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SUMMARY

CREYS-MALVILLE reached full power in december 1986 and is presently the largest
sodium cooled reactor in operation. Well established procedures of safety eva-
luation have been used for the design but for a large size reactor special at-
tention must be paid to the effects of seismic disturbances.

This paper describes the seismic protection and monitoring system of the plant,
the core behaviour which is specific to fast reactors and the test performed to
verify the analyses.

Finally the seismic impact on the construction can be established as an indica-
tion for future plants.
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1. REFERENCE GROUND MOTION

The CREYS-MALVILLE plant (figure 1) is situated 50 km east of LYONS in a class
VI seismic zone on the MSK scale. The known seismic activity of the area is low
and at the early phase of the construction an intensity of VII was considered
adequate for the maximum credible earthquake to be expected during plant life-
time. For the safe shutdown earthquake (S2) an intensity of VIII was required
according to the rules set by the licensing authorities.

For the design specifications it was decided to follow the rule already in use
for the 900 MWe PWR standard plant, like BUGEY 32 km downstream on the Rhone
river that is : EdF spectrum with a zero period acceleration of 02 g in the
horizontal direction. Two independent orthogonal componentsare taken into ac-
count. The vertical component is 23 of the horizontal.

Later detailed s4smotectonic studies were completed and two spectra were defi-
ned for the site S2 level 

- earthquake just below, intensity VIII focal depth 12 and 25 km,
- earthquake 15 km from the site, intensity VIII-IX.

They were used only for the verification of the most critical points.

2. SAFETY AND FUNCTIONAL REQUIREMENTS

The S2 earthquake is used in the evaluation of the safety of the plant.

The same general criteria are applied for external or natural hazards explo-
sion, missile, airplane crash, flooding, extreme climatic conditions

- reactor safe shutdown and decay heat removal '
- limitation of the release of radioactive substances.

Therefore functional requirements are

-reactor shutdown,
-core support,
-decay heat cooling
-radiation monitoring,
-confinement,
-protection againt sodium fire.

For the SI level or half the S2, the structural damage must be limited to allow
for a safe restart after repairs. Therefore components which are not accessible
for inspection and repair must be specially classified in the upper category.
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3. AUTOMATIC REACTOR SHUTDOWN SYSTEM

The system automatically shuts the reactor down when seismic sensors detect a
base motion greater than a preset level.

This system has been requested by the licensing authorities as it already
exists on the PHENIX reactor at MARCOULE. The justification can be found in the
high sensitivity of the reactivity to the core geometry and in the fact that
during normal operation the core is not in its most reactive configuration.
This will be clarified below when dealing with core seismic behaviour.

The reactor scram system is entirely duplicated from the measuring point to the
control rod assembly. It can be activated by the following parameters (figure
2) :

-neutron flux,
-period,
-reactivity,
-sodium temperature rise across the core,
-core inlet temperature,
-loss of off-site power (more than 3s),
-primary pump seizure,
-power/flowrate ratio (I system),
-primary pump maximum sodium temperature (1 system),
-earthquake,
-burst clad detection in the hot plenum,
- -�f ray activity inside the dome.

Each scram system AUl or AU2 operates on a 23 logic.

AUl earthquake detectors comprise three sets of triaxial accelerometers, which
are located in the control building raft.

AU2 earthquake detectors are located in the reactor building base-mat at three
different locations.

The detectors use accelerometer of the force balance type from two different
manufacturers. Depending on the frequency range a limit is set on the velocity
or on the acceleration.

Each detector is of the fail safe type and can be tested manually with a sinu-
soidal signal.

4. SEISMIC MONITORING OF THE PLANT

The seismic monitoring system is used to give information to the plant operator
and is not a safety system.

Three sub-systems are used.
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l/ Tri-axial accelerometers (Kinemetrics)

- three in the reactor building 2 on the base-mat and one at a upper level
- two in the steam generator building one on the base-mat the second at

upper level,

Triggers are provided in each building

- an independent accelerometer is placed on the free-field with a recorder.

21 Differential displacement transducers

They measure the differential displacements between reactor and steam gene-
rator building at a single level (two locations SG building C and SG
building E) (figure 1).

The control and recording of the instrumentation is centralised in the
control building with a software for the in-line analysis of the record.
Power is provided by batteries ensuring 24 h autonomy, and if necessary on
auxiliary diesel.

The trigger level is set at 0.01 g on any direction.

In case of triggering of the accelerometers on the reactor base-mat an alarm
is transmitted to the control room and an indication of the maximum accele-
ration for each of the three directions of measurement is available in the
control building.

3/ Mechanical triaxial peak accelerographs

Three sets has been installed, they record the peak acceleration

- in the reactor building, at two levels,
- in the control building, at a single level.

The range of measurement is 002 g - 2 g.

This instrumentation follows the rules set by the licensing authorities
(RFS 13 b).

