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It is expected that nuclear energy will be a significant 
component of future supplies. New facilities, operating 
under a strengthened international nonproliferation 
regime will be needed.  There is good reason to believe 
virtual engineering applied to the facility design, as well 
as to the safeguards system design will reduce total 
project cost and improve efficiency in the design cycle.  
Simulation Enabled Safeguards Assessment MEthodology 
has been developed as a software package to provide this 
capability for nuclear reprocessing facilities. The 
software architecture is specifically designed for 
distributed computing, collaborative design efforts, and 
modular construction to allow step improvements in 
functionality.  Drag and drop wireframe construction 
allows the user to select the desired components from a 
component warehouse, render the system for 3D 
visualization, and, linked to a set of physics libraries 
and/or computational codes, conduct process evaluations 
of the system they have designed.  

I.  INTRODUCTION 

The use of nuclear energy for electricity production is 
expected to be a significant component of future energy 
supply. 1   Recently, U.S. President Bush and Russian 
President Putin jointly declared their intent to make the 
peaceful use of nuclear energy available to a wide range 
of interested States, while at the same time preventing the 
spread of nuclear weapons. 2   A strengthened 
nonproliferation regime and enhanced national safeguards 
and security systems are therefore vital elements of future 
nuclear energy programs, and the Simulation Enabled 
Safeguards Assessment MEthodology (SESAME) project 
directly supports these objectives in a variety of ways. 

Virtual engineering (VE) is the application of 
modeling, simulation and visualization within a virtual 
environment to explore multidisciplinary solutions to 
engineering challenges.  The primary advantages of VE 
are manifest in improved collaborative capabilities, 
increased efficiencies of the design cycle, and, ultimately, 
in reduced cost to design, construct and operate new 

products or facilities.3  Many industries have embraced 
VE techniques.  A noteworthy and well known industrial 
example of VE is the Boeing 777 aircraft, where all 
phases of the design process were performed virtually.4  
Other examples include such diverse fields as agricultural 
combines5, naval weapons and design6,7, and coal-fired 
power plants.8

The SESAME project will apply modeling and 
simulation to the design and operation of nuclear fuel 
cycle facilities. This will facilitate the design of the 
safeguards systems (both national/domestic and 
international safeguards) to accompany and even inform 
the design of the overall plant which will manifest in 
shorter design times, less total project cost, while 
achieving increased integration between the various 
design disciplines. 

SESAME is a tool being developed to visualize the 
design and subsequent operation of nuclear facilities, with 
current emphasis on aqueous reprocessing plants.  The 
safeguards systems can then be demonstrated, tested, 
evaluated and improved as part of the overall design 
process.  This will be particularly useful as advanced 
safeguards approaches are developed that may use a broad 
variety of new types of operational and process data, to 
include the sensor and instruments need to collect that 
data.  The SESAME architecture is specifically designed 
to enhance collaborative capabilities and user specific 
module design.  The remainder of this paper instantiates a 
preliminary version of the vision described by Bjornard 
et. al. 9

II.  SESAME Functions and Architecture  

A key aspect of safeguards (to include nuclear 
material accounting, physical protection of nuclear 
material, and nonproliferation verification) is to obtain 
timely information on the location, form, and movement 
of nuclear materials.  Accordingly, a simulation and 
design tool for safeguards must be able to properly track 
the nuclear material through software calculations as it 



moves through the plant systems.  Additionally, the 
software architecture must be adaptable to specific user 
needs, and modular in nature to allow seamless 
integration of step improvements to various functions and 
components. 

The architecture and functional design of SESAME is 
specifically directed towards controlled, collaborative 
development, as depicted in Fig. 1.  Adapting IEEE 
standards as appropriate, a Software Project Management 
Plan describes the overall effort.10  The framework team 
has developed the control executive and the interfaces 
needed to connect with the physical submodels.  The 
software design details have been documented.11  With 
input from the extensive group of collaborators, the 
software requirements have been drafted. 12   As design 
improvements proceed, the collaborators will have access 
to the requirements. 

Fig. 1. The design of SESAME specifically promotes 
collaboration on the  interfaces and physical submodels. 

II.A  Major SESAME Functions 

The major functions of SESAME are depicted in 
Fig. 2.  The upper part of Fig. 2 is the Facility Module.  
This is the model of the overall facility or system that is 
of interest to the user.  The Facility Module includes plant 
architecture and equipment such as pumps, valves, tanks, 
centrifugal contactors, and the like, in connection with the 
physical libraries and computational codes used to model 
those components.  The Facility Module also includes 
plant and system instrumentation, process models and 
other computational tools as necessary to model the 
nuclear material flow.   

The central feature is the Control Executive (CE), 
shown in the center of the diagram.  The CE is the “boss” 
and handles the communications, interfaces, resource 
scheduling, component access, and otherwise manages the 
relations between the SESAME models and modules. 

Fig. 2. The major functions in SESAME for a Typical 
Safeguards Application 

Finally, some of the other models of interest are 
depicted along the bottom of Fig. 2.  These functions 
represent some of the components and calculation tools to 
simulate and model various safeguards functionality.  
This includes sensors (cameras, radiation detectors, 
motion sensors, etc.), as well as calculation of effects 
(radiation levels, mass changes, etc.) applicable to 
safeguards system evaluation. 

II.B  SESAME Software Architecture 

At the highest level the architecture of SESAME 
consists of the Control Executive, a component 
warehouse, a physical model library, the graphical user 
interface and high performance computing (HPC) 
resources.  This structure has been designed to support 
collaborative development, modular construction, and 
stepwise improvements to existing modules. 

II.B.1  Control Executive 

The Control Executive is the very heart of the 
SESAME framework, it essentially directs the activities 
of all modules and functions.  All interactions between the 
functions and modules of SESAME are through the CE, 
as shown in Fig. 2.  The CE manages the data streams, the 
HPC resource scheduling, interfacing the modules and the 
output, both data and visual to the user. 

II.B.2  Component Warehouse 

The component warehouse houses the components 
used in the creation, design and modeling and simulation 
of systems.  The Inventory Manager controls the versions 
of components in stock, allowing users to check out a 
component for improvements and check in the new 
version.  Each component has a broad variety of attributes 
and capabilities, including information about its looks, its 
social behavior, and its profession (role). 



Each component contains graphical information 
about its size, shape, and appearance.  The graphical 
representation can range from a simple representation (i.e. 
block flow diagrams), to a full 3D visualization of the 
component, depending on which version of the 
component the user selects or creates. 

The discovery model is responsible for the 
functionality that makes each component sentient and 
socially- aware. Each component knows its role and how 
it relates to the other components and computational 
tools, as well as the HPC resources required.  As an 
example, a component that is a water pump knows that its 
role is to pump fluids, that it has social needs that can 
only be satisfied when it is connected to other  
components – in this case an inlet, an outlet, and a power 
supply.  It knows that it needs to be anchored to another 
component (e.g. the floor), and it knows that it requires a 
physical model of some kind to describe its operation – 
e.g. the flow of fluid through its openings.  When a user 
selects this component from the warehouse, the 
component will actively seek to ensure that its role and 
social needs are met. 

The computational model provides the connection 
from the component to the physical model that computes 
its physical behavior.  The linked tool may be a simple 
relation or equation, or it may be a connection to a full-
featured external code, such as thermal-hydraulics, 
radiation transport, or other codes as built in by users. 

II.B.3  Physics Library and High Performance Computing 

The final pieces of the SESAME architecture are the 
physics library and the HPC resources.  The HPC 
resources have been described briefly in connection with 
the Control Executive. 

SESAME must have the capability to model all of the 
physical processes relevant to the tracking of nuclear 
material through an aqueous reprocessing facility, thus 
this is clearly a multi-disciplinary problem.  These models 
are checked in and out of the library, and are activated as 
needed to model the operation of the components in use.   

III.  SESAME Software Capabilities 

The SESAME framework contains multiple features 
that will be useful in the design process of nuclear 
facilities (with current effort on aqueous reprocessing 
plants).  The graphical user interface (GUI), through an n-
tiered network using thin clients, allows the user access to 
pre-built components and pre-assigned computational 
libraries and HPC resources. 

III.A  Drag and Drop Wireframe Canvas 

The user can select components from the component 
warehouse and arrange them on a wireframe visual 
canvas.  Once connected, they form the system to be 
simulated, up to and including the entire plant.  As 
appropriate for the specific modeling effort, the design 
can then be rendered in a 3D visual format to allow 
walkthroughs and visualization of the system operation. 

III.B  Computational Results Display 

Once the system to be simulated has been created, the 
user can run simulations based upon the physical models 
and computational libraries associated with the selected 
components.  The results can be displayed separately (e.g. 
data files, or visual plots and data through the GUI) or in 
concert with the 3D visualization, based upon the user 
specific modeling needs.  At times there may be more 
effective ways than 3D visualization to display data from 
a simulation, and consequently provision is included for 
selection or convenient addition of alternative display 
approaches. 

IV.  ADDITIONAL APPLICATIONS 

While SESAME will be used for demonstrating and 
testing both conventional and advanced safeguards 
concepts – such as Operational Accountancy and the 
Safeguards Envelope – it is also applicable to performing 
a broad variety of other vital functions.  Examples include 
drag and drop facility and system design and layout, 
safeguards design and impact on facility layout, integrated 
material tracking, process design, experiment design and 
conduct of virtual experiments, diversion/misuse 
simulations, plant monitoring and control system design 
and testing, model-based instrumentation and control 
design, operator training, inspector training, video 
containment and surveillance system development and 
testing, optimization studies by the user, and so forth.  
There are also numerous possibilities for parallel real-
time simulation and monitoring applications, including 
full remote, and simulation based monitoring (e.g. 
operation of a plant in country X, real-time transmission 
of key operating data from country X to country Y, and 
use of this data in real-time mirroring/simulation in 
country Y). 

Coupling the component warehouse, populated with 
robust components, to the physics library, with a full 
range of computational choices, will make SESAME an 
important tool in the ‘Safeguards by Design’ toolbox.  
Ultimately, SESAME will facilitate designing and 
operating a complex facility like the Advanced Fuel Cycle 
Facility – fully within virtual space - before ever breaking 
ground. 



V.  RESULTS AND PATH FORWARD 

Initial SESAME development has been conducted 
using the spiraling prototype design approach, adapting 
IEEE standards as useful for the specific needs of the 
project.  Substantial progress has been made on the 
SESAME project since its inception in mid-2005.  Two 
workshops, involving well over 20 experts from more 
than 15 labs and universities, strongly influenced the 
requirements specifications for the design.  The first 
prototype, completed in FY06, included the successful 
demonstration of the high level architecture – including 
physics coupling - for an example UREX+3 facility.  A 
fixed facility design and rudimentary hard-wired physics 
were included in this first prototype.  Figure 3 shows a 
screen shot of this prototype wherein the scenario of a 
worker removing material from a glovebox and the 
calculated response of the portal monitor is depicted. 

Fig. 3. A screen capture of the SESAME prototype.  The 
scenario is a worker who can remove varying (user 
selected) amounts of material from the glovebox, and the 
response of a portal monitor is calculated. 

The third design cycle will be completed in FY07, at 
which time an entirely new prototype containing a 
functioning component warehouse is expected to be 
completed, together with the third revision of the project 
design and specifications. 

SESAME has been specifically designed to 
accommodate contributions by a wide variety of experts, 
each working in their particular areas of strength, while a  
team develops the host framework.  The modular, IEEE 
standards based project approach, together with strong, 
requirements based project management, will facilitate a 
dynamic - yet controlled - collaborative effort as more 
experts actively join the development team in FY08.  

Their focus is expected to be primarily the development 
and adaptation of physical models. 

VI.  SUMMARY 

The coming nuclear renaissance will most likely 
involve the design and deployment of new nuclear 
facilities; power reactors, enrichment plants, processing 
plants and storage facilities.  The SESAME program 
provides a powerful tool to substantially strengthen the 
design process and improve these facilities – as a 
modeling and simulation tool for safeguards by design in 
an aqueous separations facility.  Once fully operational, 
SESAME will be useful for expanded analysis and 
support, such as overall plant design, operator training, 
and safety and quality analysis. 

Reduced proliferation risk, together with enhanced 
safeguards and security effectiveness are crucial to the 
successful future of nuclear energy.  Among other things, 
SESAME will be a powerful tool to cost-effectively 
improve nuclear security.  

ACKNOWLEDGMENTS 

This work has been supported by the Laboratory 
Directed Research and Development program at the Idaho 
National Laboratory, operated by the Battelle Energy 
Alliance under DOE Idaho Operations Office Contract 
DE-AC07-05ID14517. 

The authors gratefully acknowledge the contribution 
to the SESAME vision and design by over 20 scientists 
and engineers from more than 15 national laboratories and 
universities.  

REFERENCES 

                                                          
1 U.S. Department of Energy, The Global Nuclear Energy 
Partnership (GNEP), U.S. DOE Fact Sheet 06-GA50506-
02. 
2 Bush, Putin Declaration on Nuclear Energy and 
Nonproliferation.  The White House, Office of the Press 
Secretary.  July 3, 2007. 
3 J. F. Sabatini.  Final Report, Simulation Based Design.  
Lockheed Missiles and Space Company, Inc., LMSC-
P414334.  1994. 
4 Computing and Design/Build Process Help Develop the 
777.  Boeing Commercial Airplanes.  
http://www.boeing.com/commercial/777/family/pf/pf_co
mputing.html. 
5 C. Yan, J. Li, S. Zhang, and F. Yang.  Digital Design of 
a Combine Harvester Using Virtual Prototyping.  
Frontiers of Mechanical Engineering in China. Volume 
2.2.  April, 2007. 



                                                                                             
6 W. Aldo Kusmik and R. Glass.  Neural Network 
Implementation for Torpedo Design and Optimization.  
9th AIAA/ISSMO Symposium on Multidisciplinary 
Analysis and Optimization.  September 4-6, 2002. 
7 W. Aldo Kusmik.  Optimization in the Simulation Based 
Design Environment.  NAVSEA Division, U.S. Navy. 
http://sbd.npt.nuwc.navy.mil/documents/DETC2001.pdf. 
8 D. S. McCorkle, K. M. Bryden, and D. A. Swensen.  
Using Virtual Engineering Tools to Reduce NOX 
Emissions.  Proceedings of ASME POWER 2004, 
Baltimore, Maryland.  March 30 – April 1, 2004. 
9 .T. Bjornard, K. Pasamehmetoglu,.  SESAME - 
Advanced Modeling and Simulation Applied to Nuclear 
Nonproliferation and Safeguards.  Proceedings of Annual 
Meeting of the Institute of Nuclear Materials 
Management.  July, 2006. 
10 Software Project Management Plan: Simulation 
Enabled Safeguards Assessment Methodology 
(SESAME).  Idaho National Laboratory INL/EXT-06-
11809. 2006. 
11 Software Design Description: Simulation Enabled 
Safeguards Assessment Methodology (SESAME).  Idaho 
National Laboratory, INL/EXT-06-11840.  2006. 
12 Draft Software Requirements for the Simulation 
Enabled Safeguards Assessment Methodology 
(SESAME) System.  Idaho National Laboratory 
INL/EXT-05-00736.  2005. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Preserve
  /UsePrologue true
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [612.000 792.000]
>> setpagedevice


