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SERT Report 92-05

December 29, 1992

To the General Manager - Salem Operations

SALEM UNIT 2 - CONTROL ROOM OVERHEAD ANNUNCIATOR LOCK-UP, 12/13/92

SIGNIFICANT EVENT RESPONSE TEAM REPORT

At your request, a Significant Event Response Team (SERT) was
convened at 23:00 hours on December 14, 1992, to investigate and
report on the captioned event.

On December 13, 1992, at 21:22 hours, the Nuclear Control Room
Operator (NCO) for Salem Unit 2 received an alarm on the Auxiliary
Alarm System (AAS) recording the restoration of the Chilled Water
Expansion Tank lLevel Low to Normal. He then realized the Overhead
Annunciator (OHA) for the AAS typewriter had never alarmed, and
the clock on the CRT, which displays alarms received by the OHA
System, had stopped updating at 19:46 hours. The NCO determined
that the OHA System was not functioning, and at 21:23 hours, he
reset SER-B and SER-A in the Beta annunciator cabinet located in
the Equipment Room. This action restored the functionality of the

OFA System.

The SERT charter, as defined by the GMSO, was:
1) Independently determine the root cause of the event
2) Assess ECG classification and reportability
3) Determine if procedures were adeqguate and followed

4) Assess adequacy and design of the OHA System

5) Determine corrective actions




The SERT consisted of:
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Craig Lambert Nuclear Engineering and

Project Services
Dan Eskesen Salem - Operations
Lou Miceli Salem - Technical
Ken Moore Salem - Onsite Safety Review
Scott Ward Salem - Station Quality Assurance
Mike Reese Nuclear Training Center
Wayne Choromanski Reliability and Assessment
Lyle Mayer Nuclear Electrical Engineering
Dennis Connell Salem - GM staff

Manager

Member
Member
Member
Member
Member
Member
Member

Member

The information in this report is based on our investiga*ion which

concluded on December 24, 1992.

days and involved approximately 800 man-hours of work.
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I. BACKGROUND INFORMATION

Modifications were performed to Salem Unit 1 and 2 control
consoles and annunciator systems to correct Human Engineering
Deficiencies in accordance with NUREG 0700, Guidelines for Control
Room Design Reviews. The OHA electronics were modified to replace
the existing relay/logic system with a microprocessor based system

provided by Beta Products Division of Hathaway Industries. The
alarm window displays were re-arranged, relabelled and system
reflash capability was modified. On the control console, a CRT

with keypad controls and new pushbutton/switches were installed.

The modifications to Unit 2 were completed during outage 2R6 and
turned over to Operations on March 26, 1992. The modifications to
Unit 1 were completed during cutage 1R10 and turned over to
Operations on June 12, 1992.

II. SYSTEM DESCRIPTION ANL I ICENSING BASIS
A. System Descrip' jon

The Control Room OKA System consists of the Betalcg 4100, a
high performance sequential events recording system, the
Betalarm 1500, a microprocessor based serial inpu* distributed
annunciator system, and a Remote Control Workstation Computer
(RCW). The OHA consists of ten (10) overhead boxes with forty
eight (48) windows per box. The OHA is a non-safety related
system. An annunciator CRT display and keypad are located on
the control conscole to identify alarm points.

There are separate and independent pushbuttons located on the
control console which the operator uses to silence, acknowledge

and reset the OHA system alarms. W
located on -~ the contrel console

fndications. A test switch is located on the control console
for periodic testing of the system.

The OHA is powered by two independent 115 VAC, 60 Hz supplies.

Attachment 1 provides a simplified block diagram of the system.

B. Licensing Basis
1. Safety Evaluation Report
NRC review of the OHA System prior to issuance of an
Operating License concluded that the design and safety

classification for this system was acceptable. The ngety
Evaluation Report did not discuss specific design details.

