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E-1 

EXECUTIVE SUMMARY 

In 1942 the Department of War annexed 341,725 acres of the Pine Ridge Reservation for use as an 
aerial gunnery and bombing range.  From 1942 until 1948 various sections of this range were used for 
bombing exercises and air to ground operations.  Since 1960, portions of the land have been returned to 
the Oglala Sioux Tribe (OST) in a step-wise fashion.  In 1978, all remaining Badlands Bombing Range 
(BBR) lands were declared excess with the exception of 2,486 acres termed the Impact Area. 

In 1999 the Naval Research Laboratory, NRL, conducted a demonstration survey on the Badlands 
Bombing Range Impact Area using the Multi-sensor Towed Array Detection System (MTADS).  
Historical records indicated that 105-mm, 155-mm, and 8-in projectiles had been used on the site.  During 
this survey, eight live 155-mm and seven live 8-in projectiles were recovered and destroyed but no 105-
mms.  In September 2001 NRL returned to the same area to conduct an Advanced Classification 
Demonstration with the vehicular MTADS on a 10-acre seeded site and a larger, 1685-acre, survey with 
the new airborne MTADS.  Again, seven live 155-mm and four live 8-in projectiles were found and 
detonated. 

The Air Force Center for Environmental Excellence (AFCEE) and the Ellsworth Air Force Base 
Environmental Office have a dual interest in this site.  First, they would like to be able to certify the site 
as clear of UXO to facilitate the excessing of the land from Government ownership.  Second, they would 
like to determine if a combination man-portable, vehicular, and airborne survey can reliably and 
completely cover a site of varying topography such as the Impact Area.  To further these goals, AFCEE 
and NRL jointly conducted a geophysical survey of the remaining 750 accessible acres of the Impact Area 
with the aim of finding all remaining 105-mm, 155-mm, and 8-in projectiles. 

The survey was conducted using the NRL MTADS airborne, vehicular, and man-portable 
magnetometer platforms from 16 September through 26 September 2002.  The remaining 750 acres 
around and under the treed portions of the site, along and over the White River, along the escarpment, and 
in the ravines on the upper portion of the site were covered.  Survey data were analyzed and targets 
selected using criteria developed for the 2001 airborne survey.  The selected targets were classified into 
six categories ranging from category 1 (high confidence UXO), through categories 3 (low confidence 
UXO) and 4 (low confidence clutter), to category 6 (high confidence clutter).  The 1143 selected targets 
were classified as follows: 

 
Category # of Targets Category # of Targets Category # of Targets 

1 53 3 184 5 151 

2 130 4 132 6 493 

An additional 872 selected targets remain to be remediated from the 1999 and 2001 surveys. 

The costs associated with the 2001 airborne survey and the 2002 combined survey are approximately 
$100 per acre.  This cost is for the geophysical survey, data analysis, and reporting only, it does not 
account for equipment amortization.  In addition, it does not include remediation costs which, in our 
experience, have averaged $200 per target investigated. 
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MTADS MAGNETOMETER SURVEY OF THE BADLANDS BOMBING RANGE, SD 
IMPACT AREA 

 
COMBINED AIRBORNE, VEHICULAR, AND MAN-PORTABLE SURVEY, 

SEPTEMBER 2002 

INTRODUCTION 

Background 

Buried unexploded ordnance (UXO) is one of the Department of Defense’s most pressing 
environmental problems.  Not limited to active ranges and bases, UXO contamination is present at DOD 
sites that are dormant and in areas adjacent to military ranges that are under the control of other 
government agencies and the private sector. 

Traditional methods for buried UXO detection, characterization, and remediation are labor-intensive, 
slow and inefficient.  Typical detection and characterization methods rely on hand-held detectors operated 
by explosive ordnance disposal (EOD) technicians who slowly walk across the survey area.  This process 
has been documented as inefficient and marginally effective.1  In addition, a large portion, approaching 
70% in some cases, of the total budget of a typical remediation effort is spent on digging targets that do 
not turn out to be UXO. 

The Environmental Security Technology Certification Program, ESTCP, has supported the Naval 
Research Laboratory (NRL) in the development of the Multi-sensor Towed Array Detection System, 
MTADS, to address these deficiencies.  The MTADS incorporates both cesium vapor full-field 
magnetometers and pulsed-induction sensors in linear arrays that are towed over survey sites by an all-
terrain vehicle.  Sensor positioning is provided by state-of-the-art Real Time Kinematic (RTK) GPS 
receivers.  The survey data acquired by MTADS is analyzed by an NRL-developed Data Analysis System 
(DAS).  The DAS was designed to locate, identify and categorize all military ordnance at its maximum 
self-burial depth.  It is efficient and simple to operate by relatively untrained personnel. 

The performance of the MTADS has been demonstrated at a number of prepared sites and live ranges 
over the past five years.2-12  It can detect and locate ordnance with accuracies on the order of 15 cm.5 

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.  From 1942 until 1948 various sections of 
this range were used for bombing exercises and various air to ground operations.  Since 1960, portions of 
the land have been returned to the Oglala Sioux Tribe (OST) in a step-wise fashion.  In 1968, Congress 
enacted Public Law 90-468 returning 202,357 acres to the OST, and setting aside 136,882 acres of 
formerly held Tribal lands to form the Badlands National Monument, to be managed by the National Park 
Service.  In 1978, all remaining Badlands Bombing Range (BBR) lands were declared excess with the 
exception of 2,486 acres, (subsequently referred to as the Air Force Retained Area).  Prior to 1978 this 
parcel was referred to as the Impact Area (IA).  In about 1965 the South Dakota National Guard placed up 
to 100 car bodies on the 2,486-acre area and began using them as artillery targets during training 
exercises.  The National Guard training exercises took place on the IA between 1966 and 1973. 
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There have been 6 documented UXO clearance operations on the BBR taking place between 1948 
and 1997.  These are discussed in more detail in Ref. 14.  Only two have significant relevance to the 
present demonstration on the IA. 

