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EVENT DESCRIPTION

On January 31, 1997, Florida Power Corporation's (FPC) Crystal River Unit 3 (CR-3) was in MODE &
(COLD SHUTDOWN) FPC personnel were performing a comparison of schematic diagrams against
plant surveillance procedures in response to Generic Letter (GL) 96-01, "Testing of Safety Related
Logic Circuits " Testing deficiencies were identified to be violations of Technical Specification
Surveillance Requirements. Separate deficiencies were identified on January 31, 1997, February 11,
1997, March 17, 1997, April 28, 1997, May 21 through 23, 1997, and June 3, 1997

On January 31, 1997, deficiencies were identified in the testing of the Loss of Power Start (LOPS)
logic circuitry. On February 11, 1997, deficiencies were identified in the testing of the Emergency
Feedwater Initiation and Control [JB)(EFIC) Automatic Actuation logic circuitry. On March 17, 1997,
two separate deficiencies were identified in the testing of the Engineered Safeguards Actuation
System (ESAS) The first deficiency involved the testing of the ESAS Instrumentation Reactor Coolant
System [AB)(RCS) Pressure Low and Low-Low logic circuitry The second deficiency involved the
ESAS Automatic Actuation reset logic circuitry for Emergency Diesel Generator [EK DG)(EGDG) load
blocks 4 and 6 timers. On April 28, 1997, deficiencies were identified in the testing of the EFIC
Automatic Actuation Vector Valve Enable logic On May 21 through 23, 1997, deficiencies wer.
identified in the testing of the Reactor Protection System (RPS) [RP] trip functions. On June 3, 1897,
testing deficiencies were found in the emergency bus load shedding circuits for the 480 Volt Alternaing
Current (VAC) Engineered Safeguards (ES) buses

GL 96-01 reyuests licensees to perform a comparison of electrical schematic drawings and logic
diagrams for the RPS, EGDG load shedding and sequencing. and actuation logic for the ESAS against
plant surveillance test procedures This comparison ensures that all portions of the logic circuitry,
including the parallel logic, interlocks, bypasses and inhibit circuits, are adequately covered in the
surveillance procedures to fulfill Improved Technical Specifications (ITS) requirements

FPC has comnieted the review as requested in GL 96-01. Details of the testing deficiencies are
described in the following paragraphs

This report is submitted in accordance with 10 CFR 50 .73(a)(2)(i)(B) for operation or condition
prohibited by the plant's Technical Specifications

P r Testi fi i

On January 31, 1997, during the review of the EGDG LOPS logic circuitry, FPC determined that six
contacts in the Second Level Undervoltage Relays (SLUR) portion of the LOPS logic circuitry for each
EGDG were not individually tested during the required once per 31 day CHANNEL FUNCTIONAL
TEST Surveillance Requirement 3.3 8 1, nor during the required once per 24 months CHANNEL
CALIBRATION Surveillance Requirement 33 8 2.

ES equipment is powered from one of twe ES Buses. Each ES bus is normally powered from an off-
site source with backup supply from an EGDG. The LOPS circuits protect ES equipment from damage

NRC FORM 2664 (4-95)
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due to sustained undervoltage conditions and provide for rapid re-energization of the ES buses by the
EGDGs in the event of a total loss of voltage or sustained degraded voitage. There is one LOPS logic
circuit for each of the two ES Buses In the event of LOPS actuation, the affected ES Bus is
automatically powered by its associated EGDG

The LOPS logic consists of First Level Undervoltage Relays (FLUR) and SLUR The FLUR logic
detects a complete loss of voltage on an ES Bus. The SLUR logic detects sustained degraded voltage
conditions on an ES Bus.

Three ES Bus 'A' SLUR relays (278-A, 27B-B, and 27B-C) sense voltage on the three ES 'A' bus
phases. If all three SLUR relays sense degraded voltage for £ seconds, SLUR relay 27BY actuates
the FLUR logic circuit after a 13 second time delay. If there is an ESAS actuation during the 13
second time delay, relay 27BES bypasses the 13 second time delay and immediately actuates the
FLUR logic. Relay 27BY and 27BES contacts are in paralle! in the FLUR circuit. An 'dentical circuit is
provided for ES Bus 'B'".

