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ABSTRACT 

 

The inclusion of Selective Coordination in the NEC since the 2002 revision and the expansion of 

applications for which coordination of Over-current Protective Devices is required have resulted 

changes in design approaches for electrical engineers.  In order to meet the requirements of the 

NEC regarding Selective Coordination for secondary power systems within buildings, often, 

upstream protective devices need to be held-in to a short-circuit condition, thus increasing the 

Arc Flash Energy.  Electrical engineers must understand the many aspects of Selective 

Coordination when approaching a project from the very beginning.  Decisions made by the 

engineer regarding Selective Coordination will have influence on project cost, project timeline, 

robustness of the electrical equipment, and safety of personnel working near or on the electrical 

equipment. 

The main objectives of this report are to convey an understanding of the following: recent 

changes in requirements for Selective Coordination, implications of short-circuit analysis, 

impacts of selectively coordinated systems on Arc Flash Energy, risks surrounding Arc Flash 

Hazards, and design processes regarding Selective Coordination.   
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GLOSSARY OF TERMS 

 

Bolted Fault Current 

A short circuit or electrical contact between two conductors at different potentials in which the 

impedance or resistance between the conductors is essentially zero. 

Down-stream device 

The one of two devices farthest from the power source and closest to the load being supplied and 

protected. 

Electronic Trip Unit 

Electronic component that works in conjunction with a circuit breaker. Unit both sends signals to 

the breaker and can gather power related data about its respective circuit to send to a server for 

storage.  Features and settings vary greatly from simple to very sophisticated depending on the 

application.   

Emergency Systems 

As defined by [2]:  “Those systems legally required and classed as emergency by municipal, 

state, federal, or other codes, or by any governmental agency having jurisdiction.  These systems 

are intended to automatically supply illumination, power, or both, to designated areas and 

equipment in the event of failure of the normal supply or in the event of accident to elements of a 

system intended to supply, distribute, and control power and illumination essential for safety to 

human life.”  

Essential Electrical Systems 

As defined by [2]:  “Those systems intended to supply power to public or private facilities or 

property where life safety does not depend on the performance of the system.  Optional standby 

systems are intended to supply on-site generated power to selected loads either automatically or 

manually.”   

Electrical Hazard 

As defined by [12]:  “A dangerous condition such that contact or equipment failure can result in 

electric shock, arc flash burn, thermal burn, or blast.” 
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Exposed (Live) Parts 

As defined by [12]:  “Capable of being inadvertently touched or approached nearer than a safe 

distance by a person. It is applied to parts that are not suitably guarded, isolated, or insulated.” 

 Fault Current 

A current that flows from one conductor to ground or to another conductor due to an abnormal 

connection (including an arc) between the two. 

Fault Current Momentary Duty 

The current capability, under maximum fault conditions, of the Overcurrent Protective Device 

(OPD) during the first cycle of the fault current. 

Flash Hazard Analysis 

As defined by [12]:  “A study investigating a worker’s potential exposure to arc flash energy, 

conducted for the purpose of injury prevention and the determination of safe work practices and 

the appropriate levels of Personal Protective Equipment (PPE).”  

Flash-Protection Boundary 

An approach limit at a distance, from live parts that are exposed, within which a person could 

receive a second degree burn. (Syn: arc-flash protection boundary). 

Incident Energy 

As defined by [12]:  “The amount of energy impressed on a surface, a certain distance from the 

source, generated during an electrical arc event.”  Incident energy is measured in joules per 

centimeter squared (J/cm
2
) or calories per centimeter squared (cal/cm

2
). 

Interrupting Rating 

Regarding over-current protective devices, namely circuit breakers, this rating indicates the 

maximum current level to which a device could be exposed and still operate as designed.  

Exposure to the very maximum current level may damage the device such that it would only 

provide needed operation during the one event and need to be replaced after. 

Legally Required Standby Systems 

As defined by [2]:  “Those systems required and so classed as legally required standby by 

municipal, state, federal, or other codes or by any governmental agency having jurisdiction.  
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These systems are intended to automatically supply power to selected loads (other than those 

classed as emergency systems) in the event of failure of the normal source.”  

Unlatching Time 

The amount of time, usually fractions of a second, in which a circuit breaker would experience a 

designated current level and begin to operate to open the circuit. 

Up-stream device 

The one of two devices closest to the power source and farthest from the load being supplied and 

protected. 

Withstand Rating 

Regarding over-current protective devices, namely circuit breakers, this rating indicates the 

maximum current level into which a device could be held and still operate as designed 

repeatedly. 

Working Distance 

The dimension between the possible arc point and the head and body of the worker positioned in 

place to perform the assigned task. 
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CHAPTER 1 – INTRODUCTION 

 

Electrical engineers tasked with designing electrical distribution systems for buildings within the 

United States are faced with new challenges surrounding Selective Coordination in the last 

decade.  Changes in the 2002 Revision of the National Electric Code (NEC) [1] have brought 

forth broader inclusions for coordination of Over-current Protective Devices (OPD) as well as 

made the requirements more stringent.  While engineers are bound in their design by codes and 

standards, as well as local Authorities Having Jurisdiction (AHJ), their engineering judgment 

must also play a role in deciding on solutions for operable and safe designs.   

As a result of recent Selective Coordination requirements, the knowledge base needed for 

selecting Overcurrent Protective Devices (OPD) features and setting has greatly broadened and 

the need for open communication and teamwork with the local AHJ has become essential.  Also 

required is an in depth understanding of the consequences of a selectively coordinated system as 

the risk for a deadly Arc Flash event raises. 

The purpose of this report is to evaluate the risks involved with selectively coordinated electrical 

distribution systems within commercial buildings in the U.S.  Considered in this report are 

building electrical systems consisting of 600V or less.  Commonly accepted codes and standards 

are used as references for this evaluation.  Details about considerations and calculations that an 

electrical engineer must make to ensure a functional and safe electrical system are covered in this 

report.  After reading this report, an electrical engineer will be able to make well-informed 

decisions about approaching a design which will entail Selective Coordination. 

This report does not include information for buildings or structures with occupancy types other 

than commercial use.  Neither does it include electrical systems over 600V nor components 

typically used within systems over 600V. 

Information for this report was gathered by reviewing technical literature from recent reports and 

white papers.  Code and standard requirements and recommendations were collected and 

included, as well as information from a technical seminar.   
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This report is organized into 7 chapters.  First, the report discusses Selective Coordination; what 

it is and the applicable requirements.  Second, an overview of short-circuit available fault current 

calculations and relevance is discussed.  Third, the dangers and analysis of Arc Flash are 

included.  Next, the report discusses common requirements for electrical engineers pertaining to 

collecting a permit for their design.  The report then includes a chapter on the risks of 

implementing a design with selectively coordinated devices and concludes with suggestions for 

further work to support or reject the need for such requirements.   
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CHAPTER 2 - SELECTIVE COORDINATION 

 

Electrical systems within buildings, in the simplest terms, are made up of busses, conductors, and 

protective equipment.  The protective devices, also referred to as OPD, serve to both maintain 

the integrity of electrical busses and conductors, and to minimize injury or death to personnel.  

The OPDs achieve this by opening the circuit, thus stopping the flow of current, during events 

leading to conditions beyond the capacity of the electrical system. 

 When an upstream OPD and a downstream OPD work together in such a way that only the 

appropriate device opens during an overcurrent or fault event, the two devices are said to be 

coordinated.  Their tripping characteristics complement one another in such a case.  In recent 

years, the term Selective Coordination has become a buzz word within the Buildings Electrical 

Systems industry due to new requirements in the 2011 NEC [2].  Characteristics of devices 

which are selectively coordinated complement one another even in extreme cases of high 

overcurrent events.  As a result, the system designer, usually an electrical engineer, must take 

into account factors and variables, such as device laboratory tests and increased Arc Flash 

Hazards, not necessarily considered before.  The impacts to design considerations due to new 

Selective Coordination requirements are discussed in this chapter.  Also discussed, the common 

types of OPD used to achieve Selective Coordination within buildings and how they perform in 

combination. 

 

2.1 Overview 

The purpose of Selective Coordination is to eliminate, or at least greatly minimize, the chance of 

an outage during a period in which the building is being electrically supported by a secondary 

power means falling under one of the three following system categories as defined by [2]: 

• Emergency Systems 

• Legally Required Standby Systems 

• Essential Electrical Systems 
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A building’s primary source of electrical power is usually the local utility or an onsite power 

generation plant.  In the case of an outage, the primary power source can no longer supply the 

electrical power for the building.  In such a case, the building may be equipped with a secondary 

electrical power generation systems such as diesel generators or battery banks.  Refer to [2] for 

requirements pertaining to when secondary systems are mandatory.  These secondary systems 

can vary in capacity and duration based on the occupancy type and local code requirements.   

For example, most hospitals have multiple generators that will act as a secondary source of 

power in the case that the utility or an on-site plant experiences an outage.  The equipment fed by 

the generators is limited to those which are required by the NEC and local authorities.  This 

equipment will include medical life support equipment, egress lighting, and some of the 

elevators.  Selective Coordination is implemented to minimize any outages, with regards to the 

secondary sources, within the building due to overcurrent and/or fault events which may occur 

during this period of secondary power being supplied to the building.   

Figure 2.1 illustrates the difference in operation of two systems which have the same 

configuration, but differ because the devices in the system on the left have been selectively 

coordinated.  The fault causes much more disruption in the system on the right where none of the 

circuits continue to be fed.  If considering the hospital example from above, any equipment 

needed for lifesafety systems would no longer continue to operate in the case on the right.  In the 

system on the left, only operation of equipment fed by the bottom right circuit will be lost. 
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Figure 2.1.  Electrical Distribution System with and without Selective 

Coordination [3]. 

