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1. SUMMARY

After the first Progress Report sent in December, the research work followed more specific
guidelines, which entailed focusing exclusively on the use of HPES "school" methods (HPES
and HPIP).

After having analysed, during the first stage of the project, both the strength and weakness of
the root cause analysis methods, the HPIP / HPES methods were systematically studied, since
with minor variations they were considered to be the best suited for a regulatory agency.

Adjustments were made to those methods so the resident inspectors could easily employ them.
These adjustments were made to ensure that resident inspectors at nuclear power plants had a
checking list on the basis of which they might collect as much information as possible immedi-
ately 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.

2. TRAINING IN THE USE OF TECHNIQUES

2.1. RESIDENT INSPECTORS TRAINING

The resident inspectors training has taken place, at intervals, during 1998. In order to be able to
fulfil the training it was important to set the objectives emphasising the importance of having at
hand and as soon as possible, all the information the group considers very important, such as
the outage, exact time and shooting parameters.

Besides the evaluation techniques that were explained, the vocabulary to be used has also
been set as well as the range of possible events for which the greater possible amount of infor-
mation was required in the short term.

Checked lists -based on HPIP and adapted- were prepared as well as generic forms to pass on
the information.

From this step onwards, secondary but not less important results, were achieved and due to this
fact some aspects, such as the following, were improved:

The evaluation of routine operation by means of repetitive tests or preventive maintenance
tasks. In both cases, after the inspectors had evaluated and / or supervised the work proce-
dures, they examined the work conditions, the groups co-ordination, supervision, etc. in-
forming about the deficiencies they may have found.

The screening of minor events allowing the evaluation team to make a revision of the cor-
rective actions taken by the Nuclear Power Plant.

Necessary Information required immediately After an Event Occurrence.

Resident inspectors should:

Obtain information from the context.
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Obtain the description of the activity that may have acted as a starting point of the event or
that may have affected its recovering; including a brief description of the task involved.

Obtain all the approved procedures and work planning

Put down all the data corresponding to: work plans / instructions, work authorisations,
maintenance records. Chemical and radiological samples, results of lubricant samples and
any other applicable data.

Obtain diagrams, handbooks, applicable documents - for example operation procedures,
technical specifications.

Obtain data from environmental condition (temperature, humidity, and radiation field)

Obtain history of the equipment as well as of the previous practices.

Obtain Quality Assurance Reports.

Question the personnel involved in the event, including supervisors.

Question experts and training personnel.

Points 1 to 8 are applicable in any circumstance. Some questionnaires have been prepared for
points 9 and 10, taking into account the data obtained in initial points.

Factors that can influence the development of an event and in relation to human behaviour, will
be found in one or some of the following categories:

Verbal communication: exchange of information - face to face or by telephone.

Documents or written procedures: maintenance instructions, tests, inconvenient operation,
inappropriate outlines, equipment handbook, and technical specifications.

Man - machine interface: inappropriate or insufficient labels, inadequate space, lack of sig-
nals.

Environmental conditions: insufficient lighting, uncomfortable rooms, inadequate clothing,
noise, high radiation, extreme temperatures, excess of humidity.

Working plans / schedule: excessive work periods, insufficient time to prepare or execute
any job.

Practices: lack of self-checking, error while following the procedure.

Planning / organising the job: insufficient time to prepare or execute any job that has not
been planned.

Supervising methods: inappropriate management, interference among supervisors, pres-
sures about time.

Almost all the questions in an interview will be related to one o more of the previous points.

526



QUESTIONS TO DETERMINE CONTRIBUTION TO ROOT CAUSE EVENT

(HPIP BASED)

PROCEDURES

NOT USED INCORRECTLY USED WRONG / INADEQUATE

Was there a procedure to perform the
task?

Was the procedure available?

Is the procedure hard to understand?

Isn't the use of the procedure required
but would it be convenient that it was
used?

Did the personnel consider that it was
not necessary to use the procedure?

Is the format confusing?

Does the application of the procedure require
more than one action in each step?

Does the procedure have an excess of refer-
ences?

