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possible (though unlikely) that they were actual objects embedded in active geology, and thus 
flagged them as Likelihood 2. 15 of the 39 no-finds in the 100% geophysical survey areas fell 
into this category, where if the analyst was simply more conservative, they would be excluded. 
 

 
Figure 56: Magnetometer data (left, +/- 50nT) and EM61 gate3 data (right, +/- 50mV) from area4e. Yellow 

grid squares are 50 meters on edge. Operator selected anomalies k-876 and k-877 (VSEMS anomalies 251 and 
252) because of the possibility that MEC was embedded in geology. During remediation, both were listed as 

no-find (geology). These could be excluded simply by the analyst being more conservative. 

Skipping down to category D, 7 of the 39 dug no-finds had mag dipole signatures that were 
typical of compact ferrous objects; even with hindsight, the analyst cannot say that, given mag 
data only, he would not have selected them as potential MEC. A sample is shown in the figure 
below. 



 

 76

 

 
Figure 57: Magnetometer data (left, +/- 50nT) and EM61 gate3 data (right, +/- 50mV) from area4e. Yellow 

grid squares are 50 meters on edge. Anomaly k-884 (VSEMS anomaly 335) presents a compact dipolar 
signature with tight round north-facing lobes. Even with hindsight, the operator can’t say that it is anything 
other than typical of a compact ferrous object. Only the lack of a confirming EM signature suggests that it is 

geology, which apparently it is. 

Anomalies in category C, representing 13 of the 39 anomalies, fell somewhere between the two – 
that is, anomalies in this category did not have perfectly-formed mag dipoles, but neither were 
the shapes so irregular that were clearly geologic in origin. Examples of this are shown in the 
figure below with anomaly 856, which is dipolar but non-ideal. It is not north-aligned, its lobes 
are somewhat diffuse, the negative lobe does not wrap around the positive lobe with the classic 
mushroom-capped shape. 
 

 
Figure 58: Magnetometer data (left, +/- 50nT) and EM61 gate3 data (right, +/- 50mV) from area4e. Yellow 

grid squares are 50 meters on edge. Anomaly k-856 (VSEMS anomaly 70) presents itself in the magnetometer 
data (left) as a weak dipole with somewhat diffuse, non-north-aligned lobes and no EM61 signature. 
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The significant thing is that, for cases A through D, comprising 36 of the 39 no-finds in the 
100% geophysical survey areas, none of the mag dipoles had a confirming EM61 signature. 
That is, these 36 apparent geologic false alarms could have been screened out by simply 
requiring the EM61 to present a confirming signature.  
 
In category E, the remaining three no-finds did have a confirming EM61 signature. An example 
of this is shown in the figure below. Anomaly k-844 presents itself in the magnetometer data 
(left) as a strong dipole with well-shaped, north-aligned lobes. The EM61 gate3 data (right) 
shows a strong, well-formed, largely round confirming signature. The digger’s comment says 
“hot rock 4’ under stake.” There are several possible reasons for this apparently anomalous 
behavior. One is that the “hot rock” was indeed hot to the EM61 as well as the mag (e.g., that 
some, but not most, of the volcanic geology on the Kirtland site does indeed present itself to the 
EM61). The other is that the object actually producing the signal was not found by the digger. 
But it is important to note that these three cases correspond to false positives. That is, they would 
still be dug; MEC would not be left in the ground. 
 

 
Figure 59: Magnetometer data (left, +/- 50nT) and EM61 gate3 data (right, +/- 50mV) from area4e. Yellow 
grid squares are 50 meters on edge. Anomaly k-844, listed by the dig team as no-find (geology), has a strong 
magnetic dipole (left) with round, north-aligned lobes and a very strong confirming EM61 signature (right), 

making us wonder if the dig team successfully relocated and dug the object producing the signal, or if the 
EM61 signal actually is geologic in nature. 

The probability of false alarm can be recalculated two ways. First, if we re-examine the 
geophysical data and screen out the anomalies whose mag signature is clearly geology-like 
(anomalies that the analyst only included because he was being overly conservative and wanted 
to, in fact, generate digs for some anomalies that were likely geology), the probability of false 
alarm is not 39/289 but 23/289, or about 8%. This represents the best that the analyst could’ve 
done without taking advantage of the EM61 data. 
 
However, if we take advantage of the position that a confirming EM61 signature is required to 
rule out geology, then the probability of false alarm falls to 3/289, or about 1%.  
 
