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Aiessandro Martelli, Paolo Masoni, Massimo Forni, Maurizio Indirli, and
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Work on seismic isolation of nuclear and non-nuclear structures was
started by ENEA in cooperation with ISMES in 1988. The first activity
consisted of a proposal for guidelines for seismically isolated nuclear
plants using high-damping, steel-laminated elastomer bearings. This is
being performed in the framework of an agreement with General Electric
Company. Furthermore, research and development (R&D) work has been
defined and recently initiated to support development of the seismic
isolation guidelines as well as that of qualification procedures for
seismic isolation systems in general. The present R&D work includes
static and dynamic experiments on single bearings, shake table tests with
multi-axial simultaneous excitations on reduced-scale mockups of isolated
structures supported by multiple bearings, and dynamic tests on large-
scale isolated structures with on-site test techniques. It also includes
the development and validation of finite-element nonlinear models of the
single bearings, as well as those of simplified design toois for the
analysis of the isolated structures dynamic behavior. Extension of this
work is foreseen in a wider national frame.

Introduction

In the framework of Italian activities on items that have been identified

as particularly important for the development of innovative nuclear reactors

with high passive and inherent safety content (RSP/I; i.e., "Reattori ad

Elevato Contenuto di Sicurezza Passiva e/o Intrinseca"), work on seismic

isolation was started by the Italian National Commission for Atomic and

Alternative Energy Sources (ENEA) in cooperation with ISMES in 1988. The

first activity consisted of preparation of a proposal for design guidelines

for reactors using high-damping, steel-laminated elastomeric bearings as

horizontal isolation systems. Furthermore, R&D work has been defined by ENEA

and ISMES^ and recently initiated (April 1989) to support development of the

seismic isolation guidelines as well as that of the qualification procedures

for seismic isolation systems in general (i.e., not limited to the case of

nuclear reactors).

Indeed, in countries like Italy, which are characterized by nonnegligible

seismicity, these systems may be usefully applied not only to nuclear reac-

tors, but also, more generally, to industrial plants that are characterized by



high risk features and/or contain costly components. Moreover, important

applications may concern civil constructions relevan

such as hospitals, or even some historical monuments.

applications may concern civil constructions relevant to disaster reduction,
1

Seismic Isolation of Nuclear Reactors

The safety philosophy developed for future RSP/I plants requires the use of

passive and inherent safety features as much as possible, as well as the

adoption of wide safety margins. Furthermore, design of these reactors must

be simplified and rationalized with respect to that of the present commercial

plants.

To this aim, standardization is indispensable to limit plant costs to

acceptable values even in the presence of the stringent safety requirements

that characterize the RSP/I plants. Indeed, only standardization may allow

for economic competitiveness with other possible energy sources and simplifi-

cation of licensing procedures. Moreover, plant simplification will help in

enhancing overall reactor reliability.

However, due to the requirements related to internal accidents, external

events, and in particular, earthquakes may become the dominating contributors

to the overall plant risk for the RSP/Is. If large safety margins are

required, as should be for the RSP/Is, plant standardization may be difficult

to achieve using the conventional seismic design criteria.

Indeed, standardization requires the use of reference earthquakes which

envelope the potential seismic events characterizing many different sites.

Two possible philosophies may be adopted in principle:

a. to make plant structures resistance compatible with the envelope loads;

b. to apply techniques capable of reducing the dynamic loads acting on the

safety-related structures and components.

If large seismic safety margins are required, the first solution is not

realistic in countries characterized by nonnegligible seismicity. In fact, it

implies the use of quite large loads as reference loads for the structures,

which would lead to unsolvable technical problems for many practical applica-

tions. In any case, costs would be very high, design and construction prob-

lems would be difficult to solve, and plant overall reliability would also be

negatively affected.



-59-

With regard to the second solution, a technique which is already in use for

buildings and non-nuclear plants and structures in highly seismic countries or

areas such as Japan, New Zealand, and California,^ and has also already been

adopted for some nuclear plants by Electricity eie France, consists of the

application of seismie isolation systems to the structure base. The use of

this technique is foreseen for future Japanese reactors* and has been adopted

in advanced U.S.A. projects such as PRISM, designed by the General Electric

Company (GE). 1 0

Recent developments in high damping rubber technology11 has made the use of

seismic isolation for nuclear reactors very attractive. It has several

advantages. It also provides the nuclear plant with passive safety features,

consistent with general requirements of the RSP/I plants, with regard to

earthquake resistance. The fact that the seismically isolated plant is

subjected to quite lower dynamic loads, with respect to the conventional

nonisolated design, also greatly simplified aseismic design of buildings and

components mounted inside the isolated zones.

