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ABSTRACT

Some recent events at U.S. operating nuclear power plants revealed interesting human 
performance issues. Events discussed in this paper are: (1) a September 1996 event at 
Clinton, (2) a February 1997 event at Zion 1, and (3) March 1997 operator failures of “in-house” 
examinations at LaSalle. The specific human performance weaknesses exhibited in these 
events, some underlying organizational or institutional issues and factors which influenced 
operators and their management, and implications regarding regulatory oversight are 
discussed.

INTRODUCTION

Recent operating events at Clinton and Zion, and training weaknesses at LaSalle have shown 
that despite the strong overall safety and operating records of U.S. nuclear plants, pockets of 
significant performance weaknesses continue to be manifested. The positives from these 
examples are that the problems are now known and recognized, actions are in progress to 
correct the weaknesses; and that the events were of little actual safety significance. The 
negatives are that at Clinton and Zion, broad weaknesses had developed over time, and prior 
licensee and NRC oversight were ineffective in either identifying or correcting the true extent 
and significance of the weaknesses until the weaknesses were revealed by plant operating 
events. Although identified during shutdown, the LaSalle training issues have similar origins 
and lead to similar questions regarding oversight effectiveness.

SITUATION OVERVIEWS

CLINTON RECIRCULATION PUMP SEAL LEAK EVENT
(Refs.: NRC Inspection Reports 50-461/96-010 and 97-001, and NRC Notice of Violation and 
Imposition of Civil Penalties dated June 9, 1997 [Accession Nos. 9611260063, 9707170166, 
and 9706110241, respectively])

The Clinton Power Station is a General Electric BWR-6 with a Mark 3 containment. The station 
is located in central Illinois. On September 5, 1996, the licensee began actions to place the 
reactor in single loop operations by isolating the "B" reactor recirculation loop. The licensee 
believed that seal leakage from the "B" reactor recirculation pump was causing unidentified 
reactor coolant leakage to increase and that isolating the pump might reduce the leakage.



Power reduction commenced at 6:05 p.m. in preparation for securing the "B" reactor 
recirculation pump. At 8:08 p.m., the "B" reactor recirculation pump was secured and the pump 
discharge valve closed. Reactor power level decreased to 58 percent. Approximately 45 
minutes later, as a result of procedural non-compliances, unidentified drywell leakage exceeded 
the technical specification (TS) limit. Operations personnel entered the limiting condition for 
operation (LCO), 4 hours to reduce the leakage or shutdown the reactor, and declared an 
Unusual Event for unidentified leakage greater than 5 gallons per minute (gpm).

Operations then shut the pump suction valve. The licensee believed that seal injection flow to 
the reactor recirculation seals was contributing to the amount of unidentified leakage, and 
parameters indicated that the loop would not depressurize with seal injection flow lined up. A 
decision, contrary to procedural and vendor guidance, was made to isolate the seal injection 
flow. Twenty-three minutes later the seal failed as indicated by rapid reactor recirculation loop 
depressurization. The drywell floor drain leak rate was later calculated by the licensee to have 
peaked at 38 gpm. Following the depressurization, unidentified leakage decreased to 
approximately 10.5 gpm. During this time, the licensee continued actions to reduce leakage 
below 5 gpm.

At 12:55 a.m. on September 6, 1996, the 4-hour LCO time expired. Since leakage was still 
greater than 5 gpm, the licensee was required to begin preparations for shutting down the plant 
(required to be in hot shutdown in 12 hours). The unit was placed in Hot Shutdown and Cold 
Shutdown at 12:06 p.m. and 11:16 p.m., respectively. The unusual event was terminated at 
9:50 p.m. on September 6, 1996, when unidentified leakage consistently remained below the 
TS limit.

SELECTED CLINTON HUMAN PERFORMANCE ISSUES (based on this event and 
subsequent NRC inspections)

Excessive management emphasis on production, (i.e., minimizing equipment and unit 
outage time).

• Non-conservative decision-making by management and operators. In this event,
management directed and operators performed actions contrary to procedure which 
directly contributed to the seal failure (isolating seal injection). This event was unique in 
that plant staff worsened the situation rather than taking the action necessary to mitigate 
it.

Management failed to provide appropriate control over procedures until after significant 
NRC involvement. Problems included the guidance for use of procedures and controls 
for modifying procedures. Clinton staff believed that procedures were guides and did 
not always have to be followed. There was a pervasive problem (across plant 
departments) with procedural compliance, with some instances amounting to careless 
disregard for NRC regulations.



