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 Where are we on DC Arc Flash? 
 How to Calculate DC Arc Flash (NFPA 70E 2018) 

 A Technique for Analyzing Hazards and Risks 
 
 



 NFPA 70E:  Standard for Electrical Safety in the 
Workplace 
◦ “best practices” 

 Article 130 covers arc flash hazards (AC and DC) 
 Article 320 Safety Requirements Related to 

Batteries and Battery Rooms 
 Annex D Incident Energy and Arc Flash Boundary 

Calculation Methods 
◦ D.5 Direct Current Incident Energy Calculations 



 Article 130.4 Shock Risk Assessment 
◦ >50 VDC per Table130.4(D)(b) 

  Article 130.5 Arc Flash Risk Assessment 
◦ Likelihood of occurrence 
◦ Assess arc flash using tables (category) or 

calculation method (either not both) 
◦ Frequency 
 Assess when new 
 Every major upgrade or every 5 years 
◦ Labeling requirements (also see Article 320) 



 Article 130.7 Personal and Protective Equipment 
◦ PPE Category Method 
◦ Determine likelihood of occurrence, Table 130.5(C) 
◦ Determine Arc Flash Category & Boundary, Table 

130.7(C)(15)(b) 
 Battery voltage and SS current must be in the table 
 If not, use IE calculation Annex D method 

◦ If above tables are utilized, can use Table 130.7(C)(15)(c) 
for PPE Selection 
 Otherwise perform the IE calculation Annex D and use Table 

130.5(G) for PPE selection 



 Article 320 
◦ Signage 
 Arc Flash 
 Shock 
 Thermal 
 Chemical 

◦ Electrolyte Safety 
 If not handling electrolyte – Safety Glasses only 



 Annex D 
◦ Calculations for DC arc flash 
◦ Very conservative 
◦ Based on worst case theory 



 Not traditionally an issue 
 Documented cases? 
◦ Confusion with large shorts resulting in molten metal 

 Many users ignore risk completely 
 Users who abide by NFPA 70E often overprotect which 

results in other safety issues 
 Guidance in NFPA 70E is very conservative 
◦ Limited test data available 



From IEEE Std. 1187-2013  
IEEE Std. 1657- 2018 





 Maximum Power Method: 
◦ This method is based on the concept that the 

maximum power possible in a dc arc will occur 
when the arcing voltage is ½ the system voltage 
◦ Applies to dc systems up to 1000V 
◦ “…this calculation is conservatively high in 

estimating the arc flash value.” 



 IE =  0.01 x Vsys x Iarc x Tarc/D² 
◦ Vsys =system voltage, nominal 
◦ Iarc = 0.5 x Ibf 

 Ibf = bolted fault current = battery short circuit 
◦ Tarc = arcing time; 2 sec, Table 130.7(C)(15)(b) 
◦ D = working distance, cm; 18”, Table 130.7(C)(15)(b) 
◦ Note:  for battery cabinets/enclosures multipliers are 

used (e.g. 3x) 



 Obtain the battery short circuit current from the 
battery manufacturer 

 Annex D.5.3: A conservative approach…is to  
assume the maximum short circuit current is 10 X 
the 1 minute rate (to 1.75 vpc at 25˚C) of the 
battery 
 

Iarc = 0.5 x Iss  (Ibf) 
 

 





Safety Switch w/Fuses 

Battery Voltage Measurement 

Shunt O’scope Current Measurement 

Recloser used to initiate Fault 

800A Main CB, shunt trip to 
interrupt fault 

Arc Voltage Measurement 

Arc in a Box Set up 

Added Inductance 

Calorimeters to 
measure Incident 
Energy 18” 

High speed 
camera 

Battery Bank, 125VDC, 1300 Ah From Bonneville 
Power Authority 
Test -17-051 
DC Arc Flash 
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 Battery System Hazards and Risk Ranking 
◦ A technique to highlight operations of high hazard and high 

risk 
 

 Job Hazard Analysis / Job Safety Analysis 
◦ Assigns hazards and risks rankings for basic steps 
◦ Identifies steps of highest concern 
◦ Identifies required PPE 
 

 Examples 



 Shock hazard: 
◦ For strings operating at >50 VDC nominal, under normal 

conditions 
 It should be presumed that there is an unacceptable risk of 

injury from shock or thermal hazards (arc flash, electrical 
burn, or thermal burn) from exposure to energized 
conductors and circuit parts operating at greater than or 
equal to 50 volts. 