 

2.2 The requirements 

Earley and Sargent cover requirements for the installation of electrical equipment and raceways 

for public and private buildings and structures [2].  Electrical engineers in the buildings industry 

must design electrical systems to comply with the requirements from [2].   

The NEC revision cycle takes three years.  Between the 2002 [1] and 2005 [4] revisions, 

requirements for coordination of OPD started to become more stringent.  In Reference [1] the 

definition of Coordination as listed in Section 240.2 is, 

“The proper localization of a fault condition to restrict outages to the equipment 

affected, accomplished by the choice of selective fault-protective devices.” 
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Section 240.12 went on to say that the electrical system should be electrically coordinated in 

cases where an orderly shutdown is required in order to maintain safety for equipment and 

personnel. 

Also, Section 620.62, which applies to motors for transportation systems in buildings such as 

elevators, Selective Coordination is required for cases when more than one machine 

disconnecting means are fed by one conductor.  In these cases, each disconnect shall have its 

own OPD which is selectively coordinated with the conductor’s upstream OPD.  No selective 

coordination requirement for Emergency Systems, Legally Required Standby Systems, or 

Essential Electrical Systems was listed. 

In [4], the term was moved to Article 100 and changed to Coordination (Selective) and the 

definition was changed to, 

 “Localization of an overcurrent condition to restrict outages to the circuit or 

equipment affected, accomplished by the choice of overcurrent protective devices 

and their ratings or settings.” 

The requirements for Sections 240.12 and 620.62 remained the same as in they were in [1], but 

Sections 700.27, 701.18, and 708.18 were added to Reference [4] for secondary source systems.  

These sections read as: 

 

Section  700.27 Coordination (Emergency Systems) 

“Emergency System(s) overcurrent devices shall be selectively coordinated with 

all supply side overcurrent protective devices.”   

 

Section 701.18 Coordination (Legally Required Standby Systems) 

“Legally required standby system(s) overcurrent devices shall be selectively 

coordinated with all supply side overcurrent protective devices.” 

 

In the 2008 revision of the NEC [5], requirements for Selective coordination were again revised.  

Exceptions were stated in Sections 700.27 and 701.18 for the OPD for the primary and 

secondary side of transformers, as well as OPD in series of the same size.  Also, Article 708 for 
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Critical Operations Power Systems was added.  The requirement for Selective Coordination is 

stated in Section 708.54. 

 

Section 708.54 Coordination (Critical Operations Power Systems) 

“Critical operations power system(s) overcurrent devices shall be selectively coordinated 

with all supply side overcurrent protective devices.” 

 

No exceptions were listed for this section. 

 

Notice the clause in each of the three sections (700, 701, and 708) that reads, “…shall be 

selectively coordinated with all supply side overcurrent protective devices” in the citations 

above.  This statement is interpreted differently by different AHJ.  Figure 2.2 shows an electrical 

distribution system with the utility supplying the primary source of electricity, and a generator 

serving as a secondary source of electricity.  “…all supply side overcurrent protective devices…” 

can and has been interpreted as one of the following: 

1) All OPD which are upstream of a load on the respective Secondary system  

2) All OPD which are upstream of a load whether on the primary or secondary system 

In the first case, as shown in Figure 2.2 with the dashed green line for the Secondary Source, 

only those OPD serving loads on the secondary system must be selectively coordinated.  In the 

second case, a higher quantity of OPD are required to be selectively coordinated as OPD along 

both the green and blue dashed lines would need to be coordinated.  This will cost the client in 

both materials and engineering fees.  Because this point is open to interpretation, it is one of 

several topics which will need to be discussed with the AHJ early in the design process. 
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Figure 2.2.  Supply side Over-current Protective Devices. 

Beyond deciding to which OPD the NEC Selective Coordination requirements apply, the 

engineer must make decisions about what types of OPD’s to use. 

 

2.3 Overcurrent Protective Devices for Selective Coordination 

Circuit breakers and fuses are the most common type of OPD for buildings.  They operate 

differently from one another and thus have differing applications and react differently to 

overcurrent and fault events.  Below is a discussion of the combinations of breakers and fuses 

used in buildings and the advantages and disadvantages of these combinations with regards to 

Selective Coordination. 
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2.3.1 Selective Coordination for Circuit Breaker Combinations 

In the buildings industry, Selective Coordination is illustrated graphically by “white space” 

between two devices’ Time Current Curves (TCCs).  One of the many questions surrounding this 

widely accepted rule of thumb is, “How much space is enough?”  A second question also arises 

for the application of circuit breakers in particular; “Can there be overlap in the instantaneous 

region?”  Figure 2.3 illustrates why these two questions often arise for those designing the 

electrical distribution system for a building. 

The TCC’s are usually provided to an engineer by device manufacturers.  The curves identify the 

properties and characteristics of the individual device model.  These characteristics include 

information about how fast the device will react to different overcurrent levels.   
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Figure 2.3 Circuit Breaker Time-Current Curve Components [3]. 

Figure 2.3 shows the TCC for a typical 100A MCCB.  Two regions, the Overload Region and the 

Instantaneous Region, are indicated to highlight the different interrupting features of the breaker.  

Within the Overload Region, the curve describes how the device will operate during an overload.  

At 200A, the breaker will open the circuit within 190s.  Within the Instantaneous Region, the 

curve is usually much steeper, if not completely vertical, until it meets the “Foot”.  Operation of 

the breaker in this region will be due to a short circuit event.  During an overload current of 8kA, 

the device will open the circuit in 0.035s. 

Notice that the curve is shown as a band rather than a line.  This band represents the tolerance 

allowances for both manufacturing inconsistencies and operating functions within the device.  
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The left side of the band represents the Unlatching Time, while the right side represents the 

maximum Interrupting Time.  When an overcurrent or short circuit event occurs, the breaker’s 

contacts begin to separate or “unlatch”, and then, any arc between the contacts is distinguished, 

opening or “interrupting” the circuit.   

Reference [2] does not state a requirement for the gap or white space between the bands of two 

devices.  The designer should check with the device’s manufacturer for specific 

recommendations for the model they are specifying.  The designer should also check if the AHJ 

has any requirements for the separation between curves.  Regarding circuit breakers specifically, 

according to “IEEE Standard 242-1986: IEEE Recommended Practice for Protection and 

Coordination of Industrial and Commercial Power Systems, [6]”, “…only a slight separation is 

planned between the different characteristic cures.  This lack of a specified time margin is 

explained by the incorporation of all the variables plus the circuit breaker operating times for 

these devices within the band of the device characteristic curve.” 

The most critical characteristic for an OPD is the Interrupting Rating.  This is the absolute 

maximum current for which the device has been designed to operate.  The Interrupting Rating is 

represented on the TCC with the vertical cut-off at the right hand side of the Foot.  The designer 

will determine the system’s Available Short Circuit (ASC) current at the device’s location and 

choose a device with an Interrupting Rating not less than the ASC current. Refer to Chapter 3 for 

information pertaining to short circuit analysis. 

For Selective Coordination to be achieved between two circuit breakers, the TCC’s for the up-

stream device and the down-stream device should not overlap.  This requirement is a tall order 

for some circuit breakers due to their Instantaneous Region, particularly the Foot.  Figure 2.4 

illustrates this. 
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Figure 2.4 Circuit Breaker Time-Current Curve Components 

[3]. 

 

Circuit Breaker number 1 (CB1), on the left, and Circuit Breaker number 2 (CB2), on the right, 

are Molded Case Circuit Breakers (MCCBs).  These two devices are coordinated from 

approximately 0.017s, 1kA and beyond, before which the Foot of each device overlaps.  When 

an event occurs within the overlapping region at 1kA or higher, most likely, both devices will 

operate and open.  In that case, the outage will not be limited to the down-stream circuit as 

illustrated in Figure 2.1.  

 One of the questions posed at the beginning of this section, “Can there be overlap in the 

instantaneous region?” is answered differently by different AHJ entities across the country.  For 

example, according to Square D’s “Guide to Power System Selective Coordination 600V and 
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Below [7],” The Florida Agency for Health Care Administration (AHCA) has its own answer for 

the design of electrical systems for hospitals in Florida.  AHCA only requires OPD curves to be 

coordinated to 0.1s.  This means that below the blue line drawn in Figure 2.4 AHCA does not 

require devices to be selectively coordinated.  For most devices, the portion of the curve below 

0.1s includes most of their Instantaneous Region.  Therefore, the devices operate independently, 

depending on the location and current value except when the current is high enough to fall in the 

region below 0.1s operating time.  Other jurisdictions in the U.S. have decided to use this rule as 

well.  They include the City of Seattle, Washington and the State of California.   

If the AHJ does require the designer to have a fully coordinated set of OPDs, meaning no overlap 

on the TCCs should be evident, the engineer will need to employ one or all of a few options to 

comply using circuit breakers.  Varying the type of circuit breaker is the first option.  The 

engineer can specify a Power Circuit Breaker, for example.  The TCC characteristics on a Power 

Circuit Breaker can be manipulated via an adjustable electronic trip unit.  By adjusting the trip 

unit, the curve shape can be changed.  In particular, the instantaneous region can be manipulated 

to shorten or even eliminate the Foot of the curve and thus the overlap.  The Power Circuit 

Breaker also has a Withstand Rating composed of two parts; 1) the Short-time Withstand Current 

and 2) the Withstand time.  This rating, unlike the performance limit of the Interrupt Rating, 

represents a safety limit at which the device can remain held into a fault condition without 

damage to personnel or equipment.  The Withstand Time is as high as 0.5s or 30 cycles for some 

devices.   

