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EXECUTIVE SUMMARY

In July of 1997, the U.S. Naval Research Laboratory, with technical support from the U.S. Army Corps of Engi-
neers, Huntsville (CEHNC-OE), conducted an unexploded ordnance (UXO) survey and remediation at the Badlands
Bombing Range (BBR) (on the Pine Ridge Reservation in Scuth Dakota) as part of an ongoing Technology Demon-
stration for the Multi-sensor Towed Array Detection System (M74S). Funding support was provided by the Environ-
mental Security Technology Certification Program. This survey demonstrated the performance of the MTADS in
support of a remediation effort at a live site characterized by a range of ordnance and ordnance-related scrap and clutter
(also called ordnance explosive waste (OEW)). In discussions with Mrs. Emma Featherman-Sam, Director of the
Badlands Bombing Range Project at a site visit on April 25, 1997, it was confirmed that using the M7ADS to perform
a survey would benefit the Native American community. Moreover, this joint exercise between NRL and CEHNC-OE
permitted the U.S. Army Corps of Engineers to evaluate the MT4DS technology for use in buried ordnance site charac-
terization of formerly used Department of Defense (DoDP) ranges. In addition, potential benefits to the DoD are
derived by using a state-of-the-art UXQ detection system as a quality control check on portions of a range that had been
previously cleared and certified as clean by the DoD using older technology.

Initially, an already surveyed area that included a range of targets and clutter was selected. The targets in this area
composed the site training data set. A1l 89 targets in this set were dug and evaluated. This information guided selection
of targets for remediation for the remainder of the demonstration. The site survey was conducted in a manner that
permitted immediate analysis of data, providing position, depth, and size information for each target detected. Follow-
ing target analysis, UXO contractors and UXO personnel from CEHNC-OE waypointed and remediated the selected
targets to evaluate the detection, location, and discrimination capabilities of MTADS.

The survey was conducted over a one-month period, with about 65 hours of actual survey time. Although weather
conditions were less than ideal, the MT4DS surveyed over 150 acres at two locations, designated BBR I and BBR 2.
BBR 1 is a highly visible circular target composed of a 500-ft-diameter circular earth berm (3 to 5 ft high), with a cross-
hair berm inside the circle. This bull’s-eye was used primarily as a bombing target.

The precise location of BBR 2 was unknown, with no visible features from either ground or aerial perspectives.
Using only anecdotal information, the MT4DS surveyed the area and successfully located and analyzed BBR 2. The
type of ordnance found indicates that BBR 2 was used for practice bombing and more heavily as an aerial gunnery
target. At BBR 2, 255 targets were dug, including an additional 17, M 38, 100-1b practice bombs. Targets selected for
remediation on BBR 2 focused on smaller ordnance. A total of 28 subcaliber aerial rockets (SCARs) and 11 intact
2.75-n. rocket warheads were recovered. Many more fragmentary rockets and warheads were remediated. The alumi-
num bodies and fin assemblies on the 2.75-in. rockets do not survive impact, and low-order detonations from residual
propeliant on impact fragmented many rockets. More than 95% of all dug targets were located with a positional
accuracy of less than 29 ¢m; the overall average positional accuracy was 12 cm. Average depths were correct to within
20% of the value calculated by the M74DS Data Analysis System. MT7A4DS survey products were prepared in formats
suitable for integration into the Intergraph Geographic Information System (GIS) database at Huntsville and the Arc
Info/Arc View GIS databases at the Badlands Bombing Range Project Office.

The BBR surveys further demonstrate the ability of the MT4DS to successfully characterize sites contaminated by
UXO0 and OEW and to provide real-time support for a parallel remediation effort, while providing quality control data
for both the survey and remediation activities. Over 1200 targets were detected and analyzed at BBR I and BBR 2. Of
these, approximately 400 targets were chosen for remediation. Of the 146 targets dug at BBR I, 70 were M 38, 100-1b
practice bombs, and four were sand-filled M 59 GP bombs. About 10% of these targets had intact black powder
spotting charges, which were detonated in place. In addition, three 2.25-in. SCARs and one 2.75-in. rocket warhead
were remediated.

Cost analyses were developed to document the operational costs to deploy the M7ADS for the demonstrations at
Twentynine Palms, the Jefferson Proving Ground, and the BBR site. By making a number of assumptions, we prepared
a comparative cost model for MTADS vs conventional “mag and flag” survey methods for a range of hypothetical
ordnance surveys. We are confident that the MZ4DS represents a more cost-efficient and effective survey tool, particu-
larly in scenarios where remediation is required.
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1.0 BACKGROUND
1.1 Program Description and Sponsorship

Unexploded ordnance (UXO) is arguably the most
serious and prevalent environmental problem currently
facing Department of Defense {DoD) facility managers.
Mitigation and remediation activities are often hindered
by the fact that UXQO is colocated with other environ-
mental threats including ordnance explosives wastes
{(OEW), chemical wastes, and other toxic and hazardous
materials. Not limited to active sites and test ranges,
these problems also occur at DoD sites that are currenily
dormant and in areas adjacent to military ranges that be-
long to the civilian sector or are under control of other
government agencies. UXO mitigation and remediation
problems assume even more compelling proportions
when DoD lands are classified as Formerly Used De-
fense Sites (FUDS) or Base Realignment and Closure
(BRAC) sites. Land on FUDS and BRAC sites must be
evaluated and remediated as appropriate and must be
certified as suitable for the planned end use depending
on the pending disposition. Oversight and evaluation of
these processes involves non-DoD agencies including
EPA,; state, county, and local governments; and the civil-
ian community.

Current techniques for UXO detection, site charac-
terization, and remediation are very slow, labor inten-
sive, and inefficient. Typical detection and characteriza-
tion technologies involve handheld detectors operated by
explosives ordnance disposal (EOD) or civilian techni-
cians who must slowly walk across the survey area. This
time-consuming and sometimes dangerous process, of-
ten referred to as “mag and flag,” has been well docu-
mented as inefficient, as well as marginally effective.
Many ordnance items are disguised by the presence of
extensive surface clutter and frag (shrapnel) from ord-
nance operations. Large and deep ordnance targets are
often not found, because either their footprints are too
large to be “visualized” by the walking operator or their
signatures are lost in magnetic disturbances associated
with geophysical anomalies. Developing an image ofa
deep target, especially in a field of shallow targets, is
most difficult for the handheld surveyor. The Multi-sen-
sor Towed Array Detection System (M7TA4DS) technol-
ogy is designed to address these issues.

1.2 MTADS Technology Description

The Environmental Security Technology Certifica-
tion Program (ESTCP) funded the Naval Research Labo-
ratory {NRL) to develop and demonstrate a multisensor
vehicular towed array system. The MZTADS incorporates
both cesium vapor, full-field magnetometers, and active,
pulsed-induction sensors. The sensors are mounted as
linear arrays on low-signature platforms that are towed
over survey sites by an all-terrain vehicle. The position-

over-ground is plotted using state-of-the-art real-time
kinematic, also called on-the-fly, technology that also
provides vehicle guidance during the survey. Using
mature sensor technologies, NRL has also developed and
integrated a data analysis system {DAS) to locate, iden-
tify, and categorize all military ordnance at its maximum
probable self-burial depths. The DAS is efficient and
simple to operate by relatively untrained personnel. In
each phase of the MTADS design process, every effort
was made to reduce the magnetic self-signatures of the
tow vehicle and tow platforms. Accordingly, significant
improvements have been realized with respect to signal-
to-noise ratios.

The performance characteristics of the MTADS sys-
tem were initially evaluated through a three-phase dem-
onstration process that was specifically designed to serve
as a comprehensive measure of system performance rela-
tive to the design specifications. The first phase was a
“TECHEVAL” demonstration at NRL’s Chesapeake Bay
Detachment (CBD) to measure system performance
against the system requirements and performance speci-
fications and to generate a database of sensor responses
to diverse ordnance items at multiple depths and orienta-
tions. The second phase was a demonstration conducted
at the Magnetic Test Range at the Marine Corps Air
Ground Combat Center (MCAGCC) in Twentynine
Palms, CA, in December 1996. In the third phase, the
MTADS was demonstrated at the Jefferson Proving
Grounds (JPQ) test site in January 1997, following the
completion of JPG III commercial demonstrations. Be-
cause the latter two operations were conducted at remote
facilities, they clearly established that the system was
capable of being transported thousands of miles and col-
lecting superior data sets. These field trials also pro-
vided preliminary data sets concerning logistics needs,
spares requirements, and survey economics.

Subsequent to the completion of these initial tech-
nology demonstrations, the MTADS is currently being
applied to real-world scenarios, with the dual purpose of
providing state-of-the-art survey capabilities to the DoD,
while continuing to gather cost information to use in life
cycle cost analyses and to thus create a basis for technol-
ogy transfer. This report summarizes the technical re-
sults obtained from a survey of two live sites known as
the Badlands Bombing Range (BBR) I and 2, located on
the Pine Ridge Reservation in South Dakota. In addi-
tion, preliminary cost analyses are presented and con-
trasted to alternative survey methodologies.

1.3 Objectives for the Badlands Bombing Range
Survey

The DoD ESTCP determined that the M7ADS would
be demonstrated at a site on the Pine Ridge Reservation.
In discussions with Ms. Fmma Featherman-Sam, the Di-
rector of the Badlands Bombing Range Project (BBRP),
at a site visit on April 25, 1997, it was confirmed that



using the MTADS to perform a survey would benefit the
Native American community. Moreover, potential ben-
efits to the Air Force would be derived by using a state-
of-the-art UXO detection system as a quality control
check on portions of their previously cleared ranges.

This demonstration was conducted in conjunction
with personnel from the U.S. Army Corps of Engineers,
Huntsville (CEHNC-OE). The primary objective was to
conduct an extended survey of sites within the bound-
aries of the BBR to evaluate the performance of the
MTADS on a former ordnance training range. A survey
of this type would be expected to encounter both intact
ordnance and a range of ordnance scrap and clutter (i.e.,
OEW). Following target analysis, UXO contractors and
personnel from CEHNC selectively remediated targets
to evaluate both the detection and discrimination capa-
bilities of MTADS. An initial set of targets (i.e., a train-
ing data set) that included a range of target types and
sizes was selected; all targets in this set were dug and
evaluated. This information guided selection of targets
for remediation for the remainder of the demonstration.

