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A STUDY OF THE EFFECTS OF A RADIATION DISPERSAL DEVICE

C. O. Slater
J. C. Gehin
R. T. Santoro

ABSTRACT

The effects of radiation from the detonation of a radiation dispersal device were examined
through the coupling of computer code systems. The HPAC code system modeled the dispersal of
radioactive particles from the detonation and output the data over a grid. The ORIGEN2 code
calculated the photon spectrum per unit of material which when coupled with the HPAC data
yielded the photon source spectra per unit area per second. The source spectra were reformulated
as a volumetric source for the TORT code, which was used to calculate free-field fluences over a
large region. The DRC3B code coupled those fluences with MASH-MORSE adjoint leakages
from an armored vehicle to determine fluences, dose rates, and protection factors at selected
positions within the vehicle as a function of location and orientation with respect to the detonation
point. Indications are that meaningful results can be obtained within a reasonable amount of time
using an advanced computer system.
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1.0 INTRODUCTION

Concern has been voiced about terrorists detonating so-called dirty bombs [or radiation
dispersal devices (RDDs)] and about the effects the dispersed radiation might have on people in
the area. Therefore, a study was begun recently to examine the effects of one such type of device.
First, a dispersal pattern for the postulated device was developed and the corresponding radiation
source was determined. Then, free-field fluences due to the source were calculated over a large
volume, and the dose rates and protection factors within an armored vehicle located at various
points within the radiation field were determined. The following sections describe the source, the
transport calculation, the adjoint calculations, the coupling calculations, and the resulting
calculated free-field and shielded dose rates at selected locations.

The analysis of radiation dispersal devices has now become part of the NATO Allied
Engineering-14 document,' which gives the military vehicle designer guidelines for improving
radiation protection.
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2.0 MASH SOURCE FILE FOR RADIOLOCIAL INCIDENT

The first task involved the determination of the radiation source that would result from
the detonation of an RDD during assumed atmospheric conditions. The Hazard Prediction
Assessment Capability (HPAC) code system” has the capability to provide modeling of the
dispersal of radioactive materials that may result from a terrorist event. In order to demonstrate
the creation of a radioactive ground source with HPAC for use by the MASH code system,’ we
modeled a terrorist event with HPAC and the resulting ground deposition was exported to create a
source term for the MASH code system.

2.1 Description of the Radiological Incident

The assumed incident for the generation of the source involves the release of '*’Cs with
high explosives and then the atmospheric dispersion of that '*’Cs by the prevailing winds. The
source was assumed to consist of 10,000 Ci of *’Cs in the form of a powder that is initially
dispersed with 22.7 kg (50 Ib) of high explosives. The winds are out of the south-southeast and
the resulting plume spreads materials over a region of about one square kilometer. The source
characterization parameters have been arbitrarily selected, but may represent a credible terrorist
event. The surface deposition calculated by HPAC is shown in Figure 2.1. Note that the
detonation occurs at the origin of the system with the x-axis across the page and y-axis up the

page.
2.2 MASH Source Definition

The incident described in Section 2.1 was modeled using the HPAC radiological weapon
(RWPN) source term model. This model created the initial dispersion of the '*’Cs material by the
explosion for input to the atmospheric dispersion model, SCIPUFF. SCIPUFF (Second-order
Closure Integrated PUFF) is a Lagrangian transport and diffusion model for atmospheric
dispersion applications. The numerical technique used to solve the dispersion model equations is
the Gaussian puff method in which a collection of three-dimensional puffs is used to represent an
arbitrary time-dependent concentration field. SCIPUFF also uses a turbulent diffusion
parameterization based on second-order turbulence closure theories, which provides a
probabilistic capability allowing the prediction of the concentration fluctuation variance. The
RWPN model uses the particle size distribution given in Table 2.1 for '*’Cs salt/powder.
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Figure 2.1. HPAC distribution of the ground source for Cs-137 radiological weapon event.

