DEFENSE THREAT REDUCTION AGENCY
SBIR FY09.2 Proposal Submission

The mission of the Defense Threat Reduction Agency (DTRA) is to safeguard the United States
and its allies from weapons of mass destruction (WMD) (chemical, biological, radiological, nuclear and
high-yield explosives) by providing capabilities to reduce, eliminate and counter the threat and mitigate
its effects. This mission includes research and development activities organized into chemical/biological,
nuclear, WMD counter-force, and systems engineering technology portfolios. From these activities,
DTRA administers two SBIR Programs. One is affiliated with the Chemical-Biological Defense Program
and appears as a separate component under this solicitation. The other is drawn from the nuclear, WMD
counter-force, and systems engineering portfolios and is described herein. Communications for this
program should be directed to:

Defense Threat Reduction Agency

ATTN: Darian Cochran, SBIR Program Manager
8725 John J. Kingman Drive, MSC 6201

Fort Belvoir, VA 22060-6201

E-mail: dtrasbir@dtra.mil

Use of e-mail is encouraged.

The DTRA SBIR Program complements the agency’s principal technology programs to
detect/locate/track WMD; interdict or neutralize adversary WMD capabilities; protect against and restore
following WMD use; attribute parties responsible for WMD attacks; and provide situational awareness
and decision support to key leaders. SBIR topics reflect the current strategic priorities where small
businesses are believed to have capabilities to address challenging technical issues. DTRA supports
efforts to advance manufacturing technology through SBIR, where the challenges of such technology are
inherent to technical issues of interest to the agency.

PROPOSAL PREPARATION AND SUBMISSION

Proposals (consisting of coversheets, technical proposal, cost proposal, and company
commercialization  report)  will be accepted only by electronic  submission at
http://www.dodsbir.net/submission/. Paragraph 3.0 of the solicitation (found at
http://www.dodsbir.net/solicitation/) provides the proposal preparation instructions. Consideration is
limited to those proposals that do not exceed $100,000 and seven months of performance. The period of
performance may be extended up to five additional months following award, but such extensions may
delay consideration for Phase Il proposal invitation. Proposals may define and address a subset of the
overall topic scope. Proposals applicable to more than one DTRA topic must be submitted under each
topic.

PROPOSAL REVIEW

During the proposal review process employees from BRTRC, Inc., and Northrop Grumman
Information Technology (NGIT) will provide administrative support for proposal handling and will have
access to proposal information on an administrative basis only. Organizational conflict of interest
provisions apply to these entities and their contracts include specifications for non-disclosure of
proprietary information. All proposers to DTRA topics consent to the disclosure of their information to
BRTRC and NGIT employees under these conditions.

DTRA-1



BRTRC, Inc.
8260 Willow Oaks Corporate Drive, Suite 800
Fairfax, VA 22031-4506

Northrop Grumman Information Technology (NGIT)
8211 Terminal Road, Suite 1000
Lorton, VA 22079-1421

DTRA will evaluate Phase | proposals using the criteria specified in paragraph 4.2 of the
solicitation with technical merit being most important, followed by principal investigator qualifications,
and commercialization potential. Topic Points of Contact (TPOC) lead the evaluation of all proposals
submitted in their topics.

SELECTION DECISION AND NOTIFICATION

DTRA has a single source selection authority (SSA) for all proposals received under one
solicitation. The SSA either selects or rejects Phase | proposals based upon the strengths and weaknesses
identified in proposal review plus other considerations including limitation of funds and balanced
investment across all the DTRA topics in the solicitation. Balanced investment includes the degree to
which offers support a manufacturing technology challenge. To balance investment across topics, a lower
rated proposal in one topic could be selected over a higher rated proposal in a different topic. DTRA
reserves the right to select all, some, or none of the proposals in a particular topic.

Following the SSA decision, the contracting officer will release notification e-mails through
DTRA’s SBIR evaluation system for each accepted or rejected offer. E-mails will be sent to the
addresses provided for the Principal Investigator and Corporate Official. Offerors may request a
debriefing of the evaluation of their proposal. Debriefings would be viewable at
https:\\www.dtrasbir.net\debriefing\ and require password access. Debriefings are provided to help
improve the offeror’s potential response to future solicitations. Debriefings do not represent an
opportunity to revise or rebut the SSA decision.

For selected offers, DTRA will initiate contracting actions which, if successfully completed, will
result in contract award. DTRA Phase | awards are issued as fixed-price purchase orders with a 6-month
period of performance that may be extended, as previously discussed. DTRA may complete Phase |
awards without additional negotiations by the Contracting Officer or opportunity for revision for
proposals that are reasonable and complete.

DTRA'’s projected funding levels support a steady state of 15 Phase | awards annually. Actual
number of awards may vary.

DTRA Phase | awards for this solicitation will be fully funded with FY10 appropriation available
on or after December 1, 2009. Awards will be subject to availability of those funds. DTRA manages
SBIR as an ongoing program and does not classify individual Phase | awards as new program starts for
the purpose of Continuing Resolution Authority.

CONTINUATION TO PHASE 11
Only Phase Il proposals provided in response to a written invitation from a DTRA contracting
officer will be evaluated. DTRA invitations are issued based on the degree to which the offeror

successfully proved feasibility of the concept in Phase I, program balance, and possible duplication of
other research. Phase Il invitations are issued when the majority of Phase | contracts from the preceding
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solicitation are complete, typically early spring. Phase | efforts which were delayed in award or extended
after award will be considered for invitation the following year.

DTRA'’s projected funding levels support a steady state of 7-8 new Phase Il awards annually to
meet an objective of continuing approximately 50 percent of Phase | efforts to Phase Il. Actual number
of awards may vary.

OTHER CONSIDERATIONS

DTRA does not utilize a Phase 1l Enhancement process. While funds have not specifically been
set aside for bridge funding between Phase | and Phase 11, DTRA does not preclude FAST TRACK Phase
Il awards, and the potential offeror is advised to read carefully the conditions set out in this solicitation.

