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1 Purpose 
In a meeting with NEI on May 3, 2012, the NRC Fire Protection Staff requested that NEI 
provide a high-level discussion of the shorting switch concept, and the key technical 
attributes that must be addressed in any shorting switch application.  To resolve MSO issues, 
several plants have installed shorting switches in applications that did not require prior NRC 
approval (ex., Orange Box or III.G.3 scenarios).  The NRC Staff was concerned that without 
clear technical criteria, there may be concerns or differences of opinion regarding the 
efficacy of the shorting switch approach. 

This Appendix is responsive to the NRC request.  This Appendix provides recommended 
guidance regarding the technical attributes that are applicable to the use of the Shorting 
Switch concept to prevent spurious operation.  

This Appendix is adapted from the Exelon Nuclear Shorting Switch Evaluation (Ref. 5.1), 
which was provided to the NRC for their information in January 2012.  The referenced 
evaluation has also been provided to several industry peers. 

2 Background 
In order to resolve specific MSO scenarios, several plants have implemented a “Shorting 
Switch” design.  This design takes advantage of recent developments in cable fire testing and 
cable failure modes research, and provides a design capable of preventing spurious 
operation, given credible fire conditions. 

The Shorting Switch functions to prevent spurious operation by placing a short across a coil 
in the circuit of concern when the circuit is in its “standby” state.  When the component is 
desired to be operated, the motion of the handswitch or control relay removes the short 
before energizing the coil to actuate the component.   

Numerous cable fire tests, as well as actual severe fire events (e.x., Fort St. Vrain Turbine 
Generator fire) have all shown that cable failure due to open-circuiting of the conductor is 
not a credible primary cable failure mode. 

The MSO Resolution Process has identified a number of scenarios where prevention of 
spurious operation is either the only available option, or the most desirable option.  This is 
due to the challenges that exist with many of the more traditionally used approaches for 
resolving fire safe shutdown separation issues.  These include: 

1. Many of the MSO scenarios involve actuations on the non-credited train.  Although 
the credited train may remain completely free of fire damage, the non-credited train 
may still indirectly affect the credited train thru synergistic impacts such as draining 
tanks, starving pumps, etc.  In some cases, the MSO Scenario has the potential to 
impact each train of post-fire safe shutdown equipment.  For these MSO Scenarios, 
the traditional approach of divisional separation cannot be applied, since the MSO 



Scenario is of concern wherever the subject component or its control circuitry is 
located.     

2. Many of the MSO scenarios involve control room fire considerations (Appendix R 
Section III.G.3).  For these scenarios, encapsulation is not possible due to the 
control panel being the item needing protection, and encapsulation would not permit 
the operation of the control panel by the operator.  Typically plants have addressed 
the single spurious operation of equipment prior to control room evacuation and 
establishing control at the Remote Shutdown Panel.  Despite this, new and 
problematic MSO scenarios are being postulated both on non-credited equipment, 
and on credited equipment that presume malfunction prior to transfer being 
achieved.   

Providing remote isolation capability for the various MSO scenarios is hypothetically 
possible, but may be problematic for other reasons.  Individual plant design may 
make locating additional isolation features on the RSP inappropriate and, in some 
cases, may introduce component failure probabilities under normal plant operating 
conditions that are higher than the probability of occurrence of consequences of the 
fire-induced event.  Appendix R and electrical separation criteria may dictate that the 
isolation not be located at the Remote Shutdown Panel since that would make a fire 
at the RSP more impactful.  Instead, these isolations would need to be distributed 
throughout the plant.  This condition, however, would increase the operator burden 
in performing the plant shutdown.  This burden would be significant, and would 
interfere with the higher-priority actions of establishing control over the credited 
system.   

3. Many MSO scenarios involve the hypothetical maloperation of equipment that under 
most circumstances would be of significant benefit to the transient.  While it is 
hypothetically possible to procedurally disable all of these systems at the outset of 
the fire event to avoid the unlikely possibility of their maloperation in an MSO 
scenario, this creates a significant operator burden, and actually can increase risk.  
IPEEE insights, Fire PRA insights, as well as research performed by the NRC and 
SANDIA all show that for the credible fire scenarios where only limited damage to a 
small number of structures, systems, and components (SSCs) occur, having these 
additional mitigating systems available significantly reduces plant Core Damage 
Frequency (CDF).  If these additional systems are preemptively disabled by a 
prescriptive procedure during the fire, they cannot contribute to lowering CDF, and 
the ultimate CDF result is quite high since only a single train remains to shut the 
plant down per the prescriptive procedure.   

