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ABSTRACT 

Controlling the transportation of nuclear materials is still one of the most effective nuclear 
proliferation barriers. The recent increase of global nuclear material proliferation has expanded the 
application of vehicle monitor technology to prevent the diversion of special nuclear material across 
international borders. To satisfy this new application, a high-sensitivity vehicle monitor, which is easy to 
install and capable of operating in high-traffic areas, is required. A study of a new detector configuration 
for a drive-through vehicle monitor is discussed in this paper. 

I. INTRODUCTION 

The security plans of many DOE facilities require monitoring pedestrians and vehicles for special 
nuclear material (SNM) as they depart protected areas. The monitors are used to provide the outermost 
layer of protection against the theft of SNM. Vehicle monitors are less familiar than pedestrian monitors 
because domestically there are few SNM access areas where vehicles are permitted. However, the threat 
of nuclear proliferation from the Former Soviet Union (FSU) has dramatically expanded the range of 
possible applications of vehicle SNM portal monitoring technology. There is a pressing need to prevent 
the theft of SNM from Russian facilities and across international borders. Implementing security 
measures such as high-sensitivity vehicle portal monitors, which are easy to install and can operate 
efficiently in high-traffic areas, is a way to quickly address this problem. 

The three types of vehicle SNM monitors in use are the simple hand-held units, automatic vehicle 
drive-through porta1s;and automatic wait-in-vehicle monitoring stations. Automatic monitors sense the 
presence of SNM by comparing the gamma-ray and neutron intensity while occupied, to an alarm 
threshold, which is continuously updated while the unit is unoccupied. These units are commercially 
available, but, in general, the units have been tailored to the individual requirements of each particular 
facility. Because traffic is very limited in domestic safeguards systems, hand-held and automatic wait-in 
vehicle monitors are very effective. However, these methods are impractical for high-traffic areas such as 
international borders. The automatic vehicle drive-through portal is the appropriate technology to satisfy 
this new requirement. This paper discusses a possible change in the design of this type of monitor to 
improve its sensitivity for the new application. 

II. BACKGROUND 

Although hand-held units have the longest history, their use is time consuming, and studies have 
shown that their reliability is strongly dependent on the motivation, supervision, and training of the 
operating personnel. Hand-held SNM monitors are most valuable for making a follow-up search after an 
alarm in an automatic SNM monitor. Historically, the most important factors in choosing automatic 
vehicle monitors have been sensitivity and cost. However, in high-traffic applications such as 
international borders, total monitoring time is also a concern. The sensitivity of automatic monitors 
depends on many parameters including ambient background radiation intensity, size of the vehicle, 
detector response to emitted and scattered radiation, vehicle source shielding, available monitoring time, 



and acceptable nuisance alarm rate. Another factor is the distance from the radiation detectors to the 
vehicle interior where SNM is likely to be hidden. 

The wait-in-vehicle monitoring stations, similar to the one at Pajarito Site at LANL, are the most 
sensitive automatic units.' This type of monitoring station consists of six transverse roadbed trenches 
with two plastic scintillators per trench and four scintillators suspended longitudinally overhead. Each 
scintillator is 3.8 cm thick by 7.6 cm wide by 91.4 cm long. The roadbed detectors are spread over a 3-by- 
6-m area. Overhead detectors are each positioned over a quadrant of the parking area and allow for a 4.3- 
m clearance. Alarm decisions are based on measurements made using three independent groups of four 
detectors located below the vehicle and one group of four located overhead. The distribution of detector 
arrays is necessary to achieve sufficient coverage of routine vehicles. The worst-case detectable mass in 
the most self-attenuating form of plutonium is a 0.3-g sample. ' Note this high sensitivity is achieved with 
a counting time of approximately one minute and in a background level of 20 This type of vehicle 
monitor is not only the most sensitive, it is also the most expensive and most difficult to install. Including 
installation, they are almost ten times as expensive as drive-through monitors 

Vehicle drive-through portals generally consist of two vertical cabinets, spaced approximately 
5 m apart containing both large plastic scintillators and the signal- conditioning and decision-making 
electronics. Each cabinet would contain two vertical plastic scintillators 3.8 cm thick by 13 cm wide by 
79 cm long. Vehicle traffic should pass through the monitor slowly, at approximately 8 km/hr. These 
units are economical, easy to install, and provide the most practical means of monitoring high-traffic 
locations. However, their worst-case detectable mass in the most self-attenuating form is a 10-g sample 
of plutonium.' Thus, the mass sensitivity of the drive-through is a factor of 25 less than the wait-in 
portal. 

