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ABSTRACT 

The gamma-ray radiation protection factor for contaminated vehicles has been defined 
and measured for two locations inside the CF Grizzly. The measurements were 
performed with a 60Co gamma-ray source at the DREO fallout field simulation facility. 
In the driver's seat, the protection factor was observed to be 11.9, while in a passenger's 
position closer to the rear of the vehicle, the protection factor was considerably smaller, 
at 8.0. 

RESUME 

Le facteur de radioprotection de rayons gamma pour le vehicule souille a ete defini et 
mesure a deux positions a l'interieur du CF Grizzly. Les mesures ont ete executees avec 
une source de rayons gamma 6°Co au service de simulation de zone de retombees 
radioactives du CRDO. Dans le siege du conducteur, le facteur de protection a ete · 
observe pour etre 11.9. Ala position du passager, plus pres a l'arriere du vehicule, le 
facteur de protection etait considerablement reduit a 8.0. 
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EXECUTIVE SUMMARY 

Gamma-ray protection factors define the degree to which the occupant of a vehicle or 
structure is protected from radioactive sources outside. It can be defined as the ratio of 
the dose rate felt by an individual in a contaminated field to that felt by an individual in a 
similarly contaminated vehicle. They are a useful statistic for the comparison of vehicle 
designs. 

The gamma-ray radiation protection factor for contaminated vehicles has been measured 
for two locations inside the CF Grizzly. The measurements were performed with a 6°Co 
gamma-ray source at the DREO fallout field simulation facility. The measurements show 
that, for a uniform vehicular contamination, dose rates are considerably smaller in the 
driver's seat than they are for a passenger's position closer to the rear of the vehicle. 

With this "proof of concept" completed, it is now important to make comparisons 
between measurements made in this fashion and at the Centre de Decontamination et de 
Protection in Bourges, France. 
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1.0 INTRODUCTION 

The threat of exposure of Canadian Forces (CF) aiid NATO personnel to gamma-ray 
radiation is well-recognised [1]. This radiation may derive from a number of sources, 
including weapons fallout, sabotaged reactors, and radiological dispersal weapons. In 
these scenarios, a situation may arise whereby some form of gamma-ray-emitting­
contamination settles onto a wide area, including any vehicles in this area. The risk of 
contamination to vehicles also arises when an initially clean vehicle is driven through a 
radiologically contaminated area, so that radioactive dust can be stirred up and re-settle 
on the vehicle. 

Given this known threat, it is important to know the degree of protection that is afforded 
to personnel inside CF vehicles, both from radiological contamination on the ground and 
on the vehicles themselves. In addition, there is an operational requirement for one to be 
able to estimate the extent of such contamination outside a vehicle from measurements of 
gamma-ray dose rates made inside the vehicle. 

To date, much effort and considerable progress has been made on the measurement and 
estimation of radiation protection from uniform contamination on the ground (infinite 
plane) [2]. However, less attention has been paid to the very important issue of vehicular 
contamination. This report documents the first measurements made at DREO of . 
protection from vehicular contamination, on the CF Grizzly. 

2.0 SIMULATION OF CONTAMINATED VEHICLES 

2.1 Simulators Within NATO 

There are four facilities within NATO at which the radiation protection factors for 
contaminated vehicles can be measured. They are: 
(a) The Centre de Decontamination et de Protection (DEP) at Etablissement Technique 

de Bourges (ETBS), in France. This site has the capability to contaminate vehicle 
surfaces with radioactive 140La dust. This permits the measurement of both radiation 
protection factors and the efficacy of decontamination efforts [3]. 

(b) The Contamination I Decontamination facility at Wehrwissenschaftliches Institut flir 
Schutztechnologien, in Germany. At this facility, vehicles may be contaminated with 
a radioactive rain, containing 140La, 24Na, 82Br, or 152mEu [4]. 

(c) The blanket of point sources, developed by the Aberdeen Test Center in the USA. 
Point sources of 6°Co are embedded in a blanket (on a 0.5 m grid) and draped over a 
vehicle. 

