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Abstract 
 
The current geopolitical situation implies an increased risk of use of nuclear 
weapons, the detonation of which implies atmospheric dispersion of radioac-
tivity posing a risk to the public also at long distances from the detonation. 
Thus, there is a need for developing new, or improving existing, prediction 
model tools for such events aiming at enhanced civil protection. Accordingly, 
the overall intention with the DISARM project is to improve the capability of 
predicting the atmospheric dispersion of radioactivity from detonated nuclear 
weapons. The model system aims at describing the initial spatial distribution of 
radioactive matter when stabilization has occurred around ten minutes after the 
detonation. This effective initial spatial distribution will be taken over by an op-
erational atmospheric dispersion model. 
 
The first version will be based on existing descriptions and using parameters 
observed in the field. Preferably, the system should be able to accept NATO 
CBRN messaging according to the ATP-45 standard. The description of the 
initial phase can be improved, e.g. by incorporating recently developed de-
pendences on meteorological parameters and arriving also at better descrip-
tions of particle size distributions. 
 
An interface to nuclear decision-support systems has been developed. From 
either the geometrical field observations of the stabilized cloud, or from the 
yield in TNT equivalent as well as the height of burst, the interface calculates 
the parameters, which are required by the atmospheric dispersion model. 
These parameters are transferred to the dispersion model included in the re-
quest for dispersion calculation. 
 
Previous NKS-B projects have demonstrated that inherent case-dependent 
meteorological uncertainties play a significant role for the atmospheric disper-
sion model results. In DISARM, methods will be developed and applied in or-
der to quantify the meteorological uncertainties of the predicted plumes. 
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Introduction 
The current geopolitical situation indicates that there is an increased risk for use of weapons 
of mass destruction such as nuclear weapons. Detonation of nuclear weapons implies 
atmospheric dispersion of radioactivity posing a risk to the public also at longer distances 
from the detonation. Thus, there is a need for developing new, or improving existing, 
prediction model tools for such events aiming at enhanced civil protection. Accordingly, the 
overall intention with the DISARM project is to improve the capability to predict the 
atmospheric dispersion of radioactivity from detonation of nuclear bombs of different yields. 
 
The envisioned model system will describe the initial spatial distribution of radioactive matter 
when stabilization has occurred around ten minutes after detonation. This effective initial 
spatial distribution will be taken over by an operational atmospheric dispersion model, which 
will have to be further developed in order to comply with such description. 
 
The first version will be based on existing descriptions, e.g. the KDFOC3 approach by 
Harvey et al. (1992) in combination with the source strengths described by Kraus and Foster 
(2014), and using parameters which are observed in the field. It needs further to be considered 
if calculation of the effective initial distribution of radioactivity should ideally take place as a 
pre-processor implemented on the supercomputer at the national meteorological service or in 
the nuclear decision-support system (DSS) in use. 
 
The system should preferably be able to accept NATO CBRN warning and reporting 
messaging according to the ATP-45 standard (NATO, 2020). Algorithms converting the 
information contained in these messages to the inputs are needed for the atmospheric 
dispersion models. This may include merging and co-processing of multiple observation 
reports. 
 
The description of the initial phase can be improved, e.g. by incorporating dependences on 
meteorological parameters and arriving at better descriptions of particle size distributions. 
Here, recent work by Arthur et al. (2021) on the early dynamics of the nuclear cloud may be 
of interest; however, this approach does not take into account the fireball ground hit. 
 
The previous NKS-B projects MUD, MESO and AVESOME have demonstrated that inherent 
case-dependent meteorological uncertainties play a significant role for the atmospheric 
dispersion model results. As for nuclear power plants, also uncertainties of the source term 
description are expected to be important; however, as the meteorological uncertainties 
influence the transport pathway they may well have significant impact on emergency 
preparedness far from the detonation. In DISARM, methods will be developed and applied to 
quantify the meteorological uncertainties of the predicted plumes. 
 
A possible release scenario is a nearly simultaneous detonation of a number of nuclear 
weapons at more or less the same location. However, in such a case one might not have 
observations available of individual stabilized clouds for each detonation. Instead, the 
stabilized cloud observed in the field is likely to be the result of all of these explosions and 
should thus be treated as a single joint cloud by the atmospheric dispersion model in use for 
civilian emergency preparedness. 
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NATO Message Standards for Nuclear Weapon Detonation 
Information from military sources on detonation of a nuclear weapon is likely to be 
transmitted as NATO CBRN standard messages, e.g.  as described in the ATP-45 publication. 
Such messages may include field observations of date and time and geographic coordinates of 
the detonation(s), the number of detonations, as well as the nature of the burst and parameters 
describing the initial spatial distribution of the radioactive cloud after stabilization, around 
five to ten minutes after the explosion. It is thus desirable that the nuclear decision-support 
system in use is capable of digesting NATO CBRN messages. ARGOS is able to read certain 
such messages; however, an update is needed. In the near future, ARGOS will also be able to 
create ATP-45 messages to be used by military ATP-45 compliant systems. 

Artificial Cases 
Hypothetical battlefield scenarios are prepared involving a 100 kt detonation over the 
Swedish Hagshult airbase. The UTM coordinates are given as UTM Zone 33, Easting 47983, 
Northing 50242, which is equivalent to MGRS coordinates 33V VD 47983 50242, and to 
geographical coordinates (57.29219382°N, 14.13693431°E). Two meteorological situations 
were selected, one involving anti-cyclonic conditions with subsidence, dry weather and low 
wind speeds, another involving cyclonic conditions with rising air, precipitation and windy 
conditions. For the two cases, corresponding Harmonie NWP model forecast data from both 
the DMI and the SMHI Harmonie versions were derived for the atmospheric dispersion 
calculations. 

Operational	Atmospheric	Dispersion	Models	

Danish Emergency Response Model of the Atmosphere (DERMA) 
The Danish Emergency Response Model of the Atmosphere (DERMA) (Sørensen et al., 
2007; Sørensen, 1998) is a comprehensive numerical regional and meso-scale atmospheric 
dispersion model developed at the Danish Meteorological Institute (DMI). The model is used 
operationally for the Danish nuclear emergency preparedness, for which the Danish 
Emergency Management Agency (DEMA) is responsible (Hoe et al., 2002). The model is 
also employed for veterinary emergency preparedness (Sørensen et al., 2000; 2001; 
Mikkelsen et al., 2003; Gloster et al., 2010a; 2010b), where it is used for assessment of 
airborne spread of animal diseases, e.g. foot-and-mouth disease. DERMA may also be used to 
simulate atmospheric dispersion of chemical substances, biological warfare agents and ashes 
from volcanic eruptions, and it has been employed for probabilistic nuclear risk assessment 
(Lauritzen et al., 2006; 2007; Baklanov et al., 2003; Mahura et al., 2003; 2005). 
 
