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ABSTRACT
The mission of radiological dispersal device (RDD) nuclear forensics is to identify the
provenance of nuclear and radiological materials used in RDDs and to aid law enforcement in
tracking nuclear materials and routes. The application of databases to radiological forensics is to
match RDD source material to a source model in the database, provide guidance regarding a
possible second device, and aid the FBI by providing a short list of manufacturers and
distributors, and ultimately to the last legal owner of the source. The Argonne/Idaho National
Laboratory RDD attribution database is a powerful technical tool in radiological forensics. The
database (1267 unique vendors) includes all sealed sources and devices registered in the U.S., is
complemented by data from the IAEA Catalogue, and is supported by rigorous in-lab
characterization of selected sealed sources regarding physical form, radiochemical composition,
and age-dating profiles. Close working relationships with global partners in the commercial
sealed sources industry provide invaluable technical information and expertise in the
development of signature profiles. These profiles are critical to the down-selection of potential
candidates in either pre- or post- event RDD attribution. The down-selection process includes a
match between an interdicted (or detonated) source and a model in the database linked to one or
more manufacturers and distributors.

INTRODUCTION
This paper discusses the goals, contents, and usage of a novel forensics tool, an international
database of sealed radioactive source models and vendors. The threat of a radiological dispersal
device (RDD) has resulted in development of this tool to identify the provenance of the nuclear
or radiological materials used, and ultimately to aid law enforcement in tracking the perpetrator.
The legitimate uses of radioactive materials as well as their illicit trafficking and potential for use
in an RDD are briefly discussed below. Then a more detailed discussion of the ANL/INL Sealed
Source Database is provided along with its intended use for RDD forensics.

SEALED RADIOACTIVE SOURCES
The US Government Accounting Office estimates that nearly two million sealed radioactive
sources are currently licensed for use in the US [1], and the National Research Council estimates
nearly 55,000 of them are high activity (IAEA Category 1 and 2) sources [2]. Radioactive
sources are critically important for medical diagnostics and treatment, food and blood
sterilization, industrial inspections and process control, mining exploration, and a wide variety of
research activities. They are used in and transported through almost every country in the world.

Serious international concerns developed in the 1990s about the growing number of accidents
involving radioactive sources. These concerns were heightened by the events of 9/11 due to a



growing awareness of the potential for the malicious use of sealed sources. The small size and
high specific activity of many radioactive sources makes them easy targets for theft. According
to the IAEA Illicit Trafficking Database (ITDB) [3], there were a total of 1562 confirmed
incidents involving unauthorized possession of nuclear/radiological materials and related
criminal activities from 1993 through 2008. These activities include thefts, losses, illegal
possession, sale, purchase, movement, disposal, and discovery of orphan sources. The number of
incidents in each category is provided in Table 1. As indicated in the table, radiological material
accounts for 95% of the illegal possession incidents, while nuclear materials (HEU and Pu)
account for only 5%. The nuclides most often involved in illicit trafficking are 137Cs, 241Am,
192Ir, 60Co, 90Sr, and 238Pu [3]. This list closely mirrors the nuclides of greatest concern for use in
an RDD according to several organizations and reports[ 4, 5].

Table 1. Illicit Trafficking Database statistics on unauthorized activities involving nuclear
and radiological materials from January 1993 through December 2008. [3]

Activity
Number
Confirmed
Incidents

Percent
of
Total

Reported thefts or losses 421 27%
Illegal possession (including sale, purchase,
movement, or use)*

336 22%

Other unauthorized activities (including
disposal, discovery of orphan sources)

724 46%

“Other” 81 5%
Total # confirmed incidents 1562 100%

*Illegal possession incidents involving:
High enriched U or Pu 15 4%
Radiological Materials 321 96%
Total # illegal possession incidents 336 100%

The factors that influence the perceived attractiveness of sealed sources for use in an RDD
include the source activity (Curie content), dispersibility of the source material, physical size,
ease of movement, availability, and physical protection and security measures. Several IAEA-
and US-led programs have focused on reducing source attractiveness and availability and
improving source security. The Global Threat Reduction Initiative, a US Department of Energy-
NNSA sponsored program, has been an international leader in removing unwanted orphan
sources and improving physical security of high activity sources at their usage location. As of
January 26, 2010, NNSA’s Offsite Recovery Project (OSRP) has removed 24,000 unwanted
sources containing 760,000 curies from around the world and secured them at Los Alamos
National Lab [6]. Similarly, teams from the IAEA have repatriated many abandoned or
unwanted sources.