To the extent possible, qualified members of the
Oglala Sioux Tribe (OST) participated in the demon-
stration surveys to gain experience in the conduct of ord-
nance operations. A large pool of hazardous waste op-
erations (HAZWOPR) trained and certified tribal mem-
bers were available for these efforts. All survey results
are being shared with the BBR Project Office to help
accomplish their restoration goals. NRL established sev-
eral Global Positioning Systern (GPS)-based, first-order
survey points to allow integration of all survey data into
the OST Arc Info/Arc View Geographic Information Sys-
tem (GIS) databases as well as correlation with digitized
aerial photographic information available from the U.S.
Geological Survey and other comumercial sources.

The participation of personnel from CEHNC-OE
permitted the Army Corps of Engineers to assess the suit-
ability of the MTADS technology for characterizing bur-
ied ordnance sites at formerly used DoD ranges. MTADS
survey products are prepared in formats suitable for in-
tegration into the Intergraph GIS database resident in
Huntsville and appropriate for reanalysis using their
“Knowledge-Based” target analysis system. A cost analy-
sis database is being developed to document the approxi-
mate costs to reproduce the complete MTADS capability,
and the operational costs to deploy the MT4DS at the
demonstrations at Twentynine Palms, JPG, and the BBR
site (see Section 9.0).

Finally, some objectives associated with this dem-
onstration related to goals developed by DARPA, the
ESTCP Program Office, and NRL. A small reference
site that is uncontaminated by ordnance was established
and surveyed at the BBR. This background survey pro-
vided information that can be correlated with DARPA-

established clutter sites. Following survey of the Refer-"-

ence Site, a range of inert ordnance was installed from
NRL stores, and the Reference Site was resurveyed to

provide information for signature calibration against the
local geophysical background. In parallel with the dem-
onstration survey and data analysis, remediation opera-
tions dug an extensive range of targets to the extent al-
lowed by time and resources. The remediated targets
were extensively documented, both to evaluate MT4DS
performance and to establish a magnetometry and pulsed-
induction sensor signature database for both ordnance
and clutter targets typical of this site. All remediated
targets were reacquired by GPS to precisely determine
position. They were photographed, and target sketches,
descriptions, and orientations were recorded on an ex-
tensive dig sheet report. All data sets acquired at the
BBR were archived for potential future use using analy-
sis tools developed with support by the Strategic Envi-
ronmental Research and Development Program (SERDP)
and ESTCP.

1.4 Historical Site Information

In 1942, the Department of War annexed 341,725
acres of the Pine Ridge Reservation for use as an aerial
gunnery and bombing range. This site is located in the
southwest corner of South Dakota, with the largest part
of the bombing range located in Shannon County, ap-
proximately 60 miles southeast of Rapid City. The BBR
wasa live-fire range for over 30 years and most recently
was used as a training range for the Army National Guard.
Accordingly, a considerable number of sites within the
vast range were appropriate for this MTA4DS demonstra-
tion. Since 1960, portions of the land have been re-
turned to the OST. In 1968, Congress enacted Public
Law 90-468 returning 202,357 acres to the OST, setting
aside 136,882 acres of formerly held tribal lands to form
the Badlands National Monument, to be managed by the
National Park Service. The U.S. Air Force still retains
2,486 acres of land within reservation boundaries. This
area is being subjected to a military EOD surface clear-
ance, which was ongoing during the NRL MT4DS dem-
onstration.

Requests were made to Mr. Dell Petersen at the En-
vironmental Office at Ellsworth AFB for historical in-
formation relating to Air Force involvement in the setup
and use of the BBR. We were told that extensive archi-
val information on use of the site does not exist and that
all their information had been provided to the OST at the
BBR Project Office. Similar requests were made to Ms.
Jill Solberg and Mr. Kirk Engelbart at the Omaha Re-
gional Office of the Corps of Engineers, who were Te-
sponsible for archival records searches on behalf of prior
Corps’ operations at the BBR. In response to this re-
quest, CEHNC-OE provided us a map designating, in
general terms, probable target areas within the range.

Working through the BBR project office staff and
with the Bureau of Indian Affairs (B1A) regional office
in Pine Ridge, we obtained the majority of photographic
and archival information relating to use of and




remediation operations on the BBR. The OST believes
that they have identified 12 to 14 targets that were used
for bombing and aerial gunnery practice. Some of these
are identified on historical aerial photographs while oth-
ers are apparent during surface walkover inspection.
Some of the sites are much less well documented, with
the primary information coming from clusters of ord-
nance scrap on the ground or the presence of car bodies
or other targets that show evidence of ordnance impact.

The most detailed written information available to
us are ordnance recovery reports written following
remediation activities conducted by Air Force EOD de-
tachments. These reports from 1963, 1964, and 1975
document surface clearance operations associated with
returning portions of the BBR to the OST and the Na-
tional Park Service to form the Badlands National Monu-
ment (renamed the Badlands National Park in 1996).
While the documents claim that the entire BBR was
cleared, OST representatives feel that much of the activ-
ity was concentrated on areas that ultimately became part
of the Badiands National Monument.

Documented ordnance recoveries at the BBR inciude
aerial artillery projectiles (50-caliber and 20-mm rounds);
incendiary, photoflash, and practice bombs; rockets; and
ground-based ordnance, including mortars and howitzer-
fired projectiles. The latter ordnance presumably resulted
from Army National Guard training operations. Due to
the nature of the prior remediations, it is likely that the
range will intermittently require additicnal remediation

operations for many decades.
2.0 ESTABLISHING SURVEY PROJECT SITES

2.1 Coordination with the Oglala Sioux Tribe

On April 25, 1997, representatives from NRL vis-
ited the BBR Project Office in Pine Ridge, SD, as a pre-
liminary step in the selection of potential survey sites.
Extensive discussions were held with Mrs. Emma
Featherman-Sam, Director of the BBRP and Mrs. Robin
White, Director of the OST Land Office. Because the
demonstration at the BBR involves surveying a relatively
small portion of the expansive range, the areas chosen as
survey sites required careful consideration to maximize
the probability of finding ordnance items associated with
bombing and aerial gunnery exercises.

Additional important factors involve the ownership
of the lands, obtaining permission from ail parties with
vested interests, and possible interference with local cus-
toms and events and with current land use practices. Ex-
tremely valuable information concerning the history of
the site was obtained as was extensive written documen-
tation on DoD> operations on the range. Information was
also obtained as to other requirements for tribal lands
that were leased for agricultural purposes as well as tribal
lands administered by the National Park Service.

2.2 Inspection of Potential Sites

Figure 1 shows the location of the BBR on the Pine
Ridge Indian Reservation. In selecting survey sites, NRL
gave primary consideration to those areas that addressed
the priorities of the OST; secondary considerations were
current land use and land ownership. Sites that are not
administered by the National Park Service or under the
control of the Tribal Land Office require permissions from
a majority of all the descendants of the criginal land
owners to conduct operations. This could require ob-
taining permission from several dozen current land own-
ers for a specific privately held site. We toured several
of the potential sites and observed some of the target ar-
eas. Considerable time was spent evaluating the Air Force
Retained Area. The areas of most importance to the OST
are various sites on Cuny Table (because of the relatively
high value of the land and its probable future use by tribal
members) and the Air Force Retained Area. The latter
area is important to the OST because its final return to
tribal control is an important unresolved issue more than
20 years after the Air Force has relinquished control of
all other areas. Following the April 25 meeting in Pine
Ridge, the tour of the BBR, and subsequent discussions
with members of the BBR Restoration Advisory Board
(RAB) and Ellsworth AFB representatives, portions of
the Air Force Retained Area were chosen for the MTADS
demonstration.

2.3 Coordination with Other Agencies

In order to establish the survey site and obtain the
approvals of the interested parties, NRL convened a meet-
ing of the BBR RAB, whose members are selected by
the BBR Project Office, and representatives of NRL, the
ESTCP Program Office, the Army Corps of Engineers,
and Ellsworth AFB. The meeting was held on June 12,
1997, at the Environmental Range Office at Ellsworth
AFB. The participants are listed below.

Affiliation
OST, Director, BBRP Office
Naval Research Laboratory

Participant
E. Featherman-Sam
JTR. McDonald

Herbert Nelson Naval Research Laboratory

Richard Robertson Hughes Associates (NRL)

Jeffrey Marqusee Director, ESTCP

Thomas Altshuler Institute for Defense Analyses

Jim Manthey CEHNC-0QE-CX

Jeff Neece CEHNC-OE

Kirk Engelbart U.S. Army Corps of Engineers,
Omaha Office

Mario Robles U.S. Environmental Protection
Agency, Region VIII

Kevin Jacobson South Dakota Army National
Guard

Dell Petersen Environmental Office,
Ellsworth AFB

Christopher Corell NCOIC, EOD Office,
Ellsworth AFB
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Fig. 1 — Map of the Oglala Sioux Reservation showing the Badlands Bombing Range

The Demonstration Test Plan for this survey was
drafted (and approved) based on survey sites within the
Air Force Retained Area and the buffer zone surround-
ing this area. NRL contracted to have first-order survey
control points established to support these operations.
Because Ellsworth AFB EOD was conducting a survey/
clearance of the Retained Area during the same time pe-
riod as the planned-NRL operation, it was necessary to
choose alternate sites for the MT4DS demeonstration sur-
veys. As time was too short to develop a completely
new Demonstration Test Plan, we developed a BBR Work
Plan, based on unspecified target areas on the Cuny Table.
This Work Plan served as an amendment to the original
Demonstration Plan and contained the full environmen-
tal and Site Health and Environmental Response Plan
(SHERP).

The most obvious bombing target on Cuny Table is
a circular bull’s-eye target referred to as BBR I. The
target is clearly visible from the air as well as from the
ground. Inspection of the area reveals significant ord-
nance-related scrap scattered about the surface. The tar-
get straddles the fence between leased grazing land on
the Badlands National Park and tribal lands currently
leased to a farmer and under cultivation. Therefore, ac-
cess permissions from the tribal president, the Tribal Land
Office, and the National Park Service are the only re-
quirements to undertake a demonstration at this site.

In addition, a second bull’s-eye target was alleged
to be approximately 1 mile to the southeast of BBR 1. It
was not visible to us from the ground and was not appar-

ent from historical or recent aerial photos. However, OST
members of the BBR Project Office assured us that it
was located on national park grazing lands (see Section
2.5). This area, then, represented a possible alternative
to the target on BBR 1 or a second survey site. Although
an actual bull’s-eye was never found, the target was iden-
tified based on the clustering of ordnance found during
the survey.

Based on these considerations, we chose BBR I and
BBR 2 for the demonstration survey. Access to these sites
required traveling 1.5 miles of dirt road and 12 miles of
gravel road (Hwy BIA 2) after leaving the paved road
BIA 27.