4. A smaller number of MSO scenarios involve cases where a component could be 
electrically disabled under administrative control during normal at-power conditions, 
so that it cannot spuriously operate during the fire event.  In some cases, these 
components perform an important function in responding to one or more accidents 
or transients, or are a high-value contingency in the plant PRA.  In these cases, 
removing power from the component pre-event can actually cause a net increase in 
plant risk for non-fire events. 

Considering these challenges above, the shorting switch becomes, in some cases, an 
attractive option for resolution and, in other cases, the only feasible means of addressing the 



postulated concern.  It does not add burden to operations during normal operation of the 
plant or during post-fire safe shutdown.  It is particularly useful in addressing fires along the 
control cable's route.  It also, with some additional engineering evaluation and justification, 
can be useful in resolving issues in other locations, such as Main Control Room fires, etc. 

3 Conceptual Shorting Switch Design 
The following examples are provided to illustrate conceptual approaches for utilizing 
shorting switches within typical control circuits. 

 

Figure 1 – Simple Solenoid Circuit With and Without Shorting Switch 

Figure 1 shows a series of simple solenoid-operated valves.  Valve RC-V-40A is not 
provided with a shorting switch.  Valve RC-V-41A is provided with a shorting switch.  The 
shorting switch is provided by installing jumpers within the control panel, between contacts 
1-2 of control switch SS-V-41A, and the ground conductor within the cabinet.  A hot short 
on conductor A7A would not energize RC-V-41A, whereas a hot short on conductor A6A 
could cause RC-V-40A to operate.  To open RC-V-41A, control switch SS-V-41A is moved 
to the "Open" position; contacts 1-2 open, and contacts 3-4 close, energizing RC-V-41A. 



 

Figure 2 – Example of  Typical MOV with Shorting Switch and IN 92-18 Modifications 

Figure 2 illustrates a simple AC MOV control circuit with a maintained-contact control 
switch that has been modified to address IN 92-18, and also modified to prevent its spurious 
closure by installing a shorting switch.  To resolve IN 92-18, the limit switches were 
relocated to be electrically and physically proximate to the MCC contactors.  This ensures 
that hot shorts to the valve's control wiring between the handswitch and the MCC will not 
result in valve over-travel, since the limit switches will still remain capable of stopping valve 
motion at the end of travel.  To prevent spurious closure, an internal panel jumper was 
installed to connect the top side of the close coil to ground, using normally-closed switch 
contacts 3-3c.  The preferred approach is to connect to an existing conductor from the same 
valve circuit, which is already at ground potential.  In this figure the preferable approach 
would have connected contact 3 from the control switch (HS-11-011B) to MCC ground via 
an available spare conductor (not shown).  If an available spare conductor did not exist, then 
instead contact 3 would be connected to conductor “3R” in panel 0BC667 via a jumper 
within the panel.  Conductor “3R” is at ground potential whenever the valve is open or mid-
travel, and the MSO concern is with spurious closure of the valve.  The circuit would have 
to be analyzed to assure that voltage drop in this connection to the lamp circuit was 
acceptable.  Again, to close the valve, HS-11-011B is moved to open contacts 3-3C and close 
contacts 2-2C to energize the close contactor 2C. 



 

Figure 3 - MOV Control Circuit With Seal-In, Pull-to-Stop, and Shorting Switch 

Figure 3 illustrates a more complicated MOV design, which contains seal-in, pull-to-stop, 
and thermal overload protection for the seal-in portion of the circuit.  Removal of any of 
these valve features may affect operator human factoring, or UFSAR commitments, so for 
this example, it was assumed that these features were desired to be preserved.  This valve 
circuit shown has not incorporated an IN 92-18 resolution.  This figure shows that a 
shorting switch can be added to this circuit while preserving all the existing features, thru the 
addition of an auxiliary relay.  The control switch remains a momentary open/close switch 
with spring return to center, and pull-to-stop.  The shorting switch contacts (5-5C and 6-6C) 
prevent a hot short on conductors 1R or 1F from causing the valve to open or close.  
Shorting contacts 5-5C and 6-6C are closed with the switch is in its standby state, and open 
when the switch is moved to the open or close position.  Momentarily moving the switch to 
the open or close position energizes the open or close aux relay (42-CX or 42-OX) which 
then seals-in the signal using the MCC's aux contacts. 