During the summer and fall of 1975 ten EOD personnel participated in a searchline walking clearance 
of 22,403 acres and a vehicular search of 19,222 acres.  This included a walking searchline survey of the 
entire IA and the buffer zone.  With the exception of the IA, all lands were declared as cleared and 
certified for return to the Tribe.  The IA apparently contained too much OE material to declare the area 
“cleared.”  The 1975 Certificate of Clearance describes the plowing of 1,088 acres of the IA using ripper 
plows to clear buried ordnance.  Aerial photographs clearly show that the plowing took place after 24 July 
1976.14   The Clearance Report documents recovery of the items listed below without specifying which of 
these items were associated with the IA. 

• 5 - 155-mm Howitzer projectiles 

• 3 - 155-mm illumination projectiles 

• 1 - 8-in Howitzer projectile 

• 1 - 10-lb Spotting Charge 

• 2 - 155-mm Illumination Candles 

• 4 - Smoke Grenades 

• 15 - 50 Cal Cartridges 

• 46 - 100-lb Practice Bombs 

During the 4-month summer period of 1997, a walking and driving searchline ordnance clearance was 
conducted by 20 EOD personnel operating from Ellsworth AFB.14  With the exception of 56 acres of 
rugged terrain along the White River, the entire IA was covered.  EOD teams used metal detectors (mine 
detectors) to search for buried metal.  The objective was to clear the area to a depth of 1.5 feet.  The OE 
scrap recovered included 4000 lbs of shrapnel (pieces larger than 3 inches).  An additional 8,000 lbs of 
non-ordnance related metal scrap was recovered, including 6 car bodies, a washing machine, barbed wire, 
and fencing material.  Live ordnance items that were blown in place are enumerated below. 

• 3 - 20-mm aircraft gun ammunition 

• 1 - 50 Caliber Cartridge 

• 1 - 105-mm High Explosive Howitzer Round 

• 3 - 155-mm High Explosive Projectiles 

• Inert Components of a 155-mm Illumination Projectile 

In 1999 NRL conducted a demonstration survey on the Badlands Bombing Range Impact Area (Air 
Force Retained Area).11  In preparation for this work, NRL conducted site visits, records searches, Tribal 
coordination activities, acquisition of aerial photography, and pre-surveying of first-order control points 
to support the activity.  During this survey, eight live 155-mm and seven live 8-in projectiles were 
recovered and destroyed but no 105-mms.  This cast some doubt on the completeness of the earlier 
clearances. 



Combined Airborne, Vehicular, and Man-portable Magnetometer Survey of the BBR 3 

 
 

 

In September 2001 we returned to the same area to conduct an Advanced Classification 
Demonstration with the vehicular MTADS on a 10-acre seeded site and a larger, 1685 acre, survey with 
the new airborne MTADS.15  Again, seven live 155-mm and four live 8-in projectiles were found and 
detonated.  We were unable to cover the entire site due to delays associated with the events of September 
11, 2001. 

The Air Force Center for Environmental Excellence (AFCEE) and the Ellsworth Air Force Base 
Environmental Office have a dual interest in this site.  First, they would like to be able to certify the site 
as clear of UXO to facilitate the excessing of the land from Government ownership.  Second, they would 
like to determine if a combination man-portable, vehicular, and airborne survey can reliably and 
completely cover a site of varying topography such as the Badlands Bombing Range Impact Area.  To 
further these goals, AFCEE and NRL jointly conducted a geophysical survey of the unexplored portions 
of the Impact Area in September 2002 with the aim of finding all remaining 105-mm, 155-mm, and 8-in 
projectiles.  This report documents the results from that survey. 

MTADS TECHNOLOGY DESCRIPTION 

MTADS Field Hardware 

Vehicular Magnetometer System 

The MTADS hardware consists of a low-magnetic-signature vehicle that is used to tow linear arrays 
of magnetometer and pulsed-induction sensors to conduct surveys of large areas to detect buried UXO.13  
The MTADS tow vehicle, manufactured by Chenowth Racing Vehicles, is a custom-built off-road 
vehicle, specifically modified to have an extremely low magnetic signature.  Most ferrous components 
have been removed from the body, drive train and engine and replaced with non-ferrous alloys. 

The MTADS magnetometers are Cesium-vapor full-field magnetometers (Geometrics Model 
822ROV) selected for low noise and inter-sensor reproducibility.  An array of eight sensors is deployed as 
a magnetometer array on an aluminum and composite platform, Figure 1.  The sensors are sampled at 50 
Hz and typical surveys conducted at 6 mph; this results in a sampling density of ~6 cm along track with a 
horizontal sensor spacing of 25 cm.  The time-variation of the Earth’s field is measured by a ninth sensor 
deployed at a static site removed from the survey area.  These data are used to correct the survey magnetic 
readings. 

Fig. 1 – MTADS magnetometer array during the 2001 survey at the IA 
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The sensor positions are measured in real-time (20 Hz) using the latest Real Time Kinematic (RTK) 
Global Positioning System (GPS) technology which results in position accuracies of ~5 cm.  All 
navigation and sensor data are time-stamped with Universal Coordinated Time (UTC) derived from the 
satellite clocks and recorded by the data acquisition computer (DAQ) in the tow vehicle.  The sensor, 
position, and timing files are downloaded periodically throughout a survey onto magnetic disks and 
transferred for analysis. 

