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On A~ril 27, 1994, with the r,lant in cold shutdown, it was determined that an internal ground in 
the T ermal Mar9in Monitor TMM) causes a nonconformance with the Reactor Protective System 
(RPS) design basis. The TMM is part of the RPS and the RPS is designed to operate as an 
ungroundea system. The ground path in the TMM was connected to the pressurizer pressure 
measurement loop; the Nuclear Instrumentation (NI) System and the Primary Coolant System 
(PCS) temperature inputs. A second ground in the pressurizer pressure loop or in the PCS 
temperature transmitter loop could adversely affect the RPS accuracy and reliability. 

-
The cause of this event is an internal ground in the TMM design which was not identified at the 
time of installation. · . . .. 

Modifications to effectively isolate the internal ground in the TMM from the pressurizer pressure 
circuitry and PCS temperature circuits will be completed before plant heatup. 
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On April 27, 1994, the plant was in cold shutdown. During a re-evaluation of the Thermal Margin 
Monitor (TMM), PY-0102A (8, C & D), and its effects on the operability of the Reactor Protective 
System (RPS), it was determined that a resistance path to ground internal to the TMM, causes a 
nonconformance with the design basis as stated in the Palisades FSAR section 7 .2. 7, "Effects of 
Failures". FSAR section 7.2.7, Analog Portion, item 2 states that "Shorting the [siq,nal] leads to 
an ungrounded voltage source, has no effect since the signal circuit is ungrounded. Section 3-, 
states "Single grounds on the signal circuit have no effect; Double grounds would tend to cause 
the channef to fail in the safe direction". Similar statements are found in the FSAR section 7.2. 7, 
Logic Portion, items 7 and 11 . 

The FSAR section 7 .2. 7 item 2 statement indicates the RPS analog signal circuits are designed to 
operate ungrounded. Despite this design requirement, the TMM had an internal ground path from 
the 24 volt de power supply through a 10K ohm resistor to ground. This ground path wa.s initially 
found connected from the TMM through the Thermal Margin/Low Pressure (TM/LP) bistable trip . 
unit to the pressurizer pressure measurement loop, where an-additional ·ground in the pressurizer 
pressure loop could. establish a ground loop which may have a non-conservative influence on the 
pressurizer pressure signals of the RPS. _ · . 

After finding the internal (as-designed) TMM ground and realizing the potential impact on the 
pressurizer pressure measurement loop, all four channels of the pressurizer pressure related 
equipment were conservatively declared inoperable pending further investi9ation. Although . 
monthly surveillances by the l&C department would discover a second (unintentional) ground on 
the pressurizer pressure loop, the Operations department does not have a means to readily detect 
the second ground. The results of l&C testin~. in response to this event, by inducing actual . 
9rounds in the pressurizer pressure loop identified the potential for causing non-conservative shifts 
in some loop signals or setpoints. _ 

Subsequent circuit analysis and testing performed on May 16, 1994 on the TMM inputs and 
outputs revealed that the TMM 1 OK ohm ground is also connected from the TMM to the PCS 
instrumentation and the Nuclear Instrumentation (NI) systems. In the PCS instrumentation 
system, the ground is connected to the cold leg and the hot leg average temperature instruments, 
where an additional (unintentional) ground could establish a ground loop which may have a non
conservative influence on the temperature inputs to the TMM. The temperature inputs are used in 
the TM/LP trip setpoint calculation and in the variable high power trip calculation. 

In the Nuclear Instrumentation (NI) System, the TMM internal ground is connected to the upper, 
lower, and upper-plus-lower power range detector signals. Testing performed on the NI signals 
indicates that an additional ground in these circuits has no effect on the NI system or on the RPS. 
This is due to the presence of buffer isolators located in the NI system in each of the NI signals. 
Operations does not have a method to detect a second ground on the temperature loops or on the 
NI systems. · · - -

CAUSE OF THE EVENT: 

The cause of this event is a -signal common to earth ground in the Thermal Margin Monitor design 
which was not identified at the time the TM Ms were installed. 
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One of the RPS trip parameters is the Thermal Margin/Low Pressure (TM/LP) calculated si9nal. In 
1988, the original analog TM/LP calculators were replaced by digital Thermal Margin Monitors. 
The TMMs function to prevent reactor conditions from violating a minimum departure from 
nucleate boiling ratio (DNBR) by a continuously computed function of core power, reactor coolant 
maximum inlet temperature, core coolant system pressure and axial shape index. The TMM 
provides a signal to the TM/LP bistable trip unit which also receives an input signal from the 
pressurizer pressure measurement loop. The TM/LP bistable trip unit will generate alarm and trip 
signals based on the comparison of the trip setpoint input from the TMM and the pressure signal 
from the pressurizer pressure measurement loop. 

