this category are restricted to
lower load limits and rigging of specific types of hardware. Incidental operator/riggers must be
reexamined at least once every three years. Designated operator/riggers must have Government
identification cards (Federal Form 46), endorsed appropriately. Before an employee may operate
any of these cranes, the supervisor must arrange for the employee to receive incidental crane-
operator training on the appropriate crane. Successful completion of the training must include an
oral  or  written  examination  on  the  safety  aspects  of  crane  operation  and  a  satisfactory
demonstration of operational skills.  The supervisor must determine that the applicant does not
have any disqualifying medical or physical disabilities based on established requirements. 

Loading the Crane      
The crane must not be loaded beyond its rated load except for test purposes. Hoist chain or hoist
rope must be free of kinks or twists and must not be wrapped around the load. Crane operators
and floor persons must follow the OSHA requirements relating to moving the load. 

Design Parameters      
The Engineering Department is responsible for establishing design parameters relating to general
requirements,  cabs,  foot  walks  and  ladders,  stops,  bumpers  and  rail  sweeps,  brakes,  electric
equipment, hoisting equipment, warning devices, and other appurtenances to cranes as required in
Occupational Safety and Health Standards, 29 CFR 1910.179. In addition the Responsible Safety
Officer  shall  establish  design parameters  for  bridge cranes  and to  incorporate  provisions  for
maintenance  work  stations  (platforms,  railings,  ladders,  tie-off  points,  etc.)  that  permit
maintenance personnel to safely perform their operations. Cranes must have the load capacity
marked on each side of the bridge or on the rail in the case of a monorail and jib crane. Mobile
cranes must  have the load capacity marked in a convenient  location. The Responsible Safety
Officer must review specifications developed by the Engineering Department. 

Crane Inspections Required    
All crane functional operating mechanisms for maladjustment interfering with proper operation
and for excessive wear of components. On days used inspection is required by a crane operator.
Deterioration or leakage in lines, tanks, valves, drain pumps, and other parts of air or hydraulic
systems. On days used inspection is required by a crane operator. Hooks. On days used visual
inspection by a crane operator is required.  Annual inspections must have signed reports by BIC
Switchgear Services, Inc. or an outside Engineer. Hooks with cracks or having deformation more
than 15% in excess of normal throat opening or more than 10 degrees twist from the plane of the
unbent hook must be discarded. Wire-rope slings, including end connections, for excessive wear,
broken wires, stretch, kinking, or twisting. Visual inspection by crane operator on days used. The
Responsible Safety Officer, the primary user or the Building Manager must ensure that an annual
inspection with a signed report is made. BIC Switchgear Services, Inc. or an outside Engineer



must inspect rope reeving for non-compliance with manufacturer's recommendations before first
use and annually thereafter. 

Six Month Crane Inspections    
According to OSHA requirements a crane that has been idle for a period of over six months must
be inspected before being placed in service. 

Crane Maintenance
All crane hooks and lifting fixtures must  be magnafluxed at least every four years. This will
normally coincide with the certification load testing and inspection. The person in charge of a
crane may request testing of hooks and/or lifting fixtures more frequently than every four years.
The  person  in  charge  must  give  the  Responsible  Safety  Officer  a  schedule  of  the  desired
frequency for testing the hook so that disassembly of the hook block can be included in their
schedule for preventive maintenance of a particular crane. 

Running Ropes Inspections    
Running ropes must be thoroughly inspected at least once a year during the structural inspection
of the crane, and a full, written, dated, and signed report of rope conditions must be kept on file. 

OSHA Crane Standards     
Routine maintenance, adjustments, and repairs must be performed by a qualified mechanic and
reported to the Responsible Safety Officer according to each machine's established schedule and
according to OSHA requirements. 

Forklift Operators      
The Responsible Safety Officer must be notified whenever it is desired to acquire a crane from
excess sources. 

OSHA Standards for Forklifts   
Forklift  users  must  familiarize  themselves  with  and  comply  with  OSHA  Standard  29  CFR
1910.178 and ANSI B56.1. Modifications and additions must not be performed by the customer
or user without manufacturer's prior authorization or qualified engineering analysis. Where such
authorization is granted, capacity, operation and maintenance instruction plates, tags, or decals
must be changed accordingly. If the forklift truck is equipped with front end attachments other
than factory installed attachments, the user must ensure that the truck is marked with a card or
plate that  identifies the current  attachments,  shows the approximate  weight  of  the truck with
current  attachments  and  shows  the  lifting  capacity  of  the  truck  with  current  attachments  at
maximum lift elevation with load laterally centered. The user must see that all nameplates and
caution and instruction markings are in place and legible. The user must consider that changes in
load dimension may affect truck capacities. 

Forklift Maintenance     
Because  forklift  trucks  may  become  hazardous  if  maintenance  is  neglected  or  incomplete,
procedures for maintenance must comply with ANSI B56.1 Section 7 and OSHA Standard 29
CFR 1919.178 g. 

Forklift Extension      
Maximum efficiency, reliability, and safety require that the use of fork extensions be guided by
principles of proper application, design, fabrication, use, inspection, and maintenance. The user



must  notify  the  Responsible  Safety  Officer  before  purchasing  extensions  or  having  them
fabricated. Fork extensions are only appropriate for occasional use. When longer forks are needed
on a regular basis, the truck should be equipped with standard forks of a longer length. Routine
on-the-job inspections of the fork extension must be made by the fork lift operator before each
use unless, in the judgment of the supervisor, less frequent inspections are reasonable because of
his  or  her  knowledge  of  its  use  since  the  last  inspection.  Extensions  must  be  inspected  for
evidence of bending,  overload,  excess corrosion,  cracks,  and any other deterioration likely to
affect their safe use. 

All fork extensions must be proof load tested to establish or verify their rated capacities, whether
they were supplied commercially or fabricated at BIC Switchgear Services, Inc.. A load equal to
the rated capacity of the pair at a particular load center multiplied by 1.15, must be placed on each
fork extension pair and fork assembly and supported for a period of five minutes without any
significant deformation. Rated capacity must be determined at significant load centers, including
the midpoint of the extension and at the tip. Once determined, the rated capacity and load center
information must be shown by stamping or tagging the extensions in a protected location of low
stress. The proof load test must be witnessed by a mechanical engineer or designer. Whenever
evidence of deterioration is detected or whenever the extensions have been overloaded, magnetic
particle inspection must be performed. 

Safety Inspection, Responsibility
Each operator is responsible for the safety and safety inspection of his or her lifting devices (such
as screw pin shackles, hoist rings, commercial equipment, etc.) and for its lifting fixtures (such as
spreader bars, special slings, BIC Switchgear Services, Inc.-designed equipment, etc.). All lifting
fixtures designed at BIC Switchgear Services, Inc. must be proof tested to twice their maximum
rated loads before they are placed in service. A magnetic particle inspection or other appropriate
crack detection inspection is required after the proof test. The capacity must be marked on the
lifting fixture so that it is clearly visible to the equipment operator. All lifting device pins of 2-
inch diameter or larger must have a magnetic particle inspection before they are placed in service.
All  lifting fixtures must  be inspected at  least  once every four years  (or upon request),  using
magnetic particle detection or other appropriate methods. The Responsible Safety Officer must
ensure that proof testing is performed on all lifting fixtures designed at BIC Switchgear Services,
Inc. before they are placed in service; that adequate test records are kept; and that the lifting
devices and fixtures are used and maintained correctly.  Upon request,  the Responsible Safety
Officer will provide a current test report to the user. For equipment designed at BIC Switchgear
Services, Inc., the Responsible Safety Officer must provide the user with the information required
to operate the lifting device or fixture safely. 

Design Stress       
The Responsible Safety Officer is responsible for the design, fabrication, and testing of lifting
fixtures. The design stress for lifting fixtures must not exceed one-fifth (1/5) the ultimate strength
of the material at the operating temperature. If welded fabrication is used, the design stress must
take into consideration any weakening effects of welding, such as those that occur in aluminum
alloys.  If practical, avoid welding in the fabrication of lifting fixtures; however, if  welding is
used,  design  and fabrication  must  conform to  the  latest  standards  of  the  American  Welding
Society (AWS). Careful, thoughtful design and follow-up are required. The following rules apply
when designing welded units: There must be no possibility of subjecting welds to tearing loads.
Stresses in welds must be substantially uniform. 

Where  possible,  design  lifting  fixtures  so  that  the  main  loads  are  carried  only  by structural
members, plates, or shear pins rather than by welds. Examine this possibility carefully. Welded



fabrications  must  be  proof  tested  to  twice  the  maximum rated  load  followed by a  magnetic
particle inspection or other appropriate crack inspection method. Primary load carrying welds and
welds  in  tension  must  be  x-rayed.  The  screw-thread  engagement  required  for  conservative
development of the full strength of a screw fastener depends upon the screw fastener material and
the material of the threaded member. If the fastener is made of the same material as the female
threaded member,  e.g.,  a low-carbon steel  bolt  and a hole threaded into low-carbon steel,  an
engagement of at least 1-1/2 diameters is required. A hardened steel screw (Allen screw) in mild
steel  requires at  least  2-diameters  engagement.  A low-carbon screw fastener,  threaded into a
tapped hole in aluminum alloy, copper, or cast iron must have a threaded engagement of 1-1/2
diameters. Other material combinations must be approved by the Responsible Safety Officer. 

Safety hoist rings may be used to make lifts up to their rated load when screwed 2 hoist ring bolt
diameters into materials such as aluminum alloy, copper, or cast iron. When special high strength
bolts are required, consider the use of nonstandard pitch threads to avoid the possibility of using
the wrong bolt in the lifting device. Any bolt used as part of BIC Switchgear Services, Inc.-
designed lifting fixtures or pickup devices must be tested to two (2) times its rated load. A crack
detection inspection must be performed after the load test to ensure soundness. It is desirable to
maintain a supply of tested bolts in the event that one is lost. Once a lifting device or fixture is in
the hands of the user, it is the user's responsibility to ensure that the proper bolt is inserted to the
proper depth and correctly torqued. 

Crane Loads        
When equipment is designed to be crane lifted at a single point with a single-bolt pickup device,
the vertical lifting load through the screw thread of the bolt must be in line with the axis of the
bolt so that the load will remain level when it is lifted. With this bolt alignment the lift will be
through the center of gravity and will be safer since the load will not tilt or kick out when it is
lifted. A single-bolt pickup device, such as a Safety Hoist Ring or equivalent carefully designed
and maintained in-house device, must be used. When a load is to be crane-lifted by slings from a
crane hook through 2, 3, or 4 single-load pickup points located at the corners of the load, and
without the use of a spreader bar, the forces at the lift points will be non-vertical. In this case a
single  bolt  pickup  device,  such  as  a  safety  hoist  ring  or  equivalent  carefully  designed  and
maintained  in-house  device,  must  be  used  at  each  pickup  point.  The  use  of  eye  bolts  with
shoulders is permitted for lifting light incidental loads after receiving approval from the crane
certified operator or supervisor and when the following conditions are met: The load is in line
with the axis of the eye bolt and side loads are minimal (a spreader bar may be required). The
average stress at the root area of the thread does not exceed 5000 psi. The thread engagement is at
least two bolt diameters. 



Mechanical GuardingMechanical Guarding

Introduction & Standards    
Mechanical  guarding  must  encompass  both  the  power  transmission  parts  of  all  mechanical
equipment and the points of operation on production machines. Guards must be provided where
rotational motion, nip points, and cutting, shearing, punching, and forming mechanisms can cause
injury to personnel or damage to tools and equipment. Mechanical guards must be designed or
otherwise  procured  to  meet  the  following  specifications:  The  guard  must  provide  positive
protection equal to that specified in ANSI B15.1. The guard must be considered a permanent part
of the machine or equipment, capable of being easily or quickly removed or replaced. The guard
must not interfere with efficient operation or maintenance of the machine or give discomfort to
the operator. The guard must not weaken the machine structure. The guard must be designed for a
specific job and a specific machine. The guard must be durable, resistant to fire and corrosion,
and easily repaired. The guard must not present hazards, such as rough edges, splinters, pinch
points, shear points, or sharp corners. Methods of guarding that must be considered include the
following:  Enclosing the operation (preferred)  Interlocking devices  Moving barriers  Removal
devices  Remote  control  Two-handed  tripping  devices  Electronic  safety  devices  Machines
designed for fixed locations must be securely anchored to the floor or bench to prevent walking
or tipping. Employees may operate machinery only when properly trained and authorized to do
so. Proper clothing and protective devices must be worn when specified by the supervisor or shop
foreman. 

Electrical Tag Out Procedure 
When you have to do maintenance work on a machine, take these four steps to protect yourself
and your co-workers from injury: 

40) De-energize the machine if possible. Positively disconnect the 
machine from the power source. If there is more than one source of power, then disconnect 
them all. 

41) If possible, lock out all disconnect switches. You must be given 
a lock and a key for each disconnect before you begin working on the machine. 

42) Tag all disconnect switches. Use the yellow or Red safety tags 
which state in large letters – “Danger... Do No Operate,” or “Danger--Do Not Energize” 
and gives the name of the individual who locked out the equipment, date and time. The tag 
must also state "DO NOT REMOVE THIS TAG" (except the person who placed the tag may 
remove it only after the machinery maintenance has been completed. 

43) Test the equipment to insure it is de-energized before working on
it. First, attempt to operate the equipment by turning on normally. Next check all electrical 
lines and exposed areas with test equipment or a "lamp". Finally, short to ground any exposed
connections using insulated grounding sticks. This test must be done even if the electrical 
connection is physically broken, such as pulling out a plug, because of the chance of 
discharging components. 

A  TAG  OUT  ONLY  PROCEDURE  MAY  BE  USED  IF  THE  MACHINE  CAN  NOT  BE



LOCKED OUT. IF THE MACHINE IS SUPPLIED ELECTRICAL POWER FROM A SINGLE
SOURCE,  WHICH  IS  UNDER  THE  EXCLUSIVE  CONTROL  OF  A  TRAINED  AND
QUALIFIED REPAIR PERSON AT ALL TIMES AND THERE ARE NOT ANY OTHER
PERSONS IN THE REPAIR AREA WHO COULD BE HARMED BY THE ACCIDENTAL
ENERGIZING OF THE MACHINERY,  THEN TAG OUT MAY BE USED INSTEAD OF
LOCK OUT/TAG OUT. 

Re-Energizing
Many accidents occur at the moment of re-energizing. If the machinery is to be re-energized, all
persons must be kept at a safe distance away from the machinery.  The re-energization can be
performed only by a person who either performed the lock-out/tag out, a person acting under the
immediate and direct commands of the original lock-out/tag out person, or, in the event of a shift
change,  or  other unavailability of  the  original  person,  then the original  shall,  before  leaving,
appoint a surrogate original person and show him or her all steps taken to lock-out/tag out the
equipment. 



Noise!Noise!

Introduction       
This chapter contains information on the effects, evaluation, and control of noise. For assistance
in evaluating a noise problem, contact the Responsible Safety Officer. 

Danger of Noise       
Exposing the ear to high levels of noise may cause hearing loss. This loss can be temporary or
permanent. Temporary hearing loss or auditory fatigue occurs after a few minutes exposure to an
intense noise but is recoverable following a period of time away from the noise. If the noise
exposure  is  repeated,  there  may  be  only  a  partial  hearing  recovery  and  the  loss  becomes
permanent.  Typically,  significant hearing losses occur first in the frequency range of 3,000 to
6,000 hertz (Hz). Losses in this frequency range are not critical to speech perception, and the
individual  usually is  completely unaware of this  initial  symptom.  With longer exposures,  the
hearing  loss  spreads  to  lower  frequencies,  which  will  affect  speech  perception.  Workers'
Compensation laws regard hearing losses in the speech frequency range of 500 to 3,000 Hz as
being compensable. The evaluation of hearing loss due to noise is complicated by the fact that
hearing acuity normally decreases with increasing age. Further, the losses associated with age are
quite similar to those caused by excessive noise since the hearing for high frequency sounds is
most affected in both instances. Hearing impairment may also result from infections, tumors, and
degenerative diseases. 

ACGIH Standards       
OSHA  has  prescribed  the  limits  established  by  the  American  Conference  of  Governmental
Industrial Hygienists as a standard for occupational noise exposure. Both the sound pressure level
of the noise and the total duration of the noise exposure are considered to determine if these limits
are  exceeded.  The  sound  pressure  levels  are  expressed  as  dBA  or  decibels  A-weighted.  A-
weighting filters are used when measuring sound levels to more accurately predict the response of
the human ear to different frequencies. When the daily noise exposure is composed of two or
more periods of noise of different levels, their combined effect must be considered rather than the
individual effect of each. Exposure to continuous noise above 115 dBA is not permitted without
ear  protection.  Personnel  must  not  be  exposed to  impact  noises  exceeding 140 dBA.  Impact
noises occur at intervals of greater than one per second. For example, the noise made by a metal
shear. 

Reducing Noise Exposure     
Noise  exposure  can  be  reduced  by using  engineering  controls,  administrative  procedures,  or
personal protective devices. Engineering Controls Reduction of noise production at the source:
Proper design of new machines Modification of present machines Proper repair and upkeep of
equipment Use of appropriate mufflers Use of vibration dampeners on machines Reduction of
noise  transmission:  Increase  distance  between  noise  and  personnel  exposed  Construction  of
barriers  between  noise  source  and  personnel  Sound  treatment  of  ceilings  and  walls
Administrative  Procedures:  Job  schedule  changes  Personnel  rotation  Personnel  Protective
Devices: Ear plugs Earmuffs Federal and state occupational safety and health regulations require
that  whenever  employees  are  exposed  to  excessive  noise  levels,  feasible  engineering  or



administrative controls must be used to reduce these levels. When these control measures cannot
be completely accomplished and/or while such controls are being initiated, personnel must be
protected  from the  effects  of  excessive  noise  levels.  Such protection  can,  in  most  cases,  be
provided  by  wearing  suitable  protective  hearing  devices.  The  appropriate  Medical  Services
provider  and/or  the  supervisor  of  the  Department  will  supply ear  plugs  for  employees  upon
request or before going into a high noise area. There is a need for medical supervision when ear
plugs are used because their effectiveness depends on proper fitting. Only approved plugs should
be used. Ear plugs should be cleaned daily to prevent ear infections. Protection greater than that
provided by a single device can be obtained by wearing ear plugs under an earmuff. While the
reduction provided by wearing both devices simultaneously is considerably less than the sum of
the individual attenuations, it is still greater than when either device is worn separately. 

Measurement        
The  measurement  of  hearing  is  called  audiometry.  Audiometric  tests  are  used  to  determine
whether or not the hearing of workers is adversely affected by noise. The appropriate Medical
Services  provider  will  give  a  pre-employment  audiometric  test  to  every  employee  who  will
regularly work in a high noise area. Thereafter, an audiometric test is given to all such employees
at  the  time  of  their  periodic  physical  examination.  In  addition,  all  employees  whose  noise
exposures equal or exceed an eight-hour, time-weighted average of 85 dBA will  be given an
initial baseline audiometric test that must be preceded by at least 14 hours without exposure to
workplace noise. Thereafter, the test will be repeated annually. To reduce unwanted noise, the
audiometric test is administered by placing each individual in a sound insulated booth. Earphones
are placed on the individual's head and a microprocessor audiometer presents a series of fixed
frequency pure tones between 500 and 8000 Hz in each ear. These frequencies include the most
useful range of hearing, as well as those frequencies most likely to show changes as a result of
exposure to damaging levels of noise. By comparing tests taken at successive intervals, it can be
determined how an employee's hearing ability is affected by a noisy environment. 

Other Noises       
Nuisance noises are noises that are not intense enough to cause hearing loss but that do disturb or
interfere  with  normal  activities,  such  as:  Speech  communication  Telephone  communication
Listening to TV or radio broadcasts Concentration during mental activities Relaxation Sleep The
amount of interference is dependent upon the intensity of the noise and its characteristics, such as
steady versus intermittent noise, high or low pitch. The amount of interference may also depend
upon the person's  personality,  attitude toward the source,  familiarity with the  noise,  and  the
intrusiveness of the noise. What is music to one ear may be noise to another!  



Protective EquipmentProtective Equipment

Introduction       
BIC Switchgear Services, Inc. will provide suitable equipment to protect employees from hazards
in the workplace. The Responsible Safety Officer will advise on what protective equipment is
required for the task, but the supervisor of the operation must obtain this equipment and see that it
is used. Protective clothing is not a substitute for adequate engineering controls. 

Protection Issued      
Protective  clothing  will  be  issued  to  employees  who  work  with  hazardous  material  for  the
purpose of protecting their  health and safety.  The Responsible Safety Officer is available for
consultation as needed. 

Radiation Monitoring     
Protective clothing must  be monitored for radioactive contamination before being sent  to the
laundry. 

Protective Shoes      
BIC Switchgear Services, Inc. encourages the wearing of safety shoes by making them available
to any employee at cost from a manufacturer. For certain types of work the wearing of safety
shoes is required by Company policy or by federal regulations. Examples are when employees are
exposed to foot injuries from hot,  corrosive, or poisonous substances; in shops, in equipment
handling, or in construction jobs where there is a danger of falling objects; or in abnormally wet
locations. 

Protective Gloves      
BIC Switchgear Services, Inc. provides proper hand protection to employees exposed to known
hand hazards. The supervisor must obtain the suitable hand protection and ensure that it is used.
The  individual  department  must  maintain  a  supply  of  special  or  infrequently  used  hand
protection. Assistance in selecting the proper hand protection may be obtained by consulting the
Responsible Safety Officer. 

Head Protection       
BIC Switchgear Services,  Inc.  provides appropriate head protection devices for employees  to
protect them from head or other injuries that could result from their working environment. Some
head protection devices are available from stock. The supervisor must also maintain sufficient
supply of head protection devices for visitors in the area. 

Eye Protection       
BIC  Switchgear  Services,  Inc.  provides  appropriate  eye  protection  devices  for  employees
assigned  to  tasks  in  which  an  eye-injury  hazard  exists.  The  supervisor  of  the  operation  is
responsible for determining the need for suitable eye-protection devices and for ensuring that the
employees use them. The Responsible Safety Officer and appropriate Medical Services agency
will  assist  the  supervisor  in  defining  eye-hazard  operations  and  in  selecting  appropriate  eye



protection. An optometrist is available to issue, repair, adjust, and fit personal safety glasses and
also for consultation regarding occupational eye protection. 

The  standard  sign:  CAUTION,  EYE HAZARD AREA,  DO NOT ENTER WITHOUT EYE
PROTECTION, must be posted in every area where eye protection is mandatory. All employees
who work in such an area must wear the eye protection issued to them. Every visitor to the area
must also be provided with suitable eye protection. 

Eye Protection Devices     
Eye-protection devices are classified in four categories: Personal safety glasses. Goggles, face
shields, etc. Temporary safety glasses provided to visitors in eye-hazard areas Laser safety eye
wear. 

Respiratory Protection     
Any operation that generates harmful airborne levels of dusts, fumes, sprays, mists, fogs, smokes,
vapors, or gases or that may involve oxygen-deficient atmospheres requires the use of effective
safety controls. This must be accomplished, as much as feasible, by accepted engineering control
measures (for example, enclosure or confinement of the operation, general and local ventilation,
and substitution of less toxic materials). When effective engineering controls are not feasible, or
while they are being instituted, appropriate respiratory protection must  be used in accordance
with BIC Switchgear Services, Inc. requirements as prescribed by OSHA in ANSI 288.2-1980,
Standard Practices for Respiratory Protection. 

Responsibilities      
To ensure that the respiratory protection program is conducted in accordance with ANSI 288.2-
1980,  certain  responsibilities  are  required  of  each  employee,  supervisor,  Responsible  Safety
Officer, and the Medical Services Department. 

Employees are responsible for: 
 Wearing the respirator in accordance with the instructions and training received. 

 Maintaining and storing the respirator in good condition. 

 Returning the respirator at the end of the required use for overhaul, cleaning, and 
disinfection. 

Supervisors are responsible for: 
 Identifying those employees who may need to use respiratory protection (Responsible Safety 

Officer will provide assistance upon request in this determination). 

 Ensuring that their employees have been properly trained and fitted. 

 Ensuring that their employees use the respirators as required. 

The Responsible Safety Officer is responsible for: 
 Providing respiratory equipment. 

 Maintaining the equipment in good condition. 

 Fitting employees with proper respirators and providing training for their use. 

 Evaluating employee exposures and work conditions, including inspection of respirator use. 



The Medical Services Department is responsible for: 
 Granting medical approval for each respirator user. 

Respiratory Equipment     
The Responsible Safety Officer has selected the types of respiratory protective equipment to be
used at BIC Switchgear Services, Inc.. Any changes to protective equipment, its application, or
the substitution of alternative protective equipment must be approved by the Responsible Safety
Officer before its use. BIC Switchgear Services, Inc. has a wide variety of respiratory protective
equipment available. Each respirator has certain capabilities and limitations that are taken into
account when issued. The types of respiratory protective devices provided by BIC Switchgear
Services, Inc. are described below. Disposable dust masks are approved for protection against
low (non-hazardous) levels of nuisance dusts. They provide no protection against vapors or gases,
and they cannot be used in oxygen-deficient areas. 

There are no applicable training or fitting restrictions. Air-purifying, half- and full-face masks are
approved  for  protection  against  low concentration  of  toxic  particulates,  organic  vapors,  acid
gases, and ammonia. Specific cartridges must be selected for protection against each material.
They must never be used in atmospheres deficient in oxygen, when carbon monoxide or oxides of
nitrogen are suspected, or when conditions prevent a good face seal. Such conditions may be a
growth of beard, sideburns, a skullcap that projects under the face-piece or temple pieces on
eyeglasses. Users must be trained, fitted, and medically approved before they can be issued a
respirator. Supplied-air, half- and full-face masks may be used in atmospheres unsuitable for air-
purifying respirators but  cannot  be used in areas which are immediately dangerous to life or
health. Compressors are normally used to supply breathing air, but compressed air cylinders may
also  be  used.  The  user  must  be  medically  approved,  trained,  and  fitted  before  using  this
equipment. 

Personnel will not be fitted or issued a respirator if there is any condition that may prevent a good
face seal, such as a beard, sideburns, skullcap, or temple pieces on eyeglasses. Supplied-air hoods
are approved for respiratory protection in any atmosphere not immediately dangerous to life or
health, and from which the wearer can escape without the aid of a respirator. The user must be
medically approved and trained in its proper use. The presence of a beard, sideburns, skullcap, or
eyeglasses will not affect the performance of this type of respirator. 



Pressure SafetyPressure Safety

Definitions    
The following definitions apply in this chapter: 

Low Pressure: 
Gas Pressure less than 1 MPa gauge (150 psig) or liquid pressure less than 10 MPa (1500 psig). 

Intermediate Pressure: 
Gas pressure from 1 to 20 MPa gauge (150 to 3000 psig) and liquid pressure from 10 to 35 MPa
gauge (1,500 to 5,000 psig). 

High Pressure: 
Gas pressure greater than 20 MPa gauge (3,000 psig) and liquid pressure greater than 35 MPa
gauge (5000 psig). 

Pressure Equipment: 
Any equipment,  e.g.,  vessels,  manifolds,  piping,  or  other components,  that  operates above or
below (in the case of vacuum equipment) atmospheric pressure. 

Pressure System: 
Any mechanical system comprising pressure equipment. 

Pressure Vessel: 
A relatively high-volume pressure component (such as a spherical or cylindrical container) with a
cross section larger than the associated piping. 

Ductile Vessel: 
A pressure  vessel  fabricated  from materials  that  yield  extensively  before  failure  when  over
stressed at any temperature within the vessel's operating range (generally, materials that exhibit
greater than 5% plastic strain to rupture). 

Brittle Vessel: 
A pressure vessel fabricated from materials that do not yield extensively before failure when over
stressed at any temperature within the vessel's operating range (generally, materials that exhibit
less than 5% plastic strain to rupture). 

Research Pressure Equipment: 
Pressure equipment used for research, development, or for some other unique activity (such as
special test equipment for shop use). 

Plant-Facility Pressure Equipment: 
Pressure vessels and pressurized utility equipment that is part of BIC Switchgear Services, Inc.
buildings or physical-plant facilities. 



Operational Safety Procedure: 
The  OSP  is  the  document  used  to  describe  the  controls  necessary  to  ensure  that  the  risks
associated with a potentially hazardous research project or unique activity are at an acceptable
level. 

Safety Note (SN): 
A  Safety  Note  is  generally  used  to  document  engineering  calculations  or  tests  of  specific
equipment or activities when there is a safety concern but the potential hazard is not high enough
to require an OSP. 

Maximum Allowable Working Pressure (MAWP): 
The maximum differential pressure (at the specified operating temperature) at which equipment is
designed to operate safely. The relief device must not be set higher than the MAWP. 

Operating Pressure (OP): 
The pressure at which equipment is normally operated - always less than the MAWP (also called
working pressure). 

Pressure Test: 
A test to ensure than equipment will not fail or permanently deform - i.e., will operate reliably at
the MAWP. 

Proof Test: 
A test in which equipment prototypes are pressurized to determine the actual yield or failure
(burst) pressure (used to calculate the MAWP). 

Safety Factor (SF): 
The ratio of the ultimate (i.e., burst or failure) pressure (measured or calculated) to the MAWP. A
SF related to something other than the failure pressure should be identified with an appropriate
subscript, e.g., SF sub y (based on yield pressure) or SF sub u (based on ultimate strength). 

Leak Test: 
A pressure or vacuum test to determine the existence, rate, and/or location of a leak. 

Standard Operating Procedures  

Any BIC Switchgear Services, Inc. division involved in the construction and/or use of pressure
equipment  must  ensure  that  such  equipment  is  designed,  installed,  tested,  and  operated  in
accordance with the requirements of this chapter. The Responsible Safety Officer must make an
evaluation to determine whether the potential hazard of the pressure equipment is high enough to
require an OPS. 

Pressure Installer   
The Pressure Installer is a technician or mechanic certified to fabricate, assemble, install, and
operate pressure equipment within a specified pressure range. Upon being assigned by his or her
supervisor,  the  Pressure  Installer  is  authorized  to  work  directly  for  a  supervisor  or  the
Responsible Safety Officer. 

Low & High Hazards   
For convenience in describing the required controls, pressure equipment has been divided into
two hazard categories:  Low-Hazard pressure equipment  -  equipment  with a low hazard level



involving routine risks that are accepted without question by most  users or equipment that is
covered by existing industrial standards. High-Hazard pressure equipment - equipment for which
operational risk is high enough to require a SN and may be high enough to require an OSP.
Review and approval are required. 

Low Hazards    
The following systems are low hazard and do not normally require an SN or OSP. Air and inert-
gas systems for working pressures up to 1 MPa gauge (150 psig) and inert-liquid systems for
working pressures up to 10 MPa gauge (1500 psig), provided that the stored energy does not
exceed  100  kJ(75,000  ft-lb).  Utility  systems  for  MAWPs  up  to  2.0  MPa  gauge  (300  psig),
including cold-water, hot-water, low-conductivity-water, compressed-gas, natural-gas, butane and
propane (LPG), and steam systems that strictly comply with applicable Engineering standards.
Compressed-gas-cylinder manifolds assembled with compound-thread fittings in compliance with
the chapter on GASES of this Manual. Manifolds on tubebanks and tubetrailers that consist of
components rated at 20.7 MPa gauge (3000 psig) or higher and that are periodically retested.
Unmodified pressure vessels designed in accordance with Refs. 1-3, ASME Boiler and Pressure
Vessel  Codes  and ASME-code  stamped.  Refrigeration  systems  that  comply  with  the  ASME
Boiler  and  Pressure  Vessel  Codes  (Refs.  1  and  2)  and  applicable  Air-Conditioning  and
Refrigeration Institute (ARI) standards (Ref. 4). 

Pressure vessels, stamped with a Department of Transportation (DOT) rating, used to supply and
transport fluids. These vessels are subject to the retesting requirements of Ref. 5, Code of Federal
Regulations, CFR 49, Transportation, Parts 100-199 (current issue). 

Air-pressure  tanks,  liquefied-petroleum-gas  tanks,  anhydrous-ammonia  tanks,  and  fired-steam
boilers  inspected  periodically  in  accordance  with  Ref.  6,  "Unfired  Pressure  Vessel  Safety
Orders," or Ref. 7, "Boiler and Fired Pressure Vessel Safety Orders" of the State of California or
other similar state requirements. 

The Responsible Designer must notify the Technicians Supervisor whenever such a vessel is to
be installed. Unmodified, commercially manufactured hydraulic systems with a safety factor of 4
or higher for working pressures to 35 MPa (5075 psi) on hydraulic presses, motorized vehicles,
and machine tools that are periodically inspected and maintained by the using organization. 

High Hazards      
The systems listed below are high-hazard (containing hazardous materials or employing pressures
that involve high hazard) and must be evaluated by the Responsible Safety Officer to determine if
an OSP is required. A Safety Note is required, and the vessel must be approved by a Certified
Pressure Inspector or by outside safety engineer. Responsible Safety Officer approval is required
for  systems  containing  flammable,  irritant,  toxic,  infectious,  and/or  radioactive  fluids.  Fire
Department approval is also required for systems containing oxygen or flammable and/or toxic
fluids. All vessels and systems that contain irritant, toxic, infectious, and/or radioactive fluids at
any pressure. All oxygen or flammable-fluid vessels and systems. All pressurized equipment and
ASME-coded vessels that have been structurally modified and that operate at gas pressures over 1
MPa gauge (150 psig) or liquid pressures over 10 MPa gauge (1500 psig) or that contain over 100
kJ (75,000 ft-lb) of stored energy. 

ASME         
Pressure  equipment  must  be designed,  or  specified,  and reviewed by the Responsible  Safety
Officer.  Pressure vessels within the  scope of  the American Society of  Mechanical  Engineers



(ASME) Boiler and Pressure Vessel Code, Section VIII, Pressure Vessels (over 6 in. in diameter
and 15 to 3000 psi for unfired pressure vessels), must comply with this Code except for Pressure
Vessels  controlled-  and  low-use  ancillary  vessels,  such  as:  Vacuum  vessels  subject  to  over
pressure only during an emergency, Vessels designed for specific one-time or low-activity use,
such as an external pressure test of a vacuum vessel, or Vessels used for vacuum impregnating
magnet coils. Pressure vessels and systems made of commercial pipe or pipe fittings, or both,
must  not  be  used  above  their  rated  American  National  Standards  Institute  (ANSI)  working
pressures and must comply with all the rules of this Manual. 

Protective Containments     
This  section  covers  protective  containment  designed,  specified,  or  used  by  BIC  Switchgear
Services, Inc. personnel to enclose gas-pressurized vessels (including those that contain toxic,
radioactive,  and/or  flammable  materials)  to  protect  personnel  from the pressure-vessel-failure
hazards of blast pressure and flying fragments and to prevent release to the atmosphere of any
hazardous materials leaked from the pressure vessel.  Containment vessels may be required to
enclose research equipment during its development or to enclose vessels used to transport highly
toxic and/or radioactive substances. 

Transportation       
Only containers approved by the Department of Transportation (DOT) or by OSHA may be used
for  off-site  shipment  of  pressure  vessels  containing  radioactive  materials.  Contact  the
Responsible Safety Officer for approval for transporting radioactive material on or off site. 

Ductile Vessels       

When the contained vessel is made of ductile material, the containment vessel must be designed
with an ultimate (burst) safety factor of at least 4. When the contained vessel is made of brittle
material, the containment vessel must be designed with an ultimate (burst) safety factor of at least
8. 

Design Curtain       
The  following  requirements  apply  to  all  gas-pressure  containment  vessels.  Design  the
containment vessel using the appropriate safety factor specified in the above paragraph. Base the
design upon the maximum equilibration pressure expected if the contained vessel fails and its
contents  enter  the  containment  vessel  heated  to  the  highest  temperature  expected  within  the
containment vessel or to 55 degrees C (130 degrees F), whichever is higher. Containment-vessel
materials must have satisfactory fracture toughness at an operating temperature of -40 degrees C
(-40 degrees F), unless a lower temperature is required and specified. If off-site transportation is
to be permitted, design the containment vessel to withstand the normal conditions of transport,
including heat,  cold, pressure, vibration, water spray,  free drop, corner drop, penetration, and
compression.  The  contained  vessel  must  be mounted  securely inside  the containment  vessel.
Include a compound pressure/vacuum gauge to allow monitoring of the internal pressure of the
containment vessel. This gauge must be graduated to at least 120%, but not over 200%, of the
highest  credible  equilibration  pressure.  Include  two  separate  valves  and  gas  lines  for  safely
introducing, exhausting, and monitoring flushing gases. Include suitable covers and shields to
protect  all  valves  and  gauges  from  damage.  Cap  or  plug  all  terminal  valve  ports.  Provide
accommodations  for  locking or  wiring valve handles  closed,  or  have valve handles  removed
during shipment to prevent unauthorized operation or tampering. 

Pressure Testing      
Pressure test the containment vessel to at least 1.5 times the maximum possible equilibration



pressure as defined above. No detectable plastic strain is permitted, as determined before and
after testing by measurements made to within 0.025 mm (0.001 in.). After successful pressure
testing, leak check the containment vessel at its maximum possible equilibration pressure with a
leak detector capable of detecting leakage of 1 x 10 sup -8 atm cm sup 3/sec. No detectable
leakage is  permitted.  The Responsible  Safety Officer should specify contained-vessel  rupture
testing of the containment vessel if she or he deems it advisable. After a successful test, label the
containment vessel with the working pressure that was the basis for the design calculations and
for an operating-temperature range of -29 to +55 degrees C (-20 to +131 degrees F), unless a
wider temperature range is required and specified. 

MAWP Statements       
The MAWP must be stated on all pressure-system (and pressure-vessel) assembly drawings. 

Relief Valves Required     
The  following  requirements  (Relief  Devices)  apply  in  addition  to  all  other  sections  of  this
manual. When evacuated vacuum vessels are raised to atmospheric pressure with a pressurized-
gas source, a relief device must  be installed between the gas source and vacuum vessel.  Use
ASME  code-approved  or  BIC  Switchgear  Services,  Inc.-stocked  relief  devices  whenever
possible.  The  use  of  any  other  non-ASME  pressure-relief  device  on  high-hazard  pressure
equipment  must  be specifically approved by the Responsible  Safety Officer.  BIC Switchgear
Services, Inc. personnel are not permitted to set, seal, or stamp relief devices on utility water
boilers, steam boilers, and compressed-air receivers that are under the jurisdiction of the State.
Only authorized Plant Maintenance Technicians, and other specifically authorized persons, are
permitted to set and seal relief devices on non-coded pressure vessels and systems. 

Piping Standards      
The following requirements apply in addition to other sections of this manual  on Pressurized
Flammable-Fluid  Piping,  and  Instruments.  Use  flexible  nonmetallic  hose  only  when  it  is
impractical to use metal pipe or tubing. Any use of nonmetallic hose in pressure systems must be
approved by the Responsible Safety Officer. Keep hose lengths as short as possible, protect them
from mechanical damage, and anchor the ends to prevent whipping in case of a hose or hose-
fitting failure. Avoid sharp hose bends, and do not bend hoses more sharply than recommended
by the manufacturer. Replace or repair any hose showing leaks, burns, wear, or other defects. Do
not use nonmetallic hose on flammable,  toxic, and/or radioactive gas systems.  (Gases tend to
permeate nonmetallic hose.) 

On  liquefied-gas  systems,  ensure  that  all  terminal-block  (liquid-withdrawal)  valves  are  rated
above the vapor pressure of the liquefied gas at 38 degrees C (100 degrees F) or that a properly
set relief valve is permanently installed on the outlet side of each terminal-block valve. All work
on  pressure  equipment  requiring  an  SN must  be  performed  by  trained  personnel  under  the
direction of an engineer or the Responsible Safety Officer. All systems must be securely fastened
to resist seismic forces as specified in the chapter on Seismic Safety. For gas systems use gauges
graduated to about twice the MAWP of the system; for liquid systems use gauges graduated to at
least the test pressure. Calibrate pressure gauges, switches, and other devices through 120% of
their maximum operating points. These devices must be capable of withstanding the operational,
and emergency,  temperatures  of  the  system,  and their  material  must  be  compatible  with  the
system fluid. Use safety-type gauges (with shatterproof faces, solid fronts, and blow-out backs) or
protect operators with a tested, BIC Switchgear Services, Inc.-approved gauge-safety shield. This
applies to all gas-pressure gauges over 100 mm in diameter graduated to over 1.4 MPa (200 psi)
and to all liquid-pressure gauges over 100 mm in diameter graduated to over 140 MPa (20,000



psi). 

Safety-type gauges may be required for other combinations of diameter and pressure. Protect a
gauge subject to pressure surges or cyclic pulses by installing a throttling device. Ensure that
there  is  no  oil  in  gauges  used  on  gas  systems.  This  is  important  on  oxygen  systems  since
hydrocarbons and oxygen can combine explosively. Clean all gauges to be used on high-purity
gas systems. Equip every flammable-gas drop or regulator/hose connection with a flash arrester
or a check valve, a pressure gauge, and a shut-off valve. If the flammable gas is to be (or could
be)  cross connected with oxygen or compressed air,  a  flash arrester  must  be installed in  the
flammable-gas line and a check valve in the oxygen or compressed air line. Equip all oxygen
drops with a check valve. This applies to all single- and multiple-station installations and portable
equipment. 

Designer Responsibilities    
The person who designs a pressure vessel for use by BIC Switchgear Services, Inc. must review
the  inspection  report  for  all  completed  pressure  vessels  to  ensure  that  they  are  free  from
manufacturing defects that might affect their use. 

Signs         
All  pressurized  gas  equipment  operating  at  pressures  greater  than  500 psig  must  be  painted
yellow,  must  have  the  operating  pressure  clearly  marked  thereon,  and  must  bear  a  sign,
"DANGER, HIGH-PRESSURE EQUIPMENT." 

Operator Qualifications     
BIC Switchgear Services, Inc. will authorize only trained persons to operate pressure equipment.
Use of personnel or equipment shields may be required when there is a probability of damage
from blast and to protect personnel or equipment from blast. 

The User must ensure that the following safety precautions are taken: 

 Flammable, radioactive, irritant, and/or toxic gases or liquids or oxygen must not be 
used in systems that are not specifically designed for their use. 

 Flammable gas must not be used in combination with oxygen or compressed air unless 
there is a flash arrestor in the flammable-gas line and a check valve in the oxygen or air
line. 

 Oxygen and air, because of its oxygen content, can combine explosively with organic 
materials and flammable gases. 

 Acetylene-gas pressure must not exceed 15 psig since acetylene is unstable and will 
explode spontaneously around 30 psig at room temperature. 

 Work may not be performed on pressurized components unless the method has been 
approved by means of an SN or is specifically authorized by the User or designee. 

Depressurized Vessels     
Whenever practical, a system or vessel not in use must be depressurized. When a vessel or system
is stored under pressure, the pressure, fluid, and date pressurized must be clearly indicated on the
vessel. The Shutdown Procedures apply. 



Safety Orders       
State and federal Safety Orders establish minimum standards for the following: The design and
construction of all unfired pressure vessels for Plant-Facility Pressure Systems. The installation,
operation  (including  issuance  of  permits),  inspection,  and  repair  of  air-pressure  tanks  and
liquefied-petroleum-gas (LPG) tanks. The design, construction, repair,  or alteration of storage
tanks  for  liquefied-natural  gas  (LNG)  at  15  psi  or  less.  The  installation,  use,  and  repair  of
anhydrous  ammonia  tanks.  The  design  and  construction  of  pressure  vessels  for  storing  and
dispensing natural gas for motor fuel and of motor-fuel tanks installed on vehicles not licensed to
travel on highways. The installation, use, and repair of natural-gas vessels and systems that are
not a part of hazardous research equipment. 

State Safety Orders are not applicable to the following: 
Pressure vessels that are under the jurisdiction and inspection of the United States Government
and that are specifically exempted by the State. Pressure vessels, except for LNG tanks, subject to
an internal or external pressure of not more than 15 psi, with no limitation on size, and vessels
having an inside diameter less than 6 in., with no limitation on pressure. (However, such vessels
must be designed and constructed in accordance with recognized standards, when applicable, or
in accordance with good engineering practices concerning pressure-vessel design, with a factor of
safety  of  at  least  4,  and  must  be  fitted  with  controls  and  safety  devices  necessary  for  safe
operation.) 

Natural-gas vessels and installations subject to the jurisdiction and inspection of the State Public
Utilities Commission, Department of Transportation, or Highway Patrol; air-brake tanks installed
on units of transportation, including trucks, buses, trains, and streetcars, that are operated by any
person,  firm,  or  corporation  subject  to  the  jurisdiction  and inspection  of  the  Public  Utilities
Commission, the Department of Transportation, or the Highway Patrol. 

The  following  vessels  must  be  constructed,  inspected,  and  stamped  in  accordance  with  the
appropriate ASME Boiler and Pressure Vessel Code: 

 Air-pressure tanks LPG tanks Anhydrous-ammonia tanks 

 All Plant-Facility pressure vessels LNG tanks for low-temperature storage at 15 psi or 
less must be designed, constructed, inspected, and certified in accordance with API 
(American Petroleum Institute) Standard 620. 

 LPG vaporizers having a volume greater than one U.S. gallon must be constructed in 
accordance with the California State Boiler and Fired Pressure Vessel Safety Orders, 
Title 8, Subchapter 2. 

 Permits to Operate are required for LPG tanks and air tanks larger than 1.5 ft sup 3 
with relief valves set to open above 150 psi. 

OSHA Standards       
State  Safety  Orders  establish  minimum  standards  for  the  design,  construction,  installation,
inspection, operation, and repair of all (1) power boilers, including nuclear, (2) all low-pressure
boilers and high-temperature-water boilers, and (3) any other fired pressure vessels in California
not specifically exempted from these Orders. State Safety Orders are not applicable to (1) boilers
and  fired  pressure  vessels  under  the  jurisdiction  of,  and  inspected  by,  the  United  States
Government, (2) boilers and fired pressure vessels used in household service, and (3) boilers used



exclusively to operate highway vehicles, including automobiles. 

