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EXECUTIVE SUMMARY

INTRODUCTION AND SCOPE

ERT, Inc., (ERT) was tasked with performing a Pilot Study of Advanced Geophysical
Classification (AGC) Technology in cooperation with an Environmental Security Technology
Certification Program (ESTCP) Demonstration Project at the Spring Valley Formerly Used
Defense Site (SVFUDS). The recommended remedial alternative to meet the Remedial Action
Objectives (RAOs) of reducing the potential for encountering Munitions and Explosives of
Concern (MEC) is to utilize AGC to classify anomalies and potentially reduce the number of
anomaly removals.

The primary objective of the study was to evaluate the implementation and effectiveness of AGC
technology using Time-domain Electromagnetic Multi-sensor Towed Array Detection System
(TEMTADS) and Man Portable Vector (MPV) instrumentation at the SVFUDS in order to best
inform planning for the remedial action. The Pilot Study was initially scoped to be performed on
five SVFUDS residential properties where digital geophysical mapping (DGM) had previously
been collected between 2007 and 2009. However, right-of-entry (ROE) for two of the five
properties could not be obtained, and the study proceeded using the three remaining properties.

FIELD WORK APPROACH

Prior to performing the geophysical surveys, a landscape survey to document the existing
landscaping and vegetation was conducted by a qualified arborist. A site visit was also
conducted to define and document all accessible areas where the geophysical surveys could be
completed, to allow reasonable access for TEMTADS and MPV equipment. Landscape removal
was limited to low-lying vegetation that could adversely affect the geophysical results.

Geophysical system verification was conducted using an Instrument Verification Strip (IVS) and
a blind seeding program. The IVS was constructed in proximity to the existing Geophysical
Prove Out on the federal property. Blind seeds were installed at each property using both inert
munitions and industry standard objects (1SOs). The results of these efforts were captured in
Memoranda, submitted to USACE and approved prior to the start of work.

The geophysical survey activities included conducting AGC Geophysics using the TEMTADS
and MPV instruments to complete dynamic surveys (mapping with a moving sensor) and cued
surveys (collecting data with a static sensor on a specific point) on each property. The
instruments were operated by demonstrators under the ESTCP, with personnel from the Naval
Research Laboratory (NRL) operating the TEMTADS, and personnel from Weston Solutions,
Inc. and Black Tusk Geophysics (BTG) operating the MPV. The EMG61 instrument, operated by
ERT, was also used in selected areas not previously available during the earlier DGM
investigations.

DYNAMIC AND CUED SURVEYS

The MPV dynamic data collected in the field were processed and analyzed by the BTG team,
and the TEMTADS dynamic data collected in the field were processed and analyzed by the NRL
team.

Targets were selected from dynamic TEMTADS and MPV data by the respective instrument
demonstrators, and cued data were then collected over the targets. Following the processing of

ERT, Inc. ES-1
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the cued MPV and TEMTADS data, and the addition of the EM61 data, the synthesis of the cued
targets into the final dig target list was performed. From this list, final dig sheets were generated
for use by the UXO intrusive team.

INTRUSIVE INVESTIGATION

For this Pilot Study, all targets were intrusively investigated. On average, 200+ targets were
excavated from each of the three properties, under softscape and hardscape (sidewalks and
driveways), by a qualified UXO team. Excavations were completed using shovels in softscape,
or using power tools (concrete saws, jackhammers) in hardscape.

The 4720 Quebec property was the only property where munitions-related items were found
during this Pilot Study. These included a 3-inch Stokes Mortar unfuzed practice round. In
accordance with the approved Uniform Federal Policy for Quality Assurance Project Plans
(UFP-QAPP), this item was turned over to the USACE Ordnance and Explosives Safety
Specialist (OESS) for further processing. The OESS initiated a response from the Fort Belvoir
Explosive Ordnance Disposal (EOD) unit, who took control of the item, removing it from the
site for further assessment. It was ultimately determined to be a practice round and was properly
disposed by the EOD unit. Targets #94, #201, and #202, at 4720 Quebec were also determined
to be munitions debris. At the other properties, nails, steel scrap, and wires were common.

CLASSIFICATION RESULTS

In order to analyze the data and assess each demonstrator’s classification process, Receiver
Operating Characteristic (ROC) curves, clutter rejection rates, and ultimately, the correct
classification of targets of interest (TOI) and non-TOI were used to show how well the data were
classified.

TOI were classified into various categories, for example:

Cannot Analyze targets (data quality too poor to confidently classify).
High Confidence Digs (targets are likely TOI).

Lower Confidence Digs (targets could be TOI).

High Confidence Do Not Dig (targets should not be TOI)

Figures representing the final dig recommendations based on classification, specific to each
instrument, were prepared. Note that while all targets were intrusively investigated for this Pilot
Study, for an actual AGC-based approach, only those targets recommended for digging would
actually be excavated.

CONCLUSIONS

AGC methods employing MPV and TEMTADS systems were successfully used at the SVFUDS.
For three private properties, 200+ targets per property were detected, classified, and intrusively
investigated. Four MD items, including one intact Stokes Mortar (determined to be an unfuzed
practice round), were found. Both demonstrators correctly classified the Stokes Mortar found at
4720 Quebec.

In support of the primary objective of the Pilot Study, a comparison of AGC methods relative to
traditional DGM methods used at the SVFUDS was conducted. In general, while there were
challenges with noise in an urban environment, the findings of this Pilot Study support the

ERT, Inc. ES-2



Spring Valley FUDS
Final Pilot Study Report — Advanced Geophysical Classification April 2017

implementation of AGC methods over the traditional DGM methods for future SVFUDS
remedial actions.

A secondary objective of the Study was to determine which of the two AGC systems might be
most effective for future remedial actions at the SVFUDS. With regard to performance of the
individual AGC methodologies, while the MPV technology appears to have a slight advantage
over the TEMTADS, given the lack of a strong preference for one system over the other, it is
concluded that either technology could be effectively utilized to meet the RAOs for the
SVFUDS.

Finally, with regard to the need to detect larger items at greater depths than either AGC system
could achieve, AGC methodologies could be supplemented by traditional DGM technology, such
as the G-858, to address deeper targets.

RECOMMENDATIONS

The findings of this Pilot Study support the implementation of AGC methods over traditional
DGM methods for future SVFUDS remedial actions. The specific AGC methodology to be
implemented should be refined through the planning process, considering the recommended
procedures presented in Section 8.4, as well as input from project stakeholders.
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1.0 INTRODUCTION AND BACKGROUND

ERT, Inc., (ERT) was tasked with performing a Pilot Study of Advanced Geophysical
Classification (AGC) Technology in cooperation with an Environmental Security Technology
Certification Program (ESTCP) Demonstration Project at the Spring Valley Formerly Used
Defense Site (SVFUDS). The recommended remedial alternative to meet the SVFUDS
Remedial Action Objectives (RAOs) of reducing the potential for encountering Munitions and
Explosives of Concern (MEC) is to utilize AGC to classify anomalies and potentially reduce the
number of anomaly removals.