 Arc flash hazard: 
◦ Dependent upon the task 
◦ The battery positive and negative terminal location 
◦ Is the string/system grounded 
 
 



 Chemical hazard 
◦ Handling of electrolyte (water and sulfuric acid) 

 
 Thermal hazard 
◦ A burn as a result of a short 

 
 Lifting and handling hazards 
◦ Material handling equipment and manual efforts 



1 2 3 4 5 6 7 8 9 10 11 12 13 14 

14 cells x 2 V = 28 
VDC 

Do not 
connect 
until 
final 
step 

Including 
the bottom 
tier: 16 cells 
+ 14 cells = 
30 cells x 2 
VDC= 
60VDC 

Including 
the back 
rack 
bottom 
tier = 44 
cells total 
x 2 = 88 
VDC 



8 units x 4 cells = 32 cells x 2V = 64V 





 Organize the job tasks 
 

◦ For each step, identify the hazard that may be 
encountered 
◦ For each hazard,  
 determine the severity of the hazard 
 determine the risk or likelihood of occurrence 
 determine the PPE required, tools and equipment needed, 

and other mitigation techniques 





 Combined ranking 1 = low hazard + low risk 
 Combined ranking 9 = moderate hazard + moderate risk 
 Combined ranking 25 = high hazard + high risk 

Hazard Ranking 1 2 3 4 5

Risk Ranking 1 2 3 4 5

Combined Ranking 1 4 9 16 25

X



Risk and Hazard Ranking Matrix Hazard 
ranking 

Risk 
ranking 

Combined 
ranking 



 A Job Hazard Analysis, 
“JHA” is a process of 
taking a critical look at 
the basic steps of a job 
to identify the hazards.  
Once the hazards are 
identified, implement 
methods to eliminate or 
reduce to an acceptable 
risk level. 



 Step One:   Select the job/ task 
 Step Two:   Breakdown the job into   

  successive basic steps 
 Step Three:  Identify the hazards and   

  likelihood of occurrence in each step 
 Step Four:   Eliminate or reduce the hazards  



470 AH battery 
Short circuit = 
5,620 Amps 



 120VDC, 470 Ampere hour battery system 
◦ Short circuit provided by the manufacturer: 5,620 amps 
 

 The Job is installing a new string, while this task is 
not directly listed in NFPA 70E Table 130.5 (C), it can 
be assumed there is a potential risk of arc flash 

 Using PPE Category Method: 
 Table 130.7(C)(15)(b) shows Arc Flash PPE category 2 

is required 
 Table 130.7(C)(15)(c) shows category 2 = 8 cal/cm² 



 Battery short circuit current: 5,620 amps 
 Isc = 5,620 amps, where Iarc = Isc/2 = 2,810 Amps 
 Vsys = 120 VDC 
 D = 18”, 45.72 cm 
 T = 2 sec 
 IE =  0.01 x Vsys X Iarc x Tarc/D² 
 IE = .01 x 120 x 2,810 x .0009567 =  3.2 cal/cm² 

 
 
 



 Using Battery 1 Minute Rate (594A) to 1.75vpc= 
◦  5,940 amps 

 Isc = 5,940 amps, where Iarc = Isc/2 = 2,970 Amps 
 Vsys = 120 VDC 
 D = 18”, 45.72 cm 
 T = 2 sec 
 IE =  0.01 x Vsys X Iarc x Tarc/D² 
 IE = .01 x 120 x 2,970 x .0009567 =  3.4 cal/cm² 

 
 
 



 Per Category Method, Table 130.7(C)(15)(c) 
specifies minimum arc rated clothing of 8 cal/cm² 
 

 Per IE Analysis Method, Table 130.5(G), select: 1.2  
to 12 cal/cm² section: 

 Arc rated clothing and equipment greater or equal 
to the determined incident energy (> 3.2 cal/cm²) 
 



 Safety glasses with side shields 
 Safety shoes 
 Eye wash device or station 
 Acid neutralizer 
 Insulated tools 
 Leather gloves 
 FR long sleeve shirt and pants 
 Calibrated instruments 

 
 



 Electrically rated gloves and blankets when 
shock hazard exists 

 Proper arc flash rated PPE when arc flash 
hazard exists  

 Acid resistant apron and gloves, face shield 
and/or goggles when chemical hazard exists 

 
 



 Job Hazard Analysis Basic Steps: 
 
◦ Receive battery and rack 
◦ Transport to installation location 
◦ Assemble rack 
◦ Load cells onto rack 
◦ Assemble battery hardware 
◦ Terminate charger to battery 
◦ Data gather for initial installation 

 



 Receive battery and rack 
Basic steps 
 

Potential 
Hazards  

Hazard 
Ranking 
(how bad) 

Risk 
Ranking 
(how 
likely) 

Combined 
Ranking 

Safe job procedures , Mitigation & PPE 

Unload delivery 
truck/pallet 
movement 

Injury due to 
forklift or 
pallet jack  

2 2 4 Forklift and/or pallet operating safety 
training, spill response kit/means 
available, Std. PPE 