2. UFSAR

UFSAR Section 7.7.2.10 provides a detailed description of
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plant alarm and annunciator systems. The OHA System |is
classified as a non-safety system. Paragraph four (4) on
page 7.7-16 states:

"Since Indication and Alarm Systems are not part of the
Plant Protection System, and failures within these systems
cannot affect the operation of the Protection System, there
is no reason to impose limiting conditions for operation on
the Alarm Systems. Alarm Systems cannot be considered as
part of a safety related system, since they perform no
function in the actuation of safety-related equipment.
Limiting conditions for operation are imposed on the Plant
Protection Systems and egquipment to assure the safe
operation of the unit."

Design of this system includes consideration of physical
separation and electrical isolation between 1E and non-1lE
circuits, Seismic £I/1, Fire Protection, Appendix R
requirements and separate and redundant power supplies.
Information needed by the operator to respond to abnormal
occurrences has been provided in accordance with Regulatory
(Reg.) Guide 1.97.

III. EVENT CHRONOLOGY
All times provided are derived from the SER-B printout.

On December 12, 1992 OHA A-45 (spare) alarmed and was cleared by
resetting both SERs. OHA A-45 subsequently alarmed on December 13,
1992. The Nuclear Shift Supervisor (NSS) directed the NCOs not to
clear the alarm as it was considered a nuisance alarm and he
planned to notify the System Engineer of the problem the following
morning.

Between 18:00 and 18:45 hours on December 13th, the Desk NCO
accessed the Beta RCW (Panel 115-1) to obtain information
associated with the OHA A-45. The NCO performed several keystroke
operations on the Beta System RCW keyboard before returning to the
control room. Sometime after the Desk NCO left the RCW, the
Console NCO accessed the RCW in an attempt to identify the cause
for the OHA A-45.

At 19:46 hours, the Unit 2 Beta System clock on the CRT display,
stopped updating. At 19:55 hours, the AAS printed "Chilled Water
Expansion Tank Level Low", but the associated OHA, "AUX ALM SYS
PRINTER" (A-41) did not alarm. The Desk NCO noticed the printout
and then directed an equipment operator to fill the tank.

At 20:08 hours, the NCOs performed a containment pressure
vacuum/relief which caused radiation monitors 2R13A and 2R13B to
alarm. These channels caused "RADIATION ALARM PROCESS" to glarm
on 2RP1. The Desk NCO acknowledged the alarm on 2RP1, but neither
NCO realized OHA A-6 "RMS TRBL" had failed to annunciate.
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At 21:22 hours, "Chilled Water Expansion Tank Level Low" alarm
returned to Normal and printed on the AAS. The NCOs then
recognized that OHA A-41 did not annunciate. The Console NCO
noticed the clock on the OHA CRT was indicating 19:46 hours and
not updating.

At 21:23 hours, an NCO reset SER-B, then SER-A, in the Beta
Annunciator Cabinet. After the SERs were reset, four OHAs were
received in the control room:

* Annunciator Logic (A-9)
s RMS Trouble (A-6)

s 104 Panel Trouble (C-9)
e AAS Printer (A-41).

The Console NCO verified these OHAs coincided with the CRT and
that the CRT clock was updating, and notified the NSS.

At 21:32 hours, the AAS printed "Plant Vent Heat Trace Trouble"
and associated OHA A-41 alarms. The operators considercd this as
confirmation the annunciator system had been restored.

The NSS informed the Senior Nuclear Shift Supervisor (SNSS) who
began reviewing the Event Classification Guide (ECG) Section 10
for classification/reportability requirements. At approximately
22:00 hours, the SNSS called the Operating Engineer (OE) and
indicated 3 minutes (by Beta System 1 minute) had elapsed between
the time the OHA system was discovered to be "locked-up" to the
time the system was reset. Therefore, after SNSS and OE
discussion of the event and review of ECG Sectior 10, an Alert and
NRC One Hour Notification were not applicable.

Subsequently, the NSS called the System Engineer (SE) and
discussed the Beta OHA System. The NSS indicated the on-duty
technician was not qualified to work on the system. Therefore, he

reguested the SE to come in.
At approximately 23:30 hours, the SE arrived and performgd a
number of diagnostic tests on the system. These tests verified

that SER-A and B were functioning properly. The SE reset SER-A
and B to clear the printer error.