ERT conducted this work for the U.S. Army Corps of Engineers (USACE), at the SVFUDS,
located in Washington, D.C., under the Small Business Multiple Award Military Munitions
Services Il Contract #W912DR-15-D-0015, Delivery Order 0001. This effort falls under the
Defense Environmental Restoration Program/Formerly Used Defense Sites (DERP/FUDS). All
work was performed in compliance with the Comprehensive Environmental Response,
Compensation, and Liability Act (CERCLA) and the National Oil and Hazardous Substances
Pollution Contingency Plan, 40 CFR Part 300. As these activities involved work in areas
potentially contaminated with MEC and Chemical Warfare Materiel (CWM) related items, it was
conducted in full compliance with USACE, Baltimore District (CENAB), USACE Huntsville
Center (CEHNC), Department of the Army, and Department of Defense regulations regarding
personnel, equipment, and procedures.

1.1  Purpose and Objectives

The purpose of the AGC Pilot Study was to assess the recommended remedial alternative
presented in the Site-Wide Proposed Plan (PP), finalized in June 2016 (USACE, 2016b). The
recommended remedial alternative to meet the RAOs of reducing the potential for encountering
MEC is to utilize AGC technology to classify anomalies and potentially reduce the number of
anomaly removals. Reducing the number of removals is especially advantageous at the
SVFUDS as it will not only likely result in a reduced overall cost for the future remedial action
by eliminating unnecessary digs, but will also minimize adverse impacts such as landscape or
hardscape damage at residential properties where the remedial action will occur.

The primary objective of the study was to evaluate the implementation and effectiveness of AGC
technology using Time-domain Electromagnetic Multi-sensor Towed Array Detection System
(TEMTADS) and Man Portable Vector (MPV) instrumentation at the SVFUDS in order to best
inform planning for the remedial action. In addition, an EM61-MK2A instrument was used to
survey several areas not previously surveyed during the 2007 — 2009 geophysical survey
activities, and to provide supplemental data to support submittal of assurance letters to property
owners that verify remediation is complete.

1.2 Study Scope

The Pilot Study was initially scoped to be performed on five specific SVFUDS residential
properties where digital geophysical mapping (DGM) had previously been collected between
2007 and 2009. However, right-of-entry (ROE) for two of the five properties could not be
obtained, and the study proceeded using three properties.

The work included conducting AGC Geophysics using the TEMTADS and MPV instruments to
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complete dynamic surveys (mapping with a moving sensor) and cued surveys (collecting data
with a static sensor on a point) on each property. The instruments were operated by
demonstrators under the Environmental Security Technology Certification Program (ESTCP),
with personnel from the Naval Research Laboratory (NRL) operating the TEMTADS, and
personnel from Weston Solutions, Inc. and Black Tusk Geophysics (BTG) operating the MPV.

The EM61 instrument, operated by ERT, was also used in selected areas not previously available
during the earlier investigations. Following the surveys, final dig lists were developed and all
target anomalies were excavated.

All properties included in this study were categorized as low probability sites (i.e., the
probability of encountering MEC/CWM during intrusive investigations is “seldom” or “remotely
possible”).  All work was conducted in accordance with the Advanced Geophysical
Classification for Munitions Response Uniform Federal Policy Quality Assurance Project Plan
(UFP-QAPP) for Munitions Response, Final March 2016 (USACE, 2016c). Additionally,
procedures from the Site-Wide Work Plan for the SVFUDS, USACE, 2007, were also followed.

1.3  SVFUDS Background

The SVFUDS comprises 661 acres in northwest Washington, D.C. This is a largely residential
area with local shops and restaurants, surrounded by dense apartment buildings and/or
townhouses, and spreading out into single-family homes. Land use in and around the SVFUDS
is primarily low-density residential, with smaller portions zoned for commercial use. The
campus of American University (AU) occupies a large portion of the SVFUDS.

During World War 1, the U.S. Government established the American University Experiment
Station (AUES) to investigate the testing, production, and effects of noxious gases, antidotes and
protective masks. The AUES, which was located on the grounds of the current AU, used
additional property in the vicinity to conduct this research and development on CWM, including
mustard and lewisite agents, as well as adamsite, irritants and smokes. After the war, these
activities were transferred to other locations, the AUES was demobilized, and the site was
returned to the owners.

Figure 1 shows the entire SVFUDS boundary and the three residential Pilot Study properties.
(All figures are presented in Appendix A while Tables and Exhibits are contained within the
body of the report).

1.3.1 Previous Investigations

The Site-Wide Remedial Investigation Report (Rl Report) documents all previous investigations.
The discussions below summarize the investigations most relevant to the Pilot Study.

Geophysical investigations were conducted on 99 residential properties between 1998 and 2011.
The investigations were conducted in two phases: non-intrusive geophysical surveys to identify
buried metallic anomalies; then, following analysis of the survey results by an Anomaly Review
Board (ARB), excavations of metallic anomalies with characteristics of buried munition items.

Each of the three properties selected for this Pilot Study has previously undergone DGM and
anomaly removal, as discussed below.
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1.3.1.1 4720 Quebec Street

USACE conducted a DGM investigation on this property in 2007, with follow-on anomaly
removal completed in 2009. Out of 69 total anomalies, 54 were selected by the ARB for
removal and were successfully excavated in 2009. Two munition debris (MD) fragments (one
from a 75 millimeter (mm) projectile and one not further identified) were found during the
investigation (USACE, 2010).

1.3.1.2 4733 Woodway Lane

USACE conducted a DGM investigation on this property in 2009, with follow-on anomaly
removal completed in 2011. Out of 32 total anomalies selected by the ARB for removal, 31
were successfully investigated. One anomaly was not investigated due to its location under the
walkway. No MEC/Recovered CWM (RCWM) items or other (AUES)-related items were
encountered (USACE, 2011b)

1.3.1.3 4740 Quebec Street

USACE conducted a DGM investigation on this property in 2009, with follow-on anomaly
removal completed in 2010. Out of 45 total anomalies selected by the ARB for removal, all
were successfully investigated at 4740 Quebec Street. A pipe that contained explosives was
categorized as a MEC item. Based on the results of soil sample associated with the MEC find,
the 4740 Quebec Street property included spot removal of soil based on trinitrotoluene (TNT)
contamination (USACE, 2011a).

