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Article 90 
Introduction 

• The 2015 edition of NFPA 70E  
reflects a major shift in how 
stakeholders evaluate electrical risk.  

• New definitions Article 100, including 
Hazard, Hazardous, Risk , and Risk 
Assessment . 

• Changing “arc flash hazard analysis” 
to “arc flash risk assessment,” 

• Changing “shock hazard analysis” to 
“shock risk assessment,” 

• Changing “electrical hazard analysis” 
to “electrical hazard risk assessment,” 
and 

• Changing “hazard identification and 
risk assessment” to “risk 
assessment.” 
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Changes 
to focus 

• Safety-related maintenance 
requirements were added to 
the Scope  

• Clarify that training and 
auditing are equally 
important safety-related work 
practices. 

[90.2(A)] 
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Changes 
Eliminate 
Bare 
Hand 

• The definition of Bare-Hand 
Work  and all references to 
bare-hand work were 
removed.  

• Considered to be a “utility 
type” line work 
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Changes 
Qualified 
Person 

• The definition for Qualified 
Person  was revised to 
correlate the definition with 
OSHA 1910.399 Note 2. 
[100] 

• Demonstrated 
• Qualified for one piece of 
equipment but not another 
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Changes 
To 
Approach 
Boundary 

• Prohibited Approach 
Boundary  was deleted.  

• Previous changes used the 
limited approach boundary or 
arc flash boundary for 
“triggering” requirements 
made the term unnecessary. 
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Changes 
•  An electrical safety program 
must now include elements 
that consider condition of 
maintenance. [110.1(B)] 
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AUDIT 
Requirements 

• Audits of field work to verify 
compliance with the 
procedures of the electrical 
safety program must be 
performed at intervals not to 
exceed 1 year. [110.1(I)(2)] 

•  Electrical Safety Program. 
shall be audited intervals not 
to exceed 3 years. 
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Changes 
• The location, sizing, and 
application of temporary 
protective grounding 
equipment is part of the 
employer’s job planning. 
[120.3(A)] 

Temporary 
Grounds 
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Changes 
• New requirements clarifying 
where normal operation of 
electric equipment is 
permitted were added.  

• The equipment must be 
properly installed and 
maintained, equipment doors 
closed and secured, and all 
covers in place and secured, 
and there is no evidence of 
impending failure. [130.2(A)
(4)] 

Normal 
Operation 
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Changes 
• The incident energy analysis 
method (Calc) or arc flash 
PPE categories 
method(Table) for the 
selection of PPE, but not 
both.  

• Clarifies that the results of an 
incident energy analysis to 
specify an arc flash PPE 
category in Table 130.7(C)
(16) is not permitted. 
[130.5(C)] 

Calc and 
Table 
method of 
obtaining 
PPE  
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Changes 
• Field-marked equipment 
labeling requirements were 
revised to require the label to be 
updated where the arc flash 
hazard risk assessment 
identifies a change that renders 
the label inaccurate.  

• The documentation, installation, 
and maintenance of the field-
marked label is the 
responsibility of the owner of the 
electrical equipment. [130.5(D)] 

Doc. and 
Updating 
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Changes 

• Conductive articles 
shall not be worn within 
the restricted approach 
boundary or where they 
present an electrical 
contact hazard. 
[130.6(D)] 

13 



Changes 
• A new task-based table 
combines the separate ac 
and dc tables previously 
used 

• The new table lists the task, 
equipment condition, and arc 
flash PPE required. It utilizes 
a simple yes or no format if 
arc flash PPE is required. 

[130.7(C)(15)(A)(a)] 

Table 
Method for 
determining 
PPE 
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Changes 
• New equipment-based tables 
were added for determining 
the arc flash PPE category 

• Table130.7(C)(15)(A)(b) for 
ac systems and Table 
130.7(C)(15)(B) for dc 
systems.  

Table 
Method 
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Changes 
• Hazard/risk category 0 has 
been removed from Table 
130.7(C)(16).  

• Hazard/risk category will be 
PPE category.  

• If there is no arc flash 
hazard, then no arc flash 
PPE is required and it is 
therefore not necessary on a 
table devoted to PPE. [Table 
130.7(C)(16)] 

PPE 
Definitions 
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Changes 
Insulated 
Tools 

• The criterion for employees 
to use insulated tools or 
handling equipment has 
been changed from the 
limited approach boundary to 
restricted approach 
boundary. [130.7(D)(1)] 

1’for 600 V 
 
2’2” for 
2300V to 
15kV 
 
2’7” for 15.1 
to 36kV 
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Shock Hazard 

If this was 
2300VAC 
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Voltage rated gloves  

19 



20 



21 



Voltage measurement at 4160V 
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Medium Voltage indicators 
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Changes 
•  Barricades cannot be placed 
closer than the limited 
approach boundary.  