Notice of award will appear first in the Agency Web site at http://www.dtra.mil. Unsuccessful
offerors may receive debriefing upon written request only. E-mail correspondence is considered to be
written correspondence for this purpose and is encouraged.
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DTRA092-001

DTRA092-002
DTRA092-003
DTRA092-004

DTRAQ92-005
DTRAQ92-007
DTRA092-008
DTRA092-011
DTRA092-012
DTRA092-013

DTRA092-014
DTRAQ092-015

DTRA SBIR 092 Topic Index

The Characterization and Mitigation of Radiation Effects on Nano-technology
Microelectronics

Universal Integrated Sample Preparation for Biological Warfare Detection

Field Portable Rapid Forensic DNA Analysis

Novel High Endurance, Portable Energy Source for Weapons of Mass Destruction
(WMD) sensors

Hand-held Stand-off Detection of Low-volatility Chemicals

Next Generation in Detection Materials Processing

Critical Components/Enabling Technologies for High-gradient Particle Accelerators
Hardening Electronics to Electromagnetic Threats

Weapon Payloads for Bulk Chemical and Biological Agent Neutralization

Predicting Ultra High-Performance Concrete (UHPC) Residual Strength after Multiple
Penetrations and Blasts

Digital Data Recorder for Gauges in High Speed Weapons During Survivability Testing
Next Generation Computational Fluid Dynamics (CFD) Codes
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DTRA SBIR 092 Topic Descriptions

DTRA092-001 TITLE: The Characterization and Mitigation of Radiation Effects on Nano-technology
Microelectronics

TECHNOLOGY AREAS: Sensors, Electronics, Nuclear Technology

OBJECTIVE: The successful outcome of this effort will support the use of ultra-deep submicron integrated circuits
in DoD satellite systems that will result in very significant savings in weight, power and reliability for systems that
include Space Radar, Space Tracking and Surveillance Systems, Transformational Satellite Communications System
(TSAT) and others. In addition, this effort will also support the use of compound semiconductor technologies (e.g.
Antimony Based Compound Semiconductors, Indium Phosphide, and others) in these systems and their introduction
into advanced spacecraft and missile systems with similar savings in both power and weight and coupled with
increased performance.

DESCRIPTION: Current satellite systems are fabricated using a mix of commercial and radiation hardened circuits.
However, the use of advanced commercial integrated circuits devices results in added complexity to mitigate
radiation effects that can result in the mis-operation and/or destruction of devices. In many cases, the penalties in
increased power, area, weight and added circuit complexity out-weigh any potential benefits and preclude the use of
the advanced commercial technology. Moreover, these technologies have demonstrated a sensitivity to radiation
effects.

The present methods to mitigate radiation effects, while proven to be effective at circuit geometries > 150nm silicon
based technology, have been shown to be less effective when applied to integrated circuit feature sizes below 100nm
silicon based and compound semiconductor technologies. In addition, the introduction of new technologies, e.g.
quantum function circuits, will require the development of new mitigation approaches.

Thus, if minimally invasive methods such as the use of alternative materials, circuit enhancements, and other
innovative approaches could be developed to reduce radiation effects sensitivity these devices could be used with
little or no penalties.

Therefore, the basic approach to accomplish this task would be to leverage commercial microelectronics at the <
90nm nodes and augment these technologies with radiation mitigation techniques that would have minimal impact
on the electrical performance and manufacturability. This same approach also applies to the radiation hardening of
the compound semiconductor and other technologies.

Additionally, the development of such methods requires the development of cost effective methods to model and
simulate the radiation response of these < 90nm, compound semiconductor and other technologies. Without a robust
modeling and simulation capability it would be both technically and economically unfeasible to develop these
mitigation methods.

PHASE I:
* Identification of minimally invasive methods, including material approaches, to mitigate radiation effects in <
90nm microelectronics technologies, 111-V, SiGe and other materials systems.

» Development of cost effective radiation effects modeling and simulation methods for < 90nm microelectronics,
compound semiconductor and other technologies for digital and analog/mixed-signal microelectronics applications.

« ldentification of design science approaches to mitigate radiation effects.

PHASE II:

« Electronic Design Automation tools (programs) that can:
o ldentify design sensitivities in complex integrated circuits
o Design radiation insensitive integrated circuits
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e Perform trade studies to provide optimized integrated circuits with respect to radiation and electrical
performance
e Analyses the radiation response of complex integrated circuits

» Technology Computer Aided Design (TCAD) tools that can:
e Provide cost effective 3-D models to support the simulation of the radiation response of nanotechnology
microelectronics.
o Identify radiation sensitivities at the transistor level

» Mixed-Mode and Level Simulation systems that can effectively couple the radiation response at the transistor
level to higher levels of circuit and subsystem integration (e.g. transistor response to small circuit to complex circuit
to sub-system) to support the accurate radiation response simulation up to and including the sub-system level.

» Radiation effects Product Design Kits (PDK) that combine the electrical and radiation response design and
modeling parameters for a specific technology. PDKs are provided by semiconductor manufacturers to their
customers to support design activities. In general a semiconductor manufacturer will develop an electrical
performance and design PDK that must be then augmented with radiation performance to support customers that
require the technology to be used in a radiation environment.

e Development and demonstration of < 90nm radiation effects modeling and simulation methods for these
technologies.

» Development and demonstration of design science approaches for radiation effects mitigation.

PHASE 11l DUAL USE APPLICATIONS: Use of the mitigation, modeling and simulation methods developed
through this effort to support the use of advanced microelectronics for terrestrial applications such as very high
performance microprocessor, advanced servers, and very large cache memories.

REFERENCES:

1. IEEE Transactions on Nuclear Science; December 2007, Volume 54, Number 6, Session H: Single Event Effects
Mechanisms and Modeling, pages 2297-2425.

2. IEEE Transactions on Nuclear Science; December 2005, Volume 52, Number 6, Session A Single Even Effects:
Mechanisms and Modeling, pages 2104-2231.

3. IEEE Transactions on Nuclear Science; December 2005, VVolume 52, Number 6, Session F Single Even Effects:
Devices and Integrated Circuits, pages 2421-2495.

4. JEDEC 57, SEE Test and Characterization Guidelines and Test Method.
5. Military Test Method 1019, Steady State Total lonizing Dose.
6. ASTM 1892 — Steady State Total lonizing Effects Guideline.

KEYWORDS: Single-Event Effects, Single-Event Upset, Single-Event Transients, Total lonizing Dose,
Displacement Damage, nano-technology

DTRA092-002 TITLE: Universal Integrated Sample Preparation for Biological Warfare Detection

TECHNOLOGY AREAS: Chemical/Bio Defense

OBJECTIVE: To develop a process to universally extract and prepare samples in the field that will be made
available to a detector for rapid detection and notification.
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DESCRIPTION: It should be noted that sample preparation is not synonymous with purification or even enrichment,
although both are extremely rigorous preparation methods. For the biological defense community, sample
preparation can be considered a process in which analytes of interest are removed from interfering chemicals and
materials present in a sample and treated to insure availability to the detection technology employed. Current
technologies are “either-or” solutions, focusing on immunoassay and PCR/molecular techniques of analysis, both of
which are used in fielded DoD platforms. No single platform to date has the capability to serve as a universal
sample preparation technology simultaneously isolate proteins (immunoassay) and nucleic acids (PCR/molecular
analysis). An additional current limitation is the lack of a suitable platform to deal with a wide variety of
environmental samples capable of removing inhibitors of analysis, such as enzymatic inhibitors, irreversible binding
agents of analytes/reagents, and particulates that foul fluidics, instruments, and cartridges.