Power Boilers       

All  new  power  boilers,  high-temperature  water  boilers,  and  low-pressure  boilers  must  be
constructed,  inspected,  and  stamped  in  full  compliance  with  the  ASME Boiler  and  Pressure
Vessel Codes (Refs. 11 and 12) unless the design and construction of the boiler are accepted by
the  BIC  Switchgear  Services,  Inc.  Engineering  Division  as  equivalent  to  Code.  Vessels  not
included in the scope of the ASME Codes must be designed and constructed in accordance with
good engineering practice regarding pressure-vessel design for the pressure and temperature to be
expected in service, with a factor of safety of at least 4. Good engineering practice (as used in this
Manual)  must  be  construed  to  require  details  of  design  and construction  at  least  as  safe  as
required by the rules in the ASME Codes, including shop inspection. State Permits to Operate are
required on all  boilers  and fired pressure  vessels  except  for:  Low-pressure  boilers  Miniature
boilers  High-temperature  water  boilers  Boilers,  including  forced-circulation  boilers,  in  which
none of the following is exceeded: 100 ft  sup 2 of heating surface, 16-in. steam-drum inside
diameter,  100-psi  MAWP,  35-gal.  normal  water  capacity,  and  400,000-Btu/hr  burner  power
input. 

ASME Standards       
Code: The ASME Boiler  and Pressure Vessel  Codes and the ANSI  Standards.  Low-pressure
boiler  -  a  boiler  that  does  not  operate  at  steam pressure  or  with steam-safety valve settings
exceeding 15 psi (low-pressure boiler) or (2) operate at water pressures exceeding 160 psi or
water temperatures exceeding 250 degrees F (hot-water-heating boiler).  This definition is  not
intended to  include  domestic-type  water  heaters,  provided  the  heater  does  not  have  a  water
capacity of more than 120 gal and is used only for heating service water. Miniature boiler - a
boiler that has (1) an inside shell diameter of 16 in. or less and (2) a gross volume of 5 ft sup 3 or
less, exclusive of casing and insulation. (This volume includes the total volume of the steam- and
water-containing parts of the boiler plus the volume of the combustion space and gas passages up
to the point of attachment of the smokestack or chimney breaching.) High-Temperature Water
Boiler - a fired or unfired pressure vessel used to heat water to temperatures above 212 degrees F
at pressures exceeding 160 psi or to temperatures exceeding 250 degrees F regardless of pressure.
Power boiler - a steam boiler operated at pressures exceeding 15 psi. 

Pressure Testing Standards    
Whenever practical, pressure vessels and systems should be sent to an Assembly Shop or the
Plant Maintenance Technician Shops for pressure testing. When this is not practical, the vessel or
system must be tested in accordance with the In-Place Pressure Testing procedures described in
this manual. Pressure tests performed at BIC Switchgear Services, Inc. must be conducted by a
Plant Maintenance Technician, a Physical Plant Mechanic, or an Assembly Shop Machinist and
must be observed (or conducted) and certified by the Responsible Safety Officer (or designee) or
an outside independent Pressure Inspector. Pressure-test and pressure-inspection records must be
maintained for the life of the vessel by the organization that certifies the test or inspection. 

Pressure Testing      
Pressure vessels must be tested in accordance with the rules in this Section, using an inert fluid.
Pressure vessels for low-hazard inert systems for operation with nonflammable, nontoxic, and
non-radioactive  fluids  must  be  hydrostatically  tested  to  at  least  1.5  times  the  MAWP  or
pneumatically  tested  to  at  least  1.25  times  the  MAWP (only  when  safety  considerations  or
research requirements do not permit a hydrostatic test). Any special temperature conditions or
temperature cycles to which the vessel will be subjected in use must be reproduced as closely as



possible  during the test.  Pressure  vessels for  high-hazard reactive systems for operation with
oxygen or flammable,  toxic, and/or radioactive fluids must  be tested to at least 2.0 times the
MAWP with an inert liquid (preferred) or gas. Any special temperature conditions or temperature
cycles to which the vessel will be subjected in use must be reproduced as closely as possible
during the test. In addition, consider the need to inspect any vessel ultrasonically or to check the
vessel  surface  for  cracks  using  the  magnetic-particle  test  or  (for  nonmagnetic  vessels)  the
fluorescent-penetrant test. During tests of pressure vessels in which the yield strengths of their
construction materials  is approached,  strain-gauge measurements  must  be made at  high-stress
locations. Diameter measurements accurate to within plus or minus 0.025 mm (0.001 in.) must
also be taken both before and after testing to determine whether detectable plastic yielding has
occurred during pressurization. When the strength of the vessel is questionable (old or unknown
design), strain-gauge measurements must  be made during testing, and diameter measurements
must be taken before and after testing. The MAWP for ASME Code pressure vessels made of the
acceptable ductile materials listed in the code, must not exceed 0.4 times the test pressure and
must comply with a Proof Test to establish MAWP. 

Pressure Testing Procedures    
Inert-substance (low-hazard) pressure systems that will operate with non-hazardous liquids, inert
gases, or compressed air must be tested hydrostatically (preferred) at least 1.5 times the MAWP
or pneumatically to at least 1.25 times the MAWP using an inert fluid. Reactive-substance (high-
hazard)  pressure  systems  that  will  operate  with  oxygen  or  with  flammable,  toxic,  and/or
radioactive fluids must be tested to at least 2.0 times the MAWP using an inert liquid (preferred)
or gas. 

Standards for Low Pressure Vessels  
Pressure vessels and systems must be leak tested at their MAWP after successful pressure testing:
Open  flames  must  not  be  used  for  leak-testing  Leak  testing  of  non  pressure-tested  or
undocumented pressure vessels or systems must  be limited to a maximum of 20% of the test
pressure (or proposed test pressure). 

Leak Testing Required     
If a leak is detected during pressure testing of a vessel or system, and it is decided to locate the
leak  before  completing  the  test,  the  pressure  must  be  reduced  to  not  over  one-half  the
immediately preceding test pressure while the leak is being located. A system or vessel must not
be repaired while it is pressurized unless this is specifically authorized. 

Leak Repairs       
Any modification to a pressure vessel or system, other than repair or replacement (with an exact
duplicate)  of  existing components,  must  be approved by the Responsible  Safety Officer  and
recorded in  a  revision to  the  applicable  engineering drawing,  to  the  SN,  and to  the  OSP (if
applicable).  The initial  pressure test  must  be repeated before any further use of the modified
vessel or system. If an ASME-Code vessel is modified, the Code stamping must be obliterated,
and the Responsible  Safety Officer  must  be  so notified.  When pressure  equipment  has  been
modified for use at a pressure below the original design pressure, all modifications (e.g., use of
fewer  bolts  in  flanged  joints)  must  be  approved  by  the  Responsible  Designer.  All  safety
requirements  for the lower  pressure  must  be met,  and the reduced working pressure  and the
number of bolts or other supports required must be clearly marked on the equipment. If high-
strength or other special bolts are required, this must also be clearly marked on the equipment
near the bolt holes. Instructions on the precautions to be taken when the modified equipment is
operated must be sent to all personnel concerned, and one copy must be filed in the SN file. 



Inspections & Re-Testing    
All high-hazard equipment that is not a part of Plant Facilities and/or under the jurisdiction of the
State must be re-inspected at least every three years and retested at the MAWP at least every six
years, unless otherwise specified in the SN or OSP. Low-hazard pressure equipment that is not a
part  of  Plant  Facilities and/or under the jurisdiction of the State need not  be periodically re-
inspected and retested, unless otherwise specified in an SN or OSP. Pressure re-inspection is
performed by a Pressure Inspector or by the Responsible Safety Officer and is recorded on a
"Pressure Inspection Record" form. The completed form must be signed by the User and sent to
Responsible Safety Officer to be kept for the life of the vessel. The result of the retest must be
certified and a label must be fixed on the vessel or system as described earlier. 

Inspections & Testing     
If  it  is impractical  to pressure test a vessel  or system at the Mechanical  Shop or some other
approved location, pressure test it in place, in accordance with the provisions of this Section. The
supervisor or user must ensure that in-place retesting of pressure equipment for which he or she is
responsible is performed. Although other individuals may be designated to observe and direct
testing or  retesting,  responsibility for  safe  conduct  of  the  test  and safe  functioning of  tested
pressure  equipment  cannot  be  delegated.  The  user  and  the  Responsible  Safety  Officer  must
prepare the required test procedure, direct the test personnel, and witness in-place pressure testing
of vessels and systems for which he or she is responsible. 

Pressure Testing On Site    
A written test procedure must be prepared for every high-hazard pressure test conducted in the
field.  When  testing  will  be  conducted  in  place,  the  test  procedure  must  be  included  in  (or
appended to) the SN or OSP (if applicable). Procedures for in-place testing of high-hazard vessels
and systems must be approved. The Building Manager or Area Supervisor must be advised of
pressure tests planned to occur in his or her facility,  and Responsible Safety Officer must  be
notified if toxic and/or radioactive material is involved. All pressure tests must be conducted by a
person  designated  by  the  Responsible  Safety  Officer  or  conducted  by  a  Plant  Maintenance
Technician,  a  Physical  Plant  Mechanic,  or  a  Machinist  in  the  Assembly  Shop  and  must  be
observed  (or  conducted)  and  certified  by  a  member  of  the  Responsible  Safety  Officer  (or
designee) or a Pressure Inspector. 

Pressure Testing with Liquids   
Pressure testing with a gas is more dangerous than testing with a liquid. Therefore, tests must be
conducted with liquids,  whenever  practical.  Barricade  the  equipment  being  tested,  shield  the
controls and operators, and evacuate all unauthorized personnel from the test area. Signs reading
"Danger - High-Pressure Test in Progress - Keep Out" must be posted at all approaches to the test
area. For in-place testing with liquids, all air must be removed from both the testing system and
the equipment to be tested. Compressed air will expand violently in case of vessel failure. Spongy
action of pumping equipment usually indicates the presence of trapped air. 

Pressure Testing with Gas    
For correct standards, refer to the following: ASME Boiler and Pressure Vessel Code, Section
VIII,  "Pressure  Vessels,"  Division 1,  American  Society of  Mechanical  Engineers,  New York
(latest  version).  ASME  Boiler  and  Pressure  Vessel  Code,  Section  VIII,  "Pressure  Vessels,"
Division 2, American Society of Mechanical Engineers, New York (latest version). ASME Boiler
and  Pressure  Vessel  Code,  Section  X,  "Fiberglass-Reinforced  Plastic  Pressure  Vessels,"
American  Society of  Mechanical  Engineers,  New York  (latest  version).  ARI  Standards,  Air-



Conditioning  and  Refrigeration  Institute,  Arlington,  VA  (latest  version).  Code  of  Federal
Regulations 49, Transportation, Parts 100-199, General Services Administration (latest version).
Unfired  Pressure  Vessel  Safety  Orders,  State  of  California  Administration  Code,  Title  8,
Industrial Relations, Part 1, Department of Industrial Relations, Chapter 4, Division of Industrial
Relations, Subchapter 1 (latest version). Boiler and Fired Pressure Vessel Safety Orders, State of
California Administration Code, Title 8, Industrial Relations, Part 1, Department of Industrial
Relations, Chapter 4, Division of Industrial Relations, Subchapter 2 (latest version). OSHA Order
6430.1,  General  Design Criteria  (latest  version).  American  Petroleum Institute,  Standard  620
(latest version). ASME Boiler and Pressure Vessel Code, Section I, Power Boilers, American
Society of Mechanical Engineers, New York (latest version). ASME Boiler and Pressure Vessel
Code, Section IV, Heating Boilers, American Society of Mechanical Engineers, New York (latest
version).  American  National  Standard  Code,  ANSI-B31.1,  Power  Piping  (latest  version).
American  National  Standard  Code,  ANSI-B31.3,  Chemical  Plant  and  Refinery Piping  (latest
version). 



SanitationSanitation
Drinking Water       
The  Responsible  Safety  Officer  periodically  takes  samples  from  the  potable  water  system
throughout the Company and has them checked for biological contaminants. This is a check to
ensure a high-quality water supply for drinking purposes. The drinking water supply must not
contain impurities in concentrations that may be hazardous to the health of the employees or that
would be offensive to the senses of sight, taste, or smell. The drinking water supply system must
be installed according to the National Plumbing Code and must be maintained in good condition.
The drinking water system must be protected against backflow with approved connections and
plumbing devices. 

New Water Sources      
New additions or alterations to existing domestic water lines must be disinfected with chlorine
solution and biologically tested prior to being put into service. Procedures must be those spelled
out in the American Water Works Association publication AWWA C601, latest edition. 

Anti-Vermin Policy      
Every  enclosed  work  place  and  personal  service  room  must  be  constructed,  equipped,  and
maintained in such a manner as to prevent the entrance or harborage of rodents,  insects,  and
vermin. 

Food Preparation      
All readily perishable foods or beverages, capable of supporting rapid and progressive growth of
micro-organisms, must be stored below 7 degrees C (45 degrees F). Food that is served hot must
be heated over 60 degrees C (140 degrees F) and kept  that  hot  during the serving period to
prevent  growth of  bacteria.  Food served cold should be maintained below 10 degrees  C (50
degrees F). All food and beverages must be prepared, stored, displayed,  dispensed, placed, or
served so they are protected from dust, flies, vermin, pollution by rodents, unnecessary handling,
airborne droplets, infection, overhead leakage, or other contamination. Food that is transported
from  a  cafeteria  where  it  has  been  prepared  to  another  cafeteria  must  be  protected  from
contamination in transit. All suspected or alleged cases of food poisoning must be reported to the
Responsible Safety Officer for immediate investigation. Food must not be stored or eaten in areas
where toxic materials are handled. 

Sanitary Facilities      
Adequate  toilets,  washrooms,  lockers,  and  other  essential  sanitary  facilities  must  be  readily
accessible for employees near their work areas. These facilities must be maintained in a clean and
sanitary condition. Soap in a dispenser and apparatus for drying of hands must be provided at
each wash place. 

Potable Water Standards     
This standard is intended to safeguard BIC Switchgear Services, Inc. drinking water supplies by: 

 Protecting potable water supplies against actual or potential cross connection. 



 Eliminating any existing cross-connection hazards between potable water systems and non-
potable water systems. Preventing the making of cross-connections in the future. 

 Requiring the exclusive use of potable water for drinking, personal, eyewash, safety shower, 
and culinary purposed. 

Quality Control: 
No piping shall be installed so that used, unclean, polluted, or contaminated substances can enter
any portion of the potable water supplies by back siphonage, suction, back pressure, or any other
cause.  Protection  shall  be  guaranteed  during  normal  use  and  operation  and  when  any tank,
receptacle,  equipment,  or plumbing fixture is flooded, or subject  to pressure in excess of the
operating pressure in the water piping. Unless an approved air gap or backflow prevention device
is provided, no plumbing fixture, device, or equipment shall be connected to any potable water
supply when such connection may pollute water supplies or may provide a cross-connection with
non-potable water. Appropriate corrective action shall be taken immediately where any cross-
connection  hazard  exists  and  is  not  properly  protected.  All  water  lines  and  outlets  shall  be
appropriately marked to indicate whether the water is safe or unsafe for drinking. All backflow
preventers  shall  be  listed  by  the  University  of  Southern  California  Foundation  of  Cross-
Connection Control or similar agency. All fire protection backflow preventers shall be listed by
Factory  Mutual  and  the  University  of  Southern  California  Foundation  of  Cross-Connection
Control or comparable agency. 

Approvals: 
Before any device is installed for the prevention of backflow or back siphonage, removed from
use, relocated or substituted, or an existing potable water line extended, work shall be approved
by the BIC Switchgear Services, Inc. Engineering Department. All issues of this Standard shall
first  be reviewed by the Responsible  Safety Officer.  Compliance with this Standard shall  be
monitored by the Health and Safety Department. 

TESTING & MAINTENANCE:  All  devices installed in the potable water supply system for
protection against backflow shall be tested annually and maintained in good working condition by
designated maintenance personnel, in accordance with the procedures outlines in the latest edition
of “Cross-Connection Manual” by the University of Southern California Foundation of Control
and Hydraulic Research, or comparable publication. Defective or inoperative devices shall  be
repaired or immediately. Records of such tests, repairs, and overhauling shall be the Construction
and Maintenance Department and made available to Engineering Department and Responsible
Safety Officers upon request. 

Revisions to This Standard: 
The Engineering Department shall be responsible for maintaining this Standard. The approved
devices shall be reviewed periodically to ensure that all approvals are current, and to delete or add
to the approved devices as deemed necessary. 

General
The  Responsible  Safety  Officer  and  Engineering  Department  shall  be  kept  informed  of  the
identity of  the  BIC Switchgear  Services,  Inc.  representative responsible  for  the  water  piping
concerned with this Standard. In the event of contamination or pollution of the drinking water
system due to a cross-connection, the Responsible Safety Officer and Engineering Department
shall be promptly advised by the BIC Switchgear Services, Inc. representative responsible for the
water system so that appropriate measures may be taken to overcome the contamination. 



Definitions: 

Atmospheric Vacuum Breaker (Also known as the non-pressure type vacuum 
breaker): 

A device containing a shut-off valve followed by a valve body containing a float-check, a check
seat and an air inlet port. When the shut-off valve is open the flow of water causes the float to
inlet port. When the shut-off valve is closed, the float falls check valve against back-siphonage
and at the same time, opens inlet port. 

Backflow: 
The undesirable reversal of the flow of water or mixtures of water and other liquids, gases, or
other substances into the pipes of the potable supply of water from any source or sources. 

Backflow Preventer (approved): 

A device that has been approved by BIC Switchgear Services, Inc. for the prevention of backflow
into potable water systems. 

Back Pressure: 
A pressure increase in the downstream piping system (by pump, elevation of piping, or steam
and/or  air  pressure)  above  pressure  at  the  point  of  consideration  which  allows  reversal  of
direction of flow through the backflow prevention assembly. 

Back Siphonage: 
A form of backflow due to a reduction in system which causes a reverse flow to exist in the water
system. 

Contamination: 
Any change in water quality which creates a threat to the public health through poisoning or
through the spread of disease by sewage, industrial fluids or waste. 

Cross-connection: 
Any unprotected,  actual,  or  potential  connection or  structural  arrangement  between a potable
water system and any other source or system through which it is possible to introduce into any
potable  water  system any used  water,  industrial  fluid,  gas,  or  liquid other  than  the intended
potable  water.  This  includes  bypass  arrangements,  jumper  connections,  removable  sections,
changeover  devices  and  other  temporary  or  permanent  devices  because  of  which  can  cause
"backflow." 

Double Check: 
An assembly composed of two single, independently acting, approved check valves, including
tight-closing shut-off valves at each end of the assembly and fitted with properly located test
cocks. 

Industrial Water: 
non-potable water intended for industrial use. 

Non-Toxic Substances: 
Any substance of a non-poisonous nature that may create a moderate or minor hazard to the
potable water system.



Potable Water: 
Water from any source which has been approved for human consumption. 

Pressure Vacuum Breaker: 
A  device  containing  one  or  two  independently  operating  loaded  check  valves  and  an
independently operating air inlet valve located on the discharge side of the check or device; to be
equipped with properly located test cocks and closing shut-off valves located at each end of the
assembly. 

Reduced Pressure Principle Device: 
A  device  containing  two  independently  acting  approved  check  valves  together  with  a
hydraulically  and  mechanically  independent  pressure  relief  valve  located  between  the  check
valves and at the same time below the first check valve. The device includes properly located test
cocks and tightly closing shut-off valve at each end of the assembly. 

Toxic Substance: 
Any substance (liquid, solid,  or  gaseous), such as sewage and lethal substances which, when
introduced into the system,  creates or may create a danger to the health and well  consumer.
(Defined as a contaminant or health hazard). 

REFERENCES: 
American  Water  Works  Association:  AWWA  No.  M14.Backflow  Prevention  and  Cross-
Connection AWWA C506-78 Backflow Prevention Devices - Reduced Pressure Principle and
Double Check Valve Types. State of California Administrative Codes: Title 17: Drinking Water
Supplies. Title 24: Basic Plumbing Regulations. Foundation for Cross-Connection Control and
Hydraulic Research, University of Southern California: Manual of Control 

AIR GAP SEPARATION:
An air gap is the only absolute means of eliminating a physical link or cross-connection, and
positively preventing backflow. Air gaps used wherever practicable and where used must not be
bypassed. The supply inlet to a tank or fixture must be terminated above level rim of the tank or
fixture by a distance equal to at least the effective opening of the supply inlet pipe. There should
be  provision  for  extending  the  supply pipe  beyond  the  flood level  Minimum 2D or  1  inch,
whichever is greater; D = nominal diameter of fill pipe. 

Atmospheric (Non-Pressure) Vacuum Installation: 
Devices shall be: 

a. Accessible for maintenance, repair, and testing. 

b. Located outside any enclosure or hooded areas containing toxic or poisonous fumes. 

c. Installed with the air inlet in the level position. 

d. Installed a minimum of six inches above the flood level rim of the fixture, tank, highest outlet,
highest sprinkler, highest downstream piping, or similar device. 

e. Installed downstream of the last shut-off valve. (example: 160F hot water). 

TYPICAL APPLICATIONS 
 Lawn sprinklers. 

 Laboratory and janitors sinks. 



 Low inlets to tanks, vats, sumps, and other receptors. 

 Hose-bibs or outlets with hose attachment means. 

 Aspirators. 

 Water closet or urinal flushometer valves. 

 Cooling towers. 

Pressure Vacuum Breaker (PVB) Installation: 
Devices shall be: 

a. Accessible for maintenance, repair, and testing. 

b. Installed 12 inches above the floor level rim of the highest outlet, highest sprinkler, highest
downstream piping, or similar device. 

c. Installed with the air inlet in the level position. 

d. Approved to operate at the temperature of the water being used (example: 160F Hot Water).

2. Devices shall not be: 

a. Installed in pits or similar potentially submerged locations. 

b. Installed where, if slight spillage should occur, it would be objectionable. 

TYPICAL APPLICATIONS: 
 Lawn sprinklers. 

 Cooling towers. 

 Laboratories. 

 Low inlets to tanks, vats, sumps, and other receptors. 

 Floor drains with trap primers or flushing connections. 

 Chlorinators on the suction side of the pump. 

 Water cooled equipment. 

 Industrial water systems. 

DOUBLE CHECK VALVE ASSEMBLY (DC) INSTALLATION: 
Devices shall be: 

a. Accessible for maintenance, repair, and testing. 

b. Installed level to the horizontal position. 

c. Approved to operate at the temperature of the water being used (example: 160F Hot Water).
Devices shall not be: 

a. Installed in pits or similar potentially submerged locations. 



TYPICAL APPLICATIONS: 

44) Steam boilers. 

45) Closed heat water systems. 

46) Heat exchangers. 

47) Vending machines. 

48) Fire sprinkler systems. 

49) Chilled water systems. 

REDUCED PRESSURE PRINCIPLE DEVICE INSTALLATION: 
Devices shall be: 

a. Accessible for maintenance, repair, and testing. 

b. Installed in an open area to protect against flooding around the discharge from the differential
relief valve assembly. 

c. Installed in the horizontal position. 

d. Be provided with funneled discharge piping and required air gap when installed indoors. 

e. Installed at least 12 inches above the floor or grade. 

Devices shall not be installed in pits or similar potentially submerged locations. 

TYPICAL INSTALLATIONS: 
 Company building water service. 

 Steam boilers. 

 Closed heating water systems. 

 Closed chilled water systems. 

 Heat exchangers. 

 Autoclave, sterilizer, and steam tables. 

 Degreasing equipment. 

 Hydraulic elevators. 

 Etching tanks. 

 Processing tanks. 

 Fire sprinkler systems. 

 Priming water to pumps moving toxic fluids. 

 Lawn sprinklers. 
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Foreword to NFPA 70E 

The Standards Council of the National Fire Protection Association, announced on January 7, 

1976, the formal appointment of a new electrical standards development committee. Entitled 

the Committee on Electrical Safety Requirements for Employee Workplaces, NFPA 70E, this 

new committee reported to the Association through the Technical Correlating Committee on 

National Electrical Code®. This committee was formed to assist OSHA in preparing electrical 

safety standards that would serve OSHA’s needs and that could be expeditiously promulgated 

through the provisions of Section 6(b) of the Occupational Safety and Health Act. OSHA found 

that in attempting to utilize the latest edition of NFPA 70®, National Electrical Code® (NEC®), 

it was confronted with the following problem areas: 



(1) 

Updating to a new edition of the NEC would have to be through the OSHA 6(b) 

procedures. OSHA adopted the 1968 and then the 1971 NEC under Section 6(a) 

procedures of the Occupational Safety and Health Act of 1970. Today, however, OSHA 

can only adopt or modify a standard by the procedures of Section 6(b) of the OSHA 

Act, which provide for public notice, opportunity for public comment, and public 

hearings. The adoption of a new edition of the NEC by these procedures would require 

extensive effort and application of resources by OSHA and others. Even so, going 

through the “6(b)” procedures might result in requirements substantially different from 

those of the NEC, thereby creating the problem of conflict between the OSHA standard 

and other national and local standards. 

(2) 

The NEC is intended for use primarily by those who design, install, and inspect 

electrical installations. OSHA’s electrical regulations address the employer and 

employee in their workplace. The technical content and complexity of the NEC is 

extremely difficult for the average employer and employee to understand. 

(3) 

Some of the detailed provisions within the NEC are not directly related to employee 

safety and therefore are of little value for OSHA’s needs. 

(4) 

Requirements for electrical safety-related work practices and maintenance of the 

electrical system considered critical to safety are not found in the NEC, which is 

essentially an electrical installation document. However, OSHA must also consider and 

develop these safety areas in its regulations. 

With these problem areas, it became apparent that a need existed for a new standard, tailored to 

fulfill OSHA’s responsibilities, that would still be fully consistent with the NEC. 

The foregoing issues led to the concept that a document be put together by a competent group, 

one representing all interests, that would extract suitable portions from the NEC and from other 

documents applicable to electrical safety. This concept and an offer of assistance was submitted 

in May 1975 to the Assistant Secretary of Labor for OSHA, who responded, “The concept, 

procedures, and scope of the effort discussed with my staff for preparing the subject standard 

appear to have great merit, and an apparent need exists for this proposed consensus document 

which OSHA could consider for promulgation under the provisions of Section 6(b) of the Act. 



OSHA does have an interest in this effort and believes the proposed standard would serve a 

useful purpose.” With this positive encouragement from OSHA, a proposal to prepare such a 

document was presented to the NFPA Electrical Section, which unanimously supported a 

recommendation that the NEC Correlating Committee examine the feasibility of developing a 

document to be used as a basis for evaluating electrical safety in the workplace. In keeping 

with the recommendation of the Electrical Section and Correlating Committee, the Standards 

Council authorized the establishment of a committee to carry out this examination. 

The committee found it feasible to develop a standard for electrical installations that would be 

compatible with the OSHA requirements for safety for the employee in locations covered by 

the NEC. The new standard was visualized as consisting of four major parts: Part I, Installation 

Safety Requirements; Part II, Safety-Related Work Practices; Part III, Safety-Related 

Maintenance Requirements; and Part IV, Safety Requirements for Special Equipment. 

Although desirable, it was not considered essential for all of the parts to be completed before 

the standard was published and made available. Each part is recognized as being an important 

aspect of electrical safety in the workplace, but the parts are sufficiently independent of each 

other to permit their separate publication. The new standard was named NFPA 70E, Standard 

for Electrical Safety Requirements for Employee Workplaces. The first edition was published in 

1979 and included only Part I. 

The second edition was published in 1981. It included Part I as originally published and a new 

Part II. In 1983, the third edition included Part I and Part II as originally published and a new 

Part III. In 1988, the fourth edition was published with only minor revisions. 

The fifth edition, published in 1995, included major revisions to Part I, updating it to conform 

to the 1993 edition of the National Electrical Code (NEC). In Part II of the fifth edition, the 

concepts of “limits of approach” and establishment of an “Arc” were introduced. In 2000, the 

sixth edition included a complete Part I update to the 1999 NEC, as well as a new Part IV. Part 

II continued to focus on establishing Flash Protection Boundaries and the use of personal 

protective equipment. Also, added to Part II for 2000 were charts to assist the user in applying 

appropriate protective clothing and personal protective equipment for common tasks. 

The seventh edition, published in 2004, reflected several significant changes to the document. 

The major changes emphasized safe work practices. Clarity and usability of the document were 

also enhanced. The name of the document was changed to NFPA 70E, Standard for Electrical 



Safety in the Workplace. The entire document was reformatted to comply with the NEC Style 

Manual, providing a unique designation for each requirement. The existing parts were renamed 

as chapters and were reorganized with the safety-related work practices relocated to the front of 

the document to highlight the emphasis, followed by safety-related maintenance requirements, 

safety requirements for special equipment, and safety-related installation requirements. The 

chapter on safety-related work practices also was reorganized to emphasize working on live 

parts as the last alternative work practice. An energized electrical work permit and related 

requirements were incorporated into the document. Several definitions were modified or added 

to enhance usability of the document, and Chapter 4 was updated to correlate with the 2002 

NEC. 

Essential to the proper use of Chapter 4 of this standard is the understanding that it is not 

intended to be applied as a design, installation, modification, or construction standard for an 

electrical installation or system. Its content was intentionally limited in comparison to the 

content of the NEC in order to apply to an electrical installation or system as part of an 

employee’s workplace. This standard is compatible with corresponding provisions of the NEC 

but is not intended to, nor can it, be used in lieu of the NEC. 

It can be debated that all of the requirements of the NEC, when traced through a chain of 

events, relate to an electrical hazard, but, for practical purposes, inclusion has not been made of 

those provisions that, in general, are not directly associated with employee safety. In 

determining what provisions should be included in Chapter 4, the following guidelines were 

used: 

(1) Its provisions should give protection to the employee from electrical hazards. 

(2) Its provisions should be excerpted from the NEC in a manner that maintains their intent 

as they apply to employee safety. In some cases it has been judged essential to the 

meaning of the excerpted passages to retain some material not applying to employee 

safety. 

(3) 

The provisions should be selected in a manner that will reduce the need for frequent 

revision yet avoid technical obsolescence. 

(4) 

Compliance with the provisions should be determined by means of an inspection during 

the normal state of employee occupancy without removal of parts requiring shutdown of 



the electrical installation or damaging the building structure or finish. 

(5) 

The provisions should not be encumbered with unnecessary details. 

(6) 

The provisions should be written to enhance their understanding by the employer and 

employee. 

(7) 

The provisions must not add any requirements not found in the NEC, nor must the intent 

of the NEC be changed if the wording is changed. 

Chapter 4 of NFPA 70E was therefore intended to serve a very specific need of OSHA and is in 

no way intended to be used as a substitute for the NEC. Omission of any requirements presently 

in the NEC does not in any way affect the NEC, nor should these omitted requirements be 

considered as unimportant. They are essential to the NEC and its intended application, that is, 

its use by those who design, install, and inspect electrical installations. NFPA 70E, on the other 

hand, is intended for use by employers, employees, and OSHA. 

For 2009, over 1300 proposals and comments were reviewed by the committee upgrading 

requirements throughout the document. Among the most significant, Chapter 4 has been 

deleted because it was a duplicate of National Electrical Code installation requirements. Since 

the NEC and NFPA 70E are on different revision cycles there was always the risk that the 

contents of Chapter 4 of NFPA 70E were not up to date with the NEC. Article 350 was added 

for R&D facilities. Other changes include significant revisions to Annexes D, E, F, and J and 

the addition of Annexes M, N, and O. 

IMPORTANT NOTE: This NFPA document is made available for use subject to important 

notices and legal disclaimers. These notices and disclaimers appear in all publications 

containing this document and may be found under the heading “Important Notices and 

Disclaimers Concerning NFPA Documents.” They can also be obtained on request from 

NFPA or viewed at www.nfpa.org/disclaimers. 

This 2009 edition includes the following usability features as aids to the user. Changes other 

than editorial are highlighted with gray shading within sections and with vertical ruling for 

large blocks of changed or new text and for new tables and changed or new figures. Where one 

or more complete paragraphs have been deleted, the deletion is indicated by a bullet (•) 

between the paragraphs that remain. The index now has dictionary-style headers with helpful 



identifiers at the top of every index page. 

A reference in brackets [ ] following a section or paragraph indicates material that has been 

extracted from another NFPA document. As an aid to the user, the complete title and edition of 

the source documents for extracts are given in Annex A. Extracted text may be edited for 

consistency and style and may include the revision of internal paragraph references and other 

references as appropriate. Requests for interpretations or revisions of extracted text shall be 

sent to the technical committee responsible for the source document. 

Information on referenced publications can be found in Annex A and Annex B. 
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ARTICLE 90 Introduction 

90.1 Purpose. 

The purpose of this standard is to provide a practical safe working area for employees relative 

to the hazards arising from the use of electricity. 

90.2 Scope. 

(A) Covered. This standard addresses electrical safety requirements for employee workplaces 

that are necessary for the practical safeguarding of employees during activities such as the 

installation, operation, maintenance, and demolition of electric conductors, electric equipment, 

signaling and communications conductors and equipment, and raceways for the following: 

(1) 

Public and private premises, including buildings, structures, mobile homes, recreational 

vehicles, and floating buildings 



(2) 

Yards, lots, parking lots, carnivals, and industrial substations 

(3) 

Installations of conductors and equipment that connect to the supply of electricity 

(4) 

Installations used by the electric utility, such as office buildings, warehouses, garages, 

machine shops, and recreational buildings, that are not an integral part of a generating 

plant, substation, or control center 

(B) Not Covered. This standard does not cover the following: 

(1) 

Installations in ships, watercraft other than floating buildings, railway rolling stock, 

aircraft, or automotive vehicles other than mobile homes and recreational vehicles 

(2) 

Installations underground in mines and self-propelled mobile surface mining machinery 

and its attendant electrical trailing cable 

(3) 

Installations of railways for generation, transformation, transmission, or distribution of 

power used exclusively for operation of rolling stock or installations used exclusively 

for signaling and communications purposes 

(4) 

Installations of communications equipment under the exclusive control of 

communications utilities located outdoors or in building spaces used exclusively for 

such installations 

(5) Installations under the exclusive control of an electric utility where such installations: 

a. Consist of service drops or service laterals, and associated metering, or 

b. Are located in legally established easements or rights-of-way designated by or 

recognized by public service commissions, utility commissions, or other 

regulatory agencies having jurisdiction for such installations, or 

c. Are on property owned or leased by the electric utility for the purpose of 

communications, metering, generation, control, transformation, transmission, or 

distribution of electric energy. 

90.3 Standard Arrangement. 

This standard is divided into the introduction and three chapters, as shown in Figure 90.3. 

Chapter 1 applies generally for safety-related work practices; Chapter 3 supplements or 



modifies Chapter 1 with safety requirements for special equipment. 

Chapter 2 applies to safety-related maintenance requirements for electrical equipment and 

installations in workplaces. 

Annexes are not part of the requirements of this standard but are included for informational 

purposes only. 

Figure 90.3 Standard Arrangement. 

90.4 Organization. 

This standard is divided into the following three chapters and fifteen annexes: 

(1) Chapter 1, Safety-Related Work Practices 

(2) Chapter 2, Safety-Related Maintenance Requirements 

(3) Chapter 3, Safety Requirements for Special Equipment 

(4) Annex A, Referenced Publications 

(5) Annex B, Informational References 

(6) Annex C, Limits of Approach 

(7) Annex D, Incident Energy and Flash Protection Boundary Calculation Methods 

(8) Annex E, Electrical Safety Program 

(9) Annex F, Hazard/Risk Evaluation Procedure 

(10) Annex G, Sample Lockout/Tagout Procedure 

(11) Annex H, Simplified, Two-Category, Flame-Resistant (FR) Clothing System 

(12) Annex I, Job Briefing and Planning Checklist 

(13) Annex J, Energized Electrical Work Permit 

(14) Annex K, General Categories of Electrical Hazards 

(15) Annex L, Typical Application of Safeguards in the Cell Line Working Zone 

(16) Annex M, Layering of Protective Clothing and Total System Arc Rating 

(17) Annex N, Example Industrial Procedures and Policies for Working Near Overhead 

Electrical Lines and Equipment 

(18) Annex O, Safety-Related Design Requirements 

90.5 Mandatory Rules, Permissive Rules, and Explanatory Material. 

(A) Mandatory Rules. Mandatory rules of this standard are those that identify actions that are 



specifically required or prohibited and are characterized by the use of the terms shall or shall 

not. 

(B) Permissive Rules. Permissive rules of this standard are those that identify actions that are 

allowed but not required, are normally used to describe options or alternative methods, and are 

characterized by the use of the terms shall be permitted or shall not be required. 

(C) Explanatory Material. Explanatory material, such as references to other standards, 

references to related sections of this standard, or information related to a Code rule, is included 

in this standard in the form of fine print notes (FPNs). Fine print notes are informational only 

and are not enforceable as requirements of this standard. 

Brackets containing section references to another NFPA document are for informational 

purposes only and are provided as a guide to indicate the source of the extracted text. These 

bracketed references immediately follow the extracted text. 

FPN: The format and language used in this standard follow guidelines established by NFPA and
published in 

the NEC Style Manual. Copies of this manual can be obtained from NFPA. 

90.6 Formal Interpretations. 

To promote uniformity of interpretation and application of the provisions of this standard, 

formal interpretation procedures have been established and are found in the NFPA Regulations 

Governing Committee Projects. 

Chapter 1 Safety-Related Work Practices 

ARTICLE 100 Definitions 

Scope. This article contains only those definitions essential to the proper application of this 

standard. It is not intended to include commonly defined general terms or commonly defined 

technical terms from related codes and standards. In general, only those terms that are used in 

two or more articles are defined in Article 100. Other definitions are included in the article in 

which they are used but may be referenced in Article 100. The definitions in this article shall 

apply wherever the terms are used throughout this standard. 

Accessible (as applied to equipment). Admitting close approach; not guarded by locked 

doors, elevation, or other effective means. [70, 2008] 



Accessible (as applied to wiring methods). Capable of being removed or exposed without 

damaging the building structure or finish or not permanently closed in by the structure or finish 

of the building. [70, 2008] 

Accessible, Readily (Readily Accessible). Capable of being reached quickly for operation, 

renewal, or inspections without requiring those to whom ready access is requisite to climb over 

or remove obstacles or to resort to portable ladders, and so forth. [70, 2008] 

Ampacity. The current, in amperes, that a conductor can carry continuously under the 

conditions of use without exceeding its temperature rating. [70, 2008] 

Appliance. Utilization equipment, generally other than industrial, that is normally built in 

standardized sizes or types and is installed or connected as a unit to perform one or more 

functions such as clothes washing, air conditioning, food mixing, deep frying, and so forth. [70, 

2008] 

Approved. Acceptable to the authority having jurisdiction. 

Arc Flash Hazard. A dangerous condition associated with the possible release of energy 

caused by an electric arc. 

FPN No. 1: An arc flash hazard may exist when energized electrical conductors or circuit parts
are exposed or when they are within equipment in a guarded or enclosed condition, provided a
person is interacting with the equipment in such a manner that could cause an electric arc. Under
normal operating conditions, enclosed energized equipment that has been properly installed and
maintained is not likely to pose an arc flash hazard. 

FPN No. 2: See Table 130.7(C)(9) for examples of activities that could pose an arc flash hazard. 

FPN No. 3: See 130.3 for arc flash hazard analysis information. 

Arc Flash Hazard Analysis. A study investigating a worker’s potential exposure to arc-flash 

energy, conducted for the purpose of injury prevention and the determination of safe work 

practices, arc flash protection boundary, and the appropriate levels of PPE. 

Arc Flash Suit. A complete FR clothing and equipment system that covers the entire body, 



except for the hands and feet. This includes pants, jacket, and beekeeper-type hood fitted with a 

face shield. 

Arc Rating. The value attributed to materials that describes their performance to exposure to 

an electrical arc discharge. The arc rating is expressed in cal/cm2 and is derived from the 

determined value of the arc thermal performance value (ATPV) or energy of breakopen 

threshold (EBT) (should a material system exhibit a breakopen response below the ATPV 

value) derived from the determined value of ATPV or EBT. 

FPN: Breakopen is a material response evidenced by the formation of one or more holes in the
innermost layer of flame-resistant material that would allow flame to pass through the material. 

Attachment Plug (Plug Cap) (Plug). A device that, by insertion in a receptacle, establishes a 

connection between the conductors of the attached flexible cord and the conductors connected 

permanently to the receptacle. [70, 2008] 

Authority Having Jurisdiction (AHJ). An organization, office, or individual responsible for 

enforcing the requirements of a code or standard, or approving equipment, materials, an 

installation, or a procedure. 

FPN:  The  phrase  “authority  having  jurisdiction,”  or  its  acronym  AHJ,  is  used  in  NFPA
documents  in  a  broad  manner,  since  jurisdictions  and  approval  agencies  vary,  as  do  their
responsibilities.  Where  public  safety  is  primary,  the  authority  having  jurisdiction  may  be  a
federal, state, local, or other regional department or individual such as a fire chief; fire marshal;
chief  of  a  fire  prevention  bureau,  labor  department,  or  health  department;  building  official;
electrical inspector; or others having statutory authority.  For insurance purposes, an insurance
inspection  department,  rating  bureau,  or  other  insurance  company  representative  may be  the
authority having jurisdiction. In many circumstances, the property owner or his or her designated
agent  assumes  the  role  of  the  authority  having  jurisdiction;  at  government  installations,  the
commanding officer or departmental official may be the authority having jurisdiction. 

Automatic. Self-acting, operating by its own mechanism when actuated by some impersonal 

influence, as, for example, a change in current, pressure, temperature, or mechanical 

configuration. [70, 2008] 

Balaclava (Sock Hood). An arc-rated FR hood that protects the neck and head except for facial 

area of the eyes and nose. 



Bare-Hand Work. A technique of performing work on energized electrical conductors or 

circuit parts, after the employee has been raised to the potential of the conductor or circuit part. 

Barricade. A physical obstruction such as tapes, cones, or A-frame-type wood or metal 

structures intended to provide a warning about and to limit access to a hazardous area. 

Barrier. A physical obstruction that is intended to prevent contact with equipment or energized 

electrical conductors and circuit parts or to prevent unauthorized access to a work area. 

Bonded (Bonding). Connected to establish electrical continuity and conductivity. [70, 2008] 

Bonding Jumper. A reliable conductor to ensure the required electrical conductivity between 

metal parts required to be electrically connected. [70, 2008] 

Boundary, Arc Flash Protection. When an arc flash hazard exists, an approach limit at a 

distance from a prospective arc source within which a person could receive a second degree 

burn if an electrical arc flash were to occur. 

Boundary, Limited Approach. An approach limit at a distance from an exposed energized 

electrical conductor or circuit part within which a shock hazard exists. 

Boundary, Prohibited Approach. An approach limit at a distance from an exposed energized 

electrical conductor or circuit part within which work is considered the same as making contact 

with the electrical conductor or circuit part. 

Boundary, Restricted Approach. An approach limit at a distance from an exposed energized 

electrical conductor or circuit part within which there is an increased risk of shock, due to 

electrical arc over combined with inadvertent movement, for personnel working in close 

proximity to the energized electrical conductor or circuit part. 

Branch Circuit. The circuit conductors between the final overcurrent device protecting the 

circuit and the outlet(s). [70, 2008] 

Branch-Circuit Overcurrent Device. A device capable of providing protection for service, 

feeder, and branch circuits and equipment over the full range of overcurrents between its rated 



current and its interrupting rating. Branch-circuit overcurrent protective devices are provided 

with interrupting ratings appropriate for the intended use but no less than 5,000 amperes. [70, 

2008] 

Building. A structure that stands alone or that is cut off from adjoining structures by fire walls 

with all openings therein protected by approved fire doors. [70, 2008] 

Cabinet. An enclosure that is designed for either surface mounting or flush mounting and is 

provided with a frame, mat, or trim in which a swinging door or doors are or can be hung. [70, 

2008] 

Circuit Breaker. A device designed to open and close a circuit by nonautomatic means and to 

open the circuit automatically on a predetermined overcurrent without damage to itself when 

properly applied within its rating. [70, 2008] 

FPN: The automatic opening means can be integral,  direct acting with the circuit  breaker, or
remote from the circuit breaker. [70, 2008] 

Conductive. Suitable for carrying electric current. 

Conductor, Bare. A conductor having no covering or electrical insulation whatsoever. [70, 

2008] 

Conductor, Covered. A conductor encased within material of composition or thickness that is 

not recognized by this standard as electrical insulation. [70, 2008] 

Conductor, Insulated. A conductor encased within material of composition and thickness that 

is recognized by this standard as electrical insulation. [70, 2008] 

Controller. A device or group of devices that serves to govern, in some predetermined manner, 

the electric power delivered to the apparatus to which it is connected. [70, 2008] 



Coordination (Selective). Localization of an overcurrent condition to restrict outages to the 

circuit or equipment affected, accomplished by the choice of overcurrent protective devices and 

their ratings or settings. [70, 2008] 

Current-Limiting Overcurrent Protective Device. A device that, when interrupting currents 

in its current-limiting range, reduces the current flowing in the faulted circuit to a magnitude 

substantially less than that obtainable in the same circuit if the device were replaced with a 

solid conductor having comparable impedance. 

Cutout. An assembly of a fuse support with either a fuseholder, fuse carrier, or disconnecting 

blade. The fuseholder or fuse carrier may include a conducting element (fuse link), or may act 

as the disconnecting blade by the inclusion of a nonfusible member. 

Cutout Box. An enclosure designed for surface mounting that has swinging doors or covers 

secured directly to and telescoping with the walls of the box proper. [70, 2008] 

Deenergized. Free from any electrical connection to a source of potential difference and from 

electrical charge; not having a potential different from that of the earth. 

Device. A unit of an electrical system that carries or controls electric energy as its principal 

function. [70, 2008] 

Disconnecting Means. A device, or group of devices, or other means by which the conductors 

of a circuit can be disconnected from their source of supply. [70, 2008] 

Disconnecting (or Isolating) Switch (Disconnector, Isolator). A mechanical switching device 

used for isolating a circuit or equipment from a source of power. 

Electrical Hazard. A dangerous condition such that contact or equipment failure can result in 

electric shock, arc flash burn, thermal burn, or blast. 

FPN:  Class  2  power  supplies,  listed  low  voltage  lighting  systems,  and  similar  sources  are
examples of circuits or systems that are not considered an electrical hazard. 

Electrical Safety. Recognizing hazards associated with the use of electrical energy and taking 



precautions so that hazards do not cause injury or death. 

Electrically Safe Work Condition. A state in which an electrical conductor or circuit part has 

been disconnected from energized parts, locked/tagged in accordance with established 

standards, tested to ensure the absence of voltage, and grounded if determined necessary. 