1.3.2 Conceptual Site Model

Conceptual Site Models (CSMs) present the pathway analysis that identifies all complete,
potentially complete, or incomplete pathways for both current and reasonably anticipated future
land uses for a site. Each pathway must include a source, a receptor, and interaction between
them (access and activity). Sources are those areas where MEC have entered the site. A
receptor is an organism (human or ecological) that contacts the source. Interaction describes
access and activities that facilitate receptors coming into contact with a source.

The primary release mechanisms resulting in the occurrence of MEC are related to the type of
military munition activity. Releases may result from the improper functioning of the military
munition, or military munitions may be lost, abandoned, or buried, resulting in unfired
munitions. In addition, the munitions may possibly be spread beyond the immediate vicinity by
the detonation (“kickouts™), or incomplete combustion or low/high order detonation failure can
leave uncombusted explosives. In some cases, excess, obsolete, or unserviceable munitions may
have been buried near the testing areas as discarded military munitions (DMM).

The MEC CSM for the SVFUDS is based on the historical AUES activities, where munitions
were ballistically and statically fired. The SVFUDS Range Fan was developed based on
ballistically fired testing activities of 3-inch and 4-inch Stokes Mortars and Livens projectiles.
Static firing, the remote firing of fixed or stationary munitions, was also conducted (at the
SVFUDS, this primarily involved 75mm munitions). The investigations of the sources of
munitions for the SVFUDS were focused around the past activities most likely to result in MEC,
specifically:

= Ballistically Fired Testing (e.g., Range Fan);
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= Statically Fired Testing (e.g., Circular Trenches); and
= Disposal or Burial (e.g., area of interest [AOI] 13).

Ballistic firing can result in MEC in impact areas or buffers around these areas, while static
firing often produces kick-out. DMM are often associated with static fire areas where these
munitions are buried near the test site. All of these can result in MEC being present in the
subsurface. All but burial pits can result in MEC at the surface.

Figure 2 indicates that all three of the Pilot Study properties are considered areas of focus for
response actions because they lie within the AOI 13 possible disposal area. AOI 13 is one of two
areas of the SVFUDS identified as “possible’ disposal areas based on the findings of various
investigations. These are considered ‘possible’ disposal areas based on a weight of evidence
assessment, but it is not certain that they contain buried munitions. Note that Figure 2 shows
munitions-related finds from the previous investigations and not from this Pilot Study.

1.3.3 Current Site Status

The RI Report, characterizing the nature and extent of contamination, was finalized in June 2015
(USACE, 2015). The Site-Wide Feasibility Study (FS), evaluating alternatives to address
remaining risks or hazards, was finalized in January 2016 (USACE, 2016a). Figure 2 indicates
the areas of active response action necessary to mitigate explosive hazards, as identified through
the FS, and the three residential properties involved in the Study. The Site-Wide Proposed Plan
was finalized in June 2016, and the Site-Wide Decision Document (DD), formalizing the
selection of the recommended alternative, is in the process of being finalized.

The RI Report concluded that, with regard to explosive hazards, the unknowns associated with
the locations identified as possible disposal areas, and the moderate potential explosive hazard
conditions they represent, suggest that follow-on actions may be required to mitigate
unacceptable explosive hazards that could exist in these areas.

The RAOs to mitigate these unacceptable explosive hazards, as initially presented in the FS and
slightly modified through the PP and DD process, are:

= Reduce the potential for encountering MEC in the identified focus areas of potential
explosive hazards by investigating and removing subsurface anomalies that are most
likely military munitions, to the depth of detection of the technology and procedures
used.

= Reduce the probability of residents, workers, and visitors handling MEC encountered
during residential or construction activities conducted within the SVFUDS, through
education and awareness initiatives (in addition to the focus areas, these initiatives will
also be applied to all areas of the SVFUDS to address the possibility that MEC could be
relocated to, or less likely, found there).

Based on the FS’s detailed analysis of explosive hazards remedial alternatives for the areas of
focus, DGM Accessible Areas, Remove Selected Anomalies, was the preferred remedial
alternative to achieve the RAOs. This alternative was selected as the preferred alternative
through the PP/DD process. The Pilot Study is intended to further evaluate the implementation
and effectiveness of AGC Technology as part of this alternative.
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1.3.4 Stakeholder Involvement

The project stakeholders include, but are not limited to, USACE; the District of Columbia
Department of Energy & Environment (DOEE); the U.S. Environmental Protection Agency
(USEPA) Regional office (Region I11); and the Pilot Study property residents. CEHNC provides
additional oversight for activities involving CWM.

14

Report Organization

This Pilot Study Report is organized into sections as follows:

Section 1.0 is an introduction and background section.

Section 2.0 discusses site logistics and field procedures. It describes the significant
preparation activities required, including what was set up and how the demonstrators
used it.

Sections 3.0 and 4.0 describe the Dynamic and Cued AGC surveys, respectively,

including data processing procedures and results.

Section 5.0 provides the intrusive investigation details.

Section 6.0 discusses the AGC survey final classification results.
Section 7.0 provides a comparative analysis of the AGC methodologies
Section 8.0 presents Study conclusions and recommendations.

The report also contains seven appendices, as follows:

Appendix A presents all relevant figures.
Tables and Exhibits are contained within the test, but all large scale figures presenting
data results are contained in Appendix A. The figures are organized into a series of 9
maps per property, representing the sequence of the phases of work. They are sequential
for a given property so that all phases can be followed on consecutive maps. That is,

» Figures 3 through 11 show the results of different phases for the 4720 property.

» Figures 12 through 20 show the results for the 4733 property.

» Figures 21 through 29 show the results for the 4740 property.

Appendix B presents 1VVS and Blind Seed Memoranda.

Appendix C presents verification documentation including Quality Control (QC), Three-
phase Control (TPC) checklists, and SUXOS Daily reports.

Appendix D presents Non-conformance Reports and Recommended Corrective Actions.
Appendix E presents field dig sheets.

Appendix F presents a series of target lists generated by different phases of the Study.
Appendix G presents a photolog.
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20 SITE LOGISTICS AND FIELD WORK PROCEDURES

This section discusses the field work procedures, including site set-up and preparation, the
results of the geophysical system verification (initial instrument testing and prove-out), and
DGM data collection methods used at the Pilot Study properties.

2.1 Community Outreach

Prior to start of work in the neighborhood, ERT provided support to the SVFUDS Community
Outreach Team to work with and notify property owners of all aspects of the Pilot Study
schedule from the planning phase to the restoration phase. Significant coordination was
involved, both with individual property owners as well as with the greater community, in order
to prepare for the field effort. Individual resident support involving many meetings and
telephone calls was necessary prior to, during, and after the individual work tasks described
below.

