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Personal Protective Equipment (PPE) Requirements for Operating a Circuit Breaker on Utilization Equipment at 208V and Below


   Some utilization equipment used at Fermilab employs integral circuit breakers intended to be used as on/off control for other utilization equipment.  The most obvious example is the “AC Controller” chassis which resides in the bottom of a relay rack and provides120V receptacles for all other equipment in the rack.  Small circuit breakers are used as switches to enable power to each receptacle.  We will review the available data for 208V arcs which show that the incident energy is very low.  It is reasonable to allow the use of these circuit breakers to be used as a switch without PPE, so long as certain requirements are met.  
   Table 130.7(C)(9) in the 2009 version of NFPA 70E states that operating a circuit breaker, with covers on, in a panelboard or other equipment is a Hazard/Risk Category 0 Activity.  Category 0 covers energy density levels from 0 cal. per sq. cm. to 1.2 cal. per sq. cm.  The required PPE for Class 0 activities consists of long sleeve shirt, long pants, eye protection, hearing protection (inserts) and leather gloves.  
   Arc flash calculations may be used to arrive at PPE requirements instead of using the tables.  NFPA 70E Annex D gives formulas for calculating incident energy and arc flash protection boundary, as do various commercial power system simulation software suites.   Arc flash protection boundary is the distance of a person from arc source for a just-curable burn (i.e., skin temperature remains less than 80oC).  The appropriate level of PPE is required for body parts within this boundary.
   IEEE 1584, IEEE Guide for Performing Arc-Flash Hazard Calculations, states that equipment below 240V need not be considered (as needing an incident energy calculation) unless it involves at least one 125kVA or larger low-impedance transformer in its immediate power supply.  NFPA 70E 2009 edition refers to this in making an exception for doing arc flash calculations on systems that meet the criteria, but retracted the exception in the 2012 edition.   OSHA Interpretation on Standard number 1926.95(a) dated February 29, 2008 states that when using the arc flash hazard analysis approach, the employer may determine in some circumstances that, when turning off a breaker, there is little risk and no PPE is needed, provided all the relevant risk factors such as energy available, age, maintenance, etc. are considered.
   We have made a series of calculations, using ETAP power software, modeling two circuits involving either a 125kVA[footnoteRef:1] or a 75kVA transformer connected to the Fermilab power grid (see Figure 1).  We directed the software to use the IEEE 1584 calculation method for an open panelboard.  The IEEE 1584 method assumes three-phase arcing electrodes arranged in a vertical plane with the open electrode tips pointing downward.  A conductor-to-conductor gap of 13mm was chosen because calculations using this gap closely agree with the NFPA 70E tables for 208 Volt electrical equipment.[footnoteRef:2]  In both cases a 30A Square D type QO was chosen for the breaker upstream of the utilization equipment. [1:  125kVA is not a standard transformer  rating; this number was chosen due to its reference in NFPA 70E.  The nearest actual transformer size is 112.5kVA.]  [2:  Nehring, Thomas, Brookhaven National Laboratory, “208 Volt Arc Flash Calculations” presented to EFCOG Electrical Safety Subgroup, October, 2011.  
http://www.efcog.org/wg/esh_es/events/ESSG_Fall_11_Meeting/presentations/10-208V%20arc%20flash%20calcs%20efcog%20fianl%2010-12.pdf
] 
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Figure1.  Circuit configuration for the calculations


   In the calculations, we varied the length of the conductor between the transformer and the utilization equipment to model the whole range of available fault currents typically found in the various electrical installations at the lab.  The calculation at zero conductor length tests the extreme end of the breaker trip curve where the branch circuit breaker is tripping in the least amount of time (via its magnetic trip mechanism).  This is also the point where the available fault current is greatest.  At increased wire lengths (decreased levels of available fault current), the breaker’s magnetic trip mechanism no longer functions and its thermal trip mechanism takes over.  The breaker then trips in increasing amounts of time as the available fault current decreases.   We then plotted the calculated arc flash protection boundary versus wire length.  See Case 1 and Case 2 below.  Case 1 shows the results when a hypothetical 125kVA transformer was used in the simulation, and Case 2 shows the results when a 75kVA transformer was chosen.  