An annunciator is provided in the Control Room to monitor the status of the SLUR 'A' relays (27B-A,
278-B, and 27B-C). The annunciator is actuated if one or more of the three SLUR relays is actuated.
Three parallel contacts from the SLUR 'A’ relays actuate the ES Degraded 'A' Voltage annunciator. An
identical circuit is provided for ES Bus 'B'

The LOPS logic circuits are tested once per 31 days by Surveillance Procedures SP-907A, "Monthly
Functional Test of 4160V ES Bus 'A' Undervoltage and Degraded Grid Relaying" and SP-907B,
“Monthly Functional Test of 4160V ES Bus 'B' Undervoltage and Degraded Grid Relaying " SP-907A
and SP-907B do not independently test the paralle! 27BES and 27BY relay contacts in the FLUR logic.
SP-907A and SP-907B also did not independently test parallel SLUR logic relay contacts which
actuate the Control Room annunciator for ES Bus Degraded Voltage

The LOPS relays are tested once per 18 months by SP-804A “Calib.ca*on of 4160 Voit ES ‘A’ Bus
Undervoltage and Bus Degraded Grid Relays," and SP-904B, "Calibration of 4160 Volt ES 'B' Bus
Undervoltage and Bus Degraded Grid Relays " SP-904A and SP-904B did not independently test the
parallel 27BES and 27BY relay contacts in the FLUR logic. However, SP-904A and SP-904B did
independently test the parallel SLUR logic relay contacts which actuate the Control Room
annunciators for ES Bus Degraded Voltage.

On February 11, 1897, during the review of the EFIC logic circuitry, FPC determined that four relays
were not tested during the required once per 31 day CHANNEL FUNCTIONAL TEST ITS Surveillance
Requirement 3.3.13 1

Trhe Emergency Feedvater System (EFW) is designed to provide adequate fiow to one or more steam
generators for decav v at removal. The principal function of EFW is to remove decay heat from the
Reactor Coclant Sy :m upon the unavailability of the normal feedwater supply. EFW consists of two

NRC FORM 3664 (4-95)
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shedding logic circuit protects the EGDG from overload condition by automatically shedding and
preventing the re-energization of the 480 VAC ES bus loads not essential for accident mitigation

The 480 VAC ES Bus load shedding logic circuitry is tested by Surveillance Procedure SP-417,
"Refueling Interval Integrated Plant Response to an Engineered Safeguards Actuation * For 480 VAC
ES Bus A and Bus B, SP-417 did not independently test the EGDG output breaker lockout.

EVENT EVALUATION
Loss of Power Start Testing Deficiencies

At the time of discovery, EGDG-1A was inoperable for schedu.ed maintenance and modification:
EGDG-1B was operable. In MODE 5, one EGDG is required to be operable in accordance with ITS
Limiting Condition for Operation (LCO) 38.2. In order for an EGDG to be operable, its associated
LOPS logic circuitry is required to be operable

The LOPS logic circuitry is important to the mitigation of most plant transients and accidents because it
ensures the availability of an adequate supply of AC power to ES systems

The SLUR relay contacts not tested during the CHANNEL FUNCTIONAL TESTs have not been tested
independently by any plant surveillance proceriure. However, the contacts have been satisfactorily
tested together during past performance of SP-907A and B, assuring that at least one of the two
parallel contacts unctioned in each circuit. When tested independently for the immediate corrective
action for this report. the contact testing was satistactory.

The SLUR annunciator contacts not tested during the CHANNEL FUNCTIONAL TESTs have been
satisfactorily tested during performance of procedures SP-904A “Calibration of 4160 Volt ES 'A' Bus
Undervoltage and Bus Degraded Grid Relays." and SP-904B, "Calibration of 4160 Volt ES 'B' Bus
Undervoltage and Bus Degraded Grid Relays " This test is performed on an 18 month frequency in
accordance with ITS Surveillance Reai'""ment 3382 FPC has determined that testing of this
annunciator circuit on the 18 month CH» * (EL CALIBRATION frequency provides assurance of public
health and safety. Any increase in assurance given by increased testing would be offset by the
increased circuit complexity and probability of testing errors caused by the installation and
manipulation of the additional circuit components required to enable once per 31 day testing.

