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Llcensee Event Report (LER) 94-012, Supplement 1, is attached This
supplement. includes a revised ana1y51s of the event section, as well as an
“extension of our estimated completion date for upgrading the Thermal Margin
Monitor to the end of the refuellng outage fo]]ow1ng the 1995 refuellng
outage. , . :

" This event was originally reported to the NRC as a cond1t1on outs1de the
design bas1s of the p1ant per 10CFR50 73(a)(2)(11)(B)

E COMMITMENT SUMMARY »
The fo]]ow1ng commltments ‘were part of . the or1glna1 LER and are st111 actlve 1

The Failure modes and affects analysis for the RPS w111 be updated to
reflect the modifications performed to the RPS and the TMM as a resu]t of
.-this event report. , A

The schedule for completing the modifications to the Thermal Margin'»
Monitors to remove the internal ground resistance from the TMM, has been
- . changed from the 1995 refueling outage to the end of the refue11ng
- following the 1995 refue]1ng

250114 950117 ,
gggl ADOCK 0500g%35 :




After the grounds are removed the need for the circuit 1so]at1on devices .
 added as a result of-. th1s event to the inputs and outputs of the TMM will

be reeva]uated 4 _ -

The fo]]ow1ng are new commitments from the supp]ement

A procedure will be deve]oped to test RPS and TMM s1gna1 c1rcu1ts for -
‘ grounds ,

A memo will be issued to all department heads members of the PRC and

Management Review Board emphasizing the need to recognize situations where.'
the p]ant is not in comp11ance with design ba51s

[ Arire—

Kurt M Haas =~ A
- Plant Safety and Llcen51ng Manager

CC Adm1n1strator, Reglon ITI, USNRC
NRC Res1dent Inspector - Pa11sades‘

-~ Attachment
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1 wree @) Thermal Margrn Monitor lnternal Ground Reactor Protective System (RPS) Design Basis - Supplemental Report

- | (RPS) design basis. The TMM is part of the RPS and the RPS is designed.to operate as an

L measurement loop, the Nuclear Instrumentation (NI) System and the Prrmary Coolant System (PCS)
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ABSTRACT Wimit to 1400 s

o Oon’ Apnl 27,1994, with the plant in cold shutdown, it was determlned that an rnternal ground in
| the Thermal Margln Monitor (TMM) causes a non- conformance with the Reactor Protectrve System

B ‘ungrounded system The ground path in the TMM was connected to the pressurizer pressure

- |'temperature inputs:, A second ground in the pressurizer pressure loopor in the PCS temperature »
'.-_ - transmltter Ioop could adversely affect the RPS accuracy and rellabrlrty

The cause of thls event is an mternal ground in the TMM design which was. not |dent|f|ed at the
. 1 time of installation and the failure to recognize that this internal ground put the RPS outsnde ‘of the
FSAR desrgn ba3|s in that the RPS |s desngned to be ungrounded '

_ Modlflcatlons to effectlvely |solate the lnternal ground in the TMM from the pressunzer pressure
) cnrcuutry and PCS temperature circuits were completed pnor to plant heat -up.

[
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| EVENT DESCRIPTION:

1 On April 27, 1994, the plant was in cold shutdown. During a re-evaluation of the Thermal

.| Margin Monitor (TMM), PY- 0102A (B, C & D), and its effects on the operability of the Reactor
- | Protective System (RPS), it was determlned that a resistance path to ground internal to the .
TMM, caused a non-conformance with the design basis as stated in the Pallsades FSAR section
7.2.7, "Effects of Failures”. FSAR section 7.2.7, Analog Portion, item 2 states that "Shorting
| the [signal] leads to an ungrounded voltage source, has no effect since the signal circuit is _
D ungrounded.” Section 3, states "Single grounds on the signal circuit have no effect. Double
" | grounds would tend to cause the channel to fail in the safe direction”: Srmllar_statements are

- | found in the FSAR section 7.2.7, "Logic Portion,” items 7 and 11. . ' A

| 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 dc power supply through a 10K ohm resistor to ground.. This ground path was
initially found connected from the TMM through the Thermal Margin/Low Pressure (TM/LP) bi- -

L stable trip unit to the pressurizer pressure measurement loop, where an addmonal ground in the

' ‘:pressunzer pressure loop could establish a ground loop which may have a non- conservatrve
mfluence on the pressurizer pressure signals of the RPS. : ~

