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SOP C-315, ELECTRICAL SAFETY, MAY 3, 2004, PAUL HANSEN, SHEA

Procedure for SPRU and ETEC.

DOCUMENT CHANGE SUMMARY – This document replaces issue dated October 15, 2003.  Revised to reflect regulatory and consensus standards regarding electrical arc flashes and updated course information.   

PURPOSE 

This Procedure outlines measures for safeguarding employees from hazardous electrical exposures while they are working on, with, or near Canoga Park facilities, laboratory facilities, or product electrical equipment and systems.  These measures are affected through engineering controls, training, and observance of the specific criteria for protective equipment, energy isolation, or separation distances.  This procedure applies when troubleshooting, testing (e.g., checking to see if a circuit is energized by using an approved voltmeter or tester), or under special circumstances when a system, piece of equipment, or component must be worked energized.

This procedure applies to all electrical systems operating at voltages of 50 Volts and above.  This document does not cover aircraft or automotive electrical systems, voltage less than 50 Volts, low-voltage communication systems, or electric forklifts. 

This document applies to California, Hawaii, and New Mexico based facilities.

This document implements the requirements of Boeing procedure PRO-1023 Control of Hazardous Energy Substances at Canoga Park.

AUTHORITY REFERENCE

Boeing Procedure PRO-1023, Control of Hazardous Energy Substances, establishes requirements for the control of hazardous energy to safeguard authorized employees and employees who perform facilities installations, maintenance, service, or repair work on equipment or systems that are powered by one or more hazardous energy sources, such as electricity, compressed air, steam, gas, hydraulics, gravity, or vacuum.

CONSEQUENCE OF NON-COMPLIANCE

Failure to comply with this procedure may result in serious injuries to personnel, or regulatory violations, and will result in disciplinary action up to and including dismissal.

DEFINITIONS 

Electrical Generation/Distribution System - The means by which electrical power is generated and distributed throughout the structure or facility for use by various electrical equipment.

Electrical Power Service Equipment - Equipment usually consisting of circuit breakers, switches, fuses, and other accessories, located near the point of entrance of supply conductors to a building or other structures or an otherwise defined area, and intended to constitute the main control and means of disconnecting the electrical supply.

Electrical Testing - The routine process of determining the proper function and state of electrical systems, equipment, and components. 

Electrical Troubleshooting - The process of electrical testing to determine the cause of improper functioning of electrical systems, equipment, and component operation. 

Electrical Work - Includes installation, repair, servicing, troubleshooting, testing or operation of industrial electrical systems, equipment, or components. 

Energized Equipment - Any electrical equipment under power.

[image: image1.wmf]Flash Hazard – A dangerous condition associated with the release of energy caused by an electric arc.

Flash Protection Boundary – The distance of a person from an arc source for a just curable burn. Calculated by the following:


Dc = [2.65 X MVAbf X t]1/2

or


Dc = [53 X MVA X t]1/2

Where:


Dc = Distance in feet of a person from an arc source for a just curable burn.


MVAbf  = Bloted fault MVA at point involved


MVA = MVA rating of transformer. For transformers with MVA ratings below .75 MVA, multiply the transformer MVA rating by 1.25


t = time of arc exposure in seconds

Ground Fault Circuit Interrupter (GFCI) - A device that protects employees from electrical shock by de-energizing a circuit, or a portion of it, within an established period of time when a current-to-ground exceeds a predetermined value.  The current-to-ground value is less than that required to operate the over-current protective device of the supply circuit.  (GFCI breakers are allowed in lieu of GFCI receptacles.) 

Hard Hats (Helmets) - A device that protects the head against impact, flying particles, or electric shock and includes a suitable harness that maintains a hard hat in position on wearer's head. 

High-Voltage - A sustained voltage of more than 600 volts.

High-Voltage System - Associated electrical conductors and equipment operating at or intended to operate at a sustained voltage of more than 600 volts between conductors.

Industrial Electrical System - Electric conductors, associated equipment, and attached machinery within or on buildings or other structures, including portable buildings, floating buildings, parking lots, and industrial substations.  Does not include product electrical equipment or systems.

Non-routine Work - Unscheduled operations that have a history of occurring less than once per month or scheduled operations that will occur two or less times per year. 