Enclosed. Surrounded by a case, housing, fence, or wall(s) that prevents persons from 

accidentally contacting energized electrical conductors or circuit parts. [70, 2008] 

Enclosure. The case or housing of apparatus, or the fence or walls surrounding an installation 

to prevent personnel from accidentally contacting energized electrical conductors or circuit 

parts or to protect the equipment from physical damage. [70, 2008] 

Energized. Electrically connected to, or is, a source of voltage. [70, 2008] 

Equipment. A general term, including material, fittings, devices, appliances, luminaires, 

apparatus, machinery, and the like used as a part of, or in connection with, an electrical 

installation. [70, 2008] 

Explosionproof Apparatus. Apparatus enclosed in a case that is capable of withstanding an 

explosion of a specified gas or vapor that may occur within it and of preventing the ignition of 

a specified gas or vapor surrounding the enclosure by sparks, flashes, or explosion of the gas or 

vapor within, and that operates at such an external temperature that a surrounding flammable 

atmosphere will not be ignited thereby. [70, 2008] 

FPN: For further information, see ANSI/UL 1203-2006, Explosion-Proof and Dust-Ignition-Proof
Electrical Equipment for Use in Hazardous (Classified) Locations. 

Exposed (as applied to energized electrical conductors or circuit parts). Capable of being 

inadvertently touched or approached nearer than a safe distance by a person. It is applied to 

electrical conductors or circuit parts that are not suitably guarded, isolated, or insulated. 

Exposed (as applied to wiring methods). On or attached to the surface or behind panels 

designed to allow access. [70, 2008] 



Externally Operable. Capable of being operated without exposing the operator to contact with 

energized electrical conductors or circuit parts. 

Feeder. All circuit conductors between the service equipment, the source of a separately 

derived system, or other power supply source and the final branch-circuit overcurrent device. 

[70, 2008] 

Fitting. An accessory such as a locknut, bushing, or other part of a wiring system that is 

intended primarily to perform a mechanical rather than an electrical function. [70, 2008] 

Flame-Resistant (FR). The property of a material whereby combustion is prevented, 

terminated, or inhibited following the application of a flaming or non-flaming source of 

ignition, with or without subsequent removal of the ignition source. 

FPN: Flame resistance can be an inherent property of a material,  or  it  can be imparted by a
specific treatment applied to the material. 

Fuse. An overcurrent protective device with a circuit-opening fusible part that is heated and 

severed by the passage of overcurrent through it. 

FPN:  A fuse  comprises  all  the  parts  that  form a  unit  capable  of  performing  the  prescribed
functions. It may or may not be the complete device necessary to connect it into an electrical
circuit. 

Ground. The earth. [70, 2008] 

Grounded (Grounding). Connected (connecting) to ground or to a conductive body that 

extends the ground connection. [70, 2008] 

Grounded, Solidly. Connected to ground without inserting any resistor or impedance device. 

[70, 2008] 

Grounded Conductor. A system or circuit conductor that is intentionally grounded. [70, 2008] 

Ground Fault. An unintentional, electrically conducting connection between an ungrounded 

conductor of an electrical circuit and the normally non–current-carrying conductors, metallic 

enclosures, metallic raceways, metallic equipment, or earth. 

Ground-Fault Circuit-Interrupter (GFCI). A device intended for the protection of personnel 



that functions to de-energize a circuit or portion thereof within an established period of time 

when a current to ground exceeds the values established for a Class A device. [70, 2008] 

FPN: Class A ground-fault circuit-interrupters trip when the current to ground is 6 mA or higher
and do not trip when the current to ground is less than 4 mA. For further information, see UL
943, Standard for Ground-Fault Circuit Interrupters. 

Grounding Conductor. A conductor used to connect equipment or the grounded circuit of a 

wiring system to a grounding electrode or electrodes. [70, 2008] 

Grounding Conductor, Equipment (EGC). The conductive path installed to connect 

normally non–current-carrying metal parts of equipment together and to the system grounded 

conductor or to the grounding electrode conductor, or both. [70, 2008] 

FPN No. 1: It is recognized that the equipment grounding conductor also performs bonding. 

FPN  No.  2:  See  NFPA  70,  Section  250.118  for  a  list  of  acceptable  equipment  grounding
conductors. 

Grounding Electrode. A conducting object through which a direct connection to earth is 

established. [70, 2008] 

Grounding Electrode Conductor. A conductor used to connect the system grounded 

conductor or the equipment to a grounding electrode or to a point on the grounding electrode 

system. [70, 2008] 

Guarded. Covered, shielded, fenced, enclosed, or otherwise protected by means of suitable 

covers, casings, barriers, rails, screens, mats, or platforms to remove the likelihood of approach 

or contact by persons or objects to a point of danger. [70, 2008] 

Incident Energy. The amount of energy impressed on a surface, a certain distance from the 

source, generated during an electrical arc event. One of the units used to measure incident 

energy is calories per centimeter squared (cal/cm2). 

Insulated. Separated from other conducting surfaces by a dielectric (including air space) 

offering a high resistance to the passage of current. 



FPN: When an object is said to be insulated, it is understood to be insulated for the conditions to
which it is normally subject. Otherwise, it is, within the purpose of these rules, uninsulated. 

Interrupter Switch. A switch capable of making, carrying, and interrupting specified currents. 

Interrupting Rating. The highest current at rated voltage that a device is intended to interrupt 

under standard test conditions. [70, 2008] 

FPN: Equipment intended to interrupt current at other than fault levels may have its interrupting
rating implied in other ratings, such as horsepower or locked rotor current. 

Isolated (as applied to location). Not readily accessible to persons unless special means for 

access are used. [70, 2008] 

Labeled. Equipment or materials to which has been attached a label, symbol, or other 

identifying mark of an organization that is acceptable to the authority having jurisdiction and 

concerned with product evaluation, that maintains periodic inspection of production of labeled 

equipment or materials, and by whose labeling the manufacturer indicates compliance with 

appropriate standards or performance in a specified manner. 

Listed. Equipment, materials, or services included in a list published by an organization that is 

acceptable to the authority having jurisdiction and concerned with evaluation of products or 

services, that maintains periodic inspection of production of listed equipment or materials or 

periodic evaluation of services, and whose listing states that either the equipment, material, or 

services meets appropriate designated standards or has been tested and found suitable for a 

specified purpose. 

FPN: The means for identifying listed equipment may vary for each organization concerned with
product evaluation, some of which do not recognize equipment as listed unless it is also labeled.
Use of the system employed by the listing organization allows the authority having jurisdiction to
identify a listed product. 

Live Parts. Energized conductive components. [70, 2008] 

Luminaire. A complete lighting unit consisting of a lamp or lamps, together with the parts 

designed to distribute the light, to position and protect the lamps and ballast (where applicable), 



and to connect the lamps to the power supply. It may also include parts to protect the light 

source or the ballast or to distribute the light. A lampholder is not a luminaire. [70, 2008] 

Motor Control Center. An assembly of one or more enclosed sections having a common 

power bus and principally containing motor control units. [70, 2008] 

Neutral Conductor. The conductor connected to the neutral point of a system that is intended 

to carry current under normal conditions. [70, 2008] 

Neutral Point. The common point on a wye-connection in a polyphase system or midpoint on 

a single-phase, 3-wire system, or midpoint of a single-phase portion of a 3-phase delta system, 

or a midpoint of a 3-wire, direct-current system. [70, 2008] 

FPN: At the neutral point of the system, the vectorial sum of the nominal voltages from all other
phases  within  the  system  that  utilize  the  neutral,  with  respect  to  the  neutral  point,  is  zero
potential. 

Open Wiring on Insulators. An exposed wiring method using cleats, knobs, tubes, and 

flexible tubing for the protection and support of single insulated conductors run in or on 

buildings. 

Outlet. A point on the wiring system at which current is taken to supply utilization equipment. 

[70, 2008] 

Overcurrent. Any current in excess of the rated current of equipment or the ampacity of a 

conductor. It may result from overload, short circuit, or ground fault. [70, 2008] 

FPN: A current in excess of rating may be accommodated by certain equipment and conductors
for  a  given set  of  conditions.  Therefore,  the  rules  for  overcurrent  protection are  specific  for
particular situations. 

Overload. Operation of equipment in excess of normal, full-load rating, or of a conductor in 

excess of rated ampacity that, when it persists for a sufficient length of time, would cause 

damage or dangerous overheating. A fault, such as a short circuit or ground fault, is not an 

overload. [70, 2008] 



Panelboard. A single panel or group of panel units designed for assembly in the form of a 

single panel, including buses and automatic overcurrent devices, and equipped with or without 

switches for the control of light, heat, or power circuits; designed to be placed in a cabinet or 

cutout box placed in or against a wall, partition, or other support; and accessible only from the 

front. [70, 2008] 

Premises Wiring (System). Interior and exterior wiring, including power, lighting, control, 

and signal circuit wiring together with all their associated hardware, fittings, and wiring 

devices, both permanently and temporarily installed. This includes: (a) wiring from the service 

point or power source to the outlets; or (b) wiring from and including the power source to the 

outlets where there is no service point. Such wiring does not include wiring internal to appliances,
luminaires, motors, controllers, motor control centers, and similar equipment. [70, 2008] 

Qualified Person. One who has skills and knowledge related to the construction and operation 

of the electrical equipment and installations and has received safety training to recognize and 

avoid the hazards involved. [70, 2008] 

Raceway. An enclosed channel of metal or nonmetallic materials designed expressly for 

holding wires, cables, or busbars, with additional functions as permitted in this standard. 

Raceways include, but are not limited to, rigid metal conduit, rigid nonmetallic conduit, 

intermediate metal conduit, liquidtight flexible conduit, flexible metallic tubing, flexible metal 

conduit, electrical metallic tubing, electrical nonmetallic tubing, underfloor raceways, cellular 

concrete floor raceways, cellular metal floor raceways, surface raceways, wireways, and 

busways. [70, 2008] 

Receptacle. A receptacle is a contact device installed at the outlet for the connection of an 

attachment plug. A single receptacle is a single contact device with no other contact device on 

the same yoke. A multiple receptacle is two or more contact devices on the same yoke. [70, 

2008] 

Separately Derived System. A premises wiring system whose power is derived from a source 

of electric energy or equipment other than a service. Such systems have no direct electrical 

connection, including a solidly connected grounded circuit conductor, to supply conductors 

originating in another system. [NFPA 70, 2008] 



Service. The conductors and equipment for delivering electric energy from the serving utility 

to the wiring system of the premises served. [70, 2008] 

Service Conductors. The conductors from the service point to the service disconnecting 

means. [70, 2008] 

Service Drop. The overhead service conductors from the last pole or other aerial support to 

and including the splices, if any, connecting to the service-entrance conductors at the building 

or other structure. [70, 2008] 

Service-Entrance Conductors, Overhead System. The service conductors between the 

terminals of the service equipment and a point usually outside the building, clear of building 

walls, where joined by tap or splice to the service drop. [70, 2008] 

Service-Entrance Conductors, Underground System. The service conductors between the 

terminals of the service equipment and the point of connection to the service lateral. [70, 2008] 

FPN: Where service equipment is located outside the building walls, there may be no service-
entrance conductors, or they may be entirely outside the building. 

Service Equipment. The necessary equipment, usually consisting of a circuit breaker(s) or 

switch(es) and fuse(s), and their accessories, connected to the load end of service conductors to 

a building or other structure, or an otherwise designated area, and intended to constitute the 

main control and cutoff of the supply. [70, 2008] 

Service Lateral. The underground service conductors between the street main, including any 

risers at a pole or other structure or from transformers, and the first point of connection to the 

service-entrance conductors in a terminal box or meter or other enclosure, inside or outside the 

building wall. Where there is no terminal box, meter, or other enclosure, the point of 

connection is considered to be the point of entrance of the service conductors into the building. 

[70, 2008] 

Service Point. The point of connection between the facilities of the serving utility and the 

premises wiring. [70, 2008] 



Shock Hazard. A dangerous condition associated with the possible release of energy caused 

by contact or approach to energized electrical conductors or circuit parts. 

Short-Circuit Current Rating. The prospective symmetrical fault current at a nominal voltage 

to which an apparatus or system is able to be connected without sustaining damage exceeding 

defined acceptance criteria. [70, 2008] 

Single-Line Diagram. A diagram that shows, by means of single lines and graphic symbols, 

the course of an electric circuit or system of circuits and the component devices or parts used in 

the circuit or system. 

Special Permission. The written consent of the authority having jurisdiction. [70, 2008] 

Step Potential. A ground potential gradient difference that can cause current flow from foot to 

foot through the body. 

Structure. That which is built or constructed. [70, 2008] 

Switchgear, Arc-Resistant. Equipment designed to withstand the effects of an internal arcing 

fault and that directs the internally released energy away from the employee. 

Switchgear, Metal-Clad. A switchgear assembly completely enclosed on all sides and top 

with sheet metal, having drawout switching and interrupting devices, and all live parts enclosed 

within grounded metal compartments. 

Switchgear, Metal-Enclosed. A switchgear assembly completely enclosed on all sides and top 

with sheet metal (except for ventilating openings and inspection windows), containing primary 

power circuit switching, interrupting devices, or both, with buses and connections. This 

assembly may include control and auxiliary devices. Access to the interior of the enclosure is 

provided by doors, removable covers, or both. Metal-enclosed switchgear is available in 

non-arc-resistant or arc-resistant constructions. 

Switch, Isolating. A switch intended for isolating an electric circuit from the source of power. 

It has no interrupting rating, and it is intended to be operated only after the circuit has been 

opened by some other means. [70, 2008] 



Switchboard. A large single panel, frame, or assembly of panels on which are mounted on the 

face, back, or both, switches, overcurrent and other protective devices, buses, and usually 

instruments. Switchboards are generally accessible from the rear as well as from the front and 

are not intended to be installed in cabinets. [70, 2008] 

Switching Device. A device designed to close, open, or both, one or more electric circuits. 

Touch Potential. A ground potential gradient difference that can cause current flow from hand 

to hand, hand to foot, or another path, other than foot to foot, through the body. 

Ungrounded. Not connected to ground or to a conductive body that extends the ground 

connection. [70, 2008] 

Unqualified Person. A person who is not a qualified person. 

Utilization Equipment. Equipment that utilizes electric energy for electronic, 

electromechanical, chemical, heating, lighting, or similar purposes. [70, 2008] 

Ventilated. Provided with a means to permit circulation of air sufficient to remove an excess of 

heat, fumes, or vapors. [70, 2008] 

Voltage (of a Circuit). The greatest root-mean-square (rms) (effective) difference of potential 

between any two conductors of the circuit concerned. [70, 2008] 

FPN: Some systems, such as 3-phase 4-wire, single-phase 3-wire, and 3-wire direct-current, may
have various circuits of various voltages. 

Voltage, Nominal. A nominal value assigned to a circuit or system for the purpose of 

conveniently designating its voltage class (e.g., 120/240 volts, 480Y/277 volts, 600 volts). The 

actual voltage at which a circuit operates can vary from the nominal within a range that permits 

satisfactory operation of equipment. [70, 2008] 

FPN: See ANSI C84.1-2006, Electric Power Systems and Equipment — Voltage Ratings (60
Hz). 



Voltage to Ground. For grounded circuits, the voltage between the given conductor and that 

point or conductor of the circuit that is grounded; for ungrounded circuits, the greatest voltage 

between the given conductor and any other conductor of the circuit. [70, 2008] 

Working On (energized electrical conductors or circuit parts). Coming in contact with 

energized electrical conductors or circuit parts with the hands, feet, or other body parts, with 

tools, probes, or with test equipment, regardless of the personal protective equipment a person 

is wearing. There are two categories of “working on”: Diagnostic (testing) is taking readings or 

measurements of electrical equipment with approved test equipment that does not require 

making any physical change to the equipment; repair is any physical alteration of electrical 

equipment (such as making or tightening connections, removing or replacing components, etc.). 

ARTICLE 110 General Requirements for Electrical Safety-Related Work Practices 

110.1 Scope. 

Chapter 1 covers electrical safety-related work practices and procedures for employees who are 

exposed to an electrical hazard in workplaces covered in the scope of this standard. Electric 

circuits and equipment not included in the scope of this standard might present a hazard to 

employees not qualified to work near such facilities. Requirements have been included in 

Chapter 1 to protect unqualified employees from such hazards. 

110.2 Purpose. 

These practices and procedures are intended to provide for employee safety relative to 

electrical hazards in the workplace. 

FPN: For general categories of electrical hazards, see Annex K. 

110.3 Responsibility. 

The safety-related work practices contained in Chapter 1 shall be implemented by employees. 

The employer shall provide the safety-related work practices and shall train the employee who 

shall then implement them. 

110.4 Organization. 

Chapter 1 of this standard is divided into four articles. Article 100 provides definitions for 



terms used in one or more of the chapters of this document. Article 110 provides general 

requirements for electrical safety-related work practices. Article 120 provides requirements for 

establishing an electrically safe work condition. Article 130 provides requirements for work 

involving electrical hazards. 

110.5 Relationships with Contractors (Outside Service Personnel, etc.). 

(A) Host Employer Responsibilities. 

(1) The host employer shall inform contract employers of: 

a. Known hazards that are covered by this standard, that are related to the contract 

employer’s work, and that might not be recognized by the contract employer or its 

employees 

b. Information about the employer’s installation that the contract employer needs to 

make the assessments required by Chapter 1 

(2) The host employer shall report observed contract-employer-related violations of this 

standard to the contract employer. 

(B) Contract Employer Responsibilities. 

(1) The contract employer shall ensure that each of his or her employees is instructed in the 

hazards communicated to the contract employer by the host employer. This instruction 

is in addition to the basic training required by this standard. 

(2) The contract employer shall ensure that each of his or her employees follows the work 

practices required by this standard and safety-related work rules required by the host 

employer. 

(3) The contract employer shall advise the host employer of: 

a. Any unique hazards presented by the contract employer’s work, 

b.Any unanticipated hazards found during the contract employer’s work that the host 

employer did not mention, and 

c.The measures the contractor took to correct any violations reported by the host 

employer under paragraph (A)(2) of this section and to prevent such violation 

from recurring in the future. 

110.6 Training Requirements. 

(A) Safety Training. The training requirements contained in this section shall apply to 

employees who face a risk of electrical hazard that is not reduced to a safe level by the 

applicable electrical installation requirements. Such employees shall be trained to understand 

the specific hazards associated with electrical energy. They shall be trained in safety-related 

work practices and procedural requirements as necessary to provide protection from the 



electrical hazards associated with their respective job or task assignments. Employees shall be 

trained to identify and understand the relationship between electrical hazards and possible 

injury. 

FPN:  For  further  information  concerning  installation  requirements,  see  NFPA 70®,  National
Electrical 

Code®, 2008 edition. 

(B) Type of Training. The training required by this section shall be classroom or on-the-job 

type, or a combination of the two. The degree of training provided shall be determined by the 

risk to the employee. 

(C) Emergency Procedures. Employees exposed to shock hazards shall be trained in methods 

of release of victims from contact with exposed energized electrical conductors or circuit parts. 

Employees shall be regularly instructed in methods of first aid and emergency procedures, such 

as approved methods of resuscitation, if their duties warrant such training. Training of 

employees in approved methods of resuscitation, including cardiopulmonary resuscitation, shall 

be certified by the employer annually. 

(D) Employee Training. 

(1) Qualified Person. A qualified person shall be trained and knowledgeable of the 

construction and operation of equipment or a specific work method and be trained to recognize 

and avoid the electrical hazards that might be present with respect to that equipment or work 

method. 

(a) Such persons shall also be familiar with the proper use of the special 

precautionary techniques, personal protective equipment, including arc-flash, insulating and 

shielding materials, and insulated tools and test equipment. A person can be considered 

qualified with respect to certain equipment and methods but still be unqualified for others. 

(b) Such persons permitted to work within the Limited Approach Boundary of 

exposed energized electrical conductors and circuit parts operating at 50 volts or more shall, at 

a minimum, be additionally trained in all of the following: 

(1) The skills and techniques necessary to distinguish exposed energized electrical 

conductors and circuit parts from other parts of electrical equipment 

(2) The skills and techniques necessary to determine the nominal voltage of exposed 

energized electrical conductors and circuit parts 

(3) The approach distances specified in Table 130.2(C) and the corresponding voltages to 

which the qualified person will be exposed 



(4) The decision-making process necessary to determine the degree and extent of the 

hazard and the personal protective equipment and job planning necessary to perform the 

task safely 

(c) An employee who is undergoing on-the-job training and who, in the course of 

such training, has demonstrated an ability to perform duties safely at his or her level of training 

and who is under the direct supervision of a qualified person shall be considered to be a 

qualified person for the performance of those duties. 

(d) Tasks that are performed less often than once per year shall require retraining 

before the performance of the work practices involved. 

(e) Employees shall be trained to select an appropriate voltage detector and shall 

demonstrate how to use a device to verify the absence of voltage, including interpreting 

indications provided by the device. The training shall include information that enables the 

employee to understand all limitations of each specific voltage detector that may be used. 

(2) Unqualified Persons. Unqualified persons shall be trained in and be familiar with any of 

the electrical safety-related practices that might not be addressed specifically by Chapter 1 but 

are necessary for their safety. 

(3) Retraining. An employee shall receive additional training (or retraining) under any of the 

following conditions: 

(a) If the supervision or annual inspections indicate that the employee is not 

complying with the safety-related work practices 

(b) If new technology, new types of equipment, or changes in procedures necessitate 

the use of safety-related work practices that are different from those that the employee would 

normally use 

(c) If he or she must employ safety-related work practices that are not normally used 

during his or her regular job duties 

(E) Training Documentation. The employer shall document that each employee has received 

the training required by paragraph 110.6(D). This documentation shall be made when the 

employee demonstrates proficiency in the work practices involved and shall be maintained for 

the duration of the employee’s employment. The documentation shall contain each employee’s 

name and dates of training. 

FPN: Employment records that indicate that an employee has received the required training are an
acceptable means of meeting this requirement. 

110.7 Electrical Safety Program. 

(A) General. The employer shall implement and document an overall electrical safety program 



that directs activity appropriate for the voltage, energy level, and circuit conditions. 

FPN No. 1: Safety-related work practices are just one component of an overall electrical safety
program. 

FPN No. 2: ANSI/AIHA Z10-2005, American National Standard for Occupational Safety and
Health Management Systems, provides a framework for establishing a comprehensive electrical
safety program as a component of an employer’s occupational safety and health program. 

(B) Awareness and Self-Discipline. The electrical safety program shall be designed to provide 

an awareness of the potential electrical hazards to employees who might from time to time 

work in an environment influenced by the presence of electrical energy. The program shall be 

developed to provide the required self-discipline for employees who occasionally must perform 

work that may involve electrical hazards. The program shall instill safety principles and 

controls. 

(C) Electrical Safety Program Principles. The electrical safety program shall identify the 

principles upon which it is based. 

FPN: For examples of typical electrical safety program principles, see Annex E. 

(D) Electrical Safety Program Controls. An electrical safety program shall identify the 

controls by which it is measured and monitored. 

FPN: For examples of typical electrical safety program controls, see Annex E. 

(E) Electrical Safety Program Procedures. An electrical safety program shall identify the 

procedures for working within the Limited Approach Boundary of energized electrical 

conductors and circuit parts operating at 50 volts or more or where an electrical hazard exists 

before work is started. 

FPN: For an example of a typical electrical safety program procedure, see Annex E. 

(F) Hazard/Risk Evaluation Procedure. An electrical safety program shall identify a 

hazard/risk evaluation procedure to be used before work is started within the Limited Approach 

Boundary of energized electrical conductors and circuit parts operating at 50 volts or more or 

where an electrical hazard exists. The procedure shall identify the hazard/risk process that shall 

be used by employees to evaluate tasks before work is started. 

FPN No. 1: The hazard/risk evaluation procedure may include identifying when a second person
could be required and the training and equipment that person should have. 

FPN No. 2: For an example of a Hazard/Risk Analysis Evaluation Procedure Flow Chart, see
Annex F. 



FPN No. 3: For an example of a Hazard/Risk Evaluation Procedure, see Annex F. 

(G) Job Briefing. 

(1) General. Before starting each job, the employee in charge shall conduct a job briefing with 

the employees involved. The briefing shall cover such subjects as hazards associated with the 

job, work procedures involved, special precautions, energy source controls, and personal 

protective equipment requirements. 

(2) Repetitive or Similar Tasks. If the work or operations to be performed during the work 

day or shift are repetitive and similar, at least one job briefing shall be conducted before the 

start of the first job of the day or shift. Additional job briefings shall be held if changes that 

might affect the safety of employees occur during the course of the work. 

(3) Routine Work. A brief discussion shall be satisfactory if the work involved is routine and 

if the employee, by virtue of training and experience, can reasonably be expected to recognize 

and avoid the hazards involved in the job. A more extensive discussion shall be conducted if 

either of the following apply: 

(1) The work is complicated or particularly hazardous. 

(2) The employee cannot be expected to recognize and avoid the hazards involved in the 

job. 

FPN: For an example of a job briefing form and planning checklist, see Annex I. 

(H) Electrical Safety Auditing. An electrical safety program shall be audited to help ensure 

that the principles and procedures of the electrical safety program are being followed. The 

frequency of audit shall be determined by the employer, based on the complexity of the 

procedures and the type of work being covered. Where the audit determines that the principles 

and procedures of the electrical safety program are not being followed, appropriate revisions 

shall be made. 

110.8 Working While Exposed to Electrical Hazards. 

(A) General. Safety-related work practices shall be used to safeguard employees from injury 

while they are exposed to electrical hazards from electrical conductors or circuit parts that are 

or can become energized. The specific safety-related work practices shall be consistent with the 

nature and extent of the associated electrical hazards. 

(1) Energized Electrical Conductors and Circuit Parts — Safe Work Condition. Energized 

electrical conductors and circuit parts to which an employee might be exposed shall be put into 

an electrically safe work condition before an employee works within the Limited Approach 

Boundary of those conductors or parts, unless work on energized components can be justified 

according to 130.1. 



(2) Energized Electrical Conductors and Circuit Parts — Unsafe Work Condition. Only 

qualified persons shall be permitted to work on electrical conductors or circuit parts that have 

not been put into an electrically safe work condition. 

(B) Working Within the Limited Approach Boundary of Exposed Electrical Conductors 

or Circuit Parts that Are or Might Become Energized. Prior to working within the Limited 

Approach Boundary of exposed electrical conductors and circuit parts operating at 50 volts or 

more, lockout/tagout devices shall be applied in accordance with 120.1, 120.2, and 120.3. If, 

for reasons indicated in 130.1, lockout/tagout devices cannot be applied, 130.2(A) through 

130.2(D)(2) shall apply to the work. 

(1) Electrical Hazard Analysis. If the energized electrical conductors or circuit parts operating 

at 50 volts or more are not placed in an electrically safe work condition, other safety-related 

work practices shall be used to protect employees who might be exposed to the electrical 

hazards involved. Such work practices shall protect each employee from arc flash and from 

contact with energized electrical conductors or circuit parts operating at 50 volts or more 

directly with any part of the body or indirectly through some other conductive object. Work 

practices that are used shall be suitable for the conditions under which the work is to be 

performed and for the voltage level of the energized electrical conductors or circuit parts. 

Appropriate safety-related work practices shall be determined before any person is exposed to 

the electrical hazards involved by using both shock hazard analysis and arc flash hazard 

analysis. 

(a) Shock Hazard Analysis. A shock hazard analysis shall determine the voltage to 

which personnel will be exposed, boundary requirements, and the personal protective 

equipment necessary in order to minimize the possibility of electrical shock to personnel. 

FPN: See 130.2 for the requirements of conducting a shock hazard analysis. 

(b) Arc Flash Hazard Analysis. An arc flash hazard analysis shall determine the Arc 

Flash Protection Boundary and the personal protective equipment that people within the Arc 

Flash Protection Boundary shall use. 

FPN: See 130.3 for the requirements of conducting an arc flash hazard analysis. 

(2) Energized Electrical Work Permit. When working on energized electrical conductors or 

circuit parts that are not placed in an electrically safe work condition (i.e., for the reasons of 

increased or additional hazards or infeasibility per 130.1), work to be performed shall be 

considered energized electrical work and shall be performed by written permit only. 

FPN: See 130.1(B) for the requirements of an energized electrical work permit. 



(3) Unqualified Persons. Unqualified persons shall not be permitted to enter spaces that are 

required to be accessible to qualified employees only, unless the electric conductors and 

equipment involved are in an electrically safe work condition. 

(4) Safety Interlocks. Only qualified persons following the requirements for working inside 

the Restricted Approach Boundary as covered by 130.2(C) shall be permitted to defeat or 

bypass an electrical safety interlock over which the person has sole control, and then only 

temporarily while the qualified person is working on the equipment. The safety interlock 

system shall be returned to its operable condition when the work is completed. 

110.9 Use of Equipment. 

(A) Test Instruments and Equipment. 

(1) Rating. Test instruments, equipment, and their accessories shall be rated for circuits and 

equipment to which they will be connected. 

FPN:  See  ANSI/ISA-61010-1  (82.02.01)/UL  61010-1,  Safety  Requirements  for  Electrical
Equipment for Measurement, Control, and Laboratory Use – Part 1: General Requirements, for
rating and design requirements for voltage measurement and test instruments intended for use on
electrical systems 1000 volts and below. 

(2) Design. Test instruments, equipment, and their accessories shall be designed for the 

environment to which they will be exposed, and for the manner in which they will be used. 

(3) Visual Inspection. Test instruments and equipment and all associated test leads, cables, 

power cords, probes, and connectors shall be visually inspected for external defects and 

damage before each use. If there is a defect or evidence of damage that might expose an 

employee to injury, the defective or damaged item shall be removed from service, and no 

employee shall use it until repairs and tests necessary to render the equipment safe have been 

made. 

(4) Operation Verification. When test instruments are used for the testing for the absence of 

voltage on conductors or circuit parts operating at 50 volts or more, the operation of the test 

instrument shall be verified before and after an absence of voltage test is performed. 

(B) Portable Electric Equipment. This section applies to the use of cord-and-plug-connected 

equipment, including cord sets (extension cords). 

(1) Handling. Portable equipment shall be handled in a manner that will not cause damage. 

Flexible electric cords connected to equipment shall not be used for raising or lowering the 

equipment. Flexible cords shall not be fastened with staples or hung in such a fashion as could 

damage the outer jacket or insulation. 

(2) Grounding-Type Equipment. 

(a) A flexible cord used with grounding-type utilization equipment shall contain an 



equipment grounding conductor. 

(b) Attachment plugs and receptacles shall not be connected or altered in a manner 

that would interrupt continuity of the equipment grounding conductor. 

Additionally, these devices shall not be altered in order to allow use in a manner that was not 

intended by the manufacturer. 

(c) Adapters that interrupt the continuity of the equipment grounding conductor shall 

not be used. 

(3) Visual Inspection of Portable Cord-and-Plug-Connected Equipment and Flexible 

Cord Sets. 

(a) Frequency of Inspection. Before each use, portable cord-and-plug-connected 

equipment shall be visually inspected for external defects (such as loose parts or deformed and 

missing pins) and for evidence of possible internal damage (such as a pinched or crushed outer 

jacket). Exception: Cord-and-plug-connected equipment and flexible cord sets (extension cords)
that remain connected once they are put in place and are not exposed to damage shall not be
required to be visually inspected until they are relocated. 

(b) Defective Equipment. If there is a defect or evidence of damage that might expose 

an employee to injury, the defective or damaged item shall be removed from service, and no 

employee shall use it until repairs and tests necessary to render the equipment safe have been 

made. 

(c) Proper Mating. When an attachment plug is to be connected to a receptacle, the 

relationship of the plug and receptacle contacts shall first be checked to ensure that they are of 

mating configurations. 

(d) Conductive Work Locations. Portable electric equipment used in highly 

conductive work locations (such as those inundated with water or other conductive liquids) or 

in job locations where employees are likely to contact water or conductive liquids shall be 

approved for those locations. In job locations where employees are likely to contact or be 

drenched with water or conductive liquids, ground-fault circuit-interrupter protection for 

personnel shall also be used. 

(4) Connecting Attachment Plugs. 

(a) Employees’ hands shall not be wet when plugging and unplugging flexible cords 

and cord-and-plug-connected equipment if energized equipment is involved. 

(b) Energized plug and receptacle connections shall be handled only with insulating 

protective equipment if the condition of the connection could provide a conductive path to the 



employee’s hand (if, for example, a cord connector is wet from being immersed in water). 

(c) Locking-type connectors shall be secured after connection. 

(C) GFCI Protection Devices. GFCI protection devices shall be tested per manufacturer’s 

instructions. 

(D) Overcurrent Protection Modification. Overcurrent protection of circuits and conductors 

shall not be modified, even on a temporary basis, beyond that permitted by applicable portions 

of electrical codes and standards dealing with overcurrent protection. 

FPN: For further information concerning electrical codes and standards dealing with overcurrent
protection, refer to Article 240 of NFPA 70, National Electrical Code. 

ARTICLE 120 Establishing an Electrically Safe Work Condition 

120.1 Process of Achieving an Electrically Safe Work Condition. 

An electrically safe work condition shall be achieved when performed in accordance with the 

procedures of 120.2 and verified by the following process: 

(1) Determine all possible sources of electrical supply to the specific equipment. Check 

applicable up-to-date drawings, diagrams, and identification tags. 

(2) After properly interrupting the load current, open the disconnecting device(s) for each 

source. 

(3) Wherever possible, visually verify that all blades of the disconnecting devices are fully 

open or that drawout-type circuit breakers are withdrawn to the fully disconnected 

position. 

(4) Apply lockout/tagout devices in accordance with a documented and established policy. 

(5) Use an adequately rated voltage detector to test each phase conductor or circuit part to 

verify they are deenergized. Test each phase conductor or circuit part both 

phase-to-phase and phase-to-ground. Before and after each test, determine that the 

voltage detector is operating satisfactorily. 

FPN:  See  ANSI/ISA-61010-1  (82.02.01)/  UL  61010-1,  Safety  Requirements  for  Electrical
Equipment for Measurement, Control, and Laboratory Use – Part 1: General Requirements, for
rating and design requirements for voltage measurement and test instruments intended for use on
electrical systems 1000 V and below. 

(6) Where the possibility of induced voltages or stored electrical energy exists, ground the 

phase conductors or circuit parts before touching them. Where it could be reasonably 

anticipated that the conductors or circuit parts being deenergized could contact other 



exposed energized conductors or circuit parts, apply ground connecting devices rated 

for the available fault duty. 

120.2 Deenergized Electrical Conductors or Circuit Parts That Have Lockout/Tagout 

Devices Applied. 

Each employer shall identify, document, and implement lockout/tagout procedures conforming 

to Article 120 to safeguard employees from exposure to electrical hazards. The lockout/tagout 

procedure shall be appropriate for the experience and training of the employees and conditions 

as they exist in the workplace. 

(A) General. All electrical circuit conductors and circuit parts shall be considered energized 

until the source(s) of energy is (are) removed, at which time they shall be considered 

deenergized. All electrical circuit conductors and circuit parts shall not be considered to be in 

an electrically safe work condition until all of the applicable requirements of Article 120 have 

been met. 

FPN: See 120.1 for the six-step procedure to verify an electrically safe work condition. 

Electrical conductors and circuit parts that have been disconnected, but not under 

lockout/tagout, tested, and grounded (where appropriate) shall not be considered to be in an 

electrically safe work condition, and safe work practices appropriate for the circuit voltage and 

energy level shall be used. Lockout/tagout requirements shall apply to fixed, permanently 

installed equipment, to temporarily installed equipment, and to portable equipment. 

(B) Principles of Lockout/Tagout Execution. 

(1) Employee Involvement. Each person who could be exposed directly or indirectly to a source
of electrical energy shall be involved in the lockout/tagout process. 

FPN: An example of direct exposure is the qualified electrician who works on the motor starter
control, the power circuits, or the motor.  An example of indirect exposure is the person who
works on the coupling between the motor and compressor. 

(2) Training. All persons who could be exposed shall be trained to understand the established 

procedure to control the energy and their responsibility in executing the procedure. New (or 

reassigned) employees shall be trained (or retrained) to understand the lockout/tagout 

procedure as related to their new assignment. 

(3) Plan. A plan shall be developed on the basis of the existing electrical equipment and system 

and shall utilize up-to-date diagrammatic drawing representation(s). 

(4) Control of Energy. All sources of electrical energy shall be controlled in such a way as to 



minimize employee exposure to electrical hazards. 

(5) Identification. The lockout/tagout device shall be unique and readily identifiable as a 

lockout/tagout device. 

(6) Voltage. Voltage shall be removed and absence of voltage verified. 

(7) Coordination. The established electrical lockout/tagout procedure shall be coordinated 

with all of the employer’s procedures associated with lockout/tagout of other energy sources. 

(C) Responsibility. 

(1) Procedures. The employer shall establish lockout/tagout procedures for the organization, 

provide training to employees, provide equipment necessary to execute the details of the 

procedure, audit execution of the procedures to ensure employee understanding/compliance, 

and audit the procedure for improvement opportunity and completeness. 

(2) Form of Control. Three forms of hazardous electrical energy control shall be permitted: 

individual employee control, simple lockout/tagout, and complex lockout/tagout. [See 

120.2(D).] For the individual employee control and the simple lockout/tagout, the qualified 

person shall be in charge. For the complex lockout/tagout, the person in charge shall have 

overall responsibility. 

FPN: For an example of a lockout/tagout procedure, see Annex G. 

(3) Audit Procedures. An audit shall be conducted at least annually by a qualified person and 

shall cover at least one lockout/tagout in progress and the procedure details. The audit shall be 

designed to correct deficiencies in the procedure or in employee understanding. 

(D) Hazardous Electrical Energy Control Procedure. 

(1) Individual Qualified Employee Control Procedure. The individual qualified employee 

control procedure shall be permitted when equipment with exposed conductors and circuit parts 

is deenergized for minor maintenance, servicing, adjusting, cleaning, inspection, operating 

conditions, and the like. The work shall be permitted to be performed without the placement of 

lockout/tagout devices on the disconnecting means, provided the disconnecting means is 

adjacent to the conductor, circuit parts, and equipment on which the work is performed, the 

disconnecting means is clearly visible to the individual qualified employee involved in the 

work, and the work does not extend beyond one shift. 

(2) Simple Lockout/Tagout Procedure. All lockout/tagout procedures that are not under 

individual qualified employee control according to 120.2(D)(1) or complex lockout/tagout 

according to 120.2(D)(3) shall be considered to be simple lockout/tagout procedures. All 

lockout/tagout procedures that involve only a qualified person(s) deenergizing one set of 

conductors or circuit part source for the sole purpose of performing work within the Limited 

Approach Boundary electrical equipment shall be considered to be a simple lockout/tagout. 



Simple lockout/tagout plans shall not be required to be written for each application. Each 

worker shall be responsible for his or her own lockout/tagout. 

(3) Complex Lockout/Tagout Procedure. 

(a) A complex lockout/tagout plan shall be permitted where one or more of the 

following exist: 

(1) Multiple energy sources 

(2) Multiple crews 

(3) Multiple crafts 

(4) Multiple locations 

(5) Multiple employers 

(6) Different disconnecting means 

(7) Particular sequences 

(8) A job or task that continues for more than one work period 

(b) All complex lockout/tagout procedures shall require a written plan of execution 

that identifies the person in charge. 

(c) The complex lockout/tagout procedure shall vest primary responsibility in an 

authorized employee for a set number of employees working under the protection of a group 

lockout or tagout device (such as an operation lock). The person in charge shall be held 

accountable for safe execution of the complex lockout/tagout. 

(d) Each authorized employee shall affix a personal lockout or tagout device to the 

group lockout device, group lockbox, or comparable mechanism when he or she begins work, 

and shall remove those devices when he or she stops working on the machine or equipment 

being serviced or maintained. 

(e) The complex lockout/tagout procedure shall address all the concerns of 

employees who might be exposed. All complex lockout/tagout plans shall identify the method 

to account for all persons who might be exposed to electrical hazards in the course of the 

lockout/tagout. 

(4) Coordination. 

(a) The established electrical lockout/tagout procedure shall be coordinated with all 

other employer’s procedures for control of exposure to electrical energy sources such that all 

employer’s procedural requirements are adequately addressed on a site basis. 

(b) The procedure for control of exposure to electrical hazards shall be coordinated 

with other procedures for control of other hazardous energy sources such that they are based on 

similar/identical concepts. 

(c)  The  electrical  lockout/tagout  procedure  shall  always  include  voltage  testing  requirements



where there might be direct exposure to electrical energy hazards. 

(d) Electrical lockout/tagout devices shall be permitted to be similar to lockout/tagout 

devices for control of other hazardous energy sources, such as pneumatic, hydraulic, thermal, 

and mechanical, provided such devices are used only for control of hazardous energy and for 

no other purpose. 

(5) Training and Retraining. Each employer shall provide training as required to ensure 

employees’ understanding of the lockout/tagout procedure content and their duty in executing 

such procedures. 

(E) Equipment. 

(1) Lock Application. Energy isolation devices for machinery or equipment installed after 

January 2, 1990, shall be capable of accepting a lockout device. 

(2) Lockout/Tagout Device. Each employer shall supply, and employees shall use, 

lockout/tagout devices and equipment necessary to execute the requirements of 120.2(E). 

Locks and tags used for control of exposure to electrical energy hazards shall be unique, shall 

be readily identifiable as lockout/tagout devices, and shall be used for no other purpose. 

(3) Lockout Device. 

(a) A lockout device shall include a lock (either keyed or combination). 

(b) The lockout device shall include a method of identifying the individual who 

installed the lockout device. 

(c) A lockout device shall be permitted to be only a lock, provided the lock is readily 

identifiable as a lockout device, in addition to having a means of identifying the person who 

installed the lock. 

(d) Lockout devices shall be attached to prevent operation of the disconnecting 

means without resorting to undue force or the use of tools. 

(e) Where a tag is used in conjunction with a lockout device, the tag shall contain a 

statement prohibiting unauthorized operation of the disconnecting means or unauthorized 

removal of the device. 

(f) Lockout devices shall be suitable for the environment and for the duration of the 

lockout. 

(g) Whether keyed or combination locks are used, the key or combination shall 

remain in the possession of the individual installing the lock or the person in charge, when 

provided by the established procedure. 

(4) Tagout Device. 

(a) A tagout device shall include a tag together with an attachment means. 



(b) The tagout device shall be readily identifiable as a tagout device and suitable for 

the environment and duration of the tagout. 

(c) A tagout device attachment means shall be capable of withstanding at least 224.4 

N (50 lb) of force exerted at a right angle to the disconnecting means surface. The tag 

attachment means shall be nonreusable, attachable by hand, self-locking, and nonreleasable, 

equal to an all-environmental tolerant nylon cable tie. 

(d) Tags shall contain a statement prohibiting unauthorized operation of the 

disconnecting means or removal of the tag. 

Exception to (a), (b), and (c): A “hold card tagging tool” on an overhead conductor in 

conjunction with a hotline tool to install the tagout device safely on a disconnect that is 

isolated from the worker(s). 

(5) Electrical Circuit Interlocks. Up-to-date diagrammatic drawings shall be consulted to 

ensure that no electrical circuit interlock operation can result in reenergizing the circuit being 

worked on. 

(6) Control Devices. Locks/tags shall be installed only on circuit disconnecting means. Control 

devices, such as pushbuttons or selector switches, shall not be used as the primary isolating 

device. 

(F) Procedures. The employer shall maintain a copy of the procedures required by this section 

and shall make the procedures available to all employees. 

(1) Planning. The procedure shall require planning, including 120.2(F)(1)(a) through 

120.2(F)(2)(n). 

(a) Locating Sources. Up-to-date single-line drawings shall be considered a primary 

reference source for such information. When up-to-date drawings are not available, the 

employer shall be responsible for ensuring that an equally effective means of locating sources 

of energy is employed. 

(b) Exposed Persons. The plan shall identify persons who might be exposed to an 

electrical hazard and the personal protective equipment required during the execution of the job 

or task. 

(c) Person In Charge. The plan shall identify the person in charge and his or her 

responsibility in the lockout/tagout. 

(d) Individual Qualified Employee Control. Individual qualified employee control 

shall be in accordance with 120.2(D)(1). 

(e) Simple Lockout/Tagout. Simple lockout/tagout procedure shall be in accordance 



with 120.2(D)(2). 

(f) Complex Lockout/Tagout. Complex lockout/tagout procedure shall be in 

accordance with 120.2(D)(3). 

(2) Elements of Control. The procedure shall identify elements of control. 

(a) Deenergizing Equipment (Shutdown). The procedure shall establish the person 

who performs the switching and where and how to deenergize the load. 

(b) Stored Energy. The procedure shall include requirements for releasing stored 

electric or mechanical energy that might endanger personnel. All capacitors shall be 

discharged, and high capacitance elements shall also be short-circuited and grounded before the 

associated equipment is touched or worked on. Springs shall be released or physical restraint 

shall be applied when necessary to immobilize mechanical equipment and pneumatic and 

hydraulic pressure reservoirs. Other sources of stored energy shall be blocked or otherwise 

relieved. 

(c) Disconnecting Means. The procedure shall identify how to verify that the circuit 

is deenergized (open). 

(d) Responsibility. The procedure shall identify the person who is responsible to 

verify that the lockout/tagout procedure is implemented and who is responsible to ensure that 

the task is completed prior to removing locks/tags. A mechanism to accomplish lockout/tagout 

for multiple (complex) jobs/tasks where required, including the person responsible for 

coordination, shall be included. 

(e) Verification. The procedure shall verify that equipment cannot be restarted. The 

equipment operating controls, such as pushbuttons, selector switches, and electrical interlocks, 

shall be operated or otherwise it shall be verified that the equipment cannot be restarted. 

(f) Testing. The procedure shall establish the following: 

(1) What voltage detector will be used, the required personal protective equipment, and 

who will use it to verify proper operation of the voltage detector before and after use 

(2) A requirement to define the boundary of the work area 

(3) A requirement to test before touching every exposed conductor or circuit part(s) within 

the defined boundary of the work area 

(4) A requirement to retest for absence of voltage when circuit conditions change or when 

the job location has been left unattended 

(5) Where there is no accessible exposed point to take voltage measurements, planning 

considerations shall include methods of verification. 

(g) Grounding. Grounding requirements for the circuit shall be established, including 

whether the grounds shall be installed for the duration of the task or temporarily are established 



by the procedure. Grounding needs or requirements shall be permitted to be covered in other 

work rules and might not be part of the lockout/tagout procedure. 

(h) Shift Change. A method shall be identified in the procedure to transfer 

responsibility for lockout/tagout to another person or to the person in charge when the job or 

task extends beyond one shift. 