• Where the arc flash 
boundary is greater than the 
limited approach boundary, 
barricades cannot be placed 
closer than the arc flash 
boundary. [130.7(E)(2)] 

24 



Changes 
• A new section is added 
requiring the employer to 
perform a risk assessment 
before cutting or drilling into 
equipment, floors, walls, or 
structural elements where a 
likelihood of contacting 
energized electrical lines or 
parts exists. [130.10] 

Cutting 
and 
Drilling 
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Changes 
• Equipment owner or the 
owner’s designated 
representative is responsible 
for 
•   maintenance of the electrical 
equipment and  

• documentation. [205.3] 

Maintenance 
and 
Documentatio
n 
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Changes 
• New maintenance 
requirements for test 
instruments and associated 
test leads utilized in the 
verification of the absence or 
presence of voltages were 
added.  

• The maintenance program 
for test instruments must 
include functional verification 
as described in 110.4(A)(5). 
[250.4] 

Tools, 
Blankets 
And 
Gloves  
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ANSI/AIHA 
Z10 

• Order of Controls to be used 

• Eliminate 
• Substitution 
• Engineering controls 
• Awareness 
• Administrative Controls 
• PPE 

Risk 
Assessmen
t procedure 
100.1(G) 
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Electrica
l Safety 
Audits 

• Safety Program audit every 3 
yrs. 

• Field work audit every 1 year 
• All Audits shall be 
documented 

• Training Verification 1/year 
Art 110.1 (I) 
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Safety 
Related 
Maintenance 

• Only Qualified Persons 
• Single-Line Diagram 
• General maintenance in 
accordance with 
manufacture's instruction or 
industry consnsus 
• Manufactures' IB 
• NETA 
• NFPA 70B 

• Maintenance Shall BE 
Documented 

Art 205 
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Risk Assessment Definition 
•  Identifies all hazards 
• Estimates the potential severity of injury 
• Estimates the likelihood of occurrence of injury 
• Determines the protective measures required 
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Risk Assessment 
•  1.The hazard always exists unless it can be engineered 
out of the design. 

•  2. Risk increases in proportion to one’s exposure to the 
hazard. The risk is zero if one is not exposed to the 
hazard. 

•  3. The level of PPE  = the degree of risk. 
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Safety 
Training 

• Train all exposed employees  
• Specific hazard of electricity 
• Safe work practices 
• Procedure for the task  
• Emergency response for shock 
annually 

• Training will be  
• Classroom 
• OJT 

• Employer will verify training 
current annually 

• Employer will document all 
training require in NFPA 70E 

Art 110..2 
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WORK INVOLVING 
ELECTRICAL HAZARDS 
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Electrical Safe Work Condition (ESWC) 

• Energized Conductor shall be 
put in an electrically safe 
work condition if: 
• Employee in the limited 
approach boundary 

• Employee interacts with 
equipment with and 
increased likelihood of 
injury from arc flash 
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Exception to ESWC 

• When disconnecting means is properly  
• installed and  
• maintained and 
•  is operated to achieve ESWC or 
• to return to service  

IFF the risk assessment is performed 
and does not identify Unacceptable risk. 
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Example 
• Main lugs only PDP or LDP fed from a services 
disconnect in a separate enclosure close nippled to the 
panel 

• Only one source of power confirmed  
• Risk assessment should indicate acceptable 

•  IN OSHA letter if the main is in the same enclosure and 
not barriered in any way the panel-board can not be put 
in a ESWC by opening the main breaker  
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Energized Work 
1.  Permitted if the EMPLOYER can demonstrate that 

De-energizing introduces more hazard. (Hazard could 
be non-electrical) 

2.  If EMPLOYER can demonstrate that the task is 
infeasible if the circuit de-energized such as voltage 
measure 

3.  Less Than 50V if it is determined to not increase the 
exposure to electrical burn or explosion 
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Energized Work (cont.) 
• Normal Operation IFF: 

• Properly installed 
• Properly maintained 
• All doors closed and secured 
• All covers are in place 
• There is no evidence of impending failure 
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Example of increased hazard 
•  Interrupting life support equipment 
• Deactivation of emergency alarm 
• Shutdown of purge systems 
• Shut downs effect on the plant 
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Energized Work Permit Shall Be Used 
• When work performed in the 
restricted approach 
boundary 

• When employee interacts 
with equipment where 
conductors not exposed but 
an increased likelihood of 
injury from exposure to arc 
flash exists 
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Energized Work Permit shall include: 
• Description of the circuit and equipment to be worked 
•  Justification for why work being done energized 
Description of safe work  practices  

• Result of Shock Risk assessment (130.4 (A)) 
•  Voltage exposure 
•  Limited approach boundary (130.4 (B)) 
•  Restricted approach boundary (130.4 (B)) 
•  List of Personnel and other protective equipment 
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Energized Work Permit shall include: 
• Results of the arc arc flash assessment 

•  Available incident energy at working distance or arc flash PPE 
category 

•  Necessary PPE to protect against the hazard  
•  Arc flash boundary 

• Means employed to restrict the access of unqualified 
persons to the work area 

• Evidence of completion of the job briefing including a 
discussion of the job-specific hazards 

