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1 Organization of the Governmental
Safety Authorities

Prior to refering to the trench practice and trends in
nuclear fuel licensing, we should have a general
understanding of the governmental authorities or-
ganization to check technical nuclear safety, which
is one aspect of the regulatory action in this field.

The ministry in charge of industry and the
ministry in charge of environment are responsible,
within the govermental authorities, for matters
relating to the safety of nuclear installations.

The main bodies involved in nuclear safety and
working for these two ministries are the CSSIN (High
Council for Nuclear Safety and Information, mainly in
charge of supplying information related to nuclear
safety to the population and the media), the CIINB
(Interministerial Commission for Basic Nuclear
Installations, which is consulted by the two ministers
mainly for basic nuclear installation creation and
license modification) and the DSIN (Nuclear
Installations Safety Directorate).

DSIN is a specialized department of the ministry
in charge of industry which works also for the
ministry of environment. Its principal tasks are to
handle licensing procedures for basic nuclear
installations*, to organize and head the surveillance
of such installations during all stages of their life
(construction, operation, decommissioning), and to
draw up and monitor the application of the general
technical regulations.

DSIN also follows research and development
work in the field of technical safety carried out by
organizations attached to the ministry in charge of
industry, particularly the CEA (Atomic Energy
Commission) and Electricite de France (EDF), the
French electrical power supplier and nuclear power
plants operator.

In making its decisions and analysis, DSIN is
mainly assisted by the IPSN (Institute for Nuclear
Safety and Protection). IPSN carries out technical
safety analysis making it possible to assess the
provisions made by the operators of nuclear
installations.

"Nuclear installations" cover higly diversified activities as
power stations, uranium enrichment, fuel production and re-
processing plants. In terms of regulations, they are classified
in different categories which corfespond to relatively restric-
tive procedures. "Basic nuclear installations" represent the
category which covers practically all large installations corre-
sponding of the conditions of the decree of 11th December
1963 modified by decrees of 1973, 1985, and 1990.

DSIN can also rely on the opinions and recom-
mendations of groups of experts as the standing
groups and the standing nuclear section of the
central commission for pressure vessels.

The scope of the french nuclear power program
and its development during the eighties led the
governmental safety authorities to create additionnal
means of checking technical safety. As these means
were strenghtened, the need was felt to devolve the
monitoring of nuclear installations to the DRIRE
(Regional Directorate for Industry, Research and the
Environment) so as to benefit from the efficiency
resulting from geographical proximity to the
installations.

2 Fuel Licensing Issues
2.1 The Formal Regulatory Context
Where nuclear fuel licensing is concerned, DSIN
and its technical support IPSN are the two bodies
mainly involved.

For a nuclear power plant operator, fuel licensing
starts at the very beginning of the installation life.
Indeed, the DAC (Authorization of Creation
Ministerial Order) authorizing an operator to create a
nuclear reactor within a nuclear power plant
adresses important nuclear fuel issues and
prescribes:
• the type of fissile material used (U, Pu);
• the close watch over core coolant water radio-

activity in order to detect possible fuel leaks;
• conservative margins for fuel integrity in all

plausible situations;
• nature of the material employed and quality of

the coolant in order to limit corrosion
• that vibrations and other mechanical phenome-

nons must not affect the integrity of the internal
equipments;

• that fuel handling and storage must be realized
to avoid criticity risks and limit the risk of fall and
overheating.

Apart from these general prescriptions, more spe-
cific licensing guidelines are specified in the docu-
ment called RFS N°V.2.e (Fundamental Safety
Rules related to General Rules applicable to the
construction of fuel assemblies). The RFSs, issued
by DSIN, constitute a set of safety rules on various
technical subjects for ensuring the safety of nuclear
installations and especially the pressurized water
reactors.
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The RFS N°V.2.e sets specific licensing guide-
lines and requirements for fuel licensing. Among
others:

• licensee/operator must present the rules, codes,
and norms used for conception, fabrication and
implementation of nuclear fuel;

• licensee/operator must inform the govermental
safety authorities (DSIN) and take the corrective
actions necessary when he deviates from the
codes, rules, or norms he specified for concep-
tion, fabrication and implementation of nuclear
fuel;

• in order to facilitate the process, the licen-
see/operator must transmit the RCC-C
(document describing the industrial practices
for conception and construction of nuclear fuel)
to the governmental authorities (DSIN).