(i) Coordination. The procedure shall establish how coordination is accomplished 

with other jobs or tasks in progress, including related jobs or tasks at remote locations, 

including the person responsible for coordination. 

(j) Accountability for Personnel. A method shall be identified in the procedure to 

account for all persons who could be exposed to hazardous energy during the lockout/tagout. 

(k) Lockout/Tagout Application. The procedure shall clearly identify when and 

where lockout applies, in addition to when and where tagout applies, and shall address the 

following: 

(1) Lockout shall be defined as installing a lockout device on all sources of hazardous 

energy such that operation of the disconnecting means is prohibited and forcible 

removal of the lock is required to operate the disconnecting means. 

(2) Tagout shall be defined as installing a tagout device on all sources of hazardous energy, 

such that operation of the disconnecting means is prohibited. The tagout device shall be 

installed in the same position available for the lockout device. 

(3) Where it is not possible to attach a lock to existing disconnecting means, the 

disconnecting means shall not be used as the only means to put the circuit in an 

electrically safe work condition. 

(4) The use of tagout procedures without a lock shall be permitted only in cases where 

equipment design precludes the installation of a lock on an energy isolation device(s). 

When tagout is employed, at least one additional safety measure shall be employed. In 

such cases, the procedure shall clearly establish responsibilities and accountability for 

each person who might be exposed to electrical hazards. 

FPN: Examples of additional safety measures include the removal of an isolating circuit element
such as fuses, blocking of the controlling switch, or opening an extra disconnecting device to
reduce the likelihood of inadvertent energization. 

(l) Removal of Lockout/Tagout Devices. The procedure shall identify the details for 

removing locks or tags when the installing individual is unavailable. When locks or tags are 

removed by someone other than the installer, the employer shall attempt to locate that person 



prior to removing the lock or tag. When the lock or tag is removed because the installer is 

unavailable, the installer shall be informed prior to returning to work. 

(m) Release for Return to Service. The procedure shall identify steps to be taken when 

the job or task requiring lockout/tagout is completed. Before electric circuits or equipment are 

reenergized, appropriate tests and visual inspections shall be conducted to verify that all tools, 

mechanical restraints and electrical jumpers, shorts, and grounds have been removed, so that 

the circuits and equipment are in a condition to be safely energized. Where appropriate, the 

employees responsible for operating the machines or process shall be notified when circuits and 

equipment are ready to be energized, and such employees shall provide assistance as necessary 

to safely energize the circuits and equipment. The procedure shall contain a statement requiring 

the area to be inspected to ensure that nonessential items have been removed. One such step 

shall ensure that all personnel are clear of exposure to dangerous conditions resulting from 

reenergizing the service and that blocked mechanical equipment or grounded equipment is 

cleared and prepared for return to service. 

(n) Temporary Release for Testing/Positioning. The procedure shall clearly identify 

the steps and qualified persons’ responsibilities when the job or task requiring lockout/tagout is 

to be interrupted temporarily for testing or positioning of equipment; then the steps shall be 

identical to the steps for return to service. 

FPN: See 110.9 and 130.4 for requirements when using test instruments and equipment. 

120.3 Temporary Protective Grounding Equipment. 

(A) Placement. Temporary protective grounds shall be placed at such locations and arranged in 

such a manner as to prevent each employee from being exposed to hazardous differences in 

electrical potential. 

(B) Capacity. Temporary protective grounds shall be capable of conducting the maximum fault 

current that could flow at the point of grounding for the time necessary to clear the fault. 

(C) Equipment Approval. Temporary protective grounding equipment shall meet the 

requirements of ASTM F 855, Standard Specification for Temporary Protective Grounds to be 

Used on De-energized Electric Power Lines and Equipment. 

(D) Impedance. Temporary protective grounds shall have an impedance low enough to cause 

immediate operation of protective devices in case of accidental energizing of the electric 

conductors or circuit parts. 

ARTICLE 130 Work Involving Electrical Hazards 

130.1 Justification for Work. 



(A) General. Energized electrical conductors and circuit parts to which an employee might be 

exposed shall be put into an electrically safe work condition before an employee works within 

the Limited Approach Boundary of those conductors or parts. 

(1) Greater Hazard. Energized work shall be permitted where the employer can demonstrate 

that deenergizing introduces additional or increased hazards. 

(2) Infeasibility. Energized work shall be permitted where the employer can demonstrate that 

the task to be performed is infeasible in a deenergized state due to equipment design or 

operational limitations. 

(3) Less Than 50 Volts. Energized electrical conductors and circuit parts that operate at less 

than 50 volts to ground shall not be required to be deenergized where the capacity of the source 

and any overcurrent protection between the energy source and the worker are considered and it 

is determined that there will be no increased exposure to electrical burns or to explosion due to 

electric arcs. 

FPN  No.  1:  Examples  of  increased  or  additional  hazards  include,  but  are  not  limited  to,
interruption of life support equipment, deactivation of emergency alarm systems, and shutdown
of hazardous location ventilation equipment. 

FPN No. 2: Examples of work that might be performed within the Limited Approach Boundary
of  exposed  energized  electrical  conductors  or  circuit  parts  because  of  infeasibility  due  to
equipment  design  or  operational  limitations  include  performing  diagnostics  and testing  (e.g.,
start-up  or  troubleshooting)  of  electric  circuits  that  can  only  be  performed  with  the  circuit
energized and work on circuits that form an integral part of a continuous process that would
otherwise need to be completely shut down in order to permit work on one circuit or piece of
equipment. 

FPN No. 3: The occurrence of arcing fault inside an enclosure produces a variety of physical
phenomena very different from a bolted fault. For example, the arc energy resulting from an arc
developed in air will cause a sudden pressure increase and localized overheating. Equipment and
design practices are available to minimize the energy levels and the number of at-risk procedures
that require an employee to be exposed to high level energy sources. Proven designs such as arc-
resistant  switchgear,  remote  racking  (insertion  or  removal),  remote  opening  and  closing  of
switching devices, high-resistance grounding of low-voltage and 5 kV (nominal) systems, current
limitation, and specification of covered bus within equipment are techniques available to reduce
the hazard of the system. 

(B) Energized Electrical Work Permit. 

(1) Where Required. When working on energized electrical conductors or circuit parts that are 

not placed in an electrically safe work condition (i.e., for the reasons of increased or additional 

hazards or infeasibility per 130.1), work to be performed shall be considered energized 

electrical work and shall be performed by written permit only. 



(2) Elements of Work Permit. The energized electrical work permit shall include, but not be 

limited to, the following items: 

(1) A description of the circuit and equipment to be worked on and their location 

(2) Justification for why the work must be performed in an energized condition (130.1) 

(3) A description of the safe work practices to be employed [110.8(B)] 

(4) Results of the shock hazard analysis [110.8(B)(1)(a)] 

(5) Determination of shock protection boundaries [130.2(B) and Table 130.2(C)] 

(6) Results of the arc flash hazard analysis (130.3) 

(7) The arc flash protection boundary [130.3(A)] 

(8) The necessary personal protective equipment to safely perform the assigned task 

[130.3(B), 130.7(C)(9), and Table 130.7(C)(9)] 

(9) Means employed to restrict the access of unqualified persons from the work area 

[110.8(A)(2)] 

(10) Evidence of completion of a job briefing, including a discussion of any job-specific 

hazards [110.7(G)] 

(11) Energized work approval (authorizing or responsible management, safety officer, or 

owner, etc.) signature(s) 

(3) Exemptions to Work Permit. Work performed within the Limited Approach Boundary of 

energized electrical conductors or circuit parts by qualified persons related to tasks such as 

testing, troubleshooting, voltage measuring, etc., shall be permitted to be performed without an 

energized electrical work permit, provided appropriate safe work practices and personal 

protective equipment in accordance with Chapter 1 are provided and used. If the purpose of 

crossing the Limited Approach Boundary is only for visual inspection and the Restricted 

Approach Boundary will not be crossed, then an energized electrical work permit shall not be 

required. 

FPN: For an example of an acceptable energized electrical work permit, see Annex J. 

130.2 Approach Boundaries to Energized Electrical Conductors or Circuit Parts. 

(A) Shock Hazard Analysis. A shock hazard analysis shall determine the voltage to which 

personnel will be exposed, boundary requirements, and the personal protective equipment 

necessary in order to minimize the possibility of electric shock to personnel. 

(B) Shock Protection Boundaries. The shock protection boundaries identified as Limited, 

Restricted, and Prohibited Approach Boundaries are applicable to the situation in which 

approaching personnel are exposed to energized electrical conductors or circuit parts. See 

Table 130.2(C) for the distances associated with various system voltages. 



FPN: In certain instances, the Arc Flash Protection Boundary might be a greater distance from the
xposed energized electrical conductors or circuit parts than the Limited Approach Boundary. The
Shock Protection Boundaries and the Arc Flash Hazard Boundary are independent of each other. 

(C) Approach to Exposed Energized Electrical Conductors or Circuit Parts Operating at 

50 Volts or More. No qualified person shall approach or take any conductive object closer to 

exposed energized electrical conductors or circuit parts operating at 50 volts or more than the 

Restricted Approach Boundary set forth in Table 130.2(C), unless any of the following apply: 

(1) The qualified person is insulated or guarded from the energized electrical conductors or 

circuit parts operating at 50 volts or more and no uninsulated part of the qualified 

person’s body crosses the Prohibited Approach Boundary set forth in Table 130.2(C). 

Insulating gloves or insulating gloves and sleeves are considered insulation only with 

regard to the energized parts upon which work is being performed. If there is a need for 

an uninsulated part of the qualified person’s body to cross the Prohibited Approach 

Boundary, a combination of Sections 130.2(C)(1), 130.2(C)(2), and 130.2(C)(3) shall 

be used to protect the uninsulated body parts. 

(2) The energized electrical conductors or circuit part operating at 50 volts or more are 

insulated from the qualified person and from any other conductive object at a different 

potential. 

(3) The qualified person is insulated from any other conductive object as during live-line 

bare-hand work. 

Table 130.2(C) Approach Boundaries to Energized Electrical Conductors or Circuit 

Parts for Shock Protection (All dimensions are distance from energized electrical 

conductor or circuit part to employee.) 

(1) (2) (3) (4) 

Limited Approach Boundary1 

Restricted Approach 

Nominal System Voltage 

Range, Phase to Phase2 

Exposed Movable 

Conductor3 

Exposed Fixed Circuit 

Part 

Boundary1; Includes 



Inadvertent Movement 

Adder 

P 

Less than 50 Not specified Not specified Not specified Not s 

50 to 300 3.05 m (10 ft 0 in.) 1.07 m (3 ft 6 in.) Avoid contact Avoi 

301 to 750 3.05 m (10 ft 0 in.) 1.07 m (3 ft 6 in.) 304.8 mm (1 ft 0 in.) 25.4 

751 to 15 kV 3.05 m (10 ft 0 in.) 1.53 m (5 ft 0 in.) 660.4 mm (2 ft 2 in.) 177.8 

15.1 kV to 36 kV 3.05 m (10 ft 0 in.) 1.83 m (6 ft 0 in.) 787.4 mm (2 ft 7 in.) 254 m 

36.1 kV to 46 kV 3.05 m (10 ft 0 in.) 2.44 m (8 ft 0 in.) 838.2 mm (2 ft 9 in.) 431.8 

46.1 kV to 72.5 kV 3.05 m (10 ft 0 in.) 2.44 m (8 ft 0 in.) 1.0 m (3 ft 3 in.) 660 m 

72.6 kV to 121 kV 3.25 m (10 ft 8 in.) 2.44 m (8 ft 0 in.) 1.29 m (3 ft 4 in.) 838 m 

138 kV to 145 kV 3.36 m (11 ft 0 in.) 3.05 m (10 ft 0 in.) 1.15 m (3 ft 10 in.) 1.02 

(1) (2) (3) (4) 

Limited Approach Boundary1 

Restricted Approach 

Nominal System Voltage 

Range, Phase to Phase2 

Exposed Movable 

Conductor3 

Exposed Fixed Circuit 

Part 

Boundary1; Includes 

Inadvertent Movement 

Adder 

P 

161 kV to 169 kV 3.56 m (11 ft 8 in.) 3.56 m (11 ft 8 in.) 1.29 m (4 ft 3 in.) 1.14 

230 kV to 242 kV 3.97 m (13 ft 0 in.) 3.97 m (13 ft 0 in.) 1.71 m (5 ft 8 in.) 1.57 

345 kV to 362 kV 4.68 m (15 ft 4 in.) 4.68 m (15 ft 4 in.) 2.77 m (9 ft 2 in.) 2.79 

500 kV to 550 kV 5.8 m (19 ft 0 in.) 5.8 m (19 ft 0 in.) 3.61 m (11 ft 10 in.) 3.54 

765 kV to 800 kV 7.24 m (23 ft 9 in.) 7.24 m (23 ft 9 in.) 4.84 m (15 ft 11 in.) 4.7 m 

Note: For Arc Flash Protection Boundary, see 130.3(A). 

1 See definition in Article 100 and text in 130.2(D)(2) and Annex C for elaboration. 



2 For single-phase systems,  select the range that is equal to the system’s maximum phase-to-
ground voltage multipli 

3 A condition in which the distance between the conductor and a person is not under the control
of the person. The t applied to overhead line conductors supported by poles. 

(D) Approach by Unqualified Persons. Unqualified persons shall not be permitted to enter 

spaces that are required to be accessible to qualified employees only, unless the electric 

conductors and equipment involved are in an electrically safe work condition. 

(1) Working At or Close to the Limited Approach Boundary. Where one or more 

unqualified persons are working at or close to the Limited Approach Boundary, the designated 

person in charge of the work space where the electrical hazard exists shall advise the 

unqualified person(s) of the electrical hazard and warn him or her to stay outside of the Limited 

Approach Boundary. 

(2) Entering the Limited Approach Boundary. Where there is a need for an unqualified 

person(s) to cross the Limited Approach Boundary, a qualified person shall advise him or her 

of the possible hazards and continuously escort the unqualified person(s) while inside the 

Limited Approach Boundary. Under no circumstance shall the escorted unqualified person(s) 

be permitted to cross the Restricted Approach Boundary. 

130.3 Arc Flash Hazard Analysis. 

An arc flash hazard analysis shall determine the Arc Flash Protection Boundary and the 

personal protective equipment that people within the Arc Flash Protection Boundary shall use. 

The arc flash hazard analysis shall be updated when a major modification or renovation takes 

place. It shall be reviewed periodically, not to exceed five years, to account for changes in the 

electrical distribution system that could affect the results of the arc flash hazard analysis. 

The arc flash hazard analysis shall take into consideration the design of the overcurrent 

protective device and its opening time, including its condition of maintenance. 

Exception No. 1: An arc flash hazard analysis shall not be required where all of the following 

conditions exist: 

(1) The circuit is rated 240 volts or less. 

(2) The circuit is supplied by one transformer. 

(3) The transformer supplying the circuit is rated less than 125 kVA. 

Exception No. 2: The requirements of 130.7(C)(9), 130.7(C)(10), and 130.7(C)(11) shall be 

permitted to be used in lieu of a detailed incident energy analysis. 



FPN No. 1:  Improper or inadequate maintenance can result  in increased opening time of the
overcurrent protective device, thus increasing the incident energy. 

FPN  No.  2:  For  additional  direction  for  performing  maintenance  on  overcurrent  protective
devices, see Chapter 2, Safety-Related Maintenance Requirements. 

(A) Arc Flash Protection Boundary. 

(1) Voltage Levels Between 50 Volts and 600 Volts. In those cases where detailed arc flash 

hazard analysis calculations are not performed for systems that are between 50 volts and 600 

volts, the Arc Flash Protection Boundary shall be 4.0 ft, based on the product of clearing time 

of 2 cycles (0.033 sec) and the available bolted fault current of 50 kA or any combination not 

exceeding 100 kA cycles (1667 ampere seconds). When the product of clearing times and 

bolted fault current exceeds 100 kA cycles, the Arc Flash Protection Boundary shall be 

calculated. 

(2) Voltage Levels Above 600 Volts. At voltage levels above 600 volts, the Arc Flash 

Protection Boundary shall be the distance at which the incident energy equals 5 J/cm2 (1.2 

cal/cm2). For situations where fault-clearing time is equal to or less than 0.1 sec, the Arc Flash 

Protection Boundary shall be the distance at which the incident energy level equals 6.24 J/cm2 

(1.5 cal/cm2). 

FPN: For information on estimating the Arc Flash Protection Boundary, see Annex D. 

(B) Protective Clothing and Other Personal Protective Equipment (PPE) for Application 

with an Arc Flash Hazard Analysis. Where it has been determined that work will be 

performed within the Arc Flash Protection Boundary identified by 130.3(A), one of the 

following methods shall be used for the selection of protective clothing and other personal 

protective equipment: 

(1) Incident Energy Analysis. The incident energy analysis shall determine, and the 

employer shall document, the incident energy exposure of the worker (in calories per 

square centimeter). The incident energy exposure level shall be based on the working 

distance of the employee’s face and chest areas from a prospective arc source for the 

specific task to be performed. Arc-Rated FR clothing and other personal protective 

equipment (PPE) shall be used by the employee based on the incident energy exposure 

associated with the specific task. Recognizing that incident energy increases as the 

distance from the arc flash decreases, additional PPE shall be used for any parts of the 

body that are closer than the distance at which the incident energy was determined. 

FPN: For information on estimating the incident energy, see Annex D. 



(2) Hazard/Risk Categories. The requirements of 130.7(C)(9), 130.7(C)(10), and 

130.7(C)(11) shall be permitted to be used for the selection and use of personal and 

other protective equipment. 

(C) Equipment Labeling. Equipment shall be field marked with a label containing the 

available incident energy or required level of PPE. 

130.4 Test Instruments and Equipment Use. 

Only qualified persons shall perform testing work within the Limited Approach Boundary of 

energized electrical conductors or circuit parts operating at 50 volts or more. 

130.5 Work Within the Limited Approach Boundary of Uninsulated Overhead Lines. 

(A) Uninsulated and Energized. Where work is performed in locations containing uninsulated 

energized overhead lines that are not guarded or isolated, precautions shall be taken to prevent 

employees from contacting such lines directly with any unguarded parts of their body or 

indirectly through conductive materials, tools, or equipment. Where the work to be performed 

is such that contact with uninsulated energized overhead lines is possible, the lines shall be 

deenergized and visibly grounded at the point of work, or suitably guarded. 

(B) Deenergizing or Guarding. If the lines are to be deenergized, arrangements shall be made 

with the person or organization that operates or controls the lines to deenergize them and 

visibly ground them at the point of work. If arrangements are made to use protective measures, 

such as guarding, isolating, or insulation, these precautions shall prevent each employee from 

contacting such lines directly with any part of his or her body or indirectly through conductive 

materials, tools, or equipment. 

(C) Employer and Employee Responsibility. The employer and employee shall be 

responsible for ensuring that guards or protective measures are satisfactory for the conditions. 

Employees shall comply with established work methods and the use of protective equipment. 

(D) Approach Distances for Unqualified Persons. When unqualified persons are working on 

the ground or in an elevated position near overhead lines, the location shall be such that the 

employee and the longest conductive object the employee might contact do not come closer to 

any unguarded, energized overhead power line than the Limited Approach Boundary in Table 

130.2(C), Column 2. 

FPN:  Objects  that  are  not  insulated  for  the  voltage  involved  should  be  considered  to  be
conductive. 

(E) Vehicular and Mechanical Equipment. 



(1) Elevated Equipment. Where any vehicle or mechanical equipment structure will be 

elevated near energized overhead lines, they shall be operated so that the Limited Approach 

Boundary distance of Table 130.2(C), Column 2, is maintained. However, under any of the 

following conditions, the clearances shall be permitted to be reduced: 

(1) If the vehicle is in transit with its structure lowered, the Limited Approach Boundary to 

overhead lines in Table 130.2(C), Column 2, shall be permitted to be reduced by 1.83 m 

(6 ft). If insulated barriers, rated for the voltages involved, are installed and they are not 

part of an attachment to the vehicle, the clearance shall be permitted to be reduced to 

the design working dimensions of the insulating barrier. 

(2) If the equipment is an aerial lift insulated for the voltage involved, and if the work is 

performed by a qualified person, the clearance (between the uninsulated portion of the 

aerial lift and the power line) shall be permitted to be reduced to the Restricted 

Approach Boundary given in Table 130.2(C), Column 4. 

(2) Equipment Contact. Employees standing on the ground shall not contact the vehicle or 

mechanical equipment or any of its attachments, unless either of the following conditions 

apply: 

(1) The employee is using protective equipment rated for the voltage. 

(2) The equipment is located so that no uninsulated part of its structure (that portion of the 

structure that provides a conductive path to employees on the ground) can come closer 

to the line than permitted in 130.5(E)(1). 

(3) Equipment Grounding. If any vehicle or mechanical equipment capable of having parts of 

its structure elevated near energized overhead lines is intentionally grounded, employees 

working on the ground near the point of grounding shall not stand at the grounding location 

whenever there is a possibility of overhead line contact. Additional precautions, such as the use 

of barricades, dielectric overshoe footwear, or insulation, shall be taken to protect employees 

from hazardous ground potentials (step and touch potential). 

FPN: Upon contact of the elevated structure with the energized lines, hazardous ground potentials
can develop within a few feet or more outward from the grounded point. 

130.6 Other Precautions for Personnel Activities. 

(A) Alertness. 

(1) When Hazardous. Employees shall be instructed to be alert at all times when they are 

working within the Limited Approach Boundary of energized electrical conductors or circuit 

parts operating at 50 volts or more and in work situations where electrical hazards might exist. 

(2) When Impaired. Employees shall not be permitted to work within the Limited Approach 



Boundary of energized electrical conductors or circuit parts operating at 50 volts or more, or 

where other electrical hazards exist, while their alertness is recognizably impaired due to 

illness, fatigue, or other reasons. 

(3) Changes in Scope. Employees shall be instructed to be alert for changes in the job or task 

that may lead the person outside of the electrically safe work condition or expose the person to 

additional hazards that were not part of the original plan. 

(B) Blind Reaching. Employees shall be instructed not to reach blindly into areas that might 

contain exposed energized electrical conductors or circuit parts where an electrical hazard 

exists. 

(C) Illumination. 

(1) General. Employees shall not enter spaces containing electrical hazards unless illumination 

is provided that enables the employees to perform the work safely. 

(2) Obstructed View of Work Area. Where lack of illumination or an obstruction precludes 

observation of the work to be performed, employees shall not perform any task within the 

Limited Approach Boundary of energized electrical conductors or circuit parts operating at 50 

volts or more or where an electrical hazard exists. 

(D) Conductive Articles Being Worn. Conductive articles of jewelry and clothing (such as 

watchbands, bracelets, rings, key chains, necklaces, metalized aprons, cloth with conductive 

thread, metal headgear, or metal frame glasses) shall not be worn where they present an 

electrical contact hazard with exposed energized electrical conductors or circuit parts. 

(E) Conductive Materials, Tools, and Equipment Being Handled. 

(1) General. Conductive materials, tools, and equipment that are in contact with any part of an 

employee’s body shall be handled in a manner that prevents accidental contact with energized 

electrical conductors or circuit parts. Such materials and equipment include, but are not limited 

to, long conductive objects, such as ducts, pipes and tubes, conductive hose and rope, 

metal-lined rules and scales, steel tapes, pulling lines, metal scaffold parts, structural members, 

bull floats, and chains. 

(2) Approach to Energized Electrical Conductors and Circuit Parts. Means shall be 

employed to ensure that conductive materials approach exposed energized electrical conductors 

or circuit parts no closer than that permitted by 130.2. 

(F) Confined or Enclosed Work Spaces. When an employee works in a confined or enclosed 

space (such as a manhole or vault) that contains exposed energized electrical conductors or 

circuit parts operating at 50 volts or more or where an electrical hazard exists, the employer 

shall provide, and the employee shall use, protective shields, protective barriers, or insulating 



materials as necessary to avoid inadvertent contact with these parts and the effects of the 

electrical hazards. Doors, hinged panels, and the like shall be secured to prevent their swinging 

into an employee and causing the employee to contact exposed energized electrical conductors 

or circuit parts rating at 50 volts or more or where an electrical hazard exists. 

(G) Housekeeping Duties. Where energized electrical conductors or circuit parts present an 

electrical contact hazard, employees shall not perform housekeeping duties inside the Limited 

Approach Boundary where there is a possibility of contact, unless adequate safeguards (such as 

insulating equipment or barriers) are provided to prevent contact. Electrically conductive 

cleaning materials (including conductive solids such as steel wool, metalized cloth, and silicone 

carbide, as well as conductive liquid solutions) shall not be used inside the Limited Approach 

Boundary unless procedures to prevent electrical contact are followed. 

(H) Occasional Use of Flammable Materials. Where flammable materials are present only 

occasionally, electric equipment capable of igniting them may not be used, unless measures are 

taken to prevent hazardous conditions from developing. Such materials include, but are not 

limited to, flammable gases, vapors, or liquids; combustible dust; and ignitible fibers or flyings. 

FPN: Electrical installation requirements for locations where flammable materials are present on
a regular basis are contained in NFPA 70, National Electrical Code. 

(I) Anticipating Failure. When there is evidence that electric equipment could fail and injure 

employees, the electric equipment shall be deenergized unless the employer can demonstrate 

that deenergizing introduces additional or increased hazards or is infeasible because of 

equipment design or operational limitation. Until the equipment is deenergized or repaired, 

employees shall be protected from hazards associated with the impending failure of the 

equipment. 

(J) Routine Opening and Closing of Circuits. Load-rated switches, circuit breakers, or other 

devices specifically designed as disconnecting means shall be used for the opening, reversing, 

or closing of circuits under load conditions. Cable connectors not of the load-break type, fuses, 

terminal lugs, and cable splice connections shall not be permitted to be used for such purposes, 

except in an emergency. 

(K) Reclosing Circuits After Protective Device Operation. After a circuit is deenergized by 

a circuit protective device, the circuit shall not be manually reenergized until it has been 

determined that the equipment and circuit can be safely energized. The repetitive manual 

reclosing of circuit breakers or reenergizing circuits through replaced fuses shall be prohibited. 

When it is determined from the design of the circuit and the overcurrent devices involved that 



the automatic operation of a device was caused by an overload rather than a fault condition, 

examination of the circuit or connected equipment shall not be required before the circuit is 

reenergized. 

130.7 Personal and Other Protective Equipment. 

(A) General. Employees working in areas where electrical hazards are present shall be 

provided with, and shall use, protective equipment that is designed and constructed for the 

specific part of the body to be protected and for the work to be performed. 

FPN No. 1: The PPE requirements of 130.7 are intended to protect a person from arc flash and
shock hazards. While some situations could result in burns to the skin, even with the protection
selected, burn injury should be reduced and survivable. Due to the explosive effect of some arc
events,  physical  trauma injuries could occur.  The PPE requirements  of  130.7 do not  address
protection against physical trauma other than exposure to the thermal effects of an arc flash. 

FPN No. 2: When incident energy exceeds 40 cal/cm2 at the working distance, greater emphasis
may be necessary with respect to de-energizing before working within the Limited Approach
Boundary of the exposed electrical conductors or circuit parts. 

(B) Care of Equipment. Protective equipment shall be maintained in a safe, reliable condition. 

The protective equipment shall be visually inspected before each use. Protective equipment 

shall be stored in a manner to prevent damage from physically damaging conditions and from 

moisture, dust, or other deteriorating agents. 

FPN: Specific requirements for periodic testing of electrical protective equipment are given in
130.7(C)(8) and 130.7(F). 

(C) Personal Protective Equipment. 

(1) General. When an employee is working within the Arc Flash Protection Boundary he or 

she shall wear protective clothing and other personal protective equipment in accordance with 

130.3. All parts of the body inside the Arc Flash Protection Boundary shall be protected. 

(2) Movement and Visibility. When flame-resistant (FR) clothing is worn to protect an 

employee, it shall cover all ignitible clothing and shall allow for movement and visibility. 

(3) Head, Face, Neck, and Chin (Head Area) Protection. Employees shall wear 

nonconductive head protection wherever there is a danger of head injury from electric shock or 

burns due to contact with energized electrical conductors or circuit parts or from flying objects 

resulting from electrical explosion. Employees shall wear nonconductive protective equipment 

for the face, neck, and chin whenever there is a danger of injury from exposure to electric arcs 

or flashes or from flying objects resulting from electrical explosion. If employees use hairnets 

and/or beard nets, these items must be non-melting and flame resistant. 



FPN: See 130.7(C)(13)(b) for arc flash protective requirements. 

(4) Eye Protection. Employees shall wear protective equipment for the eyes whenever there is 

danger of injury from electric arcs, flashes, or from flying objects resulting from electrical 

explosion. 

(5) Body Protection. Employees shall wear FR clothing wherever there is possible exposure to 

an electric arc flash above the threshold incident-energy level for a second-degree burn [5 

J/cm2 (1.2 cal/cm2)]. 

FPN: Such clothing can be provided as an arc flash suit jacket and arc flash suit pants, shirts and
pants, or as coveralls, or as a combination of jacket and pants, or, for increased protection, as
coveralls with jacket and pants. Various weight fabrics are available. Generally, the higher degree
of protection is provided by heavier weight fabrics and/or by layering combinations of one or
more layers of FR clothing. In some cases, one or more layers of FR clothing are worn over
flammable, non-melting clothing. 

(6) Hand and Arm Protection. Hand and arm protection shall be provided in accordance with 

(a), (b), and (c) below. 

(a) Shock Protection. Employees shall wear rubber insulating gloves with leather protectors 

where there is a danger of hand injury from electric shock due to contact with energized 

electrical conductors or circuit parts. Employees shall wear rubber insulating gloves with 

leather protectors and rubber insulating sleeves where there is a danger of hand and arm injury 

from electric shock due to contact with energized electrical conductors or circuit parts. Rubber 

insulating gloves shall be rated for the voltage for which the gloves will be exposed. 

Exception: Where it is necessary to use rubber insulating gloves without leather protectors, 

the requirements of ASTM F 496, Standard Specification for In-Service Care of Insulating 

Gloves and Sleeves, shall be met. 

FPN: Table 130.7(C)(9) provides further information on tasks where rubber insulating gloves are
required. 

(b) Arc Flash Protection. Hand and arm protection shall be worn where there is possible 

exposure to arc flash burn. The apparel described in 130.7(C)(13)(c) shall be required for 

protection of hands from burns. Arm protection shall be accomplished by the apparel described 

in 130.7(C)(5). 

(c) Maintenance and Use. Electrical protective equipment shall be maintained in a safe, 



reliable condition. Insulating equipment shall be inspected for damage before each day’s use 

and immediately following any incident that can reasonably be suspected of having caused 

damage. Insulating gloves shall be given an air test, along with the inspection. Electrical 

protective equipment shall be subjected to periodic electrical tests. Test voltages and the 

maximum intervals between tests shall be in accordance with Table 130.7(C)(6)(c). 

Table 130.7(C)(6)(c) Rubber Insulating Equipment, Maximum Test Intervals 

Rubber Insulating Equipment 

When to Test Governing Standard* 

for Test Voltage Blankets Before first issue; every 12 

months thereafter† 

ASTM F 479 

Covers If insulating value is suspect ASTM F 478 

Gloves Before first issue; every 6 months thereafter† 

ASTM F 496 

Line hose If insulating value is suspect ASTM F 478 

Sleeves Before first issue; every 12 months thereafter 

ASTM F 496 

*ASTM F 478, Standard Specification for In-Service Care of Insulating Line 

Hose and Covers; ASTM F 479, Standard Specification for In-Service Care of 

Insulating Blankets; ASTM F 496, Standard Specification for In-Service Care 

of Insulating Gloves and Sleeves. 

†If the insulating equipment has been electrically tested but not issued for 

service, it may not be placed into service unless it has been electrically tested 

within the previous 12 months. 

FPN:  See OSHA 1910.137 and ASTM F 496,  Standard Specification for In-Service  Care of
Insulating Gloves and Sleeves. 

(7) Foot Protection. Where insulated footwear is used as protection against step and touch 

potential, dielectric overshoes shall be required. Insulated soles shall not be used as primary 

electrical protection. 

(8) Standards for Personal Protective Equipment (PPE). Personal protective equipment 

(PPE) shall conform to the standards given in Table 130.7(C)(8). 

FPN: Non-FR or flammable  fabrics are not  covered by a standard in Table 130.7(C)(8).  See



130.7(C)(14) and 130.7(C)(15). 

Table 130.7(C)(8) Standards on Protective Equipment 

Subject Number and Title 

Head protection ANSI Z89.1, Requirements for Protective Headwear for Industrial Workers, 

2003 Eye and face protection 

ANSI Z87.1, Practice for Occupational and Educational Eye and Face 

Protection,  2003 Gloves ASTM D 120,  Standard Specification for Rubber Insulating Gloves,
2002a (R 2006) 

Sleeves Gloves and sleeves 

ASTM D 1051, Standard Specification for Rubber Insulating Sleeves, 2007 

ASTM F 496, Standard Specification for In-Service Care of Insulating 

Gloves and Sleeves, 2006 

Leather protectors 

ASTM F 696, Standard Specification for Leather Protectors for Rubber 

Insulating Gloves and Mittens, 2006 

Footwear ASTM F 1117, Standard Specification for Dielectric Overshoe Footwear, 

2003 

ASTM F 2412, Standard Test Methods for Foot Protection, 2005 

ASTM F 2413, Standard Specification for Performance Requirements for 

Foot Protection, 2005 

Visual inspection 

ASTM F 1236, Standard Guide for Visual Inspection of Electrical 

Protective Rubber Products, 1996 (R 2007) 

Apparel ASTM F 1506, Standard Performance Specification for Textile Material for 

Wearing Apparel for Use by Electrical Workers Exposed to Momentary 

Electric Arc and Related Thermal Hazards, 2002a 

Raingear ASTM F 1891, Standard Specification for Arc and Flame Resistant 

Rainwear, 2006 

Face protective products 

ASTM F 2178, Standard Test Method for Determining the Arc Rating and 

Standard Specification for Face Protective Products, 2006 

Fall protection ASTM F 887, Standard Specifications for Personal Climbing Equipment, 

2005 



(9) Selection of Personal Protective Equipment When Required for Various Tasks. Where 

selected in lieu of the incident energy analysis of 130.3(B)(1), Table 130.7(C)(9) shall be used 

to determine the hazard/risk category and requirements for use of rubber insulating gloves and 

insulated and insulating hand tools for a task. The assumed maximum short-circuit current 

capacities and maximum fault clearing times for various tasks are listed in the notes to Table 

130.7(C)(9). For tasks not listed, or for power systems with greater than the assumed maximum 

short-circuit current capacity or with longer than the assumed maximum fault clearing times, an 

arc flash hazard analysis shall be required in accordance with 130.3. 

FPN No.  1:  The  work  tasks  and  protective  equipment  identified  in  Table  130.7(C)(9)  were
identified by a task group and the protective clothing and equipment selected was based on the
collective experience of the task group. The protective clothing and equipment is generally based
on determination of estimated exposure levels. 

In several cases where the risk of an arc flash incident is considered low, very low, or extremely
low by the task group, the hazard/risk category number has been reduced by 1, 2, or 3 numbers,
respectively. The collective experience of the task group is that in most cases closed doors do not
provide enough protection to eliminate the need for PPE for instances where the state of the
equipment  is  known to readily change (e.g.,  doors open or closed,  rack in or rack out).  The
premise used by the Task Group is considered to be reasonable, based on the consensus judgment
of the full NFPA 70E Technical Committee. 

FPN  No.  2:  Both  larger  and  smaller  available  short-circuit  currents  could  result  in  higher
available arc flash energies. If the available short-circuit current increases without a decrease in
the opening time of the overcurrent protective device, the arc flash energy will increase. If the
available short-circuit current decreases, resulting in a longer opening time for the overcurrent
protective device, arc flash energies could also increase. 

FPN No. 3: Energized electrical conductors or circuit parts that operate at less than 50 volts may
need to be de-energized to satisfy an “electrically safe work condition.” Consideration should be
given to the capacity of the source, any overcurrent protection between the energy source and the
worker, and whether the work task related to the source operating at less than 50 volts increases
exposure to electrical burns or to explosion from an electric arc. 

FPN No.  4:  See  130.1(B)(2)(6)  for  requirements  on  documenting  the  available  short-circuit
current and fault clearing time. 

Table 130.7(C)(9) Hazard/Risk Category Classifications and Use of Rubber Insulating 

Gloves and Insulated and Insulating Hand Tools 



Rubber 

Hazard/Risk Insulating 

Tasks Performed on Energized Equipment Category Gloves 

Panelboards or Other Equipment Rated 240 V and Below — Note 1 

Perform infrared thermography and other non-contact inspections outside the 0 N 

restricted approach boundary 

Circuit breaker (CB) or fused switch operation with covers on 0 N 

CB or fused switch operation with covers off 0 N 

Work on energized electrical conductors and circuit parts, including voltage 1 Y 

testing 

Remove/install CBs or fused switches 1 Y 

Removal of bolted covers (to expose bare, energized electrical conductors and 1 N 

circuit parts) 

Opening hinged covers (to expose bare, energized electrical conductors and 0 N 

circuit parts) 

Tasks Performed on Energized Equipment 

Hazard/Risk Category 

Rubber Insulating Gloves 

Work on energized electrical conductors and circuit parts of utilization 

equipment fed directly by a branch circuit of the panelboard 1 Y 

Panelboards or Switchboards Rated >240 V and up to 600 V (with molded 

case or insulated case circuit breakers) — Note 1 

Perform infrared thermography and other non-contact inspections outside the 

restricted approach boundary 1 N CB or fused switch operation with covers on 0 N 

CB or fused switch operation with covers off 1 Y 

Work on energized electrical conductors and circuit parts, including voltage 

testing 2* Y 

Work on energized electrical conductors and circuit parts of utilization 

equipment fed directly by a branch circuit of the panelboard or switchboard 

2* Y 

600 V Class Motor Control Centers (MCCs) — Note 2 (except as indicated) 

Perform infrared thermography and other non-contact inspections outside the 

restricted approach boundary 1 N CB or fused switch or starter operation with enclosure doors
closed 0 N Reading a panel meter while operating a meter switch 0 N 



CB or fused switch or starter operation with enclosure doors open 1 N 

Work on energized electrical conductors and circuit parts, including voltage 

testing 2* Y Work on control circuits with energized electrical conductors and circuit parts 

120 V or below, exposed 0 Y 

Work on control circuits with energized electrical conductors and circuit parts 

>120 V, exposed 

2* Y 

Insertion or removal of individual starter “buckets” from MCC — Note 3 4 Y 

Application of safety grounds, after voltage test 2* Y 

Removal of bolted covers (to expose bare, energized electrical conductors and 

circuit parts) — Note 3 

4 N 

Opening hinged covers (to expose bare, energized electrical conductors and 

circuit parts) — Note 3 

1 N Work on energized electrical conductors and circuit parts of utilization 

equipment fed directly by a branch circuit of the motor control center 

2* Y 

600 V Class Switchgear (with power circuit breakers or fused switches) — 

Note 4 Perform infrared thermography and other non-contact inspections outside the 

restricted approach boundary 2 N CB or fused switch operation with enclosure doors closed 0 N 

Reading a panel meter while operating a meter switch 0 N 

CB or fused switch operation with enclosure doors open 1 N 

Work on energized electrical conductors and circuit parts, including voltage 

testing 2* Y 

Work on control circuits with energized electrical conductors and circuit parts 

120 V or below, exposed 0 Y 

Work on control circuits with energized electrical conductors and circuit parts 

>120 V, exposed 2* Y 

Tasks Performed on Energized Equipment 

Hazard/Risk Category Rubber Insulating Gloves 

Insertion or removal (racking) of CBs from cubicles, doors open or closed 4 N 

Application of safety grounds, after voltage test 2* Y 

Removal of bolted covers (to expose bare, energized electrical conductors and 

circuit parts) 4 N 



Opening hinged covers (to expose bare, energized electrical conductors and 

circuit parts) 2 N 

Other 600 V Class (277 V through 600 V, nominal) Equipment — Note 2 

(except as indicated) 

Lighting or small power transformers (600 V, maximum) 

Removal of bolted covers (to expose bare, energized electrical conductors 

and circuit parts) 2* N 

Opening hinged covers (to expose bare, energized electrical conductors and 

circuit parts) 1 N 

Work on energized electrical conductors and circuit parts, including voltage 

testing 2* Y 

Application of safety grounds, after voltage test 2* Y 

Revenue meters (kW-hour, at primary voltage and current) Insertion or removal 2* Y 

Cable trough or tray cover removal or installation 1 N 

Miscellaneous equipment cover removal or installation 1 N 

Work on energized electrical conductors and circuit parts, including voltage 

testing 2* Y 

Application of safety grounds, after voltage test 2* Y 

Insertion or removal of plug-in devices into or from busways 2* Y 

NEMA E2 (fused contactor) Motor Starters, 2.3 kV Through 7.2 kV 

Perform infrared thermography and other non-contact inspections outside the 

restricted approach boundary 3 N 

Contactor operation with enclosure doors closed 0 N 

Reading a panel meter while operating a meter switch 0 N 

Contactor operation with enclosure doors open 2* N 

Work on energized electrical conductors and circuit parts, including voltage 

testing 4 Y 

Work on control circuits with energized electrical conductors and circuit parts 

120 V or below, exposed 0 Y 

Work on control circuits with energized electrical conductors and circuit parts 

>120 V, exposed 3 Y 

Insertion or removal (racking) of starters from cubicles, doors open or closed 4 N 

Application of safety grounds, after voltage test 3 Y 

Removal of bolted covers (to expose bare, energized electrical conductors and 

circuit parts) 4 N 



Opening hinged covers (to expose bare, energized electrical conductors and 

circuit parts) 3 N Insertion or removal (racking) of starters from cubicles of arc-resistant 

construction, tested in accordance with IEEE C37.20.7, doors closed only 0 N 

Metal Clad Switchgear, 1 kV Through 38 kV 

Tasks Performed on Energized Equipment 

Hazard/Risk Category 

Rubber Insulating Gloves 

Perform infrared thermography and other non-contact inspections outside the 

restricted approach boundary 3 N 

CB operation with enclosure doors closed 2 N 

Reading a panel meter while operating a meter switch 0 N 

CB operation with enclosure doors open 4 N 

Work on energized electrical conductors and circuit parts, including voltage 

testing 4 Y 

Work on control circuits with energized electrical conductors and circuit parts 

120 V or below, exposed 2 Y 

Work on control circuits with energized electrical conductors and circuit parts 

>120 V, exposed 4 Y 

Insertion or removal (racking) of CBs from cubicles, doors open or closed 4 N 

Application of safety grounds, after voltage test 4 Y 

Removal of bolted covers (to expose bare, energized electrical conductors and 

circuit parts) 4 N 

Opening hinged covers (to expose bare, energized electrical conductors and 

circuit parts) 3 N 

Opening voltage transformer or control power transformer compartments 4 N 

Arc-Resistant Switchgear Type 1 or 2 (for clearing times of <0.5 sec with a 

perspective fault current not to exceed the arc resistant rating of the 

equipment) CB operation with enclosure door closed 0 N 

Insertion or removal (racking) of CBs from cubicles, doors closed 0 N 

Insertion or removal of CBs from cubicles with door open 4 N 

Work on control circuits with energized electrical conductors and circuit parts 

120 V or below, exposed 2 Y 

Insertion or removal (racking) of ground and test device with door closed 0 N 

Insertion or removal (racking) of voltage transformers on or off the bus door 



closed 0 N 

Other Equipment 1 kV Through 38 kV 

Metal-enclosed interrupter switchgear, fused or unfused 

Switch operation of arc-resistant-type construction, tested in accordance 

with IEEE C37.20.7, doors closed only 0 N 

Switch operation, doors closed 2 N Work on energized electrical conductors and circuit parts,
including voltage testing 4 Y 

Removal of bolted covers (to expose bare, energized electrical conductors 

and circuit parts) 4 N 

Opening hinged covers (to expose bare, energized electrical conductors and 

circuit parts) 3 N 

Outdoor disconnect switch operation (hookstick operated) 3 Y 

Outdoor disconnect switch operation (gang-operated, from grade) 2 Y 

Insulated cable examination, in manhole or other confined space 4 Y 

Insulated cable examination, in open area 2 Y 

Rubber Hazard/Risk Insulating 

Tasks Performed on Energized Equipment Category Gloves 

General Notes (applicable to the entire table): 

(a) Rubber insulating gloves are gloves rated for the maximum line-to-line voltage upon which
work will be done. 

(b) Insulated and insulating hand tools are tools rated and tested for the maximum line-to-line
voltage upon which are manufactured and tested in accordance with ASTM F 1505, Standard
Specification for Insulated and Insulating (c) Y = yes (required), N = no (not required). 

(d)  For systems rated less than 1000 volts,  the fault  currents and upstream protective device
clearing times are based distance. 

(e) For systems rated 1 kV and greater, the Hazard/Risk Categories are based on a 36 in. working
distance. 

(f) For equipment protected by upstream current limiting fuses with arcing fault current in their
current limiting rang clearing time or less), the hazard/risk category required may be reduced by
one number. 

Specific Notes (as referenced in the table): 

1.  Maximum of  25  kA short  circuit  current  available;  maximum of  0.03 sec  (2 cycle)  fault
clearing time. 

2.  Maximum of  65  kA short  circuit  current  available;  maximum of  0.03 sec  (2 cycle)  fault
clearing time. 



3.  Maximum of 42 kA short  circuit  current  available;  maximum of 0.33 sec (20 cycle)  fault
clearing time. 

4. Maximum of 35 kA short circuit current available; maximum of up to 0.5 sec (30 cycle) fault
clearing time. 

(10) Protective Clothing and Personal Protective Equipment Matrix. Once the Hazard/Risk 

Category has been identified from Table 130.7(C)(9) (including associated notes) and the 

requirements of 130.7(C)(9), Table 130.7(C)(10) shall be used to determine the required PPE 

for the task. Table 130.7(C)(10) lists the requirements for protective clothing and other 

protective equipment based on Hazard/Risk Category numbers 0 through 4. This clothing and 

equipment shall be used when working within the Arc Flash Protection Boundary. 

FPN No.  1:  See  Annex  H for  a  suggested  simplified  approach  to  ensure  adequate  PPE for
electrical workers within facilities with large and diverse electrical systems. 

