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1. INTRODUCTION

1.1 BACKGROUND

The international community has recognized theoserithreat posed by nuclear and other radioactive
material out of regulatory control. To address ¢hesncerns, the Office of Nuclear Security of the
International Atomic Energy Agency (IAEA) is devplog, inter alia, guidance for nuclear forensics to
assist Member States. Nuclear forensics is the cemepsive scientific analysis of nuclear and other
radioactive materials or evidence contaminated wattioactive material in the context of nationatlan

international law and nuclear security. A nucleaehsics examination may involve direct measurement

of these materials and their comparison with refeeenformation.

A national nuclear forensics library consists o$atgtions, and in some cases samples, of nuchehr a
other radioactive material produced, used, or dtarithin a State. The library is a compilationtbis
reference information. In the context of this doemt “used within a State” may also include matsria
transported within or through a State, and whewgtjwal, such materials may be included in the matio
nuclear forensics library. It is at the discretiohthe State to decide the extent to which trartsglor

materials within their borders are included in libeary.

A library enhances a State’s ability to identifyeithown inventories of nuclear and other radioactiv
material and promote good practices for maintaimiragerial under regulatory control. A national reacl
forensics library also provides the basis for catithg comparative assessments of material encadter
out of regulatory control, and thus is an importpatt of an effective nuclear security infrastruetu
Because States are responsible for the developamehimplementation of an effective national nuclear
security infrastructure, the creation of a natiamatlear forensics library strengthens nuclearrsics as

a means to ensure the security of nuclear and cdde@active material.

A national nuclear forensics library augments ateé3aability to assess whether nuclear and other
radioactive material encountered out of regulatamytrol originated from within that State or elsend
Such a library consists of an organized collectbinformation, and in some cases samples, of aucle
and other radioactive material produced, usedaedtby a State. Much of the information in a nadio
nuclear forensics library may already exist in at&thaving been collected at other times and thogro
purposes. Using a national nuclear forensics lbrdre characteristics of nuclear and other radioac
material found out of regulatory control may be pamed with those of material organized within the
national nuclear forensics library to provide imf@tion about the material's origin and history. The
responsibility for establishing and maintaining aclear forensics library as part of comprehensive

nuclear security infrastructure rests with the &tat
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The isotopic, chemical and physical properties atlear and other radioactive materials provide
information on their provenance, manufacture, aratgssing, and could therefore serve as important
indicators of the materials’ origin and history. Marative assessments of these characteristics with
existing information could be used to identify otcleide possible origins and production history of
nuclear or other radioactive material out of retprfacontrol. This capability allows nuclear forassto
serve both as a means to assist investigations iaciiasingly, due to its ability to track and &ac
material, as a preventive measure to discouragéelitteesion of nuclear and other radioactive maleria
out of regulatory control [1]. There is a posstlilihe information provided by the library may keed in

a criminal investigation and used as evidencedauat of law.

The 2010 through 2012 IAEA General Conference tggwis on nuclear security and IAEA Nuclear
Security Series No. 15 on Nuclear Security Reconttations on Nuclear and Other Radioactive Material
out of Regulatory Control [2] include statementattiendorse the development of a national nuclear
forensics library as part of a State’s nuclear ggcinfrastructure. Additionally, the need for &a to
develop and maintain a national nuclear forendiicarly were emphasized in the communiques from both
the 2010 Nuclear Security Summit convened in Wagbm DC USA and the 2012 Nuclear Security

Summit convened in Seoul, Republic of Korea.

Recent efforts at the IAEA have focused on the rieth approach for States to develop a national
nuclear forensics library. This work has benefittiean the strong partnership between the IAEA dred t
Nuclear Forensics International Technical Working@. The IAEA and its experts also recognize that
a centralized international database is impractgigen the sensitivity of information related t&tate’s
individual holdings of nuclear and other radioagtimaterial due to the national security or the
proprietary nature of such information. For thiasen, the IAEA is providing States with guidance on
developing a national nuclear forensics libraryttlige similar conceptual frameworks and have
components in common. Such a common approach shtiald States to support the security of nuclear
and other radioactive material under their regulatmntrol and encourage States to work together to
identify material that is found out of regulatomyntrol, deliberately or accidently.

In this document, the term ‘national nuclear foremdibrary’, rather than ‘nuclear forensics datsddais
used to indicate that data, information and inpatnf technical experts may all be included in such a
library and that this library of information may léstributed involving many individual databasebeT
library may encompass individual databases thdidieccurrent and historical information on nuclead
other radioactive materials used, produced, oedt@ithin a State. The control of nuclear forergata

and library holdings is recognized as being thpaasibility of individual States.
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1.2 OBJECTIVES

The objectives of this publication are to promobteageness about the importance of a national nuclear
forensics library, and to provide broad guidancetio& development of a national nuclear forensics

library.
1.3 SCOPE

This publication identifies a national nuclear fwsies library as a core component of a State’nati
nuclear security infrastructure and provides guigafor States on collecting and organizing infoiorat
about nuclear and other radioactive material baseduclear fuel cycle stages and radioisotope gourc
types. It also provides a context for using a matimuclear forensics library in material compamnsand
addresses how States might use a national nuateansics library in domestic investigations and

international cooperation.

This publication does not include specific instioicton: how to construct a national nuclear foressi
library; how to establish a material sample arci{is@mplementary to a nuclear forensics librarygale
policy, and financial aspects regarding the esthbilent of a nuclear forensics library; what, if any
information should be shared with other States; howhare that information; and advice on how to
conduct nuclear forensic investigations. Generadlance on this last topic is however provided by th

IAEA Nuclear Security Series No. 2 publication dati Nuclear Forensics Support [1].
1.4 STRUCTURE

This publication is organized as follows: Sectiomarficulates the need for a national nuclear fdaosns
library to be developed and maintained by individ@sates. Section 3 describes the information
necessary for the development of a national nudlmansics library. Section 4 presents the teclnica
basis for the design of a national nuclear forendibrary. Section 5 provides data tables for the
characteristics of nuclear and other radioactivéena included in the library. Section 6 descrilbesv
information in a national nuclear forensics libragpables comparative analyses with known class
characteristics. Section 7 illustrates the appbcabf a national nuclear forensics library in tentext of
nuclear or other radioactive material encounteratl af regulatory control. Section 8 presents the
rationale for a proposed international directonStdites with a national nuclear forensics libr&gction

9 provides a description of international cooperatitilizing a national nuclear forensics libra8ection

10 describes IAEA outreach available to Statessistin the development of a national nuclearrfsics
library. Appendix | provide example data entriesnfr a hypothetical library and Appendix Il lists

recommended units for library data. A list of défons used in the publication is also provided.
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2. NEED FOR A NATIONAL NUCLEAR FORENSICS LIBRARY

The most important purpose of a national nucleeerfsics library is to enhance a State’s abilitageess
whether material encountered out of regulatory dris or is not consistent with nuclear and other
radioactive material produced, used or stored withie State. Nuclear forensics utilizes information
inherent to the material, such as chemical comiposiisotope ratios and physical dimensions arising
from geologic or manufacturing processes. Thesieanars, often referred to as signatures, fornbthss

for nuclear forensic comparisons and are the infbion at the core of a national nuclear forensics
library. However, for many States with limited amtaiof nuclear and other radioactive material, non-
technical indicators (such as serial numbers fdioective sources) may be all that are required to
definitively identify material consistent with ag®’s holdings.

Nuclear forensics can provide information on thégiar and process history of nuclear and other
radioactive materials. Isotopic, chemical or phgbisignatures incorporated during the production
process are essential to these assessments. Pirdoesgtion includes information associated witle t
mining, extraction, concentration, isotopic enri@mt) manufacture, use, reprocessing, or disposal of
material from the nuclear fuel cycle and similanqasses for radioactive sources. Nuclear forensics
requires validated scientific measurements tozatiiuclear forensic signatures to determine thgirori
and process history of material through comparismirsy a national nuclear forensics library.