Furthermore, a plant designed for low-seismicity zones nay also be

installed in sites with higher seismicity. The effects of the uncertainties,

i.e., those related to the site geological features, are much reduced. This

also facilitates cooperation between seismic and nonseisroic countries, which

is an important item for the successful development of some very costly

advanced projects.

In summary, the decrease of dynamic loads and the removal of related

uncertainties result in an increase of safety margins and in future possible

ccst reduction. These advantages are to be expected for several types of

nuclear power plants, although they are particularly evident for the liquid-

metal reactors.

Seisaic Isolation of Non-Nuclear Structures

The use of seismic isolation systems for industrial plants, different from

the nuclear reactors, and for civil structures as well, including those

relevant to disaster reduction is very promising. This is evident not only

considering that the improvement of public protection is desirable, but also

taking into account that the use of seismic isolation systems may lead to a

reduction in construction costs and especially economic risks related to

possible damages due to an earthquake.
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To provide an example, It is worthwhile citing that the reasons that have

led to the design of the first set of isolated buildings in Italy (buildings

of the SEAT Telephone Company, under construction at Ancona) were exactly the

reduction of construction costs and achievement of much higher confidence to

prevent earthquake induced damage of the highly costly internal components and

equipment, ^

High-Damping Steel-Laminated Elastomer Bearings

Among the various bearing types which are being used or proposed for seis-

mic isolation systems, the high-damping steel-laminated elastomer bearings

have been judged particularly promising. This bearing type is innovative and

its behavior is well characterized, and has desirable features which make its

accurate study particularly important. This is the solution chosen by

Gluekier et al. 1 0 for the PRISM project. It is also the solution adopted by

Giuliani -' for the aforementioned SEAT buildings at Ancona.

According to Kelly and Tajirian, the main features of these bearings

are: high damping; easy construction; good self-centering capability; high

resistance to environmental effects; and easy maintenance. Furthermore, they

are characterized by nonlinear horizontal stiffness, which is high for small

deformations and low for large deformations. This guarantees that displace-

ments are small under wind loads or in small earthquakes, and that good iso-

lation is provided in large earthquakes. High damping makes it possible to

avoid separate damping devices.

Design Guidelines for Isolated Nuclear Reactors

J. Work Status

The present ENEA activities on seismic isolation are focused mainly on the

use of the high-damping steel-laminated elastomer bearings for the above-

mentioned reasons. Work started in 1988 with preparation of a proposal for

design guidelines for nuclear plants using this kind of bearing to provide

seismic isolation in the horizontal directions.



A first draft of the guidelines document2 has already been prepared by ENEA
in cooperation with ISMES and was discussed with GE in April 1989. An updated
version, taking into account GE comments, is being completed. If necessary, it
will be further improved based on the results of the First Post-SMiRT
International Seminar on Seismic Base Isolation of Nuclear Power Facilities
(San Francisco, CA, August 21-22, 1989). where this paper "as presented. The
final version of this document will be prepared by ENEA by October 1989 after
further discussion with GE, after which it will be released for external
review.

2. Scope and Applicability

The proposal for guidelines deals with items different from nonisolated
systems. Focus is on requirements, analysis methods, qualification proce-
dures, and monitoring of isolation devices and systems. Proposals for design
requirements and analysis methods for isolated structures, systems, and compo-
nents are also included. The case of compact modular nuclear power plants,
for which high-damping steel-laminated elastomer bearings are used for hori-
zontal isolation and vertical isolation is not required, is covered.

We note that in the present version of the document some safety factors to
be used in the design, together with some test parameters and details of the
qualification procedures, are not defined yet. The definition of these items
requires specific R&D, such as that described later in the section on "The
Present R&D Program of ENEA."

3. Contents

The first part of the document consists of the design guidelines, and the

second part contains commentaries. An appendix is also provided which

includes simplified methods for design evaluations of bearing characteristics.