2.4 The Primary Survey Target

BBR 1 is a highly visible circular target composed
of a 50¢-ft-diameter circular earth berm, with a cross-
hair berm inside the circle. Figure 2 shows an aerial pho-
tograph (1-m resolution) of this target; this photograph
was made in the summer of 1991. Figure 3 isa repro-
duction of a more recent color photograph of the
target site. The east-west fence bisects the bull’s-eve.
The northern side is rented to a local rancher by the Na-
tional Park Service for grazing. The southern side of the
fence is tribal land currently rented as farmland and un-
der cultivation. During the MT4DS surveys, this area
was partially covered by winter wheat (almost ready for
harvest) and partially planted in millet, which was about
10 in. tall.




Fig. 2 — Aerial photograph of a portion of Cuny Table
that displays the bombing target at BBR |

Fig. 3 — A more recent aerial photograph of BBR |
showing the division between cropland and grassland

Figure 4 is a ground-level view of the edge of the
berm, which rises about 3 to 5 ft above ground level.
This can be traversed by the magnetometer tow platform.
Cultivation of the southern side of the target has signifi-
cantly reduced the height of the berm, however. it is still
easily detectable.

2.5 The Secondary Survey Target

OST members from the BBR Project Office claimed
that they could point out to us the position of the second
target (see Section 2.3). The area they associate with
this target is pastureland (in the national park) within the

same grazing area as BBR 1. Figure 5 showsa [-m reso-
lution digitized aerial photograph of the approximate
area under consideration. The current fences between
parkland and tribal land under cultivation are superim-
posed as white lines. The white X denotes the approxi-
mate center of the area pointed out to us by tribal mem-
bers. There are no detectable surface features similar to
those at BBR 1. There is. however, a significant amount
of ordnance-related scrap scattered on the surface. The
scrap is mostly bomb tail fins similar to the surface scrap
found on BBR L.

Fig. 4 — Ground-level view of the eastern side of the
berm at BBR |

The photographic and map records in the BIA office
in Pine Ridge were again searched for information rel-
evant to this target. A poor quality reproduction of a
BIA map was obtained that probably dates from the
1950s; it shows the BBR I bull’s-eye. which is labeled
“bombing target” on this map. There are two additional
faintcircles. The closest to BBR 1 is approximately 6.335
fteast and 1,585 fi south of BBR I from caliper measure-
ments on the map. The second faint target is (0.5 mi due
east. These circles are labeled “Gunnery Targets” on this
BIA map. Ifthe western circle is the target identified by
the OST members, it would lie approximately at the circle
shown on Figure 5. Rather than being in the parkland,
these measurements locate the target on what is currently
tribal land. The circle shown on Figure 5 i§ currently
located in a millet field about 200 ft south of and about
200 ft west of the fences shown as white lines on Figure
5. We accepted this general area for consideration as a
backup or secondary target for investigation. It is re-
ferred to in our study as BBR 2. Figure 6 is a graphic
representation of the relative positions of BBR [ and BBR
2. the location of the base camp. and the area in which
the training data set was taken. These sites were selected
as the most appropriate sites to accomplish the survey
objectives.



Fig. 5 — Aerial photograph of a portion of Cuny Table
proposed 1o contain a bombing or gunnery target. See
text for explanation of the symbols.

Fig. 8 — MTADS survey landmarks superimposed on a
7.5-min map of the BBR on Cuny Table

3.0 THE SURVEY SUPPORT TEAM
3.1 Software and Data Analysis Support

AETC, Inc., is the developer of the current MTADS
DAS. They were requested to provide field support dur-
ing this survey. Their primary responsibilities included
troubleshooting software or DAS problems and devel-
oping required software modifications or utilities arising
from the unique situations encountered during the sur-
vey. Additionally, they provided support for preprocess-

ing field data files in preparation for target analysis and
preparing electronic files for target waypointing using
the Trimble Data Collector (TDC). They were respon-
sible for archiving data files and maintaining the log of
survey activities. They also provided backup target analy-
sis in case the workload exceeded our planned data analy-
sis capabilities.

3.2 Logistics Support

Nova Research, Inc., provided all required logistic
support. They established our base of operations at the
remote site. Trailers were rented for a field office and
housing computer operations, for a field workshop and
storage of MTADS and UXO field hardware, and for over-
night garaging of the MT4DS vehicle and sensor plat-
forms. A tent was set up for vehicle and sensor platform
maintenance and repairs. An electrical generator and fuel
storage were put in place to support the requirements of
all three trailers and for overnight charging of the ve-
hicle batieries. Backhoes suitable for UXO operations
were leased and put on-site to support UXO crews. Por-
table toilets were maintained for work crews of 15 people
for the 5 weeks of the operation. All rented equipment
was prompily removed from the site and the site was
cleaned at the end of operations, In addition, Nova was
responsible for subcontracting or otherwise hiring local
labor as required to support the demonstration. Inter-
face with Native American labor sources was a requi-
site.

3.3 Work Plans and Coordinating Field Activities

Hughes Associates provided support in researching
and developing work plans and schedules and develop-
ing health and safety work plans. They were also re-
sponsible for coordinating activities of other contractors
before and during the demonstration. Additionally, they
provided program administrative support and monitored
budgets and spending. While on-site during operations,
Hughes provided coordination of field and support ac-
tivities and expertise on ordnance and ordnance-related
materials encountered during operations.

3.4 Transportation and Field Support
GeoCenters was responsible for transporting all

MTADS hardware between Washington, DC, and the field
activities. They provided MT4DS vehicle drivers and

" mechanical maintenance of all field hardware. The

GeoCenters representative served as the site safety of-
ficer and was responsible for conducting all daily safety
briefings. Additionally, the driver, who is UXO-certi-
fied, supervised all field activities of survey support crews
and made ordnance and safety-related decisions about
situations encountered in the field.
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4.0 ORDNANCE REMEDIATION
4.1 CEHNC-OE Participation

An objective of this project was to document the per-
formance of MZADS in field activities demonstrating its
readiness to conduct UXO site characterizations at DoD
ranges and its transition potential as an automated sur-
vey support tool appropriate for commercial use by Army
Corps of Engineers contractors at ordnance remediation
sites. To this end, we contacted CEHNC-OE-CX about
their interest in monitoring or supporting our operation
at the BBR.

We held meetings with Mr, Charles Heaton, Mr.
James Manthey, Dr. John Potter, and Mrs. Mary Dowling
at the U.S. Army Engineering and Support Center, Hunts-
ville, AL. They agreed to support our activity through
their Centers of Excellence Office (Mr. Jim Manthey)
and to provide a three-person EOD field crew (from Army
Corps staff) for 4 weeks to conduct target recoveries and
gvaluations during the remediation process following our
waypointing of targets. The EQD field team also had the
responsibility for providing explosives and the destruc-
tion-in-place of recovered ordnance with potential ex-
plosive fillers. Additionally, they provided inert certifi-
cation of all recovered ordnance scrap for disposal.

4.2 Commercial UXO Support

To augment the remediation efforts of the CEHNC-
OE crew, we acquired, by a subcontract through NOVA,
the support of Ordrem, a firm providing commercial EOD
services. Ordrem’s responsibilities included providing a
dig crew to prosecute flagged targets. Additionally, they
were responsible for waypointing the targets scheduled
for remediation by both their and the CEHNC crews.
Waypointing is carried out by using the TDC programmed
by the target analysts and dig images and dig sheets to
precisely locate the specified targets in the field and then
by planting a flag with the unique target number at the
site. Following the disclosure of each target by the EOD
team, Ordrem was responsible for reacquiring the target
using the TDC GPS equipment. Ordrem provided four
persons to support these efforts for 4 weeks. The
waypointing and reacquiring of targets was assisted by
Native Americans with HAZWOPR certifications.

5.0 THE WORK PLAN

Subsequent to establishing the primary and second-
ary survey sites, the drafting of a new project plan was
initiated. U.S. Geological Survey topographic maps for
the sites were obtained in both hard copy and digitized
form. Aerial photographs of these sites were provided
by the BBR Project Office, and others were procured
through commercial vendors. Using the topographic
maps, aerial photos, and data obtained from the initial

site visits, we established the location for the base of
operations.

5.1 First-Order Control Points

Arrangements were made to have a geodetic survey
made of the site to establish muitiple first-order control
points. Geometrics-GPS was contracted to survey these
control points. At the same time, we had a first-order
control point shot in near the BBR Project Office for their
future use.

5.2 Approvals for Site Access

Before beginning survey and remediation operations,
we secured approvals from both the OST and U.S. Park
Service. Documentation was provided as to the specific
nature of activities to be conducted on-site, including site
restoration requisites. Appendix A provides copies of
these approvals. In addition to the OST and U.S. Park
Service approvals, NRL also coordinated survey sched-
ules with the farmer to ensure minimal interference with
farming operations.

5.3 Establishing an Operations Base

It is our experience that the efficiency of survey op-
erations critically depends on having an operating base
from which all survey activities are coordinated. For
each of the surveys conducted as part of the previous
MTADS Technology Demonstrations at Twentynine
Palms and JPG, NRL has established an on-site office
trailer as a base. These facilities serve as a focal point
for all aspects of survey operations as well as serving as
the location of the MTADS DAS. For the effort at the
BBR, no facilities of any type were available to support
our operation. The nearest source for rental equipment
of any type was Rapid City, about 75 miles from the Cuny
Table sites.

As remediation activities were to be conducted con-
currently with survey operations, we established sepa-
rate facilities to support the activities, Three cargo con-
tainers that had been converted into lighted, air-condi-
tioned office trailers were placed on-site. Figure 7 shows
the interior of the frailer used by the survey team. Each
metal trailer could be securely locked. The survey and
remediation teams were provided separate office facili-
ties (8 by 40-ft trailers). The survey team trailer housed
the DAS, communications equipment, and modest of-
fice facilities for coordination briefings. The remediation
team trailer was used to store field equipment and also to
house an electronics repair station and tools and repair
supplies. An additional 8 by 48-ft container was used to
garage the MTADS vehicle and sensor platforms. Power
to the trailers was provided by a 65 kW diesel field gen-
erator, which was aise used to recharge the vehicle, ra-
dios, and GPS batteries overnight. Communications



Fig. 7 — Interior of the survey headguarters trailer that
supported all data analysis operations

among on-site personnel was provided by handheld VHF
radios, with a base station located in the command trailer.
Radios were provided to all field and office teams so
that constant communications could be maintained. Por-
table bathroom facilities were installed on-site.