The main objective of DERMA is to predict the dispersion of a radioactive plume and the 
accompanied deposition. However, the model may also be used in situations where increased 
levels of radioactivity have been measured but no information is available on a radioactive 
release. In such cases, inverse (adjoint) modelling may be applied whereby potential sources 
of radioactivity may be localised and release rates estimated. 
 
The three-dimensional model is of Lagrangian type making use of a hybrid stochastic 
particle-puff diffusion description, and it is currently capable of describing plumes at 
downwind distances up to the global scale (Sørensen et al., 1998). The model utilizes aerosol 
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size dependent dry and wet deposition parameterisations as described by Baklanov and 
Sørensen (2001). 
 
Currently, DERMA makes use of analysed and forecasted meteorological data of various 
deterministic versions at DMI of the NWP model Harmonie (Bengtsson et al., 2017) covering 
North-western Europe, Greenland and the Faeroes, and from the global model developed and 
operated by the European Centre for Medium-range Weather Forecasts (ECMWF). 
Furthermore, DERMA utilizes the COMEPS ensemble prediction system, which is based on 
the Harmonie model. 

Description of Stabilized Cloud 
Given the vast amount of energy released on detonation, nuclear explosions are known to 
form characteristic mushroom shaped clouds. These clouds contain radioactive material 
which will be dispersed in the atmosphere. To model the atmospheric dispersion as accurately 
as possible, we need to be able to approximate the initial three-dimensional structure of the 
stabilized mushroom cloud to serve as a starting point for our atmospheric dispersion model.  

The initial description of the stabilized cloud for the DERMA code is based on the “K-
Division Defense Nuclear Agency Fallout Code” (KDFOC3, Harvey et al., 1992). In this 
description, the stabilized cloud can be approximated as a cylindrical main cloud, a tapered 
stem and an optional cylindrical base surge, whose presence depends on the altitude of 
detonation. Given the yield and altitude of detonation, KDFOC3 can provide a full empirical 
description of the stabilized cloud. Via the decision support program ARGOS, the Danish 
Emergency Management Agency (DEMA) provides this input to generate the KDFOC3 
description of the stabilized cloud. However, additional flexibility is built into the system to 
allow modifications beyond the KDFOC3 description based on e.g. observations. This 
includes potential gaps between the different parts of the cloud (main, stem and base surge). 
Additionally, the KDFOC3 description is extended to allow for free air bursts, which is not 
originally included in the description.  

Based on the input from DEMA, ARGOS provides DERMA with the following nine 
geometrical parameters which fully describe the stabilized cloud within the implemented 
framework: 

• Radius of the main cloud 
• Altitude of the top of the main cloud 
• Altitude of the bottom of the main cloud 
• Altitude of the top of the stem 
• Altitude of the bottom of the stem 
• Radius of the top of the stem 
• Radius of the bottom of the stem  
• Height of the base surge (if present) 
• Radius of the base surge (if present) 
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In addition, ARGOS provides the following additional required for modeling of the initial 
state: 

• Latitude and longitude of detonation 
• Time of formation of the stabilized cloud (postulated to be 10 minutes after 

detonation)  
• Source term specifying the (pseudo)nuclides and activity  

 
For the dispersion modelling, the stabilized cloud is described by a set of identical spheroids 
distributed in three-dimensional space. Initially, based on the geometrical parameters 
received, a two dimensional structure of the cloud is generated showing the radius of the 
cloud as a function of altitude, Figure 1. Radii smaller than the spheroid radius are modelled 
as the spheroid radius. This continuous description is discretized by dividing the structure into 
a number of vertical layers, each with a fixed separation of 200 m. In each vertical layer, the 
spheroids are distributed based on closest packing to best reproduce the radius of the cloud at 
the given altitude, Figure 2. Each alternating layer is rotated by 30 degrees relative to each 
other to better represent the overall circular geometry. The centers of the spheroids are 
separated by a distance related to the grid size of the meteorological model used for the 
simulation and thus varies from model to model. 
 
 

 

 

 

 

 

 

  

Figure 2  Examples of the closest packing of circles in the bottom of the stem (left), the top of the stem (middle) 
and the main cloud (right) of the mushroom cloud shown in panel a) of Figure 1. 

  

a) b) c) 

Figure 1  Illustration of the altitude-radius structure of three modelled clouds: a) the KDFOC3 description of the 
stabilized cloud from detonation of a 100 kt nuclear device, b) a comparable cloud but including a base surge, and 
c) a non-continuous cloud not reaching the surface representing a free air burst. Red shows the desired radius and 
blue the actually modelled radius, which is limited by the spheroid radius. 
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The total activity is distributed vertically in the cloud according to Rolph et al. 2014, based on 
Heffter (1969), as it is particle size independent and thus well-suited for the current 
implementation. Specifically, the stem and main cloud are each divided into three parts, each 
part containing a fixed amount of the total activity. From the bottom-up, this distribution is 
[2.5, 5, 15, 30, 30, 17.5]%. Within each of these six sections of the cloud, the activity is 
distributed evenly between all puffs, translating to a homogeneous distribution horizontally, 
cf. Figure 3 and Figure 4. 
 
If a base surge is present, this is given a fixed fraction of the total activity of 20% (Knox, 
1964). For free air bursts without stems and base surges, the activity is distributed evenly in 
the whole cloud.  
 

 
 

 

Figure 3  Different views of the three-dimensional structure of cloud a) in Figure 1. For the top view, c), the 
spheroids are outlined in red for visual clarity. Each spheroid is represented as a cylinder of uniform activity for this 
visualization. 

Figure 4  Three dimensional structures of the clouds b) and c) in Figure 1Fejl! Henvisningskilde ikke fundet.. 

c) b) a) 
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Application to Selected Cases 
The mushroom cloud shown in part a) in Figure 1 and in 3D in Figure 3 and Figure 4 is used 
as the initial condition for two independent DERMA runs on two dates with very different 
weather conditions. The dispersion with DERMA is modelled using meteorological data from 
the HARMONIE-Arome model. Specifically, the models are run with the NEA domain, 
Figure 6, with a horizontal resolution of about 2.5 km. The NEA domain covers Northern 
Europe including Iceland. The models are run until no further change is observed in the 
modelled airborne and deposited activity. The simulations assume detonation of a 100 kt 
nuclear device at the surface of the Hagshult airbase in Sweden (latitude: 57.29219°N, 
longitude: 14.13693°E). The source term used for the nuclear detonation modelling shown in 
the above figures is a non-decaying pseudo-nuclide labelled Ps-1 with a modelled activity of 
about 1.7 × 10!" Bq/s released in a period of 60 seconds. In the future operational set-up, this 
value will be provided by the user of the nuclear decision-support system. 
 