However, the designer must understand that the longer the current is held by the breaker, the 

higher the energy becomes.  Therefore, the designer must be mindful of increasing the Arc Flash 

Hazard if the Withstand Time is increased on a Power Circuit Breaker.  Arc Flash Hazard is 

discussed in detail in Chapter 4. 

A second option for the engineer to achieve Selective Coordination is to change the size of the 

circuit breakers rather than the type.  However, the designer must keep in mind the NEC 

requirements for maximum and minimum overcurrent protection sizing which varies per load 

type.   
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If the engineer is in doubt about the coordination of two devices, he or she should consult with a 

representative from the device manufacturer.  The manufacturer’s data should be based on 

laboratory test results and devices that have not been tested together should not be specified for a 

Selective Coordination application.  After running tests on their own devices, Schneider Electric 

published results in their data bulletin, “A Comparison of Circuit Breakers and Fuses for Low 

Voltage Applications [8],” stating that, “…previous published circuit breaker trip curves, due to 

dynamic impedance and current limiting effects, are actually somewhat conservative in the 

instantaneous region when considering selectivity between circuit breakers, and that many 

line/load combinations of circuit breakers actually do coordinate even if their trip curves indicate 

otherwise,”.  This quote exemplifies that it may be useful to contact the manufacturer directly to 

gain an understanding of their expectations for their products’ performance.  Yet another option 

for the designer is to change manufactures all together if he or she is not satisfied with the 

solutions one manufacture can provide.  Refer to Appendix A for an example of the Selective 

Coordination process for a typical commercial system with circuit breakers. 

2.3.2 Selective Coordination for Fuse Combinations 

OPD manufacturers have been paying attention to applications for coordination with fuses for a 

much longer time than for circuit breakers.  Fuses were the first form of circuit protection, dating 

back as far as the late 1800s.  The TCC for a fuse is much simpler in appearance and thus easier 

to coordinate.  Figure 2.5 is an example taken from Cooper Bussmann’s “Selective 

Coordination” [9] of two fuses’ TCCs.  Figure 2.5 illustrates the relationship between two time-

delay, dual-element fuses in series.  The single line diagram for the system is shown in the upper 

right hand corner of the figure.   
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Figure 2.5. Fuse Time-Current Curve Examples 

(Recreated from  [9]). 

In the system shown in Figure 2.5, the available short circuit current is 1kA RMS symmetrical at 

the down-stream fuse.  Follow a vertical line up from 1kA on the horizontal axis up to the 

intersection of the clearing time for the 100A fuse (from point A to B on the graph), then, from 

that intersection follow a horizontal line left to the vertical axis at point D.  Point D tells the 

engineer how long the fuse will experience the short circuit before opening the circuit.  Now, as 

stated previously, in a selectively coordinated system, only the down-stream device will operate.  

If a vertical line from B is continued up to the minimum melt curve (the left side of the band) to 
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point C, then over to the left to point E, the minimum time to operate the up-stream, 400A fuse is 

found.  The difference between the two is almost 88 seconds.  Thus, Selective Coordination is 

insured with a 1000A short circuit event.   

Besides the TCCs, fuse manufacturers publish ratio guides.  The ratios listed are for those pairs 

of fuse models that have been laboratory tested together.  The ratios convey the relationship 

between the ampere rating of the up-stream fuse and the down-stream fuse.  If, for example, the 

ratio is 2:1, then the up-stream fuse ampere rating needs to be at least twice that of the down-

stream fuse for coordination to be achieved.  For example, in Figure 2.6, if a system has a line-

side (up-stream) fuse that is a Cooper Bussmann 100A T-Tran JJN type, the designer could only 

expect to pick a load-side (down-stream) Fast-Acting Limitron RK1 type fuse with a ratio of 3:1 

to maintain selectivity.  Thus, the down-stream fuse should be rated at 30 amperes.  If the load 

required higher than a 30 ampere fuse, the upstream fuse rating would have to be increased. 

 

 

Figure 2.6.  Selectivity Ratio Guide for Blackout Prevention (Line-Side to Load-Side) [9]. 
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2.3.3 Selective Coordination for Fuse and Circuit Breaker Combinations 

Breakers and fuses operate in different ways, thus, selective coordination between them can be 

difficult.  In some cases a breaker/fuse combination may not work at all.  Again, laboratory 

testing should be conducted and results published before a designer specifies a set of devices for 

selective coordination.   

In cases where the circuit breaker is up-stream of the fuse, even when the plot of the TCC for 

both devices shows, graphically, that the devices are selectively coordinated, one cannot be sure 

without laboratory testing for the pair.  Figure 2.7 shows a breaker/fuse combination.   

 

Figure 2.7.  Fuse and Circuit Breaker Curves [3]. 

When a fuse is up-stream of a circuit breaker, selective coordination is merely impossible.  

Figure 2.7 illustrates this fact; the bottom of the fuse curve usually falls along the foot of the 

circuit breaker. 
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2.4 Ground Fault Protection 

Ground Fault Protection (GFP) is required by [2] for particular instances, such as in Article 

230.95 in [2] which requires GFP for solidly grounded wye electric service disconnects between 

150 and 600V and rated at 1000A or greater.  According to National Electrical Manufacturers 

Association’s (NEMA) “A NEMA Low-Voltage Distribution Equipment Section Document ABP 

1-2010: Selective Coordination” [10], faults to ground are the most common types of faults and 

the frequency of their having instigated building fires prior to the 1970’s prompted the inclusion 

of requirements in the 1972 revision of the NEC.  GFP is required due to the potential of an arc 

to ground for which the current value may be substantially lower than an arc between phases.  

With such a low current value, the fault may be maintained for long periods of time with typical 

OPDs.  GFP equipment is usually in the form of dedicated relays or functions integral to circuit 

breaker trip units.   

Both the NEC and the Underwriters Laboratory (UL) mandate requirements for the tripping 

function for ground fault protections according to [10].  Figure 2.8 illustrates how these 

requirements fit into a typically shaped ground fault protection device.   
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Figure 2.8.  Typical Ground Fault Protection TCC (Reproduced from [10]). 

 

The shape of the TCC for GFP devices is very limited unlike those of the phase protective OPDs.  

The sloped portion of the curve is commonly referred to as the “I
2
t Slope” and provides some 

selectability to the user.  It is the rigidness of these curves that can cause further challenge in 

developing a selectively coordinated system. 
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2.5 Design Impacts 

The addition of the Selective Coordination requirements to the 2005 NEC has changed the 

design process for electrical engineers.  More thought must be given to selecting OPDs.  In 

recent decades, circuit breakers have become the common solution for circuit protection in 

commercial buildings.  Breakers provide easy troubleshooting and are reusable, eliminating the 

need for on-site stockpiles.  Designers must now, however, take a second look at fuses for some 

Selective Coordination designs where they would not have otherwise. 

Since OPDs come in a variety of ratings and characteristics, the designer must consider each 

system as a unique case and the many factors must be considered.   

Designers must also open the channels of communication with the AHJ earlier in the design 

process.  Understanding the requirements upfront can be critical in achieving approval for a 

permit in a timely manner and saving the client money.  Lastly, designers must also now 

consider hiring an expert where their own skills are exceeded.  Many engineers specialize in 

coordination and base their entire career around this skill set.   

Cost to the owner is yet another consideration for a selectively coordinated system.  After the 

contractor has placed orders for components like OPDs, any changes in the orders are referred to 

as “Change Orders”.  Finding out AHJ requirements after the contractor has placed orders could 

lead to Change Orders and will most likely result in higher costs to the contractor and 

consequently to the client.   
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CHAPTER 3 - SHORT-CIRCUIT AVAILABLE FAULT CURRENT 

 

Short-circuit fault currents can be very destructive due to the heat and electromagnetic force that 

are released into the system during a short-circuit event.  Short-circuit current calculations should 

be performed for every electrical distribution system design for commercial buildings.  This 

calculation will tell the engineer if the specified equipment and components are robust enough to 

withstand the available fault current within the designed system.   

The available fault current is different at every point along the electrical distribution system due 

to the additive effect of the impedance of the components between the source and the point in 

question.  Thus, this calculation is essential in understanding not only the specifications for 

equipment at a specific location, but also in understanding how the arc flash potential will vary at 

each location.  This chapter will outline the methods for calculating short-circuit available fault 

current and assumptions the engineer can make in order to gain an understanding of implications 

with regards to Selective Coordination for each OPD within the system.  The calculation 

methods referenced in this chapter regarding short-circuit analysis are taken from the IEEE 

Standard 242-1986 [6]. 

 

3.1 The Calculation   

In general, Reference [6] breaks down the short-circuit analysis into three tasks: 

1)  Develop a graphical representation of the system  

2) Determine the total equivalent impedance between the source and designated points on 

the system 

3) Calculate the short-circuit current at each point by dividing the voltage by the total 

impedance at that point 

3.1.1 Graphical Representation 

The first task entails developing a drawing, either by hand or with the assistance of a computer 

program, to identify where calculations are required.  Often, engineers need to calculate available 
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short-circuit current values at electrical equipment, such as panelboards, and at motors and 

generators.   A graphical representation is also useful for recording all the information about each 

piece of equipment or each component in one location.  

