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ASSOCIATED CIRCUITS AND CABLE ROUTING
Objectives

= Explain the different types of “Associated Circuits”

= Define common terminology

= Explain requirements

= Show typical examples of associated circuit problems
= Introduce basic concepts for cable routing

» Discuss data management of cable routing information

= Cover OPEX for associated circuits and cable routing
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ASSOCIATED CIRCUITS AND CABLE ROUTING
What are we going to cover?

= Associated Circuits
— General Considerations
— Definition of Associated Circuits
— Common Terms Related to Associated Circuits
— Requirements to Address Associated Circuits
— Explanation of Different Types of Associated Circuits
— Impact on Fire PRA
— Common Problems
= Cable Routing
— Basic Concepts
— Examples
— Data Management
— Common Problems



ASSOCIATED CIRCUITS AND CABLE ROUTING
General Considerations

= Associated Circuits analysis requires specialized electrical
engineering expertise

» Unique terminology is used in this technical area

* The NUREG/CR-6850 recommended approach is a “Gap”
analysis based on Appendix R SSA Associated Circuits
Study

* Documented information
— Generally good for Class 1E systems
— Often problematic for non-Class 1E systems

*» Modeling Associated Circuit shortcomings in Fire PRA is
difficult

= Cable routing problems are frequently encountered
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FIRE PRA CABLE SELECTION
Definitions

= Associated Circuit

Within the context of Appendix R SSA and Fire PRA, an associated circuit is defined
as any circuit that can, through adverse interaction, indirectly affect proper operation of
critical equipment/systems due to a shared power supply, shared enclosure, or
spurious operation. Those cables (safety related, non-safety related, Class 1E, and
non-Class 1E) that have a physical separation less than that required by Section
I11.G.2 of 10CFR50, Appendix R, and have one of the following:

— Common Power Source — A common power source with equipment (redundant or
alternative) and the power source is not electrically protected from the circuit of
concern by coordinated breakers, fuses, or similar devices.

— Common Enclosure — A common enclosure (e.g., raceway, panel, junction, etc.)
with cables (redundant or alternative), and are not electrically protected by circuit
breakers, fuses, or similar devices, or will allow the propagation of the fire into the
common enclosure.

— Spurious Operation — NOT Addressed here.

Note: Associated circuits are those circuits that are not necessarily required to operate
SSA or Fire PRA equipment, but whose fire-induced mal-operation could have a
detrimental impact on the safe shutdown capability. Note that for some cases, an
associated circuit for one function can be a “required” cable for a different function.
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FIRE PRA CABLE SELECTION

Definitions

Common Power
Supply

Circuits share a
common power supply
with circuits of
equipment required to
achieve safe shutdown

Circuits share a common
enclosure with cables of
equipment required to
achieve safe shutdown

Electrical-Based Concern

4 N

Circuits of equipment
whose spurious operation
(or maloperation) may
adversely affect the
successful
accomplishment of safe
shutdown functions
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FIRE PRA CABLE SELECTION
Definitions — Common Terminology

Power System Protection — The branch of electrical power engineering that deals with the protection
of electrical power systems from faults through the isolation of faulted parts from the rest of

the electrical distribution system. The objective of a protection scheme is to keep the power system
stable by isolating only the components that are faulted, whilst leaving as much of the system as
possible still in operation. The devices that are used to protect the power systems from faults are
called "protective devices”.

Electrical Coordination — The application of overcurrent protective devices in series such that only the
device nearest the fault will open and the devices closer to the source will remain closed and carry the
remaining load. Coordination also includes assessment of protective devices to clear faults prior to
significant damage to equipment within the fault current path.

Coordination Study — The process of evaluating the performance of electrical overcurrent protective
devices (relays, circuit breakers, fuses, etc.) to ensure selective tripping of the devices when subjected
to fault current. The primary tool for this analysis is time-current plots.

Short Circuit Study — The calculation of short circuit quantities throughout an electrical distribution
network following accepted analytical methods

Selective Tripping — In general, the same as Electrical Coordination (NOTE: NEC includes certain
specific differences)

Overcurrent — A condition in which current exceeds a continuous current rating, including overloads,
short circuits, and ground faults.

Overcurrent Protection — A form of protection that operates when current exceeds a predetermined
value.
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FIRE PRA CABLE SELECTION
Definitions — Common Terminology

» Clearing Time — The total elapsed time between the beginning of an overcurrent and the final
interruption of the circuit at rated voltage. For a fuse, the clearing time is typically considered the sum
of the melting time and the arcing time. For a breaker, the clearing time is the elapsed time between
the actuation of a release device and the instant of arc extinction on all poles of the primary arcing
contacts.

= Available Short-Circuit Current — The maximum current that a power distribution network can
deliver for a short circuit with negligible impedance applied at a given point, or at any other point that
will cause the highest current to flow through the given point.

= |2t — A measure of the heating effect or thermal energy of a fault current.

» Interrupting Current — The predicted level of fault current that a protective device will be subjected
to in the process of interrupting the fault. For low voltage circuit breakers and fuses, interrupting
current shall be interpreted as momentary current since the breaker interrupting rating is based on
momentary current. For high voltage breakers, interrupting current shall be interpreted as interrupting
duty current since this is the current to which they are rated.

* Interrupting Rating — The maximum current flowing in a circuit protective device (circuit breaker,
fuse) for which the device is rated to safely interrupt.

» |[nverse Time — A term used to indicate that there is a purposely introduced delayed tripping time that
decreases as the current magnitude increases.

