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Abstract

In this paper, Italian activities on liquid metal fast reactors are shown for the period
May 1995 - April 1996. During this period the ENEA collaboration with General Electric
on ALMR came to an end as a consequence of the reduced effort on the design
development. Nevertheless ENEA completed the studies on the PRISM Mod B oxide
burner core, the neutronic configuration of which was presented in last year meeting.
Some results of the dynamic calculations are shown.

ENEA participated in the IAEA/EC benchmark on the comparative calculations for
severe accident in BN-800 reactor. A complete neutronic evaluation has been made
including power distribution, Doppler, sodium void and material coefficients.

Activities on sismic isolation are also outlined.

The Italian contribution to SPX restart and operation is described; some information
about the complementary convention of the Nersa society is given, together with the
Italian industry participation in the SPX restart.
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1. ELECTRICITY PRODUCTION AND DEMAND

In 1995 the increase in the energy demand was 3% in comparison to the
previous year. The increase has been greater in the Mid-North of Italy (+3.5%), less in
the Mid-South (+2.5%) and Sicily (+1.5%) and stagnating in Sardegna (+0.2%).
All the increase has been obtained with a correspondent increase in the national
production with a negligible reduction in electricity import.
Oil consumption increased by 3.7% while coal registered an important increase
(+21.1%) representing only a partial restoration of the maximum coal production
reached in 1990. Natural gas has also presented an important increase (+15.2%). The
industrial consumption, increased in 1994 by 4.2%, has presented during 1995 a 4.5%
increase in comparison to the previous year. Services consumption increased by 2.4%,
domestic consumptions were stagnating (+0.5%), while agricultural consumptions
decreased (-3.3%).

TABLE I - Electricity production

Thermoelectric Energv

- Oil derivatives
- Natural gas
- Solid fuels/2/

Primarv Electricitv

- Hydro
-Geo
- Nuclear

Total Gross Production

Net Electricity Import

Total Availability

Energy used by auxiliary
production services and by
pumping

Network demand

and demand in

1994

TWh

180.4

116.3
40.4
23.7 .

51.3

47.6
3.7

231.7

37.6

269.3

- 15.7

253.6

Italy

%

77.9

50.3
17.4
10.2

22.1

20.5
1.6

100.0

during 1994 and

1995

TWh

196.0

120.7
46.6
28.7

45.4

41.7
3.7

241.4

37.4

278.8

-17.7

261.1

1995/1/

%

81.2

50.0
19.3
11.9

18.8

17.3
1.5

100.0

Provisional data
Coal, lignite and others
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2. NUCLEAR RESEARCH AND DEVELOPMENT IN ITALY

- Advanced USA Passive LWR designs:

Both the technical cooperation agreements among Enel, Enea, Ansaldo and
Westinghouse on one side and General Electric on another side, that expired
at the end of 1995, have been renewed till the end of the century.
The most important tests that have been performed since the last meeting,
were on the Isolation Condenser prototype of SBWR reactor at the Panthers
facility of the Siet laboratory in Piacenza. The tests were completed by the end
of 1995 and they concluded the overall experimental campaign that was
conducted in Italy in support of the SBWR and AP-600 certification.

- Advanced European PWRs:

. The European Passive Pressurized reactor (EPP, 1000 Mwe) is a design made
in cooperation by eight European electric utilities and Westinghouse and its
European industrial partners. During the first phase, a reference
configuration will be developed to be submitted to the Safety Authority.
Enel has been given the chairmanship of the project. The main differences
with the AP600 design are: three loops, a double concrete containment
boundary, greater limitations of environmental impact in any conceivable
accident event, greater margins on the primary containment design
pressure, plant designed to cope with external events, both natural and man
made.

. The new European Pressurized water Reactor (EPR, 1400 MWe) is a design
for which a cooperation agreement between Enel and EdF was signed in
February 1996.

3. DYNAMIC CALCULATIONS ON THE PRISM MOD B OXIDE CORE

The transient calculations performed on the oxide fueled burner core of
the 840MWt Prism reactor (MOD-B) concluded an Enea-GE agreement, that has
been effective for several years.

Two standard severe accidents, ULOF and UTOP, were calculated using the SAS-
3D/PEC code developed by ANL.

- The ULOF case was studied in three different conditions.
In the first one with coastdown of all pumps, the transient is completely
controlled by the intervention of the 18 GEMs.
In the second condition with four failed pumps the outlet sodium
temperature shows a peak of 800°C at 50 second. But it is only in the third
configuration with 4 failed pumps and 9 failed GEMs that the outlet sodium
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temperature reaches a value very close to the boiling temperature (about
900°C at 40 seconds, see fig. 1).

- The UTOP case was studied with a reactivity ramp of 0.5 $ in 25 seconds and
shows a final raise in power approximately 26% over the nominal power of
the reactor.

Observing the results of these cases, it can be concluded that the dynamic
behaviour of the core is largely satisfactory from the safety point of view.

4. PARTICIPATION IN THE IAEA/EC COMPARATIVE CALCULATIONS
FOR SEVERE ACCIDENTS IN BN-800 REACTOR.

Enea is participating in the IAEA benchmark exercise on the BN-800
reactor.

Till now the Enea contribution has been on the neutronic calculations analysing
the BN800 heterogeneous reactor core with 3 enrichment zones, proposed by
IPPE, at the End Of Cycle (EOC). The geometric model used in the analysis is a 3D
(Triang. or Hex, Z) scheme, considering six-meshes plant-points per assembly and
90 axial meshes-points, reaching 62x31x90 total meshes points for the diffusion-
theory analysis.