In addition. a 20 by 30-fi tent canopy was located
adjacent to the garage trailer. permitting the survey team
to service and repair the MTADS tow vehicle and sensor
platforms out of the sun or rain during the day. A back-
hoe was leased for the Ordrem remediation crew, An
additional backhoe was leased by CEHNC for their
personnel. Fuel for the generator and backhoes was
provided by a 500-gallon fuel tank located on-site. Al-
though coverage was intermittent en-route to the site,
cellular phone communications were available at the site
locations.

Figures 8 and 9 show the base camp and most of the
equipment put in place to support the demonstration.
CEHNC established an explosives magazine trailer about
1 mile north of the base camp inside the parkland fence.
This position was about halfway between the base camp
and the survey sites.

5.4 Reference Site

By agreement with the sponsor office. we established
a small reference survey site. This was set up in a fairly
clean area near the explosives magazine (located inside
the trailer) as shown in Fig. 6. We conducted magne-
tometer and pulsed-induction surveys of the site. Three
small targets were located in the Reference Site. Each
was near surface and appeared to be metal scrap (pieces
of bomb fins). These were removed, and small holes
were dug using a backhoe to install ordnance items from
NRL inert stores that were transported to the site for this
purpose. Inert ordnance spanning the range from 20-
mm projectiles to 8-in. artillery rounds were used. In
addition. the BBR Project Office provided an empty prac-
tice bomb casing as an additional reference. After this
step. magnetometer and pulsed-induction surveyvs were

Fig. 8 — Base camp for the survey showing the three
support trailers and the power generator

Fig. 9 — Base camp showing the vehicle maintenance
tent and the backhoes used for remediation

again conducted. Figures 10 and 11 are image plots
from the magnetometer surveys of the Reference Site
before and after the inert ordnance was installed. These
surveys provided a set of reference signatures that we
used in target analysis of the survey data taken on-site.
In addition, they provide a background measurement of
the geophysical noise level characteristic of this site,

5.5 Survey Site Characteristics

In general, the whole area (i.e., this part of Cuny
Table) is geomagnetically clean and allows analysis of
very small targets to the noise floor of the rolling sen-
sors. There are some local geophysical magnetic anoma-
lies not seen in the reference site that appear in the BBR
I survey. These are discussed in a later section. Because
Cuny Table has historically been very sparsely populated,
was effectively unpopulated from 1945 10 1965, and has
been used only for grazing and cultivation of small
graincrops since 1965, the whole area is very free of man-
made objects and clutter (except for ordnance clutter).
The only man-made (nonordnance) metallic clutter found
on-site during these surveys related to fences and fence-
building activities.

The geology of this part of Cuny Table consists of a
surface layer of black loam. 1.5 to 2.5 fi thick. Below
this, at all points where we excavated. is a very coarse
off-white-to-gray sand that is relatively homogeneous and
extends to a depth of greater than 15 fi. In a few of the
deeper holes that we dug, a layer of scattered small rocks



Table 1. First-Order Control Points Established in Support of the MT4DS Survey

Cli:(])litlll'f] Latitude Longitude Northing Easting Benchmark
Name (NAD 83 (degrees, min., sec)) (UTM, NAD 83 (m)) Location
Cuny Table
OST1 |43, 32, 34.07909 102, 48, 14.13293 | 4823437.55 | 677416.96
Sec. 9, Near Center
osT2 4332, 3430368 102, 47, 03.25482 | 4823486.60 | 679007.41 Cuny Table
Sec 10, Center
Cuny Table
OST3 |43, 32, 08.02841 102, 46, 44.02372 | 482287.59 679460.64
Sec 10, SE Corner
Cuny Table
OST 4 |43,31,16.51732 102, 41, 53.93068 | 482127553 | 686015.63
Sec 17, SE Comer
Bouquet Table
OST 5 | 43,42, 0527022 102, 18, 3551860 | 4842233.05 | 71676131
NW Corner
OST Base | 43, 01, 34.86511 102, 33, 3228569 | 4766632.79 | 698883.67 R""g‘;gfeBRP

was found dispersed in the sand. Some of these appeared
to have a low natural magnetic signature when probed
with a handheld fluxgate gradiometer.

Typical temperatures varied between 55° and 95° F
when days were sunny and 55° and 75° F during cloudy
and rainy periods. Wind velocities were not excessive
and typically varied between 0 and 10 mph. The average
annual rainfall on Cuny Table is less than 12 in. During
the 5 weeks of this operation, we had more than the total
equivalent annual rainfall. About half of the time we
were working in either rain or very muddy conditions.
The extremely wet conditions led to difficult insect (fly
and mosquito) problems, particularly during the last 2
weeks of the operation.

6.0 THE SURVEYS
6.1 BBR I Nerih

The Survey Plan selected the northern side of BBR
I as the starting point for the survey. This area, located
within the national park, is grassland currently grazed
by both horses and cattle (Figs. 3 and 4). Except for a
couple of low-lying areas, the surface is firm and well
drained, allowing surveying during light rain or even af-
ter heavy rains. The south side of the bull’s-eye was
under cultivation in winter wheat and millet. The wheat
was within I week of harvest when we began operations.
We intended to allow the harvest to be complete before
entering this area. This was not feasible, however, as

intermittent rains delayed the harvest, which was still not
complete 5 weeks later when we left the site.

The center of the bull’s-eye is the origin of the local
coordinate system for this target. In UTM (NAD 83 in
meters), the origin of the site is X =677868.57 E, and Y
=4823457.61 N. Surveying began with the magnetom-
eter array. Five hundred meter-long lines were driven,
centered at the bull’s-eye. These lines were driven start-
ing parallel to the fence. The fenceline lies nearly (but
not quite) east-west. The height of the target berm and
the slope of its sides allowed the magnetometer survey
to proceed directly across the berm sides.

The tall grass and weeds, the undulating surface, and
the 5-ft-high berm sides made it difficult for the driver to
maintain his survey track on the one-third mile-long sur-
vey lanes. To assist with positional reference during the
data acquisition, field support was provided by contracted
HAZWOPR-certified field technicians from the local area
(Fig. 12). The field support crew was responsible for
placing the flags indicating the track position and the end
of track. This allowed the driver to concentrate on ma-
neuvering the tow vehicle to maintain heading and to
thus avoid creating missed survey areas. ‘

We intended to continue surveying towards the north
until targets became sparse or until we were required to
begin EM surveying in preparation for the dig teams who
were scheduled to begin 1 week after the surveying. Data
preprocessing and target analysis began immediately and
continued in parallel with the field survey. Field data
were usually downloaded every hour and were typi‘cally
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Fig. 10 — Magnetometer survey of the background reference site
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Fig. 11 — Magnetometer survey of the background reference site following installation of inert ordnance

Fig. 12 — MTADS field support technicians help
maintain the track position during the survey

visualized within 2 hours., When the survey had extended
300 m north of the bull’s-eye, targets became more sparse.
However. there were still significant large targets at the
eastern, western, and northern edges of the survev. Fig-
ure 13 shows a magnetic anomaly map for the 300 by
500-m survey conducted north of the bull’s-eye. After
completing 15 hectares, the magnetometer array was
traded for the EM array.

The EM survey began at the center of the bull’s-
eye, driving the same lanes driven with the magnetom-
eter array. The EM array did not traverse the bull's-eye
gracefully. bottoming out at the sensor tray each time the
berm was crossed in a perpendicular fashion. After about
five round trips, it was observed that several of the fiber-
glass sensor supports on the tray had failed, rendering
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the EM array unusable. It took 2 days to procure the nec-
essary repair components and rebuild the sensor support
tray. During this period. magnetometry surveying was
continued south of the fence in the wheat field. After the
array was repaired. EM surveying began again at the
northern edge of the area surveyed by the magnetom-

300

eters. Surveying proceeded southward to about Y = 150
m to define the area to be used for the “training data set.”
Surveying with the EM array was suspended at the Y =
150-m level to allow target clearance activities to begin
north of Y = 150 m. Figure 14 shows the EM anomaly
image for the north side of BBR 1.
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Fig. 13 — Magnetic anomaly image of the north side of the BBR | bull's-eye
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Fig. 14 — Anomaly image created with the EM array for a portion 150 m north of the BBR | bull's-eye
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6.2 BBR I South

When the dig teams moved from BBR I to BBR 2,
the survey equipment returned to this site to complete
surveying south of the fence on the croplands. Working
in the croplands was more problematic because of the
continuing heavy rains and the deep mud that were much
more of a problem on areas not covered with grass. Ul-
timately, an area of 500 by 300 m was surveyed south of
the center of the bull’s-eye. About 50% of this area was
in mature wheat and 50% was in immature millet. We
destroyed about 25% of the wheat crop where we sur-
veyed by mashing it into the ground. The millet stood
back up after a day and was not damaged. The farmer
was reimbursed for the lost wheat crop. Figure 15 shows
the magnetometry survey underway on the south side of
the bull’s-eye. Following previous tracks in the crops
effectively could have been carried out by the driver with-
out assistance. Figure 16 shows the magnetic anomaly
image for BBR I South.

6.3 BBR2
Section 2.5 describes the process for choosing the

secondary survey site. Surveying on this site began at
the time that target waypointing and remediation got

Fig. 16 — Surveying the south side of BBR | with the
magnetometer array

underway on BBR 1. We began magnetometry survey-
ing of BBR 2 in the grassland. This area, although east
of BBR I by more than a mile, is in the same pasture as
the north side of BBR 1. Because there were no visual
clues to locate a target center for this site, we began driv-
ing long east-west lines starting about 100 m east of the
fence corner shown in Figure 5. The eastern limit of
these lines was limited by a low-lying wet area that be-
came a pond further to the north. After about 20 survey
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Fig. 18 — Magnetic anomaly image of the south side of the BBR | bull's-eye
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lanes were driven, data were preprocessed and visual-
ized. Clustered targets were apparent with a highest den-
sity about 30 m to the west of the fence comner. The east-
ern limit of the survey lanes was extended slightly, and
magnetometer surveying was continued toward the north
until a block 350 by 200 m was completed. A small area
on the northeast corner and a larger area on the eastern
edge were missed because of standing water. After com-
pleting this area, north-south survey lines. again in the
pasture land. were driven to form a survey block extend-
ing almost 400 m north to south and 350 m east to west,

At a later time during a period of dry weather. the
magnetometer array was moved onto the tribal land to
survey a small block (about 80 by 130 m, or about 1
hectare) in the millet field to complete the survey of the
area that we suspected would contain the larget center.
Figure 17 shows a magnetic anomaly image of this com-
plete survey. The ill-defined center of the target cluster
lies about 25 m south and east of the fence corner.
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Fig. 17 — Magnetic anomaly image of BBR 2

The EM array was used to survey the area within
the parkland that had been surveyed using the magne-
tometers. Figure 18 shows the EM anomaly image re-
sulting from this survey. Toavoid further damage to the
millet, the EM array was not taken into the cultivated
area. The target density near the center of the cluster is
so high that effective single target analysis cannot be
carried out. The variety of target signatures within the
millet field is very similar to those in the parkland.
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Fig. 18 — EM anomaly image of BBR 2

7.0 TARGET ANALYSIS
7.1 The Training Data Set

The survey plan called for selecting a survey area
containing 50 or more targets in a mix of target sizes and
digging all targets in the set. The results of this
remediation would presumably provide information about
the types of ordnance (and nonordnance) present at the
site. Prosecuting the smaller targets would determine
whether small ordnance (such as 20 mm projectiles) were
present. The measurements at the Reference Site dem-
onstrated that these items should be detectable at this site,
particularly with the EM array.

