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program calculates the maximum available three-phase and single line-to-ground fault current without any
reduction due to current-limiting overcurrent devices which may be present. The calculated short circuit
values are RMS symmetrical amperes and are comparable with the RMS symimetrical short circuit ratings of
electrical equipment.

Electrical distribution equipment must be able to withstand and/or interrupt the most severe fault duty that
it may be subjected to at its location in the system. In particular, NEC section 110.9 requires circuit breakers
to have a sufficient rating for interrupting the maximum available fault current present at their line side
terminals. For locations where calculated fault currents exceed the ratings of the equipment,
recommendations for corrective actions are provided.

Electrical equipment manufacturers provide their equipment's short circuit interrupting or withstanding
rating in symmetrical RMS current values. However in reality, fault currents are not exclusively symmetrical.
At the inception of a fault, system reactance (X) and resistances (R}, in addition to the time that the fault
occurs on the alternating current (AC) voltage waveform, will introduce a component of asymmetry. This
asymmetrical component lfasts only for the first few cycles after the initial fault occurs. The duration and
magnitude of this component depends on the composition of all system components that provide a
contributing source to the fault location.

Due to this, actual asymmetrical faults can only be estimated. The capability of overcurrent devices to
interrupt an asymmetrical fault must be based upon the maximum possible asymmetrical fault current at its
location within the electrical distribution system.

Motor Contribution to Short Circuit Current

Any motor that is running at the time of a fault will temporarily act as a generator and contribute fault current
due to its rotational kinetic energy. This fault contribution only lasts for the first few cycles of a fault. At the
motor’s terminals, the fault contribution is equal to the motor's load current rating (FLA) divided by its sub-
transient reactance.

For the purpose of this study, typical data from Easypower was used for each motor's sub-transient
reactance.

In order to document the worst-case short circuit current levels, the short circuit analysis assumes that ail
modeled motors are running at the time of the fault. Motors that are fed by VFDs which have bypass
contactors are assumed to be in bypass mode, thus able to contribute fauit current. Motors that are fed by
VFDs which do not have bypass contactors have not been considered as a motor contribution.

Calculation Results and Conclusion

Maximum short circuit values were calculated for each bus within the system model. The three-phase fault
was considered. X/R ratios for the fault type were calculated for use in as asymmetrical fault current derating
(adjustment) factor, when the calculated X/R ratio exceeds the rated (test) X/R ratio for a given low-voltage
device. The resulting maximum short circuit duty was calculated from the three-phase current.

Three scenarios were considered in order to determine the highest short circuit level at each bus. These
scenarios include:

1. System operating at 100% Utility Short Circuit Current
2. System operating at 50% Utility Short Circuit Current
3. System operating on Generator Short Circuit Current

The detailed results of the short circuit analysis for each scenario are documented in Appendices C and D.
Appendix C includes three single-line diagrams, one for each scenario, identifying how the short circuit
current changes as it goes through each bus. Appendix D includes an Equipment Duty Scenario
Comparison Report that identifies which scenario has the highest fault current and compares it to either
the Interrupting Rating (AIC) or Short Circuit Current Rating (SCCRY) for each bus, panel, motor, etc.

The results of this evaluation of existing equipment capabilities have determined that the branch breakers
in MCC-1 and panel CBH have lower AIC ratings than the calculated faults. Under rated breakers have the






(tripping) sequence. The right-most border represents the maximum interrupting time, which is the total time
it will take the circuit breaker to separate its contact and extinguish the arc between internal contacts.

The majority of thermal-magnetic molded case circuit breakers rated 225A or less are not adjustable. Many
rated 250A or greater have an adjustable instantaneous setting (typically 5-10x of their current rating). In
order for molded case circuit breakers to be self-protecting, they must trip instantaneously for fault currents
above their instantaneous trip level (typically no more than 10x their current rating). On a TCC, this can appear
as in overlap in the lower decade (0.01-0.7 sec).