A specific problem with procedure usage in this event was selective interpretation of the 
wording of procedures such that the action the operators wanted to take was allowed, or 
at least not explicitly prohibited (regarding the decision to isolate seal injection prior to 
the recirculation loop cooling). Operators isolated the reactor recirculation loop under a 
step of the procedure for "emergency" conditions, (i.e., seals failed). Seals were not 
failed when the reactor recirculation loop was isolated, but operators believed that this 
was an emergency situation since the Emergency Plan had been entered and an 
Unusual Event declared.

Tracking of identified leakage was not performed at any time during the event. It is 
important to track identified leakage because it is a parameter used in the licensee's 
emergency action level classification scheme.

Operators encountered difficulties determining if the degraded reactor recirculation 
pump seal was the only source of unidentified drywell leakage. These difficulties 
stemmed from conflicting indications and some long duration, inoperable or degraded 
equipment.

ZION 1 CONTROL ROD MANIPULATIONS DURING SHUTDOWN EVENT
(Ref.: NRC Inspection Reports 50-295/97-006 and 007, and Information Notice 97-62
[Accession Nos. 9705070073, 9706050139 and 9708040036, respectively])

The Zion Station is a twin unit site with Westinghouse four loop PWRs and dry ambient 
containments located about 40 miles north of Chicago, Illinois. On February 19, 1997, the 
licensee declared a Unit 1 containment spray (CS) pump inoperable and entered the associated 
TS LCO. The TS LCO allowed 48 hours to restore the pump, if not the unit was required to be 
in hot shutdown within the following 4 hours.

In the early morning of February 21, 1997, the licensee had repaired the CS pump and initiated 
post-maintenance testing (PMT). The pump failed its PMT and the licensee initiated additional 
troubleshooting. Later that morning, the on-coming crew began their first day of shift duty 
following three days off. Although the LCO would expire soon, requiring the plant to be 
shutdown within the following 4 hours, the shift turnover briefing centered around restoration of 
the CS pump. No plan had been developed to support an orderly and controlled unit shutdown.

At 10:40 a.m., the LCO expired. At approximately 11:00 a.m., an informal discussion was held 
between plant management, operations management, and operations supervision regarding the 
CS pump and when to start actions to shut down the unit. Ten minutes later, the shift engineer, 
who has responsibility for both units, conducted a formal shutdown briefing.

At 12:09 p.m., control room operators began reducing power at the rate of %-percent per 
minute. A short time later the licensee identified that the CS pump should have been declared 
inoperable 20 minutes sooner. As a result, the licensee now had to be shutdown at 2:20 p.m. 
(20 minutes sooner) to comply with the TS action statement. Operators increased the rate of 
power reduction to ^-percent per minute. At about 2:05 p.m., with Unit 1 at 7 percent power,
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the shift engineer directed the unit supervisor to maintain the reactor critical. The shift 
engineer expected the CS pump to be returned to service within the next few minutes. The unit 
supervisor and primary nuclear station operator (NSO) reviewed the step in the shutdown 
procedure (Procedure GOP-4) for taking the turbine offline and inserting control rods to 
establish power at or below the point-of-adding-heat (POAH) (0.025 percent power). The 
review consisted of the unit supervisor reading the relevant step (5.21 .f) aloud and requesting 
the primary NSO to locate the point on the intermediate range (IR) power monitor 
corresponding to the POAH. The primary NSO identified this point and then asked the unit 
supervisor if he wanted him to drive rods in. The unit supervisor responded by re-reading the 
step. The step directs that the rod motion control switch be held in to minimize the dumping of 
steam and to establish power at or below the POAH.

Shortly thereafter, the main turbine was tripped. The unit supervisor then read step 5.21.f aloud 
to the primary NSO. After acknowledging this directive, the primary NSO inserted control rods 
continuously for 3 minutes and 48 seconds (a total of 232 steps) until reactor power indicated
0.025 percent. When questioned by the qualified nuclear engineer about why control rods had 
been driven in so far, the primary NSO replied, "this doesn’t look right, but I am just following 
procedures."

