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1. Abstract

"Mankind can only learn by experience. Therefore the success in
learning depends on the way to continiously communicate work-
practices and results to the following generations."

Complex workpractices with a large participation of humans
require a formulated written communication for full understanding
of expected results on preset performance indicators. The NPP-
and authority-control of results and their review is established.
And still "avoidable" errors (seen in retroperspective) are
repeatedly "made" in the well established industry.

Two key reasons shall be considered:
1st. Not every NPP has the same expectation on performance
measured by Performance Indicators (PI).
2nd. Not every NPP performs the same indepths review/analysis of
an event/incident nor do all apply the universal ROOT
CAUSE-ANALYSIS e.g the ASSET method, (see Figure 1).
(Note: These statements apply also to authorities)

The root-cause-analysis was a significant contributor to reduce
the amount of safety significant events worldwide - rated by the
INES-Scale - based on the amount of energy produced.

In the nuclear community it became clear that an integrated feed-
back system of operating experience must also include the un-
successful results. (See Figure 2). The deviations, expected to
achieved performance are analysed to the failure mode and its
effect. Figure 3 depicts the interaction of people with the
technical process executed by the machine. This interface is
considered the focus point in this report.

In that context near miss reporting and analysis was recently
introduced in the KKL process to continiously learn from internal
and external unwanted events. This strategy allows to achieve a
very high confidence level to minimise unwanted events to a
tolerable level, far away from safety significance. KKL has in
fact lowered the number of safety significant events since
commercial operation started. The thoroughness of the review/
analysis of the events has increased with high priority set to
human factor induced events in operation and maintenance.

Since the participation of the author in the ASSET-Mission in
Smolensk in 1993, KKL introduced the ASSET-Root-Cause method and
has supplemented it by the HPES (Human Performance Enhancement
System).
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2. Introduction and Goals

2.1 General observation

In the context of this paper the following definitions shall be
considered:

the NPP is a complex network composed of Components and
Parts located in buildings to perform the heatproduction and
conversion into electricity, (see Figure 3.)

the Organisation is a network of Teams and Individuals to
keep the NPP safely and reliably running, (see Figure 3.)

Note: the learning network is the Organisation by proper
surveillance of the results from the NPP.

In that context, it is evident that a continious surveillance on
the plant parameters must be performed and compared the actual
values with the permissible ones. The time dependant deviations
have to be evaluated for their significance to plant operation.
Intolerable deviations have to be corrected by calibration and/or
maintenance measures and/or enhancements made to the appropriate
procedures.

A NPP must make itself independant of the plant designer and
ensure that the documentation at the NPP describes all the design
basis completely. Modifications made later in the plant have to
be reviewed against the basis. A statement was made in Ref. 4 by
Mr. Johansson: "We suffer from lack of people who were involved
in the design and construction of Ringhals-1 and can pass their
knowledge on". A very important message! KKL is in the process to
put together and supplement the design basis documentation and
verifies that the Safety Analysis Report is completely in line
with the design basis and is comprehensible to the next
generation. (See Figure 6.)

The interaction of the NPP with the organisation is controled and
the results expressed by performance indicators (PIvs) of
technical and financial matters. E.g. the 10 WANO indicators and
the production cost/kwh.

Learning elements from OSART-Reviews like Good Practices, sugges-
tions and recommendation; ASSET-Missions to support NPP in the
effort to enhance nuclear safety; strengths and areas for impro-
vement, the results from WANO-Peer-Reviews, shall continuously be
reviewed for applicability to enhance or maintain a high NPP
safety standard.

All measures serve the same purpose to apply the NETWORKS for a
safe and cost effective nuclear power production. A living
interaction.
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2.2 Detailed Goals of Operational Review and feedback

- To learn from the internal and external experience feedback
such that the continuous review process leads to an operational
strategy that unwanted events are, by a high probability, avoided
and that the remaining events are of very low safety significance
rated on the INES scale, below the scale.

- Maintain and verify that positive safety margins exist
for all plant operating states,i.e. power operation and
refuelling.

-to keep the power conversion system in a very high state of
availability throughout a fuel cycle thereby lowering the
probability to cause initiating events which challenge safety
systems.