PHASE I: In Phase | of a SBIR project we are seeking a novel and verifiable approach to developing a universal
extraction and preparation process such that field analysis and identification can be rapid and timely (i.e. on-site
analysis by immunoassay or PCR in less than one hour with minimal logistical burden) for the warfighter and/or
first responders.

PHASE II: In Phase Il of a SBIR project we are seeking the demonstration of the method and the concomitant
protocol and/or instrumentation for the approach. This is characteristically described as a reduction to practice type
of project that the extraction and preparation procedure can be demonstrated as useful and verifiable with a myriad
of sample types and analytical procedures.

PHASE 11l DUAL USE APPLICATIONS: In Phase 11l of a SBIR project a series of blind challenge samples would
be tested at both the awardees laboratory as well as the governments medical and physical sciences laboratories. The
round robin testing would be designed to verify the methods and approaches developed by the awardee.
REFERENCES:

1. Lichtenberg, J., N. F. de Rooij, E. Verpoorte. 2002. Sample pretreatment on microfabricated devices. Talanta 56:
233-266.

2. Rose, L., B. Jensen, A. Peterson, S. N. Banerjee, and M. J. Arduino. 2004. Swab materials and Bacillus anthracis
spore recovery from nonporous surfaces. Emerg. Infect. Dis. 10: 1023-1029.

3. Tsai, Y. and B. H. Olson. 1992. Detection of low numbers of bacterial cells in soils and sediments by polymerase
chain reaction. Appl. Environ. Microbiol. 58: 754-757.

KEYWORDS: Sample preparation, extraction, biological, analytes, instrumentation

DTRA092-003 TITLE: Field Portable Rapid Forensic DNA Analysis

TECHNOLOGY AREAS: Materials/Processes, Biomedical, Sensors, Electronics

OBJECTIVE: Develop a small, field portable forensic DNA capability that performs rapid DNA analysis for
comparison against PC-based or Web-based forensic DNA databases. This device should be able to perform forensic
DNA analysis on swabs collected from incident sites.

DESCRIPTION: Forensic DNA analysis is routinely performed on evidence collected from incident sites or swabs
obtained from known individuals. This analysis is typically performed in a fixed facility and leverages several
different pieces of equipment to produce a DNA profile. Forensic DNA analysis has the ability to provide crucial
information on individuals that may have built or had contact with IED’s or potential bioagents. The ability to
conduct rapid forensic DNA analysis on post blast IEDs, and objects/containers involved in WMD activities can
provide significant insight into who may have manufactured or transported the device, and what agents it may
contain. This information can be used by commanders and warfighters to increase their situational awareness and
enhance their battle management capabilities. The ability to conduct rapid forensic DNA analysis in the field on
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swabs and exchange that information with PC-based or Web-based DNA databases will prove valuable in verifying
identity and matching against profiles obtained from IEDs and other items.

The end product should be a field portable device that performs all procedures required to produce a forensic DNA
Profile including extraction, quantitation, amplification, separation, and analysis. The device should be able to
perform Polymerase Chain Reaction (PCR), provide single base pair resolution, and produce outputs capable of
being exchanged with PC-based or Web-based forensic DNA databases. The device should be operable in a variety
of environments, temperatures, and conditions and be physically robust and reliable. It is also beneficial if
individuals with minimal scientific training are able to operate the device.

Current technologies such as liquid handlers, thermal cyclers, and genetic analyzers/sequencers do exist that perform
individual steps of the forensic DNA analysis process but are designed to work in a laboratory environment. This
device should combine these capabilities into a single device and be capable of conducting forensic DNA analysis in
a mobile asset or facility on the battlefield.

PHASE I: Fabricate a proof-of-concept prototype and demonstrate which forensic DNA analysis processes can be
integrated into the end device.

PHASE II: Fabricate 1 prototype field portable forensic DNA analysis device and demonstrate success in producing
DNA profiles with a commercially available STR PCR amplification kit.

PHASE Il DUAL USE APPLICATIONS: The proposed device may be used for rapid biological relationship
testing or traditional state and local crime laboratory forensic DNA analysis at crime scenes.

REFERENCES:
1. National Research Council. 2009. Strengthening Forensic Science in the United States: A Path Forward.
Washington, D.C. National Academy Press.

2. Budowle, B. Toward a System of Microbial Forensics: from Sample Collection to Interpretation of Evidence.
Applied and Environmental Microbiology, May 2005, p. 2209-2213. http://aem.asm.org/cgi/reprint/71/5/2209

3. Presidents DNA Initiative (www.dna.gov), Research on Miniaturization and Automation of DNA analysis:
http://www.dna.gov/research/min_auto/

4. Tontarski, R. Defense Forensic Enterprise System, Presented to the National Academies of Sciences, Needs of
the Forensic Science Community, September 21, 2007. http://www7.nationalacademies.org/stl/tontarski.pdf

5. The U.S. Department of Defense New Idea Portal, DoD Needs in Battlefield Forensics,
http://ww.defensesolutions.gov/needs_BF.html

KEYWORDS: Forensic, DNA, PCR

DTRA092-004 TITLE: Novel High Endurance, Portable Energy Source for Weapons of Mass
Destruction (WMD) sensors

TECHNOLOGY AREAS: Chemical/Bio Defense, Materials/Processes, Sensors

OBJECTIVE: Deliver a novel high endurance, reusable, safe and portable energy source for use in environments
that preclude access to current common energy sources and/or make it logistically infeasible to utilize current
portable energy source options. This energy source could provide a wide application to power a variety of WMD
sensors/systems.

DESCRIPTION: A myriad of applications for the dismounted soldier of the future will require portable energy,
including communications, portable computers, chemical-biological-radiological sensors and other systems. These
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electronics are critical to soldier combat effectiveness. Primary batteries now provide the main energy source, but
the acquisition, storage, distribution, and disposal of over a hundred different battery types poses an enormous
logistical challenge on the battlefield. New technologies have at the same time increased the number and variety of
power-driven functions that require soldier-portable power. Current batteries are often one-time use, such as
traditional alkaline or lead acid types, that require a large logistical “footprint” to support or have adverse safety
considerations and/or power capacity loss problems over multiple re-use, such as nickel-cadmium or lithium-type
batteries. High energy density capacitors are needed for a variety of WMD technologies: new
materials/manufacturing processes are needed to make these systems man portable. However, new power source
technologies are beginning to appear in the early stages of technical development (i.e. fuel cells, smart hybrid
batteries, etc). In addition, the need is present to make these new energy sources as small enough to power a
backpack sized WMD sensor/system up to small vehicles, such as unmanned ground or aerial vehicles, which may
be equipped with various WMD sensors/systems.

