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Abstract 
 
The geopolitical situation involves an increased risk for use of nuclear weapons. 
Detonation of such 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. 
The model systems describe the initial spatial distribution of radioactive matter, 
when stabilization has occurred around ten minutes after detonation, as observed 
in the field. This distribution is taken over by an operational atmospheric 
dispersion model complying with this description. In the previous NKS-B project 
DISARM, methods have been developed for describing this distribution as a 
mushroom cloud. 
 
In DRAWN, the methods developed have been applied to and validated against 
selected atmospheric nuclear tests in the Nevada desert in the 1940s, 1950s, 
and early 1960s. 
 
The non-hydrostatic Harmonie numerical weather prediction model has been set 
up and run at high resolution using ERA5 reanalysis data of the European Centre 
for Medium-Range Weather Forecasts describing the boundary conditions. 
 
The KDFOC3 pseudo-nuclide approach describing the released radioactivity has 
been applied, and the resulting gamma dose rates compared with observations. 
In addition, the detailed SSM nuclide vector approach has been compared with 
the results of KDFOC3. The overall conclusion of this study is that the 
parametrized decay law very accurately reproduces the total dose rate resulting 
from using the nuclide vector, especially between 1 and 104 hours after 
detonation. 
 
The predicted plumes are imported to the ARGOS nuclear decision-support 
system for presentation and dose assessment, and optimum presentation for 

nuclear emergency management and decision making are considered. 
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Introduction 
The current geopolitical situation involves an increased risk for use of nuclear weapons. 

Detonation of such 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. 

 

The model systems describe the initial spatial distribution of radioactive matter, when 

stabilization has occurred around ten minutes after detonation, as observed in the field. This 

effective initial spatial distribution is taken over by an operational atmospheric dispersion 

model, which will have to be further developed in order to comply with such description. 

 

The atmospheric dispersion model which can be based on existing descriptions, e.g. the 

KDFOC3 approach by Harvey et al. (1992), are implemented on the supercomputer at the 

national meteorological service and interfaced with the nuclear decision-support system 

(DSS) in use. 

 

In the previous NKS-B project DISARM (DISpersion of radioActivity fRom nuclear boMbs), 

methods have been developed for description of the initial spatial distribution of radioactive 

matter after the detonation of a nuclear weapon. This effective spatial distribution of the 

stabilized mushroom cloud is taken over by the atmospheric dispersion model which has been 

improved in order to comply with the description. 

 

The objectives of DRAWN are twofold: (1) to apply and validate the methods developed in 

DISARM to selected atmospheric nuclear tests in the Nevada desert in the 1940s, 1950s, and 

early 1960s, and (2) to continue the improvement of the methods describing the mushroom 

cloud after stabilization. 

 

Regarding validation, we have selected detonations of different yields and detonation heights. 

For each of the selected cases, the non-hydrostatic Harmonie numerical weather prediction 

(NWP) model has been set up and run at high resolution using ERA5 reanalysis data of the 

European Centre for Medium-Range Weather Forecasts (ECMWF) to describe the boundary 

conditions. The Harmonie model was set up on a supercomputer for a geographic domain of 

sufficient size to represent the dispersion of the radioactive plume. 

 

In DRAWN, deterministic model simulations have been performed with the DERMA and 

MATCH models for the nuclear tests of Trinity (1945), Nancy (1953), Harry (1953), Smoky 

(1957), and Small Boy (1962). The simulations have been performed with both Harmonie and 

ERA5 meteorological data. 

 

The KDFOC3 pseudo-nuclide approach describing the released radioactivity (Harvey et al., 

1992) has been applied, and the resulting gamma dose rates are compared with observations. 

In addition, a detailed nuclide vector approach has been examined and compared with the 

results of KDFOC3. 

 

The predicted plumes, both deterministic and using ensemble-statistical methods, are 

imported to the ARGOS nuclear decision-support system (DSS) for presentation and dose 
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assessment, and optimum presentation for nuclear emergency management and decision 

making are considered. 

 

As a continuation of the work initiated and carried out in the DISARM project, the updated 

implementation of KDFOC3 will be evaluated against the cases that are behind the 

formulations from the beginning. 

 

Collaboration has taken place with the ongoing project PREDICT (imPRovements in 

atmospheric dispErsion moDellIng and proteCTive action strategies in case of nuclear 

detonation) in the EU PIANOFORTE programme such that there will be no duplication of 

efforts, and the two projects will exchange information and data, and they will complement 

each other. 

Selected Nuclear Test Cases 
Five historical nuclear weapon detonation tests from the Western US in the period 1945–1962 

have been selected for the comparison between simulations and measurements. For this 

project, we chose the same cases as chosen for the PIANOFORTE project PREDICT 

(ImPRovements in atmospheric dispErsion moDellIng and proteCTive action strategies in 

case of nuclear detonations) to enhance the synergy between the two projects. The five 

selected cases are given in Table 1. The cases were selected to encompass different yields 

ranging from 1.65 kT to 44 kT and different points in time from 1945 to 1962. Additionally, 

the cases were chosen based on the availability of detailed measurements. All five detonations 

occurred with nuclear devices affixed to a tower in relative proximity to the ground with 

heights ranging from 3 m to 210 m. 

Table 1  Data for the five historical nuclear detonation tests studied here. Names in bold are the ones that will be 

used throughout this study. 