3. Methods

3.1 NPP-Controllinq

In Figure 4, two sequences of feedback into a NPP is depicted.

Sequence 1 shows a fully automatic sequence governed by the plant
controllers, which by measuring the actual plantparameters
and comparing them with the permissible values as per the design
objectives. The value, in the example, exceeded the permissible
range and prompted an automatic action. Thus brought the plant
into a safer status or started up redundant functions. The latter
depends on the availability of redundant functions.

In the Sequence 2 the controlroom team perceived the ongoing
transient in time and successfully controlled the plant manually
and avoided the automatic action. The manual control is governed
by written procedures and is within the Plant Technical
Specification.

Once all the available power conversion systems (PCS) in the
turbine hall are lost, the plant will be shut down to the
residual heat level. For that plantstatus, ECCS system will be
started.

3.1.1 Diagnostic Tools

KKL performs analysis for plant deviations far below the Alarm 1
Level (see Figure 4) to get knowledge on the condition of the
plant.
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The major ones are:

-On the functional level:
- Vibration
- Plant output Monitoring: A Diagnosic Tool for early

recognition of Malfuntions in components and errors in
measurements. Ref.[l]. The method decribed is supplemented
by a sophisticated Datavalidation -Process, realised with
the Software VALI II from BELSIM S.A.(A writeup in German
language is available on request).

- While performing periodic tests, important parameters of
equipment are measured and reviewed.

-On the structural level:
- Corrosion and erosion control
- NDT in mechanical/electrical components
- Building control

Thus to control the aging of the plant in order to plan actions
to at all time warrant enough safety- and availability margin.

3.2 Experience Exchange

In Figure 5 the "Control loop for Experience Exchange" is
depicted. By comparison to paragr. 3.1, a similitude can be
recognised. The control action is also based on a Deviation:

IS =/= SHOULD

Here we have to emphasise Control-loop, which means that all
work has to be performed by implemented procedures. Deviations
discovered have to be treated in accordance to priorities:

- Safety (nuclear and conventional)
- Production

Figure 2 depicts two mainstreams of the feedback:
Hardware change
Software or procedural change

both as a result of internal and substituted by external
experience.

3.2.1 Some examples

3.2.1 a. Internal Experience:(see Figure 5)

The personnel is instructed to report any perceived deviation
from the normal plant status. KKL has also introduced the concept
of reporting near-misses.
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If KKL recognises an important deviation by any of the imple-
mented methods, then the process to take countermeasures in
defining adequate solutions takes place. The findings and
measures taken are registered and documented. They are available
as historical information on a permanent basis. Out of the
collection of all data, plant specific reliability data and
performance indicators are deduced. Those become necessary for
the IPE (Individual Plant Evaluation) using the LPSA (Living
Probabilistic Safety Assessment) model. The same data serves also
as input to the On-condition based maintenance program.

3.2.1.b External experience:(see Figure 5)

Well defined "Information Sources" will be preanalysed by KKL-
coordinators and searched for KKL-relevance. If the information
is considered important, then it is passed to the specialist
for detailed investigation. If no learn effect can be deduced
from the information the specialist has to explain why not and
return it to the coordinator who has to check the result. If
however a learn effect is gained then it has to be implemented
through standard plant procedures and inform the coordinator. The
whole process is documented in a retrievable manner.

3.3 Training of the Organisation

3.3.1 On the specific Task level

A specialist must have a chance to demonstrate his special
skills. On the level of hardware- and software tools substantial
progress was made on a industry wide basis. This affects also the
training- and retraining-program. KKL offers this training and
creates a healthy environment of "Ownership" on the specialist
level.

3.3.2 On the communication level

The Organisation was defined as a network (paragr. 2.1). Each
individual (see paragr 3.3.1) is part of the network and works
toward the plant goals (Parag.2.2). In order to promote and
sensibilise "the Corporate Identity" without conflicting with the
"Ownership", KKL has offered communication training for the plant
staff at each hierarchical level. To take special consideration
of the NPP needs, KKL has increased the effort in the area of
safety culture. The OSART-Mission in KKL was a catalyst to
increase the effort. Basis is (Ref.2) and supported with visible
demonstrations and practices developped by KKL.