(d) The DREO Source-in-a-Tube Facility. This newly completed effort uses a motor 
system to pull an enclosed radioactive source through a tube over the surface of a 
vehicle. This system allows the measurement of radiation protection factors with 
considerably less radiation hazard than is present at facilities (a) and (b) described 
above. It will also be demonstrated that this method permits the identification of 
local deficiencies in the protective shell of the vehicle. 
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2.2 Vehicle Protection Factor 

A number of definitions have been proposed for the protection factor of a contaminated 
vehicle. In this report, the protection factor (P F) is defined as the ratio of the 
(unshielded) dose rate received at 1m above an infinite plane of uniform contamination 
to that received at a given spot in a vehicle from the same areal contamination on that 
vehicle. That is, 

PF = FFDR(l m) (1) 
VDR(pos) 

where FFDR(l m) =free-field (unshielded) dose rate@ lm height for an infmite plane of 
contamination 

VDR(pos) =dose rate at a position "pos" in a vehicle for the same areal 
contamination on that vehicle 

It is worth noting that, because the surface area of a vehicle is small compared to that of a 
field, it should be expected that the protection factor is larger than unity. The possible 
exceptions to this are cases in which the position of interest is very close to one of the 
vehicle's exterior surfaces, so that the contribution to the dose rate from a small section 
of the vehicle surface becomes overwhelmingly large. 

By itself, the protection factor defined above is not a very useful number. It does not 
explicitly give the dose rate inside a contaminated vehicle. Also, since it is the ratio of 
dose rates corresponding to two very different situations, the significance of its 
magnitude is not immediately apparent. However, one can profitably compare the 
protection factors of two different vehicles, and as such the number is useful. 

2.3 DREO Approach to Contamination Simulation 

The facilities at Bourges and in Germany provide very realistic simulations of vehicular 
contamination. However, because their methods use radioactive dust and liquids, 
licensing considerations would prohibit DREO from constructing a similar facility. Thus, 
a different approach is desired. 

This is achieved through the arrangement depicted in Figure 1. A rubber tube is draped 
over the vehicle at various positions along the vehicle's length, and held in place by 
magnets. A radioactive 6°Co source, contained in a lightweight holder, is pulled through 
the tube by a pair of motors (see Figure 2). As the source moves over the vehicle, 
gamma-ray detectors inside the vehicle measure the dose rate. 

Ideally, one would like to smear some radiological agent uniformly over a small section 
of the vehicle surface and measure the dose rate at key positions inside the vehicle. 
When those measurements are complete, the agent would be completely removed and a 
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Figure 1: Experimental set-up. A rubber tube was draped over the Grizzly at one foot 
intervals along the side ofthe Grizzly. Two motors (one shown at bottom right) pulled 
the source through the tube and over the vehicle. At the front of the vehicle is shown a 
schematic division ofthe Grizzly surface into smaller surfaces. At the rear is shown a 
series of point sources that could be used to approximate such a tiling. 

'\.:-·~ 
Figure 2: The motor and pulley system. At left is one of the two motors and its gears. 
This is connected to a pulley. Between the pulley and the opening of the tube is the 
source holder. The source is pulled through the tube by fine fishing line. 

3 



new patch of the vehicle would be contaminated. This would be repeated until all vehicle 

surfaces had been contaminated. A schematic division of the CF Grizzly's surface into 
such patches is shown at the front of the vehicle in Figure 1. This method would provide 
an accurate measurement of the dose rate inside a contaminated vehicle, and provide the 
analyst with a picture of how the vehicle's shielding varies as a function of where the 
contamination is located. 

In the DREO system, these small patches of contamination are replaced by the slowly 
moving source. Thus, a detector making frequent measurements will measure the dose 
due to what is essentially a series of point sources, as depicted schematically at the rear of 
the vehicle in Figure 1. Of course, the points are actually smeared in the vertical 
direction by the movement of the source, but this actually improves the approximation to 
the rectangular surfaces. The horizontal spacing between these points is defined by the 
tube positions. The vertical spacing is defined by d=vt, where vis the velocity of the 
source and t is the time between measurements. In the measurements described in this 
report, dis approximately 3.9 em, with a sampling timet of one second. A second 
detector used in these trials measures only the dose for a complete trip of the source over 
the vehicle. This is approximately equal to the dose that would be measured for a 
uniform strip of contamination. 

The series of point sources is an excellent approximation to a collection of contaminated 
surfaces, and it is limited only by the spacing between the tube positions. That is, if the 
dose due to contamination varies significantly over the surface being approximated, then 
the value of a point source approximation is suspect. Thus, in choosing the number of 
tube positions to measure, one must strike a balance between experimental accuracy and 

effort. In this report, adjacent tube positions were w=30.5 em apart. 