3.1.2 Total Equivalent Impedance 

To determine the equivalent impedance between the source and the designated points of interest, 

a full understanding of each component along the path is necessary.  Information about each 

component’s impedance is needed.  For different types of components, this information comes in 

different forms.  For instance, for conductors, the impedance is often presented in milliohms per 

100 linear feet.  Thus, the engineer would need to know the length of the conductor to determine 

the impedance for a specific run of conductor.  The impedance for the conductor would also vary 

by material.  Reactance and resistance data can be gathered from the equipment manufacturer or, 

in the absence of such data, some values can be found in various codes and standards such as the 

tables in Chapter 2 of the Standard.  Using data from the manufacturer is always a preferable 

method. 

3.1.3 Short-Circuit Current Calculation 

Reference [6] establishes a few assumptions which both simplify the calculation and ensure a 

conservative solution is achieved.  First, the engineer should establish assumptions about the 

fault type.  Reference [6] assumes that the short-circuit condition is being caused by a “bolted 

fault”: a zero-impedance condition.  Also, the fault should be assumed to be across all three 

phases as this usually results in a maximum fault current.  Reference [6] states that, “Bolted line-

to-line currents are about 87% of the three-phase value, while bolted line-to-ground currents can 

range from about 25-125% of the three phase value, depending on the system parameters.  

However, line-to-ground currents of more than 100% of the three-phase value rarely occur in 

industrial and commercial systems.”  

Secondly, further assumptions should be made regarding equipment that could contribute energy 

to or dissipate energy from the system during an event.  These assumptions include the 

following: 

• Load currents are ignored 
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• The source (usually the utility) is operating at nominal voltage values with no 

loads 

• Motors are running at their rated voltage 

• Transformer impedance values are equal to their actual percentages or within 

+/- 7.5% of nominal values 

• Any source X/R ratios that are unknown are assumed to be at rather high 

values 

• Equipment bus impedances are ignored 

Reference [6] offers guidance for particular information that should be gathered for specific 

types of Fault Current Sources such as the utility, generators, and synchronous motors.  Also 

explained: how the short-circuit current will vary over time. 

Refer to Appendix B for a short-circuit analysis example from [6] using a Direct Method 

calculation approach.  

The total short-circuit current is a summation of the contribution of all the components on the 

system.  Figure 3.1 illustrates how different components may react after being exposed to a 

short-circuit condition and the shape of the resulting total short-circuit wave form.  Only the 

symmetrical short-circuit currents are shown in this figure.  Notice that the contributions from 

some sources decrease more quickly than others. 
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Figure 3.1.  AC Symmetrical Contributions 

from Various Sources (Reproduced from 

[6]). 

While Figure 3.1 is a good example of how the symmetrical contributions all influence the total 

short-circuit current waveform, most short-circuits are asymmetrical.  The typical asymmetrical 
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short-circuit waveform is a combination of the alternating current, symmetrical waveform and a 

direct current waveform as shown in Figure 3.2.  Component “a” depicts the direct current 

component.  The total short-circuit current is asymmetrical because the waveform is no longer 

symmetrical about the original axis. 

 

Figure 3.2.  Total Asymmetrical Short-Circuit Current Waveform.  (Reproduced from [6]). 

As seen in Figure 3.2, the short-circuit current value changes over time.  This fact plays an 

important role in regards to selective coordination.  Not all of the OPDs within the system will 

operate at the same time.  Some, in order for selectivity to be maintained, will operate within the 

first cycle of the fault.  For these devices, an evaluation of the system as subject to the maximum 

values of short-circuit current, “the symmetrical RMS short-circuit of the alternating current” [6], 

will be sufficient.  This is the most commonly needed evaluation for other types of equipment as 

well.  Other OPDs will be held into the fault and trip at the lower level of short-circuit value; 

namely, time-delay fuses and circuit breakers with time-delay trip unit settings belong to this 

group.  Thus, the device, even though held in for the maximum values of current, should be rated 

to withstand these maximum values.  Calculations of lower levels short-circuit currents are 

needed as well to ensure that the held in devices will open the circuit when expected.   

In general, after considering all of the above, the engineer will calculate the motor(s) and 

generator(s) total contribution for the first cycle of the short-circuit current at each bus, starting 
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with the load and working upstream to the source.  Then, considering one segment of circuit at a 

time, the total maximum, symmetrical short-circuit current at the up-stream and down-stream 

ends of the segment.  Start working on segment closest to the source, working toward the loads.     

3.1.4 Re-evaluating the system 

After all calculations are completed, each piece of equipment/component, including OPDs, 

should be re-evaluated to ensure all ratings are appropriate for the level of short-circuit available 

at their respective locations.  At this time, the engineer can re-evaluate the coordination of OPDs 

within the system.  Reference [6] states that, “Two devices in series should be sized and set to 

coordinate up to the calculated maximum short-circuit current.”  If the two circuit breakers in 

Figure 3.3 are installed in series, and the maximum short-circuit current available at the bus 

where CB2 sits is 1kA, then selective coordination is still achieved.  If however, the maximum 

ASC at the same bus is 2kA or higher, then it is possible that both devices will operate 

simultaneously, thus the two devices are not selectively coordinated.   
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Figure 3.3.  Maximum Short-Circuit for Coordination.   

In some cases, however, two OPDs design with instantaneous trip settings could be selectively 

coordinated if the value of impedance between the two devices is significant.  Either a 

transformer or a long run of conductor is an example of large impedance with which such 

coordination could be achieved.  This type of situation would be unique and atypical for 

buildings applications.  



28 

 

CHAPTER 4 - ARC FLASH 

 

One of the biggest debates surrounding the topic of Selective Coordination in the U.S. pertains to 

its effects on the available Arc Flash Energy in an electrical system.  For a selectively 

coordinated system, some OPDs must be held-in to a fault condition to ensure the proper device 

opens as discussed in Chapter 2.  Engineers specify this hold-in by picking certain characteristics 

for the devices and must be aware of the consequences when it comes to raising risk for those 

who will be asked to maintain and troubleshoot the systems once they are installed.  This chapter 

describes the risks associated with the practice of selectively coordinating electrical distribution 

systems within buildings, as well as the measures that can be taken to minimize damage to 

equipment, and more importantly, minimize injury to personnel in systems with a high available 

fault which could result in Arc Flash.  Also covered in this chapter are excerpts and summaries 

from several code and standards regulatory bodies which are commonly accepted by AHJ’s in 

the United States pertaining to selective coordination and Arc Flash. 

 

4.1 An Introduction to Arc Flash 

An Arc Flash occurs when two electrodes are brought close enough to one another, but not 

touching, for electrical energy to be released and bridge the gap.  The energy released during an 

Arc Flash event results in the liquifaction and vaporization of metallic materials in the vicinity.  

Because these materials change states so quickly, their volumes expand very fast creating an 

illuminous flash and sound blast.  The hottest regions of the arc can reach up to 35,000 degrees 

Fahrenheit according to General Electric’s paper “The Basics of Arc Flash” [11].  The surface of 

the Sun only reaches just less than 10,000 degrees Fahrenheit.  All of the products of an Arc 

Flash, the energy, light, sound, and intense heat, can result in major damages to equipment and 

injuries or even death to personnel. The resulting shockwave can knock humans off their feet or 

even throw them across a room.  The liquefied metallic particles thrown through the air can 

cause severe burns and start fires.  The flash can be bright enough to cause temporary or 

permanent blindness and the sound loud enough to cause temporary or permanent hearing loss.  

According to the “NFPA 70E Handbook for Electrical Safety in the Workplace, Ed. 2004 [12],” 
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“Arc flash incidents involving workers who are not properly protected results in more than 2000 

workers being admitted to burn centers each year”.  Because such injuries, or even death, can 

result from arc flash incidents, engineers must understand the impact of their design decisions in 

regards to the Arc Flash Hazard.   

 

4.2 Available Fault Current 

The energy released during an arc flash event is dependent on the instantaneous available fault 

current at the event location and the time for which the fault is allowed to be sustained.  The 

available fault current is the maximum current which could occur at a specific moment, at a 

specific location during a fault condition.  The fault current level in an electrical system depends 

on many variables including the following: 

• Available fault current at the electrical power source for the building 

• Impedance of feeders and equipment throughout the building 

• Distances between components and equipment being served in the building 

• Types and quantities of equipment being served in the building 

 

The amount of time the fault is sustained depends on the characteristics of the protective devices 

in the electrical distribution system.  If short-time settings are increased and/or instantaneous 

settings are increased on an OPD, in the event of a fault, the amount of potential energy will 

increased. 

 

4.3 Codes and Standards Applicable to Arc Flash Requirements 

Many organizations and agencies have developed codes and/or standards for electrical design in 

the U.S.  Many of these documents focus on predicting the severity of an Arc Flash and the 

protection of those who may be exposed.  This section includes a brief overview of several of the 

codes and standards widely accepted and referred to by AHJs in the U.S. with respect to building 

electrical systems.   
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4.3.1 The Arc Flash Study  

In general, an Arc Flash study is required in order to fully understand the risks for a particular 

system before workers are allowed to work on it while energized.  Guidance for such a study is 

available from several sources; Reference [12] and IEEE 1584: Guide for Performing Arc-Flash 

Hazard Calculations [13] are two common resources.  Using either, though the methods for 

calculations may differ, the algorithms are very similar according to the Arc Flash Information 

Resource Center’s report, “Arc Flash Studies and Hazard Analysis [14].”  Such an algorithm is 

presented below in Steps 1 through 5. 

