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Kerma conversion factors for modern glass buildings
in radioactively contaminated areas

Y Hinrichsen, K G Andersson

Technical University of Denmark, Center for Nuclear Technologies,
Frederiksborgvej 399, 4000 Roskilde, Denmark

E-mail: yvhi@dtu.dk

Abstract.
To improve the estimation of external gamma irradiation from deposited

radioactivity in urban environments a model of a modern office or residential
building with glass facades was set up with eleven different building heights.
Kerma conversion factors for the floors inside the building from contamination
on different types of surfaces were determined by using the Monte Carlo code
MCNP6 for the primary gamma energies 0.3 MeV, 0.662 MeV and 3.0 MeV and
for three different environmental scenarios. The kerma conversion factors were
expressed as formulas for each possible deposition area for contaminants. The
importance of the determined factors was shown by comparing them to previously
generally used factors for multistorey house blocks.
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1. Introduction

After an airborne release of radionuclides to inhabited environments, external gamma
irradiation from deposited radioactivity can contribute considerably to the radiation
exposure of the population (Golikov et al. 2002). The shielding of gamma radiation
by buildings can, however, reduce this exposure and sheltering of inhabitants is one of
the principal countermeasures considered for areas potentially affected by radioactive
release. Detailed knowledge of the shielding properties of buildings is therefore an
important component of risk assessment in radiological emergency preparedness.

As the geometry of building structures is too complex for simple methods such as
the point kernel model (Spencer et al. 1980), Monte Carlo calculations are needed to
calculate the kerma as shown in a comparison performed by Jensen & Thykier-Nielsen
(1989). The shielding properties and the resulting kerma rate can vary greatly for
different types of buildings depending on the size of the building and its construc-
tion characteristics, on the energy spectrum of the radionuclides, on the distribution
of the contaminants on the different surfaces and on the type of environment (e.g.
Meckbach et al. 1988) leading to the use of Monte Carlo simulations in the late 1980s
at the GSF (now the Helmholtz Zentrum München German Research Centre for En-
vironmental Health) (Meckbach et al. 1988, Jacob & Meckbach 1987, Meckbach &
Jacob 1988, Meckbach et al. 1987). An early Monte Carlo code SAM-CE (Lichtenstein
et al. 1979) was applied to calculations for four different types of houses. Inhabited
area external dose estimates in the European standard decision support systems AR-
GOS and RODOS rely entirely on these few old datasets. Monte Carlo calculations
were repeated for the semi-detached house by Meckbach et al. (1988) using the modern
code MCNP6 (Goorley et al. 2012), and similarities and deviations within the order
of magnitude for different parts of the building are described in a paper that is still
to be published (Hinrichsen & Andersson 2018).

The applicability of the transport code MCNP6 in determining exposure reduc-
tion for a modular building type has been experimentally verified in a previous study
by our group (Hinrichsen et al. 2018). Further Monte Carlo simulations were per-
formed for an industrial area (Kis et al. 2003, Kis et al. 2004), for various scenarios of
U.S. residential structures (Dickson & Hamby 2014, Dickson & Hamby 2016, Dickson
et al. 2017), for typical houses in Brazil (Salinas et al. 2006), and typical buildings
in Japan (Furuta & Takahashi 2015). To the best of our knowledge such simulations
have not previously been performed for buildings with glass facades that can be found
in many cities now as a part of modern architecture or buildings with similar shielding
properties. Therefore, the aim of this study was to set up a model of a modern glass
building, derive the kerma conversion factors from different contaminated surfaces and
compare them with the respective values that were derived for a multistorey house
block (Meckbach et al. 1988) that would so far be applied in emergency management
decision support for any high rise urban building.

2. Materials and methods

The Monte Carlo calculations for the setup of modern buildings were performed with
the transport code MCNP6 (Goorley et al. 2012), using the nuclear cross-section data
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set ENDF/B-VII.0 (Chadwick et al. 2006). Among other processes, it accounts for
photon creation and loss through relevant mechanisms such as bremsstrahlung, fluo-
rescence, Compton scattering, photon capture, pair production and p-annihilation.