• Energized work approval ( authorizing or responsible 
management, safety officer or owners signature. 
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Exemptions to work permit 
• Not required if a qualified person is provided with 
appropriate safe work practices and PPE for  
•  Testing, troubleshooting and voltage measuring 
•  Thermography and visual inspection if the restricted approach 

boundary is not crossed 
•  Assess to and egress from an area with energized equipment if no 

work performed and restricted approach boundary not crossed 
•  General housekeeping an not-electrical task of the restricted 

approach boundary not crossed 
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Working while Exposed to Electrical 
Hazards 
• Safety related work practices shall safeguard from injury 
• Shall be consistent with the associated risk 
• Be determined before any person is exposed to hazard 
using shock risk assessment and arc flash assessment 

• Only qualified persons shall be permitted to work on 
equipment not in ESWC 
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SHOCK RISK 
ASSESSMENT 
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Art 130.4 

• Voltage Exposure 
• Boundary requirements 
• PPE requirements SHOCK RISK 

ASSESSMENT 
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AC Voltage  Approach Boundaries for Energized 
Conductors 
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Approach Boundaries 

Qualified limit 

Unqualified 
limit 
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QUALIFIED PERSON 
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Qualified Person 
• Demonstrated skills and knowledge of the 
equipment 
• Construction  
• Operation  
• Installation 

• Received documented safety training  
• Identify  
• Avoidance  
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Qualified Person 
• How to distinguish energized part 
• Determine nominal voltage 
• Approach distance tables 
• Understand the hierarchy of controls, e.g. elimination, 
substitution, engineering controls, awareness, 
administrative controls, and PPE (lastly) 
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Qualified 
Person 
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Qualified 
Person 
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ARC FLASH RISK 
ASSESSMENT 
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Art 130.5 

• An arc flash risk assesment 
shall be performed with the 
results 

• Does an arc flash hazard exists 
• Related work practices 
• Arc flash Boundary 
• PPE for use in Boundary 
• Be updated for changes  
• Be review once every 5 yrs. 
• Consider overcurrent protective 
device opening and clearing 
time and condition of 
maintenance  

Arc Flash 
Risk 
Assessment 
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Breaker 
clearing 

Example: clearing time of this 
breaker if fed from a 750kW 
standby gen or if fed from a 
2000KVA xfmr.  
 
 

Breaker 
 Condition 

Opening due to an IR scan 
showing c phase 20 degree hotter 
that a or b for a 50% FLA  
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Estimating Clearing Time 
• Use TCC curves and  
• Estimate short circuit current and then use 38% of the 
value to determine total clearing time. ( we call this the 
BS method) 

• For medium voltage use 90 to 95% of the short circuit 
current and then use 85% of this value 

• The  ASTM std for Arc Rated clothing is spelled out to 
separate it from FR clothing 
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Art 130.5 
• Must be documented 
• Arc flash boundary = 1.2 cal/
cm2  (5 J/cm2) 

• One of two methods but not 
both shall be used on the same 
piece of equipment 
• Analysis i.e. Calculation Annex 
D and Annex H Table H.3(b) 
Category or Table method 130.7 

• Owner is responsible for 
documentation, installation and 
maint. of field-marked labels 

Arc Flash 
Risk 
Assessment 
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PPE METHOD OR 
TABLE METHOD 
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Arc Flash PPE METHOD (table method) 

Step 1 
 

Table 130.7(C)(15)(A)(a) IS PPE REQUIRED 

Step 2  Table 130.7( C)(15)(A)
(b) 

PPE Category & Arc 
Flash Boundary 

Step 3 Table 130.7( C)(16) PPE Suit Out (what do 
you have to Wear) 

Note there is also the simplified 8cal/40cal table method see Annex H table H.2 
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 Table 130.7(C)(15)(A)(a) Arc Flash 
Hazard Identification for (ac) (dc) 
Systems 
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 Table 130.7(C)(15)(A)(a) Arc Flash 
Hazard Identification for (ac) (dc) 
Systems 
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Table 130.7(C)(15)(A)(a) Arc Flash 
Hazard Identification for (ac) (dc) 
Systems 
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Table 130.7(C)(15)(A)(a) Arc Flash 
Hazard Identification for (ac) (dc) 
Systems 
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Table 130.7(C)(15)(A)(a) Arc Flash 
Hazard Identification for (ac) (dc) 
Systems 
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Table 130.7(C)(15)(A)(a) Arc Flash 
Hazard Identification for (ac) (dc) 
Systems 
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Table 130.7(C)(15)(A)(a) Arc Flash 
Hazard Identification for (ac) (dc) 
Systems 
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Table 130.7(C)(15)(A)(b) Arc Flash 
Hazard PPE Category 
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Table 130.7(C)(15)(A)(b) Arc Flash 
Hazard PPE Category 
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Table 130.7(C)(15)(A)(b) Arc Flash 
Hazard PPE Category 
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Table 130.7(C)(15)(A)(b) Arc Flash 
Hazard PPE Category 