2.2  Site Preparation

2.2.1 Landscape Survey/Arborist Appraisal

Prior to performing the geophysical surveys, a landscape survey to document the existing
landscaping and vegetation was conducted. The flora of each property was documented and
inventoried by a qualified arborist who assessed the flora of each property and provided
appraised values in the event that damage and restoration was required. As part of this survey,
the property’s landscaping/vegetation was videotaped to document the existing pre-investigation
conditions so that it could be consulted if any landscaping was destroyed requiring replacement
or owner reimbursement for the loss. Following intrusive activities, a post-restoration landscape
survey was conducted at each property to determine the impact to properties, to assess any
damage caused, and to estimate the cost for repairs.

2.2.2 Civil Survey

Prior to commencement of the field activities, a licensed surveyor (Charles P. Johnson &
Associates, Inc.) captured current site conditions including locations of buildings, structures,
landscaping, and major plants at each property, and provided CAD drawings. The data obtained
were of second order, Class | accuracy and referenced to the Maryland State Plane Coordinate
System [North American Datum (NAD) 83].

2.2.3 Boundary Definition Study

NRL collected data on June 22, 2016 at four of the original five properties within the SVFUDS.
The data collection plan was designed to evaluate the effects of the houses themselves on the EM
data and to help define how close to the houses data collection could reasonably be planned.
These data were additionally used to help determine what vegetation and landscaping required
removal prior to the Pilot Study. The Boundary Definition Study concluded that vegetation and
landscaping clearance should be conducted to within 40 cm of the houses at each property, and
that EM data could be collected to within this range of each property. In some locations, the
approach distance was found to be greater, such that some sections of cleared ground would be
considered unsurveyable. These conclusions were used to plan the Pilot Study field effort.
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2.2.4 Determination of Geophysical Survey Accessible Areas

Prior to commencement of the geophysical survey activities, a site visit, including USACE
personnel, was conducted at each property on July 19, 2016, to define and document all
accessible areas where the geophysical surveys could be completed. The objective was to allow
reasonable access for TEMTADS and MPV equipment, with landscape removal limited to
predominantly low-lying materials that could adversely affect the geophysical results.

2.2.5 Vegetation Removal

Using the information gathered during the civil survey, the landscape survey and appraisals, and
the geophysical survey access site visits, the properties were prepared for geophysical activities
by removing landscaping and/or other moveable objects as needed. This included mowing,
cutting, removal, and/or tying back of low lying bushes and ornamental plantings, temporary re-
location of ornamental objects, and temporary removal of recreational equipment.

Vegetation removal was required to improve geophysical survey coverage and to facilitate access
for intrusive investigations. It was accomplished by use of hand-held tools including machetes
and gasoline-powered weed eater type equipment. Removal of trees and/or bushes up to six
inches in diameter was only required where low lying branches impeded geophysical instrument
access around the trunk.

Valuable vegetation was addressed by either replacing the individual item in kind (in accordance
with the Arborist appraisals), or removing it, transplanting it and maintaining it during the
investigation, and then replanting it upon completion of the field activities.

2.3  Geophysical Equipment
Geophysical equipment used during this Pilot Study is described below.

231 MPV

The MPV is a handheld sensor with wide-band, time-domain, electromagnetic-induction (EMI)
technology. The main EMI sensing elements are a transmitter coil and an array of five vector
receiver units or cubes. Each 8-centimeter (cm) cube bears a set of three orthogonal air-coil
receivers that measure the EMI vector field. The transmitter and receiver elements are contained
in the MPV sensor head, a plastic disk enclosure with 50-cm diameter and 8.5-cm height. The
circular transmitter coil is wound around the disk while the receiver cubes are distributed in a
cross pattern inside the disk. For cued interrogation the sensor head is complemented with a pair
of orthogonal horizontal-axis transmitter loops. These are packaged as detachable rectangular
shaped units that can be placed on top of the main sensor head. Their main purpose is to provide
transverse excitation of a buried object of interest while keeping the MPV sensor head at the
same location. The transmitters and receivers are connected to a compact data acquisition
system mounted on a backpack and to a field tablet that controls the acquisition and helps
monitor data quality. The MPV sensor head is carried with a telescopic handling boom that
retracts and detaches for storage. The opposite end of the boom holds the positioning units: the
Attitude and Heading Reference System sensor, the global positioning system (GPS) antenna or
robotic total station (RTS) retroreflector, and a data conditioning box. Photographs of the MPV
can be seen in Appendix G.
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2.3.2 TEMTADS

The TEMTADS is an advanced electromagnetic induction sensor designed for the detection and
classification of buried metal objects. The sensor consists of four sensor elements arranged on
40-centimeter (cm) centers in a 2x2 array. Each sensor element consists of a 35-cm square
transmit coil for target illumination with an 8-cm three-axis receiver cube centered in the
transmit coil. The transmitters are energized in sequence and the decay curve is recoded up to 25
milliseconds after the transmitters are turned off for each of the 12 (4 cubes with 3 axes each)
receiver channels. A schematic of the sensor coil configuration is shown on Exhibit 2.1. The
TEMTADS orientation is measured using a six-degree-of-freedom Inertial Measurement Unit
(IMU).

+Y

1 2 $—>+X Sensor Orientation
H B +Z
T Direction of Travel
4 3
H B
B | EM Sensor

Exhibit 2.1. Orientation of the Four TEMTADS Sensor Elements

2.3.3 Robotic Total Station

A Trimble S7 RTS was utilized for the majority of the Pilot Study data collection. A Leica 1200
RTS was used for most cued target reacquisition and all final target reacquisition. Both models
include a total station laser rangefinder (“gun”) and a retroreflecting prism supplemented with
LED lights for enhanced tracking abilities. Laser distancing between the gun and the prism is
used to provide centimeter level accuracy. Establishing the RTS location and verifying the setup
of the RTS requires a minimum of three known control points within line of sight of the setup
location.