 

Figure 4 – DC MOV Control Circuit With Remote Shutdown, IN 92-18 Resolution, 
Auto-Close and Shorting Switch 

Figure 4 illustrates a DC MOV design, with Remote Shutdown Panel Isolation, IN 92-18 
resolution, and an auto-closing function.  This figure shows that a shorting switch can be 
added to this circuit to prevent spurious opening, while preserving all the existing features.  
The shorting switch contacts (5-5T) prevent a hot short between the MCC and the control 
room from causing the valve to open (highlighted in red).  The shorting switch was placed 
on the positive polarity of the circuit so that the maximum fault current possible to the 
shorting conductors will be limited by the target circuit’s own 10 amp fuse.   



4 Design and Installation Considerations for Applying 
Shorting Switches 

The following design and installation considerations are provided, in summary form, to assist 
stations in developing shorting switch applications that are specific to their sites.  It is 
recommended that these considerations be addressed and documented by the site as part of 
their design when crediting the shorting switch to resolve MSO issues.  This information is 
based on lead plant experience from Limerick and LaSalle MSO modifications, as well as 
frequently asked questions from other Industry peers. 

4.1 Minimum Pickup of Voltage of Target Coil 
Typically, manufacturers publish a guaranteed pickup voltage for their equipment.  In most 
cases, the coil will pickup well below the published value, but there may be variability in 
performance once operating below this guaranteed pickup voltage.  In order to design an 
effective shorting switch circuit, a "minimum pickup" voltage must be determined.  This will 
become a critical design attribute for the shorting switch circuit.  Given variability in 
manufacturing tolerances, this may need to be tracked on a per-device basis, or per-product-
line basis, and would need to be incorporated into the design basis for that device going 
forward, so that when component replacements occur, the technical bases for the shorting 
switch circuit are not invalidated. 

4.2 Characterization of Potential Credible Aggressor Sources 
A summary of potential aggressor sources is needed to show that the voltage/current thru 
the target coil will not result in pickup.  Plant-specific cable segregation design rules (power, 
control, and instrument) may be helpful in screening out certain voltage classes as being 
non-credible aggressor sources.  Additionally, the contents of the raceways of concern within 
the specific fire area(s) can be examined to determine the maximum potential aggressor 
source.  Inter-cable resistance data from NUREG/CR-6931 (ref. 5.2) may also be useful in 
dispositioning aggressor sources, by providing a minimum-observed resistance for inter-
cable shorts.  For example, one evaluation found that the lowest observed resistance 
recorded for inter-cable shorting was 21.7Ω.   Alternatively, the acceptability may be able to 
be demonstrated by test.  Some plants have constructed representative circuits, and then 
used a controlled voltage source to place hot probes on the circuit, to demonstrate that the 
shorting circuit functioned as intended. 

4.3 Computation of Maximum Expected Voltage/Current thru 
Target Coil 

The shorting switch design attempts to place both ends of the target coil in equilibrium by 
shorting out the coil, however due to the circuit length of the shorting wire and the resultant 
voltage drop, some small voltage may still be impressed on the target coil.  Therefore, an 
application-specific computation is necessary to show the credible voltage sources from 
aggressor wires, and demonstrate that the resultant voltage/current across the coil is 
insufficient to pick up the target coil.  This may impact conductor sizing of the shorting 
current flowpath, or may impact the final circuit configuration chosen so as to optimize the 
effectiveness of the shorting circuit. 



4.4 Comparison of As-Found Control Cabinet Fire Hazards to 
Literature, and Applicability of Switch Fire Test Data 

This section is only applicable if the shorting switch is to be credited for fires at the location 
of the switch itself. 

The Exelon/NTS fire testing attempted to bound all configurations and orientations used at 
Exelon sites thru the use of a fleet-wide survey during development of the test plan.  It is 
incumbent on each site using the shorting switch to confirm that the as-installed 
configuration is bounded by the literature and test data, in order to assure that the switch will 
perform as intended. 

