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Abstract

This paper begins by outlining the structure of the nuclear industry in the United Kingdom. It then sets out
the methodology of bumup credit, and provides a brief discussion of the validation and robustness of the
calculational route. This leads to a description of both the current and intended applications of bumup credit in
the United Kingdom.

1. INTRODUCTION

Criticality safety assessments for irradiated fuel operations have historically assumed the fuel to
be unirradiated. In the vast majority of cases, this is a conservative assumption, as it neglects the
reduction in fuel reactivity that is known to occur due to the overall depletion of fissile material and
the build-up of neutron absorbers in the fuel. This 'fresh fuel' methodology has largely been adopted
for the sake of calculational and operational convenience, since it provides a simple and pessimistic
demonstration of criticality safety whilst not constraining the plant operations.

Although this approach has often provided operational flexibility, it has always been recognised
its application may impose a considerable economic burden upon the design and operation of a
nuclear plant. This might be through the imposition of restrictive criticality controls or the
implementation of neutron poisons to maintain criticality safety. With the current trend towards the
use of high burnup (HBU) and mixed oxide (MOX) fuel in thermal reactors world-wide, it is clear
that the magnitude of this financial penalty will increase. In some cases, such as spent fuel transport
casks, it may become impossible to demonstrate criticality safety for the latest fuel types. This
therefore leads 'to a choice of one or more of the following options:

i. to redesign the plant, flask or storage system;

ii. to operate with more restrictive limits, such as a reduction in the flask fuel load;

iii. to undertake calculations of spent fuel reactivity that more closely represent the real
nature of the spent fuel, i.e. remove some of the pessimism in the criticality safety
assessment by claiming credit for the fuel irradiation.

It is clear that significant cost savings can be realised if credit is taken in criticality safety
assessments for the reduction in fuel reactivity that occurs with irradiation. Potentially, the application
of burnup credit in the criticality safety assessments for spent fuel operations may have other benefits,
since it could result in extended operational lifetimes for existing plant and flask designs. Moreover,
for new storage and transport systems, burnup credit offers massive benefit in design optimisation,
either through enhanced fuel payloads or the elimination of fixed neutron poisons from the design.

2. THE UK NUCLEAR INDUSTRY

2.1. Regulation

Regulation of the UK nuclear industry is undertaken by two government bodies, these being:
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i. HM Nuclear Installations Inspectorate (HM Nil), which regulates the design and
operation of nuclear plants;

ii. the Department of Environment, Transport and the Regions (DETR), which is the
competent authority in the UK for the licensing of nuclear transport packages against the
requirements of the IAEA transport regulations.

2.2. Nuclear Plant Operators

In the context of this paper, concerning the application of burnup credit to spent fuel operations
in the UK, the major operators of nuclear plant are:

i. Nuclear Electric, which operates Advanced Gas-Cooled Reactor (AGR) stations in
England and Wales, and the Pressurised Water Reactor (PWR) at Sizewell;

ii. Scottish Nuclear, which operates Advanced Gas-Cooled Reactor (AGR) stations in
Scotland,

iii. British Nuclear Fuels (BNFL), which operates the Magnox stations in the UK, in
addition to the manufacture, transport, storage and reprocessing of Magnox, AGR and
LWR fuel at their various sites.

3. THE BURNUP CREDIT METHODOLOGY

The generally accepted methodology for the implementation of burnup credit is to perform
reactivity calculations for irradiated fuel, using fuel material compositions generated by an inventory
prediction code, usually in order to determine the limiting burnup required for that fuel in a particular
environment. In addition, it has always been recognised that the regulators may require a confirmatory
measurement of burnup to be made prior to certain operations, such as the loading of fuel into a
transport flask or the shearing of fuel into a dissolver, particularly where large burnup credit claims
are being made. This requirement is being encompassed by the latest edition of the IAEA Transport
Regulations [1], which forms the basis of transport approvals world-wide.

The burnup credit strategy therefore relies upon three key components of:

i. the inventory prediction;

ii. the reactivity calculation;

iii. the quantification and verification of the fuel burnup.

These components will be discussed in turn within this paper, with particular attention being
given to the methods involved, the current validation status, and their robustness for successfully
attaining regulator approval for burnup credit.

