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(I = E/R = 80/350 = .2286 amps = 228.6 mA.) 
 
Note: The current and resistance values used in this example are approximate and are not 
intended to indicate absolute values. The actual values would be different for each 
individual involved. For example, full leg resistance was assumed. 
 
The current in milliamps in the series/parallel circuit can be determined by the following 
procedure. 
 

Step 1:  Finding formula - Figure D-5 
 
 R R R R

R RT �  � �
��3

4 5

4 5

( )  

Step 2:  Finding resistance and voltage. 
    Figure D-4 
    Resistance:  Head, torso, 
    through both knees - 100 �: ; 
    500 �: ; 500�: ; 
    Circuit = 80 V 
 
Step 3:  Applying Formula 
 
 R x

T �  � �
��

100 500 500
500 500

�:
�: �:
� : � :

( )  

 
 TR � 350 �:  
 
Step 4:  Finding  Milliamps 
  
 mA = (E÷R) x 1,000 
 mA = (80 V ÷ 350 �: ) x 1,000 
 mA = 228.6 
 
Solution:  The current is 228.6 mA. 
 
Note:  Current level of 228.6 mA is definitely hazardous. 



Appendix D.  Understanding Electrical Safety Revision 3 - December 1, 2005 

____________________________________________________________________________________________ 

 

____________________________________________________________________________________________ 
Ames Laboratory Electrical Safety Manual Appendix D:  Page 15 of 15 

Ventricular fibrillation is defined as repeated, rapid, uncoordinated contractions of the ventricles 
of the heart resulting in loss of synchronization between the heart beat and the pulse beat. Once 
ventricular fibrillation occurs, death will usually ensue in a few minutes.  Resuscitation 
techniques, if applied immediately, can sometimes save the victim.  Electric current flow is one 
of several things that can cause ventricular fibrillation. 
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E-1.  ELECTRICAL SAFETY REQUIREMENTS 50 to 150 V Line to Ground or 50 to 250 V Line to Line 
 

Safety glasses are required for all electrical work 
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For Work Descriptions not listed – see DOE Electrical Safety Handbook. 
__________________________________ 
 
A =  Backup person is not required if inadvertent contact with live parts is not possible. 
 
B =  Low voltage gloves are not required by the backup person if they can de-energize the equipment without 

contacting the worker in an emergency. 
 
Electrical work that is covered by an Approved Standard Operating Procedure may have different requirements 
than those listed in the matrix. 
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E-2.  ELECTRICAL SAFETY REQUIREMENTS 151 to 250 V Line to Ground or 250 to 600 V Line to Line 
 

Safety glasses are required for all electrical work 
 
 

Low Voltage Gloves X
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For Work Descriptions not listed – see DOE Electrical Safety Handbook. 
 
Electrical work that is covered by an Approved Standard Operating Procedure may have different requirements 
than those listed in the matrix. 
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E-3.  ELECTRICAL SAFETY REQUIREMENTS – HIGH VOLTAGE, Greater than 600 V 
 

Safety glasses are required for all electrical work 
 

High Volt Gloves w/leather protectors
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For Work Descriptions not listed – see DOE Electrical Safety Handbook. 
 
Electrical work that is covered by an Approved Standard Operating Procedure may have different requirements 
than those listed in the matrix. 
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E-4.  ELECTRICAL SAFETY REQUIREMENTS – Batteries or Battery Banks 
 

Safety glasses are required for all electrical work 
Face Shield     

Latex Gloves and Apron     
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For Work Descriptions not listed – see DOE Electrical Safety Handbook. 
 
Electrical work that is covered by an Approved Standard Operating Procedure may have different requirements 
than those listed in the matrix. 
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Example F.1  Power Centers 
 

Minimum requirements:  surge energy – 270 joules 
Clamping voltage – 400 volts 
EMI/RFI filter – 50 db from 100 KHz – 1 MHz 
UL listed 
Circuit breaker protected 
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Example F.2  Power Taps 
 

Minimum requirements:  surge energy – 2300 joules 
Clamping voltage – 350 volts 
EMI/RFI filter > 80 db @ 1 Mhz 
UL listed 
Circuit breaker protected 
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Form 46200.009 Engineering Services  Revision 17 February 2007 

Employee Name:________________________________  Employee Number:_____________ 
   (Please print) 
 
Part I. Education 
Does this employee have any past electrical education or training?  Yes No 
If yes, indicate any electrical classes below that this employee has completed: 