The SE discussed the test results with the NSS and indicated he
planned to call the vendor in the morning.

See Attachment 2. "Detailed Sequence of Events"
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Iv. EXPLANATION OF EQUIPMENT FAILURES

The SERT performed a thorough review of system failures and
malfunctions from the time the system was installed until the
system "locked-up" on December 13, 1992. The details associated
with this review are included in the Sequence of Events contained
in Attachment 2.

Based on a special test performed by a System Engineer and BETA
Products Field Engineer on December 18, 1992, the OHA window A-9
alarmed when the SER-A transferred system control to SER-B. The
SER-A circuit board was removed and replaced with the temporary
OHA circuit board used during system installation.

On December 19, 1992, the removed SER-A circuit board was tested
at BETA Products facilities and it was discovered that when

"Ctrl L" is entered twice at the RCW PC keyboard with the RCW in
PROCOM PLUS and the "Black Box" is in RCW-A position, the SER
"locked-up". That 1is, when the system saw the FROCOM PLUS
command, all SER ports were turned otf, stopping CRT clock update
and alarming valid overhead windows. Review of Salem Unit 2's RCW
PC files revealel a file that was created at 19:47 hours on
December 13, 1992,

The EERT has determined that the event was caused by a combination
of entering "Ctrl L" twice, with the RCW in PROCOM PLUS and the
“Black Box" switch in RCW-A, rather than SER-A. When this occurs,
the main controller will stop sending events to any display
devices that are connected, and wait indefinitely for commands to
be sent from the RCW.

v. SAFETY SIGNIFICANCE OF THE FAILURE OF THE
ANNUNCIATOR SYSTEM

The UFSAR states that the OHA System is not safety related.
System alarms are not part of the plant protection scheme and
failures cannot affect protective system operation. Therefore,
operation limits are not imposed on the plant. Technical
Specifications (Units 1 and 23 DedudS, REMOTE SHUTDOWN
INSTRUMENTATION, and 3.3.3.7, ACCIDENT MONITORING INSTRUMENTATION)
and Control Room Evacuation, S1(2)~-0OP.SO-AB.CR~-0U001(Q), and
Control Room Evacuation Due To Fire In The Control Room, Relay
Room, or Ceiling of the 460/230V Switchgear Room, S1(2)-OP.SO-

AB.CR-0002 ‘e not contam(_‘r_"gfer to any overhead annunciators to
Moc cs or decision points for safe HRENRge OF toe

It is recognized industry-wide that the risk of a degraded plant
condition going undetected increases when a majority of the OHAs
are lost or wunavailable; therefore, emergency declaration 1s
appropriate. The necessary personnel to provide increased
monitoring for continued safe operation of the affected unit(s) 1s
accomplished by activation under the E-Plan implementation for
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this type of event.

Clarification to ECG Section 10D or development of another IC/EAL
for this section is in order. Consider NUMARC/NESP-007,
"Methodology for Development of Emergency Action Levels. This is
acceptable to the NRC as an alternative method for the development
of EALs. It is the result of an industry-wide effort to
standardize criteria for :lassification of emergencies.

Additionally, NESP-007 recognizes that certain loss of OHA
scenarios can occur in which the option of calling extra personnel
is given to the SNSS. The determination should be guided by
Technical Specification OPERABILITY concerns or ability to enter
and maintain control of the plant during abnormal or emergency
procedure operations.

Consideration may be given to the system reliability perspective

as well. If the system 1s wunreliable, excessive emergency
declarations will occur. This is highly undesirable! Therefore,
the system needs adequate reliability/redundancy, without

unreasonable expense, to provide that assurance.

Since the 7HA System is utilized to recognize abnormal c¢~nditions,
the UFSAR needs to adequately describe its failure modes, as well
as a description of its workings. An electric power loss to the
system is described in the proposed FSAR change; however, system
ground, computer logic and OHA/MCR Console CRT combination
failures are not.

vI. ASSESSMENT OF EVENT CLASSIFICATION GUIDE (ECG)
CLASSIFICATION, IMPLEMENTATION AND REPORTABILITY

Initial event analysis and classification was prompt and correct.
The OHA loss event was classified according to NUREG 0654 Rev. 1.
It specifies that emergency declaration is timed from discovery of
the condition by the operators. During the OHA loss of December
13, 1992, operators recognized the event and corrected the cause
prior to exceeding the 1% minute limit of ECG Section 10B.

