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Sum m arySum m ary
  Custom s exam ines hundreds of thousands of cargo containers 
entering the United States every day as a rout ine part  of 
internat ional t rade.  The SHIELD project  endeavors to create a 
screening m ethod to detect  radioact ive sources being sm uggled 
into the US, which will m inim ize the cost  of crate inspect ion as well 
as the risk presented by undetected nuclear devices.  This project  
com bines results from  stochast ic and determ inist ic m odels to 
sim ulate various sources and cargoes in order to generate synthet ic 
data.  This inform at ion is then  used to develop an adapt ive 
decision algorithm  which works with next  generat ion detectors to 
determ ine if radiological sources are present  in cargo containers.

BackgroundBackground
Tradit ionally, to screen cargo, crates pass through a set  of 

detectors that  are set  to t rigger if a given count  rate threshold is 
crossed.  If this threshold is set  too high,  then sm aller and bet ter 
shielded nuclear sources will escape detect ion (a false negat ive).  
On the other hand, set t ing the threshold lower will detect  these 
sm aller sources, but  will also increase the num ber of false posit ives 
received – ie containers with no source present  that  st ill t rigger the 
threshold detector reading – leading to an increased cost  of 
screening as this crate m ust  either be hand searched or otherwise 
reprocessed.

SHIELD will m ake use of new detector m aterials and designs in 
conjunct ion with stat ist ics based decision algorithm s to m inim ize 
the num ber of such false posit ives (cost ) and negat ives (risk) as 
well as the com putat ional t im e and resources needed to m ake such 
a decision.  To develop the decision algorithm , predict ions of 
detector readings are provided by MCNP and determ inist ic codes.  
This data is then  processed.

Generat ion of Synthet ic DataGenerat ion of Synthet ic Data
  Since events such as photon em ission and interact ion have 
been described by probabilit ies in the scient ific com m unity for 
decades, it  is natural to use stochast ic, or Monte Carlo, m ethods to 
m odel these phenom ena.  MCNP is a well-developed and supported 
Monte Carlo code that  has been tailored for part icle t ransport  
problem s such as this. 

We use MCNP to sim ulate radiat ion levels em it ted from  
background sources as well as from  cargo containers containing 
different  m aterial and source configurat ions. To date, we have filled 
these containers with a m ixture of air, cot ton, plast ic and wood, 
although this list  will be expanded further in the future.  As a base 
case, we m odel som e containers without  an HEU source to obtain 
data about  the background radiat ion.  We also sim ulate the sam e 
cargo loads with the addit ion of a 1kg sphere of HEU that  can be 
surrounded by lead shielding or bare.

  The figure above shows results of com putat ions with two such 
scenarios out  of a very large num ber that  we will sim ulate to obtain 
realist ic stat ist ics of the perform ance of detect ion algorithm s. 
Current  work includes m odeling m any different  source and loading 
scenarios for a m ore realist ic representat ion of cargoes.

Ut ilizing Stat ist ical MethodsUt ilizing Stat ist ical Methods
Photons are produced discretely and independent ly from  other 

photons, so they can be m odeled by a Poisson process.  Using the 
MCNP data as an average num ber of photons that  detectors would 
see with a given source/load configurat ion, we can draw from  a 
Poisson dist ribut ion to determ ine what  the detectors m ight  actually 
read if the sam e configurat ion passed through the detectors and 
readings were taken 1000 t im es.  Due to at tenuat ion by the 
m aterials filling the cargo container, m axim al inform at ion content  is 
provided by those detectors with m axim um  count  num bers on 
either side of the container. Only considering these detectors 
m it igates false negat ives int roduced by select ing a fixed num ber 
and posit ioning schem e for the detectors.

The figures at  right  depict  these sam ple readings generated by 
the above process.  We would like to be able to draw a curve to use 
as a new threshold set t ing for the detectors that  clearly separates 
containers with a source from  background radiat ion (source-less 
containers).  One can see that  for an em pty container, the bare and 
shielded HEU sources are easily dist inguishable from  the 
background radiat ion.  

Fig.:  Exam ples of two 

container m ock-ups 

consist ing of 32 

com partm ents filled with a 

variety of m aterials and 

sim ulated using MCNP. 

Top: an air filled 

container with HEU source

Bot tom : cargo container 

filled with a variety of 

m aterials and an HEU source. 

 The average density of these 

m aterials is depicted by the 

gray-scale volum e rendering.

  The color scale shows the 

1MeV photon rate seen at  the 

detectors.

  

(Sim ulat ion: S. Chirayath; 

Visualizat ion: J. Webster)

However, as seen in the close-up, the readings from  the loaded 
container overlap with what  we expect  from  background radiat ion.  
This intersect ion of data sets indicates that  addit ional inform at ion is 
needed to dist inguish between loaded cargo containers with 
sources and background radiat ion alone.

Advantages of Shielding Background Radiat ionAdvantages of Shielding Background Radiat ion
For well-shielded or sm all sources, the radiat ion from  

background sources, such as concrete, provides a significant  
challenge in ident ifying appropriate threshold levels.  To counter 
this effect , MCNP sim ulat ions were re-run with a 2 inch steel shield 
placed in between the cargo container/detector  assem bly and the 
concrete it  rests on.  This dram at ically reduced the influence of 
background noise on the detectors, as seen in the figure below. 

With the int roduct ion of the steel shield, there is a clear dist inct ion 
between background radiat ion and the loaded container containing 
a source, which will allow us to set  a threshold curve.

Future WorkFuture Work

• Determ ining the lim its of sensit ivity of this m ethod through 
probabilist ic analysis and num erical experim ents

• Develop an adapt ive algorithm  which sets threshold curves for 
m ult iple detectors

• Test ing the m ethod on m ore realist ic data sets such as the ones 
obtained from  MCNP or PDT

Fig.:    Steel Shield int roduced to geom etry 

and m axim al part icle rates at  detectors on 

opposite sides plot ted.

As before:

+  - loaded container with no HEU 

*  - em pty container with no HEU

 x - loaded container with HEU

 (Sim ulat ion & Visualizat ion: 

J. Webster)

Fig.: Top: Maxim al part icle rates at  

detectors on opposite sides of a 

cargo container are plot ted.

+  - loaded container with no HEU

x  - loaded container with HEU

*  - em pty container with no HEU

□  - em pty container with lead 

shielded       HEU

■  - em pty container with HEU

Bot tom : Close Up of the Lower Left  

Corner of the Top Figure.

 (Sim ulat ion & Visualizat ion: 

J. Webster)


	Slide 1