The source material for this incident, *’Cs (half-life 30 years), has a specific activity of
about 87 Ci/g. However, the decay of *’Cs also creates '*"™Ba, which has a relatively short half-
life (2.5 minutes) and therefore quickly reaches equilibrium concentration with '*’Cs. Therefore,
the specific activity of the source term is 169 Ci/g when taking the equilibrium nuclides into
account. The ORIGEN?2 code* was used to compute the photon release from one kilogram of
7Cs (including equilibrium nuclides) in an 18-energy-group structure. The computed photon
source is shown in Table 2.2 and the spectrum is plotted in Figure 2.2. This photon source
information was combined with ground-deposition information from HPAC to create a ground
photon source to be used by the MASH code system. The energy boundaries for the group
structure are given in Table 2.3. These data are needed for the conversion of the source to a
group structure for which a cross-section library is available.

Table 2.1. HPAC particle size distribution for *’Cs salt/powder.

Particle size range (microns) | Fraction of mass in range
0-1 1.11E-11
1-5 3.11E-05
5-10 0.002177

10 - 20 0.043375
20 - 30 0.110141
30-60 0.402039
60 - 100 0.283177
100 - 175 0.132431
175 - 400 0.026167
Total 0.999539




Table 2.2. photon source from "*'Cs with equilibrium decay nuclides.

Energy Group | Avg Energy Photons Energy Group | Avg Energy Photons
(MeV) (s' kg (MeV) (s' kg

1 9.5 0.0 10 0.575 3.136+15
2 7.0 0.0 11 0.375 1.452+12
3 5.0 0.0 12 0.225 9.688+12
4 3.5 0.0 13 0.125 1.220+13
5 2.75 0.0 14 0.085 2.327+13
6 2.25 0.0 15 0.0575 4.667+13
7 1.75 0.0 16 0.0375 2.349+14
8 1.25 6.856+7" 17 0.0250 6.019+13
9 0.85 1.799+10 18 0.0100 3.328+14

"Read as 6.856 x 10’




Table 2.3. Energy group boundaries for the ORIGEN2 group structure.

Energy Group Upper Energy (MeV) Energy Group Upper Energy (MeV)

1 11.0 10 0.7

2 8.0 11 0.45
3 6.0 12 0.3

4 4.0 13 0.15
5 3.0 14 0.1

6 3.5 15 0.07
7 2.0 16 0.045
8 1.5 17 0.03
9 1.0 18 0.02°

*Even though the average energy is given as 0.01 MeV (meaning the lower boundary is 0.0
MeV), the lower energy was selected as 0.01 MeV, which is the lower limit for most photon

cross-section libraries.
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Figure 2.2. Energy spectrum (s™') for a 10-kCi *’Cs source.



3.0 RADIATION EFFECTS FROM DEPOSITED SOURCES

The radiation effects from the deposited sources were determined using a previously
developed procedure that was modified for the current study. This procedure involved the
coupling of free-field directional fluences with adjoint leakages from a vehicle or structure.
Details of the calculations follow.

3.1 Free-Field Fluence Calculation

To perform the free-field fluence calculation, one needs a source in the proper format.
Therefore, the HPAC source data were stored in a file with the GENMASH? format. Then, the
modified GENTORT code® (modified to accept either a file having only a ground source or one
having both ground and airborne sources) was used to create a source for the TORT’ three-
dimensional radiation transport code, which would calculate the free-field fluences. The
GENTORT code was also modified to place half of the source in mesh cells in each of two k-
levels, one above and one below the ground plane. This was a substitute for an internal k-
boundary flux file to represent a plane source at ground level (a feature that has not been
implemented in TORT for practical usage). It is left to the user to select adequately spaced
k-mesh about the ground level and to create a separate zone for the top k-interval within the
ground so that the ground density can be adjusted appropriately.