The code allows for the definition of complex 3-dimensional geometries through
a combinatorial geometry technique. The definition of the geometry is leaned on the
construction drawings and descriptions of a real glass building in the city of Copen-
hagen that were made available by the Technical and Environmental Administration
of the Municipality of Copenhagen (Teknik- og Miljøforvaltning Københavns Kom-
mune) and was applied to 11 different heights of the building from one storey till 11
storeys for a single house scenario that stands alone, for a park scenario with 3 houses
in a row, and for a city scenario with a square of 3 x 3 houses (Figures 1 to 4). The
outer walls are made of 2 layers of 1.2 cm thick glass with 97.6 cm air in between
them. In the middle of the building (see Figures 1 and 2) is an atrium covered by a
roof of 2.4 cm thick glass. It is not surround by any wall as it is usually surrounded by
railings on the different floors. The house contains six shafts for stairs and elevators
going from the basement up to the top of the building (see Figures 1 and 2). Their
surrounding walls are made of 30 cm thick concrete. The building is furthermore based
on sixty concrete columns (indicated by small circles in Figure 1) with a diameter of
60 cm going from the basement building. The intermediate floors and the roof are
made 22 cm thick concrete and the basement is surrounded by 40 cm thick concrete
to the bottom and to the sides. The spheres in Figures 1 to 4 indicate the positions
of the tree canopies. As foliage on trees constitute a very efficient aerosol/rain filter,
the contamination on the stem and braches will be of comparatively little importance
(Roed 1988) and is not considered in the model.

Figure 1. Horizontal cut of the glass building.
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Figure 2. Vertical cut of the glass building for the largest height of eleven storeys.

Figure 3. Horizontal cut of the park scenario.

The regions in space were constructed by a logical combination (union, intersec-
tion, difference) of elementary geometric bodies and surfaces. Data from a material
compendium (McConn Jr et al. 2011) was used to assign the material specifications
with definite atomic compositions and densities as summarized in Table 1 to the input
for the different building structures and environmental regions.

Table 1. Material specifications with definite atomic compositions (rounded) and
densities that were used for the Monte Carlo calculations.

Material Atomic composition Density in kg/l
Air 0.02 % C; 78.44 % N; 21.07 % O; 0.47 % Ar 0.001205
Concrete 8.47 % H; 60.41 % O; 1.25 % Na; 2.48 % Al; 24.19 %

Si; 2.72 % Ca; 0.47 % Fe
2.25

Glass 60.39 % O; 8.81 % Na; 25.18 % Si; 5.62 % Ca 2.4
Soil 31.69 % H; 50.16 % O; 4.00 % Al; 14.16 % Si 1.52
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Figure 4. Horizontal cut of the city scenario.

For each height and scenario separate computations were performed for sources
that were defined as surfaces on top of the ground, trees, walls, and roofs. The source
energies were monoenergetic sources of 0.662 MeV representing 137Cs, which has been
of main concern regarding long term effects (Imanaka et al. 2015) in connection with
the Chernobyl and Fukushima incidents, 0.3 MeV or 3.0 MeV to get an impression of
the behaviour of the kerma for lower and higher primary gamma energies.

The detector regions were defined as air-filled spheres with a diameter of 30 cm
and eighteen of them were positioned in various part of each floor 1 m above the level
of the respective floor of the building. In those regions, the number and energies of
the gamma ‘particles’ passing through were scored. By using conversion coefficients
(ICRP 2010), the fluence was transferred to air kerma free-in-air and averaged over the
eighteen detector regions in each floor. Furthermore, the code provides ten statistical
tests that are performed on each defined detector region (called tally in MCNP). Those
tests are a valuable tool to ascertain reliable statistical quality of the respective results.

Internal walls inside the building were not modelled, because in these modern
buildings they are not part of the building. They are usually made of gypsum (around
12 cm thick) and can be built up and removed quickly. To get an idea about their
shielding effect extra simulations were performed leading to the results that the kerma
will be reduced by a factor of 0.72 for a primary gamma energy of 0.3 MeV, by 0.77
for a primary gamma energy of 0.662 MeV and by 0.86 for a primary gamma energy
of 3.0 MeV after passing one gypsum wall of 12 cm thickness.
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3. Results and discussion

3.1. Kerma conversion factors

With the Monte Carlo calculations the kerma (pGy) per emitted gamma photon (γ)
on the source was determined. This factor was multiplied with the size of the respec-
tive source area (mm2) to determine the kerma (pGy) for a source strength of one
gamma photon per unit area (γ mm-2) represented by K. These values were used as
a basis to fit a mathematical model for the kerma over them for each type of surface
at a given floor F inside a building of a height H with the smallest possible deviations.

