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Partners in Environmental Technology

General Information/Maps

SYMPOSIUM & WORKSHOP SCHEDULE AT A GLANCE

Monday, December 1

Tuesday, December 2

Wednesday, December 3

Thursday, December 4

3:00 - 6:00 p.m.

Group 1 Poster/Booth Setup

Exhibit Hall C
(Exhibit Hall Level)

REGISTRATION
HOURS

The Registration Desk
is located in the Atrium
on the Exhibit Hall
Level of the hotel.

*khkkk

Monday,
December 1
3:00 - 6:00 p.m.

Tuesday,
December 2
7:30 a.m. — 5:00 p.m.

Wednesday,
December 3
7:30 a.m. — 5:00 p.m.

Thursday,
December 4
7:30 a.m. - 1:30 p.m.

7:00 - 7:30 a.m.
Group 1 Poster/Booth Setup
Exhibit Hall C
(Exhibit Hall Level)

7:30 - 8:45a.m.
Morning Coffee
Group 1 Posters/Booths Open
Exhibit Hall C
(Exhibit Hall Level)

Morning Coffee
Thurgood Marshall Ballroom
Foyer
(Mezzanine Level)

9:00-11:30 a.m.
Plenary Session
Thurgood Marshall Ballroom
(Mezzanine Level)

11:45a.m. - 1:00 p.m.
Buffet Lunch
Marriott Ballroom Foyer
and Salon 1
(Mezzanine Level)

12:30 - 1:45 p.m.
Group 1 Posters/Booths Open
Exhibit Hall C
(Exhibit Hall Level)

1:45-5:00 p.m.
Concurrent Technical Sessions
Maryland, Delaware, and
Virginia Suites
(Lobby Level)

5:00 - 7:00 p.m.
Poster Reception
Group 1 Posters/Booths Open
Exhibit Hall C
(Exhibit Hall Level)

7:30 - 10:00 p.m.
Group 1 Poster Breakdown
Exhibit Hall C
(Exhibit Hall Level)

7:00 - 7:30 a.m.
Group 2 Poster Setup
Exhibit Hall C
(Exhibit Hall Level)

7:30 - 8:30a.m.
Morning Coffee
Group 2 Posters/Booths Open
Exhibit Hall C
(Exhibit Hall Level)

8:30 - 11:45a.m.
Concurrent Technical Sessions/
Short Course
Maryland and Delaware Suites
(Lobby Level)
and
Washington Rooms
(Exhibit Hall Level)

11:45a.m. - 1:00 p.m.
Buffet Lunch
Marriott Ballroom Foyer
and Salon 1
(Mezzanine Level)

12:30 - 1:45 p.m.
Group 2 Posters/Booths Open
Exhibit Hall C
(Exhibit Hall Level)

1:45 - 5:00 p.m.
Concurrent Technical Sessions/
Short Course
Maryland and Delaware Suites
(Lobby Level)
and
Washington Rooms
(Exhibit Hall Level)

5:00-7:00 p.m.
Poster Reception
Group 2 Posters/Booths Open
Exhibit Hall C
(Exhibit Hall Level)

7:30 - 10:00 p.m.
Group 2 Poster/Booth
Breakdown
Exhibit Hall C
(Exhibit Hall Level)

7:30 - 8:30 a.m.
Morning Coffee
Maryland and Delaware
Foyer
(Lobby Level)
and
Washington Rooms Foyer
(Exhibit Hall Level)

8:00 - 10:00 a.m.
Group 2 Poster/Booth
Breakdown
Exhibit Hall C
(Exhibit Hall Level)

8:30 - 11:45a.m.
Concurrent Technical
Sessions
Maryland and Delaware
Suites
(Lobby Level)
and
Washington Rooms
(Exhibit Hall Level)

11:45a.m. - 1:00 p.m.
Buffet Lunch
Marriott Ballroom Salon 1
(Lobby Level)

12:15-12:45 p.m.
SERDP/ESTCP
Funding Opportunities
Briefing/Q&A
Delaware Suites
(Lobby Level)

1:00 - 5:00/5:30 p.m.
Concurrent Short Courses
Washington Rooms
(Exhibit Hall Level)

*kkkk

SYMPOSIUM ENDS

*kkkk

Refer to the maps within this section to determine the exact location of Symposium events.
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Partners in Environmental Technology General Information/Maps

GENERAL INFORMATION

Marriott Wardman Park Hotel
2660 Woodley Road, NW, Washington, DC 20008
Hotel Main Number: (202) 328-2000
Partners Symposium Office: (202) 745-2109

Symposium Web Site: www.serdp-estcp.org/symposium

Presentations and Final Attendee List: A preliminary Attendee List current through
November 19 is available at the Symposium Registration Desk. Presentations (technical session,
short course, and poster) and a final Attendee List will be available to attendees following the
Symposium on the web site (www.serdp-estcp.org/symposium).

Abstracts for Poster and Technical Sessions: All abstracts are available in the electronic
Symposium Program Guide on the memory stick you received at Registration. If you would like
to view hard copies of any abstracts, a display copy is available at the Poster Assistance table and
at the Information Centers.

Internet Café: The complimentary Internet Café is located in the Atrium near the Registration
Desk on the Exhibit Hall Level of the hotel. Feel free to stop by and utilize this service. In
consideration of others, please limit your use to 10 minutes per visit to the Café.

Fax/Copy Assistance: If you need assistance to fax or photocopy a few pages, please go to the
Symposium Office located in Washington Room 1 on the Exhibit Hall Level of the hotel. For
larger photocopy jobs, visit the hotel’s Business Center in the Atrium on the Exhibit Hall Level
of the hotel.

Parking: Self-parking is available at the hotel for approximately $32 per day and/or overnight.
Valet parking is available at the hotel for approximately $37 per day and/or overnight.

Hotel Concierge: The concierge will gladly assist you with information regarding the
metropolitan area. The Concierge Desk is located in the main lobby of the hotel.

Hotel Check-Out: Check-out time is Noon. Please see the hotel bellman if you would like to
store your luggage for a late departure.

Problems: Should you experience any problems regarding either the Symposium & Workshop
or the hotel, please ask for Karole Braunstein at the Symposium Registration Desk or at an
Information Center.
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Partners in Environmental Technology General Information/Maps

WAYS WE ARE “GREENING” THE SYMPOSIUM & WORKSHOP

As DoD’s environmental technology programs, SERDP and ESTCP strive to leave the smallest
environmental footprint possible from our Symposium & Workshop. Together with our vendors,
some of our green efforts include the following:

The venue selected for our Symposium & Workshop is easily accessible by metro rail service
and other public transportation, so cars are unnecessary for travel to our event. Our event is
also self-contained within one conference facility, thereby eliminating the need for travel
from one site to another.

Together with our partner Tenleytown Trash, we encourage our attendees to help us recycle
glass, plastic, and paper waste by using the blue recycling bins throughout the Exhibit Hall.

In an effort to move toward greener practices and set an example in the tradeshow and
exhibit industry, our decorating company, Hargrove Inc., has begun reducing its use of three
environmentally toxic and non-biodegradable materials in favor of new non-toxic, eco-
friendly products used to produce many of the signs seen at our event. When developing
signs for our event, we also are conscious of creating signage that can be used from one year
to the next.

Our host hotel, the Marriott Wardman Park Hotel, contributes to our environmentally
conscious efforts by using energy efficient lighting sources in public spaces, offering a linen
reuse program in guest rooms, and recycling water from laundry facilities to use for lawn
irrigation.

Over the years, we have continued to look for means to communicate event information to
our attendees in environmentally responsible ways. For example, we disseminate much of
our event information through our conference web site. We keep printed materials to a
minimum by providing abstracts and other Symposium information to attendees on a re-
usable memory stick, and we encourage presenters to use PowerPoint presentations and
avoid hard copy handouts. Following the Symposium & Workshop, we post all presentations
and posters on our Symposium site for our attendees.

Our printed materials are produced using soy-based ink and recycled paper.

We provide bins for our attendees to recycle their name badges so that we may reuse them in
future years.

Servicing Washington, D.C. and the Surrounding Area,
Tenleytown Trash Specializes in Trash and Recycling

Special Thanks
to Tenleytown Trash for Providing This Year’s
Recycling Services Free of Charge

Removal as well as Roll-Off Service.

Call (202) 364-9694 TENLEYTOWN TRASH
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Partners in Environmental Technology Plenary Session

9:00 a.m.

9:15a.m.

9:40 a.m.

10:05 a.m.

10:20 a.m.

11:05 a.m.

11:30 a.m.

PLENARY SESSION
TUESDAY, 9:00 - 11:30 A.M.

THURGOOD MARSHALL BALLROOM

Symposium Opening

Dr. Jeffrey A. Marqusee

Executive Director

Strategic Environmental Research and Development Program and
Environmental Security Technology Certification Program

*kkkk

Sustainable Fort Lewis: A Part of the Solution

Col. Cynthia A. Murphy

Commander of the U.S. Army Garrison — Fort Lewis, Washington
U.S. Army

*kkkk

Energy and Environmental Security: National Security for
the 21st Century

Ms. Sherri W. Goodman

General Counsel

CNA

BREAK

How DoD Can Win the Oil and Coal Endgames: More Fight,
Less Fuel, Lower Cost, Safer World

Mr. Amory B. Lovins

Chairman and Chief Scientist

Rocky Mountain Institute

*kkk*k

Presentation of the Project-of-the-Year Awards

Dr. Jeffrey A. Marqusee

and

Dr. Anne M. Andrews

Deputy Director

Strategic Environmental Research and Development Program and
Environmental Security Technology Certification Program

*khkkkk

Plenary Session Closing
Dr. Anne M. Andrews
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Partners in Environmental Technology Plenary Session

Colonel Cynthia A. Murphy
Commander of the U.S. Army Garrison — Fort Lewis, Washington
U.S. Army

COL Cynthia A. Murphy is a native of Sturgis, Michigan. She was commissioned in the Army
upon graduation from Central Michigan University in 1982. Her military education includes the
Transportation Officer Basic Course; Rotary Wing Aviator Course; Aviation Maintenance
Officer Course; Aviation Advance Course; OH-58, Fixed-wing, and UH-60 Aircraft
Qualification Courses; the Thai Basic Language Course; the Command and General Staff
College; and the United States Army War College. COL Murphy is an Airborne and Air Assault
graduate.

Prior to her attendance to the War College, COL Murphy most recently served as the Chief of
Operations, G-3, | Corps, Fort Lewis, Washington. Other key assignments include Deputy
Commander, 200th MMC, 21st TSC, Kaiserslautern, Germany; Battalion Commander, 2-502nd
Aviation Regiment, Mannheim, Germany; and Aviation Material Manager for Army Security
Assistance Division at the Joint United States Military Advisory Group, Thailand (JUSMAG-
THAI).

COL Murphy’s other assignments include Battalion Executive Officer and Bravo Company
Commander for the 70th Transportation Battalion (AVIM) in Mannheim, Germany; Brigade S-4,
205th Military Intelligence Brigade in Frankfurt, Germany; and Battalion S-4 and Company
Commander for Headquarters, Headquarters and Service Company, 1st Military Intelligence
Battalion (Aerial Exploitation) in Wiesbaden, Germany. She also served with the Aero Structures
Directorate, NASA, Langley Air Force Base, Virginia, and served as an AVUM Platoon Leader
at Fort Devens, Massachusetts.

COL Murphy’s awards and decorations include the Defense Meritorious Service Medal, The
Meritorious Service Medal (3 OLC), the Army Commendation Medal, The Joint Service
Achievement Medal, the Army Achievement Medal (1 OLC), the Humanitarian Service Medal,
the NATO Medal, Senior Army Aviator Badge, and the Royal Thai Army Aviator Wings (1st
Class).
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Partners in Environmental Technology Plenary Session

Sherri W. Goodman

General Counsel
CNA

Sherri Goodman is General Counsel and Corporate Secretary of CNA, a non-profit think tank
that provides analysis and solutions for national security leaders and public sector organizations.
She is also the Executive Director of the Military Advisory Board for CNA’s project on National
Security and the Threat of Climate Change. She is a member of the Council on Foreign
Relations Task Force, Confronting Climate Change: A Strategy for U.S. Foreign Policy and is a
member of the Asia Society Initiative for US-China Cooperation on Energy and Climate Change.

From 1993 to 2001, Ms. Goodman served as Deputy Under Secretary of Defense for
Environmental Security. In this role, Ms. Goodman was responsible for climate change policies
for the U.S. Department of Defense (DoD), international military environmental cooperation, as
well as world wide environmental, safety and occupational health policies and programs for
DoD.

Ms. Goodman has twice received the DoD medal for Distinguished Public Service, the Climate
Change Award from the U.S. Environmental Protection Agency, and the Gold Medal from the
National Defense Industrial Association.

Ms. Goodman has served on the staff of the Senate Armed Services Committee for then
Chairman, Senator Sam Nunn. She has also worked at RAND and SAIC.

Ms. Goodman serves on the Boards of the Atlantic Council of the U.S., the Marshall Legacy
Institute, and the Woods Hole Oceanographic Institution. She is a member of the Council on
Foreign Relations. She has served on the National Academy of Sciences’ Board on
Environmental Studies and Toxicology and on the Department of Energy’s (DOE)
Environmental Management Advisory Board. She has also been a consultant to DOE’s Defense
Nuclear Facilities Safety Board.

Ms. Goodman has been an Adjunct Lecturer in International Affairs and Security at the Kennedy
School of Government. She was an Adjunct Research Fellow at the Center for Science and
International Affairs at the Kennedy School of Government.

Ms. Goodman received a J.D. cum laude from the Harvard Law School and a Masters in Public
Policy from Harvard's John F. Kennedy School of Government. She received her Bachelor of
Arts summa cum laude from Amherst College.
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Partners in Environmental Technology Plenary Session

Amory B. Lovins
Chairman and Chief Scientist
Rocky Mountain Institute

Amory Lovins, a MacArthur Fellow and consultant physicist, is among the world’s leading
innovators in energy and its links with resources, security, development, and environment. He
has advised the energy and other industries for more than three decades as well as the U.S.
Departments of Energy and Defense. His work in 50+ countries has been recognized by the
“Alternative Nobel,” Blue Planet, Volvo, Onassis, Nissan, Shingo, Goff Smith, and Mitchell
Prizes; the Benjamin Franklin and Happold Medals; 10 honorary doctorates; honorary
membership of the American Institute of Architects; Foreign Membership of the Royal Swedish
Academy of Engineering Sciences; honorary Senior Fellowship of the Design Futures Council,
and the Heinz, Lindbergh, Jean Meyer, Time Hero for the Planet, Time International Hero of the
Environment, Popular Mechanics Breakthrough Leadership, and World Technology Awards. A
Harvard and Oxford dropout and former Oxford don, he advises major firms and governments
worldwide and has briefed 19 heads of state.

Mr. Lovins cofounded and is Chairman and Chief Scientist of Rocky Mountain Institute
(www.rmi.org), an independent, market-oriented, entrepreneurial, nonprofit, nonpartisan think-
and-do tank that creates abundance by design. Much of its pathfinding work on advanced
resource productivity (typically with expanding returns to investment) and innovative business
strategies is synthesized in Natural Capitalism (1999, with Paul Hawken and L.H. Lovins,
www.natcap.org). This intellectual capital provides most of RMI’s revenue through private-
sector consultancy that has served or been invited by more than 80 Fortune 500 firms, lately
redesigning more than $30 billion worth of facilities in 29 sectors. In 1992, RMI spun off
E sSOuRrcCE (www.esource.com), and in 1999, Fiberforge Corporation (www.fiberforge.com), a
composite engineering firm that Mr. Lovins chaired until 2007; its technology, when matured
and scaled, will permit cost-effective manufacturing of the ultralight-hybrid Hypercar® vehicles
he invented in 1991.