The two meteorological cases modelled are: 
 

Case 1: June 13, 2023, 12.00: Stable, warm summer day with low wind.  
Case 2: August 8, 2023, 09.00: The storm Hans with strong wind. 

 

Figure 5  Horizontal cross-sections at different heights in DERMA one minute after detonation of a 100 kt 
nuclear device as shown in a) in Figure 1. The six panels (from top left) correspond to the six activity bins 
outlined in the text from the bottom and upwards: Each third of the stem (top row) and main cloud (bottom 
row). The small black diamond represents the point of detonation. 
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Figure 6  The NEA version of the Harmonie Numerical Weather Prediction (NWP) model covering the 
Northern Europe and Iceland. 
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Case 1: June 13, 2023 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7  Instantaneous air activity (Bq/m3) at 2 m height at selected times following detonation of a 100 
kt nuclear device at Hagshult Airbase (black diamond) on June 13, 2023 at 12.00. The modelling was 
continued until no further changes were observed. 

Figure 8  Total accumulated ground deposited activity (Bq/m2) at selected times following detonation of a 
100 kt nuclear device at Hagshult Airbase (black diamond) on June 13, 2023 at 12.00. The modelling was 
continued until no further changes were observed. 
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Figure 9  Time-integrated air activity (Bq h/m3) at 2 m height at selected times following detonation of a 
100 kt nuclear device at Hagshult Airbase (black diamond) on June 13, 2023 at 12.00. The modelling was 
continued until no further changes were observed. 
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Case 2: August 8, 2023 
 

 

 

 

 

 

 

 

 

 

 

    

 

 

 

 

 

 

 

 

 

 

Figure 10  Instantaneous air activity (Bq/m3) at 2 m height at selected times following detonation of a 
100 kt nuclear device at Hagshult Airbase (black diamond) on August 8, 2023 at 09.00. The modelling 
was continued until no further changes were observed. The red artifacts in the upper corners show the 
edge of the meteorological model. 

Figure 11  Total accumulated ground deposited activity (Bq/m2) at selected times following detonation of 
a 100 kt nuclear device at Hagshult Airbase (black diamond) on August 8, 2023 at 09.00. The modelling 
was continued until no further changes were observed. The red artifacts in the upper corners show the 
edge of the meteorological model. 
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Figure 12  Time-integrated air activity (Bq h/m3) at 2 m height at selected times following detonation of 
a 100 kt nuclear device at Hagshult Airbase (black diamond) on August 8, 2023 at 09.00. The modelling 
was continued until no further changes were observed. 
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Multi-scale Atmospheric Transport and Chemistry model (MATCH) 
The Multi-scale Atmospheric Transport and Chemistry model (MATCH) (Robertson et al., 
1999) is multi-purpose Eulerian chemical transport model (CTM) developed by the SMHI. 
The model is used for emergency applications such as nuclear and natural events (volcanoes), 
aerosol dynamics and optics (Andersson et al., 2015), complex chemistry, and data 
assimilation (Robertson and Langner, 1998; Kahnert, 2008; Kahnert, 2018). The MATCH 
model is used operationally for chemical forecasts in CAMS (Copernicus Atmospheric 
Monitoring Service) and for SSM (Swedish Radiation Safety Authority) serving the ARGOS 
system needs (Hoe et al., 1999; 2002). Other applications are studies for air quality and health 
issues in climate projections. In most applications MATCH is used as a limited-area model on 
various possible scales, but also for global applications.  
 
The MATCH model is basically an Eulerian model, but for emergency preparedness and 
response applications a Lagrangian particle model is used in the near field of the emission 
location.  
 
A wide range of possible driving meteorological data is applicable like analyses and forecasts 
from HARMONIE, IFS (Integrated Forecasting System) developed and run by ECMWF 
(European Centre for Medium-Range Weather Forecasts), and WRF (Weather Research and 
Forecasting). 

Description	of	Stabilized	Cloud	
See the following section from FOI. 

FOI 
NWSWAMP is a model that simulates the initial distribution of activity in a radioactive cloud 
after a nuclear burst and it is developed by the Swedish Defence Research Agency (FOI). The 
NWSWAMP model is an adaptation of KDFOC3 (Harvey et al., 1992) for use together with 
Lagrangian particle models. NWSWAMP is used in combination with the random 
displacement particle model PELLO (Lindqvist, 1999) for long range dispersion simulations. 
NWSWAMP can also be used as a standalone library, which is implemented at SMHI for use 
in the Eulerian dispersion model MATCH-BOMB (Robertson et al., 1999) on behalf of SSM 
for nuclear and radiological emergency response. 

KDFOC3 is a “disc tosser” model where the radioactivity is distributed into a number of discs 
of different sizes distributed in height. The horizontal discs are distributed over a stabilized 
cloud modelled as two or three cylindrically symmetric parts, with a common vertical axis of 
symmetry. For surface and low air bursts there are two disjoint parts, a stem cloud shaped as a 
right frustum of a circular cone, with the smaller base attached to the ground, and on top of 
the stem cloud attached a main cloud shaped as a circular cylinder. For shallow and deep 
bursts there is an additional base surge cloud, shaped as a vertical cylinder attached to the 
ground. For shallow bursts, the base surge cloud overlaps the lower part of the stem cloud, 
whereas for deep bursts, the base surge cloud overlaps the entire stem cloud and part of the 
main cloud. See Harvey et al. (1992), Figure 2.3.2 for graphical illustrations. The dimensions 
of the stem, main and base surge clouds are parametrized continuously in terms of the total 
yield and the height of burst (ℎ𝑜𝑏) / depth of burial (𝑑𝑜𝑏). The activity size distribution in the 
stabilized cloud is modeled by a mixture of two lognormal distributions, or modes, of 
particles, one “large” and one “small”. The parameters of the distributions are fixed for deep 
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buried bursts and surface or low air bursts. For shallow buried bursts, the parameters are 
determined by linear interpolation with the scaled depth of burial 

𝑠𝑑𝑜𝑏 = 3.281 × 𝑑𝑜𝑏 × 𝑤𝑡𝑜𝑡#$.&"' 

cf. Harvey et al. (1992), p. 47-48. The mode descriptions come from empirical studies that 
preceded KDFOC3 but can be interpreted as a surface mode and a volume mode represented 
by “large” and “small”. 