The four false alarm numbers are encapsulated in the table below. 
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Table 13: Probability of false alarms before and after data reexamination 

Probability of false alarm (no-finds  probable geology) from original Program 
Office Dig Sheet (includes anomalies from VSEMS ground-based data plus other 
data) 

18% 

Probability of false alarm using anomalies only from VSEMS ground-based data 
on the 14 100% geophysical survey areas for which there’s ground truth on the 
Program Office Dig Sheet 

13.5% 

Probability of false alarm removing objects whose mag signatures are clearly non-
dipolar (the best the analyst could do with mag-only data) 

8% 

Probability of false alarm requiring a confirming signature in the EM61 data 1% 
 
We believe this to be a highly significant result that helps to justify the use of concurrent 
multisensor technology. The Kirtland PBR was a bombing range where air-dropped ordnance 
potentially was used, including potentially 250 lb bombs, making it the kind of site where, if you 
had to choose one sensor (magnetometers or EM61s), you would likely choose magnetometers 
(as were chosen for all of the other WAA sites). Simply by co-deploying EM61s and requiring a 
confirmatory signature, the probability of false alarm could be cut from 13.5% to 1%. We note 
that this would need to be combined with, at minimum, a depth determination so that you 
wouldn’t exclude the very objects – the deep UXO – that the magnetometers can detect but the 
EM61s cannot. There is insufficient data to attempt a depth-based cutoff analysis with results 
from the Kirtland PBR, as there were no 250 lb bombs found, there were only five 100 lb 
practice bombs found, and the deepest was at 3.1 feet. Note that, had 250 lb bombs been found at 
the Kirtland site, exclusion-zone requirements would have precluded digging. 
 
4.3.5 Survey Speed, EM61 Data Quality, and Productivity 
The magnetometer’s custom sampling electronics outputs data at 75 Hz, resulting in very dense 
down-track mag data spacing, but the output rate of the COTS EM61 Mk2 is a comparatively 
slow 10 Hz, resulting in much sparser down-track data spacing. For transect surveys, we 
endeavored to keep speed below 2 meters per second in order to generate EM61 data at least 
every 20 cm, but for the 100% geophysical survey areas, we generally capped speed at a lower 
rate of one meter per second to generate EM61 updates at 10 cm down-track intervals. Both of 
these speeds may strike some as slow in comparison to survey speeds with magnetometer-only 
systems. This fuels the perception that, when deploying VSEMS, a productivity hit is taken in 
order to collect the EM61 data – that you could drive faster, and thus be more productive, if you 
collect magnetometer-only data. 
 
Our position is that productivity – acres per day – is a function of many factors. At the Kirtland 
PBR, as we described above, the major productivity factor was GPS jamming. We feel that, in 
theory, all things being equal, the slower EM sampling rate does affect productivity, but in 
practice, all things are rarely equal, and that other factors frequently dominate this one. 
 
That having been said, because we in fact collected data over the 100% geophysical survey areas 
not only at the “slow” speed but at the “fast speed” (twice by accident and once by design), we 
can see if the higher speed creates an effect that we can see in our EM61 data. 
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The table below shows the data density for the fourteen 100% geophysical survey areas. Due to a 
miscommunication with the driver, the first two areas surveyed (1a and 1b) utilized the higher 2 
m/s survey speed. The last area surveyed (4f) was intentionally traversed at higher speed due to 
our trying to complete the survey before an engine oil leak felled the survey vehicle. The other 
surveys were conducted at speeds near 1 m/s.  

Table 14: Data density for the fourteen 100% geophysical survey areas 

Data Density (points / m2) 
 mag em 
area1a 95 15
area1b 108 14
area1c 195 26
area2a 241 32
area2b 195 26
area2c 192 25
area3a 192 25
area3b 163 22
area4a 179 24
area4b 172 23
area4c 147 19
area4d 151 20
area4e 179 24
area4f 107 14

 
Area2a is representative of slow speed data, and area1b is representative of high speed data. In 
the image below, a section of EM61 gate3 data from area2a, acquired at a slow 1 meter per 
second, is shown. The section is intentionally chosen to be relatively free from obvious 
anomalies due to subsurface objects. The background appears as a clear, solid green color. 
 