The latest of his 29 books are Small Is Profitable: The Hidden Economic Benefits of Making
Electrical Resources the Right Size (2002, www.smallisprofitable.org), an Economist book of the
year blending financial economics with electrical engineering, and the Pentagon-cosponsored
Winning the Oil Endgame (2004, www.oilendgame.com), a roadmap for eliminating U.S. oil use
by the 2040s, led by business for profit. His most recent visiting academic chair was in spring
2007 as MAP/Ming Professor in Stanford’s School of Engineering, offering the University’s first
course on advanced energy efficiency (www.rmi.org/stanford).
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Plenary Session

SERDP PROJECT OF THE YEAR
SUSTAINABLE INFRASTRUCTURE

PREDICTIVE MODELING OF MARINE
MAMMAL DENSITY FROM EXISTING SURVEY
DATA AND MODEL VALIDATION USING
UPCOMING SURVEYS

DR. JAY BARLOW
NOAA
Southwest Fisheries Science Center (SWFSC)
La Jolla, California
(858) 546-7178
jay.barlow@noaa.gov

CO-PERFORMERS: Dr. Elizabeth Becker,

PREDICTIVE SPATIAL ANALYSIS OF
MARINE MAMMAL HABITATS

DR. ANDREW READ
Duke University
Nicholas School for the Environment and
Earth Sciences
Durham, North Carolina
(252) 504-7590
aread@duke.edu

CO-PERFORMER: Dr. Patrick Halpin

Dr. Megan Ferguson, Dr. Jessica Redfern, (Duke University)

Dr. Karin Forney, Dr. Lisa Balance, Dr. Paul
Fiedler, and Dr. Tim Gerrodette (NOAA SWFSC);
Ignacio Vilchis (Scripps Institution of
Oceanography)

The Navy and other users of the marine environment need to estimate marine mammal density
within their operational areas to comply with the requirements of the Marine Mammal Protection
Act, the Endangered Species Act, and the National Environmental Policy Act. Knowledge of
where and in what densities marine mammals are found at a given time further allows potential
impacts to be minimized.

Addressing the eastern Pacific Ocean and the Atlantic Coast respectively, Dr. Jay Barlow and
Dr. Andrew Read and their research teams have developed spatio-temporal habitat models of
marine mammal distribution based on oceanographic physical and biological variables.
Providing this information to planners and decision makers via a web-based spatial decision
support system will assist efforts to make sound management and regulatory decisions based on
an understanding of the expected distribution and abundance of marine mammals within Navy
ranges and operational areas.

For more specific information about these projects, stop by Poster #123 and Poster #124.
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SERDP PROJECT OF THE YEAR
ENVIRONMENTAL RESTORATION

DEVELOPMENT OF TOXICITY DATA FOR MUNITION COMPOUNDS TO
SUPPORT TOXICITY REFERENCE VALUE DERIVATIONS FOR WILDLIFE

DR. MARK S. JOHNSON
U.S. Army Center for Health Promotion
and Preventive Medicine
Aberdeen Proving Ground, Maryland
(410) 436-5081
Mark.S.Johnson@us.army.mil

CO-PERFORMERS: Dr. Craig McFarland, Dr. Michael Quinn, Jr., Mr. Matthew Bazar, Dr. Emily May
LaFiandra, and Dr. Larry Talent (Oklahoma State University); Ms. Amy Hawkins (NAVFAC-ESC);
Dr. Ronald Porter and Mr. Andrew Rak (Noblis, Inc.); Dr. Robert Gogal, Jr. (Virginia Polytechnic
Institute and State University)

DoD serves as a steward of extensive land holdings, many of which are used for activities such
as training (e.g., firing ranges), munitions manufacturing, and demilitarization operations.
Because of their large size, relative habitat value, and the occurrence of munitions compounds in
soil, sediment, and surface water at these installations, it is important that DoD address issues
associated with wildlife exposure to these substances.

To support technically sound risk assessments, research conducted by Dr. Mark Johnson and his
team provides new information on the impacts of the most prevalent munitions compounds and
constituents on wildlife. Wildlife laboratory models were developed and exposures to various
munitions compounds were assessed in a controlled regime and investigated for adverse effects.
From these data, safe thresholds for exposure were determined for RDX, TNT, DNT, and amino-
dinitotoluenes for birds, mammals, reptiles, and amphibians.

Results from this project will be used to determine the safety of wildlife exposure to munitions
compounds at DoD sites. This information will help risk managers make informed decisions
when balancing the potential for adverse effects from exposure with habitat alterations associated
with cleanup operations. Data provided by this project also limits the requirement for costly site-
specific risk assessments.

For more specific information about this project, stop by Poster #186.
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SERDP PROJECT OF THE YEAR
WEAPONS SYSTEMS AND PLATFORMS

A COMPREHENSIVE PROGRAM FOR MEASUREMENT
OF EMISSIONS FROM MILITARY AIRCRAFT

DR. MENG-DAWN CHENG
Oak Ridge National Laboratory
Oak Ridge, Tennessee
(865) 241-5918
chengmd@ornl.gov

CO-PERFORMERS: Mr. Edwin Corporan (AFRL); Dr. Matthew DeWitt and Mr. Christopher
Klingshirn (UDRI); Dr. Shannon Mahurin (ORNL); Dr. Robert Kagann and Dr. Ram Hashmonay
(Arcadis); Dr. Richard Shores and Dr. Bruce Harris (EPA)

The growing demand for jet air service for war fighting and transport of cargo and soldiers is
likely to generate increased emissions, which can cause deterioration of local and regional air
quality and visibility. Aircraft fuel and emissions contain mixtures of gas and particle pollutants
that are known to be harmful to human health and the environment. The lack of a standard
methodology for measuring military aircraft emissions has hindered efforts to accurately
measure contributions from military sources.

Dr. Meng-Dawn Cheng and his team have developed a comprehensive emission-characterization
program for military aircraft on the ground in ambient conditions. Emissions were measured in
relation to several factors such as engine power setting, sampling configuration, and
measurement technique. For a given pollutant, the emission index was calculated with respect to
the engine power level. Sampling and measurement technologies utilized in this program are
classified in two platforms. One class of measurements perform on the plume samples physically
extracted from jet engine exhaust, transfer the exhaust material to time-integrated samplers and
continuous measurement instruments, and analyze the collected particulate matter and gases in-
line on site or off-line in a laboratory after the campaign. The other class of measurements do not
extract or transfer sample material from the exhaust plume; instead, they rely on optical remote
sensing techniques for continuous plume measurement on-site.

Through this effort, state-of-the-art measurement techniques and instruments are now available
for military aircraft emissions. The resulting high-quality aircraft emissions factor data sets
reduce the uncertainties associated with existing emission estimates, support regulatory decision
making, and assist in the design of cost-effective air pollution control strategies.

For more specific information about this project, stop by Poster #145.
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SERDP PROJECT OF THE YEAR
MUNITIONS MANAGEMENT

DEVELOPMENT OF A MICRO-FABRICATED TOTAL-FIELD MAGNETOMETER

DR. MARK PROUTY
Geometrics
San Jose, California
(408) 428-4212
markp@mail.geometrics.com

CO-PERFORMERS: Dr. John Kitching (NIST); Dr. Darwin Serkland (Sandia National Laboratories)

Magnetometers are one of the basic instruments used for the detection and discrimination of
unexploded ordnance (UXO). Cesium vapor atomic magnetometers are commonly used since
their readings are independent of the orientation of the sensor, which eliminates noise problems
from rotation or even vibration of other types of sensors. To better discriminate UXO from
clutter or scrap, a high spatial density of readings is desirable. Efficiently making and positioning
such measurements accurately requires arrays of sensing elements. Existing cesium vapor
sensors, however, are extremely large and consume a lot of power.

Along with his partners at the National Institute for Standards and Technology and Sandia
National Laboratories, Dr. Mark Prouty has developed a miniature total field sensor that
consumes a small fraction of the power of existing commercial sensors (less than 10%). These
sensors could replace inductive coils currently used in electromagnetic devices for UXO
detection and discrimination. Measuring the magnetic field instead of its rate of change, as an
inductive coil does, has considerable advantages. Measured performance of better than 10 pT per
root Hz under actual field conditions has been demonstrated.

Miniature total field sensors represent a radical jump in reducing the size, weight, and power
consumption of traditional magnetometers.  Such advances will enable new sensor
configurations for land, airborne, and marine platforms to be designed that will enhance
discrimination capabilities by a higher density of measurements with greater positioning
accuracy. Commercialization of these new sensors is under way for munitions detection, and
broad-scale applications in the next decade will revolutionize other fields as well.

For more specific information about this project, stop by Poster #52.
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ESTCP PROJECT OF THE YEAR

VALIDATION OF CHLORINE AND OXYGEN ISOTOPE RATIO ANALYSIS TO
DIFFERENTIATE PERCHLORATE SOURCES AND TO DOCUMENT
PERCHLORATE BIODEGRADATION

DR. PAUL B. HATZINGER
Shaw Environmental, Inc.
Lawrenceville, New Jersey

(609) 895-5356
paul.hatzinger@shawgrp.com

CO-PERFORMERS: Dr. Neil Sturchio (University of Illinois at Chicago); Dr. John Karl Bohlke
(USGS); Dr. Baohua Gu (ORNL); Mr. Bryan Harre (NAVFAC-ESC)

Perchlorate-contaminated groundwater is an issue of national concern. In the past, it was
assumed that historical use and disposal practices by the military and military contractors,
perchlorate manufacturers, and several commercial industries were the sole contributors of
perchlorate contamination in the environment. Recent studies also suggest that natural sources of
perchlorate, including Chilean nitrate fertilizer and atmospheric processes, add perchlorate to
soils and groundwater. Knowledge of whether perchlorate contamination originates from natural
or man-made sources can have a significant impact on remediation management strategies.

Dr. Paul Hatzinger and his team have developed a forensic technique to distinguish natural from
man-made perchlorate using isotope-ratio mass spectrometry, as well as improve understanding
of the extent and origin of variations in the isotopic compositions of man-made and natural
perchlorate. Techniques were developed to collect, purify, and measure the isotopic composition
of perchlorate in both source materials and environmental samples. Isotopic analyses of
perchlorate in groundwater were performed at locations across the United States. Both man-
made and natural signatures were observed, as well as signatures indicating local mixtures of
these sources.

This novel forensic technique will enable DoD and other interested parties to distinguish military
from other anthropogenic and naturally occurring sources of perchlorate and aid in determining
appropriate liability for remediating perchlorate contamination and targeting management
strategies effectively. The technique also has applications for documenting perchlorate
biodegradation in the field.

For more specific information about this project, stop by Poster #125.
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ESTCP PROJECT OF THE YEAR

SCALE-UP OF ENVIRONMENTALLY FRIENDLY NON-DESTRUCTIVE
INSPECTION FOR CORROSION THROUGH COATINGS

MR. JOHN E. BENFER
Naval Air Systems Command
Naval Air Station Jacksonville

Jacksonville, Florida
(904) 542-4516
john.benfer@navy.mil

CO-PERFORMERS: Mr. John Weir, Mr. Dennis Leyble, Mr. Nils Fonneland, and Mr. Steven Chu

(Northrop-Grumman); Mr. Robert Ryan Westover and Mr. Thomas Cowherd (NAVAIR); Mr. John

Speers (Retired, USAF); Mr. Scott McPherson, Mr. Michael Miller, Mr. Matthew Campbell, and Mr.

Brian Pollock (Concurrent Technologies Corporation); Mr. Daniel Marlowe (NAVAIR Jacksonville);
Mr. David Allen (ASM Management)

Aircraft paints are routinely removed to check for underlying corrosion on the surface of metal
structures, and the aircraft is then subsequently repainted. Stripping and repainting operations at
military rework facilities result in significant emissions of volatile organic compounds (VOC),
organic and inorganic hazardous air pollutants, and hazardous waste.

Building on prior SERDP research, Mr. Jack Benfer and his team have demonstrated the use of
non-destructive techniques to inspect aircraft interior and exterior structures through coatings.
The technology exploits an optically transparent spectral window in military paint systems
within the mid-infrared spectrum and also the difference in infrared reflection properties between
corroded and non-corroded metallic surfaces. Demonstrations at NAVAIR Jacksonville and
Oklahoma City Air Logistics Center on P-3, B-52 and KC-135 aircraft clearly illustrated that
infrared imaging is an improved method of corrosion inspection compared to visual inspection
methods (70-80% accuracy vs. 5-25% accuracy). Scan rates of approximately 150 ft°/hr were
demonstrated.

For a medium-sized aircraft (6,500 ft* surface area), potential environmental savings over a 4-
year period are 3,000 Ibs of VOCs, 25 Ibs of chromates, and 11,000 Ibs of hazardous materials.
Additionally, labor and material savings of $135,000 per aircraft can be realized. Technology
deployment across DoD platforms and weapon systems can result in an estimated 15-year
savings of 2 million Ibs of VOCs, 7 million Ibs of hazardous materials, 20,000 Ibs of chromates,
and a $115 million cost avoidance.

Infrared imaging will give engineering and corrosion control personnel the capability to make
sound decisions regarding coating removal based on improved detection of corrosion through
coatings. Hazardous pollutants will be significantly reduced by eliminating scheduled organic
coating removal and moving to a process where infrared inspection results will be used to
determine when and if coating removal is required, all while ensuring aircraft integrity and
military personnel safety.

For more specific information about this project, stop by Poster #149.
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TECHNICAL SESSIONS

This year’s Symposium & Workshop has been expanded to a full three-day format that offers a
more comprehensive technical program featuring 13 technical sessions and five short courses.
Following the Plenary Session, concurrent technical sessions will highlight research and
innovative technologies that assist the Department of Defense (DoD) in addressing increasingly
complex environmental and mission sustainability challenges.

The following list indicates when each technical session will be held and which short courses are
taking place simultaneously. More information about each technical session, including a
description of each session, an agenda, and abstracts, is available within the following pages.
After the Symposium, speaker presentations will be uploaded to the Symposium web site
(www.serdp-estcp.org/symposium) for viewing by attendees.

TUESDAY AFTERNOON (1:45-5:00 p.m.)

Technical Session 1A — Military Munitions in the Underwater Environment

Technical Session 1B — Monitoring and Mitigation of Vapor Intrusion from Contaminated
Groundwater

Technical Session 1C — Alternative Fuels for DoD Weapons Systems

Technical Session 1D — Net Zero Installations: Energy and Beyond

WEDNESDAY MORNING (8:30-11:45 a.m.)

Technical Session 2A — Marine Mammals and Military Operations

Technical Session 2B — Recent Advances in Characterization and Remediation of DNAPL
Source Zones

Technical Session 2C — Replacement of Hexavalent Chromium in DoD Manufacturing and
Maintenance Activities (Part I: Hard Chrome Plating and Surface Treatments)

Short Course 1 - Introduction to Classification Methods for Military Munitions Response
Projects

WEDNESDAY AFTERNOON (1:45-5:00 p.m.)

Technical Session 3A — Munitions Response: Taking Technology to the Field

Technical Session 3B — Approaches for Managing Contaminated Upland Soils

Technical Session 3C — Replacement of Hexavalent Chromium in DoD Manufacturing and
Maintenance Activities (Part 1l: Primers and Sealants)

Short Course 2 — Principles and Practices of In Situ Chemical Oxidation

THURSDAY MORNING (8:30-11:45 a.m.)

