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ABSTRACT

Within the Institute for Nuclear Safety and Protection (IPSN), the Safety
Analysis Department (DAS) provides technical support for the Central
Service for the Safety of Nuclear Installations (SCSIN) which is the
French safety authority. In this capacity, it assesses startup test
programmes and gives its opinion on how to deal with problems arising
during tests. To be in a position to do this, the DAS analyses the test
programme from drafting the documentation to operating the reactor at
nominal power.

The DAS assessment begins with an in-depth analysis of test sequence
programmes (PPEs) drawn up by Electricité de France (EDF) for each
main system to test the corresponding function. These documents
describe the principles, objectives and nature of the tests to be carried
out, as well as the criteria for judging the validity of the test results. The
DAS analysis method is as follows: verification of compliance with design
notes and operating transients, suitability of criteria, representativeness
of periodic test simulation and comparative assessment to judge the
homogeneity of test methods between the different systems. The test
sequence programmes for systems important to safety include, at the
request of the Safety Authorities, an "exhaustive analysis" which makes it
possible to check that all performance levels and operating parameters
have been tested, measured and monitored in all required operating
configurations.

Continuous real-time monitoring of the different test phases and their
sequencing is carried out by a DAS engineer sent to the site for the
duration of startup. He analyses the test reports, checks the results and
examines the important events and incidents occurring during the test
sequence.

The DAS attends on-site testing committee (CES) meetings which
represent important steps in the startup programma sequence. The main
point of these meetings is to ensure, at different times during the test
programme and with a particular emphasis on safety, that defined
objectives have been reached and that the next stage can be begun in
accordance with complete, updated files, after the statutory licences have
been obtained.

This monitoring of the proper progress of the startup test programme,
along with assessment of results and processing of problems
encountered, contributes to verification of the overall safety of
installations. Concrete examples will be given to illustrate how this
method is applied.



1. INTRODUCTION

This paper describes the activities of the Safety Analysis Department
(DAS), which provides technical support for the French safety authorities
in the specific context of analysis and control of startup test programme
quality at each of the different stages of the programme. These activities
combine to ensure that the objective of the startup tests is reached, in
particular that the functions of each safety-related system are guaranteed
in ail operating configurations, that the performance levels of all
components in the system comply with design crietria and that defects
revealed during previous tests have been dealt with correctly.

The special case of French nuclear facilities, linked to unit
standardization, has made it possible to acquire a large amount of
experience with the startup of the 900 MWe units and has illustrated the
importance of defining a startup test programme. In 1981, a working
group, comprising operating organization and safety authority
representatives, studied the lessons which had to be learned from
900 MWe unit startup and the improvements which could be made and
taken into account in the 1300 MWe unit startup programme.

To illustrate the approach adopted by the DAS, we go on to describe the
lessons learned from startup of the first 1300 MWe (P4) units.

2. THE MISSION OF THE SAFETY ANALYSIS DEPARTMENT

The Safety Analysis Department (DAS) within the Institute for Nuclear
Safety and Protection (IPSN)1 in its role of providing technical support for
the safety authority known as the Central Service for the Safety of
Nuclear Installations (SCSIN), assesses startup test programmes and
results for all nuclear units. It gives its opinion on the various problems
which may arise when the tests are being carried out.

To meet these objectives, the DAS monitors the programme from the
drafting of test documents until the tests are carried out on site during the
first startup of each unit. A DAS engineer monitors the tests on each site
during commissioning: he is the representative of the safety authority
technical support services on site. We shali discuss his role in more detail
later.

In parallel to this, SCSIN and DRIR (Regional Directorate for Industry and
Research) inspectors make periodic inspections of the organisation and
running of startup tests.



3. MAIN DOCUMENTS

Each main system requires an average of 15 test procedures,
representing a total of around 1500 test documents per unit. Due to the
volume of documents, the DAS cannot carry out a systematic in-depth
analysis; analysis is therefore made of documents known as test
sequence programmes (PPEs) which describe the objectives to be
reached but do not give details of test methods, which are given in each
individual test procedure (PEE).