In the experiment described in this report, the 6°Co source had an activity of 
A=1.41 mCi (A 3.60 mCi source was also used, but the results for this source are scaled 
down to the 1.41 mCi source). Thus, in one second, the dose measured is equivalent to 

that from a contaminated region (area dw) with a uniform areal contamination of Al(dw) 
mCi/cm2

, present for one second at the source position. Similarly, one can equate the 
dose measured for one trip of the source over the vehicle to the dose for a "strip" of 
contamination, areal contamination as above, width w, present for one second. Finally, 

the dose measured over the entire experiment is the same as that expected for a one­
second measurement of a uniformly contaminated vehicle, with areal contamination as 
above. 
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3.0 EXPERIMENTAL RESULTS 

3.1 Vehicle Configuration 

The vehicle used for these tests was the CF Grizzly. No supplementary armour was 
present on this vehicle .. 

3.2 Detector Positions 

Two detectors were used in making these measurements. The DREO BGO detector [5] 
was placed on one of the passenger benches on the left side of the Grizzly (see Figure 3). 
It was placed near the chest height of a seated soldier. This detector was turned on-when 
the source began moving up one side of the vehicle, and was turned off when it left the 
other side. The DREO Airborne Micro spec [ 6] was also set up in the Grizzly, with its 
3"x2"Nai(Tl) detector placed on the driver's seat (see Figure 4). The Airborne unit was 
used because it can be turned on and offremotely. It also has the advantage of providing 
time-indexed data every second. With this capability, one can see the dose rate as a 
function of source position over the vehicle. 

3.3 Measurement of Protection Factors 

Figure 5 - Figure 24 show the dose rate measured by the Airborne Microspec as a 
function of time, at a number of different tube positions. The abscissa is the position of 
the source inside the tube. The dashed vertical lines show where the tube reaches the top 
ofthe vehicle. These figures clearly illustrate the shielding properties of individual parts 
of the vehicle. For instance, Figure 6- Figure 9 have a significant reduction in dose rate 
at the right side of the figure, indicating the shielding offered by material on that side of 
the vehicle, particularly the engine block. The dose rate reduction in Figure 15, relative to 
Figure 14, demonstrates how contamination on the turret is much less important to the 
driver than contamination just in front of the turret. Figure 17 is a particularly good 
example of the additional shielding provided by the turret and the equipment inside it. 
These plots also show variations in the dose rate due to irregularities in the vehicle 
shielding. This is illustrated best in Figure 15. The origin ofthe spike in the dose rate at 
36 feet is not known, but demonstrates a significant variation in the driver's shielding. 
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Figure 3: The left side bench at the rear of the Grizzly. The BGO detector is shown just 
to the left of the centre of the picture, at what would be chest height for a seated soldier. 
This is approximately fourteen to fifteen feet from the front of the vehicle. 
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Figure 4: The driver's seat of the Grizzly, viewed from above through the hatch. Sitting 
on the seat is the Nai(Tl) detector used in these experiments. This seat is approximately 
six feet from the front of the vehicle. 
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Figure 5: Dose rate as a function of source position, with the tube running along the front 
edge of the Grizzly. The driver's side of the vehicle isat the left of the figure. 
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Figure 6: Same as the previous figure, but for a tube position one foot from the front of 
the vehicle. The shielding due to the engine (right side of figure) is apparent. 
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Figure 7: Dose rate versus source position, with the tube two feet from the front ofthe 
Grizzly. 

16 

14 

12 

:2 
> 10 
(/) 
::s -
~ 8 
0:: 
(I) 6 1/) 
0 c 

4 

2 

0 
30 32 34 36 38 40 42 44 

Position along tube (feet) 

Figure 8: Dose rate versus source position with the tube three feet from the front of the 
vehicle. 
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Figure 9: Dose rate versus source position when the tube is four feet from the front of the 
vehicle. 
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Figure 10: Dose rate versus source position with the tube five feet from the front of the 
vehicle. The highest dose rates are seen with the tube in this position. 
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Figure 11: Dose rate versus source position, with the tube six feet from the front of the 
vehicle. 
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Figure 12: Dose rate versus source position with the tube seven feet from the front of the 
vehicle. 
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Figure 13: Dose rate versus source position, with the tube eight feet from the front of the 
Grizzly. In this and subsequent plots, a 3.4 mCi source was used. 
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Figure 14: Dose rate versus source position with the tube nine feet from the front of the 
vehicle. This puts the tube right in front of the turret. 
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Figure 15: Dose rate versus source position, with the tube ten feet from the front of the 
vehicle, on top of the turret. The striking difference between this plot and Figure 14 
evidences the significant shielding provided to the driver by the turret. 
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Figure 16: Dose rate versus source position with the tube eleven feet from the front of the 
vehicle. 
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Figure 17: Dose rate versus source position, with the tube twelve feet from the front of 
the vehicle. The shielding due to the turret is clear. 
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Figure 18: Dose rate versus source position with the tube thirteen feet from the front of 
the Grizzly. 
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Figure 19: Doserate versus source position, with the tube at the rear end of the turret. 