Technical Session 4A — Science Underlying the Post-Recovery Management of Listed Species

Technical Session 4B — Management of Contaminated Sediments: The Path to Risk-Based
Remedial Action Decisions

Technical Session 4C — Munitions Response: Advances in Science and Systems

THURSDAY AFTERNOON (1:00-5:00/5:30 p.m.)
Three concurrent short courses will occur. No technical sessions will take place.
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Technical Sessions

PRESENTER
ORGANIZATION

TECHNICAL PRESENTATION TITLE

PAGE

TUESDAY AFTERNOON

Technical Session 1A — Military Munitions in the Underwater Environment

Environmental Engineering
Department

Hydrocarbon-Impacted Sites

Description and Agenda C-1
Mr. Bryan Harre
Naval Facilities Engineering Keynote Address: Navy Underwater Munition
) 4 4 . C-2
Command Engineering Service Response Sites
Center
Mr. William Wild . .
Space and Naval Warfare Systems Evaluating the Environmental Effects of Underwater c-3
UXxo
Center
Dr. Jalal Hawari
National Research Council of Abiotic and Biotic Degradation of RDX and HMX in
) X . C-4
Canada, Biotechnology Research Marine Environments
Institute
Dr. Guilherme Lotufo
U.S. Army Corps of Engineers, Ecotoxicological Effects of Munitions Constituents in C-5
Engineer Research and Development | the Marine Environment
Center, Environmental Laboratory
Dr. Jim McDonald .
SAIC Inc. - Advanced Sensors and The Marine-Towed Array, A Shallow Water UXO C-6
A Survey System
Analysis Division
Dr. Joseph Bucaro
SET, Inc. at The Naval Research Sonar Systems for Prosecuting Underwater UXO C-7
Laboratory
TUESDAY AFTERNOON
Technical Session 1B — Monitoring and Mitigation of Vapor Intrusion
from Contaminated Groundwater
Description and Agenda C-8
Mr. Lenny Siegel . .
Center for Public Environmental Keynote Address: When Vapors Intrude into Your C-9
. Home or School
Oversight
Mr. Kyle A. Gorder . . )
Hill Air Force Base, Environmental V?‘F?Of. Intrusion at Hill AFB: Challenges and C-10
. Initiatives
Restoration Branch
Dr. Bill Wertz
New York State Department of Dealing with the Variability of Vapor Intrusion Data C-11
Environmental Conservation
Dr. lan Hers Insight Gained from Detailed Empirical Data C-12
Golder Associates Ltd. Analyses: Background and Attenuation Factors
Ms. Hong Luo . . . N
: L . Field Studies on the Spatial and Temporal Variability
Arizona State University, Civil and of Sub-Slab Soil Gas Concentrations at Petroleum C-13
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PRESENTER
ORGANIZATION TECHNICAL PRESENTATION TITLE PAGE
Dr. Henry Schuver
U.S. Environmental Protection Update on USEPA Technical Support Documents and C-14
Agency, Office of Solid Waste and Guidance
Emergency Response
TUESDAY AFTERNOON
Technical Session 1C — Alternative Fuels for DoD Weapon Systems
Description and Agenda C-15

Professor Brian Gleeson

The University of Pittsburgh,
Department of Mechanical
Engineering and Materials Science

Keynote Address: Potential and Actual High-
Temperature Degradation Issues Associated with the C-16
Use of Alternative Fuels

Col. Mike Rochetti Air Force Alternative Fuels: The Logistician’s
. : C-17
U.S. Air Force Perspective
Mr. Aaron Levy
U.S. Enwronmental Protectlop Greenhouse Gas Issues with Alternative Fuels C-18
Agency, Office of Transportation and
Air Quality
Dr. Robert C. Brown
lowa State University, Department of | Thermochemical Pathways to Advanced Biofuels C-19
Mechanical Engineering
Mr. Dan Cicero . .
U.S. Department of Energy, National Department of Energy Perspective on Alternative C-20

Energy Technology Laboratory Fuels for Military Use

Mr. William Harrison
Air Force Research Laboratory, Alternative Fuels for DoD Weapon Systems Cc-21
Propulsion Directorate

TUESDAY AFTERNOON
Technical Session 1D — Net Zero Installations: Energy and Beyond
Description and Agenda C-22

Mr. Robert Westby ) ;

National Renewable Energy Keynojce Address: Net Zero Energy Installations C-23
Overview

Laboratory

Mr. Blaine B. Collison ) -

U.S. Environmental Protection Net Zero & Green Power: Key Issues, Opportunities C-24
and Examples for DoD Partners

Agency, Headquarters

Dr. Alexander Zhivov

U.S._Army Corps of Engineers, Building Technologies to Meet EPACct2005

Engineer Research and Development . . X C-25

. . ; Requirements with MILCON Transformation Program

Center, Construction Engineering

Research Laboratory

Dr. Andy Walker

National Renewable Energy Renewable Energy Optimization C-25

Laboratory

Mr. Terry Penney . P .

National Renewable Energy System Integration of Transportation - Doing It Right C-27
From the Start

Laboratory

Mr. Randy Monohan .

Marine Corps Air Station Miramar MCAS Miramar C-28
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Technical Sessions

(HydroGeoLogic, Inc.)

Zones: What Have We Learned?

PRESENTER
TECHNICAL PRESENTATION TIT PA
ORGANIZATION EC CAL PRESE o LE GE
WEDNESDAY MORNING
Technical Session 2A — Marine Mammals and Military Operations
Description and Agenda C-29
Dr. Brandon L. Southall
National Oceanic and Atmospheric Keynote Address: Broad Research Questions
Administration, National Marine Regarding Marine Mammals and Military Operations: C-30
Fisheries Service, Ocean Acoustics Scientific Objectives and Regulatory Requirements
Program
. . Predictive Modeling of Marine Mammals and Spatial
EZ?(ZesjgirvePriti{ICIKA:ﬁL%rliaborator Decision Support for Naval Environmental C-31
Y, y Compliance: Atlantic Coast / Gulf of Mexico
Dr. Jay Barlow
National Oceanic and Atmospheric Predictive Modeling of Marine Mammal Density from
Administration, National Marine Existing Survey Data and Model Validation Using C-32
Fisheries Service, Southwest Upcoming Surveys: Eastern Pacific
Fisheries Science Center
Mr. David Moretti The Opportunistic Study of Blainville’s and Cuvier’s
Naval Undersea Warfare Center, Beaked Whales Concurrent with Mid-Frequency C-33
Division Newport Active Sonar
Dr. Peter Tyack .
Woods Hole Oceanographic Acouspc Tag Developmen.ts and Updates on C-34
. Behavioral Response Studies
Institution
Professor John Harwood
University of St Andrews, Centre for | Accounting for Behavioral Responses in Risk
. X C-35
Research into Ecological and Management
Environmental Modelling
WEDNESDAY MORNING
Technical Session 2B — Recent Advances in Characterization and
Remediation of DNAPL Source Zones
Description and Agenda C-36
Mr. Richard E. Willey . . .
U.S. Environmental Protection Keynote Aeress. Changing Remedial Landscape at a C-37
. DNAPL Site
Agency, Region 1
Dr. Robert Borden
North Carolina State University, 1,4-Dioxane: Issues and Potential Treatment Options C-38
Solutions-1ES
Dr. Richard Watts
Washington State University, Current Research on Enhancing Reactant-Contaminant
- C-39
Department of Civil and Contact
Environmental Engineering
Dr. Hans Stroo . . i .
SERDP/ESTCP Support Office In Situ Bioremediation of Chlorinated Solvent Source C-40
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Technical Sessions

PRESENTER
ORGANIZATION

TECHNICAL PRESENTATION TITLE

PAGE

Dr. Ronald Falta

Clemson University, Department of
Environmental Engineering and
Earth Sciences

Induced Boiling in Fractured Rocks

C-41

Dr. Thomas Sale
Colorado State University,
Engineering Research Center

Decision Guide for Selecting Remedies for
Chlorinated Solvent Releases

C-42

WEDNESDAY MORNING

Technical Session 2C — Replacement of Hexavalent Chromium in DoD Manufacturing and
Maintenance Activities (Part I: Hard Chrome Plating and Surface Treatments)

Messier-Dowty, Inc.

Description and Agenda C-43
Ill/lhsi.I I(i:phsarla Wise and Mr. Tony Keynote Address: Hex Chrome Reduction Policy at C-44
Lockheed Martin Corporation Lockheed Martin
Mr. Bill C. Nickerson
Naval Air Warcraft Center, Materials | Chromate Alternatives for Metal Finishing C-45
Engineering Division
Mr. Brad Martin U.S. Air Force Reduction of Hexavalent Chromium on
0 den Air Logistics Center Landing Gear Components via Implementation of C-46
g g HVOF Tungsten Carbide-Cobalt Coatings
Mr. Craig Matzdorf . .
Naval Air Systems Command, Trivalent Chromium Pretreatment (TCP) State of the C-47
. . - L Art
Materials Engineering Division
. . Recent Advancements in Hexavalent Chromate Free

Mr. Brian Placzankis -

Pretreatments and Coating Systems for Ferrous C-48
U.S. Army Research Laboratory

Substrates
Mr. Roger Eybel Non-Line of Sight (NLOS) Chrome Replacement C-49

WEDNESDAY AFTERNOON
Technical Session 3A — Munitions Response: Taking Technology to the Field

Sky Research, Inc.

EM®63 Data

Description and Agenda C-50
Mr. James Austreng
California Environmental Protection | Keynote Address: Beyond Geophysical Proveouts: C-51
Agency, Department of Toxic California’s Approach to Performance Verification
Substances Control
Dr. Nagi Khadr
SAIC Inc. - Advanced Sensors and UXO Signal Response Curves C-52
Analysis Division
Dr. D.D. “SKkip” Snyder The Data Processing Challenge Posed by Advanced C-53
Snyder Geoscience, Inc. TEM Systems
Dr. Thomas Bell Time Domain Electromagnetic Induction Array for
SAIC Inc. - Advanced Sensors and - - omag y C-54

L Buried Object Classification

Analysis Division
Dr. Stephen Billings Discrimination at a Challenging Site Using Geonics C-55
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PRESENTER
ORGANIZATION
Ms. Katherine Kaye

TECHNICAL PRESENTATION TITLE PAGE

Looking Ahead - Classification Study at Former Camp

SERDP/ESTCP Support Office ; ; C-56
(HydroGeoLogic, Inc.) San Luis Obispo
WEDNESDAY AFTERNOON
Technical Session 3B — Approaches for Managing Contaminated Upland Soils
Description and Agenda C-57

Dr. Nicholas Basta Keynote Address: Soil Element Bioavailability in Risk
The Ohio State University, School of | Assessment and Remediation of Contaminated Upland C-58
Natural Resources Soils
Dr. Mark Sprenger
U.S. Environmental Protection An RPM’s Perspective on Bioavailability Use in the

: L ; C-59
Agency, Environmental Response Decision-Making Process
Team
Dr. Philip M. Jardine Decreasing Toxic Metal Bioavailability with Soil C-60
Oak Ridge National Laboratory Amendment Strategies
Dr. Stan Casteel . S .
University of Missouri, College of The Role of Bioavailability in Contaminant C-61

. L Assessment
Veterinary Medicine
Dr. Mark S. Johnson Ecological Risk Assessment: Recent Advancement
U.S. Army Center for Health L : o C-62
. . . and Approaches for Estimating Risks to Wildlife
Promotion and Preventive Medicine
Dr. Rajat Ghosh Engineering Approaches for Mitigating the Migration C-63
Alcoa, Inc. - Alcoa Technical Center | of Contaminants in Upland Soils
WEDNESDAY AFTERNOON

Technical Session 3C — Replacement of Hexavalent Chromium in DoD Manufacturing and
Maintenance Activities (Part I1: Primers and Sealants)

Description and Agenda C-64
Mr. Christian Richter Keynote Address: Regulatory Outlook: Hexavalent C-65
The Policy Group Chromium and Key Alternatives
Mr. John E. Benfer . . .
Naval Air Systems Command— Hexavalent Chroml_um Reduction Strategies of C-66

. NAVAIR Jacksonville

Jacksonville
Pr.ofessqr I\/I_atth_ew 0 K_e efe Development and Evaluation of Multifunctional UV
Missouri University of Science and - .

- (MUV) Curable, Non-Chromate Corrosion Coating C-67
Technology, Department of Materials S

) : ; ystems
Science and Engineering
Mr. Roger Brown Magnesium Rich Primers in Cr(V1) Free Aerospace C-68
Akzo Nobel Aerospace Coatings Coatings Systems
Dr. Eric Morris Development of a Self-Healing Conversion Coating
; for the Corrosion Protection of High-Strength Al C-69
Deft, Inc.
Alloys

Dr. Keith Legg Alternative Technologies Database C-70
Rowan Technology Group
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PAGE

Technical Session 4A — Science Underlying the Post-Recovery Management

THURSDAY MORNING

of Listed Species

Description and Agenda C-71
Dr. J. Michael Scott
U.S. Geological Survey, University of | Keynote Address: Humanity’s New Relationship with C-72
Idaho, Department of Wildlife Nature: Conservation Reliant Species
Biology
Dr. Carol I. Bocetti
California University of How to Achieve Post-Recovery Habitat Management
Pennsylvania, Department of for a Completely Conservation-Reliant Species: A C-73
Biological and Environmental New Paradigm for the Kirtland’s Warbler
Sciences
Dr. Ralph Grundel )
U.S. Geological Survey, Great Lakes Case Study of the Karner Blue !3utterf|y. An Exgmple

; . of the Importance of Host Species Management in C-74
Science Center, Lake Michigan Post-Recovery Management
Ecological Research Station ry g
Dr. Geoff Call Carrying Conservation Forward: Post-Recovery
U.S. Fish and Wildlife Service, Management and Monitoring for Eggert’s Sunflower C-75
Cookeville Field Office (Helianthus eggertii)
Mr. V_ernon Byrd . . Aleutian Cackling Goose Recovery: From the Brink
U.S. Fish and Wildlife Service, of Extinction to Becoming Just Another Migrator C-76
Alaska Maritime National Wildlife g gratory
Goose
Refuge
Dr. Erica Fleishman
University of California, Santa Application of Science Principles for Post-Recovery C-77
Barbara, National Center for Management of Listed Species to At-Risk Species
Ecological Analysis and Synthesis
THURSDAY MORNING
Technical Session 4B — Management of Contaminated Sediments: The Path to
Risk-Based Remedial Action Decisions

Description and Agenda C-78
Ms. Beth Anderson
U.S. Department of Health and . .
Human Services, National Institutes g:g?ggif‘g:geéfé;gﬁl:bﬂ:?tan Health Lens on Soil, C-79
of Health, National Institute of y
Environmental Health Sciences
Dr. Charles Menzie Summary of Results of SERDP/ESTCP C-80
Exponent, Inc. Bioavailability Workshop
Dr. Nicholas Fisher Factors Affecting Metal Bioaccumulation in Marine
Stony Brook University, Marine : g Cc-81

. Organisms

Sciences Research Center
Dr. G. Allen Burton L . . .
University of Michigan, School of Linking Exposure with Effects in Sediment C-82

Natural Resources and Environment

Assessments
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PRESENTER
ORGANIZATION
Dr. Philip Gschwend
Massachusetts Institute of
Technology, Department of Civil and
Environmental Engineering

Dr. Richard G. Luthy
Stanford University, Department of
Civil and Environmental Engineering

TECHNICAL PRESENTATION TITLE PAGE

New Tools for Assessing Organic Contaminants in
Sediments: Can We Use Passive Sampling to Identify C-83
Hazardous Deposits?

Application and Assessment of Amendments at

Sediment Sites C-84

THURSDAY MORNING
Technical Session 4C — Munitions Response: Advances in Science and Systems

Description and Agenda C-85
Mr. Roger Young . . .
U.S. Army Corps of Engineers, Keynote Address: USACE Evolution to Production C-86

. Performance
Huntsville Center
Dr. Yongming Zhang Tri-Axial Fluxgate-Induction Sensor for Advanced C-87
QUASAR Federal Systems, Inc. Time-Domain UXO Detection and Discrimination
Dr. Roy Wiegert Man-Portable Magnetic STAR System for Real-Time
Naval Surface Warfare Center, Localization and Classification of Unexploded C-88
Panama City Division Ordnance
Dr. Yaoguo Li . . . L
Colorado School of Mines, AuFomatlc.Detectlon of Magnetic UXO Anomalies in C-89
- Noisy Environments

Department of Geophysics
Dr. Mar_k Prouty Progress in Miniature Total Field Magnetometers C-90
Geometrics
D.r' Lawrence.Carln Active Learning in UXO Cleanup C-91
Signal Innovations Group, Inc.
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Military Munitions in the Underwater Environment Technical Session No. 1A

TECHNICAL SESSION 1A

This session will run concurrently with three other technical sessions on Tuesday afternoon from 1:45 PM
until 5:00 PM. (NOTE: This schedule is current as of November 12, 2008.)

Topic: Military Munitions in the Underwater Environment
Chair:  Mr. Harry Craig, U.S. Environmental Protection Agency, Region 10
Keynote: Mr. Bryan Harre, Naval Facilities Engineering Command Engineering Service Center

Military munitions and munitions constituents may be found in a large variety of conditions in the
underwater environment. Presentations will address what has been documented regarding site conditions,
munitions and munitions constituent contamination, as well as the state of the science and technologies
applicable to site assessment and characterization.