 
Figure 60: EM61 gate3 data, +/- 50 mV. Yellow grid squares are 50 meters on edge. Background EM61 gate3 

data from area1c acquired at 1 m/s appears clean 
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Below we show some representative time-series data from EM61 gate3 in area1c. Statistical 
analysis of a larger representative section shows the RMS variation to be .29 mV. 
 

 
Figure 61: Oasis time-series plot of 30 seconds of EM61 gate3 background data from area2a. Like the above 

image, data are relatively clean. 

In the next image, background EM61 gate3 data from area1b acquired at a fast 2 meters per 
second, is shown. The image shows an obvious stippling of the background that is not present in 
the slower survey shown above. 
 

 
Figure 62: EM61 gate3 data, +/- 50 mV. Yellow grid squares are 50 meters on edge. Background EM61 data 

from area1b acquired at 1 m/s appears slightly noisy 

The time-series data from EM61 gate3, below, confirms the stippling in the image data. 
Statistical analysis of a larger representative section shows the RMS variation to be .52 mV. 
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Figure 63: Oasis time-series plot of 30 seconds of EM61 gate3 background data from area1b. Like the above 

image, data are slightly noisy. 

We believe that what we are seeing here has nothing to do with data density, but is the effects of 
EM61 array motion caused by platform motion. Although the slower survey speed was intended 
to create higher down-track data density, it had an additional positive effect of reducing EM61 
sensor motion. As we’ve said above, the prototype fiberglass towed platform used on VSEMS 
was only intended to survive a single fielding at APG in 2002. In order to survive subsequent 
real-world surveys at Lowry, Kirtland, and other sites, survivability modifications were made. 
These included mounting the EM61 lower coils in a porch-swing configuration that allowed 
them to swing back (rather than breaking off) if they encountered an obstacle, and the 
incorporation of titanium snowmobile springs to provide a simple suspension. These certainly 
improved the platform’s longevity by giving ground-induced shock somewhere to go, but 
probably increased EM61 sensor motion. This fiberglass platform has since been retired and has 
been replaced with a new carbon-fiber platform with a wider track, a tuned suspension, and no 
“porch swing” for the EM61s.  
 
From the above data, it appears that the platform configuration used to host the EM61s at 
Kirtland is not one that would be optimal for assessing the degree of site contamination with 
small objects with weak signals, such as 20mm projectiles, at high speed (though it may be fine 
at low speeds). It may be difficult if not impossible to separate the original question (what is the 
effect of speed and the resulting down-track data density on EM61 data quality) from what we 
have found (that speed appears to engender platform motion, which has a negative effect on 
EM61 data quality). However, note that this noise does not prevent strong signals from ringing 
out very clearly in the EM61 data, as shown in the plot below. The anomaly in the cross-hairs 
corresponds to target k-536, which was M38 bomb scrap. The anomaly produced by gate 3 has a 
width above background of approximately 3.5 meters, and has a full width at half max of 
approximately 1.5 meters. Even at the higher 2 m/s survey speed, this anomaly contains 14 data 
points above background, indicating that, for objects of this size, higher survey speeds can create 
data with sufficient density to allow object detection. 
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Figure 64: EM61 data over M38 bomb scrap in area1b clearly shows a good, sharp target response even with 

increased background noise due to elevated survey speed 

The speed at which the survey is conducted should be a function of several things. Higher speed 
may increase productivity, but it beats up survey equipment. How the speed affects EM61 data 
quality certainly should be considered, but rather than merely specify a maximum speed in order 
to meet a minimum EM61 data density metric, the way in which the EM61 data are to be used 
should be considered. If the goal of using the EM61 is not to detect small objects with weak 
signatures, but instead to screen against geologically-induced false alarms, then higher speed 
(and with it, lower data densities, likely higher noise, and likely increased need for platform 
maintenance) can probably be tolerated. 
 
4.3.6 Inversion of EM61 Data in 100% Geophysical Survey Areas 
In analyzing the transect data for next-day turnaround, SAIC’s existing mag dipole inversion was 
used, as its speed and ease of use enabled next-day turnaround of results. The EM61 data was 
always collected, processed, and displayed (the analyst always views both data sets during 
analysis, as the presence or absence of correlating anomalies in both data sets is important 
information), but the EM61 data was not inverted as part of the transect analysis, as both the 
VSEMS data analysis software and Geosoft Montaj™ lack EM inversion code. As we focused 
on the analysis of the 100% geophysical survey areas, however, the Program Office requested 
that we propose a method for inverting not only the magnetometer data, but the EM61 data as 
well. We supplied the Program Office with several options for this, and the one selected was to 
use the UxAnalyze module for Oasis being developed by AETC and Geosoft with funding from 
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ESTCP. To accomplish this, we received training in Oasis while in Albuquerque, and traveled to 
AETC for training on UxAnalyze.  

