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Abstract – As a result of new requirements in NFPA 70E,
many facilities are performing arc-flash hazard analyses to
protect personnel from the possibility of being injured in an
arc-flash incident. In many cases in the petrochemical
industry, it is unsafe or not practical to shut down electrical
equipment to do work. This paper explores practicable
options that a facility has to reduce incident energy levels in
existing low-voltage systems where the arc-flash hazard
analysis results in unacceptably high levels. It will also
explore a case study, in the Gulf of Mexico, where an
offshore oil production platform was able to cost effectively
reduce incident energy levels from approximately 170
2
2
calories/cm to under 15 calories/cm by implementing a
zone selective interlocking system into their low-voltage
switchgear. The selection process logic involving equipment,
personnel considerations and commissioning will all be
addressed.

high incident energy levels. The case study represents the
Company’s first field implementation of a ZSI system for the
purpose of reducing incident energy.

Fig. 1 Tension Leg Platform
Index Terms — Arc-flash, Incident Energy, Electrical
Safety, Zone Selective Interlocking, Arc-flash Reduction,
Incident Energy Reduction, Low-voltage Switchgear.
I.

A.

The facility has its own independent electrical power
distribution system (Figure 2).

INTRODUCTION

This paper will describe a case study, demonstrating how
a facility utilized a zone selective interlock (ZSI) on lowvoltage switchgear to significantly lower incident energy
levels. This paper will describe the methods used to identify
equipment with high incident energy potential, the training of
employees to recognize the hazards of arc-flashes, the
technologies considered to lower incident energy levels, the
technology selection process, and finally, the results of the
installation.
II.

Power Distribution System
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CASE STUDY: IDENTIFYING THE PROBLEM

480 V

The case study is of an offshore oil and gas producing
facility located approximately 135 miles southeast of New
Orleans, Louisiana. The facility is a four-column, pontoontype hull, secured to the seafloor by steel tendons, giving it
the name of tension leg platform (TLP) (Figure 1). In 2003,
The Company began a program of performing arc-flash
energy calculations on all of its facilities. The TLPs have the
most employees and the greatest number of technicians
exposed to potential arc-flash hazards. These TLPs were
given priority over other facilities in developing solutions to

2 MVA

2 MVA

480 V

Fig. 2 Case Study One-Line Diagram
The power plant consists of four 4160 V, 5 MW gas
turbine driven generator sets feeding a single bus. The
medium-voltage bus feeds some large induction motors and
three 2 MVA 4160 V to 480 V transformers. One of these
transformers feeds the process module, which is one set of
low-voltage switchgear. The other two transformers feed the
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power module, which is another set of low-voltage
switchgear. The power module has two incoming circuit
breakers and eight distribution circuit breakers. Both power
module transformers normally operate in parallel with no tie
breaker. The power plant produces a large amount of short
circuit current. The available three-phase fault current on the
power module switchgear is approximately 65 kA.
B.

3.
4.
5.

After the studies were complete, individualized solutions to
2
buses with incident energy values over 40 cal/cm were
developed.

Electrical Safe Work Practices

The 2002 National Electric Code (NEC) required field
marking all electrical equipment with warning labels
indicating the potential danger of an arc blast [1]. The
company decided to conduct incident energy calculations on
each power system in order to determine appropriate level of
arc-flash personal protective equipment (PPE) and the flash
protection boundary.
For this case study, the operating company oversees a
total of twenty facilities. These are both onshore and offshore
oil and gas producing facilities. A central engineering group
provides support to these facilities. The company has
adopted a standard for electrical safe work practices for all of
its facilities. Because of the NEC marking requirements, this
standard states that a flash hazard or arc-flash analysis must
be performed to, at a minimum, determine the:

A.

One-Line Diagram Model

The power systems analysis software based calculations
on the data associated with equipment on the model’s oneline diagram. The model was created as accurately as
possible from the facility’s one-line drawings. The main
components of the model were the generators, transformers,
cables, loads, buses and protective devices (circuit breakers,
fuses, motor circuit protectors, overloads and relays). The
bus is the point where the short circuit current and incident
energy values were calculated by the software.
Some of the assumptions made by engineers creating the
model were:
1.

1)
2)

Flash Protection Boundary, and
The PPE that people within the Flash Protection
Boundary must use
2.