Primary Power Crew - Qualified industrial electrical workers engaged in work on industrial electrical circuits or equipment designed to be energized at 600 Volts or greater.

Qualified Electrical Worker - A qualified person who by reason of a minimum of two years of training and experience with high-voltage circuits and equipment and who has demonstrated by performance familiarity with the work to be performed and the hazards involved.  One who has current certification of successful completion of training in electrical safety (Courses 9CC4300 or equivalent course approved by the electrical OPR), lockout-tagout procedures (Course 9CC4129) (SOP C-306), and cardiopulmonary resuscitation (CPR) (Course 9CC4044 or equivalent approved course).  Such employee shall be capable of working safely on energized industrial systems, and be proficient in the proper use of special precautionary techniques, PPE, and insulating and shielding materials.

Only qualified electrical workers shall be permitted to work on energized industrial conductors or equipment connected to energized high-voltage systems.  Employees in training, who are qualified by experience and training, shall be permitted to work on energized conductors or equipment connected to high-voltage systems while under the direct supervision or instruction of a qualified electrical worker.

Qualified Industrial Electrical Worker - A qualified person, designated by management, who by reason of training and experience with industrial circuits and equipment has demonstrated by performance familiarity with the work to be performed and the hazards involved.  One who has current certification of successful completion of training in electrical safety (Courses 9CC4300 or equivalent course approved by the electrical OPR), lockout-tagout procedures (Course 9CC4129) (SOP C-306), and cardiopulmonary resuscitation (CPR) (Course 9CC4044 or equivalent approved course).  Such employee shall be capable of working safely on energized industrial systems, and be proficient in the proper use of special precautionary techniques, PPE, and insulating and shielding materials. 

Qualified Person - A person, as determined by management, who (by reason of experience or instruction) is familiar with the operation to be performed and the hazards involved.  This person must also have successfully demonstrated the ability to solve problems relating to the work or project, and have current certification of successful completion of training in electrical safety (Courses 9CC4300 or equivalent course approved by the electrical OPR), lockout-tagout procedures (Course 9CC4129) (SOP C-306), and cardiopulmonary resuscitation (CPR) (Course 9CC4044 or equivalent approved course).

Routine Work - Regularly scheduled operations that will occur three times or more per year or unscheduled operations that have a history of occurring once or more per month. 

Safe Operating Plan (SOP) - A SOP is prepared for operations that are performed routinely on energized electrical circuits.  A SOP ensures that all aspects of the energized electrical operation or test are pre-planned with sufficient detail and coordination to prevent accidents, injuries, or damage to equipment or property.  See Attachment 1.

Safety Observer - A Qualified Person whose sole responsibility is to act as an observer for the purpose of preventing an accident, and to render immediate assistance in the event of an accident. 

Form 653-T-50, Work Authorization Form For Working on or Near Energized Electrical Circuits. A form to document work that is not routine and must be performed on or near energized electrical circuits when lockout-tagout procedures cannot be applied and the system must be worked energized.

Work on Energized Systems, Equipment, or Components - Work that exposes the employee to electrical hazards.  This refers to (1) the actual handling (using protective equipment and insulated tools) of energized equipment or components; (2) working in such close proximity to exposed energized systems, equipment, or components that accidental contact of tools, equipment, material, or personnel with the energized source could occur; or (3) working on or near de-energized, exposed equipment or components that are not locked out. 

GENERAL REQUIREMENTS 

A.
Lockout - Tagout (Course 9CC4129)

All electrical equipment and systems must be de-energized, locked out, and tagged out before beginning any work on them.

Exception: troubleshooting, testing (e.g., checking to see if a circuit is energized by using an approved voltmeter or tester), or under special circumstances when a system, piece of equipment, or component must be worked energized. 

B. 
Electrical Work Qualification 

1. 
Each employee performing electrical work shall be qualified.  Electrical testing or troubleshooting performed on research products or products in test that are not part of the industrial electrical system shall be performed by a qualified person. 

Note:  Managers of qualified electrical workers, qualified industrial electrical workers, or qualified persons, must have CPR training, as well as all other safety training designated for employees they oversee. 