By providing information on the provenance of nacle@nd other radioactive material found out of
regulatory control, nuclear forensics contributea tState’s nuclear security infrastructure. Byeptally
identifying vulnerabilities where nuclear and othadioactive material may be diverted out of retpria
control, nuclear forensics supports improvementsmiaterial accountability and physical protection
measures. lllicit trafficking of nuclear and otheioactive material is a transnational concerr. Fo
example, materials may be legitimately mined andlechiat one location, isotopically enriched and
manufactured into fuel pellets at a second locatanmd subsequently diverted outside of regulatory
control at a third. For this reason, the establishinof a national nuclear forensics library by mStates
promotes improved nuclear security practices andaasesult helps strengthen nuclear security

internationally.

The library is useful for nuclear forensic examimas both now as well as in the future, long after
nuclear and other radioactive material productionc@gsses are complete. The library comprises
information and knowledge on the holdings of nuclead other radioactive materials and assists in

sustaining nuclear fuel cycle knowledge in the abseof subject matter experts with direct expegenc

A national nuclear forensics library allows invgstive leads to be prioritized. The library enalvbgsid

comparisons and the exclusion of signatures thairemonsistent with measurements. Using prioritized
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signatures derived from a national nuclear forenBirary increases the confidence of nuclear feicen

conclusions.

In the context of investigating a nuclear secueignt, the ability to include or exclude likely giris of
material provides a powerful deterrent to the umaxized diversion or theft of nuclear and other
radioactive material. As more States develop aonatinuclear forensics library, the confidence that
nuclear forensics assists in identifying the origimd process history of nuclear and other radieacti
materials is strengthened. The IAEA is working wBtates to raise awareness of the need for a ahtion

nuclear forensics librarys a core component of a State’s nuclear secuffitgstructure.

3. DEVELOPMENT OF A NATIONAL NUCLEAR FORENSICS LIBR ARY

3.1 LIBRARY SCALE

Ideally, a national nuclear forensics library isyonensurate with the State’s activities and the aim
complexity of its nuclear and other radioactive enall holdings. Developing a national nuclear faies
library involves a coordinated national effort thistes existing technical expertise and informafiom a
State’s experience with nuclear and other radivactiaterial (see Fig. 1). For example, this infdiora
may include a registry of radioactive sources, laguy reports, information supporting nuclear mals

accountancy and production information on nuclear @her radioactive material.

echnical Expertise

Nuclear Security

& Information
Infrastructure

From:

Draws Upon

Library
Administrator

4 )

Nuclear Research
Laboratories

Academia
Nat|0na| e Material Producers
Nuclear tributions ( )
FO renSiCS Nuclear Facilities
Libra ry Regulatory
Authorities )

& Other Facilities

\
[ Medical, Industrial,

J/

FIG 1. The association between a State’s existoprical expertise and information required for its
national nuclear forensics library.
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3.2 GENERAL REQUIREMENTS

Development of a national nuclear forensics libtdwly requires, at a minimum, the identificatioh
responsible personnel and the provision of compwedware and software with regular maintenance.
Depending on a States interests and needs, it Ipayacessitate the allocation of resources andi@eo
to provide products and equipment to verify andrtwarise data, to analyse samples and possibly to

develop and apply new nuclear forensics techniques.
3.3 USE OF EXISTING INFORMATION

Much of the data and information necessary for #onal nuclear forensics library may have been
generated in the past. It is probable that a s@if portion of this information has been collekcfer
purposes other than nuclear forensics. Informasionrces may include nuclear research laboratories,
academia, material producers, nuclear facilitiegulatory bodies, and medical, industrial or other
facilities. Data from disparate sources may nedgetaonverted to a standard format (e.g. S| upiisy

to incorporation into the library to facilitate cparisons of material out of regulatory control wlitirary
data. A State should ensure that processes aldigistal to provide current and validated informatio

the national nuclear forensics library.
3.4 LIBRARY ADMINISTRATOR ROLE

To ensure successful organization of this inforomtiit is suggested that a library administrator is
designated by the State to oversee and manageaiisnal nuclear forensics library. The library
administrator may be an individual or a team intaeSwith technical comprehension and access to the
domain expertise represented by the national nucfeaensics library, enabling routine and
comprehensive access to the library contents. drary administrator should be familiar with the
domestic nuclear fuel cycle, isotope productiorg anclear and other radioactive material holdirzgs]
administer the national nuclear forensics libranya manner that allows for accurate retrieval of
information. A library administrator is responsibler identifying and organizing information from
relevant organizations, institutes and facilities ihclusion in the national nuclear forensicsdityt In
some instances, specific agreements may be needamtange information sharing between the library

administrator and the information provider.
3.5 GRADUAL DEVELOPMENT PROCESS

The development of the library is a gradual andyoimg process of surveying, collecting and orgagzi
information about nuclear and other radioactiveemal produced, used or stored in the State andldho
be established in advance of a nuclear securitytéseenable timely interpretations and response.

9
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3.6 USE OF PATTERNS AND TRENDS IN MATERIALS INFORMAON

It is anticipated that a consolidated view of at&gamaterials information helps to reveal patteons
trends in characteristics of domestic nuclear ahdraadioactive materials that should enhanceate’St
ability to compare their own materials with forensamples. It may also identify gaps that needeto b
filled. Having a national nuclear forensics librajows States to develop signatures for their dstime
materials based on discriminating material charesties (e.g. major and minor isotopes, age of the
sample, and physical dimensions) that should assistear forensic examinations in determining if
materials encountered outside of regulatory cordirel or are not consistent with a State’s material
holdings. Harmonization or regular updating of iffermation in the national nuclear forensics lityres
essential for maintaining the value of the librasya State’s material holdings and analytical cifipab

evolve.
3.7 MATERIAL ARCHIVE

A national nuclear forensics library may be competed by a collection of archived nuclear and other
radioactive materials. Maintaining an archive afah materials provides exemplars representatifigedf
cycle or types of radioactive sources availablé ¢ha be studied in detail for forensic charactessand
direct comparison to forensic samples. In somes;dismay be more cost effective to hold repredesta
materials in an archive by deferring detailed aftdroexpensive analysis until funds are availabte,
even until analytical capabilities are establislaed validated. The study of archive samples may be
valuable for identifying material characteristicadasignatures important for comparative analysis.
Additionally, archive samples may be useful foridafing analytical procedures and for training

personnel in forensic analysis methods. It mayniggractical to archive short-lived radioisotopes.

4. TECHNICAL BASIS FOR THE DESIGN OF A NATIONAL NUC LEAR FORENSICS
LIBRARY

To assist States with organizing their informat@nnuclear and other radioactive material in aoméai
nuclear forensics library, the IAEA has devisedaganizational scheme that aligns material inforomat
with stages of the nuclear fuel cycle or types adioactive sources (see Fig. 2). The organizational
scheme builds upon three sequential steps. Firstear fuel cycle processes are determined. Sedond,
each nuclear fuel cycle process step selecteddigyiminating material characteristics (e.g. ipeto
abundance, trace element concentration) are igghtithird, a data discriminator (high, medium @w)

is assigned to each material characteristic tacatdithe characteristic’s significance as a paramnfet
comparing materials with different production hige, but from the same step in the fuel cycle. The
tables should be considered as guidance, and ntdyerentirely applicable to a State’s library effétor

10
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example, a State with minimal material holdings rfiagl it adequate to keep track of sources by keria

numbers and a few basic parameters rather thatogagéaall of the information recommended in the

table.

Fig. 2 summarizes nuclear fuel cycle and radioactwurce production processes associated witharucle

and other radioactive material in a national nuclegensics library.

NUCLEAR FUEL CYCLE STAGES

EXAMPLE MATERIALS

Geologic Deposition

Ore, ore body

Uranium Mining, Milling, and Extraction

Ore concentrate, yellow cake

Uranium Conversion

UFG, UF4, UOZ, Ugog’ uranium
metal and alloys

Uranium enrichment

UFs, UF,, UCl,, uranium metal

Uranium Fuel Fabrication

UO,, U30g, pellets, rods/plates,
elements, scrap

Mixed Oxide (MOX) Fuel Fabrication

MOX powder, pellets, rods, scrap

Fresh Nuclear Fuel

Fuel assemblies

Irradiated (Spent) Nuclear Fuel

Spent fuel

Reprocessing

Plutonium nitrate, uranyl nitrate,
plutonium oxide, uranium oxide,
mixed oxide, other actinides

10.

Radioactive Waste Processing,
Handling and Storage

Radioactive waste forms

TYPE OF RADIOACTIVE SOURCES

EXAMPLE MATERIALS

11.