73 



Table 130.7(C)(16) PPE Equipment 
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Table 130.7(C)(16) PPE Equipment 
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Table 130.7(C)(16) PPE Equipment 
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CALCULATION 
METHOD 
INCIDENT ENERGY AT WORKING 
DISTANCE AND ARC FLASH BOUNDARY 
5J/cm2 or 1.2cal/cm2 
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LEE calc 600Vac Approximation 
Distance for 2nd degree burns of < 80C  
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Lee’s Incident Energy Calc for greater 
than 600V 
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Doughty/ Neal Equation 
• Calculated incident energy given working distances 
•  Introduced the 38% of bolted fault value as the min limit 
for LV 

• Recognized that highest incident energy could occur at 
lowest level due to extended clearing time. 
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Doughty and Neal Equation 
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IEEE 1584 Calcs Limitation 
•  208 VAC to 15kV 3 phase 
•  50 and 60hZ 
•  700A to 106kA available fault current 
•  13mm(1/2 in) to 152mm (6in) conductor gap 
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Guide for a 1584.1 - 2015 study 
• Collect System and Installation Data 
• Determine modes of operation 
• Calculate Bolted Fault Current 
• Determine approximate Arc Fault Current 
• Find TCC, total clearing time and duration of arcs  
• Document system voltages and equipment class 
• Select working (distance source to person chest) 
• Determine incident energy 
• Determine arc flash boundary 
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Run calc at bolt faults and at .85 and use 
higher incident energy 
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Distance exponent  x  in equation 
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Typical working distance D for eq 
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Over 15kV and 3 phase 

Assume: Bolted fault = arcing fault 
Use engineering judgment on 2sec rule 
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OVER 15kV and 3 phase 

89 

Assume EB of 5Joules /cm2 



Other important parts of Annex D 
• Arc flash boundary calc 
• Differing incident energy calc for various fuse 
arrangements 

• Differing incident energy for MCCB and  
• Direct Current calcs based on arcing current of 50% the 
bolted fault current 
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Calc and Table Method Separation 
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130.7(D) 
Other Protective 
Equipment 

• Insulated tools are 
required inside the 
restricted approach 
boundary 
• Rated for the voltage 
•  Inspected prior to use 
•  Insulate ladder only 
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Hazardous 
(Classified) 
Locations 

• No breaks in conduit system 
• All enclosure are secure 
• All bonding is intact 
• Marking are legible 

Art 235 
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Personal 
Safety and 
Protective 
Equipment 

• Tools 
•  Inspection and Test once per year 

• Temporary protective grounds 
TPGE (ground cables, ground & 
test, and ground switch) 
•  Inspect once per year 
• Tested prior to being returned for 
service 

• Stored in a clean environment 
• Test Instruments 

• Visual before each use 
• Maintenance program  

250.2 Tools 
250.3 
TPGE 
250.4 & 
110.4 Test 
Instrument 
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BATTERY SYSTEM 
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Battery 
Systems 

• New section 320.3(A)(1) 
requires a risk assessment to 
work on a battery system 

• Annex D for DC Arc Flash 
• Scope lists applicable NFPA, 
IEEE and OSHA  
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Battery 
System 

• Prior to any work must do a risk 
assesment 
• Thermal 
• Chemical 
• Electric Shock 
• Arc Flash 

• Room Requirements 
• Only authorized personnel 
•  Illumination  

• No electrical conductive objects 
• Instruments must be test once/yrs. 

97 



Battery 
Systems 

• Avoid shock hazard 
• Insulating parts using 
temporary insulation 

• Determine cell line area 
boundaries 
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Battery System 
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Battery 
System 
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ANNEXS 
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ANNEXs 

• A & B = referenced 
publications 

• C = Limits of Approach 
• D=Incident Energy 
Calculation 

• E= Electrical Safety 
Boundary 

• F=Risk Assessment 
Procedure 
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ANNEXs 

• G = Sample Lock and Tag 
Out 

• H = PPE Selection 
• I =Job Briefing Checklist 
• J = Energized Electrical Work 
Permit 

• K=General Categories of 
Hazards 

• L = Cell Line Zone (DC) 
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ANNEXs 

• M = PPE Layering 
• N = Working Near Overhead 
Lines 

• O =Safety Related Design 
Requirements 

• P = NFPA –OSHA relations 
• K=General Categories of 
Hazards 

• L = Cell Line Zone (DC) 
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Supplement 

• List of NFPA 70 sections 
• Preventive Maintenance 
Program 

• Selection and inspection of 
insulated PPE (typical safety 
procedure) 

• Case Study of Arc Flash 
Incident  
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SAFETY PROGRAM 
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Annex E – Electrical Safety Program 
•  Inspecting and Evaluating Electrical Equipment 
• Maintaining the Electrical Equipment 
• Planning every job and document first-time procedures 
• De-energizing when possible 
• Anticipating unexpected events 
•  Identifying the electrical hazards and reduce the risk 
• Using the right tool 
• Assessing peoples ability 
• Auditing the principles 
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Annex E - Safety Program Controls 
• Employer develops the program and trains the 
employees 