After the data acquisition was complete, we began using Montaj™ to analyze the 100% 
geophysical survey area data. It was our assumption that we would adopt the approach used by 
many UXO geophysicists and use the automatic anomaly picking feature in Montaj’s UxDetect 
module to pick anomalies similar to those picked manually from the transect data. Then we 
assumed we would feed this anomaly list to UxAnalyze. However, a number of things made this 
problematic. 

Firstly, in order to perform automatic anomaly selection on magnetometer data, one first must 
create analytic signal (essentially the two-dimensional spatial derivative) to convert the positive-
negative dipolar anomalies into unipolar anomalies.  However, since analytic signal has a spatial 
component, there is no direct correspondence between the threshold-based manual picking 
employed on the transect data (everything over 10 nT and over a certain spatial size) and the 
values picked in the analytic signal data. Thus it was difficult using this technique to pick 
anomalies in a method that is consistent with what was already done with the transect data. 

Second, when using UxDetect to automatically pick anomalies, these anomalies must be vetted 
by a trained operator. Inappropriate picks must be deleted, additional picks must be added, and 
clusters of picks that represent the same object must be merged. There are utilities to perform 
these steps in Oasis, but they are time-consuming enough that we decided to stick with hand-
picking anomalies in our own software.  

Third, the familiarity we have with our own data and how it is processed, gridded, and viewed in 
our own software, is valuable in the overall context of expert analysis. One example of this 
involves spurious data. After processing and viewing the VSEMS magnetometer data from one 
of the 100% geophysical survey areas in our own software, we brought it into Montaj™, created 
analytic signal, and used UxDetect to automatically select anomalies. When sanity-checking the 
results, numerous picks had been automatically selected that overlaid strong, sharp anomalies 
that we did not remember seeing in the data. We viewed the data in our own software to see what 
these signals were, and they were coming from spurious readings on the order of 50 nT that had 
squeaked through our median filter, which normally rejects spikes over 100 nT. In our own 
software, when gridded, these spurious readings created small square interpolation artifacts that 
are ignored by expert eyeballs, but in Oasis they were iteratively gridded until they created 
spectacularly strong anomalies. 

For all of the above reasons, we decided to hand-pick anomalies from the 100% geophysical 
survey areas using our own software in a method as close as possible to that which was used in 
the transect data, and to then pass these locations to the EM inversion routines in UxAnalyze. 
Note that, for these 100% geophysical survey areas, the definition of “Likelihood 2” was 
stretched somewhat to include large anomalies that could conceivably be geology, as described 
above. 

In consultation with Dr. Dean Keiswetter at AETC and the ESTCP Program Office, it was 
decided that the “Likelihood 2” anomalies presented a good candidate set for UxAnalyze due to 
their generally strong signatures. This corroborates our experience, as during our foray into 
UxAnalyze, we discovered that many anomalies with visible anomalies above threshold failed to 
converge because the signal was too weak or because they did not contain enough data to 
generate high-quality results.  
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Because of delays in obtaining a qualified, tested copy of UxAnalyze that correctly models our 
EM61 data as an array with one large transmitter and five individual receivers, Dr. Keiswetter 
performed the analysis himself. He took our Likelihood 2 anomaly picks, chose polygons that 
wholly surround the objects, and ran the EM inversion. We used his results to perform a visual 
correlation of the depth estimates from mag and EM inversion. Three examples are shown. 

The figure below shows the depth estimates for the Likelihood 2 anomaly picks in area4a. 
Correlation of depth results from the two sensors is generally good, with the exception of the 
outlier caused by the EM-generated depth from point 32. This was item k-187, which according 
to the dig sheet, was a no-find. Including this outlier, the r-squared correlation (RSQ, or the 
proportion of the variance in the second array attributable to the variance in the first array) 
between the mag and EM depths is 0.28 and the covariance is 0.53. Excluding this outlier 
changes the results only slightly; the RSQ increases to 0.30 and the covariance increases to 0.54. 
The mag and EM-derived depths, plotted both against item number as well as against each other, 
are shown in the next two figures, and the anomaly data for item k-187 is shown in the third 
figure. 
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Figure 65: Depths derived for Likelihood 2 anomalies from mag (blue) and EM (magenta) inversion in area4a 
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EM Depth Versus Mag Depth, Area 4A

