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This paper presents the criteria and the set of standards
used by C.N.E.N. in the regulatory process for the NFS li-
censing activities.
Emphasis is placed in the recent trend which includes to
some extent probabilistic techniques in the NFS safety e-
valuation.
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1 - Summary
CNEN, in its activities related to the licensing of Nuclear

Power Stations, refers to Codes and Standards applied in the "Coun
try of Origin11. This is because Italian nuclear legislation does ~~
not deal with technical requirements for plants, nor are such re-
quirements the subject of standards laid down comprehensively at
any level. CNEN has neverthless issued a series of "Technical Gui
des" to regulate the licensing and operating procedures for nuclear
power plants. A brief discussion of the most significant Technical
Guides already issued will be presented in section 7. The Codes
and Standards of the "Country of Origin" which CNEN refers to are
mainly Safety Criteria and Guides issued by the NRC in the United
States of America.

However probabilistic techniques have been used in the cour-
se of licensing for the Caorao NPS, to obtain, more information in
specific areas and to judge the adequacy of specific systems and
components. The following examples will be presented in this paper:
reliability analysis for reactor protection system and engineering
safeguards, component qualification tests and definition of limit-
ing conditions for plant operation.

At present review criteria for NPS include a more systematic
utilisation of probabilistic techniques. These additional require-
ments are laid down in the form of specifications issued at the
stage of the construction permit for the plant.

Review criteria for the Alto Lazio NPS include analysis requi
rements for the identification of critical areas and reliability e
valuation of systems and components. CNEN requirements are also re
lated to the health protection of workers and the public. In this
area ICRP recommendations and CEE directives (as incorporated in
the Italian law) are mandatory. As compatible,U.& Standards and
Guides are used as reference.

General CNEN requirements for Alto Lazio NPS, which prescribe
special plant design features for keeping the exposure of workers
and public as low as "~ reasonably achievable, are presented.

2 - Codes and Standards of the "Country of Origin"

With regard to technical standard it should be borne in mind
that our country is still an importer of know-how, techniques and
operational and management structures for achieving a standardised
product. Such being the situation, the highest level of safety ob-
tainable from the best use of available technology is achieved by
adopting the safety standards applied in the countries where the
afore-mentioned technology is practised, at least until this tech
nology is fully assimilated. CNEN, as regulating body, is well a-
ware of this situation and therefore requires that the standards
of the country of origin be applied to the individual installations
dealt wi-fch from time to time.
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Since all Italian nuclear power plants, with only one exce-
ption, are imported from the U.S.A., CNEN mainly refers, in its li-
censing activities, to safety criteria and guides issued or accepted
by the NSC. These standards and codes can be classified as follows:

a - General Design Criteria (G.D.C.) reported in appendix A of
IOCFR 50, which contain fundamental safety requirements for
plant design, systems and components.

b - Regulatory Guides (R.G.) issued by NRC which provide techni
cal solutions for the implementation of G.D.C.

c - Industrial codes and standards accepted by NRC such as ASHE
codes, IEEE standards, ANS and ANSI requirements.

At the stage of the review for the release of the construction
permit CNEN evaluates the content of the proposed set of regulations,
defines the extent of its applicability, and eventually its integra-
tion with additional technical specifications.

3 - Additional CNEN review criteria for Caorso NPS •

3.0 - Introduction

At the stage of the release of the construction permit for
Caorso NPS in 1971 safety design targets were not explicitly
based on probabilistic considerations. Nevertheless during
the review of the detailed design of the systems important
to safety, quantitative reliability analysis were performed
to judge the adequacy of systems and components, in addition
to the compliance with NRC safety standards. Specially, re-
liability analysis have been carried out for some parts of
emergency power supply systems and the auxiliary systems of
ECCS. Later the issue of WASH 1400 gave an impulse to making
the study of reactor safety more rational, in establishing
the topology of many accident sequences and in defining pro
cedures through which quantitative estimates of risk can be
made.
In Italy fault-tree techniques have been used to verify the
availability of systems in their combined action to achieve a
specified safety function. Moreover statistical techniques
have been used to qualify the reliability of D.G. sets and
a specific methodology based on probabilistic analysis has
at least been developed to judge the adequacy of the maximim
allowable repair times included in technical specifications.