Does it use a checklist?

Was the checking performed?

Are the data complete?

Are graphs or diagrams the right ones?

Can the equipment be easily identified?

Are the instructions ambiguous?

Was the second check used correctly?

Does it have all the details to perform the job?

Can the procedure be easily read, is the copy
clear?

Are all the necessary signatures required to
consider it a valid one?

Is the working sequence the correct one?

Does it cover all possible situations? Is it
complete?

Was the last revision in use?

Is there enough room to tick the second
check?

Does the personnel consider the procedure
difficult to use?

Is the vocabulary clear and simple enough?

Is there any reference related to more than
one procedure, and thus turning it a bit con-
fusing?



2.2. SYSTEMATIC STUDY OF HPES / HPIP METHODS

During 1998, the research work followed more specific guidelines, which entailed focusing ex-
clusively on two selected methods (ASSET and HPIP) and incorporating some additional human
behaviour elements based on the documents of reference. Once resident inspectors were in-
corporated 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.

At the beginning of 1999 the participation in the "Technical Workshop on Selected Event Analy-
sis Methodologies" (Bratislava, Slovakia) was a good training in the use of all the HPES tech-
niques, specially applied to real events. With an improved "tool box" and more experience in its
use, a revision of analysed events was made, new findings, like "contributing causes" showed
more corrective actions were needed.

The use of "causal factor worksheets" allowed the analysts to do a deeper evaluation.

Using both, HPES and HPIP methodologies, identification and correction of causes can reduce
or prevent recurrence of events from taken place.

As a consequence of the upgrade obtained through resident inspectors training and participa-
tion in the mentioned technical workshop (points 2.1. and 2.2.):

• Communication strengthens within resident inspectors and the support team, improving the
systematisation of the investigation conducted and the evaluation to be made by the group.

• Regulatory actions were focused on the impact of human performance on the development
of events because they were more easily identified.

• The employment of different techniques of root causes analysis contributed to the identifi-
cation of programmatic causes, which were used to assess the corrective actions taken by
the utility at the organisational level.

• As a result of the analysis, deterioration in Quality/Safety Culture should be detected.

3. ROOT CAUSE ANALYSIS APPLICATION

EVENT: LOSS OF HEAVY WATER (D2O) DUE TO A CHANGE IN THE DESIGN OF STEAM
GENERATOR II (QW02 W01) LIDS.

NUCLEAR POWER PLANT: ATUCHA I

DATE: 23-08-98

PLANT CONDITION: Starting up, hot shutdown
(Pressure: 115 kg/cm2, Temperature: 200 °C).

BACKGROUND:

During Atucha I outage in July / August 1998 a change in the design of QW02 W01 covers
(watertight seal) took place in both handholes inspection primary side of the Steam Generator II
(QW02W01).
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The same modification had already been made with satisfactory results, in the Steam Generator
I, changing welded watertight seals by not welded seals in order to make the inspections easier
and avoiding the welding progressive degradation.

In both modifications, work plans and operation procedures were used and the officers involved
were qualified and trained for the task.

DESCRIPTION OF THE EVENT:

While the start up process, during the night on August 23rd, at the moment the plant arrived to
"hot shutdown" a loss of heavy water going to TY system (Recovering of D2O System) was
detected. After several hours, it was proved that it came from the new S. G seals. The leak was
of about 15 It/h.

CONSEQUENCES:

The possible causes and the leak place were examined for several hours. This implied:

• Additional cycling (including start up and shutdown of the main cooling pump).

• In the additional 40 hours when the plant was in outage the collective dose went up to
120 mSv-H.

ANALYSIS OF THE EVENT:

TASK ANALYSIS

Firstly, all the actions that happened during the task were analysed through Work Plan n° 1986.

Afterwards and to avoid that any important causal factor remain without being considered a
Causal Factor Diagram was systematically made.

With all the facts a Barrier Analysis was made to get to know how the event might have been
avoided.

