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Abstract

A preliminary analysis of the concrete cask for the intermediate dry storage of the
spent fuel of NPP Krsko should include an estimation of the effective multiplication factor.
Assuming 16x16 fuel elements, 4.3% initial enrichment, 45 GWd/tU burnup and 10 years
cooling time, a concrete spent fuel cask capacity of 10 spent fuel assemblies is proposed. Fuel
assemblies are placed inside inner cavity in a "basket" - a boron (1%) doped steel structure.
Heavy concrete (25% Fe), 45 cm thick, is enclosed in a carbon steel shell. There is also a
stainless steel (SS304) lining of the storage cavity. Isotope inventory of the spent fuel after a
10 years cooling time is calculated using ORIGEN-S functional module of the SCALE-4.2
code package.

The effective multiplication factor keff of dry (helium filled) and wet (water filled)
cask for fresh and used fuel is calculated using CSAS4 Monte Carlo method based control
module of the same SCALE-4.2 code package. The obtained results of k ^ of the dry cask for
fresh and spent fuel are well below the required 0.95 value, but those for the water filled cask
are above this value. Therefore, several additional calculations of the keff varying the
thickness of a boral basket structure which had replaced the stainless steel one were done. It
turned out that at least a 1.5 cm thick boral wall was needed to meet the required 0 95 value
for

1. Introduction

In the paper |1| presented at the 2nd Regional Meeting "Nuclear Energy in Central
Europe" in Portoroz, Slovenia, we assumed that a intermediate dry storage could consist of
steel lined concrete cylinders containing 10 PWR fuel assemblies placed upright on concrete
pads in a storage facility, i.e. concrete building whose walls would provide additional
shielding. The main shielding and thermal parameters of such a cask were calculated. In this
paper we present an estimation of the effective multiplication factor for the same concrete
cask.
As the starting point of our calculations we agreed to choose steel lined heavy concrete cask
with the capacity of 10 fuel assemblies of NPP Krsko, 4.3% initial enrichment, burnup of 45
GWd/tU and 10 years cooling time. The fuel assemblies are placed inside inner cavity in a
"basket" - a boron doped steel structure. Heavy (25% Fe), boron doped (1% boron) concrete
is enclosed in a carbon steel shell. There is also stainless steel (SS304) lining of storage
cavity. The sketch of the cask is depicted on Fig. 1.

471



1. Cask lid (reinforced concrete)
2. Fuel assembly basket (borated steel)
3. Inner shell (2cm thick stainless steel)
4. Cask wall (reinforced concrete)
5. Outer shell (2cm thick carbon steel)

Fig. 1. Cask layout

Using functional module SAS2 of SCALE-4.2 modular code package |2|, isotope
inventory of the spent fuel, single reactor assembly thermal power, neutron and gamma
angular fluxes and dose rates at two points outside the concrete shield (wall) were calculated.
The SAS2 module performs both depletion (to generate source terms) and an one
dimensional radial transport shielding calculations of a cask (cylindrical) type geometry. The
required maximum surface dose rate of 2 mSv/h was obtained with 40 cm of heavy (boron
doped) concrete shield. To comply with the other condition, i.e. that the maximum dose rate
at 2 m distance from the cask surface must be lower then 0.1 mSv/h, at least 45 cm of heavy
concrete shield was required. Therefore, in the further calculation we were dealing with this
thickness. The inner cavity diameter of the assumed cask was 92 cm, the diameter of the
outside steel liner was 180 cm. The approximate mass of the loaded cask was 40 tons.

2. The CSAS4 control module of the SCALE-4.2 code system

The CSAS4 control module provides criticality safety analysis sequences available in
SCALE-4.2 - a modular code system for Standardized Computer Analyses for Licensing
Evaluation developed by Oak Ridge National Laboratory. SCALE-4.2 the improved version
of SCALE-4 was released in 1994. This version has been installed in the Faculty of Electrical
Engineering and Computing, Zagreb on an IBM workstation under the UNIX operating
system. CSAS4 is designed to perform a search utilizing the Monte Carlo Criticality code
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KENO-V.a. Related sequences can bypass the search and provide kcfT for the system being
analyzed. The effective multiplication factor ken- for the concrete cask has been calculated
using one of them - CSAS25. It runs BONAMI, N1TAWL and KENO-V.a functional
modules, generates a working format cross-section library, a MORSE/KENO mixture cross-
section library and executes KENO-V.a to calculate ^ for the system.

3. The effective multiplication factor calculation

The effective multiplication factor keff of helium filled and water filled cask is
calculated. The calculation is performed for two options - without and with burnup credit.

The Latticecell geometry description is used, with a fuel assembly and surrounding
element of boron doped stainless steel basket as a unit of the lattice. Latticecell, is used when
the geometry can be described as a lattice.The cross section of the cask, a fuel assembly and a
unit representing a fuel rod (or water hole) is depicted in Fig. 2. Each assembly is a PWR
16x16 array of fuel rods with water holes. Each assembly is contained in 1% borated SS304
stainless steel basket structure. Each fuel rod is clad with zircalloy. The main relevant
dimensions and parameters used in calculations of k f̂ are presented in Table 1. The
composition of fissile material in the fresh (4.3% enriched) and in the spent (45 GWd/tU) fuel
are presented in Table 2. and 3. There are 4186 grams of plutonium isotopes per fuel
assembly in the spent, ten years cooled fuel.