3.1 - Calculation of the reliability of specific systems

The systems for which reliability evaluation has been perfor
med are the reactor protection system and the low pressure
ECCS system with its auxiliaries called into action after
a large LOG A. The basis and results of these evaluations are
presented in sections 3-1.1 and.3.1.2 which follow.
The analysis of the type of the failure modes and the rela-
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tive consequences was carried out on the basis of the docu-
mentation used in the licensing activities. The failure ra-
tes used in the calculations are taken from [1].C2] [3] and
[43 •

3.1.1 - The reactor SCRAM system (1976)

The failure modes and the logical model used to represent
the system are reported in [5] . The study takes also in
consideration common mode failures of the hardware.
The calculations show that the total unavailability is cen
tred on three basic contributions:

a) the mechanical part, that is to say the control rod dri
ves;

b) a common mode type of fault (discharge pipes in the scram
tank;

c) a term which depends on the type of transient and which
takes account of the unavailability of the sensors.

The unavailability calculated in this way is in the range
1O~6 + <io~5 and practically independent of term c) if, as it
is the case* in practice all transients cause the trip of
the sensors of at least two types of process variables which
actuate the reactor protection systems.

3.1.2 - Low pressure ECCS (1976)

The system has been studied to calculate availability in
the case of a large IOC A on a recirculation line. The pha-
se studied is the short term one which ends with the flood-
ing of the core.

The systems which are called to perform the safety, function
in this phase are:

a) the C.S. and the RHR/LCPI
b) the A.C. and D.C. emergency electric supply systems
c) the instrumentation and logics systems for the automa-

tic actuation and control of the apparatus.

The unavailability of the safety action turned out to be
in the order of 1O~^ and the logical model used permits the
partition of this value into the individual components of
the groups a), b) and c) referred above, the two
way interaction b-c and the three way interaction b-c-a, the
last of which is the dominant component. Details are re-
ported in [6] .

3.2 - Statistical testing of components

To qualify the reliability of some components a procedure ba
sed on statistical tests is used. Specific tests have *~
been carried out, with "ad hoc" trials, of the start-up and
loading of the four DG sets (see 3.2.1 following), and of

• vi
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the operation of the motor operatedvalves (see 3*2.2 follow
ing).

3.2.1 - Testing of the dieael generator sets (1975)

A statistical procedure based on sequential testing has
been developped to test the reliability of start-up and
loading of the D.G. sets under the most severe conditions
(after a large LOCA). For the qualification test re-
quires the carrying out of N Q trials without failures. If
failures occur the number of trials must be increased.
The test ends when the condition N = N + kn is first met,
where N is the number of trials carried out, k is the m m
ber of failures encounteres and N and ri are constants.
The trials are shared between the°four sets, on the reas£
nable hypothesis of homogeneity. For the calculation of N
and n use is made of the RELDIS code [7] developed for
this purpose. For Caorso accepting a risk - 5$ to qualify
an unreliability > 5 • 10"2 it results N = 76 and n=30.

The test was carried out in the preoperational test phase
and was stopped after 76 trials with no failures.

The qualification procedure has the advantage of forcing
the constructor to carry out scrupulous preparation and
checking of the machinery.

The theoretical basis and general procedure for carrying
out the test are described in [7] .

3.2.2 - Qualification of motor operated valves (1979)

During the nuclear test phase some of the motor operated
valves evidenziate an abnormal frequency of faults that
would have prevented their operation if required in a sa-
fety action. These malfunctions arose from a non correct
calibration of the "limitorques"and overload protections
of the electric motors. After the maintenance performed
by the constructor it was decided to use a special sur-
veillance procedure based on a statistical test, to verify
that the observed failure rates of the valves were in a
normal range. The valves are of various types. However
if one requires an equal level of unreliability for all
the valves (put at 1O~? per operation), then it is possi-
ble to carry out a common test for all the valves (about
100) and obtain statistically significant results in a
reasonable time. The statistical procedure permits for
the qualification a maximum of 5 failures in a total of
2,600 trials- with a check point at 1,000 trials from which
the test continues if there have been no more than three
failures. If the number of failures is greater than the
two levels set, one goes to decide on the corrective action
to take.
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3-3 - Statistical bases for the technical specifications

The adequacy of the content of the technical specifications
for Caorso has been evaluated, when applicable, on a pro-
babilistic base. The adequacy of the time intervals between
successive tests in the surveillance programme has been e-
valuated using the reliability models referred to in 3.1.

Lowest functional capability levels of equipments (LCO =
limiting condition for operation) required for the safe ope.
ration of the plant have been assessed and for each one a
maximum time allowed to restore the inoperable equipments
within the specified conditions (MART = maximum allowable
repair time) have been set in the following way:

a) no restrictions have been specified if single failure cri
teria is satisfied

b) in the other cases the MART has been determined taking
into account the design unavailability of the safety func
tions and the anticipated frequency of the LCO considered.
These frequencies are based on subjective estimates consi-
stent with operational experience and with the literature

Reporting requirements will allow to adjust the MART down
wards through a statistically based procedure at time in-
tervals which produce statistically significant results
(somewhere round about every two years). In this way an
adaptive process based on statistical feedback is produ-
ced.

