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SUMMARY

Two different seismic systems are foreseen in the case of PEC: the seismic

safety system, that provides the automatic scram, and the seismic

monitoring system.
During an earthquake, three triaxial seismic switches are triggered if a

threshold value of the ground acceleration is exceeded. In this case, the

signals from the seismic switches are processed by the afety system (with

a 23 logic) and the shutdown system is triggered.

Peak acceleration is the parameter used by the safety system to quantify

the seismic event. This way, however, no information is obtained with

regard to earthquake frequency content. Thus, reactor safety is guaranteed

by adopting a threshold considerably lower than the Z.P.A. of the Design

Basis Earthquake.

Furthermore, in the case of significant earthquakes, the seismic motion is

measured by about 20 triaxial accelerometers, located both in the free

field and on the plant's structures. Data are digitazed and recordered by

the seismic monitoring system. This system also elaborates the recoredered

time-histories providing floor response spectra and compares such spectra

to the design values.

The above-mentioned elaborations and comparisons are performed in short

time for two triaxial measuring positions, thus allowing the Operator to

immediatly get a more complete information on the eismic event.

The complete set of data recorded by the seismic monitoring system also

allows the actual dynamic response of the plant to be determined and

compared to the design values. On the basis of this comparison the

necessary safety analysis can be carried out to verify whether the design

limits of the plant were respected: in the positive case the reactor can be

restarted.
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1. INTRODUCTION

Great care is devoted to the seismic design of Nuclear Power
Plants. In general two reference earthquakes, and S2, are
defined: represents the normally acceptable earthquake with a
"return time" comparable to the plant's life. For this
earthquake (e.g. American OBE, French SB) the plant shall be
capable to be safetly operated. S2 is the maximum earthquake
which is considered to be possible at the specific site. For
this earthquake (e.g. American SSE, French SM) structures,
systems and components necessary to shut down the reactor and
maintain it in a safe condition, shall be capable to perform
their safety functions.
Input ground motions are defined, after detailed geological and
seismotectonic studies of the site are performed, by using a
spectral quantity (e.g. response spectrum, power spectral
density) or by a set of accelerometric time-histories.
Mathematical models of structures and soil-structures
interaction phenomena are developed in order to determine:

a) the seismic response of structures to the ground motion;

b) the input motion of components to be qualified by test or
analysis.

If an earthquake occurs whose level is equal or greater than SI,
the plant shall be shut down. Two different intervention
approaches are usually adopted. The first foresees that the
Operator shall actuate the shutdown on the basis of information
immediately available in the control room. The second foresees
that an automatic shutdown of the plant shall be carried out by
the seismic safety system.
The first philosophy is based on the conviction that seismic
design is reliable enough to guarantee plant safety and that
even in the case of component failure due to the earthquake, the
plant will be shut down by normal safety systems. In any case,
the Operator has time enough to decide whether or not the plant
should be shut down.
This is the philosophy that is adopted in the most recent
Italian nuclear power plants (Caorso, Alto Lazio, and the
reactors of the Unified Nuclear Project), according to licensing
staff position.
The second philosophy has the advantage of a more rapid
achievement of plant safe conditions, without requiring the
direct intervention of the Operator. The traditional criterium
adopted is to shut down the nuclear plant at a predetermined
ground acceleration. But the ground peak acceleration alone is
not sufficient to describe the seismic event. So, in order to
defend the plant against earthquakes characterized by particular
frequency contents (for instance near-field earthquake), it is
often necessary to lower the threshold acceleration value. That
is in contrast with the need of avoiding spurius scrams.
Beside the instrumentation necessary to perform the automatic
scram or that foreseen to enable an early determination of the
earthquake severity to be made by the operator, additional
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seismic instrumentation is usually available on nuclear plants.
This instrumentation is adopted to measure and record the
vibratory response of representative structures and components.
In fact, either the plant has been shut down during (or
immediatly after) the earthquake or not, detailed studies might
be necessary to evaluate the actual response of safety-related
structures and components. It is important to investigate
whether design limits are exceeded or not and to determine the
eventual long term effects of the seismic motion. The data
collected by this seismic instrumentation (i.e. time-history
accelerometers, response spectrum recorders, peak
accelerographs, etc.) are also useful to verify hypoteses and
modelizations used in the seismic design.
This paper deals with the description of the seismic systems
that are foreseen on PEC reactor: the safety and the monitoring
systems, their roles and main features.