All the diffusion-theory calculations are carried out by the Citation code (finite
differences diffusion code) using a 22-groups cross-section library originated from
ENDF/B-V.II file and 930 zones (830 fuel zones), while for the sodium void effect
evaluations, the results are obtained out by the MCNP4A code (Monte Carlo
transport code) using a continuous spectrum library originated from JEF-1 file.

In the diffusion analysis the periodic condition at 120° sector can be reduced to a
periodic condition at 60° sector, if we consider that the atomic densities of the
"passive" and "scram" control rods are identical.

In the transport analysis, 1.000.000 and 3.000.000 neutron histories are used
respectively in homogeneous and heterogeneous keff calculations. The transport
analysis has been repeated with and without the lambed fission products in the
core, in order to evaluate its influence on the sodium void effect-value.

5. SEISMIC ISOLATION

Seismic isolation (SI) is one of the most significant earthquake engineering
developments in the last decade. In Italy since 1988 large efforts have been
devoted to the development, validation and application of SI and other
innovative antiseismic techniques (e.g. passive energy dissipation and shock
transmitters) for civil and industrial structures. This work is being performed in

144



the framework of both collaborative activities of the Italian Working Group on
Seismic Isolation (GLIS) and international cooperative projects with other
European and U.S. partners. Several activities are being performed in Italy in the
framework of the BE7010 project funded by the European Commission, on the
optimization of the High Damping Rubber Bearings (HDRBs). The main studies
are outlined below:

- Tests on the individual HDRBs: to date the activities of the Italian partners on
this topic have concerned the execution of experiments on non-aged (virgin)
HDRBs. Such tests are performed at room temperature at ISMES and the
Nuclear Engineering Laboratory (LIN) of the University of Bologna (Enea tests)
and at various temperatures at Ansaldo-Ricerche (ARI) (ALGA tests).
In order to optimize the test quality, Enea significantly improved SISTEM
(Seismic isolator TEst Machine) which is located at ISMES, and designed and
manufactured a second equipment (CAT - Creep and Ageing Test) for long
duration creep tests, which was installed at LIN.

- Tests on isolated structure mock-ups: In the framework of the BE7010 project,
two isolated structure mock-ups are being tested: the first, with a flexible
superstructure, is being subjected to shake table tests, while the second, with a
rigid superstructure, will be subjected to free-vibration tests. In addition, the
use of some HDRBs developed in this project has been planned for
pseudodynamic tests on large scale isolated structures at the Joint Research
Center of Ispra of the EC.

- Numerical models of the HDRBs: A new simplified model of the HDRBs that
can be directly implemented in ABAQUS was developed by Enea and Enel.
This model (SEPB) consists of a combination of a non-linear spring with an
elastic-plastic beam. By appropriately defining the physical parameters of the
system (spring stiffness, Young's modulus and yield point of the beam) it is
possible to reproduce the hysteresis cycle of a HDRB, including hardening
and/or yielding and hysteretic nature of damping. Work was performed by
Enel to define some identification criteria. Enea had already developed SEPB
models for the HDRBs used in shake table tests at Ismes. The models have
already been used by Enea for the pre-test calculation of shake table
experiments.
According to the excellent results which have already been obtained, SEPB will
be the model which will be used by Enea and Enel in the analyses of isolated
structures.

- General remarks: The studies described above are considerably extending the
knowledge previously acquired in Italy on the behaviour of HDRBs and will
make optimized isolators available at reasonable costs. The results obtained so
far confirm the SI capability of considerably enhancing the seismic protection
of civil and industrial structures, including nuclear plants. They have also
provided important input for the development of the standards for seismic
isolators and design guidelines for isolated structures.
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6. SPX

The Nersa society, in which Enel holds a 33% share, made some important
decisions last year. A complementary convention has been underwritten by EdF
and Enel on 27/2/1995 and by SBK on 27/9/1995, establishing the relative
engagements of the three partners till the end of the year 2000. In this
convention, the matter of the knowledge acquisition plan that was imposed in
July 1994 in the new operation authorization order, is settled.

A further modification of previous agreements concerns the exausted fuel;
present agreements allow Enel to take its share of exausted fuel elements without
reprocessing and after a suitable delay, in such a way as to store it in a proper
disposal site. Since the 22nd December 1995 SPX has been operating again at 30%
of the nominal power.

Ansaldo Divisione Nucleare has participated in both commissioning and service
activities, with its own personnel on site, at Lyon (common team with
Framatome) and at the headquarters in Italy. In such a context, Ansaldo has
developed or contributed to the following activities:

Development and qualification on a mock-up of a special equipment for in-
service inspection of steam generator with helical tubes.

Study analysis and displacement calculations of secondary piping. The
method has been used as a real-time tool for control of piping during
operation.

Other support to Plant Operator consisted in the working-out of the system
periodic-test programmes and some emergency procedures.

Design of minor modifications on secondary and auxiliary circuits (re-setting
of safety valves, realization of sodium-aerosol traps).

Preliminary feasibility analysis and initial organization of a Probabilistic
Safety Study under the leadership of EdF.

Updating of the safety analysis of the Fuel Hadling Route.
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Fig.1 - Prism MOD-B - ULOF/BOEC
4 Failed Pumps 9 Failed GEMs-Sodium Temp.in Hot Channel

o
§

10 20 30 40 50 60
Time (s )

70 80 90 100

• = Outlet
o = Inlet

147