Man-portable Magnetometer System 

In order to collect high-quality field data in areas not amenable to vehicular surveys, NRL has also 
developed a pair of man-portable adjuncts to the MTADS.  The man-portable magnetometer system, 
Figure 3, is designed to collect data equivalent to that collected by the vehicular system.  As in the 
original MTADS, the sensors are spaced 25-cm apart and are maintained at 25 cm off the ground.  The 
magnetometer cart is constructed of a combination of fiberglass and plastic components with the two 
wheels placed side-by-side between the sensors.  This design is effective on rugged and uneven terrain.  
Not shown in Figure 3 is an optional hood that can be placed over the magnetometers and GPS antenna 
for situations where grass or low brush snags the sensors.  The magnetometer cart weighs 38 lbs. without 
the hood and 52 lbs. with it.  The operator’s backpack, which contains the GPS receiver, radio, and 
system batteries, weighs 18 lbs. 

Sensor and location data are logged with a modified Geometrics G858 data recorder.  We have had 
this unit modified by the manufacturer to better suit our survey requirements.  These modifications 
include an increase in system timing precision of more than a factor of 10, incorporation of two additional 
serial ports for logging of additional location strings and the 1 PPS sync pulse from the GPS receiver, and 
display of the GPS fix quality on the logger screen in real time.  With these modifications, the data 
collected by the man-portable system is indistinguishable from vehicular data. 

Fig. 2 – MTADS man-portable magnetometer system at the BBR 
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Airborne Magnetometer System 

The airborne MTADS system hardware includes an array of seven total field magnetometers mounted 
on a Bell Helicopters Model 206L series “Longranger.”  The MTADS magnetic sensors are Cs-vapor full-
field magnetometers (a variant of the Geometrics 822 sensor, designated as the Model 822A).  The 
helicopter with the magnetometer array mounted is shown in Figure 3.  All sensors are interfaced to a data 
acquisition computer (DAQ).  The DAQ electronics are contained in a rack mounted in the rear starboard 
seat position in the helicopter, Figure 4.  The interface to the helicopter power and power distribution 
system is also in the rack, as are readouts for all the sensor inputs.  The survey progress is monitored 
continually by an operator in the rear port seat.  In the 9-meter boom, the seven sensors are mounted with 
1.5 meters horizontal spacing.  The specially-selected magnetometers, which are airborne quality, were 
acceptance tested at the manufacturer’s facility to verify sensitivity, sensor noise, heading error, dead 
zones, inter-sensor compatibility, and performance with the multi-sensor interface modules. 

Fig. 3 –MTADS airborne system deployed at the BBR in 2001 

Fig. 4 – Airborne data acquisition system 
(DAQ) mounted in rear seat of the survey 
helicopter 
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The sensor positions above the surface of the Earth (latitude, longitude, and height above ellipsoid) 
are determined using satellite-based GPS navigation, employing the latest Real Time Kinematic (RTK) 
technology, which provides a real-time position update (at 20 Hz) with an accuracy of about 5 cm. GPS 
satellite clock time is used to time-stamp both position and sensor data information for later correlation. 

The helicopter pilot flies the survey using an onboard navigation guidance display, Figure 5.  The 
survey parameters are set up in a second computer that supports the pilot display.  This computer shares 
the GPS navigation data with the DAQ.  The survey guidance display provides left-right indicators, 
altitude indicator, an automatic line number increment, an adjustment for lateral offset, a color-coded 
flight swath overlay, and the ability to zoom in or out on the display.  The survey course-over-ground 
(COG) is plotted for the pilot in real time on the display, as are presentations showing the data quality for 
the primary sensors and the GPS navigation fix quality.  This allows the operator to respond to both visual 
cues on the ground and to the survey guidance display.  Following a survey, the operator can survey any 
missed areas before leaving the site. 

Data Analysis 

For the vast majority of MTADS surveys, the MTADS Data Analysis System has been used to 
convert the sensor and position data files into an anomaly map by interpolating the individual sensor 
readings using the GPS-derived positions.  The DAS software was developed specifically for the MTADS 
program as a stand-alone suite of programs.  PC-based code is now available and was used for this 
operation.  The DAS is written for use by both sophisticated and novice users.  Even the novice can 
perform a complete anomaly analysis using menu-driven tools and default settings.  For the advanced 
user, there is an extensive range of options available including navigation data cleanup, sensor nulling and 
leveling, noise filtering, etc.  A working screen of the DAS is shown in Figure 6. 

Fig. 5 – Two views of the pilot guidance system 
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In the case of isolated ordnance targets in the far field (i.e. farther from the sensors than their 
characteristic dimension) the DAS employs resident physics-based models to determine target size, 
position, and depth.  Extensive data sets have been acquired and processed to calibrate these models.  
Using these models, we have demonstrated probabilities of detection of 95 to 97% and location accuracies 
of 15 cm with the magnetometer system. 

Although we have achieved impressive results using the DAS, it has proven difficult to transition to 
the general UXO user community.  Beginning with the demonstrations of the airborne system, we have 
performed the data preprocessing functions through generation of mapped data using a commercial 
software package, Geosoft Oasis montaj.  An example of a working screen from montaj is shown in 
Figure 7.  The upper part of the screen shows a portion of the Oasis database, the middle shows plots of 
one of the sensor data tracks (uncorrected and corrected), and the lower part shows a detail of the mapped 
data. 

 

Fig. 6 – A working screen of the MTADS DAS showing the project 
view on the left and an expanded analysis window on the right 

Fig. 7 – A working screen of Oasis montaj showing airborne data 
from this survey 
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At this point in our development, we import the mapped data files generated using montaj into the 
MTADS DAS for target selection and analysis.  We are in the process of converting the analysis routines 
developed under ESTCP and SERDP sponsorship to Geosoft GXs, executable files that can be called 
from the Oasis environment.  This will allow us to perform the entire data analysis from input of raw data 
files through data quality checks, mapping of individual sensor readings, target selection, model fit, and 
finally generation of target lists and output graphics in the Oasis environment.  All target analyses 
reported here were accomplished using routines in the MTADS DAS. 