III. DESIGN CONSIDERATIONS 

The sensitivity of the current drive-through vehicle portal design is limited by the relatively small 
solid angle subtended by the detectors and by a significant reduction in its background count rate upon 
occupancy by vehicles. The problem is complicated because moving the detectors closer together to 
increase the detected source counts, and therefore the sensitivity, also increases the background reduction 
due to occupancy, which in turn decreases sensitivity. To allow the nuisance-alarm rate in an occupied 
monitor to remain constant while the background varies, the alarm level A is normally set at background 
B plus a multiple, for example 4, of the square root of the average background 6, which is the standard 
deviation. Thus, the alarm level would be A = B + 40. In Los Alamos where the background is 
approximately 20 I.LR/hr, the radiation level when occupied must increase to a value approimately 5 % 
higher than the unoccupied background level to trigger an alarm. However, the background reduction 
levels due to vehicle occupancy range from about 6 % for the smallest vehicles to 27 % for tractor trailers, 
so the radiation levels must increase by much more to cause an alarm2 Thus, instead of being 5 %, the 
alarm threshold effectively increases over the range from 11 % to 32 % for the range of vehicle sizes. To 
increase the sensitivity of the drive-through portal monitor sensitivity, the detected count rate must 
somehow be increased without significantly increasing the occupancy background reduction. 

We believe the sensitivity can be increased by placing an additional set of detectors under the vehicle 
as shown in Fig. 1. The detectors could be placed in a transverse ramp or a longitudinal surface 
orientation that allows the vehicle to drive over the detectors. The transverse ramp would also serve as a 
speed bump to slow down the vehicle for monitoring. The total solid angle of the unit would be 
significantly increased because of the proximity of the additional detector to the vehicle. Studies of wait- 
in-vehicle monitoring stations, such as the one at Pajarito Site at LANL, have shown that occupancy 
background reduction is less for roadbed monitors than for vertical pillar monitors. 

IV. EQUIPMENT 



For tcsting this new dcsign, we asscmblcd a vcrtical detcctor using a TSA 701 singlc pillar SNM 
monitor, which consists of  two plastic scintillators cach 15.3 cm wide by 78.7 cm long. Each scintillator 
is shielded with 0.6 cm of lead o n  thrce sides to reduce the radiation background. Thc detector unit was 
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Fig. I .  A drawing of the vehicle monitor configuration. 

raised 40 cm to better simulate commercially available drive-through vehicle monitor designs. For the 
horizontal component, two scintillators of the same dimensions were mounted in a 0.7-cm-thick 
aluminum housing. The detectors were positioned such that the photomultiplier tubes were in the center 
of the housing and the end of each detector was 1.2 m from the center of the housing. TSA Systems, Inc. 
Model 750 controllers were used to measure the count rate of each pillar, and the gains of each detector 
were matched so that the compton edge of the I3’Cs 0.662 MeV gamma ray corresponds to a pulse height 
of 3.3 V. The horizontal detector assembly was positioned at ground level in alignment with the vertical 
pillar. 

The vehicle used for testing was a 12-passenger Dodge van. Data were acquired with the SNM 
source at three different positions in the van. Position #I  was 1.8 m from the front of the van on the 
engine console inside the van. Position #2 was on the floor 1.1 m from the front of the van between the 
driver and front passenger seats. Position #3 was on the floor 3.2 m from the front of the van and 
approximately in the center of the van. 