The standard requires that a flash hazard analysis be
calculated for all electrical buses and circuits. It also states
that no energized work may be performed if the available
arc-flash energy is greater than 40 calories per centimeter
2
squared (cal/cm ).
C.

3.

Electrical Safety Program

In addition to the electrical safe work practices, the
Company has implemented an electrical safety program.
The intent of this program is to familiarize the electricians
and technicians who will be working on energized electrical
equipment operating over 50 V with NFPA 70E [2]. The
program includes a series of classroom course work and
computer based training as well as a practical examination.
The electricians and technicians are given authorization
levels according to their experience and level of training. A
senior authorized electrical person will have authority over all
energized electrical work performed by staff or contractors
on the site.

4.

B.

A power systems analysis software package was used to
model the power systems of each facility. The analysis,
including a flash hazard analysis, consisted of the following
steps:

2.

Include only motors 30 horsepower (HP) and greater
in the model. For MCCs and panels with loads smaller
than 30 HP, the largest motors or loads were
modeled.
120/208-volt lighting and distribution panels fed by
transformers that are less than 125 KVA were not
included in the incident energy calculations. They
were labeled as having a PPE class 0 rating and an
18-inch flash protection boundary.
120/208-volt lighting and distribution panels fed by
transformers that are greater than or equal to 125
KVA were modeled to calculate the incident energy
on the load side of the main circuit breaker.
Non-rotating loads, such as heaters, were
disregarded unless the feeder circuit breaker was
large enough that it needed to be coordinated with
upstream circuit breakers.
Electrical System Data

After the model was completed, data on the electrical
equipment was collected and entered into the model. A site
visit by the engineer conducting the study was helpful. If a
site visit was not practical, a request for data was given to
operations personnel, who were familiar with electrical
equipment at the site. Before the site visit, the engineer
prepared a list of what data needed to be collected. Pictures
were taken and nameplate data was recorded for all major
components.
1) Generators: Data sheets provided by the generator
manufacturer usually provide most of the required
information. The generator data is critical in calculating the
short circuit currents and needs to be accurate. If the system
is fed by a Utility, the available short circuit current must be
obtained from the Utility.
2) Transformers: For transformers over 500 KVA, the
%Z from the nameplate is required in the model. The

III. POWER SYSTEM STUDIES

1.

Reviewing the protective device coordination and
making the recommended changes in the field.
Calculating short circuit and arc-flash calculations and
posting to a central database.
Creating arc-flash warning labels and posting at the
site.

Creating a one-line diagram model from existing oneline drawings in the database.
Obtaining the electrical system data from the field that
was not provided on the one-line drawing.
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impedance affects short circuit currents and needs to be
accurate for large transformers. For smaller transformers,
typical data provided by the software is suitable.
3) Cables: Cable lengths for critical cables (such as
generator, MCC and switchgear feeders) are required.
Longer cable lengths increase impedance, and result in
lower short circuit currents. Lower short circuit currents tend
to increase protective device operating times and may result
in higher incident energies.
4) Loads: Horsepower and kW are required. Motors
will act as a generator in a short circuit event by contributing
current to the fault. To accurately model the motor
contribution current, the subtransient impedance and X/R
values need to be appropriate for their horsepower levels.
5) Protective Devices: The software has a library that
contains time current curves (TCC) for most protective
devices. The manufacturer and series, or type, is required to
find these devices in the library. Settings of relays and circuit
breakers and other adjustable devices are required. TCCs
for protective devices not in the library can often be obtained
by requesting it from the software manufacturer. Otherwise,
the software manufacturer can build a library file from a TCC
provided by the device manufacturer.
6) Buses (MCCs, Panels and Switchgear): Ampere
rating and short circuit withstand ratings are useful in
determining if equipment is underrated. The arc fault
analysis assumes all protective devices are applied within
proper interrupting capacity ratings. The nameplate data on
switchgear, MCCs, and panels should be recorded.
7) Grounding System: Generators and transformer
wye connections can be solidly, high resistance or lowimpedance grounded. This is calculated by entering the
value of the resistance in Ohms into the model. The
grounding system affects the single line to ground fault
current.
C.