Analysis of the magnetometry data from the north
side of BBR I resulted in selecting 485 targets. About
30% of these targets, based on calculated size and depth,
were likely candidates to be buried bombs. Because of
the difficulties in traversing the berm with the EM array
and the need to complete both magnetometer and EM
analyses of the data for the training data set, once the
EM platform was repaired, we began surveying the area
chosen for the training data set.

The magnetometry survey area north of Y = 150 m
in local coordinates had 82 analyzed targets. This area
was selected for the training data set. EM surveying at
this site was stopped when it reached this point and all
EM targets were analyzed. The EM analysis was carried
out working jointly with the magnetometry target analy-
sis screens using the techniques developed analyzing the
Twentynine Palms and the JPG 111 data. This joint analy-
sis added seven new targets to the dig list that did not
appear on the magnetometry target list. This resulted in



a combined list of 89 targets. Forty-five to fifty-five of
these targets were likely bomb candidates,

In the Twentynine Palms and JPG data analyses, we
used the EM target analyses to exclude certain magne-
tometer target picks based on improbable EM signatures.
This worked very well, particularly at JPG, in declaring
numerous magnetometer signals as false alarms because
the EM signatures were too small to be ordnance. In the
BBR training data set, we did not exclude any analyzed
magnetic targets because digging them up could poten-
tially provide information valuable in devising future
discrimination algorithras.

Therefore, 89 targets were dug in the training data
set. This resulted in the recovery of 40, M 38 practice
bombs; 4 rocket bodies (2.25-in. SCAR) or rocket war-
heads (2.75-in.); 33 pieces of ordnance scrap (mostly tail
fins); and 12 dry holes (false alarms). On all of BBR I,
we remediated a total of 146 targets. Therefore, this re-
port discusses in detail the remediation results for BBR 1
based on all the targets that were dug on the site rather
than limiting observations to the training data set.

For logistic reasons, much of the digging took place
on BBR 2, This was necessary because, for safety, we
had to maintain both a minimum separation between each
of the dig teams and a minimum separation of the dig
teams from the survey team members. We attempted to
remediate in areas that had both EM and magnetometry
data analyzed. Also to minimize crop destruction, we
chose to not use the EM array to survey any of the crop-
lands. While the dig teams were prosecuting the BBR 1
training data set targets, the magnetometer and EM sur-
veys and data analysis got well ahead on BBR 2. There-
fore, the dig teams concentrated much of their efforts on
the second site. The choice of BBR 2 was also influ-
enced by the greater variety of targets on the second site.

7.2 BBR I Target Analysis

A complete target analysis was carried out using the
magnetometry data for both the north and south side sur-
veys. EM surveys were carried out only on the north
side of the bull’s-eve and were concentrated on the area
north of Y = 150 m (in local coordinates) because this
was the area used for the training set data. The complete
printout of target analysis tables (Tables 5 through 11) is
presented in Appendix B. In the BBR I North magne-
tometer survey, 485 anomalies were analyzed and re-
ported as targets as detailed in Table 5. The EM survey
of (~50% of this area) BBR I North was analyzed with
the (previously analyzed) magnetic anomaly analysis
window side by side with the EM analysis window. A
total of 171 EM targets were picked; 51 of these did not
have counterparts in the magnetometry analysis. The
EM target analysis is provided in Table 6. On the south
side of the fence in BBR I South, 219 targets were picked
from the magnetometry survey (Table 7). The number
and density of larger targets are similar on the north and
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south sides of the bull’s-eye. The total number of small
shallow targets is lower on the south side probably be-
cause the area has continuously been under cultivation
by the current farmer since control was returned to the
OST. The farmer told us that he has picked up metallic
scrap from the surface and either sold it or pitched it into
the fence rows. Additionally, it is likely that some of the
smaller surface items have become more deeply buried
(and undetectable) as a result of cultivation.

Figure 19 shows that the analyzed target sizes fall
into a bimodal size distribution. The smailer targets tend
toward an analyzed size of 40 £ 20 mm while the larger
size grouping analyzes as 160 = 50 mm. Figure 20 shows
a similar bimodal distribution in analyzed target depths.
The smaller targets lie between 0 and about 25 cm while
the larger targets tend to be buried between 35 cm and
1.2m.
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Fig. 19 — Analyzed target size distribution for all targets
on BBR |

Frequency
8

10 15 2.0 25 59
Target Depth {m}

Fig. 20 — Analyzed target depth distribution for all
targets on BBR |

7.3 BBR 2 Target Analysis
The perimeters of the magnetometer survey on BBR

2 were extended several times. Following completion of
the magnetometer survey, all data files were again as-
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sembled and the local coordinate system was redefined
to contain all the data. The UTM (NAD 83) position of
the origin of the local coordinate system is 679323.73E
and 4822924.25N in meters. Including the area in the
millet field, the magnetometry data analysis resulted in
647 target picks. Table 10 gives the target analysis re-
sults.

The EM target analysis was carried out while simul-
taneously viewing the magnetornetry analysis window
and target picks. A total of 239 EM targets were ana-
lyzed, including 60 targets that were not part of the mag-
netometry target list. Table 11 presents the complete EM
target list. During the survey operations, it was noted
that a significant amount of the OEW surface clutter was
aluminum, much of it either tail fins or scrap from the
bodies of 2.75-in. rockets. For this reason, the EM analy-
sis particularly concentrated on signatures that were
weaker or absent from the magnetometry data to empha-
size the different detection capabilities of the two arrays.
Because this rocket has a ferrous warhead 2.75 in. (70
mm) in diameter, an effort was made to pick targets of
this size for remediation.

Figure 21 shows the target size distribution and Fig-
ure 22 shows the target depth distribution. The strong
bimodal size distribution that was seen in targets in BBR
I is not as apparent on this site. This is primarily influ-
enced by the lower incidence of the 150-mm targets on
this site relative to the smaller targets. The distribution
of target depths on BBR 2 is similar to the bimodal dis-
tribution seen on BBR 1. A primary difference between
the two sites is the much higher incidence of small, shal-
low, OEW clutter targets on this site.

8.0 TARGET REMEDIATION

The remediation teams began work 1 week after the
beginning of survey operations. Before they could be-
gin digging targets, surveying and data analysis had to
be completed for both the magnetometer and EM arrays.
During the first week of surveying, it was decided for
reasons discussed above that the initial digs that com-
prised the training data set would consist of all analyzed
targets on BBR I on the north side at Y >150 m. The
targets In this area were somewhat less dense than nearer
the bull’s-eye, making it less likely that prosecuting an
individual target would disturb an adjacent target. The
distribution of target sizes and depths appeared repre-
sentative of the remainder of the site. Finally, the 500-m
length of the plot meant that, by paying attention, both
dig teams could work on the site at the same time while
maintaining the required separation from each other.

8.1 Dig Lists
The target list for digging initially included all tar-

gets for Y > 150 m on BBR 1. After completing this
training data set, we continued to assemble target lists
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while on this site that maintained a distribution of target
sizes and depths similar to those in the initial group.
Based on a variety of considerations, we set up the dig
lists to encompass 50 by 125-m areas. This meant that
there were eight dig lists for the training data set. Cows
tended to pull up flags (to see what they tasted like?) so
we tried to waypoint no more than the next day’s targets
for remediation. On the upper half of BBR I North, the
50 by 125-m area contained about the number of targets
that a single dig team could prosecute in a day. The
MTADS DAS target files were downloaded as tab-
delimited * txt” files and were imported into spreadsheets
on a PC. Once the site was broken up into these plot
areas, the spreadsheets were sorted by area to create dig
lists. These lists were provided to the waypointing crew
(as an electronic file on the TDC) and to the dig crews as
a hard copy.

8.2 Dig Images

The MTADS Data Analysis window size was adjusted
to 50 by 125 m size, the target analysis polygons unique



target identification numbers were superimposed, and
postscript images were created and printed using the color
printer. These were used by the waypointing and dig-
ging teams. Adjustments were made in the output for-
matting of the target boxing and the target font point size
50 that the individual targets were readable from the im-
ages in the field. Figure 23 is an example of a dig image
from the training data set region These images served
several purposes. To minimize the time spent walking
between targets. the waypointing team would start at one
edge of the image and generally proceed across the area.
The image allowed the team to quickly identify the near-
est target by number and locate it in the TDC computer.
The dig image allowed the dig team to visually identify
the target signature, see nearby clutter that needed to be
accounted for. and be aware of other nearby targets so
that they would not be accidentally disturbed.

8.3 Preparing Dig Sheets and Programming the TDC

It quickly became apparent that numerically keying
in the coordinates of all the targets to be waypointed into
the TDC was not only very time consuming but was likely
going to lead to transcribing errors. A software utility
was written on-site to interface the spreadsheet contain-
ing the target information for downloading into the TDC,
This was ultimately supplanted by software directly pur-
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chased from Trimble. Once the data file was prepared in
the correct format, it was downloaded into the TDC by
serial-port hardwire connection.

A sample dig sheet was prepared as part of the work
plan to prepare for this operation. Its design was intended
to assist the dig teams by providing target location, depth,
and orientation information. Its comment line also con-
tained information from the target analyst alerting the
dig teams to some unique feature of the target or to the
presence of nearby clutter or other targets. The dig sheet
also contained spaces to be filled-out by the dig teams
based on their observations and a box in which to insert
a sketch of the target. Figure 24 shows an example of a
filled out dig sheet from this site with a copy of the pho-
tograph of the target taken at the time ol its recovery.

8.4 Waypointing Targets

The waypointing and dig teams insisted that it would
be difficult for them to maintain their orientation with-
out using large flags gridding the site. This is probably a
holdover “security blanket” based on the fact that all of
them were “mag and flaggers” who had no significant
prior experience with GPS. They were used to gridding
sites and walking grid lines to do hand surveys. As a
compromise, we programmed the 50 by 125-m corner
positions for the area of the training data set into the TDC
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X (m)
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Fig. 23 — Magnetic anomaly image prepared as a dig image for the waypointing and remediation teams to use

in the field
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for the waypoint team to flag and additionally set up flags
at the site corners.