Sealed Radioactive Sources

Radiography, well logging
sources, sterilizers, therapeutic
medicine

12.

Unsealed Radioactive Sources

Tracer studies, research and
development, diagnostic or
therapeutic medicine, irradiated
targets

FIG 2. Summary of the stages of the nuclear fugkegnd radioactive source production associateith wi

A notional structure of a national nuclear foremsiibrary is illustrated in Fig. 3. A national naelr
forensics library consists of a material masterexyddomain expertise, and data and information

organized according to relevant stages of the audlesl cycle or production of isotopes for raditbee

material in a national nuclear forensics library

11
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sources. The material master index provides a suynaiall information in the library, and can beeds

by the library administrator to locate specificamhation and also contact the appropriate technical
expert. Domain expertise (provided by an individexgbert or specialists) assists the library adrrismier

to identify and organize information from a specifiuclear fuel cycle stage or type of radioactiverse.
Such expertise also helps in analysing the infaomdbr patterns or trends that enhance a Statsfitya

to determine distinguishing features about its omaterial holdings. It should be noted that the
population of the library is, in some cases, argoimg process; and that it should be developed in a
flexible manner which would allow additional infoation and/or the creation of additional fields ® b
included at a later date.

A State’s national nuclear forensics library is alsuexpected to be a smaller subset of all thizldie
illustrated in Fig. 3, as the library scales wittesand complexity of a State’s nuclear or othéiaactive
material holdings

MATERIAL MASTER INDEX

Domain Expertise 7, Domain Expertise
Geologic Deposits S U Conversion

Geologic Deposits Mining, Milling, U Conversion U Enrichment
Information Extraction Info Information Information

Domain Expertise Domain Expertise | Domain Expertise
U Fuel Fabrication DX Fue Fresh Fuel

U Fuel Fab MOX Fuel Fresh Fuel Irradiated Fuel
Information Information Information Information

Domain Expertise | Domain Expertise
Sealed Sources Unsealed Sources

Reprocessing Radioactive Waste Sealed Sources Unsealed Sources
Information Information Information Information

FIG 3: Notional structure of a national nuclear &arsics library incorporating stages of the nucléazzl
cycle and types of radioactive sources illustrateftig. 2. A State’s national nuclear forensidzréiry is
usually expected to be a smaller subset of alfithds illustrated in Fig. 3, as the library scaledth size
and complexity of a State’s nuclear or other raditbze material holdings. Therefore, a State’s nadib
nuclear forensics library will only include domagxpertise for materials consistent with a State’s
holdings.

12
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5. NUCLEAR FUEL CYCLE AND TYPES OF RADIOACTIVE SOUR CES DATA TABLES

Developing a national nuclear forensics libraryibegvith identifying and organizing existing maggri
information from relevant stages of the nucleat fyele and types of radioactive sources to incltige
production and use of radioactive sources. For @i@nnformation may be found in a State’s registfy
radioactive sources and production records for garcimaterials. Domain experts determine which
material characteristics are relevant and shoulddieded in a national nuclear forensics librakybatch

of nuclear or other radioactive material is assutoddcorporate a unique nuclear forensic ider{tyset

of signatures). For each batch, the general infoomge.g. name and address of material custodian,
supplier address, batch identification) in comboratwith specific isotopic, chemical and physicatal
bearing on material origin and process history $dlp identify the material. The national nuclear
forensics library also includes information periagnto material from intermediate processes thaldco

possibly be diverted (e.g. process archive samples)

The organizational scheme for linking nuclear fusicle and isotope production processes and
corresponding data categories is presented in $dbi2. Each table represents a process step in the
nuclear fuel cycle or type of radioactive sourced ancludes the key material characteristics
corresponding to each process step. For each gretgs, the associated key material characteristees
assigned a data discriminator of high, medium ev ftenoting the significance of the key material
characteristic’s contribution to a nuclear forersignature (for example its ability to be a distirghing

feature).
5.1 GENERAL INFORMATION TO BE INCLUDED

In addition to the material data and informatiomtained in Tables 1-12, general information for

inclusion in a national nuclear forensics librargyninclude the following:
O Data record date (inclusion date into library);

O Name and address of the custodian of the nuclehotier radioactive material (e.g. production

or storage facility or installation);

0 Name and address of the analytical laboratory abdrhtory identification number with the date

of analysis of the nuclear and other radioactivéeni,;
O Country of origin of the nuclear and other radipactnaterial;

O Name and address of the supplier (i.e., originaibthe nuclear and other radioactive material;

13
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O Nuclear and other radioactive material batch idieation and process date from supplier (to the
extent possible, such information may already b&ilavle within a State, and such existing
information is helpful for a library);

O Shipper/carrier and receiver information, includdsges;
0 Data vetting information (e.g., determination ofadquality, pedigree and completeness);

O Variation in the range of a data characteristig.(¢echnical specifications). For example, low
enriched uranium used in commercial light watectaa typically ranges in isotopic enrichment
between 3 to 5%U;

O Information acquisition date, including statingithived information was used.

The general information topics that would be asged with materials information in a national nacle
forensics library will depend on a State’s requieats. Thus, a State will include topics of general
information as they deem appropriate for their seeohd these topics may differ from the suggested

topics listed above.

5.2 SPECIFIC INFORMATION: NUCLEAR FUEL CYCLE STAGESND TYPES OF
RADIOACTIVE SOURCES

Analytical measurement data included in a natiom&lear forensics library should use consistertisuni
help facilitate timely and meaningful compariso8$.units should be used wherever possible; isotopic
compositions should be reported as atom ratios) wlit isotopes of uranium reported relative?tdJ
(e.g.,*U/*%) and®*Pu for plutonium. Sometimes, due to existing dé&t@asns or other circumstances,
it may be easier to capture data in the librarpgision-SI units. For this reason, careful attensbaould

be paid to ensuring unit agreement between data dieparate sources.

Radionuclide or isotope ratio measurement restitsild be reported with a reference date, to fatdit
quality comparative analysis. This is especiallyetrfor measurements that include shorter-lived
radionuclides (e.g¢*'Pu). Inclusion of measurement reference dates amfugtion dates may also help
facilitate the application of radiochronometry m@asnents to help identify whether or not a seized
material is consistent with materials found in libeary. For example, if th&°Th/2*U ratio measured in
uranium fuel indicates it is 30 years old, anddhby plant in a State producing material began ajans

10 years ago, then based on age alone the foremsigle is not consistent with material producedhiey
State. Radiochronometers are generally only aggbd® relatively pure materials, typically foundthe
later stages of the fuel cycle, and it is importanmt understand limitations of radiochronometry

measurements if they are to be effectively usddrassic signatures.

14
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It is also important, wherever possible, to inclad®lytical uncertainties for each measurementltresu
included in a library. Ideally, analytical uncertti¢s would be estimated using internationally ptes
practices, for example those found in the GuiddaHerEstimation of Uncertainty in Measurement (GUM)
[3]. Acknowledging that data included in the libranay have been generated for other purposesfée.g.
process quality control), uncertainties may notagisvbe available. In these cases, data may still be
valuable, but a thorough understanding of any &tionhs concerning data accuracy or poor precison i
important before including data in a national nacléorensics library or using data for a compagativ

analysis.

In summary, when beginning to develop a nationalear forensics library, the first step is for Bate
to collect and organize its existing material infiation. It may be valuable to identify and engageteof
domain experts knowledgeable of the nuclear andratidioactive material operations within a country
the measurements made on those materials for promadrol, quality assurance, or accountancy;
techniques for organizing large data sets; andyingrfiltering, and performing comparative anadysf
data. The second step is to use the following alale they pertain to the State’s fuel cycle aitisj type
of radioactive source, and material holdings, aguile to organizing existing data in the context of

material production processes and use of material.
5.3 TECHNICAL GUIDANCE PROVIDED IN THE TABLES

Tables 1 through 12 serve as technical guidanceafi@gorizing and organizing information for indtus

in a national nuclear forensics library. Thesedaldre not intended to be data input templates;atiugr
they are lists of information categories and matesharacteristics that may be helpful in orgargzin
State’s material holdings information for forenpigrposes. State’'s may adopt or modify these gui&anc
lists as they deem appropriate to meet their nfdsnational nuclear forensics library.