1. ______________________________________________________________________ 
2. ______________________________________________________________________ 
3. ______________________________________________________________________ 
4. ______________________________________________________________________ 

 
Part II.  Experience 
Does this employee have any electrical experience?  Yes No 
If yes, indicate any electrical experience below: 

1. ______________________________________________________________________ 
2. ______________________________________________________________________ 
3. ______________________________________________________________________ 
4. ______________________________________________________________________ 

 
Part III.  Job Activity (Specific) Training 
As supervisor, I 

 will provide and document Job Activity Specific Training for each piece of equipment for which 
this individual will be considered a Qualified Electrical Worker (QEW), including any future 
equipment purchases. (See Section 3.5 of the ESH&A Program Manual for guidance) Or 

 
 assure that the individual has the appropriate experience to perform electrical work activities 

with equipment within my group’s work area. 
 _________________________________  _________________________________ 
Supervisor’s Signature    Employee’s Signature 
 
Part IV. QEW Approval 
 
This employee has completed the QEW Pre-qualification Exam (initial employee) with a score of_____% 
 
or has completed the Coastal Electrical Safety Exam (grandfathered employee) with a score of_____%. 
 
The above information on education, experience and the exam has been reviewed by a member of 
the Electrical Safety Committee (ESC) and this employee’s request for attending Basic Electrical Safety 
Training (AL-019) in order to become a QEW has been: 
 

 Granted  Denied   Granted - Grandfathered Employee 
 
______________________________________________  _______________ 
Electrical Safety Committee Member’s Signature  Approval Date  
 
Part V.  Institutional Training Verification: 
 
The above listed employee has successfully completed Basic Electrical Safety Training (AL-019).  This 
information will be recorded on the Ames Laboratory Training Records System (ALTRS). 
 
______________________________________________  _______________ 
Training Staff Member’s Signature    Date   
 



 

_________________________________________________________________________________________________________________ 
Form 46200.010 Engineering Services Revision 5 December 1, 2005 

AMES LABORATORY SAFE WORK PERMIT ENERGIZED ELECTRICAL WORK 
 

 

Part I: To be completed by the requester: 
(1) Description of circuit / equipment / job location: 
 

(2) Description of work to be done: 

(3) Justification of why the circuit / equipment cannot be de-energized or the work deferred until the next scheduled outage: 

Requester / Title Date 
 
 

Part II: To be completed by the Qualified Electrical Workers (QEWs) performing the work: Check when 
Complete 

(1) Detailed job description procedure to be used in performing the above detailed work (attach if necessary):  

(2) Description of the Safe Work Practices to be employed [110.8(B)]:  

(3) Results of the Shock Hazard Analysis [110.8(B)(1)(a):  

(4) Determination of Shock Protection Boundaries [130.2(B)]:  

(5) Results of the Flash Hazard Analysis (130.3):  

(6) Determination of the Flash Protection Boundary [130.3(A)]:  

(7) Necessary personal protective equipment to safely perform the assigned task [130.3(B)]:   

(8) Means employed to restrict the access of unqualified persons from the work area [110.8(A)(2)]:  

(9) Evidence of completion of a Job Briefing including discussion of any job-related hazards [110.7(G)]:  

 
 
(10) Do you agree the above-described work can be done safely? If no, return to requester 
    
Qualified Electrical Worker Yes No Date Qualified Electrical Worker 

(Backup) 
Yes No Date 

    
Qualified Electrical Worker Yes No Date Supervisor 

Qualified Electrical Worker 
Yes No Date 

 
Part III: Approval(s) to perform the work while electrically energized. 
 
Group Leader / Department Manager Date 
 
Electrical Safety Committee Designee Date 
 
Division Director Date 
 

This Permit is valid for one process lasting no more than one week. 
NOTE: Once the work is complete, forward this form to ESH&A for review and retention. 
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Part IV:  Safe Work Requirements 
 

Safety Equipment Required (safety glasses with side shields are required for all electrical work): 
 

(See Appendix E, "Work Matrices," of the Ames Laboratory Electrical Safety Manual (46200.001) 
for guidance in completing permit.) 
    