2.2 Fuel Design and Manufacturing
Requirements Related to Safety

Licensing guidelines for nuclear design are speci-
fied in the so called standard review plan (SRP),
letter SIN N° 2323/78, november 13th 1978 and are
primarily directed toward ensuring that various fuel
design limits or acceptance criteria are not ex-
ceeded during normal operation or during antici-
pated operational transients. The major licensing
guidelines and requirements for safety related reac-
tor performance and major nuclear fuel manufac-
toring criteria related to normal, incidental and ac-
cidental situations and quality assurance rules on
fuel design and fabrication are outlined in the pre-
vious section. These guidelines deal with thermal,
mechanical, neutronic and thermal-hydraulic be-
haviour of the fuel and structures by the definition
of limits concerning:

1) fuel system damage (e.g., stress, strain, and
pressure acceptance limits);

2) fuel failure mechanisms (e.g., overheating, pel-
let cladding interaction (PCI) and fretting);

3) fuel coolability assurance (e.g., limits on struct-
ural deformations caused by cladding melting
and fuel rod ballooning).

Initial guidelines are reviewed for areas affected by
evolution of modes of fuel management (three or
four batch loads) and particular operations modes
(load or grids follow, frequency variation, operation
at reduced or intermediate power, high burn-up,
etc.)

In addition, materials properties and fuel system
performance model typical of those which are used
in the course of licensing calculations to meet the
safety criteria are examined case-by-case for
applicability to the different modes of fuel manage-
ment and operations.

In France, generally the introduction of new
design fuel assemblies into French reactor has been
standard practice for almost fifteen years. The
insertion of lead assembly is a practice proposed by

the utility and endorsed by the safety authority on a
case-by-case basis. There is no formalized licensing
procedure requested for such lead assemblies. The
document package from different fuel designers
reviewed by the utility must be supplied to the
French safety authorities for any loading of new type
of fuel assembly in PWR plants.

These documents must be in full compliance with
all requirements defined above.

Finally to check the accuracy and proper
application of the design studies and safety criteria
and quality assurance rules, prior authorization may
be delivered, surveillance inspections are system-
atically performed by DSIN on the utility, the
designer and the fuel manufacturer's units. The
entire process is validated by a proposed post-
irradiation examination programs from the beginning
to the end of life of the fuel system.

The document package submitted by the utility is
analysed by DSIN supported technically by IPSN.
After the presentation and the discussion on the
different technical aspects of the addressed case
(lead fuel assembly (UO2, MOX, U02Gd203, etc.),
first core loading, operation modes, etc.), the final
and generic authorisations delivered by the DSIN to
the utility take into account the recommandations
emitted by the standing groups (or Steering Com-
mittee) under the form of a letter from which are
outlined all of "recommandations and requirements"
which must be fulfilled by the utility before the fuel
assembly could be loaded in the reactor core.

Up to now in France the generic authorisations
released by DSIN to the industry for the fuel burn-up
are limited to 47 GWd/tU (assembly average) for
UO2 fuel and 3 irradiation cycles for MOX fuel. These
authorisations have been delivered for all types of
fuel designs under the following considerations:

a) all design criteria are respected with regard to
the thermomechanical behaviour of the fuel rod
and the fuel assembly;

b) for the burn-up from 15 to 60 GWd/tUihe risk of
cladding rupture by PCI can be excluded during
normal and incidental situations;

c) for burn-up above 35 GWd/tU, the load or grids
follow operations and the extended burn-up
have no effect on the fatigue and the endurance
limits of the cladding;

d) commitment of the French utility on a R & D
program to verify for high burn-up fuel:
• for the reactivity initiated accident (RIA), the

pertinence of the existing acceptance criteria
based on the energy deposit in the fuel rod,

• for the LOCA, the behaviour of the cladding
under quenching condition.

Considering the RIA, experimental tests were per-
formed on the CABRI reactor, in Cadarache, from 35
to 65 GWd/tU. Preliminary results obtained at
65 GWd/tU indicate the influence of the extended
burn up on the stored energy threshold. At
33 GWd/tU, the test confirms the result obtained
from SPERT and NSSR tests.
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2.3 Limitation During Reactor Operation
Since the first fuel loading permit of the nuclear
power plants, limited to a three batch core man-
agement with a 3.25% 235U enrichment and a
steady state (100% of nominal power), following
evolutions have been proposed by the utility to im-
prove the operating conditions of the nuclear power
plants:
• load following, load regulation and frequency

control, which have pointed out the importance
and the limitations associated to PCI phenom-
ena. This observation have led the French
safety authority, for each new proposal from
the utility, to require complementary studies on
PCI phenomena not only in normal plant opera-
tion, but also for transient situations, to ensure
rod integrity. Those special requirements lead
to more restrictive limits for emergency shut-
down (AT) and to a reduction of the operating
range (P, A/),

• for 900 MW plants, the new hybrid pattern
(3 batch MOX and 4 batch UO2 - "GARANCE"*),
has been implemented,

• for 1300MW plants, the four batch pattern (3.1%
of 235U enrichment) lead to a reduction of the
operating range for the negative axial-offset
(only one reloading).