’ After fmdmg the mternal (as—desrgned) TMM ground and realizing the'potentiaql impact on'the -

o pressurizer pressure measurement loop, all four channels of the pressurizer pressure related:
- " | equipment were conservatively declared moperable pending further investigation. Although

| monthly surveillance by the 1&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 I&C testing, in response to this event, by inducing

actual grounds in the pressurizer pressure loop identified the potentlal for causmg non--

o ,conservatrve shifts in some Ioop signals or setpornts

: ‘Subsequent crrcurt analysrs and ‘testing performed on May 16 1994 on the TMM mputs and -

: - outputs revealed that the TMM 10K ohm ground is also connected from the TMM to the PCS’
-l instrumentation and the Nuclear Instrumentation (Nl) systems. In the PCS: instrumentation

| system, the ground is connected to the cold leg and the hot leg average temperature
linstruments, 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 '

o temperature inputs are used in the TM/LP trrp setpoint calculatlon and in the varrable hlgh power §

: 'tnp calculatron

In the Nuclear Instrumentatlon (N1) System, the TMM lnternal 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
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RPS. This is due to-the presence of buffer isolators located in the NI system in each of the NI
) srgnals ‘Operations does not have a method to detect a second ground on the temperature
loops or on the NI systems : :

QAU§E QF THE EVENT:

o The cause of thls event is a srgnal common to earth ground in the Therma! Margm Momtor

design which was not identified at the time the TMM’s were installed. The cause of the event
is also a failure to recognize that the presence-of the internal grounds in the TMM placed the
RPS outsrde of the FSAR desrgn basis in that the RPS is desugned to be ungrounded

1

| ANALYSIS OF THE EVENT:

| One of the RPS trip parameters is the Thermal Margln/Low Pressure (TM/LP) calculated srgnal
{In 1988, the original analog TM/LP calculators were replaced by digital Thermal Margrn

1 Monitors. - The TMM function is to prevent reactor conditions from violating a minimum: '
departure from nucleate bouhng 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 bi-stable trip unit which also receives an
input signal from the pressurizer pressure measurement loop. The TM/LP bi- stable trip unit will
generate alarm and trip.signals based on the comparison of the trip setpoint input from the

1 TMM and the pressure sngnal from the pressurizer pressure measurement Ioop

- In the course of troubleshootlng a July 3, 1991 RPS tr|p (LER 91-012, dated 8/2/91), it was :

| concluded that the source of power which energized the test portion of the bi-stable dual coil -

relays and contributed to the event, came from the TMM 24 volt dc power supply. As a
corrective action for the July 3, 1991 reactor trip event, the TMM.vendor was contacted
| regarding a potential srgnal common to earth ground in the TMM. The vendor indicated there

| was none. Because of a. continuing indication of a ground path, -investigation by Palisades plant L

continued and eventually revealed the existence of a 10K ohm resistor which provided an
internal ground path through the resistor to the power supply in the TMM, through setpoint
indicator PIA-O102A (for Channel A), and to the signal common for the setpoint voltage

transmitted to the. TM/LP bi-stable trip.unit. This signal propagated through the TM/LP bi-stable |

| to the srgnal common of the pressurizer pressure measurement loop.. Thus, if a short develops
"lin the pressurizer pressure loop, the ground loop would be fed by the 24 volt dc power supply
in the TMM. It was determlned that all four RPS channels were similarly affected.

The vendor was contacted regardrng the removal of the 10K 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 possrbllrty of degradatlon of
_the equ|pment T U : : - B T S
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An engmeerrng evaluatlon of the acceptabrllty of the slgnal common to ground connectlon in the

L 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, )

11993. 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 surveillance by the I&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. Technrcal

: Specrfrcatron requurements and was therefore consrdered operable. ,

1n April 1994 durlng reviews of equupment for operabrllty in consideration for heat -up from cold
- shutdown following an-outage, the ability of the RPS to satisfy the design reqwrements in FSAR

' section 7.2.7, ‘given the TMM internal ground and the potential for additional grounds on the"
o pressurizer pressure measurement loop, was re- -evaluated.. On Apnl 27, 1994 it was decided
_{ that all four channels of the RPS' pressurizer pressure measurement loops mcludrng the TMM-s..

| should conservatuvely be declared moperable pending further investigation because unlntentronal
| grounds on the pressunzer pressure loops were not readrly detectible by the Operations
| department. This was deemed the prudent and conservative course of action considering the

s enhanced sensmvtty to issues as part of the overall plant performance improvement plan. -