2. 
Except for emergencies involving immediate hazard to life, no employee shall be assigned to work alone on energized high-voltage conductors or energized parts of high voltage equipment.

3. 
A qualified industrial electrical worker, or qualified person, is retrained, as necessary, when: 

There has been a major change in this procedure or,

There has been a significant or major electrical system change or, 

Performance indicates a need to retrain. 

C. 
Working Energized Systems, Equipment, or Components 

1.
Suitable personal protective equipment shall be provided and used.  

2. 
Suitable insulated gloves shall be worn for voltages in excess of 300 volts, nominal. 

· Whenever rubber gloves are used, they shall be protected by outer canvas or leather gloves.

· Gloves, sleeves and blankets shall be marked to indicate compliance with the re-test schedule and shall be marked with either the date tested or date the next test is due.

· When not being used, insulating gloves and sleeves shall be stored in glove bags or suitable containers.  Insulating blankets shall be stored in a canister or other means that offer equivalent protection.

Rubber gloves shall be air tested at the beginning of each work period and at any other time when the glove's condition is in doubt.  As a minimum, the gloves shall: 

Be visually examined over their entire inner and outer surface for any defects, i.e., burns, cuts, cracks, punctures and weak spots; and, 

Have the cuff stretched to detect abrasions and weak spots. 

Insulating equipment found to be defective shall be immediately removed from service and disposed of properly. 

3.
Suitable eye protection shall be provided and used. 

4. 
For work that is not routine and lockout-tagout procedures cannot be applied and the system must be worked energized, a Form 653-T-50, must be completed and signed by the employee and the responsible manager. 

5. 
For routine work, a Safe Operating Plan (SOP) will be completed for all operations involving electrical circuits energized at or below 480 Volts nominal (including ballast replacements).  A SOP may be incorporated into test procedures.

6. 
Performing work on exposed energized industrial electrical systems, equipment, or components that are energized at more than 480 Volts nominal or within the required 42-inch clear space surrounding electrical systems or equipment is prohibited. 

Exception: Testing and troubleshooting, power installation, distribution, and transmission work of primary power crews. 

7. 
Primary power crews performing work on or in close proximity to exposed electrically energized systems, equipment, or components that are operating above 480 Volts nominal shall complete a Plant Engineering Operating Instruction (PEOI) 4266-B.  

D. 
Safety Observer 

1. 
A safety observer is required while working on any energized system that operates at voltages greater than 120 Volts nominal phase to ground. 

2. 
The safety observer shall have no other duties, shall maintain constant visual and audible communications with the employee(s), and shall be prepared and capable of rendering assistance in the event of an accident.

E. 
Grounding
1. 
Except for double-insulated tools, all portable electrical equipment and equipment connected by cord sets (extension cords) with exposed noncurrent-carrying metal parts must be effectively grounded. 

2. 
All cord sets (extension cords) must be visually inspected before use.  Special attention shall be paid to the grounding connections.  All defective equipment posing immediate safety hazards will be removed from service immediately. 

3. 
For construction activity, all 120-Volt, 15 and 20 Ampere outlets that are not part of the permanent wiring of a structure must have either an assured equipment grounding conductor program, as specified in CFR 1926.404(b)(1)(iii) (See Attachment 2), or GFCI protection at the outlet source of power. 

4. 
For non-construction activity outdoors or in potentially wet environments, GFCI protection at the outlet source of power, or an assured equipment grounding conductor program, as specified in CFR 1926.404(b)(1)(iii), shall be used. 

5. 
All equipment and installations that are required to be grounded must comply with National Electrical Code (NEC) requirements, and state and local requirements. 

F.
Personal Protective Equipment (PPE)
1. 
Employees will use, when required by the process or procedure, company-provided and properly maintained PPE.  PPE must be: 

·
Rated according to the voltage for which it is to be used. 

·
Suitable for the environment in which it is to be used. 

·
Tested and visually checked.  Any unsafe condition must be corrected before the equipment is used.  An accredited testing laboratory, such as the Underwriters Laboratory (UL) must approve all PPE prior to purchase. 

·
Stored in accordance with manufacturer’s recommendations.