2.3.4 Real Time Kinematic Global Positioning System

Real Time Kinematic Global Positioning System (RTK GPS) relies on a constellation of
satellites to obtain positional information in real time. A Trimble R10 RTK GPS was utilized for
some of the data collection. Real-time corrections were obtained through a cellular based
subscription using a T-Mobile sim card. A Topcon HiperGa system was used for some of the
cued target reacquisition, with the base station set up on control points. The RTK GPS provides
centimeter level accuracy.
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235 EM61-MK2A

An EM61-MK2A (EM61) was also used during the Pilot Study (it had been previously used
during the 2007 — 2009 geophysical survey activities). As described in Section 1.1, the EM61 is
not an AGC instrument, but was used in this Study in areas not previously accessible to provide
supplemental data to support submittal of assurance letters to property owners that verify
remediation is complete

The EM61-MK2A, manufactured by Geonics Ltd., is a time-domain electromagnetic device
consisting of a computer, data logger (Juniper Systems Allegro CX), and cart assembly towed on
wheels. This instrument measures the response of the immediate area to a primary pulsed
electromagnetic (EM) field, generated in the lower copper coil. The device records EM data in
units of millivolts (mV) in four channels, or time gates, corresponding to four durations after an
EM pulse. The device was integrated with the Leica 1200 RTS for navigation.

2.3.6 Schonstedt GA-52Cx Magnetometer

This magnetic locator is a hand-held gradiometer that detects the magnetic field of a
ferromagnetic object. It responds to the difference in the magnetic field between two sensors
spaced about 0.5 m apart. The response is a change in the frequency of the signal emitted by the
piezoelectric speaker. The locator can be oriented in any direction without producing a
significant change in the frequency of the tone from its idling frequency. The GA-52Cx was
used by qualified UXO personnel for intrusive clearance.

2.3.7 White’s DFX-300 metal detector

The White's DFX-300 is an electromagnetic metal detector capable of operating at multiple
frequencies. It can detect ferrous as well as non-ferrous metals. Although most ordnance found
at the SVFUDS to date has been primarily ferrous metal, the DFX-300 was included in the Study
for anomaly resolution procedures because the AGC sensors are electromagnetic and detect both
ferrous and non-ferrous metal.

2.4  Geodetic System Selection

The geodetic system historically used for the SVFUDS, over many years of project work, is the
Maryland State Plane, NAD83, with units of U.S. Survey Feet. However, the AGC systems used
during this Pilot Study require use of UTM coordinates (Zone 18 North), with units of meters.
Both systems were used during the course of fieldwork and both are included in project
geodatabases. The use of these multiple systems, and the conversion between them, was readily
accomplished without issue.

2.5  Geophysical System Verification (GSV)

2.5.1 Background

The guidance document Geophysical System Verification (GSV): A Physics-Based Alternative to
Geophysical Prove-Outs for Munitions Response, (July 2009, 2015) was followed to construct an
instrument verification strip (1VVS) and complete the blind seeding program.
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The VS component of GSV consists of installation of a line of munitions surrogates buried in
the shallow subsurface at known locations. The munitions surrogates used in this project were
inert munitions and industry standard objects (ISOs), which are welded steel pipes of standard
sizes, and conform to specifications listed in Table 2-1 of the GSV guidance document. After
burial, the 1SOs are referred to as “seeds.” An anomaly-free “noise line” is placed next to the
line of ISOs. Geophysical sensors are used to collect dynamic or static data on the seed line and
the noise line twice daily to document that the instrument produces a repeatable response with
accurate positioning throughout the duration of the project.

The other component of GSV is a blind seeding program. Blind seeds are inert munitions or
ISOs placed in the subsurface at the Study properties at locations unknown to the geophysical
data collectors and data processors. Detection of blind seeds by the demonstrators is a key
component of quality control in this project.

At the project kick-off meeting on May 24, 2016, USACE gave permission to extract inert
munitions items from the existing Geophysical Prove Out (GPO) grids on the Federal property
(USACE SVFUDS headquarters), and to install a new IVS there. The GPO was constructed in
approximately 2004 and contained dozens of items buried in the subsurface. Items included both
metallic and non-metallic objects, and both inert ordnance items and non-ordnance such as rebar
and pipe. Many items were extracted from the GPO in July-August, 2016, and used as I1VS items
and blind seeds on the Study properties. The procedures for completion of the GSV program
were submitted in separate Memoranda for the IVS and for the Blind Seed Program; these are
presented in Appendix B.

2.5.2 Instrument Verification Strip Construction

Following removal of items from the GPO, a background survey was conducted with the
TEMTADS instrument. A subset of anomalies mapped by the TEMTADS were reacquired and
dug, and other metallic debris was removed. The IVS was installed on 1 August 2016. A
summary of the IVS is shown in Table 2-1.

Table 2-1: IVS Summary

Seed Description UTM Zone 18, NADS3, MD State Plane, NAD83, | Diameter | Depth to
ID meters US Survey Feet (cm) center
Easting Northing Easting Northing (cm)
Inert Stokes
Mortar,
1 Horizontal. small | 317469.999 | 4311986.730 1282183.98 462959.89 7.5 29.5
diameter end
points south
Inert 75mm
2 | projectile, 317470213 | 4311982371 | 128218499 | 46294561 | 75 36.1
Horizontal, nose
to south
Medium ISO,
3 Horizontal, Cross | 317470.161 | 4311977.887 1282185.15 462930.90 5.08 13.5
track
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Table 2-1: IVS Summary

Seed Description UTM Zone 18, NADS3, MD State Plane, NAD83, | Diameter | Depth to
ID meters US Survey Feet (cm) center
Easting Northing Easting Northing (cm)
Small ISO,
4 Horizontal, Along 317470.006 | 4311973.248 1282184.97 462915.67 2.54 28.0
track

The UFP-QAPP called for a “background” location (with no seed buried) in line with the IVS
seeds. However, the TEMTADS established and verified a background location to the west of
the 1VS area prior to conducting the background survey, and this was subsequently used by both
demonstrators. The background location was selected by NRL and a 5-point static background
verification test was run, based on a suspected clean area within the former GPO grid.

Note that the smallest Target of Interest (TOI), based on the munitions related items confirmed
or suspected to exist in the SVFUDS study area, was determined to be a booster/fuze from a
75mm MKIV Booster at 1 foot below ground surface (bgs). For the IVS, seed item #4 (Table 2-
1), the small ISO, was used to designate the smallest TOI. At the time of the background survey,
an inert MKIV Booster was not available, so the small 1SO was used to define the minimum
response.

Photographs of the items prior to burial are shown in Appendix G, photos 1 to 4. The completed
IVS is shown in photo 5.

After installation of the IVS, the TEMTADS team returned to the site and collected dynamic data
on the seed line and the noise line using the TEMTADS integrated with both the RTK GPS and
the RTS. Cued measurements were also collected over each seed. The results of TEMTADS
testing at the IVS are documented in Initial Dynamic and Static Instrument Verification Strip
(IVS) Technical Memorandum presented in Appendix B. This memorandum also presents the
results of the background survey.