 

Step 1 

The first step is to gather information about the system.  Such data 

includes available short circuit currents, load specifications, and 

OPD types and settings.  This first step will most likely take the 

most time and effort as it requires a lot of investigative work.   

 

Step 2 

After this data is collected an electronic model of the system can be 

developed for the second step.  Calculations can be done by hand, 

but most engineers prefer electronic models as they provide a 

quicker and easier way to investigate several system 

configurations if needed.  Building a model will require all the 

data from the first step to be input into a computer software 

program.  ETAP and SKM are two commonly used software 

packages in the U.S. for arc flash analysis.   

 

Step 3 

The third step is to determine the arcing fault currents at each 

piece of electrical equipment.  Using the bolted fault current and 

other variables, by applying formulas from [13], Arcing Fault 

Currents can be determined.  
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Step 4 

Next, determine the Fault Clearing Times for the upstream OPDs 

and the resulting Incident energy.  When the arc fault falls within 

the Instantaneous Region of the OPDs Time-Current Curve, even a 

small difference in the current value can result in a large 

difference in the clearing time; directly effecting the incident 

energy.  The Incident energy can be calculated using the empirical 

formulas in [13] or the theoretical formulas of [14].  This 

calculation will include variables such as environmental 

conditions, equipment orientation, and distance between the 

equipment and the worker. Refer to Table 3 in [13] for common 

working distances for different types of equipment.  

 

Step 5 

Finally, the Flash Protection Boundary can be determined by 

referring to the Reference [12].  The engineer can use any of the 

three options for determining this boundary as outlined by this 

code.   

 

Beyond performing calculations for the analysis, requirements and limitations are in place for 

defining when personnel can work on energized equipment, how that equipment should be 

labeled to convey the possible risks, and what Personal Protective Equipment (PPE) should be 

worn while work is being performed. 

 

To better understand how each code or standard is applied to the algorithm outlined above, the 

following sections describe individual codes and standards in further detail. 

4.3.2 National Fire Protection Association 70E 

The National Fire Protection Association (NFPA) has developed [12] which includes regulations 

meant to ensure worker safety during the installation, maintenance, troubleshooting, and 

demolition of conductors and equipment in public and private buildings and structures.  It 

defines a measure, with respect to the level of danger, personnel working on live parts might 
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encounter, as well as the type of gear personnel should wear to protect themselves against bodily 

harm.   

The measure regarding the level of risk is called, “Flash Hazard”.  According to [12], the 

definition of Flash Hazard is, “A dangerous condition associated with the release of energy 

caused by an electric arc.” 

Reference [12] lists two conditions under which taking the risk to perform work on energized, or 

live parts is acceptable as follows: 

1) When taking energized equipment off-line will result in a higher hazard than when it is 

live 

2) When taking energized equipment off-line is infeasible due to the limitations of the 

equipment or the task being performed 

Under the first condition, the risk of working on live parts is deemed acceptable since the 

condition under which the loss of power to equipment such as life support equipment in a 

hospital or orderly shutdown in a nuclear power plant poses a higher risk than that of the work on 

energized electrical equipment itself.  The second condition refers to infeasibility.  The standard 

is clear in making a distinction between infeasible and inconvenient.  Often, during unexpected 

equipment outages due to failure or need for repairs, a solution can only be drawn via 

troubleshooting.  Troubleshooting investigations often need to be done on live equipment.  In 

such cases, de-energizing the equipment becomes infeasible.  If justification for work on live 

parts is made, for either condition, personnel can only carry out such work by first obtaining a 

“Work Permit”.  Refer to Section 130.1(A) of [12] for more details about obtaining a Work 

Permit.   

In addition to the permit, Section 130.3 of [12] requires that a “Flash Hazard Analysis” also be 

carried out before work on live parts is undergone.  The analysis’ purpose is to, “…determine if a 

thermal hazard exists and to select protective equipment necessary to mitigate exposure to the 

hazard.”  This type of study investigates the potential for exposure to arc flash energy.   

The Flash Hazard Analysis is performed to determine the incident energy on a surface at a 

specific distance away from the initiation location of an arc flash.  The incident energy is 
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commonly measured in calories per centimeters squared (cal/cm
2
).  As an example, the release of 

incident energy levels of 1.2 cal/cm
2
 will most likely yield second-degree burns to human skin.  

Energy levels of 8 cal/cm
2
 can yield third-degree burns [11]. 

 

The incident energy is inversely proportionate to the square of the working distance, and directly 

proportional to the available fault current and duration of an arc flash event [11].  Incident 

energy is discussed in greater detail below in Section 4.3.3.  The short circuit available fault, 

cable size and length, and the OPD settings all influence the incident energy value as well.  The 

OPD settings influence the duration of the fault contributing to the time variable.   

 

A separate analysis could be done for equipment containing features that allow the worker to 

temporarily change OPD settings during periods of maintenance and troubleshooting.  For 

instance, General Electric manufactures some equipment with a “Reduced Energy Let Through” 

(RELT) feature, as on their Entelliguard TU trip unit that allow a worker to change setting while 

they work, and then reinstate the operational settings when they are finished according to [11]. 

 

Once the Hazard Analysis is complete, a Hazard Risk Category can be determined per the 

incident energy level.  The categories range from 1 to 4 plus a category called “Extreme 

Danger”.  Table 4.1 outlines the energy levels and their corresponding category. 

Table 4.1.  Hazard Risk Category and 

Incident Energy (Reproduced from 

[12]). 
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NFPA 70E also defines the “Arc Flash Protection Boundary”.  This boundary represents the 

closest approach allowed before Personal Protective Equipment (PPE) must be worn.  The PPE 

is meant to limit burns to 2
nd

 degree or less. 

 

For example, the Flash Protection Boundary for a system of 600V or less, is 4ft if the product of 

the OPD clearing time and the available bolted fault current do not exceed 300kA-cycles (5000 

ampere seconds) according to Section 130.3(A).  As an example, a system with 50kA available 

fault current and a clearing time of 6 cycles would meet this criterion.  This boundary distance is 

directly proportionate to the available fault current and the time the fault is sustained.  Equations 

4.1 and 4.2, used by this standard for systems that exceed the 300kA cycles product, are given 

below.  

 Dc = [2.56 x MVAbf x t]
1/2

           (4.1) 

or,      

 Dc = [53 x MVA x t]
1/2             

(4.2)
             

 

where: 

Dc = distance in feet from an arc source for a second degree burn 

MVAbf =bolted fault capacity available at point involved (mega volt-amperes) 

MVA = capacity rating of transformer (mega volt-amperes).  For transformers with MVA ratings 

below 0.75, multiply the transformer rating by 1.25 

t = time of arc exposure (in seconds) Reference [12]. 

Protective gear is a critical safety element in working on live equipment.  Reference [12] has 

drawn conclusions about which types of PPE shall be worn based on the results of the Flash 

Hazard Analysis.  The higher the hazard, the more gear required for the worker.  The engineer 

should be aware that heavy, bulky equipment can be a nuisance and have adverse effects to the 

worker in some instances.  Refer to the standard for specific details pertaining to the PPE 

requirements as this topic is outside the scope of this report. 
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4.3.3 IEEE 1548 

As discussed above, Reference [13] provides engineers with one method for arc flash analysis 

and several of the variables for particular cases.  The standard suggests that an analysis be done 

for both the minimum and maximum available arc flash fault values since the arc flash energy 

may be higher at reduced values of fault current due to  longer operating times of an upstream 

OPD. 

Reference [13] lists equations to be used for arc flash analysis for a very specific set of variables 

as used in laboratory tests.  The results of the calculations performed, according to [13], are more 

accurate and specific to particular cases than those using methods from [12].  Reference [13] 

warns, however, that actual arc flash intensity in the field may vary from the results obtained 

during testing.  

According to the Standard, “An arc-flash hazard analysis should be performed in association 

with, or as a continuation of, the short-circuit study and protective-device coordination study.”  

Reference [6] contains methodology for calculating short-circuit currents and conducting 

coordination studies for OPDs respectively.  The results of these two exercises yield the 

following: 

• Fault current momentary duty, interrupting rating, and short-circuit (withstand) rating of 

electrical equipment 

• Time required for OPD to react and isolate overload or short-circuit conditions. 

 

In determining the arcing fault current levels, equations from [13] yield current values which are 

approximately 50% of a bolted fault current values.  Using the calculated three-phase values for 

arc fault currents (Ia) is a conservative approach.   

For systems under 1000V, Ia is determined as follows:  

 

lg Ia = K + 0.662 lg Ibf + 0.0966V + 0.000526G + 0.5588V(lg Ibf) – 

0.00304G(lgIbf)             (4.3) 

 

where: 
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lg is the log10 

Ia is arcing current (kA) 

K is –0.153 for open configurations and is –0.097 for box configurations 

I bf is bolted fault current for three-phase faults (symmetrical RMS) (kA) 

V is system voltage (kV) 

G is the gap between conductors [13]. 

Refer to the standard for equations applicable to systems over 1000V. 

The Gap between Conductors (G), measured in millimeters, can be found Table 4.2. 

 

 

Table 4.2.  Factors for Equipment and Voltage Classes [13].  

 
 

 

Once Ia (the three-phase arcing current) is calculated, the operating time for a particular OPD can 

be determined.  Reference [13] recommends calculating the fault-clearing time for both the 

100% and 85% arc fault current values since the clearing time can vary a great deal with only a 

small change in current.   
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With the arc fault current known, the incident energy (En) can be calculated as Section 5.3 of 

[13] outlines.  The equation given is, “based on data normalized for an arc time of 0.2 seconds 

and a distance from the possible arc point to the person of 610 mm.” 

