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SUMMARY

During 1998, the research work followed more specific guidelines, which entailed focusing ex-
clusively on the two selected methods (ASSET and HPIP) and incorporating some additional
human behaviour elements based on the documents of reference. Once resident inspectors
were incorporated in the project (and trained accordingly), events occurring in Argentine nuclear
power plants were analysed.

Some events were analysed (all of them from Atucha I and Embalse Nuclear Power Plants),
concluding that the systematic methodology used allows us to investigate also minor events that
were precursors of the events selected.

INTRODUCTION

After having analysed, during the first stage of the project, both the strengths and weaknesses
of the root cause analysis methods, the HPIP method was systematically studied, since with
minor variations it was considered to be the best suited for a regulatory agency.

Adjustments were made to this method so that it could be easily employed by resident inspec-
tors. This adjustment was made to ensure that resident inspectors at nuclear power plants
should have a checking list on the basis of which they may collect as much information as pos-
sible immediately after the occurrence of an event.

During the stage of event analysis, our work was performed in close co-operation with inspec-
tors, particularly those at the CNA I, since it was in that plant where the most representative
events took place.

This work methodology enabled the team (evaluator-inspector) to set clear goals, thus optimis-
ing data collection, so that data may be collected promptly. A prompt collection of data ensures
that no waste of time occurs and that the quality of the collected data is not degraded.

As more experience was gained from the daily work, it was found that the ASSET method was a
valuable tool to analyse those events which are mainly caused by equipment failure.

The success achieved in the analysis of the first event which took place after having prepared
the checking lists was the result, to a great extent, of having introduced human behaviour ele-
ments. [1].

The research work and assessments carried out produced the following results:

In spite of the advantage of applying the HPIP method [2] (modified to include human behaviour
elements) to the first event analysed, it was found that the decision regarding which analytical
method should be used for a specific event strongly depends on the characteristics of each
event. This means that, as more events are produced, a "set of events - methodology relationships"
will be obtained, thus achieving the first goal in our research program.
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Hence, when the second event -mainly related to equipment failures- was assessed, the ASSET
[3] method was considered to be more adequate than the HPIP method, especially because
there were not many doubts regarding its sequence, antecedents, staff behaviour, etc.

The research team, with the operational experience acquired, is also devoted to selecting and
assessing the events already reported to the IRS, with the purpose of requesting nuclear power
plants under our supervision to implement actions aimed at preventing similar events from oc-
curring when applicable.
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ROOT CAUSE ANALYSIS OF RELEVANT EVENTS (Event 1)
EVENT: DEGRADATION OF THE VOLUME REGULATION SYSTEM

NUCLEAR POWER PLANT: ATUCHA I
DATE: 02-07-1998

PLANT CONDITION: FULL POWER OPERATION

EVENT DESCRIPTION

In the morning of July 2nd, 1998, the pump rotation schedule corresponding to the volume regu-
lation system (TA) began, as scheduled.

The TA 42 D01 pump was disconnected so as to perform preventive electrical maintenance
tasks, to change the lubricating oil and to control surge reliever conditions. These "surge reliev-
ers" are placed in the outlet and inlet port of each pump, acting as pressure pulsation absorbers.

Even though the pump rotation is a procedure carried out every two weeks, a preventive main-
tenance is conducted every six months.

The TA system includes (to inject D2O into the moderator system) three pumps with a 100%
output (under normal operating conditions). When a pump is disconnected, the event of the
operating pump failing is not taken into account by the control system. Therefore, the third pump
is inactive though ready to be used (with an automatic start-up if the operating pump fails).

Once the maintenance task was completed, the system was normalised. When the TA 42 S01
suction valve was opened, a flow reduction was observed, therefore, the TA 41D01 (stand-by
pump) was manually started. However, in spite of having two pumps (TA 43 D01 y TA 41 D01)
in operation, the flow reached only 27 ton/h rather than 42 ton/h.