The MPV team collected dynamic data on the seed line using the MPV integrated with both the
RTK GPS and the RTS. Cued measurements were also collected over each seed. The results of
MPV testing at the IVVS are documented in Initial Dynamic and Static Instrument Verification
Strip Technical Memorandum, presented in Appendix B.

The ERT team collected dynamic data on the seed line and noise line using the EM61-MK2A
integrated with the RTS. The results of testing at the IVS are documented in the memorandum
presented in Appendix B.

All demonstrators collected data daily at the VS, in the morning prior to production work, and in
the afternoon after production work.

2.5.3 Blind Seeding Program

Blind seeds were installed at 4733 Woodway Lane and at 4740 Quebec Street on August 9, 2016,
and blind seeds were installed at 4720 Quebec Street on August 10, 2016. Both inert munitions
and 1SOs were used at each of the properties. The UFP-QAPP called for installation of up to 5
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seeds at each property. Installation is documented in the memorandum Blind Seed Installation,
also presented in Appendix B. A summary of the blind seeds is shown in Table 2-2.

Table 2-2: Blind Seed Summary
MD State Plane, NADS83, US
Seed o Survey Feet Depth to Top
Property Number Description (cm)
Easting Northing

7 Inert 75 mm 1285625.24 462787.93 21.3

8 Inert Stokes Mortar 1285550.97 462764.08 34.7

4733 9 small 1SO 1285601.60 462851.46 26.5

Woodway :
1o | Small1SO (stainless | oceg009 | 462780.07 18.9
steel*)

11 medium 1SO 1285559.97 462791.41 46.3

12 Inert 75 mm 1285723.77 462843.80 18.9

13 Inert Stokes Mortar 1285698.92 462863.79 39.6

4710 14 small 1SO 1285687.83 462949.68 45

Quebec
15 | nertMss3 1285641.91 | 462871.95 23.8
projectile

16 large 1SO 1285758.22 462920.62 77.7

17 Inert 75 mm 1285520.91 462898.40 57.6

4740 18 | nert 7t5_,|mm t 128550123 | 462902.74 18.9

Quebec projectile par

19 small 1SO 1285514.27 462920.20 18.9

20 medium 1SO 1285505.65 462916.60 23.4

* - note that stainless steel properties are not the same as welded steel.

2.6 Geophysical Data Collection
2.6.1

VS

Initial testing was performed at the 1VS prior to collecting dynamic data at the three Pilot Study
properties. The primary objectives of the initial 1\VVS testing were to:

= Verify correct assembly and basic functionality of the MPV and TEMTADS sensors,
= Confirm that the measurement quality objectives (MQO) and measurement performance

criteria (MPC) in the UFP-QAPP are appropriate and achievable, and

= Demonstrate dynamic location repeatability over the IVS items.

A summary of each AGC system’s initial 1VS activities are provided below, with further detail

provided in the IVS Technical Memoranda in Appendix B.

2.6.1.1 Instrument Assembly

Proper assembly of each instrument in accordance with Standard Operating Procedures (SOPS) 2
and 3 (contained in the UFP-QAPP) was verified during the initial 1VS activities.

ERT, Inc.

13



Spring Valley FUDS
Final Pilot Study Report — Advanced Geophysical Classification April 2017

2.6.1.2 Function Tests — General

Sensor-specific function tests were performed to confirm that all geodetic, inertial and
electromagnetic transmitters and receivers were operating as expected. This was achieved by
recording the instrument response to a known calibration item, and then comparing the data to a
reference measurement. The reference measurement represents data acquired of the calibration
item when the instrument was already established to have been operating properly. For both
AGC systems, the instrument functionality was verified and applicable MQOs were achieved
prior to collecting initial 1VS data.

2.6.1.3 Function Tests — MPV

The MPV function tests consist of acquiring a static measurement with a Schedule 80 small ISO
in the middle of the horizontal transmitter coils, and performing a spin test. Both tests were
performed at least twice per day, as follows:

= The small ISO is oriented vertically and stands on the x-component coil on top of the
center cube. To improve the repeatability of the ISO placement, a circle drawn on the
coil indicates where the small ISO should be placed. A background measurement is
acquired such that the instrument and background response can be subtracted from the
function test data. The MQO for the function test is that the background subtracted
response is within 20% of a reference measurement. The data must then be post
processed to confirm that the MQO is achieved.

= The spin test is designed to verify proper operation of the GPS or RTS and IMU, as well
as the correct integration of their respective data streams. If the GPS and IMU function
properly (e.g. no bias in the IMU data stream) and the sensor geometry is correctly
defined in sensor definition files, the center cube of the MPV should exhibit a limited
range of motion when the MPV is rotated about the center of the sensor head. The spin
test consists of doing a full 360 degree rotation of the MPV head, with the center of the
MPV head in the same location. To minimize lateral movement of the sensor head, the
sensor head is placed in jig during the rotation. Dynamic data are recorded during the
rotation. If the MPV position on the field display appears to remain within a tight circle,
then the positioning sensors are deemed to be operating correctly. The spin test was done
at the beginning and end of each day.

2.6.1.4 Function Tests — TEMTADS

The TEMTADS function tests consist of acquiring a static measurement with a Schedule 80
small 1SO in the middle of the transmit coils and verifying the IMU is correctly oriented. The
first is performed at least twice daily and the second is only performed after assembly.

= |n order to verify the functionality of the TEMTADS, a known reference response for the
small ISO is required. After collecting a background reading, a vertical small 1SO is
placed in the hole on the top of the sensor housing and a static reading is collected. The
MQO for the TEMTADS function test is: response (mean static spike minus mean static
background) within 25% of predicted response for all monostatic Tx/Rx combinations.

= The IMU orientation is verified by rotating the sensor around various axes and ensuring
that the data acquisition system records the correct sign (e.g. positive or negative) in
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accordance with the SOP. Once the orientation has been confirmed, this test is not
needed unless the system must be disassembled and reassembled.

2.6.1.5 Initial Dynamic IVS Data Collection

Each AGC system acquired dynamic data with both RTK GPS and RTS positioning systems.
The purpose of dynamic data collection at the IVS is to confirm that the system is effectively
detecting and accurately positioning targets for subsurface metallic items. Ropes and/or flags
were used to guide the operators down and back over the IVS items. For both AGC systems, all
targets were successfully detected and accurately positioned.

The amplitudes and offsets for each item are summarized in Tables 2-3 and 2-4. The targets
selected from the TEMTADS data were consistently more accurate than those of the MPV. This
may have been due to additional error introduced in the offset calculation for the distance and

direction of the GPS/RTS prism relative to the center of the MPV sensor head.

