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WISCONSIN PUBLIC SERVICE CORPORATION 

600 North Adams * P.O. Box 19002 * Green Bay, W1 54307-9002

NRC-97-32

10 CFR 50.73April 9, 1997 

U. S. Nuclear Regulatory Commission 
Attention: Document Control Desk 
Washington, D.C. 20555 

Ladies/Gentlemen: 

Docket 50-305 
Operating License DPR-43 
Kewaunee Nuclear Power Plant 
Reportahle Occurrence 97-003-00

In accordance with the requirements of 10 CFR 50.73, "Licensee Event Report System," the 
attached Licensee Event Report (LER) for reportable occurrence 97-003-00 is being submitted.  

Sincerely,

M. L. Marchi 
Manager - Nuclear Business Group 

GRT 

Attach.

cc - INPO Records Center 
US NRC Senior Resident Inspector 
US NRC, Region III 
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ABSTRACT (Limit to 1400 spaces, i.e., approximately 15 single-spaced typewritten lines) (16) 

On March 10, 1997, with the plant in refueling shutdown, a design error was identified in one of the 
subsystems of the Inadequate Core Cooling Monitoring System (ICCMS), the Reactor Vessel Level 
Indicating System (RVLIS). As a result the RVLIS is incapable of performing its intended function over 
its required span. The cause of this event is failure to properly implement changes to the design as 
refinements were made in the early phases of the project prior to installation.  

This condition has existed since the system was installed in 1986. Kewaunee Technical Specifications (TS) 
require the RVLIS to be operable when above the hot shutdown operating mode. Therefore, the plant was 
operated in violation of the TS since the system was installed.  

Currently, Kewaunee is in an extended outage completing steam generator repairs. The RVLIS system is 
not required during this plant mode. Prior to the reactor being made critical following the current outage, 
a software change will be implemented to correct the system.  

The ICCMS was designed by Wisconsin Public Service and built by Combustion Engineering (CE). The 
Kewaunee system does not use the standard CE ICCMS software used at other nuclear power plants.  
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DESCRITPTION OF EVEN 

On March 10, 1997, with the plant in refueling shutdown, a design error was identified in one of the 

subsystems of the Inadequate Core Cooling Monitoring System (ICCMS)[IG]. The error was identified in 

the calculation of reactor [RCT] vessel [VSL] level when both reactor coolant pumps [P] are off. The 

error results in an offset in the displayed vessel level by as much as 35% of measured span in the non

conservative direction. The degraded condition was identified when plant personnel questioned apparent 

discrepancies between the vessel level displayed by ICCMS and those displayed by the Refueling Water 

Lt vel Indicator during reduced inventory conditions.  

ICCMS consists of four subsystems: the Core Exit Thermocouple Monitor, the Subcooled Margin 

Monitor, the Reactor Coolant System (RCS)[AB] Void Fraction Indicator (used when one or both reactor 

coolant pumps are running), and the Reactor Vessel Level Indicating System (RVLIS). The error is 

contained in the RVLIS module. RVLIS is designed to provide a direct indication in the control room of 

the water level in the reactor vessel when both reactor coolant pumps are off. It is based on measurement 

of differential pressure. It contains a top fluid connection on the reactor vessel head and a bottom fluid 

connection to a coupling in an in-core detector thimble guide tube. The design of the RVLIS is to provide 

post-accident reactor vessel level indication to enable determination of the magnitude of any void 

formation.  

The ICCMS uses a microprocessor to process the outputs of the RVLIS differential pressure transmitters 

[PDT] and provide display of vessel level in the control room. To compensate for changes in fluid density, 

the ICCMS uses data from resistance temperature detectors (RTDs) mounted on vertical sections of the 

sensing line tubing, core exit thermocouples, RCS cold leg RTDs, pressurizer [PZR] pressure transmitters, 

and RCS pressure transmitters. The system was installed during the Spring, 1986 refueling outage.

NRC FORM 386A 14951



NRC FORM 366A W 
(4 95) 

LICENSEE EVENT REPORT (LER) 
TEXT CONTINUATION

W.S. NUCLEAR REGULATORY COMMISSIO

FACILITY NAME (1) DOCKET LER NUMBER (p) PAGE (3) 

Kewaunee Nuclear Power Plant 05000305 YEAR SEQUENTIAL REVISION 3 OF 8 
97 -- 003 -- 00 

TEXT (If more space is required, use additional copies of NRC Form 366A) (17) 

Investigation of the discrepancy between the two level indicators [LI] revealed an error in the equations 

used by the ICCMS to calculate vessel level when both reactor coolant pumps are off.  