The SNM source was a 28.5 g PuO? sample. The oxide is in a diatomaceous earth matrix in a IO-cm- 
diameter by 78.3-cm-long canister. The source is 25.1 g of Pu at 94% enrichment. As recommended in 
ASTM standard I I 12-93, the source was encapsulated in a 0.08-cm-thick cadmium shell to reduce the 60- 
kcV radiation from the plutonium decay product “‘Am. 

V. EXPERIMENTAL RESULTS 



Measurements were performed to compare the sensitivity of a two-vertical-pillar portal geometry to a 
system of two vertical pillars plus one horizontal detector assembly. The commercially available two- 
vertical-pillar, drive-through vehicle portal has a determined worst-case minimum mass detection 
sensitivity of 1 kg of highly enriched uranium or 10 g of low-burnup plutonium.' To compare vehicle 
portal configurations; we calculated the expected performance based on background reduction and net 
SNM source intensity observed during scanning measurements. A series of measurements was conducted 
with the vehicle positioned at 1-m intervals along a line centered on the horizontal detector and 2.29 m 
from the vertical pillar. The geometric symmetry of the measurements allowed for doubling the response 
of the vertical pillar to simulate the two pillar system. 

The vehicle background suppression for both the horizontal and vertical detectors is shown in Fig. 2. 
The suppression level was approximately 10% for the vertical and horizontal detector systems. The 
variation in shielding levels caused by to the construction of the vehicle is also shown in this plot. This 
result differs from the previous dat from the wait-in monitoring station where the horizontal detectors 
show less background suppression. However, in this configuration the horizontal detectors are closer to 
the vehicle and have significantly less attenuation and collimation. 
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Fig. 2. The background suppression profiles caused by the van passing through the vehicle monitor. 
The zero value on the y axis corresponds to the natural background level. 

Comparing these two vehicle portal configurations is difficult because of the variation in shielding 
provided by the vehicle. A plot of the net SNM source intensity observed during the scanning 
measurements with the source in position #1 for the vertical and horizontal detectors is shown in Fig. 3. 
Although this is close to the worst-case position for the horizontal detector because of the attenuation of 
the engine and transmission, it still shows a very sharp response that is higher than the single vertical 
pillar, primarily because it is closer to the vehicle. 
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Fig. 3. The count-rate profiles with the plutonium source in position #l that were used to calculated the 
relative sensitiviites. 

The comparison of the sensitivities of the two portal monitor configurations is summarized in Table 1. 
For the comparison, the response of the two-vertical-pillar system with the source at position #1 was 
scaled to 1.0. Even in position #1, where the attenuation for the transverse detector was significantly 
worse than the vertical pillars, the improvement in sensitivity was 19% for the combined system. For the 
other two positions, the sensitivity of the single horizontal detector was greater than the two pillar vertical 
system. Thus, the sensitivity of the combined system was almost a 50% improvement. 

Table 1. Relative Plutonium Sensitiviq 
Position Horizontal Detectors Two Vertical Detectors Combined Vertical and 

Only Horizontal Detectors 
1 1.36 1 .o 0.81 
2 0.56 1.12 0.57 
3 0.49 0.95 0..48 

VI. CONCLUSION 

The configuration combining the vertical and horizontal detector shows significant improvement in 
sensitivity. Although the horizontal detector showed greater sensitivity in two of the source positions, it 
alone is not a good substitute for the existing two-pillar design because of its reduced sensitivity for the 
worst-case source placement. Allowing the horizontal and vertical detector cabinets to alarm individually 
would an increase the nuisance alarm rate. Summing the count rates from all three cabinets yields 
maximum sensitivity without increasing the nuisance alarm rate. Thus, this new configuration appears to 
be a promising approach to achieving an improved-sensitivity vehicle portal monitor, which is easy to 



install and can operate efficiently in high-traffic areas. In the future, we will optimize parameters such as 
detector shielding, size, spacing, and orientation. We also plan to study the sensitivity of an overhead 
detector and the possibility of orienting the detectors longitudinally. Optimizing the sensitivity of the 
drive-through vehicle monitor in this manner should provide a more sensitive vehicle monitor to prevent 
the diversion of SNM across international borders. 
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