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Abstract

The article concerns implementation of burnup credit in spent fuel storage and transportation, some of the
problems with increased enrichment fuel can be resolved by use of modified transport methodology, such as
shipping in gas-filled casks only, reduced number of assemblies in casks, etc. However, the use of modified
schemes of transportation results in essential financial losses. An actinide-only burnup credit is taken into account
in most part of criticality calculations, and a parameter limiting loading of spent fuel in the cask or the repository
is the avenge value of burnup on an assembly. The main method of burnup depth definition is its defect
measurement. A short description of devices for measurement as well as some technical results of suing burnup
credit approach in storage and transport are given.

1. INTRODUCTION

The development of the nuclear industry in most countries of the world demands:
• an increase of the initial fuel enrichment for operating and projected NPPs;
• an increase in spent nuclear fuel (SNF) storage and cask capacity;
• a stricter approach in the safety analysis of casks and storage facilities.

The criticality problem for such demand can be solved by using solid neutron absorbers.
Absorbers, such as boron, gadolinium, etc. can be mixed with the steel of the baskets. This practice is
rather widely used, though it involves considerable materials and financial costs. Recently, the
possibility of solving the problem through application of burnup credit is discussed in Russia and
other countries.

2. CASK DESCRIPTION

There are four types of casks frequently used for NPP spent fuel transportation in Russia. These
are specified as TK-6, TK-10, TK-11 and TK-13.

The TK-6 cask is designed for transporting thirty assemblies from the WWER-440 by rail. It is
a thick walled forged flask weighting more then 78 tones. The cask walls, bottom and lid protect
against ionizing radiation and no special neutron shielding is provided. Fuel decay heat is removed by
natural convection and radiation from the cask outer surface which contains many ribs. The inner
cavity of the cask may be filled with either gas or water.

The TK-10 is intended to transport six assemblies from the WWER-1000, WWER-500 or ACT-
500 by rail. It is manufactured as a thick-wall forged steel flask, on the outer side of which there is a
liquid neutron shielding of ethylene glycol (67%) mixed with water. Residual decay heat is removed
by natural convection and radiation from the cask smooth outer surface.

The TK-11 cask may be used for transportation of fifty-one assemblies from the RBMK-1000
or thirty-five assemblies from the BN reactor by rail. It also can be used for transporting fuel
assemblies from the WWER-440 and RBMK-1500. This cask is similar to the TK-6 by design and
safety parameters.

The TK-13 cask is designed for transporting twelve assemblies from the WWER-1000 or
twelve assemblies from the ACT-500 by railway. The cask basic construction is a forged steel flask
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with external neutron shielding of ethylene glycol (67%) mixed with water. Decay heat is dissipated
from a smooth outer surface of the cask by natural convection and radiation.

Some technical characteristics of the casks are given in Table I.

3. OPPORTUNITIES TAKEN FROM THE MODIFIED TRANSPORT METHODOLOGY

In accordance with the advanced programme for safe operation of RBMK power plants, the
maximum fuel enrichment was increased from 2.0% to 2.4% which resulted in fuel burnup increase to
about 28 GWd/tU. Transportation of such fuel in the TK-11 casks necessitates a change in the
transport procedure:

• For assuring nuclear safety and a permissible pressure in the cask cavity under emergency
conditions, transportation should be made in gas-filled casks only;

• Meanwhile, radiation shielding becomes the principal limiting factor. Spent fuel with an initial
enrichment of 2.0% and burnup of 22 GWd/tU can be transported only after being cooled for
not less than 8 years. As for spent fuel initially enriched to 2.4% and with a burnup of 28.5
GWd/tU, the dose rate outside the shielding exceeds the standard value, even though the fuel is
cooled for 15 years. In this case, the number of fuel assemblies loaded into TK-11 casks has to
be reduced; for example, it is possible to load 15 assemblies (being cooled for 8 years) in the
cask, without violation of the safety requirements, instead of the planned 51 assemblies. For
higher burnup fuel a new cask should be developed or a reactor storage facility built.

To improve the economics, some nuclear power plants with WWERs-440 intend to use fuel
with 4.4% enrichment. In this case, as seen from the experience of Kolskaya NPP (KOLA NPP), the
fuel burnup can reach 50 GWd/tU. Such fuel can be transported in TK-6 casks, only in the water-
filled cask, and its full loading is not permissible according to both criticality and radiation protection
requirements. The problem can be solved by replacing the outer row of fuel assemblies with dummy
assemblies, which will serve as an additional shield and supersede excess water. The cask loading, in
this case, reduces to 18 fuel assemblies instead of 30. In some instances, transportation of fuel, cooled
for less than the design period, is required. Such conditions can arise when the schedule for fuel
dispatch to the reprocessing plant is changed or when a NPP is decommissioned ahead of schedule, as
the Armenian NPP for example.