Moreover, operating limitation are required in
technical specification to ensure the safety of the
plant during normal, incidental and accidental
situations.

For example, these limitations concern the pri-
mary fluid activity, rod insertion limits, load follow-
ing conditions.

2.4 Safety Goals and Associated Limits
Safety goals require that no damage or limited
damage may occur on fuel rod during a transient
according to its estimated frequency (F).

To fulfil this requirement, following criteria have
been established for each condition of transients:

Condition 2 transients^2 < P< 1 /reactor._ye.at)
• DNBR > 1.17 or 1.30 (depending of the criti-

cal heat flux correlation),
• linear power density < 590 W/cm,
• non critical return (specially for cooling acci-

dents for MOX fuel),
• fuel cladding stress less than yield strength.

Condition 3 transients (104 < P< 10"2/reactor year)
• limited number of rod entering in DNB,
• molten fuel volume < 10% of the total fuel

volume.

Condition .4. transients (10"6< P <10"4 /reactoryear)
• same as condition 3 transients and:

Single rod ejection
• maximum of energy deposit at the hot

point < 225 cal/g (fresh fuel) and
200 cal/g (irradiated fuel),

GARANCE: new fuel management resulting of the reexamina-
tion of the CPY and CP0 reactors safety studies.

• molten fuel volume < 10 % of the total
fuel volume,

• cladding temperature < 1482 °C.

Loss of coolant accident
• max. cladding temperature < 1204°C,
• max. cladding oxidation < 0.17 cladding

thickness before oxidation,
• max. hydrogen production shall not ex-

ceed 0.01 time the hypothetical amount
which would be produced if all the clad-
ding material enclosing the fuel (exclud-
ing the plenum cladding) reacted,

• core geometry changes shall be such
that core cooling is maintained,

• long term cooling ensured.

The generic safety demonstration is based on the
RCC-P (Regies de Conception et de Construction
relatives au Procede) and on accidents studies
which demonstrate that all these criteria are met.
This is the scope of the safety report package
which must be agreed by the French safety author-
ity before each new fuel loading.

3 Fuel Safety Documents for
Reloading

Prior to loading fuel into the core of a reactor, the
operator has to present the DSS (fuel reloading
safety document) to DSIN for information. This
document underlines that all the safety criteria as-
sociated with the fuel assemblies to be reloaded
are respected (comparison of data calculated for
the addressed cycle with the limits corresponding
to the safety requirements). This document is
specific to a reactor and to a bunch of assemblies.

The safety evaluation methods and key paramet-
ers used for establishing a specific DSS are justified
in the DGS (generic fuel reload safety evaluation
document).

4 Ongoing Research Program Related
to Nuclear Fuel

From now, mean assembly fuel burn-up is limited to
47 GWd/tU. This authorization was given to EDF in
1988 and was subjected to the implementation of a
research and development program on high burn-
up fuels in order to confirm the authorized limit.

The CABRI-REP program, which started in 1993,
was set up to better understand the effect of burn-up
on the fuel (UO2 and Mox) behaviour during a
reactivity initiated accident.

Various experiments were realized in 1994, and
the next experiment of this program is planned for
early 1995.

In the meantime, DSIN examines, on a case-by-
case basis, EDF requests to reach, for a limited
number of assemblies (generally 1 or 2 in a core), a
burn up higher than the authorized limit.
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5 Conclusion demonstration, by the utility, of the compliance with

u , , . . . . . . . , mok, ntMki • t n e s e criteria. The ongoing experiments in CABRI
With the technical support of IPSN, DSIN carries . . . . . . U L T U L . X I U U

. \ . . . . . reactor, to determine the high burn-up fuel behav-
out a thorough review of the adequation between . . .. .. . . . . . . .a . . . . . . . . .. iour under reactivity initiated accidents until
the different types of fue and the fuel operation __ -.., .MMI ...

, l v
 x . . _. ., .. 65 GWd/MtU, are one of these,

modes, and the safety criteria. The authorizations
DSIN delivers are based in particular on the techni- DSIN asked the utility to stabilize and rank the
cal analysis of the theoritical and experimental fuel designs and managements modifications.
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