2. THE PEC SEISMIC SAFETY SYSTEM

2.1 General remarks

In the case of PEC, earthquake S2, called TSS ("Terremoto di
Sicuro Spegnimentoll),is defined by Housner-type response spectra
with a maximun ground acceleration of 03 g 294 m/s2) in the
horizontal directions and 02 g 196 m/s2)in the vertical
direction. Earthquake S1, corresponds to the so-called 12 TSS.
it is characterized by design spectra equal to 0.5 times those
of TSS [1] . The PEC reactor safety criteria require that the
plant shall be automatically shut down by the Seismic Safety
System in the case that the 112 TSS is exceeded.
This choice is due to both hysterical reasons and reasons
depending of the plant features. In fact, when the Preliminary
Safety Report was licensed 1974), the licensing staff position
was that an automatic shutdown system had to be available in
order to put the plant in a safe shutdown condition as soon as
possible. This was due to the new reactor concept and also to
the fact that seismic analysis methods were not advanced enough
at that time.
In addition, in the case of PEC the neutronic - seismic
interaction effects (due to the core volume variations and
control rods extraction) are not negligible. So, even if the
analysis has demonstrated that after the core design
modifications (thicker pads and higher hexcan stiffness of fuel
elements and reduced pad thickness on neutron shielding
elements), the thermal effects due to seismic reactivity
insertion are acceptable [11, a scram during the initial part of
a large earthquake can drastically reduce such thermal effects.

2.2 main features of the system

The main functions of the automatic scram system of the PEC
reactor are:

a) To detect, by means of three triaxial seismic switches,
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if a preset acceleration threshold has been exceeded on
one of the three axes fyz, owing to a seismic event.

b) To provide the necessary data to the reactor safety
system, that elaborates digital signals related to each
axis (as generated by seismic swithces) with a 23 logic.
After this elaboration the safety system actuates the
automatic scram if the threshold value is exceeded at
least in one direction.

The simplified logical diagram of the system is shown in fig. 

2.3 Description of the system

Three triaxial seismic switches are present in the PEC scram
system. These are located in three different detection
positions, that consist of renforced concrete blocks embedded in
the soil of the plant site.
The localization of the three positions was defined according to
criteria described in 2.4.
Electrical supply is independent for each of the three triaxial
seismic switches, and is derived by three different supplying
sources (ABC in fig. 1) equipped with accumulators and
inverters.
The associated electronics consists of:

- Power supply units

- Local signalings

- Test units to verify circuit integrity and seismic
switches functionality

- Interface units with the reactor safety system (digital
signals of the seismic swithces reach these units,
together with signals related to detected failures and
test state of circuits and switches). The function of the
interface units is also to automatically put the system in
a state of "request of intervention" in the case of
detected failure or test state. After reaching this state,
according to the signals provided by one of the units, the
system is ready to shut down the reactor on the basis of
signals from only one channel, belonging to a different
seismic switch and related to the same axis.

The equipment costituting the system will be qualified according
to IEEE standards.

2.4 Localization of the sensors

Because of the geomorphology of the PEC site (a valley, with
various different stratigraphic conditions) a detailed analysis
was performed by ISMES (on behalf of ENEA) in order to define
the best locations of the sensors. In fact, the ground input
motion for the seismic analysis is defined for PEC at the
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free-field, on the soil surface. So, it was necessary to fix
different positions, at sufficiently large distances from
buildings (in order to represent the free-field condition) and
also from one another (in order to avoid common local disturbs);
in addition, these positions had to correspond to suitable
geomorphologic conditions (to prevent local modification of the
seismic motion) and to stratigraphic conditions as similar as
possible to those characterizing the foundations of the main
buildings. Fig. 2 shows a general view of the plant with the
location of the three triaxial seismic switches.