The TORT calculation was performed using the last 11 groups of the DABL69® 23-group
photon structure, the weighted-difference method, a symmetric S;, quadrature set (192
directions), and a Ps Legendre polynomial expansion of the scattering cross sections. Only air
and ground mixtures were required for this calculation. A point flux convergence criterion of
0.001 and an inner iteration limit of 12 were selected, and the convergence criterion was satisfied
by the bottom six groups of the 11-group structure. The key fluxes were converged (to three
decimal places) for all groups. The computational model consisted of a 78 x 80 x 40 x-y-z spatial
mesh (spanning a region defined by —1.5 km <x < 1.5 km, —0.85 km <y <2.25 km, and —0.0005
km <z < 1.0 km). The calculation for this mesh required about 65.5 minutes on our fastest IBM
workstation (an IBM p630 dual processor workstation with dual 1.0 GHz Power-4 CPUs and 2
GB Memory). Directional fluences were output for a 38 x 38 x 15 submesh of the original
geometry. The TORT x- and y- axes are aligned with those of the HPAC source geometry shown
in Figure 2.1. The TORT origin is at the center of detonation.

Contour plots of the free-field dose rates calculated from the TORT fluences are shown in
Figures 3.1 and 3.2 for horizontal planes and in Figures 3.3 and 3.4 for vertical planes. The
horizontal views show that the dose-rate profile closely follows the source distribution calculated
by HPAC (Figure 2.1). All the views show that there is relatively little problem with ray effects.
There are finer symmetric quadrature sets available that could be used decrease the minor ray
effects seen in the figures. However, since the effects are minor and this is a preliminary study, it
was judged that additional calculations using the refined quadratures were not required.

3.2 Adjoint Calculations

The MASH-MORSE adjoint calculations were performed for fluences and dose rates at
the head positions of a commander and driver within the armored vehicle pictured in Figures 3.5
and 3.6. The same 11-group structure and microscopic cross-section library used by the TORT
calculation were used by the MASH-MORSE adjoint calculations. The materials required by
MASH-MORSE were mixed (in adjoint mode) using the XCHEKER code, which is a modified



version of the XCHEKR code’ that served as an auxiliary mixing code for the original MORSE.
For each case, five million histories were followed, leading to about 2.3-million escapes for each
calculation. In addition to data for particles escaping the system being written to the history file,
data for particles crossing the ground surface were also written. The latter data were to be used to
assess what contribution fallout on the ground within the MASH-MORSE geometry makes to the
dose rate at the location of interest. The contribution should be relatively small if the ground
surface within the model does not extend very far beyond the vehicle or structure and there are no
steep gradients in the source distribution over the ground surface.

One of these calculations required about 506 minutes on an older IBM workstation while
the other required about 105 minutes on our fastest workstation. Both required significantly more
time than did the TORT calculation.

3.3 Coupling Calculations

The DRC3B code, an update of the DRC3 code,’ was used to perform the coupling of the
TORT free-field fluences (Sect. 3.1) and the MASH-MORSE adjoint leakages (Sect. 3.2). The
update allows the contributions of fallout on a surface to be included along with the contributions
from direct and scattered contributions. The user is allowed to specify the z-locations of the
fallout surfaces and the normal component for each surface (A +1 means upward crossings add
and downward crossing subtract while —1 means downward crossings add and upward crossings
subtract. The interior ground surface is the only surface from which one would expect both
positive and negative contributions).

One or more preliminary calculations are required prior to the coupling. First, one runs
VIST3D’ to produce 3-D directional fluence arrays over a spatial volume that would encompass
all parts of the MASH-MORSE geometry for all of the selected positions and orientations.
DRC3B interpolates those data to calculate the directional fluence values needed to couple with
the MASH-MORSE adjoint leakages. Second, if fallout contributions are to be included, one
needs to run the PLATEQ code® to generate a fallout source distribution over the same spatial
mesh used in the VIST3D calculation. DRC3B interpolates these data to get the appropriate
source at the MASH-MORSE leakage location. The source is converted to directional fluence by
dividing it by the cosine that the adjoint leakage particle makes with the surface.