KKL is now in the process to further work on a solution to treat
near miss situations- The definition: A provoked situation one
step before the next step would cause an unintended incident.
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Two types of principle categories exist.
....Detected by the person who performed the near miss

and
....Detected by another person.

Both types shall be reported and reviewed if the same situation
could also happen in a generic matter to someone (in accordance
to its work task requirements) else performing the same task.
The theme is critical as it touches individuals closely. However
in a work climate where a safety culture exists, a full
recognition can be expected from top management in the prevention
of real incidents as part of the operational experience review
process in a living learning environment.

4. Conclusions

The internal and external experience review/exchange have a
definite positive value in the ongoing and never ending learning
process to operate and maintain a NPP in a safe and reliable
manner.

Personnel which processes the internal exchange have the advan-
tage that they have a lot of detailed descriptions (see Figure 6)
and plant historical data available to perform an ongoing review
of the plant- and equipment reliability.

In contrast personnel processing the external feedback, which
fully depend on the reported information. This puts a big burden
on the quality of the information such that even without the
detailed information mentioned above, the event and its
significance can be understood. WANO for that reason has set up
rules on how a report shall be structured and codified for better
understanding and retrievability. The last resort beeing the
telefon nr. of the report-writer.

In the area of maintenance where more details are to be treated
the difficulty is even larger. In Europe VGB and NUMEX(NUclear
Maintenance Experience) forums were formed where experience is
exchanged at periodically hold workshops. KKL is a participant.

The NPP are well adviced when they participate in a well
selected external experience feedback process. This is to
complement the internal experience.

The methods so far implemented, proved to be effective. However
some must still be refined, further developed and supplemented
with more precise risk quantifing methods. The data collection
for this purpose has to be expanded to get higher reliable data
for the components- and human reliability and use LPSA as a
supporting tool for the Living program for success. See Figure 3.
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5. Outlook

In the Ref. 3 an excellent review and summary was published on
the evolution of NPP-Operational Experience Exchange starting in
1950.
On the 26. April 1986 occured the one step two much to make of a
near miss situation a real one. In Chernobyl the fatal sequence
of an uncontrolled nuclear reactor disruption started with
consequences that became visible worldwide and could not be
overlooked.

The NPP-Operators then started to build up a world wide partner-
ship-organisation. WANO (World Associaton of Nuclear Operators)
was created. The close cooperation with IAEA and its programs to
promote and enhance nuclear safety by OSART, ASSET etc. was a
large support for the successfull and safe operation of the NPP
worldwide. WANO has enlarged its program with the WANO-Peer-
Review.
We, the shareholders of the nuclear business, have to support
these institutions and continue to use them and open them to the
next generation of the staff of nuclear operators. The largest
enemy to nuclear is the low cost of fossile energy with itvs well
known detrimental effects. What we contribute to the nuclear
business is the safe and reliable production in a most
costeffective manner.
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THE UNIVERSAL

ROOT CAUSE ANALYSIS

METHODOLOGY

I. WHAT IS THE PROBLEM ?
(Failure to perform as expected)

n. WHY DID rr HAPPEN ?
(Direct Cause)

HI. WHY WAS IT NOT PREVENTED ?
(Root Cause)

Figure 1
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Deviation of Plantparameters
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Sequence 1:

at a 1st alarm
at b 2nd alarm
at c autoiu. action

Perceived by team? No
Perceived by team? No
Perceived by team? Yes

The team had no time to react. The autom. action terminated
the transient. The success in termination is given by the
design objective of the function and their reliability.
(Proper calibration and MAINTENANCE)

Sequence 2:

at d 1st alarm

at e 2nd alarm

Perceived by team? Yes. Initiation of
countermeasures in accordance with
procedures.
Perceived by team? Yes. Successfull
termination of slow transient by team.
Leaving the dangerzone.

The team had time to react. The transient was slow enough.
The success depended on the reliability of the corrective
action of the team, the design objective of the manual functions
and their reliability. (Proper calibration and MAINTENANCE)
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