In the case study, adjusting the settings did not achieve
lower incident energy levels while maintaining selectivity.
The incoming circuit breakers, Breaker 1 and 2 and the
largest distribution circuit breaker and fuse of the power
module (Figure 3) of our case study are shown in the TCC in
Figure 4. Note that it is impossible to reduce the short time
2
pick up and maintain selectivity. The I T setting could not be
set to the ‘out’ position or selectivity with the fuse would be
lost.
This TCC shows that selectivity was achieved between the
incoming circuit breakers and the largest distribution breaker
and fuse. The cause of the high incident energy on the line
side of this switchgear is the long amount of time it takes to
clear the arcing fault.

Breaker 1 & 2

Arcing
Fault
Trip Time
Largest
Distribution
Breaker &
Fuse

Review Protective Device Coordination

It is not unusual for the existing settings of protective
devices to deviate from the original settings. Reviewing the
protective device settings may produce opportunities to
reduce incident energy levels by decreasing the trip times of
protective devices. Reviewing the TCC’s and adjusting the
settings to levels that still achieve coordination, can reduce
incident energy levels.

Fig. 4 Case Study TCC with Both Incoming Breakers and
Largest Distribution Breaker and Fuse
D.

Incoming
Breaker 1

3

4

5
6
7
Distribution Breakers

9

Run Short Circuit and Arc-flash Calculations

A short circuit current calculation was completed to
determine arcing currents and incident energy levels. When
the buses with high incident energy were identified, the
device settings were reviewed. The short circuit study was
completed for the worst-case scenario. In the case study, the
worst-case scenario was with all four generators online and
all three transformers online. The arc-flash study, however,
was completed for the normal operating scenario. In the
case study, the normal operating condition was three
generators online and all three transformers energized. The
arc-flash labels and calculation spreadsheets represent
normal operating conditions, or the scenario that an
electrician is most likely to encounter when doing work. For

Incoming
Breaker 2

8

Arcing
Current

10

Fig. 3: One-Line Diagram of the Power Module
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all other operating conditions, electricians were trained to
contact their support electrical engineer to calculate the
incident energy and determine PPE levels for the conditions
that will exist while energized work is being performed.
Table 1 shows the initial arc-flash calculations for the
power module switchgear under normal operating conditions.

6.

IV. TECHNOLIGIES AVAILABLE TO REDUCE
INCIDENT ENERGY

TABLE 1
POWER MODULE - LOAD SIDE INCIDENT ENERGY
CALCULATIONS
Protective
Trip/Delay Incident
Protective Protective
Device
Device Bolted Device Arcing Time (sec.) Energy
Fault (kA)
Fault (kA)
(cal/cm2)
Name
170
Breaker 1
21.11
9.02
2.222
170
Breaker 2
21.08
9.03
2.227

This section is a summary of options the engineers had
available to them at the time this problem was discovered.
The PCIC paper titled “Electrical Safety, Arc-flash Hazards,
and ‘The Standards’ A Comprehensive Overview” [3] was
referred to for understanding the available technologies to
combat high incident energy levels. Any of the following
solutions were plausible, and may have been the optimal
solution in a different scenario.

The trip/ delay time column shows a time of over two
seconds for the trip unit to open the circuit breaker trip
contact. This long delay of the circuit breaker opening is
caused by the low arcing fault value. This can be seen
graphically on the TCC in Figure 4. This results in a
2
catastrophically high incident energy of 170 cal/cm .
Reducing the settings to decrease the trip time will cause
mis-coordination. A solution to eliminate this risk must be
implemented.
E.

A.

Arc-flash labels were distributed to the site to warn of the
danger of working on each bus energized. An example of an
arc-flash label from the case study is shown in Figure 5. The
labels were placed in an obvious place, at eye-level, on the
equipment, one sticker per MCC, switchgear or panel. The
following information was provided on the labels:

B.

Arc Flash
Appropriate PPE Required
!! DO NOT WORK ON ANY DEVICE LARGER THAN THE MAXIMUM BELOW !!
PPE Class

Flash Boundary

LINE SIDE

3

427 inches

INCOMING BREAKER
{52-1, 52-2, 53-3, 52-4}

1

100 inches

MOTORS

-

-

BREAKERS {1200 A}

2

223 inches

Equipment Name: SWGR - 4000 4160 V, 2000 A, 250 MVA

C.

2.
3.
4.
5.