2.
When there is danger of head injury from electrical shock or burns, approved, electrically rated hard hats must be worn (effective 1998 type ‘E’ is the designation for electrically rated). 

3. 
Where there is a danger of an Electrical Arc Flash while working an energized system, Flame Resistant (FR) clothing shall be worn. At a minimum, FR clothing will be rated for the maximum incident energy exposure of a Flash per the requirements in the National Fire Protection Association Standard No. 70E, Electrical Safety Requirements for Employee Workplaces. 

G. 
The following potential electrical hazard sources shall be clearly marked: 

1.
Circuit breaker panels that serve electrical equipment (including outlets) shall be marked to identify the outlets and/or equipment served. 

2.
Disconnecting devices for motors and equipment shall identify the breaker panel providing power. 

3.
Disconnect switches or circuit breakers shall indicate the load being served when it is not apparent. 

4. Electrical equipment that has more than one power source shall be appropriately marked to warn employees that the electrical equipment has multiple energy sources.

Each energy source will be identified and labeled for all new installations. In addition, for all newly installed electrical systems, equipment, or components, the conductors to be used for external energy, not derived from the main energy source, must be clearly labeled to that effect. 

H.
Illumination must be provided in spaces that may contain exposed, energized parts and where employee entry may be required. 

I. Guarding and Covering

1. All electrical systems, equipment, wiring, and components are to be covered and fully insulated to prevent accidental contact with energized circuits while work is being performed. 

2. Barricades and other appropriate means of guarding are to be used along with proper warning signs to limit access to work areas where personnel might be exposed to energized conductors or circuits.

PROCEDURE 

A.
Product, Process, and Support Organizations will require: 

· That regulatory and company requirements are incorporated and enforced.

· That deficiencies are promptly corrected.

· That only qualified industrial electrical workers perform work on industrial electrical circuits or systems.

· That only qualified persons perform testing or troubleshooting on research products or products in test that are not part of the industrial electrical system.

· That required clear space surrounding electrical equipment is maintained free of obstructions.

· Development of safe work practices for working energized electrical systems as necessary. 

· Completion of training by qualified industrial electrical workers, or qualified persons, in electrical safety, lockout-tagout procedures, and CPR. 

· Visual inspection of cordsets (extension cords) for damage before use.  All defective equipment posing immediate safety hazards will be removed from service immediately. 

· Inspection of PPE for damage or wear.  Defective PPE will be destroyed if it cannot be repaired. 

· Authorization of work on energized electrical systems, equipment, or components only as absolutely necessary. 

· Compliance with SHEA assessment and findings. 

· Use of PPE that meets or exceeds American National Standards Institute (ANSI), American Society for Testing and Materials (ASTM), Canadian Standards Association (CSA), or equivalent organization requirements.  The PPE must have a permanent label identifying the name of the manufacturer; the ANSI, ASTM, or CSA designation; and the class of protection according to ANSI, ASTM, or CSA standards.  The PPE shall be stored in accordance with manufacturer’s recommendations.

· Only approved, electrically rated hard hats are issued when there is danger of head injury from electrical shock or burns (effective 1998 type ‘E’ is the designation for electrically rated).

B.
Safety, Health, and Environmental Affairs (SHEA) will: 

· Audit the Electrical Safety Program on an annual basis.

· Ensure Canoga Park’s compliance with relevant standards and requirements.

· Provide input to Supplier Management & Procurement when required PPE is not covered by a specific ANSI, ASTM, or CSA guideline. 

· Provide input to Supplier Management & Procurement to aide in the selection of qualified outside contractors or Boeing organizations to test PPE or equipment that has not been approved by an accredited testing laboratory.

· Assess compliance with operating standards on a periodic basis. 

· Assist line organizations, as requested, in establishing electrical safety requirements and recommendations. 

· Develop and provide training, as requested.

C.
Training organizations will: 

Maintain records of employees who have successfully completed training in electrical safety, lockout-tagout procedures, and CPR. 

D.
Supplier Management & Procurement (SM&P) (or other equipment purchasing organization) will: 

· Purchase only approved PPE that has a permanent label identifying the name of the manufacturer; the ANSI, ASTM, or CSA designation; and the class of protection according to ANSI, ASTM, or CSA standards. 