 

 lg En = K1 + K2 + 1.081 lg Ia + 0.0011 G     (4.4) 

 

where: 

En is incident energy (J/cm2) normalized for time and distance  

K1 is –0.792 for open configurations (no enclosure) and 

is –0.555 for box configurations (enclosed equipment) 

K2 is 0 for ungrounded and high-resistance grounded systems and 

is –0.113 for grounded systems 

G is the gap between conductors according to Reference [13]. 

Then: 

 

En = 10
lgEn

         (4.5) 

 

Finally, convert from normalized:   

 

E=4.184CfEn(t/0.2)(610
x
/D

x
)         (4.6) 

where: 

E is incident energy (J/cm2) 

Cf is a calculation factor which equals: 

1.0 for voltages above 1kV, and 

1.5 for voltages at or below 1kV 



38 

 

En is incident energy normalized  

t is arcing time (seconds) 

D is distance from the possible arc point to the person in millimeters (see Table 4.3) 

x is the distance exponent from Table 4, (see Table 5.2) [13]. 

The arc flash hazard distance is a measurement of the proximity with respect to electrical 

equipment that a worker could expect to experience the effects of an arc flash.  The working 

distance, also defined in this standard in Table 4.3.   

 

 

Table 4.3.  Classes of equipment and typical working 

distances [13].  

 
. 

Finally, the Flash Protection Boundary can be calculated. 

 

DB = [4.184 Cf En (t/0.2) (610
x
/EB) ]

1/x      

 
(4.7) 

 

where: 

DB is the distance of the boundary from the arcing point (mm) 

Cf is a calculation factor 

1.0 for voltages above 1 kV, and 
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1.5 for voltages at or below 1 kV, 

En is incident energy normalized20 

EB is incident energy in J/cm2 at the boundary distance 

t is time (seconds) 

x is the distance exponent from Table 4. 

Ibf is bolted fault current 

EB can be set at 5.0 J/cm2 for bare skin (no hood) or at the rating of proposed PPE [13]. 

Formulae specific to certain types of current-limiting classes of fuses have been developed and 

can be referenced in the standard. 

Similarly, circuit breakers of different ratings have different applicable equations.  Reference 

[13] includes a convenient table which the designer can quickly reference to deduce the Incident 

energy and Flash Boundary.  Included in this table are three types of circuit breakers; molded-

case circuit breakers (MCCB), insulated-case circuit breakers (ICCB), and low-voltage power 

circuit breakers (LVPCB).  Five types of trip units are listed; thermal-magnetic trip units (TM), 

magnetic (instantaneous only) trip units (M), electronic trip units have three characteristics that 

may be used separately or in combination (E), long-time (L), short-time and (S), and 

instantaneous (I).  Some trip units are listed in combination with one another. 
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Table 4.4.  Equations for incident energy and flash-protection boundary by circuit breaker type and rating 

[13]. 

 

Refer to Sections 5.6 and 5.7 of [13] for more details about the equations used to build Table 5.4. 

4.3.4 National Electrical Code 

While the document from [12] informs workers as to the hazard they may face while working on 

a live system, the NEC mandates electrical equipment be marked, indicating hazardous 

conditions, if the equipment will likely require maintenance or examination while energized.  

Section 110.16 of [5] requires that such electrical equipment be marked to warn qualified 

personnel of potential arc flash hazards.   

4.3.5 Occupational Safety and Health Administration 

The Occupational Safety and Health Administration (OSHA), has developed standards that must 

be acknowledged by workers and employees in the workplace.  OSHA 29 CFR [15] limits 

instances when it is appropriate to work on energized equipment in Subpart S 1910.333.  It 

states, “Live parts to which an employee may be exposed shall be deenergized before the 

employee works on or near them, unless the employer can demonstrate that deenergizing 

introduces additional or increased hazards or is infeasible due to equipment design or operational 

limitations.” 
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Note that financial hardship due to deenergizing equipment is not mentioned among the adequate 

reasons to work on or near energized equipment. 

 

4.4 Minimizing the Risk 

So far, this chapter has outlined the types of risks associated with Arc Flash and the Codes and 

Standards which have been written with the intent to minimize risks for damage to equipment or 

injuries to workers.  The topic of Selective Coordination becomes controversial at the conceptual 

intersection of keeping people and equipment safe during an outage of primary power and as a 

result increasing the risk of Arc Flash.  This poses a contradictory problem for engineers.   

 

Engineers must rely on engineering judgment to develop safe electrical distribution systems.  

Sometimes this may mean involving the local approval authorities for special cases in order to 

ensure that the system is designed, installed, and operated in an appropriate way.  

Communication with the AHJ is covered in the Chapter 5.  
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CHAPTER 5 - PERMITTING PROCESS  

 

When a client hires a design team, usually consisting of architectural and engineering members, 

to design a building, certain items require approval from the AHJ before the building is 

constructed.  The architects and engineers must be aware of all requirements for the respective 

AHJs and understand how to present proof of compliance.  Usually, municipality, county, and 

state AHJs require the design team to seek Building Permits for individual systems.  For 

example, the lead electrical engineer for a design will need to provide documentation to prove to 

the AHJ that all requirements are met for an Electrical Permit before the electrical distribution 

system can be installed in the building.  These requirements often include details for Selective 

Coordination.  This chapter briefly explains the approval process and how Selective 

Coordination fits into that process. 

 

5.1 Approval Process 

In most cities within the U.S., those wishing to either construct a new building or renovate an 

existing one, need to pull a building permit from the local permitting office.  In the City of Los 

Angeles, California, for instance, the Los Angeles Department of Building Safety (LADBS) is 

the permitting entity for the city.  For new construction of commercial buildings, for example, a 

set of documents which have been stamped by a licensed Professional Engineer for many of the 

buildings systems will be needed to obtain a building permit.  These systems include Structural, 

Mechanical, Plumbing, and Electrical.  The electrical documents for LADBS must include a hard 

copy of the 2-dimensional drawings of each level, the Single Line Diagram of the entire 

electrical system, and calculations done, including a report outlining the coordination of the 

OPDs.  All of these requirements are outlined on the LADBS form titled “City of Los Angeles 

LARUCP Electrical Plan Check Correction List” [16].  In Los Angeles, as part of the approval 

process, a “plan checker”, employed by LADBS, will thoroughly check the plans for accuracy 

and code compliance.  Reference [16] lists most electrical requirements that the plan checker will 

be looking at while reviewing the submitted documents.  The plan checker will make notes by 

the items they feel are incomplete or need corrected.  A plan checker in Los Angeles will be 
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paying attention to item Q-13 and Q-17 when reviewing the Selective Coordination portions of 

the design.  Item Q-13 tells the plan checker that selective coordination, as outlined by the 

California Electrical Code (CEC) [17], is required.  Q-17 tells the plan checker that a study must 

be submitted for the electrical systems included in the CEC Articles 700.27 and 701.18.  

Excerpts of this form as pertaining to Selective Coordination are included in Appendix C. 

The electrical engineer will make any necessary revisions based on the plan checker’s comments 

and return the documents to LADBS once more.  If no errors or omissions are found in the re-

check, a permit is approved for that system and the client may pull that permit when they are 

ready to start construction.   

In the above scenario, LADBS is the Authority Having Jurisdiction (AHJ).  This is the entity that 

the engineer should be in contact with from very start of their involvement with the project.  

City, county, and state AHJs often adopt existing national or international codes for buildings.  

Examples of these would be the National Electric Code (NEC) or the International 

Electrotechnical Commission (IEC).  The city, county, or state may then write their own 

additions, exclusions, or addendums to the adopted code.  Each city, county, and state code 

regulation board has its own chronological cycle for adopting newer versions of the code and 

updating their own additions, exclusions, or addendums.  For instance, the state of California 

adopts and amends the applicable revision of the NEC and issues the latest version of the CEC 

every three years. 

5.1.1 Local Code Compliance 

Regarding Selective Coordination, Reference [17] has been amended in the 2010 revision.  As an 

example, Article 100 for both has been edited to change the definition of “Coordination 

(Selective)”.  The amendment is indicated by italic text below: 

“Coordination (Selective).  Localization of an overcurrent condition to restrict 

outages to the circuit or equipment affected, accomplished by the choice of 

overcurrent protective devices and their ratings or settings, [OSHPD 1, 2, 3, & 4] 

utilizing the 0.10 second level of the overcurrent protective device from the time 

current curve as the basis for the lower limit of the calculation method.” [17] 
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Seattle, Washington presents another case where the NEC is adopted and amended by a local 

AHJ.  The City of Seattle Electrical Code has, among other amendments, modified Article 

700.27 by adding their own exception to the instances when Selective Coordination is required 

for Emergency Systems [18].  The added exception reads: 

“Exception No. 2: When an electrical engineer provides stamped fault current 

calculations, the emergency system(s) overcurrent protective devices may be 

selectively coordinated with emergency system supply side over current protective 

devices for faults with a duration of 0.1 seconds and longer.”  

The City of Seattle completely deleted the definition of  “Coordination (Selective)” from Article 

100. 

Cities, counties, and states are not the only entities which go through such a process to enforce 

specific codes upon buildings.  Federal government buildings, hospitals and schools, for 

instance, often have special governing bodies which have their own adopt-and-amend process for 

building codes.  Such requirements are usually more stringent and in addition to the city or state 

requirements.  The designer will need to be in contact with entities such as these as well from the 

beginning of the project.  Some examples of specific requirements for specific building types 

include the following: 

• General Services Administration (GSA) requirements for federal government projects  

• Division of the State Architect (DSA) requirements for public schools in California 

• Office of Statewide Health Planning and Development (OSHPD) requirements for 

hospitals in California. 