Therefore, this testing deficiency did not compromise the health and safety of the general public
EFIC Logic Circuitry Testing Deficiencies

The EFIC system is not required to be operable in MODEs 4 and 5 It is required to be operable in
MODEs 1,2 and 3

The actuation circuits for EFP-1 and EFP-2, including their interposing relays, are initiated when tested
in accordance with Surveillance Requirement 3.7 52 once per 45 days on a STAGGERED TEST

NRC FORM 3664 (4-95)
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The ESAS Automatic Actuation automatic reset of the ES blocks 4 & 6 timer logic circuitry is important
to the mitigation of accidents when the Loss of Offsite Power (LOOP) occurs after the timers hav.
cycled, i.e. after the ES actuation

Although the independent functioning of two parallel contacts in the logic had not been verified on the
once per 31 day on STAGGERED TEST BASIS frequency, the auto reset function of ES load blocks 4
and 6 sequencing timers has been tested satisfactorily on a once per 31 day frequency in accordance
with procedure SP-130, "Engineered Safeguards Monthly Functional Test” This has provided
assurance that at least one of the two parallel contacts functioned in each channel.

Proper ES load sequencing would be accomplished if the LOOP occurs before or simultaneously with
ES actuation even if the auto reset circuits maifunction. If the LOOP occurs after ES actuation, proper
ES load sequencing would still be acconiplished, except in the unlikely event that

1. Block 4 and 6 loads start to load on the ES Bus in the absence of a LOOP and a LOOP occurs
during the 10 second interval while the loading is in progress, and,

2. One contact in two logic channels is failed and not detected, and,

3 The combination ¢f contact failures is such that the automatic reset does not occur until after the
Block 6 timer actuates.

Because of the assurance given by the testing conducted, the fact that inadequate testing does not
cause circuit faillures, the fact that these circuits are inherently reliable, and that a very unlikely
scenario which would have to be postulated in conjunction with multiple undetected circuit failures to
conclude a loss of a safety function, this testing deficiency did not compromise the health and safety of
the general public.

FPC has determined that testing of the automatic reset of the ES blocks 4 & 6 timer logic circuitry on
the 24 month CHANNEL CAL!BRATION frequency is appropnate. Any increase in testing frequency
would be offset by the increased circuit complexity and probability of testing error caused by the
installation and manipulation of the additional circuit components required to enable such esting.

The EF!C system is not required to be operable in MODEs 4 and § It is required to be operable in
MODEs 1, 2, and 3. The safety function of the EFIC Vector Valve Enable logic circuitry would only be
jeopardized if the "NOR" gates failed in both the "A" and the "B" logic circuitry

The EFIC Vector Valve Enable Logic Circuitry has been tested satisfactorily at a Refueling interval in
accordance with surveillance procedure SP-416, "Emergency Feedwater Automatic Actuation” In
addition, while not stated as an acceptance criteria, it is expected that a failure of the EFIC Vector
Valve Enable logic circuitry would be observed by plant operators when EFW is tested in accordance
with Surveillance Requirement 3.7.52 once per 45 days on a STAGGERED TEST BASIS using
Surveillance Procedures SP-349A "EFP-1 and Valve Surveillance," and SP-348B, "EFP-2 and Valve
Surveillance "

NRC FORM 366A (4-95)
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inoperable Safety functions are assured at CR-3 ii either EGDG-1A or EGDG-1B is capabie of
powering its ES buses.

Assuming that one of the two paraliel contacts failed in the breaker trip logic and postulating an
additional single failure of a contact in the load shedding logic during an ES actuation with a LOOP, |
only EGDG-1B would be affected. Safety functions are assured at CR-3 if either EGDG-1A or EGDG-
1B is capable of powering its ES buses

Based on the above. this testing deficiency ¢.J not compromise the health and safety of the genera
public.

CAUSE

The root cause of these testing deficiencies has been determined to be cognitive human error.
Personnel responsible for procedure development and review did not apply adequate test
methodologies to ensure all component/contacts were properly tested.

Three contributing causes led to the primary cause. The first contributing cause is circuit complexity.
The potential for development of a test procedure with 8 missed component/contact increases as the
complexity of the circuit increases

The second contributing cause stems from the lack of procedural guidance for test development which
allowed procedure writers and reviewers to reach differing .nterpretations of Technical Specifications
definitions and regulatory expectations

The third contributing factor deals with the CR-3 implementation of IEEE Standard 279, “Critenia for
Protection Systems for Nuclear Power Generating Stations.” This standard requires that protection
systems merely be designed such that they are capable of being tested. But the standards in effect at
the time of CR-3 licensing provided no guidance on the performance of or the extent of testing

IMMEDIATE CORRECTIVE ACTION
estin ficienci

Tec'nical Specification 3.3.8 Required Actions B.1 and C 1 were initiated. SP-907A and SP-9078B
were revised and performed. The relay contacts in question were tested satisfactorily Technical
Specification 3.3 8 Required Actions B.1 anc C.1 were exited.

NRC FORM 1664 (4-95)
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