At the user’s option, DRC3B calculates free-field and shielded fluence and dose-rate
spectra, free-field and shielded integrated fluence and dose rate, and fluence and dose-rate
protection factors. The option that produces spectra yields a large volume of printed output per
detector position.

The coupling calculations produced results for 76 range/orientations (four orientations for
each of 19 locations), requiring 27 to 36 minutes of computation time on our fastest IBM
workstation. More time was required when fallout was considered than was required when it was
not. The processing of the large number of events on the MASH-MORSE history file contributes
greatly to the time required for the coupling calculations.

3.4 Results
For the commander’s head position, results are presented in Tables 3.1, 3.2, and 3.3 for
four orientations of the vehicle at each of seven vehicle locations. The approximate locations of

the vehicle are shown in Figure 3.7. Note that the shape representing the vehicle is not to scale
(the shape is about 60 m wide and 120 m long according to the scale given on the figure). The
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results in Table 3.1 are for the case that included no fallout on a surface above the vehicle. The
results in Table 3.2 are for the case that included fallout on a surface above the vehicle. The
results in Table 3.3 are for the case that included fallout on a surface above the vehicle as well as
on the ground within the MASH-MORSE geometry model. Results for the Driver’s head
position are shown in Tables 3.4, 3.5, and 3.6. For the commander’s head position, the free-field
dose rates vary only 4 to 6% with orientation except for the 15% variation at the second vehicle
location and the 76% variation at the third vehicle location. In general, shielded dose rates vary
10 to 30% at all except the third vehicle location where the variation is 90 to 106%. At several
locations, fallout on the vehicle adds relatively large contributions to the dose rate inside the
vehicle. The contribution from fallout on the ground is also significant for several vehicle
locations. With the exception of the 189% variation for the third vehicle location for the case
without fallout atop the vehicle, variations in the protection factors range between 6 and 25%.
The large protection factor for the 0-degree orientation at location 3 is believed to be due to the
shielding provided the commander by the metal in the engine. Variations in the free-field dose
rate for the driver’s head position are smaller than those for the commander’s head position (7%
at the second vehicle location, 39% at the third vehicle location, and 2 to 4% at the other vehicle
locations). However, variations in the shielded dose rates and the protection factors are generally
larger (14 to 65% versus 6 to 30% at all vehicle locations except for the third location where
results are mixed).

Free-field and shielded fluence spectra at the commander’s head position for a vehicle
near to and distant from the detonation point are shown in Figures 3.8 and 3.9. The figures show
first that fallout on the vehicle adds a lot to the shielded fluence when the vehicle is near the
detonation point. A much smaller contribution is made at the distant location. Second, the
figures show that photons with energies near the source energy dominate the spectra near the
detonation point, but photons with lower energies dominate the spectra at the distant location.
Scattered radiation is more important at the distant location than it is at locations near the point of
detonation. With the shift in the energy spectra, one would expect the protection factors to be
substantially different at the two locations. Such was the case in Table 3.1, but it was less so in
Tables 3.2 and 3.3.