   Note the discontinuity in each plot at conductor length of about 81 ft.  The 1584 calculation method is valid in the range of 208V to 15kV, and 700A to 106,000A short circuit current.  Because the circuits with larger wire lengths had available fault currents lower than 700A, the software switched to the Ralph Lee method for these points.  This method unfortunately is valid only for open air arcs on systems above 600V.[footnoteRef:3]   We are therefore left with a gap in our data for the arc flash protection boundary where the bolted fault currents are below 700 Amps. [3:  Annex D of NFPA 70E, Standard for Electrical Safety in the Workplace, 2009, p. 63.] 


   Even though the available fault current (and its corresponding hazard), decreases as the wire length is increased, the arc flash protection boundary is increasing in these calculations because it is directly proportional to arcing duration, and the breaker is taking longer to open because the arcing intensity is low.  The argument may be made that at these low fault currents, the arcing intensity may be so low that there is little hazard.  In a private communication with a member of the IEEE1584 committee, the IEEE/NFPA Collaboration on Arc Flash Research has recommended that 2000A be considered as the lowest bolted fault current for which an arc can be sustained at 208V.   We have not found this recommendation in a publication.

  In situations where there is low available fault current, such as when the conductor lengths are large, the fault clearing time, incident energy, and arc flash protection boundary can have larger values.  IEEE 1584[footnoteRef:4] states that if the time is longer than two seconds, we may consider how long a person is likely to remain in the location of the arc flash.  It is likely that a person exposed to an arc flash will move away quickly if it is physically possible and two seconds is a reasonable maximum time for calculations.  We can limit our arc flash calculations to two seconds in these calculations.  The 208V arc flashes are not as energetic as 480V arc flashes and are better described as arcs.   The tables and plots below also show the results of the calculations.   [4:  IEEE Std 1584-2002, IEEE Guide for Performing Arc-Flash Hazard Calculations, p. 76.] 


   Note that both transformers yield similar arc flash protection boundaries.  This is due to the impedance factor.  The lower impedance factor of the 75kVA transformer raises the short circuit current available from the transformer.  The impedance factors we used are typical values for these transformers.  



Case 1:  125kVA transformer, 4% impedance factor (typical), 13mm gap

	Length of 12 AWG wire (ft.)
	Bolted Fault Current (Amps)
	Arcing fault current (Amps)
	Incident Energy (cal/cm^2)
	Arc Flash Protection boundary (inches) Lee Method
	Arc Flash Protection boundary (inches) 1584 method
	Using two second rule
	Fault Clearing Time (sec)

	1000
	60
	60
	1.71
	21.6
	
	4.08
	56.1

	500
	119
	119
	0.45
	11.04
	
	5.76
	7.5

	100
	585
	585
	0.11
	5.4
	
	
	0.359

	90
	647
	647
	0.1
	5.16
	
	
	0.299

	85
	684
	684
	0.09
	5.04
	
	
	0.27

	81.5
	713
	579
	0.56
	
	11.28
	
	0.365

	80
	725
	586
	0.55
	
	11.16
	
	0.357

	50
	1134
	802
	0.42
	
	9.48
	
	0.193

	20
	2541
	1662
	0.08
	
	3.48
	
	0.017

	1
	7255
	4990
	0.18
	
	5.64
	
	0.017






Length of 12AWG in feet





Case 2:  75kVA Transformer, 2.6% Impedance Factor (Typical), 13mm gap

	Length of 12 AWG wire (ft.)
	Bolted Fault Current (Amps)
	Arcing fault current (Amps)
	Incident Energy (cal/cm^2)
	Arc Flash Protection boundary (inches) Lee Method
	Arc Flash Protection boundary (inches) 1584 Method
	Using two second rule
	Fault Clearing Time (sec)