Table 1. Main fuel and fuel assembly parameters

Fuel assembly
Number of fuel rods

Number of water (helium) holes
Number of instrumentation holes

Fuel pellet diameter (cm)
Zircalloy clad thickness (cm)

Lattice pitch (cm)
Inner diameter of a fuel rod (cm)
Outer diameter of a fuel rod (cm)

Active height of fuel (cm)
Width of a fuel assembly (cm)

SS304 basket wall thickness (cm)
Fresh fuel temperature (K/°C)
Spent fuel temperature (K/°C)

PWR 16x16
235
20
1

0.8192
0.0572
1.232

0.8356
0.95

365.76
19.72
0.5

293/20
368/95
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A. Fuel rod or water hole unit
cell

B. Fuel assembly
C. Cask
1. Fuel rod
2. Fuel clading
3. Fuel assembly basket
4. Water (or helium)
5. Inner shell

6. Cask wall

7. Outer shell

Fig. 2. Cross-section of the cask, fuel assembly and the unit cell

Table 2. Fresh fuel (4.3% enriched) composition of Uranium

Uranium isotope

*5U
236U

Weight fraction (%)
0.036
4.304
0.002
95.658

Among the five different SCALE cross-section libraries the 27-group ENDF/B-IV library
was chosen for the keff calculation. The library has 14 fast groups and 13 thermal groups
below 3 eV. It is conceived as a general purpose criticality analysis library and has been
extensively validated against critical experiments.
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Table 3. Composition of Uranium and Plutonium isotopes in spent fijel (45 GWd/tU burnup)

Isotope

234U

2 3 5 u
H6U
238U

238Pu
239Pu
240Pu
241Pu
242Pu

Relative weight
fraction (%)

0.022
0.975
0.606
98.397

2.96
58.3
19.1
12
7.6

Effective multiplication factor calculation was started with a series of CSAS runs with 103
neutron generations varying the number of neutrons of each generation and observing
standard deviations associated to each calculated keff. With the increasing number of histories
they have been decreasing, reaching a practical minimum at about 2100 histories per
generation. That number of histories was chosen for all further calculations.
Results of keff calculation for all four cases are presented in Table 4. Standard criticality
criterion for transport or storage casks requires keff < 0.95. As could be expected, both
helium filled systems have keff well below that value.

Table 4. Results of CSAS25 calculations of keff (water and helium filled casks, SS304 - 1%
borated, 0.5 cm thick basket structure)

Cask
Water filled

Helium filled

Water filled

Helium filled

Fuel
fresh, 4 .3%

enriched
fresh, 4 .3%

enriched
used, 45 GWd/tU

burnup
used, 45 GWd/tU

burnup

keff

1.242

0.514

1.011

0.324

Standard deviation
0.0031

0.0032

0.0050

0.0032

But, both water filled cask are critical. The most practical way to reduce keff is to increase
boron component in the system. Obviously, SS304 steel 1% boron enriched fuel assembly
basket material did not contain enough boron for that purpose.
Amongst several possibilities to increase boron content in the cask, replacing stainless steel
basket structure with a similar one made of boral, seemed very convenient |3|. Boral,
containing 33% B4C (boron carbide) and 67% Al (aluminum) has a high boron content. It is
necessary to provide a protective stainless steel layer on outer surfaces. Therefore, we in our
additional calculations supposed fuel assembly basket made of boral lined with 1 mm stainless
steel layer on both surfaces. Several calculations with increasing boral thickness had been
made, until the obtained kcir value for fresh fuel was below 0.95. This required boral basket
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wall of 1.5 cm thickness. Results of kcfr calculation for water filled cask loaded with fresh
(4.3% enriched) and spent (45 GWd/tU burnup) fuel are shown in Table 5.

Table 5. Results of CSAS25 - ken- calculations (boral basket structure)

Cask
Water filled

Water filled

Fuel
fresh, 4.3%

enriched
spent, 45 GWd/tU

keff

0.9298

0.7414

Standard deviation
0.0016

0.00455

4. Conclusion

The effective multiplication factor keff for helium and water filled spent fuel storage
cask is calculated using the CSAS4 Monte Carlo control module of the SCALE-4.2 code
package. Calculation were made for fresh (4.3% enriched) and spent (45 GWd/tU) fuel.
Capacity of the reinforced concrete cask was 10 16x16 PWR fuel assemblies placed inside
borated (1%) stainless steel basket. The results showed that supposed cask when filled with
water would be critical with and without bumup credit. One way to reduce keff below 0.95
value was replacing stainless steel basket with stainless steel coated boral basket. Additional
calculations showed that to comply with the keff < 0.95 request in the most conservative case
(water filled cask without burnup credit), the thickness of the boral basket structure should be
1.5 cm.
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