As in this case it was impossible to interview some of the personnel involved because part of
the group had returned to Embalse NPP (it was a team common to both NPPs). So, Causal
Factor Worksheets were used to find out about the outstanding facts, determining root causes
(primary causes) and contributing causes (secondary causes) with the purpose of suggesting
corrective actions.

ROOT CAUSES (PRIMARIES)

Point 18 of the work procedure was not fulfilled. (1) (2)

The remaining gap was not controlled before the cover was assembled.
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CONTRIBUTING CAUSES (SECONDARY)

With the used tool it is possible to achieve a 0.3 millimetres mechanised (the required mecha-
nised rises to 0.5).

The measured roughness varies; porosity was repaired several times with the consequent in-
crease in time and dose. At the end, the accepted values were between 11 and 4.

Difficulty in repairing the leak. It showed insufficient training.

SUGGESTED CORRECTIVE ACTIONS

The presence of Q.A during the execution of the task should be ensured. (Management)

The double check in every step of the work plan should also be ensured. (Management)

Once the technical specifications of the tool required be known, the corresponding one should
be used. (Engineering and supervising).

Those workers that are in charge of executing any job should be acquainted with the technical
specifications of the component / system to be repaired.

Training in the application of Acceptance Criteria which values were set between 3.2 and 5.3.
The Engineering Area should fulfil the above mentioned criteria. (Management).

Training in mock up, in similar conditions than those of the work area. Improve the step by step
knowledge. (Supervision, Training Division).

LESSONS LEARNED

QA will check the achievement of the technical specifications of the tools to be used or the
components to be removed.

The personnel will be trained as many times as it is necessary to fulfil a work procedure step by
step.

Training in mock-up will be done as long as necessary to guarantee the effectiveness of the
task.
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QW02 W01: BARRIER ANALYSIS

CONSEQUENCES

Watertight lid not hermetic

Increasing time of work in
an environment with

high dose rate

BARRIERS THAT SHOULD HAVE PREVENTED
THE EVENT FROM TAKEN PLACE

1- Training

2- Work Plan

3- Selfchecking

4- Independent Verification

1-Adequate tool

2- Technical Specifications of welding material

3- Roughness Acceptance Criteria known

WHY BARRIERS FAILED

1- Non-effective Barrier. Environmental differences between
mock up and workplace not taken into account.

2- Barrier lost. No all the points from the work plan were
verified when the task was performed.

Point 18 from work plan skipped. Personnel didn't know the
maximum gap allowed between joints / seals.

3, 4- Barrier lost. No double checking, no Q.A independent
verification.

1- Non effective Barrier Non anticipated verification about
the capability of the lathe to mechanise the surface in accor-
dance with the requirements

2- Non effective Barrier. Nobody knew the material of the
original welding.

3- Non effective Barrier. Operators didn't know acceptable
roughness values.

LIST NON NEED
TO BE SEQUENTIAL

List all physical and administrative barriers for each
consequence

Point out whether barriers were lost, barriers had weakness
or barriers were non-effective and why.



NOTES:

(1) Point 18: "Fix hooks in pressure cover and proceed to the hoist of it. Once in position put 3
bolts previously lubricated and oriented. Lubricate nut seat placed, with slight torque until fas-
tened. Verify parallelism between lid and flange".

(2) Memo produced by Q.A Manager (07-09-98): " ...It must be stated that due to lack of time
and other priority tasks, Q.C was involved only from time to time."

4. REVIEW OF "MINOR EVENTS DATA BASE" AND THEIR CORRECTIVE ACTIONS

In Atucha I the follow-up of minor events has been systematically recorded in a database since
1996.

In accordance to the "Procedure to report minor events", they were defined as any action which,
although not considered to be relevant events, they could affect good work practices and, po-
tentially, in case that corrective actions are not taken, they might develop in relevant events
(precursors).

The screening of the minor events reported from 1996 to 1998 shows:

In 1996, 58% of the reported events were discussed and corrective actions were taken.

In 1997, 76% of the reported events were discussed and corrective actions were taken.

In 1998, 32% of the reported events were discussed and corrective actions were taken.

