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ABSTRACT 

Neutron monitoring is extensively used in safeguards to detect the passage of nuclear 
material. In many of these applications neutron monitors are coupled with camera 
surveillance systems. In addition to recording movement of items of interest, the camera 
system has also been traditionally used to confirm that no neutron shielding has been 
placed around the monitors and that therefore they are still effectively monitoring the 
area. Using cameras for this purpose means that the neutron monitoring system cannot 
be considered a single layer of containment and surveillance by itself because it needs the 
camera system to ensure that it is still operational. However, the potential diverter would 
need to apply a significant amount of shielding to mask the movement of a typical item. 
This shelding would affect the ‘background’ counting rate of each neutron monitor, due 
to cosmic rays or nuclear material in the vicinity. This change in counting rate can be 
used to determine if shielding has been applied to the monitor. Thus, the neutron monitor 
provides a self-indication that shielding has been applied and the dependence on the 
camera data is removed. This paper gives numerical examples for the case of a nuclear 
material storage area and proposes that neutron monitors can be used as a stand-alone 
layer for containment and surveillance purposes. 

INTRODUCTION 

Many international storage facilities containing irradiated fuel or plutonium, use 
unattended radiation monitoring to verify declared or undeclared movements of the 
nuclear materials. For current applications of neutron monitoring, the surveillance 
system includes cameras to monitor the neutron sensor location to show the absence of 
neutron shielding. The successful application of both the camera system and the neutron 
monitor are required to make use of the radiation sensor. Thus, if the video system fails, 
the neutron results do not provide assurance that there has been no undeclared transfer of 
the nuclear material. 

This paper presents a technique for a neutron sensor to monitor for the application of 
neutron shielding that might be used to cover the sensor. The basis of the technique is 
that the continuous operation of the monitor establishes a background rate from external 
source neutrons. If shielding is applied around the sensor, the background rate drops to a 
level that can be identified in the data review software. Typical sources of the 
background continuum are cosmic-ray spallation source neutrons and stored nuclear fuel 
such as MOX and spent fuel. In most cases, two or more neutron sensors are positioned 



in the room to establish direction of motion and to be near portals of entry or exit. The 
counting rate of the monitors will indicate the presence and direction of movement of the 
containers. 

The neutron monitors could be used to trigger the video system, but we are suggesting 
that the radiation detection monitor and the surveillance camera system (US) be triggered 
independently. In order to reduce the requirements for a PIV, it is necessary that a 
plutonium store be considered under dual C/S. That is, two independent C/S are required 
with different failure modes. The IAEA also requires that the systems do not need 
inspector presence and can be read out remotely. 

BACKGROUND NEUTRON SOURCES 

In most nuclear facilities, there are neutron backgrounds coming from both cosmic-ray 
source neutrons and stored nuclear materials. The stored materials include Pu02, MOX, 
and spent hel.  The neutrons are born with high-energy fiom spallation reactions, 
spontaneous fission, and alpha,n reactions. Before reaching the neutron sensor, the 
neutrons have traveled large distances and undergone many scattering reactions. On 
average, it takes 20-100 scattering reactions in concrete and metal for a neutron to be 
reduced to thermal-energy for detection. Thus, the direction of the neutron travel is 
changed many times and it is necessary to completely surround the sensor with shielding 
to prevent the monitor from seeing an undeclared transfer. This shielding also reduces the 
room background rate so that it can be flagged in the data rLview software. 

The cosmic-ray neutron background is created when the high-energy charged particles 
interact with the air and the building materials to produce secondary neutrons. These 
neutrons scatter in the walls and floor and a very small fraction eventually get detected in 
the sensor. A typical detection rate for the cosmic-ray neutrons is - 0.2 cps in a shielded 
building and -1 0 cps in an unshielded structure. 

Nuclear material such as Pu02 and MOX are usually stored in a shielded buildings with 
concrete walls plus additional neutron shielding around each source for dose reduction. 
The neutron sensors for monitoring transfers are typically positioned near the portals for 
optimum sensitivity. The room background rates for these conditions are normally an 
order of magnitude above the cosmic-ray source level. 

APPLICATION EXAMPLE 

1. Storage Room Configuration 

To demonstrate the concept, we will simulate a Pu02 storage room using the MCNPX 
code to estimate the signal and background counting rates. The configuration for the 
simulation will be a large storage vault with concrete walls, floor, and ceiling. The room 
dimensions are approximately 20-m long x 10-m wide x 6-m high with a material portal 
at one end and a separate personnel door near the wall as illustrated in Fig. 1. 



Pu storage area 

Fig. 1.  Simulated Pu02 storage room used for the MCNPXcalculation of signal and 
background rates. 