2.5 Threshold level

In spite of the fact that the PEC reactor has been designed so
as to operate in safe conditions up to an earthquake level equal
to that of 12 TSS, the threshold value for automatic scram has
been fixed to a ground peak acceleration corresponding to the
ZPA of 14 TSS 0075 g for horizontal components) This was
done considering that such an earthquake level is already rather
high and that the recent studies on the site showed that its
occurrence during reactor life is improbable enough, and also
according to the discussion of Chapter with respect to the
limits of peak values to describe earthquakes (earthquakes could
in principle occur with ZPA lower than 0.15 g, but with spectral
amplitudes larger than those of 12 TSS for some frequency
values).
Obviously, the lowered threshold level further enhances the
already high degree of safety of the plant in an earthquake. In
particular, in the very improbable case of an earthquake
comparable to TSS, the reactor will be shut down in the initial
part of the quake.

3. SEISMIC MONITORING SYSTEM

3.1 General remarks

As mentioned in Chapter 1, seismic instrumentation is usually
adopted in nuclear plants to measure and record the seismic
input motion and the response of structures and components.
Digital instrumentation, in comparison with analogue
instrumentation used in the past years, has the main advantage
to provide the needed information to the Operator in a directly
usable form and with a higher precision.
Furthermore, a digital system also allows response spectra from
some accelerometric signals to be directly evaluated and
compared to the design values. This feature is very important:
in this way, in fact, a more complete characterization of the
seismic event can be obtained in a short time with respect to
that based on a comparison between peak accelerations.
As mentioned, to better defend the PEC plant against earthquakes
characterized by spectra of different shape with respect to the
design values, the threshold for the automatic scram was lowered
from 0.15 g to 0075 g: however, in the case of scram the
Operator does not receive any information from the safety system
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about the actual degree of severity of the earthquake, and thus
on the loading conditions actually applied to the plant. In
particular, he cannot get to know if an earthquake larger than
1/2 TSS really occurred and thus, whether or not the plant
design limits have been exceeded.
The availability of actual earthquake spectra at appropriate
positions in the plant and their comparison with the design
values in a short time, is certainly very useful to raduate the
operations necessary after reactor scram according to the
earthquake severity.
Obviously, the optimum solution would be to have a safety system
performing automatic scram based on comparisons between actual
and design spectra. However, the problems related to the
reliability of computerized system in the case of earthquake
have not completely been solved, yet; furthermore, the time
needed for reactor shutdown would certainly increase.

3.2 Description of the system

The PEC seismic monitoring system aims at detecting and
processing the seismic motions induced by an earthquake on the
plant.
Thus, the system functions are following:

a) To detect and transmit the components of seismic
accelerations by means of triaxial accelerometers. These
are mounted in the most significant positions in the plant
and in free-field.

b) To permanently record on tape-cassette these
accelerometric signals in order to allow a comparative
analysis to be later performed between the actual
earthquake response of the plant and that estimated in the
design phase.The recording is performed in digital form to
obtain a better signal definition and is equipped with a
reference clock.

c) To start recording of accelerometric signals as soon as
the triaxial seismic triggers show that the predetermined
acceleration threshold has been exceeded. These adopt a
1/2 logic and actuate the start-up of sampling and data
processing system.

d)To continuously store on buffer memory the accelerometric
signals for a predetermined period of time, before the
real start-up of the recording system (per-event memory).
This avoids loss of information concerning the initial
phase of the event, that would occur as consequence of:
- the dead time related to the recording cassette
start-up;
- the period in which the seismic signal is lower than
trigger threshold.

e) To continue recording the accelerometric signals for a
predetermined period of time after the seismic signals are
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again below the trigger threshold (post-event memory).

f) To print on paper the time-histories of previously
recorded acceleration components. This printing also
contains the reference clock, the identification code of
the accelerometer under consideration, the date and time
of the recorded event.

g) To directly calculate in a short time response spectra
using the signals transmitted by two triaxial
accelerometers, selected among those available on the
plant. The algorithm adopted for the calculation includes
the possibility of assigning the damping value.
Furthermore, the computing unit compares the measured
spectra to the corresponding design values, prints the
compared set of spectra as well as the date, the time of
the recordered event and the identification code of the
accelerometer under consideration. An alarm is produced by
the computing system in the case that some limit
conditions are exceeded in te comparison between measured
and design spectra.