In the dataset used for the KDFOC3 model descriptions there were two modes visible which 
support the approach, but the KDFOC report Harvey et al. (1992)does not go into detail of 
what constitutes these two modes. 

For each mode in the mixture, a piecewise linear altitude distribution is used. The 
construction of this is elaborated on below.  The radial distribution at a fixed level is assumed 
Gaussian with standard deviation equal to the cloud radius at that level, for both modes.   

For air bursts (ℎ𝑜𝑏 > 0), a volume fraction 

𝑓ℎ𝑜𝑏 = 31 +
ℎ𝑜𝑏
2𝑟𝑏6 × 31 −

ℎ𝑜𝑏
𝑟𝑏 6

&

 

is used, were the free air-burst radius 𝑟𝑏 is defined by 

𝑟𝑏 = 55𝑤𝑡𝑜𝑡$.'[𝑚] 

see Figure 13. 

 

Figure 13  Volume fraction used for air bursts (hob>0). 

The ground zero circle is represented with five shallow cylinders with model particles that 
directly deposits due to gravitational settling, since it represents very large particles. When 
there is a detonation below the surface a base surge cloud is created. This is also divided in a 
top and a bottom cloud with a large and a small mode of particles in each. 
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In the NWSWAMP model the source for global fallout is always located at the main cloud 
(nothing is located in the stem cloud). These particles are all the particles smaller than 5 µm 
coming both from surface debris or evaporated bomb material. In the case of the high altitude 
burst, all radioactive particles are represented as global fallout. 

 

 

Figure 14  Visualisation of the different sub-sources that are output from NWSWAMP: Main cloud top, Main 
cloud bottom, Stem cloud top, Stem cloud Bottom, Global fallout, Ground zero circle (5 sub-sources with 
different radius) and Base surge cloud (only for buried bursts). Each sub-source has dimensions set by the 
variables Zhi, Zlo and R (visualized only for main cloud top in (a) and Global fallout in (b)). The location of the 
burst is visualised with the centre of the fireball and is in these figures visualized as hob, height of burst, or dob, 
depth of burial. In the code, and while using the library, dob is used both for buried burst and for altitude bursts 
with a negative sign. This nomenclature comes from the original KDFOC3 description. 
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KDFOC3 is constructed to calculate the fallout of radioactive debris in the vicinity of the 
detonation. Particles smaller than 5 µm in radius is therefore neglected in KDFOC3 but have 
been added in NWSWAMP to better represent regional and global dispersion scenarios. The 
smaller part of the spectrum is added by assuming that the radioactivity omitted in KDFOC3 
(compared to the total radioactivity released in the detonation) preferably will stick to the 
surface of particles smaller than 5 µm in radius, thus linking the smallest particles to one of 
the already existing particle distributions used in the model. The details for this procedure are 
presented in a FOI-report (Winter et al., 2008), in Swedish, and is here added below for the 
convenience for the readers. 

The following section (with font Arial) is translated from Winter et al. (2008): 

The activity on small particle radii (which is missing in KDFOC3) has been 
added in the form of a separate auxiliary source, located as the main cloud. For 
a surface explosion or air explosion, i.e. to hob1 ≥ 0, the new source will have 
the activity 

 for hob  ≥ 0 

where wfe = the total generated activity, wfa = total airborne activity (at radii > 
5 μm) according to the original KDFOC3 report, and wactot_gz = the activity on 
the ground zero circle. The activity of the new source thus complements the 
total activity wfe. 

For an underground explosion, parts of the total activity wfe will become 
trapped and remain in the ground substrate, so the simple complementary 
principle above cannot be applied. A study of the KDFOC3 model, however, 
shows that wac_0 is connected to the so-called "vent fraction" (see Harvey et 
al. (1992)) in a certain way. For an underground explosion, i.e. the depth of 
burial = dob > 0, the new source will then have the activity 

  for dob>0, 

where  . 

 

The distribution of activity on particle radii in the new source has been adapted 
to complement the truncated lognormal activity-size distributions found in the 
original KDFOC3 (for the larger particle radii). The lognormal activity radius 
distribution for the new source then has the following parameters: 

Median radius = rbar_o = (0.20 + 2.8 fhob) μm, geometric standard deviation 
= sigma_o = 2.75, lower cutoff = rmin_o = 0.01 μm, upper cutoff = rmax_o = 
5.0 μm. 

fhob = 1 for dob > 0, fhob = 0 for hob > rb = 55·wtot 0.4  

and 

 
1 hob - Height of burst 

[ ]_ max 0, _wac o wfe wfa wactot gz= - -

( )106_ 0 max 0̀, 1 0.7665 __sdobwac wfe e wactot gzé ù= - × -ë û

0.2943.281sdob dob wtot-= × ×
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 for 0 ≤ hob ≤ rb. 

 

A plot of the median radius as function of hob is found in Figure 15. 

 

Figure 15  The activity mean radius as function of hob/rb for the global fallout fraction. 

The analysis performed by Baker (1987) suggests that the activity median radius of the small 
particle auxiliary source should be lowered to 0.10 µm. This does probably not affect the 
dispersion to a significant extent, since the settling velocity for such small particles is already 
very small. However, the deposition might be affected.  This will be investigated in future 
work. 

The vertical activity distributions in KDFOC3 
In this section we describe the construction of vertical activity distributions in KDFOC3.  

To simplify formulas, we prefer to use a non-dimensional height coordinate 𝜁, scaled such 
that 𝜁 = 0 at the ground, and 𝜁 = 1 at the top of the main cloud. The vertical distribution of 
activity is described in terms of triangular shape functions of the form 

𝜑(𝜁) = @
𝜑A ⋅ (𝜁 − 𝜁()*) C𝜁D − 𝜁()*E⁄ , 𝜁()* ≤ 𝜁 ≤ 𝜁D

𝜑A ⋅ (1 − 𝜁) C1 − 𝜁DE⁄ ,			𝜁D < 𝜁 ≤ 1	
 

where 0 < 𝜁D < 1 and 𝜁()* < 0 are parameters, and the maximum value is 

𝜑A = 2C𝜁D − 𝜁()*E C𝜁D − 𝜁()* − 𝜁D𝜁()*EK  

( )( )2
3

2
2

rb hob rb hob
fhob

rb
+ -

=
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which yields 

L 𝜑(𝜁)𝑑𝜁
!

$
= 1. 