4. INVENTORY PREDICTION CALCULATIONS

4.1. The Inventory Prediction Problem

During irradiation of the fuel in the reactor, the reactivity of the fuel is reduced by a net loss of
fissile isotopes and a build-up of neutron poisons in the form of fission products and non-fissile
actinides. In certain fuel types which incorporate integral burnable poisons, the variation in reactivity
with irradiation is complicated by the depletion of the neutron poison over the initial irradiation of the
fuel. In typical commercial reactor UO2 fuel, the most important fissile isotopes are U-235, which was
present at the start of irradiation, and Pu-239, which is produced in the core by neutron captures in U-
238. Most neutron absorptions in Pu-239 result in fission, but some neutrons will undergo capture to
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form other actinides, some of which act as neutron poisons (notably Pu-240) or which may themselves
be fissile (e.g. Pu-241).

The fission process yields a range of fission products, with atomic numbers mainly between 70
and 165. In thermal reactor systems, such as PWR, BWR and AGR cores, the fission yield is highest
for fission products around mass number 95 and around mass number 140. Neutron capture in fission
products during irradiation may also modify the fission product isotopic composition, either through
burn-in (from capture in the preceding mass chain) or through burn-out (by capture to the next mass
chain). Many fission product inventories will also change with time due to radioactive decay, which is
an important consideration if credit is to be taken for post-irradiation cooling of the fuel, particularly
for Gd-155 and Sm-149, which grow-in during cooling from the decay of Eu-155 and Pm-149
respectively.

The prediction of a spent fuel composition at any time during its irradiation or cooling requires
the calculation of a vast number of nuclide inventories. Over a given time period, the rate of change of
inventory for any nuclide is influenced by the rates of various production and removal modes
covering radioactive decays and neutron induced reactions (see box).

The rate of change of inventory for any given nuclide can be expressed simply by:

Rate of Change = - Loss by Decay
- Loss by Neutron Capture

- Loss by Fission (actinides)
+ Production by Fission (fission products)

+ Production by Neutron Capture
+ Production by Decay

The complexity of the inventory changes during burnup is such that, in principle, an accurate
burnup calculation requires consideration of the following parameters which influence the
composition of the irradiated fuel:

i. start-of-life fuel and core material (e.g. structures, control rods) composition;

ii. fission rate or power rating of fuel in the core;

iii. fuel, cladding and coolant temperature and density;

iv. irradiation time;

v. cooling time;

vi. the presence of burnable neutron poisons within the fuel assembly or the core coolant
during irradiation of the fuel;

vii. neutron flux and spectrum;

viii. various neutron data:

a) neutron fission, absorption and capture cross sections, and the variation of
effective cross section during fuel irradiation;

b) fission yield data;

c) radioactive decay data.

In common with traditional criticality safety assessments, the assessor can make a number of
approximations to simplify the calculation of the spent fuel composition. In general, the intention is
for these approximations to conservatively bound all of the possible fuel conditions, in order that the
criticality safety case is not overly restrictive with regard to the intended fuel handling operations. In
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some cases, where non-conservative assumptions are made or where there are uncertainties in the fuel
parameters, an allowance for potential optimism in the calculation can be made, in terms of a
calculational bias.

These approximations and simplifications to the inventory modelling have been extensively
reported, such as [2, 3 and 4]. Where appropriate, this guidance needs to distinguish between the
extent of burnup credit being claimed, either as:

i. an 'actinide-only' claim for fissile depletion and the presence of actinide absorbers only;
or

ii. the use of 'fission product credit', taking account of the presence of the major fission
product absorbers in addition to the fissile depletion and actinide absorbers of the
'actinide-only' burnup credit case.

4.2. Inventory Prediction Methods

The major inventory prediction codes utilised within the UK for the application of burnup
credit are the point reactor code FISPIN [5 and 6], the reactor lattice code WIMS [7] and the use of
the WIMS-PANTHER core management system [8]. Brief descriptions of the FISPIN and WIMS
methods are given in the main text of this technical document.

4.3. Inventory Prediction Validation

Validation of inventory predictions is typically achieved by comparison with destructive
chemical analysis data (often termed Post-Irradiation Examination, PIE) for irradiated fuel samples.
Sound validation requires the samples to be well characterised in terms of their irradiation history,
initial fuel composition and reactor operating parameters, in order to perform an inventory calculation
that can be considered as being truly representative if the irradiated fuel.