SERT concurs with the determination made at the time of the event
by the BNSS and OE that an ALERT Declaration was not necessary.

Although classification under the ALERT class is not considered
necessary for this occurrence, SERT believes for future events of
this type, a courtesy call be made to the Emergency Notification
Center informing them of the event.

As discussed previously, the SNSS and OE reviewed ECG Section 10
for Reportability. Section 10 D. requires a one hour report
should there be a major less of emergency assessment capability,
specifically loss of "Other Control Room indications or plant
monitors necessary for accident assessment". «The Annunciator
System is not described as Accident Monitoring Instrumentation per
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Technical Specification 3.3.3.7.

S8ERT concurs with the position taken by the SNSS and OE on the
evening of the event.

At approximately 09:00 hours on December 14, 1992, the event was
discussed with one of the Salem Resident NRC Inspectors. After
details of the event were known and cause was still under
investigation, it was determined by PSE&G Management that a non-
emergency declaration was the prudent approach to take.

vII. ASSESSMENT OF PERSONNEL PERFORMANCE

Operator actions and suitability of the response to this event
have been determined by reviewing narrative and plant logs,
appropriate plant normal, alarm response, abnormal and emergency
procedures along with interviewing involved operators, their
supervisors and management personnel.

A. LICENSED OPERATORS:
1. NCO~Console:

The Console NCO did not noutice the loss of OHAs ur.il the
AAS Chilled Water Expansion Level Low alarm returned to
Normal. Functional capability was lost for approximately 90
minutes. Three alarm conditions (two AAS alarms and one
2RP1 RMS alarm) were actuated over a 90 minute period. All
could have given the NCO indication that the OHAs were not
operating correctly. Factors that may have affected the
identification of the OHA loss could be attributed to the
day and shift, Sunday 15:15-23:15. Also, relief for
mealtime or~urred at or atout the time when the alarms were
missed.

The above conditions reinforce the need for increased awvareness %o
corroborating indications and thorough temporary relief turnovers
during reduced activity times in the Control Room.

Upon recognizing the BETA system CRT not wupdating, the
Console NCO made a brief statement about the BETA System CRT
condition to the Desk NCO, then went to reset the BETA SERs
according to an Operations Department Information Directive
(ID) on the system. The NCO did not know what the condition
of the computer system was, but believed that the reset
process would correct the condition. Upon resetting, the
OHA system seemed to function correctly.

Although the Console NCO did not perform an OHA test, he
continued to monitor/compare subsequent OHAs with diverse
corresponding Control Room indications to insure operation
of the systen.
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Based on stated information, normal watchstanding activities
require increased awareness. Actions to reset the system and
follow up monitoring were considered prudent.

2. NCO-Desk:

At approximately 18:00 hours, an attempt was made to access
the BETA RCW to identify the cause of A-45. Access to the
computer system for historical data printout was attempted
utilizing operating procedure $2.0P-S0O.ANN=0001(Q). For
reasons unknown, the NCO did not place the "Black Box"
switch in the proper position, as directed by the procedure.
Using computer prompts, several access attempts were made.
Upon arriving at a password protected option, several
different passwords were tried, all of which were
unsuccessful. Password use by operators is not required for
operator functions and was not authorized by the procedure.
Termination was attempted due to "not fe:ling comfortable",
and the NCO was unsuccessful in gaining the desired
information.

Had the NCO been successful in gaining entry with a
password, the software integrity could have been
compromised.

With the exception of password usage, operations performed at the
BETA RCW were under directions of a procedure and computer prompts
were not supposed to result in the condition that occurred. @U

3. Generic:
These items are applicable to Console and Desk NCOs.

a. The NCOs are responsible for continuous plant
monitoring from the Control Room. Close monitoring of
auxiliary indications, charts, computer printouts,
etc. can assist in determining loss of primary
indications/alarms.

b. Control Room Narrative Logs are the responsibility of
the NCO. Both NCOs were aware of the significance of
the loss of most or all OHA's. The events leading up
to and details of events during the time when the
OHA's were not functional need to be detailed in the
narrative.