In the course of troubleshooting a July 3, 1991 RPS trip (LER 91-012, dated 8/2/91 ); it was 
concluded. that the source of power which energized the test portion of the bistable dual coil 
relays and contributed to the event, came from the TMM 24 volt de power supply~ As a 
corrective action for the July 3, 1991 reactor trip event, the TMM vendor was contacted 
regarding a potential signal common to earth ground in the TMM .. The vendor indicated there was 
none. Because of a continuing indication of a gr,ound path, investigation by Palisades plant 
continued and eventually revealed the existence of a 1 OK ohm resistor which provided an internal 
ground path through the resistor to the power supply in the TMM, through setpoint indicator 
PIA-102A (for Channel A), and to the signal common for the setpoint voltage transmitted to the . 
TM/LP bistable trip unit. This signal propagated throu~h the TM/LP bistable to the signal common 
of the pressurizer pressure measurement loop. Thus, 1f a short develops in the pressurizer 
pressure loop, the ground loop would be fed by the 24 volt de power supply in the TMM. 

The vendor was contacted regarding the removal of the 1 OK ohm resistor which provided the 
ground path. The vendor did not support its removal because its removal would present the 
potential for a shock hazard to personnel near the chassis and the possibility of degradation of the 
equipment. . . . , _ 

An engineering evaluation of the acceptability of the signal common to ground connection in the 
TMM and the ability of the RPS to satisfy FSAR 7 .2. 7, "Effects of Failures" was performed in 
response to Palisades plant corrective action E"'."PAL-91-014K and was completed July 23, 1993. 
The evaluation considered the ability of the RPS to perform its safety function given the TMM 
short to ground and the verification that an unintentional short to ground (single failure) would not 
cause an unnecessary RPS actuation or safety function. The evaluation concluded that for single 
shorts to ground in the pressurizer pressure loop, the short would only affect one channel out of 
four and that the short would be detectable on the setpoint indicator of the TMM. Monthly • 
surveillances by the l&C department compare the displayed signal value to the TMM calculated 
signal and would detect a short on the pressurizer pressure loop by a deviation in the two values. 
At that time, it was concluded the RPS did not violate its Technical Specification requirements 
and was therefore considered operable. , . 

In April 1994, during reviews of equipment for operability in consideration for heatup from cold , 
shutdown following an outage, the ability of the RPS to satisfy the desi9n requirements in FSAR 
section 7 .2. 7, given the TMM internal ground and the potential for additional grounds on the 
pressurizer pressure measurement loop, was re-evaluated. On April 27, 1994, it was decided that 
all four channels of the RPS pressurizer pressure measurement loops_including the TMMs should 
conservatively be declared inoperable pending further investigation because unintentional grounds 
on the pressurizer pressure loops were not readily detectible by the Operations department. This 
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was deemed the prudent and conservative course of action considering the enhanced sensitivity 
to issues as part of the overall plant performance improvement plan. Additional evaluation and 
testing confirmed that for certain postulated grounds in the pressurizer pressure signal loops, the 
ground path established through the TMM grounding resistor could adversely affect some 
pressurizer pressure trip signals. 

SAFETY SIGNIFICANCE: 

With the internal ground in the TMM, testing has demonstrated the potential for an additional 
single ground on the pressurizer pressure loop to cause a non-conservative shift in the pressure 
signal or setpoint in that loop. All postulated ground paths establish current flow through the 
setpoint indicator of the TMM and are therefore detectable. Testing has also demonstrated the 
potential for an additional ground to cause a non-conservative shift in the temperature input 
signals to the TMM which affect the thermal power calculation. 

For clarification~ the following interpretation of the FSAR section 7 .2. 7 items 2, 3, 7 and 11 
regarding the terms "grounds" and "no effect" is provided. 

An "ungrounded" circuit is interpreted to mean a circuit in which the impedance of the circuit 
as measured to ground, is at a sufficiently high level such that with a addition of a single 
ground on the circuit there will be no significant effect on the instrument loop. " ... no 
significant effect ... " is interpreted to mean that a single ground (in addition to the circuit· 
impedance of the circuit-to-ground) results in either no change in the circuit signal level, a 
change in the signal level in a conservative direction or a change in the signal level that is 
within the tolerances of the loop accuracy analyses. . . 

Conversely, a "significant effect" is one where the change to the signal circuit is in a non
conservative direction and is outside the tolerances of the instrument loop accuracy analysis 
which could then impact the FSAR chapter 14 Safety Analyses. 

. ' 

CORRECTIVE ACTION: 

A modification is being implemented to effectively isolate the grounded TMM from the 
ungrounded pressurizer pressure loop of the RPS through the installation of an isolation device 
located external to the TMM. · . . . · 

On May 16, 1994, during the engineering of the modification to install isolation between the 
TMM signal and the TM/lP trip unit, an analysis revealed an additional ground path from the 
internal TMM 1 OK ohm ground to the Nuclear Instrument inputs and the Primary Coolant System 
temperature inputs to the TMM. Testing performed on May 19, 1994 revealed that an additional 
ground inserted in the temperature transmitter loop could adversely affect the temperature signals 
out that an additional ground inserted in the NI input circuits had no effects on the TMM nor on 
the NI circuits. . · 

A second modification is being initiated which will increase impedance between the internal 
ground connection from the TMM to the temperature signal instrument loops. This will be 
accomplished by installing three operational amplifier input devices internal to the TMM in place of 
jumpers in the NI input circuits .. Identical input 
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devices are currently iil use in the TMM temperature input circuits; however, jumpers in the NI 
input circuits provide the ground path back to the temperature circuits. The input devices will 
increase signal common-to-ground resistance to an acceptable value. Analysis and testing of the 
temperature instrument circuits reveals that with the input devices installed on the NI inputs and 
an additional ground on the temperature circuits, there 1s no effect on the operation of the TMM 
or on the temperature instruments. · · 

The modification to provide electrical isolation between the TMM ·signal and the TM/LP trip unit to 
effectively separate the· ground in the TMM pressurizer pressure circuitry and the second 
modification to provide increased electrical resistance between the TMM temperature inputs and 
the TMM unit to effectively separate the grounded TMM from the ungrounded temperature 
circuits will be completed before plant heat up is commenced. 

A future modification will be pursued which will remove the internal resistance ground from the 
TMM, thus restoring the RPS and the TMM to an ungrounded state. This modification is intended 
to be installed in th~ next refueling outage. · · · · · · 

The proposed modifications to be installed prior to commencing plant heatup will effectively 
isolate the grounded TMM from the ungrounded RPS. Raising the impedance of the ground in the 
TMM will effectively restore the deficient condition to the design and licensing bases. 

I. PRIOR TO PLANT HEA TUP: 

A. Isolate the TM/LP Pressure trip signal circuits from the internal TMM impedance. 

B. Isolate the Primary Coolant System temperature and Nuclear Instrumentation System Power 
Range input signals to the TMMs by isolating those circuits from the internal. TMM ground or 
raising the impedance level of the ground to an acceptable level. · 

C. Verify that all of the TMM inputs and outputs are effectively ungrounded after the 
completion .of modifications and perform testing to verify the modified loops, the TMMs and 
the affected portions of the RPS function properly. 

D. Test each TMM to validate that circuit isolation modifications do not effect the TMMs safety 
function. 

II. TO PREVENT RECURRENCE: 

A. Update the RPS's Failure Modes Effects Analysis to reflect the modifications performed to 
the RPS and the TMM as a result of this Event Report. · . 

B. Provide electrical and l&C engineering personnel with a summary of this event report. 

C. Update the RPS Design Basis Document. 

D. Incorporate this event into the appropriate accredited training programs. 

E. Change NECO Engineerin9 Guidelines to ensure that all modifications are tested to ensure 
that isolation and separation requirements are maintained. · · 
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F. Change the FSAR to clarify the definition of "ungrounded" and the "effects of a ground" in 
section 7.2.7. · . 

G. Modify the TMMs to remove the internal ground and .then reevaluate the need for circuit 
isolation devices added, as a result of this event, to the inputs and outputs to the TMM with 
the internal ground removed. 

H. Evaluate the need for additional surveillance procedures on the added TMM isolation 
devices. 

I. Evaluate the need to periodically monitor unisolated TMM and RPS circuits for the presence 
of grounds. - · 

J. Provide a memo to all l&C technicians on the importance of, and methods to detect grounds 
on floating systems. · _ · . 