SURVEY ACTIVITIES 

Performance Objectives 

The goals of this survey were two-fold and of equal importance.  First, to serve the interests of the Air 
Force in certifying the site as clear of UXO to facilitate the excessing of the land from Government 
ownership we needed to survey as much of the Impact Area as was physically accessible.  Second, and 
connected to the first, we hoped to demonstrate that a combination man-portable, vehicular, and airborne 
surveys can reliably and completely cover a site of varying topography such as the Badlands Bombing 
Range Impact Area. 

Site Maps 

Figure 8 is a portion of a USGS 7.5-minute topo map showing the location of the Retained Area 
outlined in red.  The Retained Area Range is surrounded by a buffer zone generally of about 1000 meters 
width.  The Retained Area perimeter fence is shown in red, portions of the buffer boundary are in green.  
A second perimeter fence is located at the outer border of the buffer zone.  The most direct access to the 
Retained Area is by a dirt road that exits to the south from Highway 44.  The dirt road was graded, 
including installation of some culverts, to support the 1997 EOD clearance activities.  It was only usable 
on a few of our survey days due to intermittent rain.  For most of our time on site, access was from the 
western side of the site via the Section Road between Sections 30 and 31.  There is only one fence 
internal to the Retained Area.  This east-west fence bisects sections 29 and 30 and is labeled “cross fence” 
in Figure 8.  Three geodetic survey points are located on the Retained Area.  These sites, labeled North 
BM, East BM, and USGS BM were upgraded to “near first-order” by Ellsworth AFB CES personnel 
using the OST 5 benchmark.  The latter point was established by NRL contractors in 1997 and is 
legitimately first order.  All 1999 NRL surveys were done using the North BM coordinates provided by 
Ellsworth AFB.  The coordinates of each of these points are given in Table 1. 

Table 1 – Impact Area Survey Coordinates Provided by Ellsworth AFB 
Northing (m) Easting (m) 

Point Latitude Longitude 
NAD 83 

Height (m)

OST 5  43o 42' 05.2702"  -102o 18' 35.5186" 4842233.05 716761.31 804.460 

North BM  43o 40' 19.1197"  -102o 14' 20.5113" 4839145.82 722578.26 762.530 

East BM  43o 39' 21.2053"  -102o 13' 42.8268" 4837387.2 723481.89 764.260 

USGS BM  43o 38' 53.7820"  -102o 14' 18.7564" 4836514.29 722705.23 765.940 
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Fig. 8 – A portion of a USGS 7.5 minute map showing the perimeter of the Impact Area 
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Pre-survey Activities and Logistics 

As the MTADS system has conducted two previous surveys on the Impact Area, many of the normal 
pre-survey activities such as a site visit, establishment of first-order GPS reference points, identification 
of logistics vendors, etc. were not needed. 

The MTADS vehicular, airborne, and man-portable magnetometer systems were mobilized to the 
BBR in a rented 53-ft truck.  The tow vehicle, the sensor trailer, an office PC, two data analysis PCs, GPS 
equipment, batteries and chargers, office equipment, radios and chargers, tools spares and maintenance 
items, the man-portable cart, and the airborne boom components and magnetometers were transported in 
the truck.  A transportation firm under government contract transported the trailer to the site.  The 
helicopter was mobilized to the site by the helicopter charter firm, Helicopter Transport Services. 

For this effort, no essential support services were available on-site.  Accordingly, NRL made 
provisions to acquire all of the requisite supplies, materials, and facilities.  The nearest source for rental 
equipment is Rapid City, about 75 miles from the IA.  The base facilities were similar to those used in 
1999 and 2001.  For this operation one trailer was used for data processing and analysis, a 
communications center, and support for the field equipment with battery storage and charging stations, an 
electronics repair station, and storage for spares and supplies.  This trailer had AC power and air 
conditioning.  A second 8 x 48 foot trailer, which could be fully opened from either end (for drive 
through), was used as a garage and for secure storage of the MTADS vehicle and sensor platform.  Power 
to the trailers was provided by a 65 KW diesel field generator that was also used to recharge the vehicle, 
radios and GPS batteries overnight.  Communications among on-site personnel was provided by hand-
held VHF radios, with a base station located in the command trailer.  Radios were provided to all field 
and office teams. Cellular phone communications were available at the office trailer with sporadic 
availability and at the crossroads with good signal strength.  Diesel fuel storage was provided for the AC 
generator and portable toilets were provided to support all field and office crews with weekly servicing.  
Jet A fuel for the helicopter was provided in a tank truck by a local vendor.  The MTADS base camp was 
established near the southern end of the site along the N-S Section road.  Figure 9 is an aerial photo of the 
camp showing the arrangement of the trailers along with members of the survey crew and their rental 
vehicles. 

Fig. 9 – Aerial photo of the MTADS base camp used for this survey 
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On-site Labor 

A variety of personnel were on-site during the course of the survey depending on the platforms active 
at any time.  During the week of September 16th, all three platforms were in use and thus the largest 
number of personnel were on site.  The requirements the first week were met by a combination of NRL, 
AFCEE, and contractor personnel.  The airborne survey concluded at the end of the first week so fewer 
personnel were required.  This requirement was fulfilled by NRL and contractor personnel.  Table 2 lists 
the personnel used to support each task and their attendance for the two weeks of the survey. 

Table 2 – Survey Personnel On-site During the Last Two Weeks of September 2002 
 Week of Sept. 16th Week of Sept. 23rd 

Airborne System   

 Pilot 1  

 Backseat Data Acquisition 1  

 Data QC and Preprocess 1  

 Field Support 1½  

Vehicular System   

 Vehicle Driver 1 1 

 Data QC and Preprocess ¾ ¾ 

 Tribal Field Support 3 3 

 Field Support ½ 1 

Man-portable System   

 Operator 1 1 

 Tribal Field Support 1 1 

 Data QC and Preprocess ¼ ¼ 

In addition to the on-site labor listed above, approximately one man-week of effort was expended in 
Washington for the actual target selection and fitting.  In this case we had the luxury of performing this 
analysis in the office, and thus saving the travel and per diem that would have been associated with target 
selection in the field, as there was no immediate remediation planned.  In previous surveys we have 
selected targets on-site and coordinated with contemporaneous remediation. 