PHASE I: Provide a lab demonstration of the potential capability of the novel energy source.

PHASE II: 1. Build a portable prototype energy source that provides 20-W average power with 50-W peak and/or
provides 100-W average with a 200-W peak for up to 1 week missions in the size configuration previously
mentioned. 2. Adapt to provide power to up to two different sensors of choice or 3. Prototype high energy density
capacitor with a minimum of 50 kJ stored energy.

PHASE 11l DUAL USE APPLICATIONS: 1. New energy source could enable new uses for a wide variety of
WMD and other sensors and technologies which could spur more commercial demand. 2. Enable new applications
for portable sensors and technologies.

REFERENCES:

1. Atwater, T.B., P.J. Cygan, and F.C. Leung. 2000. Man portable power needs of the 21st century.

I. Applications for the Dismounted Soldier.

I1. Enhanced capabilities through the use of hybrid power sources. Journal of Power Sources 91: 27-36.

2. Fein, G.S. 2003. Manufacturers worked around-the-clock to replenish depleted stocks. National Defense
Magazine, September. Available at

http://www.nationaldefensemagazine.org/article.cfm?1d=1190. Last accessed on January 15, 2004.

3. National Research Council. 1997. Energy-Efficient Technologies for the Dismounted Soldier. Washington, D.C.:
National Academy Press.

4. National Research Council. 2004. Meeting the Energy Needs of Future Warriors. Washington, DC.: National
Academy Press.

5. Developing Science and Technologies List. http://www.dtic.mil/mctl/DSTL/DSTLSec07g.pdf

KEYWORDS: Energy, Portable, Power, Batteries, Capacitors, Sensors

DTRA092-005 TITLE: Hand-held Stand-off Detection of Low-volatility Chemicals

TECHNOLOGY AREAS: Chemical/Bio Defense, Sensors

OBJECTIVE: A prototype unit capable of detecting trace amounts of low-volatility chemicals from distances of 25+
meters.

DESCRIPTION: The ability to detect trace chemicals from safe distances is critical. When those chemicals are low-

volatility (as they are for many explosives), the difficulty of the problem greatly increases. Innovative solutions are
being sought to address this technology problem.
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There are no acceptable products available that can detect trace amounts of low-volatility chemicals from relatively
large distances, especially ones that are small and light-weight. Hand-held chemical detection units either don’t have
the ability to detect from a distance (10s of meters), at very low concentrations, or with needed precision, resolution
and sensitivity. Products which do have these characteristics tend to be fairly large and not readily transportable.

Current research and development in this area generally involves spectroscopic methods including Raman, FTIR and
terahertz. Each of these methods has had some success, but they still have problems in one or more of the
characteristics mentioned earlier. Unfortunately, all of the characteristics are necessary for an acceptable product
that can be used safely in many operational environments.

The goal of this topic is to develop a technology that is capable of detecting trace amounts of low-volatility
chemicals (for example, explosives and persistent chemical warfare agents) from large distances (25-30 meters or
more). The end product should be small and light-weight. It must be able to detect multiple classes of chemicals
(e.g., organic nitrates, organophosphonates) from a variety of surfaces (both porous and non-porous). ldeally, the
end product will distinguish and identify the target chemicals from interfering substances (e.g., other chemicals,
dust/dirt, diesel fumes).

The end product can be from any technology area, assuming the technology is safe for general operational use. The
technology must be innovative and not a general modification or adaptation of current research. If the proposed
effort uses a technology currently being developed for this type of application (e.g., Raman, FTIR, terahertz), the
application itself or its adaptation must be innovative.

PHASE I: The technology at the end of Phase 1 should be able to demonstrate a proof-of-concept detection of at
least 1 class of low-volatility chemicals on surfaces from distances of 3 meters or greater.

PHASE II: The prototype unit should be able to detect at least two different classes of low-volatility chemicals,
present in trace amounts, on at least 5 different surfaces (to include both porous and non-porous surfaces) from
distances approaching 25 meters or greater. Detection needs to occur in the presence of common operational
interferents (e.g., dirt/dust, oil/grease, fuel and/or fuel vapor). The prototype should be no larger than man-portable,
with a strategy to reduce the product to a size approaching hand-held.

PHASE I1lIl DUAL USE APPLICATIONS: In addition to Defense applications, the technology would have
applications in Homeland Security, hazard response and/or mitigation, and industrial process or product control or
assurance.

REFERENCES:
1. M W P Petryk, "Promising Spectroscopic Techniques for the Portable Detection of Condensed-Phase
Contaminants on Surfaces," Applied Spectroscopy Reviews 42, 2007, 287-343.

2. National Resarch Council of the National Academies: Division on Earth and Life Studies, Existing and Potential
Standoff Explosives Detection Techniques, The National Academies Press, 2004,

3. SAVER Program Support Office, "Guide for the Selection of Chemical Agent and Toxic Industrial Material
Detection Equipment for Emergency First Responders, Guide 100-04, Vol. | and IlI," System Assessment and
Validation for Emergency Responders, 2005.

4. National Resarch Council of the National Academies: Division on Earth and Life Studies, Testing and Evalulation
of Standoff Chemical Agent Detectors, The National Academies Press, 2003.

5. National Resarch Council of the National Academies: Division on Engineering and Physical Sciences,
Assessment of Millimeter-Wave and Terahertz Technology for Detection and Identification of Concealed
Explosives and Weapons, The National Academies Press, 2007.

6. M. G. Mayes, "Miniature field deployable Terahertz source," Proceedings of SPIE: Defense and Security
Conference, Orlando, FL, 2006.
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7. H Schubert and A Rimski-Korsakov (eds.), Stand-off Detection of Suicide Bombers and Mobile Subjects;
Springer 2006, 151-165.

8. D. J. Cook, M. G. Allen, B. K. Decker, R. T. Wainner, J. M. Hensley, and H. S. Kindle, Detection of High
Explosives with THz Radiation”, The Joint 30th International Conference on Infrared and Millimeter Waves and
13th International Conference on Terahertz Electronics, Williamsburg, VA 2005.