Name 

[Reference] 

Time of 

detonation 

Location Yield (kT 

equivalent) 

Tower height 

(m, converted) 

Trinity 

[Quinn, 1987] 

July 16 1945, 

12.30 UTC  

33o 40’ 31” N, 

106o 28’ 29” W 

21 30 

Upshot-Knothole 2 (Nancy) 

[Steadman et al., 1984] 

March 24 1953, 

13.10 UTC 

37o 5’ 44” N,  

116o 06’ 10” W  

24 91 

Upshot-Knothole 9 (Harry) 

[Quinn et al., 1981] 

May 19 1953, 

12.05 UTC 

37o 02’ 25” N, 

116o 01’ 31” W  

32 91 

Plumbbob Smoky 

[Quinn et al., 1982] 

August 31 1957, 

12.30 UTC  

37o 11’ 14” N, 

116o 04’ 04” W  

44 210 

Dominic II/Sunbeam  

Small Boy 

[Quinn et al., 1984] 

July 14 1962, 

18.30 UTC  

36o 48’ 09” N, 

115o 55’ 59” W  

1.65* 3 

* Unverified value. Reported as “low range yield” by Quinn et al. (1984). Modelled as 1.65 kT 

throughout this work.  
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Numerical Weather Prediction model data  
The atmospheric dispersion modelling for the five selected cases was carried out using forcings from 

both the ERA5 numerical weather prediction model reanalysis (Hersbach et al., 2003) and from 

high-resolution non-hydrostatic Harmonie data (Bengtsson et al., 2017). The Harmonie model was set 

up and run for the selected cases using ERA5 reanalysis data acquired from ECMWF as part of 

this project using ERA5 for the boundary conditions. Table 2 summarizes selected key differences 

between the two forecast models with details given in the subsequent sections. 

Table 2  Key differences between the ERA5 and Harmonie forecasts used as forcing data in this study. 

 ERA5 Harmonie 

Model physics Hydrostatic Non-hydrostatic 

Horizontal resolution 31 km (0.25°) 2 km (0.018°) 

Vertical layers 137 90 

Area Global Model* Limited-Area Model (LAM) 

2400 km x 2400 km  

(1200 x 1200 points) centred 

around detonation site 

Model time step 12 minutes 60 seconds 

Data assimilation Yes No (but using ERA5 with data 

assimilation as boundaries) 
*A unique 713 km × 527 km area is extracted here for modelling the Trinity case, while the remaining four cases are 

modelled using the same 744 km × 620 km extracted area. 

ERA5  
ERA5 is the fifth generation of global NWP reanalysis produced by the European Centre for Medium-

Range Weather Forecasts (ECMWF) and spans the period from 1940 to today (Hersbach et al., 

2003; ERA5). The ERA5 reanalysis is based on cycle CY41R2 of the ECMWF Integrated Forecast 

System (IFS) using 137 vertical levels and 31 km (0.25°) horizontal resolution. The IFS model is 

hydrostatic. The forecast uses 4D-Var data assimilation every 12 hours (06 and 18 UTC) by merging 

of the existing calculated model state and available observations. The subsequent forecast has a 12-

minute internal time step and output is produced with hourly resolution.  

Harmonie 
To improve the meteorological forcings for the dispersion models and assess the effect of the 

differences, high-resolution Limited-Area Model (LAM), non-hydrostatic Harmonie forecasts 

(Bengtsson et al., 2017) were carried out for all five cases as part of this study. The Harmonie 

forecasts were done on the ATOS Bologna HPC using Harmonie cycle 43h22. For each of the five 

cases, seven days of spin-up was used prior to the time of detonation to ensure correct initialization, 

and the forecast was continued for three days past the detonation. As opposed to the global IFS model, 

the Harmonie model is a Limited-Area Model, modelling only for a selected area, which allows for 

much higher resolution in the area of interest. For the runs conducted here, a horizontal resolution of 

2 km (0.018°) was used covering an area of 1200 × 1200 points centred near the detonation site. The 

Harmonie runs done here use data from the ERA5 reforecast as boundary conditions and was run 

without internal data assimilation. The internal model time step was 60 s and, as for ERA5, output was 

produced every hour. For the Harmonie forecasting, 90 vertical levels were used. 
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Atmospheric Dispersion Models 

Danish Emergency Response Model of the Atmosphere (DERMA) 
The Danish Emergency Response Model of the Atmosphere (DERMA) (Tølløse and 

Sørensen, 2025, 2022; Tølløse et al., 2021; 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 for nuclear reactor accidents 

(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 

size dependent dry and wet deposition parameterisations as described by Baklanov and 

Sørensen (2001). The current version of the DERMA model does not include the effect of 

gravitational settling. For nuclear detonations, the vast energy released imply that large 

particles may reach high altitudes, e.g. in the stratosphere, as a result of the detonation. These 

particles may deposit several hundred kilometres from the detonation site due to the effect of 

gravitational settling and thus contribute substantially to gamma doses in this range. Work is 

underway to include gravitational settling in DERMA. 

 

Currently, the operational version of 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).  
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Description of Stabilized Cloud 

Because of the energy released on detonation, nuclear explosions close to the surface 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 (i.e. explosions 

without significant interaction with the surface), 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) 

In addition, ARGOS provides the following required for modelling 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 
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a number of vertical layers, each with a fixed separation of 20 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 centres of neighbouring spheroids 

in the same layer are separated by a horizontal 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. 

 

The total activity is distributed vertically in the cloud according to Rolph et al. (2014), based 

on Heffter (1969). 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.  

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 KDFOC3 calculated 

radius, and blue the actually modelled radius which is limited by the spheroid radius. 
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Source Term 

The isotopic composition of the radioactive material released during a nuclear detonation is 

highly complex involving decay chains and rapidly changing (Kraus et al. 2014). Instead, as 

is done by e.g. DERMA, the emission from the nuclear device can be modelled by the 

KDFOC3 approach (Harvey et al., 1992) with a single non-decaying pseudo-nuclide labelled 

Ps-1. The pseudo-nuclide can be considered a tracer for the activity from which the actual 

doses can subsequently be calculated using empirical relations. In this report, we present the 

activity of the pseudo-nuclide with a unit of pseudo-Becquerels (pBq) to distinguish it from 

an actual activity.  