Session 1A - Military Munitions in the Underwater Environment

Time Topic/Title Spee.lkerz
Organization

1:45-1:55PM [Welcome & Introduction by the Session |Mr. Harry Craig

Chair U.S. Environmental Protection Agency, Region 10
1:55-2:20 PM |KEYNOTE: Navy Underwater Mr. Bryan Harre

Munition Response Sites Naval Facilities Engineering Command Engineering

Service Center

2:20 — 2:45 PM |Evaluating the Environmental Effects of | Mr. William Wild

Underwater UXO Space and Naval Warfare Systems Center
2:45-3:10 PM |[Abiotic and Biotic Degradation of RDX |Dr. Jalal Hawari

and HMX in Marine Environments National Research Council of Canada / Biotechnology

Research Institute

3:10 - 3:35 PM BREAK

3:35-4:00 PM |Ecotoxicological Effects of Munitions |Dr. Guilherme Lotufo
Constituents in the Marine Environment |U.S. Army Corps of Engineers / Engineer Research
and Development Center / Environmental Laboratory

4:00 — 4:25 PM |The Marine-Towed Array, A Shallow  |Dr. Jim McDonald

Water UXO Survey System SAIC Inc. / Advanced Sensors and Analysis Division
4:25 - 4:50 PM |Sonar Systems for Prosecuting Dr. Joseph Bucaro

Underwater UXO SET, Inc. at The Naval Research Laboratory
4:50 — 5:00 PM |Discussion / Wrap-Up Mr. Harry Craig
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Military Munitions in the Underwater Environment Technical Session No. 1A

KEYNOTE ADDRESS
NAVY UNDERWATER MUNITION RESPONSE SITES

MR. BRYAN HARRE
Naval Facilities Engineering Command Engineering Service Center
Code EV413
1100 23rd Avenue
Port Hueneme, CA 93043
(805) 982-1795
bryan.harre@navy.mil

hroughout the history of the United States, the Navy manufactured, stored, and used

munitions as part of the nation’s defense program. Ordnance training and past disposal
practices have left many areas with both munitions of explosive concern (MEC) and munitions
constituents (MC) that need to be addressed under the Munitions Response Program (MRP). One
especially challenging aspect of this work is investigating and responding to munitions
underwater. This presentation is intended to provide a background on Navy policy for inclusion
of underwater munitions sites into the Navy’s MRP, the current status of the Navy MRP, the
number of underwater sites identified to date, site information for Navy underwater MRP sites
that have been investigated, a description of technology demonstrations performed at Navy
locations, and some of the research needs identified.
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EVALUATING THE ENVIRONMENTAL EFFECTS OF UNDERWATER UXO

MR. WILLIAM WILD
Space and Naval Warfare Systems Center
Environmental Sciences and Applied Systems Branch
Code 2375

53475 Strothe Road

San Diego, CA 92152

(619) 553-2781

bill.wild@navy.mil

he Department of the Navy has been investigating the environmental effects of munitions in

the marine environment for several years. These efforts have been supported by many
programs including SERDP/ESTCP, and the Navy Environmental Sustainability Development to
Integration (NESDI).

Specific projects conducted under these programs will be described including the ESTCP/NESDI
funded effort to develop a model to predict the physical movement of UXO underwater. Other
projects that will be discussed are the development of a model to predict UXO casing corrosion,
determining the toxicity of munitions constituents (MC) in the marine environment, and
evaluating Physico/Chemical properties of MC in Marine Matrices (Sediment & Water).

These efforts are being conducted by a core group of technical experts from: the environmental
and ocean departments of the Naval Facilities Engineering Command Engineering Service
Center (NAVFAC ESC); Space and Naval Warfare Systems Center — San Diego; U.S. Army
Corps of Engineers Engineer Research and Development Center — Vicksburg; Scott A. Jenkins
Consulting; and Sound and Sea Technology.
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N aval activities such as training, decommissioning of military ships, and dumping of
munitions, have resulted in the undersea deposition of numerous unexploded ordnance
(UXO). Leaching of explosives from UXO can lead to serious contamination of the underwater
environment. The present study assesses the contribution of various abiotic (hydrolysis,
interactions with metals) and biotic (aerobic and anaerobic) processes that may lead to in-situ
natural attenuation of toxic explosives such as RDX and HMX in aquatic systems. We will
discuss what we have learned thus far and what we have to know about degradation pathways of
these explosives that will help understand their ultimate fate in marine environments. In the case
of hydrolysis we found that it would take 112 + 10 years for RDX and 2408 + 217 years for
HMX to hydrolyze completely (99.0 %) in marine waters (pH 8) at 10 °C. Other abiotic reactions
including reaction with either micro- or nano- iron were found to lead to faster degradation rates.
For example, complete degradation of HMX occurred in 40 minutes using stabilized nFe. The
distribution  of products (HCHO, NO*, MEDINA-O,NNHCH,NHNO,, NDAB-
O,NNHCH;NHCHO, and the nitroso derivatives) for both abiotic processes was closely related.
On the biodegradation side we found that isolates from marine sediment (Shewanella) and from
soil (Rhodococcus) can effectively degrade RDX to give products also closely related to those
obtained abiotically. Eventually, we were able to define two pathways for the degradation of
RDX (and HMX). One pathway involved initial denitration, while the other involved sequential
reduction of the N-NO; bonds to the corresponding nitroso derivatives prior to decomposition.
More recently, we found that the RDX-degrading XplA protein (from Rhodococcus, N. Bruce,
York University) produced MEDENA anaerobically following the loss of one nitrite anion and
NDAB aerobically following the loss of two nitrite anions from RDX. Experimental evidence
gathered thus far on the abiotic and biotic degradation pathways of RDX and HMX may help
identify biomarkers that can be used to monitor in situ biodegradation and to advance our
understanding of the molecular biology involved.
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A COMPREHENSIVE PROGRAM FOR CHARACTERIZATION OF EMISSIONS
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A comprehensive emission-characterization program has been developed for military aircraft
on the ground in ambient conditions. Emissions were measured in relation to several factors
such as engine power setting, sampling configuration, as well as measurement technique. For a
given pollutant, the emission index was calculated with respect to the engine power level.
Sampling and measurement technologies utilized in this program are classified in two platforms.
One class of the measurements perform on the plume sample physically extracted from jet
engine exhaust, transfer of the exhaust material to time-integrated samplers and continuous
measurement instruments, and analyzing the collected particulate matter and gases in-line on site
or off-line in a laboratory after the campaign. The other class of the measurements do not extract
or transfer sample material from the exhaust plume, instead they rely on optical remote sensing
techniques for continuous plume measurement on-site. Thus, in principle it could prevent
potential problems caused by sample extraction. This poster presentation will summarize our
team’s research accomplishments over the life of SERDP Project WP-1401 program, and present
the array of instruments and samplers used on both platforms. We will detail and address the
assumptions needed for deriving emission factors also discuss the pros and cons of both
measurement platforms in the context of aircraft exhaust characterization. Scientific problems
unique to each platform and measurement techniques will be discussed. Recommendations for
further research will be made in this poster presentation.
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as and particulate emissions of two types of helicopter engine operating on either JP-8 or

fischer-tropsch (FT) fuel were characterized in detail. The field campaign took place at the
Hunter Army Airfield in Savannah, GA in June 2007. Ultrafine particles with the mobility
diameter smaller than 50nm were found to be the norm in all engine power settings. The size
distributions of particles observed at the engine exhaust plane or in downstream about 4m away
from the engine exhaust were all single modes. Using data from the EEP and 4m location, the
data indicate particle growth rates appeared to be similar at the idle and max power settings.
Also, it was found that sulfur to sulfate conversion was not dependent on the engine power
setting. Particulate sulfur conversion to sulfate was likely to be following the rapid oxidation of
sulfur dioxide by hydroxyl (OH) and oxygen (O) radicals to sulfite and subsequent condensation
on soot particles. Without aromatics and sulfur in the fuel, the FT fuel provided an opportunity to
investigate the secondary particle formation without the interference of sulfur-sulfate complex. It
was found that total particulate carbon emissions increased as the engine power setting increased,
but the FT fuel reduced the carbon emissions as compared to the JP-8 fuel. The reduction of
particulate carbon by the FT fuel was mostly resulted from the reduction in the soot particle
emissions. The fraction of volatile particulate carbon, on the other hand, was not reduced by the
use of the FT fuel. This could be attributed to the non-aromatic hydrocarbons in the FT fuel as
compared to the JP-8 fuel.

This work is funded by SERDP Project WP-1401.
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articulate matter that is volatile in nature does not exist at engine exhaust condition;

however, they can be easily identified after they leave the exhaust nozzle and entrain cool
ambient air into the exhaust plume. There are several sampling and measurement techniques for
this class of particles available, but none of them is widely accepted without questions. Among
all these is the thermodenuder technique. We will discuss the pros and cons of these techniques
and present preliminary findings on the use of the thermodenuder techniques based on
commercially available instruments and new instruments being developed under this SERDP
program.

This work is funded by SERDP Project WP-1627.
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he formation of soot is a complex process that begins with particle inception, and ends with

soot oxidation. The oxidation of soot is the focus of this research. Soot can be oxidized by
hydroxyl (OH) and oxygen (O) radicals, or oxygen as (O,). The reactions with O, are
particularly important for gas turbines since they operate with high excess air. Additionally,
while the oxidation kinetics for OH and O are fairly well-known, the existing relationships for
oxidation by O, vary by orders of magnitude, probably because of variations in the structure of
the carbon and internal surface areas of the soot particles.

The project objectives are:

- determine the effect of the structure of soot, as influenced by the fuel composition and
soot temperature history, on the rate of soot oxidation by oxygen;

- quantify the role of internal surface area on the soot reactivity; and,

- develop power-law kinetic correlations for soot/O, oxidation as a function of
temperature, O,, and time for soots of different structures and porosity for use in models
for soot formation and oxidation in gas turbines.

This research (SERDP Project WP-1576) is being conducted in coordination with SERDP
projects WP-1574, WP-1575, WP-1577, and WP-1578, which are investigating the formation of
particulate matter emissions resulting from the combustion of military fuels.

Experiments are being performed in a novel, two-stage burner. In the first stage, soot is
generated, while in the second stage, the soot is oxidized in either a fuel rich or fuel lean
environment. The experiments are supported by particle size measurements by a nano-Scanning
Mobility Particle Sizer (SMPS) and Transmission Electron Microscopy (TEM) of grids used to
collect soot samples thermophoretically. The SMPS gives particle mobility diameter while the
TEMs show the particle morphology.

Experiments to date have focused on using ethylene and defining the regime of soot
fragmentation. We have defined fragmentation of particles as a function of height above the
second burner. Equivalency ratio has been varied and the results suggest that fragmentation
occurs above the burner (approximately 1-3 mm) where the particle size decreases and the
number increases. At higher heights, mean particle diameter increases and the rate of oxidation
appears to change, most likely due to surface area. Kinetic information will be obtained from
these data.

In addition, surrogate fuels have been run in the burner, specifically m-xylene and dodecane, as
defined by the group. Initial results from these fuels will also be discussed.
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ecently enacted standards under the Clean Air Act require accurate estimates of the size,

distribution, and chemical species of particulate matter (PM) less than 2.5 microns in
diameter (PM,s) emitted from military aircraft. The Department of Defense (DoD) will need
accurate PM,s data to demonstrate conformity in National Ambient Air Quality Standard
(NAAQS) non-attainment areas where military aircraft might be based. The Joint Strike Fighter
(JSF), a new multi-mission aircraft designed to replace aging military aircraft, will be deployed
several years before the implementation of a final PM testing methodology. The objective of this
project is to develop an Environmental Protection Agency (EPA)-approved interim PM test
method for the JSF, and eventually all military aircraft, that will provide legally defensible
emissions data required for basing decisions. The interim test protocol will involve
characterization of JSF emissions using state-of-the-art particulate emissions test
instrumentation, providing an alternative approach to EPA Test Method 5, which does not
measure particulate size, distribution, and chemical species. The goal of this SERDP project
(WP-1538) is to develop and document a method consisting of recommendations for particle
analyzer instrumentation, sampling methodology, line penetration quantification and
measurement procedures.

This poster presents the JSF Interim Particulate Matter Test Method and results of the
validation/demonstration measurements performed on an F100 military fighter engine at Tinker
Air Force Base in Oklahoma City. This work was completed in corporation with Pratt &
Whitney, the Navy’s Aircraft Environmental Support Office and the EPA. This project is
planned for early fiscal year 2009 completion.
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here is a growing need to reduce significantly the noise generated by high performance,

supersonic military aircraft. The noise generated during take-off and landing on aircraft
carriers has direct impact on shipboard health and safety issues. Noise complaints are increasing,
as communities move closer to military bases or when there are changes due to base closures and
realignment. Furthermore, U.S. and international noise regulations and policies will have an
impact on operations and training unless effective steps are taken to reduce the noise.

In this paper, we will report the progress to date on a SERDP-funded project (WP-1584) aimed
at characterizing the source of the noise from military aircraft jets and investigating several
promising techniques to reduce it. We have adopted a combined computational and experimental
approach to address this problem. Laboratory experiments are being conducted at the University
of Cincinnati and numerical simulations at the Naval Research Laboratory. Design help and
overall guidance to ensure relevance to field implementation in the future is being provided by
the General Electric Global Research.

Our technical approach is to design and fabricate nozzles representative of those used in military
engines, conduct experiments and acquire data, compare this information to validate numerical
simulations, and then use both experiments and simulations together to understand the sources of
the jet noise and investigate specific methods to reduce it. The emphasis of the work is on “off-
design” or imperfectly expanded flow conditions. The noise generated by an imperfectly
expanded supersonic jet consists of discrete and high amplitude screech tones, broadband shock-
associated components and mixing noise. Large-eddy simulations for several total pressure
ratios under imperfectly expanded flow conditions were simulated and compared to experimental
data. The agreement between the predictions and the measurements is very good. After this
initial step on validating the computational methodology and characterizing the noise sources,
work on specific noise reduction techniques has begun.

Three fluidically based noise reduction techniques are being investigated. In the first technique,
fluidics is used to enhance the effectiveness of mechanical chevron nozzles by energizing the
streamwise vortices and preventing vortex breakdown. In the second, fluidics will be used to
virtually adjust the effective area ratio and thus maintain the desired operating conditions while
reducing the noise produced by the jet. In the third approach, fluidic jets will be used to virtually
mimic mechanical chevrons. Progress to date on these noise reduction techniques will also be
reported at the meeting.
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his research project addresses the reduction of military jet aircraft engine noise. The present

results focus on an important first goal of the project. That is, the demonstration that noise
measurements made on small and moderate scale model jets can be scaled to full scale engine
dimensions. Results are shown of measurements in two facilities. The first small-scale facility is
the Penn State Anechoic Jet Noise Facility. The second moderate-scale experimental facility is
the Aeroacoustic Propulsion Laboratory at the NASA Glenn Research Center. Jet noise
measurements are shown for jet nozzles with the same scaled geometries. These geometries,
supplied by General Electric, are generic versions of the F404 nozzles used on engines for the
F/A-18 Hornet and F117A Stealth fighter. The experimental methodology is described for both
facilities. The Penn State facility uses helium addition to simulate the high exhaust temperatures
and velocities found in military aircraft engines. This enables the nozzles to be manufactured
using rapid prototyping. The same methodology will be used to fabricate nozzles with noise
reduction devices. The low cost of the fabrication means that multiple nozzle geometries can be
evaluated. The tests in the NASA facility use heated air and thus the nozzles must be fabricated
from high temperature materials. Measurements are shown of the overall sound pressure levels
and the sound pressure level spectrum at different polar angles to the jet axis for different jet
operating conditions. The operating conditions include a range of jet total pressure and total
temperature ratios. At some conditions, the jet flow includes shocks and shock-associated noise
and screech are observed in the noise measurements. Comparisons are made on a scaled basis
between the measurements in the two facilities with encouraging agreement. In addition to the
experimental results, details are provided of the complementary numerical simulations. These
include a description of the numerical method and the grid generation process. The methodology
for determining the radiated noise from the flow field simulations is also described with
validation results. A review of the entire program is also presented. This includes the plans for
the testing of noise reduction concepts as well as the incorporation of the results from the noise
measurements and simulations into a community noise prediction method.

This work is funded by SERDP Project WP-1583.
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he National Shipbuilding Research Program (NSRP) has sponsored several SBIR topics to

advance the state of environmental regulatory compliance. RLW is in the process of
transitioning a current Phase 2 SBIR (N05-039)—Condition Based Maintenance (CBM)
Approach to Diesel Exhaust Monitoring—to a Phase 3 SBIR executed at a Naval Shipyard.
Compliance with EPA's Reciprocating Internal Combustion Engine/National Environmental
Standards for Hazardous Airborne Pollutants (RICE/NESHAP) requires the intelligent
application of technology to include integration with applicable enterprise asset management
systems.