9. X.-C. Zhang, “THz Wave Technology & Applications,” SPIE 2007 Course Lecture Notes, 2007,
http://www.rpi.edu/~zhangxc/Documents/1-22-07%20SPIE%20Photonic%20West.pdf.

KEYWORDS: Detection, Chemicals, Explosives, Stand-off, Remote, Low-volatility

DTRA092-007 TITLE: Next Generation in Detection Materials Processing

TECHNOLOGY AREAS: Materials/Processes, Sensors, Electronics, Nuclear Technology

OBJECTIVE: Improve radiation detection material processing for consistently more efficient larger detection
materials with shorter overall preparation times.

DESCRIPTION: The quality, quantity, size, and cost of radiation detection materials and system are limited by
current manufacturing capabilities. Examples of current improvements have focused on hydrothermal process
enhancement for cadmium zinc telluride (CZT) crystals and feedstock purification and conditioning. Next
generation approaches to obtain cheaper higher quality detection materials incorporating nonhydrothermal processes
and not solely dependent on feedstock material conditioning. Specific material quality and quantity metrics will be
dramatically improved by these process innovations. Detection material characteristics must be maintained or
exceeded. For example, consistent room temperature semiconductors with better than one percent energy resolution
at 662 keV or scintillator materials with better than three percent. Processing methods should control, but not be
based on standard material requirements such as ultra high purity and uniformity. Shortening the duration of
material formation, as in the case of crystal growth while maintaining or improving detection performance are also
essential. Post material formation reprocessing such as annealing and surface preparation are not considered.

PHASE I: Examples of areas where dramatic improvements may be possible should be studied in the proof of
concept phase to include:

- Reduce crystal growth time from weeks to days and maintaining material quality

- Increase usable detection material sizes in volume or usable area with no degradation in detector sensitivity

- Improve detection material performance by nonhyrdothermal means (e.g., energy resolution) without increasing
production cost

- Improve chemical vapor deposition fabrication for radiation detector applications

PHASE II: Prototype material fabrication must provide detection materials of sufficient size, quality and quantity
for performance testing and be cost effective and production scalable. Methods and processes must be repeatable
and reproducible.

PHASE 11l DUAL USE APPLICATIONS: Scope of potential follow-on:

- Engineering design and integration of prototype material fabrication process to improve existing radiation
detection material processes

- Extending prototype processing to other semiconductor or crystal growth material processing technology areas

- Producing improved radiation detection materials and samples for special applications such as scientific and
medical research in high energy physics and medical monitoring, and to allow for additional detection material
characterization

- Expanding production applications to solar cells and electronic component fabrication

REFERENCES:
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1. Chen, H. et al., “High-Performance, Large-Volume THM CdZnTe Detectors for Medical Imaging and Homeland
Security Applications,” Nuclear Science Symposium Conference Record, 2006. IEEE VVolume 6, pp. 3629-3637.

2. Doering, R. (Ed.) et al., Handbook of Semiconductor Manufacturing Technology, CRC, 2007.

3. Hahto, S.K., “Negative ions for heavy ion fusion and semiconductor manufacturing applications,” Review of
Scientific Instrumentation (75, 1799), 2004,

4. Knoll, G.F., Radiation Detection and Measurement, John Wiley & Sons, 2000.

5. Levinshtein, M.E.(Ed.) et al., Properties of Advanced Semiconductor Materials: GaN, AIN, InN, BN, SiC, SiGe,
John Wiley and Sons, 2001.

6. Richerson, D., Modern Ceramic Engineering: Properties, Processing, and Use in Design, CRC, 2005.

7. Schropp, R.E.l.et al.. "Hot wire CVD of heterogeneous and polycrystalline silicon semiconducting thin films for
application in thin film transistors and solar cells" Materials Physics and Mechanics: pp. 73-82, 2000.

KEYWORDS: Radiation Detection Materials, Ultra High Purity Materials, Scalable Manufacturing, Crystal Growth,
Semiconductor Fabrication

DTRA092-008 TITLE: Critical Components/Enabling Technologies for High-gradient Particle
Accelerators

TECHNOLOGY AREAS: Materials/Processes, Sensors, Nuclear Technology

OBJECTIVE: High-gradient accelerator technology is sought for development of transportable accelerators capable
of accelerating protons, electrons or muons. Portable-accelerator applications of interest to DTRA require protons
with energy in the tens of MeV range and in the few GeV range; electrons in the 100 MeV range; and muons in the
hundreds of MeV range. Critical technology is sought that will enable construction of systems operable from
moving military platforms or will significantly reduce the overall footprint of currently available technology.

DESCRIPTION: The Defense Threat Reduction Agency (DTRA is investigating the use of high energy, particle
sources for detecting special nuclear materials (SNM). Systems transportable on military platforms are required.
Reduction of the size and weight of existing and novel systems are goals.

Critical technology that will lead to increased accelerating gradients will help to achieve program goals. The
following examples may represent current state-of-the-art gradients for acceleration of protons:

« Superconducting Radio Frequency Cavity (SCRF): 47 MV/m
» Normal-conducting RF: 290 MV/m

« Dielectric Wall Accelerator (DWA): 100 MV/m

 Target Normal Sheath Accelerator (TNSA): 1 TV/m

* Radiation Pressure Accelerator (RPA): &#8805;1 TV/m

In the TNSA the length of the accelerating gradient is limited to about 50 micrometer so that proton energy may be
limited to around 50 MeV. The RPA offers potential for GeV protons directly from a thin foil but the required laser
intensity exceeds the current capability (based on Hercules laser at University of Michigan) by 1-2 orders of
magnitude. Key components of the DWA are insulating material with very high dielectric constant and high speed
switching technology. Breakthroughs in key enabling technologies may be the critical paths for realizing practical
transportable high-gradient accelerators. Other technologies, such as compact superconducting cyclotrons may also
be attractive with regard to configuration on military platforms for generating protons in the tens of MeV energy
range and, if scalable, the low GeV range. For acceleration of muons a critical component is the collector or cooling
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system needed to reduce the emittance of accelerator-produced muons so that they can be collected, injected and re-
accelerated to the energies required for DTRA applications.

PHASE I: Develop a design concept with a clearly defined Phase | to Phase Il decision point that demonstrates the
potential capability of realizing the objectives defined in this topic. The design concept should be benchmarked with
data that validates its underlying assumptions. A clear Phase | to Phase Il decision point must be part of the final
delivery in Phase | along with a roadmap that takes the program through Phase I1I.

PHASE II: Demonstrate the design concept proposed in Phase I. This demonstration must include a discussion of
how this design will be developed in Phase Il into a viable system to meet the defined program goals. Potential
partners for production and future use of the developed technology along with a clear Phase 1l to Phase 11l decision
point must be included along with a roadmap that takes the program through Phase I11.