 Approved Meters / Instrumentation  Flame Resistant Clothing 
 Insulating Mat  Face Shield 
 Grounding Stick  Qualified Electrical Backup 
 Approved Insulated Hand Tools  Rated gloves for Backup QEW 
 Rated Electrical Gloves (appropriate for 

voltage) 
 Other PPE’s  (hearing protection, laser 

glasses, etc.) _____________________ 
 Other Safeguards __________________ 

_________________________________ 
 _______________________________ 

_______________________________ 
 
Warning:  Always de-energize the equipment when possible.  If you must work with energized 
circuits, cover or guard any exposed energized parts when practical.  Energized electrical work is only 
allowed under the requirements of Chapter 6 of the Ames Laboratory Electrical Safety Manual 
(46200.001) and OSHA 1910.333.  
 
A. When do you need to complete this form? 

Anytime it is necessary to perform live electrical work and you do not have an approved 
Standard Operating Procedure that covers the specific live work. The Electrical Safety 
Committee must approve all Live Work Standard Operating Procedures.   
 

B. Who shall complete a Safe Work Permit for Energized Electrical Work? 
Everyone involved with the live work. The form must be completed and the work planned with 
all parties present. All workers and the Supervisor must be Qualified Electrical Workers 
(QEW) and recognize and understand all of the hazards involved.  The Supervisor shall be 
appointed by the Activity Supervisor, Group Leader or Department Manager and must be 
experienced in electrical work. 
 

C. When should these employees complete a Safe Work Permit for Energized Electrical Work? 
The discussion of the hazards involved, job planning, and completion of this form must be 
done before the work is started.  
 

 
Approvals must be obtained after this form has been completed and before work has started.  Contact 
John Hjortshoj, ESG-Electronics or Shawn Nelson, ESH&A for Electrical Safety Committee approval. 
 
Documented training is required to be considered a Qualified Electrical Worker (QEW).  For 
requirements, see Ames Laboratory Electrical Safety Manual, Chapter 3, “Training Requirements for 
Electrical Safety,” Section 3.1.2 Required Training Modules. 
 
NOTE: Job (Activity) Specific Training or appropriate experience is also required prior to performing 
work to be considered a QEW.  The training must be documented. 
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APPROVAL CRITERION OF UNLISTED ELECTRICAL EQUIPMENT 
 

 
EVALUATION: 
Determine that electrical equipment is free from recognized 
hazards that are likely to cause death or serious physical harm 
to employees [29 CFR 1910.303 (b)].  Use the following 
factors when evaluating equipment [NEC 110-3 (a)]. 

 
 
 
 
Approved 

 
 
 
 
Rejected 

1 Suitability for installation and use in conformity with 
29 CFR 1910 Subpart S and/or NEC. 

  

2 Mechanical strength and durability, including for parts 
designed to enclose and protect other equipment, the 
adequacy of the protection thus provided. 

  

3 Wire bending and connection space.   
4 Electrical insulation.   
5 Heating effects under normal conditions of use and also 

under abnormal conditions likely to arise in service. 
  

6 Arcing effects.   
7 Classification by type, size, voltage, current capacity, 

and specific use. 
  

8 Other factors that contribute to the practical 
safeguarding of persons using or likely to come in 
contact with the equipment, including non-electrical 
considerations and hazards. 

  

9 All conductive exposed parts are grounded.   
NOTE:  APPROVED EQUIPMENT SHALL BE INSTALLED AND USED IN 
ACCORDANCE WITH THE INSTRUCTIONS PROVIDED BY THE 
DESIGNER/BUILDER OR ESO. 
Comments:  (Include all designer/builder instructions, restrictions on use, drawings or 
information that is relevant to the safe installation and use of this equipment.  Attach 
additional sheets as necessary). 
 
 
 
 
 
This equipment is approved for installation or use at Ames Laboratory.  IF THIS 
EQUIPMENT IS MODIFIED, RELOCATED, DAMAGED, REPAIRED OR UTILIZED 
FOR OTHER THAN THE INTENDED USE STATED ABOVE, THIS APPROVAL IS 
VOID, PENDING RE-EXAMINATION. 
Date: 
 

Inspector Signature: Label Number: 
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Live Work Standard Operating Procedures for Research Groups 
 
Purposes and Scope 
This procedure will be used to ensure the safety of all workers while working on energized circuits.  All work on 
electrical equipment with exposed parts over 50 volts that cannot be covered or guarded is included.  This 
procedure is intended for routine troubleshooting, testing, and adjusting of equipment that cannot be done when 
de-energized.   
 