The instantaneous flow reduction that occurred until the stand-by pump was manually started
affected the D2O flow which cools the seals of the main cooling pumps, particularly of the circuit
2 pump (QF02 D01) whose level decreased as low as 449 It./h.

Further research showed that the surge reliever under the pump suction port was damaged;
therefore, the nitrogen being injected to test its seals entered the system -allowing air into the
operating pump-and, consequently, its flow diminished.

CONSEQUENCE

The nuclear power plant's operation was interrupted when the bar system was activated as a
result of low level of heavy water (D2O) which cools the seals of the main cooling pumps.

EVENT ANALYSIS

INITIAL INFORMATION OBTAINED: The following actions were taken in order to improve data
collection:

To inquire the staff involved in the event.
To inquire the supervisor.
To inquire experts.
To obtain procedures and work plans.
To obtain "computer records".
To review work orders, maintenance records.
To check technical specifications.
To consult the statistics of component (surge relievers) failures.
To verify work environmental conditions.
To obtain Q.A. reports.
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EVALUATION PROCESS

1. Identification of the staff members directly involved in the initial occurrence of
the event or who had contributed to the event; to check the use of the documents
necessary to perform the task

- Technician / Operator: Qualification and experience.

Qualified and experienced staff members; the task cannot be expected to produce
either stress or fatigue beyond acceptable limits, since it is a routine operation.

- Description of the activity contributing to the initiation of the event or affecting its
resolution, including a brief description of the task involved.

A "walk - through" was conducted in order to check every specific action taken be-
fore the occurrence of the event.

- Work practice: Independent control and verification, work habits and communica-
tions.

No independent verification took place; communications proved adequate.

Identification of man-machine interfaces and their limitations.

Limitations observed during the "walk - through": even though the work area is
comfortable and ample enough, predictable precautions regarding stay time were
taken since there is a potential for gamma and tritium doses.

Information about the tools employed as well as their limitations, available proce-
dures and documents.

All the necessary tools and procedures were available.

- Organisational aspects (planning and preparation), team (size and composition).

Adequate team composition; tasks planned with sufficient time in advance.

Information about previously planned works during the shift of the same team (in-
cluding time-related pressures).

None.

- Process / system characteristics relevant to interpret human behaviour.

There were no special characteristics.

2. Verify missing information; see which human behaviour areas needed further
analysis

For this particular event, no human behaviour areas needing further analysis were de-
tected.

3. Determination of Root Cause of the Event

a) Barrier analysis

- What (physical, natural, human or administrative) barriers are available to prevent
the occurrence of the events?

Communication and team work, team design, written operational procedures and
preventive maintenance tasks, training.
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- Where in the sequence can these barriers act to prevent the occurrence of events?

Through preventive maintenance tasks conducted to verify surge reliever condi-
tions.

In the standby pump start-up sequence (if the start-up had been automatic, the flow
reduction could have been prevented).

- Which barriers failed?

Operational and preventive maintenance procedures regarding surge relievers.
Automatic start-up sequence of the standby pump (but this is a design condition).

- Which barriers did not fail?

Communication, team design (timely intervention according to flow conditions).

b) Change analysis

- Had there been any change in the system, process or other conditions between the
last time the task had been performed and the moment the event occurred?

There had been no changes in between. However, there had been a previous
change, since until four years ago surge relievers were not inspected but replaced if
damaged.

c) Signs prior to the occurrence of the event

The TA 43 D01 pump could not be started (due to cavitation). This event happened
one year ago and was deemed minor, so no analysis was performed.

d) Direct cause of the event

A reduction in the flow of water cooling the main pump seals, as a result of the TA
43 D01 pump failure.

e) Root cause

Inadequate procedure: The possibility of not detecting a leaking surge reliever had
not been anticipated.

4. Corrective actions

The procedure will be modified. No preventive inspection will be carried out; surge relievers will
be replaced every six months, regardless of their condition.