The details of the method are reported in [8] .

4 — New trend ^w safety gTtf0ysis review;
Alto Lazio nuclear power station.

additional criteria for

The fundamental criteria used in the authorization process remain
that of conformity with the standards of the country of origin.But
GNM intend to use in safety analysis review probabilistic technl
ques in a more sistematic way; this new trend is delineated in the
specifications attached to the construction permit of Alto Lazio
NPS. The basic safety targets are presented in table 1 which assess
dose equivalent levels to the public for various events grouped in
four categories ;these are:

1 - normal operation, which includes all planned operations, such
as start-up, power operation, shut-down, refueling and planned
maintenance;

2 - moderate frequency operational transients, which arise from
those fault sequencies which have been judged to have a frequen-
cy of occurrence greater than once in 20 years;
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3 - low frequency abnormal transients which arise from fault se-
quences which have been judged to have a frequency of occurren
celesBthan once in 20 years but greater than once in 1000
years.

4 - accidents which are events judged to have a frequency of oc-
currence less than once in 1000 years.

The assessment reference levels for the dose-equivalents received
by the public from release of radioactive material should be no mo
re than:

a) 5 mrem/year total body for normal operation
b) 5 mrem/event total body for moderate frequency transients '
c) 500 mrem/event total body for moderate frequency transient
d) 10 rem/event total body for accidents.

Moreover the frequency of any accident which might give rise to
radiological consequences higher than acceptable levels set for
category four of events, should be made as low as reasonably
achievable.
It must be recognized that, at the present state of the art, a
complete and standardized implementation of this method is not yet
available. On the other end the method represents a logic approach
to judge on the adequacy of the consequences arising from the stu-
dy of the different fault sequences and thus an important tool
for uniform safety assessment of the plant at the different design
stages.

5 - New trends in plant design from the radiation protection point
of view. [13],[i4T,Li5],[i6],Li7],ti8].

In this area, ICRP recomandations and CEE directives, as incorpora-
ted in the Italian law, are mandatory.

The "International Commission on Radiological Protection11, in its
publication N. 26, has set the principle whereby the ionizing ra
diation doses to public workers should be kept ALARA ("as low as rea
sonable achievable"), with due regard to the available technolo- ~*
gies and to the costs involved.
Nevertheless, the practical implementation of such a principle re
quires an assessment, in economic terms, of human life.

5.1 - Dose reduction to workers

At the present stage, as a first approximation, a reduction,
if not the optimization, of doses to workers, both indivi-
dual and collective, in accordance with the ALARA criteria,
should be achieved. To this purpose the occupational dose
values must be provided, as they allow to identify the ope-
rational phases of the reactor and the maintenance operations
responsible for the higher dose charge.
On the basis of the knowledge thus acquired, it is possible
to improve the working conditions of the personnel, by means
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of an adequate dose reduction program that may act on the
variables influencing the dose itself. The most important
of such variables are the following ones:

a) Layout

This variable is regarded as one of the most important,
for the accessibility requirements to the components.
For this purpose, some of the main criteria to be more
frequently adopted, shall be:
1) physical separation of the components with a diffe-

rent radiation hazard, wherever possibler

2) allocation of equipment as far as possible in areas
with low radiation levels;

3) direct accessibility to every" component;
4) providing sufficient space for the use of remote-con

trolled equipment and of additional shields;

5) minimizing the lenght of the pipes where radioactive
fluids are conveyed;

6)

7)

orienting and allocating components in such way that
the stay and maintenance-time are minimized;

providing suitable labyrinth configurations, in order
to reduce radiation streaming;

8) providing an adequate number of emergency exits.

It should be further borne in mind that the layout must
be designed also in view of the problems connected with
the decommissioning of the nuclear power plant, in order
to reduce the doses and the economic costs accruing from
it dismantling.

b) Structural materials

A substantial personnel exposure reduction may be achie-
ved, reducing either the formation of activated corrosion
products, or fission products leakage by the fuel elements.

To this purpose most attention should be paid to structu-
ral materials select ion, fuel cladding properties and pri-
mary coolant chemistry.

c) Ventilation

For contamination control necessity arises of providing
for correct number of air changes in work environments,
in relation to the existing radiological hazard, and of
foreseeing the suitable degrees of flexibility of the ven
tilation system, in order to cope with any conditions dif
ferent from the design ones. ~

d) Shielding

The shielding design which is fundamental for external irra
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diation risk should not excessively reduce the space around
the components, to allow for the necessary maintenance
and inspections; moreover, the use of temporary shields
could be considered.