With the reactor substantially subcritical and power continuing to decrease, the primary NSO 
informed the unit supervisor that he intended to withdraw control rods to stabilize power at the 
POAH. The primary operator then withdrew control rods continuously for 1 minute and 45 
seconds (82 steps). The qualified nuclear engineer observed this rod withdrawal and stated 
that he "did not like what the operator was doing." The primary NSO responded that he was 
also uncomfortable. However, neither the primary NSO nor the qualified nuclear engineer 
informed the unit supervisor of their concerns. Shortly thereafter, the unit supervisor directed 
the NSO to trip the reactor. The unit supervisor was instructed by the shift engineer to trip the 
reactor because the CS pump had not been restored and the unit had to be in hot shutdown 
within 6 minutes in order to comply with TS. At 2:15 p.m., the reactor was manually tripped, 
placing the unit in hot shutdown.

SELECTED ZION HUMAN PERFORMANCE ISSUES (based on this event and subsequent 
NRC inspections)

Complete breakdown in command and control by operations supervision

Inadequate communications between operators, operations supervision, operations, and 
nuclear engineering department personnel

An operator continued control rod manipulations rather than stopping and informing 
supervision when he was uncomfortable with the actions he was taking.

Failure of operations supervision, operations management, and plant management to 
provide clear direction to the operating crew regarding the planned shutdown

3 1 0



Failure to pre-plan the shutdown evolution. This resulted from operations supervision 
and management emphasis on production, (i.e., restoration of the CS pump, rather than 
on oversight of shift activities), (i.e., planning for and monitoring the plant shutdown and 
associated activities).

The actions of the primary NSO in continuously withdrawing control rods to re-establish 
power at the POAH reflected a significant lack of understanding of reactor physics and 
proper control rod manipulations for a controlled approach to criticality.

Operations management did not appreciate the significance of the actions of the primary 
NSO in continually withdrawing control rods in an attempt to take the reactor critical.

Immediate corrective actions were inadequate in that licensed operators directly 
involved in the event resumed licensed duties.

Operations supervision did not ensure that planned reactivity changes were 
accomplished in a controlled manner and the effects of these changes were understood 
and appropriately monitored.

The licensee failed to correct the underlying causes of a number of precursor events.
The events involved poor communications, weak command and control, and poor 
reactivity management.

LASALLE TRAINING WEAKNESSES
(References: Chicago Sun-Times, "ComEd Nuke Operators Flunk Tests" [4/2/97], Chicago 
Tribune, "ComEd Says Most of Its Nuclear Plant Operators Failed Test" [4/2/97], and NRC 
Oversight Panel Meeting Summaries [6/23/97] [Chicago Sun-Times and Chicago Tribune 
articles available via WWW, NRC Meeting Summaries Accession No. 9706300244])

The LaSalle County Station consists of two General Electric BWR-5 reactors with Mark II 
containments. The site is located in north central Illinois. Commonwealth Edison confirmed in 
April 1997, that 25 of 31 control room operators failed a midterm in-house simulator exam for 
responding to abnormal conditions. The exam was part of a "high intensity training" program 
developed by the licensee to provide knowledge and skills to improve operator performance, 
and also to screen for technical competence, ability, and behavior or attitude problems. The 
licensee viewed this examination as very difficult and aimed at testing operators under new, 
higher standards. The NRC was quoted as saying that the examination results and associated 
weaknesses "did not involve safety related concerns." Others, however, found it "very 
disturbing that so many operators flunked simulator tests specifically designed to require 
‘thinking.’"

On May 7, the licensee met with NRC and presented information on the high intensity training 
program. The licensee stated that operator knowledge had degraded over time in the areas of 
Technical Specifications, fundamentals and reactor theory, and systems. Further, in-the-field



performance was declining significantly, and there was poor performance on "as found" 
evaluations.

Results as of May 7, 1997

Crews rated satisfactory on 22 of 31 scenarios (71%)
Crews rated unsatisfactory on 9 of 31 scenarios (29%)
Individuals rated satisfactory on 113 of 158 scenarios (71%)
Individuals rated unsatisfactory on 45 of 158 scenarios (29%)
Individuals rated satisfactory on all scenarios, 13 of 56 (23%)
Individuals retrained and returned to shift, 25 of 56 (45%)
lndividuals-1 dropped license, 5 in long term, 9 in intermediate, and 3 in short-term 
remediation

Commonwealth Edison also identified attributes of reactor operators (ROs) and senior reactor 
operators (SROs) who were successful during training.

