
International Conference
Nuclear Energy in Central Europe 2001
Hoteli Bernardin, Portorož, Slovenia, September 10-13, 2001
www: http://www.drustvo-js.si/port2001/ e-mail:PORT2001@ijs.si
tel.:+ 386 1 588 5247, + 386 1 588 5311 fax:+ 386 1 561 2335
Nuclear Society of Slovenia, PORT2001, Jamova 39, SI-1000 Ljubljana, Slovenia

112.1

EVALUATION OF A MULTISOURCE OPTION INTRODUCED
INTO QAD-CGGP CODE

Mile Baće, Krešimir Trontl, Davor Grgić
Faculty of Electrical Engineering and Computing

University of Zagreb
Unska 3, 10000 Zagreb, Croatia

mile.bace@fer.hr, kresimir.trontl@fer.hr, davor.grgic@fer.hr

ABSTRACT

In order to increase the possibilities of QAD-CGGP code by widening the code's
application field a uniform multisource option has been introduced into the code. An
additional option has been added concerning the self absorption in the particular source body,
allowing the user to turn it off. That option could be useful in the case of preexisting precise
values of flux and spectrum at the source body surface. The preliminary evaluation of the
modified code has been performed on a model of a medium dry storage facility. Radiation
dose rates obtained by the modified multisource QAD-CGGP were compared to radiation
dose rates calculated using the original QAD-CGGP code and a number of approximations.

1 INTRODUCTION

QAD-CGGP[1] is a member of a well-known family of point-kernel codes, developed
by Los Alamos Scientific Laboratory, and is routinely used for engineering calculations of
neutron and gamma ray penetration through various shield configurations. CGGP version
comprises two important additions: combinatorial geometry (CG) description option and a
geometric progression (GP) fitting function for the determination of gamma-ray buildup
factor.

QAD-CGGP code geometrical source definition is limited on a single body. Usage of
QAD-CGGP code on multisource problems is therefore extremely time-consuming. It calls
for manual superposition of radiation dose rates from different sources on a particular detector
location.

It is the aim of this paper to introduce a uniform multisource option into the code, in
order to increase the applicability of QAD-CGGP. A uniform multisource option means that
the source bodies must have the same shape and source strength. An additional option has
been added concerning the self absorption in the source body, allowing the user to turn off the
attenuation calculation inside the source body. That option could be useful in the case that
more precise measurements or calculations of the gamma flux at the source surface exist. The
evaluation of the modified code has been performed on a model of a medium dry storage
facility. Radiation dose rates obtained by a modified, multisource QAD-CGGP were
compared to radiation dose rates calculated using the original QAD-CGGP code in three
different manners: homogenization of the complete cask area, cask row representation by a
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single homogenized wall, and manual superposition of the radiation dose rates from each cask
on a particular detector location.

A description of the changes made to QAD-CGGP source is given in Section 2. A
model of a dry storage facility is described in Section 3. Results of the evaluation procedure
are presented in Section 4. Summary and conclusions are given in Section 5.

2 MODIFICATIONS OF THE QAD-CGGP CODE

QAD-CGGP represents a single source volume by a number of point isotropic sources
and computes the line of sight distance from each of them to the detector. Based on path
lengths through different material regions from source to detector, both material and geometry
attenuation are determined, as well as buildup factor value for the particular source. At the
detector position contributions from all the source points are summed up to give scalar flux of
the uncollided beams for every energy group. By means of buildup and flux-dose rate
conversion factors, dose rate at the detector position are calculated.

The introduction of a multisource option into the code was accomplished by adding a
"source loop". The loop passes through each source, treating it as a single one (all others are
treated as shields) and adding its contribution to the total sum. In the case that the additional
option of neglecting the source body attenuation is being activated, the processing source
body is treated as a void, while all the others are treated normally.

To enable the described procedure, additional input parameters are needed: number of
sources, their locations and whether or not the neglecting self absorption option is activated.