Figure 3  Different views of the three-dimensional structure of cloud a) in 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 KDFOC3 calculated radius, and blue the actually modelled radius 

which is limited by the spheroid radius.. 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 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 KDFOC3 calculated radius, and blue the actually modelled 

radius which is limited by the spheroid radius. 

c) b) a) 
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Application to Selected Cases 

The figures below show the output from DERMA when run using both ERA5 and Harmonie 

forcings for the five selected cases (Table 1) at 12 hours post detonation. The calculated total 

deposition is converted from pBq/m2 to ground gamma dose rates in ARGOS. Finally, the 

units of Sievert/hour (Sv/h) are converted to milliRöntgen/hour (mR/h) using a conversion 

factor of 115 mR/Sv. For all figures, the same range of 10-2 to 103 mR/h is shown on a 

logarithmic scale. For each set of figures, the same geographical extent is shown to allow 

direct comparison.  

 

The DERMA output based on the two different NWP models agree on the overall large-scale 

result for all five cases. This is expected, as both are modern NWP models with a good ability 

to predict and describe the weather. Additionally, as the Harmonie runs use the ERA5 data for 

its boundary conditions, and therefore it is naturally informed by the ERA5 model.  

 

However, despite the overall agreement, the results are quite different, most notably in the 

resolution of the ground gamma dose rates. While DERMA is a Lagrangian model and thus 

internally independent of the grid of the NWP data, it has the convention of providing output 

on the same grid as the input NWP data, to illustrate to the user the accuracy of the underlying 

forcing data. This is very clear when comparing the model runs based on ERA5 and 

Harmonie. The difference in resolution between the two NWP models used as input to 

DERMA is about a factor of 15 (see Table 2) and thus the model output based on Harmonie 

has significantly more fine structure when compared to the output based on ERA5. An 

additional effect contributing to this is that the initial size of the puffs is governed by the 

resolution of the NWP grid, so each puff is also much larger initially for the ERA5-based 

model runs. Naturally, the much higher-resolution output based on Harmonie data shows a lot 

of fine structure which is not possible with the coarser ERA5-based runs. However, given the 

uncertainty in the NWP forecasts, the details of this fine structure is not expected to be exact. 

In the next phase of the DRAWN project, the effects of the inherent meteorological 

uncertainties on the calculated gamma doses will be quantitively assessed. 

 

In addition to the differences resulting from the differences in resolution, other more 

important differences can be seen in the geographical extent of the deposition 12 hours after 

detonation. Most noticeable for the Nancy test case, the area affected by the detonation is 

significantly larger for the model run on Harmonie data. Given the short-lived nature of the 

stabilized mushroom cloud, the dispersion is very sensitive to the uncertainties of the 

meteorological conditions at the time of detonation as also found by the comparison between 

different NWP ensemble members in the NKS-B project DISARM (Sørensen et al., 2025). 

Also, the Smoky and Harry results show larger extent of the deposition for the Harmonie case 

as opposed to the ERA5-based runs.  

 

Figure 36-Figure 40 show the deposition from the DERMA Harmonie runs 48 hours post 

detonation. 
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Trinity 

 

Figure 5  Modelled ground gamma dose rate (mR/h) 12 hours post detonation for the Trinity experiment based 

on DERMA modelling using ERA5 (left) and Harmonie (right) forcing data.  
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Nancy 

 

Figure 6  Modelled ground gamma dose rate (mR/h) 12 hours post detonation for the Nancy experiment based 

on DERMA modelling using ERA5 (left) and Harmonie (right) forcing data. 

Harry 

 

Figure 7  Modelled ground gamma dose rate (mR/h) 12 hours post detonation for the Harry experiment based on 

DERMA modelling using ERA5 (left) and Harmonie (right) forcing data. 
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Smoky 

 

Figure 8  Modelled ground gamma dose rate (mR/h) 12 hours post detonation for the Smoky experiment based 

on DERMA modelling using ERA5 (left) and Harmonie (right) forcing data. 

 

Small Boy 

 

Figure 9  Modelled ground gamma dose rate (mR/h) 12 hours post detonation for the Small Boy experiment 

based on DERMA modelling using ERA5 (left) and Harmonie (right) forcing data. 
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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). 

 

For nuclear weapon simulations, 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 upper air detonation with or without surface contact 

(Winter et al, 2008). 

Application to Selected Cases 

The MATCH results are presented for each case with first a graphical description of the KDFOC 

stabilised cloud in terms of vertical and horizontal extent and the assumed distribution of aerosol bins 

for different parts of the cloud. Two runs are made for each case 1) having Harmonie meteorological 

data in 2.5 km resolution provided by DMI, and 2) having ERA5 data derived from ECMWF MARS 

system. The ERA5 model was run at 0.25 degree resolution; however, here the data have been 

interpolated to 0.1 degree resolution. In the cases of Harry and Smoky a tentative comparison is made 

from Rolph et al. (2014), only for the extent of the fallout region not trying to compare dose rates. The 

model results are presented by the temporally and vertically integrated total column of H+1, aka Ps-1, 

activity showing the general transport picture for all parts of the cloud in the vertical, near surface H+1 

accumulated activity concentration, and H+1 accumulated activity deposition. Here, activity is 

expressed in pseudo-Becquerels. 

The Trinity case appears to be a case with moderate wind conditions showing moderate extension of 

the transport. Simulations with Harmonie and ERA5 are very similar. 