The preliminary RVLIS design called for the calibrated span to be defined as one hundred percent level 

equal to the top of the reactor vessel, and zero percent level equal to the elevation of the RVLIS 

differential pressure transmitters, several feet below the top of the reactor core. A internal RVLIS design 

review meeting was held by Wisconsin Public Service (WPS) on July 17, 1985. During that meeting, a 

concern was raised regarding the ability of the system to provide an accurate indication of vessel level 

once level dropped below the top of the reactor core. This concern was based on the instruments used to 

compensate for density changes in the reactor coolant.  

To determine the density of liquid in the reactor vessel, RVLIS uses values obtained from the core exit 

thermocouples. When vessel level drops below these instruments, located at the top of the reactor core, the 

system is no longer able to accurately determine the density of :" remaining liquid in the vessel.  

To address this concern, the calibrated span of the system was changed at the July, 1985 meeting. One 

hundred percent continued to be defined as the top of the reactor vessel. Zero percent level was redefined 

as the bottom of the vessel hot leg penetration. However, this change was only partially implemented. The 

reactor vessel mimic located next to the RVLIS meters on the control room panel was changed. One of the 

software constants used in the equations to calculate vessel level was not changed. This left the system in a 

condition where vessel level was calculated and displayed based on the original calibrated span, but the 

vessel mimic used by the operators to correlate the readings to the vessel showed the new span.  

The offset caused by the error increases as vessel level drops. When the reactor vessel is full, the offset 

introduced is zero. With level at the reactor head flange, the offset is approximately 15%. With level at 

the bottom of the reactor vessel hot leg penetrations, the offset is approximately 35%.  

NRC FORM 366A 4-95)
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This error only impacts the RVLIS portion of the ICCMS. The Core Exit Thermocouple Monitor, 

Subcooled Margin Monitor, and RCS Void Fraction Indicator are unaffected and able to function as an aid 

to the operator post-accident.  

The ICCMS was designed by WPS and built by Combustion Engineering (CE). The Kewaunee system 

does not use the standard CE ICCMS software used at other nuclear power plants. The change in design 

made in July 1985 applied only to the Kewaunee system. CE has been informed of the error in the 

Kewaunee system 

CAISF OF THF EVENT 

The cause of this event is failure of WPS and the vendor, CE, to properly implement changes to the 

design as refinements were made in the early phases of the project. The change in calibrated span was 

made seven months prior to shipment of the system to the site. However, the change was only partially 

i.. lemented in the system as delivered. The necessary change was made to the control room panel mimic, 

but the corresponding changes to one of the constants used in the RVLIS equations in the ICCMS 

processor were not made. In addition, changes to system documentation and test procedures were not 

made.  

WPS had opportunities to detect the error prior to placing the system in service. The final system design 

specification, containing the erroneous equations, was transmitted to WPS by the vendor subsequent to the 

design change, but before the system was placed in service. In addition, pre-operational testing failed to 

discover the error. A test which correlated actual RVLIS data to the refueling water level system would 

have revealed the error. Such a test was not performed. The testing that was performed measured the 

actual, uncompensated differential pressure for zero, one, and two pump operation at various RCS 

temperatures and compared that actual data with expected values. The change in span had no impact on the

NRC FORM 366A 1495)

Oh



NRC FORM 3664 .S. NUCLEAR REGULATORY COMMISSI 

(4951 

LICENSEE EVENT REPORT (LER) 
TEXT CONTINUATION 

FACILITY NAME (1R DOCKET NUMBER (PAGE (3 

YEAR SEQUENTIAL REVISION 5 
Kewaunee Nuclear Power Plant 05000305 5 -F 8 

97 -- 003 -- 00 

TEXT (If more space is required, use additional copies of NRC Form 366A) (17) 

uncompensated differential pressure from the transmitters and therefore, the test did not detect the error.  

Additional testing was performed on the ICCMS microprocessor. These tests involved applying test signals 

to the various ICCMS inputs and observing the outputs, including vessel level. However, those test 

procedures were based on the original span of measurement for RVLIS. Accordingly, the system met 

acceptance criteria for the test procedure as written.  

Opportunity to detect the error during any of the previous outages since installation was limited. During a 

normal outage, disassembly of the core exit thermocouples cabl rnd the pressure sensing line from the 

reactor h-ad to the RVLIS transmitter reference chamber are among the first activities of the outage.  

Reassembly is typically one of the final activities near the end of the outage. When this equipment is 

disassembled, RVLIS does not have the data necessary to determine level. LEDs (light-emitting diodes) on 

the RVLIS meters in the control room flash to indicate to the operator that the system is out of service. In 

addition, even when this equipment is in place, other outage activities such as calibration of instruments 

used by RVLIS render the system out of service. As a result, the operators have not relied on RVLIS as a 

reliable indication of vessel level during the time the RCS was in a reduced inventory condition.  

During the current extended outage, RVLIS was fully assembled and operational during periods where 

vessel level was less than 100%. It was during this time that the error was observed.  