4. NSS:

The NSS, when apprised by the NCO, of the problem associated
with the CHA System, notified the Senior Nuclear Shift
Supervisor (SNSS) in a timely manner and confirmed that the
system appeared to be functioning properly. The NSS
participated in the review of the ECG for applicability in s
his capacity as the Shift Technical Advisor (STA). aa
/ t

¥
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5. 8NSS:

Upon being informed of the condition, ECG Section 10 was
consulted. The SNSS and NSS/STA determined that entry into
any emergency classification was not appropriate.

The SNSS then telephoned the OE, and discussed the ECG

Section 10. The OE concurred with the decision not to
declare an emergency condition nor make the one hour
notification.

Based on the time of discovery and correction of the condition, it
was appropriate not to enter into any emergency
classification/reportability.

The SNSS contacted the System Engineer to discuss the event
and determine if any further actions related to system
functionality were required.

Contacting the System Engineer was considered prudent action.

6. OE on call:

After discussing the situation with the SNSS, the OF
concurred with the SNSS decision not to declare an ALERT or
make one hour notification at that time. Instructions were
given to the SNSS to call back if the SE determined the OHA
system incapable of carrying out its designed functions.

With the information available to the OE, the decision on the Loss
of Overhead Annunciators, was appropriate.

B. NON-LICENSED OPERATOR:
Not Applicable
C. SHIFT CONTROLS (I&C) TECHNICIAN:

Not applicable - the Shift Controls (I&C) Technician was not
qualified on the BETA System; no action, no involvement.

D. ENGINEER:

The System Engineer responded promptly upon learning the Shift
Controls (I&C) Technician was not gualified on the system.

His actions appeared to be correct for the information and
indicav.i-~s available to him upon arrival on site.
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VIII. R C OPPORTU

During the period of SER-A failure (19:46 to 21:23 hours), events
occurred that might have afforded opportunities for detection of
the SER-A "lock-up" which resulted in the failure of the control
room CRT to update, and the failure of the OHA windows to indicate
changing plant status/condition.

These opportunities are listed below in the Order of Occurrence
and are further discussed by Order of Potential for Detection.

A. Order of COccurrence

Time  Source = Parameter Condition
1./19:46* |2CC1 CRT CRT Time display Fails to update
time
2.119:55 AAS Print |[Chilled Water Expansion OHA A-41 does
Tank Level Low = Alarm not annunciate

for AAS print

3.|20:08 2RP1 RMS Radiation Alarm Process OHA A-6 does
PNL not annunciate

for <ki3A/B

4.121:22 AAS Print |Chilled Water Expansion Oha A-41 does
Tank Level Low - Normal not annunciate
for AAS print

* Condition remains throughout period of failure
B. Order of Potential for Detectior

EVENT At 20:08, Radiation monitors 2R13A and B aiarmed upon
of the initiation of containment pressure relief. This
HIGHEST was expected and previously experienced. The 2R13s
POTENTIAL| entering alarm caused 2RP1 RMS Panel "RADIATION ALARM
PROCESS" window to light. The alarm on 2RP1 RMS Panel
should have driven OHA A-6 "RMS TROUBLE" to annunciate.
However, since the SER-A was "locked=-up" this did not
occur.

In preparation for performing the containment pressure
relief the Desk NCO went to the RMS Panel on 2RP1 and
stood by while the Console NCO stroked the
pressure/vacuum relief valves open. As the valves

*| stroked open the 2R13 A and B Radiation Monitors
entered alarm, the Desk NCO immediately acknowledged
the RMS Panel alarm (approximately 1 second elapsed
from alarm to acknowledgment) and both the Desk and
Console NCOs failed to recognize that the OHA system
did not annunciate the alarm condition.

