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THE FRENCH SAFETY APPROACH REGARDING EQUIPMENT QUALIFICATION

J. JALOUNEIX - G. DELETRE - J.Y. HENRY - L. ROUSSEAU
(CEA/IPSN/DAS - FRANCE)

1. OBJECTIVE

The safety classification of equipment used in France has beer,
described in communication {1). It is based on a certain number of requi-
rements, including qualification for operating conditions (ageing under
normal operation, adverse environments, etc.) and for seismic conditions.

Qualification of equipment is intended to guarantee the func-
tional ability of the equipment under specific operating and environmental
conditions.

Qualification is necessary for mechanical and electrical equip-
ment required to perform a safety function as well as to auxiliaries re-
quired for operation of such equipment. It is also necessary for certain
materials and equipment zf which unsuitable behaviour could jeopardize the
execution of a safety : .-.ction.

2. PRINCIPLE

The qualification programme is based on one hand on speci-
fications, which detailed the specific qualification procedures, on the
other hand on a distribution of equipment into categories as a function of
the environmental condition and operating requirements applicable to them
individually.

As concerns electrical equipment, the qualification programme
consists of a general qualification specification for class IE for pres-
surized water reactor power plant equipment. This general specification
serves as the basis for writing the individual qualification speci-
fications for each type of equipment.

Electrical equipment is divided into the following three cate-
gories, depending on its location and the functional requirements :

• Category Kl : Equipment installed inside the containment re-
quired to perform its functions in environments corresponding
to normal operating conditions, accident conditions and/or
post-accident conditions in the unit, as well as earthquake
loading.

• Category K2 : Equipment installed inside the containment re-
quired to perform its functions under environments conditions
corresponding to normal operating conditions and earthquake
loading.
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• Category K3 : Equipment installed outside the containment re-
quired to perform its functions under environmental conditions
corresponding to normal operating conditions and possibly ac-
cident conditions, as well as earthquake loading.

As concerns mechanical equipment, qualification is determined
on a basis of families of equipment or on a case-by-case basis for each
individual item of equipment. It is based on a general specification for
aualification of non-static mechanical equipment, as well as a certain
number of specifications relating to each family of equipment (for example
valves) or individual specifications adapted to each type of equipment
(for instance pumps).

The general qualification specifications contain indications as
to the method to be used for qualification, the typical test sequences for
each family of equipment, as well as the test methods and approbation
criteria.

3. EQUIPMENT CONCERNED

3.1. Definition of equipment to be qualified

The equipment requiring qualification is safety class equipment,.
i.e. that necessary to attain, under operating conditions considered to be
plausible, the three main safety objectives of :

- shutdown of the reactor and keeping it in a safe shutdown sta-
te,

- integrity of the reactor coolant pressure boundary,
- prevention of accidents and/or the mitigation of their radio-

logical consequences.

The equipment requiring qualification is thus the following :

- all electrical equipment of safety classes IE and 2E,
- all safety class non-static mechanical equipment (such as

pumps, turbines, valves, ventilation equipment, generating
sets etc.),

- certain materials or items of equipment the failure of which
would compromise the main safety objectives for the various
operating conditions considered plausible (in particular,
seals, snubbers, paints and coatings, oil and greases etc.).

For static mechanical equipment such as pipes qualification is
generally obtained by analysis ; in practice, it is frequently directly
allowed for in the design conditions of the equipment.

3.2. Concept of representativeness of equipment

The equipment to be qualified may, in certain cases, be grouped
in a family so as to be able to identify the equipment which can be consi-
dered to be representative and needing to be subjected to qualification
procedure. The concept of equipment representativeness consequently makes
it possible to reduce the number of items of equipment for which it is
necessary to effectively demonstrate qualification.
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In particular, considerations relating to analogies between
equipment have been developed. Their application makes it possible to
transpose the qualification obtained for one item of equipment to other
items of equipment with similar characteristics.

This is for example the case of valves where the selection of
representative devices has been based on the following criteria, enabling
grouping of the devices :

- the same manufacturer,
- similar technology,
- similar diameters etc.