PHASE Il DUAL USE APPLICATIONS: Industrial development strategy and full scale demonstration as part of a
comprehensive accelerator development team. Dual use application would include compact accelerators for use in
existing space-limited facilities and mobile medical facilities.

EXAMPLES OF RELEVANT TECHNOLOGIES:
 Dielectric Wall Accelerator: Dielectric material capable of sustaining high electric field gradient; fast optical
switching system

 Accelerator for muons: collection or cooling system to enable muons to be injected into a secondary accelerator
system; design studies to support and significantly advance development of the muon collection or cooling system

» Critical, enabling components of laser wake-field accelerator concepts and Thompson back scatter particle
accelerator technologies

« Critical, enabling technologies supporting development of high-gain superconducting or accelerator cavities
» Means to extend the accelerating path length for ultra high gradient accelerator concepts that require thin foils

REFERENCES:
1. Knoll, G.F. Radiation Detection and Measurement. 2nd edition (2000).

2. McDaniel, Floyd D, etal. The Application of Accelerators in Research and Industry (Proceedings of the
Nineteenth International Conference on The Application of Accelerators in Research and Industry, Fort Worth, TX,
USA. (2006).

3. Shemelin, Valery, Low Loss And High Gradient Sc Cavities With Different Wall Slope Angles, Proceedings of
PACO07, Albugquerque, New Mexico, USA.

4. Wuensch, . W., et al., A Very-High-Gradient Test Of A 30 Ghz Single-Cell Cavity, Proceedings of EPAC 2000,
Vienna, Austria.

5. Caporaso, G. J. et al., High Gradient Induction Accelerator, Proceedings of PAC07, Albuquerque, New Mexico,
USA.

6. Hatchett, S. P., et al., Electron, Photon, And lon Beams From The Relativistic Interaction of Petawatt Laser
Pulses with Solid Targets, Physics of Plasmas VVolume 7, Number 5 May 2000.

7. Esirkepov, T., et al., Highly Efficient Relativistic-lon Generation in the Laser-Piston Regime, Phys. Rev. Letters
92(7), 30 April 2004.

KEYWORDS: LINAC, linear accelerator, proton, electron, ion, high-energy physics, particle accelerator, high
gradient accelerator
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DTRA092-011 TITLE: Hardening Electronics to Electromagnetic Threats

TECHNOLOGY AREAS: Sensors, Electronics, Nuclear Technology

OBJECTIVE: New lower-cost technologies for hardening critical electronic systems and infrastructures against
electromagnetic threats across the frequency spectrum from the various forms of the electromagnetic spectrum to the
various emissions of electromagnetic spectrum (EM) (non nuclear and nuclear) to include nuclear electromagnetic
pulse (EMP) and high power microwaves (HPM). This effort should focus on addressing the complex problem of
strategic mobile communications systems.

DESCRIPTION: Electromagnetic threats (HPM and EMP) pose problems to electronics both as conducted (e.g.,
wires and antennas) and radiated (e.g., apertures and cracks) threats. Over the past years a variety of techniques
have been developed to protect electronics from these threats that operate over selected frequency bands. However,
these techniques are frequently costly to implement and have size limitations. The desire is to develop novel
techniques that are low-cost, lightweight and compact. Further, it is desirable that the techniques are applicable over
a broad frequency range covering both EMP and HPM spectrums. Approaches that deal with individual conducted
or radiated threats are of interest for critical systems, infrastructures, and facilities. In the area of nuclear EMP, it is
desired to have conductive protection devices that cover the early time (E1), mid time (E2), and late time (E3) threat
environments with one compact unit. In HPM, methods to protect the electronics directly (similar to radiation
hardening electronics) would be of great interest.

PHASE I: Proof of concept should be demonstrated by analysis and/or preliminary experimental device. A detailed
plan for further engineering development and demonstration by testing in Phase Il should also be provided. A clear
Phase | to Phase Il decision point must be part of the final delivery in Phase | along with a roadmap that takes the
program through Phase I1I.

PHASE II:  Successfully demonstrate the operation of the prototype hardening device against specified
electromagnetic threat(s) without effects on the protection device or protected circuit. Industry and government
partners for Phase 111 must be identified along demonstrated support for the proposed design/prototype. A clear
Phase Il to Phase 111 decision point must be part of the final delivery in Phase I11.

PHASE Ill: Demonstration of EMP and HPM protection devices to meet MIL-STD 188-125-2 and other applicable
military and commercial standards may result in DoD program managers funding further development of the
technology. Dual use of devices for protection of both military systems and commercial facilities/civilian
infrastructures from potential terrorist threats is a plus.

REFERENCES:
1. MIL-STD-188-125-2; MIL-HDBK-423; High-Power-Microwave Hardening Design Guide for Systems, HDL-
CR-92-709-5, April 1992, MIL-STD-464, MIL-STD-461.

KEYWORDS: HPM, High-power microwave, EMP, electromagnetic pulse, protection, electromagnetic, hardening,
infrastructure, facilities, critical systems

DTRA092-012 TITLE: Weapon Payloads for Bulk Chemical and Biological Agent Neutralization

TECHNOLOGY AREAS: Chemical/Bio Defense, Weapons
OBJECTIVE: To provide new and innovative conventional weapon concepts that can neutralize (e.g., kill or

decompose) large quantities of containerized chemical and biological warfare agents in a non-permissive
environment with no intentional agent release, minimizing collateral effects.
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DESCRIPTION: For offensive operations, current conventional weapons rely on blast and fragmentation as their
primary mechanism to defeat chemical and biological targets. Unfortunately, these same mechanisms can create
large and unacceptable consequences through the release of hazardous and toxic materials into the environment. A
preferred solution to this problem is the ability to neutralize large quantities of chemical and biological warfare
agents within their storage containers and warheads, rendering the agents ineffective to the adversary. This type of
capability is envisioned to directly transfer the neutralizing energy, environment, or materials into the containers
with no intentional release of the agents. No intentional release of the agents in turn basically negates any potential
collateral effects issues.

It should be noted that ionizing radiation technologies for bulk neutralization have shown promise in this area, but
are beset with potential political and legal issues, as wells as create additional collateral damage concerns.
Consequently, alternative conventional technologies are sought that cannot only neutralize large quantities of
chemical and biological agents, but are also robust against a wide variety of agent types and can easily be integrated
into weapon systems. It is expected that proposed technologies may run the gamut in terms of time and distances to
neutralize, and effective performance may be limited to certain building environments. Note this solicitation does
not address demilitarization operations, although proposed concepts may be based on similar technologies.