• Procedures used to identify, eliminate and/or control 
risks 

• Every electrical conductor is considered live until proved 
otherwise 

• De-energize and make electrically safe 
• Tasks are identified and categorized 
• Take appropriate Precautions 
• An approach is used to determine risk  
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Safety Program Procedures 
• Purpose of task 
• Qualification and # of people involved 
• Assessment of risks 
•  Limits of approach 
• Safe work practices used 
• PPE required 
•  Insulating material and tools 
• Special precautionary techniques 
• Electrical Single Line Diagram 
• Equipment Details 
• Photos of unique features 
• Reference data – IB’s  
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RISK ASSESSMENT 
ANNEX F 
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F Risk Assessment Procedure 
• Determines protective measures to reduce likelihood of 
injury  

• Risk assessment is a process of assigning a severity 
and a likelihood to each hazard associated with an at 
risk behavior 

• Allows for ADEQUATE risk reduction = 8 Acceptable 
with moderate risk 
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Risk Assessment Includes 
•  Identify and analyzing the hazards 
•  Identify task to be performed by their component parts 
• Documenting hazards associated with each task 
• Estimating the risk for each hazard 
• Determine the appropriate measures to reduce the risk 
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Annex  F - Responsibility 
• Designers and constructor and users have a 
responsibility for achieving tolerable risk 
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Initial Risk Estimation 

• Sum of Se+FR+PR+Av = Risk 
• Or Se(Fr+Pr+Av) = Risk 
• Or use the risk register 
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Se = Severity 
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Fr = Frequency 
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Pr = Likelihood  
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Typical Pr questions 
• At what point in its life is the equipment 
• Has an IR scan been done under load 
• When was the last time the upstream breaker was 
operated 

•  Is the breaker within its nameplate rating 
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Risk Register 
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Risk 

Extreme (E) RED Intolerable Risk 

High (H) ORANGE Unsupportable risk 

Moderate (M) YELLOW Tolerable Risk 

Low (L) GREEN  Supportable Risk 
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Risk assessment matrix 

131 



Risk assessment using numbers 
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Protective Measures 
• Once prior risk established evaluate risk reduction using 
controls 

• Both technical and behavioural failures must be 
considered 

• As a minimum all items in the risk assessment in red 
and orange must be reduced with controls to yellow and 
and green 

•  If substitution and elimination can not control the risk a 
combination of less level controls may be needed 
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Design or Elimination or Substitution 

• Eliminate the severity or 
likelihood 

• Substitution effects severity 
and likelihood 

• Engineering Controls by 
Design effects likelihood 
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Awareness 
•  Warning signs 

•  POTENTIAL IMPACT on limiting likelihood 
•  POTENTIAL IMPACT on exposure 
•  No Impact on severity 

•  Personnel Training 
•  Limit injury severity 
•  May impact likelihood under limited 

conditions 

•  Access restrictions 
•  Impact on exposure 
•  No impact on severity 

•  Safe work Practices 
•  Impact on Likelihood 
•  No impact on severity 

135 



PPE 
•  Impact on severity 
• Negative impact on likelihood 
of some events due to 
mobility and visibility 
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Shock OR ARC Blast causes 
•   Loose connections 
•   Loose object in enclosure 
•   Equipment, component, or part at the end of life  
•   Improperly grounded equipment 
• Vermin in the equipment 
• Defective component or part 
• Moisture or other contaminant in the equipment 
•  Improper size or type of component 
•  Improperly maintained circuit breaker 
• Alignment issues on with-drawable components 
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Auditing 
• Each activity that has been assessed it may require an 
audit prior to work taking place. 
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Circuit Breaker Operation while 
Energized •  Assume operating a 1600A 480V molded case circuit 

breaker. One line says 35kA available. 
•  Per table 130.7(C)(15)(A)(b) at 18inchesassume greater 

than 25cal/cm2 
•  The maint records show the breaker is operated twice a year 

when maint is done on the facility 
•  Se  Severity from table F.2.3 is 6, 
•  Fr  Frequency of exposure table F2.4.2 is 3 
•  Pr  Frequency and duration from table F.2.3.1 is determined 

to be 1 
•  Av The likelihood of avoiding injury is determined to be 1 

since it is 480VAC metal enclosed equipment 
•  Total Risk is 36 and as such requires some other control 

Typically a score of 10 is orange. 
•  Since it is operated twice a year I would put a shunt trip or else 

investigate an arm extension.  NFPA70E recommended PPE. 
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Annex H PPE selection for arc flash 
risk assessment 

•  Incident energy method  
• Table method (PPE Category) 
• Also offers a two category 
method  

140 



141 



Table Method 
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Table Method 
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Table Method 
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Annex I 
Job 
Briefing 
• Check list  
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Annex I 
Job 
Briefing 
• Check list  
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Annex J 
Energized 
Work Permit 

• Give the example  
•  List a flow chart 
for how this is to 
be developed 
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Annex J-Energized Work Permit 
• Part 1 

•  Description and Justification by requester 

• Part 2  
•  Detailed job description 
•  Results of shock risk assessment 
•  Approach boundaries 
•  Results of arc flash risk assement 
•  Barricades type 
•  “Do you agree the work can be done safely?” 
•  Signature 