FPN No. 2: The PPE requirements of this section are intended to protect a person from arc flash
and  shock  hazards.  While  some  situations  could  result  in  burns  to  the  skin,  even  with  the
protection described in Table 130.7(C)(10), burn injury should be reduced and survivable. Due to
the  explosive  effect  of  some  arc  events,  physical  trauma  injuries  could  occur.  The  PPE
requirements of this section do not address protection against physical trauma other than exposure
to the thermal effects of an arc flash. 

Table 130.7(C)(10) Protective Clothing and Personal Protective Equipment (PPE) 

Hazard/Risk Category Protective Clothing an Hazard/Risk Category 0 

Protective Clothing, Nonmelting (according to ASTM F 1506-00) or Shirt (long sleeve) 

Untreated Natural Fiber Pants (long) 

FR Protective Equipment Safety glasses or safety goggles (SR) 

Hearing protection (ear canal inserts) 

Leather gloves (AN) (Note 2) 

Hazard/Risk Category 1 

Hazard/Risk Category 

Protective Clothing an FR Clothing, Minimum Arc Rating of 4 (Note 1) 

Arc-rated long-sleeve shirt (Note 3) 

Arc-rated pants (Note 3) 

Arc-rated coverall (Note 4) 

Arc-rated face shield or arc flash suit hood 

Arc-rated jacket, parka, or rainwear (AN) 



FR Protective Equipment 

Hard hat 

Safety glasses or safety goggles (SR) 

Hearing protection (ear canal inserts) 

Leather gloves (Note 2) 

Leather work shoes (AN) 

Hazard/Risk Category 2 

FR Clothing, Minimum Arc Rating of 8 (Note 1) 

Arc-rated long-sleeve shirt (Note 5) 

Arc-rated pants (Note 5) 

Arc-rated coverall (Note 6) 

Arc-rated face shield or arc flash suit hood 

Arc rated jacket, parka, or rainwear (AN) 

FR Protective Equipment 

Hard hat 

Safety glasses or safety goggles (SR) 

Hearing protection (ear canal inserts) 

Leather gloves (Note 2) 

Leather work shoes 

Hazard/Risk Category 2* 

FR Clothing, Minimum Arc Rating of 8 (Note 1) 

Arc-rated long-sleeve shirt (Note 5) 

Arc-rated pants (Note 5) 

Arc-rated coverall (Note 6) 

Arc-rated arc flash suit hood (Note 10) 

Arc-rated jacket, parka, or rainwear (AN) 

FR Protective Equipment 

Hard hat 

Safety glasses or safety goggles (SR) 



Hearing protection (ear canal inserts) 

Leather gloves (Note 2) 

Leather work shoes 

Hazard/Risk Category 3 

FR Clothing, Minimum Arc Rating of 25 (Note 1) Arc-rated long-sleeve shirt (AR) (Note 8) 

Arc-rated pants (AR) (Note 8) 

Arc-rated coverall (AR) (Note 8) 

Arc-rated arc flash suit jacket (AR) (Note 

Arc-rated arc flash suit pants (AR) (Note 8 

Arc-rated arc flash suit hood (Note 8) 

Arc-rated jacket, parka, or rainwear (AN) 

FR Protective Equipment Hard hat 

FR hard hat liner (AR) 

Safety glasses or safety goggles (SR) 

Hearing protection (ear canal inserts) 

Arc-rated gloves (Note 2) 

Leather work shoes 

Hazard/Risk Category 4 

Hazard/Risk Category 

Protective Clothing an FR Clothing, Minimum Arc Rating of 40 (Note 1) 

Arc-rated long-sleeve shirt (AR) (Note 9) 

Arc-rated pants (AR) (Note 9) 

Arc-rated coverall (AR) (Note 9) 

Arc-rated arc flash suit jacket (AR) (Note 

Arc-rated arc flash suit pants (AR) (Note 9 

Arc-rated arc flash suit hood (Note 9) 

Arc-rated jacket, parka, or rainwear (AN) 

FR Protective Equipment 

Hard hat 

FR hard hat liner (AR) 

Safety glasses or safety goggles (SR) 

Hearing protection (ear canal inserts) 

Arc-rated gloves (Note 2) 



Leather work shoes 

AN = As needed (optional) 

AR = As required 

SR = Selection required 

Notes: 

1.  See  Table  130.7(C)(11).  Arc  rating  for  a  garment  or  system of  garments  is  expressed  in
cal/cm2. 

2. If rubber insulating gloves with leather protectors are required by Table 130.7(C)(9), additional
leather or arc-rate required. The combination of rubber insulating gloves with leather protectors
satisfies the arc flash protection requir 

3. The FR shirt and pants used for Hazard/ Risk Category 1 shall have a minimum arc rating of 4.

4. Alternate is to use FR coveralls (minimum arc rating of 4) instead of FR shirt and FR pants. 

5. FR shirt and FR pants used for Hazard/ Risk Category 2 shall have a minimum arc rating of 8. 

6. Alternate is to use FR coveralls (minimum arc rating of 8) instead of FR shirt and FR pants. 

7. A face shield with a minimum arc rating of 4 for Hazard/Risk Category 1 or a minimum arc
rating of  8  for  Hazard with wrap-around guarding to  protect  not  only the face,  but  also the
forehead, ears, and neck (or, alternatively, an arc hood), is required. 

8. An alternate is to use a total FR clothing system and hood, which shall have a minimum arc
rating of 25 for Haza 9. The total clothing system consisting of FR shirt and pants and/or FR
coveralls and/or arc flash coat and pants and minimum arc rating of 40 for Hazard/Risk Category
4. 

10. Alternate is to use a face shield with a minimum arc rating of 8 and a balaclava (sock hood)
with a minimum arc covers the face, head and neck except for the eye and nose areas. 

(11) Protective Clothing Characteristics. Table 130.7(C)(11) lists examples of protective 

clothing systems and typical characteristics, including the degree of protection, for various 

clothing. The protective clothing selected for the corresponding Hazard/Risk Category number 

determined from Table 130.7(C)(9) (including associated notes) and the requirements of 

130.7(C)(9) shall have an arc rating of at least the value listed in the last column of Table 

130.7(C)(11). 

FPN:  The  arc  rating  for  a  particular  clothing  system can  be  obtained  from the  FR clothing
manufacturer. 

Table 130.7(C)(11) Protective Clothing Characteristics 

Table 130.7(C)(11) Protective Clothing Characteristics 



Hazard/Risk 

Category Clothing Description 

Required Minimum 

Arc Rating of PPE [J/cm2(cal/cm2)] 

0 Nonmelting, flammable materials (i.e., 

untreated cotton, wool, rayon, or silk, or 

blends of these materials) with a fabric weight 

at least 4.5 oz/yd2 

N/A 

1 Arc-rated FR shirt and FR pants or FR 

coverall 16.74 (4) 

2 Arc-rated FR shirt and FR pants or FR coverall 33.47 (8) 

3 Arc-rated FR shirt and pants or FR coverall, and arc flash suit selected so that the system 

arc rating meets the required minimum 104.6 (25) 

4 Arc-rated FR shirt and pants or FR coverall, and arc flash suit selected so that the system 

arc rating meets the required minimum 167.36 (40) 

Note: Arc rating is defined in Article 100 and can be either ATPV or EBT. ATPV is 

defined in ASTM F 1959, Standard Test Method for Determining the Arc Thermal 

Performance Value of Materials for Clothing, as the incident energy on a material or a 

multilayer system of materials that results in a 50% probability that sufficient heat 

transfer through the tested specimen is predicted to cause the onset of a second-degree 

skin burn injury based on the Stoll curve, cal/cm2. EBT is defined in ASTM F 1959 as 

the incident energy on a material or material system that results in a 50% probability of 

breakopen. Arc rating is reported as either ATPV or EBT, whichever is the lower value. 

(12) Factors in Selection of Protective Clothing. Clothing and equipment that provide worker 

protection from shock and arc flash hazards shall be utilized. Clothing and equipment required 

for the degree of exposure shall be permitted to be worn alone or integrated with flammable, 

nonmelting apparel. If FR clothing is required, it shall cover associated parts of the body as 

well as all flammable apparel while allowing movement and visibility. All personal protective 

equipment shall be maintained in a sanitary and functionally effective condition. Personal 

protective equipment items will normally be used in conjunction with one another as a system 

to provide the appropriate level of protection. 

FPN: Protective clothing includes shirts, pants, coveralls, jackets, and parkas worn routinely by
workers  who,  under  normal  working  conditions,  are  exposed to  momentary  electric  arc  and



related thermal hazards. 

Flame-resistant rainwear worn in inclement weather is included in this category of clothing. 

(a) Layering. Nonmelting, flammable fiber garments shall be permitted to be used as 

underlayers in conjunction with FR garments in a layered system for added protection. If 

nonmelting, flammable fiber garments are used as underlayers, the system arc rating shall be 

sufficient to prevent breakopen of the innermost FR layer at the expected arc exposure incident 

energy level to prevent ignition of flammable underlayers. 

FPN: A typical layering system might include cotton underwear, a cotton shirt and trouser, and a
FR coverall. 

Specific tasks might call for additional FR layers to achieve the required protection level. 

(b) Outer Layers. Garments worn as outer layers over FR clothing, such as jackets or 

rainwear, shall also be made from FR material. 

(c) Underlayers. Meltable fibers such as acetate, nylon, polyester, polypropylene, and 

spandex shall not be permitted in fabric underlayers (underwear) next to the skin. 

Exception: An incidental amount of elastic used on nonmelting fabric underwear or socks 

shall be permitted. 

FPN No. 1: FR garments (e.g., shirts, trousers, and coveralls) worn as underlayers that neither
ignite nor melt and drip in the course of an exposure to electric arc and related thermal hazards
generally provide a higher system arc rating than nonmelting, flammable fiber underlayers. 

FPN No.  2:  FR underwear  or  undergarments  used as  underlayers  generally provide a  higher
system  arc  rating  than  nonmelting,  flammable  fiber  underwear  or  undergarments  used  as
underlayers. 

(d)  Coverage.  Clothing shall  cover potentially exposed areas as completely as possible.  Shirt
sleeves shall be fastened at the wrists, and shirts and jackets shall be closed at the neck. 

(e) Fit. Tight-fitting clothing shall be avoided. Loose-fitting clothing provides additional thermal
insulation because of air spaces. FR apparel shall fit properly such that it does not interfere with
the work task. 

(f) Interference. The garment selected shall result in the least interference with the task but still
provide  the  necessary  protection.  The  work  method,  location,  and  task  could  influence  the
protective equipment selected. 

(13) Arc Flash Protective Equipment. 

(a) Arc Flash Suits. Arc flash suit design shall permit easy and rapid removal by the 

wearer. The entire arc flash suit, including the hood’s face shield, shall have an arc rating that 



is suitable for the arc flash exposure. When exterior air is supplied into the hood, the air hoses 

and pump housing shall be either covered by FR materials or constructed of nonmelting and 

nonflammable materials. 

(b) Face Protection. Face shields shall have an arc rating suitable for the arc flash 

exposure. Face shields without an arc rating shall not be used. Eye protection (safety glasses or 

goggles) shall always be worn under face shields or hoods. 

FPN: Face shields made with energy-absorbing formulations that can provide higher levels of
protection from the radiant energy of an arc flash are available, but these shields are tinted and
can reduce visual acuity and color perception. Additional illumination of the task area might be
necessary when these types of arc-protective face shields are used. 

(c) Hand Protection. 

(1) Leather or FR gloves shall be worn where required for arc flash protection. 

(2) Where insulating rubber gloves are used for shock protection, leather protectors shall be 

worn over the rubber gloves. 

FPN: Insulating rubber gloves and gloves made from layers of flame-resistant material provide
hand protection against the arc flash hazard. Heavy-duty leather (e.g., greater than 12 oz/yd2)
gloves provide protection suitable up to Hazard/Risk Category 2. The leather protectors worn
over insulating rubber gloves provide additional arc flash protection for the hands. During high
arc flash exposures leather can shrink and cause a decrease in protection. 

(d) Foot Protection. Heavy-duty leather work shoes provide some arc flash protection 

to the feet and shall be used in all tasks in Hazard/Risk Category 2 and higher and in all 

exposures greater than 4 cal/cm2. 

(14) Clothing Material Characteristics. FR clothing shall meet the requirements described in 

130.7(C)(14) and 130.7(C)(15). 

FPN No. 1: FR materials, such as flame-retardant treated cotton, meta-aramid, para-aramid, and 

poly-benzimidazole (PBI) fibers, provide thermal protection. These materials can ignite but will
not continue to burn after the ignition source is removed. FR fabrics can reduce burn injuries
during an arc flash exposure by providing a thermal barrier between the arc flash and the wearer. 

FPN No. 2: Non-FR cotton, polyester-cotton blends, nylon, nylon-cotton blends, silk, rayon, and
wool  fabrics  are  flammable.  These  fabrics  could  ignite  and  continue  to  burn  on  the  body,
resulting in serious burn injuries. 

FPN No.  3:  Rayon  is  a  cellulose-based (wood pulp)  synthetic  fiber  that  is  a  flammable  but
nonmelting material. 



Clothing made from flammable synthetic materials that melt at temperatures below 315°C 

(600°F), such as acetate, acrylic, nylon, polyester, polyethylene, polypropylene, and spandex, 

either alone or in blends, shall not be used. 

FPN: These materials melt as a result of arc flash exposure conditions, form intimate contact with
the skin, and aggravate the burn injury. 

Exception: Fiber blends that contain materials that melt, such as acetate, acrylic, nylon, 

polyester, polyethylene, polypropylene, and spandex shall be permitted if such blends in fabrics 

meet the requirements of ASTM F 1506, Standard Performance Specification for Textile 

Material for Wearing Apparel for Use by Electrical Workers Exposed to Momentary Electric 

Arc and Related Thermal Hazards, and if such blends in fabrics do not exhibit evidence of a 

melting and sticking hazard during arc testing according to ASTM F 1959, Standard Test 

Method for Determining the Arc Thermal Performance Value of Materials for Clothing [see 

also 130.7(C)(15)]. 

(15) Clothing and Other Apparel Not Permitted. Clothing and other apparel (such as hard 

hat liners and hair nets) made from materials that do not meet the requirements of 130.7(C)(14) 

regarding melting, or made from materials that do not meet the flammability requirements shall 

not be permitted to be worn. 

FPN: Some flame-resistant fabrics, such as non-FR modacrylic and nondurable flame-retardant
treatments of cotton, are not recommended for industrial electrical or utility applications. 

Exception No. 1: Nonmelting, flammable (non-FR) materials shall be permitted to be used as 

underlayers to FR clothing, as described in 130.7(C)(14), and also shall be permitted to be 

used for Hazard/Risk Category 0 as described in Table 130.7(C)(10). 

Exception No. 2: Where the work to be performed inside the Arc Flash Protection Boundary 

exposes the worker to multiple hazards, such as airborne contaminants, under special 

permission by the authority having jurisdiction and where it can be shown that the level of 

protection is adequate to address the arc flash hazard, non-FR Personnel Protective 

Equipment shall be permitted. 

(16) Care and Maintenance of FR Clothing and FR Arc Flash Suits. 



(a) Inspection. FR apparel shall be inspected before each use. Work clothing or arc 

flash suits that are contaminated, or damaged to the extent their protective qualities are 

impaired, shall not be used. Protective items that become contaminated with grease, oil, or 

flammable liquids or combustible materials shall not be used. 

(b) Manufacturer’s Instructions. The garment manufacturer’s instructions for care 

and maintenance of FR apparel shall be followed. 

(c) Storage. FR apparel shall be stored in a manner that prevents physical damage; 

damage from moisture, dust, or other deteriorating agents; or contamination from flammable or 

combustible materials. 

(d) Cleaning, Repairing, and Affixing Items. When FR clothing is cleaned, 

manufacturer’s instructions shall be followed to avoid loss of protection. When FR clothing is 

repaired, the same FR materials used to manufacture the FR clothing shall be used to provide 

repairs. When, trim, name tags, and/or logos are affixed to FR clothing, guidance in ASTM F 

1506, Standard Performance Specification for Textile Material for Wearing Apparel for Use by 

Electrical Workers Exposed to Momentary Electric Arc and Related Thermal Hazards, shall be 

followed [see Table 130.7(C)(8)]. 

(D) Other Protective Equipment. 

(1) Insulated Tools and Equipment. Employees shall use insulated tools and/or handling 

equipment when working inside the Limited Approach Boundary of exposed energized 

electrical conductors or circuit parts where tools or handling equipment might make accidental 

contact. Table 130.7(C)(9) provides further information for tasks that require insulated and 

insulating hand tools. Insulated tools shall be protected from damage to the insulating material. 

FPN: See 130.2(B), Shock Protection Boundaries. 

(a) Requirements for Insulated Tools. The following requirements shall apply to 

insulated tools: 

(1) Insulated tools shall be rated for the voltages on which they are used. 

(2) Insulated tools shall be designed and constructed for the environment to which they are 

exposed and the manner in which they are used. 

(3) Insulated tools and equipment shall be inspected prior to each use. The inspection shall 

look for damage to the insulation or damage that may limit the tool from performing its 

intended function or could increase the potential for an incident (e.g., damaged tip on a 

screwdriver). 

(b) Fuse or Fuse Holding Equipment. Fuse or fuse holder handling equipment, insulated for the



circuit voltage, shall be used to remove or install a fuse if the fuse terminals are energized. 

(c) Ropes and Handlines. Ropes and handlines used within the Limited Approach 

Boundary of exposed energized electrical conductors or circuit parts operating at 50 volts or 

more, or used where an electrical hazard exists, shall be nonconductive. 

(d) Fiberglass-Reinforced Plastic Rods. Fiberglass-reinforced plastic rod and tube 

used for live line tools shall meet the requirements of applicable portions of electrical codes 

and standards dealing with electrical installation requirements. 

FPN: For further information concerning electrical codes and standards dealing with installation 

requirements,  refer  to  ASTM F 711,  Standard Specification for  Fiberglass-Reinforced Plastic
(FRP) Rod and Tube Used in Live Line Tools. 

(e) Portable Ladders. Portable ladders shall have nonconductive side rails if they are 

used where the employee or ladder could contact exposed energized electrical conductors or 

circuit parts operating at 50 volts or more or where an electrical hazard exists. Nonconductive 

ladders shall meet the requirements of ANSI standards for ladders listed in Table 130.7(F). 

(f) Protective Shields. Protective shields, protective barriers, or insulating materials 

shall be used to protect each employee from shock, burns, or other electrically related injuries 

while that employee is working within the Limited Approach Boundary of energized 

conductors or circuit parts that might be accidentally contacted or where dangerous electric 

heating or arcing might occur. When normally enclosed energized conductors or circuit parts 

are exposed for maintenance or repair, they shall be guarded to protect unqualified persons 

from contact with the energized conductors or circuit parts. 

(g) Rubber Insulating Equipment. Rubber insulating equipment used for protection 

from accidental contact with energized conductors or circuit parts shall meet the requirements 

of the ASTM standards listed in Table 130.7(F). 

(h) Voltage-Rated Plastic Guard Equipment. Plastic guard equipment for protection 

of employees from accidental contact with energized conductors or circuit parts, or for 

protection of employees or energized equipment or material from contact with ground, shall 

meet the requirements of the ASTM standards listed in Table 130.7(F). 

(i) Physical or Mechanical Barriers. Physical or mechanical (field-fabricated) 

barriers shall be installed no closer than the Restricted Approach Boundary distance given in 

Table 130.2(C). While the barrier is being installed, the Restricted Approach Boundary 

distance specified in Table 130.2(C) shall be maintained, or the energized conductors or circuit 

parts shall be placed in an electrically safe work condition. 



(E) Alerting Techniques. 

(1) Safety Signs and Tags. Safety signs, safety symbols, or accident prevention tags shall be 

used where necessary to warn employees about electrical hazards that might endanger them. 

Such signs and tags shall meet the requirements of ANSI Z535, Series of Standards for Safety 

Signs and Tags, given in Table 130.7(F). 

FPN: Safety signs, tags, and barricades used to identify energized “look-alike” equipment can be
employed as an additional preventive measure. 

(2) Barricades. Barricades shall be used in conjunction with safety signs where it is necessary 

to prevent or limit employee access to work areas containing energized conductors or circuit 

parts. Conductive barricades shall not be used where it might cause an electrical hazard. 

Barricades shall be placed no closer than the Limited Approach Boundary given in Table 

130.2(C). 

(3) Attendants. If signs and barricades do not provide sufficient warning and protection from 

electrical hazards, an attendant shall be stationed to warn and protect employees. The primary 

duty and responsibility of an attendant providing manual signaling and alerting shall be to keep 

unqualified employees outside a work area where the unqualified employee might be exposed 

to electrical hazards. An attendant shall remain in the area as long as there is a potential for 

employees to be exposed to the electrical hazards. 

(4) Look-Alike Equipment. Where work performed on equipment that is deenergized and 

placed in an electrically safe condition exists in a work area with other energized equipment 

that is similar in size, shape, and construction, one of the altering methods in 130.7(E)(1), (2), 

or (3) shall be employed to prevent the employee from entering look-alike equipment. 

(F) Standards for Other Protective Equipment. Other protective equipment required in 

130.7(D) shall conform to the standards given in Table 130.7(F). 

Table 130.7(F) Standards on Other Protective Equipment 

Subject Number and Title 

Ladders ANSI A14.1, Safety Requirements for Portable Wood Ladders, 2000 

ANSI A14.3, Safety Requirements for Fixed Ladders, 2002 

ANSI A14.4, Safety Requirements for Job-Made Ladders, 2002 

ANSI A14.5, Safety Requirement for Portable Reinforced Plastic Ladders, 2000 

Safety signs and tags ANSI Z535, Series of Standards for Safety Signs and Tags, 2006 

Blankets ASTM D 1048, Standard Specification for Rubber Insulating Blankets, 2005 



Covers ASTM D 1049, Standard Specification for Rubber Covers, 1998 (R 2002) 

Line hoses ASTM D 1050, Standard Specification for Rubber Insulating Line Hoses, 2005 

Line hoses and covers ASTM F 478, Standard Specification for In-Service Care of Insulating
Line Hose and Covers, 1999 (R 2007) 

Blankets ASTM F 479, Standard Specification for In-Service Care of Insulating Blankets, 2006 

Fiberglass tools/ladders ASTM F 711, Standard Specification for Fiberglass-Reinforced 

Plastic (FRP) Rod and Tube Used in Line Tools, 2002 (R 2007) 

Plastic guards ASTM F 712, Standard Test Methods and Specifications for Electrically Insulating
Plastic Guard Equipment for Protection of Workers, 2006 

Temporary grounding ASTM F 855, Standard Specification for Temporary Protective Grounds to
Be Used on De-energized Electric Power Lines and Equipment, 2004 

Insulated hand tools ASTM F 1505, Standard Specification for Insulated and Insulating Hand
Tools, 2007 

Chapter 2 Safety-Related Maintenance Requirements 

ARTICLE 200 Introduction 

200.1 Scope. 

Chapter 2 addresses the following requirements: 

(1) Chapter 2 covers practical safety-related maintenance requirements for electrical 

equipment and installations in workplaces as included in 90.2. These requirements 

identify only that maintenance directly associated with employee safety. 

(2) Chapter 2 does not prescribe specific maintenance methods or testing procedures. It is 

left to the employer to choose from the various maintenance methods available to 

satisfy the requirements of Chapter 2. 

(3) For the purpose of Chapter 2, maintenance shall be defined as preserving or restoring 

the condition of electrical equipment and installations, or parts of either, for the safety 

of employees who work on, near, or with such equipment. Repair or replacement of 

individual portions or parts of equipment shall be permitted without requiring 

modification or replacement of other portions or parts that are in a safe condition. 

FPN: Refer to NFPA 70B, Recommended Practice for Electrical Equipment Maintenance, and
ANSI/NETA  MTS-2007,  Standard  for  Maintenance  Testing  Specification,  for  guidance  on
maintenance frequency, methods, and tests. 

ARTICLE 205 General Maintenance Requirements 



205.1 Qualified Persons. 

Employees who perform maintenance on electrical equipment and installations shall be 

qualified persons as required in Chapter 1 and shall be trained in, and familiar with, the specific 

maintenance procedures and tests required. 

205.2 Single Line Diagram. 

A single line diagram, where provided for the electrical system, shall be maintained. 

205.3 General Maintenance Requirements. 

Overcurrent protective devices shall be maintained in accordance with the manufacturers’ 

instructions or industry consensus standards. 

205.4 Spaces About Electrical Equipment. 

All working space and clearances required by electrical codes and standards shall be 

maintained. 

FPN: For further information concerning spaces about electrical equipment, see Article 110, Parts
II and III, of NFPA 70, National Electrical Code. 

205.5 Grounding and Bonding. 

Equipment, raceway, cable tray, and enclosure bonding and grounding shall be maintained to 

ensure electrical continuity. 

205.6 Guarding of Energized Conductors and Circuit Parts. 

Enclosures shall be maintained to guard against accidental contact with energized conductors 

and circuit parts and other electrical hazards. 

205.7 Safety Equipment. 

Locks, interlocks, and other safety equipment shall be maintained in proper working condition 

to accomplish the control purpose. 

205.8 Clear Spaces. 

Access to working space and escape passages shall be kept clear and unobstructed. 

205.9 Identification of Components. 



Identification of components, where required, and safety-related instructions (operating or 

maintenance), if posted, shall be securely attached and maintained in legible condition. 

205.10 Warning Signs. 

Warning signs, where required, shall be visible, securely attached, and maintained in legible 

condition. 

205.11 Identification of Circuits. 

Circuit or voltage identification shall be securely affixed and maintained in updated and legible 

condition. 

205.12 Single and Multiple Conductors and Cables. 

Electrical cables and single and multiple conductors shall be maintained free of damage, shorts, 

and ground that would present a hazard to employees. 

205.13 Flexible Cords and Cables. 

Flexible cords and cables shall be maintained to avoid strain and damage. 

(1) Damaged Cords and Cables. Cords and cables shall not have worn, frayed, or damaged 

areas that present an electrical hazard to employees. 

(2) Strain Relief. Strain relief of cords and cables shall be maintained to prevent pull from 

being transmitted directly to joints or terminals. 

ARTICLE 210 Substations, Switchgear Assemblies, Switchboards, Panelboards, Motor 

Control Centers, and Disconnect Switches 

210.1 Enclosures. 

Enclosures shall be kept free of material that would create a hazard. 

210.2 Area Enclosures. 

Fences, physical protection, enclosures, or other protective means, where required to guard 

against unauthorized access or accidental contact with exposed energized conductors and 

circuit parts, shall be maintained. 

210.3 Conductors. 



Current-carrying conductors (buses, switches, disconnects, joints, and terminations) and 

bracing shall be maintained to: 

(1) Conduct rated current without overheating 

(2) Withstand available fault current 

210.4 Insulation Integrity. 

Insulation integrity shall be maintained to support the voltage impressed. 

210.5 Protective Devices. 

Protective devices shall be maintained to adequately withstand or interrupt available fault 

current. 

FPN: Failure to properly maintain protective devices can have an adverse effect on the arc flash
hazard analysis incident energy values. 

ARTICLE 215 Premises Wiring 

215.1 Covers for Wiring System Components. 

Covers for wiring system components shall be in place with all associated hardware, and there 

shall be no unprotected openings. 

215.2 Open Wiring Protection. 

Open wiring protection, such as location or barriers, shall be maintained to prevent accidental 

contact. 

215.3 Raceways and Cable Trays. 

Raceways and cable trays shall be maintained to provide physical protection and support for 

conductors. 

ARTICLE 220 Controller Equipment 

220.1 Scope. 

This article shall apply to controllers, including electrical equipment that governs the starting, 

stopping, direction of motion, acceleration, speed, and protection of rotating equipment and 



other power utilization apparatus in the workplace. 

220.2 Protection and Control Circuitry. 

Protection and control circuitry used to guard against accidental contact with energized 

conductors and circuit parts and to prevent other electrical or mechanical hazards shall be 

maintained. 

ARTICLE 225 Fuses and Circuit Breakers 

225.1 Fuses. 

Fuses shall be maintained free of breaks or cracks in fuse cases, ferrules, and insulators. Fuse 

clips shall be maintained to provide adequate contact with fuses. Fuseholders for 

current-limiting fuses shall not be modified to allow the insertion of fuses that are not 

current-limiting. 

225.2 Molded-Case Circuit Breakers. 

Molded-case circuit breakers shall be maintained free of cracks in cases and cracked or broken 

operating handles. 

225.3 Circuit Breaker Testing. 

Circuit breakers that interrupt faults approaching their interrupting ratings shall be inspected 

and tested in accordance with the manufacturer’s instructions. 

ARTICLE 230 Rotating Equipment 

230.1 Terminal Boxes. 

Terminal chambers, enclosures, and terminal boxes shall be maintained to guard against 

accidental contact with energized conductors and circuit parts and other electrical hazards. 

230.2 Guards, Barriers, and Access Plates. 

Guards, barriers, and access plates shall be maintained to prevent employees from contacting 

moving or energized parts. 

ARTICLE 235 Hazardous (Classified) Locations 



235.1 Scope. 

This article covers maintenance requirements in those areas identified as hazardous (classified) 

locations. 

FPN: These locations need special types of equipment and installation to ensure safe performance
under conditions of proper use and maintenance. It is important that inspection authorities and
users  exercise  more  than  ordinary  care  with  regard  to  installation  and  maintenance.  The
maintenance  for  specific  equipment  and  materials  is  covered  elsewhere  in  Chapter  2  and is
applicable to hazardous (classified) locations. Other maintenance will  ensure that the form of
construction and of installation that makes the equipment, and materials suitable for the particular
location are not compromised. 

The  maintenance  needed  for  specific  hazardous  (classified)  locations  depends  on  the
classification of the specific location. The design principles and equipment characteristics, for
example,  use of positive pressure ventilation,  explosionproof,  nonincendive,  intrinsically safe,
and  purged  and  pressurized  equipment,  that  were  applied  in  the  installation  to  meet  the
requirements of the area classification must also be known. With this information, the employer
and the inspection authority are able to determine  whether the installation as maintained has
retained the condition necessary for a safe workplace. 

235.2 Maintenance Requirements for Hazardous (Classified) Locations. 

Equipment and installations in these locations shall be maintained such that the following 

apply: 

(1) No energized parts are exposed. 

Exception to (1): Intrinsically safe and nonincendive circuits. 

(2) There are no breaks in conduit systems, fittings, or enclosures from damage, corrosion, 

or other causes. 

(3) All bonding jumpers are securely fastened and intact. 

(4) All fittings, boxes, and enclosures with bolted covers have all bolts installed and bolted 

tight. 

(5) All threaded conduit shall be wrenchtight and enclosure covers shall be tightened in 

accordance with the manufacturer’s instructions. 

(6) There are no open entries into fittings, boxes, or enclosures that would compromise the 

protection characteristics. 

(7) All close-up plugs, breathers, seals, and drains are securely in place. 

(8) Marking of luminaires (lighting fixtures) for maximum lamp wattage and temperature 



rating is legible and not exceeded. 

(9) Required markings are secure and legible. 

ARTICLE 240 Batteries and Battery Rooms 

240.1 Ventilation. 

Ventilation systems, forced or natural, shall be maintained to prevent buildup of explosive 

mixtures. This maintenance shall include a functional test of any associated detection and alarm 

systems. 

240.2 Eye and Body Wash Apparatus. 

Eye and body wash apparatus shall be maintained in operable condition. 

240.3 Cell Flame Arresters and Cell Ventilation. 

Battery cell ventilation openings shall be unobstructed, and cell flame arresters shall be 

maintained. 

ARTICLE 245 Portable Electric Tools and Equipment 

245.1 Maintenance Requirements for Portable Electric Tools and Equipment. 

Attachment plugs, receptacles, cover plates, and cord connectors shall be maintained such that 

the following apply: 

(1) There are no breaks, damage, or cracks exposing energized conductors and circuit parts. 

(2) There are no missing cover plates. 

(3) Terminations have no stray strands or loose terminals. 

(4) There are no missing, loose, altered, or damaged blades, pins, or contacts. 

(5) Polarity is correct. 

ARTICLE 250 Personal Safety and Protective Equipment 

250.1 Maintenance Requirements for Personal Safety and Protective Equipment. 

Personal safety and protective equipment such as the following shall be maintained in a safe 

working condition: 

(1) Grounding equipment 

(2) Hot sticks 

(3) Rubber gloves, sleeves, and leather protectors 

(4) Voltage test indicators 



(5) Blanket and similar insulating equipment 

(6) Insulating mats and similar insulating equipment 

(7) Protective barriers 

(8) External circuit breaker rack-out devices 

(9) Portable lighting units 

(10) Safety grounding equipment 

(11) Dielectric footwear 

(12) Protective clothing 

(13) Bypass jumpers 

(14) Insulated and insulating hand tools 

250.2 Inspection and Testing of Protective Equipment and Protective Tools. 

(A) Visual. Safety and protective equipment and protective tools shall be visually inspected for 

damage and defects before initial use and at intervals thereafter, as service conditions require, 

but in no case shall the interval exceed 1 year, unless specified otherwise by the respective 

ASTM standards. 

(B) Testing. The insulation of protective equipment and protective tools, such as items (1) 

through (14) of 250.1, shall be verified by the appropriate test and visual inspection to ascertain 

that insulating capability has been retained before initial use, and at intervals thereafter, as 

service conditions and applicable standards and instructions require, but in no case shall the 

interval exceed 3 years, unless specified otherwise by the respective ASTM standards. 

250.3 Safety Grounding Equipment. 

(A) Visual. Personal protective ground cable sets shall be inspected for cuts in the protective 

sheath and damage to the conductors. Clamps and connector strain relief devices shall be 

checked for tightness. These inspections shall be made at intervals thereafter as service 

conditions require, but in no case shall the interval exceed 1 year. 

(B) Testing. Prior to being returned to service, safety grounds that have been repaired or 

modified shall be tested. 

FPN: Guidance for inspecting and testing safety grounds is provided in ASTM F 2249, Standard 

Specification for In-Service Test Methods for Temporary Grounding Jumper Assemblies Used on

De-Energized Electric Power Lines and Equipment. 

(C) Grounding and Testing Devices. Grounding and testing devices shall be stored in a clean 

and dry area. Grounding and testing devices shall be properly inspected and tested before each 

use. 



FPN: Guidance for testing of grounding and testing devices is provided in Section 9.5 of IEEE 

C37.20.6-1997,  Standard  for  4.76  kV  to  38  kV-Rated  Ground  and  Test  Devices  Used  in
Enclosures. 

Chapter 3 Safety Requirements for Special Equipment 

ARTICLE 300 Introduction 

300.1 Scope. 

Chapter 3 covers special electrical equipment in the workplace and modifies the general 

requirements of Chapter 1. 

300.2 Responsibility. 

The employer shall provide safety-related work practices and employee training. The employee 

shall follow those work practices. 

300.3 Organization. 

Chapter 3 of this standard is divided into articles. Article 300 applies generally. Article 310 

applies to electrolytic cells. Article 320 applies to batteries and battery rooms. Article 330 

applies to lasers. Article 340 applies to power electronic equipment. Article 350 applies to 

R&D laboratories. 

FPN: The NFPA 70E Technical Committee might develop additional chapters for other types of
special equipment in the future. 

ARTICLE 310 Safety-Related Work Practices for Electrolytic Cells 

310.1 Scope. 

The requirements of this chapter shall apply to the electrical safety–related work practices used 

in the types of electrolytic cell areas. 

FPN No. 1: See Annex L for a typical application of safeguards in the cell line working zone. 



FPN No. 2: For further information about electrolytic cells, see NFPA 70, National Electrical
Code, Article 

668. 

310.2 Definitions. 

For the purposes of this chapter, the following definitions shall apply. 

Battery Effect. A voltage that exists on the cell line after the power supply is disconnected. 

FPN: Electrolytic cells could exhibit characteristics similar to an electrical storage battery, and
thus a hazardous voltage could exist after the power supply is disconnected from the cell line. 

Safeguarding. Safeguards for personnel include the consistent administrative enforcement of 

safe work practices. Safeguards include training in safe work practices, cell line design, safety 

equipment, personal protective equipment, operating procedures, and work checklists. 

310.3 Safety Training. 

(A) General. The training requirements of this chapter shall apply to employees who are 

exposed to the risk of electrical hazard in the cell line working zone defined in 110.6 and shall 

supplement or modify the requirements of 110.8, 120.1, 130.1, and 130.5. 

(B) Training Requirements. Employees shall be trained to understand the specific hazards 

associated with electrical energy on the cell line. Employees shall be trained in safety-related 

work practices and procedural requirements to provide protection from the electrical hazards 

associated with their respective job or task assignment. 

310.4 Employee Training. 

(A) Qualified Persons. 

(1) Training. Qualified persons shall be trained and knowledgeable in the operation of cell line 

working zone equipment and specific work methods and shall be trained to avoid the electrical 

hazards that are present. Such persons shall be familiar with the proper use of precautionary 

techniques and personal protective equipment. Training for a qualified person shall include the 

following: 

(1) The skills and techniques to avoid dangerous contact with hazardous voltages between 

energized  surfaces  and between  energized  surfaces  and  ground.  Skills  and  techniques  might
include temporarily insulating or guarding parts to permit the employee to work on energized
parts. 



(2) The method of determining the cell line working zone area boundaries. 

(2) Qualified Persons. Qualified persons shall be permitted to work within the cell line 

working zone. 

(B) Unqualified Persons. 

(1) Training. Unqualified persons shall be trained to recognize electrical hazards to which they 

may be exposed and the proper methods of avoiding the hazards. 

(2) In Cell Line Working Zone. When there is a need for an unqualified person to enter the 

cell line working zone to perform a specific task, that person shall be advised by the designated 

qualified person in charge of the possible hazards to ensure the unqualified person is 

safeguarded. 

310.5 Safeguarding of Employees in the Cell Line Working Zone. 

(A) General. Operation and maintenance of electrolytic cell lines may require contact by 

employees with exposed energized surfaces such as buses, electrolytic cells, and their 

attachments. The approach distances referred to in Table 130.2(C) shall not apply to work 

performed by qualified persons in the cell line working zone. Safeguards such as safety-related 

work practices and other safeguards shall be used to protect employees from injury while 

working in the cell line working zone. These safeguards shall be consistent with the nature and 

extent of the related electrical hazards. Safeguards might be different for energized cell lines 

and deenergized cell lines. Hazardous battery effect voltages shall be dissipated to consider a 

cell line deenergized. 

FPN No. 1: Exposed energized surfaces might not establish a hazardous condition. A hazardous
electrical condition is related to current flow through the body causing shock and arc flash burns
and arc blasts. Shock is a function of many factors, including resistance through the body and
through skin, of return paths, of paths in parallel with the body, and of system voltages. Arc flash
burns and arc blasts are a function of the current available at the point involved and the time of
arc exposure. 

FPN No. 2: A cell line or group of cell lines operated as a unit for the production of a particular
metal, gas, or chemical compound might differ from other cell lines producing the same product
because of variations in the particular raw materials used, output  capacity,  use of proprietary
methods  or  process  practices,  or  other  modifying  factors.  Detailed standard electrical  safety-
related work practice requirements could become overly restrictive without accomplishing the
stated purpose of Chapter 1 of this standard. 

(B) Signs. Permanent signs shall clearly designate electrolytic cell areas. 

(C) Electrical Arc Flash Hazard Analysis. The requirements of 130.3, Arc Flash Hazard 

Analysis, shall not apply to electrolytic cell line work zones. 

(1) Arc Flash Hazard Analysis Procedure. Each task performed in the electrolytic cell line 



working zone shall be analyzed for the risk of arc flash hazard injury. If there is risk of 

personal injury, appropriate measures shall be taken to protect persons exposed to the arc flash 

hazards. These measures shall include one or more of the following: 

(1) Provide appropriate personal protective equipment [see 310.5(D)(2)] to prevent injury 

from the arc flash hazard. 

(2) Alter work procedures to eliminate the possibility of the arc flash hazard. 

(3) Schedule the task so that work can be performed when the cell line is deenergized. 

(2) Routine Tasks. Arc flash hazard risk analysis shall be done for all routine tasks performed 

in the cell line work zone. The results of the arc flash hazard analysis shall be used in training 

employees in job procedures that minimize the possibility of arc flash hazards. The training 

shall be included in the requirements of 310.3. 

(3) Nonroutine Tasks. Before a nonroutine task is performed in the cell line working zone, an 

arc flash hazard risk analysis shall be done. If an arc flash hazard is a possibility during 

nonroutine work, appropriate instructions shall be given to employees involved on how to 

minimize the possibility of a hazardous arc flash. 

(4) Arc Flash Hazards. If the possibility of an arc flash hazard exists for either routine or 

nonroutine tasks, employees shall use appropriate safeguards. 

(D) Safeguards. Safeguards shall include one or a combination of the following means. 

(1) Insulation. Insulation shall be suitable for the specific conditions, and its components shall 

be permitted to include glass, porcelain, epoxy coating, rubber, fiberglass, plastic, and when 

dry, such materials as concrete, tile, brick, and wood. Insulation shall be permitted to be 

applied to energized or grounded surfaces. 

(2) Personal Protective Equipment. Personal protective equipment shall provide protection 

from hazardous electrical conditions. Personal protective equipment shall include one or more 

of the following as determined by authorized management: 

(1) Shoes, boots, or overshoes for wet service 

(2) Gloves for wet service 

(3) Sleeves for wet service 

(4) Shoes for dry service 

(5) Gloves for dry service 

(6) Sleeves for dry service 

(7) Electrically insulated head protection 

(8) Protective clothing 

(9) Eye protection with nonconductive frames 



(10) Faceshield (polycarbonate or similar nonmelting type) 

(a) Standards for Personal Protective Equipment. Personal and other protective 

equipment shall be appropriate for conditions, as determined by authorized 

management, and shall not be required to meet the equipment standards in 

130.7(C)(8) through 130.7(F) and in Table 130.7(C)(8) and Table 130.7(F). 

(b) Testing of Personal Protective Equipment. Personal protective equipment shall be 

verified with regularity and by methods that are consistent with the exposure of 

employees to hazardous electrical conditions. 

(3) Barriers. Barriers shall be devices that prevent contact with energized or grounded surfaces 

that could present a hazardous electrical condition. 

(4) Voltage Equalization. Voltage equalization shall be permitted by bonding a conductive 

surface to an electrically energized surface, either directly or through a resistance, so that there 

is insufficient voltage to create an electrical hazard. 

(5) Isolation. Isolation shall be the placement of equipment or items in locations such that 

employees are unable to simultaneously contact exposed conductive surfaces that could present 

a hazardous electrical condition. 

(6) Safe Work Practices. Employees shall be trained in safe work practices. The training shall 

include why the work practices in a cell line working zone are different from similar work 

situations in other areas of the plant. Employees shall comply with established safe work 

practices and the safe use of protective equipment. 

(a) Attitude Awareness. Safe work practice training shall include attitude awareness 

instruction. Simultaneous contact with energized parts and ground can cause serious electrical 

shock. Of special importance is the need to be aware of body position where contact may be 

made with energized parts of the electrolytic cell line and grounded surfaces. 

(b) Bypassing of Safety Equipment. Safe work practice training shall include 

techniques to prevent bypassing the protection of safety equipment. Clothing may bypass 

protective equipment if the clothing is wet. Trouser legs should be kept at appropriate length, 

and shirt sleeves should be a good fit so as not to drape while reaching. Jewelry and other metal 

accessories that may bypass protective equipment shall not be worn while working in the cell 

line working zone. 

(7) Tools. Tools and other devices used in the energized cell line work zone shall be selected to 

prevent bridging between surfaces at hazardous potential difference. 

FPN: Tools and other devices of magnetic material could be difficult to handle in energized cells’
areas due to their strong dc magnetic fields. 



(8) Portable Cutout Type Switches. Portable cell cutout switches that are connected shall be 

considered as energized and as an extension of the cell line working zone. Appropriate 

procedures shall be used to ensure proper cutout switch connection and operation. 

(9) Cranes and Hoists. Cranes and hoists shall meet the requirements of 668.32 of NFPA 70, 

National Electrical Code. Insulation required for safeguarding employees, such as insulated 

crane hooks, shall be periodically tested. 

(10) Attachments. Attachments that extend the cell line electrical hazards beyond the cell line 

working zone shall utilize one or more of the following: 

(1) Temporary or permanent extension of the cell line working zone 

(2) Barriers 

(3) Insulating breaks 

(4) Isolation 

(11) Pacemakers and Metallic Implants. Employees with implanted pacemakers, 

ferromagnetic medical devices, or other electronic devices vital to life shall not be permitted in 

cell areas unless written permission is obtained from the employee’s physician. 

FPN: The American Conference of Government Industrial Hygienists (ACGIH) recommends that
persons with implanted pacemakers should not be exposed to magnetic flux densities above 10
gauss. 

(12) Testing. Equipment safeguards for employee protection shall be tested to ensure they are 

in a safe working condition. 

310.6 Portable Tools and Equipment. 

FPN:  The  order  of  preference  for  the  energy  source  for  portable  handheld  equipment  is
considered  to  be:  (1)  battery  powered,  (2)  pneumatic,  (3)  a  portable  generator,  (4)  a
nongrounded–type receptacle connected to an ungrounded source. 

(A) Portable Electrical Equipment. The grounding requirements of 110.9(B)(2) shall not be 

permitted within an energized cell line working zone. Portable electrical equipment shall meet 

the requirements of 668.20 of NFPA 70, National Electrical Code. Power supplies for portable 

electric equipment shall meet the requirements of 668.21 of NFPA 70, National Electrical 

Code. 

(B) Auxiliary Nonelectric Connections. Auxiliary nonelectric connections such as air, water, 

and gas hoses shall meet the requirements of 668.31 of NFPA 70, National Electrical Code. 

Pneumatic-powered tools and equipment shall be supplied with nonconductive air hoses in the 

cell line working zone. 



(C) Welding Machines. Welding machine frames shall be considered at cell potential when 

within the cell line working zone. Safety-related work practices shall require that the cell line 

not be grounded through the welding machine or its power supply. Welding machines located 

outside the cell line working zone shall be barricaded to prevent employees from touching the 

welding machine and ground simultaneously where the welding cables are in the cell line 

working zone. 

(D) Portable Test Equipment. Test equipment in the cell line working zone shall be suitable 

for use in areas of large magnetic fields and orientation. 

FPN:  Test  equipment  that  is  not  suitable  for  use  in  such  magnetic  fields  could  result  in  an
incorrect response. When such test equipment is removed from the cell line working zone, its
performance might return to normal, giving the false impression that the results were correct. 