Taking a glance at these figures, without considering the context, it might be considered that
less importance was given to corrective actions through time, however:

The number of reported events in 1998 doubled those reported in 1996.

From "closed events" in 1997 (with corrective actions included), 2 recurrences were detected in
1998 and another one (also closed) was detected later as a "precursor" of an event happened in
1998.

Having only the details of "minor events" from 1998 signed in February 1999, we can't be sure
that there could be an increase of 1998 analysed events since February to September 1999.

We don't have at the moment statistics of which are the main causes of such events.

During 1999 (Till September) 18 minor events were reported and incorporated to the database,
all of them were analysed and corrective actions were suggested. All minor events from n° 9 to
n° 18 happened during plant outage.

Event n° 10 had a recurrence (event n° 16); it showed that corrective actions were not good
enough.

Event n° 18 is also recurrent (similar mistakes during works done in steam generator in 1998).

But now, in event n° 18, follow-up of the corrective actions showed that they were taken.
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MINOR EVENTS REPORTED IN 1999 (TILL SEPTEMBER)

Ol

EVENT N°

1

2

3

4

5

6

7

8

CAUSES

No hermetic valves (component failure)

Selfchecking, communication

Lack of Q.A in contractors organisation, defi-
ciency in performs Q.A to contractors.

Component failure in alarm system, operators fail
to detect the component was lost.

A work was done without work authorisation (Su-
pervision and communication)

Use of a wrong chemical product to detect
gamma radiation in the primary system. (No la-
bels, both products stored in the same place)

Components failure because no previous verifi-
cation was done, lack of T.S.

A component fails because a non registered
modification was made.

(selfchecking, procedures)

SUGGESTED CORRECTIVE ACTIONS

Change these valves by others with differ-
ent design

Generate new procedures, retraining of
personnel

Audit vendors. Improve written T.S to avoid
confusion.

Due to the fact that nobody knew who
failed to detect the problem, all control
room personnel was trained using the
event.

Retraining of supervisors in following pro-
cedures during all tasks.

Separate physically the right product.

Use of bags with printed labels.

Periodic revision of these components,
improves written T.S.

Revision of all work plans, check if any
modification has been done.

COMMENTS

There is no evidence that corrective
actions were taken

There is no evidence that corrective
actions were taken

A worker incorporates [H-3].

There is no evidence that corrective
actions were taken

There is no evidence that corrective
actions were taken

There is no evidence that corrective
actions were taken



i

EVENT N°

9

10

11

12

13

14

15

16

17

18

CAUSES

Communication, selfchecking, procedures

Erroneous operation of valves. The operator was
being trained.

Because of "Special work condition", 3 existing
procedures had not been used.

Degradation of neutrons shields.

The equipment to be used had not been previ-
ously checked.

The equipment to be used had not been previ-
ously checked.

Labels indicate the tools were out of service.

Wrong operation of sampling system.

Incomplete procedure.

The procedure wasn't followed performing the
Steam Generator revision.

SUGGESTED CORRECTIVE ACTIONS

Training in selfchecking techniques, im-
prove supervision

Supervisor must be controlling a person
that is being in training.

Retraining of personnel emphasising the
importance of using all the required docu-
ments.

Perform an analysis of materials physical
properties before using them.

Training in selfchecking techniques

Training in selfchecking techniques

Training in selfchecking techniques

Supervisor must be controlling a person in
training.

Improve selfchecking. Review procedure.

Training in selfchecking techniques and
use of procedures, improve supervision.

COMMENTS

There is no evidence that corrective
actions were taken

The same event happened again
later.

Because they did the work in less time
than the usual, no registration of time
uses for the task, no register of dose
for every subtask.

There is no evidence that corrective
actions were taken

There is no evidence that corrective
actions were taken

Recurrence of an event: The same
mistake than before.

There is no evidence that corrective
actions were taken

Recurrent event (N° 10)

There is no evidence that corrective
actions were taken

Recurrent Event: Same mistakes that
in event n° 22 / 98



From 18 minor events registered, 17 are Human Performance related, especially in:

Self checking

Supervision

Procedures (missing or inadequate)

In spite of found repetitiveness of events causes, some results are optimistic since:

• In 1999 all events were analysed and corrective actions were suggested.