• Part 3 
•  Management Signatures  

149 



Annex K Electrical Hazards 
• Electrical Shock 

•  30,000 nonfatal shock occur every year 
•  1000 fatal electrocutions 
•  Half of these are on systems less than 600 VAC 
•  4thleading cause of industrial fatalities- Traffic, homicide, 

construction accidents, electrocution 

• Electrical Arc Flash 
• Electrical Arc Blast 
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Fatalities 2003 – 2010 /BLS 
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Electrical Arc Flash 
•  2000/yr are admitted to burn center for flash burns 
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Arc Blast 
• Copper expanding to 67,000 time its volume as it is 
turned to vapor 

• Pressure hundreds of psi, sound @ 160dB, and 
shrapnel @ 700mph 

• P = (11.5 x Ia)/D0.9 

• P = pressure (lb/ft2) 
• Ia = arcing current (kA) 
• D = distance from the center of the arc (ft) 
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Annex M layering of Protective Clothing 
•  Layering is an effective approach to achieving higher 
arc rating 

• Natural fiber can ignite under arc-rated clothing 
• Total system arc rating example: 

•  Are rated overall (5cal) worn over 
•  Arc rated long sleeve shirt and pants (5 cals) 
•  This two layer approach would be good for 3 time the arc 

rating of the individual layers would be over 20cal/cm2 
• Manufacturer provide layer ratings for their clothes 
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Liquid Electrolyte 
• Google and face shield 
• Gloves and apron 
• Portable or stationary 
eye wash facilities 
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Probability of 
Injury  40.9 cal 
rated PPE 
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Annex N Overhead Line 
• Employees not place themselves in close proximity to 
overhead power lines. “Close proximity” is within a 
distance of10 ft. for systems up to 50 kV, increased 4 in. 
for every 10 kV above 50 kV. 

• Employees be informed of the hazards and precautions 
when working near overhead lines. 

• Warning decals be posted on cranes regarding the 
minimum clearance of 3 m (10 ft.). 
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Annex N Overhead Lines 
• A“spotter” be designated when equipment is working 
near overhead lines. This person’s responsibility is to 
observe safe working clearances around all overhead 
lines and to direct the operator accordingly. 

• Warning cones be used as visible indicators of the 3 m 
(10 ft.) safety zone  

• That the local responsible person be notified at least 24 
hours before any work begins to allow time to identify 
voltages and clearance requirements 
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Annex O  Safety Related Design 
• Perform electrical 
hazard risk 
assessment during the 
design 

• Eliminate hazards or 
reduce the risk via 
designs 
•  Reduce the likely hood 
•  Reduce the severity 
•  Enable a safe work 

condition 
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Annex O Cont. 
•  Incident energy 
reduction methods 
•  Zone selective 

interlocking 
•  Differential relaying 
•  Energy reducing 

maintenance switches 
•  Crow bars and arc 

Vaults 
•  Arc flash relaying 
•  High resistance 

grounding 
•  Current limiting 

devices 
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Annex P AIHA Z10Safety Management 
• ANSI/AIHA Z10 Std for Occupational Health and Safety 
Mgmt. Systems 
•  Sets minimum safety requirements for 

•  Management 
•  Employees 
•  Planning 
•  Evaluation 
•  Corrective action 

•  PLAN-Do-Check-Act 
•  Target audience is the Safety Professional 
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Annex P  
• Always use the highest level of control 
• A combination is advised when using lower order 
controls 

• Examples 
•  Arc rated switchgear = substitution or engineering control 
•  Job planning, training, and temp barricades = Administrative 

control 
•  Incident response plan = mitigation 

165 



Conditions 
of 
Acceptable 
Risk 

• Equipment Properly Installed 
• Equipment Maintained 
• Equipment Doors are 
Secured 

• No Evidence of Impending 
Failure 

• The equipment is used 
according to manufacture’s 
instructions 
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THE END 
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 ARC FLASH MITIGATION FOR 1500 
SUBSTATIONS 
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Rakan El-Mahayni       Jamal Bugshan        Ritchie 
Pragale 

 
SAUDI ARAMCO 
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Conclusion 

Technology Evaluation and 
Planning 

Arc Flash Studies 

Introduction 

OUTLINE 
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Introduction 

•  Large Oil and Gas company with more than 1500 
Substations 

•  Five Years Master Power Systems Plan including AF 
Mitigation 

 
•  Ongoing arc flash studies for new and existing facilities 
 
•  “Dangerous” arc flash locations are somewhat 

consistent: 

Ø  Budgeting for implementing AF mitigation becomes predictable 

Ø  Engineering and Material standards can be modified  
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Current Status 

•  General Instruction Document (Existing Facilities): 
 

Ø  Heavily focused on PPE 
 
Ø  Remote Racking Devices and PPE in all substations 

Ø  Using Remote Switching when available (mostly MV) 
 

•  Engineering  Standard Document (New Projects): 
 

Ø  Arc Flash studies for all equipment rated 38 kV and below 

Ø  Arc Flash Incident Energy must be below 8 cal/cm2 
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13.8 kV 
System- 
Scheme I 
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4.16 kV 
System- 
Scheme II 
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0.48 kV 
System- 
Scheme III 
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PHASE I 

 

 

Data 
Collection 

Modelin
g and 
Study 

Arc Flash 
Mitigation 

Labeling 
and 

Training 

 
PHASE II 
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Arc Flash Study 
Results 
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118 CAL/cm2 VERY 
DANGEROUS LINE SIDE 

ENERGY >>  
40 CAL/cm2 

Line Side Energy 

Normal 
Coordination/

Line Side Energy 
(Main Circuit 

Breaker Cubicle) 
= 

 118 Cal/
cm2  

   

4  Seconds 
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Remote 
Racking/
Distance 

Optical 
Sensor/Time 

Bus 
Differential/
Time 

Zone Selective/
Time 

Maintenance 
Switch/Time 

Remote 
switching /
Distance 

Overlapping XFMR and Bus 
differential schemes.

Acceptable 
mitigation for LINE 
side of Main.

SWGR.
4.16 kV

o

o

o

o

o

T3
5 MVA

87

MAIN-BKR.

FDR-BKR-1

87

FDR-BKR-2

SWGR.
4.16 kV

T3
5 MVA

MAIN-BKR.

FDR-BKR-1 FDR-BKR-2

Crowbar/
Time 

AR 
Switchgear /
Time & Dist 

Feedback on 
Technologies 
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• Benefits: 
•  Guaranteed performance (less time is less energy) 
•  Low cost 

• Limitations: 
- Possible Miss-coordination during maintenance 
- Manually operated (could be forgotten ON) 
 

Feedback on 
Technologies 
ERMS(Energy Reducing Maintenance Switch)      
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Feedback on 
Technologies 
Line Side Energy Resolution 

   

From 118 
Cal/Cm^2 

Coordination/Line 
Side Energy (Main 
Circuit Breaker 
Cubicle 

Maintenance 
Coordination/
Line Side 
Energy 

To 6 Cal/
Cm^2  

4  
Seconds 

0.1  
Second 
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ERMS AF Results    
184 



 

• Benefits 
•  No intentional delay for bus side faults  
•  Reasonable cost when pre specified 

• Limitations 
•  Does not reduce line side arc flash energy 
•  Does not function when fault is less than STPU  

 

Feedback on 
Technologies 
Zone Selective Interlock 

   

No time 
is 
required  
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• Benefits 
• Reduced energy by increasing working 
distance 

• Universal application for various breakers 
• Reasonable cost 

• Limitations 
• Local customer support 
• Torque calibration 
• Limited mobility  
• Applicable only for racking procedures 

Feedback on 
Technologies 
Remote Racking Device 
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• Benefits  
•  Fast Operating time. 
•  No interface with relays 
•  Many compartments covered 
 

• Limitations 
• Only retrofitting on existing equipment. 
• Manufacturer Certification 
• Sensor Replacement  

 

Arc 
Detection  

Relay 

Incomer 
Breaker 

CURRENT SENSOR  

TRIP COMMAND  

TRANSFORMER  

LIGHT SENSOR  

Breaker 

Feedback on 
Technologies 
Optical Sensor 

   
187 



To be Evaluated  

Other Solutions 
Extended ZSI 
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Other Solutions 
LVCB Characteristics Emulation 

   

From 118 
Cal/Cm^2 

To 23 
Cal/Cm^2  
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Solution Matrix 
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Standard Update 

•  Specify Bus Differential Schemes for 4.16 
kV Switchgears 

 
•  ERMS with all outgoing transformer 

feeders  
 
•  ERMS with all outgoing power circuit 

breakers 
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Conclusion 

Technology Evaluation and 
Planning 

Arc Flash Studies 

Introduction 

OUTLINE 
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Conclusion 

Typical locations with excessive arc flash incident 
energy were identified  
Line side of low voltage switchgear constitute a 
substantial portion of the overall dangerous locations  

Energy Reducing Maintenance Switch effective in 
reducing line side arc flash incident energy at low 
voltage switchgear 

Combined effort can move mitigation into feed stage 
of new projects 

Extended ZSI to be considered 
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MMT Services Inc.  440 Louisiana St  STE 900 Houston, TX 77002 
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LVMCC Self-EX Modification Program 

MMT Services Inc.  440 Louisiana St  STE 900 Houston, TX 77002 

A tested method for mitigating arc 
flash hazards in existing LV Motor 
Control Centers. 
 
Supplemental to NFPA 70E and 
IEEE 1584  
 
Allows open door troubleshooting 
of LV Motor Control Center 
bucket components with a 
reduced level of PPE 
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LVMCC Self-EX Modification Program 

MMT Services Inc.  440 Louisiana St  STE 900 Houston, TX 77002 

Summary of Program 
 
1. Addition of arc-extinguishing 
barriers within the bucket on the 
line side of the MCCB/MCP 
 
2. Addition of Light Detection 
Sensors in the rear of the LVMCC 
 
3. Insulation of Main Horizontal 
Bus at end of lineup 
 
4. Addition of Arc Fault Detection 
Relay and CT’s to LV Feeder 
Breaker 
 
5. (Optional) Addition of Light 
Detection Sensors in Bus Duct 



•  Glass Polyester 
breaker cover on 
MCCB secured with 
a heavy duty cable tie 

•  Braided tin copper 
sleeves added to the 
line side of the 
MCCB and grounded 
to the bucket ground 
tab. 