When molded case circuit breakers are applied in series, they can be selectively coordinated when there is
sufficient impedance between the two devices to limit the maximum available short circuit current at the
downstream molded case circuit breaker to a values less than the instantaneous setting of the upstream
molded case circuit breaker. Selective coordination can also be achieved when using specific combinations
of molded case circuit breakers which have been tested and certified by the manufacturer to selectively
coordinate.

When there is insufficient impedance in the system between molded case circuit breakers connected in
series to selective coordinate, the TCCs will overlap in the instantaneous trip regions. This area of non-
coordination is generally viewed as acceptable when the following factors are considered

» The cutoff points on TCCs of overcurrent devices are based three-phase bolted faults. Bolted faults
are low to zero impedance; whereas typical fault impedances are greater than this bolted level so that
actual cutoff point on the TCC will be less than shown.

¢ Most faults occur at the end of branch circuits serving motors, lighting panels, and control panels.
This added distance/impedance to the fault will significantly reduce fault levels and thus, reduce the
probabhility of not achieving selectivity. Ground faults, which typically have very high impedance
values are much more common than three-phase faults.

Transformer Protection

ANSVI/IEEE standards (C57.109 for liquid-cooled and C57.12.59 for air-cooled transformers) identity two
types of damage that potentially can occur when a transformer is exposed to through-fault currents. The first
is thermal damage, which is caused by resistive heating of conductors and insulation material within the
transformer. The second type of damage mechanical, which is caused by the large magnetic forces that act
on the windings and structural components of the transformer during a through-fault. The thermal and
mechanical damage curve for the primary and secondary windings have been inciuded on the transformer
TCCs. Additional factors that are considered in the selection of transformer protective devices are full load
cuirents and magnetizing inrush currents.

For smalt 480-208Y/120V distribution transformers (225kVA or less), coordination is typically not able to be
achieved between the primary and secondary overcurrent devices. This lack of selectivity is acceptable
considering that the operation of either overcurrent device will result in the same loss of service.

Generator Protection

Two curves have been produced for each generator in the system. The first curve is the generator decrement
curve, which represents the maximum current what will be produced by the generator during the initial few
cycles of a short circuit. The second curve is the thermal damage curve, which takes into consideration both
the thermal and mechanical stresses which the generator is exposed to during short circuit conditions.

Overcurrent Device Coordination Results and Analysis

Appendix E of this report includes the Time-Current Curves for overcurrent devices. There are three instances
of non-coordination that are discussed below. In all other instances, the coordination study shows
acceptable levels of selectivity.

The descriptions of the plots included are as follows:

s MCC-1 Generator and MCC-2 Generator TCCs (GEN-1 CB)
“GEN-1” circuit breaker (CB) overlaps with “B-1A CB” in the instantaneous region and overlaps






Bus Bolted Fault in kA — The three-phase bolted fault cuirent at the analyzed bus (in kA)

Bus Arc Fault in kA — The fault current flowin through an electrical arc plasma (in kA).

Trip Time — The time required for the overcurrent protective device to operate (in seconds).

Clearing Time - The time required for the overcurrent protective device to clear a fault.

Arc Flash Boundary - The working distance at which the incident energy is equal to 1.2 cal/cm?, the

level at which a person could receive a 2"! degree burn. Only qualified persons with appropriate PPE are

permitted within this boundary when energized parts are exposed (in inches).

+ Working Distance — The distance between the potential arc source inside the equipment and the
head/torso of the worker performing the task. Typical working distances are provided by IEEE 1584
based on the equipment voltage and type (switchgear, MCC, panelboard, etc.)(in inches).

« Incident Energy ~ The amount of thermal energy impressed on a surface, a certain distance from the

source, generated during an electrical arc event (measured in calories per square centimeter (cal/cm?)

at a given working distance).

Conclusion
The evaluation results are shown as follows:

» Table 1: Personal Protection Equipment Categories and Descriptions (PPE).
» Appendix F: Arc Flash Hazard Scenario Comparison Report.
» Appendix G: Arc Flash Single-Line Diagrams for each scenario.

All equipment downstream of the overcurrent protective devices for the utility and generator have incident
energies equal to or less than 7.0 cal/cm? requiring PPE levels of 2 or less. The utility and generator
upstream of the protective devices have incident energies higher than 40.0 cal/cm? and require that work
only be done when electrical equipment is de-energized.