Both Ordrem and CEHNC dig team members were
provided orientation sessions with the TDC controller
and were given a waypoint list containing the practice
ordnance coordinates at the Reference Site with which
to practice. The TDC readout directs the operator to each
target by providing a continually updating vector and
distance to the selected target. After orientation and some
initial work building confidence in the system, Ordrem
assumed responsibility for waypointing targets. They
worked with support from the local labor team to
waypoint and flag the targets.

The waypointing team was also responsible for re-
acquiring target positions after they were uncovered by
the dig team. The dig team’s responsibility was to un-
cover the target and certify it as safe for the waypointing
team to reacquire, The waypointing team reacquired each
target by placing the point of the staff at the approximate
center of the target. The GPS position was recorded by
the TDC and read to the dig team to also record on the
dig sheet, The TDC, using both the original target posi-
tion and the reacquired position, computed the difference
and the vector between the two positions and saved this
information. The waypointing team was responsible for
downloading these files back to the PC to become part
of the permanent target record.

8.5 Prosecuting Targets

The general instructions provided to the dig teams
were to prosecute the surface and very shaliow targets
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from each dig list before excavating deeper targets. The
intent was to dispose of these targets before carrying
heavy equipment on-site or moving significant quanti-
ties of dirt that might disturb nearby surface targets. This
approach was generally followed, although equipment
sometimes disturbed targets from an adjacent dig area
before working on that site. This did not happen very
often.

UXO dig teams operate under stringent safety re-
quirements imposed by their charters, Safety standards
and technical guidance dictate all field operations. OSHA
safety requirements must also be followed during hand
and mechanical excavation operations. UXQ teams es-
tablish exclusion zones around investigations, operate
under a buddy system and follow OSHA’s trenching re-
quirements during investigation of deeper targets. Non-
UXO personnel are not allowed into a team’s exclusion
zone during intrusive operations, and each UXO team
must be separated from the other by an established safe
distance. UXO teams maintained on-site radios for com-
munication with all other MTADS personnel.

Dig teams followed the following procedure when
prosecuting targets:

1. Working from the dig image and the dig list, the dig
team member locates the waypoint flag with the unique
target number corresponding to the target.

2. The target is investigated using either mechanical or
hand digging techniques. Surface and shallow targets
are revealed using hand tools.

3. If a target is ordnance, positive identification of the
fuze and filler is made prior to any movement of the
item.



4. Once an item is determined to be safe, it is reacquired
by the waypointing team without disturbing its posi-
tion,

5. Following reacquisition, the target is photographed and
the dig sheet is completed.

6. The target is then removed for disposal or flagged to
be blown in place by the CEHNC team.

7. The final remediation step is returning the removed
soil. tamping the soil, and returning the site to grade.

Figures 25 and 26 show shallow and deep targets being
prosecuted. There were relatively few very deep targets.
Targets such as the 250-1b bomb shown in Figure 25 re-
quire up to 3 hours to fully complete. The shallower
targets may require only a few minutes. Overall. each
dig team completed an average of 20 targets per day.

Fig. 25 — A UXO specialist prosecuting a 250-1b bomb
at25m

Fig. 26 — UXO specialists prosecuting a shallow target
8.6 Remediation Results

8.6.1 BBR [ Targets

Originally, remediation on BBR 1 was divided be-
tween the training data set and the remainder of the BBR

1 North survey. Because there were 89 targets remediated
north of Y =150 m and a total of 146 targets on the whole
site, all targets on BBR I North are addressed together.
Table 10 summarizes the results for the targets remediated
on this site. The ordnance remediated from BBR 1 in-
cludes four sand-filled M 58 GP bombs (250 Ib), 70 sand-
filled M 38 practice bombs (100 Ib), three SCAR 2.25-
in. practice rockets. and one warhead from a 2.75-in.
rocket. None of these items was high-explosive filled.
However, each of the practice bombs was dropped with
a 2-1b black powder spotting charge. Inan M 38, this is
contained in a can at the tail. In some cases, this charge
failed to detonate on impact, requiring the ordnance to
be blown up in place. On the north side of BBR I North,
51 items of OEW scrap were recovered. The majority of
these items were tail fins or parts of tail fins from the
bombs and 2.25-in. rockets.

The M 38 practice bombs are composed of thin-
walled sheet metal. Very few were remediated in any-
thing close to their original conditions. On impact. they
tended to crumple in accordion fashion, creating ob-
jects both shorter and larger in diameter; many were al-
most spherical. Figure 27 shows an M 38, which is in
relatively good condition; even the tail fins are intact.
The widely varying conditions of these items are respon-
sible for the wide distribution of predicted M 38 ord-
nance sizes (peaked at 150 mm), as shown in Figure 19.

The OEW scrap targets varied in size up to about 25
cm. The dipole fits to many of these targets make them
indistinguishable from similar-sized real ordnance items.
The position and depth predictions for the OEW items
tended to be very good. If a scrap target had a distinct
longer dimension, the dipole fit tended to correctly pre-
dict the longest dimension as the azimuth of the target.

Fig. 27 — An M 38 practice bomb recovered at BBR |



None of the ordnance items remediated at this site
(or at BBR 2) indicated that any live ordnance had been
used against these targets. We did not recover small pro-
jectiles typical of aerial practice gunnery and the 2.25-
in, SCAR rockets were manufactured only as inert prac-
tice items. We remediated all targets on BBR I that had
predicted sizes consistent with ordnance larger than M
38s. We therefore believe that it is highly probable that
the only danger at this site from UXO is from M 38 ord-
nance that still have intact spotting charges. About 10%
of the M 38s that we dug had failed to detonate their
spotting charges on impact. About half of the M 38s
with undetonated spotting charges had the spotting charge
canisters ripped or fractured such that the black powder
had been exposed to the elements for many years.

There remain between 125 and 150 unremediated
M 38 targets within 500 m of the BBR I bull’s-eye. Based
on our observations as described above, there are likely
12 o 15 of these with undetonated spotting charges with
perhaps half of the 12 to 15 that still have significant
potential, if disturbed, to detonate the spotting charges.
Table 10 presents the coordinates of all of the remediated
and unremediated targets. If one wished to completely
remediate this site, our observations indicate that the only
targets that pose a threat are the M 38s. These items
have predicted ordnance diameters between about 130
and 230 mm. No targets were remediated on BBR I
South.

8.6.2 BBR I Resurvey

A section of BBR I within the training data set area
was resurveyed with the magnetometer array. In part,
this was done as a quality assurance/quality control check
on the MTADS survey and the remediation process. An
additional reason for the choice of this area is that it con-
tained several targets that were dug and declared to be
geophysical anomalies. This latter issue is discussed in
the Section 8.6.3.

Figure 28 shows magnetic anomaly images of a por-
tion of the resurveyed area before and after remediation.
The remediation very effectively removed the ordnance
targets from the site. In a few cases (Targets 418, 426,
and 441), the boxed targets included both large objects
and smaller scrap items. Only the large targets were des-
ignated for remediation on the dig sheets and these were
prosecuted. In other cases (Targets 419, 429, and 434),
when the M 38 targets were removed, small pieces of
scrap (probably tail fins) were left behind and appear as
small targets in the resurvey image. Target 471 does
not appear in the dig sheets: it was apparently overlooked
during waypointing or the flag was removed. It was not
remediated.

Target 373 is a more interesting case. It originally
had poor fit parameters but was identified as a shallow
M 38. When remediated, an M 38 was found within 1
cm of the predicted depth and 3 c¢m of the predicted po-
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sition. Reanalysis of Target 373 following the resurvey
provides a high-quality fit (0.978) and predicts an M 38-
sized target 75 cm deeper than the original analysis. Itis
apparent that the original Target 373 comprised two
M 38s, with one almost on top of the other. The deeper
target was left in the ground when the shallow one was
remediated. Normally, EOD teams scan the bottom of
the hole with a metal detector before it is refilled. The
last two targets, Targets 424 and 433, are discussed in
the next section.

8.6.3 BBR I Dry Holes

Thirteen targets dug on BBR I were reported as dry
holes. Most of these targets lie in the area of the training
data set where all targets were dug. Targets 424 and 433
in Figure 28 are examples. These targets are associated
with geological or geophysical phenomena rather than
man-made ferrous objects. They fit a ferrous dipole
model less well than ordnance or OEW targets. Addi-
tionally, they have a physical appearance that is very dif-
ferent from ferrous targets at this site. They visually ap-
pear more extended, the edges appear much less crisp,
and the dipoles are oriented in a random fashion. On
this site, after the first two of these dry holes (and a few
M 38s) were dug, it was possible to differentiate with
assurance between these two target types. The remain-
der were dug from curiosity and because they appeared
in the training data set.

Figure 29 shows two additional targets of this type
with anomaly images before and after they were dug.
Targets 460 and 461 were predicted to be 3.5 and 2.5 m
deep. In all four of these cases (Targets 424, 433, 460,
and 461), holes were dug slightly deeper than the pre-
dicted target depths. All were declared as dry holes. In
some cases, using handheld sensors, there were indica-
tions of slightly magnetic gravel or clay, but in no cases
were hard targets detectable with handheld sensors, even
at the bottom of the holes. In all cases, after the hoeles
were refilled, the signatures remained, although some-
what perturbed in some instances.

One final attempt to understand this phenomenon
was made. Target 469 is another example of this type of
anomaly. The low-quality dipole fit predicted a target at
3 m. In this case, before remediating, a series of bore-
holes were dug as shown in Figure 30. A handheld ce-
sium vapor sensor was lowered into each hole, taking
readings every 6 in. Following this, the larger backhoe
was used to excavate the target to a depth of 16 ft. A
very large hole was created and all the excavated soil
was mixed and replaced in the hole and returned to grade.
Figure 30 shows that, in this case, the geophysical
anomaly giving rise to Target 469 has been effectively
destroyed. The borehole information is still being evalu-
ated. We intend to publish a paper on this phenomenon
based on this experimental information. We conclude
for now that the magnetic anomalies that were dug on
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this site and declared as dry holes have a geological/geo-
physical origin and that our point dipole analysis of their
signatures underestimated their depths,

8.0.4 BBR 2 Targets

A total of 235 targets were dug by the two ordnance
remediation teams on BBR 2. Although there is currently
no discernible bull’s-eye at this site, the center of the
area that must have been the original target is heavily
saturated with both large targets (mostly M 38 practice
bombs) and rocket bodies as well as copious OEW serap.
The whole 350 by 380-m surveyed area has a general
scattering of M 38 practice bombs. More probably lie
outside the survey area. Although this area was used as
a bombing target, it was much more heavily used as an
aerial gunnery target for 2.25-in. SCAR and 2.75-in. rock-
ets. The full range of analyzed target sizes was sampled
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in our remediation. however, we concentrated on smaller
targets with the intention of sampling smaller ordnance.