ARTICLE 320 Safety Requirements Related to Batteries and Battery Rooms 

320.1 Scope. 

The requirements of this article shall apply to the safety requirements related to installations of 

stationary storage batteries and battery rooms with a stored capacity exceeding 1 kWh or a 

nominal voltage that exceeds 50 volts but does not exceed 650 volts. 

FPN: For further information, refer to the following documents: 

(1) NFPA 1, Fire Code, 2009 

(2) NFPA 70, National Electrical Code, Article 480, Storage Batteries, 2008 

(3) IEEE Std. 450, IEEE Recommended Practice for Maintenance, Testing, and Replacement of 

Vented Lead-Acid Batteries for Stationary Applications, 2002 

(4) IEEE Std. 484, Recommended Practice for Installation Design and Installation of Vented 

Lead-Acid Batteries for Stationary Applications, 2002 

(5)  IEEE  485,  IEEE  Recommended  Practice  for  Sizing  Lead-Acid  Storage  Batteries  for
Stationary Applications, 1997 

(6)  IEEE  Std.  937,  Recommended  Practice  for  Installation  and  Maintenance  of  Lead-Acid
Batteries for Photovoltaic Systems, 2007 

(7) IEEE 1106, IEEE Recommended Practice for Installation, Maintenance, Testing, and 

Replacement of Vented Nickel-Cadmium Batteries for Stationary Applications, 2005 

(8) IEEE 1184, IEEE Guide for Batteries for Uninterruptible Power Supply Systems, 2006 

(9) IEEE Std. 1187, Recommended Practice for Installation Design and Installation of 

Valve-Regulated Lead-Acid Storage Batteries for Stationary Applications, 2002 



(10) IEEE 1188, IEEE Recommended Practice for Maintenance, Testing, and Replacement of
Valve Regulated Lead-Acid (VRLA) Batteries for Stationary Applications, 2005 

(11) IEEE 1189, IEEE Guide for Selection of Valve-Regulated Lead-Acid (VRLA) Batteries for 

Stationary Applications, 1996 
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320.2 Definitions. 

For the purposes of this chapter, the following definitions shall apply. 

Accessories. Items supplied with the battery to facilitate the continued operation of the battery. 

Authorized Person. The person in charge of the premises, or other person appointed or selected
by the person in charge of the premises, to perform certain duties associated with the battery
installation on the premises. 

Battery. An electrochemical system capable of storing under chemical form the electric energy 

received and which can give it back by reconversion. 

Battery Enclosure. An enclosure containing batteries that is suitable for use in an area other 

than a battery room or an area restricted to authorized personnel. 

Battery Room. Room specifically intended for the installation of batteries that have no other 

protective enclosure. 

Capacity. The quantity of electricity (electric charge) usually expressed in ampere-hour (A-h) 

that a fully charged battery can deliver under specified conditions. 

Cell. An assembly of electrodes and electrolyte that constitutes the basic unit of the battery. 

Charging. An operation during which a battery receives electric energy that is converted to 

chemical energy from an external circuit. The quantity of electric energy then is known as the 

charge and is usually measured in ampere-hour. 

Constant Current Charge. A charge during which the current is maintained at a constant 

value. 

Constant Voltage Charge. A charge during which the voltage across the battery terminals is 

maintained at a constant value. 

Container. A container for the plate pack and electrolyte of a cell of a material impervious to 

attack by the electrolyte. 



Discharging. An operation during which a battery delivers current to an external circuit by the 

conversion of chemical energy to electric energy. 

Electrolyte. A solid, liquid, or aqueous salt solution that permits ionic conduction between 

positive and negative electrodes of a cell. 

Electrolyte Density. Density of the electrolyte, measured in kilograms per cubic meter at a 

specific temperature (density of pure water = 1000 kilograms per cubic meter at 4°Celsius). 

FPN: The density of an electrolyte was formerly indicated by its specific gravity. Specific gravity
is the ratio of the density of the electrolyte to the density of pure water. S.G. = (electrolyte density
in kilograms per cubic meter)/1000. 

Flame-Arrested Vent Plug. A vent plug design that provides protection against internal 

explosion when the cell or battery is exposed to a naked flame or external spark. 

Gassing. The formation of gas produced by electrolyte. 

Intercell and Interrow Connection. Connections made between rows of cells or at the 

positive and negative terminals of the battery that might include lead-plated terminal plates, 

cables with lead, plated lugs, and lead-plated rigid copper connectors, and for nickel-cadmium 

cells, nickel-plated copper intercell connections. 

Intercell Connector Safety Cover. Insulated cover to shroud the terminals and intercell 

connectors from inadvertent contact by personnel or accidental short circuiting. 

Nominal Voltage. An approximate value of voltage used to identify a type of battery. 

Pilot Cell. A selected cell of a battery that is considered to be representative of the average 

state of the battery or part thereof. 

Prospective Fault Current. The highest level of fault current that can occur at a point on a 

circuit. This is the fault current that can flow in the event of a zero impedance short-circuit and 

if no protection devices operate. 

Rate. The current expressed in amperes at which a battery is discharged. 

Secondary Battery. Two or more rechargeable cells electrically connected and used as a 



source of energy. 

Secondary Cell. A rechargeable assembly of electrodes and electrolytes that constitutes the 

basic unit of a battery. 

Stepped Stand. Containers placed in rows and these rows are placed at different levels to form 

a stepped arrangement. 

Terminal Post. A part provided for the connection of a cell or a battery to external conductors. 

Tiered Stand. Where rows of containers are placed above containers of the same or another 

battery. 

Valve-Regulated Lead Acid (VRLA) Battery. A battery that has no provision for the addition 

of water or electrolyte or for external measurement of electrolyte specific gravity. 

Vented Battery. A battery in which the products of electrolysis and evaporation are allowed to 

escape freely to the atmosphere. 

Vent Plug. A part closing the filling hole that is also employed to permit the escape of gas. 

VRLA. Valve-regulated lead acid storage battery. 

320.3 Battery Connections. 

(A) Method of Connection. 

FPN No. 1:  Batteries usually consist  of  a number  of  identical  cells  connected in  series.  The
voltage of a series connection of cells is the voltage of a single cell multiplied by the number of
cells.  If  cells  of  sufficiently  large  capacity  are  available,  then  two or  more  series-connected
strings of equal  numbers  of cells  could be connected in parallel  to achieve the desired rated
capacity. The rated capacity of such a battery is the sum of the capacities of a group of cells
comprising a single cell from each of the parallel branches. 

FPN No. 2: Cells of unequal capacity should not be connected in series. 

FPN No. 3: Parallel connections of batteries are not recommended for constant current-charging 

applications. 

FPN No. 4: Cells connected in series have high voltages that could produce a shock hazard. 

(B) Battery Short-Circuit Current. The battery manufacturer shall be consulted regarding the 

sizing of the battery short-circuit protection. 

Exception: If information regarding the short-circuit protection of a battery is not available 

from the manufacturer, the prospective fault level at the battery terminals shall be considered 

to be twenty times the nominal battery capacity at the 3-hour rate. 



FPN: Battery short-circuit current = (battery voltage)/(internal resistance). 

(C) Connection Between Battery and DC Switching Equipment. 

(1) General. Any cable, busbar, or busway forming the connection between the battery 

terminal and the dc switching equipment shall be rated to withstand the prospective 

short-circuit current. 

FPN: The available short-circuit current should be assumed for a time period of at least 1 second. 

Outside busbars and cables should be both of the following: 

(1) Insulated from the battery terminals to a height of 3.75 m (12 ft 4 in.), or to the battery 

room ceiling, whichever is lower 

(2) Clearly identified and segregated from any other supply circuits 

(2) Cable. Cables shall be effectively clamped and sufficient support shall be provided 

throughout the length of cables to minimize sag and prevent undue strain from being imposed 

on the cable. 

(3) Busbars. 

FPN: Busbars should be insulated throughout their length by an insulating material not affected
by the acid fumes that are present in a battery room. The steelwork supporting the busbar system
should be installed so as not to restrict access to the battery for the purpose of maintenance. 

(4) Busways. 

FPN: Busways should be fully enclosed and able to withstand high levels of fault current without
danger. 

(D) DC Switching Equipment. Switching equipment shall comply with applicable installation 

requirements. 

FPN: For further information concerning electrical installation requirements, refer to NFPA 70,
National Electrical Code. 

(E) Terminals and Connectors. Intercell and battery terminal connections shall be constructed 

of materials, either intrinsically resistant to corrosion or suitably protected by surface finish 

against corrosion. The joining of materials that are incompatible in a corrosive atmosphere 

shall be avoided. 

FPN No. 1: To prevent mechanical stress on the battery terminal posts, the connection between
the battery and any busbar system or large cable should be by insulated flexible cable of suitable
rating. 



FPN No. 2: The takeoff battery terminals and busbar connections should be shrouded or protected
by physical barriers to prevent accidental contact. 

(F) DC Systems Grounding and Ground-Fault Detection. One of the four types of available 

dc grounding systems, described as Type 1 through Type 4, shall be used. 

(1) Type 1. The ungrounded dc system in which neither pole of the battery is connected to 

ground 

FPN: Work on such a system should be carried out with the battery isolated from the battery
charger. If an intentional ground is placed at one end of the battery, an increased shock hazard
would exist between the opposite end of the battery and ground. Also, if another ground develops
within the system (e.g., dirt and acid touching the battery rack), it creates a short circuit that could
cause a fire. An ungrounded dc system should be equipped with an alarm to indicate the presence
of a ground fault. 

(2) Type 2. The solidly grounded dc system where either the positive or negative pole of 

the battery is connected directly to ground 

(3) Type 3. The resistance grounded dc system, where the battery is connected to ground 

through a resistance 

FPN: The resistance is used to permit  operation of a current relay,  which in turn initiates an
alarm. 

(4) Type 4. A tapped solid ground, either at the center point or at another point to suit the 

load system 

(G) Protection of DC Circuits. DC circuits shall be protected in accordance with the NEC. 

(H) Alarms. 

(1) Abnormal Battery Conditions. Alarms shall be provided for early warning of the 

following abnormal conditions of battery operation: 

(1) For vented batteries: 

a. Overvoltage 

b. Undervoltage 

c. Overcurrent 

d. Ground fault 

(2) For VRLA batteries, items (1)(a) through (1)(d) plus overtemperature, as measured at 

the pilot cell (2) Warning Signal. The alarm system shall provide an audible alarm and visual
indication at the battery location, and where applicable, at a remote manned control point. 

320.4 Installations of Batteries. 

Installations using secondary batteries vary considerably in size, from large uninterruptible 



power supply systems, telecommunication systems, and demand load–leveling installations to 

small emergency lighting installations. Secondary batteries permanently installed in or on 

buildings, structures, or premises, having a nominal voltage exceeding 24 volts and a capacity 

exceeding 10 ampere-hours at the 1-hour rate, shall be installed in a battery room or battery 

enclosure. 

(A) Location. Batteries shall be installed in one of the following: 

(1) Dedicated battery rooms 

(2) An area accessible only to authorized personnel 

(3) An enclosure with lockable doors or a suitable housing that shall require a key or tool to 

gain access to the batteries and shall provide protection against electrical contact and 

damage to the battery 

(B) Arrangement of Cells. The arrangement of cells in a battery system shall meet the 

following requirements: 

(1) All cells shall be readily accessible for such inspection and maintenance as is required 

by the manufacturer. 

(2) The space between adjacent containers shall be no less than that recommended by the 

battery manufacturer or, where manufacturer guidance is not available, shall be at least 

12.5 mm (½ in.). 

(3) Each cell shall be readily accessible without having to reach over another cell, or 

alternatively, all exposed energized surfaces shall be shrouded. 

(C) Ventilation for Batteries of the Vented Type. 

(1) Installation. Batteries shall be located in rooms or enclosures with outside vents or in 

well-ventilated rooms, so arranged to prevent the escape of fumes, gases, or electrolyte spray 

into other areas. 

(2) Ventilation. Ventilation shall be provided so as to prevent liberated hydrogen gas from 

exceeding 1 percent concentration. 

(a) Adequacy. Room ventilation shall be adequate to assure that pockets of trapped 

hydrogen gas do not occur, particularly at the ceiling, to prevent the accumulation of an 

explosive mixture. 

(b) Equipment Considerations. Exhaust air shall not pass over electrical equipment 

unless the equipment is listed for the use. 

(c) Location of Inlets. Inlets shall be no higher than the tops of the battery cells and 

outlets at the highest level in the room. 



FPN: The maximum hydrogen evolution rate for batteries should be obtained for the condition
when the maximum charging current available from a constant current battery charger is applied
into a fully charged battery or the current that would be expected from a constant voltage charger
in boost/equalize mode. If possible, contact manufacturer for hydrogen evolution rates. 

(3) Mechanical Ventilation. Where mechanical ventilation is installed, the following shall be 

required: 

(1) Airflow sensors shall be installed to initiate an alarm if the ventilation fan becomes 

inoperative. 

(2) Control equipment for the exhaust fan shall be located more than 1.8 m (6 ft) from the 

battery and a minimum of 100 mm (4 in.) below the lowest point of the highest 

ventilation opening. 

(3) Where mechanical ventilation is used in a dedicated battery room, all exhaust air shall 

be discharged outside the building. 

(4) Fans used to remove air from a battery room shall not be located in the duct unless the 

fan is listed for the use. 

(D) Ventilation for VRLA Type. 

(1) Ventilation Requirements. Ventilation shall be provided so as to prevent liberated 

hydrogen gas from exceeding a 1 percent concentration. 

(a) Adequacy. Ventilation shall be adequate to ensure that pockets of trapped 

hydrogen gas do not occur, particularly at the ceiling of a room or at the top of a cabinet, to 

prevent the accumulation of an explosive mixture. 

(b) Exhaust. Exhaust air shall not pass over electrical equipment unless the 

equipment is listed for the use. 

(c) Inlets. Inlets shall be no higher than the tops of the battery cells and outlets at the 

highest level in the room. 

(2) Mechanical Ventilation. Where mechanical ventilation is installed, the following shall be 

required: 

(1) Airflow sensors shall be installed to initiate an alarm if the ventilation fan becomes 

inoperative. 

(2) Control equipment for the exhaust fan in dedicated battery rooms shall be located more 

than 1.8 m (6 ft) from the battery and a minimum of 100 mm (4 in.) below the lowest 

point of the highest ventilation opening. 

(3) Where mechanical ventilation is used in a dedicated battery room, all exhaust air shall 

be discharged outside the building. 

(4) Fans used to remove air from a battery room shall not be located in the duct unless the 



fan is listed for the use. 

(3) Temperature Requirements. Thermal management shall be provided to maintain battery 

design temperature to prevent thermal runaway that can cause cell meltdown, leading to a fire 

or explosion. 

320.5 Battery Room Requirements. 

(A) General. The battery room shall be accessible only to authorized personnel and shall be 

locked when unoccupied. 

(1) Battery Rooms or Areas Restricted to Authorized Personnel. 

(a) Doors. The battery room and enclosure doors shall open outward. The doors shall 

be equipped with quick-release, quick-opening hardware. 

(b) Foreign Piping. Foreign piping that is not protected against corrosion shall not 

pass through the battery room. 

(c) Passageways. Passageways shall be of sufficient width to allow the replacement 

of all battery room equipment. 

(d) Emergency Exits. Emergency exits shall be provided as required. 

(e) Access. Access and entrance to working space about the battery shall be provided 

as required by 110.26 of NFPA 70, National Electrical Code. 

FPN: Provision to include emergency services personnel and their equipment should be made. 

(2) Battery Enclosures. All cells shall be readily accessible for inspection, cleaning, 

maintenance, and removal. 

(3) Battery Room Floor Loading. Floor loading shall take into account the seismic activity. 

(4) Battery Room Floor Construction and Finish. Battery systems containing free-flowing 

liquid electrolyte shall be provided with spill containment systems in accordance with the fire 

code. 

FPN No. 1:  The battery room floor should be of  concrete  construction.  The floor  should be
graded  so  any  spillage  of  electrolyte  will  drain  to  an  area  where  the  electrolyte  could  be
neutralized before disposal. (The battery manufacturer should be consulted on the appropriate
floor grading so as to reduce connection alignment problems.) 

FPN No. 2: The floor should be covered with an electrolyte-resistant, durable, antistatic, and slip-
resistant surface overall, to a height 100 mm (4 in.) on each wall. Where batteries are mounted
against a wall, the wall behind and at each end of the battery should be coated to a distance of 500
mm (20 in.) around the battery with an electrolyte-resistant paint. 

(B) Battery Layout and Floor Area. The battery layout and floor area shall meet the 



following requirements: 

(1) Battery Layout. The installation shall be so designed that, unless there is a physical barrier, 

potential differences exceeding 120 volts shall be separated by a distance of not less than 900 

mm (36 in.) measured in a straight line in any direction. 

(2) Floor Area. The floor area shall allow for the following clearances: 

(a) Aisle Width. The minimum aisle width shall be 900 mm (36 in.). 

(b) Single-Row Batteries. In addition to the minimum aisle width, there shall be a 

minimum clearance of 25 mm (1 in.) between a cell and any wall or structure on the side not 

requiring access for maintenance. This required clearance does not preclude battery stands 

touching adjacent walls or structures, provided that the battery shelf has a free air space for no 

less than 90 percent of its length. 

(c) Double-Row Batteries. The minimum aisle width shall be maintained on one end 

and both sides of the battery. The remaining end shall have a minimum clearance of 100 mm (4 

in.) between any wall or structure and a cell. 

(d) Tiered Batteries. Tiered batteries shall meet the requirements of 320.5(B)(2)(a), 

320.5(B)(2)(b), and 320.5(B)(2)(c). In addition, there shall be a minimum clearance of 300 mm 

(12 in.) between the highest point of the battery located on the bottom tier and the lowest point 

of the underside of the upper runner bearers. 

(e) Where a charger, or other associated electrical equipment, is located in a battery 

room, the aisle width between any battery and any part of the battery-charging equipment 

(including the doors when fully open) shall be at least 900 mm (36 in.). 

(C) Takeoff Battery Terminals and Outgoing Busbars and Cables. 

(1) Takeoff Battery Terminals. Outgoing busbars and cables shall meet the following 

requirements: 

(1) Be insulated from the battery terminals to a height of 3.75 m (12 ft 4 in.) or the battery 

room ceiling, whichever is lower 

(2) Be clearly identified and segregated from any other supply circuits 

(3) Prevent mechanical stress on the battery posts 

(2) Outgoing Busbars and Cables. The takeoff battery terminals and busbar connections shall 

comply with either of the following: 

(1) Be shrouded 

(2) Be protected by physical barriers to prevent accidental contact 

(D) Intertier and Interrow Connections. The battery terminals and busbar and cable 

interconnections between rows shall comply with either of the following: 

(1) Be shrouded 



(2) Be protected by insulating barriers to prevent accidental contact 

(E) Barriers. To avoid accidental contact with intercell connections, the following insulating 

barriers shall be installed: 

(1) Double-Row Batteries. Insulating barriers between double-row batteries shall be installed 

for the entire length of the battery extending 100 mm (4 in.) past the end terminal unless those 

terminals are shrouded. The barrier shall extend vertically a minimum of 400 mm (16 in.) 

above the exposed portion of the intercell connections and a minimum of 25 mm (1 in.) below 

the top of the battery container. 

(2) Batteries Above 120 Volts. Where the nominal voltage of the battery exceeds 120 volts, 

interblock barriers shall be installed to sectionalize the battery into voltage blocks not 

exceeding 120 volts. Barriers shall extend a minimum of 50 mm (2 in.) out from the exposed 

side of the battery and a minimum of 400 mm (16 in.) above the top of the container. 

(F) Illumination. 

(1) Battery Room Lighting. Battery room lighting shall be installed to provide a minimum 

level of illumination of 300 lux (30 ft-candles). 

(2) Emergency Lighting. Emergency illumination shall be provided for safe egress from the 

battery room. 

(G) Location of Luminaires and Switches. Luminaires shall not be installed directly over 

cells or exposed energized conductors and circuit parts. Switches for the controls of the 

luminaires shall be readily accessible. 

(H) Power. General-purpose outlets shall be installed for the maintenance of the battery. 

(I) Location of General-Purpose Outlets. General-purpose outlets shall be installed at least 

1.8 m (6 ft) from the battery and a minimum of 100 mm (4 in.) below the lowest point of the 

highest ventilation opening. 

320.6 Battery Enclosure Requirements. 

(A) Enclosure Construction. 

(1) General. Where enclosures are designed to accommodate the battery, the battery charger, 

and other equipment, separate compartments shall be provided for each. 

(2) Ventilation. The ventilation openings for the battery compartment shall: 

(a) Prevent the exchange of air within compartments containing electrical equipment 

(b) Prevent accumulation of flammable gas in pockets exceeding 1 percent 

concentration 

(B) Battery Takeoff Terminals and Outgoing Busbars and Cables. Outgoing busbars and 

cables shall be fully insulated, and the battery takeoff terminals shall comply with the 

following: 



(1) Takeoff terminals shall prevent excessive mechanical stress on the battery posts. 

(2) Takeoff terminals shall comply with either of the following: 

(1) Be fully shrouded 

(2) Have physical barriers installed between them 

(C) Battery Compartment Circuits. Only circuits associated with the battery shall be 

installed within a battery compartment of the enclosure. 

320.7 Protection. 

(A) General. 

(1) Marking. When the battery capacity exceeds 100 ampere-hours or where the nominal 

battery voltage is in excess of 50 volts, suitable warning notices indicating the battery voltage 

and the prospective short-circuit current of the installation shall be displayed. 

(2) Overcurrent Protection. Each output conductor shall be individually protected by a fuse 

or circuit breaker positioned as close as practicable to the battery terminals. 

(3) Protective Equipment. Protective equipment shall not be located in the battery 

compartment of the enclosure unless provided as part of a listed assembly. 

(B) Switching and Control Equipment. Switching and control equipment shall comply with 

NFPA 70, National Electrical Code, and shall be listed for the application. 

(C) Ground-Fault Protection. For an ungrounded battery of nominal voltage in excess of 120 

volts, a ground-fault detector shall be provided to initiate a ground-fault alarm. 

(D) Main Isolating Switch. The battery installation shall have an isolating switch installed as 

close as practicable to the main terminals of the battery. Where a busway system is installed, 

the isolating switch may be incorporated into the end of the busway. 

(E) Section Isolating Equipment. Where the battery section exceeds 250 volts, the installation 

shall include an isolating switch, plugs, or links, as required, to isolate sections of the battery, 

or part of the battery, for maintenance. 

(F) Warning Signs. The following signs shall be posted in appropriate locations: 

(1) Electrical hazard warning signs indicating the shock hazard due to the battery voltage 

and the arc hazard due to the prospective short-circuit current 

(2) Chemical hazard warning signs indicating the danger of hydrogen explosion from open 

flame and smoking and the danger of chemical burns from the electrolyte 

(3) Notice for personnel to use and wear protective equipment and apparel 

(4) Notice prohibiting access to unauthorized personnel 

320.8 Personnel Protective Equipment. 

The following protective equipment shall be available to employees performing battery 

maintenance: 



(1) Goggle and face shields 

(2) Chemical-resistant gloves 

(3) Protective aprons 

(4) Protective overshoes 

(5) Portable or stationary water facilities for rinsing eyes and skin in case of electrolyte 

spillage 

320.9 Tools and Equipment. 

Tools and equipment for work on batteries shall comply with the following: 

(1) Be of the nonsparking type 

(2) Be equipped with handles listed as insulated for the maximum working voltage 

ARTICLE 330 Safety-Related Work Practices for Use of Lasers 

330.1 Scope. 

The requirements of this article shall apply to the use of lasers in the laboratory and the 

workshop. 

330.2 Definitions. 

For the purposes of this article, the following definitions shall apply. 

Fail Safe. The design consideration in which failure of a component does not increase the 

hazard. In the failure mode, the system is rendered inoperative or nonhazardous. 

Fail Safe Safety Interlock. An interlock that in the failure mode does not defeat the purpose of 

the interlock, for example, an interlock that is positively driven into the off position as soon as 

a hinged cover begins to open, or before a detachable cover is removed, and that is positively 

held in the off position until the hinged cover is closed or the detachable cover is locked in the 

closed position. 

Laser. Any device that can be made to produce or amplify electromagnetic radiation in the 

wavelength range from 100 nm to 1 mm primarily by the process of controlled stimulated 

emission. 

Laser Energy Source. Any device intended for use in conjunction with a laser to supply 

energy for the excitation of electrons, ions, or molecules. General energy sources, such as 

electrical supply services or batteries, shall not be considered to constitute laser energy sources. 



Laser Product. Any product or assembly of components that constitutes, incorporates, or is 

intended to incorporate a laser or laser system. 

Laser Radiation. All electromagnetic radiation emitted by a laser product between 100 nm and 

1 mm that is produced as a result of a controlled stimulated emission. 

Laser System. A laser in combination with an appropriate laser energy source with or without 

additional incorporated components. 

330.3 Safety Training. 

(A) Personnel to Be Trained. Employers shall provide training for all operator and 

maintenance personnel. 

(B) Scope of Training. The training shall include, but is not limited to, the following: 

(1) Familiarization with laser principles of operation, laser types, and laser emissions 

(2) Laser safety, including the following: 

(1) System operating procedures 

(2) Hazard control procedures 

(3) The need for personnel protection 

(4) Accident reporting procedures 

(5) Biological effects of the laser upon the eye and the skin 

(6) Electrical and other hazards associated with the laser equipment, including the 

following: 

a. High voltages (> 1 kV) and stored energy in the capacitor banks 

b. Circuit components, such as electron tubes, with anode voltages greater than 5 kV 

emitting X-rays 

c. Capacitor bank explosions 

d. Production of ionizing radiation 

e. Poisoning from the solvent or dye switching liquids or laser media 

f. High sound intensity levels from pulsed lasers 

(C) Proof of Qualification. Proof of qualification of the laser equipment operator shall be 

available and in possession of the operator at all times. 

330.4 Safeguarding of Employees in the Laser Operating Area. 

(A) Eye Protection. Employees shall be provided with eye protection as required by federal 

regulation. 

(B) Warning Signs. Warning signs shall be posted at the entrances to areas or protective 



enclosures containing laser products. 

(C) Master Control. High power laser equipment shall include a key-operated master control. 

(D) High-power laser equipment shall include a failsafe laser radiation emission audible and 

visible warning when it is switched on or if the capacitor banks are charged. 

(E) Beam shutters or caps shall be utilized, or the laser switched off, when laser transmission 

is not required. The laser shall be switched off when unattended for 30 minutes or more. 

(F) Laser beams shall not be aimed at employees. 

(G) Laser equipment shall bear a label indicating its maximum output. 

(H) Personnel protective equipment shall be provided for users and operators of high-power 

laser equipment. 

330.5 Employee Responsibility. 

Employees shall be responsible for the following: 

(1) Obtaining authorization for laser use 

(2) Obtaining authorization for being in a laser operating area 

(3) Observing safety rules 

(4) Reporting laser equipment failures and accidents to the employer 

ARTICLE 340 Safety-Related Work Practices: Power Electronic Equipment 

340.1 Scope. 

This article shall apply to safety-related work practices around power electronic equipment, 

including the following: 

(1) Electric arc welding equipment 

(2) High-power radio, radar, and television transmitting towers and antenna 

(3) Industrial dielectric and radio frequency (RF) induction heaters 

(4) Shortwave or RF diathermy devices 

(5) Process equipment that includes rectifiers and inverters such as the following: 

a. Motor drives 

b. Uninterruptible power supply systems 

c. Lighting controllers 

340.2 Definition. 

For the purposes of this article, the following definition shall apply. 

Radiation Worker. A person who is required to work in electromagnetic fields, the radiation 



levels of which exceed those specified for nonoccupational exposure. 

340.3 Application. 

The purpose of this article is to provide guidance for safety personnel in preparing specific 

safety-related work practices within their industry. 

340.4 Reference Standards. 

The following are reference standards for use in the preparation of specific guidance to 

employees: 

(1) International Electrotechnical Commission IEC 60479, Effects of Current Passing 

Through the Body: 

a. 60479-1 Part 1: General aspects 

b. 60479-1-1 Chapter 1: Electrical impedance of the human body 

c. 60479-1-2 Chapter 2: Effects of ac in the range of 15 Hz to 100 Hz 

d. 60479-2 Part 2: Special aspects 

e. 60479-2-4 Chapter 4: Effects of ac with frequencies above 100 Hz 

f. 60479-2-5 Chapter 5: Effects of special waveforms of current 

g. 60479-2-6 Chapter 6: Effects of unidirectional single impulse currents of short 

duration 

(2) International Commission on Radiological Protection (ICRP) Publication 15, Protection 

Against Ionizing Radiation from External Sources 

340.5 Hazardous Effects of Electricity on the Human Body. 

Employer and employees shall be aware of the following hazards associated with power 

electronic equipment. 

(1) Results of Power Frequency Current. 

a. At 5 mA, shock is perceptible. 

b. At 10 mA, a person may not be able to voluntarily let go of the hazard. 

c. At about 40 mA, the shock, if lasting for 1 second or longer, may be fatal due to 

ventricular fibrillation. 

d. Further increasing current leads to burns and cardiac arrest. 

(2) Results of Direct Current. 

a. A dc current of 2 mA is perceptible. 

b. A dc current of 10 mA is considered the threshold of the let-go current. 



(3) Results of Voltage. A voltage of 30 V rms, or 60 V dc, is considered safe except when 

the skin is broken. The internal body resistance can be as low as 500 ohms, so fatalities 

can occur. 

(4) Results of Short Contact. 

a. For contact less than 0.1 second and with currents just greater than 0.5 mA, 

ventricular fibrillation may occur only if the shock is in a vulnerable part of the 

cardiac cycle. 

b. For contact of less than 0.1 second and with currents of several amperes, 

ventricular fibrillation may occur if the shock is in a vulnerable part of the cardiac 

cycle. 

c. For contact of greater than 0.8 second and with currents just greater than 0.5 A, 

cardiac arrest (reversible) may occur. 

d. For contact greater than 0.8 second and with currents of several amperes, burns 

and death are probable. 

(5) Results of ac at Frequencies Above 100 Hz. When the threshold of perception increases 

from 10 kHz to 100 kHz, the threshold of let-go current increases from 10 mA to 100 

mA. 

(6) Effects of Waveshape. Contact with voltages from phase controls usually causes effects 

between those of ac and dc sources. 

(7) Effects of Capacitive Discharge. 

a. A circuit of capacitance of 1 microfarad having a 10 kV capacitor charge may 

cause ventricular fibrillation. 

b. A circuit of capacitance of 20 microfarad having a 10 kV capacitor charge may be 

dangerous and probably cause ventricular fibrillation. 

340.6 Hazards Associated with Power Electronic Equipment. 

Employer and employees shall be aware of the hazards associated with the following: 

(1) High voltages within the power supplies 

(2) Radio frequency energy–induced high voltages 

(3) Effects of radio frequency (RF) fields in the vicinity of antennas and antenna 

transmission lines, which can introduce electrical shock and burns 

(4) Ionizing (X-radiation) hazards from magnetrons, klystrons, thyratrons, cathode-ray 

tubes, and similar devices 

(5) Non-ionizing RF radiation hazards from the following: 

a. Radar equipment 

b. Radio communication equipment, including broadcast transmitters 



c. Satellite–earth-transmitters 

d. Industrial scientific and medical equipment 

e. RF induction heaters and dielectric heaters 

f. Industrial microwave heaters and diathermy radiators 

340.7 Specific Measures for Personnel Safety. 

(A) Employer Responsibility. The employer shall be responsible for the following: 

(1) Proper training and supervision by properly qualified personnel including the following: 

a. The nature of the associated hazard 

b. Strategies to minimize the hazard 

c. Methods of avoiding or protecting against the hazard 

d. The necessity of reporting any hazardous incident 

(2) Properly installed equipment 

(3) Proper access to the equipment 

(4) Availability of the correct tools for operation and maintenance 

(5) Proper identification and guarding of dangerous equipment 

(6) Provision of complete and accurate circuit diagrams and other published information to 

the employee prior to the employee starting work (The circuit diagrams should be 

marked to indicate the hazardous components.) 

(7) Maintenance of clear and clean work areas around the equipment to be worked 

(8) Provision of adequate and proper illumination of the work area 

(B) Employee Responsibility. The employee is responsible for the following: 

(1) Being continuously alert and aware of the possible hazards 

(2) Using the proper tools and procedures for the work 

(3) Informing the employer of malfunctioning protective measures, such as faulty or 

inoperable enclosures and locking schemes 

(4) Examining all documents provided by the employer relevant to the work, especially 

those documents indicating the hazardous components location 

(5) Maintaining good housekeeping around the equipment and work space 

(6) Reporting any hazardous incident 

ARTICLE 350 Safety-Related Work Requirements: Research and Development 

Laboratories 

350.1 

Scope. 

The requirements of this article shall apply to the electrical installations in those areas, with 



custom or special electrical equipment, designated by the facility management for research and 

development (R&D) or as laboratories. 

350.2 

Definitions. 

For the purposes of this article, the following definitions shall apply. 

Competent Person. A person meeting all of the requirements of a qualified person, as defined 

in Article 100 in Chapter 1 of this document and, in addition, is responsible for all work 

activities or safety procedures related to custom or special equipment, and has detailed 

knowledge regarding the electrical hazard exposure, the appropriate controls for mitigating 

those hazards, and the implementation of those controls. 

Field Evaluated. A thorough evaluation of nonlisted or modified equipment in the field that is 

performed by persons or parties acceptable to the authority having jurisdiction. The evaluation 

approval ensures that the equipment meets appropriate codes and standards, or is similarly 

found suitable for a specified purpose. 

Laboratory. A building, space, room, or group of rooms intended to serve activities involving 

procedures for investigation, diagnostics, product testing, or use of custom or special electrical 

components, systems, or equipment. 

Research and Development (R&D). An activity in an installation specifically designated for 

research or development conducted with custom or special electrical equipment. 

350.3 Applications of Other Articles. 

The electrical system for R&D and laboratory applications shall meet the requirements of the 

remainder of this document, except as amended by Article 350. 

FPN:  Examples  of  these  applications  include  low voltage–high  current  power  systems;  high
voltage–low current power systems; dc power supplies; capacitors; cable trays for signal cables
and  other  systems,  such  as  steam,  water,  air,  gas,  or  drainage;  and  custom-made  electronic
equipment. 

350.5 Specific Measures and Controls for Personnel Safety. 

Each laboratory or R&D system application shall be assigned a competent person as defined in 



this article to ensure the use of appropriate electrical safety-related work practices and controls. 

350.6 Listing Requirements. 

The equipment or systems used in the R&D area or in the laboratory shall be listed or field 

evaluated prior to use. 

FPN: Laboratory and R&D equipment or systems can pose unique electrical hazards that might
require mitigation. Such hazards include ac and dc, low voltage and high amperage, high voltage
and  low  current,  large  electromagnetic  fields,  induced  voltages,  pulsed  power,  multiple
frequencies, and similar exposures. 
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Annex C Limits of Approach 

This annex is not a part of the requirements of this NFPA document but is included for 

informational purposes only. 

C.1 Preparation for Approach. 

Observing a safe approach distance from exposed energized electrical conductors or circuit 

parts is an effective means of maintaining electrical safety. As the distance between a person 

and the exposed energized conductors or circuit parts decreases, the potential for electrical 

accident increases. 

C.1.1 Unqualified Persons, Safe Approach Distance. 

Unqualified persons are safe when they maintain a distance from the exposed energized 

conductors or circuit parts, including the longest conductive object being handled, so that they 

cannot contact or enter a specified air insulation distance to the exposed energized electrical 

conductors or circuit parts. This safe approach distance is the Limited Approach Boundary. 

Further, persons must not cross the Arc Flash Protection Boundary unless they are wearing 

appropriate personal protective clothing and are under the close supervision of a qualified 

person. Only when continuously escorted by a qualified person should an unqualified person 

cross the Limited Approach Boundary. Under no circumstance should an unqualified person 

cross the Restricted Approach Boundary, where special shock protection techniques and 

equipment are required. 

C.1.2 Qualified Persons, Safe Approach Distance. 

C.1.2.1 Determine the Arc Flash Protection Boundary and,  if  the boundary is  to  be crossed,
appropriate flash-flame protection equipment must be utilized. 



C.1.2.2 For a person to cross the Limited Approach Boundary and enter the limited space, he or
she must be qualified to perform the job/task. 

C.1.2.3 To cross  the  Restricted  Approach Boundary and enter  the  restricted space,  qualified
persons must do the following: 

(1) Have a plan that is documented and approved by authorized management 

(2) Use personal protective equipment that is appropriate for working near exposed 

energized conductors or circuit parts and is rated for the voltage and energy level involved 

(3) Be certain that no part of the body enters the prohibited space 

(4) Minimize the risk from inadvertent movement by keeping as much of the body out of 

the restricted space as possible, using only protected body parts in the space as 

necessary to accomplish the work 

C.1.2.4 

Crossing the Prohibited Approach Boundary and entering the prohibited space is considered the 

same as making contact with exposed energized conductors or circuit parts. (See Figure 

C.1.2.4.) 

Therefore, qualified persons must do the following: 

(1) Have specified training to work on energized conductors or circuit parts 

(2) Have a documented plan justifying the need to work that close 

(3) Perform a risk analysis 

(4) Have the plan and the risk analysis approved by authorized management 

(5) Use personal protective equipment that is appropriate for working on exposed energized 

conductors or circuit parts and is rated for the voltage and energy level involved 

Figure C.1.2.4 Limits of Approach. 

C.2 Basis for Distance Values in Table 130.2(C). 

C.2.1 General Statement. 

Columns 2 through 5 of Table 130.2(C) show various distances from the exposed energized 

electrical conductors or circuit parts. They include dimensions that are added to a basic 

minimum air insulation distance. Those basic minimum air insulation distances for voltages 

72.5 kV and under are based on IEEE 4, Standard Techniques for High Voltage Testing, 

Appendix 2B; and voltages over 72.5 kV are based on IEEE 516, Guide for Maintenance 

Methods on Energized Power Lines. The minimum air insulation distances that are required to 



avoid flashover are as follows: 

(1) 300 V: 1 mm (0 ft 0.03 in.) 

(2) >300 V 750 V: 2 mm (0 ft 0.07 in.) 

(3) >750 V 2 kV: 5 mm (0 ft 0.19 in.) 

(4) >2 kV 15 kV: 39 mm (0 ft 1.5 in.) 

(5) >15 kV 36 kV: 161 mm (0 ft 6.3 in.) 

(6) >36 kV 48.3 kV: 254 mm (0 ft 10.0 in.) 

(7) >48.3 kV 72.5 kV: 381 mm (1 ft 3.0 in.) 

(8) >72.5 kV 121 kV: 640 mm (2 ft 1.2 in.) 

(9) >138 kV 145 kV: 778 mm (2 ft 6.6 in.) 

(10) >161 kV 169 kV: 915 mm (3 ft 0.0 in.) 

(11) >230 kV 242 kV: 1.281 m (4 ft 2.4 in.) 

(12) >345 kV 362 kV: 2.282 m (7 ft 5.8 in.) 

(13) >500 kV 550 kV: 3.112 m (10 ft 2.5 in.) 

(14) >765 kV 800 kV: 4.225 m (13 ft 10.3 in.) 

C.2.1.1 Column 1. 

The voltage ranges have been selected to group voltages that require similar approach distances 

based on the sum of the electrical withstand distance and an inadvertent movement factor. The 

value of the upper limit for a range is the maximum voltage for highest nominal voltage in the 

range, based on ANSI/IEEE C84.1, Electric Power Systems and Equipment — Voltage Ratings 

(60 Hz). For single-phase systems, select the range that is equal to the system’s maximum 

phase-to-ground voltage multiplied by 1.732. 

C.2.1.2 Column 2. 

The distances in this column are based on OSHA’s rule for unqualified persons to maintain a 

3.05 m (10 ft) clearance for all voltages up to 50 kV (voltage-to-ground), plus 102 mm (4.0 in.) 

for each 1 kV over 50 kV. 

C.2.1.3 Column 3. 

The distances are based on the following: 

(1) 750 V: Use NEC Table 110.26(A)(1), Working Spaces, Condition 2 for 151 V–600 V 

range. 

(2) >750 V 145 kV: Use NEC Table 110.34(A), Working Space, Condition 2. 

(3) >145 kV: Use OSHA’s 3.05 m (10 ft) rules as used in Column 2. 

C.2.1.4 Column 4. 

The distances are based on adding to the flashover dimensions shown above the following 



inadvertent movement distance: 

300 V: Avoid contact. 

Based on experience and precautions for household 120/240 V systems: 

>300 V 750 V: Add 304.8 mm (1 ft 0 in.) for inadvertent movement. 

These values have been found to be adequate over years of use in ANSI/IEEE C2, National 

Electrical Safety Code, in the approach distances for communication workers. 

>72.5 kV: Add 304.8 mm (1 ft 0 in.) for inadvertent movement. 

These values have been found to be adequate over years of use in the National Electrical Safety 

Code in the approach distances for supply workers. 

C.2.1.5 Column 5. 

The distances are based on the following: 

(1) 300 V: Avoid contact. 

(2) >300 750 V: Use NEC Table 230.51(C), Clearances. 

Between open conductors and surfaces, 600 V not exposed to weather. 

(1) >750 V 2.0 kV: Select value that fits in with adjacent values. 

(2) >2 kV 72.5 kV: Use NEC Table 490.24, Minimum Clearance of Live Parts, outdoor 

phase-to-ground values. 

(3) >72.5 kV: Add 152.4 mm (0 ft 6 in.) for inadvertent movement. 

These values have been found to be adequate over years of use where there has been a 

hazard/risk analysis, either formal or informal, of a special work procedure that allows a closer 

approach than that permitted by the Restricted Approach Boundary distance. 

Annex D Incident Energy and Flash Protection Boundary 

Calculation Methods 

This annex is not a part of the requirements of this NFPA document but is included for 

informational purposes only. 

D.1 Introduction. 

Annex D summarizes calculation methods available for calculating arc flash boundary and 

incident energy. It is important to investigate the limitations of any methods to be used. The 

limitations of methods summarized in Annex D are described in Table D.1. 



Table D.1 Limitation of Calculation Methods 

Section Source Limitations/Parameters 

D.2, D.3, D.4 Ralph Lee paper Calculates Arc Flash Protection Boundary for arc in 

open air; conservative over 600 V and becomes more conservative as voltage increases 

D.5 Doughty/Neal paper 

Calculates incident energy for 3-phase arc on systems rated 600 V and below; applies to short-
circuit currents between 16 kA and 50 kA 

D.6 Ralph Lee paper Calculates incident energy for 3-phase arc in open air on systems rated
above 600 V; becomes more conservative as voltage increases 

D.7 IEEE Std. 1584 Calculates incident energy and Arc Flash Protection 

Boundary for: 

208 V to 15 kV; 3-phase; 50 Hz to 60 Hz; 700 A to 106,000 A short-circuit current; and 13 mm
to 152 mm conductor gaps 

D.8 ANSI/IEEE C2 

NESC-Section 

410 Tables 410-1 and Table 410-2 Calculates incident energy for open air phase-to-ground arcs 1
kV to 500 kV for live-line work 

D.2 Basic Equations for Calculating Arc Flash Protection Boundary Distances. 

The short-circuit symmetrical ampacity from a bolted 3-phase fault at the transformer terminals 

is calculated with the following formula: 

[D.2(a)] 

where Isc is in amperes, V is in volts, and %Z is based on the transformer MVA. 

A typical value for the maximum power (in MW) in a 3-phase arc can be calculated using the 

following formula: 

[D.2(b)] 

The Flash Protection Boundary distance is calculated in accordance with the following 

formulae: 

[D.2(c)] 



[D.2(d)] 

[D.2(e)] 

where: 

Dc= distance in feet of person from arc source for a just curable burn (i.e., skin 

temperature remains less than 80°C) 

MVAbf= bolted fault MVA at point involved 

MVA= MVA rating of transformer. For transformers with MVA ratings below 0.75 MVA, 

multiply the transformer MVA rating by 1.25. 

t= time of arc exposure in seconds 

The clearing time for a current limiting fuse is approximately ¼ cycle or 0.004 second if the 

arcing fault current is in the fuse’s current limiting range. The clearing time of a 5 kV and 15 

kV circuit breaker is approximately 0.1 second or 6 cycles if the instantaneous function is 

installed and operating. This can be broken down as follows: actual breaker time 

(approximately 2 cycles), plus relay operating time of approximately 1.74 cycles, plus an 

additional safety margin of 2 cycles, giving a total time of approximately 6 cycles. Additional 

time must be added if a time delay function is installed and operating. 

The formulas used in this explanation are from Ralph Lee, “The Other Electrical Hazard: 

Electrical Arc Blast Burns,” in IEEE Trans. Industrial Applications. Vol. 1A-18. No. 3, Page 

246, May/June 1982. The calculations are based on the worst-case arc impedance. See Table 

D.2. 

Table D.2 Flash Burn Hazard at Various Levels in a Large Petrochemical Plant (1) (2) (3) (4) (5)
(6) 

Bus  Nominal  Voltage  Levels  230  kV System (MVA)  9000  Transformer  (MVA)  System  or
Transformer 

(% Z) 1.11 Short Circuit Symmetrical (A) 23,000 Clearing Time of Fault (cycles) 6.0 

(1) (2) (3) (4) (5) (6) 

Bus Nominal Voltage Levels System (MVA) Transformer (MVA) System or Transformer (% Z) 

Short Circuit Symmetrical (A) Clearing Time of Fault (cycles) 13.8 kV 750 9.4 31,300 6.0 

Load side of all 

13.8 kV fuses 

750 9.4 31,300 1.0 

4.16 kV 10.0 5.5 25,000 6.0 

4.16 kV 5.0 5.5 12,600 6.0 

Line side of incoming 600 V fuse 2.5 5.5 44,000 60.0–120.0 



600 V bus 2.5 5.5 44,000 0.25 

600 V bus 1.5 5.5 26,000 6.0 

600 V bus 1.0 5.57 17,000 6.0 

*Distance from an open arc to limit skin damage to a curable second-degree skin burn [less than
80°C (176°F) on sk 

D.3 Single Line Diagram of a Typical Petrochemical Complex. 

The single line diagram (see Figure D.3) illustrates the complexity of a distribution system in a 

typical petrochemical plant. 

Figure D.3 Single Line Diagram of a Typical Petrochemical Complex. 

D.4 Sample Calculation. 

Many of the electrical characteristics of the systems and equipment are provided in Table D.2. 