Inspection of 
equipment 

Trip hazard 1 1 1 Precautions based upon any visible 
damage, Std. PPE  

chemical 
hazard from 
leaking 
electrolyte 
 

2 1 2 + Chemical PPE if needed 



 Complete Rack & Load Cells 
Basic steps 
 

Potential 
Hazards  

Hazard 
Ranking 
(how bad) 

Risk 
Ranking 
(how 
likely) 

Combined 
Ranking 

Safe job procedures , Mitigation & PPE 

Ground rack Airborne 
particles  

1 1 1 Utilize dust mask for buffing paint (at rack 
ground location), proper tool use, Std. PPE 
 

Unpack cells & 
prep for install  
 

Injury due 
to 
mechanical 
hazards 
 

2 2 4 Maintain body positioning and footing; 
maintain awareness of surrounding, Std. PPE, 
spill response available 
 

Install/load  new 
cells onto rack 
 

Injury due 
to drop and 
lifting  

1 2 2 Maintain body positioning and footing; verify 
lifting equipment is of adequate rating and 
maintained; follow manufacturer’s 
instructions, Std. PPE 

Chemical 
hazard due 
to 
electrolyte  
 

3 3 9 + Chemical PPE, spill response available 
 



 Installation of Cells 
Basic steps Potential 

Hazards  
Hazard 
Ranking 

(how 
bad) 

Risk 
Ranking 

(how likely) 
 

Combined 
Ranking 

Safe job procedures , Mitigation & PPE 

Clean cell posts, 
apply no-ox grease 

Chemical 
exposure 

1 1 1 Follow manufacturer’s instructions, see no-
ox-id grease Safety Data Sheet (SDS), Std. PPE 
+ Chemical PPE, appropriate gloves 

Install new battery 
connectors and 
hardware 

Electrical 
hazard: 
shock and/or 
thermal 

2 2 4 Follow mfg. instructions, Std. PPE, work on cell 
groups <50VDC, appropriate gloves.  Leave 
connection open between cell groups. 
 

Torque the 
connections 

Electrical 
hazard: 
shock and/or 
thermal 

2 3 6 Utilize insulated tools, follow mfg. 
instructions, Std. PPE, work on cell groups 
<50VDC 
 

Terminate and 
torque the inter-
tier and inter-rack 
cables & connectors 

Electrical 
hazard: 
shock and 
arc flash 

4 3 12 Required PPE per IE calculation (arc rating > 
3.2 cal/cm², utilize protective blankets to 
terminate one connection at a time 
 



 Terminate Battery to Charger 
Basic steps Potential 

Hazards  
Hazard 
Ranking 

(how bad) 

Risk 
Ranking 

(how 
likely) 

Combined 
Ranking 

Safe job procedures , Mitigation & PPE 

Obtain connection 
resistance 
readings to verify 
proper torque 
 

Electrical 
hazard: 
shock 

3 2 6 Follow instructions, proper use of digital low 
resistance ohmmeter (DLRO), Std. PPE, 
appropriate gloves 

Obtain open circuit 
voltage of each 
cell 
 

Electrical 
hazard: 
Shock 

2 1 2 Proper use of DMM, Std. PPE, appropriate 
gloves 
 

Terminate positive 
and negative 
cables (feeders) 
from charger 
 

Electrical 
hazard: 
shock and 
arc flash 

4 3 12 Verify LOTO on de-energized charger, verify 
DC output breaker of charger open, verify 
voltage polarity, PPE per IE calculation (arc 
rating > 3.2 cal/cm², utilize protective 
blankets 
 
 



 Stationary batteries are used throughout our 
industrial world 

 There are hazards associated with stationary batteries 
 Every installation should be evaluated for potential 

hazards, risks and likelihood of occurrence 
 Information concerning the risks should be provided 

and/or posted with the battery installation 
 Work on battery systems should be performed by 

knowledgeable personnel with proper training, tools 
and PPE  
 



 
Thank you 

 

Lesley Varga, P.E. 
President 

Quality Standby Services, LLC 



Standby Power Products for the Telecom, UPS and Utility Applications 
 

Engineer and Furnish 
 All battery types  
 Chargers and ancillary equipment 
 Battery Monitors 

Application and System Design 
 Registered Electrical PE 
 Electrical Contractor License  
 

Field Services 
 Installation Services 
 Start-up Service and Inspection 
 Battery Testing 
 Maintenance Contracts 
 Battery Disposal 
 24 Hour Emergency Service 

MARIETTA, GA   (770) 916-1747 
WWW.QUALITYSTANDBYSERVCICES.COM 
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