» Time-Current Plot — Logarithmic plots of overcurrent protective device and electrical equipment time-
current characteristics
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FIRE PRA CABLE SELECTION
Definitions — Coordination Examples

Non-Selective Coordination Selective Coordination
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FIRE PRA CABLE SELECTION

Time-Current Plots

CURRENT NAMPERES AT 430 VOLTS

CURRENT NAMPERES AT 480 VOLTS
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FIRE PRA CABLE SELECTION
Requirements

* NUREG/CR-6850, Vol 2, Chapter 3, Section 3.5.4

= ASME/ANS RA-Sa-2009
— Supporting Requirement CS-B1 and CS-C4
— Section 4-3.3.3

= NEI 00-01, Rev 2
— Section 3.3.1
— Section 3.3.2
— Section 3.5.2.4
— Section 3.5.2.5
— Section 6
— Appendix B.1
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FIRE PRA CABLE SELECTION
General Types of Associated Circuits

= Common Power Supply
— Inadequate electrical coordination
— Loss of DC control power
— Multiple high impedance fault (not considered)
* Common Enclosure
— Inadequate protection of equipment or cables (secondary fires)
— Inadequate protection against propagation of fire
— Loss of DC control power
— Open-circuit CT secondary (not considered)
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FIRE PRA CABLE SELECTION
Inadequate Coordination (Common Power Supply)

Fire Compartment X

Train A Power Supply

Supply Breaker

Fire Compartment ¥

Train B Power Supply

| BusA |
I2|3 |4 I)Igls
................................. - - ' I_
J'=l: e e = el Fire Scenario
e § I i 0t in Compartment Y
Load Breakers :1:1; 5 - e damages Bus B
- S - cables
Non-PRA Equipment ) )
Fire-PRA Equipment Fire-PRA Equipment
Compartment
Boundary
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FIRE PRA CABLE SELECTION
Loss of DC Control Power (Common Power Supply)

125%DC

Panel A 125 VDC

Panel B

1
|

Incaorming
Line
125 %DC Contral P ower
Incarning

™~ Loss of ability to
control breaker
(open or close)
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Fire Area A

FIRE PRA CABLE SELECTION
Multiple High Impedance Faults (Common Power Supply)

Fire Area B

Safe Shutdown
Power Supply

Safe Shutdown
Power Supply

Required safety components
A1 and B1 are redundant, as
are A2 and B2. A firein fire
area B is assumed to render
B1 and B2 inoperable, and
thus A1 and A2 are credited
as available. Circuit
breakers 4 — 7 supply non-
credited equipment via
cables that traverse fire area
B. The fire is assumed to

) create prolonged high
impedance faults on several
of these cables

I | I | | simultaneously. The nature

) ) ) of the faults is such that an
) ) ) abnormal current is produced
in each circuit, but in each
case the current is not
sufficient to cause the
affected load breaker to trip.

The cumulative effect of the

fault current flowing in each

load circuit causes the
incoming supply breaker

(circuit breaker 1) to trip

before the downstream

breakers are able to isclate
the individual faults. The
required power supply is de-
energized, causing a loss of

3-Hour Barrier
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power to the credited safety
A-1 @ Non-Safe Shutdown Equipment B-1 equipment, A1 and A2.
Safe Shutdown Safe Shutdown
Equipment

Equipment

EP(2 | ek msiure




FIRE PRA CABLE SELECTION
Inadequate Cable Protection (Common Enclosure)

Train A Power Supply Train B Power Supply
Instrument
Bus A Bun
I Compartment
Boundary
S i Fire Compartment Y
Potential
seconciary e
due 1o cable

Initial Fire Location

Racew
‘ “~  Redundant /
Circuits

Fire-PRA Fire-PRA
Instrument Circuit A Instrument Circuit B
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FIRE PRA CABLE SELECTION
Inadequate Equipment Protection (Common Enclosure)

Fire Compartment X Fire Compartment Y
Train A Power Supply Train B Power Supply
p
| Bus A
2] J4]s]e]7
Pad — Fire Scenario
Potential secondary /f'f [ I 1 in Compartment ¥
fire due to inadequate =3 damages Bus B
short circuit rating of cables
circuit breakers at Bus A
MNon-PRA Equipment ; !
Fire-PRA Equipment Fire-PRA Equipment

Compartment
Boundary
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FIRE PRA CABLE SELECTION
Inadequate Protection Against Fire Propagation (Common
Enclosure)

Fire area Il
Polential
socondary fire Propagates
due to cable .
ignition AdJaAcegt Compartment
rea
COMMOon anclosure

Fira location
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FIRE PRA CABLE SELECTION
Loss of DC Control Power (Common Enclosure)
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or load cable
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FIRE PRA CABLE SELECTION
Current Transformer Open-Circuit Secondary (Common

Enclosure)

Seachgear room A

Sale sladdoren
Bun A
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Bus A and Bus B are redundant
safety equipment. Current
transformers (CTs) associated with
each bus provide an input signal to
ammeters in the control room. A
fire in the control room is assumed
to damage the cable associated
with both the A and B meters. If the
fire-induced cable damage
produces an open circuit on the
meter cables (secondary side CT
signal), a voltage spike will occur on
the CT circuits. This voltage spike
is based on the engineering
principle that voltage will attempt to
increase as necessary to maintain
the instantaneous current flow
immediately prior to the open circuit
failure. The voltage spike is
postulated to damage the CT to
such an extent that a secondary fire
is initiated at the switchgear.
Should this phenomenon occur on
both circuits the potential exists to

damage both safety buses.
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FIRE PRA CABLE SELECTION
Cable Routing and Raceway Locations
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FIRE PRA CABLE SELECTION

Any Questions ??

HRF
)
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