5. SEISMIC BEHAVIOUR OF THE CORE

As already stated, the reactivity effects induced by a seismic excitation is an
important motivation to scram the reactor in case of seismic disturbance.

A complete redundancy is provided by the instrumentation, however the behaviour
of the core has been studied and no credit of the early shutdown has been taken
for the qualification of the control rods or the design of the internal
structures.
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5.1 Core reactivity variation

There is a superposition of three effects. The first results from the differen-
tial displacement of the control rods inside the reactor. The drive mecanisms
are fixed to the roof-slab which is flexible and moves at a frequency of around
5 Hz. The second effect is the deformation of the core itself under horizontal
excitation. In the case of SUPERPHENIX the core is not restrained laterally and
at time may become more compact. This effect has been evaluated using the re-
sult of a non linear calculation of a single row of fuel elements extrapolated
to the whole core. The horizontal effect is the most important.

The global seismic effect is obtained by using the quadratic superposition rule
for two horizontal and one vertical direction.

The third effect is the settlement of the U02 pellet inside the fuel rods, it
is potentially as important as the horizontal effect and assumed constant.

5.2 Core seismic response

The transient non linear core response has been calculated using as input a
sinusoidal variation of reactivity at a frequency of Hz.

For the S2, the power oscillates and reaches a peak of around twice the normal
power. After a few seconds the average power is increased by only 15 %. The
sodium core outlet temperature is increased by 25 'C.

By itself this power variation would rapidly scram the reactor, three protec-
tion channels are involved 

- reactivity variation, after 04 s,
- power after 025 s,
- ratio power/flow rate after 12 s.

From this study it can be concluded that the neutron flux measurement provides
a redundancy to the direct seismic protection and has approximately the same
sensitivity.

6. DYNAMIC AND FUNCTIONAL TESTS

Due to the large size of the reactor vessel it was not feasible to measure the
dynamic response of the reactor block under a significant horizontal excita-
tion.

However extensive measurement were made in air during preoperational tests on
components and internal structures.

The main objective was the determination of vibration characteristics of the
primary circuit for the understanding of the signals recorded during normal
operation by the permanent instrumentation.

For the internal vessel it was assumed that an accurate model could be derived
from measurements in air, the effect of sodium being calculated separately by a
finite element method. The agreement has been satisfactory /_ T.
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Before delivery to the site each pump has been tested in a water loop. Then a
dynamic model has been developped and used in the seismic analysis.

- More data has been collected during the startup tests, for example

the first frequency of the intermediate heat exchanger can easily be detec-
ted by strain-gage welded on the support skirt. The value measured is
within 10% of the calculated value /-2-7.

the above core structure has a frequency of Hz for the horizontal motion,
the same value has been calculated in the seismic model where fluid struc-
ture interaction is only approximate.

the first horizontal frequency of the internal vessel is calculated at
0.7 Hz. This frequency is found to be dominant in the response of strain-
gages welded to the bottom head when the flow in the hot plenum is distur-
bed.

- Fuel element frequencies has been measured and are, close to values of the
seismic model derived from non linear calculation /-4-7.

Functional tests were made on two components of the primary system important
for the safety.

I/ The reactor shut down system 21 m high, in a vertical test rig /_3 7.

21 The pump shafts and bearings at ENEA Brasimone Center and also in the DEMT
laboratory at Saclay.

Standard methods has been used ' for testing the electrical components,
control cabinets and instrumentation raks.

The same technique has been applied to the sodium electromagnetic induc-
tion pump of the fuel failure detection system.

7 MODIFICATIONS INTRODUCED DURING THE CONSTRUCTION

The seismic loadings were finalized during the early phase of the construction
and they influenced the design of many components. A brief description is given
of the most significant modifications.

l/ Intermediate heat exchanger

The support has been redesigned to reduce the stresses and increase the
flexibility. Furthermore the influence of the roof slab deflection under
vertical excitation had to be taken in the calculation.

2/ Core support structure

Heavy reinforcements were made to accomodate the horizontal seismic effect
and to prevent buckling. Local stiffeners were added and the thickness of
some plates was increased.
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3/ Internal structures

Stiffening rings were welded to the "baffle Bl" and the thickness of the
weir cylindrical shell was increased at its upper part.

4/ Above core structure

The thickness of thermal shield could not be reduced despite the adverse
effect on thermal stresses.

5/ Fuel storage tank

The storage drum which supports the fuel elements has been completely rede-
signed for greater resistance and stiffness.

8 CONCLUSIONS

The seismic design of CREYS MALVILLE raised some new problems (due to the size
of the components and to the fluid structure interaction).

Which were solved by an increase of the stiffness of some structures with
minimal modifications of the thermal stresses.

For future reactors great care must be taken to accomodate dynamic loads in the
early phase of the design and to make the best compromise between seismic and
thermomechanical problems, with the aim of achieving the lowest possible costs.
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