The "successful" SROs were described as having good supervisory skills, (i.e., effectively 
prioritized multiple issues), were decisive, were willing to confront and correct performance 
problems on their crews, and possessed good communication skills. The "successful" SROs 
were also knowledgeable of abnormal operating procedures, had good diagnostic abilities, and 
practiced procedure adherence.

The "successful" ROs were described as good communicators and team players who 
effectively used peer checks, backed up other crew members, and possessed a questioning 
attitude and willingness to challenge SROs. The "successful" ROs also had good diagnostic 
abilities, a good working knowledge of abnormal procedures (including strict procedure 
adherence and effective self-checking), a good awareness of control panel indications, and 
were able to visualize system and plant components in the field.

Commonwealth Edison gave several reasons for the poor results on simulator tests:
1) management standards and expectations had not been internalized and were not routinely 
practiced on shift, 2) self-assessment had been ineffective, 3) there was an improper focus 
during simulator training, and 4) evaluation techniques had changed (prior evaluations were 
done at the crew level instead of at the individual level, resulting in a lack of individual 
accountability).

The licensee restructured its High Intensity Training program to increase training on the 
identified, widespread, weaknesses of command and control, diagnostics, abnormal procedure 
familiarity and use, and expectations and standards. The program is designed to build "simple 
to complex."



SOME COMMON THEMES BETWEEN THESE THREE SITUATIONS

Common themes are listed below. However, before focusing on the negative, the events 
should be placed in perspective. None of these events or situations had actual safety 
significance. These plants are receiving significantly increased regulatory attention. At Zion 
and LaSalle the licensees had conducted Independent Safety Assessments that had identified 
some of these performance issues. LaSalle's training issues became apparent during their 
attempts to address operator performance weaknesses while the plant was shutdown. Zion 
management, however, felt that their problems could be addressed at power. At both Clinton 
and Zion, the extent and implications of the problems revealed by the event were not initially, 
fully appreciated by the licensee.

Procedures and Procedure Usage Problems 
-Operators not familiar with procedures 
-Selective "interpretation" by operators and management 
-Rules for Procedure Usage (Procedures "only a guide")
-Quality of procedures

Control Room Command and Control Problems
-Management Standards and Expectations Not Set and Enforced
-Monitoring of Activities in Progress
-Communications and Communications Practices
-Planning for Intended Plant Maneuvers
-Control of the Control Room Environment

Non-Conservative Decisions

Operator Knowledge Weaknesses 
-Technical Specifications 
-Fundamentals and Reactor Theory 
-Systems
-Abnormal Procedures

Management Weaknesses 
-Standards and Expectations Not Set and Enforced 
-Emphasis on Power Production 
-Non-Conservative Decisions and Priorities 
-Tolerant of plant and personnel problems 
-Ineffective Oversight of CR operations, training 
-Ineffective Event Reviews
-Ineffective Corrective Actions to Prior Events and Industry Experience 
-Initial Mindset that Denied Problems and Their Extent

Ineffective Licensee and NRC Oversight



CONCLUSIONS

The situations described in this paper challenge some of the bases for the extent of regulatory 
oversight as practiced in the U.S. particularly with respect to human performance. Hence, it 
may be appropriate to reconsider the appropriateness of this oversight. The extent of current 
U.S. regulatory oversight is premised, at least partially, on the assumptions that utility workers 
and management are well-intentioned, reasonable, competent, and responsible (i.e. utility 
personnel will do the "right thing" because the power plant is a very large investment, and 
everyone working there has a vested interest in its safe and efficient operation). Another 
premise is that NRC mandated QA processes and programs, intended to ensure that licensees 
promptly identify and correct conditions adverse to quality, are in place and effective.

Current methods to monitor and trend licensee safety performance and safety culture were not 
fully effective in identifying and correcting significant weaknesses prior to these weaknesses 
being revealed by operating events. An underlying theme in the situations described in this 
paper was that management standards were either low, or management and supervision did 
not set and enforce high standards. In either case, poor performance became acceptable and 
the norm. Such performance was not effectively challenged at a early stage by either NRC or 
licensee oversight. Improving current methods to monitor and trend licensee safety 
performance and safety culture offers the potential for safety and economic benefits, improved 
human performance, and enhanced regulatory effectiveness.

More narrowly, current methods to monitor and assure operator competencies were not fully 
effective in identifying and correcting significant weaknesses prior to these weaknesses being 
revealed by operating events. Improving these methods offers the potential for safety and 
economic benefits, and improved human performance.