The following mathematical expressions describe the kerma for all floors of the
glass building for all building heights, environmental scenarios, source energies and
source areas. H represents in the equations the height in terms of number of storeys
above ground level (excluding the basement there are H + 1 storeys). F represents
the floor inside the building from F = −1 (basement) through F = 0 (ground floor)
to higher floors (e.g. F = 5 is the fifth floor). F is of course restricted by the height
of the building (FH). All equations determine the kerma (pGy) for a source strength
of one gamma photon per unit area (γ mm-2) (K). By multiplying this factor with a
given contamination level (Bq mm-2) and the number of photons per disintegration (γ)
of the respective gamma energy, the kerma rate contribution for each gamma energy
emitted with determined kerma factors can be calculated. As the basement of the
building is more shielded than the rest of the building, an extra equation is necessary
for all contamination scenarios.

The development of the kerma per source strength inside a glass building caused
by contamination on the roof can be described by Equation (1) with the values of the
variables given in Table 2. The variable a expresses the kerma per source strength
in the floor directly under the roof, the term exp (−b · (H − F )c) the decrease of the
kerma with distance to the roof, and the term (1 + d · exp(−e ·F f )) the backscattered
radiation from the ground. The kerma in the basement decreases with the height of
the building as the distance to the basement increases (g · exp(−h ·Hi)).

K(F,H) =

{
a · exp(−b · (H − F )c) · (1 + d · exp(−e · F f )), ∀F ≥ 0
g · exp(−h ·Hi), ∀F = −1

(1)

Equation (2) with the values of the variables given in Table 3 describes the de-
velopment of the kerma per source strength inside a glass building caused by con-
tamination on the walls. The variable a expresses the maximal kerma per source
strength in a floor with several floors under and over it. The term (1−b ·exp(−c ·F d))
expresses the decrease of the kerma because of decreasing distance to the ground
and therefore smaller area of contaminated wall below this floor, and the term
(1 − e · exp(−f · (H − F )g)) the same effect of decreasing distance towards the roof
of the building. Furthermore, the term (1 − h · exp(−i · Hj)) expresses the impact
of the height of the building as the source area of the walls increases with height.
The kerma in the basement increases with the height and source area of the building
(1− l · exp(−m ·Hn)) towards a maximum value of k.



Kerma conversion factors for modern glass buildings 7

Table 2. Values of the variables in Equation (1) describing the kerma per source
strength inside a glass building caused by contamination on the roof. ‘a’ and ‘g’
have the dimension pGy per γ mm-2. All other variables are dimensionless.

0.3 MeV 0.662 MeV 3.0 MeV
a 4.70 15.3 126
b 0.80 1.05 1.33
c 0.78 0.74 0.70
d 0.11 0.073 0.018
e 1.29 1.27 0.95
f 1.03 0.63 0.30
g 0.040 0.39 14.6
h 0.35 0.59 0.96
i 0.87 0.69 0.60

K(F,H) =

{
a · (1− b · exp(−c · F d)) · (1− e · exp(−f · (H − F )g)) · (1− h · exp(−i ·Hj)), ∀F ≥ 0
k · (1− l · exp(−m ·Hn)), ∀F = −1

(2)

Table 3. Values of the variables in Equation (2) describing the kerma per source
strength inside a glass building caused by contamination on the walls. ‘a’ and ‘k’
have the dimension pGy per γ mm-2. All other variables are dimensionless.

0.3 MeV 0.662 MeV 3.0 MeV
a 17.0 36.7 132
b 0.066 0.065 0.098
c 1.76 2.64 1.41
d 0.0064 0.45 0.87
e 0.12 0.12 0.15
f 1.84 1.92 1.62
g 0.39 0.42 0.74
h 0.096 0.037 0.025
i 0.25 0.59 1.46
j 0.60 0.71 0.86
k 0.040 0.30 7.42
l 0.34 0.35 0.41
m 1.40 2.38 1.63
n 0.17 0.31 1.33

The development of the kerma per source strength inside a glass building caused
by contamination on the ground can be described by Equations (3) and (4) with the
respective values of the variables given in Tables 4 to 6 depending on the environmen-
tal scenario. The variable a represents the kerma at the ground floor and the term
exp(−b · F c) the decrease of it towards the roof. In the scenarios with neighbouring
buildings skyshine has an impact on the floors closest to the roof, which is expressed
by the term (1 + d · exp(−e · (H − F )f )). The kerma in the basement is independent
from the height of the buildings and therefore stable. It is expressed by the value d in
the scenario without neighbouring buildings and by the value g in the scenarios with
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neighbouring buildings.