Inventory prediction has historically been available for the WIMS and FISPIN codes, but was
limited for HBU and MOX fuel. These shortcomings have been addressed by UK industry
involvement in the CERES international experimental programme [9]. Beyond the CERES
programme, validation has been secured by individual organisations investing in other experimental
programmes. An example of this is BNFL's involvement in the ARIANE programme [10] to further
enhance the validation of inventory prediction codes. Chemical analysis data for the irradiated fuel
samples examined across these programmes has been used in BNFL to extend the scope of validation
to cover:

i. PWR UO2 fuel for burnup of up to 60GWd/te and initial enrichments of up to 4.5w/o U-
235/U;

ii. BWR UO2 fuel for burnup of up to 55GWd/te and initial enrichments of up to 5w/o U-
235/U;

iii. PWR MOX fuel for burnup of up to 50GWd/te, with initial plutonium contents of up to
6w/o PutotaI/[U+Pu];

iv. BWR MOX fuel for burnup of up to 55GWd/te, with initial plutonium contents of up to
6.5w/o Putota,/[U+Pu].

Validation has also been attained by BNFL by comparison of inventory calculations against
data from the SFCOMPO computer database developed by the Japan Atomic Energy Research
Institute (JAERI), which contains PIE data for 13 LWRs from Europe, Japan and the United
States [11].
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Considerable confidence has also been gained by UK involvement in the studies of the
criticality working group of the OECD Nuclear Energy Agency Nuclear Science Committee
(NEANSC), which has been investigating the use of burnup credit since 1991. Whilst the group is not
intending to define any policy relating to the implementation of burnup credit, an extensive
benchmarking programme is being undertaken to investigate the ability of the group members codes,
methods and nuclear data to calculate spent fuel reactivity [12].

5. REACTIVITY CALCULATIONS

5.1. Calculation of Spent Fuel Reactivity

Having calculated the irradiated fuel composition, the criticality assessor then has to make a
choice as to which nuclides are represented in the reactivity calculation. The assessor clearly needs to
be selective, since an inventory prediction code such as FISPIN will generate a spent fuel composition
consisting of something like 1000 nuclides. The majority of these nuclides will have negligible effect
upon the reactivity of the spent fuel, because the total reaction rates (i.e. the product of the nuclide
inventory, the neutron flux and the total neutron cross section) for the nuclides are insignificant. This
arises for nuclides which either:

i. have neutron reaction cross sections which are negligible, such that they have little
impact regardless of the quantity present;

ii. are present in small quantities, so that even with large neutron cross sections, they also
have little impact upon fuel reactivity.

Previous studies have demonstrated that the actinides can be pessimistically represented using
just the major isotopes of uranium and plutonium [13]. Fortunately for burnup credit, around 90% of
the total fission product absorption arises from 15 nuclides [1], the majority of which also have the
advantage of being stable and being soluble in nitric acid, thereby aiding the use of burnup credit for a
fuel dissolver application. As a result, the reactivity calculations are manageable in terms of the
number of nuclides represented, and hence the validation of the cross section data for reactivity
calculations can be directed at a relatively small number of nuclides:

i. the major actinides of U-234, U-235, U-236, U-238, Pu-238, Pu-239, Pu-240, Pu-241 and
Pu-242;

ii. the major fission products of Mo-95, Tc-99, Ru-101, Rh-103, Ag-109, Cs-133, Nd-143,
Nd-145, Sm-147, Sm-149, Sm-150, Sm-151, Sm-152, Eu-153 and Gd-155.

It is known that the reactor power varies throughout the reactor core, with axial power
distributions resulting in an axial burnup profile along the length of the assembly. Burnup credit
reactivity calculations must therefore take account of this variation in fuel burnup.

5.2. Reactivity Calculation Methods

The principal tool used in the UK for reactivity calculations is the Monte Carlo neutronics code
MONK [14]. The point nuclear database used by the MONK code is derived principally from
UKNDL data, although this has been extended to include the latest JEF cross section data for the
major fission product absorbers. Sensitivity analyses in support of the main MONK reactivity
calculations have made extensive use of the deterministic code WIMS [7]. Brief descriptions of the
MONK and WIMS codes are given in the main text of this technical document.

5.3. Reactivity Calculation Validation

The main source of validation evidence for reactivity calculations is by direct comparison with
high quality critical experiments. The validation database for the MONK code and its associated point
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nuclear data set consists of a number of calculations for critical configurations of uranium, plutonium
and mixed fissile systems over a range of moderation and reflection conditions. None of the critical
experiments featured in this database have involved irradiated fuel.

The validation database has been established over many years and has focused upon the
nuclides most commonly encountered in criticality safety assessments. As a result, it is generally
accepted that the neutron cross section data in the MONK nuclear data set is well established for the
major uranium and plutonium isotopes. Although cross section data is provided for many of the major
fission product absorbers, little validation was in existence for the fission products of interest to
burnup credit.

