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Abstract

The technical feasibility of a NPP Krsko reload core for a 24-month cycle has been
shown. The equilibrium cycle core model for uprated NPP Krsko conditions using the
computer code package FUMACS has been developed. 24-month equilibrium cycles for split
feed enrichment batches of 68 and 72 fresh fuel assemblies were generated in that models The
analysis of these preliminary loading patterns for 24-month equilibrium cycles showed that it
is possible to design the 24-month cycle cores for the NPP Krsko from a fuel management
standpoint.

1. INTRODUCTION

The operating cycles of nuclear power plants have been extended beyond the original
12-month cycle length. At present most nuclear power plants in the United States operate on
18-month cycles, and some have increased the cycle length to 24 months [1]. Modeling and
design of reload LWR cores for ultra-long operating cycles (from 36-month cycles to 47-
month cycle) have been recently performed [2].

Longer operating cycles can potentially lessen total power generation costs. By
increasing cycle length in currently operating light water reactors, the outage frequency is
reduced, and the capacity factor is improved, providing an operation and maintenance cost
benefit. On the other hand, fuel with higher enrichment is required, and the fuel fabrication
costs go up. Radiation exposure to site personnel and other costs associated with reload core
design and licensing are also reduced for longer operating cycles.

The extension of operating cycle length to 18 months for NPP Krsko was recently
considered [3, 4] and equilibrium cycle loading patterns for 18-month cycle were generated
[4]. Our intention was to investigate a possibility to implement 24-month cycle in NPP Krsko.
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The existing steam generators of Krsko Nuclear Power Plant will be replaced in the
recent future and at the same time the reactor core power will be increased from current 1876
MW(th) to 1994 MW(th) [3, 5]. This core power uprating will surely impact the nuclear core
design. We have investigated the 24-month reload cycle for NPP Krsko after power uprate.

The average core burnup of 22000 MWd/tU is obtained for uprated conditions of NPP
Krsko 24-month cycle with the assumption of 60 days of outage and capacity factor of 0.85.
An equilibrium cycle to be determined has to satisfy safety limits, which will be valid for the
NPP Krsko uprated condition. We assumed the current value for peaking factors, i.e. 2.34 for
total peaking factor FQ, and 1.53 for enthalpy rise factor F^H. These peaking factors are given
without uncertainties. We also assumed the current maximum values for discharge burnup
(maximum batch discharge burnup of 45000 MWd/tU, and fuel assembly maximum allowed
discharge burnup of 50000 MWd/tU). Keeping the moderator temperature coefficient
negative (the current requirement) may cause additional problems in designing the reactor
core with the outstanding number of burnable absorbers. The use of integral fuel burnable
absorber (IFBA) is supposed. The enrichment limit of 5w/o in U-235 is dictated by spent fuel
pool criticality requirements [6].

The first step in determination of equilibrium cycle is to find a size of the batch (a
number of fuel assemblies). Based on our engineering judgement and taking into account the
maximum discharge burnup and the desired cycle length the batch size of 68 or 72 fuel
assemblies was obtained. In an automated manner, using the methodology described in the
Section 2., loading patterns for NPP Krsko 24-month equilibrium cycles were generated. An
analysis of NPP Krsko 24-month equilibrium cycles is performed is Section 3. Conclusions
are given in Section 4.

2. CALCULATIONAL TOOLS AND METHODOLOGY

The modified computer code package FUMACS V 91.1 [7] is used to model an
equilibrium cycle of the NPP Krsko core for the uprated power conditions. The computer
code package FUMACS encompasses computer codes PSU-LEOPARD and MCRAC. The
computer code PSU-LEOPARD generates group constants (two energy groups), and the
computer code MCRAC is used for global depletion calculations. A simulation of NPP Krsko
core depletion is performed in two-dimensional model with the assumption of octal core
symmetry. An equilibrium cycle is defined as a cycle for which the loading pattern and cycle
length are always the same (not changing from cycle to cycle). The critical boron
concentration curves as well as the power distributions during the cycle are identical to those
from the previous cycle in an ideal equilibrium cycle. The flow diagram for the calculation of
an equilibrium cycle using the computer code package FUMACS is given in Figure 1.