The Nancy case show faster transport while the main fallout remains inside the model area. The 

overall transport picture is the same for the two meteorological data sets. Details of mainly resolution 

origin are shown, 

The Harry case shows a spread in a 90 degree segment where the upper layers transport is directed 

towards the south-east while lower layers towards east to north-east. A tentative comparison with 

Rolph et al. (2014) shows that the model fallout encloses the measured area but extends also to a 

larger area of fallout. The model exhibits finger like transport patterns that at first attributed to the 
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Lagrangian entry model. However, also a run with the entry Lagrangian model switched off (injection 

grid-point wise) has the similar feature even though more diffused. The different parts of the cloud in 

the vertical appears to be spread in various directions in a less smooth way. 

The Smoky case shows also a rapid transport pattern but again the major fallout is found inside the 

model area. The runs using Harmonie or ERA5 meteorological data appears to be rather similar. In 

comparison with Rolph et al. (2014) it fits rather well while a northwards deposition area is not shown 

in Rolph et al. (2014). 

The Small Boy case seems to be in moderate wind conditions. Although the general picture is the 

same using Harmonie or ERA5 weather data, there are details that differ. 

In summary, the ambition to run for five nuclear test cases were challenging not the least to derive the 

Harmonie data for these cases. Retrieving ERA5 data only followed standard procedures and we 

benefit from that ERA5 re-analyses were made all the way back to 1945. Very much thanks to DMI 

for the effort to provide the Harmonie data at the ECMWF premisses. The benefit of having more 

detailed meteorology has though to be confirmed. In general, we could see that using Harmonie or 

ERA5 gave very much similar results but differs on details. Conclusion from the tentative 

comparisons for the cases of Harry and Smoky with Rolph et al. (2014) is that modelled fallout 

regions falls into measured fallout regions while some other fallout areas are not confirmed having 

Rolph et al. (2014). More detailed comparisons for dose rates and arrival times would give some hints 

on how well we have implemented the KDFOC description in the first place, and secondly how well 

the fallout processes are described. The outcome so far is that a continuation into phase 2 of DRAWN 

would at least not fail having the indication that our modelled fallout are right in an indicative manner. 

Trinity 

 

Figure 10  Vertical and horizontal extension of the stabilized cloud for the Trinity case of 21 kton yield. The 

distribution of aerosol bins are shown as shaded fields, and the activity of different parts of the cloud is shown as 

a black line. 
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Figure 11  The Trinity case for Harmonie data. The left panel shows the H+1 total column and thus an image of 

the general transport, the middle panel shows the H+1 integrated activity near ground, and the right panel shows 

the H+1 total activity deposition. 

 

Figure 12  The Trinity case for ERA5 data. Panel description as for Figure 11. 
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Nancy 

 

Figure 13  Vertical and horizontal extension of the stabilized cloud for the Nancy case of 24 kton yield. The 

distribution of aerosol bins are shown as shaded fields, and the activity of different parts of the cloud is shown as 

a black line. 

 

Figure 14  The Nancy case for Harmonie data. Panel description as for Figure 11. 
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Figure 15  The Nancy case for ERA5 data. Panel description as for Figure 11. 

Harry 

 

Figure 16  Vertical and horizontal extension of the stabilized cloud for the Harry case of 32 kton yield. The 

distribution of aerosol bins are shown as shaded fields, and the activity of different parts of the cloud is shown as 

a black line. 
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Figure 17  The Harry case for Harmonie data. Panel description as for Figure 11. 

 

Figure 18  The Harry case for ERA5 data. Panel description as for Figure 11. 
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Figure 19  An attempt for verification using extension zone from Rolph et al. (2014)  (top) and MATCH model 

with Lagrangian entry model (bottom left) and without (bottom right). 
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Smoky 

 

Figure 20  Vertical and horizontal extension of the stabilized cloud for the Smoky case of 44 kton yield. The 

distribution of aerosol bins are shown as shaded fields, and the activity of different parts of the cloud is shown as 

a black line. 

 

Figure 21  The Smoky case for Harmonie data. Panel description as for Figure 11. 
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Figure 22  The Smoky case for ERA5 data. Panel description as for Figure 11. 

 

Figure 23  An attempt for verification using extension zone from Rolph et al. (2014) (left) and MATCH model 

using Harmonie (right). 
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Small Boy 

 

Figure 24  Vertical and horizontal extension of the stabilized cloud for the Small Boy case of 1.65 kton yield. 

The distribution of aerosol bins are shown as shaded fields, and the activity of different parts of the cloud is 

shown as a black line. 

 

Figure 25  The Small Boy case for Harmonie data. Panel description as for Figure 11. 
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Figure 26  The Small Boy case for ERA5 data. Panel description as for Figure 11. 
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Dose rate calculation using the KDFOC3 method compared to a nuclide-

vector approach 

A comparison is made of dose-rate calculation by the nuclide-vector approach developed by 

the Swedish Radiation Safety Authority (SSM) (Axelsson et al., 2023) and the KDFOC3 

approach (Harvey et al., 1992) estimating dose rate from deposited radioactive material. 

Description of the nuclide vector 

The SSM nuclide vector is a vector that is used for nuclide specific calculations relevant for 

estimating radiological consequences and developed for that purpose.  

In the report by Axelsson et al. (2023), it is described how the vector is developed to make the 

effective dose estimation to be at least 95% of the effective dose from ground deposition 

during the first day, week, month and year respectively, after a nuclear detonation.  

The development of the nuclide vector, is derived from representative reactions on U-235, Pu-

239, and U-238. SSM has calculated decay and ingrowth for the initial unit vectors during 

10 minutes from the time of the explosion to be used as input values in the source description. 