K(F,H) =

{
a · exp(−b · F c), ∀F ≥ 0
d, ∀F = −1

(3)

Table 4. Values of the variables in Equation (3) describing the kerma per source
strength inside a glass building caused by contamination on the ground for a single
house without any neighbouring buildings. ‘a’ and ‘d’ have the dimension pGy
per γ mm-2. ‘b’ and ‘c’ are dimensionless.

0.3 MeV 0.662 MeV 3.0 MeV
a 41.1 115 572
b 0.64 0.67 0.62
c 0.51 0.53 0.58
d 0.019 0.093 0.63

K(F,H) =

{
a · exp(−b · F c) · (1 + d · exp(−e · (H − F )f )), ∀F ≥ 0
g, ∀F = −1

(4)

Table 5. Values of the variables in Equation (4) describing the kerma per source
strength inside a glass building caused by contamination on the ground for a house
in a park scenario with two neighbouring buildings. ‘a’ and ‘g’ have the dimension
pGy per γ mm-2. All other variables are dimensionless.

0.3 MeV 0.662 MeV 3.0 MeV
a 34.5 95.7 475
b 0.70 0.73 0.69
c 0.50 0.51 0.54
d 0.035 0.026 0.015
e 0.37 0.48 0.52
f 1.88 1.51 1.33
g 0.017 0.082 0.55

Table 6. Values of the variables in Equation (4) describing the kerma per source
strength inside a glass building caused by contamination on the ground for a
house in a city scenario with eight neighbouring buildings. ‘a’ and ‘g’ have the
dimension pGy per γ mm-2. All other variables are dimensionless.

0.3 MeV 0.662 MeV 3.0 MeV
a 23.8 61.5 267
b 1.18 1.36 1.46
c 0.49 0.48 0.49
d 0.12 0.13 0.084
e 0.60 0.68 0.88
f 1.56 1.49 1.57
g 0.011 0.056 0.36

Neighbouring buildings contribute to the kerma by contamination on their roofs
and walls. Equation (5) with the respective values of the variables given in Tables 7
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and 8 describe the development of the kerma per source strength inside a glass building
caused by contamination on the roofs of those neighbouring buildings. The variable a
expresses the kerma per source strength in the floor directly under the roof, the term
exp(−b · (H−F )c) the decreasing of the kerma with distance to the roof, and the term
(1 + d · exp(−e · F f )) the backscattered radiation from the ground. The kerma in the
basement decreases with the height of the building as the distance to the basement
increases (g · exp(−h · Hi)) for primary gamma energies of 0.3 and 0.662 MeV. For
primary gamma energies of 3.0 MeV an extra of −j · exp(−k ·H l) has to be added to
model the development of the kerma in the basement for different heights of the build-
ings. This may reflect a second relevant factor apart from the distance of source and
detector position. By looking at the direct line between source and detector position
can be seen that the distance of soil that has to be crossed, before the radiation reaches
the basement, decreases with increasing height of the building. Therefore, the kerma
in the basement at the beginning increases with increasing distance to the source as
this shielding effect seems to have a higher impact on the kerma development in these
ranges than the distance to the source which additionally seems to be only relevant
for higher energies.

K(F,H) =

 a · exp(−b · (H − F )c) · (1 + d · exp(−e · F f )), ∀F ≥ 0
g · exp(−h ·Hi) ∀F = −1(0.3and0.662MeV )
g · exp(−h ·Hi)− j · exp(−k ·H l) ∀F = −1(3.0MeV )

(5)

Table 7. Values of the variables in Equation (5) describing the kerma per
source strength inside a glass building caused by contamination on the roof of
two neighbouring buildings in a park scenario. ‘a’, ‘g’ and ‘j’ have the dimension
pGy per γ mm-2. All other variables are dimensionless.