3.5 Alternative Coupling Method and Results

For the seven vehicle locations for which results are shown in Tables 3.1-3.6, alternative
calculations were performed with the DRC4B code (a modified version of the DRC4 code®).
The DRC4B code uses a method that is approximate but is generally faster and simpler than the
method used in DRC3B. Previous comparisons of the two methods were favorable,’ so, DRC4B
is used here as a check for the more rigorous method used in DRC3B. Directional fluences were
calculated at either 27 (3-cubed) or 729 (9-cubed) points surrounding the vehicle at each location.
Fallout sources were also restricted to the points that lay on the relevant surfaces. As stated in the
report describing DRC4, the results do not include any contributions from ground scatter. In
addition, since the source varies significantly over relatively small distances, the integration mesh
used by DRC4B might over-represent or under-represent the contributions from the peak source
region. The 729-point calculations required about 360 minutes each (on our fastest IBM
workstation) for the commander’s head calculations without and with fallout on the vehicle. The
calculations for the driver’s head required only 8 to 9 minutes, since they used the directional
fluences from the commander’s head calculations. These computational times are much greater
than that required by TORT. Timewise, therefore, there is no advantage to using the approximate
method.
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The DRC4B-calculated dose rates are lower than those calculated by DRC3B. Free-field
dose rates calculated by DRC3B are factors of 2.4 to 2.6 higher for the vehicle location near the
detonation (location 3) and factors of 21 to 22.5 higher for a vehicle at location 5. Ratios of
protection factors calculated by DRC4B to those calculated by DRC3B (with and without fallout
on the vehicle) for vehicle locations 1 and 2 range from 0.8 to 1.21 except for the ratio of 1.39 for
the driver’s head position at vehicle location 2 and the 270° orientation. Elsewhere, ratios for the
commander’s head position in a vehicle without fallout above it are 1.22-1.34 for location 3,
1.35-1.49 for location 4, 1.66-1.8 for location 5, 1.95-2.16 for location 6, and 1.39-1.45 for
location 7. For the driver’s head position, those ratios are 1.1-1.28 for location 3, 1.28-1.44 for
location 4, 1.48-1.61 for location 5, 1.66-1.78 for location 6, and 1.3-1.33 for location 7. Ratios
of protection factors for the commander’s head position range from 0.47 to 0.61 for vehicle
locations 3-6 and from 1.39 to 1.45 for vehicle location 7. Those for the driver’s head position
range from 0.49 to 0.72 for vehicle locations 3-6 and from 1.29 to 1.32 for vehicle location 7. For
vehicle location 7, fallout contributed little to the dose rate inside the vehicle. Therefore, the
protection factor ratios are about the same with or without fallout. Fallout contributions are also
small for locations 1 and 2. For the commander’s head position, the contributions are less than
1% for location 1 and less than 5.5% for location 2. DRC4B free-field dose rates calculated using
the 729-point fluence field differed from those calculated using the 27-point fluence field by 11%
or less except at vehicle location 7. There the dose rates increased by 28% at the commander’s
head position and by 18.5% at the driver’s head position. These results indicate that the source
integration mesh is more in need of refinement than is the fluence mesh. The favorable
comparisons in the previous work were probably due to a source spatial distribution that was
more uniform than that for the source used in the present analysis.
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Table 3.1. ANSI standard dose rate and protection factors for commander’s head position
as a function of vehicle location and orientation (no contributions from fallout on vehicle).

Vehicle Free-Field Shielded
Vehicle Location (m)* Orientation Dose Rate Dose Rate Protection
X y Angle (deg.) (mrem/h) (mrem/h) Factor
—-100.0 -50.0 0 19.06 3.640 5.236
90 19.28 4.332 4451
180 20.21 4.739 4.264
270 19.97 4.480 4.457
0.0 -50.0 0 55.35 10.63 5.206
90 52.83 10.12 5.219
180 57.34 12.99 4.415
270 60.92 12.20 4.994
10.0 10.0 0 4756.0 195.0 24.40
90 3499.0 238.6 14.67
180 2697.0 319.6 8.439
270 3631.0 370.3 9.805
-200.0 100.0 0 11.81 2.261 5.224
90 12.17 2.652 4.590
180 12.56 2.649 4.741
270 12.18 2.281 5.340
—400.0 200.0 0 1.289 0.2465 5.231
90 1.322 0.2905 4.550
180 1.350 0.2914 4.634
270 1.317 0.2510 5.247
—400.0 400.0 0 2.728 0.3894 7.006
90 2.802 0.4379 6.400
180 2.900 0.4377 6.626
270 2.824 0.3915 7.212
400.0 400.0 0 0.2027 0.04503 4.501
90 0.1996 0.04158 4.801
180 0.1944 0.03582 5.428
270 0.1974 0.04325 4.565