Leveraging an ongoing project at Portsmouth Naval Shipyard, RLW is integrating diesel exhaust
monitoring into an overall secure wireless enabled monitoring and control system. This system
integrates with Navy's Integrated Condition Assessment System (ICAS) and the IBM Maximo
enterprise asset management system to drive and display key performance indicators (KPIs).
These KPIs can be programmed to display and report on asset usage (e.g., diesel powered cranes)
to include total energy used per unit of work (e.g., tons lifted over time), greenhouse gas
emissions over time and total carbon footprint over time.

RLW will discuss its enabling technology and the challenges and opportunities represented by
diesel exhaust gas emissions.
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ine particulate matter (PM) emissions from military gas turbine engines, associated with the

formation of soot particles, are of increasing concern because of evidence linking these
particles to direct health effects and because of their potential role in global climate change.
Many empirical relations have been derived relating fuel composition and engine operating
conditions to observed soot emissions. However, these empirical approaches only yield
acceptable predictive accuracy for conditions very similar to those under which they were
derived. Alternatively, there are currently no effective means of bridging information from
fundamental studies of soot formation in simple flames and flow arrangements into the practical
turbulent flame environment of gas turbine engines. In this project we combine detailed flow
field and soot measurements in turbulent non-premixed flames with high-fidelity turbulent flame
modeling, to assess and refine reduced-chemistry models for soot formation and oxidation. The
reduced-chemistry models are developed through analysis of chemical kinetic mechanisms
combined with measurements of soot properties in premixed, flat flames.

We have assembled and validated a new, detailed chemical kinetic model for ethylene
combustion and have reduced this to 20 species. In addition, an n-dodecane kinetic model has
been developed (our JP-8 surrogate consists of n-dodecane and m-xylene). A set of canonical,
premixed, laminar burner-stabilized ethylene flames have been established in which the
evolution of the detailed particle size distribution function, soot volume fraction and number
density have been determined. The physical characteristics of the soot have been examined by
atomic force microscopy and transmission electron microscopy. Simultaneous planar laser-
induced fluorescence (PLIF) measurements of hydroxyl radical (OH) and polycyclic aromatic
hydrocarbons (PAH) coupled with soot laser-induced incandescence (LII) have been performed
in a piloted non-premixed ethylene jet flame for jet Reynolds numbers varying from 10,000 to
25,000. The LII signals have been quantified to give soot volume fraction by calibrating against
laser extinction measurements in a laminar flame established on the same burner. Jet flame soot
volume fraction means, RMS, and probability density functions (PDFs) have been derived and
exhibit strong residence-time effects. Soot-containing regions first appear as localized streaks
and pockets, close to the OH layer at the stoichiometric flame surface. Near the flame tip, the
soot layers, present as stacked and occasionally merged sheets, partially overlap the OH zone,
indicating regions of active soot oxidation. In modeling work, a discrete ordinates method
(DOM) radiation model has been integrated into our large eddy simulation (LES) code.

This work is funded by SERDP Project WP-1578.
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his is a joint university, industry, Army, and Air Force program that addresses the

fundamental science relevant to the formation of PM, s emissions (particulate matter with
diameters less than 2.5 microns) from military platforms. Gas turbine engines (GTEs) are the
major source of PM; s emissions (soot) produced by the DoD. They consume about 73% of the
total fuel purchased by the DoD. In 2004, DoD GTE-powered aircraft produced about 4.2 x 10"
kg of PM,s emissions. Although technology advancements have resulted in significant
reductions in soot emissions, additional reductions will be needed to meet future PM, s National
Ambient Air Quality Standards (NAAQS). Computational fluid dynamic (CFD) models are used
to design GTE combustors. Unfortunately, there are no accurate CFD-based soot models that can
aid in the development of low soot emission combustors burning JP-8 and future alternate fuels.

The objectives of this program are to aid the DoD in meeting current and future NAAQS PM; 5
regulations by: (1) establishing the fundamental science base needed to develop and validate soot
models for realistic fuels, and (2) aiding in obtaining substantial reductions of PM; s emissions
from current and future GTEs in military platforms.

This program is focused on understanding the fundamental effects of fuel chemistry and pressure
on soot production and burnout for hydrocarbon fuels, and evaluating soot models and fuel
mechanisms provided by our SERDP partners. It involves strongly coupled, mutually supportive
experimental and simulation efforts conducted in concert with those performed by other project
funded by SERDP under the same SERDP program. State-of-the-art soot models have been
integrated into a unique simulation code called UNICORN along with “full” chemistry
mechanisms for hydrocarbon fuels. A series of well-controlled laboratory experiments are being
conducted that methodologically progress in complexity in a way that supports a systematic
analysis and interpretation of results. The experiments are being conducted in a shock tube, a co-
flow diffusion flame, and opposed-jet diffusion flame and a bluff-body flame. UNICORN is
being used to aid in interpreting the experimental results and evaluating kinetic models.

This work is funded by SERDP Project WP-1577.
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ine particles, PM, s, represent a major threat impacting not only the environment but also

human health. Key steps in the formation of particulate matters include the formation of the
first aromatic ring species, benzene, and the subsequent growth to naphthalene and multiple-ring
structure species. Although formation of benzene is fairly well characterized, the pathways
leading to the second-ring aromatic species are uncertain. In the present work the phenyl radical
pyrolysis in the presence of acetylene has been studied as a possible pathway to the formation of
naphthalene. The present work (SERDP Project WP-1575) is part of a collaborative project that
aims to develop and validate soot models that can be used to design low non-volatile PM, s
emission combustors for future gas turbine engines.

Experiments were conducted using the high-pressure single pulse shock tube present at the
University of Illinois at Chicago (UIC). In particular pyrolysis of iodobenzene has been studied
as the phenyl radical source, while in subsequent experiments different amounts of acetylene
were added to the initial mixture. Experiments were performed over a wide range of high
pressures (15 - 50 atm) and temperatures (1000 - 1700 K) that encompass typical conditions in
engines and turbines. The major stable species were identified and their mole fractions
determined using gas chromatography.

A complementary experimental study has been conducted at the University Karlsruhe using a
shock tube/time-of-flight mass spectrometer setup. Here, the C¢Hs + C,H, reaction was studied
at temperatures ranging from 1175 to 1600 K at pressures around 1 bar with a time resolution of
15 - 20 ps. Neon and argon were used respectively as bath gas and internal standard. The phenyl
radicals were also generated by thermal decomposition of phenyl iodide. The species that were
detected were benzene (C¢Hg), phenylacetylene (CgHs), naphthalene (C;oHsg), Ci2Hs, Ci2H;o, and
C14H10 and lodine (Iz)

The experiments conducted at University Karlsruhe indicate that at low pressure the
recombination between phenyl and acetylene does not lead to substantial yields of naphthalene.
On the other hand, the work conducted at UIC shows that at high pressure acetylene is involved
in the formation of the second-ring species, but the HACA mechanism is not the main pathway
to naphthalene. The results from UIC and Karlsruhe are discussed in terms of a common
mechanism.

Deutsche Forschungsgemeinschaft OL85/2-1; olzmann@chemie.uni-karlsruhe.de
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Evolution of soot particles in engines is highly sensitive to the background turbulent gas-
phase flow. In particular, the history of thermochemical states encountered by the particles
mostly determines the size and other characteristics of the soot population. In practical
computations of turbulent reacting flow, all length-scales associated with the gas-phase are not
available. For instance, in the large eddy simulation (LES) approach, all scales below a cut-off
filter width need to be modeled. Since soot particles are usually smaller than this cut-off filter
width, their interaction with the gas-phase at the small-scales has to be modeled. For this
purpose, a probability density function (PDF) approach is formulated here. The soot population
is described using a moments-based approach. By solving the joint-PDF of gas-phase properties
and particle moments, the effect of gas-phase species and temperature on soot evolution can be
accurately described. A Monte-Carlo approach is formulated for solving the PDF transport
equation. Several canonical flows are studied in order to assess the impact of turbulent mixing on
particle evolution. Unlike gas-phase molecules, soot particles have negligible diffusivity.
Consequently, soot particles will experience rapidly changing gas-phase thermochemical state
due to mixing. This, in turn, will alter the evolution of the particle size and other surface
properties. Finally, LES-PDF computations of a practical flame will be used to demonstrate the
feasibility and accuracy of the proposed method.

This project is funded by SERDP Project WP-1574.
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It is widely accepted that polycyclic aromatic hydrocarbons (PAH) act as chemical precursors
to soot. However, it is not entirely clear how the transformation from the gaseous aromatic
compounds to solid soot particles occurs. One current hypothesis is that soot particles are formed
through coalescence of PAH moieties. This mechanism for nucleation has been explored by
performing molecular dynamics (MD) simulations with on-the-fly quantum forces at combustion
conditions [1]. The previous studies investigated collisions of pericondensed aromatic
hydrocarbons (PCAH) and aliphatically-linked aromatic hydrocarbons (AALH) [2]. Despite
some differences between the two series, the numerical results indicated that the dominant trend
is an increase in the dimer lifetime with an increase in its molecular mass.

The present study extends the MD simulations to include collisions between AALH and PCAH.
The numerical analysis included the following pairs in order of dimer molecular weight:
biphenyl & pyrene (356 amu), 1-phenylnaphthalene & pyrene (406 amu), 2-phenylnaphthalene
& pyrene (406 amu), biphenyl & coronene (454 amu), (1,2)-binaphthyl & pyrene (456 amu),
biphenylethylene & coronene (480 amu), l-phenylnaphthalene & coronene (504 amu), 2-
phenylnaphthalene & coronene (504 amu), (1,2)-bipyrene & pyrene (604 amu).

The numerical results from our simulations have been compared to those from the previous study
[2]. The analysis indicates that the mixed PCAH-AALH collisions exhibit a trend similar to the
PCAH-only collisions with an increase in dimer mass.

We also are investigating collisions of oxygenated PCAH. The numerical results obtained in the
initial simulations indicate that oxygenated species seem to follow the same trends with
molecular mass as the oxygen-free PAHs.
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he goal of our research efforts is to advance the predictive capability of soot models with

application to the design of military-type aircraft turbine engines. At present, models for
soot formation in non-premixed combustion devices are largely based on empirical correlations
deduced from experimental data. As such, existing models are not predictive in nature and suffer
from limited applicability to novel engine designs. In order to address the shortcomings in the
existing approaches, we intend to perform a three-dimensional Direct Numerical Simulation
(DNS) of soot formation in an n-heptane/air, non-premixed swirl dump combustor. In this poster,
we present three key characteristics of our computational approach. First, we present the details
of the numerical setup in terms of geometry, inflow conditions, computational mesh, and
estimated resolution requirements. The parallel performance of the DNS code on the targeted
computing platform is shown, and the implications for actual wall-clock time requirements are
discussed. Second, we describe the methodology used to solve for soot formation and dynamics.
A newly developed Hybrid Method of Moments (HMOM) accounts for nucleation from PAH
molecules in the gas phase, particle coagulation and aggregation, surface growth (via the HACA
mechanism) and condensation. The HMOM model has been extensively validated against Monte
Carlo data for laminar premixed and diffusion flames, and it has been recently incorporated into
the existing DNS code. Third, we illustrate the details of a framework based on Artificial Neural
Networks (ANN) allowing for complex chemistry in the context of a three-dimensional DNS.
The ANN formulation stores and retrieves tabular-like data in an efficient manner. In our work,
approximately five reactive scalars are transported in the DNS while their chemical source terms
are recovered from ANN. The ANN has been trained with chemical states produced in a two-
dimensional DNS at conditions relevant to the target three-dimensional simulation. The two-
dimensional DNS used a complex chemistry reduced to thirty species from a global chemical
mechanism describing the oxidation of n-heptane as well as PAH formation from n-heptane and
toluene.
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Oily wastewater (bilgewater), which collects in most shipboard machinery spaces and is
generated in volumes too large for long-term storage, must be processed prior to discharge
overboard. Bilgewater is a highly variable mixture of potable water and seawater with
contaminants which may include fuels, oils, hydraulic fluids, detergents, incidental leaks from
blackwater/graywater systems, and a wide variety of other substances, potentially including
corrosion products, paints, and solvents. DoD vessels target discharges containing less than 15
parts per million (ppm) of oil when within 12 nautical miles of land. To meet this threshold,
NAVSEA Carderock developed ceramic oily waste membrane systems as a secondary treatment
for existing gravity separators. Membrane systems life cycle costs are driven by membrane
acquisition costs and membrane life. Membrane Technology and Research (MTR) Inc. has
developed a nonporous coating for membranes under a SERDP project (WP-1108, completed FY
00). The polymer coating contains blocks of hydrophilic and hydrophobic polymers that lend it
superior strength, water flux, and very high resistance to internal and external fouling, thereby
extending membrane life. In addition to coating ceramic membranes, MTR Inc. developed a
coating for polymeric spiral-wound membranes. The polymeric spiral-wound membranes are
significantly lower in cost than ceramic membranes. Small-scale laboratory testing was
completed to determine the best coating chemistry and the compatibility and short-term
performance of polymer coated ceramic and polymeric membranes. A 100 ppm synthetic
bilgewater mixture (average effluent concentration of primary treatment system) was processed
for approximately 120 hours. Coated ceramic membranes produced equivalent hydraulic and
separation performance as uncoated ceramic membranes at a significantly decreased fouling rate.
Membrane life was potentially doubled. Permeate was below 15 ppm oil. However, the coated
polymeric spiral-wound membranes could not produce the flux necessary for full-scale
application, so tests of spiral-wound membranes were discontinued. Full-scale laboratory testing
further validated the effectiveness of the polymer coating of ceramic membranes by processing
100 ppm synthetic bilgewater mixture for 300 hours with periodic spikes of bilgewater
contaminants such as bleach, acetone, paint thinner and seawater. Under this test, the membrane
demonstrated no significant fouling rate, such that membrane life was more than doubled. The
ESTCP novel membrane project (WP-0215) continues with full-scale shipboard testing of coated
ceramic membranes. Coated membranes are scheduled to be installed on a Arleigh Burke-class
destroyer in 2009.
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Problem: High-temperature heat exchangers on ships that use sea water, generate scaling a
physical phenomenon which results from the reduced solubility of salts at wall temperatures
above 150°F, temperature at which fouling occurs. This precipitation of dissolved solids in the
seawater forms scaling, the calcareous deposits, on the tube walls which in turn causes the need
for hazardous acid cleaning and excessive system maintenance and component failures.

Solution: By using heat pipes to control the sea water side wall temperatures of the heat
exchanger to below 150°F, scaling and cleaning with hazardous materials is avoided and system
reliability improved.

Objective: This funded ESTCP-Weapons System Platform project, WP-0302, is to validate the
elimination of acid cleaning of high temperature sea water heat exchangers, by applying heat
pipe technologies to a masker cooler onboard a DDG-51 class ship. The problem of heavy
scaling is more acute in bleed air and main condenser heat exchangers due to hot-side operating
temperatures as high as 925°F and 525°F, respectively.

Goals: Goals for this demonstration are to meet or exceed the current shell and tube performance
specifications, demonstrate the elimination of scaling in the heat exchanger thereby increasing
the reliability of the cooler and reduce the hazardous material usage/waste generated in cooler
cleaning.

Old vs. New: Current bleed air coolers use a shell and tube heat exchanger, in which hot bleed
air is fed to the shell side and seawater is fed to the tube side. The resulting scaling reduces heat
transfer capacity which affects air temperature and leads to costly down stream maintenance
failures and hazardous material usage and waste disposal. In order to minimize the effects of the
calcareous deposits in the coolers, a common maintenance practice is to perform an acid flushing
either in-situ or after removal to a shore facility. The acid flushing creates a hazardous waste due
to high concentrations of metal ions in the effluent and also because the waste generated has a
pH lower than the minimum limit as specified under the Resource Conservation and Recovery
Act (RCRA). Sailors and shore support personnel are often in direct contact with hazardous
chemicals during and after the flushing procedure. The use of heat pipes in a heat exchanger
eliminates the direct contact of hot air and seawater across a thin tube wall. Instead, heat is
transported from the air side to the seawater side of the heat exchanger through a number of heat
pipes. Heat pipes use the evaporation and condensation of a working fluid to transport heat.
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ach year mission essential activities (e.g., industrial wastewater treatment plants, washracks,

fuel depots, forging and industrial operations, and maintenance facilities) at DoD facilities
produce thousands of tons of oily waste. Since much of this waste cannot be recycled or burned,
it is drummed and landfilled. The cost to the Navy alone to dispose of oily sludge recovered from
fuel tank bottoms and the Bilge and Oily Wastewater Treatment System (BOWTS) is in excess
of $6.5M per year. To reduce disposal costs and the liability associated with this waste stream, a
simple and cost effective treatment system that can be easily implemented throughout DoD is
needed.