The cans containing Pu02 are assumed to be stored a concrete shield that is - 0.5 m thick 
to reduce the dose to personnel in the vault. A typical can is assumed to contain 5 kg of 
reactor grade plutonium and the neutron background in the room is primarily a h c t i o n  
of how many cans are in the storage. The cans are brought into the vault through the entry 
portal and personnel enter through the smaller door shown in Fig. 1. The neutron 
monitors are set up with two positions near the material entry to provide direction of 
motion and a third monitor near the personnel door. A can that is removed from its 
storage shield will raise the signal level in all three detectors, and a can that passes 
through a portal will provide a peak in the sensor located near the portal. 

In general, it is a good idea to position the sensors adjacent to building structural 
components such as metal conduit runs so that neutron shielding is blocked from one 
direction. Figure 1 shows the two entry sensors attached to building conduits for 
electrical and ventilation purposes. Also, the neutron sensor positioned near the doorway 
in Fig. 1 cannot be completely shielded without physically blocking the door passageway 

2. Neutron Monitors 

A typical neutron monitor is illustrated in Fig. 2 where the two He-3 tubes and amplifiers 
are used to provide redundancy in case of failure. The data is collected continuously with 
20 s readout intervals. Normal time intervals between sample movement are many 
minutes so the background continuum is determined over hour type intervals. All of the 
neutron monitors, when unshielded, are capable of detecting any can that is removed 
from the storage cells. The failure modes of the neutron monitoring systems are 1) the 
system itself fails, 2) the operator adds shielding around a can, canister or the monitors 
themselves so as to prevent the detection of material movement. 
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Fig. 2. Neutron monitor using He-3 tubes and dual ampliJers for redundancy. 

3. Data Simulation 

The counting rate in the neutron monitors caused by 1 can that contains 5 kg of Pu02 in a 
storage position is roughly 0.05 counts/sec/can. This calculation is rough because it 
depends on the can position and the concrete thickness. We have assumed a concrete 
thickness of 0.5 m surrounding the can. The background count-rate from cosmic-rays was 
estimated to be - 0.2-1 0 depending on the amount of concrete overhead. The measured 
count rate would be the sum of the cosmic-ray neutrons and the shielded cans of Pu02. 
When a can is moved past the monitor, the count rate increases by over three orders of 
magnitude. Shielding around the neutron monitor would have to be over 300 mm thick to 
hide the transfer of the can. The resulting shield weight would be - 500 kg. With 10 cans 
in the store, the background counting rate would be - 0.5-1 cps. Looking at the statistical 
accuracy obtainable from these counting rates, we require a measurement time of around 
40 seconds to be able to clearly distinguish the shielded background condition. If 
however, the counting rate did turn out to be too low, it would be possible to place (and 
seal) a small neutron source in the neighborhood of the monitors to artificially increase 
the counting rate. This low counting rate corresponds to only one canister under the 
floor, and as multiple canisters are added to the storage, the counting rate would increase 
proportionately. . 

Looking at the relative counting rates of the different monitors may also reveal 
characteristic behavior associated with the addition of shielding. 

Figure 3 shows a simulation of the counting rate in one of the personnel door monitors 
(inside the store) with ten cans stored. The values plotted are the counts recorded in 20- 
second intervals. The peak that is shown is due to the normal movement through the 
portal of a shielded Pu02 can. The peak from an unshielded can would correspond to 
over 10000 counts on the same scale. The application of the shielding is clearly indicated 
in the simulated data. 
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Fig 3. Counts recorded per 20 seconds for monitor inside the store with 10 cans in the 
shielded storage positions. 
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Fig 4. Counts recordedper 20 seconds for monitor inside the store with 40 cans in the 
shielded locations. 



I 
I 'Do 

Sensor 3 I $0 

500 ,000 1500 

1 

Fig 5. Counts recordedper 20 seconds for multiple monitors inside the store with 40 
cans in the shielded locations. 

In general, the monitors should be placed close to the actual path of movement of 
material so that extra shielding cannot be interposed. Other useful locations are near to 
structural parts of the building that prevent the addition of shielding - for example steel 
beams and conduits. 

4. Video System 

The video system is capable of seeing the activity in the store. However the video system 
cannot tell if the transfer can and cart is full or empty. In addition, the removal of a can 
might be difficult to determine by the video system alone. For example if a large number 
of people entered the store carrying tools and large equipment for maintenance, a can 
could be concealed when they left. The failure modes of the video system are 1) the 
system itself fails, 2) the lights fail. 

SUMMARY 

The dual C/S status of the plutonium storage areas seems possible using video 
surveillance and neutron monitors. This assumes that there are more than one neutron 
monitor per storage area. Some diversion scenarios may not be easy to detect with an 
individual system and therefore the video and neutron data acquisition systems should be 
designed to be tolerant to single failures. When multiple neutron sensors are used in the 
same storage area, it would be necessary to apply massive amounts of shielding to all 
monitors at the same time and this would be easy to identify in the data review software. 
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