The use of the MONK code and nuclear data therefore required supporting validation data for:

i. the major fission product absorbers, as listed above;

ii. the calculation of reactivity for irradiated UO2 and MOX fuel;

iii. the calculation of fuel reactivity for realistic fresh MOX fuel, manufactured from pluto-
nium recovered from the reprocessing of commercial uranium fuel, since the majority of
the MOX and plutonium system validation at that time was for high quality plutonium,
containing little Pu-241 and higher isotopes of plutonium.

The main source of validation for burnup credit reactivity calculations was the CERES
experimental programme [9]. Reactivity worth measurements were undertaken in the DIMPLE reactor
at AEA, Winfrith and the MINERVE reactor at CEA, Cadarache. The results of these measurements
are reported in [9 and 15].

As with the inventory prediction calculations, comparison of codes and data via the
OECD/NEANSC burnup credit benchmarking programme adds confidence in the validity of the
proposed reactivity calculation methods in the burnup credit methodology.

5.4. Criticality Safety Criteria

Traditionally, criticality safety assessments have been performed using a criticality safety
criterion of the form keffective+ 3s £ X - E, where s is the statistical uncertainty on the calculated value
of the effective neutron multiplication factor, keffective- X is the subcritical limit and E represents an
allowance for errors in the program, nuclear data, system modelling and non-optimisation of the
system, i.e. the calculational bias.

The criticality safety criterion used in burnup credit criticality safety assessments must account
for any additional errors arising from the burnup credit calculational method, in terms of their effect
on the reactivity of the system. This could arise from any calculational uncertainties in the inventory
prediction calculation, or in the modelling of the system in the reactivity calculation, either due to the
neutron cross section data or any fuel modelling assumptions.

The assignation of calculational biases arising from the burnup credit calculation needs to
account for:

i. the reactivity errors associated with uncertainties in the inventory calculations, as
observed from the validation of the inventory code for burnup credit;

ii. the reactivity errors associated with the nuclear data itself;

iii. errors potentially arising from the assumptions made in the reactivity calculation, such as
the sensitivity of reactivity to the axial burnup profile.
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6. QUANTIFICATION AND VERIFICATION OF FUEL BURNUP

It has been assumed in the development of burnup credit within BNFL that the regulatory
bodies may require a confirmatory measurement of burnup to be made prior to certain operations,
such as the loading of a transport flask. This clearly has some foundation in terms of demonstrating a
robust safety case, since it provides a level of protection against the handling of fuel assemblies with
less than the minimum burnup required to ensure criticality safety. As the magnitude of the burnup
credit claim increases, more reliance is being placed upon the correct identification of irradiated fuel
assemblies, and in some cases it may be that the loading of fresh fuel would result in a criticality
incident within the flask.

One approach being proposed in the UK is for the requirements of fuel burnup quantification
and verification to be addressed on a case-by-case basis, since it is recognised that the quality of core
and fuel management, together with the accuracy of burnup estimation and identification of individual
assemblies may vary considerably between reactor sites. The issue of quantifying and verifying fuel
burnup relies on three key components:

i. the method by which the burnup of each fuel assembly is determined for the purpose of
the core management and the station records, and the accuracy of that method;

ii. the integrity of the fuel management procedures in place at the reactor site, linking the
estimated fuel burnup with the assembly identifier and its location in the reactor core or
fuel storage pond;

iii. the use of burnup monitoring equipment at the reactor site, and the accuracy of such
devices in the determination of fuel assembly burnup.

Moreover, it is felt that the quality of the burnup measurement should reflect the consequences
of maloperation. An example of this might be that the loading of fresh fuel into a burnup credit
transport flask would exceed the safety criterion, but would not be critical. In this case, it might be
adequate for a measurement to be made confirming that the fuel was irradiated, but which did not
provide an accurate measure of the fuel burnup.

Sophisticated burnup monitoring technology has been under development for some time, as
discussed in the main text of this technical document. No further consideration is given to burnup
monitors here.

7. APPLICATIONS FOR BURNUP CREDIT IN THE UK

At present, the burnup credit activities in the UK are limited to LWR fuel operations, although
it is recognised that AGR fuel operations could also benefit from the application of a burnup credit
methodology. The current interest in burnup credit in the UK is related to:

i. the pond storage of irradiated PWR fuel at Sizewell, operated by Nuclear Electric;

ii. the transport of spent fuel from mainly non-UK reactor utilities to BNFL's Sellafield site;

iii. the pond storage of spent fuel at Sellafield;

iv. the reprocessing of spent fuel in the Thorp reprocessing plant at Sellafield.