Option 3: Arc-Flash Maintenance Switch

The arc-flash maintenance switch is a switch located on
the door of a circuit breaker cubicle that will disable that
particular circuit breaker’s time delay in the event of a short
circuit. The instantaneous pickup can be set for a multiple
(2.5, 4, 6, 8, or 10 times) of the long time pick up (LTPU)
setting. This technology is reliable and inexpensive, however
the engineers did not choose this solution because it would
require a change in procedures. The engineers felt that it
was not acceptable for the hazard to still exist in the event
that an electrician neglected or forgot to follow the procedure
to activate the switch before performing energized work. In
addition, there is the possibility that the switch would not be
reset to the off position, and a nuisance trip could result from
a fault downstream.

JAN 26, 2006

Fig. 5 Example of an Arc-Flash Label
1.

Option 2: Arc Protection Relay

The arc protection relay uses fiber optics to sense the light
produced in an arc-flash. The sensing of both light and over
current triggers the operation of the circuit breaker. The
drawback to this relay is that it is expensive and impractical
to install in a lineup of 10 low-voltage static trip circuit
breakers. Another reason this solution was not chosen was
because the technology was relatively new and the
engineers preferred to see more tests conducted before
being entirely convinced of its reliability.

WARNING

For 3 Generators

Option 1: Do Not Allow Energized Work to be
Performed

Obviously, the safest solution to arc-flash hazards is to not
allow energized work to be performed ever. However, it is
not necessarily practical or safe to shut down a production
facility whenever work needs to be done. Also, the possibility
exists that a worker will inadvertently work on this gear
energized. Although rare, an arc-flash could occur while the
equipment is idle and cause serious damage. More proactive solutions were researched.

Arc-flash Labels

!

side of the distribution breakers, fuses or motor circuit
protectors.
The load side PPE class and arc-flash boundary for
the protective devices feeding motors and non-motor
loads, if applicable.

The equipment name, ampere rating, voltage, and
current withstand rating.
The date the labels were created.
The normal operating scenario.
The line side PPE class and arc-flash boundary for
the line side of the incoming breaker.
The PPE class and arc-flash boundary for the line

D.

Option 4: Zone Selective Interlocking
The ZSI technology was chosen as the best possible
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solution for the case study. Relatively inexpensive, the
installation requires only wiring and labor. The two primary
reasons for deciding on the ZSI is how well suited it is for the
switchgear in the case study and it does not require a
change in procedure or operation of the switchgear. If the
incoming breakers were not power circuit breakers with
integral trip units of the same type as the downstream circuit
breakers, the ZSI would not be an option. Also it is important
to verify that the particular model of trip unit that is in the
system has ZSI capability. It works effectively as a type of
differential protection, with fast clearing times for a fault.
BACKGROUND: ZONE SELECTIVE
INTERLOCKING

The concept of bus differential protection (87B) has been
around for a very long time. The concept measures 100% of
the current into and out of a bus. It requires 3 additional
current transformers on every breaker. Simply put,
If 100% IIN = 100% IOUT, then no trip
If 100% IIN ≠ 100% IOUT, then trip all bus breakers
instantaneously

1.
2.

Because of the space and cost aspects, it was typically
only applied at high-voltage or medium-voltage locations.
In the 1980's, ZSI was developed as almost an equivalent
and cost effective bus differential scheme for low-voltage
switchgear. It accomplished almost the same effect as 87B
protection but at a fraction of the cost. It substituted a control
logic system communicating between feeder breakers and
main breakers thereby eliminating the need for extra CT's
and their required space / cost. This control system is built
into the electronic / digital trip units of the low-voltage
breakers. Its design functionality and use have grown over
the last 20+ years. It is available now with up to 3 levels
(Figure 7), although 2 levels (main breaker and feeder
breakers - Figure 6) of application are the most common.

3.

4.

5.

It is automatic - no special precautions are required.
It only affects the short time delay and ground fault
time delay setting characteristics.
The arcing fault current must be above the short time
pickup settings (STPU) or ground fault pickup (GFPU)
settings for ZSI to be initiated and to reduce the arcflash incident energy.
It adds + 2 cycles (maximum of 3 cycles) to the
breaker clearing time (3 cycles) compared to an
instantaneous trip meaning 5 to 6 cycles total clearing
time (83ms – 100ms).
It requires slightly different breaker testing procedures
during maintenance / calibration testing.
8
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V.