Similarly, as concerns the electrical equipment installed in the
900 and 1 300 MWe series units, category Kl covers 33 families for 14 dif-
ferent types of equipment, category K2 covers 18 families for 7 different
types of equipment, and category K3 covers 29 families for 19 different
types of equipment.

4. METHOD

Qualification of equipment can be carried out by a number of
methods : qualification by testing, by analysis, using a method combining
the previous two, or possibly by using the available experience feedback.

Qualification by analysis consists in proving by calculation
that an item of equipment is adequate to fulfil its safety function. This
method can be used when there is a validated mathematical model and suf-
ficiently representative numerical data of the conditions of use of the
equipment in question.

Qualification by experience feedback uses the data available
concerning earlier utilization of the equipmenc. This method can only be
used for identical equipment or that of which the properties are suf-
ficiently similar and for operating and/or environmental conditions (life
time in particular) which brackets that required for the safety functions
involved. It should be noted that little use has been made of the method
to date.

Qualification by testing (which is the basis approach for quali-
fication) consists in recreating, by means of tests, conditions liable to
cause failures identical to those liable to occur in operation. Conse-
quently, tests must be chosen on the basis of their capacity to reveal
paricular faults and must be carried out in a sequence representative ot
the operating conditions or loading to which the equipment is subjected.

For instance, a typical qualification sequence for Kl electrical
equipment or pneumatic valves located inside containment includes, in the
order indicated, all or part of the following stages :

- reference tests,
- functional use limit tests,
- tests intended to determine the behaviour of the equipment
over a period of time ; these tests notably include thermal
ageing, prolonged operation, irradiation ageing and resistance
to mechanical vibrations,

- earthquake resistance tests,
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- tests under accident and post-accident conditions, including
an irradiation test under accident conditions and testing of
the resistance to therraodynamic and chemical conditions.

As a general rule, the qualification test sequences vary with
the type of equipment concerned, the safety function or functions to be
fulfilled, and its location.

A good example is the earthquake qualification of the venti-
lation equipment (fans, dampers and check dampers), for which a test
programme on a vibrating table was adopted for the 900 MWe series. Four
fans and four dampers or check dampers representative of all the equipment
involved were selected. On the other hand, qualification by calculation or
the mixed method (calculation + testing) was adopted for the 1 300 MWe
series. Three fans and four dampers were the subjected to testing for this
series.

5. CONDITIONS OF QUALIFICATION

5.1. General conditions of qualification

The qualification programme must make it possible to check the
functional aptitude of the equipment :

- both under normal operating conditions, during the life time
of the plant, inside and outside the containment ;

- and, when required :
• under the loading corresponding to the safe shutdown earth-
quake (SSE) ,

• under accident and post-accident environment conditions,
• for operating and environment conditions specific to certain
items of equipment. This is for example the case of the sa-
feguard system pumps which undergo special qualification
covering their behaviour under thermal shock and with water
containing particles.

As concerns earthquake qualification, it is necessary to demons-
trate :

- compliance with functional requirements of mechanical equip-
ment (integrity concept intended to guarantee containment of
the fluid carried or contained, or operability concept inten-
ded to guarantee continued operation of mechanisms and moving
parts),

- satisfactory operation and the assurance that it will not
generate spurious or aberrant signals for electrical equip-
ment.

As concerns qualification under accident conditions, the loading
adopted as representing a bracketing case for qualification are determined
on the basis of :

- a loss of primary coolant accident (LOCA),
- a steam line rupture accident (SLR).
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These two types of accidents result in changes in the ambient
conditions in the containment (pressure, temperature, humidity, ir-
radiation and chemistry) liable to change the properties of certain items
of equipment.

The qualification tests under thermodynamic and chemical condi-
tions resulting from accidents internal to the containment (LOCA and SLR)
are carried out in a sequence in which all the significant parameters of
change in the environment take place in the assumed chronology of the
accident.