As for the TK-6 cask, a system for optimizing the loading of baskets was developed. The
system is based on sorting out the fuel assemblies to be loaded in the cask with burnup below 40
GWd/tU, or by reducing their number for loading. An increase in total heat release for full loaded
casks up to 15 kW instead of 12 kW, proves to be a possibility for transportation in winter-time.

Similar recommendations for transportation of WWER spent fuel with a relatively shorter
cooling period as compared to the designed one, are developed to fit the TK-10 and TK-13 casks.
According to experimental data, the cask shield is well within the safety margins, and the limiting
factor is the cask design capacity for decay heat to be dissipated. For example, assemblies with initial
fuel enrichment below 4.4%, which are used under reactor start-up conditions without extended
burnups, can be transported when the fuel cooling time is shorter than designed. Furthermore, the
radiation safety requirements are met, if the decay heat from all assemblies do not exceed 13 kW for a
TK-10 cask and 20 kW for a TK-13 cask. However , use of the modified scheme of transportation
results in essential financial losses. From this point of view the application of the scheme based on the
use of burnup credit is more favorable.
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TABLE I. SPENT FUEL PACKAGE CHARACTERISTICS

CASK

FUEL
Type of fuel

Initial enrichment
Number of sssemblies
Average burnup
Cooling time
Maximum decay heat
Loaded fuel

CAVITY
Diameter
Length in cask
Coolant in cask
Pressure in cask

SHIELDING
Y shield mat.
Thickness of y s. mat.
y dose rate 2 m from
side surface
Neutron shield
material

Thickness of shielding
Neutron dose rate 2 m
from side surface

DIMENSIONS
Outside diameter
Length of cask
Mode of surface

Cask shape

Transport means

Empty weight

wt%

GWd/tU
years
kW/pack
tU/pack

cm
cm

atm.

cm

mrem/h

cm

mrem/h

cm
cm

t

TK-6

WWER-
440
3.6
30

20/28
3

8/12
3.6

147.5
348

gas/water
1.66/2.5

steel
36

4 / 3
water

4/2.6

219.5
410.5
steel
fins

vertical
cylinder
railway,

truck
76.5

TK-10

WWER-
1000
4.4
6

42
3
13
2.6

100
503

water
2.5

steel
38

2
water +
ethylene
glycol

12

0.4

200
613

smooth
surface

horizontal
cylinder
railway,

truck
84

TK-11

RBMK-
1000

2
51
20
3

10.3
5.9

BN-600

33
35
80
3

10.7
1.0

148.5
379
gas
2

steel
36

4 3

3 1

219.5
445.5

steel fins

vertical cylinder

railway, truck

86.5

TK-13

VVWER-
1000
4.4
12
42
3

20
5.2

ACT-500

2
12
15
3

20
4.8

132
495.5
gas
1.66

steel
36

5.6 1.6
water +

ethylene glycol

12.7

1 0.02

229.5
600.0

smooth surface

horizontal cylinder

railway, truck

106

4. APPLICATION OF BURNUP CREDIT FOR SPENT FUEL MANAGEMENT

4.1. Criticality calculations

The majority of the codes for isotope composition calculations of the spent fuel provide a low
accuracy of the fission products concentration. Therefore in criticality calculations an actinide only
burnup credit is taken into account. Actinide only burnup credit is a form of partial burnup credit that
accounts for the changes in actinide isotopes due to exposure in the reactor, but ignores the reduction
in reactivity caused by fission products that are neutron absorbers. The following isotopes are
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considered in actinide only burnup credit: uranium-235, -238 and plutonium-239, -240, -241. The
concentrations of fissile isotopes (U-235, Pu-239, Pu-241) are increased by an estimated error, and the
values of thermal neutron absorbers (U-238 and Pu-240) concentrations are decreased by a similar
error.

The parameter limiting the loading of spent fuel casks, is the average value of the burnup of the
assemblies. The reactivity, caused by the non-uniform burnup over the length of the assembly, can be
both positive and negative. Therefore, in criticality calculations of the cask all possible burnup
distributions over the length of the fuel assembly are considered.