Some notes on the guidelines document are reported in the following
sections. Because the document has not been completed, this paper provides
only the contents of the various paragraphs and points out items for which
further R&D is needed to assess precise prescriptions. All necessary details
will be included in the final version of the document to be Jointly published
by ENEA and GE.
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Definition of Ground Motions

Reference is made to the existing codes for Safe Shutdown Earthquake (SSE)

and Operational Basis Earthquake (OBE). It is specified that special atten-

tion must be focused on the low frequency range (0.1 to 1 Hz), because of its

effects on isolated structures. This implies the use of the site-specific

seismic ground motions and corresponding response spectra.

5.2. Design Requirements and Analysis Methods for Isolated Building and
Isolation Support Structure

Requirements are provided for the structural elements located above and

below the isolation interface. It is specified they shall be rigid in the

horizontal plane.

Safety factors are also provided against overturning of the supported

structure, together with requirements to avoid isolator uplift.

Furthermore, the features and safety functions of ultimate horizontal and
vertical restraint systems (fail-safe systems) are pointed out. It is
clarified when the horizontal system is required.

It is stated that in the design of isolated structures large displacement
should be provided for isolator bearings. The methods to be used for determ-
ining such displacement are prescribed, together with those to be adopted for
defining the gaps that shall be present between isolated and nonisolated
structures or independently isolated structures.

As far as these gaps are concerned, we note that they shall be equal to
relative displacements times a safety factor. The exact value of this factor
has still to be determined by experimental tests as a function of strength
reserve of the isolators and the SSE return period.

This section of the guidelines document also provides rules with regard to
soil-structure interaction analysis, inspectibility and replacement capability
of isolators, and design analysis methods. As to the latter item, prescrip-
tions concern the use of time histories, applicability of simplified methods,
and the need and features of parametric calculations to be performed by
varying soil, isolator and structure stiffnesses. We note that the use of
simplified methods is only permitted in particular cases and requires precise
Justification.
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3.3, Hesign and PerfQfmanQe fteguireaents of Overall Seismic Isolation Systems

The horizontal displacement to be used for the design of the isolation
system is defined in this section of the guidelines document. The safety
factor to be used for assessing its value shall be equal to ti.at to be
determined for the gaps (Sect. 3.2).

The design case for vertical loads is also defined, and requirements are

provided with regard to the horizontal and vertical stiffnesses, damping,

self-centering, wind and small earthquake resistance.

3.4, Design Requirements and Analysis Methods for Isolated Structures,
Systems, and Components

Rules are provided as to how to determine the Floor Response Spectra (FRS)

and to analyse systems and components located inside isolated structures. For

the determination of FRS, parametric time-history analyses are required, by

varying the stiffness parameters of both the structure and isolators. For the

design of components, simplified static analysis is usually permitted.

The document will also include requirements °n sloshing and will specify
when the related detailed analysis is necessary.

3.5. Design Requirements and Analysis Methods for Interface Components

Displacements to be accommodated by components and systems that cross the
isolation interface are defined as a function of the gap values and structure
flexibility. Effects to be accounted for in the analysis are stressed, and
the need for adequate qualification, especially for piping expansion Joints,
is pointed out. This may require tests to be performed at the correct
pressure and temperature conditions.

3.6. Design Requirements for Individual Isolation Devices

Requirements are provided with regard to the vertical load capacity and
design load, the maximum horizontal displacement capacity and design displace-
ment and stability, the determination of vertical and horizontal stiffnesses
and buckling load, the assessment of stiffness-strain relationship and
damping. In particular, it is specified that the isolator characteristics
(stiffness, damping, and buckling load) to be used in the design shall be



loasect ©n specific test data or validated finite-element methods. Simplified

formulae, such as those provided in an appendix to the document, may be used

if demonstrated adequate.

As to R&1D needs in support of these prescriptions, we note that experi-

rcemtal tests are still necessary to determine the safety factors related to

the vertical load, buckling, and combined effects of vertical load and hori-

zontal deformation. To allow for the assessment of the total rubber thickness

of the bearings, experimental work is still necessary for exact definition of

the percentage of shear strain that shall correspond to the SSE displacement.

Further requirements of this section of the guidelines document concern the

effects of cycling and related degradation and environmental effects (tempera-

ture, radiation, ozone attack, and fire). Guidelines for determining the

isolator lifetime and defining the design tolerances and maximum offset

permitted for each isolator after an earthquake are also provided. With

regard to the maximum offset, the appropriate test features must also be

identified.