high level short circuit occurs on the load side of a feeder
breaker. Both the main breaker and the feeder breaker's
digital trip units sense the fault. The feeder breaker sends a
blocking signal to the main breaker letting it know that the
fault is in its zone of protection. The blocking signal tells the
main breaker to only trip per its time delayed standard
settings (backup to the feeder breakers) while the feeder
breaker is the first to clear the fault. However, if the fault
occurs in the switchgear--such as on a primary stab fault
occurring during racking of the feeder breaker (creating an
arc-flash incident to the worker doing the racking), no
blocking signal is sent to the main breaker. Since the main
breaker senses the fault but does not receive a blocking
signal, its control logic bypasses the short time and ground
fault time delay setting characteristics and trips almost
instantly. It lowers its time delay settings to approximately 2
cycles, just enough time delay to assure nuisance tripping
does not occur. Refer to Figure 7 showing some of the
control wiring that accomplishes ZSI.
When applying ZSI, as an arc-flash solution, one must be
aware of the following:

SD=
0.3S
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8

8

9
10
11

9
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11

9
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11
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GFR
B2

3

GFR
B3

3

ZONE 3

Without ZSI = 2.22sec:
170 Cal/cm2
Greater than Cat. 4 PPE
DANGER!

Fig. 7 Illustration of Zones

With ZSI = 0.10 S:
14.6 Cal/cm2
Cat. 3 PPE

In recent years, some medium-voltage switchgear relays
are also available with ZSI. This now permits almost the
equivalent of 87B protection for smaller power systems
where bus differential relaying would generally not be
applied. The logic and theory are identical to the low-voltage
version described in this paper. Arc-flash incident energies at
medium-voltage have been lowered from over 100 cal/cm2

Fig. 6 Zone Selective Interlocking System
ZSI is best described visually. Refer to Figure 6. Assume a
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to less than 30 cal/cm2 using ZSI.

the system was energized. Select circuit breakers could be
equipped with the ZSI wiring and placed back in service.
1) Pre-Blackout Work: The 2 MVA transformers are
100% spared, that is, one transformer can power the loads
on the switchgear. Circuit breakers 1 and 2 could be racked
out and worked on individually the night before the blackout.
First, the arc-flash energies were calculated for the scenario,
two generators online and one transformer energized, to
determine if the circuit breakers could be safely racked out
while energized. The calculation results are in Table 2. It was
also determined that a spare circuit breaker and a tie breaker
to the emergency generator bus, could be racked out and
worked on before the blackout. The work permitting and pre
work safety meetings were also completed the night before
the blackout.

VI. CASE STUDY: INSTALLATION OF THE ZONE
SELECTIVE INTERLOCKING SYSTEM
Once the technology to reduce incident energy was
selected, the plan to install was started. The main challenge
was to work with operations to schedule a planned shut
down of the switchgear in which the ZSI was to be installed.
Managers of offshore oil and gas production platforms, by
the nature of the business, are reluctant to stop producing.
The project therefore needed to be coordinated with other
work that required a shutdown of the production process.
Initial estimates indicated that a shutdown of 24 hours would
be required.
A.

Scope of Work

TABLE 2
POWER MODULE - LOAD SIDE INCIDENT ENERGY
CALCULATIONS WITH TWO GENERATORS ONLINE AND ONE
TRANSFORMER ENERGIZED
Protective
Trip/Delay Incident
Protective Protective
Device
Device Bolted Device Arcing Time (sec.) Energy
Fault (kA)
Fault (kA)
(cal/cm2)
Name
63.8
Breaker 1
21.14
9.61
1.327
Breaker 2
NA
NA
NA
NA

A total of ten circuit breakers needed to have the ZSI
installed. Circuit breakers 1 and 2 are the transformer
secondary circuit breakers. Circuit breakers 3 through 10 are
distributing power to MCCs or spares. To allow the circuit
breaker’s digital trip relays to communicate with each other in
a zone interlocking scheme, wires were required to connect
the relays in a daisy chain configuration. All of the circuit
breakers in this switchgear had spare secondary contacts
wired to terminal strips in the rear of the switchgear. These
contacts were not being used and provided a path to send
signals from one relay to another. The absence of these
spare secondary contacts would have made this installation
more difficult, requiring a longer shutdown. If this were the
case, another solution to the high incident energy levels,
such as the arc-flash maintenance switch, would have been
considered. Removing the covers on the rear of the cabinets
provides access to these terminal strips. Unfortunately,
removing the covers exposes a live 480 V bus. This can only
be done safely in the event of a switchgear blackout, or
outage. The scope of work was identified in the following
tasks.
1.
2.
3.