Understanding the AHJ’s current expectations for Selective Coordination compliance and 

documentation will be key in obtaining a permit in a thorough and efficient way.  As stated in 

Chapter 2, Selective Coordination can become quite a cumbersome exercise and sometimes 

requires the skills of an expert.  Most AHJ personnel are not experts in this skill set.  Thus, clear 

and concise documentation can help the engineer relay their design intentions to the Plan 

Checker.  And what’s more, if the engineer has been in contact with the Plan Checker from the 

onset of the project, they will have a better understanding of what will be presented for their 

review. 
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5.2 Typical Documentation 

Electrical documents submitted to the AHJ for approval, generally need to be stamped and 

signed by a licensed Professional Engineer (PE).  They include plans, diagrams, and calculations.  

The Plan Checker is interested in seeing calculations that include a Short Circuit Analysis, 

Selective Coordination, and Arc Flash Hazard Analysis for the building.  All three documents 

should be reviewed together, at the same time, since, as implied in previous chapters, they are 

interdependent.  Calculations such as these are usually required to be submitted in hardcopy form 

on 8.5x11inch paper.   
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CHAPTER 6 - UNDERSTANDING THE RISKS 

 

An important aspect of the decision making process for engineers is fact finding.  Throughout 

their careers, engineers are expected to use their “engineering judgment” to make decisions about 

unique cases, sometimes for which no written code or industry standard may be available.  Many 

building electrical engineers have found, and will continue to find themselves having to use 

engineering judgment when designing systems that are selectively coordinated.  This topic, in 

particular, requires the engineer to weigh the risks of having a selectively coordinated system 

with higher Arc Flash Hazards against the chances of an overcurrent event during a primary 

power source outage.  The engineer can make a better-informed decision if he or she understands 

the risks. This chapter highlights data and statistics that can be useful in making informed 

decisions about Selective Coordination. 

 

6.1 Selective Coordination: Arc Flash Risks Exemplified 

The purpose of this report is, in part, to raise awareness of the risks associated with selectively 

coordinated electrical distribution systems.  Eaton Corporation, in their white paper, “Selective 

Coordination versus Arc Flash - The Great Debate and Update” use a simple example calculation 

of Arch Flash incident energy and Hazard Categories to demonstrate the impact on the Arc Flash 

risks associated with Selective Coordination.  The paper states that, “… when larger frame 

MCCBs with higher instantaneous settings or PCBs with higher short delay time settings are 

required to meet NEC selective coordination requirements typically, considerably higher arc 

flash energy results.”[19] 

 

Reference [19] describes an arc flash study performed to 1584 guidelines to compare the results 

of a system with MCCBs meeting requirements before the 2005 NEC Selective Coordination 

requirements and MCCBs meeting requirements as set forth after the 2005 NEC Selective 

Coordination requirements.  This study concluded that, “…the level of arc-flash for the 

selectively coordinated system is significantly greater than the initially designed system.  In 

addition, instantaneous settings on the generator breaker and the opening times of the normal and 
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emergency MCCBs are longer than 3 cycles, which may require specially rated electrical circuit 

components and special bus bracing…”[19] 

 

The results of this study were tabulated to illustrate the differences in the system initially and 

then after the incorporation of selective coordination.  Refer to Table 6.1. 

 

Table 6.1.  Arc Flash Calculations Results (Reproduced from [19]).  

 
 

The increase in both the incident energy and PPE category is significant.  Table 6.1 very clearly 

shows the great risk to those working on live equipment that comes along with the practice of 

Selective Coordination. 

 

6.2 Personnel Risk 

Data gathered by the National Institute for Occupational Safety and Health (NIOSH) under the 

U.S. Department of Health and Human Services (DOHHS) has published in a report entitled, 

“Worker Deaths by Electrocution; A Summary of NIOSH Surveillance and Investigative 

Findings” [20].  This report covers the frequency and causes of death by electrocution in the 

work place.  NIOSH states that between the years of 1980 and 1992, electrocutions across all 

industries were the 5
th

-leading cause of death equating to “…7% of all fatalities and an average 

of 411 deaths per year”.  
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The fatalities were grouped into categories based on causes. For the cases as pertaining to 

building electrical systems and the maintenance of the systems, the “contacted short-circuited, 

damaged, or improperly installed wire or equipment” category is the most applicable cause.  This 

category only accounted for 3% of the fatalities.  That equates to an average that would more 

likely be close to 13 fatalities per year.  Other causes included boomed equipment and/or 

vehicles, which are not usually required for commercial building electrical system access.   

To further understand the trends of worker safety regarding electrocution, Figure 6.1 illustrates 

the significant drop in worker fatalities over the 12-year period studied. 

 

Figure 6.1.  Frequencies and Rates of Electrocution Deaths Identified by 

NTOF by Year, 1980-1992 [20]. 

 

NIOSH also conducted a study focusing on 244 specific cases of electrocution in the work place 

over a time spanning from November 1982, to December 1994.  Of the 244 cases studied, “Two 

incidents involved AC arcs [20].”  This quantity is worth noting for two reasons; 1) AC Arc 

Flash is one of the greatest concerns to engineers when designing a selectively coordinated 

system, and 2) Selective Coordination as defined in the NEC today, was not a requirement 

during the time of this study.  Also worth noting, NIOSH concluded, that for their study of the 

244 cases, “Most of the 244 occupational electrocution incidents investigated … could have been 
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prevented through compliance with existing OSHA, NEC, and NESC [National Electrical Safety 

Code] regulations; and/or the use of adequate … PPE.”   

Statistics such as those listed in this section, based on installations within commercial buildings 

compliant with the newer Selective Coordination requirements, will be needed to understand the 

impact of their implementation in regards to worker safety.   

6.3 Power Outage Frequencies 

Yet another aspect to consider in designing selectively coordinated building electrical systems is 

the frequency of primary power source outages.  Eaton Corporation releases an annual report 

about U.S. power outages entitled “Blackout Tracker” [21].  This report outlines the quantity, 

frequency, and causes of electric grid power outages.  Since most commercial buildings use 

utility electricity as their primary source of power, understanding the real chances of an outage 

may provide the engineer with more data upon which to base his or her decisions in regards to 

Selective Coordination.   

Eaton’s report lists which states have the most outages and the most common causes of these 

outages.  For example, in 2010, California topped the list with 508 outages and that the average 

outage for the year was nearly 4 hours.  Also, the report indicates that the predominate causes of 

outages across the U.S. are caused by weather and fallen trees, as well as equipment failure and 

human error as Figure 6.2 illustrates.  In contrast, however, Figure 6.3 shows how two states, 

California and Kansas, for example, can have very different profiles even as compared to the 

U.S. as a whole. 



 

Figure 6.2.  Reported Power Outages by Cause

 

 

Figure 6.3.  Reported Power Outages by Month for 

The California and Kansas comparison shows that the frequency and duration of outages greatly 

varies by state and across each month.  

variables in decisions about Selective 

  

Reported Power Outages by Cause [21]. 

Reported Power Outages by Month for California (on the left), Kansas (on the r

The California and Kansas comparison shows that the frequency and duration of outages greatly 

month.  Design considerations could go as far as to 

elective Coordination. 
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on the right) [21]. 

The California and Kansas comparison shows that the frequency and duration of outages greatly 

could go as far as to include such 
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CHAPTER 7 – CONCLUSIONS 

 

Within the U.S., Selective Coordination has become a topic about which most electrical 

engineers have major concerns.  These concerns have arisen in recent years due to changes in the 

NEC since the 2002 revisions.  Electrical engineers are bound, in their designs, by a combination 

of national, state, and local codes and standards, as well as local AHJ requirements.  Engineers 

must first understand the code and standard requirements for Selective Coordination and also 

establish a line of communication with the AHJ for each project early in the design phase in 

order to gain perspective on the AHJ’s interpretations and requirements.  What is more, the 

engineer must make judgment calls to fill the gaps left between codes and standards and the AHJ 

interpretations in order to deliver an electrical distribution system design that is both functional 

and safe. 

Within a selectively coordinated system, choice of protective devices becomes very important.  

The engineer will need to fully understand the implications of each type of OPD and their 

individual features and settings.  Circuit breakers and fuses have become the most common types 

of protective devices in commercial buildings, each having its own set of appropriate 

applications.  These devices operate in different ways and the engineer will need to understand 

how each work and how they perform in combinations.  The features and settings of each will 

allow for leniency in achieving coordination between two devices, but often at the cost of 

increasing the Arc-Flash Hazard. 

A short-circuit study is needed to understand the available fault current at a given point within 

the distribution system.  The engineer can reference [6] for a set of assumptions and calculation 

algorithms that will set him or her up with “best practice” results.  The data obtained from the 

short-circuit study can be used to re-evaluate the robustness of the electrical equipment and 

components, making sure the Interrupting Rating for each OPD is appropriate.  

Understanding the results from the short-circuit study is key in investigating the impacts of the 

system’s design on the resulting Arc Flash Energy.  Often when OPD are selectively 

coordinated, the up-stream device is held into the fault condition allowing energy to build; the 
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more energy that builds, the higher the Arc Flash Hazard.  When personnel are faced with 

working on or near live parts, their job becomes more dangerous with higher Arc Flash Hazard 

levels.  This is why an Arc Flash Analysis is a critical task for the engineer. 