If the testing shows that the switch will not survive for an extended period of time (ex., 2 
hours) then an additional basis may be needed (ex., GL 86-10 evaluation) to justify the 
acceptability of the shorting switch approach, such as: 

 qualitative fire hazards analysis showing that the in-situ combustibles and fire 
hazards are less severe than the testing, and thus not capable of driving the switch to 
failure; or 

 justification that the switch "mission time" is only limited to a particular time period, 
after which other strategies will be credited to prevent spurious operation, or after 
which spurious operation can be tolerated for some other reason. 

4.5 Discussion of Potential for Open Circuits 
This generic evaluation shows that under typical fire conditions, including practically all 
testing performed to-date, and real fire events from industry experience, open circuits were 
not observed to occur due to conductor melting.  There is always the possibility that some 
unique configuration may exist in a plant that may make an open circuit possible (ex., 
explosion/missile hazard, large fuses in DC cables).  Each application should confirm that 
there is reasonable assurance, based on qualitative review of the in-situ hazards and circuit 
design, that a fire-induced open circuit has been considered, and found to not be credible.   

DESIREE (Ref. 5.3) testing and industry experience has shown that large DC fuses (e.g., 
35A) found in 4kv and 13kv breaker control circuits may not blow fast enough to prevent 
fault currents from creating open circuits.  The DESIREE fire testing also identified that DC 
circuits fused at ≤10A were isolated by the fuses prior to the open circuit failure of the 
conductor.  Clarifying discussions were held with S. Nowlen from SANDIA Laboratories, 
that clarified that when open circuits occurred, they did not damage adjacent conductors, 
although in some cases they did result in insulation damage to adjacent conductors. 

Consideration should also be given to missiles from rotating machinery, based on the 
rotating machinery missile zones defined for the plant physical separation criteria (ex., 
IEEE-384), since a catastrophic rotating machinery failure could damage a circuit as well as 
be the fire ignition source.   

4.6 Discussion of Potential for Unacceptable Consequences of 
Fault Currents 

The shorting switch prevents the target coil from picking up by shunting the aggressor 
conductor's voltage thru a low-impedance path around the target coil.  This low-impedance 



current flowpath in most cases is carried by plant cables and a normally-closed control 
switch or relay contact.  Control switch and relay contacts are typically rated for significant 
voltages and currents, are required to meet self-extinguishing requirements such as UL-94, 
and some have been tested to withstand currents well beyond their published rating (ex., Ref. 
5.4). 

Each application using the shorting switch should confirm that the as-installed configuration 
is capable of carrying the postulated momentary fault current that may be shunted thru the 
wiring and normally-closed switch/relay contact does not result in an unacceptable condition 
(ex., wire overheating, switch overheating) so severe that the shorting function would be 
disabled.  Consideration of a voltage interaction of the shorting switch circuits with higher 
voltage source should be addressed when a higher voltage source is routed in the same 
raceway, i.e., conduit, cable tray or wireway, or housed in the same enclosure, i.e., Motor 
Control Center. 

4.7 Discussion of Potential for Unacceptable Circuit 
Interactions 

The shorting switch prevents the target coil from picking up by shunting the aggressor’s 
voltage through a low impedance path around the target coil.  For most control circuits, the 
effects of shorting the target coil are fairly obvious.  In the case of power circuit breaker 
close coils, the effects are not necessarily obvious.  Power circuit breakers have an internal 
anti-pump scheme that prevents breaker cycling if a close and trip are coincident.  
Additionally, internal circuitry could lock up if a second close signal comes in after the initial 
momentary close signal cleared while the breaker springs are still being charged.  The 
nuances of anti-pump circuits are manufacturer and circuit breaker unique. The shorting 
contact would be applied across the circuit breaker close coil as soon as the control switch is 
released.  These effects of the shorting switch need to be closely scrutinized, and the design 
of a shorting switch for a power circuit breaker should only be performed by personnel 
experienced in the design and operation of the specific anti-pump circuitry. 