0

0.5

1

1.5

2

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2

Mag Fit Depth (meters)

EM
 F

it 
D

ep
th

 (m
et

er
s)

 
Figure 66: EM-derived and mag-derived depths plotted against each other for Area4a 

 
Figure 67: Magnetometer data (left, +/- 50nT) and EM61 gate3 data (right, +/- 50mV) from area4a. Yellow 

grid squares are 50 meters on edge. Item k-187 on the right side of each image, a no-find, caused the outlier in 
the depth comparison chart above. 

In the figure below, the mag-derived and EM-derived depths for area4e, a very geologically-
active area, are shown. The EM depth fails to converge on six occasions, correlating (like the 
example above) with no-find results in the dig sheet, and anomalies that exist only in the 
magnetometer data. Not surprisingly, the EM fit coherence is poor for these six outliers (0.16, 
0.001, 0.0, 0.003, 0.201, and 0.018). The magnetometer depth fails to converge on the third point 
(where the EM also fails to converge). This is target k-846, shown in the two images below. Due 
to the outliers, the results are not well-correlated; the RSQ correlation between the mag and EM-
derived depth estimates is 0.0007 and the covariance is 0.028. With the outliers removed, the 
RSQ increases substantially to 0.12 and the covariance to 0.35. The mag and EM-derived depths, 
plotted both against item number as well as against each other, are shown in the next two figures, 
and anomaly data showing item k-846 is shown in the third figure. 
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Mag and EM Depth, Area4e
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Figure 68: Depths derived for Likelihood 2 anomalies from mag (blue) and EM (magenta) inversion in 

Area4e 
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EM Depth Versus Mag Depth, Area 4E
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Figure 69: EM-derived and mag-derived depths plotted against each other for Area4e 

 

 
Figure 70: Magnetometer data (left, +/- 50nT) and EM61 gate3 data (right, +/- 50mV) from area4e. Yellow 
grid squares are 50 meters on edge.  Item k-846, a very faint positive swell in the magnetometer data and 

nothing in the EM61 data, was a no-find, and caused the first outlier in the depth comparison chart above. 

The other outlier in the mag data was caused by item k-883, a geologic no-find. This pick was 
caused by an anomaly in the magnetometer data that was highly geology-like but looked like it 
was possible (though unlikely) that there was an object embedded in the geology as well. Both 
the mag and EM inversions failed to converge – the mag because the signature did not well-
resemble and dipole, and the EM because there was essentially no signal there (see the figures 
below). 
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Figure 71: Magnetometer data (left, +/- 50nT) and EM61 gate3 data (right, +/- 50mV) from area4d. Yellow 
grid squares are 50 meters on edge. Item k-883 (lower left), a no-find in the lower left of each image, caused 

the outlier in the depth comparison chart above. The magnetometer data is non-dipolar; there is virtually no 
signal in the EM data. 

 
Other EM-derived depths from analyses that failed to converge in Area4e correlate to no-find 
targets where there was little or no EM signal.  
 
5 Cost Assessment 

5.1 Cost Reporting 
A by-task cost of performing the demonstration of VSEMS at the Kirtland PBR consists of the 
following: 
 
• The cost of reinforcing the proof-of-concept fiberglass platform to help it survive the survey 
• The cost of mobilization/demobilization (driving the tractor/trailer to and from Albuquerque) 
• The cost of a five-week and a three-week survey stint in Albuquerque 
• The cost of analyzing the data back at SAIC 
• The cost of project management and report writing 
 
The actual breakdown by task is below. Mob/demob includes driving the tractor/trailer from 
Newton MA to Albuquerque NM and back, plus travel for the crew for the two separate mobs. 
The Survey task includes the four-man crew onsite for 40 days, plus all related survey ODCs. 
The Analysis task includes the time spent analyzing the 100% geophysical survey data after the 
actual on-site survey. It also includes the costs of training in Geosoft Montaj™ and AETC’s 
UxAnalyze plug-in, and the time spent analyzing EM61 data. The Project Management task 
includes the site visit, all meetings and presentations, classical project management, and 
reporting. SAIC’s VSEMS already includes the tow vehicle, towed platform, magnetometers, 
EM61s, GPS, and computers. As such, none of these items needed to be purchased for this 
project. An UXO tech escort from EOTI was provided by the ESTCP program Office and acted 
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as the fourth member of the field crew; a cost estimate for his presence is included in the costing 
below. 
 