3. ANALYSES OF NPP KRSKO 24-MONTH CYCLE

The equilibrium cycle core model for uprated NPP Krsko conditions using the
computer code package FUMACS has been developed. 24-month equilibrium cycle cores for
batches of 68 and 72 fresh fuel assemblies were generated in that model. It was not possible to
design loading patterns with single enrichment batch due to the power peaking factor
problems. Therefore the split feed enrichment option was introduced. The loading pattern
with 68 fresh fuel assemblies (28 fuel assemblies with 4.3 w/o U-235 and 40 fuel assemblies
with 4.7 w/o U-235) is shown in Fig. 2. After one cycle in the core 15 assemblies are
discharged whereas the other 53 assemblies are partly moved to the core periphery and partly
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moved to the core interior in the checkerboard manner, for a second cycle. In this way, the
periphery runs at low power, and the vessel fluence is reduced. Fig. 3 shows how critical
boron concentration and nuclear enthalpy rise peaking factor depend of core burnup. The
loading pattern contains 8288 integral fuel burnable absorbers (EFBA) rods primarily used to
lower the beginning of cycle (BOC) critical boron concentration, which is still rather high
(1940 ppm) and might cause positive moderator temperature reactivity coefficient. A large
number of IFB A rods in the reactor core make a control of power peaking factor during the
cycle extremely difficult. To decrease the number of IFB A rods it is recommended to increase
the boron loading, for example by using the enriched boron. The average discharge burnup for
68 fresh fuel assembly batch is approximately 39000 MWd/tU.

The loading pattern with 72 fresh fuel assemblies (24 fuel assemblies with 4.3 w/o U-
235 and 48 fuel assemblies with 4.7 w/o U-235 is shown in Fig. 4. After one cycle in the core
23 assemblies are discharged whereas the other 49 assemblies are partly moved to the core
periphery and partly moved to the core interior in the checkerboard manner, for a second
cycle. Fig. 5. shows how critical boron concentration and nuclear enthalpy rise peaking factor
depend of core burnup. The loading pattern contains 8288 integral fuel burnable absorbers
(IFBA) rods. The beginning of cycle (BOC) critical boron concentration is also rather high
(2023 ppm). The average discharge burnup for 72 fresh fuel assembly batch is approximately
37000 MWd/tU.

Both developed cores keep burnup below current licensing limits, and meet the basic
physics and thermal-hydraulics design criteria in the FUMACS model. These results should
be considered as preliminary estimates, due to the scoping nature of the FUMACS code
package.

The economic analysis, which includes operating and maintenance savings as well as
fuel costs, shows that on a yearly basis these cores are more expensive than the 18-month,
three-batch core with the same operational parameters (refueling outage length and
availability factor). These cores would become economically competitive with standard 18-
month cycles if SWU cost would drop, or if introduction of 24-month cycle would result in
the significant increase of availability factor.

4. CONCLUSIONS

The equilibrium cycle core model for uprated NPP Krsko conditions using the
computer code package FUMACS has been developed. 24-month equilibrium cycles for split
feed enrichment batches of 68 and 72 fresh fuel assemblies were generated in that model.

The analysis of these preliminary loading patterns for 24-month equilibrium cycles
showed that it is possible to design the 24-month cycle cores for the NPP Krsko from a fuel
management standpoint. The burnup, power distribution, and peaking factors generated with
the preliminary low leakage loading patterns indicate that these parameters will not preclude
the design and operation of 24-month cycle.
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Fig. 1. Calculational sequence for the equilibrium cycle loading pattern determination
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Fig. 2 Equilibrium cycle loading pattern, uprated conditions, 68 FA batch, split feed
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Fig. 3 Soluble boron concentration and power peaking factor vs. core burnup for
24-month equilibrium cycle, 68 FA batch, split feed.
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Fig. 4 Equilibrium cycle loading pattern, uprated conditions, 72 FA batch, split feed
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Fig. 5 Soluble boron concentration and power peaking factor vs. core burnup for
24-month equilibrium cycle, 72 FA batch, split feed
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