The test sequence programmes (PPEs), which describe the different
tests to be carried out on each system or circuit (there is thus one PPE
per system), are an essential part of the startup file. The PPEs for
systems important to safety comprise what is known as an exhaustive
analysis, which, as its name implies, aims to check that all operating
configurations have been identified (normal, transient, accident
conditions etc.), that operating requirements (throughputs, pressure
values, response times etc.) have been set for them and that verification
tests including operating parameter readings have been allowed for. In
the case of engineered safety feature systems, most requirements stem
from accident configurations which cannot be simulated, even during
startup. It is thus necessary to transpose experimental results to accident
conditions. This analysis is particularly important when identifying safety
criteria, since it combines knowledge of various possible reactor states,
including transients and incident and accident situations, with technical
knowledge of systems and the way in which they are operationally
interdependent.

The DAS makes a critical analysis of each test programme; this analysis
is then discussed with the operating organization departments involved.
A large amount of work is required and coordination of pluridisciplinary
teams generally begins at least two years before fuel loading of the first
unit in the series.

The analysis method is based on principles which are applied
systematically to each system:

- check interfaces, particularly operating requirement transposition
notes,

- request well-defined criteria, quantitative and limited, if possible,

- work per safety function rather than per system if it has been confirmed
that the designer worked per system,

- examine transient operation in particular (for example, suction
switching or pump discharge),

- compare inspection methods of various designers so as to guarantee
homogeneity of tests carried out on safety-related systems,



- check that periodic tests and routine maintenance operations are
carried out during tests,

- check that designers, by means of operating experience acquired
during previous startups, have studied and taken into account the
problem of vibrations, system cleanliness and pipe displacement during
temperature transients.

PPE safety analysis is a difficult task which must not become too rigid at
the risk of jeopardising the technical dialogue necessary between the
DAS and the prime contractor (design and testing departments), but also
between the future operating organization and the designers and, if
possible, certain manufacturers.

It is also very important that these meetings be held well in advance of
startup when it is still easy to modify the test programme.

4. DIFFERENT PHASES OF THE PROGRAMME

Without going into the standard startup test programme run on French
pressurized water reactor (PWR) units in any great detail, we can outline
the two main phases constituted by preoperational tests and operational
tests.

4.1 Preoperational tests

These tests comprise:

- preliminary tests of equipment and parts of systems (end-of-erection
tests, fluid supply, measurements and control and instrumentation
tests, actuator startup, pump startup etc.),

- overall tests of main engineered safety feature systems (safety
injection and containment spraying), during which design bases and
safety criteria are checked,

- reactor coolant system tests with "cold" tests including the strength and
leaktightness test required under French legislation (directive of
26th February 1974 relating to pressure vessel tests applied to nuclear
steam supply systems) and "hot" tests during which the reactor coolant
system (without fuel) and the corresponding circuits are tested under
nominal temperature and pressure operating conditions.



4.2 Operational tests

These tests are carried out after initial fuel loading in normal operating
conditions and comprise:

- precritical cold then hot tests, thereby completing the preoperational
tests, particularly as regards control rod drive mechanisms,
adjustments affected by the presence of fuel and verification of non-
nuclear safety parameters,

- criticality and power escalation tests from initial criticality to nominal
power, making it possible to check that the installation operates
correctly from an operation and safety requirement point of view.

The programme sequence is based on the following principles:

- the unit should not be put into a state for which operation has not been
studied, ie for which safety would depend on unchecked equipment or
safety-related system performance levels,

- the operating organization must validate operating procedures (normal
and incident conditions) and periodic test procedures as the tests
progress.

5. THE MISSION OF THE ON-SITE REPRESENTATIVE

5.1 On-line analysis

In order to be able to monitor the tests continuously and in real time, this
engineer is resident on the site. He analyses installation startup tests on
line.

This requires a thorough knowledge of all systems in the test procedures
and their operational requirements. Theso procedures must be studied if
their implications for the test programme are to be taken into account; in
particular, it is necessary to check that acceptability criteria comply with
the objectives of the PPE.

5.2 On-site testing committee (CES)

The on-site testing committee is made up of operating organization,
prime contractor, NSSS manufacturer and OAS representatives and
meets at the end of each test phase to examine the results obtained
during the tests of the previous phase; the availability of systems and
functions indispensable to commencement of the following phase are



studied with the DAS. The on-site testing committee may meet
exceptionally to discuss any important problems arising during the test
programme.