• Some events were recurrent; however, new corrective actions were more restrictive.

On the other hand, more of the suggested corrective actions have not been implemented yet.

5. OPERATING EXPERIENCE FEEDBACK

During the first CRP meeting, Work Group 1 (WG1) examined the effectiveness of feedback
using information coming from national and international databases.

After the meeting we also used a model (not as simple as the one done by WG1) to identify the
relevant parts that need a deeper investigation into the process.

Looking at the points:

• Events,

• Application of root cause methodologies and

• Corrective actions,

We were directly involved in them, even in

• Follow-up of corrective actions.

The weak point was HOW TO MAKE THE UTILITY START A PROCESS OF EVALUATION OF
THE OPERATING EXPERIENCE IN ORDER TO OBTAIN A FEEDBACK IMPROVING RELI-
ABILITY AND AVAILABILITY OF THE N.P.P'S?

As a consequence of a requirement made by the Nuclear Regulatory Authority during 1998, the
Utility prepared a "Programme of Management of Operating Experience" in order to analyse
Events (at National and International level) to be used as a feedback of Operating Experience in
Argentinian Nuclear Power Plants.

The group of Utility's people involved in the "Programme of Management of Operating Experi-
ence" performed a screening using international databases looking for documented events.
From the information screened, those events which could happen in Atucha I or Embalse
N.P.P's were analysed. The results are as follow:
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EMBALSE NUCLEAR POWER PLANT

Similar events, findings or design modifications obtained from International Operating
Experience:

January- March 1999: 3

April- June 1999: 5

Comments

5 design modifications will be implemented

Responsible:

Engineering Department

ATUCHA-I NUCLEAR POWER PLANT

Similar events, findings or design modifications obtained from International Operating
Experience:

January- March 1999: 1

April- June 1999: 2

Comments:

None

Responsible:

PSA group
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6. CONCLUSIONS

a- Events Analysis

Analyst / inspector co-ordination showed that operational failures can be evaluated before
events happened.

HPES / HPIP methods can be used not only in human performance related events, also in those
involving equipment failures.

b- Minor events analysis

The evaluation of Atucha I 1999 minor events showed:

• About 95% were human performance related issues.

• Corrective actions were not effective at least in two events.

• Nothing guarantees the effectiveness of proposed corrective actions (wether they will be
implemented or not) from the other events.

This last point is also valid for those events that were completely evaluated using root cause
analysis methodologies.

For the above reasons some of the most important points that require special attention are
Events related with Human Performance problems.

c- Utility Operating Experience Feedback Programme

• The screening of External Information (COG and WANO) gave as a result only 11 events
analysed during the first part of 1999.

• From that screening, 73% of events are applicable only to Embalse N.P.P.

• Since Embalse is a CANDU (more information is available in International databases) and
Atucha I is a prototype (German PHWR), is possible that generic events (useful for Atucha
I) were not well analysed.

• Root Cause Methodologies were not applying after screening.

As a consequence, another important goal to achieve in the future will be to co-ordinate efforts
with the Utility to improve the feedback from Operating Experience in order to have an upgrade
in reliability and availability of Nuclear Power Plants.

(6) The nature of the relationship between the regulator and the operator can influence the op-
erator's Safety Culture. In promoting Safety Culture, a regulatory body should set a good exam-
ple in its own performance. This means, for example, the regulatory body should be technically
competent, set high standards for itself. Some of the attributes of a good regulatory safety cul-
ture are:

• Programmes of continuing training to maintain regulatory staff competence.

• The use of risk insights in decision-making.
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The regulator may perform periodic safety assessments of a facility. This should be a system-
atic assessment of performance based on reviews by the regulatory staff. This assessment may
include:

• Review of the effectiveness of operator's controls to identify, correct and prevent problems
from taken place. These controls include: root causes analysis programs, corrective action
programmes.

• Review of operating events to look carefully for safety significant events or conditions that
may be precursors to serious accidents.
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