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1.0 Introduction 
 
TerranearPMC (TPMC) retained Environmental Restoration Group, Inc. (ERG) to conduct a walk-over 
radiological survey of portions of the former Technical Area 10 in Bayo Canyon, referred to as Bayo 
Canyon Aggregate Area. The survey data were collected to assist Los Alamos National Laboratory 
(LANL) in its efforts to meet the New Mexico Environmental Department (NMED) Consent Order 
requirement of determining whether further cleanup of the site is required.  The survey was performed 
over eight days from July 22 to October 10, 2007.   
 
The survey was performed using a Global Positioning System (GPS) coupled to radiological 
instrumentation.  A diamond shaped Pancake Geiger-Mueller (G-M) detector array was used for the 
survey. The G-M detector is capable of detecting alpha, beta, and gamma radiation. Since the 
radionuclides of concern at the site consist of Strontium-90, a high energy beta emitter, and depleted 
uranium, an alpha, beta, and gamma emitter, the G-M detector was selected for this project. 
 
2.0 GPS-Radiological Surveys 
 
2.1 GPS Survey Method 
 
The detector chosen for the survey was the Ludlum Model 44-94, a four G-M tube array arranged in a 
diamond shape.  G-M tube detectors have a thin mica window and a high efficiency for alpha and beta 
particles with a much lower efficiency for gamma rays.  
 
The walk-over survey was designed to detect only the beta and gamma component of the radiation since 
the alpha particles will not be detected unless the detector is within an inch or two of the surface. Each 
GPS-radiological survey system consisted of a Ludlum Model 2221 ratemeter/scaler with a Ludlum 
Model 44-94 G-M detector coupled to a Trimble ProXRS mapping grade GPS.  The Ludlum Model 
2221s were operated in fast response ratemeter mode allowing for  count rates tagged with  corresponding 
coordinates to be collected at 1-second intervals.  For the walk-over surveys the systems were carried in 
backpacks with the detectors held approximately 6 inches above the ground surface.  Each detector line-
spacing was approximately 5 feet and the walking survey speed was approximately 2.5-feet per second.  
At the end of each work day, the field data were downloaded into a laptop computer and processed on site 
using a combination of Trimble Pathfinder Office and ESRI ArcView GIS computer applications.   
 
2.2 GPS Survey Results 
 
The data from the survey are presented in Figures 1 through 3, where the colors correspond to the detector 
count-rate range in which each datum fell.  More than 120,000 data points were recorded throughout 23 
acres of Bayo Canyon from four separate areas including Consolidated Unit 10-001(a)-99, Consolidated 
Unit 10-002(a)-99, Solid Waste Management Unit (SWMU) 10-009, and SWMU 10-004 (a).  The 
calculated mean value for detector count rates was 451 cpm with a standard deviation 66 cpm, as shown 
in Table 1.  Color ranges for data presentation in each figure were chosen based upon the survey mean 
plus two or three standard deviations.  Thus in each figure, data values less than mean plus two standard 
deviations is colored gray, data values from the mean plus two standard deviations to mean plus three 
standard deviations is colored green, and data values more than the mean plus three standard deviations is 
colored red.  The statistics of the data set are shown in Table 1. 

 

 



 

Table 1.  Survey Count Rate Data 

 
 

Detector Readings Mean 
(cpm) 

Standard 
Deviation 

Maximum 
Reading 
(cpm) 

Minimum 
Reading 
(cpm) 

Ludlum Model 44-94 121,702 451 66 3,126 175 



 

Figure 1 shows the survey results for Consolidated Unit10-001(a)-99.  There were six locations with 
elevated readings identified for further investigation.  Locations 1 through 5 were investigated October 
10, 2007 and small (millimeter size) yellow fragments were observed disseminated in the surface soil, 
suspected to be oxidized depleted uranium. Location 6 had previously been identified and investigated on 
August 24, 2007. There was no visible material as observed at Locations 1 through 5, and the elevated 
readings could not be reproduced. 
 
Figure 1 also shows the survey results for SWMU 10-004(a).  No elevated readings were detected for this 
area. 
 
Figure 2 shows the survey results for SWMU 10-009.  An area of elevated readings, noted on the figure 
as Location 7, was identified and further investigated.  Again, small yellow fragments (millimeter size) 
suspected to be oxidized depleted uranium were found disseminated in the surface soil.  
 
Figure 3 shows the survey results for Consolidated Unit 10-002(a)-99 which included the area where the 
field team trailers were located.  At locations 8 and 9 elevated readings were determined to be strontium-
90 in soil. Locations 10 and 11 are areas within and near a fenced area (SWMU 10-007 “The Central 
Area”) where elevated readings were detected.  
 
Many of the elevated readings appear as lines or stringers of elevated values.  This is due to the response 
characteristics of the Ludlum Model 2221.  The Ludlum 2221 manual states "Fast response = 4 +/- 1 
second, Slow response = 22 seconds +/- 2 seconds, all response times are measured from 10-90% of final 
reading".  From discussions with Ludlum representatives it was determined that the response time is also 
a factor of count rate level. At a very low count rates, as observed in Bayo Canyon, the response time is 
much slower than at a high count rates. The net effect is the occurrence of a linear array of elevated count 
rates along the walked path (Figure 3). 
 
2.3 GPS Survey Data Quality Control 
 
All radiological instrumentation was calibrated within a six-month period prior to use using NIST 
traceable sources and pulser.   The instrumentation was also function checked before and after use each 
day.  Function check forms and calibration sheets are included in Appendix A. 
 
 
3.0 Comparison Between Radiological and Geophysics Data 
 
A grid system, consisting of 257 10-meter by 10-meter grids, was created that overlay an area where both 
EM geophysics and radiological data had been collected at Consolidated Unit 10-001(a)-99, the former 
firing sites and where the majority of shrapnel is concentrated.  Comparison of the EM geophysics and 
radiological survey data was made by calculating the averages of all readings that fell within each 10-
meter by 10-meter grid block. A comparison of the radiological survey data versus the geophysics survey 
data is shown in Figure 4.  With the exception of one grid block there is no correlation between the two 
datasets.  In other words, there is no indication the presence of metallic objects proves the presence of 
radioactive materials or vice versa.  The one grid block with a very high radiological count rate, 3126 
cpm, and a high EM geophysics survey value, 1125 ERM is considered a coincidence.  



 

Figure 1 – Survey Data of Consolidated Unit 10-001(a)-99 and SWMU 10-004(a) in Bayo Canyon 

 



 

Figure 2 – Survey of SWMU 10-009 in Bayo Canyon 

 



 

Figure 3 – Survey Data of Consolidated Unit 10-002(a)-99 in Bayo Canyon 

 



 

Figure 4.   Comparison of Radiological Survey Data and Geophysics Survey Data 
 

300

800

1300

1800

2300

2800

3300

0 200 400 600 800 1000 1200

EM Geophysics Values
(ERM)

G
-M

 D
et

ec
to

r V
al

ue
s

(c
pm

)



 

4.0 Conclusion 
 
The radiological survey data indicate that depleted uranium and strontioum-90 are present within the soil 
surface in Bayo Canyon at select and isolated areas.  Because of the transect spacing and the speed of the 
walk-over survey, it is possible there are other areas where sources are present on the surface and were 
not observed in this survey.  The survey does not have the capability of detecting smaller source values 
buried beneath the surface (approximately more than three inches).  There is no correlation of the 
radiological data (cpm) with the EM geophysical data (ERM). 
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