Table 2-3: Initial VS Results of MPV and TEMTADS with RTK GPS
Vs MPV (RTK GPS) TEMTADS (RTK GPS)
ITEM Description Location Offset (m) Amplitude Location Offset (m) Amplitude
(mV/A)* (mV/A)**
IVS-01 Stokes Mortar 0.143422 21.717 0.122 36.8
IVS-02 75mm 0.117886 14.299 0.092 11.0
IVS-03 Medium 1SO 0.086833 147.65 0.096 57.8
IVS-04 Small 1ISO 0.309472 4.031 0.199 4.1
Table 2-4: Initial VS Results of MPV and TEMTADS with RTS
Ve o MPV (RTS) TEMTADS (RTS)
ITEM Description Location Offset (m) Amplitude | Location Offset (m) Amplitude
(mV/A)* (mV/A)**
IVS-01 Stokes Mortar 0.248 26.250 0.105 34.7
1VS-02 75mm 0.131 14.337 0.092 124
IVS-03 Medium ISO 0.151 99.566 0.096 78.1
1VS-04 Small 1ISO 0.293 8.561 0.199 4.2

* Composite channel 0.31 to 0.79 milliseconds (ms)
** Time gate 0.137 ms
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2.6.1.6 Background Noise Analysis

Electromagnetic background noise is typically analyzed to develop amplitude thresholds for
target selection. Causes of background noise include, but are not limited to, utilities, terrain
induced noise, radio frequencies, and standard noise in the electronic hardware. When the target
selection threshold (the instrument response level at which an item of interest is identified) is set
too close to the background noise level, the frequency of false positives increases. The standard
rule is to set the target selection threshold at three to five times the standard deviation of the
background response. Analysis of the dynamic IVS background line showed that both systems
experienced relatively high noise levels at the IVS. The average noise for each system on the
channel selected for target selection was as follows:

=  MPV: 0.41 mV/A for the 0.45 ms time gate and 0.30 mV/A for the composite channel of
0.31-0.79 ms
= TEMTADS: 0.34 mV/A for the 0.137 ms time gate

These system specific channels presented the highest signal to noise (SNR) and were therefore
used for target selection. The IVS noise was not as high or irregular as what was observed at the
individual Pilot Study properties. Site specific noise is discussed further in Section 3.4.
Incidentally, it is noted that the data collected using the RTS consistently produced higher noise
levels.

2.6.1.7 Dynamic Target Selection Threshold

Target selection threshold is the instrument response level at which an item of interest is
identified. The initial target selection threshold for each system was initially defined as follows:

= MPV: 1.19 mV/A for the composite channel of 0.31 - 0.79 ms
= TEMTADS: 1.69 mV/A for the 0.137 ms time gate

The 1.69mV/A threshold was selected because it corresponded to the response of a small ISO at
a depth of 35cm (approximately 13.8 inches, which is slightly deeper and thus more conservative
than the project objective of 1ft (12 inches) bgs.

When comparing the two AGC systems, it is not appropriate to rely on a direct comparison of the
amplitudes recorded by the two systems because different time gates were used for target
selection. A more accurate comparison is to evaluate the SNR for each system’s defined
selection threshold. Each demonstrator based their target selection threshold on the response
curve for a small ISO at 1 foot bgs, as this was determined to be the best representation of the
smallest TOI, a MarklV Booster at the required depth of detection. The response curves for each
system are shown in Exhibits 2.2 and 2.3. The TEMTADS was able to detect a small 1ISO using
a threshold equal to 5 times the 1VS background noise. Note that the MPV threshold at the
properties had to be set to 4.3 and 2.8 times the background noise for RTK and RTS data,
respectively.

Based on this analysis of IVS data, the TEMTADS data provided a higher SNR and is therefore
more likely to detect the smallest target of interest at depth.
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2.6.1.8 Dynamic Source Selection

Dynamic source selection is inverting the dynamic data to identify dipole sources rather than
selecting targets based on amplitude threshold. It was utilized for selecting targets from the
dynamic MPV data, unlike TEMTADS data which used the threshold discussed in the previous
section. This process involves first identifying targets that meet the amplitude selection
threshold and then inverting the data within a specified distance of the selected target to estimate
additional parameters such as size and depth of the item. Additional thresholds for size and
decay of the polarizabilities were defined for the MPV data and were incorporated into the initial
target selection process. These thresholds were based on the derived polarizabilities of the small
ISO at 30 cm depth (approximately 1 ft bgs). Note that this process had to be modified as part of
the corrective action for Non-conformance Report (NCR) 002 and is discussed further in Section
3.7.2.

2.6.1.9 Initial Cued IVS Data Collection

Cued data was also collected with both the RTK GPS and RTS positioning systems. Each AGC
sensor was positioned over each IVS item and static data was collected. The inverted source
parameters for each AGC system are provided in Tables 2-5 to 2-8.

Polarizability curves were recovered for all IVS targets; however neither system consistently
achieved the MQO for derived polarizability accuracy for the 1VS-04 item. The acceptance
criteria for this MQO is that the library match metric must be greater than or equal to 0.9 for each
set of inverted polarizabilities. The root cause of the failure for both systems was that due to the
site noise and the presence of additional metal in the vicinity, the data did not match the
reference library at the required level. As a result, the IVS-04 item was removed from the daily
IVS requirement. It should be noted that although the MQO was not achieved, the matches were
sufficient to be classified as a TOIl. Therefore, the IVS confirmed that the Data Quality
Objective (DQO) to detect and correctly classify an item the size of a small ISO at a depth of 1 ft
bgs was achievable.
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Table 2-5: TEMTADS IVSresultsusing RTK GPS and Single Source Solver

VS Seed UTM Easting | UTM Northing | Depth | Location | Depth Fit Library
Item Description (m) (m) (m) offset (m) | offset | coherence match
(m) metric

IVS-01 | Stokes Mortar 317470.086 4311986.759 0.312 0.091 -0.017 0.9985 0.9443
IVS-02 | 75mm 317470.282 4311982.377 0.393 0.070 -0.032 0.9988 0.9592
IVS-03 | Medium ISO 317470.222 4311977.826 0.176 0.087 -0.041 0.9995 0.9799
IVS-04 | Small ISO 317470.104 4311973.193 0.274 0.112 0.006 0.9503 0.8324

Table 2-6: TEMTADS IVSresultsusing RTS and Single Source Solver

VS Seed UTM Easting UTM Northing | Location | Depth | Depth Fit Library
ltem Description (m) (m) offset (m) offset | coherence match
(m) (m) metric