The incident energy on the power module switchgear with
two generators running and one transformer energized was
2
approximately 65 cal/cm . The facility was equipped with a
2
100 cal/cm flash suit. The electrician on duty was informed
of the risk and agreed to wear the suit to rack out and rack in
the four circuit breakers to be worked on the evening before,
to shorten the duration of the blackout (Figure 8).

Rack out distribution Circuit breakers 1 through 10.
Install wiring from trip units to secondary contacts on
the rear of the circuit breaker. Rack in circuit breakers.
Remove covers from the rear of the switchgear.
Connect corresponding points on the terminal
switches between circuit breakers in a daisy chain.
Test and commission the system.

Having correct wiring is the key to a successful test and
commission. The engineer created wiring diagrams based
on the existing switchgear drawings and instructions from the
digital trip unit manufacturer. A detailed scope of work and
backup terminal locations were also part of the planning. The
manufacturers recommendation for the signal wire size
should be followed.
B.

Fig. 8 Racking Out Incoming Breaker
2) Blackout Work: Three electrical technicians were
contracted to perform the work. The morning of the blackout,
work began immediately after the switchgear was shut down.
The transformers were de-energized by opening the circuit
breakers on the primary side, which lowered the incident
energy. One technician had the task of removing the covers
on the rear of the switchgear and wiring the terminal strip
connections in a daisy chain (Figure 9). The symbol C is the
common or reference terminal. The symbol SO represents
the terminal that sends out the blocking signal. The symbol
SI stands for the signal input, or terminal that receives the
block signal.

Schedule

The discussion of work began with operations, and it was
apparent that a shutdown, or blackout of 24 hours would not
be tolerated. To minimize the electrical blackout period, it
was determined that some of work could be completed while
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3) Test and Commission: Once all of the connections
were made and checked for continuity, the commissioning
stage began. Two secondary current injection test sets were
required to properly test the system. The following steps
were performed to commission the system. The first step
was repeated for each possible combination of a transformer
secondary circuit breaker (circuit breakers 1 and 2) and a
distribution circuit breaker (circuit breakers 3 through 10).
Circuit breaker 1 was tested with circuit breakers 3 through
10 and circuit breaker 2 was also tested with circuit breakers
3 through 10.
1.

2.

Fig. 9 ZSI Wiring

3.

The ZSI also provides protection in the case of a ground
fault. In this case study, the star winding neutral point on the
transformer secondary is grounded through a 100-Ohm
resistor. This is known as high resistance grounding and
limits the ground fault current to 2.77 Amps. There is no
ground fault protection required and therefore the ground
fault protection function on the ZSI was not used. Since the
protection in the case of a 3 phase or phase to phase fault is
the only protection function being used, only two sets of
wires needed to be run between the trip units.
The remaining two technicians were simultaneously
installing the ZSI wiring from the trip unit to the secondary
contacts on the rear of each circuit breaker. As each circuit
breaker is racked out, the connection between the secondary
contacts in the back of the cubicle and the terminals in the
rear of the switchgear are tested for continuity. The wiring
between the outputs on the digital trip units to the secondary
contacts on the rear of the circuit breaker was also tested for
continuity. The wires are connected to the trip unit with a
molded plastic plug (Figure 10).

C.

Inject a current that simulates a fault into both the
incoming and distribution circuit breaker. This will
simulate a fault downstream of the distribution circuit
breaker. Note the time that the incoming circuit
breaker trips. If it trips at the normal time dictated by
the short time delay settings, the system is correct.
Repeat for every possible combination of an incoming
and distribution circuit breaker.
Inject a current simulating a fault only into the
incoming circuit breaker and do nothing with the
distribution circuit breakers. Note the time that the
incoming circuit breaker trips. It should trip much
faster (around 100 to150 milliseconds). If this is the
case, the system is correct.
Troubleshooting

The ZSI system does not require enabling or changing
settings on the static trip device to enact the ZSI capability. If
the system does not perform as expected during the test and
commission stage, the most likely cause is discontinuity in
the wiring. If the continuity checks out, use a voltmeter to
check for a signal output on all of the distribution circuit
breaker’s trip units. They should send a blocking signal of a
few milliamps when experiencing a fault. The absence of a
block signal would indicate a faulty trip unit, which should be
replaced. If all of the distribution circuit breaker’s trip units
are sending proper blocking signals, the incoming circuit
breakers trip units may be faulty. Try swapping the trip units
of the incoming circuit breakers with another working unit.
For additional problems, consult the manufacturer.
D.