The sample calculation is made on the 4160-volt bus 4A or 4B. Table D.2 tabulates the results 

of calculating the Flash Protection Boundary for each part of the system. For this calculation, 

based on Table D.2, the following results are obtained: 

(1) Calculation is made on a 4160-volt bus. 

(2) Transformer MVA (and base MVA) = 10 MVA. 

(3) Transformer impedance on 10 MVA base = 5.5 percent. 

(4) Circuit breaker clearing time = 6 cycles. 

Using Equation D.2(a), calculate the short-circuit current: 

Using Equation D.2(b), calculate the power in the arc: 

Using the Equation D.2(d), calculate the second-degree burn distance: 

Or, using Equation D.2(e), calculate the second-degree burn distance using an alternative 

method: 

D.5 Calculation of Incident Energy Exposure for an Arc Flash Hazard Analysis. 

The following equations can be used to predict the incident energy produced by a three-phase 

arc on systems rated 600 volts and below. The results of these equations might not represent the 

worst case in all situations. It is essential that the equations be used only within the limitations 



indicated in the definitions of the variables shown under the equations. The equations must be 

used only under qualified engineering supervision. (Note: Experimental testing continues to be 

performed to validate existing incident energy calculations and to determine new formulas.) 

The parameters required to make the calculations follow: 

(1) The maximum “bolted fault” three-phase short-circuit current available at the 

equipment and the minimum fault level at which the arc will self-sustain (Calculations 

should be made using the maximum value, and then at lowest fault level at which the 

arc is self-sustaining. For 480-volt systems, the industry accepted minimum level for a 

sustaining arcing fault is 38 percent of the available “bolted fault” three-phase 

short-circuit current. The highest incident energy exposure could occur at these lower 

levels where the overcurrent device could take seconds or minutes to open.) 

(2) The total protective device clearing time (upstream of the prospective arc location) at 

the maximum short-circuit current, and at the minimum fault level at which the arc will 

sustain itself 

(3) The distance of the worker from the prospective arc for the task to be performed 

Typical working distances used for incident energy calculations are as follows: 

(1) Low voltage (600 V and below) MCC and panelboards — 455 mm (18 in.) 

(2) Low voltage (600 V and below) switchgear — 610 mm (24 in.) 

(3) Medium voltage (above 600 V) switchgear — 910 mm (36 in.) 

D.5.1 Arc in Open Air. 

The estimated incident energy for an arc in open air is 

[D.5.1(a)] 

where: 

EMA= maximum open arc incident energy, cal/cm2 

DA= distance from arc electrodes, in. (for distances 18 in. and greater) 

tA= arc duration, seconds 

F= short-circuit current, kA (for the range of 16 kA to 50 kA) 

Using Equation D.5.1(a), calculate the maximum open arc incident energy, cal/cm2, where DA 

= 18 in., tA = 0.2 second, and F = 20 kA. 

[D.5.1(b)] 



D.5.2 Arc in a Cubic Box. 

The estimated incident energy for an arc in a cubic box (20 in. on each side, open on one end) 

is given in the following equation. This equation is applicable to arc flashes emanating from 

within switchgear, motor control centers, or other electrical equipment enclosures. 

[D.5.2(a)] 

where: 

EMB= maximum 20 in. cubic box incident energy, cal/cm2 

DB= distance from arc electrodes, inches (for distances 18 in. and greater) 

tA= arc duration, seconds 

F= short circuit current, kA (for the range of 16 kA to 50 kA) 

Sample Calculation: Using Equation D.5.2(a), calculate the maximum 20 in. cubic box incident 

energy, cal/cm2, using the following: 

(1) DB = 18 in. 

(2) tA = 0.2 sec 

(3) F = 20 kA 

[D.5.2(b)] 

D.5.3 Reference. 

The equations for this section were derived in the IEEE paper by R. L. Doughty, T. E. Neal, 

and H. L. Floyd, II, “Predicting Incident Energy to Better Manage the Electric Arc Hazard on 

600 V Power Distribution Systems,” Record of Conference Papers IEEE IAS 45th Annual 

Petroleum and Chemical Industry Conference, September 28–30, 1998. 

Typical working distances used for incident energy calculations are given below: 

(1) Low voltage (600 V and below) MCC and panelboards — 455 mm (18 in.) 

(2) Low voltage (600 V and below) switchgear — 610 mm (24 in.) 

(3) Medium voltage (above 600 V) switchgear — 910 mm (36 in.) 

D.6 Calculation of Incident Energy Exposure Greater Than 600 V for an Arc Flash 

Hazard Analysis. 

The following equation can be used to predict the incident energy produced by a three-phase 

arc in open air on systems rated above 600 V. The parameters required to make the calculations 



are as follows: 

(1) The maximum “bolted fault” three-phase short-circuit current available at the 

equipment 

(2) The total protective device clearing time (upstream of the prospective arc location) at 

the maximum short-circuit current 

(3) The distance from the arc source 

(4) Rated phase-to-phase voltage of the system: 

where: 

E= incident energy, cal/cm2 

F= bolted fault short-circuit current, kA 

V= system phase-to-phase voltage, kV 

tA= arc duration, seconds 

D= distance from the arc source, inches 

D.7 Basic Equations for Calculating Incident Energy and Arc Flash Protection Boundary. 

This section offers equations for estimating incident energy and Flash Protection Boundaries 

based on statistical analysis and curve fitting of available test data. An IEEE working group 

produced the data from tests it performed to produce models of incident energy. Based on the 

selection of standard personal protective equipment (PPE) levels (1.2, 8, 25, and 40 cal/cm2), it 

is estimated that the PPE is adequate or more than adequate to protect employees from 

second-degree burns in 95 percent of the cases. 

FPN: When incident energy exceeds 40 cal/cm2 at the working distance, greater emphasis than
normal  should  be  placed  on  de-energizing  before  working  on  or  near  the  exposed electrical
conductors or circuit parts. 

The complete data, including a spreadsheet calculator to solve the equations, can be found in 

the IEEE 1584, Guide for Performing Arc Flash Hazard Calculations. It can be ordered from 

the Institute of Electrical and Electronics Engineers, Inc., 445 Hoes Lane, P.O. Box 1331, 

Piscataway, NJ 08855-1331. 

D.7.1 System Limits. 

An equation for calculating incident energy can be empirically derived using statistical analysis 

of raw data along with a curve-fitting algorithm. It can be used for systems with the following 



limits: 

(1) 0.208 kV to 15 kV, three-phase 

(2) 50 Hz to 60 Hz 

(3) 700 A to 106,000 A available short-circuit current 

(4) 13 mm to 152 mm conductor gaps 

For three-phase systems in open-air substations, open-air transmission systems, and distribution 

systems, a theoretically derived model is available. This theoretically derived model is intended 

for use with applications where faults escalate to three-phase faults. Where such an escalation 

is not possible or likely or where single-phase systems are encountered, this equation will 

likely provide conservative results. 

D.7.2 Arcing Current. 

To determine the operating time for protective devices, find the predicted three-phase arcing 

current. 

For applications with a system voltage under 1 kV, solve Equation D.7.2(a): 

[D.7.2(a)] 

where: 

lg= the log10 

Ia= arcing current in kA 

K= -0.153 for open air arcs; -0.097 for arcs-in-a-box 

Ibf= bolted three-phase available short-circuit current (symmetrical rms) (kA) 

V= system voltage in kV 

G= conductor gap (mm) (See Table D.7.2.) 

For systems greater than or equal to 1 kV, use Equation D.7.2(b): 

[D.7.2(b)] 

This higher voltage formula is utilized for both open-air arcs and for arcs-in-a-box. 

Convert from lg: 

[D.7.2(c)] 



Use 0.85Ia to find a second arc duration. This second arc duration accounts for variations in the 

arcing current and the time for the overcurrent device to open. Calculate the incident energy 

using both arc durations (Ia and 0.85 Ia), and use the higher incident energy. 

Table D.7.2 Factors for Equipment and Voltage 

Classes 

System Voltage Type of Typical Conductor Distance Exponent 

(kV) Equipment Gap (mm) Factor X 

Open-air 10–40 2.000 

0.208–1 Switchgear 32 1.473 

MCCs and 25 1.641 

panels 

Cables 13 2.000 

Open-air 102 2.000 

>1–5 Switchgear 13–102 0.973 

Cables 13 2.000 

Open-air 13–153 2.000 

>5–15 Switchgear 153 0.973 

Cables 13 2.000 

D.7.3 Incident Energy at Working Distance — Empirically Derived Equation. 

To determine the incident energy using the empirically derived equation, determine the log10 of 

the normalized incident energy. This equation is based on data normalized for an arc time of 

0.2 second and a distance from the possible arc point to the person of 610 mm: 

[D.7.3(a)] 

where: 

En= incident energy (J/cm2) normalized for time and distance 

k1= -0.792 for open air arcs; -0.555 for arcs-in-a-box 

k2= 0 for ungrounded and high-resistance grounded systems 

= -0.113 for grounded systems 

G= the conductor gap (mm) (See Table D.7.2.) 



Then, 

[D.7.3(b)] 

Converting from normalized: 

[D.7.3(c)] 

where: 

E= incident energy in J/cm2 

Cf= calculation factor 

= 1.0 for voltages above 1 kV 

= 1.5 for voltages at or below 1 kV 

En= incident energy normalized 

t= arcing time (seconds) 

D= distance (mm) from the arc to the person (working distance) 

X= the distance exponent from Table D.7.2 

D.7.4 Incident Energy at Working Distance—Theoretical Equation. 

The theoretically derived equation can be applied in cases where the voltage is over 15 kV or 

the gap is outside the range: 

[D.7.4] 

where: 

E= incident energy (J/cm2) 

V= system voltage (kV) 

t= arcing time (seconds) 

D= distance (mm) from the arc to the person (working distance) 

Ibf= available three-phase bolted-fault current 

For voltages over 15 kV, arcing-fault current and bolted-fault current are considered equal. See 

Table D.7.4 for typical working distances. 

Table D.7.4 

Typical Working Distances 

Classes of Equipment Typical Working Distance* (mm) 



15kV switchgear 910 

5kV switchgear 910 

Low-voltage switchgear 610 

Classes of Equipment Typical Working Distance* (mm) 

Low-voltage MCCs and panelboards 

455 

Cable 455 

Other To be determined in field 

* Typical working distance is the sum of the 

distance between the worker and the front of the 

equipment and the distance from the front of the 

equipment to the potential arc source inside the 

equipment. 

D.7.5 Arc Flash Protection Boundary. 

The Arc Flash Protection Boundary is the distance at which a person is likely to receive a 

second-degree burn. The onset of a second-degree burn is assumed to be when the skin receives 

5.0 J/cm2 of incident energy. 

For the empirically derived equation, 

[D.7.5(a)] 

For the theoretically derived equation, 

[D.7.5(b)] 

where: 

DB= the distance (mm) of the Arc Flash Protection Boundary from the arcing point 

Cf= a calculation factor 

= 1.0 for voltages above 1 kV 

= 1.5 for voltages at or below 1 kV 

En= incident energy normalized 

EB= incident energy in J/cm2 at the distance of the Arc Flash Protection Boundary 



t= time (seconds) 

X= the distance exponent from Table D.7.2 

Ibf= bolted 3-phase available short-circuit current 

V= system voltage in kV 

FPN: These equations could be used to determine whether selected PPE is adequate to prevent
thermal injury at a specified distance in event of an arc flash. 

D.7.6 Current-Limiting Fuses. 

The formulas in this section were developed for calculating arc-flash energies for use with 

current-limiting Class L and Class RK1 fuses. The testing was done at 600 volts and at a 

distance of 455 mm, using commercially available fuses from one manufacturer. The following 

variables are noted: 

Ibf = available three-phase bolted-fault current (symmetrical rms) (kA) 

E = incident energy (J/cm2) 

(A) Class L Fuses 1,601 A–2,000 A. 

Where Ibf <22.6 kA, calculate the arcing current using Equation D.7.2(a), and use time-current 

curves to determine the incident energy using Equations D.7.3(a), D.7.3(b), and D.7.3(c). 

Where 22.6 kA Ibf 65.9 kA, 

[D.7.6(a)] 

Where 65.9 kA < Ibf 106 kA, 

[D.7.6(b)] 

Where Ibf >106 kA, contact manufacturer. 

(B) Class L Fuses 1,201 A–1,600 A. 

Where Ibf <15.7 kA, calculate the arcing current using Equation D.7.2(a), and use time-current 

curves to determine the incident energy using Equations D.7.3(a), D.7.3(b), and D.7.3(c). 

Where 15.7 kA Ibf 31.8 kA, 

[D.7.6(c)] 



Where 31.8 kA <IT+>Ibf <44.1 kA, 

[D.7.6(d)] 

Where 44.1 kA Ibf 65.9 kA, Where 44.1 kA Ibf 65.9 kA, 

[D.7.6(e)] 

Where 65.9 kA <IT+>Ibf 106 kA, 

[D.7.6(f)] 

Where Ibf >106 kA, contact manufacturer. 

(C) Class L Fuses 801 A–1,200 A. 

Where Ibf <15.7 kA, calculate the arcing current per Equation D.7.2(a), and use time-current 

curves to determine the incident energy per Equations D.7.3(a), D.7.3(b), and D.7.3(c). 

Where 15.7 kA Ibf 22.6 kA, 

[D.7.6(g)] 

Where 22.6 kA <IT+>Ibf 44.1 kA, 

[D.7.6(h)] 

Where 44.1 kA <IT+>Ibf 106 kA, 

[D.7.6(i)] 

Where Ibf >106 kA, contact manufacturer. 

(D) Class L Fuses 601 A–800 A. 

Where Ibf <15.7 kA, calculate the arcing current per Equation D.7.2(a), and use time-current 

curves to determine the incident energy using Equations D.7.3(a), D.7.3(b), and D.7.3(c). 

Where 15.7 kA Ibf 44.1 kA, 

[D.7.6(j)] 

Where 44.1 kA < Ibf 106 kA, Where 44.1 kA < Ibf 106 kA, 



[D.7.6(k)] 

Where Ibf > 106 kA, contact manufacturer. 

(E) Class RK1 Fuses 401 A–600 A. 

Where Ibf <8.5 kA, calculate the arcing current using Equation D.7.2(a), and use time-current 

curves to determine the incident energy using Equations D.7.3(a), D.7.3(b), and D.7.3(c). 

Where 8.5 kA Ibf 14 kA, 

[D.7.6(l)] 

Where 14 kA < Ibf 15.7 kA, 

[D.7.6(m)] 

Where 15.7 kA < Ibf 

22.6 kA, 

[D.7.6(n)] 

Where 22.6 kA < Ibf 106 kA, 

[D.7.6(o)] 

Where Ibf >106 kA, contact manufacturer. 

(F) Class RK1 Fuses 201 A–400 A. 

Where Ibf <3.16 kA, calculate the arcing current using Equation D.7.2(a), and use time-current 

curves to determine the incident energy using Equations D.7.3(a), D.7.3(b), and D.7.3(c). 

Where 3.16 kA Ibf 5.04 kA, 

[D.7.6(p)] 

Where 5.04 kA < Ibf 22.6 kA, Where 5.04 kA < Ibf 22.6 kA, 

[D.7.6(q)] 

Where 22.6 kA <IT+>Ibf 106 kA, 



[D.7.6(r)] 

Where Ibf >106 kA, contact manufacturer. 

(G) Class RK1 Fuses 101 A–200 A. 

Where Ibf <1.16 kA, calculate the arcing current using Equation D.7.2(a), and use time-current 

curves to determine the incident energy using Equations D.7.3(a), D.7.3(b), and D.7.3(c). 

Where 1.16 kA Ibf 1.6 kA, 

[D.7.6(s)] 

Where 1.6 kA < Ibf 3.16 kA, 

[D.7.6(t)] 

Where 3.16 kA <IT+>Ibf 106 kA, 

[D.7.6(u)] 

Where Ibf > 106 kA, contact manufacturer. 

(H) Class RK1 Fuses 1 A–100 A. 

Where Ibf <0.65 kA, calculate the arcing current per Equation D.7.2(a), and use time-current 

curves to determine the incident energy using Equations D.7.3(a), D.7.3(b), and D.7.3(c). 

Where 0.65 kA Ibf 1.16 kA, 

[D.7.6(v)] 

Where 1.16 kA < Ibf 1.4 kA, Where 1.16 kA < Ibf 1.4 kA, 

[D.7.6(w)] 

Where 1.4 kA < Ibf 106 kA, 

[D.7.6(x)] 

Where Ibf > 106 kA, contact manufacturer. 

D.7.7 Low-Voltage Circuit Breakers. 



The equations in Table D.7.7 can be used for systems with low-voltage circuit breakers. The 

results of the equations will determine the incident energy and Arc Flash Protection Boundary 

when Ibf is within the range as described. Time-current curves for the circuit breaker are not 

necessary within the appropriate range. 

When the bolted-fault current is below the range indicated, calculate the arcing current per 

Equation D.7.2(a), and use time-current curves to determine the incident energy using 

Equations D.7.3(a), D.7.3(b), and D.7.3(c). 

Table D.7.7 Incident Energy and Arc Flash Protection Boundary by Circuit Breaker 

Type and Rating 

480 V and Lower 

Rating (A) 

100–400 

600–1,200 

600–1,200 

1,600–6,000 

800–6,300 

800–6,300 

Breaker Type 

MCCB 

MCCB 

MCCB 

MCCB or ICCB 

LVPCB 

LVPCB 

Trip-Unit Type 

TM or M 

TM or M 

E, LI 

TM or E, LI 

E, LI 

E, LSb 

Incident Energy (J/cm2)a 



0.189 Ibf + 0.548 

0.223 Ibf + 1.590 

0.377 Ibf + 1.360 

0.448 Ibf + 3.000 

0.636 Ibf + 3.670 

4.560 Ibf + 27.230 

Flash Boundary (mm)a 

9.16 Ibf + 194 

8.45 Ibf + 364 

12.50 Ibf + 428 

11.10 Ibf + 696 

14.50 Ibf + 786 

47.20 Ibf + 2660 

In 

480 V and Lower 

Rating (A) Breaker Type Trip-Unit Type Incident Energy (J/cm2)a Flash Boundary (mm)a In 

MCCB: Molded-case circuit breaker. 

ICCB: Insulated-case circuit breaker. 

LVPC: Low-voltage power circuit breaker. 

TM: Thermal-magnetic trip units. 

M: Magnetic (instantaneous only) trip units. 

E: Electronic trip units have three characteristics that may be used separately or in combination:
L: Long-time, S: Sh 

a Ibf is in kA; working distance is 455 mm (18 in.). 

b Short-time delay is assumed to be set at maximum. 

The range of available three-phase bolted-fault currents is from 700 A to 106,000 A. Each 

equation is applicable for the range 



where: 

I2= the interrupting rating of the CB at the voltage of interest. 

I1= the minimum available three-phase, bolted, short-circuit current at which this method 

can be applied. I1 is the lowest available three-phase, bolted, short-circuit current level 

that causes enough arcing current for instantaneous tripping to occur or for circuit 

breakers with no instantaneous trip, that causes short-time tripping to occur. 

To find I1, the instantaneous trip (It) of the circuit breaker must be found. This can be 

determined from the time-current curve, or it can be assumed to be 10 times the rating of the 

circuit breaker for circuit breakers rated above 100 amperes. For circuit breakers rated 100 

amperes and below, a value of It = 1,300 A can be used. When short-time delay is utilized, It is 

the short-time pick-up current. The corresponding bolted-fault current, Ibf, is found by solving
the equation for arc current for box configurations by substituting It for arcing current. The 1.3
factor in Equation D.7.7(b) adjusts current to the top of the tripping band. 

[D.7.7(a)] 

At 600 V, 

[D.7.7(b)] 

At 480 V and lower, 

[D.7.7(c)] 

[D.7.7(d)] 

D.7.8 References. 

The complete data, including a spreadsheet calculator to solve the equations, may be found in 

IEEE 1584, Guide for Performing Arc Flash Hazard Calculations. IEEE publications are 

available from the Institute of Electrical and Electronics Engineers, 445 Hoes Lane, P.O. Box 

1331, Piscataway, NJ 08855-1331, USA (http://standards.ieee.org/). 

D.8 Estimated Incident Energy Exposures for Live Line Work on Overhead Open Air 



Systems 1 kV to 800 kV. 

Table D.8(1) and Table D.8(2) list the heat flux rate in cal/cm2/sec derived from the 

ANSI/IEEE C2 Tables 410-1 and 410-2. To estimate the incident energy, multiply the heat flux 

rate in the tables by the maximum clearing time (in seconds). 

Table D.8(1) 

Max Fault Current (kA) 

Phase-to-Phase Voltage (kV) 

1 to 15 15.1 to 25 25.1 to 36 36.1 to 46 

Heat Flux Rate (cal/cm2/sec) 

5 4.9 

12.5 

22.2 

34 

8.7 11.6 

20.8 27.1 

35.6 45.4 

52.8 66.4 

14.8 

34.5 

56.2 

78.7 

10 

15 

20 

Max Fault Current (kA) 

Phase-to-Phase Voltage (kV) 

1 to 15 15.1 to 25 25.1 to 36 36.1 to 46 

Heat Flux Rate (cal/cm2/sec) 

Notes: 

(1) These calculations are based on open air phase-to-ground arcs. 

This table is not intended for phase-to-phase arcs or enclosed arc (arc 

in a box). 



(2) These calculations are based on a 15-in. separation distance from 

the arc to the employee and arc gaps as follows: 1 to 15 kV = 2 in., 

15.1 to 25 kV = 4 in., 25.1–36 kV = 6 in., 36.1 to 46 kV = 9 in. (See 

IEEE 4.) 

(3) These calculations were derived using a commercially available 

computer software program. Other methods are available to estimate 

arc exposure values and may yield slightly different but equally 

acceptable results. 

Table D.8(2) 

Max Fault Current (kA) 

Phase-to-Phase Voltage (kV) 

46.1 to 72.5 

72.6 to 121 

138 to 145 

161 to 169 

230 to 242 

345 to 362 

500 to 550 

765 to 800 

Heat Flux Rate (cal/cm2/sec) 

20 12.4 24.2 19.4 21.1 17.7 8.3 9.8 8.2 

30 22.3 42.1 33.5 34.2 28.7 13.5 15.8 13.3 

40 34.7 63.6 50.4 49 41.1 19.3 22.7 19 

50 49.5 88.7 70 65.2 54.7 25.6 30.2 25.3 

Notes: 

(1) These calculations are based on open-air phase-to-ground arcs. This table is 

not intended for phase-to-phase arcs or enclosed arc (arc in a box). 

(2) Arc gap is calculated by using the phase-to-ground voltage of the circuit 

and dividing by 10. The dielectric strength of air is taken at 10 kV per inch. 

(See IEEE 4.) 

(3) Distance from the arc to the employee is calculated by using the minimum 

approach distance from ANSI/IEEE C2, Table 441-2, and subtracting two 

times the assumed arc gap length. 



(4) These calculations were derived using a commercially available computer 

software program. Other methods are available to estimate arc exposure values 

and may yield slightly different but equally acceptable results. 

D.9 Guideline for the use of Hazard/Risk Category (HRC) 2 and HRC 4 Personal 

Protective Equipment. 

D.9.1 Tables for Guidance on the Use of Personal Protective Equipment. 

The following tables can be used to determine the suitability of Hazard/Risk Category (HRC) 2 

and HRC 4 personal protective equipment on systems rated up to 15 kV, line-to-line. See Table 

D.9.1 and Table D.9.2 for the recommended limitations based on bolted 3-phase short-circuit 

currents at the listed fault-clearing times. The limitations listed below are based on IEEE 1584 

calculation methods. 

Table D.9.1 Low-Voltage Systems – Maximum Three-Phase Bolted-Fault Current Limits 

at Various System Voltages and Fault-Clearing Times of Circuit Breakers, for the 

Recommended Use of Hazard/Risk Category (HRC) 2 and HRC 4 Personal Protective 

Equipment in an “Arc in a Box” Situation 

System Voltage 

(volts, phase-to-phase) 

Upstream Protection 

Fault-Clearing Time (sec) 

Maximum 3-Phase Bolted-Fault 

Current for Use of HRC 2 PPE 

(8 cal/cm2) 

Maximu 

Curren 

690 0.05 

0.10 39 kA 

0.20 20 kA 

0.33 10 kA 

600 

0.50 Not Recommended 

Not Recommended 

0.05 48 kA 



0.10 24 kA 

0.20 12 kA 

0.33 Not Recommended 

480 

0.50 Not Recommended 

0.05 68 kA 

0.10 32 kA 

0.20 15 kA 

0.33 8 kA 

400 

0.50 Not Recommended 

0.05 87 kA 

0.10 39 kA 

0.20 18 kA 

0.33 10 kA 

0.50 Not Recommended 

System Voltage 

(volts, phase-to-phase) 

Upstream Protection 

Fault-Clearing Time (sec) 

Maximum 3-Phase Bolted-Fault 

Current for Use of HRC 2 PPE 

(8 cal/cm2) 

Maximu 

Curren 

208 

0.05 

0.10 

200 kA* 

104 kA 

Notes: 

(1) Three-phase “bolted fault” value is at the terminals of the equipment on which work is to be
done. 

(2) “Upstream Protection Fault-Clearing Time” is normally the “short-time delay” setting on the



trip unit of the low 

breaker upstream of the equipment on which work is to be done. 

(3)  For  application  of  this  table,  the  recommended  maximum  setting  (pick-up)  of  either  the
instantaneous or short-d circuit breaker’s trip unit is 30% of the actual available 3-phase bolted
fault current at the specific work location. 

(4) Working distance for the arc-flash exposures is assumed to be 455 mm (18 in.). 

(5) Flash Protection Boundary (threshold distance for a second-degree skin burn) is 1.7 m (6 ft)
for HRC 2 and 4.9 m PPE is required for all  personnel  working within the Flash Protection
Boundary. 

(6)  Instantaneous  circuit  breaker  trip  unit(s)  have  no  intentional  time  delay,  and  the  circuit
breaker will clear the fau initiation. Application of circuit breakers with faster clearing times or
the use of current-limiting circuit  breakers or use of HRC 2 and HRC 4 PPE at greater fault
currents than listed. 

(7) Systems are assumed to be resistance grounded, except for 208 V (solidly grounded system).
This  assumption  re  application  if  the  table  is  used  on  a  solidly  grounded  system,  since  the
incident energy on a solidly grounded system bolted fault current availability. 

*Maximum equipment short-circuit current rating available. 

Table D.9.2 High-Voltage Systems – Maximum Three-Phase Bolted-Fault Current Limits 

at Various System Voltages and Fault-Clearing Times of Circuit Breakers, for the 

Recommended Use of Hazard / Risk Category (HRC) 2 and HRC 4 Personal Protective 

Equipment in an “Arc in a Box” Situation 

System Voltage 

(volts, phase-to-phase) 

Upstream Protection 

Fault-Clearing Time 

(sec) 

Maximum 3-Phase 

Bolted-Fault Current for 

Use of HRC 2 PPE 

(8 cal/cm2) 

Maximum 3-Phase B 

Use of H 

(40 

15 kV Class and 12 kV Class 

5 kV Class 



0.10 

0.35 

0.70 

1.0 

0.10 

0.35 

0.70 

1.0 

45 kA 

13 kA 

7 kA 

5 kA 

50 kA 

15 kA 

8 kA 

5 kA 

63 kA*( 

6 

3 

2 

63 kA* 

63 kA* 

3 

2 

System Voltage 

(volts, phase-to-phase) 

Upstream Protection 

Fault-Clearing Time 

(sec) 

Maximum 3-Phase 

Bolted-Fault Current for 

Use of HRC 2 PPE 

(8 cal/cm2) 

Maximum 3-Phase B 



Use of H 

(40 

Notes: 

(1) “Upstream Protection Fault-Clearing Time” is the protective relaying operating time at 90%
of  the  actual  availab  current  at  the  specific  work  location  (the  time  for  the  output  contact
operating the trip coil of the circuit breaker to b circuit breaker operating time (upstream of the
equipment on which work is to be done). 

(2) Working distance for the above arc-flash exposures is assumed to be 0.92 m (3 ft). 

(3)  Systems  are  assumed  to  be  resistance  grounded.  This  assumption  results  in  conservative
application if the table i grounded system, since the incident energy on a solidly grounded system
is lower. 

(4)  The cal/cm2 in parentheses in the last  column are calculated at  the maximum equipment
short-circuit current rati * Maximum equipment short-circuit current rating available. 

Annex E Electrical Safety Program 

This annex is not a part of the requirements of this NFPA document but is included for 

informational purposes only. 

See 110.7, Electrical Safety Program. 

E.1 Typical Electrical Safety Program Principles. 

Electrical safety program principles include, but are not limited to, the following: 

(1) Inspect/evaluate the electrical equipment 

(2) Maintain the electrical equipment’s insulation and enclosure integrity 

(3) Plan every job and document first-time procedures 

(4) Deenergize, if possible (see 120.1) 

(5) Anticipate unexpected events 

(6) Identify and minimize the hazard 

(7) Protect the employee from shock, burn, blast, and other hazards due to the working 

environment 

(8) Use the right tools for the job 

(9) Assess people’s abilities 

(10) Audit these principles 

E.2 Typical Electrical Safety Program Controls. 



Electrical safety program controls can include, but are not limited to, the following: 

(1) Every electrical conductor or circuit part is considered energized until proven 

otherwise. 

(2) No bare-hand contact is to be made with exposed energized electrical conductors or 

circuit parts above 50 volts to ground, unless the “bare-hand method” is properly used. 

(3) Deenergizing an electrical conductor or circuit part and making it safe to work on is in 

itself a potentially hazardous task. 

(4) Employer develops programs, including training, and employees apply them. 

(5) Use procedures as “tools” to identify the hazards and develop plans to eliminate/control 

the hazards. 

(6) Train employees to qualify them for working in an environment influenced by the 

presence of electrical energy. 

(7) Identify/categorize tasks to be performed on or near exposed energized electrical 

conductors and circuit parts. 

(8) Use a logical approach to determine potential hazard of task. 

(9) Identify and use precautions appropriate to the working environment. 

E.3 Typical Electrical Safety Program Procedures. 

Electrical safety program procedures can include, but are not limited to, the following: 

(1) Purpose of task 

(2) Qualifications and number of employees to be involved 

(3) Hazardous nature and extent of task 

(4) Limits of approach 

(5) Safe work practices to be utilized 

(6) Personal protective equipment involved 

(7) Insulating materials and tools involved 

(8) Special precautionary techniques 

(9) Electrical diagrams 

(10) Equipment details 

(11) Sketches/pictures of unique features 

(12) Reference data 



Annex F Hazard/Risk Evaluation Procedure 

This annex is not a part of the requirements of this NFPA document but is included for 

informational purposes only. 

See 110.7(F), Hazard/Risk Evaluation Procedure. Figure F.1 illustrates the steps of a 

hazard/risk analysis evaluation procedure flow chart. 

Figure F.1 Hazard/Risk Analysis Evaluation Procedure Flow Chart. 

See 110.7(F), Hazard/Risk Assessment Procedure. Figure F.2.1 illustrates a hazard/risk 

analysis procedure. 

A Hazard/Risk Evaluation is an analytical tool consisting of a number of discrete steps 

intended to ensure that hazards are properly identified and evaluated, and that appropriate 

measures are taken to reduce those hazards to a tolerable level (adapted from ANSI/ASSE 

Z244.1). 

This procedure is a comprehensive review of the task and associated foreseeable hazards that 

use event severity, frequency, probability, and avoidance to determine the level of safe 

practices employed. This procedure includes: 

(1) Gathering task information and determining task limits 

(2) Documenting hazards associated with each task 

(3) Estimating the risk factors for each hazard/task pair 

(4) Assigning a safety measure for each hazard to attain an acceptable or tolerable level of 

risk 

While this procedure might not result in a reduction of PPE for a task, it can help in 

understanding of the specific hazards associated with a task to a greater degree and thus allow 

for a more comprehensive assessment to occur. 

While severity, frequency, and avoidance factors are straightforward, consideration of 

probability includes the following estimators: 



(1) Hazard exposures 

(2) Human factors 

(3) Task history 

(4) Workplace culture 

(5) Safeguard reliability 

(6) Ability to maintain or defeat protective measures 

(7) Preventive maintenance history 

Reduction strategies to be employed if an unacceptable risk cannot be achieved include the 

following hierarchy of controls: 

(1) Eliminate the hazard 

(2) Reduce the risk by design 

(3) Apply safeguards 

(4) Implement administrative controls 

(5) Use personal protective equipment 

Figure F.2.1 Sample Hazard/Risk Evaluation Procedure Form. (Source: Figure 5 in 

Anderson, W. E. “Risk Analysis Methodology Applied to Industrial Machine Development,” 

IEEE Transactions on Industrial Applications.) 

Figure F.2.2 illustrates the steps of a hazard/risk evaluation assessment procedure. 

Figure F.2.2 The Steps of a Hazard/Risk Evaluation Assessment Procedure. 

Figure F.2.3 is included as a blank version of Figure F.2.1. 

Figure F.2.3 Hazard/Risk Evaluation Procedure (Blank Form for Use). (Source: Figure 5 

in Anderson, W. E. “Risk Analysis Methodology Applied to Industrial Machine 

Development,” IEEE Transactions on Industrial Applications.) 



Annex G Sample Lockout/Tagout Procedure 

This annex is not a part of the requirements of this NFPA document but is included for 

informational purposes only. 

Lockout is the preferred method of controlling personnel exposure to electrical energy hazards. 

Tagout is an alternative method that is available to employers. To assist employers in 

developing a procedure that meets the requirement of 120.2 of NFPA 70E, the following 

sample procedure is provided for use in lockout or tagout programs. This procedure can be 

used for an individual employee control, a simple lockout/tagout, or as part of a complex 

lockout/tagout. Where a job or task is under the control of one person, the individual employee 

control procedure can be used in lieu of a lockout/tagout procedure. A more comprehensive 

plan will need to be developed, documented, and utilized for the complex lockout/tagout. 

LOCKOUT (TAGOUT) PROCEDURE 

FOR ABC COMPANY 

OR 

TAGOUT PROCEDURE FOR _____ COMPANY 

1.0 Purpose. 

This procedure establishes the minimum requirements for lockout (tagout) of electrical energy 

sources. It is to be used to ensure that conductors and circuit parts are disconnected from 

sources of electrical energy, locked (tagged), and tested before work begins where employees 

could be exposed to dangerous conditions. Sources of stored energy, such as capacitors or 

springs, shall be relieved of their energy, and a mechanism shall be engaged to prevent the 

re-accumulation of energy. 

2.0 Responsibility. 

All employees shall be instructed in the safety significance of the lockout (tagout) procedure. 

All new or transferred employees and all other persons whose work operations are or might be 

in the area shall be instructed in the purpose and use of this procedure. [Include the name(s) of 

person(s) or job title(s) of employees with responsibility] shall ensure that appropriate 



personnel receive instructions on their roles and responsibilities. All persons installing a 

lockout (tagout) device shall sign their names and the date on the tag (or state how the name of 

the individual or person in charge will be available). 

3.0 Preparation for Lockout (Tagout). 

Review current diagrammatic drawings (or other equally effective means), tags, labels, and 

signs to identify and locate all disconnecting means to determine that power is interrupted by a 

physical break and not deenergized by a circuit interlock. Make a list of disconnecting means to 

be locked (tagged). 

3.2 

Review disconnecting means to determine adequacy of their interrupting ability. Determine if it 

will be possible to verify a visible open point, or if other precautions will be necessary. 

3.3 

Review other work activity to identify where and how other personnel might be exposed to 

sources of electrical energy hazards. Review other energy sources in the physical area to 

determine employee exposure to sources of other types of energy. Establish energy control 

methods for control of other hazardous energy sources in the area. 

3.4 

Provide an adequately rated voltage detector to test each phase conductor or circuit part to 

verify that they are deenergized. (See 12.3.) Provide a method to determine that the voltage 

detector is operating satisfactorily. 

3.5 

Where the possibility of induced voltages or stored electrical energy exists, call for grounding 

the phase conductors or circuit parts before touching them. Where it could be reasonably 

anticipated that contact with other exposed energized conductors or circuit parts is possible, 

call for applying ground connecting devices. 



4.0 Individual Employee Control Procedure. 

The individual employee control procedure can be used when equipment with exposed 

conductors and circuit parts is deenergized for minor maintenance, servicing, adjusting, 

cleaning, inspection, operating corrections, and the like, and the work shall be permitted to be 

performed without the placement of lockout/tagout devices on the disconnecting means, 

provided the disconnecting means is adjacent to the conductor, circuit parts, and equipment on 

which the work is performed, the disconnecting means is clearly visible to all employees 

involved in the work, and the work does not extend beyond the work shift. 

5.0 Simple Lockout/Tagout. 

The simple lockout/tagout procedure will involve paragraphs 1.0 through 3.0, 5.0 through 9.0, 

and 11.0 through 13.0. 

6.0 Sequence of Lockout (Tagout) System Procedures. 

6.1 

The employees shall be notified that a lockout (tagout) system is going to be implemented and 

the reason therefor. The qualified employee implementing the lockout (tagout) shall know the 

disconnecting means location for all sources of electrical energy and the location of all sources 

of stored energy. The qualified person shall be knowledgeable of hazards associated with 

electrical energy. 

6.2 

If the electrical supply is energized, the qualified person shall deenergize and disconnect the 

electric supply and relieve all stored energy. 

6.3 

Lockout (tagout) all disconnecting means with lockout (tagout) devices. 

FPN: For tagout, one additional safety measure must be employed, such as opening, blocking, or
removing an 

additional circuit element. 



6.4 

Attempt to operate the disconnecting means to determine that operation is prohibited. 

6.5 

A voltage-detecting instrument shall be used. (See 12.3.) Inspect the instrument for visible 

damage. Do not proceed if there is an indication of damage to the instrument until an 

undamaged device is available. 

6.6 

Verify proper instrument operation and then test for absence of voltage. 

6.7 

Verify proper instrument operation after testing for absence of voltage. 

6.8 

Where required, install grounding equipment/conductor device on the phase conductors or 

circuit parts, to eliminate induced voltage or stored energy, before touching them. Where it has 

been determined that contact with other exposed energized conductors or circuit parts is 

possible, apply ground connecting devices rated for the available fault duty. 

6.9 

The equipment and/or electrical source is now locked out (tagged out). 

7.0 Restoring the Equipment and/or Electrical Supply to Normal Condition. 

7.1 

After the job or task is complete, visually verify that the job or task is complete. 

7.2 

Remove all tools, equipment, and unused materials and perform appropriate housekeeping. 

7.3 

Remove all grounding equipment/conductor/devices. 



7.4 

Notify all personnel involved with the job or task that the lockout (tagout) is complete, that the 

electrical supply is being restored, and to remain clear of the equipment and electrical supply. 

7.5 

Perform any quality control tests or checks on the repaired or replaced equipment and/or 

electrical supply. 

7.6 

Remove lockout (tagout) devices by the person who installed them. 

7.7 

Notify the equipment and/or electrical supply owner that the equipment and/or electrical supply 

is ready to be returned to normal operation. 

7.8 

Return the disconnecting means to their normal condition. 

8.0 Procedure Involving More Than One Person. 

For a simple lockout/tagout and where more than one person is involved in the job or task, each 

person shall install his or her own personal lockout (tagout) device. 

9.0 Procedure Involving More Than One Shift. 

When the lockout (tagout) extends for more than one day, the lockout (tagout) shall be verified 

to be still in place at the beginning of the next day. Where the lockout (tagout) is continued on 

successive shifts, the lockout (tagout) is considered to be a complex lockout (tagout). 

For complex lockout (tagout), the person in charge shall identify the method for transfer of the 

lockout (tagout) and of communication with all employees. 



10.0 Complex Lockout (Tagout). 

A complex lockout/tagout plan is required where one or more of the following exist: 

(1) Multiple energy sources (more than one) 

(2) Multiple crews 

(3) Multiple crafts 

(4) Multiple locations 

(5) Multiple employers 

(6) Unique disconnecting means 

(7) Complex or particular switching sequences 

(8) Continues for more than one shift, that is, new workers 

10.1 

All complex lockout/tagout procedures shall require a written plan of execution. The plan will 

include the requirements in 1.0 through 3.0, 6.0, 7.0, and 9.0 through 13.0. 

10.2 

A person in charge shall be involved with a complex lockout/tagout procedure. The person in 

charge shall be at this location. 

10.3 

The person in charge shall develop a written plan of execution and communicate that plan to all 

persons engaged in the job or task. The person in charge shall be held accountable for safe 

execution of the complex lockout/tagout plan. The complex lockout/tagout plan must address 

all the concerns of employees who might be exposed, and they must understand how electrical 

energy is controlled. The person in charge shall ensure that each person understands the 

hazards to which they are exposed and the safety-related work practices they are to use. 

10.4 

All complex lockout/tagout plans identify the method to account for all persons who might be 

exposed to electrical hazards in the course of the lockout/tagout. 



Select which of the following methods is to be used: 

(1) Each individual will install his or her own personal lockout or tagout device. 

(2) The person in charge shall lock his/her key in a “lock box.” 

(3) The person in charge shall maintain a sign in/out log for all personnel entering the area. 

(4) Another equally effective methodology. 

10.5 

The person in charge can install locks/tags, or direct their installation on behalf of other 

employees. 

10.6 

The person in charge can remove locks/tags or direct their removal on behalf of other 

employees, only after all personnel are accounted for and ensured to be clear of potential 

electrical hazards. 

10.7 

Where the complex lockout (tagout) is continued on successive shifts, the person in charge 

shall identify the method for transfer of the lockout and of communication with all employees. 

11.0 Discipline. 

11.1 

Knowingly violating this procedure will result in _____ (state disciplinary actions that will be 

taken). 

11.2 

Knowingly operating a disconnecting means with an installed lockout device (tagout device) 

will result in _____ (state disciplinary actions to be taken). 

12.0 Equipment. 

12.1 

Locks shall be _____ (state type and model of selected locks). 



12.2 

Tags shall be _____ (state type and model to be used). 

12.3 

Voltage detecting device(s) to be used shall be _____ (state type and model). 

13.0 Review. 

This procedure was last reviewed on ______ and is scheduled to be reviewed again on _____ 

(not more than one year from the last review). 

14.0 Lockout/Tagout Training. 

Recommended training can include, but is not limited to, the following: 

(1) Recognizing lockout/tagout devices 

(2) Installing lockout/tagout devices 

(3) Duty of employer in writing procedures 

(4) Duty of employee in executing procedures 

(5) Duty of person in charge 

(6) Authorized and unauthorized removal of locks/tags 

(7) Enforcing execution of lockout/tagout procedures 

(8) Individual employee control of energy 

(9) Simple lockout/tagout 

(10) Complex lockout/tagout 

(11) Using single line and diagrammatic drawings to identify sources of energy 

(12) Use of tags and warning signs 

(13) Release of stored energy 

(14) Personnel accounting methods 

(15) Grounding needs and requirements 

(16) Safe use of voltage detecting instruments 



Annex H Simplified, Two-Category, Flame-Resistant (FR) 

Clothing System 

This annex is not a part of the requirements of this NFPA document but is included for 

informational purposes only. 

H.1 Use of Simplified Approach. 

The use of Table H.1 is suggested as a simplified approach to provide minimum personal 

protective equipment for electrical workers within facilities with large and diverse electrical 

systems. The clothing listed in Table H.1 fulfills the minimum FR clothing requirements of 

Table 130.7(C)(9) and Table 130.7(C)(10). The clothing systems listed in this table should be 

used with the other PPE appropriate for the Hazard/Risk Category. [See Table 130.7(C)(10).] 

The notes at the bottom of Table 130.7(C)(9) must apply as shown in that table. 

Table H.1 Simplified, Two-Category, Flame-Resistant Clothing System 

Clothinga Applicable Tasks 

Everyday Work Clothing All Hazard/Risk Category 1, 2 and 2* 

FR long-sleeve shirt with FR pants (minimum tasks listed in Table 130.7(C)(9)b 

arc rating of 8) 

or 

FR coveralls (minimum arc rating of 8) 

Arc Flash Suit All Hazard/Risk Category 3 and 4 

A total clothing system consisting of FR shirt tasks listed in Table 130.7(C)(9)b 

and pants and/or FR coveralls and/or arc flash 

coat and pants (clothing system minimum arc rating of 40) 

Clothinga Applicable Tasks 

aNote other PPE required for the specific tasks listed in Tables 130.7(C)(9) and 

130.7(C)(10), which includes arc-rated face shields or arc flash suit hoods, FR 

hardhat liners, safety glasses or safety goggles, hard hat, hearing protection, 

leather gloves, voltage-rated gloves, and voltage-rated tools. Arc rating for a 

garment is expressed in cal/cm2. 



bThe assumed short-circuit current capacities and fault clearing times for various 

tasks are listed in the text and notes to Table 130.7(C)(9). For tasks not listed, or 

for power systems with greater than the assumed short-circuit capacity or with 

longer than the assumed fault clearing times, an arc flash hazard analysis is 

required in accordance with 130.3. 

Annex I Job Briefing and Planning Checklist 

This annex is not a part of the requirements of this NFPA document but is included for 

informational purposes only. 

Figure I.1 illustrates considerations for a Job Briefing and Planning Checklist. 

Figure I.1 Sample Job Briefing and Planning Checklist. 

Annex J Energized Electrical Work Permit 

This annex is not a part of the requirements of this NFPA document but is included for 

informational purposes only. 

Figure J.1 illustrates considerations for an Energized Electrical Work Permit. 

Figure J.1 Sample Permit for Energized Electrical Work. 

Figure J.2 illustrates items to consider when determining the need for an Energized Electrical 

Work Permit. 

Figure J.2 Energized Electrical Work Permit Flow Chart. 



Annex K General Categories of Electrical Hazards 

This annex is not a part of the requirements of this NFPA document but is included for 

informational purposes only. 

K.1 General Categories. 

There are three general categories of electrical hazards: electrical shock, arc-flash, and 

arc-blast. 

K.2 Electric Shock. 

Approximately 30,000 nonfatal electrical shock accidents occur each year. The National Safety 

Council estimates that about 1000 fatalities each year are due to electrocution, more than half 

of them while servicing energized systems of less than 600 volts. 

Electrocution is the fourth leading cause of industrial fatalities, after traffic, homicide, and 

construction accidents. The current required to light a 7½ watt, 120 volt lamp, if passed across 

the chest, is enough to cause a fatality. The most damaging paths through the body are through 

the lungs, heart, and brain. 

K.3 Arc-Flash. 

When an electric current passes through air between ungrounded conductors or between 

ungrounded conductors and grounded conductors, the temperatures can reach 35,000°F. 