2 

-..c 
> 1.5 en 
::I -(l) ..... cv 

r:t: 
(l) 1 
U) 
0 
0 

0.5 

26 28 30 32 34 36 38 40 42 44 
Position along tube (feet) 

Figure 20: Dose rate versus source position with the tube below the overhang at the rear 
of the turret. 
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Figure 21: Dose rate versus source position, with the tube fifteen feet from the front of 
the vehicle. 
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Figure 22: Dose rate versus source position with the tube sixteen feet from the front of 
the vehicle. 
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Figure 23: Dose rate versus source position with the tube seventeen feet from the front of 
the Grizzly. 
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Figure 24: Dose rate versus source position with the tube at the rear end of the Grizzly. 
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As described earlier, both the Microspec and BGO detectors can be used to measure the 

total dose at the detector position for a complete trip of the source over the vehicle. For 

the Microspec, this amounts to taking the integral of each of the graphs in Figures 6-24; 

for the BGO, this is the only data that is available. Figure 25 shows these data, properly 

normalised, as a function oftube position, measured in feet from the front of the Grizzly. 

It is clear from these plots where the detectors were positioned, and how quickly the 

contribution to the total dose rate from contaminated surfaces falls off with distance from 

the detector. This is due to the inevitable inverse-square law and to the presence of more 

shielding materials between the source and the detector. This emphasises the importance 

of decontaminating vehicle surfaces that are the closest to personnel inside the vehicle. 

As described in Section 2.3, when one sums the doses in Figure 25, one gets the dose that 

one would expect to measure in one second from a uniform vehicular contamination of 

Al(dw) mCilcm2
• For the Microspec, this leads to a dose rate of39.4 radlh/(mCi/cm2

), 

while the BGO result is 59.1 radlh/(mCi/cm2
). And, ~iven that the dose rate due to an 

infinite plane of contamination is 4 70 radlh/(mCilcm ), this leads to a protection factor of 

11.9 for the driver's seat, and 8.0 for the passenger's bench. 
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Figure 25: Dose rate as a function of the position of the contamination. Data are shown 

for the Nai(Tl) detector (in the driver's seat) and for the BGO detector (on the 

passenger's bench). The contamination is normalised to 1 mCi!cm2. 
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4.0 CONCLUSIONS AND RECOMMENDATIONS 

In this report, results are presented on the first measurement of gamma-ray radiation 
protection factors for a contaminated vehicle, specifically for the CF Grizzly Armoured 
Personnel Carrier. The protection factor was measured for two positions, the driver's 
seat and the passenger bench on the left side. In the former position, the protection factor 
was measured to be 11.9; in the latter position, it was measured to be 8.0. 

In addition to demonstrating the ability to measure these protection factors, this report has 
shown that variations in the protection offered by the vehicle can be identified wh~m the 
gamma-ray detector can provide time-indexed data, like the DREO Airborne 
spectrometer. 

It is recommended that: 

(i) PMO LA V consider adding procedures regarding vehicular contamination to the 
vehicle software packages. In that case, it would also be best to repeat these 
measurements with a detector in the same position as the vehicle's own detector. 

(ii) DLM supply a vehicle for the decontamination trials at Bourges in September 1999. 
If the vehicle provided for these trials is not a Grizzly, then it would be preferable that 
this vehicle also be supplied to DREO for measurements in the spring or summerl:>f 
1999. 

(iii) NATO define a "Contamination Protection Factor" and include it in Allied 
Engineering Publication AEP-14 [7]. This publication should also be updated to include 
all of the currently operating simulators for contaminated vehicles. This revision could 
be initiated through the Technical Sub-Group, soon to be renamed as the Nuclear 
Protection Sub-Group. 
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