•  Stab Assembly 
sealed with silicone 
caulk/insulating 
material  
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Bucket Modifications 



•  Light Detector 
sensors looped in 
rear of LVMCC as 
shown 

•  Can be added from 
the end of the 
LVMCC without 
removing rear 
panels. 

•  Small junction box 
for connection to 
fiber to Arc Flash 
Detection Relay 

•  Ends of main 
horizontal bus 
insulated fully 
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Structure Modifications 

Update photo 



•  Addition of CT in 
Feeder Breaker 
Circuit 

•  Addition of trip 
circuit in Feeder 
Breaker (Shunt trip 
or existing) 

•  Addition of Arc Flash 
Detection Relay 

•  Relay could be 
remotely mounted 
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LV Switchgear Modifications 

Update photo 



Arc Flash Detection Relays 

MMT Services Inc.  440 Louisiana St  STE 900 Houston, TX 77002 
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•  Different models 
available 

•  360° Fiber Optic sensors 
applied in a loop in rear 
of LVMCC 

•  Radius Supports to avoid 
sharp bends 

•  Installed from end of 
LVMCC 

•  Relays can be mounted 
in existing switchgear or 
separate panel 

•  CT’s required 



Results - Typical Arc Extinguishing Pattern 

MMT Services Inc.  440 Louisiana St  STE 900 Houston, TX 77002 
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Results -  

MMT Services Inc.  440 Louisiana St  STE 900 Houston, TX 77002 
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Results 

MMT Services Inc.  440 Louisiana St  STE 900 Houston, TX 77002 
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Summary 

MMT Services Inc.  440 Louisiana St  STE 900 Houston, TX 77002 

205 

• These modifications cover typical open door 
troubleshooting activities done during normal 
operating conditions. 

• They are supplemental to NFPA 70E and IEEE 1584 
Arc Flash Requirements.  LVMCC with these 
modifications will have supplemental labels 
indicating reduced PPE requirements. 

• Tasks such as removing or inserting buckets should 
be done with PPE per IEEE 1584 Arc Flash 
Calculations. 

• Modifications must be done with LVMCC de-
energized. 



OK, I want to do this…Now What?? 

MMT Services Inc.  440 Louisiana St  STE 900 Houston, TX 77002 
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•  Initial Site Survey  
•  Review test data with installed equipment  
•  Determine if additional tests are required 
•  Thermographic Inspection  
•  Verification of Equipment type and arrangement 
•  Scope of work  

•  Program Planning 
•  Turnaround schedule 
•  Installation Schedule 
•  Procurement/Sub-Assembly 

•  Installation 
•  Verification/Inspection Process 

•  Post Installation Check 
•  Thermographic Inspection 
•  Update Drawings to comply with NFPA 70E 



Initial Site Survey 

MMT Services Inc.  440 Louisiana St  STE 900 Houston, TX 77002 
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•  Review of existing Arc 
Fault calculations 

•  Initial Thermographic 
Inspection 

•  One-Line Verification 
•  LV Switchgear details 
•  Installation Plan 

•  Determine if additional 
tests are required for 
performance verification 



Initial Site Survey 
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208 

• Buckets 
•  Quantities by size 
•  Review thermography  

•  Structures 
•  Remove side panels 
•  Install radius supports (x4) 
•  Install light sensor loops 
•  Install Junction box at each end for fiber connections 



Program Planning 

MMT Services Inc.  440 Louisiana St  STE 900 Houston, TX 77002 

209 

• Basics of Modification Program 
•  Buckets 

•  Removal of bucket 
•  Remove existing Stab Assemblies 
•  Add MCCB Breaker Cap and Tie Wrap 
•  Install upgraded Stab Assemblies 
•  Properly ground tinned copper leads 
•  Insert, seal, and re-torque line leads to MCCB 
•  Reinsert and connect buckets 

•  Structures 
•  Remove side panels 
•  Install radius supports (x4) 
•  Install light sensor loops 
•  Install Junction box at each end for fiber connections 



Program Planning 

MMT Services Inc.  440 Louisiana St  STE 900 Houston, TX 77002 

210 

• Basics of Modification Program 
•  Structures 

•  Remove side panels 
•  Install radius supports (x4) 
•  Install light sensor loops 
•  Insulate ends of horizontal busbars 
•  Re-install side panels 
•  Install junction box for fiber connections 

•  Bus Duct (Optional) 
•  Remove space heater access covers or splice plate covers     

(depends on configuration) 
•  Install light sensor loops 
•  Install junction box for fiber connections 
•  Re-install covers 



Program Planning 

MMT Services Inc.  440 Louisiana St  STE 900 Houston, TX 77002 
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• Basics of Modification Program 
•  LV Switchgear  

•  Access rear compartment 
•  Determine CT installation location 
•  Review trip circuitry for trip input means from AFDR 
•  Determine best location for mounting AFDR 
•  Determine wiring requirements and fiber route(s) 
•  Close rear compartments 



THE END 
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