M 38s were the only bombs found at this range; 17
were recovered. Twenty-eight SCAR rocket bodies were
recovered. Some were intact, but most were bent,
crumpled, or showed evidence of low-order detonations,
presumably from residual propellant that was burning at
impact. The 2.75-in. rockets have aluminum bodies,
venturies, and tail fins, so only the steel warheads were
recovered intact. Eleven intact 2.75-in. rocket warheads
were recovered. This many more were recovered as scrap,
resulting most likely from low-order detonations from
residual propellant. There were only a very few scraps
recovered that might have been involved in high-order
detonations.

One hundred and sixty-eight pieces of ordnance-re-
lated scrap (i.e., OEW) were recovered from BBR 2.
These were about equally divided between tail fins from
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bombs and rockets and scrap from the disintegration of
these items. Only one smaller ordnance item was recov-
ered — a 20-mm projectile that was buried about 20 cm
deep. Twenty-four other scrap items were recovered that
were not classified as OEW. The majority of these were
wire or metal strapping.

The mix of ordnance at BBR 2 is much more het-
erogeneous than that found at BBR 1. However. as at
BBR 1, the only items that were found that present any
danger are the M 38 targets that have intact and
undetonated spotting charges. Because of the density of
ordnance and clutter near the center of the target, we can-
not estimate with confidence the likely number of ord-
nance with undetonated spotting charges. However, the
number likely lies between 5 and 20 within 300 m of the
center of the target. Our coordinate positions for the tar-
gets would allow them to be remediated in all surveyed
areas except the 25 by 40-m area near the center of the
target. which is effectively saturated. To completely
remediate this area. one would have to remediate the tar-
gets that can be waypointed, including the small scrap
targets, and the area would have to be resurveyed. Itis
doubtful that doing so would be justified as this area has
been cultivated for many years apparently without inci-
dent. It might be a good idea to fence off the 2 acres or
so at the center of the target rather than continuing to
cultivate it because of the possibility of setting off one of
the spotting charges.

8.7 MTADS Performance Summary

The two largest impediments to progress in this op-
eration were the nonseasonal weather and the extreme

daily commute required to and from the site. The very
rainy weather and subsequent very deep mud precluded
surveying on 4 days and slowed down operations on 5 or
6 more days. This time was partially made up by work-
ing on some weekends. The overtime added expense to
the remediation efforts of the commercial remediation
team. The roundtrip commute required over 3 hours of
driving time each day. This cut into the time available
for onsite surveying and added expense to the costs paid
to the commercial remediation company as they required
payment for driving time and the inevitable overtime that
this created. Given these limitations, the overall perfor-
mance exceeded our expectations in all categories ex-
cept the raw number of acres surveyed.

The MTADS surveying that was carried out effec-
tively and completely characterized two of BBR targets,
One of these targets effectively was “found™ by the
MTADS crews during the time we were surveying the
first target. Our approximate location for the target, com-
bined with exploratory surveys. allowed the second tar-
get to be precisely located and completely characterized.

The MTADS data analysis processing stayed current
within 24 hours of the survey data taking and stayed far
enough ahead of the remediation teams to allow creation
of target tables, dig lists, and dig images for remediation.
The creation of the training data set was an excellent
concept. The real-time feedback as digging began was
very instructive in guiding the target analysis during the
second half of the survey. From the information learned
from the first 2 or 3 days of digging, we could have ef-
fectively dug only ordnance targets on BBR I if we had
so chosen, and avoided almost completely digging fur-
ther OEW on this site.
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Fig. 30 — Display of two geophysical anomalies. The
EM survey is shown at the top, the magnetometer
image is in the center, and the magnetometer resurvey
following excavation is at the bottom.

The second target had a wider range of ordnance
present. However, assuming that one wished to remediate
the 2.75-in. rocket warheads as the smallest ordnance
targets. 25 to 40% of the targets dug on this site could
have been excluded from the dig list. These observations
have important implications for future survey/remediation
operations. 1f one is willing to “learn” from a training
data set, we strongly feel that a large fraction of OEW
targets on DoD ranges need not be dug. One does not

]
[}

need to be able to classify a target as clutter if it can
confidently be classified as “not ordnance.”

The mix of resource commitments at this demon-
stration was very good. The field survey team of one
driver (who is also UXO-certified to supervise other field
persons) and a field support team of two to four persons
(depending on field conditions) can keep the MTADS
survey equipment busy. The field operations are sup-
ported by two data processors. One of these is respon-
sible for data preprocessing and handing off target analy-
sis to the second processor. Depending on the informa-
tion load, these persons are responsible for target analy-
sis and information processing for the waypointing and
remediation crews. A two-man waypointing crew was
kept busy staking out targets and reacquiring them after
they were disclosed. If targets were not reacquired, this
two-man crew would not stay busy with these tasks. The
two, three-man remediation crews strained the output
production rate of the data analysis crews. A single three-
man remediation team would probably keep pace with
the two-man data processing and analysis team if (this
mix of) targets were remediated without reacquiring and
carefully documenting each target. The production rate
of the remediation crews will be highly influenced. how-
ever, by the presence of deep targets. The few targets
deeper than 2 m required 2 to 3 h each to prosecute.
During this time, 10 to 30 very shallow targets could be
remediated.

This demonstration provided an excellent test of the
position and depth locating abilities of the MT4DS. Based
on performances at Twentynine Palms and at JPG, we
felt confident that MT4DS could routinely locate targets
within a 0.5-m circular radius and with a depth accuracy
(based on magnetometer target fitting) of about 20%.
These position accuracies may have, in part, been lim-
ited by the baseline truth for each of these sites. The
target waypointing and target reacquisition accuracies,
based on the current GPS protocols, each have an uncer-
tainty of about 5 cm. The demonstration at the BBR
should provide a much more stringent test of the MTADS
DAS target-fitting algorithms and of our ability to put a
flag over a target in the field.

Figure 31 shows a histogram of the M74DS target-
locating ability for all targets dug on both of the sites.
The “dry holes are not included in the figure. The aver-
age target location error was 12 cm. 90% of all targets
were located within 22 cm. and 95% of all targets were
located within 29 cm. The few outlying points likely do
not represent location errors, but rather identification of
the wrong targets by the remediation team or location of
small surface targets that were moved by the MT4ADS
during survey or by the remediation team while pros-
ecuting nearby targets.

The ability of MTADS to precisely locate the posi-
tions of targets has been conclusively demonstrated. This
is true for small targets on the surface. for deeper targets
including many deformed M 38s, and for the 250-1b



bombs at more than 2 m. In almost all cases, the loca-
tion error of the target is smalier than the dimensions of
the target.
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Fig. 31 — Histogram plot of the horizontal miss
distance between the analyzed and measured target
positions

Figure 32 is a plot of predicted vs reported target
depth for all remediated targets. There is a very high
correlation between the predicted and measured depths.
For most targets significantly below the surface, the er-
ror in the depth prediction is a small fraction of the ob-
served depth. On a fraction of depth basis, many of the
shallow targets are not as precisely located. Many of the
shallower targets are clusters of scrap whose average
depth is not easily evaluated. In other cases, compari-
sons of near-surface target depths with predicted depths
involves uncertainties about where the surface of the
ground is. For remediation purposes, it is irrelevant
whether a target is located at a depth of 4 or 7 cm. In
general, the magnetometer-based depth predictions are
highly precise and provide excellent information for the
remediation team to plan and execute target recoveries.
As with the position accuracies, the depth predictions
generally fall within the dimensions of the targets. Based
on all evaluation criteria, the MT4DS demonstration, sur-
vey, and remediation were very successful.

9.0 SURVEY COST INFORMATION

The information in Table 2 sumrnarizes our costs to
complete the survey at the BBR. Not included in'the
table are costs associated with the planned operation at
Air Force Retained Area, which did not take place. Those
costs included development of the original Demonstra-
tion Work Plan, travel for three persons o South Dakota
for meetings with the Air Force, and commercial estab-
lishment of survey points at the Air Force Retained Area.
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Fig. 32 — Comparison of the analyzed and measured
target depths for all recovered targets

The costs for the survey that we conducted on Cuny
Table are broken down into categories that afllow us to
estimate costs for additional similar MTADS surveys and
for similar remediation exercises. Qur survey costs
should not be used to project ultimate costs to conduct a
survey with a similar commercial system because we are
continuing to do development in the field. Likewise, the
remediation costs reflect travel costs for multiple teams
and organizations and significant costs associated with
paid overtime for Saturday work and the extended com-
mute time. More importantly, the target documentation
process required significantly more effort than would a
simple remediation. Depending on the size of the site to
clean up, remediation costs alone might be half of those
reflected in Table 2.

10.0 COMPARISON OF MTADS AND “MAG AND
FLAG” SURVEY COSTS

To date, the MTADS has been a development sys-
tem, and, therefore, an objective analysis and compari-
son of operational and deployment costs relative to other
survey methods (i.e., “Mag and Flag” operations) is not
straightforward. We have undertaken an economic evalu-
ation of the replacement costs for the MTA4DS hardware
and software (as presently configured) to form the basis
for a future life cycle cost analysis.

The replacement cost analysis is based on produc-
ing an exact copy of the MT4DS field equipment and
DAS hardware and support equipment. We assumed the
same vendors and suppliers as originally used and ac-
quisition costs for the same spares and ancillary support
equipment that currently support M7ADS. Based on these
assumptions, the one-of-a-kind replacement cost is
$742,000.