Previous pilot studies confirmed that biological treatment of oily wastewater and oily sludge is a
technically sound approach to the treatment and disposal of these types of waste. To
demonstrate/validate this approach, ESTCP funding as Project WP-0307 was used to design and
construct a full-scale on-site facility capable of treating oily sludge typically generated at a DoD
industrial facility. The primary project objective is to demonstrate that a sequencing batch reactor
populated with indigenous microorganism recruited from the oily waste rapidly and cost
effectively biodegrade oily waste while producing biomass, water, and CO; all of which can be
recycled or safely discharged.

In collaboration with the Army, NFESC constructed a full scale Oily Sludge Bioreactor
treatment system at the Scranton Army Ammunition Plant (SCAAP), Scranton PA. The system
consists of two bioreactors that can be operated in series or batch mode. Each reactor has a
capacity of 43,000 gallons and commercial pumps and blowers are used to recirculate and aerate
the wastewater. Bacterial growth is enhanced by the addition of organic and inorganic nutrients
and the system does require a pH controller. Treated wastewater is discharged through a tube
filter and a filter press is used to consolidate the solids (primarily biomass and graphite) removed
by the filter. The entire system is microprocessor controlled and can be queried remotely. Full-
scale operational testing of the treatment system shows that the hydrocarbons in the oily sludge
are degraded to below the permitted discharge limit (100 ppm) in less than two weeks, however
at current production rates the average residence time in the treatment system is three weeks.
Exhaust air from the reactors is passed through activated carbon and the concentration of volatile
organic compounds (VOCs) in the air vented to the atmosphere is below practical quantitation
limits (PQL). Biological treatment costs (capital and O&M) $0.08/Ib vs. $0.76/1b for
conventional disposal. Thus, biological treatment is both cost effective (capital costs are
recovered in less than 3 years) and it eliminates/minimizes the liability and recurring costs
associated with conventional disposal.
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ero valence iron (ZVI) has been found effective for the treatment of energetic compounds

wastes from ammunition plant such as TNT, RDX, and HMX in the bench-top scale reactor
in the ideal laboratory conditions. However, large-scale testing of ZVI with RDX-laden
wastewater has not been conducted to validate this technology for field applications. In addition,
reported studies to date on degradation of energetic compounds by ZVI are relatively short-term
studies. Evaluation of ZVI performance over extended operation is necessary to obtain realistic
estimates of maintenance requirements and operation cost. The objectives of this pilot-scale
demonstration are two-fold: (1) to validate the ZVI technology with RDX-laden wastewater and
compare the results to the bench-scale data, and (2) to evaluate the long-term performance of the
ZVI technology.

In order to demonstrate and validate the ZVI technology, a continuous-flow 50 gallons per hour
pilot plant was constructed in a 8 ft (W) x 9 ft (H) x 29 ft (L) mobile trailer. Initial design
parameters and operation conditions was based on the data from our laboratory study. The
demonstration unit consisted of two identical packed-bed column reactors in series and contained
commercial ZVI as a reactive material and quartz sand and gravel as inert fillers. The effective
iron-contact time (30 minutes) in the main columns was determined in the previous laboratory
experiment. Synthetic RDX was continuously pumped into the trailer unit at a flow rate of 50
gallons/hr using a peristaltic pump. Complete reduction of RDX was achieved in the ZVI system
and about 80% of carbon in RDX was recovered as formaldehyde.

This study shows that the ZVI-based treatment process is an efficient and cost-effective way to
convert energetic compounds in the wastewater into products that are either innocuous or more
easily degradable through chemical or biological oxidation. In addition, this demonstration
provides essential information on the construction and operation cost of the full-scale system.
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he U.S. Department of Defense (DoD) operates numerous stationary and mobile

conventional demilitarization furnaces at various facilities. Air pollution regulations are
becoming more stringent and require installations with these operations to minimize or eliminate
the release of hazardous air pollutants (HAP). The newest Hazardous Waste Combustors
NESHAP for existing and new incinerators dictate that particulate material emissions are to be
reduced by nearly 10 times the previous standard of 30 mg/dscm to 3.5 mg/dscm, and the lead
and cadmium reduced from 230 ug/dscm to 10 ug/dscm. Similarly arsenic, beryllium, and
chromium must be reduced from 92 ug/dscm to 23 ug/dscm. At present, the DoD operates about
17 mobile brass certification units (APE 1408). Surprisingly, the mobile brass certification units
do not have any emission control systems. Based on the speciation studies conducted by ERDC-
CERL on emissions from conventional munitions deactivation furnaces, lead, cadmium,
antimony, copper and zinc are present. These metals are in two phases; as solid particulates and
vapor phase. It is also observed that nearly 97% of the metals are in particulate form. If we can
capture the solid particulates, the metals emissions would be significantly reduced. Thus, ERDC-
CERL has developed an emissions control system, Integrated Metal Emissions Control System
(IMECSTM) to capture the particulates and the vapor phase metal compounds. The technology
involves Steel Screen Particulate (SSP) Filter System that is capable of capturing the particulate
material (including PM,5) followed by a Perlite Based Sorbent (PBS) fixed bed system. The
IMECSTM can be operated at high temperatures and can significantly remove large quantities of
lead and other metal compounds. Preliminary tests have been conducted with the IMECSTM on
a mobile brass certification unit APE 1408 at Tooele Army Depot. The IMECSTM is compact
and can be sized conveniently and integrated with mobile and stationary incinerator systems
alike. Emissions of volatile and semi-volatile metal particulates from deactivation furnaces can
be cost effectively controlled with the IMECSTM. Results of the preliminary field testing will be
presented.
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he process by which new Department of Defense (DoD) weapon systems are developed

requires an identification of the hazardous materials used in the system and an approach for
dealing with these materials during demilitarization and disposal. However the process does not
specifically identify the human and ecological toxicity data or the environmental fate and
transport characteristics of the materials/chemicals used in the systems that must be evaluated.
The result of deploying a weapon system without understanding these characteristics can result
in increased lifecycle risk. To help avoid such situations, an approach was developed to
incorporate human and environmental health evaluations for new chemicals/materials into the
DoD acquisition process. Having this information at critical stages of the acquisition process will
allow more judicious decisions on the use of hazardous materials and, in cases where
performance-equitable substitutes are not available, how to effectively manage the lifecycle
risks.

The initial effort in developing this approach was to determine what environmental fate and
transport and toxicity information would be desirable at selected stages in the lifecycle of a
chemical from its conception to its disposal. An array of information elements was collected
from selected legal requirements and guidance documents. These were grouped into five types of
information; general chemical, production and use information; physical-chemical information;
environmental fate and transport characteristics; ecological and non-mammalian toxicity data;
and mammalian toxicity/carcinogenicity data. Within each of these groups consideration was
given to the lifecycle stage of the chemical at which each information element was attainable and
desirable for decision making and to adequately protect human health during the synthesis,
testing, production, and use of the chemical. Importantly, the physical characteristics of the
chemical and its intended use, which dictate the anticipated exposure routes, impact the need for
certain information elements. The lifecycle stages of the chemical to which the information
elements were assigned were conception, synthesis, testing, and production and these lifecycle
stages can be matched to Technology Readiness Levels (TRLs) which are used to evaluate the
maturity of critical technologies in an acquisition program. Based on this proposed approach, a
recommendation was made to formally incorporate the information elements into the DoD
acquisition process by revising the TRL definitions and to require that acquisition program
managers consider these information elements when evaluating the risk and maturity of a new
chemical or material. Such procedures will permit effective risk evaluation of new chemicals or
materials considered for use in DoD weapon systems concurrently with the evaluation of the
technical maturity of the system components. This study was supported by the DoD ESTCP and
the DUSD[I&E] Emerging Contaminants (EC) Directorate.
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he Joint Group on Pollution Prevention (JG-PP) is partnering with the Department of

Defense (DoD) services, NASA and DLA to help support the development, demonstration
and implementation of an operational deep web search portal. DoD decision-makers require
current, accurate, and focused information on commercial and emerging Environmental, Energy,
Safety and Occupational Health (ESOH) technologies - sometimes on short notice - to ensure the
best performance and economic returns for their technology investments.

The Challenge: (1) Massive amounts of relevant environmental information exist on the web -
scattered across many resources and often not readily visible through standard research tools:
company press releases, association web sites, technical and trade journals, conference
proceedings. (2) General search engines index only the “Surface Web” — just reaching about
16% of the available information. Useful data in limited access sites cannot be searched with
Surface web tools.

A Powerful Search Solution — Deep Web Search Portal. Deep web search engines can access
valuable sites having search barriers that restrict access. The JG-PP has successfully tested a
prototype deep web search engine for Energy & Environment applications and is now
developing an operational system for use by approved Government users — e.g., program
managers, environmental /energy/ safety engineers, information search specialists. The Enviro
Data Search (EDS) Portal accesses and indexes hard-to-get Energy & Environment technology,
news and product information.

User Benefits — Portal Users will be able to:

J Access to high value portions of deep or hidden web having restricted access — sites like
EnviroLink, DoD SBIR Awards, Coatings World and Western Regional Pollution
Prevention Network.

o Perform more targeted searching of filtered sites to reach useful hidden source material —
sites like Thomas Register and GlobalSpec for environmental product information.

o Access a continuously updated, standardized list of deep web site search sites.

o Filter and organize post-search results into customized topic groups for related source
materials.

o Conduct improved topic and category searching.

The Search Portal is under development with a target on-line date of November 2008. More
information will be provided at the JG-PP Exhibit Booth.
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umerous cartridge actuated and propellant actuated devices (CAD/PAD) contain propellant

formulations that contain perchlorates, a material identified by the EPA as an environmental
contaminant and potential health hazard. Many of the propellant formulations that contain
perchlorates are costly to manufacture and carry with them the cradle to grave potential for
perchlorate release into the environment and associated storage, disposal, and remediation costs.
A potential replacement for some of these propellants is the Navy Insensitive Low Erosion
(NILE) formulation, which has many promising characteristics but also contains RDX, a
suspected environmental contaminant.

In an attempt to remedy this, the ESTCP Office and the CAD/PAD Joint Program Office have
funded a proof-of-principal study to evaluate the viability of minimizing or eliminating the RDX
content in the NILE formulation for application in CAD/PAD devices. This effort includes the
production of multiple replacement formulations, an environmental hazards assessment of the
novel energetic materials in the NILE formulation, laser ignitability evaluation, interior ballistics
modeling, and finally test and evaluation of the candidate formulation. The Indian Head Naval
Surface Warfare Center is the principal investigator on this study and is partnering with the
United States Army Center for Health Promotion and Preventative Medicine (USACHPPM) and
Scot Incorporated to accomplish the tasks above. Successful identification of a viable
replacement formulation for the target propellants could result in a reduction in both the life-
cycle costs and environmental impact for tens of thousands of CAD/PAD devices annually.

This work is funded by ESTCP Project WP-0836.
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Perchlorate oxidizers are used in many pyrotechnic and rocket propellant compositions. These
oxidizers have leached into groundwater at numerous sites. It has been shown that when
perchlorates are present in drinking water, they can inhibit the uptake of iodine by the thyroid,
leading to potentially serious health problems.

We are currently involved with an ESTCP-funded effort (Project WP-0730) to demonstrate and
validate the perchlorate-free red flare composition used in the Mk 124 Marine Smoke and
[llumination Signal. The current perchlorate-free red flare candidate contains magnesium fuel,
strontium nitrate oxidizer, a color enhancing ingredient and a curable epoxy binder. Through
judicious choice of magnesium fuel particle size and fuel to oxidizer ratio, the burn rate has been
tailored so that it is slightly slower than the in-service red flare composition. Depending upon the
burn time, results show that this composition will produce luminous intensity that equals or
exceeds the performance specifications of the in-service item by 25% — 75%. Performance
testing of the perchlorate-free candidate composition from prototype scale batches is under way
and will be discussed. Also, the results of ignition sensitivity testing to impact, friction and
electrostatic stimuli, simultaneous thermal analysis (Thermogravimetric Analysis, TGA, and
Differential Thermal Analysis, DTA), and compatibility testing of these batches will be
discussed. Additional tests required for formulation qualification such as Cap Test, Gap Test,
Vacuum Thermal Stability and Self-heating are also being performed. Once formulation
qualification is achieved, Final Type Qualification Tests will be conducted in full up devices,
including Temperature and Humidity (T&H), Vibration, 40-ft Drop, Fast and Slow Cook-off,
Jolt, Jumble, etc. Additional tests required for the introduction of this Product Improvement
device into service inventories, such as Hazard Classification Tests, Insensitive Munitions Tests,
and other tests will also be performed.

We are also exploring the feasibility of a cooperative venture with the Perchlorate Replacement
Team at the Army Research Development and Engineering Center (ARDEC) at Picatinny
Arsenal, New Jersey, in which we would research the use of a faster burning variant of our
perchlorate-free red flare composition in one of their red signal flare devices.
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Due to increased environmental regulations and the potential health risk to the warfighter,
alternatives to replace hazardous materials in rocket and missile composition and
components are being developed. The U.S. Army Aviation and Missile Life Cycle Management
Command (AMLCMC) Environmental Team along with the Aviation and Missile Research,
Development and Engineering Center continue to build and execute a program to eliminate
hazardous materials from rocket and missile systems. The Ordnance Environmental Program is
being performed under the auspices of the U.S. Army Environmental Quality Technology (EQT)
Pollution Prevention Technology Team and the U.S. Army Environmental Requirements and
Technology Assessment (AERTA) process. New technologies are being developed,
demonstrated and made available to weapon system program managers for new motors acquired
under the Army transformation program. Technologies and projects developed and executed
under this program will be presented, to include Lead-free Ballistic Modifier for Rocket Motor
Propellants currently funded through the Environmental Security Technology Certification
Program (ESTCP) as Project WP-0727.

Lead-free Ballistic Modifier for Rocket Motor Propellants will successfully demonstrate and
validate a lead-free ballistic modifier for performance requirements of the 2.75 inch rocket motor
propellants for the Hydra rocket system. The proposed ballistic modifier will replace current
lead containing compounds with a ballistic modifier containing bismuth, aluminum and carbon
black. The lead-free propellant will be extruded, have a Hazard Class of 1.3 and meet shelf life
requirements. This project addresses AERTA requirement PP 3-02-04 “Compliant Ordnance
Lifecycle for Readiness of the Transformation and Objective Forces” and leverages EQT funding
(BA3) for lead-free propellants.

In addition to WP-0727, other projects conducted under the EQT Ordnance Environmental
Program will be presented. These projects include lead-free, castable rocket motor propellants,
replacement of ammonium perchlorate (AP) solid rocket motor propellants and replacement of
hydrazine fuels. A castable version of a lead-free propellant is being demonstrated utilizing a
ballistic modifier similar to the modifier being demonstrated under WP-0727. Castable rocket
motors are applicable to weapon systems with rocket motor diameters above four to five inches.
For potential alternatives for replacing AP based weapon systems, hybrid propulsion efforts
incorporating solid and gel components are being investigated and will be described in the poster
presentation. For the replacement of hydrazine, information will be presented regarding new
more environmentally benign gel formulation alternatives used in conjunction with a novel
throttling assembly.
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ubmunition fills in weapons such as BLU-97/B bomblets pose safety and/or environmental

hazards if they end up as UXO due to dudding. Incomplete (low-order) detonation of fills in
larger munitions that employ nitramine-based charges could also lead to environmental and
safety problems as UXO. A typical submunition fill employing RDX as the main explosive
charge could exhibit significant deleterious environmental effects on water supplies. RDX also
has high to moderate mobility in soil, and its natural (aerobic) biodegradation is very slow. As a
potential solution to persistent environmental problems posed by such ingredients in UXO, we
investigate a class of explosive energetic ingredient that has received some development
(predominantly in other countries) over the last couple of decades: cyclic N,N'-dinitrourea
derivatives. Specific examples being investigated include tetranitroglycoluril (TNGU or Sorguyl)
and hexanitrohexaazatricyclododecanedione (HHTDD). Tetrahydro-1,3,5-trinitro-1,3,5-triazin-
2(1H)-one (K-6 or keto-RDX) is also being considered. A property these compounds have in
common that has kept them from widespread adoption by most weapons systems is a property
that makes them attractive in specific systems that are susceptible to causing environmental
problems as UXO: they are significantly more hydrolytically reactive than simple alicyclic
nitramines such as RDX. With processing problems technologically solved, these ingredients
offer attractive performance advantages, particularly in the case of HHTDD, which is recognized
to be the most powerful easily accessible explosive compound, surpassing even CL-20 in
explosive performance. We are quantifying these ingredients’ susceptibility to environmental
hydrolysis in order to demonstrate that one or more of these ingredients shows acceptable
stability for processing into munitions but also suitable reactivity with environmental elements
that they would undergo sufficiently rapid “spontaneous” (environmentally adventitious)
degradation as to constitute “self-remediation.” The kinetics of ingredient degradation are being
determined under several environmental conditions: humidity-controlled (30~35%) laboratory
air; aqueous suspensions; wet topsoil (specially selected A Horizon); dry (ambient) topsoil; clay
(B Horizon); subsoil (specially selected C Horizon). Sample analysis is performed by NMR
spectrometry using a validated extraction method involving ultrasonic dissolution of energetics
into acetonitrile-ds, allowing determination of environmental lifetimes of the ingredients under
various test conditions. TNGU and HHTDD are seen to be stable in ambient air, with no
measurable change occurring over days. In aqueous suspensions, however, both ingredients
hydrolyze to subsequent products within several hours. In wet topsoil (20 wt% water), TNGU is
nearly fully hydrolyzed in ~24 hours, but its hydrolysis in dry (ambient) topsoil requires several
days. Kinetic studies remain under way.