As with most other nations, the principle interest in burnup credit centres on the application to
uranium oxide (UO2) fuel, although significant effort is also being directed at the development of a
methodology for mixed oxide (MOX) fuel. The development of a burnup credit methodology for
MOX fuel is discussed later in this paper.
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7.1. Pond Storage at the Sizewell PWR

Nuclear Electric have developed a burnup credit criticality safety case for the core pond of the
Sizewell PWR. This approach utilises actinide and fission product credit for the storage of irradiated
UO2 fuel in compact storage racks in the pond, with other racks being used for the storage of fresh
fuel or invalidated irradiated fuel in the same pond. This criticality safety case is currently under
review by HM Nil [16].

7.2. Transport Flasks

The shipment of spent PWR and BWR UO2 fuel to BNFL's Sellafield site is undertaken in a
wide range of 'wet' transport flask designs, with the fuel typically contained in multi-element bottles
(MEBs). Many of these flasks are cleared for the shipment of fuel with initial enrichments of the
order of 4 w/o U-235/U. The incentive for burnup credit for transport is therefore to extend the
operational lifetime of the flask and MEB designs, through stepped increases in the maximum fuel
enrichment using burnup credit. At the current time, there is little commercial necessity to utilise
burnup credit for BNFL's transport operations, although it is recognised that the need for burnup
credit is not far away. The design of new transport packages using burnup credit offers a number of
advantages, such as increased payload or the removal of neutron poisons from the fuel basket or
MEB.

7.3. Pond Storage at Sellafield

Irradiated fuel is currently stored underwater in MEBs prior to reprocessing, and so the
potential benefits of burnup credit are the same as those discussed above for spent fuel transport
operations

7.4. Reprocessing in THORP

The criticality safety case for the Thorp fuel dissolvers currently assume a maximum initial
UO2 fuel enrichment of 4w/o U-235/U, taking no credit for fuel burnup and requiring the use of
gadolinium as a neutron poison in the dissolver acid. BNFL is exploring the potential for burnup
credit to reduce the gadolinium loading in the fuel dissolver.

8. APPLICATION OF BURNUP CREDIT TO MIXED OXIDE (MOX) FUEL

A key area of interest to BNFL is the application of burnup credit to mixed oxide (MOX) fuel.
Some of the early MOX fuel types are likely to require burnup credit for the underwater removal of
the fuel assembly from the MEB, since the pond environment is more onerous that the conditions of
limited interaction and fixed local neutron poisons within the MEB.

A comprehensive approach to MOX burnup credit would address all of the issues discussed
previously for uranium oxide fuel, but with the added difficulties associated with the non-unique
specification of MOX fuel and the manner in which it would be utilised within existing thermal
reactor designs. Thermal reactor fuel is traditionally made from uranium oxide fuel where the uranium
is enriched in the fissile U-235 isotope up to the order of 5w/o U-235/U. The concept of MOX fuel is
to mix natural or depleted uranium oxide with plutonium oxide in order to produce a fuel that is
interchangeable with uranium oxide fuel in the reactor core, i.e. equivalent in terms of its lifetime
performance.

The principal source of plutonium for use in MOX fuel arises from the reprocessing of
discharged UO2 fuel assemblies. The discharged fuel may come from reactors of various types, e.g.
PWR, BWR and the UK AGR and Magnox reactors, and will invariably have been subjected to
differing irradiation histories and neutron spectra. This is also true to a lesser extent of the fuel
assemblies discharged from the same reactor. These variations can have a significant impact upon the
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isotopic composition of the plutonium component of the discharged fuel, which feeds through to
isotopic variation in the plutonium recovered from batched fuel reprocessing operations. In addition,
the plutonium isotopic composition will be affected by the age of the material since reprocessing,
principally due to the decay of Pu-241 to Am-241. These effects mean that the manufacture of MOX
fuel to a given specification must accommodate a wide range of plutonium vectors, i.e. varying
relative proportions of the key plutonium isotopes. In the future, the range of plutonium vectors in
MOX fuel will undoubtedly be extended by the reprocessing of irradiated MOX and the potential
disposition of weapons plutonium in MOX fuel.