This opportunity had the highest potential for detection since
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both NCOs were aware of the condition, as it occurred, which
should have caused an OHA alarm. The operators may have been de-
sensitized to this alarm, in that this condition has existed since
November 23, 1992 (containment pressure reliefs are performed
approximately once per shift).

The next two events, Chilled Water Expansion Tank Level Low Alarm
and return to Normal, are similar in probability for detection
when the condition exists by itself. Since the operators were
expecting the expansion tank alarm to c¢lear wupon initiating
actions to fill the tank, the return to Normal had a higher
probability of OHA failure detection.

SECOND At 21:22, AAS printed return to Normal for Chilled
HIGHEST Water Expansion Tank Level Low. This was detected
POTENTIAL| immediately by both NCOs and recognized that the OHA
A-41 "AUX ALM SYS PRINTER" did not annunciate. After
the AAS printing condition was realized, the 2CCl1 CRT
was monitored and determined to be not updating since
the time display still indicated 19:46.

The Console NCO took prompt action (at 21:23) to re-et the Beta
System SER units.

THIRD At 19:55, AAS printed Alarm for Chilled Water Evpansion
HIGHEST Tank Level Low. Without expecting an alarming
POTENTIAL| condition on the AAS and the OHA A-41, the Chilled
Water Expansion Tank Level Low Alarm 1is logged
unnoticed on the AAS printer. Detection of the alarm
is eventually made during a routine review of the AAS
printout. Both NCOs assumed the A-41 OHA had
annunciated earlier but could not recall acknowledging
and resetting the window.

Normal recognition of AAS events are 'forward progression': a
parameter enters alarm, begins to print on the AAS printer,
initiates OHA A-41, the Console NCO notifies the Desk NCO of the
AAS alarm, the Desk NCO evaluates the condition and reports it to
the Console NCO, the Console and Desk NCOs determine the
appropriate response and take corrective actions. If presented
with a condition, they do not instinctively question whether there
was an alarm. Instead the progression is picked up at the
evaluation phase and continued to corrective action.

puring this period the Desk and Conscle NCOs were relieved one at
a time by the NSS. This could have contributed to the unnoticed

AAS printout.

LEAST The 2CC1 CRT time display failed to update after 19:46
POTENTIAL land was a continuous indication of the "lock-up" of
SER-A.

This item, while being of 1long duration, provided the 1e§st
probable detection method. This is based on the following
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reasons:

i. NCOs received no OHA alarms to prompt referencing
the CRT for additional information.

ii. NCOs were not trained to recognize the uiqniticancc(j{
of a failure of the clock to update as an indication
of an OHA System failure.

At 21:23 SER-B and SER-A were reset, CRT and OHA responded as
previously seen upon SER resets (i.e. time updates occurred on the
CRT and the OHA Window lights cycled as described in
S52.0P-S0.ANN-0001 step 3.5).

IX. ASSESSMENT OF ADEQUACY AND IMPLEMENTATION OF PROCEDURES

A. OPERATIONS

Operations Department had the following procedures in place at
the time of the event:

* S2.0P-SO.ANN-0001 “OVERHEAD ANNUNCIATORS OPERAiION"
* S2.0P-SO.ANN-0002 "OVERHEAD ANNUNCIATORS GROUND DETECTION"
* OHA A WINDOW ALARM RESPONSE FOR WINDOWS A~1, A-9 AND A-17

Review of the Operations Department OHA responses and ground
detection procedures revealed no inadequacies.

Operations Procedure 52.0P-SO.ANN-0001(Q), Rev. 0, "“Overhead
Annunciators Operation", was utilized during the events leading
to the SER-A failure. This procedure is a "Category III" use
procedure. Category III rrocedures allow the completion of the
task from memory provided the user is familiar with its use.
The operator should refer to the procedure as necessary to
perform the job correctly. He is responsible for performing
the task in accordance with the procedure.

Areas of concern in the operating procedure were identified
during the SERT review for content and use during the event.

6

1. The procedure purpose stated at step 1.1.E indicates a ¢3
section of this procedure is the response to an SER‘(

."

failure. o

This is incorrect; the section details the operators response to
an SER Scanner failure.

