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ABSTRACT

Results of calculation of the main parameters of a heavy concrete cask with 10
fuel assemblies, designed for dry storage of spent fuel in NPP Krsko are
presented. Thermal load and heat conduction trough the concrete walls of a cask
were calculated. The overall dimension an the thickness of the walls of the storage
facility were determined by calculating the dose rate inside and outside the
storage building.

1. INTRODUCTORY CONSIDERATION

In the paper "Conceptual Study of an Intermediate Spent Fuel Storage at the NPP Krsko
Site", presented at the First Meeting of the Nuclear Society of Slovenia, 1992 11 I, we
assumed that such a storage would consist of steel lined concrete cylinders containing
21 PWR fuel assemblies placed upright on concrete pads in a restricted access area.
Calculations of dose rates at the boundary site showed that such "open storage" would
require a rather large exclusion zone of at least 500x500 m area. Furthermore, thermal
power of 21 spent fuel assemblies is too big to be taken away by natural conduction
through thick concrete casks walls without damaging the inner concrete layer. It seemed
appropriate to take into consideration a different approach: less spent fuel assemblies in
one concrete cask, thinner concrete walls and the accommodation of the casks in a
storage facility i.e. concrete building whose walls would provide additional shielding. We
consider that an on site spent fuel storage must satisfy the following conditions:

- dose rate level to general public at the fence below 0.25 mSv/y,

- maximum dose rate level at the outside wall surface of the storage facility around 1
mSv/y,

- 2 mSv/h as the maximum surface dose rate of single cask.

As the starting point of our calculations we agreed to choose steel lined heavy
concrete cask, 4 .1% initial enrichment of the fuel, burnup of 45 GWd/tU and 10 years
cooling time.
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2. SPENT FUEL STORAGE CASK PARAMETERS
We assumed 10 fuel assemblies from NPP Krsko as the cask capacity. They are placed
inside inner cavity in a "basket" - a boron doped steel structure. Heavy concrete ( 25%
Fe ), doped with boron ( 1% B ) is enclosed in a carbon steel shell. There is also
stainless steel (SS 304) lining of storage cavity. The cross section of the cask is depicted
on Fig. 1.

OUTER SHELL Fe (2 cm)

HEAVY CONCRETE (25% Fe - 40 cm)

BASKET FOR POSITIONING
OF THE FUEL ASSEMBLIES
( boron doped steel)

INNER SHELL
(stainless steel - 2 cm)

Figure 1. Cross section of the concrete cask.

Using functional module SAS2 of SCALE 4 modular code package 12 I, isotope
inventory of the spent fuel, single fuel 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 reference points are on the half height of the cask, at the contact and 2 m from
the surface. Neutron and gamma angular fluxes and dose rates vs. energy at the contact
of the cask are presented on Fig. 2 and 3. There are 27 neutron and 18 gamma energy
groups. Flux - dose rate conversion is based on the standard ANSI conversion factors.
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Figure 2. Neutron flux and
dose rates vs. energy at the
contact of the cask.
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Figure 3. Gamma flux and
dose rates vs. energy at the
contact of the cask.
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Figure 4. Gamma dose rate
vs. thickness of the heavy
concrete shell.

Figure 5. Neutron dose rate
vs. thickness of the heavy
concrete shell.
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The results of the calculation of total gamma and neutron dose rate vs. the thickness
of the heavy concrete shell of the cask are presented on Fig. 4 and 5. It can be seen that
the gamma dose rate is approximately two order of magnitude higher than the neutron
dose rate. The required maximum surface dose rate of 2 mSv/h was obtained with 40 cm
of heavy (boron doped) concrete shield (p = 3.77 g/cm3,1 % boron). Therefore, in all our
further calculations 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 a loaded cask would be 40 tons.

3. THERMAL CALCULATIONS

The calculation of the residual thermal power generated in a single fuel assembly
immediately after shutdown of the reactor, after 5 and 10 years of cooling time has been
performed using the ORIGEN module of SCALE 4 modular code package. The
calculation has been performed separately for the light elements, the actinides and the
fission products. The total residual thermal power generated in a single fuel assembly
vs. the cooling time is given in the Table 1.

Cooling time

Total power ( W )

0 years

913570

5 years

1139

10 years

731

Table 1. Total residual thermal power of a single fuel assembly of NPP Krgko (4,1% enrichment, 45
GWd/tU bumup).

Considering 10 fuel assemblies as the capacity of the cask, the total thermal power
generated inside it, for the spent fuel cooled 10 years, would be 7.3 kW. The calculation
of the residual thermal power conduction to the surrounding air by passive system has
been performed using EMRC NISAII/DISPLAY III code package 131.

In our a bit simplified model we have used the following assumptions:

- the cask has the form of a hollow cylinder, 5 m high, with inner radius of 46 cm,

- the wall of the cask consists of stainless steel inner shell (2 cm thick), heavy
concrete (40 cm thick) and outer carbon steel shell (2 cm thick),

- on the top of the cask there is a heavy concrete cylindrical plug with a diameter of
1.8 m and a height of 0.5 m. On the bottom there is a 50 cm thick layer of concrete
(Fig. 6),

- the cask is surrounded by air with constant temperature of 35°C. The bottom plug is
in contact with a i m high concrete pad. The temperature of the lower end of the
pad is 35°C,

- the total residual thermal power is conducted through the inner shell by a constant
thermal flux of 567 W/m2.
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Figure 6. Thermal calculation model of the cask.