*The vehicle locations are with respect to the TORT origin which is located at the center
of the detonation. The TORT x- and y-axes are also aligned with the HPAC source geometry.
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Table 3.2. ANSI standard dose rate and protection factors for commander’s head position
as a function of vehicle location and orientation (includes contributions from fallout on

vehicle).
Vehicle Free-Field Shielded
Vehicle Location (m)® Orientation Dose Rate Dose Rate Protection
X y Angle (deg.) (mrem/h) (mrem/h) Factor
—-100.0 -50.0 0 19.06 3.654 5.215
90 19.28 4.346 4.436
180 20.21 4.757 4.248
270 19.97 4.498 4.439
0.0 -50.0 0 55.35 11.06 5.003
90 52.83 10.49 5.038
180 57.34 13.48 4.253
270 60.92 12.80 4.759
10.0 10.0 0 4756.0 1334.0 3.564
90 3499.0 820.4 4.265
180 2697.0 652.2 4.135
270 3631.0 954.5 3.804
-200.0 100.0 0 11.81 2.459 4.803
90 12.17 2.856 4.263
180 12.56 2.885 4.354
270 12.18 2.510 4.854
—400.0 200.0 0 1.289 0.2621 4918
90 1.322 0.3064 4.314
180 1.350 0.3087 4.375
270 1.317 0.2680 4.914
—400.0 400.0 0 2.728 0.6840 3.989
90 2.802 0.7421 3.776
180 2.900 0.7614 3.809
270 2.824 0.7049 4.005
400.0 400.0 0 0.2027 0.04505 4.499
90 0.1996 0.04160 4.798
180 0.1944 0.03584 5.425
270 0.1974 0.04327 4.563

*The vehicle locations are with respect to the TORT origin which is located at the center
of the detonation. The TORT x- and y-axes are also aligned with the HPAC source geometry.
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Table 3.3. ANSI standard dose rate and protection factors for commander’s head position
as a function of vehicle location and orientation (includes contributions from fallout on

vehicle and on ground inside MASH-MORSE geometry model).

Vehicle Free-Field Shielded
Vehicle Location (m)® Orientation Dose Rate Dose Rate Protection
X y Angle (deg.) (mrem/h) (mrem/h) Factor
—-100.0 -50.0 0 19.06 3.657 5.211
90 19.28 4.348 4.434
180 20.21 4.759 4.246
270 19.97 4.500 4.437
0.0 -50.0 0 55.35 11.13 4.975
90 52.83 10.54 5.011
180 57.34 13.55 4.232
270 60.92 12.88 4.730
10.0 10.0 0 4756.0 1462.0 3.253
90 3499.0 905.3 3.865
180 2697.0 709.8 3.800
270 3631.0 1033.0 3.514
-200.0 100.0 0 11.81 2.488 4.748
90 12.17 2.885 4.220
180 12.56 2917 4.306
270 12.18 2.542 4.793
—400.0 200.0 0 1.289 0.2644 4.877
90 1.322 0.3087 4.282
180 1.350 0.3111 4.342
270 1.317 0.2704 4.871
—400.0 400.0 0 2.728 0.7264 3.756
90 2.802 0.7851 3.569
180 2.900 0.8062 3.597
270 2.824 0.7490 3.770
400.0 400.0 0 0.2027 0.04505 4.498
90 0.1996 0.04160 4.798
180 0.1944 0.03585 5425
270 0.1974 0.04327 4.563

*The vehicle locations are with respect to the TORT origin which is located at the center
of the detonation. The TORT x- and y-axes are also aligned with the HPAC source geometry.
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Table 3.4. ANSI standard dose rate and protection factors for driver’s head position as a
function of vehicle location and orientation (no contributions from fallout on vehicle).

