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Abstract

This paper describes the regulatory status of burnup credit applications to pond storage and dry-cask transport
and storage of spent fuel in Germany. Burnup credit for wet storage of LWR fuel at nuclear power plants has to
comply with the newly developed safety standard DIN 25471. This standard establishes the safety requirements
for burnup credit criticality safety analysis of LWR fuel storage ponds and gives guidance on meeting these
requirements. Licensing evaluations of dry transport systems are based on the application of the IAEA Safety
Standards Series No.ST-1. However, because of the fact, that burnup credit for dry-cask transport becomes more
and more inevitable due to increasing initial enrichment of the fuel, and because of the increasing importance of
dry-cask storage in Germany, the necessity of giving regulatory guidance on applying burnup credit to dry-cask
transport and storage is seen.

1. INTRODUCTION

In Germany criticality safety design criteria are laid down in Regulatory Guides of the German
nuclear technology committee KTA ("Kerntechnischer AusschuB") and Safety Standards of
the German society of standardization DIN ("Deutsches Institut fur Normung).

Burnup credit for wet storage of LWR fuel at nuclear power plants has to comply with the
newly developed safety standard DIN 25471 [1] passed in November 1999 and to be
published shortly. This standard establishes the safety requirements for burnup credit
criticality safety analysis of LWR fuel storage ponds and gives guidance on meeting these
requirements. In particular, methods acceptable to validation of fuel depletion and criticality
calculation codes are specified, parameters affecting the burnup credit are characterized (e.g.,
axial and horizontal burnup profiles), and methods acceptable to the verification of the fuel
loading procedure are specified.

DIN standards are industry codes. Even though not laid down by the law the KTA regulations
are commonly regarded as superior to the DIN standards. The basic criticality safety
requirements for wet storage of LWR fuel are laid down in the standard KTA 3602 [2]. This
standard does not prohibit burnup credit, but requires to give reasons for deviating from the
fresh fuel assumption if burnup credit is employed. Therefore, a working group was set up
which has the task to revise the standard KTA 3602 in such a way that this standard endorses
the new safety code DIN 25471. This working group will probably have finished its work at
the end of the year.
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Licensing evaluations of dry transport systems are based on the application of the IAEA
Safety Standards Series No.ST-1 [3].

2. BURNUP CREDIT FOR WET STORAGE OF LWR FUEL

2.1. The Safety Standard DIN 25471

The safety code DIN 25471 consists of two parts. In the first part the regulatory standards are
given, the second part comprises explanatory and advisory remarks which are nonobligatory.

In its first part the code establishes:

1. The criticality safety acceptance criteria,
2. The requirements for validation of the depletion analysis,
3. The requirements for validation of the criticality calculation codes,
4. The requirements for the evaluation of the reactivity effects of axial and horizontal

burnup profiles,
5. The requirements for the verification of the loading procedure,
6. The methods acceptable to fuel burnup determination.

No restrictions are placed on the fuel type. Full burnup credit is allowed for PWR and BWR
(as well as W E R ) UO2 and MOX fuel according to the state of the art. In the advisory part of
the safety code it is stated, however, that at the present time state of the art means:

1. Application of the actinide plus fission burnup credit level [4] to PWR wet storage
pools,

2. Application of the integral burnable absorber burnup credit level [4] to BWR wet
storage pools.

The integral burnable absorber burnup credit level is allowed to be used as actinide plus
fission burnup credit level and may be applied of course to PWR fuel too. Application of the
actinide plus fission burnup credit level is not restricted to PWR fuel which had not used
(integral) burnable absorbers.

The isotopes to be used in a criticality safety analysis of a wet storage system designed for
burnup credit are not prescribed in the safety code DIN 25471. But as stated in the second part
of this safety code the isotopes to be used are selected on the basis of their reactivity worth
and their nuclear and chemical stability, hi order that the selected set of isotopes is enveloping
with respect to the spent fuel reactivity the following essentials are observed:

1. Isotopes which have a significant positive reactivity worth (U-235, Pu-239, and Pu-241)
are always included in the burnup credit safety analysis,

2. Stable nuclides or radionuclides with half-lives much greater than the maximum
possible cooling time of the spent-fuel are included in the burnup credit safety analysis,

3. Utilization of radionuclides with half-lives not much greater than the maximum possible
cooling time is justified, either by the neutron absorption properties of the daughter
products (e.g., decay of Eu-155 to Gd-155) or by examining the spent fuel reactivity as a
function of cooling time (e.g., decay of Pm-147 to Sm-147).
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2.1.1. Criticality Safety Acceptance Criteria

The loading curve of storage racks designed for burnup credit has to be based on the reactivity
equivalence condition

k(e,B) + Acr(e,B) = kHmit (2.1)

where k(e,B) denotes the mean value of the estimated neutron multiplication factor at initial
enrichment e and burnup B, and k(e,B) + Aa(e,B) is the 95%/95% one-sided upper tolerance
limit of the estimate k(e,B) (and in fact the correct 95%/95% tolerance limit is meant [5]). kumit

is the maximum neutron multiplication factor permissible including all uncertainties to be
considered - and all these uncertainties have to be expressed at the 95%/95% tolerance limit.

A loading curve usually refers to normal operation conditions of the storage racks. The
analysis of abnormal or accidental events has to comply with the double contingency principle
which requires at least two unlikely, independent, concurrent incidents to produce a criticality
accident.

For the case of the misloading event (misplacement of a fuel assembly which does not comply
with the loading curve into a storage cell of a storage rack designed for burnup), however, the
double contingency principle has to be applied directly to this event, i.e., at least two unlikely,
independent, and concurrent incidents are required to cause a misloading event.

