
E 

\ 

Field Testing of a Portable Radiation 
System 

by 
K. J. Hofstetter 
Westinghouse Savannah River Company 
Savannah River Site 
Aiken, South Carolina 29808 

D. W. Hayes 

R. F. Eakle 

A document prepared for SPECTRUM '98 at Denver, CO, USA from 9/13/98 - 9/18/98. 

DOE Contract No. DE-AC09-96SR18500 

This paper was prepared in connection with work done under the above contract number with the U. S. 
Department of Energy. By acceptance of this paper, the publisher andfor recipient acknowledges the U. S. 
Government's right to retain a nonexclusive, royalty-free license in and to any copyright covering this paper, 
along with the right to reproduce and to authorize others to reproduce all or part of the copyrighted paper. 



DISCLAIMER 

This report was prepared as an account of work sponsored by an agency of the United States 
Government. Neither the United States Government nor any agency thereof, nor any of their 
employees, makes any warranty, express or implied, or assumes any legal liability or 
responsibility for the accuracy, completeness, or usefulness of any information, apparatus, 
product, or process disclosed, or represents that its use would not infringe privately owned 
rights. Reference herein to any specific commercial product, process, or service by trade name, 
trademark, manufacturer, or otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any agency thereof. The 
views and opinions of authors expressed herein do not necessarily state or reflect those of the 
United States Government or any agency thereof. 

This report has been reproduced directly from the best available copy. 

Available to DOE and DOE contractors from the Office of Scientific and Technical Information, 
I?. 0. Box 62, Oak Ridge, TN 37831; prices available from (423) 576-8401. 

Available to the public from the National Technical Information Service, U. S. Department of 
Commerce, 5285 Port Royal Road, Springfield, VA 22161. 



. 

DISCLAIMER 

Portions of this document may be illegible 
electronic image products. lmages are 
produced from the best avaiiable original 
document. 
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INTRODUCTION 

Researchers at the Savannah River Site (SRS) have developed a man-portable radiation 
detector and mapping system (RADMAPS) which integrates the accumulation of 
radiation information with precise ground locations. RADMAPS provides field personnel 
with the ability to detect, locate, and characterize nuclear material at a site or facility by 
analyzing the gamma or neutron spectra and correlating them with position. The man- 
portable field unit records gamma or neutron count rate information and its location, 
along with date and time, using a an imbedded Global Positioning System (GPS). 
RADMAPS is an advancement in data fusion, integrating several off-the-shelf 
technologies with new computer software resulting in a system that is simple to deploy 
and provides information useful to field personnel in an easily understandable €orm. 
Decisions on subsequent actions can be made in the field to efficiently use available field 
resources. The technologies employed in this system include: recording GPS, radiation 
detection (typically-scintillatibn detectors), pulse height analysis, analog-to-digital 
converters, removeable solid-state (Flash or SRAM) memory cards, Geographic 
Information System (GIS) software and personal computers with CD-ROM supporting 
digital base maps. RADMAPS includes several field deployable data acquisition systems 
designed to simultaneously recordradiation and geographic positions (1). This'paper 
summarizes the capabilities of RADMAPS and some of the results of field tests 
performed with the system. 

WORK DESCRIPTION 

RADMAPS consists of two major components, a field data acquisition system (FDAS) 
and a nuclear information system (NIS) for data analysis. -The FDAS includes the 
radiation detector and electronics, a GPS, a control computer and a removable mass 
storage device (Flash or SRAh4 card) for programs and data. The NIS consists of a 
portable computer with GIs software and a CD-ROM for digital maps, etc. and a PCM- 
CIA interface for data input from the memory cards. Depending on the application, the 
FDAS may include a pulse height analyzer and multichannel analyzer for recording 
radiation spectra or-may include a simple analog to digital converter for recording 
detector count rates and GPS data; For either application, the FDAS is preprogrammed 
with a set of instructions on the memory card to control all operations (count time, 
number of channels, delay times, etc.) after a simple start command. The commercial 
grade GPS receives the Standard Positioning Service (SPS) radio signals, including 
Selective Availability, which guarantee a position accuracy within 100 meters, 95% of 
the time, The use of a field base station can be employed for increased accuracy. When 



the field survey is complete, the Flash or SRAM card is removed from the FDAS and 
downloaded to the NIS for analysis. 