2. Step 3.1, description of the "password protected"
functions of the RCW, indicate that only "“password
protected" activities can affect Annunciator System
operability.
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This is not an accurate assessment as indicated by the event and/f?
supporting documentation from the vendor, describing the use of
various keystroke combinations, with the six (6) position "Black
Box" selected to the RCW "A'" or "B" positions.

3. Step 3.5 indicates an SER transfer can be operator
initiated at the RCW Computer.

This statement implies the '"operators'" can force this transfer,
which is incorrect and prompts the following concerns:

» The directions to perform this transfer are not provided
in the procedure.

e It is not possible to cause a transfer from the RCW
Computer. During the investigation the OHA System
Engineer indicated it would be necessary to pull the SER
card to force a transfer.

4. Section 5.4, RCW operation, directs the operator to
"ENSURE the "Black Box" Switch 1s 1in the SER-A
position".

There is no step in the remainder of the section to return the
switch position to RCW-A position. Leaving the switch in the
SER~A position will cause the historical buffer to fill and the
oldest data to be overwritten as the SER accumulates events beyond
6000.

5. Section 5.4, RCW operation did not provide direction to

the operator for all RCW configurations, i.e., the
procedure assumes the computer was off at the time the
operator enters Section 5.4. The computer was on at the

time the operator arrived.

It is SERT's understanding that the RCW computer is always on, and
the "Black Box" switch is in RCW-A to allow automatically saving
historical data to the hard drive to permit trending by the System
Engineers. This may have added confusion to the operator as he
attempted to access the system.

(NOTE: Section 5.4 concerns have been addressed. Revision 1 to
this procedure has redefined this section and is now used for
"Resetting and Testing the OHA System" Steps manipulating the
"Black Box" and computer have been removed.)

6. The procedure, as provided, does not contain steps to
reset the SERs should the need arise.

puring the installation of the Beta OHA System, it was identified
that the system "locked-up" while performing an OHA test.

This “lock-up" was addressed in two ways. The immediate response
was to issue a letter to the Operations Manager from the Project
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Team, describing the occurrence and requesting that operators not
perform the test in the manner that led to the "lock~up'". The
letter also identified that operators on shift were shown how to
reset the SERs. The long term response was to make an 'EPROM"
change which would prevent recurrence of the "lock=-up".

Operations response was to issue an Information Directive (ID)
with the letter attached. The ID did not include specific
instruction on how to perform the SER reset.

During the procedure development the Procedure Upgrade Project
(PUP) was not informed by the installation group nor Operations

Department of the "lock-up'" and need for procedure guidance for
SER reset.

7. The procedure, as provided, does not contain guidance
for system switch alignment required for operation.

8. The procedure, as provided, does not contain guidance
for determination of proper system response/operation.

B. MAINTENANCE
No procedures have been developed to date.
C. SYSTEM ENGINEERING

No formal procedures have been developed to date

X. TRAINING
A. OPERATOR TRAINING
1. LICENSED OPERATOR:

Salem Licensed Operators received training on the new BETA

System in Segment 3 of 1991/9C Licensed Operator Requal /4

Training during the period of January to March 1992. ,
Licensed Operator training was adequate at the time it was’/
conducted. The ¢training consisted of a briefing in the
Simulator with demonstration of the functions of the new CRT
located on 2CCl1. Additionally, the alarm buttons, overhead
relocations and alarm horn modifications were demonstrated.
Operator training included the operator interface with the
system but did not include BETA System hardware and computer
systems. Only system components located in the simulator
control room were discussed. The RCW was not discussed
because it is not planned for installation in the simulator.
At that time, a trainee handout, containing a br}ef
description of the system was provided. No further material
development nor training has been accomplished since.
Operator interface with the system is provided as part of
the overall simulator training and in-plant training.
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2. NON-LICENSED OPERATOR: Not Applicable

3. ENGINEER:

With the exception of the designated System Engineer, formal
training has not been provided to the Station Engineers.
The System Engineering Training Core Course does not include

Annunciator training, other than system operation
demonstration during the simulator portion of their
training.

The System Engineer for the BETA system received training
during March 1992, while attending the Nuclear Controls
(I&C) Technician training.