Table 15: Breakdown of Actual Survey Costs 

Reinforce Platform  $   11,458.06  
Mob/Demob  $   27,507.75  
Survey  $ 226,366.58 
Analysis  $   34,436.61  
Project Management  $   66,063.95  
Total  $ 365,832.95 
  
Number of Acres 5000 
Cost Per Acre $72 

5.2  Cost Analysis 
5.2.1 Cost Comparison 
There are no other concurrent mag/EM61 vehicular systems. The other vehicle-towed arrays 
which have non-simultaneously-deployed EM61 and magnetometer platforms are 1) the original 
NRL-fielded MTADS, and 2) the Blackhawk (now Zapata)-fielded MTADS. The NRL MTADS 
technically is not a commercially available system but a system for scientific study, and is 
usually fielded by a large crew of scientists and engineers on jobs intended to showcase the 
system’s ability to collect discrimination-quality data. The Blackhawk (Zapata)-fielded MTADS 
was intended to be the commercially-available version of the NRL-developed MTADS; it is 
uncertain if it is still in use. Members of the National Association of Ordnance Contractors 
(NAOC) with vehicle-towed EM61-only arrays include Parsons, Sky Research, USA 
Environmental, Weston Geophysics, Naeva, ARM, Shaw, Tetra Tech, SAIC (a different division 
than the one fielding VSEMS), and UXB. We are not familiar with every one of these systems, 
but we know how difficult it is to correctly deal with the system timing issues necessary to 
collect correctly geo-located data. In order to account for the latency of EM61 data (the fact that 
it is “old” when it comes out of the box) and correctly synchronize it with geolocation data, it is 
necessary to time-stamp the data as it arrives at the computer, and then to perform a latency 
correction by time-shifting the data. To do this, the timestamps must be accurate. Some 
contractors merely set the PC clock to the Universal Time Coordinate (UTC) time derived from 
the GPS. However, the drift of the PC clock, combined with the coarse 66ms precision of 
reading this clock under Microsoft Windows, make this a fundamentally inaccurate way to 
collect EM61 data. Data sets acquired by this method often have anomalies with “chevron” 
artifacts because the anomalies are shifted in the direction of travel due to these timing issues. 
Some contractors use the commercial data acquisition software MagLog, but that does not solve 
this timing problem, although MagLog combined with a commercial GPS timing card does.  
 
The only NAOC members with vehicle-towed magnetometer-only arrays are Sky Research and 
ARM Group. The smaller number of towed magnetometer systems is due to several factors, 
including the preponderance of statements of work from the US Army Corps of Engineers that 
mandate use of an EM61, the historical reliance of towed magnetometer arrays on expensive 
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custom vehicles with low magnetic signatures (this has been evaluated in ESTCP project MM-
0605, which has concluded that there are commercial-off-the-shelf vehicles that work nearly as 
well for towed array magnetometry as the custom vehicles), and the necessity of a well-
engineered system due to the sensitivity of magnetometers to any nearby ferrous metal, including 
the beads in the tires on the platform. Our understanding is that both the Sky and the ARM 
system are well-engineered systems that pay appropriate attention to timing and signature issues 
and generate high-quality data. 
 
Since VSEMS uses COTS EM61s and total field magnetometers, there is little about VSEMS’ 
data streams that individually distinguish them from mag or EM61 data from properly-
synchronized data acquired by the above contractors. Although these sensors have a broadly 
overlapping detection envelope, the nod generally goes to EM61s for sites where the objects of 
interest are small (20mm and 40mm), even though the EM61’s 10 Hz output rate limits the 
survey speed. Conversely, for the WAA objectives of detecting extent of bombing targets 
contaminated with air-dropped munitions, magnetometers were the sensor of choice, even 
though the magnetometer’s response to geology can limit the interpretability of the data. 
Geology was not expected to be a problem at the Kirtland PBR, but it was. The analysis in 
section 4.3.4 shows that the EM61 was unaffected by this geology, and since VSEMS was driven 
slowly in order to collect high-quality EM61 data anyway, and since there were no deep mag-
only objects recovered at Kirtland, one could argue that an EM61-only survey by a commercial 
contractor with a well-synchronized array would be sufficient. However, the absence of deep 
mag-only objects is likely a function of the lack of digging of the target centers themselves. 
Indeed, finding a live 250 lb bomb would’ve proven problematic at Kirtland, as such a discovery 
probably would’ve necessitated closure of the Double Eagle airport. 
 