PHASE I: Phase | must develop a potential weapon payload conceptual design(s) and its method to neutralize bulk
quantities of chemical and biological warfare agents. Concept(s) effectiveness will be proven through modeling and
simulation against specific agents and containers stored in both production facilities and storage facilities. The
design concept should be benchmarked with data that validates its underlying assumptions. A clear Phase | to Phase
Il decision point must be part of the final delivery in Phase | along with a roadmap that takes the program through
Phase I1I.

PHASE II: Phase Il must develop a prototype payload capable of neutralizing chemical and biological warfare
agents in typical containers and demonstrate and evaluate the prototype payload against bulk stored biological
simulants and measure its effectiveness. The final report must clearly demonstrate how this concept will be made
into a fieldable system with a complete discussion of the design tradeoffs required to make this system a viable
system for field use. Potential partners for production and future use of the developed technology along with a clear
Phase Il to Phase Il decision point must be included along with a roadmap that takes the program through Phase Il1.

PHASE Il DUAL USE APPLICATIONS: Potential dual use applications of this technology include uses by the
Center for Disease Control (CDC), Department of Homeland Security, or first responders for industrial accidents,
contagious outbreak or toxic spill decontamination needs, and homeland security situations. Technologies may also
have dual uses for demilitarization or elimination operations.

REFERENCES:
1. National Military Strategy to Combat Weapons of Mass Destruction, Chairman of the Joint Chiefs of Staff,
February 13, 2006, www.defenselink.mil/pdf/NMS-CWMD2006.pdf

KEYWORDS: Agent defeat, chemical, biological, agent neutralization, WMD defeat, weapon

DTRA092-013 TITLE: Predicting Ultra High-Performance Concrete (UHPC) Residual Strength after
Multiple Penetrations and Blasts

TECHNOLOGY AREAS: Materials/Processes, Weapons

OBJECTIVE: Find a reliable and inexpensive way to define UHPC component damage due to multiple loading
events of penetration and blast. Develop appropriate engineering aids/software defining structural capacity due to
incremental abnormal loadings events (e.g., multiple air strikes) taking into consideration the differences in response
of UHPC when compared to normal strength concrete.

DESCRIPTION: DoD needs to develop the ability to efficiently and effectively assess damage and evaluate the
residual strength (structural capacity) of UHPC structural components with compressive strengths in excess of 30
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ksi, and similarly escalated tensile and bending strengths, to airblast, fragments, and munition penetrations.
Currently, damage predictions require a baseline assessment of vulnerability at a pristine state and an a priori
understanding of the localized damage evolution and prevalent boundary conditions of the structure at each
incremental loading stage, such as occurs in a multi-strike event. A multi-strike event is defined as a repeated
abnormal loading of a structure or its components. A continuous definition of the residual capacity of damaged
components and structures is extremely important for weaponeering multiple layered hardened targets, and could be
exceptionally helpful in planning protection from sequenced terrorist attacks or follow-on abnormal loads such as
extreme wind and hurricane conditions.

PHASE I: Phase | should clearly demonstrate the ability to quantify (or define) the resistance (or damage) of
component/structure of the pristine and damaged UHPC in a minimum of two dimensions. A clear Phase | to Phase
Il decision point must be part of the final delivery in Phase | along with a roadmap that takes the program through
Phase I11.

PHASE I1I: Phase Il must demonstrate a methodology for evaluating damage and pertinent engineering level
aids/software describing evolutionary damage and residual strength/structural capacity due to multiple abnormal
events and disassociated of continuous testing or analyses. The Phase Il final report should include a development
plan and partnering approach for follow-on production and fielding along with a roadmap that takes the program
through Phase I11.

PHASE Il DUAL USE APPLICATIONS: PHASE Il should include identification of support for
commercialization of the developed product to predict the remaining strength (residual strength) of UHPC damaged
by penetration and blast. The software should be able to specify which parameters are important to resist damage
for use in architecture, engineering, and construction industries for economical but robust construction of the
military and civilian sectors. Its application should include protective panels, structural elements (such as roofs,
walls, slabs [shells, plates], beams, columns, and piles), and facilities (such as bunkers, nuclear power plants, and
airport runways). The software also should consider predictions of remaining strength due to abnormal loadings
from seismic, hurricane and tornado events.

REFERENCES:
1. US Department of Transportation Federal Highway Administration, “Material Property Characterization of Ultra-
High Performance Concrete,” Publication No. FHWA-HRT-06-103, 2006 August

2. US Department of Transportation Federal Highway Administration, “Material Property Characterization of Ultra-
High Performance Concrete,” 2008 December 4, (http://www.tfhrc.gov/structur/pubs/06103/ref.htm)

KEYWORDS: UHPC, blast, penetration, strength, damage

DTRA092-014 TITLE: Digital Data Recorder for Gauges in High Speed Weapons During Survivability
Testing

TECHNOLOGY AREAS: Sensors, Electronics, Weapons

OBJECTIVE: Develop and demonstrate novel/effective/survivable electrical and mechanical systems for a high g-
load (100K Gs for 2 msec duration and 30KGs for 5 msec duration) shock gage and data recorder. This system is to
be used in high-velocity (>2,500 ft/sec) penetration experiments into rock and concrete (unconfined strengths of
1.5 ksi to 8 ksi) and high g load pyrotechnic events (120 KGs for 0.5 msec duration).

DESCRIPTION: The weapons community currently has a strong need to obtain payload data on conventional
munitions to aid in shock hardening existing weapon systems and researching new conventional systems developed
in the future. For the next generation of weapons, military platforms will shrink in size but performance and lethality
is expected to increase through novel new engineered designs, along with increasing the striking velocity of the
warhead. Additionally, in order to increase the performance of these smaller systems, precursor shape charge
warheads may be employed in some systems to soften the target in front of a penetrating advanced design warhead.
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The main warhead electronics, however, will have to survive the pyrotechnic shock generated by the shape charge
detonation and then function (95 % of the time) after a full penetration into the target. Currently, many of the
components that are used in fusing and data recorder systems do not perform well in high shock and pyro
environments. Because of these issues, little is known about the witnessed conditions of the weapon system in these
situations. A new, miniature, high-velocity/pyro-shock sustaining data-recorder is needed. This will measure and
aid in understanding the conditions that a modern penetrating weapon system must survive in order to facilitate the
design of new ones.