4. NUCLEAR CONTROLS (I&C) TECHNICIAN:

Initial training was provided by a third party vendor to a

group of nine individuals. The group included six Nuclear
Controls (I&C) Technicians, two Maintenance Supervisors and
the System Engineer. The three-day training course was

conducted during the week of March 25, 1992. Training and
reference material was provided by a third party vendor.

Although the technician on shift the night of the event was not
trained in the Beta System, SERT is not in a position to judge
whether additional personnel should be trained or not.

At the time training was conducted, no maintenance
procedures had been issued. Training could have been more
effective if the Procedure Upgrade Program group generating
the procedures had aligned procedure issuance with the
scheduled training. Additionally, the training did not
contain any of the information on modifications to the
system, nor the information contained in Operations Dept ID

92-016, "Unit 2 Control Room OHA", The information,
contained in a memo from the DCP Project Manager, was
available.

Based on the above information, the training is considered
incomplete. A common deficiency appears to be a failure to
communicate or transmit advanced installation information to end
users in a timely manner, or sometimes, not at all.

The following are SERT recommendations for training that
could further reduce the likelihood of future occurrences.
For systems significant to plant operation (i.e.: Tech Spec
implications, ECG classifications, other identified license
conditions, etc.):

e Training prior to release of system/modification for

operation. e Table-top review by the user group prior to
turnover of system for operation.
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* Walk-thru with several different operators 1in the
"operator mode"“ of system operation.

* Evaluate methods for improving the interface with the
Nuclear Training Center for training requirements
associated with the DCP process.

XI. REVIEW AND ASSESSMENT OF NEW DESIGN

SERT review of SORC approved, Revision 0, Design Change Package
(DCP) 2EC-3056 "Phase III Annunciator Modifications" was performed
to determine if the DCP for, the new OHA System could have
contributed to the total loss QW'Unit 2's Control Room OHA System
on December 13, 1992.

The draft DCP was prepared and peer reviewed by an external
Architectural Engineer (AE) with inputs from various PSE&G
discipline groups, including Salem System Engineering. PSE&G
provided final DCP approval.

SERT's assessment of the DCP's engineering design input and review
is as follows:

A. ENGINEERING:

This DCP was implemented to upgrade and replace the relay/logic
OHA system with a microprocessor based OHA manufactured by BETA
Products.

The objective was to utilize as much of the existing system
configuration and hardware as possible, such as OHA panels,
window boxes, cables, etc. BETA Product's 100 % redundant, OHA
System was reconfigured such that a single failure in some
components could result in a failure of the entire system.
Less than 100 % redundancy was justified and accepted.

SERT's review found that the DCP design analysis did not detail

the system software. For example, the BETA Products software
was neither validated, or reviewed by the Nuclear Process
Computer Group. When the DCP was approved, NUREG CR-4640

"Handbook of Software Quality Assurance Techniques Applicable
to the Nuclear Industry" was invoked per Specificaticn S-C-ANN-

CDS~0205. Procedure NC.NA-AP.Z22-~0064 (Q) "Software Quality
Assurance" was issued on November 7, 1990, but was not used for
this DCP. Alsoc a new Design/Engineering Administrative

Procedure NC.NA-AP.Z2-0052(Q) "Software Control", which was
issued at the same period of DCP issuance, may have brought any
potential software problem to light.

System performance requirements, needed to support the origipal
design basis, were not included in the design analysis section
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to confirm if the new system met or exceeded the original
requirements. For example, BETA's calculated Mean Time Between
Failures (MTBF) is 89539 hours (failure of a single optical
coupler on one scanner circuit board) or 1.03 failures per |
year. This predicted failure rate is greater than the actual |
performance of the original system.

SERT's review of the OHA System design also found that the OHA

operation could be impacted by a single failure of any one of
the following components:

* Auto RS-232 Switch #1 ID 2XD16481
* Auto RS-232 Switch #2 ID 2XD16349

« Data Cables between Auto RS-232 Switches and Distributed
Logic A & B and Control Room CRT respectively.

e SER software/firmwar<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>