Two different types of cask have been considered. One is without any passive
system of heat conducting, another has a simple heat pipe consisting of 2 cm thick
aluminum shell in contact with inner stainless steel shell along 3.6 m. The aluminum
shell from that point expands in a funnel shape and touches outer carbon steel along 0.5
m (Fig. 6).
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Figure 7. Graphical representation of the residual power conduction calculation for the cask with the
heat pipe.
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The result of the residual power conduction calculation for the cask with the heat
pipe is depicted in Fig. 7. The temperature of the hottest area of the inner cavity of the
cask without and with the passive system was 122°C and 113°C, respectively.

4. STORAGE DOSE RATE CALCULATIONS

The estimated capacity of the intermediate spent fuel storage for the NPP Krsko is 1400
fuel assemblies, i.e. 140 casks. Assuming the distance of 3m between the centres of the
casks placed inside the building of the storage facility, the overall dimensions of the
building are 42 x 30 m. The dose rates inside and outside the building were calculated
using modified QAD-CGGP code U l .

The modification of the QAD code has enabled calculation of dose rate from many
volume sources including selfshielding. The modified point kernel QAD code performs
the calculation of the total dose rate at any number of receiver ( detector) points by
adding up all the single cask dose rates. That means a series of calculations in which in
one step one cask represents the source and all the others together with the walls of the
storage facility represent shielding. In the next step the role of the source plays the next
cask and so on. We have performed only gamma dose rate calculations for two reasons:
gamma dose rate is two orders of magnitude higher than the neutron one and the point
kernel QAD code gives very approximate results in neutron calculation. In order to adapt
the results of the SAS-2 calculation of the gamma angular flux at the surface of a single
cask to the input of QAD code, we have made several approximations.

- a casks as the source of gamma radiation is represented as a source without
selfshielding in which gamma rays are born at rate which gives the SAS-2
calculated gamma flux at the surface,

- a cask when presents a shield is a homogeneous cylinder in which all the elements
are represented by their partial densities,

- the gamma energy spectrum is reduced from 18 to 5 prominent energy groups.

The dose rate was calculated at 16 detector points - depicted in Fig. 8.
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Figure 8. Sixteen detector positions - points of dose rate calculations.
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In our calculation we have varied the thickness of the storage facility concrete wall.

For the maximum dose rate at the contact (the outside wall) to be less than 1 mSv/y at

least 70 cm thick concrete wall of the building is demanded. The dose rates at 16

detector positions are presented in Table 2. The dose rates as the function of the

distance from the facility are shown in Fig. 9.

DETECTOR NUMBER

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

14.

15.

16.

DOSE RATE (mSv/h)

8.256

8.167

8.022

4.641

2.581

4.439

1.047*10""

5.555* 10'5

3.339*10"5

1.491*10"5

33i3*W6 ;

1.157*10""

6.087* 10'5

3.157*10"s

1.459*10"5

3.138*10^

DOSE RATE fmSv/y)

7.232*10"

7.154*10"

7.027* 10"

4.066*10"

2.261*10"

3.889*10"

0.917

0.487

0.293

0.131

0.029

1.014

0.533

0.308

0.128

0.028

Table 2. Dose rates at 16 detector positions for the storage building wall thickness of 70 cm.
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Figure 9. Dose rates as the function of the distance from storage building.
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5. CONCLUSIONS

A concrete spent fuel cask capacity of 10 spent fuel assemblies of NPP Krsko (45
GWd/tU bumup, 4.1% initial enrichment, 10 years cooling time) to have maximum
contact dose rate of 2 mSv/h should have 40 cm thick heavy concrete shell. The
temperature of the hottest area of the inner cavity would be around 120°C. The building
of the storage facility with the capacity of 140 fully loaded casks should have 70 cm thick
concrete walls to meet the requirement for maximum 1 mSv/y contact dose rate. In spite
of the approximations we made and the neglection of neutron contribution, we expect
that our calculations are still on the conservative side due to a gradual loading of the
storage.

6. LITERATURE

H I M. Bace, D. Grgic, V. Knapp, D. Pevec, Conceptual Study of an
intermediate Spent Fuel Storage at the NPP Krsko site, Int. Meeting of the
Nuclear Society of Slovenia, 1992.

12 I SCALE- A Modular Code System for Performing Standardized Computer
Analyses for Licensing Evaluation, NUREG/CR-0200, Rev. 4
(ORNL/NUREG/CSD-2R4), Vol. I, II, and III (draft February 1990). Radiation
Shielding Information Centre at Oak Ridge National Laboratory.

131 EMRC NISA II/DISPLAY III, User manual, Engineering Mechanics
Research Corporation, Troy, Michigan, Vers. 91.0 April 1993.

| 4 | QAD-CGGP: A Combinatorial Geometry Version of QAD-P5A, A Point
Kernel Code System for Neutron and Gamma-Ray Shielding, Information Centre
at Oak Ridge National Laboratory.

3 6 2 Nuclear Energy in Central Europe, Portoroi, Slovenia, 11.-14. September 1995