The on-site testing committee informs the SCSIN of its findings. The
information given outlines the observations and conclusions made at the
meeting and lists the significant points of the preceding test phase, in
particular any incidents or anomalies observed, the results of analyses
made and the opinion of the participants as to whether or not the
programme should be continued.

6. MANDATORY STEPS

6.1 Fuel loading permit, standing group

Initial loading of fuel elements into the core is subject to SCSIN
authorization which is based on the opinion of the reactor expert group
following presentation by the OAS of its analysis of the preoperational
test sequence and results.

6.2 Mandatory steps during power escalation

An official request for permission to continue with the programme is sent
to the SCSIN before first criticality and before 90% power is reached. In
particular, prior to the operating organization being granted a licence to
exceed 90% power, the DAS sends the SCSIN an assessment report
covering all tests carried out up to that point and gives its opinion on the
possibility of continuing with the test programme.

7. LESSONS LEARNED

In order to illustrate the DAS approach in a concrete manner, we have
chosen to give a few examples connected with startup of the first
1300 MWe units in France (standardized series P4). Startup of these
units was of particular interest due to the technical innovations which
were introduced and carried over to subsequent units (standardized
series P'4) and to the future N4 series (1450 MWe units).

In view of the new techniques employed in these units, the test
programmes were subjected to special analysis, both as regards the
methods used and the real-time monitoring of their progress by the DAS
on-site representative.



7.1 Test programme analysis

In addition to comments concerning the method described above, test
sequence programme analysis led the DAS to make remarks concerning
several fields:

- Policy documents were drawn up on topics directly connected with the
state of the installation and which, due to their importance, required to
be verified by means of an approach similar to that implemented during
tests: system cleaning and search for foreign bodies for nuclear island
equipment, verification of supports, verification of pipe displacement
and verification of pump and pipe vibration.

- Reports have been drawn up, for example to exhaustively check the
accuracy of protection channels, to maintain at all times during
commissioning an overall view of the actual adjustment of the
protection system, as well as to check correct calibration of NSSS
instrumentation channels during power escalation.

- Special attention was paid to activities linked to installation operation in
order to identify and analyse implementation difficulties, whether
relating to the state of the installation or to the operating documents
themselves. In addition, thought was given as to how to optimise the
state of the installation in order to define ultimate objectives to make
the commissioning period more profitable as regards safety. Lastly,
independently of the schedule and the content of the startup tests, an
additional check of installation preparation was made in anticipation of
periodic test programme implementation (implementation of periodic
tests during overall test phases, carrying out of refuelling frequency
tests prior to first loading etc.).

7.2 Analysis of test results

In order to have a better idea of the lessons learned from unit startup, it is
useful to specify the guidelines used to come to the conclusions.

First of all, certain problems were revealed directly during the normal
startup test programme and during unit operation in accordance with
predefined operating rules. In general, these problems came to light in
the first unit in the series. However, it should be noted that certain
problems became apparent later. This is especially true of equipment
modifications further to test results, installation of different equipment in
units, installation modifications linked to site configuration, arrangements
specific to first-off tests or running of special tests during series startup.

The second branch of analysis deals with anomalies revealed during
incidents, operation activities or tests in fortuitous situations. Very often,
many lessons can be learned from these problems rearding the
equipment concerned or by transposing them to similar equipment, but



they obviously appear in a random manner and are spread throughout all
the installations in the series. It can be noted, however, that startup test
conditions (system states, operator training, multiple test situations etc.)
make this period one of the richest in incidents.

The final line of research in this analysis concerns equipment whose
tests are taken to be satisfactory but only at the expense of special
precautions or when carried out by specialists. As far as this equipment is
concerned, without waiting for the verdict on the periodic test results, it
can be considered as early as the commissioning stage that their design
is not of the best. A definitive verdict on this equipment can only be
reached by considering operating experience (periodic tests) and
modifications made on subsequent units with the same equipment.