The material characteristics presented in Tabldgdugh 12 are not listed a priority order. Rattibe
characteristics are listed in a sequence that ghyefollows typical material examinations: non-
destructive measurements would be performed befsikg destructive methods. For example, visual

inspections and optical microscopy would genetadlyperformed before isotopic analyses.

The Tables have been constructed to be applicablalltnuclear fuel cycles. Although the tables
specifically include characteristics and processessociated with uranium and plutonium, becausesthes
are the most common, the table are also applidabt¢her fuel cycles, such as thorium. Depending on
the needs of a State, the tables could be adaptetewapplicable to other fuel cycles, and the
characteristics that would be included in nationatlear forensics library would be similar. For iexde,

for a thorium fuel cycle, Table 3 on conversion Wbioe the same but with thorium replacing uraniom i
the table.
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TABLE 1. GEOLOGIC DEPOSITION (ORE AND ORE DEPOSITS)

Characteristics —

Data

Characteristic Data elements Discriminator Notes
Relevant
Mine location description of the
. . geology of the
Geological formation Al
Geology Deposit types High material (ore)
o~ ) deposit and body
Mining technique (e.g. vein,
Colour sedimentary
deposit, etc.)
Minerals preser Mineral identified
Chemical composition of
. : as part of
Mineralogy minerals Low & it hand
Volume percentages of 2
mineral: mining processes
. Uranium concentration Typically
Uranium Uranium concentration Low expressed in
concentration .
uncertainty g/tonne
o Isotope ratios ¢tU in the 239/ 2% and
Uranium isotopes denominator) Low 234 ), 239
Isotope ratio uncertainty
Add isotope ratios
similar to Pb
Per mil (%o) for C,
O,N,S
Isotope name 87SrfSr ratio for
Stable isotopes Use. stand'ard units for High Sr
particular isotope system
Uncertainty eng for Nd
Isotope ratios for
Pb (Pb7°Pb,
)
2%%ppfPb)
Trace element .
. Typically
concentration . .
Trace element T | ¢ High expressed in pg/g
race elemen sample

concentration uncertainty
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TABLE 2. URANIUM MINING, MILLING, AND EXTRACTION (ORE CONCENTRATE,

affects material)

Dates when production
occurred (range)

YELLOWCAKE)
Characteristic Characteristics — _ Data Notes
Data elements discriminator
. Compound name .
Chemical form Stoichiometry deviation High UsOs, (NH.)2U207)
Physical : Density expressed
characteristics Density Low in g/cnt
Lattice structure
Aspect ratio
Porosity Descriptive shape of
Morphology/ Colqur ' individual grains
Crystallography Particle size (and Low (e.g. round, oval,
distribution) square, smooth,
Shape rough)
Surface features (e.g.
scratches)
. Uranium concentration
Uranium Uranium concentration Low Expressed in g/g
concentration .
uncertainty
_ _ Isotope_ ratios’¢‘U in the 2353/ 238 and
Uranium isotopes denominator) Low 2340 1,23
) : sk
Isotope ratio uncertainty
Isotope name Radioactive
Uranium decay Activity concentration . disequilibrium
. : ; L ) High — ;
series radionuclides Activity concentration indicates chemically
uncertainty processed materials
Per mil (%o) for C,
O,N, S
87 6 :
s o SrP%Sr ratio for Sr
Stable isotopes Use. stand.ard units for High eng for Nd
particular isotope system
Uncertainty Isotope ratios for Pb
(C®PbF¥Pb,
“0Tppfpp,
20%pp22ph)
Trace element concentration Tvpically expressed
Trace element Trace element concentration High ypicaily exp
! in ug/g sample
uncertainty
Process information : tﬂézg?oinoi ﬂgélig;ociﬁz Process description,
(In context of how it P 9 High location of plant and

dates of production
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1  TABLE 3. URANIUM CONVERSION (INCLUDING UF6, UF4, U@, U308, METAL OF NATURAL
2  URANIUM, DEPLETED URANIUM, LOW ENRICHED URANIUM ANDHIGHLY ENRICHED

3 URANIUM)
Characteristic Characteristics — Data discriminator Notes
Data elements
Density
: Solid, liquid, gas : ;
Ek?e)llrsall((::?elsristics Mechanical properties (e.g., High Densn;;gz;pﬁressed n
tensile strength, hardness,
ductility, etc.
Lattice structure
Aspect ratio
Porosity Descriptive shape of
Colour individual grains
gﬂ&gﬁgﬁ:)og%)gphy P.artilcle .size (and Medium (e.g. round, oval,
distribution) square, smooth,
Shape rough)
Surface features (e.g.
scratches)
Chemical form Compound name High
Uranium Uran?um concentrat?on _ .
concentration Uranlum concentration Medium Expressed in g/g
uncertainty
Trace element .
. Typically expressed
Trace element concentration Medium in pg/g sample
Trace element
concentration uncertainty
Isotope ratios*f‘U in the Y3y, 2y,
Uranium isotopes denominator) High BBy, 2Py,
Isotope ratio uncertainty S0P
Process description
Process information Process type (e.g.
(In context of how it Date range for production Medium fluorination),location
affects material) Location of processing site of plant and dates of
production
Container type
Container Volume High Primarily for Uk
Dimensions
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TABLE 4. URANIUM ENRICHMENT (UF6, UF4, UCI4, U META)

Characteristics —

Characteristic Data discriminator Notes
Data elements
Density
. Solid, liquid, gas : .
Er:]a)llrsallz?(leristics Mec_hanical properties (e.g., Low Densn)é/eC):T%ressed n
tensile strength, hardness,
ductility, etc.
Lattice structure
Aspect ratio
Porosity Descriptive shape of
Morphology/ C°|°_ur _ _ individual grains
Crystallography P.art'.de size (and Medium (e.g. round, oval,
distribution) square, smooth,
Shape rough)
Surface features (e.g.
scratches
Chemical form Compound name High
. Uranium concentration
Uranium . . . .
concentration Uranlum concentration Medium Expressed in g/g
uncertainty
Trace element .
. Typically expressed
Trace element concentration Medium in pg/g sample
Trace element
concentration uncertainty
Isotope ratios*f‘U in the BB, U,
Uranium isotopes denominator) High BBy, 2Py,
Isotope ratio uncertainty S0P
Process description
Process information Process type (e.g.
(In context of how it Date range for production Medium fluorination),location
affects material) Location of processing site of plant and dates of
production
Container type
Container Volume High Primarily for Uk
Dimensions
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1  TABLE 5. URANIUM FUEL FABRICATION (INCLUDING NATURAL URANIUM, DEPLETED
2  URANIUM, LOW ENRICHED URANIUM AND HIGHLY ENRICHED URANIUM): UO2, U308,
3  ALLOY AND MATRIX FUELS, PELLETS, RODS/PLATES, ELEMBETS, SCRAP AND WASTE

Characteristics —

Characteristic Data elements Data discriminator Notes
Description for fuel (pellet
pebble, etc.) and dimensions Density expressed
(for rods, plates, etc.) in g/cn?
_ Density
Physical - Solid, I|q.U|d, gas High Plans, technical
characteristics Mechanical properties (e.g., drawings or

tensile strength, hardness,
ductility, etc.)