Every AHJ can have a unique set of requirements regarding Selective Coordination.  An open 

line of communication should be established early in the design process to determine the exact 

requirements for design and documentation before construction starts.  After the contractor has 

placed orders for components like OPDs, any Change Orders will most likely result in higher 

costs to the contractor and consequently to the client.   

The engineer must weigh the risks of having a selectively coordinated system with higher arc 

flash hazards against the chances of an overcurrent event during a primary power source outage.  

The engineer can make a better-informed decision if he or she understands the risks. While 

statistics show that the number of on the job electrocutions continues to fall, an engineer must 

now consider the fact that with a selectively coordinated system, a worker could have been 

exposed to a deadly Arc Flash that may have only been an electrical shock without selectivity.   

Electrical engineers must not only understand the devices they specify and the applicable codes, 

understand interpretations by local AHJs, but also find a balance between developing a 

coordinated system and minimizing the risks that are inherent to such a design.    

The influences that have driven the changes to the NEC are often speculated, but ultimately 

unknown.  Statistics, such as those presented in Chapter 6, show the numbers of deaths by 

electrocution have decrease every year.  Yet, now, electrical engineers are being required to 

design systems with higher levels of danger when it comes to working on or near live parts.   

Future work for this topic should include data gathering about Arc Flash Energy increases due to 

selectively coordinated systems, as well as statistics about frequencies of primary power sources 

outages.  What’s more, statistics should be gathered about how often workers are required to 

work on or near live parts during periods of primary power source outages.  Selective 

Coordination requirements should be either justified or found unnecessary with such figures. 
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APPENDIX A – SELECTIVE COORDINATION EXAMPLE 

 

Appendix A exemplifies common steps that need to be taken through the course of achieving 

Selective Coordination.  In this example, the assumption has been made that Selective 

Coordination requirements are applicable only to the secondary supply side of the system and 

that TCCs should only be required to be coordinated above 0.1 seconds.   

The Single Line Diagram (SLD) in Figure A.1 illustrates the topology of the example electrical 

distribution system that includes equipment and arrangement that is typical to small commercial 

buildings in the U.S.  As is often the case for commercial buildings, circuit breakers have been 

used as the OPD type.  Also common in commercial buildings, the secondary source of power 

will be a back-up generator and for this example it will feed loads on an Emergency System as 

defined by [2].   

Because the focus of this example is on the processes for selecting OPD which will result in a 

selectively coordinated system, details about conductors and their lengths have been neglected 

for simplicity.  In practice, conductor data would be included in the  short-circuit analysis and a 

plot of the conductors’ fault current ratings would be include with the TCCs to ensure the OPD 

will protect the equipment/loads as well as the conductors. 

Also, in practice, ground fault protection is required by [2] for particular instances as discussed 

in Chapter 2.  Ground fault protection is outside the scope of this example. 

SKM Power Tools Software (v. 6.5.2.6, Build 2) was used to develop the SLD as well as the 

TCC images and some of the tables that follow.  The OPD selected for this example are from the 

choices available within the SKM electronic Library for devices manufactured by Square D.  

Table A.1 outlines the significant data for each piece of equipment included in the following 

analysis.  Table A.2 summarizes the data for the initially designed OPD for the system. 
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Figure A.1.  Electrical Distribution System Single Line Diagram. 
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Table A.1.  Initial Electrical Component Data. 
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Table A.2.  Initial Circuit Breaker Summary. 

 

To begin the analysis, all the OPD TCCs had to be gathered.  Figure A.2 shows all the TCCs for 

devices that would be in operation while the system’s secondary source, the Generator, is 

supplying electrical power to the equipment being fed from EDB.  Initially, the OPD are selected 

based on load type and size required per minimum and maximum limitations outlined in the 

NEC [2].  Even with these two criterions, there are many choices among many manufacturers for 

OPD.  Thus, more than one right combination of devices exists.  In most cases, an electrical 

engineer will begin by selecting devices all from one manufacturer, and within the same 

“family” or type when possible.   
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Figure A.2.  Initial Emergency System TCC’s. 

Quickly, the engineer can observe from Figure A.2 that work is required in order to achieve 

Selective Coordination among the curves under consideration.  The engineer should start by 

analyzing the TCCs for devices furthest down-stream and work upward to the source.   

For this example, the following devices will be considered in order to exemplify the selective 

Coordination process: 
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• CB 02 

• CB 04 

• CB 06 

• CB 16 

• CB 17 

• CB 18 

Devices not included in this example would be handled in a similar fashion as those that are 

included.   

Figure A.3 shows only the TCCs for CB 02 and CB 04 at the farthest down-stream point for the 

example system. 
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Figure A.3.  Initial TCCs for CB 02 and CB 04. 

The TCCs overlap for the entirety of their instantaneous regions.  Either devices should be 

changed or, when possible, settings should be adjusted to move the curve for CB 04 to the right 

of CB 02 as to ensure that CB 02 operates before CB 04.   For this example, the device had to be 

switched for CB 02 and the instantaneous setting for CB 04 had to be set to its highest set point 

for the two to coordinate.  Figure A.4 shows the coordinated pair of OPD. 



A8 

 

 

Figure A.4.  Final TCCs for CB 02 and CB 04. 

The same steps should be used to ensure selectivity for CB 13.  Since the loads protected by CB 

02 and CB 13 are the same, the same OPD can be used for CB 13 as was used for CB 02. 
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Next, the relationship between CB 04 and CB 06 was investigated.  Per NEC Article 700.27 for 

Emergency Systems [2], the OPD on the Primary and Secondary sides of a transformer do not 

have to be coordinated since an open circuit due to either of the devices opening results in the 

same amount of equipment being isolated and disconnected from the source.  The initial curves 

for CB 04 and CB 06 were fairly close to being coordinated before the coordination exercise 

began.  Figure A.5 illustrates the initial TCCs for these two OPD.    

 

Figure A.5.  Initial TCCs for CB 04 and CB 06. 
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Since CB 04 had to be changed to coordinate with CB 02, the relationship between CB 04 and 

CB 06 became less desirable.  The curve for CB 04 actually moved to the right of CB 06 as 

shown in Figure A.6. 

 

Figure A.6.  Final TCCs for CB 04 and CB 06. 
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The same process is repeated for each OPD, as required, as the electrical engineer moves up-

stream toward the source.  The following figures show the initial and final relationships for 

adjacent OPD moving toward the generator. 

 

Figure A.7.  Initial TCCs for CB 06 and CB 16. 

Once again, the instantaneous setting for the upstream breaker, CB 16, in the case shown in 

Figure A.7, had to be set to the highest set-point available on the device.  Figure A.8 shows the 

closest to “coordinated” that these two particular devices can be.  Notice the top of the two 

curves is barely touching. 
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Figure A.8.  Initial TCCs for CB 06 and CB 16 after adjustment to CB 16. 

Figure A.9 shows just how little the two curves overlap. 

 



A13 

 

 

Figure A.9.  Top of TCC for CB 06 and CB 16. 

In the end, a new device has to be selected for CB 16 in order to ensure there is no overlap 

between the two curves.  When curves like those shown in Figure A.9 are so close, it is best to 

consult with the device manufacturer.  In this example, only one device existed that was any 

better fit as shown in Figure A.10.  Figure A.11 shows that even these two devices nearly meet at 

the time of their curves. 
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Figure A.10.  Final TCCs for CB 06 and CB 16. 
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Figure A.11.  Top of Final TCC for CB 06 and CB 

16. 

Achieving Selective Coordination for the devices at EDB exemplifies some of the challenges 

that engineers will face while completing such a task.  As stated above, for this manufacturer’s 

particular set of OPD, there were only two devices that would work for this exercise.  The 

engineer has a few other options for solving this challenge.  Fuses could be used, as they lend a 

TCC that is more easily coordinated.  Also, the engineer could decide to do away with CB 16 all 

together.  CB 16 is not required by code.  It is a main circuit breaker for EDB and allows workers 

to de-energize the entire board with one device.  Main breakers are common for safety reasons in 

commercial applications. 

The next step would be to coordinate CBs 11, 12, and 08 with CB 16.  This example does not 

cover these steps as the manufacturer would need to be consulted about the best options for OPD 

that will work together. 

Coordination is not required for CB 16 and CB 17 per the exception listed in NEC [2] as was the 

case for the devices on either side of the E TRANSFR.   
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The next step would be to select devices that coordinate for CB 17 and CB 18.  Figure A.12 

shows the initial relationship between the two devices.  The two devices seem to be coordinated 

to the 0.1 second level already.  Thus, the devices do not need to be changed or adjusted. 

 

Figure A.12.  Initial and Final TCCs for CB 17 and CB 18. 

Finally, Figure A.13 shows the group of TCCs for the devices coordinated in this example.  The 

OPD are, overall, coordinated to 0.02 seconds which is well below the 0.1 second requirement..  
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Notice that CB 04 and CB 17 seem to have very little or no white space between their curves.  

This is another instance when the device manufacturer should be consulted to ensure limited 

outages are experiences during a fault current event.   

 

Figure A.13.  Final TCCs for Emergency OPDs. 

A final summary of the designed circuit breakers is provided in Table A.3. 
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Table A.3.  Final Circuit Breaker Summary. 
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APPENDIX B – SHORT CIRCUIT ANALYSIS  

The following example is taken from Chapter 2 of [6] and includes calculations using the Direct 

Method approach. 
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APPENDIX C – LADBS ELECTRICAL PLAN CHECK CORRECTION 

LIST: SECTIONS PERTAINING TO SELECTIVE COORDINATION 
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