3.7. Qualification of Seismic Isolation Bearing

Static and dynamic tests identified as necessary for qualification of the

single bearings and the isolation system are reported. Qualification tests of

the isolation bearings, which are proposed at present in the guidelines

document, include the following:

a. static tests at room temperature with vertical compressive load for creep

analysis;

b. static tests to assess vertical stiffness;

c. static horizontal displacement tests to assess the horizontal stiffness at

different strain levels;

d. failure tests, if feasible on the full-scale bearings;

e. cyclic horizontal displacement tests under vertical load to assess damping

versus strain relationship;

f. dynamic cycling tests at fixed frequencies and dynamic characterization

tests at varying frequencies to be performed in the range around the first

frequency of the isolated structure at various excitation levels.
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To confirm adequacy of the above-mentioned test series, experimental

experience is still needed. Furthermore, R&D experimental work is still

necessary to define the exact values of some test parameters.

With regard to qualification tests of the isolation system, the guidelines
document points out the need for dynamic laboratory tests on scaled isolated
structure mockups with multifrequency simultaneous three-directional
excitations and that of on-site tests on large-scale mockups, unless previous
detailed experience is available on the selected isolation system. The inter-
est in experiments on real isolated structures is also stressed.

3,3. Acceptance Testing of Isolation Devices

Tests required to provide the quality control of the bearings are out-
lined. These include checks on the external geometry, some destructive con-
trols, and tests to confirm the isolator characteristics, performance, and
integrity.

The criteria that determine the number of isolators to be tested are given,
together with those to be adopted for rejecting bearings, in the event con-
trols are out of tolerances, and those to be used for bearings identification.

3.9. Seismic Isolation Reliability

Requirements concern the Quality Assurance (QA) program, bearing lifetime,
and in-service inspection. The use of three-dimensional finite-element
methods is specified to identify, assess, and if necessary, correct isolator
weaknesses.

J.JO. Seismic Safety Margin Assessment

Methods to be used to ensure an adequate level of seismic safety and to

identify, if necessary, feedbacks on the de ign are provided. The process

consists of the following steps:

a. selection of the earthquake assessment level;

b. technical QA (design organization, design methods, codes and standards,

etc.);
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c. safety margin assessment.

The safety margin assessment derives from that proposed by Prassinos et
al. for the existing commercial light water reactors, as a simplification of
Probabilistic Risk Assessment.

For these plants, however, construction details are well known, while for

the future isolated plants, there is a lack of construction and operational

experience. This makes it necessary to carry out the assessment for the

isolated plants at both the design and construction stages. The first step

allows for a check of plant design and, if necessary, feedbacks to improve it,

while the actual margins may only be provided by the second step.

The process makes use of the best available plant information at the time

of the analysis. It permits detaiJed analysis to be avoided for the safety-

related components and systems for which previous experience of collective

opinion of appropriate experts shows there is a high confidence of low

probability of failure at an earthquake level larger than that selected.

3.11. Seismic Monitoring

The need and required features of a detailed seismic monitoring system,

capable of recording and processing seismic motions during time in the free-

field and on the structure, partly in short time, are stressed.

It is pointed out that displacements between the structure base and the
isolation-system support base must be recorded, in addition to acceleration at
various elevations.

Processing of the recorded motions will lead to the determination of FRS
for comparison with the design values.

The Present R&D Program of ENEA

2. General Features and Status of the Activities

According to the remarks of the previous sections, the first two years'
phase of the ENEA R&D activities concerns both experimental and numerical
studies for the high-damping steel-laminate elastomer bearings. Numerical
work was started at ENEA in April 1989, while experimental activities will be
initiated in cooperation with ISMES in September 1989. (The test program was
approved by the ENEA Administration Board in July 1989.)



It is worthwhile citing that the Italian National Utility (ENEL) very
recently decided (June 1989) to also participate in R&D studies on the dynamic
behavior of isolated structures, again in cooperation with ISMES. The
interest of ENEL in seismic isolation is related to the many possible
applications in the area of energy production. We will show in the section on
"Extension of the R&D Work and Colaborations" that the ENEL studies will be
complementary to ours. (Discussion is already in progress to define
cooperation between ENEA and ENEL.)