Other Considerations:

The power system on this facility is unique in its absence
of a bus tie breaker. Most systems have a tie breaker and
would require a shorter blackout period. The following are
some of the lessons learned from the case study ZSI
installation.
1) 120 V Power Source: During the blackout period,
ensure that there is an available power source for both
secondary current injection test sets.
2) Spare Fuses: It is easy to short circuit battery
powered control wiring on the cubicle door while racking out
circuit breakers. Either shield these connections while
racking out the circuit breakers, or bring along spare fuses.
3) Living Quarters: If the system that is experiencing a
blackout feeds living quarters, performing the installation
during overnight hours will cause less disruption and
discomfort to personnel.

Fig. 10 Molded Plastic Plug Used for ZSI Interconnections
The blackout represented a unique opportunity to perform
the circuit breakers tri-annual maintenance routine. The
circuit breakers were cleaned, checked and tested according
to the site’s maintenance program before being racked back
in. The total blackout time was reduced to approximately 8
hours. Approximately four hours of work was completed the
night before. Total installation time with three technicians
was 12 hours.
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4) Future Testing and Maintenance: The feeder
breakers ZSI function needed internal jumpers to simulate
rd
receipt of a blocking signal all the time (defeats 3 ZSI zone
capability that is not applied). This assured that feeder
tripping will always be per the time delay settings and not the
ZSI times. A label was placed inside the cubicle door alerting
the next maintenance test crew that there is a ZSI installed
on the breaker. In addition, the jumper plug that disables the
ZSI (Figure 11) was also taped to the door for technicians to
use during future testing.

TABLE 4
LOAD SIDE INCIDENT ENERGY CALCULATIONS AFTER ZSI
INSTALLATION (150 MS TRIP TIME)
Platform Protective Protective Protective
Trip/Delay Incident
Device
Device
Device Arcing Time
Energy
Name
Bolted
Fault (kA)
(sec.)
(cal/cm2)
Fault (kA)
20
Breaker 1
21.11
9.02
0.15
TLP 1
20
Breaker 2
21.08
9.03
0.15
9.1
TLP 2 Breaker 1
22.53
10.48
0.15
8.1
Breaker 1
17.39
8.37
0.15
TLP 3
8.1
Breaker 2
17.28
8.32
0.15

TABLE 5
LOAD SIDE INCIDENT ENERGY CALCULATIONS AFTER ZSI
INSTALLATION (100 MS TRIP TIME)
Platform Protective Protective Protective
Trip/Delay Incident
Device
Device Arcing Time
Energy
Device
Bolted
Fault (kA)
(sec.)
(cal/cm2)
Name
Fault (kA)
14.6
Breaker 1
21.11
9.02
0.10
TLP 1
14.6
Breaker 2
21.08
9.03
0.10
7.4
TLP 2 Breaker 1
22.53
10.48
0.10
6.4
Breaker 1
17.39
8.37
0.10
TLP 3
6.2
Breaker 2
17.28
8.32
0.10

Fig. 11 Wiring to Disable ZSI
VII. CONCLUSION: LOWER INCIDENT ENERGY
CALCULATIONS

TLP 1 is reduced to PPE category 3. TLP 2 and TLP 3 are
both reduced to a PPE category 2 with a 100 ms trip time.

The case study presented in this paper, is only one of five
TLP’s that the Company operates. Three of the five facilities
have similar power systems, and thus, the same problem of
high incident energy levels on the power module bus (Table
3). The ZSI installation has been completed on two facilities.
The installation is planned for the third facility.
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TABLE 3
IX. REFERENCES

LOAD SIDE INCIDENT ENERGY CALCULATIONS BEFORE ZSI
INSTALLATION
Platform Protective Protective Protective
Trip/Delay Incident
Device
Device Device Arcing Time
Energy
Name
Bolted
Fault (kA)
(sec.)
(cal/cm2)
Fault (kA)
170
Breaker 1
21.11
9.02
2.222
TLP 1
170
Breaker 2
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148
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22.53
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4.917
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5.0a
TLP 3
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5.0
a
Maximum arcing time duration was reached.
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