0.3 MeV 0.662 MeV 3.0 MeV
a 0.37 0.64 1.38
b 0.74 0.84 0.70
c 0.59 0.58 0.79
d 0.034 0.039 0.039
e 0.017 0.31 0.37
f 4.95 1.78 1.45
g 0.00043 0.0018 0.077
h 0.45 0.38 0.10
i 0.90 0.85 1.61
j - - 0.067
k - - 0.20
l - - 2.38

The development of the kerma per source strength inside a glass building caused
by contamination on the walls of neighbouring buildings can be described by Equa-
tion (2) with the respective values of the variables given in Tables 9 and 10 depending
on the environmental scenario. The variable a expresses the maximal kerma per source
strength in a floor with several floors under and over it. The term (1−b ·exp(−c ·F d))
expresses the decrease of the kerma because of decreasing distance to the ground
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Table 8. Values of the variables in Equation (5) describing the kerma per source
strength inside a glass building caused by contamination on the roof of eight
neighbouring buildings in a city scenario. ‘a’, ‘g’ and ‘j’ have the dimension pGy
per γ mm-2. All other variables are dimensionless.

0.3 MeV 0.662 MeV 3.0 MeV
a 1.48 2.64 5.53
b 0.55 0.61 0.52
c 0.85 0.85 0.93
d 0.063 0.066 0.037
e 0.67 0.39 0.57
f 1.56 1.91 1.26
g 0.0014 0.0079 0.39
h 0.072 0.32 0.12
i 1.78 0.96 1.26
j - - 0.36
k - - 0.16
l - - 1.44

and therefore less area of contaminated walls on this side of the floor, and the term
(1 − e · exp(−f · (H − F )g)) the same effect of decreasing distance towards the roof
of the buildings. Furthermore, the term (1 − h · exp(−i · Hj)) expresses the impact
of the heights of the buildings as the source area of the walls increases with height.
The kerma in the basement increases with the height and source area of the building
(1− l · exp(−m ·Hn)) towards a maximum value of k.

Table 9. Values of the variables in Equation (2) describing the kerma per source
strength inside a glass building caused by contamination on the walls of two
neighbouring buildings in a park scenario. ‘a’ and ‘k’ have the dimension pGy per
γ mm-2. All other variables are dimensionless.

0.3 MeV 0.662 MeV 3.0 MeV
a 4.62 10.8 36.9
b 0.21 0.20 0.20
c 1.11 1.34 1.52
d 0.75 0.70 0.44
e 0.37 0.38 0.40
f 0.89 0.94 0.99
g 1.20 1.19 1.13
h 0.51 0.46 0.31
i 0.45 0.51 0.74
j 0.55 0.40 0.43
k 0.0071 0.053 1.61
l 0.92 0.94 0.98
m 0.19 0.15 0.11
n 1.24 1.60 1.88

Equation (6) with the respective values of the variables given in Tables 11 to 13
describe the development of the kerma per source strength inside a glass building
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Table 10. Values of the variables in Equation (2) describing the kerma per
source strength inside a glass building caused by contamination on the walls of
eight neighbouring buildings in a city scenario. ‘a’ and ‘k’ have the dimension
pGy per γ mm-2. All other variables are dimensionless.

0.3 MeV 0.662 MeV 3.0 MeV
a 15.3 36.4 142
b 0.23 0.22 0.22
c 0.85 1.02 1.06
d 0.90 0.99 1.07
e 0.41 0.43 0.47
f 0.51 0.51 0.50
g 1.11 1.15 1.07
h 0.61 0.56 0.46
i 0.41 0.47 0.66
j 0.69 0.64 0.62
k 0.024 0.24 6.42
l 0.94 0.97 0.99
m 0.079 0.061 0.039
n 1.47 1.40 1.73

caused by contamination on trees depending on the environmental scenario. The
term a · exp(−b · F c) describes the decreasing of the kerma with distance to the trees
for buildings of heights H ≥ 1 at the floors F ≥ 1. The value of the variable d ex-
presses the kerma at the ground floor for a building height of H = 0 and e the kerma
at the ground floor for higher buildings. The kerma in the basement is independent
from the height of the buildings and expressed by the value f .

K(F,H) =


a · exp(−b · F c), ∀F,H ≥ 0
d ∀F,H = 0
e ∀F = 0 ∧H ≥ 1
f ∀F = −1

(6)

Table 11. Values of the variables in Equation (6) describing the kerma per source
strength inside a glass building caused by contamination on trees for a single house
without any neighbouring buildings. ‘a’, ‘d’, ‘e’ and ‘f’ have the dimension pGy
per γ mm-2. ‘b’ and ‘c’ are dimensionless.