Survey Activity Log 

A schedule of overall survey activity is given in Table 3.  Details of the individual platform surveys 
are listed in Tables 4 and 5.  The actual survey performance matched closely the proposed schedule in the 
Survey Test Plan.  The only significant deviations were the late arrival of the office trailer due to rain at 
the site, two days of weather delay for the airborne system caused by high winds, and four days delay in 
starting the man-portable survey due to late delivery of the equipment and subsequent failure of the rental 
data logger.  There were no significant cost impacts due to these delays, the airborne schedule always 
includes weather contingencies and the man-portable surveying was made up by working both the 
vehicular and man-portable systems on Sunday, September 22. 
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Table 3 – Overall Survey Activities for the MTADS Survey at the BBR Impact Area 
Date Activity 

Tues, Aug 26th Pick up trailer and begin packing equipment 

Thurs, Sept 5th Trailer leaves Blossom Point for BBR 

Wed, Sept 11th Trailer arrives BBR, Ellsworth personnel meet and locate equipment 

Thurs, Sept 12th Logistics items begin to arrive at Impact Area 

Sun, Sept 15th MTADS personnel arrive Impact Area 
Unpack and charge batteries; test vehicular system 

Mon, Sept 16th 

Office trailer arrives at Impact Area 
Begin vehicular survey 
Begin assembly of airborne system 
Helicopter arrives at Impact Area 

Tues, Sept 17th Outfit helicopter; initial calibration flight 

Wed, Sept 18th Airborne weather day 

Thurs, Sept 19th VIP Visit day 
Begin airborne surveys 

Fri, Sept 20th Partial airborne weather day 

Sat, Sept 21st Begin man-portable surveys 

Sun, Sept 22nd Complete airborne surveys; disassemble airborne system 

Mon, Sept 23rd Helicopter departs Impact Area 
Continue vehicular and man-portable surveys 

Thurs, Sept 26th Complete vehicular and man-portable surveys; pack trailer 

Fri, Sept 27th MTADS personnel depart Impact Area 

Tues, Oct 1st Logistics and trailer depart Impact Area 

Fri, Oct 4th Trailer arrives at Blossom Point; unpack 

Tues, Oct 22nd Return trailer 

Tues, Nov 5th Data analysis and target reports complete 
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Table 4 – Detail of the Airborne Survey 
Flight Hours 

Date Flight Survey File(s) Acres 
Covered Mob Cal/Test Ferry Survey Total

15-16 Sept 1 - 9   13.2    13.2 
17 Sept 10     0.3   

 11    0.3    
 12     0.2   
 Total       0.8 

18 Sept 13     0.4   
 14    0.6    
 15    0.4    
 16     0.3   
 Total       1.7 

19 Sept 17 02261001 40   0.3 0.7  
 18 02261002 80    1.3  
 19 02261003/004 90    1.7  
 20 02261005/006 90    2.0  
 21     0.3   
 Total  300     6.3 

20 Sept 22 02262001 discard   0.3 0.3  
 23 02262002/003 80    1.8  
 24 02262004/005 60    1.2  
 25     0.3   
 Total  140     3.9 

21 Sept 26 02263001/002/003 80   0.3 1.8  
 27 02263004/005/006 90    2.2  
 28 02263007/008 30    1.1  
 29 02263009 60    1.1  
 30 02263010 55    1.2  
 31     0.3   
 Total  315     8 

22 Sept 32 02264001/002/003    0.3 1.4  
 33 02264004/005 50    1.3  
 34 02264006/007/008     1.2  
 35     0.3   
 Total  50     4.5 

23-24 Sept    13.2    13.2 

Total   805 26.4 1.3 3.6 20.3 51.6 
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Table 5 – Detail of the Vehicular and Man-Portable Surveys 
Vehicular Man-Portable 

Date 
Data File Hours Data File Hours 

15 Sept 02258001 0.07   
16 Sept 02259001 1.02   

 02259002 1.08   
 02259003 0.63   
 Total 2.73   

17-Sep 02260001 1.38   
 02260002 0.57   
 02260003 0.50   
 02260004 0.42   
 02260005 0.70   
 02260007 0.82   
 02260008 1.10   
 Total 5.49   

18-Sep 02261001 0.28   
 02261002 0.47   
 02261003 1.25   
 02261004 0.77   
 02261005 0.42   
 02261006 0.1   
 02261007 0.4   
 Total 3.69   

19-Sep 02262001 1.30   
 02262002 0.53   
 02262003 0.53   
 02262004 0.58   
 Total 2.94   

20-Sep 02263001 0.53   
 02263002 0.95   
 02263003 0.28   
 02263004 0.73   
 02263005 0.30   
 02263006 0.43   
 02263007 0.67   
 02263008 0.30   
 02263009 0.20   
 02263010 0.20   
 Total 4.59   

21-Sep 02264001 0.42 02264001 0.48 
 02264002 0.23 02264002 0.17 
 02264003 0.50 02264003 0.57 
 02264004 0.87 02264004 0.25 
 02264005 0.72   
 02264006 0.70   
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Vehicular Man-Portable 
Date 

Data File Hours Data File Hours 

21-Sep 02264007 0.53   
 Total 3.97 Total 1.47 

22-Sep 02265001 1.08 02265001 0.32 
 02265002 0.68   
 02265003 0.28   
 02265004 1.23   
 Total 3.27 Total 0.32 