RESULTS 

All components of the RADMAPS have been extensively field tested at SRS and have 
been modified for rugged, field operation. Surveys of SRS have been performed using 
both hand-carried FDAS and vehicle mounted FDAS units. Typical surveyed areas 
include the*riverbanks near the confluence of several streams originating on-site with the 
Savannah River, closed seepage basins which received aqueous discharge from chemical 
separations, locations near pilot-scale high-level shielded facilities, processed fuel storage 
area, production reactors, solid radioactive waste burial grounds, and several temporary 
radwaste storage areas. As an example, count rate and position data were taken during a 
survey of a temporary storage area for contaminated components using a hand-carried 
FDAS with a 1” x 1” NaI(T1) detector. The gross count rate and GPS locations were 
recorded every 1 second. The results are displayed on a site facilities map as shown in 
Figure 1. The open circles show locations where the count rates were three times the 
average background count rate. The same survey data can be georegistered on any digital 
image (e.g., aerial photographs). 

As another example, a.recording GPS and the 1” x 1” detector were installed on an 
unmanned aerial vehicle (UAV) provided by Georgia Tech. The results of these tests are 
shown in Figure 2 (open cyrnbols) when the system was flown over Steed Pond (a 
holding basin which received runoff from the uraniumfuel and target preparation area). 
The details of this rotary-winged UAV platform have been described. (2J) This survey 
was performed with the UAV flying about 2 meters above the ground at speeds < 2 
m/sec. Data were collected every second. The position data were transformed to distance 
coordinates relative to a second GPS at a fixed location. Also shown on this figure are 
the locations recorded during a later manual survey walking near the edge of the pond as 
recorded with the standard GPS using SPS coordinates (closed data points). These data 
are overlayed onto a standard USGS digital map using a standard commercial software 
graphing product, While the relative locations from the UAV survey are more precise 
than the absolute SPS coordinates during the walking survey, the absolute location 
imperfections could be attributed to mapping inaccuracies as well as Selective 
Availability offsets. Other applications of this technology have been tested using a 
recording GPS and a recording radiometer to map thermal plumes of L-Lake, PAR Pond 
and the Savannah River. 

’ 

Off-site testing of RADMAPS has been performed at the Fernald Environmental 
Restoration site (Ohio), the Commanche Peak Reactor (Texas), and other locations to 
demonstrate the capability and portability of the system. The Fernald demonstration was 
performed at 1 1 selected test sites to evaluate the possibility of detecting uranium in 
contaminated soil using scintillation detectors. Eight small test sites (50m x 50m) and 
three 2-3 acre sites were surveyed. The RADMAPS detector systems used to survey the 
small test sites included hand-held and cart mounted 1 ”  x 1”  and 3”  x 3”  NaI(T1) ’ 



detectors, and a 5” diameter X-Ray detector (FIDLER). Two vehicle mounted 4“ x 4” x 
16” NaI(TI) detectors along with a 5IL diameter FIDLER detector were used to survey the 
large test sites. The limits of detection and positional accuracy were compared to the 
ground truth data determined by rigorous sampling and analysis at surveyed locations. As 
an example of the RADMAPS survey capabilities, Figure 3 shows the positions recorded 

, during a vehicle survey of one of the 2-acre test plots at Fernald. These data were taken 
at 1-second intervals and show that multiple data points are easily obtained within each 
100 m2 test grid. The contour plot was generated using a weighted, inverse distance 
interpolation algorithm. The plot shows areas of depressed count rate which are due to 
the installation of a road and fresh overpack over the contaminated area. 

. CONCLUSION AND DISCUSSION 

RADMAPS is a viable technology for performing-radiation surveys of contaminated 
sites, locating and quantifying radioactive material, and for mapping specific occurrences 
to an exact time and location. A man-portable system has been developed to 
simultaneously store radiation spectra and.GPS locations on a solid-state memory card 
using an on-board processor. The battery-powered, field data acquisition system operates 

’autonomously from a preprogrammed protocol resident on the memory card. The ‘ 

position and spectral data are easily downloaded from the memory card to a personal 
computer via a PCM-CIA interface. GIS software resident on the personal computer is 
used to georegister the data onto digital images. The entire system can provide field 
personnel with information in a readily understandable form for prompt, efficient follow- 
on actions. 
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Figure 1. Count ‘rates recorded with a hand-carried 1” x 1” NaI(T1) detector at various 
locations in a temporary contaminated storage for large components at SRS overlayed on 
a site facilities map. I 
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Figure 2. Count rates observed at various locations around Steed pond as detemined.by a 
low-flying UAV (open symbols) and hand-carried surveys. Both surveys were conducted 
with a small NaI(T1) detector. The UAV positions are determined relative to a fixed GPS 
base station in the area. 
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Figure 3. Contour plot of gross count rates taken with a pair of 4” x 4” x 16” NaI(T1) 
detectors on a 2-acre test plot at Fernald. Note the depression running diagonally across 
the plot caused by clean fill roadbed overpack. 
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