0.3 MeV 0.662 MeV 3.0 MeV
a 1.42 · 1017 6.50 · 109 1.12 · 1010

b 39.4 21.6 20.8
c 0.048 0.10 0.12
d 1.07 2.66 10.2
e 1.12 2.77 10.6
f 0.0020 0.014 0.38
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Table 12. Values of the variables in Equation (6) describing the kerma per source
strength inside a glass building caused by contamination on trees for a house in
a park scenario with two neighbouring buildings. ‘a’, ‘d’, ‘e’ and ‘f’ have the
dimension pGy per γ mm-2. ‘b’ and ‘c’ are dimensionless.

0.3 MeV 0.662 MeV 3.0 MeV
a 4.24 · 1018 3.58 · 109 3.90 · 1042

b 42.7 20.9 95.6
c 0.041 0.095 0.025
d 1.19 2.98 11.7
e 1.23 3.09 12.1
f 0.0020 0.015 0.39

Table 13. Values of the variables in Equation (6) describing the kerma per source
strength inside a glass building caused by contamination on trees for a house in
a city scenario with eight neighbouring buildings. ‘a’, ‘d’, ‘e’ and ‘f’ have the
dimension pGy per γ mm-2. ‘b’ and ‘c’ are dimensionless.

0.3 MeV 0.662 MeV 3.0 MeV
a 4.70 · 1020 3.01 · 109 9.10 · 109

b 47.0 20.3 20.0
c 0.030 0.078 0.092
d 1.78 4.55 18.6
e 1.83 4.65 18.9
f 0.0025 0.017 0.41

3.2. Comparison with previous values for a multistorey house block

To show the relevance of the determined kerma factors they were compared to re-
spective factors calculated by Meckbach et al. (1988) for a multistorey house block,
which is the closest of the building models that were developed so far compared to the
glass building model in this study. The multistorey house was five storeys high and
therefore the values are compared to the values of the glass building with a height of
H = 4. Furthermore, kerma factors inside the multistorey house block were deter-
mined for the basement (F = −1), the ground floor (F = 0), the second floor (F = 2),
and the fourth floor (F = 4) and thus compared to the respective floors inside the
glass building. Regarding the source areas on the building both factors for the roof
were compared as well as the factor for the walls of the glass building with the sum
of the factors for walls and windows of the multistorey house block. In case of the
ground as source area the respective factors were compared for the park and the city
scenario that were for the multistorey house block the sum of the factors for the street
and the park in the park scenario and the factor for the street in case of the city
scenario. For the neighbouring buildings (Meckbach et al. 1988) calculated factors
for walls and windows as well as for the roof and for both park and city scenario.
Therefore, all four could directly be compared to the respective ones determined for
the glass building. Regarding the factors for the trees the respective ones for a park
scenario were compared.

The comparison took place by dividing the factor for the glass building by the
respective one for the multistorey house block for all values available. This was per-
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formed for all three primary gamma energies and the resulting ratios are presented in
Tables 14 to 16.

Table 14. Ratios of the kerma factor for the glass building divided by the
respective factor for a multistorey house block (Meckbach et al. 1988). The figures
are given according to source and detection area for a primary gamma energy of
0.3 MeV.

Basement Ground
floor

Second
floor

Forth
floor

On the building:
Roof - - - 7.85
Walls and windows 12.3 4.39 4.49 4.38
Ground:
Park scenario (street and park) 7.65 11.6 9.42 8.14
City scenario (street) 2.76 24.1 21.6 30.2
Neighbouring buildings:
Roofs in a park scenario - 2.25 2.88 3.68
Roofs in a city scenario - 24.3 11.6 4.90
Walls and windows in a park scenario 1.62 4.16 4.91 5.83
Walls and windows in a city scenario 1.19 4.46 5.55 6.34
Trees:
Park scenario 0.510 1.90 2.25 2.02

Table 15. Ratios of the kerma factor for the glass building divided by the
respective factor for a multistorey house block (Meckbach et al. 1988). The figures
are given according to source and detection area for a primary gamma energy of
0.662 MeV.