Application of the double contingency principle directly to the misloading event is required
for the following reasons:

1. The safety code DIN 25471 allows burnup credit for all fuel types, i.e., allowance for
burnup credit is not restricted to storage ponds with borated water,

2. Even in case of borated storage ponds it cannot be excluded for any cases that a multiple
misloading event may result in an unacceptable neutron multiplication factor.

2.1.2. Validation of the Depletion Analysis

As laid down in the safety code DIN 25471, the determination of the isotopic inventory of the
irradiated fuel has to be based on fuel operating conditions characteristic of the plant of
interest. The depletion calculation code used for this purpose has to comply with the
requirements laid down in the standard KTA 3101.2 [6]. These requirements are met if the
depletion calculation code used is validated:

1. Against experimental data from:
1.1. observation and evaluation of normal power operation (stationary and non-

stationary activation rate distributions, excess reactivity as a function of burnup
measured in terms of soluble boron concentration or control rod position),

1.2. special measurement programmes (reactivity coefficients and equivalents
describing the dynamic behavior of the reactor, short-term - e.g., rod drop- and
long-term - e.g., xenon - transients),

1.3. chemical assay of the isotopic inventory of irradiated fuel;
2. As well as critical or subcritical configurations.
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2.1.3. Validation of Criticality Calculation Codes

As laid down in the safety code DIN 25471, criticality calculation codes used for burnup
credit have to comply with the requirements laid down in the standard DIN 25478 [7]. These
requirements are met if the criticality calculation code is validated against experimental mock-
ups or configurations which represent important features of the spent fuel storage racks and of
the spent fuel content.

It is accepted in Germany that - in addition to the evaluation of all the critical experiments on
different uranium and MOX systems, integral burnable absorbers, and experimental mock-ups
simulating storage racks [8] - the evaluation of reactor critical configurations [9-10] is a
cornerstone for the use of burnup credit, but there is also agreement that there is a lack of open
experimental data for higher initial enrichments and higher burnups. Therefore, German
nuclear power plants represented by VGB ("Technische Vereinigung der
GroBkraftwerksbetreiber") are participating in the REBUS programme [11]. For the same
reason Siemens has participated or is participating in different programmes like ARIANE [12]
or PROTEUS [13] for instance.

2.1.4. Evaluation of Reactivity Effects of Axial and Horizontal Burnup Profiles

No method is prescribed for the evaluation of reactivity effects of axial and horizontal burnup
profiles. It has to be shown, however, that the methods used for this purpose comply with the
following requirements:

1. The reactivity effect of axial burnup profiles (end effect) has to be evaluated on the basis
of a sufficient number of axial profiles which are characteristic of the plant of interest
and covering all the loading and operating strategies used,

2. Application of axial profiles from different plants is not allowed, unless the use of such
profiles can be justified,

3. It has to be shown that the model functions (e.g., step functions) used to represent the
axial profiles in the analysis does not result in an underestimation of the end effect,

4. The reactivity effect of horizontal profiles may be analyzed by using simple models
proven to be enveloping with respect to the reactivity effect of horizontal profiles.

2.1.5. Verification of the Loading Procedure

As laid down in the safety code DIN 25471, in accordance with the quality assurance (QA)
requirements established in the standards KTA1401 [14] and KTA 3602 [2] written
procedures shall be employed for the selection of fuel assemblies to be stored in the storage
racks designed for burnup credit including:

1. Determination by an authorized person of the burnup of each candidate for storage in
these racks,

2. Checking of the determination by an empowered person not involved in the initial
determination.

For the determination of the burnup of the fuel assemblies intended for storage in the racks
designed for burnup credit the following methods are acceptable:
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1. Maximum permissible fuel assembly neutron multiplication factors corresponding to the
minimum burnups required according the loading curve should be established, and a
measurement of the neutron multiplication factor of the fuel assemblies should be
performed to ensure that each assembly meets the loading curve,

2. Measurement of the burnup of the fuel assemblies should be performed to ensure that
each assembly meets the loading curve,

3. Determination of the burnup of the fuel assemblies based on the reactor records should
be performed to ensure that each assembly meets the loading curve.

For handling of fuel in borated spent fuel ponds burnup determination based on reactor
records without additional requirements is generally accepted, hi any case, as stated already in
section 2.1.1 the misloading event has to be excluded by virtue of the double contingency
principle: At least two unlikely, independent, and concurrent incidents are required to cause a
misloading event.

2.2. Revision of the Safety Standard KTA 3602

The working group set up to revise the safety standard KTA 3602 [2] has already reached
fully agreement in application of burnup credit and in which way the safety code DIN 25471
[1] should be indorsed by the standard KTA 3602. Links redirecting the user of the standard
KTA 3602 to the safety code DIN 25471 have been incorporated into the text of the standard
KTA 3602. hi addition the working group has updated the standard KTA 3602 in numerous
issues (e.g., introduction of a maximum allowable neutron multiplication factor of 0.98 for
unlikely or postulated accidental events with low risk) and discussed the acceptability of
partial boron credit for normal operation conditions in borated storage ponds.

3. BURNUP CREDIT FOR DRY-CASK TRANSPORT AND STORAGE OF LWR FUEL

Licensing evaluations of dry transport systems are based on the application of the IAEA
Safety Standards Series No.ST-1 [3].

There are no national regulations that prohibit application of burnup credit to dry-cask
transport and storage. However, because of the fact, that burnup credit for dry-cask transport
becomes more and more inevitable due to increasing initial enrichment of the fuel, and
because of the increasing importance of dry-cask storage in Germany, the necessity of giving
regulatory guidance on applying burnup credit to dry-cask transport and storage is seen. It is
planned, therefore, to work out criticality safety standards for burnup credit in dry-cask
transport and storage on the analogy of the safety standard DIN 25471.
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