Vehicle Free-Field Shielded
Vehicle Location (m)* Orientation Dose Rate Dose Rate Protection
X y Angle (deg.) (mrem/h) (mrem/h) Factor
—-100.0 -50.0 0 19.62 3.412 5.752
90 19.20 3.084 6.225
180 19.48 2.265 8.600
270 19.92 2.969 6.710
0.0 -50.0 0 56.81 8.167 6.957
90 53.83 9.001 5.981
180 53.30 7.056 7.554
270 56.15 5.683 9.880
10.0 10.0 0 3873.0 150.1 25.80
90 4294.0 293.0 14.66
180 3407.0 329.0 10.36
270 3089.0 206.6 14.95
—-200.0 100.0 0 12.05 1.911 6.304
90 11.92 1.550 7.691
180 12.18 1.389 8.767
270 12.31 1.746 7.052
—400.0 200.0 0 1.309 0.2108 6.210
90 1.300 0.1693 7.680
180 1.322 0.1489 8.879
270 1.331 0.1910 6.968
—400.0 400.0 0 2.807 0.3269 8.589
90 2.771 0.2804 9.883
180 2.828 0.2613 10.82
270 2.865 0.3063 9.353
400.0 400.0 0 0.1980 0.02131 9.293
90 0.2001 0.02940 6.807
180 0.1976 0.03314 5.963
270 0.1955 0.02855 6.848

*The vehicle locations are with respect to the TORT origin which is located at the center
of the detonation. The TORT x- and y-axes are also aligned with the HPAC source geometry.
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Table 3.5. ANSI standard dose rate and protection factors for driver’s head position as a
function of vehicle location and orientation (includes contributions from fallout on vehicle).

Vehicle Free-Field Shielded
Vehicle Location (m)* Orientation Dose Rate Dose Rate Protection
X y Angle (deg.) (mrem/h) (mrem/h) Factor
—-100.0 -50.0 0 19.62 3.420 5.739
90 19.20 3.091 6.211
180 19.48 2.273 8.571
270 19.92 2.977 6.691
0.0 -50.0 0 56.81 8.403 6.761
90 53.83 9.206 5.848
180 53.30 7.262 7.339
270 56.15 5.924 9.478
10.0 10.0 0 3873.0 490.2 7.902
90 4294.0 642.3 6.686
180 3407.0 580.4 5.870
270 3089.0 435.5 7.093
—-200.0 100.0 0 12.05 2.014 5.983
90 11.92 1.649 7.232
180 12.18 1.492 8.164
270 12.31 1.853 6.645
—400.0 200.0 0 1.309 0.2186 5.988
90 1.300 0.1769 7.349
180 1.322 0.1568 8.436
270 1.331 0.1990 6.688
—400.0 400.0 0 2.807 0.4730 5.935
90 2.771 0.4246 6.527
180 2.828 0.4091 6.913
270 2.865 0.4561 6.282
400.0 400.0 0 0.1980 0.02132 9.288
90 0.2001 0.02941 6.804
180 0.1976 0.03315 5.961
270 0.1955 0.02856 6.845

*The vehicle locations are with respect to the TORT origin which is located at the center
of the detonation. The TORT x- and y-axes are also aligned with the HPAC source geometry.
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Table 3.6. ANSI standard dose rate and protection factors for driver’s head position as a
function of vehicle location and orientation (includes contributions from fallout on vehicle
and on ground inside MASH-MORSE geometry model).

Vehicle Free-Field Shielded
Vehicle Location (m)® Orientation Dose Rate Dose Rate Protection
X y Angle (deg.) (mrem/h) (mrem/h) Factor
—-100.0 -50.0 0 19.62 3.421 5.736
90 19.20 3.092 6.208
180 19.48 2.274 8.566
270 19.92 2.978 6.688
0.0 -50.0 0 56.81 8.444 6.728
90 53.83 9.245 5.823
180 53.30 7.303 7.298
270 56.15 5.969 9.406
10.0 10.0 0 3873.0 558.0 6.941
90 4294.0 696.8 6.163
180 3407.0 628.7 5419
270 3089.0 484.8 6.373
-200.0 100.0 0 12.05 2.033 5.927
90 11.92 1.667 7.151
180 12.18 1.512 8.059
270 12.31 1.872 6.575
—400.0 200.0 0 1.309 0.2200 5.948
90 1.300 0.1784 7.290
180 1.322 0.1582 8.358
270 1.331 0.2005 6.639
—400.0 400.0 0 2.807 0.5000 5.615
90 2.771 0.4517 6.136
180 2.828 0.4368 6.475
270 2.865 0.4836 5.924
400.0 400.0 0 0.1980 0.02132 9.287
90 0.2001 0.02941 6.804
180 0.1976 0.03315 5.961
270 0.1955 0.02856 6.845