4.2. Definition of spent fuel burnup

The main problem in cask loading and in the design of storage facilities with allowance for
burnup credit is the definition of excess of the allowable k«ff value, because of uncertainties in the
spent fuel burnup. Careful documentation of fuel histories, calculational methods and data of in-core
reactor measurements cannot give an accurate value of the burnup and its axial distribution.
Therefore, the main method of measurement of burnup is its direct measurement. Here preference is
given to the methods based on measurement of the neutron and photon radiation of the spent fuel (a
passive method).

Criticality safety analyses for transportation of WWER-440 assemblies with initial enrichment
of 4,4 % in the TK-6 cask have established, that the burnup should not be less than 25 GWd/tU. The
device for burnup measurement FAMOS-III was developed, made and delivered to the Kola NPP by
NUKEM (GERMANY). The device had passed tests under real conditions, was certified by a
commission of the Ministry for Atomic Energy and is recommended for application.

In Russia, a similar device is developed by " Khlopkin Radium Institute " and IPPE (Obninsk).
The device was tested at the NPPs of New Voronezh, Kozloduy (Bulgaria) and Leningrad. The error
in the measurement of the concentrations of the isotopes Cm-244, Ru-106 and Rh-106 was about 5%
and of the average burnup 10 % for spent fuel with a cooling time not less than 3 years. There is an
experimental device for bumup checking under development by a method of multiplication factor
measurement in an assembly (active method).

4.3. Organizational measures

Research conducted in various countries has shown, that the largest mistakes in using burnup
credit for transport casks are the mistakes made by staff during unloading of the spent fuel. The
loading of not specified assemblies can be the result of two independent events: a mistake in the
preparation of the loading documentation and an error during the loading of the cask.

To avoid the indicated mistakes the following measures are accepted:
• the quality of the documentation system is checked periodically;
• the records of each check are carried out;
• the records about the history of an assembly site and its burnup are kept during the whole storage

period;
• the selection of fuel assemblies for transportation is established separately from main bulk of

assemblies;
• a periodic training of responsible staff for fuel identification is carried out;
• allocation of places for an arrangement of fuel assemblies with low burnup.
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4.4 Increasing Spent Fuel Storage Capacity

This problem has become more urgent in connection with the decision taken not to reprocess
RBMK spent fuel and, consequently, the long-term spent fuel storage in quantities exceeding the
storage capacities available. At present, densification of interim storage is suggested to be increased
1.5-2.0 times. The principal limiting factor for the design and densification rate to be chosen is a
nuclear safety requirement.

Design studies conducted at the Physics-Power Institute (IPPE), Obninsk, showed that even
though the 1986 decision on increasing initial fuel enrichment up to 2.4% being considered, burnup
taken as a nuclear safety parameter allows to overcome the problem of densified RBMK fuel storage
without using solid neutron absorbers. Consideration was given to various fuel assembly arrangement
pitches adopted in storage projects and planned for their being densified: 250x160 mm, 230x110 mm,
250x80 mm (canister storage), 125x110 mm, 115x110 mm (storage without canisters). The analysis
shows that, with any fuel arrangement pitches planned and even under emergency situations, the
multiplication factor for an infinite lattice of assemblies does not exceed the value of 0.95, under the
condition that the fuel is stored in canisters and its burnup exceeds 10 GWd/tU (which corresponds to
the average burnup of the first-year fuel campaign). If the fuel is stored without canisters, the burnup
should be not less than 21 GWd/tU.

During development of an additional storage project for the Ignalina NPP, the justification of
criticality safety was fulfilled for the densified spent fuel storage without canisters and with a lattice
of 136x136x112 mm, with initial enrichment of 2 % and with the assumption of absence of burnup.
Under normal cooling conditions of this storage project, the multiplication factor is equal to 0.788 for
such lattice. As design failure raising reactivity in the pool, the failure of system of cooling downturn
of water density is considered. k<.ff for such situation is equal to 0.96. This result does not meet the
requirements of criticality safety. Taking into account a minimal burnup (2.5 GW-d/tU) the result is a
keff < 0.93, which meets the criticality safety requirements. The project of the densified spent fuel
storage with burnup credit was agreed by the supervision body of Lithuania and is implemented for
the Ignalina NPP.

Assemblies, which have burnup less than 2.5 GWd/tU, are as a rule discharged from the
reactor by results of leak test and are stored in tight canisters within a lattice 250x160 mm. The
planning for reloading the fuel of the Ignalia NPP (a RBMK-1500) is carried out with the help of the
code "PLANER". The code "STEPAN-R" is introduced for selection of "candidate" assemblies for
reloading. The average burnup for normally discharged assemblies is about 14.4 GWd/tU.
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