23-Sep 02266001 0.33 02266001 0.37 
 02266002 0.87 02266002 0.28 
 02266003 0.05 02266003 0.27 
 02266004 0.98 02266004 0.47 
 02266005 0.47 02266005 0.43 
 02266006 1.02 02266006 0.27 
 02266007 1.55 02266007 0.03 
 02266008 0.22 02266008 0.22 
 02266009 0.42   
 Total 5.91 Total 2.34 

24-Sep 02267001 1.30 02267001 0.58 
 02267002 1.13 02267002 0.18 
 02267003 0.82 02267003 0.22 
 02267004 0.85 02267004 0.50 
 02267005 1.13 02267005 0.22 
 02267006 0.28   
 Total 5.51 Total 1.70 

25-Sep 02268001 1.25 02268001 0.37 
 02268002 1.58 02268002 0.17 
 02268003 1.27 02268003 0.12 
 02268004 1.12 02268004 0.58 
 02268005 0.38 02268005 0.55 
   02268006 0.22 
   02268007 0.23 
 Total 5.60 Total 2.24 

26-Sep 02269001 0.82 02269001 0.23 
 02269002 1.30 02269002 0.43 
 02269003 0.12 02269003 0.18 
 02269004 0.22 02269004 0.18 
 02269005 0.43 02269005 0.48 
   02269006 0.13 
   02269007 0.07 
   02269008 0.23 
 Total 2.89 Total 1.93 

Totals 170 acres 46.67 4 acres 10.00 
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SURVEY RESULTS 

Survey Coverage 

The 2001 Airborne MTADS survey of the impact area covered 1685 acres, leaving approximately 
800 acres unsurveyed.  This unsurveyed area was primarily on the lower level of the site near the White 
River but includes some of the deep ravines in the Northeastern corner of the site and a broad, level bowl 
also in the Northeast.  The lower level of the site is composed of treed sections not amenable to airborne 
survey but appropriate for vehicular surveys and some areas on banks and sandbars by the river that 
require man-portable coverage.  A coverage map of the combined 2001 and 2002 surveys is shown in 
Figure 10 with each of the platform’s coverage delineated by color. 

As can be seen from the figure, the only area left uncovered by the combined surveys is the 
approximately 50 acres that comprise the escarpment.  At several places along the escarpment there is an 
intermediate level of roughly flat ground that was covered by the man-portable system.  The terrain in the 
rest of this area is extremely steep and was not covered in this survey. 

More detail of the coverage in the 2002 survey is shown in Figure 11, which shows the southwest 
corner of the Impact Area.  In this figure one can clearly see the treed area covered by the vehicular 
system, the portion of the escarpment covered by the man-portable system, and a sandbar by the river that 
was also covered by the man-portable system.  Also shown in the top left of the figure is a one-pass 
vehicular survey used to define the absolute limit of the upper portion of the site.  We used this boundary 

Fig. 10 – Survey coverage of the Impact Area by survey platform 
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to insure that the airborne system covered the upper site completely.  Notice in Figure 11 that we had to 
fill in a small area on the upper level with the vehicle.  This small area is in the shadow of a group of trees 
growing on the escarpment which prevented the airborne system from getting low enough for effective 
surveying.  Apart from this one area, the entire boundary was effectively covered by the airborne system. 

We were fortunate in this survey that the tree coverage on the lower level of the site was sufficiently 
sparse to allow high-quality GPS fixes to be obtained.  This made a vehicular survey of these areas 
relatively straightforward.  A photograph of the vehicular system surveying in the southwestern most area 
from Figure 11 is shown in Figure 12. 

 

Fig. 12 – MTADS vehicular system surveying in the trees 
on the lower level of the site 

Fig. 11 – Detail of the SW corner of the site showing coverage by platform 
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There was a considerable amount of driftwood obstruction on the lower level of the site that would 
have hindered a vehicular survey.  Most of this driftwood was cleared and stacked by the Ellsworth AFB 
grounds crew before the MTADS mobilized to the site, Figure 13.  In one area at the North end of the 

lower level, MTADS field personnel placed the wood inline with the trees to minimize its interference, 
Figure 14. 

As mentioned above, the majority of the upper level of the site was covered by the airborne system.  
The only exceptions were the deep ravines on the eastern and western edges of the site that were covered 
by the vehicular system, Figure 15, and a small ravine in the far northwestern corner of the site that was 
covered by the man-portable system, Figure 16.  Approximately half of the ravines were narrow enough 
that a few vehicular passes around the centerline were sufficient to fill in the gaps in the airborne survey.  
This was most often the case on the eastern side of the site.  The remainder of the ravines were wide 
enough that it was most efficient to set up a rectangular survey area irrespective of the topography of the 
ravine.  A number of these latter surveys tested the limits of the vehicular system in that the sensor 
platform was at such a steep angle the magnetometers were outside their active zones and began to drop 
out.  Fortunately, there are subtle differences among the individual magnetometers that make them drop 

Fig. 13 – Driftwood cleared and stacked by the Ellsworth 
grounds crew 

Fig. 14 – Driftwood cleared by the MTADS field crew 
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out at slightly different angles.  In all cases, we had at least six of the eight magnetometers active on each 
survey line that was judged as acceptable for analysis use. 

Target Analysis 

The survey data was broken into two halves for analysis convenience.  The target tables that result 
from the analysis are included as Appendix B.  The analysis criteria were the same as those used in the 
2001 survey: anomalies were analyzed consistent with the presence of 105-mm, 155-mm, and 8-in 
projectiles on the site.  Thus, small pieces of frag and scrap were not included in the analysis.  All survey 
data from both the 2001 and 2002 surveys are included as appendices on the attached CDs.  Inclusion of 
the 105-mm projectiles in the target list results in a substantially larger target list than would be necessary 
without the 105-mms.  For consistency with the analysis of the 2001 survey data, we include these 
projectiles as possible targets, even though we have not identified a single 105-mm in over 1500 digs. 