To a shape function we also associate integrals (called area functions in [1]) 

𝐼(𝜑, 𝜁+ , 𝜁,) ≡ L 𝜑(𝜁)𝑑𝜁
-!

-"
=

⎩
⎪
⎨

⎪
⎧𝜑A ⋅

[(𝜁, − 𝜁()*)& − (𝜁+ − 𝜁()*)&]
2C𝜁D − 𝜁()*E

,			𝜁()* ≤ 𝜁+ < 𝜁, ≤ 𝜁D

𝜑A ⋅ [(1 − 𝜁+)& − (1 − 𝜁,)&]
2C1 − 𝜁DE

,			𝜁D ≤ 𝜁+ < 𝜁, ≤ 1

𝐼C𝜑, 𝜁+ , 𝜁DE + 𝐼C𝜑, 𝜁D, 𝜁,E,			𝜁()* ≤ 𝜁+ < 𝜁D < 𝜁, ≤ 1

 

and shape functions truncated to intervals [𝜁+ , 𝜁,], 

𝜑(𝜁; 𝜁+ , 𝜁,) = T𝜑(𝜁),			𝜁+ ≤ 𝜁 ≤ 𝜁,
0			𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒

 

Note that by the definitions above,  

L 𝜑(𝜁; 𝜁+ , 𝜁,)𝑑𝜁
!

$
= 𝐼(𝜑, 𝜁+ , 𝜁,). 

Given a collection of intervals W𝜁+,*, 𝜁,,*X, 𝑛 = 1,2, … , the functions 𝜓*(𝜁) = 𝜑(𝜁; 𝜁+,*, 𝜁,,*) 
span a finite-dimensional space of functions 

𝐴(𝜁) =] 𝑐*𝜓*(𝜁).
*

 

In case 𝜓*(𝜁), 𝑛 = 1,2, … are linearly independent, the coefficients 𝑐* are unique, and 𝜓*(𝜁)  
is a basis. If 𝜓*(𝜁), 𝑛 = 1,2, … are linearly dependent, the coefficients 𝑐* are nonunique. 
However,  𝜓*(𝜁), 𝑛 = 1,2, … constitutes a frame, and there is a unique coefficient vector with 
minimum norm, cf. Daubechies (1992), Proposition 3.2.4. The vertical activity distributions 
in KDFOC3 are of the form  𝐴(𝜁) above.  

More precisely, in KDOFC3 clouds are indexed by  𝑛 = 1,2   or 𝑛 = 1,2,3 if there is a base 
surge cloud, and particle modes are indexed by 𝑘 = 1,2. For each particle mode 𝑘 a shape 
function 𝜑/(𝜁)	 and a frame 𝜓/,*(𝜁) = 𝜑/C𝜁; 𝜁+,*, 𝜁,,*E, 𝑛 = 1,2, … is determined by choosing 
values of 𝜁()* and 𝜁D. The default values used in KDFOC3 are 𝜁()* = −3/10 for all 𝑘, and 
𝜁D = 2/3 for 𝑘 = 1, 𝜁D = 1/10 for 𝑘 = 2. Moreover, 𝜁+,* < 𝜁,,* denote the vertical limits for 
cloud 𝑛. The vertical activity distributions 𝐴/(𝜁) are determined by computing the 
coefficients 𝑐/,* in the representation 

𝐴/(𝜁) = ] 𝑐/,*𝜓/,*(𝜁).
*

 

The coefficients are computed as 

𝑐/,* = 𝐴,0,𝑢/ 𝑤/,* 𝑣/,*⁄  

where  
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𝑣/,* = 𝐼C𝜓/,*, 0,1E = 𝐼C𝜑/ , 𝜁+,*, 𝜁,,*E,		 

and  

𝑤/,* = 𝑢/,*𝑣/,* 𝑍/⁄ , 

where  

𝑍/ =] 𝑢/,*𝑣/,*,
*

 

cf. Harvey et al. (1992), p. 54 and the table below. Thus, 𝑐/,* = 𝐴,0,𝑢/ 𝑢/,* 𝑍/⁄ , and 

𝐴/(𝜁) =
𝐴,0,𝑢/
𝑍/

] 𝑢/,*𝜓/,*(𝜁).
*

 

Here, 

𝑢/ ≥ 0,] 𝑢/ = 1,
/

	𝑢/,* ≥ 0,] 𝑢/,* = 1,
/

	𝑛 = 1,2, … 

The 𝑢/ are weights for the distribution of the total airborne activity 𝐴,0, onto the particle 
modes = 1,2 , and for each 𝑘,  𝑢/,* are weights for distribution of particle mode 𝑘 onto the 
clouds 𝑛 = 1,2, …. In KDFOC3, the vertical cloud limits 𝜁+,*, 𝜁,,* and the weights 𝑢/ , 𝑢/,*	are 
computed in terms of the scenario parameters.  

An example. 
Define 𝜑/(𝜁) by choosing 𝜁()* = −3/10 for all 𝑘, and choosing 𝜁D = 2/3 for 𝑘 = 1, 𝜁D =
1/10 for 𝑘 = 2, which is default in KDFOC3. Assume the particle mode weights 𝑢! =
0.75, 𝑢& = 0.25. Consider a stem cloud with 0 ≤ 𝜁 ≤ 1/3 and a main cloud with 1/3 ≤ 𝜁 ≤
1, and assume the cloud weights 

	𝑢!,! = 0.3, 𝑢!,& = 0.7, 𝑢&,! = 0.9, 𝑢&,& = 0.1. 

Computing the “partition functions”  

	𝑍! = 0.593, 𝑍& = 0.533 

we get the following results in Figure 16:  
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Figure 16  Auxiliary distributions 𝒖𝒌𝝋𝒌(𝜻) (blue curves) and KDFOC3 distributions ∑ 𝒖𝒌 𝒖𝒌,𝒏𝝍𝒌,𝒏(𝜻) 𝒁𝒌⁄𝒏  (red 
curves), for 𝒌 = 𝟏, small particles (left) and 𝒌 = 𝟐, large particles (right). 

The construction can be viewed as a redistribution of total activity in the auxiliary distributions, 
in such a way that the shape of the distributions within each cloud is preserved.  