5. Elaboration of Event And Causal Factors Chart
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EVENT AND CAUSAL FACTOR CHART
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ROOT CAUSE ANALYSIS OF RELEVANT EVENT (Event 2)

Given the characteristics of the event (equipment failure), the ASSET method was selected for
its analysis.

EVENT: FAILURE OF THE MAIN COOLING PUMP (QF02 D01)
NUCLEAR POWER PLANT ATUCHA I

DATE: 03-07-1998
PLANT CONDITION: DURING START-UP AFTER ITS SHUTDOWN ON 02-07-1998

EVENT DESCRIPTION (WHAT HAPPENED?)

On 02-07-98 at approximately 1:00 p.m., the main cooling pump (QF02 D01) was automatically
disconnected as a result of the warning signal indicating "very low level of seal cooling water".

On 03-07-98 at 11:20 a.m., the pump was restarted. After some ten minutes, the vibration indi-
cator moved off-range during approximately 2 minutes. Eight minutes after, the pump was
automatically disconnected due to "Very high pressure upstream of the low pressure seal QF02
P002".

WHY DID THIS OCCUR?

The results obtained from inspections carried out after the complete disassembly of the pump
proved the following damages:

Bent lantern
Strange body in cylindrical pin housing
Damaged seat of shell cover.
Upper radial bearing's centering pin was found to be off-centre.

The main consequence of these damages was the seizing of the sleeve (box of heavy water
seals) with the pump shaft as a result of the overheating produced in the friction area of the
emergency seal against the sleeve.

Until then, the main cooling pumps had been operating for:

QF01 D01: 176260 hours.
QF02D01: 176578 hours.

The pump seals had been working for (since last inspection):

QF01 D01: approximately 4 months.
QF02 D01: approximately 10 months.

It should be noted that seals were replaced only when they were damaged, causing the auto-
matic shutdown of the nuclear power plant, even though warning evidence of seal damage had
been detected prior to failure.

WHY WAS THE EVENT NOT PREVENTED?

The technical specifications of the pumps fail to indicate how often a general preventive inspec-
tion should take place. Consequently, ten years had elapsed since these pumps had been en-
tirely disassembled, component conditions being ignored.
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Despite the fact that the damaged components were replaced, no satisfactory explanation has
been found yet in relation to the cause of such damages. The potential relationship between the
damages and the low level of water in the seals resulting from the event of the previous day was
not analysed. (Degradation of the flow control system).

Even though seals are periodically replaced:

- Such replacement is not a preventive action but it is performed only when components are
already damaged.

- This corrective maintenance does not provide any data regarding the general condition of
the pump.

CORRECTIVE ACTIONS

The pump designer had been summoned to supervise the repair tasks. As the results of this
repair task were deemed satisfactory, to date no decision has been made regarding the actions
to be taken to prevent the re-occurrence of the event, such as the definition of a pump preventi-
ve maintenance programme or the analysis of the possibility of installing a monitoring system to
detect anomalies in component conditions.

FORM FOR THE ROOT CAUSE OF THE EVENT

Event designation

Occurrence

Nature of the failure

DIRECT

Latent failure

Contribution to
the existence of
the latent failure

ROOT

Deficiency when
eliminating the latent
failure

FAILURE OF MAIN COOLING PUMP

Automatic disconnection of main cooling pump
(QF02 D01) due to "very low volume of the water cooling the
seals"

Equipment failure

CAUSE

Degradation of the pump components
throughout the years.

- Degradation of the component
during operation.

- No preventive maintenance was
performed.

- No technical specifications on
maintenance are available.

CAUSE

- There was no inspection proce-
dure.

- There was no previous indication
as to which actions should be
taken, before the event.

- No trained staff was available.

CORRECTIVE ACTIONS

Complete repair works carried
out to the pump.

No long-term actions are
anticipated.

CORRECTIVE ACTIONS

Regulatory actions will
be required to prevent the
re-occurrence of events,
taking into account that the
failure of the main cooling
pump might be a precursor
of an accident (LOCA).

Volver
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