*The vehicle locations are with respect to the TORT origin which is located at the center
of the detonation. The TORT x- and y-axes are also aligned with the HPAC source geometry.
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Figure 3.1. Photon isodose-rate contours for a horizontal plane 3m above the ground due to
the detonation and dispersal of a 10-kCi "*’Cs source.
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photon dose rate (mrem/h) at Z=325m for 10—kCi Cs—137 source
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Figure 3.2. Photon isodose-rate contours for a horizontal plane 325m above the ground due
to the detonation and dispersal of a 10-kCi "*'Cs source.
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photon dose rate (mrem/h) ot Y=-325m for 10-kCi Cs-137 source
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Figure 3.3. Photon isodose-rate contours for a vertical plane 325m left of the origin due to

the detonation and dispersal of a 10-kCi *'Cs source.
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photon dose rate (mrem/h) at Y=3.75m for 10-kCi Cs-137 source
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Figure 3.4. Photon isodose-rate contours for a vertical plane 3.75m right of the origin due
to the detonation and dispersal of a 10-kCi '*'Cs source.
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Top Right Front View

Figure 3.5. Model of the composite material armored assault vehicle used in the analysis.
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Cut-Away View Of Crew And Marine Positions

Marine 15

Marine 17

Gunner

Vehicle
Commander Troop

Commander

Figure 3.6. Cutaway view of the model of the composite material armored assault vehicle
used in the analysis. The model shows the crew and infantry locations.
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Armored
V ehicles :

Figure 3.7. Approximate locations of the armored vehicle within the radiation field for the
results shown in Tables 3.1-3.7.
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Spectra for Cmdr's Head in Vehicle Near 10-kCi '*"Cs Explosion
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Figure 3.8. Free-field and shielded fluence spectra at the commander’s head position for a
vehicle located near the detonation site for the 10-kCi *’Cs weapon (x=10 m and y=10 m, 0°
orientation angle).
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Spectra for Cmdr's Head in Vehicle Far From 10-kCi *"Cs Explosion
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Figure 3.9. Free-field and shielded fluence spectra at the commander’s head position for a
vehicle located at a large distance from the detonation site for the 10-kCi *’Cs weapon (x=-
400 m and y=400 m, 0° orientation angle).
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4.0 CONCLUSIONS

A brief study of the radiation effects from the detonation of a so-called dirty bomb was
carried out. The event was modeled in the HPAC code system to create a dispersal pattern and
generate a source distribution that could be used to prepare a source for the TORT radiation
transport code. The TORT calculation was run to obtain free-field air-over-ground fluences. In
addition, adjoint MASH-MORSE calculations were run for two detector locations within an
armored vehicle. Adjoint leakages from the vehicle were coupled to the free-field fluences to
calculate quantities of interest at those detector locations as well as protection factors offered by
the vehicle as a function of location and orientation within the fluence field. In addition,
contributions from fallout on the top surfaces of the vehicle were examined. The calculations
demonstrated that using a computer like our fastest IBM workstation, one can obtain meaningful
results within a reasonable amount of time. At the same time, because of the steep gradients in
the source distribution, the approximate method in DRC4B is not very useful as a tool to check
the DRC3B results, since it appears to severely underestimate the radiation levels. Protection
factors can vary widely depending upon the location and orientation of the vehicle with respect to
the detonation point. At one location near the detonation point when fallout on the vehicle was
not considered, we saw a factor of 2.9 variation as a function of orientation for the commander’s
head position and a factor of 2.5 for the driver’s head position. Variations for the other locations
were much smaller.
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