Modifications in NWSWAMP 
In NWSWAMP the frame functions 𝜓/,* are replaced by a piecewise constant approximation 
on a vertical bisection of the cloud, preserving the integral, viz.,  

𝜓f/(𝜁) = g
𝐼C𝜓/ , 𝜁+,*, 𝜁1,*E 𝐼C𝜓/ , 𝜁+,*, 𝜁,,*E, 𝜁+,* ≤ 𝜁 < 𝜁1,*	K
𝐼C𝜓/ , 𝜁1,*, 𝜁,,*E 𝐼C𝜓/ , 𝜁+,*, 𝜁,,*E, 𝜁1,* ≤ 𝜁 < 𝜁,,*	K

0							𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒
 

Here  

𝜁1,* = C𝜁+,* + 𝜁,,*E 2⁄  

is the bisection height. Similarly, the KDFOC3 affine radial function 𝑟*(𝜁), 𝜁+,* ≤ 𝜁 < 𝜁,,*, 
defining the radial extent of  cloud 𝑛, is replaced by a  piecewise constant bisection 
approximation, which means that the cloud is approximated by two stacked cylinders of equal 
height. Finally, the Gaussian radial activity distribution at fixed heights in KDFOC3 are 
replaced by uniform distributions in NWSWAMP. Thus, in NWSWAMP the fully stabilized 
cloud is described as a collection of vertical cylinders, with uniform activity distributions, cf. 
Figure 14 above. 
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Figure 17  NWSWAMP approximation (red curve) of a KDFOC3 vertical distribution (blue curve), for a surface 
burst (no base surge cloud. 

We have the following correspondence between variables in the KDFOC3 report (Harvey et 
al., 1992) and quantities in the description above: 

Table 1  Correspondence between notation in [1] and this report. 

KDFOC3 (Harvey et al., 1992) This report 
𝑢2, 𝑢3, p. 21 𝑢!, 𝑢& 
𝑤𝑓𝑎, p. 46 𝐴,0, 
𝑢𝑙*, p. 48 𝑢!,* = 1 − 𝑢𝑙*, 𝑢&,* = 𝑢𝑙*  
𝑧, 𝑧ℎ𝑎𝑡, 𝑧𝑚𝑖𝑛, p. 52 𝜁 =

𝑧
𝑧𝑚𝑎𝑥 , 𝜁

D =
𝑧ℎ𝑎𝑡
𝑧𝑚𝑎𝑥 , 𝜁()*

=
𝑧𝑚𝑖𝑛
𝑧𝑚𝑎𝑥 

𝑓𝑧ℎ𝑎𝑡, p. 53 𝜑A  
𝑓/(𝑧), p. 53 𝜑/(𝜁) 
𝐴𝐹/(𝑧𝑏, 𝑧𝑡), p. 53 𝐼(𝜑, 𝜁+ , 𝜁,) 
𝑓𝑟/,*, p. 54	 𝑢/,*	
ℎ𝑞(,* − ℎ𝑔𝑧, p. 54 𝜁 
ℎ𝑏𝑠* − ℎ𝑔𝑧, p. 54 𝜁+,* 
ℎ𝑡𝑠* − ℎ𝑔𝑧, p. 54 𝜁,,* 
𝐴𝑇𝑂𝑇/, p. 54	 𝑍/ 	
𝐴𝐹/(ℎ𝑏𝑠* − ℎ𝑔𝑧, ℎ𝑡𝑠* − ℎ𝑔𝑧), p. 
54 

𝑣/,* 

𝑤𝑎𝑑4,*,/, p. 54 𝜑/C𝜁; 𝜁+,*, 𝜁,,*E/𝑣/,* 
561&,'
576

, p. 54 𝑤/,* 
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SMHI 
The operational MATCH model is initialised based on KDFOC3 (Harvey et al., 1992) with 
procedures developed at FOI. The procedures handle underground detonations, as well as 
ground and upper air detonation (Winter et al, 2008). 

This project intended to take advantage of dynamic description of the initial cloud 
development through the paper of Arthur et al. (2021). The paper defines an initial spherical 
fireball that extent is dependent a heat excess Δθ given for a volume that fits to the yield in 
the following way:  

 

The conversion from yield in kT TNT to Joules goes by the factor 4.184×1012. The fireball is 
of the order of 100-600 m that implies rather fine resolution of the grid to represent the initial 
cloud. We have adopted a grid with a resolution of 50 m that is an interpolation using 
HARMONIE meteorological data at 2.5 km resolution. Figure 18 shows the modelled heat 
distribution of an initial fireball for a 10 kT blast. Figure 19 shows fireballs with ground hit. 
Table 2 shows comparison between Arthur et al. (2021) and our implementation with the 
result that our implementation is close to that described in the article. 
 

      

Figure 18  Example of the heat distribution for 10 kT blast with final width of 700 m. The right panel shows the 
cross section indicated to the left. The scale differences in x and y directions makes the fireball elliptic. 
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Figure 19  Example of initial fireballs hitting the ground. 

Table 2  Evaluation of our implementation vs the ones given in the Arthur et al. (2021) for three of the Los 
Alamos nuclear tests. 

Bomb test Yield (kT) Article fireball (m) Our implementation (m) 
Dixie 11 375 329 
Encore 27 475 444 
Wasp 1 155 154 

 
The fireball is assumed to rise by the buoyancy with turbulent entrainment widening the 
fireball into an ellipsoid where the vertical extent is left untouched. We assume the following 
equations for the rise of the fireball, the increase by entrainment and damping of the heat 
excess, 

 
where ρa is the ambient density for the volume of the fireball, ρb is the fireball density, α and β 
are tuning constants. The growth factor, β, was set to 0.6 and the rise factor, α, has for this 
simplified approach to be yield dependent and was set to 1.5 for a 10 kt yield and 3 for a 
100 kt yield. Figure 20 shows the evolution of the above equations for the rise and radius to 
the yields 10 kt and 100 kt, respectively. The tuning constants were selected to come close to 
KDFOC3 cloud rise and dimension that are shown in Figure 21. Figure 22 illustrates the 
fireball evolution in a cross section. 
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Figure 20  Evolution of the fireball in terms of rise (left) and radius (right) by the above equations. 

 

         

Figure 21  Stabilised cloud based on KDFOC3 for 10 kt yield (left) and 100 kt yield (right). 

       

Figure 22  Example of a 10 kt fireball with the initial state (left) and stabilised state (right). Unit is in excess heat 
(C). 

Summary 
The above fireball model is coded in a Python environment and has at this stage not been 
implemented as source term for transport modelling. The tuning in order to reproduce similar 
clouds as KDFOC3 may be viewed as a weakness. The dynamic modelling inside WRF by 
Arthur et al. (2021) are here made in a more simple way. 
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Application to Selected Cases 
HARMONIE data are routinely archived on tape at SMHI. The full model volume is 
unfortunately not stored, only layers up to 4.5 km. A test for a June case is shown in Figure 24 
and two cases for the storm Hans in Figure 25 and Figure 26 are therefore made for a 1 kt 
yield for which the extension and aerosol distribution is shown in Figure 23. 