The electrical supply derives from a source equipped with
accumulators and inverters.
Finally, the seismic monitoring system also includes some
mechanical transducers, not electrically nor pneumatically
supplied, and a test system for the periodical verification of
loops' integrity.

3.3 Transducers locations

The positions of the various transducers were defined using the
results of the on-site experimental analysis and the related
numerical studies described by refs. 2 and 3 These studies
allowed the modal shapes of the reactor building to be determine
in detail, and some information to also be obtained for the
adjacent buildings. Thus, it was possible to optimize the
transducer positions so as to enable the best possible
information to be obtained on the whole reactor response (and in
particular on modal shapes) in the case of a real earthquake.
The transducers of the seismic monitoring system are foreseen
not only on reactor building floors but also in the free field
(together with the switches of the automatic scram system), as
well as on the safety-related adjacent buildings and the
supports of some of the main components.
Fig. 3 shows the transducer positions and types. As far as
instrumentation of reactor building foundations is concerned
(item n'l of fig. 3 we note that two triaxial transducers are
foreseen in order to accurately evaluate the rocking motion of
these foundations.
Fig. 4 shows a perspective view of the plant with the sensors'
positions.
The positioning of transducers had to take into account
accessibility problems as well as temperature and radiation
conditions, since the operability of the system and its
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maintenance feasibility have to be guaranteed during the whole
reactor life. Thus, it was not possible to foresee
instrumentation on reactor-block components, whose motions with
respect the supporting floor are large for a fast reactor such
as PEC, in comparison to those possible in a thermal reactor.
Anyway, a wide-ranging and very detailed experimental and
numerical programme was carried out in the framework of te
seismic verification of the PEC reactor-block [1], that led to
the validation of accurate numerical tools.
Finally, it is worth pointing out that the rather exstensive
instrumentation adopted is due to the purpose of using the PEC
experience in the framework of development studies on seismic
monitoring systems in Italy, whose utilization is obviously
independent of the fact that PEC is a fast reactor.

4. CONCLUSIONS

The main features and the role of the PEC automatic scram system
(constituting the seismic safety system) have been described,
together with those of the foreseen seismic monitoring system.
It has been shown that automatic scram system is adequate for
PEC reactor safety, taking into account the severe design rules
adopted, the advanced seismic design and also the relatively low
threshold of seismic switches. However, the seismic monitoring
system can provide useful information for the operations after
reactor shutdown and has the advantage of a more correct
description of the seismic event. Furthermore, the present
licensing staff position for the most recent Italian nuclear
power plants is that automatic scram is not necessary, but the
reactor shall be shut down by the Operator basing on alarms from
seismic monitoring system.
The seismic monitoring system, under development for PEC, should
contribute to the assessment of improved concepts applicable to
Nuclear Power Plants, with regard to both data processing in
short time and improvement of system reliability 4.
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LOCATION SENSOR FLOOR LEVEL

1 Reactor building ounda-tion 2 triaxial accelerometers, -12750
trigger, spectrum recorder

2 reactor building containment triaxial accelerometer +19000
structure

3 vessel supporting floor triaxial accelerometer - 770

4 vessel rotating plug peak accelerograph - 770

5 roof of maintenance bay triaxial accelerometer + 18000

6 transfer cell floor triaxial accelerometer + 6000

7 Polar crane supporting ring triaxial accelerometer + 19000

8 Sodium building Tou-nUa-tion triaxial accelerometer -3500

9 expansion tank support triaxial accelerometer + 6200

1 0 secondary pump support triaxial accelerometer + 6200

1 1 air-sodium heat exchanger peak accelerograph +14000
support

1 2 free field n 2 triaxial accelerometer -

1 3 principal cell floor triaxial accelerometer

1 4 Diesel building foundation triaxial accelerometer 100

1 5 control room floor triaxial accelerometer + 6000

1 6 free feld-nl �1 � triaxial accelerometer, trigger -

1 7 freefield n 3 triaxial accelerometer

1 8 control and service building peak accelerograph -
foundation

9 fuel handling control room floor peak accelerograph + 10750

2 sodium building roof triaxial accelerometer

I I

Fig. 3: Instrumentation of the PEC seismic monitoring system
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