Basement Ground
floor

Second
floor

Forth
floor

On the building:
Roof - - 271 4.04
Walls and windows 17.5 3.94 4.20 3.77
Ground:
Park scenario (street and park) 4.88 11.0 8.62 8.66
City scenario (street) 2.83 23.9 21.1 35.4
Neighbouring buildings:
Roofs in a park scenario - 1.86 2.09 2.55
Roofs in a city scenario - 4.36 5.82 4.37
Walls and windows in a park scenario 1.77 3.47 4.12 5.95
Walls and windows in a city scenario 2.06 4.25 4.72 5.62
Trees:
Park scenario 1.14 1.71 2.06 1.88

The numbers show that the kerma factor is larger, apart from nine cases for the
glass building than for the multistorey house block. Two extreme cases were deter-
mined with a ratio of 271 for the roof to second floor factor for a primary gamma
energy of 0.662 MeV and with a ratio of 383 for the roof to ground floor factor for a
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Table 16. Ratios of the kerma factor for the glass building divided by the
respective factor for a multistorey house block (Meckbach et al. 1988). The figures
are given according to source and detection area for a primary gamma energy of
3.0 MeV.

Basement Ground
floor

Second
floor

Forth
floor

On the building:
Roof - 383 27.7 2.26
Walls and windows 16.5 2.37 2.45 2.24
Ground:
Park scenario (street and park) 2.03 6.13 4.74 5.06
City scenario (street) 1.14 11.2 9.47 16.3
Neighbouring buildings:
Roofs in a park scenario 0.223 0.250 0.319 0.649
Roofs in a city scenario 0.412 0.838 1.27 1.64
Walls and windows in a park scenario 1.08 1.93 2.27 2.02
Walls and windows in a city scenario 1.39 2.98 3.19 3.21
Trees:
Park scenario 1.93 1.21 0.635 0.665

primary gamma energy of 3.0 MeV. The other ratios vary between 0.22 and 35.4 with
an averaged ratio and standard error of the mean of 6.11 ± 0.73 (excluding the two
extreme values).

Looking into the details the average ratio over each primary gamma energy de-
creases with increasing primary energy excluding the two extreme values as the aver-
aged values are 7.72± 1.34 for a primary gamma energy of 0.3 MeV, 6.76± 1.36 for a
primary gamma energy of 0.662 MeV and 4.05± 0.99 for a primary gamma energy of
3.0 MeV. Looking at the source areas of course the roof of the building has the highest
averaged ratio because of the two extreme values with 116±77 (without them it is still
10.5 ± 5.1). This source area in term of the averaged ratio is followed by the ground
in the city scenario with 16.7± 3.2, the ground in the park scenario with 7.32± 0.78,
the walls and windows of the building with 6.54 ± 1.54, the roofs of neighbouring
buildings in the city scenario with 5.95± 2.18, the walls and windows of neighbouring
buildings in the city scenario with 3.75± 0.47, the walls and windows of neighbouring
buildings in the park scenario with 3.26 ± 0.48, the roofs of neighbouring buildings
in the park scenario with 1.67 ± 0.38 and at last the trees in the park scenario with
1.49 ± 2.18. The averaging of the ratio over the detection areas excluding the two
extreme values shows less variety with the values for ground floor (6.60±1.49), second
floor (6.70 ± 1.38) and fourth floor (6.65 ± 1.56) being similar. Only the basement
shew a lower averaged ratio of 4.04± 1.12.

Apart from the building material, the deviations of the two building models are
caused e.g. by different building sizes. Furthermore, the glass building had an atrium
instead of a courtyard inside multistorey house block and the multistorey house block
had light-shafts to the basement apart from the glass building. Moreover, the calcu-
lations were performed with different code, but the influence is further described in a
paper that is still to be published (Hinrichsen & Andersson 2018). Finally, those ratios
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underpin the importance of the determined factors for decision support systems as the
kerma factors for the multistorey house block were calculated for only one building
height.

4. Conclusions

The knowledgebase for external dose estimations in inhabited areas was improved by
determining kerma conversion factors for a modern glass building that can be found
in a similar way in many modern cities now. Therefore, those factors support the
progress of decision making in modern cities regarding managing the long term conse-
quences of an airborne release of radionuclides as e.g. a nuclear power plant accident.
The description as formulas allows the further application of the glass building model
regardless of the height of the building and detection area. Furthermore, the impor-
tance of this building model was shown by comparing its results for kerma factors
with those calculated by Meckbach et al. (1988) for a multistorey house block. The
results of this comparison show the importance of taking into account adequate rep-
resentations of construction geometries and materials when estimating kerma. The
kerma conversion factors are given in a format that can in practice readily be imple-
mented in the European decision support systems for management of the radiological
consequences of airborne urban contamination.
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