IVS-01 | Stokes Mortar 317470.105 4311986.790 0.121 0.312 | -0.018 0.9984 0.9440

IVS-02 | 75mm 317470.306 4311982.390 0.095 0.390 | -0.029 0.9984 0.9537

IVS-03 | Medium ISO 317470.221 4311977.822 0.089 0.176 | -0.041 0.9995 0.9782

IVS-04 | Small ISO 317470.105 4311973.183 0.118 0.252 | 0.028 0.9482 0.8450
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Table 2-7: MPV IVSresultsusingRTK GPS

IVS ID | Seed UTM Easting | UTM Northing Location | Depth | Depth Library
Description (m) (m) offset (m) (m) offset match

(m) metric

IVS-01 | Stokes Mortar 317470.00 4311986.72 0.01 0.338 0.049 0.996
IVS-02 | 75mm 317470.18 4311982.31 0.07 0.438 0.078 0.957
IVS-03 | Medium ISO 317470.14 4311977.78 0.11 0.167 0.028 0.989
IVS-04 | Small ISO 317470.95 4311973.17 0.10 0.309 0.029 0.937

Table 2-8: MPV 1VSresultsusingRTS

IVS ID | Seed UTM Easting | UTM Northing | Location | Depth | Depth Library
Description (m) (m) offset (m) (m) offset match
(m) metric
IVS-01 | Stokes Mortar 317470.00 4311986.80 0.07 0.339 | 0.049 0.989
IVS-02 | 75mm 317470.21 4311982.29 0.08 0.428 | 0.068 0.988
IVS-03 | Medium ISO 317470.12 4311977.84 0.06 0.159 | 0.019 0.99
IVS-04 | Small ISO 317470.98 4311973.20 0.06 0.305 | 0.025 0.843

In summary, the two AGC systems produced consistent results for the inversion of the IVS
items. The depth estimate was slightly more accurate for the TEMTADS because the standoff
height is fixed, while the MPV height is variable and must be estimated. The Library (repository
of geophysical response data for munitions items) Match Metrics appear to be higher for the
MPV; however, the MPV metric is based on a solution more similar to the multi-source solution
for the TEMTADS (which was not provided in the TEMTADS demonstrator’s IVS
Memorandum for all IVS items).

2.6.1.10 Daily IVS Procedures

Demonstrators collected 1VS data twice daily during field operations. Cued and/or dynamic
surveys at the 1VS were performed to be consistent with the day’s field work. If no dynamic
data was collected during the day, only a cued data survey at the IVS was required and vice
versa. Additionally, any positioning system utilized during the day was required to be
demonstrated at the IVS. So, for days when both RTS and RTK GPS were used, both systems
were demonstrated at the IVS. All daily IVS MQOs were achieved.
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2.6.2 AGC Geophysical Data Acquisition

Demonstrators collected data at the three Pilot Study properties in accordance with the approved
UFP-QAPP and SOPs. Both cued and dynamic data collection took approximately two days per
property, as shown in Table 2-9. This is approximately twice as long as was initially planned.
The field procedures as well as a qualitative assessment for each system are discussed below.

Table 2-9: DGM Survey Durations

Days for Days for Days for Days for
Property TEMTADS MPV TEMTADS MPV

Dynamic Dynamic Cued Cued
4720 Quebec 2 3 2 2
4733 Woodway 2 2 2 2
4740 Quebec 1 1 2 1
Total 5 6 6 5

2.6.2.1 Dynamic Data Collection
Dynamic data was collected to achieve 100% coverage of accessible areas on each property.

The contoured dynamic and anomalies detected for the TEMTADS for the 4720, 4733, and 4740
properties are shown in Figures 3, 12, and 21, respectively. The contoured dynamic and
anomalies detected for the MPV are shown in Figures 4, 13, and 22.

As expected, coverage percentage for the smaller, more maneuverable MPV was significantly
higher than that of the TEMTADS (see Table 2-10). The MPV design is advantageous for fitting
in tight spaces, and under and around vegetation. The MPV operator can maneuver the
instrument to maintain lock with the RTS gun while collecting data in difficult locations. This is
especially advantageous for dealing with low lying branches and larger bushes and shrubs. The
largest difference in coverage was seen at the 4740 Quebec property, where the MPV was able to
maneuver around restricted access associated with sensitive plants in the front yard; the
TEMTADS was not able to collect data in these areas without harming the plants.

Table 2-10: Percent Coverage — Dynamic Survey
Property TEMTADS Dynamic MPYV Dynamic
(sq ft) (sq ft)
4720 Quebec 2,421 3,404
4733 Woodway 1,993 2,500
4740 Quebec 1,485 2,278

Following processing of dynamic data as described in detail in Section 3.0, and generation of a
synthesized cued target list for each property, the cued surveys began.
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2.6.2.2 Cued Data Collection

Based on the dynamic data, targets synthesized from MPV, TEMTADS, and the previous EM61
data, were selected for cued data collection with each AGC system, using the cued target list
generation process described in Sections 3.8 and 4.0.

The cued locations were reacquired using wooden golf tees with flagging to mark the locations.
This flagging method was considered to be low profile as was used to accommodate the property
owner. However, the flags were less visible to the teams and were sometimes disturbed by the
property owner, requiring reacquisition and causing unwarranted delays during the cued
investigation phase.

One advantage of the MPV was the ability to actively reacquire targets, meaning that the MPV
software allowed the user to see a real-time map showing the cued target locations relative to the
sensor location. This was very helpful for identifying missing flags. The TEMTADS software
was not designed to have this ability, and this meant that for the TEMTADS, if a flag was
missing, it would not have been identified until the data were processed in the office.

Both systems have the ability to perform real-time single source inversions in the field. This
allows the operator to see the estimated location of the metallic object beneath the sensor. If the
estimated location was too far from the center of the sensor, the operator moved the sensor to the
estimated location and collected additional data. The MPV would commonly repeat this process
multiple times to ensure that adequate data were acquired, however the TEMTADS would
typically only collect one additional data point to maximize efficiency in the field. It was very
common for the estimated location to be influenced by underground utilities and/or surface or
subsurface metal. In these cases the field teams typically opted not to recollect additional data
and recorded a field note to document the observation.

As with the dynamic data, the MPV was able to collect more cued data than the TEMTADS, the
smaller sensor size and increased maneuverability allowing the MPV to acquire data in locations
where the TEMTADS was not able to access. The cued target totals for each property are
detailed in Section 3.8 and shown in Table 3-9.

2.6.2.3 Field Efficiency Issues

Due to the different operating procedures for each AGC sensor, the field efficiencies for
collecting dynamic data were varied. When considering the two systems, independent of the
positioning system used, the TEMTADS typically provided a more efficient method for
collecting data with a smaller field team. The TEMTAD