Exposure to these extreme temperatures both burns the skin directly and causes ignition of 

clothing, which adds to the burn injury. The majority of hospital admissions due to electrical 

accidents are from arc-flash burns, not from shocks. Each year more than 2000 people are 

admitted to burn centers with severe arc-flash burns. Arc-flashes can and do kill at distances of 

3 m (10 ft). 

K.4 Arc-Blast. 

The tremendous temperatures of the arc cause the explosive expansion of both the surrounding 



air and the metal in the arc path. For example, copper expands by a factor of 67,000 times when 

it turns from a solid to a vapor. The danger associated with this expansion is one of high 

pressures, sound, and shrapnel. The high pressures can easily exceed hundreds or even 

thousands of pounds per square foot, knocking workers off ladders, rupturing eardrums, and 

collapsing lungs. The sounds associated with these pressures can exceed 160 dB. Finally, 

material and molten metal is expelled away from the arc at speeds exceeding 1600 km/hr (700 

mph), fast enough for shrapnel to completely penetrate the human body. 

Annex L Typical Application of Safeguards in the Cell Line 

Working Zone 

This annex is not a part of the requirements of this NFPA document but is included for 

informational purposes only. 

L.1 Application of Safeguards. 

This annex permits a typical application of safeguards in electrolytic areas where hazardous 

electrical conditions exist. Take, for example, an employee working on an energized cell. The 

employee uses manual contact to make adjustments and repairs. Consequently, the exposed 

energized cell and grounded metal floor could present a hazardous electrical condition. 

Safeguards for this employee can be provided in several ways: 

(1) Protective boots can be worn that isolate the employee’s feet from the floor and that 

provide a safeguard from the hazardous electrical condition. 

(2) Protective gloves can be worn that isolate the employee’s hands from the energized cell 

and that provide a safeguard. 

(3) If the work task causes severe deterioration, wear, or damage to personal protective 

equipment, the employee might have to wear both protective gloves and boots. 

(4) A permanent or temporary insulating surface can be provided for the employee to stand 

on to provide a safeguard. 

(5) The design of the installation can be modified to provide a conductive surface for the 

employee to stand on. If the conductive surface is bonded to the cell, the hazardous 

electrical condition will be removed and a safeguard will be provided by voltage 

equalization. 

(6) Safe work practices can provide safeguards. If protective boots are worn, the employee 

should not make long reaches over energized (or grounded) surfaces such that his or her 



elbow bypasses the safeguard. If such movements are required, protective sleeves, 

protective mats, or special tools should be utilized. Training on the nature of hazardous 

electrical conditions and proper use and condition of safeguards is in itself a safeguard. 

(7) The energized cell can be temporarily bonded to ground to remove the hazardous 

electrical condition. 

L.2 Electrical Power Receptacles. 

Power supply circuits and receptacles in the cell line area for portable electric equipment 

should meet the requirements of NFPA 70, National Electrical Code, Section 668.21. However, 

it is recommended that receptacles for portable electric equipment not be installed in 

electrolytic cell areas and that only pneumatic powered portable tools and equipment be used. 

Annex M Layering of Protective Clothing and Total System Arc 

Rating 

This annex is not a part of the requirements of this NFPA document but is included for 

informational purposes only. 

M.1 Layering of Protective Clothing. 

Layering of flame-resistant (FR) clothing is an effective approach to achieving the required arc 

rating. The use of all FR clothing layers will result in achieving the required arc rating with the 

lowest number of layers and lowest clothing system weight. 

M.1.1 

The total system of protective clothing can be selected to take credit for the protection provided 

of all the layers of clothing that are worn. For example, to achieve an arc rating of 40 cal/cm2, 

an arc flash suit with an arc rating of 40 cal/cm2 could be worn over a cotton shirt and cotton 

pants. Alternatively, an arc flash suit with a 25 cal/cm2 arc rating could be worn over an FR 

shirt and FR pants with an arc rating of 8 cal/cm2 to achieve a total system arc rating of 40 

cal/cm2. This latter approach provides the required arc rating at a lower weight and with fewer 

total layers of fabric, and consequently would provide the required protection with a higher 

level of worker comfort. 

M.2 Layering Using FR Clothing over Natural Fiber Clothing Under Layers. 

Under some exposure conditions, natural fiber under layers can ignite even when they are worn 



under FR clothing. 

M.2.1 

If the arc flash exposure is sufficient to break open all the FR clothing outer layer or layers, the 

natural fiber under layer can ignite and cause more severe burn injuries to an expanded area of 

the body. This is due to the natural fiber under layers burning onto areas of the worker’s body 

that were not exposed by the arc flash event. This can occur when the natural fiber underlayer 

continues to burn underneath FR clothing layers even in areas in which the FR clothing layer or 

layers are not broken open due to a “chimney effect.” 

M.3 Total System Arc Rating. 

The total system arc rating is the arc rating obtained when all clothing layers worn by a worker 

are tested as a multilayer test sample. An example of a clothing system is an FR coverall worn 

over an FR shirt and FR pants in which all of the garments are constructed from the same FR 

fabric. For this two-layer FR clothing system the arc rating would typically be more than three 

times higher than the arc rating of the individual layers, that is, if the arc rating of the FR 

coverall, shirt, and pants were all in the range of 5 to 6 cal/cm2, the total two-layer system arc 

rating would be over 20 cal/cm2. 

M.3.1 

It is important to understand that the total system arc rating cannot be determined by adding the 

arc ratings of the individual layers. In a few cases, it has been observed that the total system arc 

rating actually decreased when another FR layer of a specific type was added to the system as 

the outermost layer. The only way to determine the total system arc rating is to conduct a 

multilayer arc test on the combination of all of the layers assembled as they would be worn. 

Annex N Example Industrial Procedures and Policies for Working 

Near Overhead Electrical Lines and Equipment 

This annex is not a part of the requirements of this NFPA document but is included for 

informational purposes only. 

N.1 Introduction. 



This annex is an example of an industrial procedure for working near overhead electrical 

systems. Areas covered include operations that could expose employees or equipment to 

contact with overhead electrical systems. 

When working near electrical lines or equipment, avoid direct or indirect contact. Direct 

contact is contact with any part of the body. Indirect contact is when part of the body touches 

or is in dangerous proximity to any object in contact with energized electrical equipment. Two 

assumptions should always be made: (1) Lines are “live” (energized), and (2) lines are 

operating at high voltage (over 1000 volts). 

As the voltage increases, the minimum working clearances increase. Through arc-over, injuries 

or fatalities may occur even if actual contact with high voltage lines or equipment is not made. 

Potential for arc-over increases as the voltage increases. 

N.2 Overhead Powerline Policy (OPP). 

This annex applies to all overhead conductors, regardless of voltage and requires the following: 

(1) That employees not place themselves in close proximity to overhead powerlines. “Close 

proximity” is within a distance of 10 ft for systems up to 50 kilovolts, and 4 in. for 

every 10 kilovolts above 50 kilovolts. 

(2) That employees be informed of the hazards and precautions when working near 

overhead lines. 

(3) That warning decals be posted on cranes and similar equipment regarding minimum 

clearance of 10 ft. 

(4) That a “spotter” be designated when equipment is working near the proximity of 

overhead lines. This person’s responsibility is to observe safe working clearances 

around all overhead lines and to direct the operator accordingly. 

(5) That warning cones be used as visible indicators of the 10 ft safety zone when working 

near overhead powerlines. 

Note: “Working near,” for the purpose of this annex, is defined as working within a 

distance from any overhead powerline that is less than the combined height or length of 

the lifting device, the associated load length, and the required minimum clearance 

distance [as stated in N.2(1)]. 

Required Clearance = Lift Equipment Height or Length + Load Length + At Least 10 

ft 



(6) Notify the local responsible person at least 24 hours before any work begins to allow 

time to identify voltages and clearances, or to place the line in an electrically safe work 

condition. 

N.3 Policy. 

All employees and contractors shall conform to the OPP. The first line of defense in preventing 

electrical contact accidents is to remain outside the Limited Approach Boundary. Because most 

company and contractor employees are not qualified to determine the system voltage level, a 

qualified person shall be called to establish voltages and minimum clearances, and take 

appropriate action to make the work zone safe. 

N.4 Procedures. 

N.4.1 General. 

Prior to the start of all operations where potential contact with overhead electrical systems is 

possible, the person in charge shall identify overhead lines or equipment, reference their 

location with respect to prominent physical features, or physically mark the area directly in 

front of the overhead lines with safety cones, survey tape, or other means. Electrical line 

location shall be discussed at a pre-work safety meeting of all employees on the job (through a 

job briefing). All company employees and contractors shall attend this meeting and require 

their employees to conform to electrical safety standards. New or transferred employees shall 

be informed of electrical hazards and proper procedures during orientations. 

On construction projects, the contractor shall identify and reference all potential electrical 

hazards and document such actions with the on-site employers. The location of overhead 

electrical lines and equipment shall be conspicuously marked by the person in charge. New 

employees shall be informed of electrical hazards and of proper precautions and procedures. 

Where there is potential for contact with overhead electrical systems, local area management 

shall be called to decide whether to place the line in an electrically safe work condition, or to 

otherwise protect the line against accidental contact. Where there is a suspicion of lines with 

low clearance (height under 20 ft), the local on-site electrical supervisor shall be notified to 

verify and take appropriate action. 

All electrical contact incidents, including “near misses,” shall be reported to the local area 

health and safety specialist. 



N.4.2 LOOK UP AND LIVE Flags. 

In order to prevent accidental contacts of overhead lines, all aerial lifts, cranes, boom trucks, 

service rigs, and similar equipment shall use “LOOK UP AND LIVE” flags. The flags are 

visual indicators that the equipment is currently being used or has been returned to its “stowed 

or cradled” position. The flags shall be yellow with black lettering and shall state in bold 

lettering “LOOK UP AND LIVE.” 

The procedure for the use of the flag shall be: 

(1) When the boom or lift is in its stowed or cradled position, the flag shall be located on 

the load hook or boom end. 

(2) Prior to operation of the boom or lift, the operator of the equipment shall assess the 

work area to determine the location of all overhead lines and communicate this 

information to all crews on site. Once completed, the operator shall remove the flag 

from the load hook or boom and transfer the flag to the steering wheel of the vehicle. 

Once the flag is placed on the steering wheel, the operator may begin to operate the 

equipment. 

(3) After successfully completing the work activity and returning the equipment to its 

stowed or cradled position, the operator shall return the flag to the load hook. 

(4) The operator of the equipment is responsible for the placement of the LOOK UP AND 

LIVE flag. 

N.4.3 High Risk Tasks. 

N.4.3.1 Heavy Mobile Equipment. 

Prior to the start of each workday, a high visibility marker (orange safety cones or other 

devices) shall be temporarily placed on the ground to mark the location of overhead wires. The 

supervisors shall discuss electrical safety with appropriate crew members at on-site tailgate 

safety talks. When working in the proximity of overhead lines, a spotter shall be positioned in a 

conspicuous location to direct movement and observe for contact with the overhead wires. The 

spotter, equipment operator, and all other employees working on the job location shall be alert 

for overhead wires and remain at least 3 m (10 ft) from the mobile equipment. 

All mobile equipment shall display a warning decal regarding electrical contact. Independent 

truck drivers delivering materials to field locations shall be cautioned about overhead electrical 

line before beginning work, and a properly trained on-site or contractor employee shall assist in 



the loading or off-loading operation. Trucks that have emptied their material shall not leave the 

work location until the boom, lift, or box is down and is safely secured. 

N.4.3.2 Aerial Lifts, Cranes, and Boom Devices. 

Where there is potential for near operation or contact with overhead lines or equipment, work 

shall not begin until a safety meeting is conducted and appropriate steps taken to identify, 

mark, and warn against accidental contact. The supervisor will review operations daily to 

ensure compliance. 

Where the operator’s visibility is impaired, a spotter shall guide the operator. Hand signals 

shall be used and clearly understood between operator and spotter. When visual contact is 

impaired, the spotter and operator shall be in radio contact. Aerial lifts, cranes, and boom 

devices shall have appropriate warning decals and shall use warning cones or similar devices to 

indicate the location of overhead lines and identify the 3 m (10 ft) minimum safe working 

boundary. 

N.4.3.3 Tree Work. 

Wires shall be treated as live and operating at high voltage until verified as otherwise by the 

local area on-site employer. The local maintenance organization or an approved electrical 

contractor shall remove branches touching wires before work begins. Limbs and branches shall 

not be dropped onto overhead wires. If limbs or branches fall across electrical wires, all work 

shall stop immediately and the local area maintenance organization called. When climbing or 

working in trees, pruners shall try to position themselves so that the trunk or limbs are between 

their bodies and electrical wires. If possible, pruners shall not work with their backs toward 

electrical wires. An insulated bucket truck is the preferential method of pruning when climbing 

poses a greater threat of electrical contact. Personal protective equipment shall be used while 

working on or near lines. 

N.4.4 Underground Electrical Lines and Equipment. 

Before excavation starts and where there exists reasonable possibility of contacting electrical or 

utility lines or equipment, the local area supervision (or USA DIG organization, when 

appropriate), shall be called and a request made for identifying/marking the line location(s). 

When USA DIG is called, telephone operators will need the following: 



(1) Minimum of 2 working days’ notice prior to start of work, name of county, name of 

city, name and number of street or highway marker, and nearest intersection 

(2) Type of work 

(3) Date and time work is to begin 

(4) Caller’s name, contractor/department name and address 

(5) Telephone number for contact 

(6) Special instructions 

Utilities that do not belong to USA DIG must be contacted separately. USA DIG may not have 

a complete list of utility owners. Utilities discovered shall be marked before work begins. 

Supervisors shall periodically refer their location to all workers, including new employees, 

subject to exposure. 

N.4.5 Vehicles with Loads in Excess of a Height of 4.25 m (14 ft). 

This policy requires that all vehicles with loads in excess of 4.25 m (14 ft) use specific 

procedures to maintain safe working clearances when in transit below overhead lines. 

The specific procedures for moving loads in excess of 4.25 m (14 ft) or via routes with lower 

clearance heights are listed below: 

(1) Prior to movement of any load in excess of 4.25 m (14 ft), the local health and safety 

department, along with the local person in charge, shall be notified of the equipment 

move. 

(2) An on-site electrician, electrical construction representative, or qualified electrical 

contractor should check the intended route to the next location before relocation. 

(3) Check the new site for overhead lines and clearances. 

(4) Powerlines and communication lines shall be noted and extreme care used when 

traveling beneath the lines. 

(5) The company moving the load or equipment will provide a driver responsible for 

measuring each load and ensuring each load is secured and transported in a safe 

manner. 

(6) An on-site electrician, electrical construction representative, or qualified electrical 

contractor shall escort the first load to the new location, ensuring safe clearances. A 

service company representative shall be responsible for subsequent loads to follow the 

same safe route. 

If proper working clearances cannot be maintained, the job must be shut down until a safe route 



can be established or the necessary repairs or relocations have been completed to ensure that a 

safe working clearance has been achieved. 

All work requiring movement of loads in excess of 4.25 m (14 ft) are required to begin 

only after a General Work Permit has been completed, detailing all pertinent information 

about the move. 

N.4.6 Emergency Response. 

If an overhead line falls or is contacted, the following precautions should be taken: 

(1) Keep everyone at least 3 m (10 ft) away. 

(2) Use flagging to protect motorists, spectators, and other individuals from fallen or low 

wires. 

(3) Call the local area electrical department or electric utility immediately. 

(4) Place barriers around the area. 

(5) Do not attempt to move the wire(s). 

(6) Do not touch anything that is touching the wire(s). 

(7) Be alert to water or other conductors present. 

(8) Crews shall have emergency numbers readily available. These numbers shall include 

local area electrical department, utility, police/fire, and medical assistance. 

(9) If an individual becomes energized, DO NOT TOUCH the individual or anything in 

contact with the person. Call for emergency medical assistance and call the local utility 

immediately. If the individual is no longer in contact with the energized conductors, 

CPR, rescue breathing, or first aid should be administered immediately, but only by a 

trained person. It is safe to touch the victim once contact is broken or the source is 

known to be de-energized. 

(10) Wires that contact vehicles or equipment will cause arcing, smoke, and possibly fire. 

Occupants should remain in the cab and wait for the local area electrical department or 

utility. If it becomes necessary to exit the vehicle, leap with both feet as far away from 

the vehicle as possible, without touching the equipment. Jumping free of the vehicle is 

the last resort. 

(11) If operating the equipment and an overhead wire is contacted, stop the equipment 

immediately and if safe to do so jump free and clear of the equipment. Maintain your 

balance, keep your feet together and either shuffle or bunny hop away from the vehicle 

another 3 m (10 ft) or more. Do not return to the vehicle or allow anyone else for any 



reason to return to the vehicle until the local utility has removed the powerline from the 

vehicle and has confirmed that the vehicle is no longer in contact with the overhead 

lines. 

Annex O Safety-Related Design Requirements 

This annex is not a part of the requirements of this NFPA document but is included for 

informational purposes only. 

O.1 Introduction. 

This annex addresses the responsibilities of the facility owner or manager, or the employer 

having responsibility for facility ownership or operations management, to apply electrical 

hazard analysis during the design of electrical systems and installations. 

This annex covers employee safety–related design concepts for electrical equipment and 

installations in workplaces covered by the scope of this standard. This annex discusses design 

considerations that have impact on the application of the safety-related work practices only. 

This annex does not discuss specific design requirements. The facility owner or manager, or the 

employer should choose design options that eliminate or reduce exposure risks and enhance the 

effectiveness of safety-related work practices. 

O.2 General Design Considerations. 

Employers, facility owners, and managers who have responsibility for facilities and installation 

having electrical energy as a potential hazard to employees and other personnel should ensure 

the application of 110.8(B)(1), Electrical Hazard Analysis, during the design of electrical 

systems and installations. 

The application of 110.8(B)(1) should be used to compare design options and choices to 

facilitate design decisions that serve to eliminate risk, reduce frequency of exposure, reduce 

magnitude or severity of exposure, enable the ability to achieve an electrically safe work 

condition, and otherwise serve to enhance the effectiveness of the safety-related work practices 

contained in this standard. 
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Service (definition) ........................................Art. 100 

Constant current charge (definition) ....................320.2 
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Dust, combustible ................................................130.6(H) E 
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Procedures .....................................................110.7(E), E.3 
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Safety interlocks ............................................110.8(B)(4) 

Electrolyte (definition) ........................................320.2 
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Electrolytic cell ....................................................Art. 310 
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Employee training ..........................................310.3, 310.4, 310.5(D)(6) 

Electrolytic cell line working zone 



Attachments and auxiliary equipment ...........310.5(D)(10) 

Cranes and hoists ...........................................310.5(D)(9) 

Employee training ..........................................310.3, 310.4(A), 310(4)(B)(2), 310.5(D)(6) 

Portable equipment and tools, use of .............310.6 

Safeguards, employee ....................................310.5, Annex L 

Elevated equipment .............................................130.5(E)(1) 

Emergency procedures, training in ......................110.6(C) 

Employees 

Electrical safety program ...............................110.7 

Lockout/tagout procedure ..............................120.2(B)(1), 120.2(B)(2) 

Responsibilities ..............................................110.3, 130.5(C) 

Lasers .......................................................330.5 

Power electronic equipment ....................340.7(B) 

Special equipment ....................................300.2 

Safeguarding ..................................................see Safeguarding 

Training .........................................................see Training, employees 
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Electrical safety program ...............................110.7 

Responsibilities ..............................................110.3 

Host and contract employers ...................110.5 

Lockout/tagout procedure ........................120.2(C)(1) 

Power electronic equipment ....................340.7(A) 

Safety related design requirements ..........Annex O 

Special equipment ....................................300.2 

Uninsulated overhead lines, work on or near ....................................................130.5(C) 

Enclosed (definition) ...........................................Art. 100 
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Battery ...........................................................see Battery enclosures 

Definition .......................................................Art. 100 

Maintenance of ..............................................205.6, 210.1, 210.2 
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Definition .......................................................Art. 100 

Electrical conductors or circuit ......................see Working on energized electrical conductors 

or circuit 

Electrolytic cells ............................................see Electrolytic cell; Electrolytic cell line working



zone 

Energized electrical work permit .........................110.8(B)(2), 130.1(B), Annex J 

Equipment ............................................................see also specific equipment 

Batteries, for work on ....................................320.9 

Definition .......................................................Art. 100 

Grounding 

Portable equipment within energized cell line working zone ..............................310.6(B) 

Vehicle or mechanical equipment ...........130.5(E)(3) 

Grounding-type ..............................................110.9(B)(2) 

Overhead ........................................................see Overhead lines and equipment 

Spaces about, maintenance of ........................205.4, 205.8 

Special ...........................................................see Special equipment 

Use of .............................................................110.9 

Equipment grounding conductors ........................see Grounding conductors 

Explanatory material ............................................90.5 

Explosionproof apparatus (definition) .................Art. 100 

Exposed (as applied to parts) ...............................110.1, 110.8 

Definition .......................................................Art. 100 

Safe work practices ........................................see Working on energized electrical conductors 

or circuit; Work practices, safety-related 

Exposed (as applied to wiring methods) 

.see Working on energized electrical conductors 
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(definition) .....................................................Art. 100 

Extension cords ....................................................see Flexible cord sets 

Externally operable (definition) ..........................Art. 100 

Eye wash apparatus .............................................240.2 
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Fail safe (definition) ............................................330.2 

Fail safe safety interlock (definition) ..................330.2 

Feeders (definition) .............................................Art. 100 



Fiberglass-reinforced plastic rods ........................130.7(D)(1)(d) 

Fiber or flyings, combustible ...............................130.6(H) 

Field evaluated (definition) .................................350.2 

Fittings (definition) ..............................................Art. 100 

Flame-arrested vent plug (definition) ..................320.2 

Flame-resistant (FR) 

Clothing .........................................................130.3(B), 130.7(C)(2), 130.7(C)(5), 

130.7(C)(11), 130.7(C)(12), 130.7(C)(14) to 
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Definition .......................................................Art. 100 

Flammable gases ..................................................130.6(H) 

Flammable liquids ...............................................130.6(H) 

Flexible cords and cables 

Grounding-type utilization equipment ..........110.9(B)(2)(a) 

Handling ........................................................110.9(B)(1) 

Maintenance of ..............................................205.13 

Flexible cord sets .................................................110.9(B) 

Conductive work locations ............................110.9(B)(3)(d) 

Connecting attachment plugs .........................110.9(B)(4) 

Visual inspection ...........................................110.9(B)(3) 

Formal interpretation procedures ........................90.6 

Fuses ....................................................................130.6(J), 130.6(K) 

Current-limiting fuses, calculating arc-flash energies for use with ................................D.7.6 

Definition .......................................................Art. 100 

Fuse or fuse-holding handling equipment .....130.7(D)(1)(b) 

Safety-related maintenance requirements ......225.1 
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Gases, flammable .................................................130.6(H) 



Gassing (definition) .............................................320.2 

Ground (definition) ..............................................Art. 100 

Grounded conductors (definition) .......................Art. 100 

Grounded (grounding) .........................................120.1 

Batteries .........................................................320.3(F) 

Definition .......................................................Art. 100 

Equipment 
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line working zone ..............................310.6(B) 

Vehicle or mechanical equipment ...........130.5(E)(3) 

Lockout/tagout procedures ............................120.2(F)(2)(g) 

Maintenance of ..............................................205.5 

Safety grounding equipment, maintenance of ..............................................................250.3 

Grounded, solidly (definition) .............................Art. 100 

Ground fault (definition) .....................................Art. 100 

Ground-fault circuit-interrupters 

Definition .......................................................Art. 100 

Testing ...........................................................110.9(C) 

Ground-fault protection, battery ..........................320.3(F), 320.7(C) 

Grounding conductors 

Definition .......................................................Art. 100 

Equipment ......................................................110.9(B)(2)(a) 

Definition .................................................Art. 100 

Grounding electrode (definition) .........................Art. 100 
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Grounding-type equipment ..................................110.9(B)(2) 

Guarded ...............................................................205.6; see also Barriers; Enclosures 

Definition .......................................................Art. 100 

Rotating equipment ........................................230.2 

Uninsulated overhead lines ............................130.5(B), 130.5(C) 



H 

Handlines .............................................................130.7(D)(1)(c) 

Hazard ..................................................................see Electrical hazard 

Hazardous (classified) locations, maintenance requirements for .............................................Art.
235 

Hoists ...................................................................310.5(D)(9) 

Identified/identification 

Batteries .........................................................320.7(A)(1) 

Equipment, field marking of ..........................130.3(C) 

Lasers .............................................................330.4(G) 

Maintenance of ..............................................205.9 

Illumination 

Battery rooms ................................................320.5(F), 320.5(G) 

Working on energized electrical conductors 

or circuits .................................................130.6(C) 

Implanted pacemakers and metallic medical 

devices ...........................................................310.5(D)(11) 

Incident energy 

Calculation methods ......................................Annex D 

Definition .......................................................Art. 100 

Equipment, labeling of ..................................130.3(C) 

Inspection, visual 

Cord- and plug-connected equipment ............110.9(B)(3) 

Safety and protective equipment ...................250.2(A) 

Safety grounding equipment ..........................250.3(A) 

Test instruments and equipment ....................110.9(A)(3) 

Insulated (definition) ...........................................Art. 100 

Insulated conductors 

Definition .......................................................Art. 100 

Integrity of insulation, maintenance of ..........210.4 

Insulating floor surface ........................................L.1 

Insulation, electrolytic cells .................................310.5(D)(1) 

Insulators, open wiring on (definition) ................Art. 100 



Intercell and interrow connection ........................320.3(A), 320.3(E) 

Definition .......................................................320.2 

Intercell connector safety cover (definition) .......320.2 

Interlocks .............................................................see Safety interlocks 

Interrupter switch (definition) .............................Art. 100 

Interrupting rating (definition) ............................Art. 100 

Isolated (as applied to location) 

Definition .......................................................Art. 100 

Electrolytic cells ............................................310.5(D)(5) 

Isolating devices 

Battery 

Main isolating switch ..............................320.7(D) 

Section isolating equipment ....................320.7(E) 

Control devices as ..........................................120.2(E)(6) 

Lockout device, acceptance of .......................120.2(E)(1) , p ()( ) ()( ) 

Isolating switches 

Definition .......................................................Art. 100 

Safety-related maintenance requirements ......Art. 210 

J 

Job briefing ..........................................................110.7(G), 130.1(B)(2) 

Checklist ........................................................Annex I 

L 

Labeled (definition) .............................................Art. 100 

Laboratory 

Definition .......................................................350.2 

Safety-related work requirements ..................Art. 350 



Laser 

Definition .......................................................330.2 

Energy source (definition) .............................330.2 

Product (definition) .......................................330.2 

Radiation (definition) ....................................330.2 

System (definition) ........................................330.2 

Work practices, safety-related .......................Art. 330 

Employee responsibility ..........................330.5 

Safeguarding employees in operating 

area .....................................................330.4 

Training ...................................................330.3 

Limited approach boundary .................................see Boundary, limited approach 

Listed 

Definition .......................................................Art. 100 

Research and development laboratory 

equipment or systems ..............................350.6 

Live parts 

Definition .......................................................Art. 100 

Guarding of ....................................................see Guarded 

Safe work conditions .....................................see Electrical safety program; Working on 

energized electrical conductors or circuit; 

Work practices, safety-related 

Lockout/tagout practices and devices ..................120.2 

Audit ..............................................................120.2(C)(3) 

Complex procedure ........................................120.2(C)(2), 120.2(D)(3), 120.2(F)(1)(f), Annex 

G 



Control, elements of ......................................120.2(F)(2) 

Coordination ..................................................120.2(D)(4) 

Deenergized conductors or circuit parts with ..................................................................120.2 

Definitions .....................................................120.2(F)(2)(k) 

Equipment ......................................................120.2(E) 

Grounding ......................................................120.2(F)(2)(g) 

Hazardous  electrical  energy  control  procedures  ................................................120.2(B)(4),
120.2(C)(2), 120.2(D) 

Identification of devices ................................120.2(B)(5) 

Maintenance of devices .................................205.7 

Plans for .........................................................120.2(B)(3), 120.2(F)(1) 

Principles of execution ..................................120.2(B) 

Procedures .....................................................120.2(F), Annex G 

Release 

For return to service .................................120.2(F)(2)(m) 

Temporary ...............................................120.2(F)(2)(n) 

Removal of devices .......................................120.2(E)(3)(e), 120.2(E)(4)(d), 120.2(F)(2)(l) 

Responsibility ................................................120.2(C) 

Simple procedure ...........................................120.2(C)(2), 120.2(D)(2), 120.2(F)(1)(e), Annex 

G 

Testing ...........................................................120.2(F)(2)(f) 

Voltage ...........................................................120.2(B)(6) 

Working on/near conductors or circuit  parts with ..........................................................110.8(B),
120.1 

Luminaires 

Battery rooms ................................................320.5(G) 

Definition .......................................................Art. 100 



M 

Maintenance requirements ...................................Chap. 2 

Batteries and battery rooms ...........................Art. 240 

Controller equipment .....................................Art. 220 

Fuses and circuit breakers .............................Art. 225 

General ...........................................................Art. 205 

Hazardous (classified) locations ....................Art. 235 

Introduction ...................................................Art. 200 

Personal safety and protective equipment .....Art. 250 

Portable electric tools and equipment ............Art. 245 

Premises wiring .............................................Art. 215 

Rotating equipment ........................................Art. 230 

Substation, switchgear assemblies, switchboards, panelboards, motor 

control centers, and disconnect switches .Art. 210 

 

Mandatory rules ...................................................90.5 

Marking ...............................................................see Identified/identification 

Mechanical equipment, working on or near 

Mandatory rules ...................................................90.5 

Marking ...............................................................see Identified/identification 

Mechanical equipment, working on or near 

uninsulated overhead lines ............................130.5(E) 

Metal-clad switchgear .........................................130.7(C)(9) 

Definition .......................................................Art. 100 

Metal-enclosed switchgear ..................................130.7(C)(9) 

Definition .......................................................Art. 100 

Metal wireways (definition) ................................Art. 100 

Motor control centers 

Definition .......................................................Art. 100 

Personal protective equipment required for 

tasks .........................................................130.7(C)(9) 

Safety-related maintenance requirements ......Art. 210 

Multi-employer relationship ................................120.2(D)(3) 



N 

Neutral conductor (definition) .............................Art. 100 

Neutral point (definition) .....................................Art. 100 

Nominal voltage (definition) ...............................320.2 

Nonelectric equipment connections, electrolytic 

cell line ..........................................................310.6(B) 

Nonmetallic wireways (definition) ......................Art. 100 

O 

Open wiring on insulators (definition) ................Art. 100 

Outlets 

Battery rooms ................................................320.5(H), 320.5(I) 

Definition .......................................................Art. 100 

Overcurrent (definition) .......................................Art. 100 

Overcurrent protection 

Batteries .........................................................320.7(A)(2) 

Maintenance of devices .................................205.3, 210.5 

Modification ..................................................110.9(D) 

Reclosing circuits after protective device 

operation ..................................................130.6(K) 

Overhead lines and equipment 

Incident energy exposures for live line work 

on overhead open air systems ..................D.8 

Industrial procedure for working near 

overhead systems, example of .................Annex N y, p 

Working within limited approach boundary 

of uninsulated ..........................................130.5 

Overload (definition) ...........................................Art. 100 , p 

Working within limited approach boundary 

of uninsulated ..........................................130.5 

Overload (definition) ...........................................Art. 100 



P 

Pacemakers, implanted ........................................310.5(D)(11) 

Panelboards 

Definition .......................................................Art. 100 

Personal protective equipment required for tasks .........................................................130.7(C)(9) 

Safety-related maintenance requirements ......Art. 210 

Permissive rules ...................................................90.5 

Personal protective equipment (PPE) ..................130.1(B)(2), 130.1(B)(3), 130.3(B), 130.7, L.1 

Batteries and battery rooms ...........................320.7(F)(3), 320.8 

Body protection .............................................130.7(C)(5) 

Care of ...........................................................130.7(B) 

Clothing characteristics .................................130.7(C)(11), 130.7(C)(14), Annex H 

Eye protection ................................................130.7(C)(4), 330.4(A) 

Flash protection .............................................see Arc flash protective equipment 

Foot and leg protection ..................................130.7(C)(7) 

Hand and arm protection ...............................130.7(C)(6) 

Head, face, neck, and chin protection ............130.7(C)(3) 

Lasers, use of .................................................330.4(A), 330.4(H) 

Maintenance ...................................................Art. 250 

Required for various tasks .............................130.3(C), 130.7(C)(9), 130.7(C)(10) 

Safeguarding of employees in electrolytic 

cell line working zone .............................310.5(D)(2) 

Standards for ..................................................130.7(C)(8) 

Pilot cell (definition) ............................................320.2 

Planning checklist ................................................Annex I 

Portable electric equipment .................................110.9(B) 

Conductive work locations ............................110.9(B)(3)(d) 

Connecting attachment plugs .........................110.9(B)(4) 

Electrolytic cells ............................................310.6(A), L.2 

Grounding-type ..............................................110.9(B)(2) 

Handling ........................................................110.9(B)(1) 

Safety-related maintenance requirements ......Art. 245 



Visual inspection ...........................................110.9(B)(3) 

Power electronic equipment, safety-related work 

practices .........................................................Art. 340 

Definitions .....................................................340.2 

Hazards associated with ................................340.5, 340.6 

Reference standards .......................................340.4 

Specific measures ..........................................340.7 

Power supply 

Cell line working area ...................................L.2 

Portable electric equipment, circuits for ........310.6(A) 

Uninterruptible power supply ........................320.4 

Premises wiring (system) 

Definition .......................................................Art. 100 

Maintenance of ..............................................Art. 215 

Prohibited approach boundary (definition) .........Art. 100 

Prospective fault current (definition) ...................320.2 

Protective clothing ...............................................130.2(C)(1), 130.3(B), 130.7(C), L.1 

Arc flash protection .......................................130.7(C)(5), 130.7(C)(10), 130.7(C)(12), 

130.7(C)(13), 130.7(C)(16) 

Care and maintenance ....................................130.7(C)(16) 

Characteristics ...............................................130.7(C)(11), 130.7(C)(14), Annex H 

Flame-resistant (FR) ......................................130.3(B), 130.7(C)(2), 130.7(C)(5), 

130.7(C)(11), 130.7(C)(12), 130.7(C)(14) to 

(16), Annex H, Annex M 

Layering of ....................................................M.1, M.2 

Prohibited clothing ........................................130.7(C)(15) 

Selection of ....................................................130.7(C)(12) 

Total system arc rating ..................................M.2 

Protective equipment ...........................................130.5(C), 130.5(E)(2), 130.7 

Alerting techniques ........................................130.7(E) 

Arc flash protection .......................................see Arc flash protective equipment 

Barricades ......................................................130.7(E)(2) 



Barriers ..........................................................see Barriers 

Batteries, maintenance of ..............................320.7(A)(3), 320.7(F)(3) 

Care of equipment .........................................130.7(B) 

Insulated tools ................................................130.7(D)(1) 

Maintenance ...................................................Art. 250 

Nonconductive ladders ..................................130.7(D)(1)(e) 

Personal .........................................................see Personal protective equipment (PPE) 

Rubber insulating equipment .........................130.7(D)(1)(g) 

Safety signs and tags ......................................130.7(E)(1) 

Standards for ..................................................130.7(C)(8), 130.7(F) 

Temporary protective grounding equipment .120.3 

Voltage-rated plastic guard equipment ..........130.7(D)(1)(h) 

Purpose of standard .............................................90.1 

Q 

Qualified persons .................................................110.8(A)(2), 110.8(B)(3), 130.1(B)(3) 

Approach distances ........................................130.2(C), C.1.1, C.1.2 

Definition .......................................................Art. 100 

Electrolytic cells, training for ........................310.4(A) 

Employee training ..........................................110.6(D)(1) 

Individual control procedure .........................120.2(D)(1), 120.2(F)(1)(d) 

Lockout/tagout procedures ............................120.2(C)(2), 120.2(C)(3), 120.2(D)(1), 

120.2(D)(2), 120.2(F)(1)(d) 

Maintenance, performance of ........................205.1 

Safety interlocks, defeating or bypassing ......110.8(B)(4) 

Testing work within limited approach 

boundary of energized electrical 

conductors or circuit ................................130.4 



R 

Raceways 

Definition .......................................................Art. 100 

Maintenance ...................................................215.3 

Radiation worker (definition) ..............................340.2 

Rate (definition) ...................................................320.2 

Readily accessible ...............................................see Accessible, readily (readily accessible) 

Receptacles 

Definition .......................................................Art. 100 

Electrolytic cell lines .....................................L.2 

Maintenance ...................................................245.1 

Portable electric equipment ...........................110.9(B)(2)(b), 110.9(B)(3)(c), 110.9(B)(4)(b) 

References ...........................................................Annex A, Annex B 

Research and development 

Definition .......................................................350.2 

Safety-related work requirements for 

research and development laboratories ...Art. 350 

Restricted approach boundary .............................see Boundary, restricted approach 

Ropes ...................................................................130.7(D)(1)(c) 

Rules, mandatory and permissive ........................90.5 

S 

Safeguarding 

In cell line working zone ...............................310.5, Annex L 

Definition .......................................................310.2 

In laser operating area ...................................330.4 

Safety grounding equipment, maintenance of .....250.3 

Safety interlocks ..................................................110.8(B)(4) 



Fail safe safety interlock (definition) ............330.2 

Maintenance of ..............................................205.7 

Safety-related design requirements .....................Annex O 

Safety-related maintenance requirements ............see Maintenance requirements 

Safety-related work practices ..............................see Work practices, safety-related 

Scope of standard .................................................90.2 

Secondary batteries ..............................................320.4 

Definition .......................................................320.2 

Secondary cell (definition) ..................................320.2 

Separately derived system (definition) ................Art. 100 

Service (definition) ..............................................Art. 100 

Service conductor (definition) .............................Art. 100 

Service drop (definition) ......................................Art. 100 

Service-entrance conductors 

Service drop (definition) ......................................Art. 100 

Service-entrance conductors 

Overhead system (definition) ........................Art. 100 

Underground system (definition) ...................Art. 100 

Service equipment (definition) ............................Art. 100 

Service lateral (definition) ...................................Art. 100 

Service point (definition) .....................................Art. 100 

Shock hazard ........................................................K.2 

Definition .......................................................Art. 100 

Protection from ..............................................130.7 

Shock hazard analysis ..........................................110.8(B)(1)(a), 130.1(B)(2), 130.2(A) 

Shock protection boundaries ...............................130.1(B)(2), 130.2(B) 



Short-circuit current rating (definition) ...............Art. 100 

Signs, electrolytic cell areas ................................310.5(B) 

Single-line diagram 

Definition .......................................................Art. 100 

Maintenance of ..............................................205.2 

Spaces, maintenance of ........................................205.4, 205.8 

Special equipment ................................................Chap. 3; see also Batteries; Battery rooms; 

Electrolytic cell; Laser; Power electronic equipment 

Organization ..................................................300.3 

Responsibility ................................................300.2 

Special permission (definition) ............................Art. 100 

Standard arrangement and organization ..............90.3, 90.4 

Stepped stand (definition) ....................................320.2 

Step potential (definition) ....................................Art. 100 

Stored energy .......................................................120.1, 120.2(F)(2)(b) 

Structure (definition) ...........................................Art. 100 

Substations, safety-related maintenance 

requirements ..................................................Art. 210 

Switchboards 

Definition .......................................................Art. 100 

Personal protective equipment required for 

tasks .........................................................130.7(C)(9) 

Safety-related maintenance requirements ......Art. 210 

Switches ...............................................................see also Switching devices 

Battery room luminaires ................................320.5(G) 

Battery rooms ................................................320.5(G), 320.7(B) 

DC switching equipment, battery ..................320.3(C)(1), 320.3(D) 

Disconnecting (or isolating) switches see also Disconnecting means 

(disconnector, isolator) ............................ 

Definition .................................................Art. 100 

Safety-related maintenance requirements 

............................................................Art. 210 



Load-rated ......................................................130.6(J) 

Portable cutout type .......................................310.5(D)(8) 

Switchgear 

Arc-resistant ..................................................130.7(C)(9) 

Definition .................................................Art. 100 

Metal-clad ......................................................130.7(C)(9) 

Definition .................................................Art. 100 

Metal-enclosed ..............................................130.7(C)(9) 

Definition .................................................Art. 100 

Personal protective equipment required for 

tasks .........................................................130.7(C)(9) 

Safety-related maintenance requirements ......Art. 210 

Switching devices (definition) .............................Art. 100 see also Circuit breakers; 

Disconnecting means; Switches 

T 

Tagout ..................................................................see Lockout/tagout practices and devices 

Temporary protective grounding equipment .......120.3 

Terminal post (definition) ....................................320.2 

Terminals 

Battery ...........................................................see Battery terminals 

Maintenance of ..............................................230.1 

Testing 

Deenergized parts ..........................................120.1 

Energized equipment .....................................130.1(B)(3) 

Equipment safeguards ....................................310.5(D)(12) 

Ground-fault circuit-interrupters ...................110.9(C) 

Lockout/tagout procedure ..............................120.2(F)(2)(f) 

Personal protective equipment ......................310.5(D)(2)(b) 

Safety and protective equipment, insulation of ..............................................................250.2(B) 



Safety grounding equipment ..........................250.3(A) 

Test instruments and equipment ..........................110.9(A) 

Cell line working zone ...................................310.6(D) 

Visual inspection ...........................................110.9(A)(3) 

Work within limited approach boundary of 

energized electrical conductors or circuit 

..................................................................130.4 

Tiered stand (definition) ......................................320.2 

Tools 

Batteries, for work on ....................................320.9 

Electrolytic cells, safe work practices ...........310.5(D)(7), 310.6, L.2 

Touch potential (definition) .................................Art. 100 

Training, employees ............................................110.3 

Documentation ...............................................110.6(E) 

Electrolytic cell line working zones ..............310.5(C) 

Emergency procedures ..................................110.6(C) 

Lockout/tagout practices ...............................120.2(B)(2), 120.2(D)(5), Annex G 

Qualified persons ...........................................110.6(D)(1) 

Unqualified persons .......................................110.6(D)(2) 

Work practices, safety-related .......................110.3, 110.5(B), 110.6, 310.3, 310.4, 

310.5(D)(6), 330.3 

U 

Ungrounded (definition) ......................................Art. 100 

Uninsulated overhead lines, working within 

limited approach boundary of ........................130.5 

Uninterruptible power supply systems ................320.4 

Unqualified persons .............................................110.8(B)(3), 130.1(B)(2) 

Approach distances ........................................130.2(D), 130.5(D), C.1.1 

Definition .......................................................Art. 100 



Electrolytic cells, training for ........................310.4(B) 

Employee training ..........................................110.6(D)(2) 

Utilization equipment 

Definition .......................................................Art. 100 

Grounding-type ..............................................110.9(B)(2)(a) 

V 

Valve-regulated battery (definition) ....................320.2; see also VRLA (valve-regulated 

lead-acid storage battery) 

Vehicular equipment, working on or near 

uninsulated overhead lines ............................130.5(E) 

Vented batteries ...................................................320.4(C) 

Definition .......................................................320.2 

Ventilated/ventilation 

Batteries .........................................................240.1, 240.3, 320.4(C), 320.4(D) 

Definition .......................................................Art. 100 

Vent plug 

Definition .......................................................320.2 

Flame-arrested (definition) ............................320.2 

Voltage 

(Of a circuit) (definition) ...............................Art. 100 

Electrolytic cells, voltage equalization ..........310.5(D)(4) 

Lockout/tagout procedures ............................120.2(B)(6) 

Nominal (definition) ......................................Art. 100 

To ground (definition) ...................................Art. 100 

VRLA (valve-regulated lead-acid storage battery) 

Alarms ...........................................................320.3(H)(1) 

Definition .......................................................320.2 



Ventilation .....................................................320.4(D) 

W 

Warning signs 

Battery rooms and enclosures ........................320.7(F) 

Lasers .............................................................330.4(B) 

Maintenance of ..............................................205.10 

Welding machines ...............................................310.6(C) 

Wiring, premises 

Definition .......................................................Art. 100 

Maintenance of ..............................................Art. 215 

Working on energized electrical conductors or 110.1, 110.8, Art. 130; see also Work 

circuit ............................................................. practices, safety-related 

Alertness of personnel ...................................130.6(A) 

Approach boundaries .....................................see Boundary 

Blind reaching by employees ........................130.6(B) 

Conductive articles being worn .....................130.6(D) 

Conductive materials, tools, and equipment 

being handled ...........................................130.6(E) 

Confined or enclosed work spaces ................130.6(F) 

Definition (on live parts) ...............................Art. 100 

Energized electrical work permit ...................130.1(B) 

Failure, anticipation of ...................................130.6(I) 

Flash hazard analysis .....................................130.3 

Housekeeping duties ......................................130.6(G) 

Illumination ...................................................130.6(C) 

Insulated tools and equipment .......................130.7(D)(1) 

Justification for work .....................................130.1 

Occasional use of flammable materials .........130.6(H) 



Opening and closing of circuits, routine ........130.6(J) 

Portable ladders .............................................130.7(D)(1)(e) 

Protective shields ...........................................130.6(F), 130.7(D)(1)(f) 

Reclosing circuits after protective device 

operation ..................................................130.6(K) 

Safe work conditions .....................................110.8(A)(1) 

Test instruments and equipment use ..............130.4 

Uninsulated overhead lines, working within 

limited approach boundary of ..................130.5 

Unsafe work conditions .................................110.8(A)(2) 

Work permit, energized electrical .......................110.8(B)(2), 130.1(B), Annex J 

Work practices, safety-related .............................Chap. 1; see also Electrically safe work 

condition; Working on energized electrical 

conductors or circuit 

Approach distances ........................................see Approach distances 

Batteries and battery rooms ...........................Art. 320 

Contractors, relationship with .......................110.5 

Deenergized equipment .................................see Electrically safe work condition 

Electrical conductors or circuit parts that are 

or might become energized, work on or 

near ..........................................................110.8 

Electrical safety program ...............................110.7 

Electrolytic cells ............................................Art. 310, L.1 

Lasers .............................................................Art. 330 

Power electronic equipment ..........................Art. 340 

Purpose ..........................................................110.2 



Research and development laboratories ........Art. 350 

Responsibility for ..........................................110.3 

Scope .............................................................110.1 

Special equipment ..........................................see Special equipment 

Training requirements ....................................110.3, 110.6 

Use of equipment ...........................................110.9 
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