Targets that result from the vehicular or man-portable data are indicated by shading in the target 
tables.  Targets that appeared in two data sets are grouped together and indicated by double lines.  The 
selected targets were classified by the analyst into one of six categories: 1 for high confidence UXO, 2 for 
medium confidence UXO, 3 for low confidence UXO, 4 for low confidence clutter, 5 for medium 

Fig. 15 – The MTADS vehicular system surveying the 
ravines on the upper level of the site 

Fig. 16 – MTADS man-portable system in use in the far 
northeastern corner of the site 
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confidence clutter, and 6 for high confidence clutter.  A summary of the distribution of targets among 
these six categories is given in Table 6. 

Table 6 – Distribution of Targets by UXO Classification 
UXO Classification North South Total 

1 20 33 53 

2 60 70 130 

3 77 107 184 

4 52 80 132 

5 81 70 151 

6 320 173 493 

Total 610 533 1143 
 

An example of a target that appeared in two data sets is shown in Figure 17.  The left half of the 
figure shows the airborne data for the target that was analyzed as target 164 in the South portion of the 
site.  The right half of the figure shows the vehicular data over the same target, which was designated 
target V74 in the vehicular analysis.  As can be seen from the figure, the data are of equivalent quality in 
the two surveys.  The primary difference is the larger size of the anomaly in the airborne survey; this is 
the result of the airborne sensors being 1 to 1.5 m above the ground vs. the 0.25 m height of the vehicular 
sensors.  Of course, the data density is higher in the vehicular data set that leads, in some cases, to slightly 
different fit results or analyst’s classification. 

Fig. 17 – Comparison of airborne (left half) and vehicular (right half) data over a target in the South portion of the site 
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Two example target fits are shown in Figures 18 and 19.  Figure 18 shows a target that was classified 
as high confidence UXO.  This target is in a near-vertical orientation; only one lobe of the signature is 
visible.  Its model estimated size is appropriate for a 155-mm projectile and the depth of 0.36 m is 
reasonable.  Target 48, Figure 19, exhibits an inverted signature which is a consequence of a large 
remenant magnetic moment.  In addition, its estimated size is too large for an 8-in projectile.  For these 
two reasons, it was assigned to confidence category 5. 

 

Fig. 18 – MTADS DAS screen shot of the analysis results for target 83 in the 
South portion of the site.  The middle portion of the screen shows the survey 
data, the right portion the model fit with the estimated target parameters in the 
boxes below, and the left portion a 3-D view of the data. 

Fig. 19 – MTADS DAS screen shot for target 48 South.  The elements are the 
same as those in Figure 18. 
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Over 40% of the targets in the combined target tables are classified as confidence category 6.  A large 
majority of these category 6 targets are associated with the fence around the Impact Area.  Many of them 
correspond to old fence posts that have fallen to the ground or the current fence posts themselves.  Since 
these items give model fits in the range of sizes appropriate for the targets of interest in this survey, they 
must be included in the table.  Their positions and regularity allow them to be assigned to category 6.  An 
example of these targets is shown in Figure 20. 

SURVEY COSTS 

2002 Survey 

The costs associated with the 2002 survey are detailed in Table 7.  Two points should be noted about 
these costs.  This was a fill-in survey in which the area not covered in the 2001 survey was completed.  
This implies that much of the survey work was around tree lines and cliffs, repeats of missing data, and 
completion of small areas with short survey lines.  All these factors lead to relatively inefficient surveying 
in terms of acres covered per hour.  Second, since only about 750 acres were covered in this survey, the 
costs for mobilization and logistics (which are dominated by delivery of the logistics items to the site, not 
the weekly charges) are not amortized over very many acres.  Thus, the per acre costs for the 2002 survey 
are quite high.  In the next section, the incremental costs for the 1685 acres surveyed in 2001 are added 
and result in a much more realistic cost per acre.  Bear in mind that these costs do not include 
remediation, which, in our experience, averages $200 per item investigated nor any costs associated with 
equipment amortization since this is a government-owned system. 

Fig. 20 – Survey data along the fence line showing examples of the large 
number of targets classified as related to the present or past fences as well as 
two more likely targets 
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Table 7 – Survey Costs for the 2002 Survey at the Impact Area 
Activity Item Cost Sub-total 

Mobilization/Demobilization:   $47,800 

Test Plan Preparation $5,300   

Equipment Prep and Packing/Unpacking $5,000   

Rental Trailer $1,000   

Transportation of Trailer $11,000   

Helicopter Mobilization $18,500   

Travel for 7 workers $7,000   

Logistics:   $14,600 

Office and Garage Trailers $3,200   

Generator/Fuel/Electrician $6,400   

Portable Toilets $1,000   

Materials and Supplies $4,000   

Survey Operations:   $90,400 

Rental Vehicles $4,000   

Supervisor (2 weeks) $10,600   

Technician (2 weeks) $5,000   

Analysts (2.5 x 2 weeks) $18,800   

Helicopter Back Seat Analyst (1 week) $4,700   

Per diem (69 person-days) $5,200   

Helicopter $17,600   

Pilot Expenses (10 days) $1,000   

Jet A Fuel $6,500   

Tribal Support $17,000   

Analysis and Reporting:   $26,400 

Data Analysis (1 week) $6,400   

Target Lists and Final Report $20,000   

Total Survey Costs   $179,200 

Cost per acre (750 acres)  $240 
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Combined 2001 and 2002 Survey 

A more realistic estimate of costs for a combined geophysical survey of this type would combine the 
costs in Table 7 with the costs of the airborne survey of 1685 acres performed by MTADS in 2001.  
These combined costs for coverage of the 2435 accessible acres are detailed in Table 9.  There were many 
concurrent operations underway in 2001, only those costs directly attributable to the airborne survey are 
included.  As one can see from Table 9, the costs per acre for the combined 2001 and 2002 surveys were 
roughly $100 per acre.  The Impact Area is not an extraordinarily difficult site but does have treed areas 
and an escarpment running diagonally across the site.  Accordingly, these costs should be applicable to a 
wide array of ranges in the Western United States. 