e) Monitoring

Special attention should be thus devoted to the allocation of
the monitoring equipment, in order to be able to know the
temporal and spatial evolution of the radiation and conta-
mination fields in work environments, and also to identi-
fy the operations taking place in radiologically more un-
favourable environments.

f) Equipment reliability

It is advisable to extend knowledge on the failure rate
of components and equipment with a higher radiological
hazard, in order to reduce the necessity of special main
tenance operations;

g) Radiogrotection program

Another major variable for dose reduction (which is applied
in the case of nuclear power plants in the design stage,
but, chief and foremost, for the ones in operation), is
the radioprotection program. The utilization of such pro-
gram, should allow to obtain an adequate dose reduction
for what concerns the new plants; as for the power plants
already in operation, the radioprotection program, in as-
sociation with the maintenance operations planning, often
represent the only variables on which to act.

5.2 - Dose reduction to populations

This reduction is obtained by reducing waste release to the
maximum possible extent, through the installation of suitable
systems for the gaseous and liquid waste treatment.
It is necessary to perform a through investigation aimed at
ascertaining how far waste treatment can be profitably car-
ried on. In other words, it is necessary to make a compari-
son between the occupational doses absorbed by the personnel
as result of the operation of exceedingly sophisticated treat-
ment plants, and the doses possibly deriving to the populations
as a result of limited gaseous or liquid waste.

6" - CNEN requirements for Alto Lazio power station related to the
health protection

For the implementation of the above mentioned criteria the follow-
ing additional requirements have been issued by CNEN and attached
to Alto Lazio construction permit:

L
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a) the ALARA concept shall be applied as a principle in designing
against undue risk of radiation doses to both population and
workers;

b) any radioactivity release path shall be controlled. To this
end it has been specified that the portion of the turbine build
ing below the operating floor (including the turbine itself)
shall be kept in slight depression in comparison to the outside
atmosphere. During the review of the overall plant design and
of the detailed system design, attention will be given by CNEN
to all the lines penetrating the secondary containment which
could cause a bypass leakage in case of an accident;

c) active carbon filters are requested on all ventilation exhaust
lines which may cause iodine release to the environment;

d) a qualified expert in health protection shall participate in all
phases of plant design in order to closely pursue the implement a
tion of the ALARA concept with reference to population and workers;

e) the design of the components layout and of the radiation shields
shall be performed on the basis of evaluations of the doses ensuing
from inspection and maintenance operations and of the total annual
plant employee doses. Radioactive components shall in general be
shielded from each other during operations on one of them, in par-
ticular if the radiation fields generated by each one are signifi-
cantly different;

f) the design of plant ventilation systems shall be based also on
an estimate of the expected contamination levels in each plant
compartment;

7 - Technical Guides issued by CNEN

The Technical Guide is a document in which CNEN establishes ̂ fche cri
teria and methodology it intends to use in its control activities,
and which defines the procedure for putting into effect the rele-
vant legal provisions on the technical operating level.

The first Technical Guides already issued were essentially concer-
ned with the clarification of some basic aspects of procedure.
In particular Technical Guide n.1 £9] contains an indication of
the information required for the preliminary safety and protection
analysis to be carried out within the framework of the inquiry
for the release of the construction permit for nuclear power sta-
tions.
Guide n.4 [10J specifies the documentation required for the detailed
designs of the important parts of the plant which, according to the
approval procedure laid down by Italian law, must be approved by
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CNEN before construction.

Finally it must be mentioned Guides n.8 and n. 9 [11], £12]
which lay down the quality control programme for the design and
construction of nuclear plants, with a view to ensuring the capa-
city of the firms to achieve and maintain the pre-set quality of
products and services.

It is important to make clear the framework of technical standards
which defines the technological requirements for systems and comp£
nents. It is no less important to introduce a method of guarantee-
ing that these requirements are actually met into the production
process.
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TABLE I

DESIGN REFERENCE RADIOLOGICAL CONSEQUENCES *

EVENT

NORMAL OPERATION

MODERATE FREQUENCY

ABNORMAL TRANSIENTS

LOW FREQUENCY
ABNORMAL TRANSIENTS
AND ACCIDENTAL
SITUATIONS

ACCIDENTS

EVENT FREQUENCY (F)
(EVENT PER YEAR)

5 10~2<F

1O"3<F<:5.1O"2

F<10" 3

ACCEPTABLE RADIOLOGICAL CONSEQUENCES
(whole body)

5 mrem/year

5 mrem/event

500 mrem/event.
Doses are defined by DPR 185/1964
and related Ministry Decrees (D.M.)

10 rem/event
Two times A.M.D. as defined by
DPR 185/1964 and related D.M.

* PART OF TECHNICAL REQUIREMENTS ATTACHED TO THE CONSTRUCTION PERMIT OF ALTO LAZIO NPS