Similarly, note that the vehicular surveys at the other Wide Area Assessment sites were all 
performed by the MTADS magnetometer platform. At the Victorville PBR Y site, the system 
encountered unexpected magnetic geology, requiring additional surveying with man-portable 
EM61 equipment. Use of simultaneous mag/EM at this site would have concurrently acquired 
this EM61 data and obviated the need for a separate EM61 survey. 
 
5.2.2 Cost Basis 
The cost basis included a crew of four. 
 
5.2.3 Cost Drivers 
The largest cost driver is the time spent actually collecting survey data. This is affected by many 
things, including downtime, site access, site geometry, and weather. A secondary cost driver is 
the vehicular hospitability of the survey site and the resulting forward rate of advance. A list of 
factors affecting cost and performance were included in section 2.3 of this report. 
 
5.2.4 Life Cycle Costs 
Historically, deployment of the VSEMS commercial UXO survey work has included a 
$1950/day rental charge. This charge was originally used to amortize the internal development of 
the original GEO-CENTERS “STOLS” system that VSEMS grew out of, and thus represented 
the life cycle cost. Presently, the daily rental charge is typically used to maintain the system and 
repair broken sensors (the total field magnetometers are now 15 years old and sometimes die at 
the rate of one per week, necessitating a $5000 repair). The daily rental charge is typically waved 
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for a project that is contracted through the Cooperative Research and Development Agreement 
(CRADA) that SAIC has with CEHNC (that is, waiving the rental charge is SAIC’s contribution 
to the CRADA). However, the Wide Area Assessment project was not contracted through the 
CRADA, and thus the proposal included the daily rental charge.  
 
6 Implementation Issues 

6.1 Environmental Checklist 
Other than the emissions created by the tow vehicle’s gasoline-powered internal combustion 
engine, no residuals or pollutants are produced by the system. 

6.2 Other Regulatory Issues 
Because the technology involves combining the two sensors most validated against UXO for 
digital geophysical mapping – total field magnetometers and EM61 pulsed induction coils – 
there are no specific regulatory issues above those that apply to all DGM data. Any applicable 
regulatory issues involve detection and discrimination systems of all kinds (i.e., how clean is 
clean, etc) and are not specific to this project or technology. 

6.3 End-User Issues 
The envisioned end-user is the Army Corps of Engineers Huntsville (CEHNC) and the 
contractors that they employ for UXO site assessment and cleanup. The applicability of the 
technology is largely a function of the vehicular navigability and GPS coverage on a particular 
site; these are factors that apply to any towed vehicular sensor array, not just VSEMS.  
 
Because the technology involves combining the two sensors most validated against UXO for 
digital geophysical mapping – total field magnetometers and EM61 pulsed induction coils – 
there are no specific end-user issues above those that apply to all DGM data. The interleaving 
concurrent multisensor hardware used in this project was developed under ESTCP Project MM-
0208, and completed dem-val under that project. Since then, the VSEMS system was 
successfully used to survey nearly 500 acres of commercial and government MEC, OE and 
HTRW sites before being deployed to the Kirtland PBR. There appear to be no end-user issues 
stemming from the interleaving technology. 
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Appendix: Test Strip Results 
The figures below plot the response for the 15 items in the test strip. For all 15 figures, the 
horizontal axis represents the individual strip tests taken morning and afternoon during the eight-
week survey. The magnetometer data (blue) in nT, the fit results to magnetometer data (magenta) 
in nT, and EM61 gate 3 (yellow) in mV are plotted on the same chart. Obvious outliers have 
been removed. As said in the body of the document, we attribute the variation to the motion of 
the sensors on the towed platform. 
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Test Strip Item 2 (37mm simulant at 25cm)
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Test Strip Item 4 (105mm at 40cm)
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Test Strip Item 6 (81mm at 27cm)
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Test Strip Item 8 (81mm at 40cm)
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Test Strip Item 10 (105mm at 61cm)
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Test Strip Item 12 (155mm at 48cm)
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Test Strip Item 14 (60mm at 25cm)
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