Simplified flowchart of the modified QAD-CGGP is depicted in Figure 1.

Figure 1: Simplified flowchart of the modified QAD-CGGP code
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3 MODEL OF A DRY STORAGE FACILITY

The evaluation of the modified QAD-CGGP has been performed on a model of a dry
storage facility in order to fully test the multisource option, as well as to define the possible
range of application.

The total capacity for a medium sized dry storage facility has been estimated to around
1400 spent fuel assemblies. With the capacity of 10 fuel assemblies per cask, the dry storage
facility would have to contain 140 casks. Using the results of previous cask analyses[2], a
reinforced concrete cask, 2.08 m in diameter, with a 52 cm thick concrete shield sandwiched
between two steel plates (stainless steel SS304 as the inner layer and carbon steel as the outer
layer) has been chosen. To satisfy economic needs and still allow easy manipulation of the
cask we set the distance between the cask to 1.42 m, thus obtaining the cask pitch of 3.5 m.
Therefore, with a 14×10 cask configuration in the storage, the inner dimensions of the storage
are 49×35 m. The cask field is surrounded by a wall made out of regular concrete. The
thickness of the wall has been set to 75 cm, based on our previous analyses[2]. The simplified
model of the dry storage facility with the simulated detector locations is depicted in Figure 2.
Detector 1 is positioned in the middle of the storage, and detectors 2 and 3 are placed 7 m
from the detector 1. Detectors 4 and 6 are placed at the surface of the surrounding wall and
detectors 5 and 7 at the 2 m distance from the wall.

Figure 2: Simplified model of the dry storage facility

The radiation source of the dry storage facility, used for modified QAD-CGGP
evaluation, has been determined by the ORIGEN2-PC[3] code and by ORIGEN-S module of
the SAS2H sequence of the SCALE code package[4]. SAS2H sequence provides gamma flux
at the cask surface. Two source spectra were calculated in order to provide more accuracy
during gamma dose rate calculations with QAD-CGGP. Since QAD-CGGP is generally more
conservative than SAS2H, an overestimate in QAD-CGGP dose rate can be reduced by using
gamma spectrum at the cask surface obtained by SAS2H sequence. We assumed 4.304 w/o U-
235 enrichment of the fresh fuel, total burnup of 45000 MWd/tU, a cooling period of 10
years, and the total mass of the fuel in a fresh fuel assembly to be 412 kg of uranium (cca. 467
kg of UO2) with the density of 10.41 g/cm3 (95% of theoretical density). Average
concentrations of the main uranium and plutonium isotopes in spent fuel and photon spectrum
per assembly are given in Table 1 and 2, respectively.
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Table 1: Average concentrations of U and Pu isotopes in spent fuel

Isotopes Mass
(g/assembly)

Isotopes Mass
(g/assembly)

234U 8.27⋅101 (0.024 w/o) 238Pu 1.24⋅102

235U 3.58⋅103 (0.968 w/o) 239Pu 2.56⋅103

236U 2.25⋅103 (0.608 w/o) 240Pu 7.98⋅102

238U 3.64⋅105 (98.400 w/o) 241Pu 5.22⋅102

242Pu 3.03⋅102

Table 2: Gamma source spectrum

Gr. Group limits
(MeV)

Source
(photons/s/assembly)