QUALIFICATION

A certain number of design-related difficulties were revealed during the
startup tests of the first unit. It proved difficult to solve these problems
before the unit was commissioned. It would appear that these difficulties
could have been avoided if detailed reliability studies or qualification tests
in normal or accident operating conditions had been carried out very
early on in the project on a limited amount of equipment with no industrial
application as a reference. Today, these problems have either been
solved, or have been identified and are in the process of being solved.

Moreover, experience has shown that special problems could not be
revealed during prolonged on-site operation. This is true, for example, of
the systematic nature of motor jacking of vertical shaft pumps and the
importance of pump lubrication and cooling conditions. It is worthwhile
repeating that the lubrication and coupling problems of certain pumps
were identified thanks to their being in constant use. Lastly, it should be
noted that for certain items of equipment, the demonstration of validity of
operation was made by means of lengthy on-site tests.

It became apparent that qualification of a machine model, such as a
pump set, had to be completed by an endurance test on the lead unit, to
supplement in-shop tests intended to check performance levels
calculated at the series design stage and special loop tests applied to the
ability to withstand accident conditions. Verification of adaptation to
actual operating conditions requires a test which specialists estimate
should last at least 2000 hours (continuous, if possible). Environmental
interaction is required (environment, effects of actual suction and
discharge systems, auxiliary cooling systems etc.) along with prolonged
operation to reveal anomalies overlooked during tests. This is particularly
important for emergency pumps which never operate for long in normal
operating conditions. The DAS has estimated that for this equipment, on-
site endurance tests should be carried out as part of first-off tests and
has asked Electricité de France to examine this possibility for the N4
standardized series.



FLUID SYSTEMS

Vibrations

Of all the difficulties encountered on the P4 series, the following are
worthy of mention: reactor coolant system temperature sensor rupture,
volumetric control system letdown orifice erosion, nuclear island system
nozzle rupture, water hammer in containment spray system and residual
heat removal system valve cavitation.

Analysis of these problems has shown that they are the result of
shortcomings in the system design studies. In particular, it seems that no
action was taken to check that for each flow restrictor, the lack of
cavitation conditions were complied with in all operating configurations;
neither was a list of all sources of vibration drawn up by verifying
modifications to equipment affected (resonant frequencies, for example).

Auxiliary fluids

Several incidents (pump and electrically-operated valve sticking, lack of
leaktighness of compressed air system check valves etc.) affected the
equipment using these fluids. These problems showed that the definition
of requirements associated with auxiliary fluids used in equipment
important for safety was lacking.

Transient phenomena in systems

Water hammer incidents damaged the systems during transient tests. It
should be noted that most problems of this type were discovered by
chance and confirmed at a later date during checks made by the system
designers.

These problems revealed a need to know and check pressure classes
and principles for selecting transients to be calculated (equipment failure
etc.) at the design stage, as well as to identify unfavorable conditions and
programme the corresponding tests.

System cleanliness, hazards associated with foreign bodies

Cases of system pollution were encountered in several units. It would
seem that arrangements have to be made at the design stage to
minimize the hazards associated with foreign bodies (definition of pipe
requirements, tanks and sumps, installation of plugs for endoscopie
examination, installation of filters etc.).
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8. CONCLUSION

To conclude, the commissioning tests of the first loOQMWe units
revealed certain teething problems which have been solved or are in the
process of being solved.

As far as equipment design is concerned, startup experience has shown
the need for:

- carry'ng out qualification tests on certain items of equipment with which
there .3 no industrial experience before series startup,

- carrying out first-off endurance tests on site for engineered safety
feature equipment which does not operate continuously in normal
operating conditions,

- studying the risks of captation and those linked to flow conditions
which may lead to system vibration, as well as hydraulic phenomena
caused by transients,

- defining more accurately the requirements associated with auxiliary
fluids and filtration methods to reduce the risks associated with foreign
bodies.

Startup experience acquired on P4 units has shown that despite the care
taken when defining test programmes, a certain number of problems
come to light by chance, thereby confirming tne need for a lengthy test
period.

During unit operation, the only scheduled test programmes are periodic
tests and requalification tests after refuelling. Therefore, the DAS
considers that during the startup tests of future units, it will be necessary
to make the tests as extensive as is necessary to guarantee the safety of
installations and increase operating experience, particularly in the field of
engineered safety feature systems.
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