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For decades, the U.S. Department of Defense (DOD) has produced and used military munitions for live-fire testing and training to
prepare the U.S. military for combat operations. As a result, unexploded ordnance (UXO) and discarded military munitions may be 
present at over 5 200 former ranges and former munitions operating facilities throughout the United States With the traditionalpresent at over 5,200 former ranges and former munitions operating facilities throughout the United States. With the traditional
technique to identify munitions for removal at these sites, DOD and its contractors have used various types of detection instruments 
to simply detect buried metal objects then excavation and examination of most of the detected items, to determine whether or not
they are military munitions. Even highly trained UXO-qualified personnel typically excavate hundreds of metal items for each one
munition recovered. Nearly half of these sites require a munitions response, at an estimated cost to complete of $14 billion and with 
a completion date of 2100. To improve the efficiency of munitions response, DOD s Environmental Security Technology Certification 
Program and its research partners in academia and industry have developed a new approach: geophysical classification. 
Geophysical classification is the process of using advanced data to make principled decisions as to whether buried metal objects
are potentially hazardous munitions (that is targets of interest) that should be excavated, or items such as metal clutter and debris 
( f i ) h b l f i h d(non-targets of interest) that can be left in the ground. 

ITRC s Geophysical Classification for Munitions Response (GCMR-2, 2015) and training class explain the process of geophysical 
classification, describe its benefits and limitations, and discuss the information and data needed by regulators to monitor and 
evaluate the use of the technology. This document and training also emphasize using a systematic planning process to develop 
data acquisition and decision strategies at the outset of a munitions response effort, as well as quality considerations throughout 
the project. Stakeholder issues that are unique to munitions response are also discussed. After this training class, participants will:

• Understand the technology and terminology

Be read to engage in the planning process to address q alit considerations thro gho t a project• Be ready to engage in the planning process to address quality considerations throughout a project

• Find tools to transfer knowledge within organizations and to stakeholders

• Start to transition mindset to decisions that leave non-hazardous items in the ground 

An audience who understand current munitions response tools and procedures (for example, geophysical surveys, sensors, data 
analysis) will benefit most from this document and training. For federal and state environmental regulators, scientists, and 
engineers, as well as contractors, munitions response managers, technical staff, geophysicists, and stakeholders, this document 
explains how geophysical classification can be used in munitions response. Stakeholders with an interest in a particular munitions 
response site (MRS) at which classification has been or may be proposed will also benefit from this document and training.
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Although I’m sure that some of you are familiar with these rules from previous CLU-IN events, let’s 
th h th i kl f ti i trun through them quickly for our new participants. 

We have started the seminar with all phone lines muted to prevent background noise. Please keep 
your phone lines muted during the seminar to minimize disruption and background noise. During the 
question and answer break, press #6 to unmute your lines to ask a question (note: *6 to mute again). 
Also, please do NOT put this call on hold as this may bring unwanted background music over the 
lines and interrupt the seminar.

Use the “Q&A” box to ask questions, make comments, or report technical problems any time. For 
questions and comments provided out loud, please hold until the designated Q&A breaks.

Everyone – please complete the feedback form before you leave the training website. Link to 
feedback form is available on last slide.
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The Interstate Technology and Regulatory Council (ITRC) is a state-led coalition of regulators industry experts citizen stakeholders academia andThe Interstate Technology and Regulatory Council (ITRC) is a state led coalition of regulators, industry experts, citizen stakeholders, academia and 
federal partners that work to achieve regulatory acceptance of environmental technologies and innovative approaches. ITRC consists of all 50 states 
(and Puerto Rico and the District of Columbia) that work to break down barriers and reduce compliance costs, making it easier to use new technologies 
and helping states maximize resources. ITRC brings together a diverse mix of environmental experts and stakeholders from both the public and private 
sectors to broaden and deepen technical knowledge and advance the regulatory acceptance of environmental technologies. Together, we’re building 
the environmental community’s ability to expedite quality decision making while protecting human health and the environment. With our network of 
organizations and individuals throughout the environmental community, ITRC is a unique catalyst for dialogue between regulators and the regulated 
community.

For a state to be a member of ITRC their environmental agency must designate a State Point of Contact. To find out who your State POC is check out 
the “contacts” section at www.itrcweb.org. Also, click on “membership” to learn how you can become a member of an ITRC Technical Team.

Disclaimer: This material was prepared as an account of work sponsored by an agency of the United States Government. Neither the United States 
Government nor any agency thereof, nor any of their employees, makes any warranty, express or implied, or assumes any legal liability or responsibility 
for the accuracy, completeness, or usefulness of any information, apparatus, product, or process disclosed, or represents that its use would not infringe 
privately owned rights. Reference herein to any specific commercial product, process, or service by trade name, trademark, manufacturer, or otherwise 
does not necessarily constitute or imply its endorsement, recommendation, or favoring by the United States Government or any agency thereof. The 
views and opinions of authors expressed herein do not necessarily state or reflect those of the United States Government or any agency thereof and no 
official endorsement should be inferred.

The information provided in documents, training curricula, and other print or electronic materials created by the Interstate Technology and Regulatory 
“ ” “ ”Council (“ITRC” and such materials are referred to as “ITRC Materials”) is intended as a general reference to help regulators and others develop a 

consistent approach to their evaluation, regulatory approval, and deployment of environmental technologies. The information in ITRC Materials was 
formulated to be reliable and accurate. However, the information is provided "as is" and use of this information is at the users’ own risk. 

ITRC Materials do not necessarily address all applicable health and safety risks and precautions with respect to particular materials, conditions, or 
procedures in specific applications of any technology. Consequently, ITRC recommends consulting applicable standards, laws, regulations, suppliers of 
materials, and material safety data sheets for information concerning safety and health risks and precautions and compliance with then-applicable laws 
and regulations. ITRC, ERIS and ECOS shall not be liable in the event of any conflict between information in ITRC Materials and such laws, 
regulations, and/or other ordinances. The content in ITRC Materials may be revised or withdrawn at any time without prior notice.

ITRC, ERIS, and ECOS make no representations or warranties, express or implied, with respect to information in ITRC Materials and specifically 
disclaim all warranties to the fullest extent permitted by law (including but not limited to merchantability or fitness for a particular purpose) ITRC ERIS
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disclaim all warranties to the fullest extent permitted by law (including, but not limited to, merchantability or fitness for a particular purpose). ITRC, ERIS, 
and ECOS will not accept liability for damages of any kind that result from acting upon or using this information. 

ITRC, ERIS, and ECOS do not endorse or recommend the use of specific technology or technology provider through ITRC Materials. Reference to 
technologies, products, or services offered by other parties does not constitute a guarantee by ITRC, ERIS, and ECOS of the quality or value of those 
technologies, products, or services. Information in ITRC Materials is for general reference only; it should not be construed as definitive guidance for any 
specific site and is not a substitute for consultation with qualified professional advisors.



Fred Vreeman is a retired regulator and teaches environmental science at University of Alaska – Fairbanks. Through April 2016, he managed Alaska's regulatory oversight of 
Federal cleanups from the Fairbanks office of the Department of Environmental Conservation. Since 2008, he has been involved in munitions response actions as Alaska, 
working with the Defense Department to clean up buried munitions at many sites from the World War II and Cold War eras. From 2009-2016, Fred served as Alaska's 
representative to the Interstate Technology and Regulatory Council (ITRC), and he is a current member of several technical teams developing guidance for new remediation 
technologies. He routinely presents at remediation technology conferences, training state or federal regulators and project managers in superfund (CERCLA) implementation, 
project plan (UFP-QAPP) development, chlorinated solvent remediation technologies, petroleum risk analysis, and high resolution site characterization. His public service 
career includes management positions with Alaska's Oil and Gas Division and with the Department of Natural Resources. His private career includes National Park Resort 
development, medical device development for the US Army, and various energy, water and wastewater projects as principal investigator, scientist, inventor and engineer. Fred 
earned bachelor's degrees in Natural Sciences and Sociology in 1981 from Dordt College in Iowa, a master's degree in Engineering Management in 1987 from the University 
of Alaska in Anchorage. He is now working as a riverboat captain for adventurous guests discovering Alaska’s Yukon River, and during his spare time he’s pursuing a Ph.D. in 
Environmental Engineering at University of Alaska, Fairbanks.

Dean Keiswetter is the Chief Scientist and Division Manager at Acorn Science & Innovation, Inc. (AcornSI) in Cary, North Carolina. He has worked for AcornSI since 2014. 
Dean is the program manager and technical project lead for the research and application of detection and classification technologies for unexploded ordnance (UXO). His 
group provides geophysical investigations designed to quantitatively classify hazardous UXO from non-hazardous clutter while simultaneously documenting the decisions via 
data products, quality control procedures, quality assurance plans, and standard operating procedures. Previously, Dean worked for Leidos for a year and for Science 
Applications International Corporation for 7 years. He is an active member of the ITRC Geophysical Classification for Munitions Response (GCMR) team and was the 2012 
and 2014 ITRC Industry Recognition Award Winner from GCMR team. Dean earned a bachelor's degree in Geology/Earth Science from Fort Hays State University in Hays, 
Kansas in 1989, a master's degree in Geophysics from the University of Kansas in Lawrence, Kansas in 1991, a doctoral degree in Geophysics from the University of Kansas 
in Lawrence, Kansas in 1995, and an MBA from the University of North Carolina at Chapel Hill - Kenan-Flagler Business School in 2001.

Ed Walker is a Unit Chief in the Hazardous Waste Management Program and has worked on munitions response for the California Department of Toxic Substances Control in 
Sacramento since 2001. He has been a member of the ESTCP Classification advisory group and provided regulatory review of geophysical classification demonstrations on 
sights throughout the country since 2008. Ed has been the project manager for classification projects conducted at the Former Fort Ord and the Formerly Used Defense sites 
Camp San Luis Obispo and Camp Beale. He has been on the ITRC Geophysical Munitions Response team since 2012. Ed earned his bachelor's degree in mechanical 
engineering from California State University Sacramento in 2000 and is a California Licensed Civil Engineer.

William (Ed) Corl is the deputy director of the NAVSEA Laboratory Quality & Accreditation Office (LQAO) in Norfolk, Virginia and had worked for LQAO since 2006 and in theWilliam (Ed) Corl is the deputy director of the NAVSEA Laboratory Quality & Accreditation Office (LQAO) in Norfolk, Virginia and had worked for LQAO since 2006 and in the 
field of environmental chemistry since 1989. He oversees the Navy Shipyard materials and engineering laboratory accreditation program and also coordinates work on various 
areas of environmental data planning, sampling, and analysis. He previously worked for 12 years performing environmental analysis for the Naval Public Works Laboratory at 
the Norfolk Naval Base and then 6 years in the technical support division for NAVFAC Atlantic where he served as in-house expert on emerging contaminants, analytical 
chemistry and analysis, and risk assessments as part of the Environmental Restoration (ER) program. Ed earned a bachelor's degree in biochemistry in 1989, a master's 
degree in environmental chemistry in 1997, and a Ph.D. in environmental engineering in 2015 - all at Old Dominion University in Norfolk, VA. He is a certified environmental 
chemist by the National Registry of Certified Chemists (NRCC).

Herb Nelson has been the Program Manager for Munitions Response at SERDP and ESTCP since 2008. Prior to that he was a Research Chemist at the Naval Research 
Laboratory in Washington, DC. He has worked on problems associated with the detection and classification of unexploded ordnance since 1995; focusing most recently on 
classification using advanced electromagnetic induction sensors. He has been a member of the ITRC since 2008 on the Unexploded Ordnance team and Geophysical 
Classification for Munitions Response team. He earned a bachelor degree in Chemistry from Tulane University in New Orleans, LA in 1975 and a Ph. D. in Physical Chemistry 
from the University of California, Berkeley in 1980.
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from the University of California, Berkeley in 1980.



Video of munitions and targets exploding on training range
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• Current Technology:  single axis sensors 

• ITRC has been developing training and guidance on these for over 10 years

• Sea of Flags” - Thousands of pieces of metal are detected, flagged, and then dug up.
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5200 sites all over America, and half of them will need some kind of geophysical 
i ti tiinvestigation.  
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Advantages of new technology
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• “Classify” as possibly munitions or definitely not munitions

• Do not dig non-munitions items (Frag)
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TOI = Dig List

Non-TOI = leave in place
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Reference Materials at DOD Web Site
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Refer to Glossary
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Camp Sibert – using single axis sensor
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Camp Sibert:  using multi-axis sensor
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Cost savings
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Terminology – definitions pop up in web based document
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Introduced by prior speaker
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- Real site

- often lots of flags

- in past had to dig all, wouldn’t it be nice if we knew which ones were targets of interest 
and actually need to be dug up
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- Real site

- often lots of flags

- in past had to dig all, wouldn’t it be nice if we knew which ones were targets of interest 
and actually need to be dug up
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Organization of talk

Sounds very technical and unfamiliar but will use analogy to help understand
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Set up a field
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Interaction with target

Here’s diff between echo location and what EMI does

Electrical currents are induced in target and those create secondary electrical field (the 
‘reflection’) and that is what we measure

27



Turn off inducing field and ‘listen’ to the induced field, which is how we get information about 
th t tthe target
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These are prototypes.  Standardization of sensors, manuals, procedures are being 
d l ddeveloped.

Various transmit and receiver setups, but all result in similar data sets as they all illuminate 
from multiple angles and receive at multiple locations

All fixed geometry - More and better data, better geolocated know where each data point is 
collected relative to the other data points

Deployment methods drove sensor design and different developers

31



Multi-axis receivers…for a given transmitter, additional information can be obtained by using 
lti l i i t t d di l lmultiple receivers orientated perpendicularly
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Relate the item properties to pol properties

UXO, clutter columns show how they are different

40



41



42



43



Polarizabilities are what we want to track

Try to measure and document all different types of items so we can compare against 
measurements

The government (through ESTCP) is developing this library and the DOD has signed up to 
maintain and make available to users in the future
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Now we are moving to the classification decision stage

Colored polarizabilities are the measurement

Cycles through the library to look for a match (computer does rapidly through mathematics 
not visual)

90-95% of decisions are made by matching the library

Other decisions are made through additional analyses…
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Look for ‘signatures’ that are similar to each other but may not be in the library 

Pick representative items from the group and investigate them to see what they are

If they are an actual item of interest, the signature is added to the library and the remainder 
of the group are added to the dig list

If not of interest the items are kept off the dig list
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Look for ‘signatures’ that are similar to each other but may not be in the library 

Pick representative items from the group and investigate them to see what they are

If they are an actual item of interest, the signature is added to the library and the remainder 
of the group are added to the dig list

If not of interest the items are kept off the dig list
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Add Prioritized dig list
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The data shown are from the SW quadrant of grid 46.
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Poll Questions:

How many sites do you know of where GCMR might be used?y y g

• 0

• 1-19

• 20-50

• More than 50

Would you Recommend it at your sites?y y

• Yes

• No

• I need more Information
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Now let’s wrap things up so you can start using what you learned:

• 5200 sites across the country, half will need geophysical investigation, and it will take 
until next century to clean up.  

• With multi-axis sensor technology we can pick out just the things that are hazardous and 
dig them up

• Technology works

• Deployment requires a rigorous approach with quality checks and controls at every step

• Target quality standard is 100% of QA seeds detectedTarget quality standard is 100% of QA seeds detected

• Need to know your site and what you’re likely to find there

• Any site suitable for a single axis sensor you could use one of these new multi-axis 
sensors.  
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• Uniform Federal Quality Assurance Project Plan was developed for this technology.  

• DOD Accreditation program required for companies who deploy the new sensors

• Case study based on real world demonstrations.  

• Links provided to other resources

130



Cost savings
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Summary of what you learned:

• Multi-axis sensor can distinguish bomb from scrap metal.

• How to evaluate advanced sensor technology for use on your site

• GCMR terminology and acronyms – and where to find glossary

• How multi-axis sensors are deployed

• Tools to share information within your organization and to stakeholders

• How to use the web based guidance document and UFP-QAPP

• Links to learn more about the technology

Please evaluate whether GCMR might be appropriate for your sites.
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Links to additional resources: 

https://clu-in.org/conf/itrc/gcmr/resource.cfm

Your feedback is important – please fill out the form at: 

https://clu-in.org/conf/itrc/gcmr/feedback.cfm

The benefits that ITRC offers to state regulators and technology developers, vendors,The benefits that ITRC offers to state regulators and technology developers, vendors, 
and consultants include:

Helping regulators build their knowledge base and raise their confidence about new 
environmental technologies

Helping regulators save time and money when evaluating environmental technologies

Guiding technology developers in the collection of performance data to satisfy the 
requirements of multiple states

Helping technology vendors avoid the time and expense of conducting duplicative and e p g tec o ogy e do s a o d t e t e a d e pe se o co duct g dup cat e a d
costly demonstrations

Providing a reliable network among members of the environmental community to focus on 
innovative environmental technologies

How you can get involved with ITRC:

Join an ITRC Team – with just 10% of your time you can have a positive impact on the 
regulatory process and acceptance of innovative technologies and approaches
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Sponsor ITRC’s technical team and other activities

Use ITRC products and attend training courses

Submit proposals for new technical teams and projects