2. Need for the R&D Work

We have stressed in the section on "Contents" under "Design Guidelines for
Isolated Nuclear Reactors" that tests are still needed in support of the
development of the seismic isolation guidelines. However, this is not the
only purpose of our R&D work. Indeed, the present ENEA activities more
generally aim at the development of qualification procedures for seismic iso-
lation systems.

Development of detailed numerical models of the single bearings and the

related isolation systems, as well as that of simplified design tools for the

analysis of the isolated structures are required. Furthermore, because

correct numerical modeling is quite complicated, experimental validation is

necessary regarding the physical parameters and assumptions on which the

numerical models are based.

3. Numerical Activities

According to the previous section, the numerical work being performed at
ENEA on seismic isolation consists of the following steps:

a. identification of simple models of the bearing dynamic behavior, capable of
approximating the available experimental results, with particular attention
to energy dissipation;

b. numerical analysis of isolated structures, to identify the features of
their dynamic behavior (coupling effects, torsion, rocking, etc.} and the
parameters that affect such features;

c. detailed three-dimensional modeling of single bearings with finite-element
codes.
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Numerical work also includes design of the experimental tests presented

below, as well as analysis of all available test results Tor validation of the

models developed.

<<. Experimental Activities

<J.I. Purposes, General Objectives, and Analysis Steps

According to the R&D nesds stressed in the sections on "Contents" and "The

Need for R&D Work" under "The Present R&D Program of ENEA," the purposes of

the first phase of the experimental program follow:

a. to determine the static and dynamic mechanical characteristics of the high-

damping steel-laminated elastomer bearings;

b. to evaluate the effects of the multidirectional simultaneous excitation

which characterizes earthquakes;

c. to evaluate the effects of the earthquake energy content at low frequen-

cies;

d. to identify the tests needed for standard definition of the properties of

seismic isolation systems using the mentioned bearing type.

The experiments will be performed based on the bearing type and config-

uration used for the SEAT buildings at Ancona. These bearings can be fabri-

cated in Italy. Furthermore, static and dynamic acceptance tests of the SEAT

buildings bearings have already been performed by ISMES.1^

The general objectives of the experimental research are the following:

a. to contribute to the development of methodologies for the qualification,

through numerical models, of seismic isolation systems using the above-

mentioned bearing type;

b. to provide a methodology for the experimental qualification of such a

bearing type.

To achieve these results, the experimental activities will consist of the

following steps:

a. laboratory tests on single isolators;

b. laboratory tests on scale isolated-structure mockups;

c. on-site tests on a large isolated structure mockup.
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4.2, Tests on SingJe Isoiatars

Tests on the single isolators are aimed at determination of their static

and dynamic mechanical properties. They will take advantage of the results of

the acceptance tests which are already available for the bearings of the SEAT

buildings.

The possible scale effects Mill also be analyzed by means of tests on

different scale bearings, up to the bearing sizes of the SEAT buildings.

These tests will allow for assessment of significance of the various

physical parameters to provide a reliable description of the bearing

properties. They will also allow for checking the reliability of the experi-

mental techniques used to evaluate the physical parameters.

4.3. Laboratory Tests on Scale Isolated Structure Hookups

Laboratory tests on scale isolated-structure mockups are aimed at the

analysis of the isolation system. To perform tests on full-scale structures

at high excitation (Section 1.1), which imply the use of large masses, a study

will be performed on the reduced-scale structures to identify the minimum

configuration of isolators which is representative of the entire system

behavior. This will allow the sizes of the large-scale mockup to be limited

as much as possible. Scale reduction must be compatible with a correct

description of the actual system (Section 1.1). This problem still remains to

be solved.

In this study, particular attention will be paid to the evaluation of rigid

body motions and the possible presence of coupling. Criteria for reducing or,

if necessary, eliminating such coupling will be developed.

Dynamic tests of a simplified model of an isolated structure will be

performed on a shaking table with both one- and multidirectional excitations.

The aim is to evaluate the interaction effects of one or two horizontal exci-

tations, uncorrelated with respect to the vertical excitation. In these

tests, the effects of the energy content at low frequencies will be evaluated.