4.8 Use of Relay Contacts as Shorting Switches 
Sandia Test Report NUREG/CR-4596 (Ref. 5.55.5) and PECo Internal Panel Separation 
Tests (Ref. 5.6) identify the potential for Agastat relay (EGP, ETR) sockets to deform under 
extreme high temperature conditions (210°C from Ref. 5.5, Figures 12 and 13).  Therefore it 
is recommended that Agastat relays not be credited as a shorting switch in scenarios where 
they may be exposed to internal panel fires.  Consideration should also be made for 
secondary (adjacent) panel fires since air temperatures could exceed 210°C per Ref. 5.7, 
Figure 30. 

4.9 Discussion of Testing 

4.9.1 Post-Modification Testing 

Post-modification testing should be prescribed which: 

 Demonstrates that the original design functions (open, close, auto-open, auto-close, 
pull-to-stop, etc.) continue to function as expected; and 



 Demonstrates that the shorting switch feature functions as intended.  This may be 
done by inserting representative (credible) hot shorts, and then confirming that the 
coil will not pickup when it is not supposed to.  Care should be taken to prevent 
unnecessary electrical stresses on plant equipment.  Where electrical stresses are a 
concern, alternative approaches may be required, such as measuring the as-built 
resistances thru the parallel circuit paths, to demonstrate by computation that the 
shorting switch will perform the intended function, or by temporarily substituting a 
smaller control power fuse during the testing phase.   

 Care should also be taken to prevent inadvertent valve damage, in the event that 
there is an error in the circuit wiring.  This may include manually pre-positioning the 
MOV at mid-position, so that if it unexpectedly travels, it will not overtravel before 
the test is aborted.  This may also include temporarily removing MOV thermal 
overloads during initial continuity checks, so that accidental valve travel is prevented 
until the appropriate step in the test plan is reached. 

4.9.2 Periodic Testing 

Most of the potential failure modes of the shorting switch would be self-revealing when the 
valve is tested for other reasons (IST, Tech Spec testing, etc.), since if the shorting switch 
failed to open when expected, the valve would not perform as expected during routine 
testing.  The continuity of the shorting switch contact would not be verified by these tests.  
Failure of the shorting contact to close, or the presence of excessive contact resistance may 
require a new periodic test.  EPRI TR-106857 Volume 30 (Ref. 5.8) states that oxidation or 
corrosion would not be expected to occur for >20 years for contacts located in mild 
environments.  For shorting switches in mild environments, Licensees should consider 
periodic testing of the shorting switch functionality. 

If a target coil is replaced (ex., MOV's contactor coil), the replacement coil should have its 
"minimum pickup" voltage determined, and verified to be compatible with the design 
assumptions used in the shorting switch design of the circuit. 

4.10 Discussion of Licensing Aspects 
Depending on the application of the shorting switch and the site's licensing basis, prior NRC 
approval may or may not be required to formally credit the shorting switch as performing its 
intended function. 

The most restrictive scenario is where a shorting switch is being credited with preventing 
spurious operation of a component that is "required for hot shutdown" (Green Box) for a 
fire in a III.G.2 fire area at a site that is legally required to meet 10CFR50 Appendix R (i.e., 
pre-79 plants).  Appendix R requires that SSCs for hot shutdown be free of fire damage, or 
be protected with one of the options explicitly stated in III.G.2.  A NRC exemption may be 
required to use a shorting switch for such an application.   It is expected that very few of 
these scenarios will exist. 

The next most restrictive scenario is identical to the scenario above, but at a site that is not 
required to meet the verbatim requirements of Appendix R, but instead is licensed to BTP 
CMEB 9.5-1 (post-79 plants).  Plants in this category are not required to formally request 
exemptions from the NRC, and may develop deviations to the BTP guidelines, using the 



same level of technical justification as would normally be included in an Exemption.  The 
Deviation should be summarized in the UFSAR/FPR, and be available for audit. 

The remaining scenarios would clearly not require prior NRC approval or formal deviation 
discussion in the UFSAR/FPR.  These include crediting a shorting switch to prevent 
spurious operation of "important to safe shutdown" equipment (Orange Box), to prevent 
spurious operation of other equipment that is associated with the non-credited shutdown 
train, to prevent spurious operation of equipment as part of an Alternative Shutdown coping 
strategy, or to prevent spurious operation of equipment that is required for cold shutdown.  
In each of these cases, there is no regulatory requirement to protect the associated SSCs with 
fire barriers, so no noncompliance/deviation exists.  Also in each of these cases, flexible 
tools such as fire modeling and performance-based analyses are permissible. 
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