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K-1.0 INTRODUCTION AND SCOPE 

ARM Geophysics (a division of ARM Group, Inc.) performed a nonintrusive geophysical investigation 
using the TM-5emu instrument at former Technical Area (TA) 10 of Los Alamos National Laboratory  
(the Laboratory), located in Bayo Canyon, from July 19 to August 14, 2007. The primary objective of the 
investigation was to collect, process, and interpret TM-5emu digital geophysics data collocated with a 
global positioning system (GPS) to delineate the lateral extent anomalies may be attributed to the 
subsurface metallic content and the inferred shrapnel distribution from Consolidated Unit 10-001(a)-99, 
a former firing site within TA-10. In field applications, the TM-5emu has been shown to be superior to 
standard electromagnetic methods in detecting smaller metallic items, such as shrapnel remaining at the 
former TA-10. Attachment K-1 provides the original ARM report, including daily quality control summaries, 
on CD. 

K-2.0 METHODOLOGY 

K-2.1 Geodetic Positioning 

All geophysical instruments were integrated with a centimeter-grade differential global positioning system 
(DGPS) to (1) allow real-time navigation along planned survey routes; (2) provide an accurate location of 
geophysical measurements; (3) provide the means of establishing a local reference grid system  
(as needed); and (4) allow direct data integration with the Laboratory’s Geographic Information System 
(GIS). The DGPS of preference for the current survey was the Ashtech Z-extreme (base and rover) units. 
The geographic positions were acquired at 1-s intervals to allow for adequate spatial sampling relative to 
walking speed. All geographic data are presented in New Mexico State Plane Coordinate System, Central 
Zone, North American Datum 1983, U.S. survey feet.  

K-2.2 Electromagnetic Unit Metal Detector (GAP TM-5emu) 

The TM-5emu System consists of a Norand 602 computer, a Minelab F1B2 electromagnetic sensor 
module, two 18-in. sensor coils, an EMUDAS program, and various ancillary devices. The TM-5emu 
system is a combination of both analogue and digital electronics to process the information into a form 
that allows simplified operations, including an automatic procedure for “ground-balancing” out the effects 
of adverse geologic conditions. The basic function of the Norand system is to acquire digital data from the 
sensor module and present it in a form that allows the operator to achieve certain objectives through a 
combination of graphic display, audio tone mapped to target response, and digital-signal processing. The 
Norand system has a built-in procedure that provides automatic discrimination between buried metal 
objects and natural geologic material with a high magnetic susceptibility, such as basalt and ironstone. 
The TM-5emu response is measured in electromagnetic units (EMUs), and all data were digitally 
recorded in the field for subsequent processing on computer.  

K-3.0 RESULTS AND DISCUSSION 

K-3.1 Geodetic (GPS and DGPS) Survey 

GPS and DGPS data were integrated with each of the sensor system results to allow real-time navigation 
along planned survey routes; provide accurate location of geophysical measurements; provide the means 
of establishing a local reference grid system (as needed); and allow direct data integration with the 
Laboratory’s GIS. As part of the geophysical survey, a geodetic grid system was established and large-
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scale features (such as an ephemeral stream channel and mowed area) were also surveyed as 
reference. Figure K-3.1-1 is a site map showing the established grid system with large-scale features 
outlined. 

K-3.2 Electromagnetic (GAP TM-5emu Detector) Survey 

EMU data were collected and processed to determine two main points of interest: (1) the sitewide 
distribution of shrapnel and (2) delineation of any trends or anomalies in the shrapnel detected on-site. 
The main focus of the TM-5emu survey was completed through combining the data onto one composite 
map, shown in Figure K-3.2-1.  

To meet the main objective, the TM-5emu response data were interpreted both qualitatively and 
quantitatively for anomalous responses in the data. Qualitatively, the TM-5emu metal detection data show 
anomaly distribution (see Figure K-3.2-1) ranging from high-anomaly densities in the central to southwest-
central portion of the site, radiating to lower anomaly densities outwards in all directions. Anomalous 
densities are particularly pronounced in the northwest, southeast, and eastern portions of the site. 
Quantitatively, the TM-5emu data interpretation resulted in 39,199 peak anomaly selections, which 
equates to an average anomaly density of approximately 1000 per acre. Individual daily quality control 
summary and grid-based map images are provided in Attachments K-1 and K-2, respectively. 

In addition, areas with low counts (shown in green) that are interspersed with areas of higher counts 
(shown in red) are probably former roads or tracks or small ephemeral channels and gullies where 
shrapnel is not present because of a lack of deposit, surface movement during heavy precipitation events, 
removal by human intervention, or a combination of the above. Of note is the wide green area that cuts 
diagonally from south to north though the survey area. This former channel or low area has begun to fill in 
from altered surface flow patterns. Aerial photographs and ground observations confirm this observation. 
Thus, any remaining shrapnel that has not previously washed out has subsequently been covered with 
recent sediments.  

The density distribution around the former shot pads suggests that they were cleaned periodically. The 
density distribution around the eastern shot pad shows a central area with lower shrapnel density 
surrounded by a ring of higher density. This trend is less obvious in the western shot pad but can still be 
inferred. The sitewide density color-coded map shown in Figure K-3.2-2 further demonstrates these 
trends. 

The geophysical data indicate (1) the shrapnel distribution is adequately defined by the current survey 
boundary, as indicated by the site map, and (2) the shrapnel is primarily within the first few inches of the 
surface, as indicated by the lack of distribution near roads or other areas of potential erosion. 

K-4.0 CONCLUSIONS 

The main objective of the geophysical shrapnel survey was to determine the distribution for all shrapnel to 
ensure the extent was defined. This objective was achieved by mapping the area using the TM-5emu 
instrument until the potential shrapnel anomaly distribution dropped off significantly from the central 
location of the former firing site pads. No ordnance-related hazards were identified. 
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Figure K-3.1-1 Site map showing the established grid system, the former building structures 
and roads, and the ephemeral stream channel 
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Note: Red shades indicate high response values (shrapnel), and green shades indicate low response values (“background” or lack 

of shrapnel). 

Figure K-3.2-1 Results of the TM-5emu survey 
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Note: Red shades indicate higher densities of anomalies (shrapnel cluttering), and green shades indicate lower densities of 

anomalies (lower level or lack of shrapnel cluttering). 

Figure K-3.2-2 Sitewide density map of composite TM-5emu survey results 
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