 

Figure 23  KDFOC3 implementation for a 1 kt yield. The figure shows the extent and distribution of aerosol 
bins. The segments should be viewed as different cylinders forming the cloud. The black line shows the relative 
distribution of different parts of the cloud (scale at top of the panel). The top cylinder has two different 
distribution, one arising from the devise (top layer) and a second by the dust updraft (bottom layer). 

 

 

 Figure 24  Accumulated total column for a June case 2023 for a 1 kT device at Hagshult Airbase run 
for 13 June (00 UTC) to 15 June (00 UTC) and the weather chart for 14June (12 UTC). 
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s     

Figure 25  Accumulated total column for the storm Hans case for a 1 kT device at Hagshult Airbase run for 
6 August (00 UTC) to 8 August (00 UTC) and the weather chart for 7 August (12 UTC). 

 

 

Figure 26  Accumulated total column for the storm Hans case for a 1 kT device at Hagshult Airbase run for 
7 August (00 UTC) to 9 August (00 UTC) and the weather chart for 8 August (12 UTC). 
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Nuclear Decision-Support System ARGOS 
The Long-Range dispersion model interface in ARGOS has been developed in close 
cooperation with the different model providers through a number of years. The default 
interface is capable of handling forward deterministic Atmospheric Dispersion Modelling 
(ADM). In addition, specific interfaces have been developed for specific modelling needs 
such as handling ensemble calculations (developed in cooperation with DMI) and Adjoint 
modelling results (developed in cooperation with SMHI and SSM). Likewise, new interfaces 
will have to be developed in order to handle ADM from nuclear detonations. The implications 
of such interfaces will be discussed in this section. 

Nuclear Weapon Request Interface 
Whereas the starting point for ADM-calculation for traditional nuclear and radiological 
releases is one or more single points where a time dependent source term is applied, the 
starting point for ADM from a nuclear detonation is – in this project (as we do not take 
modelling of the actual nuclear explosion into account) – a “stabilized cloud” that is the 
object for passive dispersion in the atmosphere. 
 
The issue of determining such a stabilized cloud can be handled based on at least three 
different principles, and the actual implementation of the request interface can be based on 
each of these principles or combinations thereof. The principles are: 

• The user provides the actual dimensions of the stabilized cloud: main cloud, stem and 
base surge. ARGOS sends these parameters to the ADM-model. 

• The user provides a number of characteristics related to the nuclear explosion. Based 
on these characteristics ARGOS determines the cloud dimensions and sends these to 
the ADM-model. 

• The user provides a number of characteristics related to the nuclear explosion, and 
ARGOS simply passes these on to the ADM-model. The ADM-model handles the 
calculation of the stabilized cloud itself. 

 

The same principles can be applied for providing a source term for the nuclear explosion: 

• The user provides the actual source term, and ARGOS sends the source term to the 
ADM-model. 

• The user provides a number of characteristics related to the nuclear explosion. Based 
on these characteristics ARGOS determines the source term and sends it to the ADM-
model. 

• The user provides a number of characteristics related to the nuclear explosion, and 
ARGOS simply passes these on to the ADM-model. The ADM-model handles the 
calculation of the source term used. 
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An example of the latter can be seen below: 
 

 
 
Where a set of characteristics for the nuclear explosion is determined by the user – seen in the 
“Define nuclear source section” – and ARGOS simply passes these parameters on to the 
ADM-model that then takes care of calculation of stabilized cloud as well as the source term. 
This interface requires that the receiving ADM-model has the necessary capabilities for 
performing these “pre-ADM” calculations. It should be noted that this solution prevents the 
user from having any direct influence on the determination of dimensions of stabilized cloud 
as well as the source term. 



31 
 

 

An example of a combination of bullet points one and two can be seen below: 
 

 
 
Here the user can in the first place provide a set of parameters for the explosion – in the 
“Bomb initialization parameters” section and the click Calculate. Based on these parameters 
ARGOS then determines the dimensions of the stabilized cloud – shown in the “Define 
nuclear source” section. In this case ARGOS is basing its calculations on the KDFOC3-
model. Note that the user can examine and alter the individual cloud dimensions before 
sending them to the ADM-model. Lastly in this example the user directly determines the 
source term and the size distribution of the nuclides in the last part of the dialog. 
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Dose Calculation and Presentation 
A big issue in dealing with ADM-results based on nuclear explosions is the large number of 
nuclides, especially very short-lived nuclides, that is needed to represent the main 
contribution to the dose resulting from a nuclear explosion.  

One solution to this problem is to simply use brute force and perform dose assessment for 
nuclear explosions in exactly the same way as it is done for (normal) nuclear and radiological 
releases, performing specific dose calculations for each individual nuclide in the specific run. 
Accepting that the dose assessment for hundreds of individual nuclides might be quite time 
consuming. 

An alternative solution is to introduce the concept of pseudo nuclides where a single, or a 
very limited number of pseudo nuclides, represent the dose contribution of a larger set of 
individual nuclides. This approach obviously limits the number of calculations for activity 
and deposition on the ADM-model side but also the number of calculations needed on the 
dose assessment side, in ARGOS.  

The concept of pseudo nuclide activity should be interpreted as bulk (gamma) activity – the 
activity of all the nuclides released in the explosion combined into one (or more) "pseudo-
nuclide(s)". 

The activity from the pseudo nuclides is anticipated to be presented to ARGOS from the 
ADM-model as the bulk gamma activity one hour after detonation. But the modelling start of 
nuclear explosions is not done at the moment of detonation, but rather at the time when a 
stabilized cloud prevails. This stabilized cloud constitutes the source term from a geometrical 
point of view. 

The above is be taken into account when calculating the “decayed pseudo nuclide dataset”, 
presenting the basis for performing dose assessments in this situation. 

A setting in ARGOS specifies the minutes between detonation and start of ADM, this setting 
is called FSC (Forming of Stabilized Cloud). 

ARGOS will then use this information when calculating decayed pseudo nuclides. 

Example: 
If FSC = 10 mins then the time step T0 + 1 h in fact represents the time 1 h + 10 mins after 
detonation. In order to derive decayed pseudo nuclide activity for this time step, the pseudo 
nuclide activity should in fact be decayed by another 10 mins. Likewise, the time step T0 + 30 
mins in fact represents the time 40 mins after detonation. In order to derive decayed pseudo 
nuclide activity for this time step, the pseudo nuclide activity should in fact be “undecayed” 
by 20 mins. 

