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“All I’m saying
is, now is the
time to develop
the technology
to deflect
an asteroid.”
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The Manhattan 
Project—Oak Ridge’s 
first grand challenge!

Senator
Kenneth D. 

McKellar

The Clinton Pile was the world’s first 
continuously operated nuclear reactor
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“Most people skate to where the puck 
is . . . I skate to where the puck is 
going to be.”

– Wayne Gretzky
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Today, ORNL is DOEToday, ORNL is DOE’’s largest s largest 
multipurpose science laboratorymultipurpose science laboratory……

• $1.08 billion budget

• 4,000 employees
• 3,000 research guests annually
• Nation’s largest unclassified 

scientific computing facility

• Nation’s largest science facility:
the $1.4 billion Spallation Neutron Source

• Nation’s largest concentration
of open source materials research

• Nation’s largest energy laboratory
• $300 million modernization in progress

…… a ready resource for Government, a ready resource for Government, 
Industry & Academia!Industry & Academia!
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The University of Tennessee
Knoxville, Tennessee

Battelle
Columbus, Ohio

ORNL is managed and operated
by UT-Battelle
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National 
Security EnvironmentEnergy

Applied to 
compelling national problems

Intellectual foundations in
science, engineering, and technology

Integrating scientific themes:
Nanoscale R&D, ultrascale computing, 

systems biology

Our research framework focuses 
our resources on national needs
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•• Energy Energy 
TechnologiesTechnologies

ORNLORNL…World Class in…World Class in::

•• Neutron ScatteringNeutron Scattering

•• HighHigh--performance performance 
ComputingComputing

•• Materials Materials 
ScienceScience

•• National National 
SecuritySecurity

•• Life Life 
SciencesSciences
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• Control of functionality at the nanoscale

• Leadership-class computing 
for the frontiers of science

• Integration of biology and ecology, 
based on the foundation 
of understanding 
molecular-level interactions

• Integration of science, 
technology, and thought 
leadership for energy

• Innovative solutions that improve 
national, homeland, and global security

Our Aspiration:

Best lab in the world at what we do…
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“ Those who say it cannot be 
done should not interrupt the 
person doing it.”

– Chinese Proverb
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Partnerships are essential Partnerships are essential 
to our success!to our success!

• Other national laboratories
• Universities

− UT-Battelle/ORNL core universities
− UT-ORNL Center for Homeland Security

and Counterproliferation
• Other government agencies
• Education/Training 

With Industry Program
(U.S. Air Force and U.S. Army)

• ORAU post-docs
• Industry

− National Security Technology Consortium
− United Defense
− National Safe Skies Alliance
− NucSafe 

Carbon foam

AquaSentinel
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The Spallation Neutron Source
Total cost: $1.4 billion

• Operational in 2006
• World’s most powerful pulsed neutron source
• With complementary resources at the High Flux Isotope Reactor, 

Oak Ridge will lead the world in neutron scattering
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ORNL’s ORNL’s 
East CampusEast Campus

Multiprogram Research Facility

• 200,000 ft2

• Light labs, computing 
space, and offices

• Capable of handling the full 
range of national and  
homeland security work
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We operate user facilities that serve 
an international research community

Metals 
Processing 
Laboratory
User Center

National 
Environmental

Research
Park

High 
Temperature

Materials 
Laboratory

Buildings 
Technology

Center

High Flux
Isotope 
Reactor

Providing access to unique and expensive tools and facilities
for cutting-edge research
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• Expanding state and 
regional partnerships
− SensorNet
− Safe Cities

• Broad connections
to the defense and 
intelligence 
communities

• Multiprogram 
Research Facility

• Leading key
NNSA initiatives

• $150M program

Today

Homeland SecurityDepartment of DefenseNuclear Security

We committed to become a key 
resource for national security
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““No, I don’t want to play chess. I just want to No, I don’t want to play chess. I just want to 
reheat the lasagna.”reheat the lasagna.”
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We are applying our S&T resources 
to national and homeland security
• Deploying integrated systems for 

incident awareness, detection, and 
response 

• Creating tools for information 
management, synthesis and analysis

• Expanding modeling and simulation for 
threat analysis and response planning

• Delivering enhanced protection and new 
capabilities to warfighters

• Applying advanced materials to security 
applications

• Detecting, preventing, and reversing the 
proliferation of weapons of mass 
destruction 
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Potential DOD Applications
• Intelligent agents
• Comprehensive assessment 

methodology
• Special materials
• CBRNE detection
• 6D gyroscopic sensor 

navigation
• Mobile ad hoc networking
• Advanced sensor/wireless
• Advanced propellants
• Water purification
• Ballistic protection
• Power

• Gun barrel technology
• CFAST
• Micro-climate conditioning
• Smart minefields
• Medical diagnosis
• Signature management
• Visioning – what will 

technology allow
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Oak Ridge VisioningOak Ridge Visioning

Develop concepts and 
architectures that are technologically 
feasible. 

Bring the “best-in-class” 
technologies and operational 
experience to the table. 

Determine what technology will 
allow for the future.



20

OAK RIDGE NATIONAL LABORATORY
U. S. DEPARTMENT OF ENERGY

““My logisticians are a dismal lot.  For they My logisticians are a dismal lot.  For they 
know they are the first I shall slay if we fail.”know they are the first I shall slay if we fail.”

…Alexander the Great…Alexander the Great
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Logistics “Transformation”Logistics “Transformation”

UnderstandUnderstand

IdentifyIdentify

Core Core 
CompetenciesCompetencies

DevelopDevelop
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Logistics “Transformation”Logistics “Transformation”

AnticipateAnticipate

RespondRespond

DODDOD
RequirementsRequirements

InfluenceInfluence
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• Rapid TPFDD
• Collaborative 

PC-based
• Delib/Crisis

Planning & 
Execution

• Integrated 
Resupply

• Unit/Eqp/Log
• End-to-end 

process
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Simulating the inaccessible,Simulating the inaccessible,
…discovering the unknown!…discovering the unknown!



Persistent and Emerging Challenges

Traditional Challenges
States employing recognized 
capabilities and forces

Irregular Challenges
State and non-state adversaries  
employing unconventional 
methods to counter traditional 
advantages

Catastrophic Challenges
Acquisition, possession, and use 

of WMD or methods producing 
WMD-like effects

Disruptive Challenges
Development and use of 

breakthrough technologies to negate 
current U.S. advantages
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TennesseeValleySummit_0507

• Tagging, Tracking & 
Locating
− Multi-capable Readers
− Advanced Waveforms

• Supercomputing & 
Modeling

• Intelligent Agents
• Sensor Integration
• Advanced Materials
• Super-Hydrophobics
• Brazing & Welding 

techniques
• Advanced Water 

Filtration
• Deployment & 

Sustainment Enablers
• Fuel Cells
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Army 

Model



28

OAK RIDGE NATIONAL LABORATORY
U. S. DEPARTMENT OF ENERGY

GapsGaps
ShortfallsShortfalls

TradespaceTradespace

Air Force

Air Force

Model?
Model?

ORNL
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Imagine…Imagine…



30

OAK RIDGE NATIONAL LABORATORY
U. S. DEPARTMENT OF ENERGY



31

OAK RIDGE NATIONAL LABORATORY
U. S. DEPARTMENT OF ENERGY

SensorNetSensorNet

The Nation’s public safety 
information infrastructure…
“stove-piped” or “island”
networks.

No “universally available, 
affordable data 
infrastructure” for public 
safety.

A NationA Nation--wide Problemwide Problem
“It is crucial for …
personnel to have and use 
equipment, systems, and 
procedures that allow them 
to communicate with one 
another.”

The National Strategy 
for Homeland Security



Material Protection, Control & 
Accountability Program

Fig. 1 ATSS

Fig. 2 Cargo Railcar

Fig. 3 Cargo Railcar Layout

Fig. 4 Guard Railcar

Fig. 5  Security Overpack

Fig. 8 Sarov Demonstration

Fig. 6 Escort Vehicle Fig. 7 Cargo Vehicle

Fig. 9 Command Post Monitors

Fig. 10 Satellite Communication
Equipment

Fig. 11 Command Post Screens
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USAFUSAF

19951995……Next Generation Munitions Handler System
19971997……Advanced Human Amplifier Testbed

20002000……DARPA’s Exoskeleton Program

20032003……Navy’s Advanced Omni-Directional Transporter

Human Amplification Technology (HAT)Human Amplification Technology (HAT)

Reduced ExpeditionaryReduced Expeditionary
FootprintFootprint

Future Future 
FundingFunding

Speed &Speed &
SafetySafety
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Scale in centimeters

Commercial FilterORNL Filter

ORNL’s Inorganic Membranes—Great Potential 
for Water/Air Purification

Membranes are robust—sterilized with steam, 
heat, microwaves, direct resistance heating

Membranes are rugged & last for tens of years
Manufacturing costs are low
Purification does not rely on chemicals
Membranes may be used to polish air/water 

supply systems or functionalized variants of the 
ORNL membranes 

Systems can be scaled
Filtration performed at surface (i.e. not a depth 

filter)…membrane is cleanable
Cross-flow configuration can minimize fouling



Focus of Effort:
Leverage maturing 
ORNL software-
defined radio 
prototype 
development to 
produce and 
demonstrate a small 
form-factor cognitive radio that is 
software reconfigurable, multi-modal, 
and able to operate on multiple waveforms (asymmetric 
with adjustable bandwidth and low probability of intercept 
and detection) to provide sense and respond operating 
data and asset visibility information.

SDRFID
Tag

SDRFID
Reader

XMC Card

GPS/Sensor Card

RF Card

XMC Card

GPS/Sensor Card

RF Card

ORNL’s State of the Art:
• Software Defined/Cognitive Radio Rapid 

Development Platform (~3.5”x5”x2”) 
• Multi-waveform capable & software reconfigurable
• RFID, SATCOM, GPS & Sensor capable
• Can provide cross-banding between CR tags/nodes, 

other sensors/networks, other tags C4ISR networks, 
UAVs, and SATCOM reach-back 

• Functional gateway for other tags--passive/active
• An Agile, Tagging, Tracking, Locating, Sensing & 

Communications Platform
ORNL Potential:
• Baseline for CR capabilities supporting global real-

time in-transit visibility initiatives

SF2CR Target size: SF2CR Target size: 
BlackberryBlackberry

Cost/ScheduleCost/Schedule

Complete CR 
prototype

FY06
$1.25M
*$200k

FY07
$1.25M
*$250k

FY08
TBD

Engineering Baseline 
Demonstration (TRL5)

Customize, 
integrate & test

Demonstrate
System

Qualified
System 
(TRL 6)

Operating
System (TRL 7/8)

Data

Network

Reader

Tag

Application

Customizable to 
multiple standards

Specified fixed format & 
path

Mesh Networks: 
Multiple tiers—Radio 
to Radio, Tag to Tag

Fixed infrastructure, 
limited connectivity

Multi-mode,  SRSingle-mode, limited 
coverage

Multi-mode, software  
recon- figurable (SR)

Preconfigured, single-
mode

ORNL ApproachTraditional Approach

MultiMulti--Mode Tag & Reader w/ GPS,  sensors & SATCOMMode Tag & Reader w/ GPS,  sensors & SATCOM

hhamameelleeoonn…Cognitive Radio for TTL (SF2CR)
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national energy
market regulators

national 
polution

monitoring
agency

national energy
distribution agency

state energy
market regulators

national 
weather
agency

national supercomputing
center

energy
company 

HQ

distributed
energy

manufacturing
center

manufacturing
center

SelfSelf--Integrating Integrating 
SystemsSystems…potential 
for expanded 

application?
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Task Execution and Task Execution and 
Battlefield FunctionsBattlefield Functions

Derived EfficienciesDerived Efficiencies

Knowledge Processing andKnowledge Processing and
Decision ManagementDecision Management

Visibility, CommunicationVisibility, Communication
and Dynamic Adjustmentand Dynamic Adjustment

•TTL &
•Sensors

•Situational Awareness
•Log C2
•Information
Operations

•Materials 
•Fuels
•Energy

•Supply Chain
Exe/Mgt

•Infrastructure & 
Power Projection

•Maintenance

DOD Requirements               ORNL CapabilitiesDOD Requirements               ORNL Capabilities

Cognitive Radio, RFID, Cognitive Radio, RFID, 
MultiMulti--capable Readerscapable Readers
CFAST ApplicationsCFAST Applications
Intelligence GeneratorIntelligence Generator
Knowledge ManagementKnowledge Management
Intelligence AgentsIntelligence Agents
AmmoGenAmmoGen
SuperhydrophobicsSuperhydrophobics
Metals, Ceramics, CompositesMetals, Ceramics, Composites
Carbon Foam, TitaniumCarbon Foam, Titanium
Gas to Liquid ProcessesGas to Liquid Processes
Inorganic MembranesInorganic Membranes
Diagnostics/PrognosticsDiagnostics/Prognostics
Electrical Signature AnalysisElectrical Signature Analysis
MABES/SURGEMABES/SURGE
Hybrid LightingHybrid Lighting
WeighWeigh--InIn--MotionMotion
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“It is not the strongest
of the species that 
survive, nor the most 
intelligent, but the one 
most responsive
to change.”

– Charles Darwin
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“The woodpecker might have to go”
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ORNL…ready for the nextORNL…ready for the next
Grand Challenge!Grand Challenge!