PHASE I: In this phase, a proof of concept or prototype design of a novel high-velocity/pyro-shock multi channel
digital data recorder must be developed. Included in this proof of concept will be a demonstrated capability for
controller software, indentified hardware for data collection, recording capability, and a validated method for data
retrieval/management. Minimum general requirements are 12 bit, 3 internal acceleration channels, 6 external
digital data channels, non-volatile memory, sample rate of at least 1 Mega sample/sec/channel, 0.5 seconds of
recording time, adjustable recording parameters to maximize recording flexibility, and built-in battery power
conservation methods. System volume (without power source) will be no larger than 8 cubic inches. Designs that
include novel passive or active mechanical designs that protect the electronics from very severe catastrophic loading
environments are highly desirable. A clear Phase | to Phase Il decision point will be accomplished by an evaluation
and determination of the system feasibility, the use of high g tested components in the design, plus the overall design
robustness and potential survivability of the system.

PHASE II: In this phase, a prototype(s) will be developed and tested. As part of this demonstration, flexibility for
use in measuring a variety of weapons system configurations must be shown either through design or prototype.
Industry and government partners for Phase Il must be identified to assist in support for the proposed
design/prototype. The system must demonstrate a final capacity (either through prototype or credible design) a
capability of surviving over 100KGs of de acceleration in short (a few milliseconds) and long (several tens of
milliseconds) duration shock loading and pyro events. The reliability goal is to exceed 95 % of the tests for
acceptable data collection and recovery. Phase Il to 11l milestone decision point will be made based upon an
evaluation of the shock tests and data recovery of the system. If accepted, the awardee will provide an additional
road map research and development plan and at least 4 prototype units to the DoD for additional joint evaluations.

PHASE |1l DUAL USE APPLICATIONS: The technology advanced in this SBIR can be used to improve the
survivability of any engineered component used in high-shock, high-velocity impact environments. Specifically the
technology advanced in this SBIR can be used to improve the reliability and survivability of miniaturized weapon
fuses used in earth penetrating munitions, flight data recorders in the airline and transportation industries, as well as
protective safety devices such as air bag sensors in automobiles.

REFERENCES:
1. D’Amico, W.P., L.W. Burke, R.J. Faulstich, and A. Hooper, “The hardened Subminiature Telemetry and Sensor
System Technology Demonstration Phase,” Army Research Laboratory Technical Report, ARL-TR-1206, 1996

2. Robinson, D.C., Serbyn, M.R., and Payne, B.E, "A Description of NBS Calibration Services in Mechanical
Vibration and Shock," NBS Technical Note 1232, National Bureau of Standards, Gaithersburg, MD (1987).

3. Togami, T. C., F.A. Brown, M.J. Forrestal, and W.E. Baker, "Performance Evaluation of Accelerometers to
200,000 G," Journal of Applied Mechanics, Vol. 65, March 1998, pp. 266-268.

KEYWORDS: Data Recorder, Electronics, Fusing, Shock Hardened Components, Weapons

DTRA092-015 TITLE: Next Generation Computational Fluid Dynamics (CFD) Codes

TECHNOLOGY AREAS: Information Systems, Materials/Processes
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OBJECTIVE: Develop a fast running Computational Fluid Dynamics (CFD) Finite Element code taking advantage
of hardware and software technologies developed in the gaming industry. The CFD code will be used to model
highly non-linear and dynamic external blast events in urban settings and internal blasts inside structures.

DESCRIPTION: The Defense Threat Reduction Agency (DTRA) seeks proposals for development of the next
generation high fidelity CFD codes for faster simulation of the blast environment. Existing codes used for this
purpose are primarily written for computations on Central Processing Units (CPUs). The calculations are performed
either in a serial or parallel fashion on single or parallel CPUs. At present a typical blast calculation for an urban
environment or calculations for building collapse takes weeks to months of CPU run time.

With ever increasing popularity of computer and TV games and animated movies, the gaming industry and chip
manufacturers are investing heavily on improving the processing speed of the hardware and improving the software
for life-like visualizations. For example, Graphic Processing Units (GPUs) in today’s computers and gaming
consoles are used for 50-70 times faster computations than CPUs. Other hardware improvements include the so
called desktop massively parallel supercomputers with hundreds of energy efficient CPUs bundled into a desktop
computer. New hardware consoles combined with innovative software allow users to interact with games in more
natural and life-like fashion using handheld devices with motion sensors and touch-screen displays. To take
advantage of these technologies, researchers in the academia have recently started experimenting with high fidelity
finite element models written for processing on GPUs that have led to impressive speed up in computations. This
solicitation is for development of a commercial fast running CFD code on GPU processors or desktop
supercomputers. In the first two phases of the program a clear demonstration of the viability of the proposed
method is required including mitigations of risks associated with limitations of gaming technologies in general
purpose computing. Faster running codes with user friendly interfaces are important requirements in order to assess
damage to Weapons of Mass Destruction (WMD) facilities or to plan for protection of personnel and mission critical
equipment in a protected facility.

PHASE I: The successful Phase I project should develop the proposed methodology in sufficient mathematical
detail to show technical competency. At a minimum the Phase | work should clearly demonstrate the expected
speed up or ease of use of the new methodology by working out an example problem.

PHASE Il: The successful Phase Il project should develop a prototype CFD code and compare the results with
legacy codes and experimental data. An important aspect of this phase of the program is to develop a detailed plan
for commercializing the prototype for use by the government and the private sector.

PHASE 11l DUAL USE APPLICATIONS: Potential dual use, non-defense applications of fast running CFDs are in
weather modeling, modeling of wind loading on structures and more realistic and physics based computer and TV
games. A Phase Il project would develop a commercial version of the Phase Il prototype CFD code to include user
friendly Graphic User Interface with licensing for software releases, user manuals and training materials and worked
out examples.

REFERENCES:

1. D. Goddeke, R. Strzodka, and S. Turek, “Accelerating Double Precision FEM Simulations with GPUs,” In
Proceedings of ASIM 2005 - 18th Symposium on Simulation Technique, Sept. 2005.

2. GPGPU -- CFD-Wiki, the free CFD reference, http://www.cfd-online.com/Wiki/GPGPU.

3. Harris M.J., Fast Fluid Dynamics Simulation on the GPU, Chapter 38, Excerpted from GPU Gems: Programming
Techniques, Tips, and Tricks for Real-Time Graphics.

4. Z. A. Taylor, M. Cheng, S. and Ourselin, “High Speed Non-linear Finite Element Analysis for Surgical
Simulation Using Graphics Processing Units,” IEEE Transactions on Medical Imaging, , May 2008, Vol. 27, Issue
5, pp 650-663.

KEYWORDS: Graphic Processing Unit, General Purpose Graphic Processing Unit, Desktop Supercomputers,
Computational Fluid Dynamics, Multi-core processors, Gaming Technologies
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