RADIOLOGICAL FORENSICS
Despite the improvements that have been made to decrease the likelihood of illicit trafficking
and misuse of sealed sources, thefts and illegal sales continue to occur and the potential remains
high for sources to be used in RDDs. Radiological forensics is potentially an important
component in attributing an RDD to a perpetrator. It involves determining the physical,
chemical, and radiological characteristics of source materials and all their encapsulating and
associated materials. Taken together, this information can be used to determine the origin of the
sealed source. Whether an intact source is interdicted before dispersion in an RDD, or RDD-
related debris is collected post-dispersion, a wide variety of analytical techniques and tools can
be used for forensics purposes. One important tool in this effort, a searchable database of global
sealed source models and their vendors, is discussed in this paper.

Quantities of nuclear materials sufficient for use in a nuclear yield device are held by a small
number of countries. In contrast, large quantities of highly radioactive (IAEA Category I and II)
sealed radiological sources are distributed globally. They are sold, transported, and used legally
in large quantities for many purposes vital to modern living. This difference in the magnitude
and distribution of nuclear versus radiological materials leads to important differences in
forensics approaches. While nuclear forensics typically attempts to determine the likely country
(or potentially the facility) of origin of the material or weapon from physical, chemical, and
design characteristics, radiological forensics uses those characteristics to match a particular
source to a known model, manufacturer, and production date. Because there are approximately
100,000 IAEA Category I and II sealed sources currently distributed around the world, and
because they correspond to a great variety of different source models, it is necessary to use
extensive databases of source models to enable the match.

DATABASES OF RADIOLOGICAL SOURCES AND DEVICES
A number of extensive databases containing radiological source and device information have
been developed for different purposes. The US Nuclear Regulatory Commission (NRC) Sealed
Source and Device Registry (SS&DR) contains registration information about sources and
devices made or sold in the US. It is used to register sources and devices that are sufficiently safe
for use by licensed, knowledgeable owners. It does not include information about foreign sources
that are not imported into the US, and it was never intended for use as a forensics database. As a
result, some technical and commercial information that would be useful for forensics is not
included. The IAEA Catalogue of Sealed Radioactive Sources includes sources produced and
sold anywhere in the world. It is primarily intended to enable visual identification of lost or
orphaned sources and devices. Like the US NRC SS&DR, it was never intended to be used for
forensics purposes and so does not contain detailed technical and commercial information. In
contrast, the ANL/INL Sealed Source Database was designed for forensics purposes, and so, in
addition to all of the information contained in the US NRC SS&DR, it also contains commercial
production information, trace element impurities, isotopic ratios, and other technical information,
as available. While most model information pertains to sources and devices made or sold in the
US, considerable effort has been expended to include comparable information about foreign-
made sources and devices. At this time, the ANL/INL Sealed Source Database is the most
extensive and detailed catalog of sealed source models in the world. However, even it is
considered a “work in progress,” with additional information being continuously included.



Database Content
Information contained in the ANL/INL Sealed Source Database includes physical, chemical, and
radiological characteristics of the source/device, and commercial details of production and
distribution. A summary of the types of information is presented in Table 2 and explained below.

Table 2. ANL/INL Sealed Source Database Contents

Physical
Characteristics

Chemical
Characteristics

Radiological
Characteristics

Production and Sales
Characteristics

Design (includes
schematics and
pictures)

Chemical species of
radiological material and
associated material

Parent and
daughter nuclides

Manufacturer(s) and
Distributor(s)

Shape Trace impurities Curie content Point of contact
Number of
encapsulating layers
and spacers

Chemical composition of
encapsulating materials,
spacers, welds, coatings,
etc.