Additional evaluation and testing confirmed that for certain postulated grounds in the pressurrzer
. | pressure srgnal loops, the ground path established through the ™M groundmg resnstor could
adversely affect some pressunzer pressure trrp signals. : : S

| There were three opportunities where the non conformance wrth the RPS desrgn requrrements
for an ungrounded system could have been recognized. First, it could have been recognrzed and
tested for during the initial installation of the TMM modification (FC-628). - Second, durrng

. | replacement of the RPS trip relay coils in FC-888 following a July 3, 1991 RPS trip, a thorough

- | design review of FC-888 could have-identified the non- conformance. Third, an opportunity was
- | missed during resolutlon of the corrective action for the July 3,-1991 RPS trlp where removal of
| the TMM ground was consrdered : : :

_ Durlng the TMM rnstallatlon the vendor’s statement that the TMMs were ungrounded was »

| accepted at face value and no additional testing or investigation was initiated to verify this
| design criteria. Had this been identified as a critical design characterlstrc as required by the
current modification procedures, verification of the ungrounded crrtena would have been

: requrred at the time of mstallatron

— - —_——— o . o
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. Dunng the desrgn review of FC- 888 the resolutron focused on the desrgn of the trip relay corls

. {and on- preventrve maintenance to monitor the relay. coil performance and not on the entire TMM

design. The review relled heavily on a vendor letter discussing the design and construction of
| the replacement relays and concluded that the desrgn was acceptable ' .

When removal of the TMM ground connectlon was not supported by the vendor, an a'nalyslls -

| was submitted which documented a justification to use the TMMs with the grounds in place.

-1 The analysis concluded that a second ground in the TM/LP pressure trip circuits of the RPS"
‘would be a single failure. It also concluded that the srngle failure would only affect one of the

. four channels and, therefore, since it would neither initiate a false protective action (reactor trip)

| nor prevent a proper protective action, it was deemed an acceptable conflguratnon It was not

| concluded at this time that the existing configuration did not comply with the associated

= lrcensmg desrgn basis. This conclusron was not revrewed by the correctrve actron review board
.prror to closeout of the actlvrty : -

§AFETY SIGNIFICANCE

o W|th the mternal ground in the TMM, testmg has demonstrated the potentlal for an addmonal
srngle ground on the pressurizer pressure loop to cause a non- -conservative shift in the pressure
srgnal or setpoint in that loop. -All postulated ground paths establish current flow through the

- | setpoint indicator of the TMM and. are therefore detectable. Testlng has also demonstrated the

potential for an additional ground to cause a’ non-conservative shift in the temperature rnput .
1 -srgnals to the TMM whrch affect the thermal power calculatlon -

g For clarrflcatron the followmg mterpretatlon of the FSAR section 7.2.7 rtems 2 3 7 and 11 i

f -regardlng the terms grounds and no effect is provnded

- An’ "ungrounded" circuit is mterpreted to mean a crrcuut in WhICh the |mpedance of the
- circuit as measured to ground, is at a suffrcrently high level such that with a addition of a -
. single ground on the cnrcurt there will be no sugnlflcant effect on the instrument loop. ". .
..no significant effect. . .".is interpreted to mean that.a single ground (in addition to the -
-Gircuit. impedance of the crrcunt 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 srgnal level
that is Wlthll'l the tolerances of the loop accuracy analyses . =

o Conversely, a srgnlflcant effect is one’ where the change to the srgnal circuit is in- a non-
conservative direction and is outside the tolerances of the instrument loop accuracy
analysrs which could then impact the FSAR chapter 14 Safety Analyses
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The correctrve action process has been substantlally upgraded in several respects All

R conditions affecting installed plant equipment are now reviewed for the effect on equrpment ‘
. operablllty and a reportability review is conducted for all conditions identified. A new screening

| group has been established to identify those condltlons which are significant and need plant
' | management attention and detailed root cause anaIysrs There is mcreased management
involvement in the corrective actlon process :

:’ A modlflcatlon has been |mplemented to effectlvely lsolate the grounded TMM from the
| ungrounded pressurizer pressure loop of the RPS through the rnstallatlon of an |solat|on devrce
: 'Iocated external to the TMM . : o

On May 16, 1994, durlng the engineering of the modlflcatlon to mstall |solat|on between the
| TMM signal and the TM/LP trip unit, an-analysis revealed an additional ground path from the .

| internal TMM 10K ohm ground to the Nuclear Instrument inputs and the Primary Coolant .
| System temperature inputs to the TMM Testlng performed on May 19, 1994 revealed that an ,

additional ground inserted in- the temperature transmitter loop could adversely affect the -

| temperature signals but that an additional ground mserted in the NI |nput circuits had no effects 1