Cladding information (type)
Fuel coating informatic

photographs of rods,
plates and pellets

Could be individual
serial numbers or
ranges of serial

Serial number Serial number High .
numbers associated
with a particular
design
Lattice structure
Aspect ratio
Morphology/ CP:olrosny
Crystallography (for * ~oour i
fuel and cladding Particle size (and edium
material) distribution)
Shape
Surface features (e.g.
scratches
Chemical form ComoUhdginmg . High
Type (e.g., alloy or matrix)
Expressed in g/g
Element concentration sample
Elemental . .
; Element concentration Medium
concentrations ) .
uncertainty To include U and
burnable poisons
Trace element concentration Typically expressed
Trace element Trace element concentration Medium in ug/g sample
uncertainty
Isotope ratios?*U in the B, 2UPtY,
Uranium isotopes denominator) High BBy, 2Ry,
Isotope ratio uncertainty 20P%
Process information Process type Process description,
(In context of how it Date range for production High location of plant and

affects material)

Location of processing site

dates of production

20



1  TABLE 6. MIXED OXIDE FUEL (MOX) FUEL FABRICATION: FOWDER, PELLETS, RODS,

2  SCRAP AND WASTE

Characteristic Characteristics — Data elements Biataiminator Notes
» Description for fuel (pellet
pebble, etc.) and dimensions Density expressed
(for rods, plates, etc.) in g/cn?
» Density
Physical o » Solid, Ilq.wd, gas High Plans, technical
characteristics » Mechanical properties (e.g., drawings of
tensile strength, hardness, 9
ductility, etc.) photographs of rods,
«  Cladding information (type) plates and pellets
» Fuel coating informatic
Could be individual
serial numbers or
Serial number e  Serial number High ranges of sen_al
numbers associated
with a particular
design
» Lattice structure
» Aspect ratio
» Porosity
* Colour
Morphology/ « Particle size (and
Crystallography (for  distribution) Medium
fuel and cladding «  Shape
material) «  Surface features (e.g.
scratches)
*  Plutonium homogeneity (i.e.
distribution within the
matrix)
Chemical form Compound nar (for U and High
Pu component
Expressed in g/g
sample
» Element concentration
E:)irg::ttrilltions . Elemenj[ concentration High To include U gnd Pu
uncertainty burnable poisons
Expressed in g/g
sample
» Trace element concentration Typically expressed
Trace element « Trace element concentration Medium in pg/g sample
uncertainty
+ Isotope ratios*f‘U in the BBy, 2uPt,
Uranium isotopes denominator) High BBy, 2Ry,
« Isotope ratio uncertainty Z20/R
] ] 238Pu/239pu
+ Isotope ratios?**Pu in the 2405, 739
Plutonium isotopes denominator) High 241PEF39P3’
» Isotope ratio uncertainty 2425, 23%
Process information «  Process type Process description,
(In context of how it «  Date range for production High location of plant and

affects material)

Location of processing si

dates of production
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TABLE 7. FRESH NUCLEAR FUEL (ASSEMBLIES, ELEMENTSOR POWER OR RESEARCH

REACTORS; ISOTOPE PRODUCTION CAPSULES)

Characteristic Characteristics — Data elements Disaiminator Notes
«  Description for fuel Plans, technical
assembly and dimensions drawings or
Physical characteristics  (for rods, plates, etc.) High photographs of
* Cladding information (type) nuclear fuel
« Assembly structure assemblies
Could be individual
serial numbers or
Serial number »  Serial number High GQORS of sen_al
numbers associated
with a particular
design
Chemical form * Compound nan High
Expressed in g/g
sample
« Element concentration
Ecl)irg::ttraa:tions . Elemen_t concentration High To include U z_:md Pu
uncertainty burnable poisons
Expressed in g/g
sample
« Trace element concentration Typically expressed
Trace element « Trace element concentration Low in pg/g sample
uncertainty
« Isotope ratios*f*U in the 2B, 2UrPtY,
Uranium isotopes denominator) High BBy, BBy,
+ Isotope ratio uncertainty 2923y
] ] ZESPUI'ZEQPU
+ Isotope ratios’%Pu in the 2405, 2395,
o . . Puf%Pu,
Plutonium isotopes denominator) High 2415299,
* Isotope ratio uncertainty 2425, 3%
Process information  «  Process type Process description,
(In context of how it  «  Date range for production High location of plant and

affects material)

Location of processing si

dates of production
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1  TABLE 8. IRRADIATED (SPENT) NUCLEAR FUEL

_ Characteristics — Data
Characteristic Lo Notes
Data elements Discriminator
* Description forfue Plans, technical
assembly and dimensions drawings or
Physical (for rods, plates, etc.) Hiah hot hs of
characteristics » Cladding information (type) '9 photograpns o
* Assembly structure nuclear fgel
»  Surface oxide thickne assemblies
Could be individual
serial numbers or
. . . ranges of serial
Serial number »  Serial number High nudeBaediated
with a particular
design
Chemical form » Compound name High
Expressed in g/g
sample
» Element concentration
(I:E:)iT::ttrzltions *  Element concentration High To include U and Pu
uncertainty burnable poisons
Expressed in g/g
sample
» Trace element concentration Typically expressed
Trace element » Trace element concentration Low in pug/g sample
uncertainty
+ Isotope ratios’‘U in the YRy, 2P,
Uranium isotopes denominator) High BBy, 2Py,
« Isotope ratio uncertainty 2023y
. . =pyfopu
« Isotope ratios?**Pu in the 2005, 7%,
Plutonium isotopes denominator) High 241P3/239P3'
* |sotope ratio uncertainty 2425, 23%y
* Reactor typ
e Burn-up
Irradiation history +  Assembly power history High
»  Operating records

Load and discharge da
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1 TABLE 9. REPROCESSING (PLUTONIUM NITRATE, URANYL NRATE, PLUTONIUM OXIDE,
2  URANIUM OXIDE, MIXED OXIDE, OTHER ACTINIDES)

Characteristics — Data

Characteristic Data elements discriminator Notes
» Description for fuel (pellet
pebble, etc.) and dimensions
(for rods, plates, etc.)
: Density . Density
Physical » Solid, liquid, gas Low expressed.in
characteristics * Mechanical properties (e.g., P o
tensile strength, hardness, glc
ductility, etc.)
e Cladding information (type)
» Fuel coating information
Chemical form e Compound name High
Elemental * Element concentrat!on _ Expréaas;]%(:leln 9/9
concentrations . EIemen_t concentration High
uncertainty
» Trace element concentration ex :—eépslgg"i)rl] /
Trace element » Trace element concentration High P sample Ho/g
uncertainty P
235U/238U’
« Isotope ratios’®U in the 23417248,
Uranium isotopes denominator) High 2301238y,
« Isotope ratio uncertainty B/,
232U/238U
238 39
« Isotope ratios’°Pu in the 2 PU/ZggPu’
o : . Puf%Pu,
Plutonium isotopes denominator) High 2015 ,239p,
* Isotope ratio uncertainty 2425, 23%y
Process
Process information ¢  Process type description,
(In context of how it «  Date range for production High location of plant
affects material) « Location of processing site and dates of
production
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TABLE 10. RADIOACTIVE WASTE PROCESSING, HANDLING, RD STORAGE (HIGH LEVEL

RADIOACTIVE WASTE)

Characteristic

Characteristics —
Data elements

Data
discriminator

Notes

Could be individua
serial numbers or
ranges of serial

Serial number Serial number High numbers associated
with a particular
desigr
Activity Density expressed
Density . e
. ... ¢ Solid, liquid, gas (General . '\
Physical characteristics o - High
description of matrix) o
M Total activity or
ass dose rate
Dimension
Element concentration :
Elemental . . Expressed in g/g
concentrations Elemen.t concentration High sample
uncertaint
Isot Expressed as
. sotope name . activities in Bq,
Major isotopes Isotope activity High include reference
Isotope activity uncertainty
date
Process information (In Process type Process description,
context of how it affects Date range for production High location of plant and
material) Location of processing site dates of production
Container type
Container Volume High
Dimensions
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TABLE 11. TYPES OF RADIOACTIVE SOURCES: SEALED

Data

Characteristic Characteristics — Data elements .~ . Notes
discriminator
Source type (emission type,
use type)
Quantity e
Description of the Description and dimensions Hidh _ fldenttl_fyln?
source/package Encapsulation or cladding '9 N ?r:glzljonli;?m
Serial number PP
Radiograph/photograph
Shipping/receiving history
Activity Activities in Bq,
Source activity Reference date of the High [neutr(ijnl se(;] with
information activity '9 dzcr:y Ir%?grgﬁce
Neutron intensity/yield date
Chemical form Compound name High
Elemental Element concentration ;
concentrations (in Element concentration High Exprseas;e(il(;n 9/g
matrix) uncertainty P
Isotope name Expressed as
Major and minor P e : activities in Bq,
Isotope activity High

isotopes

Isotope activity uncertainty

include reference
date
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TABLE 12. TYPES OF RADIOACTIVE SOURCES: UNSEALED

- Characteristics — Data
Characteristic L Notes
Data elements discriminator
Source type (emission type,
use type) dentifvi
Description of the Quantity High infeor;rln)gtri]c?n from
source/package Description and dimensions 9 the supplier
Radiograph/photograph P
Shipping/receiving history
Source activit Activity Activities in Bq,
; : y Reference date of the High with a radioactive
information L
activity decay reference date
Chemical form Compound name High
Element concentration ;
Elemental . . Expressed in g/g
concentrations EIemenj[ concentration High sample
uncertaint
Isot Expressed as
Major and minor SOtope name . activities in Bq,
Isotope activity High

isotopes

Isotope activity uncertainty

include reference
date
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7. COMPARATIVE ANALYSES WITH A NATIONAL NUCLEAR FOR ENSICS LIBRARY

To determine if a seized material is consistenhwitState’s holdings of nuclear and other radigacti
material, a national nuclear forensics library destforensic associations of the seized materigh wi
classes or families of materials with known signegéu However, unlike fingerprint analysis, it igeof
impractical for nuclear forensics to rely on samplsample matching. Rather, nuclear forensics
associates the seized sample with classes of mlathdracterized by combinations of known quaritiéa
features (e.g. isotope ratios, chemical compositimpurities, physical characteristics). A hypotbait

example of this association is illustrated in Hg.

@ Cluster 1
M Cluster 2
Cluster 3

Data Element 2

seized sample
(hypothetical)

Data Element 1

FIG 4. Use of multi-variate analysis (pattern cldisstion) to associate a hypothetical seized sampl
with existing signature fields. The hypotheticated material may possibly be consistent with elust
or 2, but it is likely not consistent with clus@rUsing existing information on nuclear or other
radioactive material from a national nuclear foréssslibrary, multi-variate analyses are used tolirde
or exclude seized sample measurements relativdgting material families (classes). In nuclear
forensics, associating with existing class inforiorais the key, not sample-to-sample matching.
In this example, statistical techniques are usesbtmciate discriminating features of hypothetsehted
material with three known classes designated bybthe, red, and green fields. As shown in Fig. 4,
features of the seized material may be consistdt eharacteristics represented by the blue and red
clusters, but it is unlikely that the seized mateis consistent with the green cluster. Thus, sclas
information represented by the green cluster magxotided from further consideration, and as altesu

the investigative leads can be narrowed.
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As illustrated in Fig. 4, a national nuclear forieadibrary may contain information that enabledtiple
evaluations to be performed that compare seizeckrialt with known classes of materials. Taken
together, these multiple evaluations aim to deteentiie appropriate signature combinations thattifgen

a material as consistent or inconsistent with &eStdnoldings. Data evaluations using class asson@
are iterative deductive processes that enable sStatdormulate conclusions that exclude or include
material produced, used or stored in the State fforther consideration during a nuclear forensic
investigation.

N O U1 W N

8 8. APPLICATION OF A NATIONAL NUCLEAR FORENSICS LIBR ARY

9 In the instance of a nuclear security event inaeSta national nuclear forensics library wouldlitate
10  the ensuing investigation. Fig. 5 illustrates aamaple involving seized illicit material where aaff's
11 law enforcement agency would need to understanahheacteristics of that material to assist inrthei
12  investigation. The library administrator identifidee material with the possible assistance of then&in

13 Expert(s) and responds to the query with infornmatio what the seized material is and/or is not.

EVENT NATIONAL RESPONSE

Country A conducts or
requests material
characterization

Law enforcement

seizes illicit nuclear -

material in Country A
Country A Library Administrator
checks their national library

National Nuclear
Forensics Library
Administrator

Master Material
Index

Country ADomain Domain Expertise

Expertise indicates for Each Stage of

seized material: Not Nuclear Fuel Cycle
consistent with material and Type of
inventory of Country A Radioactive Source

Country A
National Nuclear
Forensics Library

14

15 FIG 5. Schematic illustration of the applicatiohaonational nuclear forensics library in a hypotical
16 domestic smuggling incident. A national nucleaefwics library is used to forensically associate (o
17 exclude) -seized material with State’s materiabiads to determine if the seized material is ards
18 consistent with its material holdings.
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9. INTERNATIONAL DIRECTORY OF STATES WITH A NATIONA L NUCLEAR
FORENSICS LIBRARY

A proposed international directory of States thatehdeveloped and maintain a national nuclear $icen
library identifies national points-of-contact whanccommunicate through official channels concerning
information about the national library. Cooperatlmgtween States during an investigation of a nuclea
security event by exchanging queries about thenmateaintained in a national nuclear forensicsdily,
without divulging further information on the contesf the library, is an effective means to expahnel t
knowledge base of materials information availablStates during the course of an investigation.

The national point-of-contact (POC) of the nationaklear forensics library receives and replies to
requests about information in a national nucleerisics library from other States. The nationahpof-

contact may be an individual or a team and may dmesas the national library administrator. The
national point-of-contact should have sufficierthieical expertise and comprehension to understaad t

information provided by the national library adnsitnator.

The development of a proposed international dirgobd States with a national nuclear forensicsaiigr
facilitates cooperation among governments investigaa transnational nuclear security event (e.g.,
diversion, illicit movement, or sale of nuclear ather radioactive materials out of regulatory cobtr
Voluntary participation in the proposed internaéibdirectory of national POCs i) identifies Statkat
maintain a nuclear forensics library and ii) themtional administrator who facilitates cooperation
between States. The national POC of the nationgkauforensics library would serve as an interface
the national library from outside the State througfficial channels concerning nuclear and other
radioactive materials in the library.

It should be emphasized that a State respondiagjteery is in no way obligated to share any infdaroma
from their library, or even the results of a qudnformation that might be shared between goverrsnen
using their national library in the course of naelesecurity event may not involve any sensitive or
proprietary information contained in the nationalickear forensics library, unless appropriate
arrangements are put in place to share sensitipeoprietary information. Even without sharing résu
the act of asking another State to query theialjphas the potential to enhance overall nucleaurgg.

10. INTERNATIONAL COOPERATION AND NATIONAL NUCLEAR FORENSICS
LIBRARIES

The conceptual application of a national nucleaerisics library in a hypothetical nuclear smuggling
incident is schematically illustrated in Fig. 6.iFprocess is equally relevant to radioactive niatether
than nuclear material found out of regulatory colntA State with seized illicit nuclear materialnctucts

its own nuclear forensic analysis or may requesliyais from a bi-lateral partner. With the analgtic
30
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9
10
11
12
13

results and using a national nuclear forensicafibrmaster index, and domain expertise, the Kbrar
administrator determines that the seized matesiahdt consistent with the content of their library.
Through official channels, the national POC of tiational nuclear forensics library may contact haot
State with a query about the seized material terdene if the material is consistent with the conhtef
their national nuclear forensics library. If theteréal is consistent as determined by domain eigeerthe
two States may choose to work together througltiaffthannels to resolve the origin and historyhef

seized material and address any nuclear secutitgrabilities.

EVENT NATIONAL RESPONSE INTERNATIONAL

COOPERATION
‘ Country A conducts or
LafN en_ o.rc.ement requests material
seizes illicit nuclear

material in Country A characterization

Country A Library Administrator
checks their national library

Country A Domain Expertise
indicates seized material: Not
consistent with material inventory
of Country A

Country A Library Administrator
advises National POC that material is
Not from Country A

Country A decides to seek Country A consults
international support - International Directory
National POC of Country A

asks National POC of
- Country B through official
channels if they may have
* similar material

.

y B Library Admini:
checks their national library

Country B Domain Expertise
indicates seized material:
Possibly consistent with

material inventory of Country B

Through official channels,
National POCs of both

Countries A & B may work
together to resolve origin
of the seized material

FIG 6. Schematic illustration of the applicationaohational nuclear forensics library in a hypoticed
nuclear smuggling incident. A national nuclear fusis library is used to forensically associate (or
exclude) - seized material with State’s materidtdhnys and thus refine investigative leads. However
Country A and Country B work through national peionf contact for their national nuclear forensics

library and do not share the contents of their extfve national libraries.

ountry B Library Administrato
advises National POC that
aterial possibly from Country B
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11. INTERNATIONAL OUTREACH AND ASSISTANCE

Security events involving nuclear and other radivacmaterial are often transnational resultingrfro
legal commerce as well as unauthorized transfererrational security is strengthened through
cooperation between States. The IAEA will, on rejuessist cooperation between States through

programmes of research, technical guidance, outraad training.

Such cooperation improves the identification ofopty signatures, nuclear forensic analysis and
interpretation, as well as outreach to promotevidae of developing a national nuclear forensicaliip.

The value of a national nuclear forensic libraryat&tate is further enhanced by participation & th
proposed international directory of national POUs ao national nuclear forensics library. Such
participation enables States to provide and receissistance in ensuring timely, comprehensive

resolution of a nuclear security event.

As noted, a national nuclear forensic library imoeensurate with the size and the complexity ofaeSt
nuclear and other radioactivity material holding®r this reason, data pertaining to material used,
produced, or stored within a State may be incorepietative the data characteristics set forth iblda1
through 12. Data gaps will identify which signasirare missing and the need to obtaining missing
information. With comprehensive information, States optimize the library for comparisons to ensure
the security of nuclear and other radioactive niatefor which they are responsible. The IAEA will
assist States, upon request, in outreach andrtgasupporting their development of a national rarcle
forensics library.
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APPENDIX I: HYPOTHETICAL REPRESENTATIONS OF LIBRARY DATA FOR THREE
DISTINCT MATERIALS

These hypothetical three library data represemtatare only a guide of what a subset of a librartyye
might contain. These data are not the only exampfeshat an entry in a national nuclear forensics

library should include or what the library shoubak like.

It is likely that entries in a library will includ&elds appropriate to all categories of nuclead ather
radioactive material. The fields will cover bothngeal information and technical information. These

hypothetical tables represent subsets of all #lddiin library entries.
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HYPOTHETICAL LIBRARY DATA SUMMARY: Sr-90 SEALED SOU RCE

MATERIAL: Sr-90 Sealed Source

DATA RECORD DATE:

18 October 2012

CUSTODIAN/OWNER:

Tropical Medical Research Institute
4371 Waterfall View Drive
Rainforest, Iridium Island 20012

ANALYTICAL LABORATORY:
Not Applicable; Vendor Data

COUNTRY OF ORIGIN:
Polar Country

SUPPLIER:

3001 Nice Ice Lane

Polar Commercial RADTECH, Inc.

Glacier Village, Articland, 60032

SHIPPER/CARRIER:
Ship Any Planet, Ltd.; Waybill No. 40512432

DATA VETTING:

Vendor Data: Model XZAP90-SR

DATE INFORMATION ACQUIRED:

FINAL DISPOSITION (if known):

28 June 2012 Tropical RAD Surplus, Ltd
CHARACTERISTICS—
CHARACTERISTIC DATA ELEMENT Sr-90 SEALED SOURCE DATA DISCRIMINATOR
Al alloy backing
Packaging Type covered with 0.05mm
thick Al foil
SUPPLIER b
. | B .
INFORMATION Drawings / Photographs J High
Description and Active core deposflted
Dimensions on Al alloy backing
d=143mm x h=1.5mm
Active core deposited
Encapsulation or on Al alloy backing
Cladding and covered by
0.05mm thick Al foil,
SD([)EISJ(I:{I({IIEIPT:’%I\(IZI(()EGE d=143mm x h=1.5mm High
/ Serial Number 5C0-(801-218)
Radiograph / Photograph Not Provided
Shipping / Receiving Ship Any Planet Ltd.
History Waybill No. 40512432
Activity (Bq) 8.0E+1 to 2.1E+8 GBq
Reference Date of Activity 31 March 2012
PHYSIGQL Description and Diameter of emittin
CHARACTERISTICS . P 8 High
dimensions surface 113mm
OF SOURCE -
Serial Number 5C0-(801-218)
Radiograph / Photograph Not Provided
CHEMICAL FORMS Compound Name 90Sr /90Y High
ELEMENT Element Name Strontium / Yttrium
CONCENTRATION Element_ Concentration Not PI‘OV}ded High
Uncertainty Not Provided
Isotope Name 90Sr/90Y High
ISOTOPES Activity, Uncertainty Not Provided
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HYPOTHETICAL LIBRARY DATA SUMMARY: HEU PELLET

GENERAL
INFORMATION

MATERIAL: Sample A-
HEU RR3

CHARACTERISTIC

CHARACTERISTICS-
DATA ELEMENTS

SAMPLE A—HEU RR3

DATA
DISCRIMINATOR

DATA RECORD
DATE: 18 October 2012

CUSTODIAN/OWNER:
Special Uranium Inc.
7482 Fantasy Dr.
Malibu, Skipper 45045

ANALYTICAL
LABORATORY:
Dunlap Lab

COUNTRY OF
ORIGIN:
Cesium Islands

SUPPLIER:
Uran-E-Um, LLC
892 Sell It Dr.
Geomat, Cesium Islandg
20012

* Rod/ plate/ pellet
information

4.5808-5.0915¢g

« Density (g/cm)

No density given for pellet sample, only for
angular inclusions

» Surface roughness

Angular inclusions

* Dimensions of nuclear
fuel pellets

Large cylindrical mass of inner diameter
~32mm (~44mm actual)

BATCH ID AND
PROCESS DATE:
Hollow Log 1943, 8 April
2003

SHIPPER/CARRIER:
Material Movers, Ltd
Wayhbill No. V283HG4

DATE INFORMATION
ACQUIRED: 25 April
2011

PHYSICAL * Cladding (material, Not Provided High
CHARACTERISTICS | thickness)
¢ Plans/drawing
ITEM ¢ Serial number format Hollow Log 1958 High
DESCRIPTION
» Grain/patrticle size 0.0086 +0.0035 (mm)
MORPHOLOGY * Shape grains Angular, dendritic, cuboidal Medium
» Colour metallic silver
CHEMICAL FORM * Compound name Highly Enriched Uranium High
¢ Element name U
. Total all %U-isotopes, get 100% U in samplq ,
ELEMENTAL * Element concentration not measured )
CONCENTRATION Medium

¢ Uncertainty

N/A

35




HYPOTHETICAL LIBRARY DATA SUMMARY: HEU PELLET

TRACE ELEMENT

e Trace element name

Pu, Np, Al, B, C, Ca, Co, Cr, Cu, Er, Fe, Mg
Mn, Mo, Ni, P, Pd, Re, W, Zr

Pu: 0.0063-0.0081, Al: 10-215, B: 7-10, C: 240-
1700, Ca: 3.4-56.2, Co: 0.59-1.74, Cr: 9.99-1]15,

 Trace element Cu: 8.0-37.3, Er: 0.16-8.23, Fe: 77.8-220, Mg: Medium
CONCENTRATION concentration (ug/g) 0.22-34.9, Mn: 3.78-22.5, Mo: 51-380, Ni: 3§-
164, P: 10.1, Pd: 0.31-3, Re: 17.5-18, W: 34{2-
69, Zr: 1.62-2200, Np-237:4.41-5.5 (ng/Q)
e Uncertainty Pu: 0.00024-0.0057 (no/g)
Ratios not given, % each isotope given 238Y:
« Isotopic ratios ¢3*U in 5.49-6.35, 235U: 92.5-93, 234U: 0.89-1.1,
URANIUM the denominator) 236U: 0.346-0.3884, 233U: 32.9E-6-0.0006,
ISOTOPIC 232U: 0.1-1.25E-8 (atom %) High
COMPOSITION  Isot bund 238U: 0.0026-0.5, 235U: 0.004-2.64, 234U
S0 ‘:p.et"" undance 0.0004-0.09, 236U: 0.00056-0.5, 233U: 4.4E{6-
uncertainty 0.0003, 232U: 0.03-0.3E-8 (atom %)
* Process type Cast on May 22, 2003
3 parent items all briquettes formed from
PROCESS « Date and duration of machine turnings (made Hollow log 1943 capt High
INFORMATION the process on Apr 8, 2003) + pallet scrap (consolidatiomn '9

item 1046 created Mar 31, 2003)

« Location of processing
site

DOE NNSA Y-12 NSC
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HYPOTHETICAL LIBRARY DATA SUMMARY:
NUCLEAR FUEL ASSEMBLY

MATERIAL: LEU Fuel Assembly DATA RECORD DATE: 18 October 2012

ANALYTICAL LABORATORY: Not Applicable,

BATCH ID AND PROCESS DATE: March 1959
Vendor Data

COUNTRY OF ORIGIN: Articland SUPPLIER: General Electric Co.

CUSTODIAN/OWNER: SHIPPER/CARRIER:

Electro-Nuclear Inc. Move Your Fuel, Inc

Steady Power Avenue 2930 Transport Lane

Glowin City, Articland 82934 Star Ice City, Articland 60032

DATA VETTING: DATE INFORMATION ACQUIRED:

Vendor Data: Assembly X320 Archived Information, March 1959
CHARACTERISTICS DRESDEN (USA), MARCH DATA

CHARACTERISTIC | DATA ELEMENTS 1959 DISCRIMINATOR

- Density of fuel pellets Not Provided

0.494 d x0.5 high (in) form
segment, 0.563 0.d. x 28 long (in

=2

- Dimensions 4 segments form a rod 117 long
(in)

- Cladding (material, : : g

thickness) Zircaloy-2, 0.03 (in)

- Rod information 6x6 fuel rods in square assembly

488 fuel assemblies

GRAPPLING FOXTY

PHYSICAL - Hiah
CHARACTERISTICS 9
i = — —3

- Assembly structure :

(Plans, schematic R i

drawings or o W o, peLLETS

photographs) ERER

?
o riee ZIRCOMLY CHI

SERIAL NUMBER - Serial number Not Provided High
CHEMICAL FORM - Compound name uo, High

- Element name
ELEMENT - Element i i
CONCENTRATION concentration Not Provided High

- Uncertainty

- Trace element name
TRACE ELEMENT - Trace element Not Provided Low

CONCENTRATION concentration
- Uncertainty
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HYPOTHETICAL LIBRARY DATA SUMMARY:

NUCLEAR FUEL ASSEMBLY

- Isotope ratios (U in

Only enrichment given: 1.5%

URANIUM . .
ISOTOPIC tr:e (:enomTator) Enriched U-235 High
COMPOSITION - Isolope ralio Not Provided

uncertainty

: 3¢

PLUTONIUM ety
ISOTOPES FOR Isot fi Not Provided High
MOX FUEL - ISotope ratio

uncertainty

- Date and duration of .
PROCESS the process Not Provided High
INFORMATION “Location of 9

processing site

General Electric Co.
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APPENDIX Il:  DESCRIPTION OF UNITS FOR MATERIAL CHAR ACTERISTICS

Using a standardized set of units for nuclear audioactive material characteristics in a national
nuclear forensics library facilitates rapid compiaaanalyses. While this standardization will like
entail converting units from those typically useddescribe a particular characteristic, the coneers
has the advantage of facilitating comparabilitywesn all materials in a library. Additionally, ihit
conversions are completed prior to entering daia anlibrary, it provides the opportunity to verify

conversions are done correctly, and reduces tke ofsunit conversion errors during library queries

The following is a list of recommended units forsdgbing material characteristics in a national
nuclear forensics library. Generally, they are 8$IQGS units, and were selected for ease of
comparing a diverse set of materials from acrossftiel cycle and a wide variety of radioactive
sources. It is up to each State to decide if theses are appropriate for their library, and in om
cases, where a State only has a very limited nuofaterials; it might be simpler to use altervti
units. For example, if a State only mines uraniura, & might be more appropriate to express
uranium concentration in ore in units of g/tonnegtkg instead of the recommended units of g/g,
which are generally more useful for comparing wemiconcentrations for materials from the rest of

the nuclear fuel cycle.

TABLE II-1. RECOMMENDED UNITS FOR DESCRIBING MATERL CHARACTERISTICS IN
A NATIONAL NUCLEAR FORENSICS LIBRARY

Characteristic Recommended Rational

Units
Elemental Concentrations for Major  g/g Generally used for elements with concentratithd % by
Constituents weight. Alternatively, it can include all elemeirtgended

to be a part of a material, for example all of éhements
present in a metal alloy. For most fuel cycle mate or
large radioactive sources, expressing concentatiog
element / g material works well.

Trace Element Concentrations unalg Generally usedléments with concentrations <0.1% by
weight. Alternatively, trace elements are somesime
defined as those elements that are impuritiesleonents
present in a material but not intentionally added.

Uranium isotopic compositions Atom ratios: While uranium isotopic compositions are often espesl
z=y, as atom percents, mass percents, or even just 235U
B2y, enrichment level, these units are not ideal famlip use.
By By using ratios, all uranium materials in a librang

By, 2Py directly comparable, regardless of how many iscopere
determined in a particular material. If using atommass
percents, materials with differing numbers of ig@®
measured require isotopic compositions to be reatized
based on the sample with the fewest isotopes medsur
before they can be compared.
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Characteristic

Plutonium isotopic compositions

Density

Particle size

Porosity or specific surface area

Carbon stable isotopes
Nitrogen stable isotopes
Oxygen stable isotopes
Strontium stable isotopes

Lead stable isotopes

Neodymium stable isotopes
Activity

Specific activity

Neutron intensity

Recommended
Units

Atom ratios:

glcm

pm

2/g,.I

Per mil (%o)
Per mil (%o)
Per mil (%o)
Atom rafi@rFosr

Atom ratios
208pp PO4ppy,
2P,
20ppPOph,

End
Bg

Ba/g

n/s

Rational

While plutonium isotopic compositions are often mgsed
as atom percents, mass percents, these unitstaceab
for library use. By using ratios, all plutonium tedals in
a library are directly comparable, regardless af hoany
isotopes were determined in a particular mateiialsing
atom or mass percents, materials with differing bers of
isotopes measured require isotopic compositiofeto
renormalized based on the sample with the fewegipges
measured before they can be compared.

Alternately, the SI unit of kg/fwould also be appropriate.

Depending on the sophisticatiaheflibrary, this could
capture average particle size, or complete histogmaf
particle size distributions.

Typical units for porosity or specific surfacea
measurements using BET and similar methods.

Expresseit i
Expressed ¢

Expressed i3

Used for radionuclide activity in radiotive sources

The activity of a radionuddidelative to the total mass of
the element present (e.g. 50860 / g Co). Used to
describe the radiochemical purity of radionuclides

Used to express the intertdityeutrons from neutron
sources, e.g>*Cf or > AmBe sources
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DEFINITIONS

batch. A batch is the production of material in discratag or lots.
custodian. A custodian is the keeper or steward of the malteri

database.A database is a searchable collection of dataforration, usually but not necessarily, in

an electronic/digital format.

domain expertise Domain expertise (provided by an individual exper specialists) assists the
library administrator in identifying and organiziimformation from a specific nuclear fuel cyclegaa
or isotope production type for radioactive sourcgsch expertise will also assist in analysing the
information for patterns or trends that enhancdaeS ability to determine distinguishing features

about its own material holdings.

library administrator . The library administrator may be an individual arteam in a State with

access to the domain expertise represented byatienal nuclear forensics library enabling routine
and comprehensive access to the library contehts.library administrator has overall responsibility
for gathering information from relevant organizaso institutes and facilities for inclusion in the

national nuclear forensics library.

materials master index. The material master index provides a summary loinédrmation in the
library, and can be used by the library administrét locate specific information and also conthet

appropriate technical expert.

morphology (materials science)Morphology is thestudy of shape, size, texture and phase

distribution of physical objects.

national point-of-contact (POC) of a national nuclar forensics library Through official channels
the national point-of-contact of the national naclérensics library voluntarily receives and regli
to requests about information in a national nucleansics library from other States.

nuclear material. Nuclear material is defined to by any materialt tisaeither special fissionable

material or source material as defined in Articdé of the IAEA Statute.

nuclear security event A nuclear security event is an event that haermga@l or actual
implications for nuclear security that must be added.

out of regulatory control. The phrase “out of regulatory control” is useddscribe a situation
where nuclear or other radioactive material is gmésvithout an appropriate authorization, either

because controls have failed for some reasonggrribver existed.

radioactive material. A radioactive material is any material designatedational law, regulation, or

by regulatory body as being subject to regulatamntiol because of its radioactivity.
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radiochronometry. Radiochronometry is the use of radioactive decajetermine the time since the

last separation of progenies from the “parent” matéand thus, the “age”).

seized material. Seized material is material encountered outsidesgfilatory control that is now

under the control of the competent authorities.

signature. A signature is a characteristic or a set of characteristics of a given sample that enables

that sample to be distinguished, by way of either exclusion or inclusion.

trace element.A trace element is an element in a sample thatahasverage concentration of less

than 1000 microgram / gram (pg/g) or 0.1% of thérixnaomposition.
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