The resulting unit vectors can be scaled linearly to model fission products from the desired 

fission yield. More details in the references. 

Description of the KDFOC3 approach 

The pseudo-nuclide (H+1 or Ps-1) approach is presented in the KDFOC3 report (Harvey et 

al., 1992) where it is stated that “(…) it deals only with gross fission products, not individual 

nuclides.” Hence it uses a gross fission product decay law to calculate doses. In the KDFOC3 

report, the 𝑡−1.2 decay law is described. See also the report by Glasstone and Dolan (1977). 

Comparison of the results from the two methods 

Starting with the nuclide vector for fission only, the decay for each of the nuclides is 

calculated from 1 to 105 hours, using the SSM software DosCalc1 that keeps count of the 

mother-daughter processes together with the emitted radiation. 

In Figure 27  Dose rates from the individual nuclides (coloured curves) in the SSM nuclide vector from fission 

reaction, as well as their sum (dashed black curve), from 10 minutes up to 105 hours., the dose rate from 

each of the nuclides from the SSM nuclide vector is plotted. It is obvious that the decay varies 

a lot between the nuclides. The dashed line is the sum of the dose rate and that is what we 

want to compare with the t-1.2 decay law. By using the dose rate from the nuclide vector at 1 

hour after detonation, we use the same value for the one-hour value while plotting the 𝑡−1.2 

decay curve. In Figure 28, the sum of the dose rate from all the nuclides is plotted together 

with the curve given by the 𝑡−1.2 decay law. The curves are quite similar between 1 hour up to 

10 000 hours.  

In this study only decay is observed. In a case of a nuclear detonation, fractionation would 

appear and to some extent separate nuclides on particles of different size which can be 

observed in the deposition pattern.  

 
1DosCalc64 is a stand-alone software used to calculate effective dose from ground shine, developed by the 

Swedish Radiation Safety Authority (SSM). DosCalc v 1.0 (Manual 20-914) 
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Figure 27  Dose rates from the individual nuclides (coloured curves) in the SSM nuclide vector from fission 

reaction, as well as their sum (dashed black curve), from 10 minutes up to 105 hours. 

Observations 

In Figure 28, a comparison is shown between the sum of dose rates from all nuclides in the 

SSM nuclide vector and the decay law of dose rate as presented in the KDFOC3 report. The 

decay curve value for dose rate is set equal to the sum of all nuclides from the SSM vector at 

the time 1 hour. 

The two methods studied to predict dose rate over time indicate that the SSM nuclide vector 

here used will show much the same decay of dose rate as the 𝑡−1.2 decay law used in the 

KDFOC3 model, notably between 1 and 104 hours. Note that fission products only are studied 

in this case. Especially if a scenario includes fusion parts, activation may be needed to 

consider. More details are found in the SSM report (Axelsson et al., 2023). 
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Figure 28  Comparison between the sum of dose rates from all nuclides in the SSM nuclide vector and the decay 

law of dose rate as presented in the KDFOC3 report. The decay curve value for dose rate is set equal to the sum 

of all nuclides from the SSM vector at time 1 hour. 
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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. 

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.  
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Vertical Distribution 
For nuclear emergency preparedness and in associated decision-support systems, one 

typically presents calculated concentrations and doses at ground level since this level is of 

prime interest. However, especially for detonated nuclear weapons, large quantities of 

radioactivity may reside at high levels above ground, even up in the stratosphere, and it may 

be of interest to the experts guiding decision makers to have some knowledge on the position 

of the radioactivity aloft. Obviously, one may extend the concentration calculations to a 

number of vertical levels as it is usually done for calculation of volcanic ash concentrations in 

case of volcanic eruptions. However, a simpler, and quicker approach, may be to simply plot 

the positions of particles or puff centres making up the three-dimensional model plume. 

In Figure 29 an example of this is given. The total effective dose in Sv at ground level is 

shown as calculated by DERMA using Harmonie NWP model data. On top is plotted the 

positions of the centres of the puffs making up the model plume, the height of which is given 

in meters above ground. Note that the dose is a time-integrated quantity whereas the puff-

centre positions are instantaneous. 

 

Figure 29  Total effective dose in Sv at ground level according to the legend in the lower-right corner as 

calculated by DERMA using Harmonie NWP model data at 2.5 km horizontal resolution. On top is plotted the 

positions of the centres of the puffs making up the model plume, the height of which is given in meters above 

ground according to the logarithmic axis in the upper left corner. 

 



32 

 
 

 

Dose calculation in ARGOS for pseudo nuclides 

Decay calculation 

The concept of Ps-1, aka H-1, 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 of Ps-1 (and other "BombCalc-nuclides) is anticipated to be presented to ARGOS 

from the ModelServer 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 has formed around 10 minutes after detonation. This 

stabilized cloud constitutes the source term from a geometrical point of view. 

The above is to be taken into account when calculating the ”decayed Ps-1 dataset”. 

The user can specify the minutes between detonation and start of ADM (forming of the 

stabilized cloud) in DB-Editor, this setting is called FSC. 

ARGOS will then use this information when calculating decayed Ps-1. 

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 Ps-1 activity for this time step, the Ps-1 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 Ps-1 activity for this time step, the Ps-1 activity should in fact be 

”undecayed” by 20 mins. 

Decay of “bomb dose calc” nuclides (Ps-1) is handled with this formula: 

𝐴(𝑡) = 𝐴(1) 𝑡−𝑟 

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:  Bomb Decay factor 

Example of calculation with 𝑟 = 0.1 and FSC = 12 min: 

We have a result-set with seven timesteps for Air concentration, instantaneous (un-decayed) 

from the Model-server: 

• 12:00                   2000 Bq 

• 12:30                   1500 Bq 

• 13:00                   1000 Bq 

• 13:30                     825 Bq 

• 14:00                     750 Bq 
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When we now should produce the decayed Air concentration, we do this: 

• 12:00                   2000*(0+0.2)^-0.1          = 2349 Bq 

• 12:30                   1500*(0.5+0.2) ^-0.1      = 1554 Bq 

• 13:00                   1000*(1+0.2) ^-0.1         =  982 Bq 

• 13:30                     825*(1.5+0.2) ^-0.1      =  782 Bq 

• 14:00                     750*(2+0.2) ^-0.1         =  693 Bq 

The resulting “decayed” activity (for Ps-1) will be presented as a special nuclide on the Air 

concentration and deposition endpoints. 

Dose calculation 

For ”Bomb dose calc” runs, only doses from deposition are taken into account. 

Extended dose calculation is performed through the use of the special decay calculation for 

“bomb dosecalc” nuclides (Ps-1).  

Dose calculations are only performed for the “decayed” version of the “Bomb dosecalc” type 

nuclides (Ps-1). All other nuclides are omitted from the dose calculations in “Bomb dose 

calc” mode. 

For “Bomb dose calc” runs only doses from Deposition are shown in the result tree – other 

(dose) endpoints will be hidden in the result tree. 

All endpoints related to activity and timing (e.g. TOFA, SOFA, etc.) remain unchanged. 

Integration Time 

When radiation from ground is estimated, it is relevant to calculate time-integrated values 

because the deposited material (if not removed) will expose people to external radiation over 

time.  

In the ARGOS system, this integration is calculated in ‘automatic’ intervals of 1 day as long 

as the prognosis lasts and thereafter at user defined intervals – starting at the time of (first) 

release. The domain of integration periods is the union of ‘automatic’ interval periods and 

user defined periods. 

A special page in the ARGOS Database Editor should be used for entering the user defined 

integration periods (days). One user defined period (1 day) should always exist in the 

database and can therefore not be deleted from within the ARGOS Database Editor. 

The integration time for each period can be described by the following formula: 

𝑇𝑁 = 𝑇0 + 𝑃𝑁 ∗ 86400 [𝑠] 

where: 

- N is the period number, 𝑁 ∈ [1. . 𝑛[ 
- TN is the time at integration period N 

- T0 is the time at the (first) release 

- PN is the number of (full) days for period N 
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Integration Time is considered for these pathways: “External Gamma dose from Ground” and 

“Total Effective dose”.  

Gamma Dose from (deposition on) Ground 

The Gamma Dose from deposition is calculated from: 

𝐷𝐺𝑎𝑚𝑚𝑎,𝑑𝑒𝑝,𝐴𝑖𝑟 𝑘𝑒𝑟𝑚𝑎 = ∑ ∫ 𝐴𝐺𝑟𝑜𝑢𝑛𝑑,𝑡

𝑡

𝑡−1

∙  𝐹𝐷𝑒𝑝𝑜,𝐺𝑎𝑚𝑚𝑎,𝑖  ∙ ∆𝑡

𝑛

𝑡=1

 [𝐺𝑦] 

𝐷𝐺𝑎𝑚𝑚𝑎,𝑑𝑒𝑝,𝐴𝑚𝑏𝑖𝑒𝑛𝑡

= ∑ ∫ 𝐴𝐺𝑟𝑜𝑢𝑛𝑑,𝑡

𝑡

𝑡−1

  ∙  𝐹𝐷𝑒𝑝𝑜,𝐺𝑎𝑚𝑚𝑎,𝑖  ∙ ∆𝑡 ∙ 𝐾𝐺𝑟𝑜𝑢𝑛𝑑,𝑖

𝑛

𝑡=1

 [𝑆𝑣] 

where: 

- DGamma,dep,Air kerma is the Gamma dose from deposition (as air kerma), [𝐺𝑦] 

- AGround,t is the (instantaneous) deposition on ground for a given nuclide at time t, [
𝐵𝑞

𝑚2] 

- FDepo,Gamma,i is depo-gamma factor for a given nuclide, [
𝐺𝑦

𝑠

𝑚2

𝐵𝑞
] 

- ∆T is the time interval of each timestep, [𝑠] 
- DGamma,dep,Ambient  is the Gamma dose from deposit (as ambient dose equivalent), [𝑆𝑣] 

- KGround,i is the Ambient Dose Equivalent Ground conversion factor for a given nuclide [
𝑆𝑣

𝐺𝑦
] 

For the pseudo-nuclide used in the DRAWN-project a value of 1e-15 [
𝐺𝑦

𝑠

𝑚2

𝐵𝑞
] is used. 

As we only consider ground doses External Gamma Dose, Ground is equal to the Total 

Effective Dose. 
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Validation against radiological data 
For each of the five selected historical detonations, maps with isocurves of the measured 

gamma dose rates 12 hours post detonation (H+12 hours) have been presented in the literature 

(Quinn, 1987; Steadman et al., 1984; Quinn et al., 1981; Quinn et al., 1982; Quinn et al., 

1984). These maps, which are reproduced in the sections below, form the basis for the 

comparison between the measurements and the modelling done here. It should be noted that 

the maps are compiled from data measured at different times post detonation, but with gamma 

doses normalized to H+12 hours. This is the reason for measurements in regions beyond 

12 hours time-of-arrival time in some of the measurement data sets. This also has implications 

for the comparison to model results, as the DERMA model output in Figure 5 - Figure 9 are 

based solely on the output at 12 hours post detonation. For comparison, DERMA deposition 

patterns 48 hours post detonation are given in “Appendix A – DERMA modelled deposition 

patterns 48 hours post detonation”.  

Trinity 

 

Figure 30  Measured (solid) and extrapolated (dashed) exposure rates normalized to 12 hours post detonation for 

the Trinity nuclear test detonation on July 16 1945, 12.30 UTC. Dashed lines show the time-of-arrival. 

Reproduction of Figure 5 from (Quinn, 1987). 
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Nancy  

 

Figure 31  Measured (solid) and extrapolated (long dashed) exposure rates normalized to 12 hours post 

detonation for the Nancy nuclear test detonation on March 24 1953, 13.10 UTC. Dashed lines show the time-of-

arrival. Reproduction of Figure 3 from (Steadman et al., 1984). 
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Harry 

 

Figure 32  Measured (solid) and extrapolated (dashed) exposure rates normalized to 12 hours post detonation for 

the Harry nuclear test detonation on May 19 1953, 12.05 UTC. Reproduction of Figure 9 from (Quinn et al., 

1981). 
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Smoky 

 

Figure 33  Measured (solid) exposure rates normalized to 12 hours post detonation for the Smoky nuclear test 

detonation on August 31 1957, 12.30 UTC. Dotted lines show the time-of-arrival. Reproduction of Figure 19 

from (Quinn et al., 1982). 
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Small Boy 

 

Figure 34  Measured (solid) and extrapolated (dashed) exposure rates normalized to 12 hours post detonation for 

the Small Boy nuclear test detonation on July 14 1962, 18.30 UTC. Dash-dotted lines show the time-of-arrival. 

Reproduction of Figure 2 from (Quinn et al., 1984). 
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Comparison of DERMA model results to measurements 
With the post-processing done in ARGOS and the unit conversion applied, the DERMA model output 

in Figure 5 - Figure 9 is directly comparable to the measurement results given in Figure 30- 

Figure 34.  

Comparing firstly the magnitude of the exposure rates, a clear result presents itself. For all 

five cases, the exposure rates modelled using DERMA are lower than the measurements by 

about a factor of 10 in the regions of highest exposure close to the detonation site. This is not 

too surprising, given the currently-known deficiencies of the DERMA model in the context of 

modelling nuclear detonations. As described in the section on DERMA, in its current form, it 

does not include the effect of gravitational settling. Especially for a nuclear weapon 

modelling, this is important, as even large, heavy particles are flung to high altitudes by the 

forces of the detonation. Due to gravity, most of these are expected to deposit relatively close 

to the detonation site, and due to the Coriolis effect mainly to the right on the northern 

hemisphere, resulting in large exposure rates. In the DERMA model, on the other hand, these 

remain suspended for longer time allowing transport away from the detonation site, thus 

reducing the modelled exposure rate close to the detonation site. Thus, the planned update to 

include this effect in DERMA is expected to increase the deposition close to the detonation 

site, and thus yield better agreement with the measurements. This development is complicated 

by the fact that the gravitational settling depends on the particle size distribution of the 

material emitted by the detonation, which may not be well-known.  

For the geographical extent of the exposure, the comparison between model output and 

measurements is less clear and more case-dependent. For the Trinity case, the model and 

measurements seem to be in good agreement that the exposure is centered around a line 

extending in a northwesterly direction from the detonation site, see Figure 5 and Figure 30.  

The same agreement (and incidentally, direction of deposition relative to the detonation) is 

found close to the detonation site for the Small Boy test, as seen by comparing Figure 9 and 

Figure 34. Also in this case, the fallout is covering a region northwest of the detonation site. 

However, looking at the measurements (Figure 34), an additional region of large exposure 

rates is seen much further northwest, isolated from the region of large activity close to the 

detonation site, not present in the model results in Figure 9. But as this region is well beyond 

the 15 hour time-of-arrival, the exposure rates in this region must be based on measurements 

done at a later time, which have then been normalized to the exposure rate 12 hours post 

detonation. Figure 40 shows the deposition modelled with DERMA 48 hours post detonation, 

and this shows that also in the model, deposition is found in this region at a time later than the 

12 hours shown in Figure 9, further highlighting the agreement between model and 

measurements for this detonation.  

For the three remaining cases, Harry, Nancy and Smoky, the agreement in the direction of 

deposition relative to the detonation site is worse than for the two cases described above. In 

all three of these cases, the measurements are dominated by exposure rates in areas that are in 

a more eastward direction than modelled. One option for this discrepancy is that the NWP 

data providing the forcing for the model might not accurately reflect the actual weather 

conditions during the time of these three test detonations. As the stabilized cloud is so short-

lived, the exact deposition patterns are highly sensitive to the meteorological conditions at the 

time of detonation. Thus, even small temporal shifts in the timing of e.g. the change of wind 
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direction in the model can result in quite different deposition patterns, as also found in the 

NKS project DISARM (Sørensen et al., 2025). 

However, the systematic western bias in the model results compared to the measurements 

could point towards a more physical explanation. As mentioned above, the DERMA model 

does not currently account for the gravitational settling of the heavy particles and thus the 

modelled deposition is governed by the material close to the surface. On the northern 

hemisphere, the Coriolis effect acts to shift the air to the right, and this effect is larger at 

greater altitudes. Thus, radioactive material effectively released at higher altitudes is generally 

moved more eastwards than that released near the surface. In reality, this material deposits in 

this more eastward direction via gravitational settling, but as this effect is currently missing in 

the DERMA model, less eastwards deposition is expected. 