ORIGEN2-PC

Source (photons/s/cask)
ORIGEN-S;SAS2H

(cask surface)
1 8.000-10.000 1.2528⋅105 3.696⋅105

2 6.500-8.000 5.9009⋅105 4.088⋅106

3 5.000-8.000 3.0084⋅106 2.438⋅106

4 4.000-5.000 7.4969⋅106 1.968⋅106

5 3.000-4.000 3.5155⋅108 2.533⋅106

6 2.500-3.000 3.2003⋅109 1.869⋅106

7 2.000-2.500 4.6676⋅1010 4.632⋅106

8 1.660-2.000 1.1567⋅1011 5.563⋅106

9 1.330-1.660 3.0895⋅1013 2.050⋅108

10 1.000-1.330 1.5131⋅1014 5.513⋅108

11 0.800-1.000 9.3862⋅1013 5.067⋅108

12 0.600-0.800 1.6001⋅1015 8.028⋅108

13 0.400-0.800 1.5715⋅1014 1.246⋅109

14 0.300-0.400 3.3674⋅1013 8.017⋅108

15 0.200-0.300 5.4622⋅1013 8.938⋅108

16 0.100-0.200 1.9545⋅1014 5.728⋅108

17 0.050-0.100 2.5334⋅1014 1.569⋅107

18 0.010-0.050 8.9103⋅1014 2.196⋅103

TOTAL 3.4615⋅1015 5.619⋅109

4 RESULTS AND COMPARISON

Calculation of radiation dose rates of multiple source problems is possible in original
QAD-CGGP only by applying a number of approximations.

In the case of densely packed uniform radiation sources one would expect that
homogenization of the complete source region would result in fairly accurate radiation dose
rates. When every particular source body comprises of a gamma source embedded in a shield,
as is in our case, homogenization would result in an overestimated dose rate. Comparison of
the gamma source strength in the assembly and at the cask surface (Table 2) shows a
reduction by a factor of 107. That indicates that the main gamma flux attenuation takes place
in the cask shield. Homogenization of the radiation source would in that case reduce the
average gamma ray path through the shield and consequently increase the dose rates.
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A simple test has been performed to confirm this assumption. A single cask has been
modeled as a homogenized body in the first case and with a precise shield configuration in the
second case. The dose rates at the cask surface are by the order of five higher in the
homogenized case than in the real shield configuration case.

In the case of a large number of sources, during problem definition, a partial neglection
of shadowed sources is possible, because the contribution of these sources to the final dose
rate is usually very low.

The most precise method of multiple source dose rate calculation by the original QAD-
CGGP is a manual superposition of each source contribution to the total dose rate. When
calculating particular source contribution, other source bodies are treated as shield material.
When the number of sources is fairly low the superposition method is applicable. Otherwise,
it is an extremely time consuming method.

Radiation dose rates obtained by a modified, multisource QAD-CGGP were compared
to radiation dose rates calculated using the original QAD-CGGP code in three different
manners:

1. homogenization of the complete cask area
Since a dry storage facility contains relatively densely packed spent fuel casks, a
homogenization of the complete cask area is expected to lead to accurate results.
Homogenization has been done using both of spectra presented in Table 2, with
appropriate changes to the density of construction materials.

2. cask row representation by a single homogenized wall
To obtain more precise results and still to use relatively simple way of problem
definition, wall representation of source has been performed. Each cask row has
been defined as a homogenized wall. Since the homogenization is finer than the one
used in the first case, the results are expected to be more accurate.

3. manual superposition of the radiation dose rates from each cask on a particular
detector location
The most precise definition of the problem, with each cask fully defined is the most
time-consuming one. Each cask contribution to the total dose rate at the detector
location, asks for a manual superposition of the contributions. Such a calculation has
been performed with neglecting the contribution and stopping the superposition
process in the moment the cask source contribution is below 2% of the so far
reached total dose rate.

The results obtained by the multisource QAD-CGGP code are expected to be more
accurate than those obtained by the manual superposition procedure, but to remain in the
same value range.

The results of the calculations are given in Table 3 and Table 4.
The results presented in Table 3 are for the ORIGEN2-PC source, meaning that QAD-