The presence of rocking motion and its effects will be analyzed. This

analysis is particularly important for design solutions in which the whole

plant is isolated. (The presence of the vertical component is also very

important to evaluate amplification of the vertical structure reactions on the

soil.)
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4.4, Qn-Site Tests on a Large IsoJated-StrueGure Mockup

Finally, on-site tests will be performed on a full-scale (or at least

large-scale) isolated structure mockup. The aim is to evaluate the scale

effects on the isolation system behavior under excitation levels comparable to

those of real earthquakes. Excitation techniques will include the use of

electrohydraulic servocontrolled actuators, which are capable of reproducing

multifrequency seismic excitations.

We note that tests on large- and, if possible, full-scale mockups are

particularly needed, because the highly nonlinear features of isolation bear-

ings do not allow for the achievement of conclusive results if the analysis is

limited to mockups of rather reduced scale, such as those that can be used in

the shaking-table tests at high excitation.

5. Remarks

To conclude, we would like to mention that development of the numerical and

experimental study summarized above will take advantage of the large amount of

experience achieved by ENEA and ISMES in the framework of the R&D activities

performed for nuclear reactor seismic verification and, in particular, those

carried out by Martelli et al.1^ for the PEC fast reactor.

Indeed, detailed nonlinear numerical models were assessed for such a

reaccor, and wide-ranging experimental tests were carried out for the main

components, systems, and structures. As for the reactor building and vessel,

the latter consisted of on-site tests; i.e., the on-site tests on a full-scale

isolated-structure mockup will be performed in our study by adopting (and

improving) the techniques assessed in the framework of the PEC seismic

verification.

Extension of the RfcD Work and Collaborations

The study described above is intended to be the first phase of a wider R&D

project. More precisely, such a study includes only the activities that were

judged io be the most urgent among those defined in the general activity

program prepared by ENEA and ISMES-3 in October 1988. In fact, the general

work program also included items such as soil-structure interaction analysis,

comparisons with other bearing types, and on-site tests of the SEAT isolated

buildings at Ancona.
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Experiments on the SEAT buildings, to be performed in the second half of

1990 after construction is completed, are particularly important because they

will provide a unique opportunity to test an actual isolated structure of

large size by applying high excitations. Furthermore, the dynamic behavior of

such buildings may later be adequately monitored. This would allow essential

information to be obtained on some important physical parameters such as, for

instance, aging effects on bearing response.

The importance of such tests and their general interest for isolated-

structure analysis have also been recognized by ENEL which, therefore, will

perform them in cooperation with ISMES. The ENEL and ENEA studies are

strongly connected: indeed, those of ENEL will take advantage of the results

of the ENEA work, and those of ENEA will make use of excellent data for

validation of the numerical models.

In addition to the tests on the SEAT buildings, the extension of the R&D

work, which would also cover the other previously mentioned activities which

have not been included in the first phase of the ENEA program, is under con-

sideration within the framework of wider national and international coopera-

tion. Such an extension may also be addressed concerning other items which

need specific R&D effort, as stressed in section 5.3 on "Contents" under

"Design Guidlines for Isolated Nuclear Reactors." Those that have already

been identified as important are experimental analysis of interface piping

(i.e., piping connecting isolated and nonisolated structures or two

independently isolated structures), and bearing materials development and

improvement of the related technological processes to optimize design and

performance of isolated structures. As far as international cooperation in

R&D is concerned, proposals for formal agreements are already being discussed

between ENEA and US partners.

Conclusions

Some general remarks on the use and perspectives of seismic isolation for

industrial plants and, in particular, advanced nuclear reactors have been

provided. It has been stressed that these perspectives are very promising

from both the safety and economical points of view in countries such as Italy,

which are characterized by nonnegligible seismicity.
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It has also been pointed out, however, that considerable numerical and
experimental work is still needed to fully demonstrate applicability of
seismic isolation to high-risk plants and structures and to completely define
the rules to be used by the designer. As far as these rules are concerned,
the paper has summarized the main items covered by a proposal for guidelines
for seismically isolated nuclear power plants. This proposal is being Jointly
prepared by ENEA and ISMES in cooperation with the General Electric Company.

With regard to R&D work, the paper has presented the main features of the
numerical and experimental studies that have been initiated by ENEA for the
seismic qualification of seismically isolated structures. It has been
stressed that the applicability of these studies is not limited to nuclear
reactors, but also extends to other structures for which seismic isolation may
be desirable for safety and/or economic reasons.

Finally, activities foreseen by ENEL have been mentioned, together with
other possible future extensions of the present work program at ENEA.
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