The isotopic variations in the plutonium used for the manufacture of MOX fuel can affect two
important performance characteristics of the fuel assembly produced, these being:

i. the reactivity of assemblies over their lifetime in the reactor (referred to as the lifetime
average reactivity);

ii. the within-assembly power peaking factors.

A number of approaches to MOX manufacture can therefore be envisaged, whereby the fuel
supplier can either:

i. homogenise all of the available plutonium before making the fuel;

ii. mix plutonium oxide batches of known isotopic composition to meet some uniform
required isotopic composition; or

iii. process individual batches of plutonium oxide and vary the total plutonium content of the
MOX to compensate for the varying isotopic composition of the plutonium being used.

In any case, it can be seen that a given MOX specification, in terms of uranium fuel
equivalence, can be met by different plutonium vectors, i.e. that the specification is not unique.

One possible equivalence method is based upon matching the lifetime average reactivity of the
MOX and uranium oxide fuel assemblies. The variation of neutron multiplication with irradiation is
the key consideration in the management of MOX fuel in the reactor. The infinite neutron
multiplication factor, kjnf, is largely determined by the ratio of the fission and absorption cross
sections of the fuel. The high fission cross section of MOX fuel relative to uranium oxide fuel is more
than offset by the high absorption cross section, such that the start-of-life multiplication factor for
MOX fuel tends to be lower than that for uranium oxide fuel with the same lifetime average
reactivity. However, the MOX fuel will typically have a lower reactivity loss with burnup, resulting in
greater reactivity at discharge.

The higher absorption in MOX fuel also has the effect of reducing the effectiveness of control
rods and other means of controlling excess core reactivity. The reduced control rod worth leads
directly to a limitation on the MOX loading fraction within existing LWR designs, e.g. of the order of
40% for a typical PWR, such that MOX fuel must be irradiated alongside traditional UO2 fuel
assemblies. Appropriate representation of the fuel in the core is another consideration that needs to be
made in the calculation of spent fuel inventory for MOX fuel burnup credit.

The higher fission cross section in MOX fuel causes the neutron flux to be relatively smaller
for a given power rating. This tends to cause power peaking at the interface between MOX and UO2

fuel assemblies, due to the increased neutron flux in the outermost MOX fuel pins. The effect of
power peaking can be mitigated by varying the total plutonium content of the fuel pins across the fuel
assembly. Typically, this would be achieved using three regions of varying plutonium content, with
the lowest fissile content occurring in the outermost pins.

For a batch loaded reactor, where the core is divided into a number of refuelling batches, the
lifetime average reactivity (LAR) can be determined by averaging the infinite neutron multiplication
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factor for the fuel at the end of each irradiation cycle. In an idealised reactor with no neutron leakage
and an LAR of 1.0, the core would be just capable of sustaining a chain reaction in the absence of
control rods or neutron poisons at the end of each operating cycle. In practice, there is always some
neutron leakage and the fuel LAR must be designed to be greater than unity.

In designing a core containing MOX fuel, the fuel equivalence could be determined by
matching the LAR of the MOX fuel assemblies to that of the UO2 fuel assemblies. However, a
number of issues still remain in the comparison of LARs for MOX and UO2 fuel:

i. although MOX and UO2 fuel assemblies can be designed with the same LAR, the burnup
characteristics of the two fuel types will be different;

ii. the LAR is only meaningful if it relates to an irradiation cycle length and a particular
batch loading scheme - the specified MOX and UO2 fuel will not, in general, be
equivalent for other core management schemes;

iii. there will be a dependence of the LAR on the plutonium isotopic composition, since
MOX fuel with different plutonium vectors will exhibit different characteristic kjnf versus
burnup curves;

iv. a rigorous determination of the LAR might use kinf values weighted by the assembly
contribution to the overall core power.

It can be seen from the above discussion for MOX fuel that the development of a robust burnup
credit approach requires a number of issues to be taken into account. These are in addition to the
complexities of burnup credit for certain core designs, such as BWRs.

The application of burnup credit to MOX fuel is being addressed by the OECD/NEANSC
criticality working group [17], whose current benchmark exercise covers burnup credit for MOX fuel
using a range of initial plutonium isotopic compositions.

9. CONCLUSIONS

This paper outlines the application of burnup credit in the UK, covering the methodology,
methods and data. A brief overview is given of the current applications, as well as a discussion of the
intended application to mixed oxide (MOX) fuel.

Burnup credit is seen to be of significant benefit to spent fuel operations in the UK, and the
industry has been fully involved in international experimental collaborations and working groups to
secure appropriate validation and benchmarking of the burnup credit methodology.
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