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Introduction

C.N.Gofrentes is a GE design BWR reactor with 624 bundles in the core, a rated
power of 2894 MWt and it is currently operating Cycle 13 at 104.2 % power.
Commercial operation started in 1984 with 12-month cycles at rated power. Both
cycle length and thermal power have been increased since then. Power has been
uprated in two steps, first at 102 % in Cycle 4 and later in Cycle 11 at 104.2%. Cycle
length has been extended from the original 12-month to the currently 18-month
cycles.

Next cycle, Cycle 14, will be an 18-month cycle operating at 110 % power. This goal
is a challenge for the in-house nuclear design team. Start up for Cycle 14 is planned
for the first quarter of 2002.

Brief history of the fuel and power uprate in C.N.Cofrentes

During the first cycles, bundles had an 8<8 array. The more demanding operating
conditions throughout the plant life have involved 9x9 and 10x10 arrays as more
suitable for the new conditions. Bundles for Cycle 14 will have a 10x10 array with the
reload being a mix of two different fuel vendors.
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In-house Core Management

Reduction in fuel cycle costs is important to keep nuclear power generation
economically competitive against other electricity generation methods. The
introduction of high burnup fuel is an effective way, but efforts have to be done to
reduce the price of the fuel itself. An effective way b achieve this is to promote
competition in the fuel market, both in the price and in the technical field, with
improved fuel designs.

An in-house core management force gives the ability:
• to have a consistent core management, independent of changes in fuel designs

or vendors.
• to select fuel design/loading ratios and locations independent of fuel vendors.
• to compare fuel from different vendors with the same method.
• to manage the data exchange between different vendors.

IBERDROLA decided to build up an in-house design and licensing methodology, and
established its design team developing own capabilities for nuclear design, thermal-
hydraulic design and safety analysis. The developed methodology - GIRALDA
methodology- is an answer to some strategical objectives of IBERDROLA: fuel
diversification, competitive costs, quality in service, flexibility, secure supply.etc. It is
also considered that the connection between licensing activities and operation
experiences generates synergies with benefits in terms of knowledge of the plant and
then, in terms of safety.

The GIRALDA methodology has been approved by the Spanish Nuclear Regulatory
Authority, and IBERDROLA has full responsibility on the nuclear design and reload
licensing for C.N.Cofrentes since Cycle 12.

Within GIRALDA, fuel and core analysis design are performed using the
CASMO/SIMULATE computer codes system developed by Studsvik-Scandpower.

The GIRALDA methodology is being used either for the nuclear design and licensing
of the Cycle 14 of C.N.Cofrentes as well as for extended power uprate licensing
analyses to 110%.

Cycle 14 Fuel and Core Design

A power uprate changes the standard design bases due mainly to the new operating
conditions. During the design process, basic parameters are the applicable design
margins and their associated uncertainties, which comes from a detailed core
tracking of the plant and subsequent statistical data processing. However, this is
based on a power value that changes after the power uprate.

The design margins to be used at the higher power stem from a trade-off between
conservatism -with higher margins- and a better fuel utilization -with more realistic
margins. The lessons learned from other power uprates are applicable as
complementary information at this time in the design process (Reference [1]).



Up to cycle 7, reloads included 8x8 arrays from the same fuel supplier. Starting in
cycle 8, 9x9 array fuel was introduced in the core still from the original fuel vendor.

As part of a fuel suppliers diversification policy a "Lead Fuel Assembly" program was
established. The first step was the introduction in cycle 9 of 8 fuel assemblies (10x10
array) from two different fuel vendors, the first time in a Spanish Nuclear Power Plant.

Cycle 10 and 11 were running with 9x9 fuel of the same fuel supplier (plus the 8
LFA's introduced in Cycle 9).

After a bid evaluation process for reloads 11 to 13 with the two fuel vendors involved
in the LFA's program, mixed cores for Cycles 12 to 13 were established (all with
10x10 array designs).

Figure 1 shows a graphic with fuel evolution in Cofrentes.
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Figure 1: Fuel evolution in Cofrentes NPP

The strategies in core design changed in Cycle 8 from the original "conventional core
designs" to the CCC (Control Cell Core) currently in use.

Cycles 1 to 6 were one-year cycles. Cycle length was increased to 18 month in Cycle
7.
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Equilibrium cycles have been done for the 110% power condition. Bundles of these
studies can be used as very preliminary designs for Cycle 14. Once power is
uprated, there is a transition before the equilibrium is achieved, that takes several
cycles.

The transition cycles are very different to the equilibrium cycles -theoretical cycles-
due mainly to the old bundles in the core -once, twice or thrice burned. In the case of
an equilibrium cycle, old bundles have the same design and are more reactive than
in the transition cycles, where old bundles are rather different in terms of reactivity
and design than the fresh ones.

So, it is important to consider for the transition cycle, not only bundle design, but also
the total number of fresh bundles of the reload, which will be higher than in the
equilibrium cycle/s. This "extra" amount of fresh bundles loaded in the first transition
cycle will provide more energy in the 2nd and 3rd cycles, once Gd is burned. Hence, to
have the best understanding of the fuel and core design for Cycle 14, it is necessary
to analyze also the influence in Cycles 15 and 16.

Standard parameters to be evaluated are:
• Shut down margin
• Hot excess reactivity
• Margin to thermal limits
• Full power energy of the cycle and
• Acceptable extensions of the cycle (coastdown and FFWTR) up to the target End

of Cycle date.

The design (bundle and core) for Cycle 14 is now in progress and in the preliminary
steps. Until now, several bundle designs have being done, varying enrichments and
Gd content at different rod positions -both radial and axial-, and loading the most
suitable core in each case trying to obtain the best performace within the margins.
The total number of fresh fuel bundles has being changed too.

Final bundle designs have to be done within the second quarter of 2001.

The most updated information on this issue will be shown at the time of presentation.

Reference

[1] D.Molina, et al, "Power Uprate. Impact on the Fuel".
24th SNS Annual Meeting (Valladolid, 1998)


