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Appendix C: Incident Energy and Arc Flash Boundary Calculations:
NFPA 70E Informative Annex D

Informative Annex D Incident Energy and Arc Flash Boundary Calculation Methods

This informetive anies is nol o part of the requirements of this NFPA
document bt &5 tneluded for informational purposes ondy.

Dl Inroduction. Informative Annex D summarizes caloula-
tion methods available for calenlating are flash bounedary and
incident energy. It is important w investigate the limiations of
any methods o be used, The limittions of methods summar-
ized in Informative Annex D are described in Table D01

D.2 Ralph Lee Calculation Method.
D.2.1 Basic Equations for Calculating Arc Flash Boundary
Distances. The shor-circuit svmmetrical ampacity, £, from a

boled three-phase fault at the vansformer terminals is caleula-
tedd with the following formula:

[D.2.1(a)]
£, ={[ MV Base %107 [L732x v |} {100 + % 2}
where I_is in amperes, Vis in volis, and % £ is based on the
transformer MEA

A wpical value for the maximum power, P (in MW) in a
three-phase arc can be calculated using the following formula;

D2 1) ]

P= |:1l|:lsi|1111|11 bolted fault, in MVA, ] =707
[D.2.1ic)]
Pl 782x Vxd =107 <0707

The are flash boundary distance is caleulated in accordance
with the following formulae:

[D.2.1(d)]
D, =[265%Mv, 1]

Table .1 Limitation of Calculation Methods

[D.2.1(e)]
D, =[58x MVA =]

where:

D = distance in feet of person from are source for a just
curable burn (that is, skin temperature remains less
than 80°C).

MVA, = bolted fault MVA at point invobed.
MVA = MVA rating of transformer. For transformers with MVA
ratings below 0075 MVA, muliply the transformer MVA
ting by 1.25.
i = time of arc exposure in seconds,

The clearing time for a currentlimiting fuse is approxi-
mately ¥, cyvele or 0.004 second if the arcing fault current is in
the fuse's current-limiting range. The clearing time of a 5kV
amd 15KV circuit breaker s appro elv 0.1 second or 6
les if the inst eoiis function is installed and operating.
This can be broken down as follows: actual breaker tme
mately 2 cycles), plus relay operating time of approxi-
tely 1.74 cycles, plus an additional safety margin of 2 cycles,
g a total time of approximately 6 cveles. Additional time
must be added if a tme delay function is installed and operat-
ing.

The formulas used in this explanation are from Ralph Lee,
“The (ther Electrical Hazard: Electrical Arc Flash Bums,” in
TEEE Trans, Industial Applications, The calculations are based
on the worst-case arc impedance. (See Table 10.2.1.)

[.2.2 Single-Line of a Typical Petrochemical
Complex. The sing umn {see Figure 11.2.2) illusirates
the complexity of a distribution system in a typical perrochemi-
cal plant,

Diagram

Section Source Limitations /Paramiters
n.2 Lee, “The Other Electrical Hazard: Electrical Are Caleulates incident energy and are flash boundary for arc in open air;
Flash Burns” conservative over G0V and becomes mone conservative as voliage
PASES
N3 Doughiy, et al., “Predicting Incident Energy v Better e incident energy for threesphase arc on systems rated 600 'V
Manage the Elecirical Are Hazard on G0V Power and below: applies o shor-cirouit currents between 16 kA and
Distrilwation Systems” 50 kA
.4 1EEE 1584, Guiede for Performing Avc Flash Caleulations Cal aies incident energy and are flash boundary for:
208V 1o 15 kY three-phase; 50 Hz 1o 60 He: T00 A wo 106,000 A
short=circuit current; and 13 mm to 152 mm conductor gaps
D5 Doany, “Are Flash Calculations for Exposure 1o DO Calculates incident energy for de systems rated up 1o 10000V de

Systems”
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