	1000
	60
	60
	1.72
	21.6
	
	4.08
	56

	500
	119
	119
	0.45
	11.04
	
	5.76
	7.49

	110
	526
	526
	0.12
	5.64
	
	
	0.443

	105
	550
	550
	0.11
	5.52
	
	
	0.4

	100
	576
	576
	0.11
	5.4
	
	
	0.368

	95
	605
	605
	0.1
	5.28
	
	
	0.338

	90
	637
	637
	0.1
	5.16
	
	
	0.308

	85
	673
	673
	0.1
	5.04
	
	
	0.279

	81.5
	700
	700
	0.09
	5.04
	
	
	0.258

	81
	704
	574
	0.56
	
	11.28
	
	0.371

	80
	712
	578
	0.56
	
	11.28
	
	0.366

	75
	757
	604
	0.54
	
	11.04
	
	0.339

	70
	808
	632
	0.52
	
	10.92
	
	0.313

	65
	866
	663
	0.51
	
	10.68
	
	2.87

	60
	933
	699
	0.48
	
	10.32
	
	0.258

	50
	1102
	786
	0.43
	
	9.6
	
	0.202

	20
	2394
	1590
	0.08
	
	3.36
	
	0.017

	1
	6693
	3280
	0.17
	
	5.4
	
	0.017




Length of 12AWG in feet


  
 Conclusions  

   The arc flash protection boundaries above 700A available fault current were calculated to be less than 12 inches for an open bus configuration. For the case of manipulating breakers which are mounted behind a front panel in utilization equipment, a conservative boundary would be half this, or 6 inches.  This boundary would then suggest that only leather gloves be the required PPE to operate circuit breakers as an on/off switch in utilization equipment operating at 208V and below, but what do we conclude about the cases where we have no valid data (below 700A)?

   As previously stated, the IEEE/NFPA Collaboration on Arc Flash Research is taking the stance that no sustained arc flash can result in circuits with available fault currents lower than 2000A.  Since 700A is significantly lower than 2000A, we conclude that there is no arc flash hazard in circuits with under 700A short circuit current.

   An introduced short onto the open electrodes assumed by the 1584 method above could result in a phase-phase fault causing a three-phase arc flash. The construction model that the ESS is asked to consider here is not this type of construction. The circuit breakers (CB) in the equipment/enclosures considered here are individual molded-case CBs that are individually terminated and mounted to the chassis front panel.  In addition, the CB’s line and load terminals are at the rear of the breaker with individual wires and terminals that connect each phase (for 3-pole/phase CBs) to an individual line wire (not a bus connection).  The one possible failure mode is the breaker coming apart, allowing one of the phases to touch ground or another phase.  If this were to happen, the arcing would be confined within the metal shell of the utilization equipment, well behind the front panel.  This confinement would substantially reduce the incident energy available from the arc, and significantly lower the arc flash protection boundary from the results in the graphs above.  The individual CB mounting and wiring type of construction would then reduce the chances of a sustained phase-to-phase arc flash and reduce the arc flash risk to where no PPE would be required.  This situation is very similar to some commercial power distribution units that operate with a 208 VAC, three-phase power cord and they are UL listed without requiring PPE.



   

   Therefore, given the previous calculations and the type of construction considered, the ESS does not require PPE to be worn when operating circuit breakers as switches, when utilized with this particular construction, and when the all of the following conditions are met. 

1) The breaker is not in the tripped state.
2) There is at least three feet of open space around the breaker.
3) The circuit breaker is switch-rated and not expected to be operated on average more than once daily and has an endurance rating of 5000 cycles or more at full load.
4) All connected loads shall not exceed 80% of the circuit breaker interrupt rating as per the NEC, e.g. 20 amp breaker is loaded no more than 16 amps, a 15 amp breaker is loaded no more than 12 amps, etc.
5) The upstream transformer is rated 112.5kVA or lower.
6) The circuit breaker feeding the utilization equipment in the upstream panel is rated at 30A or lower. (See Note 1)
7) The circuit breaker being operated is being used within the manufacturer’s instructions and is listed by a Nationally Recognized Testing Laboratory (NRTL) such as UL, CSA, FM, TUV, etc. 
8) Any other circuit protection components in the chassis are NRTL listed.
9) The utilization equipment, if commercially produced, states that the breaker may be used as a switch without wearing PPE.
10) The utilization equipment, if not commercially produced, must be properly designed and have undergone a documented peer-review.
11) The utilization equipment is in a dry environment.
12) The circuit breaker is mounted on the metal panel of a grounded, enclosed metal box, and this box may be installed within a relay rack.  Ventilation holes are permissible (top and bottom chassis panels ONLY).



   Note 1:  The branch circuit breaker is required to limit fault duration, thus providing low incident energy.  The requirement that the branch circuit breaker be rated for 30A or less is based the ETAP power simulation software.  

   Note 2: As is suggested in Basic Electrical Safety training, always stand to the side and look away when manipulating a circuit breaker since most of the energy of any arcs produced will be directed straight out from the panel.

If there is a question or concern with the use or operation of this, or any other type of distribution chassis, the Division/Section Electrical Coordinator should be consulted.
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