· Select or approve the selection of qualified outside contractors or Boeing organizations to test PPE or equipment that has not been approved by an accredited testing laboratory.

· Purchase only electrically operated equipment that has been approved by an accredited testing laboratory, such as the Underwriters Laboratories (UL).

E.
Facilities will: 

· Clearly and accurately mark electrical circuits for all newly installed or altered industrial electrical systems, equipment, or components, including: 

· Circuit breaker panels to indicate served load. 

· Machinery disconnects labeled with power supply source and circuit number. 

· Outlets to indicate the breaker panel and circuit it are fed from.

· On industrial equipment with multiple power sources, identify power supply conductors not fed from the main power source.  The identification shall describe the power and source and be of a firmly attached, durable material. 

· Ensure that required clear space surrounding electrical equipment is maintained free of obstructions.

· Ensure that all industrial equipment and installations that are required to be grounded comply with National Electric Code (NEC) article 250 requirements, in addition to state and local requirements. 

· Ensure that all industrial equipment and modification thereof meet all requirements of the NEC.

· For construction activity, ensure that all 120Vac, 15 and 20A outlets that are not part of the permanent wiring of a structure have either an assured equipment grounding conductor program, as specified in CFR 1926.404(b)(1)(iii), or a GFCI protection at the outlet source of power. 

· For non-construction activity outdoors, or in potentially wet environments, ensure that GFCI protection at the outlet source of power, or an assured equipment grounding conductor program, as specified in CFR 1926.404(b)(1)(iii), is used. 

· Provide illumination, as necessary, in spaces that may contain exposed energized systems, equipment, or components. 

G.
Plant Services – Canoga facility:

· In accordance with SM-29 PEOI 1006, 480 Volt cord set, Issuance and Preventive Maintenance, Canoga Park Plant Services will issue, maintain and inspect all 480 Volt cord sets.  This procedure establishes direction for equipment grounding conductor program that is intended to protect the safety of employees by minimizing or eliminating the hazards related to use of 480 Volt extension cords.  

· All 480 Volt cord sets will be inspected at an interval not to exceed three (3) months.

· All requests for 480-volt cord sets will be issued by a Plant Services Work Order.

REFERENCES

California Code of Regulations, Title 8, Subchapter 5 - Electrical Safety Orders

Federal OSHA Safety and Health Standard 29 CFR 1910, Subpart J, Section 147 - “Control of Hazardous Energy”

Federal OSHA Safety and Health Standard 29 CFR 1910, Subpart 5, Section 269 “Electric power generation, transmission, and distribution”.

Federal OSHA Safety and Health Standard 29 CFR 1910, Subpart S, Section 301-399 “Electrical“

National Fire Protection Association Standard No. 70, National Electric Code Requirements for Employee Workplaces

Boeing procedure PRO-1023, “Control of Hazardous Energy Substances” 

FPS 100 “Facility Project Standards”

SOP C-306, “Lockout/Tagout (LOTO) Program - Control of Hazardous Energy During Servicing and Maintenance”

SM-29 PEOI 1006, 480 Volt cord set, preventive maintenance

BUSINESS/QUALITY RECORDS

	Record Type
	Record Identification
	Retention Code
	Quality Record Location

	B
	Form 653-T-050, Work Authorization Form for Working on or near Energized Electrical Circuits
	SHE0155
	N/A

	B
	4266-B, Work Scope Checksheet, 
	120-079
	N/A


Attachment 1

Safe Operating Plan For Routine Energized Electrical Work

Safe Operating Plan (SOP) - A SOP ensures that all aspects of the energized electrical operation or test are pre-planned with sufficient detail and coordination to prevent accidents, injuries, or damage to equipment or property.  A SOP is prepared for operations that are performed routinely on energized electrical circuits.  These are unscheduled operations that have historically occurred more than once a month, or they are regularly scheduled operations that will occur more than three times a year.  Note: While using the SOP, if additional or new hazards are encountered, cease all work, notify the manager, and fill out a Work Authorization Form, if required, to cover the new hazards.