The bias towards more eastward movement at higher altitudes can be seen in Figure 35 

Error! Reference source not found.and Figure 44. In these figures, both the instantaneous 

puff-center positions are shown and the ground-level gamma dose rate, the latter depending 

on the accumulated deposition on ground and thus an integrated quantity. As can be seen, the 

mushroom cloud is already substantially distorted after three hours; however, the stem and the 

main cloud can still be identified. It is clear, that the particles at higher altitudes are moving in 

a more eastern direction than those near the surface, and if the activity from these particles 

was to more efficiently reach the surface in the model, deposition patterns in better agreement 

with the measurements are expected. The reason that the model and measurements are in 

agreement despite this model deficiency for the Small Boy case is likely due to the small size 

of this device resulting in a much smaller vertical extent of the mushroom cloud. The 

agreement for Trinity may be more fortuitous. In both of these cases, it is seen that the 

material moves in a consistent direction at the different altitudes modelled (Figure 41 and 

Figure 45), possibly due to the specific meteorological conditions on those dates. 
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Figure 35  Instantaneous puff-center positions (dots) color-coded with altitude (yellow at the surface and red at 

highest altitudes) overlaid on top of the ground-level gamma dose rate isocurves (Sv/h) as modelled with 

DERMA at 3, 6, 9 and 12 hours post detonation for the Nancy nuclear detonation test. 
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Summary, Conclusions, and Outlook 
The current geopolitical situation involves an increased risk for use of nuclear weapons. 

Detonation of such 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. 

 

The model systems describe the initial spatial distribution of radioactive matter, when 

stabilization has occurred around ten minutes after detonation, as observed in the field. This 

effective distribution is taken over by an operational atmospheric dispersion model, which is 

developed in order to comply with such description. In the previous NKS-B project DISARM, 

methods have been developed for describing the initial spatial distribution of radioactive 

matter after the detonation of a nuclear weapon. This effective distribution described as a 

mushroom cloud is taken over by the atmospheric dispersion model. 

 

In DRAWN, the methods developed have been applied to and validated against selected 

atmospheric nuclear tests in the Nevada desert in the 1940s, 1950s, and early 1960s. 

 

The non-hydrostatic Harmonie numerical weather prediction model has been set up and run at 

high resolution using ERA5 reanalysis data of the European Centre for Medium-Range 

Weather Forecasts (ECMWF) to describe the boundary conditions. 

 

The KDFOC3 pseudo-nuclide approach describing the released radioactivity has been 

applied, and the resulting gamma dose rates compared with observations. In addition, the 

detailed SSM nuclide vector approach has been compared with the results of KDFOC3. The 

overall conclusion of this study is that the parametrized decay law very accurately reproduces 

the total dose rate resulting from using the nuclide vector, especially between 1 and 104 hours 

after detonation. 

 

The predicted plumes are imported to the ARGOS nuclear decision-support system for 

presentation and dose assessment, and optimum presentation for nuclear emergency 

management and decision making are considered. 

 

As an outlook, the effect of the inherent meteorological uncertainties on the dispersion 

patterns should be quantified by applying a statistical ensemble model system to each of the 

selected nuclear tests in the Nevada desert. Here, methodologies developed in the previous 

NKS projects MUD, AVESOME, and DISARM should be utilized. 
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Appendix A – DERMA modelled deposition patterns 48 hours post 

detonation  

Trinity 

 
Figure 36  Total accumulated ground deposited activity (pBq/m2) 48 hours post detonation for the Trinity case. 

The detonation site is indicated by the black diamond. 

Nancy 

 
Figure 37  Total accumulated ground deposited activity (pBq/m2) 48 hours post detonation for the Nancy case. 

The detonation site is indicated by the black diamond. 



50 

 
 

 

Harry 

 
Figure 38  Total accumulated ground deposited activity (pBq/m2) 48 hours post detonation for the Harry case. 

The detonation site is indicated by the black diamond. 

Smoky 

 
Figure 39. Total accumulated ground deposited activity (pBq/m2) 48 hours post detonation for the Smoky case. 

The detonation site is indicated by the black diamond. The colored box surrounding the figure shows the outline 

of the NWP domain used. 
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Small Boy 

 
Figure 40  Total accumulated ground deposited activity (pBq/m2) 48 hours post detonation for the Small Boy 

case. The detonation site is indicated by the black diamond.  
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Appendix B – DERMA-modelled puff-center locations at selected times 
 

 

Trinity 

 

Figure 41  Puff-center positions (dots) color-coded with altitude (yellow at the surface and red at highest 

altitudes) overlaid on top of ground-level gamma dose rate isocurves (Sv/h) as modelled with DERMA at 3, 6, 9 

and 12 hours post detonation for the Trinity nuclear detonation test. 
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Nancy 

 

Figure 42  Replicate of Figure 35 included here for completeness. Puff-center positions (dots) color-coded with 

altitude (yellow at the surface and red at highest altitudes) overlaid on top of ground gamma dose rate isocurves 

(Sv/h) as modelled with DERMA at 3, 6, 9 and 12 hours post detonation for the Nancy nuclear detonation test. 

Harry 

 

Figure 43  Puff-center positions (dots) color-coded with altitude (yellow at the surface and red at highest 

altitudes) overlaid on top of ground gamma dose rate isocurves (Sv/h) as modelled with DERMA at 3, 6, 9 and 

12 hours post detonation for the Harry nuclear detonation test. 
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Smoky 

 

Figure 44  Puff-center positions (dots) color-coded with altitude (yellow at the surface and red at highest 

altitudes) overlaid on top of ground gamma dose rate isocurves (Sv/h) as modelled with DERMA at 3, 6, 9 and 

12 hours post detonation for the Smoky nuclear detonation test. 

Small Boy 

 

Figure 45  Puff-center positions (dots) color-coded with altitude (yellow at the surface and red at highest 

altitudes) overlaid on top of ground gamma dose rate isocurves (Sv/h) as modelled with DERMA at 3, 6, 9 and 

12 hours post detonation for the Small Boy nuclear detonation test. 
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