This work is funded by SERDP Project WP-1624.

F-89



Weapons Systems and Platforms (WP) Poster Number 192 — Tuesday
Energetic Materials and Munitions

TESTING OF NOVEL PYROTECHNIC INCENDIARY COMPOSITIONS
BY GUN FIRING

DR. TREVOR GRIFFITHS
QinetiQ
Fort Halstead
Rm 64, H7
Sevenoaks, Kent TN14 7BP UNITED KINGDOM
44-1959-515347
ttgriffiths@gqinetiq.com

CO-PERFORMERS: Professor E.L. Charsley, J.J. Rooney, and
H.M. Markham (Huddersfield University)

Perchlorates are used as high energy oxidizers in a wide range of military applications
including rocket propellants and pyrotechnics. When used in ammunition incendiary
systems, compositions containing potassium perchlorate are formulated to mark an impact point
or act as ignition sources for flammable liquids.

Potassium perchlorate has a high solubility in water which results in very low retardation in
aquifers, as a result, any groundwater plumes can be extensive and poses severe remediation
problems. It can be released into the environment as a result of spillages during manufacture,
demilitarization, or when ammunition fails to function correctly. The presence of potassium
perchlorates in drinking water is a cause for concern as all perchlorates are recognized as a
potential hazard to human health. In particular, their ingestion is known to inhibit iodide uptake
by the thyroid gland. A number of U.S. states control the perchlorate content of drinking water;
in California a final Public Health Goal of 6 ppb has been introduced and in Massachusetts the
acceptable perchlorate level is only 2 ppb.

Pyrotechnic and thermal studies have been carried out on a range of binary and ternary
compositions where the potassium perchlorate oxidizer has been replaced by a different nitrates
or sulfates. The results of gun firing trials will be presented for compositions based on
magnesium, aluminum and magnesium-aluminum alloy. The effect of adding different binders
on the compositions performance has also been examined.

This work forms part of an investigation for the Strategic Environmental Research and
Development Program (SERDP) into the development of environmentally benign, perchlorate-
free incendiary and pyrotechnic mix technologies for projectiles (WP-1424).
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Training grounds and battlefields are being polluted by the remains/debris of detonated/fired
or, in some cases, unexploded pyrotechnic devices. The most abundant source of pollution
comes from the outer casing-housing that is usually constructed from aluminum or steel
protected by a corrosion resistant coating containing hexavalent chromium and cadmium.
Adverse environmental and health affects are associated with the pyrotechnic debris.
Decommissioning training fields contaminated with pyrotechnic debris requires significant
cleanup and remediation.

Infoscitex Corporation (IST) and the Texas A&M University are developing a material system
for producing a high strength, non-corroding, environmentally safe, extended/indefinite shelf life
pyrotechnic housing-casing that can be readily degraded on-demand using specially tailored and
safe enzymes. The material system consists of a structural polymer and a selectively activated
degradation agent. The technical approach combines two technologies/materials. The first
material is an inherently corrosion resistant synthetic polymer of high mechanical strength that
has sufficient mechanical properties to serve as a drop in replacement for the presently used
metallic pyrotechnic casing. The second material and primary focus of the ongoing effort
(SERDP WP-1622) is the refinement of a newly emerging microbial enzyme. IST is mutating
genes responsible for the enzyme expression by chemical mutagenesis and gene shuffling to
improve the activity and ability to selectively degrade the high strength polymer. To this end,
several sources of available polymers were identified and the best candidate was selected for
generation of the improved enzyme. The microbial strain that produces the unimproved polymer
degrading enzyme was obtained from the American Type Culture Collection. Mutation of the
parent strain and selection in continuous culture are currently being performed.

Thus far, the baseline enzymatic activity of the microbial culture supernatants has been
confirmed. Specifically, immersion of polymer films in natural enzyme solutions at optimal for
the enzyme activity temperature of 50°C resulted in substantial losses of the film mechanical
properties after a two-month exposure. The modulus and elongation at break were reduced by
30% compared to polymer film immersed into culture supernatant with enzyme removed by
ultrafiltration. However, there was no significant change in the polymer mechanical properties in
films exposed to native enzyme at room temperature. These observations are in agreement with
the parent strain temperature optimum. Engineering of a strain capable of the polymer
degradation at lower temperatures and higher rate is the primary objective for the remainder of
the project.
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It is well known that normally functioning munitions only spread a small amount of energetic
residues in the environment. Therefore, most of the contamination in impact areas comes from
unexploded ordnances (UXOs) that are cracked open by the detonation of an incoming round, by
incomplete (low-order) detonations, by the destruction of duds or by the corrosion of UXOs. In
addition, UXOs pose safety problems for the troops, both in domestic training and in operations,
and have to be removed from ranges and training areas (RTAs) with a regular surface clearance.
Unexploded or deflagrated RDX does not degrade in soil and, because of its solubility in water,
migrates easily to groundwater and frequently off military property. This triggers a serious
environmental problem and becomes a public health concern if the groundwater is used for
drinking. Another health hazard arises from the incomplete combustion of gun propellant and
from burning of excess gun propellant bags at firing positions. Propellants contain significant
amounts of carcinogenic and toxic components, recently forbidden in Europe, which could have
a health impact on soldiers. Many RTAs firing points were contaminated with concentrations of
energetic residues above the preliminary guidelines, sometimes by many orders of magnitude.
This is an important issue because military personnel have to train to keep their state of
readiness. Therefore prevention of contamination and hazards becomes even more essential to
keep RTAs operational.

RIGHTTRAC is a five-year technology demonstration project aiming to show that green and
insensitive munitions have better properties than current munitions and that it is feasible to
implement a solution that would ease the environmental pressure on RTAs, and decrease the
health hazards for the users. From this perspective the project will: (a) Improve to the fuze
system to help eliminate UXOs by introducing a self-destruct mechanism which will ensure
complete detonation of munitions, thereby reducing the dud rate and the potential safety hazards
at RTAs; (b) Replace the main explosive charge and propellant with green, insensitive and/or
recyclable compounds and eliminate the use of highly mobile contaminants (RDX) and other
toxic and carcinogenic compounds, thereby reducing the environmental impact at RTAs and the
amount of excess propellant burned at firing positions; (c) Evaluate the effectiveness of the
modifications through testing on existing ranges, and determine the transferability of the
modifications to medium and large calibers.

This communication will report the progress made during the first year of the project.
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ustaining range operations while maintaining force health is vital to our National security.

Current research is underway focused in discovering munition constituents that have a
negligible environmental health impact. Determining the potential for adverse environmental
health effects requires an interdisciplinary approach that must be phased coincident with
munition design. They must be applied in a logical, tiered way consistent with the research,
development, and engineering level of effort. This process will enable researchers to determine
and refine environmental health properties throughout development—through modeling and
simulation in the early stages and testing in the later stages. Researchers will use this knowledge
to identify and mitigate potential environmental health risks at each stage of development.
Details of the process are provided and examples presented.
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he U.S. Army RDECOM-ARDEC is developing, in cooperation with the U.S. Army

Research Laboratory and Alliant Techsystems, a new environmentally friendly, insensitive
propellant for medium caliber applications. This propellant, designated PAP8386, has very good
mechanical/impact properties relative to many existing medium caliber propellants. The initial
PAP8386 assessment studies are being done in the M793 round. CONPRESS and IBHVG2
models have been used to optimize the grain design and provide predictive evaluations of
propellant performance. Several grain configurations were manufactured and deterrent coatings
were used to improve ballistic efficiency. Closed bomb testing was carried out to characterize the
propellant prior to carrying out preliminary gun tests.

The initial gun tests of the material in the M793 cartridge at ambient temperatures were very
promising. Subsequent testing across the operating temperature range identified an undesirable
increase in pressure at the cold temperature condition. Further work was done to better
understand the influence of the igniter design, its location and strength, and its interaction with
the propellant bed on the interior ballistics. Special rounds were built with modified igniters and
test firings conducted. The influence of the igniter system on the overall ballistic performance
across temperatures is significant.

Deterrent coatings serve to lower the propellant ignitability, thus necessitating a stronger igniter.
However, stronger igniters create greater mechanical stress on the propellant bed which can
result in grain movement and damage. Optimizing the ignition system in terms of location and
strength to the propellant system can improve the ballistic performance significantly in medium
caliber applications.

This work is funded by ESTCP Project WP-0529.
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Nitration of O-methylphloroglucinols derived from biological sources has proven to be an
effective method of generating a series of aromatic compounds capable of being converted
to 1,3,5-triamino-2,4,6-trinitrobenzene (TATB). Mono-, di-, and tri-O-methylphloroglucinols
have all been nitrated to their tri-nitro counterparts. Furthermore, the tri-nitrated mono- and di-O-
methylphloroglucinols have been exhaustively O-methylated to yield 1,3,5-trimethoxy-2,4,6-
trinitrobenzene, the immediate precursor to TATB. Starting with O-methylphloroglucinols, as
opposed to phloroglucinol, has resulted in an overall reduction in the use of organic alkylating
reagents as well as organic solvents en route to TATB.

This work is funded by SERDP Project WP-1582.

F-95



Weapons Systems and Platforms (WP) Poster Number 208 — Tuesday
Energetic Materials and Munitions

ELECTROCHEMICAL OXIDATION OF ALKYLNITRO COMPOUNDS

NICHOLAS STRAESSLER
ATK Launch Systems
P.O. Box 707
Brigham City, UT 84302
(435) 863-2960
Nick.Straessler@ATK.com

CO-PERFORMER: Robert V. Frost and Tedd E. Lister (Idaho National Laboratory)

he production of multi-gram quantities of 2,2-dinitropropanol (DNPOH) has been

successfully carried out via the efficient electrochemical synthesis of the intermediate
compound potassium 1,1-dinitroethanate (1,1-KDNE). DNPOH is a precursor to the energetic
plasticizer bis-(2,2-dinitropropyl)acetal/formal. The goal of this project is to transition the
electrochemical production of 1,1-KDNE, and subsequent DNPOH, from the research laboratory
to a pounds-per-hour pilot-plant scale. Recent developments on the progress of this transition
will be presented along with associated figures of merit, particularly the significant reduction in
processing waste compared to the historical chemical route to DNPOH.

This work is funded by SERDP Project WP-1460.
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Screening level summary reports have been produced, as part of a SERDP project (WP-1424),
on the known human and ecological toxicology, and environmental mobility (aquatic and
terrestrial) of compounds used in selected pyrotechnic formulations and the likely combustion
products.

Information on human toxicology includes both acute and chronic studies on laboratory
mammals and humans. Information on reproductive toxicity, teratogenicity, mutagenicity and
carcinogenicity has been produced. Information on no observed adverse effect levels and derived
international drinking water guidelines have been summarized. Ecological toxicity includes acute
and chronic toxicity to aquatic organisms and toxicity data on terrestrial organisms where
available. Data on environmental mobility includes physico-chemical properties, such as
solubility and volatility, persistence in the environment and bioaccumulation into organisms.

Persistence, bioaccumulation and toxicity ratings have been identified to ascertain the impact of
the selected substances. However, it is important to put the overall hazard rating of each
chemical in context. For example, high persistence is not necessarily a problem when coupled
with low toxicity or low bioaccumulation. The overall hazard ratings were used to identify the
parent compounds for the computer combustion model. Therefore, the combustion products
reviewed were only those resulting from chemical combinations involving parent compounds
that were not eliminated by the overall hazard ratings.
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Perchlorates are used as high energy oxidizers in a wide range of military applications
including rocket propellants and pyrotechnics. When used in ammunition incendiary
systems, compositions containing potassium perchlorate are formulated to mark an impact point
or act as ignition sources for flammable liquids.

Potassium perchlorate has a high solubility in water which results in very low retardation in
aquifers, as a result, any groundwater plumes can be extensive and poses severe remediation
problems. It can be released into the environment as a result of spillages during manufacture,
demilitarization, or when ammunition fails to function correctly. The presence of potassium
perchlorates in drinking water is a cause for concern as all perchlorates are recognized as a
potential hazard to human health. In particular, their ingestion is known to inhibit iodide uptake
by the thyroid gland. A number of US states control the perchlorate content of drinking water; in
California a final Public Health Goal of 6 ppb has been introduced and in Massachusetts the
acceptable perchlorate level is only 2 ppb.

Thermal analysis techniques including thermogravimetry (TG), differential scanning calorimetry,
bomb calorimetry, simultaneous TG-mass spectrometry and heat flow calorimetry have been
used to characterize a range of novel binary and ternary pyrotechnic compositions where the
potassium perchlorate oxidizer has been replaced by alternative oxidizers. The results of the
thermal analysis and ageing studies on control and the replacement compositions will be
presented. The effect of adding a binder to selected compositions will also be reported.

This work forms part of an investigation for the Strategic Environmental Research and
Development Program (SERDP) into the development of environmentally benign, perchlorate-
free incendiary and pyrotechnic mix technologies for projectiles (WP-1424).
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mmonium perchlorate (AP), the primary oxidizer in solid rockets, persists in the

environment and has become a concern since it has been detected in groundwater at several
locations associated with rocket motor manufacture. Perchlorate ion can adversely affect thyroid
function, and its combustion products are toxic. More environmentally innocuous oxidizers
could mitigate these hazards.

AP replacement candidates face many challenges, including processibility, binder cure problems,
performance and ballistic differences, and compatibility/aging issues. Much solid propulsion
technology is specific to AP. SERDP WP-1404 was a multilevel technology approach to enable
the use of AP replacements. The team addressing these issues included Navy and Air Force
laboratories, ATK, Fluorochem, CD Systems, and the University of Florida, Gainesville.

The alternative oxidizer ammonium dinitramide (ADN), certain other ingredients, and moisture
can adversely affect conventional urethane binder cures. An alternative cure was developed that
reacts polyazides with polyacetylenes to produce triazole-linked polymers. The triazole cure
works in the presence of ingredients which interfere with urethane cures. The triazole polymer
networks show reduced stress and excessive strain capability compared to their urethane
analogues, but methods were devised to increase crosslink density and thereby increase stress.

Coating technologies were investigated to make ADN more compatible with binders,
plasticizers, and other ingredients. Associative and ionic bonding agents were also investigated
to improve mechanical properties of ADN and ammonium nitrate (AN) propellants. These
molecules contain ADN-soluble or -reactive moieties as well as other groups which cure into the
binder matrix. Large dendrimer molecules with multiple groups emanating from a central core
were synthesized in order to amplify these bonding effects.

A priller which could be adjusted to prepare ADN prills of varying sizes was developed, in order
to better process this ingredient in formulations. Larger-scale equipment is needed for larger
production of these prills.

Aging behavior of the formulations was studied, and cost issues for the ingredients analyzed. The
toxicity and environmental fate of the alternative ingredients was assessed from literature
studies.