CGGP is involved in the calculation from the source starting point to detector location.
Homogenization of the complete storage field results in the highest dose rates on the field
borders as well as inside the cask field. This is caused by spreading the source all over the
volume with simultaneous decrease of the cask shield density. Homogenization of the cask
row and its representation with a wall (208 cm thick) should generally give better results, but
the problem appears when calculating the contribution of the second wall. The second wall is
shadowed by the first one more than it is in the reality (the empty inter-cask area is also
modeled as a part of the wall) which decreases the dose rates more than adequate. On the
other hand, higher relative source density than the one in the storage homogenization case
increase the dose rate. The partial superposition method was stopped fairly early because the
cask source contribution to the total dose rate dropped below 2% after only 22 casks have
been analyzed. Therefore the difference in the results of the partial superposition method and
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the multisource QAD-CGGP is higher than expected. In an attempt to economize the time of
the analyses the neglection limit has been set too high. Due to the preliminary characteristic of
the analyses and since results of the partial superposition method showed a tendency of
closing the difference towards the multisource QAD-CGGP results we decided not to change
the 2% limit.

Table 3: Gamma dose rate results for ORIGEN2-PC source intensity

ORIGEN2-PC Source
Detector
Location

Storage
homogenization

(mSv/h)

Wall app.
(mSv/h)

Superpos.
(mSv/h)

Multisource
QAD-CGGP

(mSv/h)
1 4.491⋅104 2.428⋅105 8.809⋅104 2.318⋅105

2 6.102⋅104 2.428⋅105 8.809⋅104 2.295⋅105

3 4.491⋅104 2.428⋅105 8.809⋅104 2.255⋅105

4 6.635⋅10-1 1.540⋅100 1.004⋅100 2.062⋅100

5 6.082⋅10-1 1.434⋅100 9.504⋅10-1 1.917⋅100

6 5.330⋅10-1 1.593⋅100 1.004⋅10-0 2.039⋅100

7 5.146⋅10-1 1.434⋅100 9.504⋅10-1 2.057⋅100

Table 4: Gamma dose rate results for SAS2H source intensity

SAS2H Surce
Detector
Location

Storage
homogenization

(mSv/h)

Wall app.
(mSv/h)

Superpos.
(mSv/h)

Multisource
QAD-CGGP

(mSv/h)
1 9.179⋅10-2 6.366⋅10-1 5.422⋅10-1 1.022⋅100

2 1.201⋅10-1 6.366⋅10-1 5.422⋅10-1 1.025⋅100

3 9.179⋅10-2 6.366⋅10-1 5.422⋅10-1 1.008⋅100

4 1.602⋅10-5 2.755⋅10-5 2.704⋅10-5 8.310⋅10-5

5 1.470⋅10-5 2.082⋅10-5 2.362⋅10-5 7.491⋅10-5

6 1.381⋅10-5 2.760⋅10-5 2.704⋅10-5 8.891⋅10-5

7 1.163⋅10-5 2.083⋅10-5 2.362⋅10-5 8.010⋅10-5

The results presented in Table 4 are obtained using the SAS2H source intensity. All the
results are generally lower than the ones presented in Table 3 by the order 4 to 5. That dose
rate decrease is the direct consequence of the decrease in source intensity on the cask surface
calculated by SAS2H sequence, when compared to the one calculated by QAD. The results of
the homogenization methods presented in Table 3 and Table 4 suggest that although
homogenization is the simplest method of multiple source problem definition, one has to be
very careful not only when applying the method, but when choosing the type of
homogenization, as well.

The differences in the dose rates given in Table 3 and Table 4 are the reminder of the
fact that QAD results are more conservative.
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5 CONCLUSIONS

In order to increase the possibilities of QAD-CGGP code by widening the code's
application field a uniform multisource option has been introduced into the code. An
additional option has been added concerning the self absorption in the source body, allowing
the user to turn off the attenuation calculation inside the source body. The evaluation of the
modified code has been performed on a model of a medium dry storage facility. Radiation
dose rates obtained by the modified multisource QAD-CGGP were compared to radiation
dose rates calculated using the original QAD-CGGP code and a number of approximations.

The comparison of the results showed that multisource QAD-CGGP is applicable for
dose rate calculations of the uniform multiple source body problems, although additional
validation and verification of the code is necessary prior to its practical use. The option of the
code for skipping the attenuation calculation inside the source body works properly, but the
user is reminded that such an approach results in less conservative dose rates.
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