Periodic surveillance testing conducted since system installation also did not reveal the error. This testing 

consists of providing signals of a known value as inputs to the instruments, observing the output, and 

making any necessary adjustments. Surveillance testing that observes actual process measurements and 

then correlates those values to the actual condition of the reactor coolant system would have been required 

to detect this error. Such a test was not part of the normal surveillance of the ICCMS.

NRC FORM 366A 4951
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ANALYSIS OF THE EVENT 

This event is being reported in accordance with the requirements of 1OCFR50.73(a)(2)(I)(B), "a condition 

prohibited by the plant's Technical Specifications," and 1OCFR50.73(a)(2)(ii)(B), "a condition that 

resulted in the plant being in a condition that was outside the design basis." 

Kewaunee Technical Specifications (TS) require that the Reactor Vessel Level Indication instrumentation 

be operable, whenever the plant is above hot shutdown. Kewainee's RVLIS provides two channels of 

level indication. With the error found, both channels are inaccurate below 100% reactor yessel level.  

Under this condition, the instruments do not provide accurat- indication of vessel level over the required 

span and are therefore inoperable. Therefore, the plant had operated outside of the TS requirements, since 

the RVLIS was installed in 1986.  

The RVLIS is part of the plant's required accident monitoring instrumentation. The RVLIS supplements 

other available information to aid the operator in assessment of plant conditions during and following an 

accident. The development of generic emergency operating procedures acknowledges the supplemental 

nature of the RVLIS indication by providing guidelines with or without RVLIS.  

The impact of the level instruments' indication error is that under specific accident conditions an 

inaccurate indication of reactor vessel level would have occurred. This could have in turn resulted in a 

non-conservative estimation of vessel void formation.  

Specifically, Kewaunee's Integrated Plant Emergency Operating Procedures (IPEOPs) reference three 

different action levels associated with RVLIS. They are: (1) "GREATER THAN 100%," (2) "GREATER 

THAN 30%," and (3) "GREATER THAN 0%." For those instances where operator decisions are based on 

the 100% level, the degraded condition of RVLIS has no impact. No error is introduced at 100% or more.  

NRC FORM 366A (4 95)
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Operator action based on 30% RVLIS appears in IPEOP ES-0.3, "Natural Circulation Cooldown With 

Steam Void In Vessel." This procedure provides actions to cool down and depressurize the plant to cold 

shutdown conditions when no accident is in progress. Entry into this procedure is from ES-0.2, "Natural 

Circulation Cooldown" and only when the RCS must be depressurized. The intent of monitoring RVLIS in 

this procedure is to confirm vessel inventory above the top of the hot leg to ensure voids do not migrate to 

the top of the steam generator U tubes. While any void formed is expected to collapse within the hot leg 

fluid, void migration could occur with the disruption of natural circulation. With RVLIS error, a displayed 

reading of 30% is below the top of the hot leg. Consequently, in this condition voids could have migrated 

beyond the reactor vessel.  

Operator action based on 30% vessel level also appears in IPEOP ECA-3.2 "Steam Generator Tube 

Rupture With Loss Of Reactor Coolant - Saturated Recovery Desired." This procedure directs the 

operator actions for the beyond design basis event of a steam generator tube rupture with a loss of reactor 

coolant. In this procedure, the RVLIS indication is one of two parameters used to reinitiate safety injection 

flow in order to maintain a covered reactor core. With RVLIS error, 30% displayed level is still above the 

top of the core (approximately the bottom of the hot leg). Core exit thermocouples indication serves as the 

alternate parameter to monitor core coverage and would also ensure re-initiation of safety injection if 

required.  

Operator action based on the 0% value is contained in IPEOP ECA-3.3 "Steam Generator Tube Rupture 

Without Pressurizer Pressure Control." This procedure directs operator actions for the beyond design basis 

event of a steam generator tube rupture with loss of normal and auxiliary pressurizer sprays and power 

operated relief valves. In this procedure, a RVLIS reading of greater then 0% is used to confirm that the 

reactor core is covered prior to terminating safety injection flow. This is one of four conditions that need 

to be met to terminate safety injection. Core exit thermocouples are also required to demonstrate RCS 

NRC FORM 366A 14 95)
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subcooling is present. With inventory level below the top of the core, a subcooled indication from core 

exit thermocouples would not exist. Therefore, safety injection being terminated with reactor vessel 

inventory below the top of the core is not considered credible.  

Currently, Kewaunee is in an extended outage completing steam generator repairs. The RVLIS system is 

not required during this plant mode. During reduced inventory conditions associated with outage activities, 

the refueling water level indicator, not RVLIS, is relied upon for level indication.  

CORRECTIVE ACTIONS 

Prior to the reactor being made critical following the current outage: 

1) A software change will be implemented to correct the RVLIS equations. The calibrated span will 

be 100%, top of reactor vessel and 0%, bottom of the hot leg.

2) A retest will be conducted to confirm the implemented change.

ADDITIONAL INFORMATION

None.  

SIMILAR EVENTS 

None.
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