As more specifically concerns valves and fittings, allowance
must also be made for :

- high-energy pipe rupture (HEPR) resulting in changes in the
fluid flow conditions and inducing mechanical stresses in the
equipment concerned ; this loading is in particular liable to
deteriorate operation of valves ;

- accident mechanical loading (forces on end-fittings) combining
all the loads liable to be applied to valve components. These
are the pipe reactions upstream and downstream causes by ex-
pansion, weight and rupture (as applicable), the forces resul-
ting from earthquarkes, as well as the internal pressure of
the fluid.

For example, as concerns the valves and fittings (valves, check
valves and safety valves) installed in the 900 and 1 300 MWe series units,
in view of the analogy considerations mentioned earlier, 5 devices are
subject to qualification for accidents internal to the containment, 18
devices are subjected to earthquake qualification, 13 to HEPR and 9 to
accident mechanical loading qualification.

Furthermore, it must be remembered that the qualification proce-
dures must include allowance for the following combination rules :

- combination of the loading due to nominal operation and those
due to LOCA or SLR,

- combination of the loading due to nominal operation and those
due to safe shutdown earthquake,

- combination of the loading due to LOCA or SLR and those due to
the safe shutdown earthquake.

5.2. Qualification of equipment for irradiation

The ambient conditions to be allowed for in qualification are
defined both for the nominal environment and for accident loading, this is
notably the case of irradiation. Hence, standard doses have been defined
for qualification for irradiation of equipment inside the reactor buil-
ding. The values adopted are respectively 25 x 10* Gy for ageing (over a
period of AO years), and 60 x 10* Gy for accidents.

Some equipment cannot be qualified using standard values ; for
example, pneumatic valves, s.ectrical penetrations, paints and coating as
well as certain seals. A method has been developed to deal with these
cases.
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This method proposes values which are sufficiently conservative
while remaining close to those liable to be encountered by equipment. In
particular, they allow the different radiation liable to affect the equi-
pment (3 and y radiation) as a function of the actual position of the
equipment and any shielding provided.

5. PRESERVATION OF QUALIFICATION

In view of the scale of the qualification programme, equipment
is installed and in service at sites before completion of the quali-
fication operations concerning them. When a design modification is found
indispensable for equipment to meet the qualification process, procedures
are implemented to ensure that installed equipment is brought to the stan-
dard of the qualified reference equipment. These provisions can even re-
sult in replacement of installed equipment by a qualified model. This for
example was the case of certain pressure transducers and certain travel
stop sensors.

Similarly, during the operating phase, measures are taken to
ensure the durability of the qualification after modification of the equi-
pment. This applies to equipment which has been the subject of design or
manufacturing changes resulting in differences between it and the refe-
rence equipment initially qualified.

7. COMPLEMENTARY OPERATING CONDITIONS

Complementary operating conditions to be taken into consi-
deration for the design of nuclear units have been established in France
{1), particularly to cover the case of total failure of redundant sys-
tems.

The qualification process for such complementary conditions is
similar in principle and method to that allowed for in the design basis
operating conditions. It is nevertheless adapted in a specific manner to
the situations effectively encountered for each of the items required wi-
thin this domain.

In particular, the present approach is less conservative in the
definition of the hypotheses concerning loading (so-called realistic hypo-
theses established on a case-by-case basis).

The equipment concerned by such qualification is :

- either equipment only playing a part under complementary con-
ditions and introduced as such into the units,

- or equipment available in the units but with only safety func-
tions within the framework of the complementary conditions,

- or safety class equipment under the design basis operating
conditions but used under complementary conditions outside the
qualifiation situation possibly required within the framework
of the design basis operating conditions.
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For example :

- for total loss of backed-up electrical power supplies (proce-
dure H3), standby turbo-alternator mechanical and electrical
equipment must be earthquake qualified,

- for total loss of the steam generator feedwater (procedure
H2), the pressurizer discharge valves must be qualified to
operate alternately in water and steam and for ambient condi-
tions in the containment corresponding to the "feed and bleed"
configuration.
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