Prerequisite Actions and Requirements 
Energized work is only allowed when the task cannot be performed with the equipment de-energized.  All 
workers referred to in this procedure must be trained and competent in electrical theory and practice.  They must 
be familiar with the hazards involved, test equipment and energized work tools, personal protective equipment 
(PPE), and electrical safe work practices.  Equipment manuals, schematics, and related manufactures safety 
information shall be utilized and understood before starting work. 
 
Performance Step-by-Step Level Procedures (Research Groups) 
 
Procedure for  
 
Safety equipment needed includes: 
1.  
2.  
3.  
Personnel requirements include one worker and one safety watch who are Qualified Electrical Workers (QEW). 
 
The Activity Supervisor, Safety Watch and worker must discuss the planned activity and all parties must know 
how to remove power in case of emergency.  The Safety Watch shall turn off the power first and then take 
appropriate action if any problems arise. 
 
Steps 
 
 
 
 
 
Post Performance Activity 
 
 
Signatures: 
 
       
*Group Leader or Activity Supervisor  Date  *Authorized User  Date 
       
Electrical Safety Committee  Date  *Authorized User  Date 
       
ESH&A  Date  *Authorized User  Date 
       
Program Director  Date  *Authorized User  Date 
       
Division Director, Science & Technology  Date  *Authorized User  Date 
       
 
*Authorized user must be a Qualified Electrical Worker (QEW). 
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EXAMPLE   Live Work Standard Operating Procedures for Research Groups 
 
Purposes and Scope 
This procedure will be used to ensure the safety of all workers while working on energized circuits.  All work on electrical 
equipment with exposed parts over 50 volts that cannot be covered or guarded is included.  This procedure is intended for 
routine troubleshooting, testing, and adjusting of equipment that cannot be done when de-energized.   
 
Prerequisite Actions and Requirements 
Energized work is only allowed when the task cannot be performed with the equipment de-energized.  All workers referred 
to in this procedure must be trained and competent in electrical theory and practice.  They must be familiar with the hazards 
involved, test equipment and energized work tools, personal protective equipment (PPE), and electrical safe work practices.  
Equipment manuals, schematics, and related manufactures safety information shall be utilized and understood before starting 
work. 
 
Performance Step-by-Step Level Procedures (Research Groups) 
 
Procedure for adjusting the dc voltage of the Inducto-Whiz, Model XXXX. 
 
Warning! This procedure requires adjustment of circuit elements in close proximity to energized parts. 
 
Safety equipment needed includes: 
1. Safety glasses for all participants 
2. 1000 volt electrical gloves for worker 
3. Insulated tools rated for job 
Personnel requirements include one worker and one safety watch who are Qualified Electrical Workers (QEW). 
 
The Activity Supervisor, Safety Watch and worker must discuss the planned activity and all parties must know how to 
remove power in case of emergency.  The Safety Watch shall turn off the power first and then take appropriate action if any 
problems arise. 
Step #1 With unit de-energized, remove front panel and find DC voltage adjustment potentiometer on the top right-hand 

side of the main power board. 
Step #2 While de-energized, connect a Fluke 8XX multi-meter across resistor R6 at the bottom of the main power board.  

Set meter to DC volts and place meter on the shelf below the main power board where it can be easily seen by 
the worker. 

Step #3 Worker shall put on electrical gloves with protectors and select the proper insulated screwdriver. 
Step #4 Worker shall apply power to the equipment at the main disconnect on the north wall. 
Step #5 While visually monitoring the multi-meter, turn the DC adjustment potentiometer clockwise to increase DC 

voltage or counterclockwise to decrease voltage.  The voltage should be set to 300 VDC. 
Step #6 After the adjustment has been made, turn off power to the equipment at the wall disconnect. 
Step #7 Carefully remove the multi-meter from R6 and replace the front panel. 
 
Post Performance Activity 
If the adjustment is not successful consult the manufacturer or call the ESG Electronics Shop (4-4823) for assistance.  
Ensure all covers and panels are in place.  Record the adjustment information in the equipment log book.  Proceed to 
the start up procedure when ready to operate the equipment. 
 
Signatures: 
       
*Group Leader or Activity Supervisor  Date  *Authorized User  Date 
       
Electrical Safety Committee  Date  *Authorized User  Date 
       
ESH&A  Date  *Authorized User  Date 
       
Program Director  Date  *Authorized User  Date 
       
Division Director, Science & Technology  Date  *Authorized User  Date 
 
*Authorized user must be a Qualified Electrical Worker (QEW). 