Table 1: NFPA 70E-2018 Table 130.7(C}(15)(c)

Table 1

Refer to Arc Flash Hazard Identification and task to be
performed in accordance with NFPA 70E.

Shirt (fong sleeve) and pants (long) or coverall or
untreated natural fiber.

0.0-1.2
cal/cm?

Arc-Rated Clothing, Minimum Arc Rating of 4cal/cm?.
Arc-rated long-sleeve shirt and pants or arc-rated-coverall
Arc-rated face shield or arc flash suit hood

Arc-rated jacket, parka, rainwear, or hard hat liner (AN)
Protective Equipment

Hard hat

Safety glasses or safety goggles (SR)

Hearing protection (ear canal inserts)

Heavy duty leather gloves

Leather footwear (AN)

1.2-4.0
cal/cm?

Arc-Rated Clothing, Minimum Arc Rating of 8 cal/cm?.
Arc-rated long-sleeve shirt and pants or arc-rated-coverall
Arc-rated flash suit hood or arc-rated face shield and arc-
rated balaclava

Arc-rated jacket, parka, rainwear, or hard hat liner (AN)
Protective Equipment

Hard hat

Safety glasses or safety goggles (SR)

Hearing protection (ear canal inserts)

Heavy duty leather gloves

Leather footwear

40 -8.0
cal/cm?




- Continuation from previous page -

PPE
Category

PPE/ Clothing Description

Incident
Energy
(cal/cm?)

3

Arc-Rated Clothing Selected so that the System Arc
Rating Meets the Required Minimum Arc Rating of 25
cal/em?.

Arc-rated long-sleeve shirt (AR)

Arc-rated pants (AR)

Arc-rated coverall (AR)

Arc-rated arc flash suit jacket (AR)

Arc-rated arc flash suit pants (AR)

Arc-rated arc flash suit hood

Arc-rated gloves

Arc-rated jacket, parka, rainwear, or hard hat liner (AN)
Protective Equipment

Hard hat

Safety glasses or safety goggles (SR)

Hearing protection (ear canal inserts)

Leather footwear

8.0~
25.0

cal/cm?

Arc-Rated Clothing Selected so that the System Arc
Rating Meets the Required Minimum Arc Rating of 40
cal/cm?.

Arc-rated long-sleeve shirt (AR)

Arc-rated pants (AR)

Arc-rated coverall (AR)

Arc-rated arc flash suit jacket (AR)

Arc-rated arc flash suit pants (AR)

Arc-rated arc flash suit hood

Arc-rated gloves

Arc-rated jacket, parka, rainwear, or hard hat liner (AN)
Protective Equipment

Hard hat

Safety glasses or safety goggles (SR)

Hearing protection (ear canal inserts)

Leather footwear

25.0 -

40.0
cal/cm?

Dangerous! No appropriate PPE can be found.
Work only on de-energized electrical equipment.

40.0 -

999.0
cal/cm?
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Appendix B:
One Line Diagram
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Appendix C:
Short Circuit One-Line Results
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Appendix D:
Equipment Duty Scenario Comparison Report















Appendix E:
Time-Current Curves of Selected Protective Device Coordination


















Appendix F;
Arc Flash Hazard Scenario Comparison Report
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Appendix G:
Arc Flash One-Line Results