A non-AP propellant formulation with a triazole cure system was fired in subscale motors at
Edwards AFB and China Lake. Although more work is needed to develop the propellant for
service use, this Program successfully demonstrated the technology needed for AP replacement.
Approved for public release; distribution unlimited.
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he Department of Defense (DoD) has recognized heavy metal contamination as a critical

environmental problem and has assumed the responsibility for reducing the use of lead (Pb)
in its munitions. The need to reduce pollution from the production, testing and use of military
ordnance is being driven by a number of factors, including expanded knowledge of the effects of
heavy metals on humans and the environment, the liabilities associated with the use of
environmentally unacceptable products and even potential international treaties that could restrict
the use of certain compounds.

The SERDP sponsored exploratory development (SEED) effort, completed in FYO02,
demonstrated that ‘energetics’ based on Metastable Interstitial Composite (MIC) materials could
be substituted for the traditional lead containing compounds used in electric primer applications.
The naturally benign nature of the MIC materials, the gas producing additives and the end
products of combustion, make these types of compounds excellent candidates for research in
environmentally sensitive energetic materials. The current ESTCP LFEP program (WP-0729) is
focused on refining the use of this technology for this application. The end product of this effort
will be a data package for a LFEP design and manufacturing process that can be transitioned to a
conventional systems design and development program.

Critical factors in determining the feasibility of utilizing this technology in the production of
electric primers include: (1) reliability, (2) manufacturing costs, (3) safety, (4) performance
under specified operating environments and parameters, and (5) life cycle cost. An understanding
of factors affecting performance and reliability of MIC related materials is essential for the
commercialization and deployment of primer systems based on this technology.

The majority of the effort to date has been focused on increasing our knowledge of the basic
characteristics of MIC related compounds, including processing and aging effects and how these
influence performance. The performance of MIC materials has been found to be dependent on a
number of variables, such as average particle size, particle distribution, mixing and additives.

Handling and processing safety has been a large focus of this program. Additives have been
evaluated for mitigating the electrostatic discharge (ESD) and friction sensitivity of the primer
mix. Safety testing suggests the use of certain binders and gas generative additives have reduced
the sensitivity of the mixture to equal to or less sensitive than the current configuration. Also a
wet loading method has been developed for small scale production that allows for safe handling
and pressing of the MIC material. The mixture is being optimized and the viability of production
evaluated for preparation to transition to fleet use.
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We have observed that Desulfovibrio vulgaris Hildenborough and Dehalococcoides
ethenogenes 195 can grow syntrophically in defined mineral salts medium amended with
lactate, vitamin By, and with N,/CO, headspace. This co-culture significantly shortened the time
period required to completely dechlorinate TCE to VC and ethene from 10-14 days to less than
one week. Growth of D. ethenogenes 195 cells was also more consistent in the syntrophic culture
than in isolation, consistently achieving greater densities. Since methanogens have been
frequently detected as active members of microbial communities supporting Dehalococcoides
spp. in different environments, another defined consortium was constructed by adding the
methanogenic Methanobacterium congolense to the above co-culture, forming a tri-culture.
According to preliminary results, it took 4 days for the tri-culture to completely degrade one dose
of TCE compared to 6 days for the co-culture. The cell number of D. vulgaris Hildenborough
was five fold higher in the tri-culture than in the co-culture and we are currently quantifying the
cell numbers of D. ethenogenes 195 in the sytrophic cultures. The hydrogen measured in the co-
culture was 130 times higher than that measured in tri-culture, suggesting that M. congolense
was capable of consuming more hydrogen, driving greater consumption of lactate by D. vulgaris
Hildenborough and consequently stimulating its growth. In order to further evaluate the
contribution of the methanogen in the defined consortium, we will use whole genome
microarrays of D. ethenogenes 195 to analyze the differential gene expression between the tri-
culture and the co-culture. Genes found to be significantly up- or down-regulated will be verified
by RT-qPCR and putative roles played by those genes within the defined consortia will be
further identified.

This work is funded by SERDP Project ER-1587.
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hloroorganic compounds such as chlorinated ethenes are prevalent groundwater pollutants,

and can be detoxified by reductively dechlorinating bacteria. Currently, most bioremediation
studies focus only on known dechlorinators, but several factors obstruct the characterization of
their ecophysiology. Furthermore, the true diversity of microbes contributing to chlorinated
ethene detoxification is still unknown. To more comprehensively describe the dechlorinating
community, we applied an integrated approach to retrieve the microbial community in a TCE
and BTEX contaminated aquifer. Nine distinct analytical tools were compared with each other:
16S rRNA, 18S rRNA and rpoB gene clone libraries; enrichment; screening for known
dechlorinators by DGGE and nested PCR; microscopy combined with FISH; qPCR for
quantification of known dechlorinator biomarkers; microarray for screening of all currently
known reductive dehalogenase genes. Generally, each method yielded somewhat different
community compositions. Screening of ~600 16S and 18 S rRNA gene clones yielded 21
different phyla, encompassing mostly not-yet-cultured representatives affiliated with Chloroflexi,
Deltaproteobacteria, and Firmicutes—novel candidate groups and fungi. Geobacter spp. were
the only known dechlorinator found with all methods. In addition, additional 115 isolates were
retrieved, which encompassed five different phyla, dominated in particular by Actinobacteria and
Bacteroidetes. Interestingly, none of these isolates were represented in the 16S rRNA gene clone
library. The only known dechlorinator consistently found with most of the applied tools was
Geobacter spp. Non-quantitative PCR based detection using specific primers against all known
dechlorinating bacteria were negative or yielded false-positive results. Interestingly, quantitative
PCR efforts revealed that Geobacter spp. as well as Dehalococcoides spp. occurred at rather low
cell titers (Geobacter spp. 2% of total Bacteria, Dehalococcoides spp. < 0.1% of total Bacteria
counts in 1 Liter groundwater). Despite this, significant amounts of reductive dehalogenase
genes could be detected. These findings suggest that the site may contain novel dechlorinators.
This shows also clearly that at least some subsurface habitats are still dominated by un-known
bacteria and that more efforts should be placed on screening for novel bacteria in the subsurface
to obtain systems understanding.
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he microbial reductive dechlorination process has emerged as a productive remedy for

chlorinated ethenes plumes and has potential to significantly reduce source zone (i.e., PCE
and TCE DNAPL) longevity. The implementation and management of this biological remedy
requires knowledge of the microbiology contributing to the reductive dechlorination process and
tools to assess and monitor the relevant microbial players. Dehalococcoides strains have been
identified as key contributors to chlorinated ethenes detoxification and Dehalococcoides
presence and activity is a useful indicator for performance of the bioremediation system.
Prognostic and diagnostic molecular biological tools (MBTs) that quantitatively assess the
Dehalococcoides population provide valuable information for process management at sites
undergoing monitored natural attenuation or enhanced treatment (i.e., biostimulation and
bioaugmentation). Unfortunately, the current nucleic acid-based tools provide insufficient
information to comprehensively assess the dechlorination potential and performance of the
microbial community. To address the current MBT limitations, the BioReD effort (SERDP ER-
1586) aims at identifying novel reductive dechlorination biomarker genes and developing MBTs
that improve our understanding of target gene diversity, presence, abundance, and expression,
and thus, contaminant detoxification. Three complementary microarray approaches, including
Dehalococcoides whole genome arrays, shotgun arrays targeting the genes of the
bioaugmentation consortium KB-1, and the RDase array, which contains oligonucleotide probes
targeting all currently known bacterial reductive dehalogenase (RDase) genes, are being used to
identify genes that respond to contaminant exposure. Following biomarker gene identification
and assignment of function to RDase genes, quantitative real-time PCR (qPCR) assays are
designed for multiplex (mqPCR) applications that allow for simultaneous detection of multiple
biomarker targets at reduced costs. In addition, we are applying fluorescence in situ
hybridization techniques (FISH) for visualization and quantification of active target bacteria, and
we are developing approaches that correlate quantitative DNA (i.e., gene) and quantitative RNA
(i.e., transcript) data with measured dechlorination rate information. The effects of common co-
contaminants are also investigated, and we also seek biomarkers that indicate inhibition of
chlorinated ethenes reductive dechlorination. This comprehensive approach is being developed
with laboratory cultures but will be validated with samples from field sites undergoing
bioremediation treatment. Ultimately, the new tools will provide information based on
predictable science rather than empirical practice for efficient site management.
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uccessful anaerobic bioremediation at chlorinated solvent sites relies on the presence of

bacteria, such as Dehalococcoides (Dhc), capable of respiratory reductive dechlorination
([de]chlororespiration). Nucleic acid-based assays like the quantitative real-time Polymerase
Chain Reaction (QPCR) technique detect Dhc in soil or groundwater samples by targeting Dhc
specific genes including the 16S rRNA gene and reductive dechlorinase genes implicated in
chlorinated ethene reductive dechlorination (e.g., tceAB, bvcA, and vcrA).

The application of nucleic acid-based tests, like the qPCR approach, is expected to assist site
managers and practitioners interpret site data to select one or more of the following:

o Where implementation of long-term MNA will or will not be effective;
o Where biostimulation will achieve complete dechlorination without DCE/VC “stall”;
. Where bioaugmentation is required (early in the design), ultimately shortening

remediation times and costs.

ESTCP Project ER-0518’s objectives include: (1) demonstrate correlations between
dechlorination of chlorinated ethenes and the presence and abundance of Dhc organisms by
qPCR; (2) explore if qPCR for reductive dechlorinase gene targets provides additional useful
information; and (3) define limitations of the DNA-based approach and specify conditions where
the tools offer or fail to provide meaningful information.

An Interim Protocol has been developed based on qPCR monitoring of sites undergoing different
treatment regimes. The following hypotheses are being tested:

. High Dhc prevail only under anaerobic conditions
o Dhc will not be abundant (<103/L) when total VOC concentrations are less than 100 pg/L
. Dhc will not be abundant (prior to bioaugmentation), unless 10% of the chlorinated

ethenes detected are degradation products

o Dhc cell titers of 104/L - 105/L groundwater are needed to support MNA

J Initial Dhc cell titers of 104/L - 105/L groundwater are needed to observe significant
dechlorination following biostimulation

The qPCR approach was applied to groundwater samples collected from several sites. Data
visualization and statistical methods were applied, revealing correlations between Dhc cell titers,
the abundance of reductive dehalogenase target genes, and performance.
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he Air Force Center for Engineering and the Environment (AFCEE) has been demonstrating

the use of permeable mulch biowalls for enhanced in situ anaerobic bioremediation of
chlorinated solvents in groundwater since 1999. Permeable mulch biowalls and in situ
bioreactors are now being used by the Department of Defense (DoD) and industry to remediate
shallow groundwater contaminated with chlorinated solvents, perchlorate, and energetics at
numerous sites throughout the United States. The AFCEE “Technical Protocol for Enhanced
Anaerobic Bioremediation of Chlorinated Solvents using Permeable Mulch Biowalls” (published
in August 2007, available for download from the AFCEE Technology Transfer web page) has
been developed to assist DoD restoration project managers and their contractors in determining
whether the technology is appropriate for their sites, and to identify optimum approaches and
designs.

Biowall systems using mulch and compost substrates are intended to provide a long-term source
of organic carbon to stimulate and sustain anaerobic degradation processes for periods of 5 to 10
years or more. The use of low cost substrate materials and the low operational requirements of a
biowall treatment system may result in cost savings over more highly engineered remedial
systems. Biowalls may be replenished with substrate amendments such as emulsified vegetable
oil to extend the effective life span of the application. Alternative materials (iron and/or sulfate)
may also be added to stimulate biogeochemical reduction of chlorinated solvents. Application of
the technology is not limited to passive biowalls or relegated to dissolved plumes. The use of
recirculation to pass contaminated groundwater through a permeable mulch bioreactor provides
an alternative method to treat source areas.

The AFCEE Biowall Protocol provides guidance on designing and implementing a biowall
application, including (1) remedial objectives and site screening, (2) system design and
engineering, (3) construction and management plans, (4) residuals management, (5) field
sampling plans, (6) data interpretation and reporting, and (7) operations and maintenance plans.
Case studies will be presented that illustrate the design concepts and engineering principles
detailed in the Biowall Protocol. Performance and cost data will also be presented for
comparison to alternate technologies.

The authors would like to thank the following reviewers for their contributions to the protocol
document: Dr. John Wilson (USEPA), Patrick Haas (Haas and Associates), Dr. Farrukh Ahmad
(GSI), Ronnie Britto (Tetra Tech), and Hans Stroo (representing ESTCP).
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hile enhanced in situ bioremediation (EISB) has evolved into a relatively well understood

process for remediation of chlorinated solvent contaminated groundwater, the role of
abiotic degradation processes is not as well documented. Although abiotic processes by
definition are not mediated by microbes, microbial processes are essential to the formation of
minerals that perform abiotic reduction of contaminants. Because it is difficult to impossible to
differentiate between the biotic and abiotic mechanisms that degrade contaminants, and because
both the biological and abiotic processes are important contributors, the more accurate term to
describe the phenomena is biogeochemical processes.

In order to initiate a discussion among researchers, practitioners, federal agencies, and state
regulators, a Summit was held in April 2007 at AFCEE headquarters in Brooks City-Base San
Antonio, Texas. The purpose of the Summit was to develop future directions regarding defining,
estimating, and enhancing biogeochemical processes playing a role in the transformation of
chlorinated solvents. Specifically, objectives of the Summit were to: (1) promote an active
discussion of on-going research focused on the interface between biotic and abiotic mechanisms
of chlorinated solvent transformation; (2) document the current understanding of these processes;
(3) identify data gaps and possible discrepancies in current research; and (4) identify future
research needs to resolve these discrepancies with a focus on practical application of
technologies based on biogeochemical processes. To accomplish these objectives, breakout
groups were formed at the Summit, and each group was presented with charge questions related
to the current understanding of degradation processes, progress in the field to date, key site
parameters that many predict/indicate success, and future research/demonstration needs. The
discussions from each breakout group were captured and summarized in presentations back to all
of the Summit attendees. A final report from the Summit is available online at AFCEE
Technology Transfer.

Overall, the consensus of the Summit participants was that while much remains to be learned
regarding biogeochemical processes, the technology holds promise for chlorinated solvent
remediation, and may hold advantages over EISB at some sites. A number of key issues were
identified at the Summit related to the objectives presented above. Also, several research and
demonstration needs were identified as a result of the Summit. These key issues and needs will
be described in the forthcoming report and will be discussed during this presentation, as well the
other important outcomes of the Summit.
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eductive dehalogenation of trichloroethene (TCE) was studied in the enriched mixed

Evanite culture under chemostat growth conditions. A 2-L and a 5-L chemostat were
operated with 10 mM TCE at a mean cell residence time of 56 days. The 5-L chemostat was fed
excess formate (45 mM) to achieve complete dehalogenation of TCE to ethene under steady-
state conditions. At steady-state, TCE was transformed to ethene (90%) and vinyl chloride (VC)
(10%). Acetate (3.74 mM) was also produced as a result of formate being added in excess, but no
methane formation was observed. The steady-state aqueous hydrogen concentration of 35 nM
was well in excess of the reported half-substrate Ks values for dehalogenation reactions and
hydrogen thresholds for these reactions. A series of step-wise transitions were conducted in the
2-L chemostat where the formate concentration was gradually lowered. Initially the 2-L
chemostat was operated under the same feed conditions of as the 5-L reactor and yielded
identical results. When the formate concentration was lowered to 25 mM to promote electron
donor limitation, TCE was transformed at steady-state to 60% ethene and 40% VC, and the
hydrogen and acetate concentrations decreased to 4 nM and 0.95 mM, respectively. More than
90% of the electron donor added was used for reductive dehalogenation. The hydrogen
concentration was near reported Ks values for VC transformation to ethene. The results show
that formate is an effective substrate for promoting reductive dehalogenation, and that
acetogenesis is competing for hydrogen. Studies are continuing with the successive lowering of
the formate concentration to yield a series steady-state operating conditions. At each steady-state,
cells were harvested to conduct batch kinetic tests of TCE, cis-dichloroethene and VC
transformation and for analysis using molecular tools. Molecular tools include analysis of
reductive dehalogenase and hydrogenase expression in Dehalococcoides sp. using real-time
PCR, phylogenetic analysis of the whole microbial community based on the 16S rRNA gene, and
whole-community analysis of hydrogenase expression and presence using DNA microarrays

Results are from SERDP Project ER-1588.
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