There are several unrealistic assumptions in this es-
timate. The original computer hardware is no longer
available and has been superseded by new models. Cur-
rent analysis shows that our original reliance on high-



Table 2. Summary of Costs for the BBR Demonstration

SURVEY TASK COST CATEGORY sumromar | T ec sk

Site Assessment 3,000
Base Station Survey 4.500
Site Survey

AETC, Labor, Travel, ODCs 42.72G

GeoCenters, Labor, Travel, ODCs 28,162

Hughes, Labor, Travel, OCDs 18,726

NRL, Labor, Travel, ODCs 38,000

OST Tribal Labor 10,098

MTADS Transportation 5,874

Survey Cost 143,580
Remediation/Disposal

CEHNC-OE 107,000

Ordrem 62,006

Disposal Total 169,096
Logistics

MaPs, ge_enerator, trailers, toﬂe@, 25.001

radios, tent, fuel, labor, and misc. ’

Property Damage 2,000

Logistics Total 27,001
GIS Development 6119
Survey Report NRL 20,000

Nova Research 4,000

Total Report Costs 24,000
GRAND TOTAL 377,296

end workstations can now be replaced by desktop PCs
with no loss of operating capability, thus reducing both
hardware and software licensing costs. The field hard-
ware manufacturing costs are based on quotes from the
original R&D firms that developed the equipment, rather
than from hardware fabricators who could presumably
work from our detailed engineering drawings. Itis likely
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that a savings of $100K to $150K could be realized on
the major field hardware components by competitive use
of commercial manufacturers and fabricators.

Based on our experience in supporting and using the
MTADS at three demonstrations over the past 2 years,
and for the purposes of this study, we propose to amor-
tize $400K of the MTADS costs based on a schedule of

~,

-




4000 hours of surveys. We fee] that this is a conserva-
tive estimate because our breakage, maintenance, and re-
placement costs for the past 2 years have been less than
$25K. This translates to an assumed cost of $100 per
survey hour for MT4DS amortization costs.

In our past experience with MT4DS at field opera-
tions, we have always had one senior scientist/supervi-
sor on-site supporting the operation. In addition, we have
provided extensive logistics support (such as tents for
maintenance work, offices with bench spaces for repairs,
and onsite office spaces for computers and DAS support
equipment). It 1s our experience that these support ele-
ments have a positive impact on our survey efficiency,
the quality of the data collected, and the on-site analysis
product. For this reason, we have built in the same sup-
port and logistics costs for the following comparative
study. A commercial finm in a cost-competitive environ-
ment might forego many of these logistics support costs.

The comparative study assumes various sized op-
erations ranging from 15 acres up to a large 3000-acre
survey. Because comparisons are being made with a
hypothetical commercial “mag and flag” operation, we
also assume that only the M74DS§ magnetometer array
will be used and that the survey sites are not terrain {im-
ited. We assume that the hypothetical sites contain an
average of 20 targets per acre and factor this into an as-
sumed production rate of 1.5 acres per day for a “mag
and flag” operator and an MTADS survey and analysis
capability of 10 acres per day. Since only one MTADS
exists, we assume a survey rate of 10 acres per day and
provide travel costs to cycle MTADS personnel on a 30-
day rotation. The MTADS surveys have a senior UXO
technician on-site in the field at all times and assume
HAZWOPR-certified field support staff typical of our
past operations, Except for the smallest surveys, we also
assume that two dedicated people support the data analy-
sis and site supervisory functions.

For the “mag and flag” operations, we assume that
the appropriate number of personnel are put on-site to
complete the survey in 2 weeks. This minimizes travel
and logistics costs. The labor mix of UXO technicians
to UXO supervisors and the site-supervisor support and
logistics support are typical of those that we have had
quoted to support operations and also factor in informa-
tion about labor rates and labor mixes typically quoted
for operations similar to these.

Tables 3 and 4 are summaries of the assumptions
made in making the cost comparisons for surveys rang-
ing from 15 to 3000 acres, located at a distance of 2000
miles from the MTADS base of operations in Chesa-
peake Beach, MD. In the case of “mag and flag” opera-
tions, the personnel doing the survey are assumed to have
similar travel requirements. No logistics costs are as-
sumed for the “mag and flag” surveys except for the larg-
est surveys, which have associated logistics support per- "
sonnel. Similar hotel and per diem costs are assumed for
each arm of the study.
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Figure 33 is a graphical comparison of the relative
costs for the hypothetical surveys. We assumed no
remediation of targets. The MT4DS survey has been car-
ried through target analysis, providing target maps and
target tables with depth and size information for all tar-
gets and target positions in global, state, plane, or local
coordinates. The “mag and flag” surveyor is presumed
to flag each target when it is detected. No permanent
record is provided. Laying out a grid and surveying each
target or measuring the coordinates of the flagged tar-
gets suitable for GIS integration will add an additional
30 to 50% to the cost of the “mag and flag” survey.

These calculations do not address the ultimate goal
of any particular survey (i.e., is the survey being con-
ducted to assist in remediation activities or simply to pro-

Amortized Cost Per Acre Surveyed
E MTADS ® MS&F

1.500

1000 |

Cost ($/acre)
[3,]
8

50 500 1000 3000

15

150
Acres

Fig. 33 — Cost comparison between MTADS and “mag
and flag” surveys

vide an indication of whether the site is contarninated
and the extent of the ordnance contamination?). Previ-
ous studies of the detection efficiencies of “mag and flag”
operations have shown that (at least for sites where ord-
nance exists below 1 m in depth), the majority of ord-
nance remains undetected. Studies conducted at the
Magnetic Test Range at Twentynine Palms using EOD
teams trained with Mk 26 detectors indicate that the de-
tection efficiency for a “mag and flag” operation is ap-
proximately 35%. MTADS detection efficiencies at ord-
nance ranges including the Magnetic Test Range at
Twentynine Palms, the three different ordnance scenarios
at JPG, and these studies at the BBR indicate a detection
efficiency exceeding 95%.

Assuming that the survey is in support of a
remediation activity, the cost per detected target is a use-
ful comparison. Using the detection efficiencies cited
above, Fig. 34 provides this comparison. Regardless of
the size of the survey, MTADS is more cost effective in
flagging targets for remediation. It should also be noted
that following the remediation based on the “mag and
flag” survey, 65% of the undetected ordnance remains in
the ground.

These comparisons between MTADS and “mag and
flag” surveys are based on complex sets of assumptions.
No real operation will compare identically with these
assumed conditions. Moreover, the survey products are



Amortized Caost Per Detected Target
MTADS B Mag & Flag

Cost {$/Targat)
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Fig. 34 — Comparison between MTADS and “mag and
flag” surveys based on target detection costs

very different between the two approaches. The MTADS
surveys provide a permanent record in global coordinates
for all targets. The “mag and flag” survey provides a
product that is only useful for immediate follow-on
remediation. These approaches are most directly com-
parable when they are conducted only to define contami-
nated vs “clean” areas.
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Appendix A

LETTERS OF PERMISSION FOR CONDUCTING DEMONSTRATION SURVEYS



L.

Oglala Sioux Tribe

Box H
Pine Ridge, South Dakota 57770
(605) 867-5821 ’
Fax: (605) 867- 1373

July 14, 1997

Office of the President
JOHN YELLOW BIRD STEELE

Mr. J.R. McDonald
Department of the Navy
Naval Research Laboratory
Chemical Dynamics and Diagnostics Branch - Code 6110
4556 Overlook Ave., SW -
Washington, DC 20375-5320
7
Dear Mr. McDonald:
I am authorizing the Naval Research Laboratory (NRL) permission to conduct a survey
and recovery demonstration of the area, Township 41N, Range 46W, Sections 9,10,and
11 within the boundaries of the former Badlands Bombing Range with the approval of
the OST Land Office and Badlands National Park Service. -

This area contains two military targets built in the 50's and:some of the area
surrounding the targets is currently under agricultural use; | would require that in those
areas where intrusive procedures are carried out that restoration activities will take
place to ensure the previous condition is attained.

S
; S
fg e

L e
S nAEE

If you have any questions, please call me at 605/867-5821 or Emma "?Featrhe;rman—Sam
at 605/867-1271. | & -

Sincerely,

cc:  Tom Conroy, Chairman, OST Land Committee
Emma Featherman-Sam, Director, BBRP
William Supernaugh, Superintendent, BNPS



United States Department of the Interior

NATIONAL PARK SERVICE
Badlands National Park
P.C. Box
Interiar. South Dakota 57790

IN RLPLY REFER TO:

July 14, 1997

178

Mr. J.R. McDonald, Head

Chemical Dynamics and Diagnostics Branch
Chemistry Divigsion, Code 6110
Department of the Navy

Navy Research Laboratory

4555 Overiook Avenua SW

Washington, DC 20376-5320

Dear Mr. McDonald;

| was contacted by Emma Featherman-Sam and Keena Clausen of the Badlands Bombing Range
Project about your request to use a muiti-sensor towed array device (MTADS) on park managed
iands within the South Unit. The intent is to conduct 2 survey and recover unexploded aordnance
(UXQ) from the area identified as T41N R4BW, Sections 9. 10, and 11 during the period July 14
through August 30. Part of tha recovery operation entails detonation of UXO in place.

Badlands staff have been an integral part of the Restoration Advisory Board for the last several
yvears. We support the efforts of this group and are interested in providing a safer environment for
visitors and researchers and believe that your activity is compatible with our mandate to manage
tribal lands for park purposes. Through this letter wa sanction this operatian, subject to the
following conditions:

permission from the Badlands Bombing Range Projsct (BBR), Oglafa Sioux Tribe
{OST) Land Committee, and Bureau of Indian Affeirs (BIA), who have interests for
activities in this location

operation of MTADS and detonation of UXO in accordance with the Corps of
Engineers site safaty and heaith plan and environmental assessment for bombing
range activities

48 hour prior notification of periods when you intend to use the MTADS

exclusion of visiters at the time areas are being surveyed

avoidance of damage to cultural rasources identified by BBR, OST, BIA. and which
includes the homestead site and grave of A. A. Binck

any markers used 1o designated sites will be removed by the end of the field study
period

all excavated areas shall be restared by filling in the excavations and otherwise
leaving the area in as near to original condition and contour as is practical.



If you have any additional quastions, please contact Scott Lopez, Chief of Visitor Protection (433-
5230}, about questions relating to visitor activities, explosives, and morutoring operations, Chiat of
Resource Education Marianne Mills (433-5240) on cultural resources, and Bruca Bessken (433-
5260} or Glenn Plumb (279-2464), natural resource managers, on natural resource or

environmental compllance issues.

Sincerely,

AL

William R. Supernaugh
Superintandent

cc: Emma Featherman-Sam, Badlands Bombing Range Project
Robin White, Oglala Sioux Tribe Land Committee
Robert Ecoffey, Bureau of Indian Affairs
Scott Lopez, Badlands National Park
Glen Livermont, Badlands National Park
Gerald Roy, Badiands National Park
Marianne Mills, Badlands National Park
Bruce Bessken, Badlands National Park
Glenn Plumb, Badlands National Park
Robin Russell, researcher, Badlands National Park
Scot Ferguson, researcher, Badlands National Park



Appendix B

DATA ANALYSIS TABLES AND TARGET REMEDIATION TABLES
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