REMEDIATION REQUIRED 

As a result of this survey, we have identified 499 targets classified as UXO category 1 through 4 and 
650 targets in categories 1 through 5.  Obviously any remediation effort would begin with targets in 
categories 1 through 3 and expand the list based on experience with the first digs.  In our 2001 survey and 
partial remediation at this site, we achieved a 94% recovery of UXO and emplaced inerts by digging 
through category 4 and a 97% recovery digging through category 5. 

In addition to these 2002 targets, there are approximately 900 targets on the dig lists from our surveys 
in 1999 and 2001 that remain to be excavated.  As detailed in Table 8, they include the unremediated 
targets from 2001, a number of targets identified in the 1999 survey that were not dug, targets from the 
2001 survey where nothing was recovered, or the object found was too small to produce the analyzed 
anomaly, and forty targets added when the data were reanalyzed in a retrospective study following 
completion of survey activities. 

 
Table 8 – Identified Targets Remaining Unexcavated 

at the BBR Impact Area 

Target Source Number of 
Targets 

1999 Survey, West Area 15 

1999 Survey, North Area 68 

2001 Targets Not Remediated 666 

2001 ‘Missed’ Targets 83 

2001 Picks After Leaving Site 40 

Total 872 

In addition to the targets enumerated in Table 8, there is one additional relatively small area that 
requires attention.  The target density in the 1999 bull’s eye is so great that a re-survey may be required 
after the targets listed in Table 9 are excavated.  If this is necessary to ensure that all UXO is removed 
from the region of the bull’s eye, a hand mag-and-flag survey by the remediation crew will suffice. 
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Table 9 – Total Survey Costs for the 2001 Airborne and 2002 
Combined Surveys at the Impact Area 

Activity Item Cost  Sub-total 

Mobilization/Demobilization:   $48,800 

Test Plan Preparation $5,300   

Equipment Prep and Packing/Unpacking $5,000   

Rental Trailer $1,000   

Transportation of Trailer $11,000   

Helicopter Mobilization $18,500   

Travel for 8 workers $8,000   

Logistics:   $14,600 

Office and Garage Trailers $3,200   

Generator/Fuel/Electrician $6,400   

Portable Toilets $1,000   

Materials and Supplies $4,000   

Survey Operations:   $133,600 

Rental Vehicles $6,000   

Supervisor (2 weeks) $10,600   

Technician (2 weeks) $5,000   

Analysts (3.5 x 2 weeks) $26,300   

Helicopter Back Seat Analyst (2 weeks) $9,400   

Per diem (83 person-days) $6,300   

Helicopter $41,800   

Pilot Expenses (14 days) $1,400   

Jet A Fuel $9,900   

Tribal Support $17,000   

Analysis and Reporting:   $37,800 

Data Analysis (2 weeks) $12,800   

Target Lists and Final Report $25,000   

Total Survey Costs   $234,800 

Cost per acre (2435 acres)  $96 
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Appendix A 

POINTS OF CONTACT 

 
NRL   
Herb Nelson MTADS Program Manager Tel: 202-767-3686 

Fax: 202-404-8119 
Cell: 202-215-4844 
herb.nelson@nrl.navy.mil 

AFCEE   
Jonathan Haliscak 
 

Project Manager 
  

Tel: 210-536-5522 
Fax: 210-536-3890 
jonathan.haliscak@brooks.af.mil 

Nova Research, Inc.   
Russell Jeffries Logistics Support Tel: 703-360-3900 

Fax: 703-360-3911 
Page: 703-518-1950 
rjeffr@erols.com 

Glenn Harbaugh Site Safety Officer Tel: 301-392-1702 
Fax: 301-392-1702 
Cell: 410-610-3506 
roo749@yahoo.com 

Dan Steinhurst Senior Scientist Tel: 202-767-3556 
Fax: 202-404-8119 
Cell: 703-850-5217 
dan.steinhurst@nrl.navy.mil 

AETC, Inc   
David Wright Airborne Manager/Analyst Tel: 919-661-5529 

Fax: 919-661-5530 
Cell: 919-332-3712 
dwright@va.aetc.com 

Tom Furuya On-site Analyst 
 

Tel: 919-661-5529 
Fax: 919-661-5530 
Cell: 919-264-7820 
tfuruya@nc.aetc.com 
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Jim McDonald Analyst Tel: 703-413-0500 
Fax: 703-413-0505 
Cell: 703-861-3106 
jmcdonald@va.aetc.com 

Helicopter Transport 
Services 

  

Tryna Faddegon 
 

Pilot Tel: 250-592-5795 
wrlygrl@islandnet.com 

Ellsworth AFB   
Dell Petersen Environmental Office 

CIV 28 CES/CEVR 
Tel: 605-385-2675 
Tel: 605-385-2680 
Fax: 605-385-6619 
dell.petersen@ellsworth.af.mil 

Gary Schmidt Civ 28 CES/CEVR Tel: 605-385-2500 
gary.schmidt@ellsworth.af.mil 

OST   
Emma Featherman-Sam Director, Badlands Bombing 

Range Project 
Tel: 605-867-1271 
Fax: 605-867-5044 

EPA: Region 8   
Jeff Mashburn Remedial Project Manager Tel: 303-312-6665 

Fax: 303-312-6067 
mashburn.jeff@epa.gov 

Hotel Accomodations   
Cedar Pass Lodge 
Badlands Inn 

Cedar Pass Lodge dba Badlands 
Lodge LLC 
1 Cedar St. 
Interior, SD 57750 

Tel: 605-433-5460 
Fax: 605-433-5560 
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