Safe Operating Plan Contents - An SOP has the following minimum sections:

· Purpose - This section documents the reason why the SOP is needed and why the operation is performed energized.  This section also includes, as applicable: (1) the name of the manager responsible for the operation and the names of the persons who will be conducting the operation and their authorizing manager, (2) the nature of the energized work to be performed, including voltage levels and the number of personnel involved, (3) the reason that the work is performed energized, (4) as appropriate, a diagram of the operation or circuit, (5) date(s) of operation.

· Scope - This section identifies the affected division or organization.  Identification includes mail stop, telephone number, and building and column numbers.

· Schedule - This section identifies the frequency (i.e., daily, weekly, or biweekly) and duration of the intended operation.  Each SOP is reevaluated after a period of 1 year and is reissued or canceled by the originator.

· Safety and Health Requirements - This section indicates the safety and health requirements to be imposed on the operation, including requirements for authorized and qualified employees and for training requirements in accordance with this SHEA guide.  

· Support Requirements - This section indicates the degree of support that will be required from any other organization.  

Note: The SOP should be coordinated with all support organizations.

· Impact on Other Organizations - This section details the probable effect of the operation or test on other work that is performed in the area along with the precautions that will be taken to prevent a hazardous interaction.

· Emergency Operations - This section documents the plan for emergency response, including the planned method for removing incapacitated employees, the identification of key employees, including telephone numbers, and the appropriate emergency phone numbers and other resources.

· Numbering - Each SOP must be numbered with a non-reoccurring number.

· Filing of Copies and Posting of SOP - Copies of the SOP will be filed with: (1) the authorizing organizations, (2) affected employees.

· Approval of the SOP - All SOPs for routine energized electrical work shall be approved by SHEA.

· Revisions to SOPs - A SOP is revised for changes, such as the following: 

(1) operation method, 

(2) authorizing manager,

(3) support requirements, 

(4) hazardous conditions.

Attachment 2

Assured Equipment Grounding Conductor Program

Title 29, Part 1926.404 Wiring Design and Protection

(1) Ground fault protection

(iii) 
Assured equipment grounding conductor program.  The employer shall establish and implement an assured equipment grounding conductor program on construction sites covering all cord sets, receptacles that are not a part of the building or structure, and equipment connected by cord and plug that are available for use or used by employees.  This program shall comply with the following minimum requirements:

(A) 
A written description of the program, including the specific procedures adopted by the employer, shall be available at the jobsite for inspection and copying by the Assistant Secretary and any affected employee.

(B)
The employer shall designate one or more competent persons (as defined in §1926.32(f)) to implement the program.

(C) 
Each cord set, attachment cap, plug and receptacle of cord sets, and any equipment connected by cord and plug, except cord sets and receptacles that are fixed and not exposed to damage, shall be visually inspected before each day's use for external defects, such as deformed or missing pins or insulation damage, and for indications of possible internal damage.  Equipment found damaged or defective shall not be used until repaired.

(D) 
The following tests shall be performed on all cord sets, receptacles that are not a part of the permanent wiring of the building or structure, and cord- and plug-connected equipment required to be grounded:

(1) 
All equipment grounding conductors shall be tested for continuity and shall be electrically continuous.

(2) 
Each receptacle and attachment cap or plug shall be tested for correct attachment of the equipment grounding conductor.  The equipment-grounding conductor shall be corrected to its proper terminal. 

(E) 
All required tests shall be performed:

(1) 
Before first use;

(2) 
Before equipment is returned to service following any repairs;

(3) 
Before equipment is used after any incident that can be reasonably suspected to have caused damage (for example, when a cord set is run over); and 

(4)
At intervals not to exceed 3 months, except that cord sets and receptacles that are fixed and not exposed to damage shall be tested at intervals not exceeding 6 months.

(F) 
The employer shall not make available or permit the use by employees any equipment that has not met the requirements of Title 29, Part 1926.404 (b)(1)(iii).

(G) 
Tests performed as required in this paragraph shall be recorded.  This test record shall identify each receptacle, cord set, and cord- and plug-connected equipment that passed the test and shall indicate the last date it was tested or the interval for which it was tested.  This record shall be kept by means of logs, color-coding, or other effective means and shall be maintained until replaced by a more current record.  The record shall be made available on the jobsite for inspection by the Assistant Secretary and any affected employee.