.on the TMM nor on the NI curcunts

1A second modlfrcatron was |n|t|ated which increases the rmpedance between the mternal ground -

connectlon from the TMM to the temperature signal instrument loops. This was accomplished.

by installing three operational amplifier input devices internal to the TMM in place of jumpers in :

-~ {the Nl.input circuits. Identical input devices are currently in 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 testmg of the temperature instrument circuits reveals that with

"] the input devices installed on the NI inputs and an additional ground on the temperature crrcuuts

R there is -no effect on the operatron of the TMM or on the temperature mstruments

, The modlflcatlons to: (1) provude electrrcal isolation between the TMM srgnal and the TM/LP tnp
| unit to effectively separate the ground in the TMM pressurizer pressure circuitry and, (2) provide
| increased electrical resistance between the TMM temperature inputs and the. TMM unitto
effectively separate the grounded TMM from the ungrounded temperature circuits; were
| completed before plant heat-up. 4 :

| 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
currently scheduled for installation during the refueling outage following the 1995 refueling
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outage. " The TMM vendor has indicated that this is a complex modification and the engineering
-land design changes needed to remove the rnternal ground cannot be completed in. trme for the
| 1995 refueling outage.

The modifications mstalled prior to commencing plant heat-up effectively lSOlate the grounded
| TMM from the ungrounded RPS. Raising the impedance of the ground in the T™MM effectlvely
: restores the defrcrent condition to the desrgn and llcensrng bases _

‘I;V-] PRIOR TO. PLANT HEAT-UP:
Actions A-D were accomplished prior to plant heat-up.
~ A Isolate the TM/LP Pressure trip signal circuits from the internal TMM impedance.
B. | Isolate the Prlmary Coolant System temperature and Nuclear lnstrumentatron System
Power Range input signals to the TMMs by isolating those circuits from the internal
~TMM ground or ralsrng the lmpedance Ievel of the ground to an acceptable leveI
. C.. Verify that all of the TMM |nputs and outputs are effectrvely ungrounded after the |
completion of modifications and perform testing to verify the modified loops, the

TMMs and. the affected portrons of the RPS function properly

D. Test each TMM to valldate that crrcurt |solat|on modrfrcatrons do not effect the TMMs
- safety function. : :

|11 TO PREVENT RECURRENCE: -

C A Update the RPS’. Failure Modes Effects Analysis to reflect the modifications performed

to the RPS and the TMM- as a result of this Event Report.

B. Electrical and I&C engrneermg personnel have been provrded wrth a summary of this
' event report.

C. The RPS: Desrgn Basrs Document has been updated to include the work completed on
'the system and to clarify what an ungrounded" signal is. N

- - D. This event report has been lncorporated into the approprlate accredlted traunlng
programs. :
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The original commitment was. to change the Nuclear Engineering and Construction . -
Organization (NECO) Guidelines to ensure that all modifications are designed and

- tested appropriately to ensure that |solat|on and separation requirements are
‘maintained. This action was not taken as descnbed as it is not reasonable to test for

separation and isolation. -Separation is a factor of cable and devrce location.

| Engineering design and review are adequate to determine correct device location.
~ Isolation is also a design function. Testing of the isolator is done at the time of -
- - procurement |f adequate design documentation does not exist.- The existing desrgn

procedures reference the appropriate design documents which specify the-
requrrements for adequate. eIectncal curcu:t separatron and isolation.

Change the FSAR to clanfy the defrnmon of "ungrounded" and the effects ofa

"ground" in section 7.2.7.

. Modrfy the TMMs to femave the. rnternal ground and then reevaluate the need for
. . circuit isolation devuces added by this event report to the mputs and outputs of the
" TMM. : 4

It has been determrned that additional survelllance procedures on, the added TMM |
isolation devices will not be ‘written, as an existing Technical Specrfrcatron

- Surverllance procedure (MI 2A) tests the rsolators as part of the srgnal Ioop test

- It was determined that the need exists to perlodncally monitor unlsolated TMM and

RPS circuits for the presence of grounds. ‘A new action has been initiated to develop
a procedure to test RPS and TMM srgnal circuits for grounds

~ A memo has been provrded to all I&C technrcrans on the |mportance of and methods

‘to detect, grounds on. floatrng systems. -

Provrde a memo summariz'ing the event to all department heads, members of the PRC:
and Management Review Board, emphasizing the: need to recogmze srtuatrons where

the plant is not in compliance with desrgn basis.:






