Starting Soon: Geophysical Classification
for Munitions Response

» Geophysical Classification for Munitions Response
(GCMR-2) and http://www.itrcweb.org/gcmr-2/

» Download PowerPoint file
* Clu-in training page at http://www.clu-in.org/conf/itrc/gcmr/
* Under “Download Training Materials”

» Using Adobe Connect
* Full Screen button near top of page

* Related Links (on right)
= Select name of link
= Click “Browse To"

* Submit questions in the lower right

No associated notes.
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Geophysical Classification for Munitions
Response Technical and Regulatory Guidance
Web-Based Document (GCMR-2, 2015)

Sponsored by: Interstate Technology and Regulatory Council (www.itrcweb.org)
Hosted by: US EPA Clean Up Information Network (www.cluin.org)

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 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, DODs 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
(non-targets of interest) that can be left in the ground.

ITRCs 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

» Beready 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.

ITRC (Interstate Technology and Regulatory Council) www.itrcweb.org
Training Co-Sponsored by: US EPA Technology Innovation and Field Services Division (TIFSD) (www.clu-in.org)
ITRC Training Program: training@itrcweb.org; Phone: 402-201-2419



Housekeeping

+ INTERSTATE +

TRAE

rH
{l3
1Rt

* AHOLYIND3Y «

COUNCIL

» Course time is 2V
hours

» This event is being
recorded

» Trainers control slides

* Want to control your
own slides? You can
download presentation
file on Clu-in training

page

» Questions and feedback

* Throughout training:
type in the “Q & A" box

* At Q&A breaks: unmute your
phone with #6 to ask out loud

* At end of class: Feedback
form available from last slide

* Need confirmation of your
participation today? Fill out
the feedback form and check
box for confirmation email and
certificate

Copyright 2016 Interstate Technology & Regulatory Council,
50 F Street, NW, Suite 350, Washington, DC 20001

Although I'm sure that some of you are familiar with these rules from previous CLU-IN events, let's

run 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
guestion 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

guestions 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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ITRC (www.itrcweb.org) — Shaping the |; ) ;
Future of Regulatory Acceptance 1V
-J.HOLV'IH‘."!HT
» Hostorganization |[iaakidl > D'sclaimer
» Network = * Full version in “Notes” section
» State regulators ELOS * Partially funded by the U.S.
= All 50 states, PR, DC government
* Federal partners = |ITRC nor US government
b warranty material
@ 33?2/ = |[TRC nor US government

endorse specific products
* |ITRC materials copyrighted —

DOE DOD EPA

* ITRC Industry Affiliates see usage policy
Program e » Available from www.itrcweb.org
IAP * Technical and regulatory
: guidance documents
: Academlg * Internet-based and classroom
* Community stakeholders training schedule
* More...

The 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 fithess 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.
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“ Fred Vreeman
e Alaska Dept of Env.
Conservation Ed Corl
~  Fairbanks, Alaska NAVSEA Laboratory
" 907-451-2181 Quality and

Accreditation Office
Chesapeake, Virginia
757-396-2227
william.corl@navy.mil

fred.vreeman@alaska.gov

Dean Keiswetter

Acorn Science &
Innovation, Inc.

Cary, North Carolina
919-454-4774

Herb Nelson

i i SERDP/ESTCP
dkeiswetter@acornsi.com Alexandria, Virginia
Ed Walker 571-372-6400
herb.nelson

California Dept of Toxic
Substances Control

Sacramento, California
916-255-4988
| ed.walker@dtsc.ca.gov

@nrl.navy.mil

Fred Vreeman manages 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 Il and Cold War eras. Since 2009, Fred has 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
lowa, a master's degree in Engineering Management in 1987 from the University of Alaska in Anchorage, and during his spare time is now pursuing a
Ph.D. in Environmental Engineering at University of Alaska, Fairbanks.

Dr. Dean Keiswetter is the Chief Scientist and Division Manager at Acorn Science & Innovation, Inc. (AcornSl) in Cary, North Carolina. He has worked
for AcornSl 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 Project Manager specializing in munitions response for the California Department of Toxic Substances Control in Sacramento since
2000. 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 is the state 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.

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 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 is completing a Ph.D. in environmental engineering 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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» Why: To prepare U.S. military for combat operations, DOD
used miiitary munitions for testing and training

» Resulted in unexploded ordnance (UXO) and discarded
military munitions (DMM) present at many sites requiring
excavation T o AN AR

Example of munitions
found at sites

Video courtesy of Lockheed Martin Corporation - copyright 2015

Video of munitions and targets exploding on training range
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Current Approach: Geophysical Mapping |3
with Single Axis Electromagnetic Sensors |3

Simply detects B
buried metallic
objects (similar to
searching for coins
on beach)

Thousands of

pieces of metal are
detected, flagged,
and then dug up.

e Current Technology: single axis sensors
« ITRC has been developing training and guidance on these for over 10 years

e Sea of Flags” - Thousands of pieces of metal are detected, flagged, and then dug up.
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Munitions Response Using Current Approach |[i[II E
Cost to Complete $13.7 Billion by 2100 3 l4 ]
- Over 5,200 Munitions Response Sites

NH 18; $3M
VT 24 51
[ 115; s170m
m Rl 28 533M
‘ CT 12; $6M
" NJ TE; 5192M
[ ax ZRETER & 20 DE14; 44m
il 05 518 steam  S50SM 8] 141; s24m
American Samoa 2:5TM DC 38; $15M
Guam 34; $177M
Marshall Islands 1; $0M U.S. Virgin Islands 4; $5M
Northern Mariana Islands 7; $47TM  Wake Island 1; $OM
*Based on end of Fiscal Year 2014 ge-Based Corporate Reporting System data
Number of MRSs 1-19 20-49 50-99 N 100-249 [N 250+

5200 sites all over America, and half of them will need some kind of geophysical
investigation.



In Need of a Better Way — Geophysical
Classification Using Multi-Axis Sensors
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Traditional Approach
Single Axis Electromagnetic
Sensor

Simply detects buried metallic
objects (similar to searching for
coins on beach)

Requires that most detections are
excavated

Less acreage covered

Baseline technology for cost
comparison

Extended area closures and
evacuations

New Approach

Multi-Axis Electromagnetic
Sensor

Identifies type of object present
based on depth, size, density, wall
thickness, shape

Limits excavations to objects
identified as possible munitions or
when data inconclusive (up to 80%
digging reduction)

More acreage covered

Estimated as 45% cost reduction
from traditional approach

Reduces area closures and
evacuations

Advantages of new technology
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Munitions Response (GCMR)
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» Process of making principled decisions, using data
collected by geophysical sensors, to differentiate
between buried items that are potentially
hazardous and those that can be safely left in
the ground during munitions response actions

“Classify” as possibly munitions or definitely not munitions
Do not dig non-munitions items (Frag)

10



" GCMR - Accelerate Munitions
Response Efforts
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Suspected Munition
Munition Munition Fragment

T ts of In st

(TOI)

Focuses resources on investigation of metallic items identified
as possible munitions or where the data are inconclusive

Debris

Single Axis Sensor: Dig Dig Dig

Dig

Multi-Axis Sensor: Dig Dig No Dig

No Dig

for Geophysical Classification

TOI = Dig List
Non-TOI = leave in place

11



2 Technology Development through
Department of Defense (DOD)

COUNCIL

I
4
I

* INTERSTATE +«

i

=

3

* AHOLYINDIY «

» Sensors and analysis originated in SERDP in decade of research
and development
» Demonstrated in ESTCP Pilot Program at sites across the country

@SERDP

DOD = EPA = DOE

ESTE:P

Reference Materials at DOD Web Site

12
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Key Terminology
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» Sinale-Axis Sensor: “Traditional” metal detector

» Multi-Axis Sensor: “New-Tech” used for
classification

» Anomaly: Metallic item that causes a geophysical
response

» Clutter: Non-hazardous metal “FRAGments”

» Targets of Interest (TOI): Maybe hazardous
anomaly

» Classify: Determine whether “Frag” or “TOI”
» Validate: Prove your “classification” was “correct”
» QC & QA Seeds: Used to “validate” cleanup

Refer to Glossary

13



'* Example: Traditional “Single-Axis
Sensors” at Camp Sibert in 2014
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> Single Axis Sensors _

» 5,295 excavations

» Symbols: 16
recovered UXO

Traditional approach:

» All items identified
were excavated

» Over 99% of items

excavated were non-
hazardous items

GCMR-2, Appendix A

Camp Sibert — using single axis sensor

14
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- Example: Geophysical Classification
Demonstration at Camp Sibert in 2013
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> “Multi-Axis” Sensors used =
» 6,055 anomalies identified
» 970 excavated

* All of “QA seeds” and three
4.2 in. mortars were
correctly classified

* 4% “TOI" plus 3% “QC” plus
2% discernable targets

* 7% additional “Clutter”
targets were excavated that
were “Classified” non-
hazardous to “Validate”

> 84% of the targets were non-
hazardous items left in the

ground Figure A-9. MetalMapper in use at Camp
Sibert Site 18

GCMR-2, Appendix A

Camp Sibert: using multi-axis sensor



" Technology Benefits —
45% Cost Savings

Cost Savings using Multi-Axis Sensors — at least 45%

Current Practice 80% Reduction
of Clutter

45% Savings

GCMR-2, Figure 2-17

N Mob/Demob
I Surface Sweep
[ IVS & Seeds
[ Detection Survey
I Cued Data

@ Dig UXO & Seeds
[ Dig Clutter

Cost savings

16



'" You May Have Questions About
Geophysical Classification
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» How does the technology work?

» When to use and when not to use geophysical
classification?

» What is the state regulators’ role to ensure
quality and confidently support decisions?

» Provide a case study where geophysical
classification is used

Answers in ITRC’s Geophysical Classification

for Munitions Response (GCMR-2, 2015) and
this associated training class

No associated notes.

17
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Geophysical Classification for Munitions
Response (GCMR-2) August 2015
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ITRC Technical & Regulatory Guidance Web-Based

Geophysical Classification
for Munitions Response

For decades, the U.S. Department of Defense {DOD) has produced and used military munitions for live-fire testing and tras
ordnance (UXO) and discarded military munitions may be present a1 over 5,200 former ranges and former munitions opera
munitions response, at an estimated cost to complete of $14 billion and with a completion date of 2100

To |mpwve the: eﬂu:mm—y of mumnnns response, DOD's Security C Program and its
approa n B Geophysical classification is the process of using advanced sensor data 1o make o
mmmnsmm should b 'll.amﬂe«t (that i, targets of inlerest) or items such as metal clutter and debrrs that can be left in |

ol e 55 of geophysical classdication; describes its benefits and limitations, including s
principled decisions, USING {1515 needed by regulators 1o monitar and evaluae the use of the technalogy ™
Il develop data collected by geophysical ategies at the cutset of a munitions response efior Svslemahc approaches inchu
il the | gansors, 1o differentiate y Assurance Project Plans gusdance. Stakeholder issues hal are unigue 1o munit

It you an DetWeen buried ilems that are .,y piease see the following FAQs
potentialy and

Terminology — definitions pop up in web based document

18
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Munitions Response Team
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» Team evaluated technology

» Concluded geophysical classification is ready for
use on production projects

» No regulatory barriers

» Team products include three Fact Sheets and
Guidance Document
* Fact Sheets
* |nfroductory
» Technical

= Reqgulatory
¢ Guidance Document

GCMR-1, GCMR-2

No associated notes.

19



2

0
After Today’s Training You Should be able
to Use the ITRC GCMR Documents to.....
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» Learn some Geophysical Classification and
Munitions Response (GCMR) terminology

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

» Find tools to transfer knowledge within your
organization and to stakeholders

No associated notes.

20
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» Introduction

» Technology and Background
» Site Suitability

» Questions and Answers

» Quality Considerations

» Example Case Study

» Wrap Up

Introduced by prior speaker

21
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If only wé {(new

- Realsite
- 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

22
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Detection only — too many flags "
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1t turns out that we can We. can use
‘Eleétramagnétlc lpdpcthn (EMI) ;
| sgnsor Qata tp )aleternfme Whuch;ones,

N ]
\todig #JD LA R

\ \ l

In thlél sec Ibn wf’ll | _ok‘mto hdw |t |s

- Realsite
- 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

23
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How the sensors work
and what they look
like

How we utilize the
acquired data

How the classification
decision is made

Organization of talk
Sounds very technical and unfamiliar but will use analogy to help understand

24
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Echolocation: a Familiar Analogy "mg
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\

\
of sound tell size,
shape and distance

Echoes ——>»

» Acoustic waves...locating objects by reflected sound.
Used by dolphins and bats...

No associated notes.

25
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» Regulate electrical current in a wire to produce a time-
varying magnetic field
A

Excitation Pulse

e
Transmit Coil

Primary Field

Set up afield

26
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EMI: Interaction with Object
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secondary magnetic field
A

P
@ Transmit Coil
Secondary “__{_\Q‘/'JZ/ i Primary Field
(Induced) = BN
Field : v ! Induced
Dipole
Moment

» Time-varying magnetic field induces electrical currents

I
in nearby metailic objects, which in turn generates a

Induced Target
Response

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



* INTERSTATE +

I
4
I

* AHOLYINDIY «

28

EMI: Received Signal
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Il U1
Coils
‘Listen’ to the
Induced Field
Induced Flux . .
, Transmit Coil 1
. : _ . g ‘|
Receive Coil & | % :
>
|
Secondary Time (ms)
(Induced)
Field Induced
Dipole
Moment

Turn off inducing field and ‘listen’ to the induced field, which is how we get information about
the target
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We’ve seen how the methods are
similar, here is one major difference...
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Distance: Using echolocation, Dolphins can detect a 2.54cm sphere at 73m!

Your chance to shine...
At what distance can EMI methods detect a 2.54cm metallic sphere?

Answer: 0.4m

Detection Distance of a 1-inch Sphere

EMI '
popnin (T

Q 10 20 30 40 50 B0 70 80

EMI response is inversely proportional to the Distance”6 (sensor to object).

The sensors have to be very close to the object in order to detect and
characterize buried objects!

29
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Two options for getting the sensors | "l4 :
close to the buried objects... 311 IVE

3,914,607
3,914,606
3,914,605
3,914,604
3,914,603

£
=, 3,914,602
(=4

3,914,601

North

3,914,600

3,914,599

3,914,598

3,914,597

Collect data over the entire site
(dynamic measurement)

- o 55 i 12 o 8 o R b e . g e B 0 B 40

- s st b o e et 5 gt S s i 83, e 2 e

I

i e s o A e e e

Sy it A e o o 2 g

3,914,596

- 1705,088 [ -

o4 705,096

3,914,607
3,914,606
3,914 605 v
3,914 604

3,914,603

Morthing (m)

3.914,599

Collect data at select locations
(cued or stationary measurement)

¢

3,014,602 “.
3,914,601 »-¢

3,914,600 53
¢

3.914,598

@*
3,914 597 T

3,914,596

L 4

705,086 705088 705,090 705092 705094 705,096

Easting (m)

30
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» Multiple coils measure the complete response of buried
items (spatially and temporally)

*'This is what Advanced EMI Sensors
look like

COUNCIL

Cart-mounted

LT
N OO//

These are prototypes. Standardization of sensors, manuals, procedures are being
developed.

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
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% Advanced EMI Sensors: designed for
UXO classification

COUNCIL

H
=]

Multiple transmitters and receivers are used to fully
‘light up’ or illuminate the object

Multi-axis receivers...for a given transmitter, additional information can be obtained by using
multiple receivers orientated perpendicularly



* Measured data are affected by burial
depth and object orientation
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** Measured data are affected by burial
depth and object orientation

* INTERSTATE +«

¥

* AHOLYINDIY «
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Recel
i
Receiver
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** Measured data are affected by burial
depth and object orientation

T | F
il
4 3
B B
Transmitter 1 Transmif ter 2
axis L z axis x axis  axis z axis
g B | i
&> N ] g - |
] B ﬂ . ‘m\ \ \il
Transmitter 3
axis y axis 2 axis
=
| & \
x§ L] \
4 \\
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** Measured data are affected by burial
depth and object orientation

1 2 P
m e 1,
—  E—
4 3
] &8 -
Transmitter 1 Transmif ter 2
axis y s axis  axis z axis
3 J §2 e |
| ] ¢ ]
| ﬂ ] \ \’il
Transmitter 4 Transmitter 3
x axis axis z axis x axis y axis 2 axis
: NN
: 2 \,-\.I g 2 : |
N s e ay
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°" Measured data are affected by burial
depth and object orientation

1EIZE |7”7|

‘m |'m -
NN |
N N RN AN
ol g BN
S 4 ok
Sl O
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** Process data to remove effects of "
burial depth and object orientation

Mathematical Model for the EMI Response

Pre-Process
+ Remove sensor effects
+ GPS coordinates / \

rrrrrrrrrrrr ; .o N
RS %I[m — @cation & orientatioh
e B AN BN insi '
e N (extrinsic properties)
= = +
T SN N polarizabilities
E%I i (intrinsic response; NOT
Ieswm=Fas= affected by burial depth or
Sensor Data orientation)

/
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** Polarizabilities do not change with
burial depth or orientation
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T | I
@ || —t——y,
— — S—
4 3
=] @B —
T g
I SN SN BN
E 3 \’EJ :E 3 y\‘l
i Tﬁ":zi:t G z axis X axis Tﬁ“:ﬂlmr
it

Polarizability

Polarizabilities

10'
10°
10"
102}

102 E

0.1 1 10
Time (ms)

39



40Polalrizabilities completely specify the
target’s EMI response characteristics
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Object Property

Polarizability
Property

Cylindrical Shape

Axial Symmetry

Wall Thickness

Decay Rate

Physical Size

Magnitude

Relate the item properties to pol properties
UXO, clutter columns show how they are different
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UXO are usually axial symmetric, ""Hg
clutter are not 311 IVE

Object Shape -> Axial Symmetry
UXO Non-UXO
Cylindrical, axial symmetry Variable, often asymmetric
10 10 ;

g -

& 01 & 01}

& ; < i
0.01E 0.01F

0.001 Luwws 0.001

0.1 1 10

Time (ms) Time (ms)




* Thick-walled metal decays slower than ¢
thin-walled debris and clutter "fqg

Polarizability

thick wall & slow decay

0.001 L

Wall Thickness - Decay Rate

UXo

10;

01}

0.01F

Time (ms)

Polarizability

10

0.1

0.01

0.001 Lossst—iisiisn
0.1

Non-UXO

thin wall & fast decay

1

Time (ms)

10
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UXO vary in size (20mm to 155mm) but
clutter is generally small
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Variable, often larger

Size (volume) - Magnitude

Uxo

‘10 3
£ 1}
fa] 3
© L
N 3
® 01F
o 3
o i
0.01

0.001 basst—tmictctitstt—stiiail iy

0.1 1 10
Time (ms)

Polarizability

Non-UXO

Variable, majority are small

10

=

0.1 E

0.01 4

0.001 Luswu

T T

g = ! 1

L = -

E

3
E
E

Time (ms)

10
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Target of Interest (TOI) Library "H
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l Collection of TOI
signatures:

1. metadata,
2. sensor data, and
3. polarizations

ESTCP generated
DOD maintained

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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Decision Process

COUNCIL
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Review:

» We know what is being measured
» We know how to process it

» We know what we are looking for
» Now what?

We prioritize the sources from those that are most
similar to UXO (our library) from those that are not...
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Decision Process "H
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COUNCIL

We prioritize the sources from those that are most
similar to UXO (our library) from those that are not...

3 ways to get on the dig list:
% 1. Look like an item in the library
% 2. Be part of a cluster

3. Be big and deeply buried
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o Compare each item to signatures in
the library

COUNCIL

ADOTIONHDIAL

» Classification via template matching

058 (09 N

i E;' U | T T rrrrrrg
NS 7 e
1E 5 “'-...,.
I 0.75 o o
L N T—T—TT T T \ "‘\.\
0.1 E’37mm N gngQ 105mm ‘ \\ N
- - :%‘--._\ ] N N
001k 4 “ﬂ-‘*‘-.\‘ 3 —= Unknown P, "%
e i i N — — Unknown P N
01 1 3 (. e Unknown P2 \
Time (ms) \\ - 3 \
...too large for 37mm \
01 1 10 \ Time (ms) /
Time (ms)
...too small for 105mm just right. MATCH

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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° Compare each signature to all other
signatures on site

COUNCIL

ADOTIONHDIAL

» look for clusters (groups of items with similar response)

» most clusters correspond to things we know about, like
these two examples

100 g . ; . I e
155mm Match : ISO Match
10 B 1 10k
Py g iz i
3 TE 18 TE
S ; 18 ;
S 01 ,:Lg 0.1F
o p Librasy 1% Library
oit: | e 1 007F Unknown
F Similar Unknowns ] E shillar Unknowiia
0001 b o i LT 0001 b
1 10 1 10
Time (ms) Time (ms)

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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49 . -‘ INTERSTATE
Compare each signature to all other |3 )
signatures on site 11|
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e fthara ara ~hiietare Af tame that An nat Mmaterh tha lilkhrang

o uivice Al CildolGlo Ul IWGTlNo uUdidl Uvw 11IvVL THidlvl i unre nviai
signatures, we excavate some of them and proceed
accordingly...

o1k
2z i
S o001
N i A
kS
£ [
O 0.001
i T-Bar Fuze
! Non-hazardous clutter,
0.0001 Lo did not add to library

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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Excavate, verify, and validate...

COUNCIL
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1. Dig up all items that were
determined to be similar
to the TOIl items

2. Confirm recovered items
match predictions

Dig

Do Not Dig

Source ID Metric Match Tvpe start
e s digging
GU-3 0.999 IS0
GU-12 0.998 105mm
GU-124 0971 | 4.2in
GU-383 0.962 105mm
GU-465 0.955 Lg ISO
GU-470 0.952 4.2in
GU-534 0.923 75mm
GU-621 0.908 75mm
GU-663 0.896 Lg ISO
GU-719 0.885 105mm
GU-755 Diﬁ?ﬁ 81lmm
GU-799 0.749 o
GU-810 0.732 '
GU-845 0.645
GU-868 0.622
GU-884 0.618
GU-1007 0.512
GU-1111 0.451
Gl-11127 () 471
L
o
o
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Classification makes sense...
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o

ﬁow wé knqw how to determme
A ‘« Wthh lterqs to“dig up...

}b IE | r '-"'.'I..'-' \ \\ | . ‘

l&as ou wnll seg Iate;r on, thIS
proceéﬁ usually elimj attes the

vast r?@jorl ofthp flags

Add Prioritized dig list
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» Introduction

S e e

» Technology and Background
» Site Suitability

» Questions and Answers

» Quality Considerations

» Example Case Study

» Wrap Up

No associated notes.



. Determining Site Suitability for
Geophysical Classification (GCMR)
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» Traditional signal-axis sensors and GCMR muiti-
axis sensors have very similar site requirements

» Site Characterization/Conceptual Site Model (CSM)

» Achievable Remedial Action Objective (RAO)

» Operational environment

» Geophysical Classification suitability for site team

GCMR-2, Project Planning

No associated notes.
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**Is the GCMR Technology Appropriate
for Your Site

COUNCIL

» Single axis and multi axis sensor are fundamentally similar,

* If single axis sensors were appropriate for your site than multi axis
sensors will probably work as well and likely better

EM 61 single axis sensor MetalMapper multi axis sensor

No associated notes.
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Conceptual Site Model

» Success is directly related to
the quality of the site

characterization performed
» CSM

* Land use

* Historic ranges

* Munitions response sites

* Munition type and depth

* Previous work

* All decisions

No ass

ociated notes.
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Vertical Conceptual Site Model
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» Contains information on expected munitions and

depths (TOI)

0.0

* x *

0.2
3 s . .
b § w Deepest
% t 06 == * recovered UXO
E’ o 0.8 * | ... Amplitude response
b=t T % detection limit
= % 1.0
@ - Est
o 12 -E

TEs
14

No associated notes.
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TOI - Remedial Action Objective "M%
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COUNCIL

» Is GCMR appropriate for my site RAO?

» Have a clear expectation from stakeholders regarding TOI
a. Munitions that are known or expected to be on site
b. The site’s operational history

Cc. Hazardous components that might exist following deployment,
function, or malfunction during operations

» Multiple distinct pieces of metal of similar size to a TOl,
can lead to classification performance decline

> s s .“'

No associated notes.
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Remedial Action Objective Depth
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COUNCIL

EMI sensors do not consistently detect deeply buried, smaller

munitions

Confirm that TOIl are detectable relative to the RAO

Depth (meters below ground surface)

Vertical Conceptual Site Model

oo

o
02 *
04 *
S * m"mum
o
06 e x
08 K |.... 1.7mViArresponse
i detection limit
10
-
12 .‘:-t.--
B
14 —-
EFEELFSEFFE
sfdecafedis
L]

Signal (mV/A)

0.1

Desecton Threshokd 1 7 miviA

37mm Response Curve for
Dynamic TEMTADS 2x2
(0.137 msec Time Gate)

i l
mV /A o« cm®

RS Morse 0 18 mviA

10 20 30 40
Burial Depth (cm)

No associated notes.
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Operational Environment Constraints
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T <. T L T — W R U1 LI W L————— | |

P Ol COTUILOTTS HTTIPdUL abllily 1O ustc dll
geophysical equipment including multi axis
sensors

» Multi axis sensors are not currently used on
airborne or underwater platforms

» Key considerations include
 Site background (geophysical noise)
* Anomaly density (anomalies per acre)

Vegetation
Terrain slope
Structures/utilities

No associated notes.
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Geophysical Noise
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COUNCIL

» Geologic conditions can
generate geophysical
noise (for instance,
areas with primarily
mafic or ultramafic rocks
such as basalt)

» Geophysical noise
evaluation

* Requires measurement
of site noise

* Amplitude response
needs distinguishable
from background noise

100

-y
o

Signal (mV/A)

0.1

37mm Response Curve for

Mumnamsisr TEMTARC 9v9
ynaiiiiv 1 =ivi ALY LAL

(0.137 msec Time Gate)

AN

Detection\

threshold
1.7 mV/A

RMS Noise
0.18 mV/A

0 10 20 30 40
Burial Depth (cm)

No associated notes.
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Anomaly Density
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» Classification is difficult in high density anomaly
areas

* Sensor has to be able to identify individual
anomalies

e Similar to removal actions using single axis
sensors, high density areas may require a
different approach

» Utilize site records and detection survey data to
identify high density areas

No associated notes.
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High Density Areas m@g

Site specific
transect based
density estimate
Portions of site
estimated to have
more then 4400
anomalies per
acre (high density)

| il SOt eSS SR Aoy by

No associated notes.
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Advanced Sensor Detection Survey

» INTERSTATE »

COUNCIL
ADOTONHDAL

+ AHOIVIND3Y «

Detection survey
typically used by
project team to
identify areas too
dense for
classification

Portions of site
may require a
different approach,
i.e. mag and flag
or sifting

No associated notes.
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Vegetation

COUNCIL
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» Local vegetation
* Sensors must operate near the ground
* Sensors utilizing RTK GPS general need a clear view of sky
* Sensor must fit between obstacles

No associated notes.
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Is Vegetation Removal Acceptable? "Hg
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COUNCIL

ST

Brush Burning

Brush Cutting

No associated notes.
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Terrain "Ng
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COUNCIL

» Terrain may dictate the use of specific sensor
platform or technique

* Towed
* Cart mounted
* Person portable

Less then 20 % Up to 30 % 30 % and beyond

No associated notes.
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Structures and Utilities

COUNCIL
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)

~ R T LY T P

C S ana utiitues
* Can directly interfere with data collection
ask the sensor response of potential munition

<

~ Wire fencing Buildings and utilities

No associated notes.
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Is GCMR Suitability for the Site Team
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¥
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COUNCIL

» Resources

Training
» ITRC Geophysical Classification for Munitions Response Guidance
Document

» ITRC Internet-based training

Demonstrations
» Over 20 successful demonstrations conducted by

Quality Assurance
» Uniform Federal Policy Quality Assurance Project Plan

No associated notes.
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Questions and Answers "Hg

* AHOLYINDIY «

COUNCIL

» Introduction

» Technology and Background
» Site Suitability

» Questions and Answers
» Quality Considerations

» Example Case Study

» Wrap Up

No associated notes.
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» Introduction

» Technology and Background
» Site Suitability

» Questions and Answers

» Quality Considerations
» Example Case Study

» Wrap Up

No associated notes.
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Why Do We Care About Quality?

» Before the geophysical classification technology was developed, we
dug all of the items above

» With the geophysical classification technology, we are only digging
the munitions on the left and leaving the clutter on the right behind

» We need to make sure that the work performed to identify and
remove the munitions is of high quality because we don’t want
to leave an explosive hazard behind!

No associated notes.
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” How Do We Increase Confidence in
Data Quality?

ADOTIONHIAL

COUNCIL

» Sampling is representative

» Accuracy (QC samples and proficiency testing)
» Precision

» Detection limits and interferences

» Data verification & validation — 3 party

» Standardized methods are followed

» Trained analysts with demonstrated capabilities
» Accredited lab

» Corrective action & process improvement

Quality Assurance is process oriented and
Quality Control is product oriented

No associated notes.
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Section 4: Quality Considerations
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COUNCIL

A

Section 4.1 Quality Systems Manual
Section 4.2 Personnel qualifications

Section 4.3 Quality considerations contained in the

GCMR-QAPRP (including the processes and
procedures that occur during planning, collection,
and processing of data, and the ultimate data
usability requirements)

Section 4.4 DOD Advanced Geophysical
Classification Accreditation Program (DAGCAP)

Section 4.5 Government oversight

No associated notes.
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GCMR QAPP Template
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¥

» Developed by
Intergovernmental Data
Quality Task Force
(IDQTF)

» Contains Worksheets and
Standard Operating
Procedures for
Geophysical Classification

» Additional testing at the
former Lowry AFB, CO

» Draft Final (Dec 2015) is
available on the at IDQTF
Website

INTERCONERNMENTAL DATA QU ULALITY TASK FORCE

Uniform Federal Policy for Quality
Assurance Project Plans Template

Geophysical Classification for Munitions Response

Final Draft December 2015

No associated notes.
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4.3 Quality Considerations: Planning

COUNCIL

4.3.1 Systematic

Planning
=

!

4.3.2 Site
Preparation

}

4.3.2 Detection
Survey

|

4.3.3 Cued
Survey

|

434 Intrusive | GCMROQAPP |
lnyestigation ‘ Worksheet 9-Planning ‘

4.3.6 Verification |__Worksheet1 0-CSM ‘

And Validation  Worksheet11-DQO’s

No associated notes.
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4.3 Quality Considerations: Planning

COUNCIL

Systematic Planning: Data Quality Objectives
(DQO)/Technical Planning (TPP)
» Conceptual Site Model (CSM) — DQO Step 1
* Type of activities and land use
* Historical data and munition used
* Site conditions and objectives
» Data Quality Objectives — DQO Steps 2-7

* Qutputs produce sampling design and data quality
needs of the project

» GCMR 2, Chapter 3 - specifics on planning

No associated notes.
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Quality Considerations — QA/QC

COUNCIL

Project-specific Measurement Performance Criteria (MPC’s):
Minimum performance specifications that the geophysical survey
design, including instruments and procedures, must meet to
ensure collected data will satisfy the DQOs. (precision, accuracy,
representativeness, completeness, comparability and sensitivity)

Measurement Quality Objectives (MQO’s):Procedures for
performing testing, inspections and quality control for all field data
collection activities. Designed to control data collection process in
the field such that ultimate project performance criteria will meet
project needs (objectives).

| GCMR QAPP |

‘ Worksheet 12: Measurement Performance Criteria ‘

‘ Worksheet 22: Equipment Testing, Inspection, and Quality Control ‘

No associated notes.
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Quality Control
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4.3.1 Systematic
Planning

}

4.3.2 Site
Preparation

|

4.3.2 Detection
Survey

}

4.3.3 Cued
Survey

!

4.3.4 Intrusive
Investigation

!

4.3.6 Verification
And Validation

Field Measurement Quality Objectives

(MQO’s) - Site Preparation

» On-going Instrument Verification Survey
(IVS) Positioning (Precision)

» Derived position of IVS targets (Accuracy)

» In-line spacing coverage
(Representativeness)

» Polarizability match of IVS items
(Comparability)

» All seeds detected (Completeness)

» Decay amplitudes lower than project
threshold (Sensitivity)

GCMR-QAPP Worksheet 22-1: Equipment Testing, Inspection, and Quality Control

No associated notes.
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” Measurement Quality Objectives
(MQO’s)

COUNCIL

QAPP Worksheet #22: Equipment Testing, Inspection, and Quality Control
(UFP-QAPP Manual Section 3.1.2.4)
(EPA Guidance QA/G-5, Section 2.2.6)

collection actrvities,

I his
Referances to the applicable definable feature of work [DFW) and standard oparating procedures m

spections and quality control 1or all held dat
ust be included. Where

vOrksneet dOCUMeNts Procedures 1or PErformINg testing, |

ill be conducted to

appropriate the failure response will prescribe a corrective action (CA). Otherwise a reot cause analysis (RCA

provided in blue text, Minimum recommended s cations are provided in black

determine the appropriate CA. Examples ar

text. The project-specific QAPP must explain and ify any changes to black text. An appendix may be used for this purpose.

Table 22-1: Dynamic Survey [instrument: 1
M"’"(;;;:;'I:‘“""" ::::::z: Frequency R';:::::";::;;T’ Acceptance Criteria Failure Response
Verified by
Verify correct assembly Once following Field Team Leader/ As specified in SOP-X, | CA: Make necessary
assembly i assembly Assembly checklist i and re-verify
checklist/Project
st

Initial Instrument Once following Field Geophysicist / Hesponse (mean static | CA: Make necessary
Function Test assembly Initial IVS spike minus mean adjustments, and re-verify
{Instrument response Memorandum/ Project | static background)
amplitudes) Geophysicist within 20% of

predicted response

for all monostatic

Tx/Rx combinations
Initial dynamic Once prior to start of | Project Geophysicist/ | Derived positions of CA: Make necessary
positioning aceuracy dynamic data WS Memorandum/QC | IVS target(s) are adjustments, and re-verify
(s} it phvysici within 25 cm of the

ground truth

bocations.
Initial dynamic detection Once prior 1o start of Project physicist/ Resg litud: CA: Make necessary
response dynamic data VS Memorandumy n 25% of | adjustr re-verify

No associated notes.
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MQO Example: In-line and Cross-Track Spacing
Ensure Overlap and Coverage of Site
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3,914 607

—
3,914,606 |- -

3,914 605 |

3,914 604
3,914 603 |
3,914 602

3,914 601

Northing (m)

3,914 600
3,914 599
3,914 598

3,914 597 |

3.914 596
705.086 705.088 705.090 705,092 705,094 705,096

Easting (m)

MQO'’s for Representativeness and Completeness

No associated notes.
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Instrument Verification Strip (IVS)
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» One or more buried inert munitions or industry standard
objects (ISOs) spaced approximately 5 meters apart

» Utilized at the beginning and end of each day to verify
correct operation of the detection and classification

system
VS Item ltem Blank ltem Vs
Endpoint # #2 Space #3 Endpoint
E % i
G
~5m
. .......................................................... .
Site Noise Line

No associated notes.
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Instrument Verification Strip (IVS)
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Acceptance Criteria

Position Reproducibility

Initjal Dynamic IVS Seed Position Accuracy

0

0.50 \

025 \

A VS Seed 1

90

Y offset(m)
g

A O IVS Seed 2
\ / 1 IVS Seed 3

0.25

0,50
-0.50 0.25 0.00

X offset(m)

& IVS Seed 5

0325 050

No associated notes.
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Quality Control
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4.3.1 Systematic

4.3.2 Site
Preparation

|

4.3.2 Detection
Survey

|

4.3.3 Cued
Survey

!

4.3.4 Intrusive
Investigation

|

4.3.6 Verification
And Validation

Field Measurement Quality
Objectives (MQO’s) — Cued
» GPS Benchmark Positioning (Precision)

» IVS Library Match metric =2 0.9
(Accuracy)

» background threshold
(Representativeness)

» polarizability match of IVS items
(Comparability)

» All seeds detected (Completeness)
» Peak transmit current (Sensitivity)

GCMR-QAPP Worksheet 22-2: Equipment Testing, Inspection, and Quality Control

No associated notes.
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% *production Area Seed Detection and
Classification Requirements*

COUNCIL

ADOTIONHDIAL

QC Seed (Contractor control checks)

» Emplaced by contractor QC personnel

» Failure to detect or properly classify a QC seed target allows
the production team to perform corrective action

» Provide a means of identifying root causes so that corrective
action (CA) can be undertaken while in the field

Validation Seeds (Government proficiency checks)
» Emplaced by Government or 3 Party QA personnel

» Failure indicates a significant concern

» Also monitored as a part of accreditation

No associated notes.
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ADOTIONHIAL

Quality Control "H
4 asemete] Field Measurement Quality Objectives
! — Verification/Validation
praaoion | » 100% conclusive TOI match ground truth
| prediction (Accuracy)
3 octon . 100% conclusive TOI match size
| prediction (Accuracy)
el » 100% non-TOI match prediction
| (Completeness)

4.3.4 Intrusive
Investigation

l

4.3.6 Verification
And Validation

» Verify threshold (Completeness)

‘ GCMR-QAPP Worksheet 22-3: Equipment Testing, Inspection, and Quality Control

No associated notes.
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86 How Do We Verify and Validate the "“““‘“‘g
Process? Conservative approach in "'4&5
protecting against false negatives VE

COUNCIL

* AHOLYIND3Y «
ool Prioritized Dig List
0.9450 -
0.8850 —\
2o+ Stop-Dig Threshold L ]
Threshold verification: Dig an I
additional 200 items beyond the last ]\
TOI
= If necessary, reset threshold and Validation digs: randomly select an
start intrusive investigation again additional 200 non-TOlI for qualitative
confirmation. Validation of the entire
process!

The number 200 is a consensus number reached by the members of the
IQDTF Advanced Classification Subgroup. The threshold verification digs
are a process control check on the ranked list and are designed to lend
further confidence in the implementation of the technology and ensure that
the list was created correctly.

No associated notes.
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Management, Reporting, and Review

COUNCIL

* AHOLYINDIY «

"fq%

» 4.3.5 Data Management and Reporting
* Specifications for all data management tasks and deliverabies
» 4.3.6 Data Review
* Project Records — necessary documents for all data review phases
* Data verification — completeness
* Data validation — conformance to specifications

* Data Usability Evaluation by the project team — qualitative and
guantitative evaluation of data against all MPCs and DQOs to
determine if data support the objectives

‘_ Worksheet 29: Data Manag_ement, PI'C!j_BCt Documents, and Records

[ Worksheet 34: Data Verification, Validation, and Usability Inputs

GCMR ‘ Worksheet 35: Data Verification and Validation Procedures

QAPP

‘ Worksheet 36: Geophysical Classification Process Validation

‘ Worksheet 37: Data Usability Assessment (DUA)

No associated notes.
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¥

* AHOLYINDIY «

4.4 UXO Contractor Accreditation

COUNCIL

Analyst have documented qualifications, training, and
demonstration of capabilities

Provides formal recognition to competent testing
organizations

Provides a means to identify testing organizations that meet
minimum program requirements

Successful classification of validation seeds which act as the
equivalent of blind proficiency test samples

Organization must perform internal audits and document
corrective actions including process improvement

Enhances confidence in results by clients, regulators, and the
public

No associated notes.
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¥

* AHOLYINDIY «

Increasing Confidence in Data Quality

COUNCIL

» Coverage (sampling is representative)
» QA & QC seeds (accuracy & precision)
» Temporal and spatial monitoring (interferences)
» Signal to noise for IVS & seeds (detection limits)
» QAPP (standardized methods are followed)
» Additional digs (data verification & validation)
» Data review & data usability assessment (DUA) (WS
34-37)
» Accreditation (DAGCAP)
* Trained analysts with demonstrated capabilities
* Corrective action & process improvement
* Quality system

No associated notes.
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Older Reference on MR Quality

+ INTERSTATE «

TRl

* AHOLYINDIY «

COUNCIL

» Developed by ITRC in
2008

» Discusses a wide range of
quality considerations for a
Munitions Response
project

» Some material is dated and
will be revised next by a
follow on ITRC MR team

ITRC Quality Considerations
for Munitions Response
Projects (UXO-5, 2008)

!'y.....
:fm; Technical/Regulatory Guideline

Quality Considerations for Munitions
Response Projects

nnnnn

No associated notes.
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Presentation Overview

* INTERSTATE +«

ANE
I H
TR

* AHOLYINDIY «

COUNCIL

» Introduction
» Technology and Background
» Site Suitability

» Questions and Answers

» Quality Considerations

» Example Case Study

» Wrap Up

No associated notes.
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Example Site

» INTERSTATE +

ThC}

+ AMOLVINDTH +

COUNCIL

» University owned
* No access restrictions
* Cattle grazing
* Geotechnical classes
* Camping

» Multiple, overlapping
range fans

» MRS ~ 2,500 acres

§———""1 » 100 acres in Year 1

No associated notes.
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* AHOLYINDIY «

COUNCIL

» Initially established in 1928
» Expanded during WWII
» Transferred to private owners after Korean War
» Previous investigations
* Preliminary Assessment (1986 and 1993)
Time Critical Removal Action (1992)
Archives Search Report (1994)
Site Inspection (2007)
Time Critical Removal Action (2010)
Remedial Investigation (2011)

No associated notes.
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CSM - Spatial Distribution of MEC

No associated notes.
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CSM - Vertical Distribution of MEC  ({[I]V)
1 11V
+ AHOLVIND3Y «
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No associated notes.
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Remedial Objective

COUNCIL

X

* INTERSTATE +«

ADOTIONHIAL

* AHOLYINDIY «

» Detect and dispose of MEC that can be detected
using a detection threshold required to detect a
37mm projectile at 12 inches below the ground
surface, and to do so as efficiently as possible

* Remove any MEC detected irrespective of depth

* As efficiently as possible = most economical
method to accomplish remedial objectives

No associated notes.
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Projected Costs for Year 1 (2015)

N SN =" ) I A - |
Mob/Demobr 1

525000  range: $15,000 o $30,000

COoOUNCIL
ADOTIONHIAL

Surface Sweep acny $1500  range: $500 to 35,000
e sach S£000  Ona doy of theae percon crew
Seed Emplacemant per day 55250  assumes 25 seeds emplaced per day, crew size of 3
EMS1 Data Collection and Analysis acre $1.000 range: 51,000 with aray to 55,000 with single sensor
Cynamic TEMTADS Collaction and Analysis acr 56,000  range: 53,300 1o $5.500
Cued TEMTADS Collaction and Analysis par anomaly 340
Intrusive Investigation per dig $120  range: $75 to 5200

Traditional Approach Glassiication

— No Classification

Mob/Dermob = unit costs. $25.000 same as tracitional $25,000
Surface Sweap = 100 acres * per acre §150,000 same as traditional 5$150,000
s = unit cost 58.000 same as traditional 56,000
Seed Emplacemant =250C+250A $10.500 =200 OC + 200 vakdation $84,000
EME1 survay and analysis = 100 acres * DGM costs 5100.000 nia
Dynamic TEMTADS na =100 acres * TEMTADS costs 600,000
Cued TEMTADS nia = 50% reduction from advanced analysis $1,000,000
Seeds Dug = seeds * cost per dig 6,000 = seeds * cost per dig 548,000
Mative UXO Dug =# UXO * cost per dig $60,000 same as traditional $50,000
Clutter Dug = # clutter * cost per dig 55,540,000 = 80% clutter rejection $1,188,000
Fixed Costs $400.000 $400,000
Total $6,697,500 $3,561,000

No associated notes.
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Sensor Selection "Mg

» Unobstructed sky
view
» Steep terrain

» TEMTADS 2x2 with
RTK GPS

No associated notes.
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Initial TPP Meeting ":4

* AHOLYINDIY «

ADOTIONHDIAL

COUNCIL

» Agree on:
* Remedial Objective
* Survey lane spacing
* Anomaly selection methodology
= Advanced detection methods
* Schedule

No associated notes.



100

GCMR-QAPP

* INTERSTATE +«

X

* AHOLYINDIY «

COUNCIL

ADOTIONHIAL

» Based on final draft
template

» As discussed in
previous section of
this presentation

ENTERCOVERNMENTAL DATA QUALITY TASK FORCE

Uniform Federal Policy for Quality
Assurance Project Plans Template

Geophysical Classification for Munitions Response

Final Draft December 2015

No associated notes.
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Project Workflow

INTERSTATE +

TR

* AHOLYINDIY «

COUNCIL &

!

Detection
Survey

|
!

Classify
Anomalies

l

Intrusive
Investigation

l

Verification and
Validation

1,2

6,7

9,10

Surface Clearance
QC & QA Seed Emplacement
IVS Construction

Dynamic Survey
Anomaly Selection

Background Data Collection
Anomaly Data Collection

“Training" Digs
Construct Ranked Anomaly List

Dig Items
Compare Recoveries to Predictions

Verify Thresholds
Validate Process

[oow] AW  BampleTasks  Produts
[ e 5 S |

Surface Clearance Tech Memo
QC Seed Emplacement Memo
Validation Seed Memo (Govt Only)

IVS Tech Memo
Weekly QC Submittal
Anomaly Selection Memo

VS Tech Memo
Weekly QC Submittal

Classification Tech Memo
Ranked Anomaly List

Intrusive Investigation Report
Photos
Final Draft Validation Plan

Final Report

No associated notes.
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Surface Clearance Memo "Mg

* AHOLYINDIY «

COUNCIL

prem— » Was everything found consistent with the
—T1 CSM?

» Is there anything the analysts need to know?
Detiﬁm » Opportunity for cost savings
Survey

‘ B0
Surface Sweep?

37-mm projectile Y

Classify 2.36-in rocket Y
AnoTahes 60-mm mortar Y
Intrusive 75-mm projectile Y
Investigation 81-mm mortar N

, l 3-in stokes mortar Y

Verification and

validation unexpected munition N

No associated notes.
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Contractor’s QC Seeds

* INTERSTATE +«

X

* AHOLYINDIY «

ADOTIONHIAL

COUNCIL

|I TPP 3 QAPP
}
|

Detection
Survey

‘
'

Classify
Anomalies

|

Intrusive
Investigation

!

Verification and
Validation

» 200 QC seeds, approximately 50%
of each

» Seeds placed at six depths up to
the maximum PWS detection
depth (5, 10, 15, 20, 25, & 30 cm)

UFP-QAPP
WS 17

No associated notes.
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Government Validation Seeds "Hg

* AHOLYINDIY «

COUNCIL

[ 1pp > Qapp ASP
e ol

! » ~200 seeds

» Small ISO80, 37-mm projectiles,

Detection mo rta s

Survey

! » Full depth range of interest
* 30 cm for small ISO and 37mm

Classiy * 45 cm for 60-mm mortar

Anomalies

] * 65 cm for 81-mm mortar

Intrusive
Investigation

!

Verification and
Validation

No associated notes.
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IVS Construction "Hg

* AHOLYINDIY «

COUNCIL

|I TPP 3 QAPP
}
|

Detection
Survey

¢
|

Classify
Anomalies

|

Intrusive
Investigation

!

Verification and
Validation

No associated notes.
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IVS Tech Memo

* INTERSTATE +«

COUNCIL

X

ADOTIONHIAL

* AHOLYINDIY «

[ 1pp > Qapp
s Somrnt |

|

Is the Sensor Functioning Properly
I and Ready to Collect Data?

Site P
IVS ltems Location Offset

Detection
Survey

¢
'

Classify
Anomalies

|

Intrusive
Investigation 180

Vs 1
s 2
WS3
VS 5

a0

!

Verification and
Validation

No associated notes.
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IVS Tech Memo ":4

* AHOLYINDIY «

COUNCIL

ADOTIONHIAL

[re>oire | Are the Remedial Objectives Achievable?
I —

TEMTADS 2x2 Sensor Response Curves for

2 Variants of 37-mm Projectile

1000 T

Detection

Survey
100 L
l !

Classify
Anomalies

1 '

Intrusive

Investigation e o ] = VS RMS noise
l [N S T T 0.14 mV/A

0 10 20 30 40
depth bgs (cm)

TR RTTT

Al

§ minimum detection
1 _-amplitude
€717 mviA

amplitude (mV/A)
=)

Verification and
Validation

No associated notes.
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108

Detection Survey

» COUNCIL =«

g#.

Survey

!
!

30m

Classify
Anomalies

|

Intrusive
Investigation

|

Verification and

icZ G

WG584 UTM Zone 10N (meters)

Amplitude

Validation

No associated notes.
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* AHOLYINDIY «

COUNCIL

Anomaly Selection Methodology

» Amplitude Threshold
* Small, near-surface frag results in amplitude equal
to deeper targets of interest — lots of unnecessary
“detections”

» Advanced Anomaly Selection

* Use all channels of data collected from all
receivers in analysis. Only flag anomalies that
result from items big enough to be the smallest
TOI (37-mm projectile in this case).

No associated notes.

109



110
Anomaly Selection

* INTERSTATE +«

¥

* AHOLYINDIY «

COUNCIL

T Advanced Anomaly Selection
TP _l_ P

Detection
Survey

4
|

Classify
Anomalies

|

Intrusive
Investigation

!

Verification and

Validation

Reduced detections by 50% on average

Monostatic ‘2
Component
Response Amplitude

(mvi/a)

The data shown are from the SW quadrant of grid 46.
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Site Prep

Detection of QC Seeds

* INTERSTATE +

I
4
I

* AHOLYINDIY «

COUNCIL

ADOTIONHDIAL

[ 1pp > Qapp
s Somrnt |

|
|

Detection

Survey

4
'

Classify
Anomalies

|

Intrusive
Investigation

|

Verification and

Validation

UFP-QAPP
WS 22

No associated notes.
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Cued Data

|

Detection
Survey

|

}

Classify
Anomalies

|

Intrusive
Investigation

'

Verification and
Validation

U+ Lbewes » Documents » TEM Data Fies + 1iduguetld

Cogance ™  Shaewth ®  biew fokder

Documents library
PR

[ = st0vean e 586 oo00m 2028 00 08

. SOV nard_Grickeh_SAM D1 01408 0.0
@ SOVeard_Grdds_SAM 0012 X14018 0005
. ELOVesl Geidth SAM 201299 201002 015
. SLOVaar_Gricdf_ SN 0010021 8338 00.15
1 SLOVeaid Grideh SAM 001300 2014038 00 K8
@ SOVeard_Gridds SAM 00102 2018008 50 K3
@ SOVeard_Gross SN 001303 218018 00N
9 SLOVeard, Deidle SAM 0003042004038, 00 h3
@ SOVeard_Gndd6_SAM 001005 14008 9005
5 SLOVeaid_ D8 SAM 0013062014008 5003
) O] (rickiS, SAM 0307200 6008, S0LR5.
= SLOVen]_Griddh AN 001308 2016008 50 h3
@ WOVeark fndds SAM 001N 2018078 20 K
@ SOVeard_Grdt_SAMe 001 519_214008 00 K3
(3] SLOVeart Gridts SAM 0O1ILE 218038 00 15
@ WOVeard_Gnddé_SAM 001NLI_ N1 205
& SOVeard Grdds SAM 001717 2014008 00 hS

. SLOVaadd Grideh SAM DO1ILE 2016008 0005
& SLOVesrd Grddh SAM 001117 20046028 0005
. SLOVen_ Gadth, SAM D01TH_E10028 0018
& SOVeard Gricdf SAM 001116 2004008 00.hS

I 7 e

No associated notes.
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"“Government Evaluation of Validation
Seed Locations after Inversions
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ADOTIONHIAL

COUNCIL

|| TPP =» QAPP
}
|

Detection
Survey

}
'

Classify
Anomalies

|

Intrusive
Investigation

|

Verification and
Validation

180°

90°

g0cm

UFP-QAPP
WS 22

No associated notes.
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Identify Clusters
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|| TPP =» QAPP
}
|

Detection
Survey

¢
'

Classify
Anomalies

|

Intrusive
Investigation

!

Verification and
Validation

Polarizability

Cluster #2 Cluster #3
(18 matches) (41 matches)
10 T T T
1k
Z
=
01k E
k]
T
0.01
0.001 | AL 0.001 st s
Time (ms) “. Time (ms)

Cluster Match Threshold = 0.95

No associated notes.
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Intrusive Investigation
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COUNCIL

ADOTIONHIAL *

|| TPP =» QAPP
}
|

Detection
Survey

¢
|

Classify
Anomalies

!

Intrusive
Investigation

!

Verification and
Validation

Decision Statistic
D oo oo -
[=T S -

PRSI NPT G N BTG ET N PR N TN N S

.

adal e bl

©

0.0

Decision Statistic

0.85

0.95

10,000 15000 20,000 25,000 30,000

35000 40000 45000 50,000
Cumulative Anomaly
T T L
*  Clutter
« TOI
% UXo
I TR S TR NN TR SN TR T [N TN SN TUN NN NN TN SN SN SN S S S S S S " 1
0 500 1000 1500 2000 2500
Cumulative Anomaly

No associated notes.
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Intrusive Investigation Report
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COUNCIL

| TPP = QAPP
| E————

}
|

Detection
Survey

!

Classify
Anomalies

|

Intrusive
Investigation

!

Verification and
Validation

Decision Statistic

1.00

o
©
]

o
©
=]

0.85

Were all recovered items consistent with analyst's predictions?

e S T
nomaly 46_00056 1
I Anomaly 76_01015 Biior ]
- TOI
L Anomaly 22_00327 \ & i ]
ke A g A g g N | i i L‘
0 500 1000 1500 2000 2500

Dig Number

No associated notes.
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Intrusive Investigation Report "H
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COUNCIL

ADOTIONHIAL *

[ 1pp > Qapp
PP OAPP |
| Anomaly 46_00056

- F)ecision .Metric = (2.}.99

l Library 60mm body
—  Unknown

Detection 1k
Survey

¢
'

Classify
Anomalies 0.001 " "
l 0.1 1 10

Intrusive Time (ms)
Investigation

!

Verification and
Validation

Polarizability
o

No associated notes.

117



118

Intrusive Investigation Report

COUNCIL
|
P |
— ]

ADOIONHIAL

|| TPP =» QAPP
}
|

Detection
Survey

¢
'

Classify
Anomalies

|

Intrusive
Investigation

!

Verification and
Validation

Polarizability

10

Anomaly 76_01015
9

bt
L

01

0.01 E

0.001 b

Library small ISO80
—  Unknown

Time (ms)

Polarizability

10

0.1

0.01

0,001 Lo

AHOLYIND3Y
Anomaly 22_00327
Decision Metric = 0.88
Library 80mm body

Unknown

Time (ms)

No associated notes.
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Verification and Validation ":4

* AHOLYINDIY «

ADOTIONHDIAL

COUNCIL

Il TPP = QAPP
! » Verify the stop-dig threshold

* Dig past the last TOI

Detection
Survey

‘
'

Classify
Anomalies

|

Intrusive
Investigation

|

Verification and
Validation

No associated notes.
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Contractor Stop Dig Point
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|| TPP =» QAPP
}
|

Detection
Survey

¢
'

Classify
Anomalies

|

Intrusive
Investigation

!

Verification and
Validation

Decision Statistic

-

<
(=]

0.95

0.90

0.85

0.80

LB B e e |

*  Clutter
« TOI
* UXO

IR N W TR [N T AN WO T N T T T S S _——

i 120 digs past_—>

- the last TOI

0 500 1000 1500 2000 2500
Dig Number

3000

No associated notes.
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Verify the Threshold
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[ 1pp > Qapp
s Somrnt |

-

<
(=]

}

1 0.95

Detection
Survey

¢
'

Classify 0.85 i
Anomalies i

|

Intrusive

LB B e e |

0.90

Decision Statistic

0.80 TR N TR S TN VRN SR TRT TR [T TR TAT N 1

*  Clutter
« TOI
% UXO

200digspast ___»
the last TOI

IR TR TN TR TR T S T [T _——

A4

Investigation 0 500 1000

Verification and
Validation

1500 2000 2500

'I' Dig Number

3000

No associated notes.
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Verification and Validation "Hi

* AHOLYINDIY «

COUNCIL

I| TPP < QAPP
» Verify the stop-dig threshold

}
« Dig past the last TOI

Detection

Survey » Validate the whole process
1 T . L .
* Targeted investigation of items
classified as likely clutter

Classify
Anomalies

|

Intrusive
Investigation

!

Verification and
Validation

No associated notes.
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Validate the Process
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|| TPP =» QAPP
}
|

Detection
Survey

¢
'

Classify
Anomalies

|

Intrusive
Investigation

!

Verification and
Validation

Decision Statistic

=k
(=]

0.8

0.6

0.4

0.2

0.0

: 200 digs past 1

B the last TOI + Clutter ]

L « TOI 4

| * UXO )

E 4 Validation Digs J
200 randomly ]

1 selected 1

0 5,000 10,000 15,000 20,000 25,000

Dig Number

No associated notes.
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After Action Vertical CSM
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o 9 = == =
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S = = =
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o 40 —
g ]
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O 60 RS
g ==
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@
= 80 o
3
a
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< X ' <
\%O%Q é\&@ @"&b «0‘}9 e"(@ @°&o
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c,@ s &

seed interval
UxXo

inert

deepest recovery

detection depth

No associated notes.
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Everybody Is Happy Now!
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No associated notes.
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» Introduction
» Technology and Background
» Site Suitability

» Questions and Answers

» Quality Considerations

» Example Case Study

» Wrap Up

No associated notes.
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127 poll Question: How many munitions sites are you
working on where this new technology (GCMR)
might be appropriate?

COUNCIL

* AHOLYINDIY «

TRl

Cost-to-Complete: $13.7 billion

o
3
2

8 i 1a:som
$29M

4 "
52 -~ — VT 24 31M
2HM  ggm e .
4 ! -lll, s17oM
2T .:. RI 28; $33M
= o7 12:36M
a7 78 NJ T6; $192M
. s13m
. DE 14; $44M
o T -
-m;tla steam  $50M -m:mm
American Samoa 2 $TM 103M DC 38 $16M

Guam 34; $17TM Pueno Rico 57; $460M

Marshall Islands 1: $0M ULS. Virgin Islands 4; $5M

Northern Mariana Islands 7; $47TM  Wake Island 1; S0M
*Based on end of Fiscal Year 2014 Knowledge-Based Corporale Reportng System data

Number of MRSs 1-19 20-49 50-99 [N 100-249 [N 250+

Poll: How Many Sites? Would You Recommend GCMR?

Poll Questions:
How many sites do you know of where GCMR might be used?

0
1-19
20-50

More than 50

Would you Recommend it at your sites?

Yes
No

| need more Information
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» Introduction

* 5200 sites, $14 billion, 45% savings, quantify what
is left in the ground

» Technology and Background
* Advanced sensors are EM with enhanced features
* Steps — Detect, Cue, Extract, Classify
* QA/QC at every step

» Site Suitability

* Need a defensible CSM, Anything an EM 61 can do
an advanced sensor can do better

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

e Technology works

< Deployment requires a rigorous approach with quality checks and controls at every step
« Target 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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» Quality Considerations
* UFP QAPP Integration — enhanced QC/QA,
accreditation
» Example Case Study
* The technology has been demonstrated to be
effective at nearly 20 real sites, is ready and in use
on projects today
» Documents and Resources are available
* ITRC, SERDP/ESTCP

* https://www.serdp-estcp.org/Tools-and-
Training/Munitions-Response/Classification-in-
Munitions-Response

* http://www.itrcweb.org/Team/Public?team|D=9

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
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45% Cost Savings 11N

Cost Savings using Multi-Axis Sensors — at least 45%

Current Practice 80% Reduction
of Clutter

N Mob/Demob
I Surface Sweep
[ IVS & Seeds
[ Detection Survey
I Cued Data

@ Dig UXO & Seeds
[ Dig Clutter

45% Savings

GCMR-2, Figure 2-17

Cost savings

130



131
Your Resource for Geophysical Classification
for Munitions Response (GCMR)

COUNCIL

I

* INTERSTATE +

ADOTIONHIAL

* AHOLYINDIY «

ITRC Technical & Reqgulatory Guidance

MArAID N Asimiiod DNAL
Dwivinv-£, AUdyusL £U 1V

Geophysical Classification
for Munitions Response

For decades, the U.S. Department of Defense (DOD) has produced
and used military munitions for live-fire testing and training to prepare
the LS. military for combat i as a result, doded
ordnance (UXO0) and discarded military munitions may be present at
over 5200 former ranges and former munitions operating faclities
throughout the United States. Nearly half of these sites require a

i e at an esti d cost to P of $14 billion and
with a completion date of 2100

To improve the efficiency of , DOD's

Secunty Tech Certifi Prog and its pariners in

academia and industry have developed a new, advanced approach:

geophysical classification [ Geophysical classification is the process v
of using advanced sensor data to make principled decisions about

Summary of what you learned:

e 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

e Tools to share information within your organization and to stakeholders
« How to use the web based guidance document and UFP-QAPP

e 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

» Feedback form — please complete

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

Tochnology Int

View Your
Participation

Certificate (PDF)

Need confirmation of your participation
today?

Fill out the feedback form and check box
for confirmation email and certificate.

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,
and consultants include:

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

v'Helping regulators save time and money when evaluating environmental technologies

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

v'Helping technology vendors avoid the time and expense of conducting duplicative and
costly demonstrations

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

How you can get involved with ITRC:

v'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

v'Sponsor ITRC's technical team and other activities
v'Use ITRC products and attend training courses
v'Submit proposals for new technical teams and projects
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