AUTWA %ooL

FVHDVIO AN NG HEYY DHY
41534

I

e
! s
Al vp g iy
e
o s L it e i s pr e
P b
|||||||||| e s .1

14

AT 1L

T T T S LIRS TSy ¥y s s
ey v iy vas Lo v vt
w3 i -
I - - , reit v e @
e i PIeeh e !
it i e
ey
-2 O T [C A Vi Sy RO A aran -
- relin
. wimwn el iy
RSO & ¢ Baenm o a4 w3y P ek d wrren d w gy t fuarrm o o] e s v v
2 Free
- ey s
3wVl e b
(e e Lty o T, e MYRI L L L L L L L L fC e T, v
o e Vel [Py N, -
™ :
w e it drin ( s v &
e
o oL et e
coming ass .
+d3 [am| t rimn
5 v fesanivas
Faon iz sMell ¥4 I EREY [ woeu N wa L) eI
Far Y
H prer
e W S 5
— gl s A ot af sty aal s e i i
Y 02§ LWL [ES—— LY Lo LLttehrus e e v wavat 9T
s wa V6 M aL el P st et
i o s e
e e U R
- e i o s i
I e S b lad sauncnun a4 W g 3 urthin
w3 bl
s e
[ TONE I e bl W T
a0 s
o 1 | Ko bt 31l
R e ;
Wik | THe | Uy Ly |
| T mieqmew
1 i et |
| AT g e et
samwoq 0 o L _ T
U L
e
: r—
el o g gt
A paveL B s Lk —
W on
- ™~ a w . < Tw
oW L
> I 5 H
s 5% e TR I ey
e
ol 04 20w 0
it R e e o — -2




AN hog

WYHOVIT 3N TANG HEV14 DHY
41534

st
153m et
st teamie b
reay i
T e el ks i ) e - s
aatam U
11111111111 - o e
wtlimay wralemn  wcipeoron ae
v v iu wwan
ae
P it
sy
e e Hag e
H itz
-
=~ o () ER TS N ) T
R ! - v
5 y s e d . s il g
IV € K asam o wapes & Wi iy 4 wapecd waedy - e
a0
co_maseeamt o alueswar e rrumaLi
¥ - T T T T o w—— [ R DR B
;@ vt £
e oz vz v :
e 1w !

Ry
.
vaomaz el Y ) - nsans s - et
T
[ee rTsn e it s o
3 ) [ s Py R Py FIE e
i 2 202 [ T W v vat vt T Wy
wa e wucst 0 s v varaL v g oL
aane
i @ wrs o
. P g R A O S IS
xe i purees 1
] L —
Tt ol “3 1 anenen wa 4 b | WLt © i vran st g i
w30 § : o
T R 4
a1 e e e ———————— e BRI t
e m i m
R 04 PR 1 28 N L L
UYL il
e auanag _| Y | LLE IO Wit
at g e g
[ ] I Tae f) iy g |
| o]
1 A e |
| Wit P
B U g
Lt s e
e
1 B ol
e s s Fd
o e
— e = al waal A R
ELE
| L i . 1
o Ao nernimasia « e
I | e o ruvvsers vi o decuiev i ,
FLM L STl || .
,..._ ! 4
T s
magrumna
A T
v




UOLYHANIO

WYNOWIO INTIND HEY 13 SHY
£1524

:.mxﬂw ey

. st
. JFOSTY MO N o
st o il i)
s
= o il AL ek i e e v @ I
v § i e
e
\\\\\\\\\ - 1 - i e
" o wifors stoforss sl ausboimes
et ) _ W o o] o o
— - : e -
IO - SIUP - - o o
s assirs vt
wanens
e
_ s iram
W ¢ 3 i nraacn o sl e d wivs s werad) Wi s . [k i Rk et
o
- e .
MR e RN L _ ! e 1384 A
I Wity PR H P RO IRNRRIR
i
ey naven srean d 23 v 4 ey,
L) LT ATEES N .
[ e
v oL s TeAs vaun xah.w r - sein
43 34 vag
nes xﬁ.zs.c
o i - X [P Syt ; :
ot s [ Eer— I a e e
s . [P—
S
[
v b U FORP P A P u  ASUUD RS SV R S
o s
R o)
4id ::_5:..; wiserdbas  wmarmy Wi wasee i} ol i
12 4 e
e
[E— p——
bt i
[ | A [rrs——
P tveu]
Rivaee | e 1 st ¢ wmvy
-
, FTTET
I il
Py oo
EETE Y L VORI ik U .o el
sl al| e T P L —
proy e
_ ~ an s %
-
— ; : .
s b Mk weevirans s I Y | wren i |
“ e ' L
o o | oy
LI MOV 13360 s
1 i )

e




Appendix H:
Arc Flash Sample Labels









Appendix I
Utility, Transformer, & Generator Information
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