Stable isotopes Location (production
and sales records)

Dimensions (of all
parts)

Isotopic
impurities

Affiliated companies

Labels Reactor(s) History (as applicable to
previous names, parent
companies, affiliates)

Physical form of
radiological
material

Registry and registration
number

Physical characterization of the source or device starts with its design. Source and device
designs include a tremendous range of styles, sizes, and complexity. Schematics are available in
most registrations, and pictures are available in many manufacturer catalogs and websites. Any
available design images are captured and included in the database.

The exterior dimensions of the source or device often provide a first measure for discrimination
among potential candidates. Other important discriminating features are the number of
encapsulating layers and the number, size and location of spacers.

The physical form of the radiological material itself can be highly discriminatory. Metallic
sources can be in the form of pellets, slugs, wires, pencils, disks, and foils; non-metallic sources
can be powders, pressed pellets, glasses, composites, ceramics, resins, beads, or other forms.

Chemical characterization of the source material can be very important, but most source
registrations do not provide this information. Typically, information about the chemical form of
the radioactive material is obtained directly from the manufacturer. Since this information is
generally proprietary, non-disclosure agreements are signed by the manufacturer and the



National Labs to protect the information. Similarly, the purity and chemical assay of the
materials are generally proprietary and obtained only through non-disclosure agreements.

Information about the type of metallic capsules, including the grade of steel, aluminum, or
zircaloy, can also be of high value in understanding the origin of the sealed source. Some multi-
national manufacturers with fabrication facilities in more than one country use slightly different
materials at each location, thus providing a finer degree of discrimination in identifying the
origin of the sealed source.

Radiological characterization begins quite simply with identification of the radionuclides
present and their curie content. Most sources contain a single radionuclide, but some devices
house multiple sources and thus potentially multiple radionuclides.

In many cases, the isotopic abundance of stable nuclides present with the nominal radionuclides
can be highly valuable information. Enrichment of specific stable nuclides prior to neutron
irradiation is used by some manufacturers to increase the specific activity of their product. This
enrichment of stable nuclides leaves a significant difference in stable isotope abundance ratios,
and thus is very useful as a discriminator of source manufacturer. Isotopic abundances are
typically proprietary information obtained via nondisclosure agreements.

For metallic sources that were produced by irradiation in a nuclear reactor, the reactor neutron
spectrum and flux provide another means of discriminating the origin of the sealed source. The
isotopic ratios of minor nuclides produced by different reactors are unique, and can thus be very
important in determining where a source was produced. Whenever possible, information about
the reactor(s) used by specific manufacturers is captured along with the dates that reactor was
used. Modeling simulations are then used to estimate the suite of activation and decay products
at any time in an irradiated material source.

Finally, one of the most important source characteristics determined from radiological
measurements is the age of the source. The age can be either the time since purification of the
radioactive material (e.g. purification of 137Cs from spent fuel waste), or time since discharge
from the reactor (e.g. 60Co or 192Ir). In either case, the age is one of the most important
parameters since it enables determination of the amount of material decayed, and thus the
original activity of the source as sold by the manufacturer.

Production and Sales Information is used in many ways. Since it is often difficult to
unambiguously match an actual source to the model characteristics contained in the database,
any discrimination enabled by production information is a great benefit. For example, certain
models may have been in production only over a discrete period of time. If the age of the
material indicates production during a time period when one or more of the potential models was
not being made, that candidate model can be eliminated from consideration. Similarly, reactors
undergo maintenance and refueling periodically. If the age of the material indicates a period
when potential reactors were in shutdown mode, they can also be removed from consideration.



Database application to Radiological Forensics
The goal of a forensics database for sealed sources is to enable a match between an actual
source/device and a known model in the database. However, it is likely that an exact match will
not be possible; rather a “down-selection” from the thousands of database models to a small
number of candidate models will be possible. With detailed knowledge of the small subset of
models, including contact information for the manufacturer/distributor and a manufacturing date
estimated from the material age, law enforcement organizations will have viable leads to pursue
for further investigation. With the aid of the manufacture/distributor or potentially information in
source tracking databases, the last legal owner of the source may be determined and contacted.
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