Decay of pseudo nuclides is handled with this formula: 

𝐴(𝑡) = 𝐴(1)	𝑡./, 

where 
A(t):  Activity at time t [hours] 
A(1):  Activity at t=1 [hours] 
t:  Time after detonation [hours] – taking FSC into account 
r:  Pseudo-nuclide Bomb Decay factor 
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The decayed pseudo nuclides are then forming the basis for the actual dose calculations in 
ARGOS. When doing dose assessment in ARGOS based on pseudo nuclides only doses from 
deposition are taken into account. The Bomb decay factor as well as the so-called “Depo 
Gamma Factor” (Semi-infinite gamma radiation factor [Gy/s / Bq/m2] for deposited material) 
for each pseudo nuclide needs to be provided as base data in the ARGOS-system. The specific 
values needed are typically derived from a practical approximation between ADM-runs with a 
full source term of “normal” nuclides and ADM-runs based on a source term of pseudo 
nuclide(s). 

Below is an example of the “source term”-part of the ARGOS bomb request dialog using a 
pseudo nuclide, where ARGOS is calculating the “source term” for the pseudo nuclide based 
on bomb parameters: 
 

 
 
Compare to the normal source term request dialog in the section on Nuclear Weapon Request 
Interface. In this particular example the actual “source term”, released activity of the pseudo 
nuclide again is calculated by ARGOS, using the KDFOC3-model and presented to the ADM-
model as if it was a normal source term but just containing the selected pseudo nuclide and 
with all activity released with one minute. 
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Summary, Conclusions, and Outlook 
 
In the first year of the DISARM project, studies have been carried out on existing descriptions 
of the initial spatial distribution of radioactive matter stemming from the detonation of a 
nuclear weapon. The selected description (KDFOC3), which is based on field observations of 
the dispersed radioactive cloud’s geometrical shape, applies to the cloud once it is stabilized 
five to ten minutes after detonation, and the description is implemented as a pre-processor for 
atmospheric dispersion models taking over the stabilized cloud as the initial distribution of the 
tracers involved. 
 
Case studies have been selected involving different meteorological situations, weapon types 
and detonation heights. Corresponding to the meteorological cases, deterministic numerical 
weather-prediction (NWP) model data have been derived from the non-hydrostatic Harmonie 
model. Using these data, the atmospheric dispersion models DERMA and MATCH have been 
applied to the cases, and results are derived and presented. 
 
An interface between a nuclear decision-support system and an atmospheric dispersion model 
has been developed and described. From either the geometrical field observations of the 
stabilized cloud, or from the yield in TNT equivalent as well as the height of burst, the 
interface calculates the parameters, which are required by the atmospheric dispersion model. 
These parameters are transferred to the dispersion model included in the request for 
dispersion calculation. 
 
A study has been initiated on possibilities for improving the description of the initial phase, 
e.g. by incorporating dependences on meteorological parameters and for instance arriving at 
better spatial distributions of radionuclides in the stabilized cloud and at descriptions of 
particle size distributions. First results have been obtained and are shown in the present report. 
 
The size distribution of particles resulting from detonation of a nuclear weapon plays a 
significant role. For instance, the fraction of large particles significantly influences the near 
field out to a couple of hundred kilometres from the location of the detonation. There are two 
effects: (i) the deposition pattern, and (ii) gravitational settling affecting the dynamics and 
thus also the transport pattern. The size distribution depends on the character of the explosion 
(free, surface, shallow, or deep burst) as well as the nature of the ground affected by the 
fireball. There exist data on this from nuclear testing, but the knowledge is scarce involving 
e.g. only a limited range of different ground surfaces. In DISARM, we aim at including a 
more advanced description of the initial particle size distribution. 
 
A feasibility study is initiated on the potential use of NATO standard messages in nuclear 
decision support systems. The system should preferably be able to accept NATO CBRN 
messaging according to e.g. the ATP-45 standard. Algorithms converting the information 
contained in these messages to the inputs needed for the atmospheric dispersion models are 
required. This may include merging and co-processing of multiple observation reports. 
 
The previous NKS-B projects MUD, MESO, and AVESOME have demonstrated that 
inherent case-dependent meteorological uncertainties play a significant role for the 
atmospheric dispersion model results. As for nuclear power plants, uncertainties of the source 
description are also important. However, since the meteorological uncertainties influence the 
transport pathway, they may have significant impact on emergency management far from the 
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detonation of a nuclear weapon. In the second phase of DISARM, methods will be developed 
and applied to quantify the meteorological uncertainties of the predicted plumes. 
 
In the second phase of DISARM, the study on possibilities for improving the description of 
the initial phase, including particle size and density distributions as well as spatial distribution 
within the stabilized cloud will be finalized. If feasible, the description will be implemented in 
code for operational use in nuclear decision-support systems and dispersion models. 
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Abstract 
max. 2000 characters 

The current geopolitical situation implies an increased risk of use of 
nuclear weapons, the detonation of which implies atmospheric 
dispersion of radioactivity posing a risk to the public also at long 
distances from the detonation. Thus, there is a need for developing 
new, or improving existing, prediction model tools for such events 
aiming at enhanced civil protection. Accordingly, the overall 
intention with the DISARM project is to improve the capability of 
predicting the atmospheric dispersion of radioactivity from detonated 
nuclear weapons. The model system aims at describing the initial 
spatial distribution of radioactive matter when stabilization has 
occurred around ten minutes after the detonation. This effective 
initial spatial distribution will be taken over by an operational 
atmospheric dispersion model. 
 
The first version will be based on existing descriptions and using 
parameters observed in the field. Preferably, the system should be 
able to accept NATO CBRN messaging according to the ATP-45 
standard. The description of the initial phase can be improved, e.g. 
by incorporating recently developed dependences on meteorological 
parameters and arriving also at better descriptions of particle size 
distributions. 
 
An interface to nuclear decision-support systems has been 
developed. From either the geometrical field observations of the 
stabilized cloud, or from the yield in TNT equivalent as well as the 
height of burst, the interface calculates the parameters, which are 
required by the atmospheric dispersion model. These parameters are 
transferred to the dispersion model included in the request for 
dispersion calculation. 
 
Previous NKS-B projects have demonstrated that inherent case-
dependent meteorological uncertainties play a significant role for the 
atmospheric dispersion model results. In DISARM, methods will be 
developed and applied in order to quantify the meteorological 
uncertainties of the predicted plumes. 
 

Key words nuclear emergency preparedness, atmospheric dispersion modelling, 
nuclear weapons, detonation, stabilized cloud, particle size 
distribution 

 


