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ABSTRACT 

An aerial radiological survey was conducted from August 10-16, 1993, over a 78-square-kilometer 
(30-square-mile) area of the Portsmouth Gaseous Diffusion Plant and surrounding area located near 
Portsmouth, Ohio. The survey was performed at a nominal altitude of 46 meters (150 feet) with a line 
spacing of 76 meters (250 feet). A contour map of the terrestrial gamma exposure rate extrapolated 
to 1 meter above ground level was prepared and overlaid on a set of United States Geological Survey 
topographic maps of the area and an aerial photograph of the plant. The terrestrial gamma exposure 
rates varied from about 7 to 14 microroentgens per hour at 1 meter above the ground. Protactin-
ium-234m was observed at six sites within the boundaries of the plant. At a seventh site, only ura-
nium-235 was observed. No other man-made, gamma ray-emitting radioactive material was present 
in a detectable quantity, either on or off the plant property. 

Soil sample and pressurized ion chamber measurements were obtained at four locations within the 
survey boundaries to support the aerial data. The results of the aerial and ground-based measure
ments were found to agree within ± 7.5%. 
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1.0 INTRODUCTION 3.0 NATURAL BACKGROUND RADIATION 

An aerial gamma ray survey was conducted from 
August 10-16, 1993, over the Portsmouth Gaseous 
Diffusion Plant (PORTS) and surrounding area. The 
PORTS is owned by the United States Department of 
Energy (DOE) and leased to the United States Enrich
ment Corporation (USEC). Martin Marietta Utility Ser
vices, Inc., operates the enrichment facilities for the 
USEC. The primary purpose of the PORTS is to pro
vide enriched uranium fuel to the nuclear power indus
try. The aerial survey of the PORTS was conducted at 
the request of Martin Marietta Energy Systems, Inc., 
and sponsored by DOE in support of Environmental 
Restoration and Waste Management activities at the 
plant. 

DOE maintains the Remote Sensing Laboratory 
(RSL) in Las Vegas, Nevada, and in Washington, D.C. 
The RSL is operated for DOE by EG&G Energy Mea
surements (EG&G/EM). One of the missions of the 
RSL is to manage the Aerial Measuring System 
(AMS), an aerial radiation surveillance program. 

Since its inception in 1958, the AMS has continued a 
nationwide effort to document baseline radiological 
conditions surrounding nuclear energy-related sites. 
These sites include nuclear power plants, nuclear fuel 
manufacturing and processing plants, research labo
ratories, and private corporations employing nuclear 
materials. Under the direction of the DOE and at the 
request of federal or state agencies, the AMS has 
been deployed for various aerial radiological survey 
operations. 

2.0 SURVEY SITE DESCRIPTION 

The PORTS is located on a large, government-owned 
reservation near Piketon, Ohio, about 32 kilometers 
(20 miles) north of Portsmouth, Ohio, and 126 kilome
ters (78 miles) south of the state capital of Columbus. 
The plant is located 2 miles east of the Scioto River. 
The PORTS consists of an 18-square-kiiometer 
(7-square-mile) fenced area with an average eleva
tion of 206 meters (675 feet) above sea level. The 
area surrounding the plant is primarily forest and farm 
land. The survey mapped the gamma ray environ
ment of a 78-square-kilometer (30-square-mile) area 
surrounding the plant. 

Natural background radiation originates mainly from 
three components: (1) terrestrial or radioactive ele
ments present in the earth and earth structure, (2) air
borne radon, and (3) cosmic rays emanating from 
outer space. The terrestrial radiation levels depend 
upon the type of soil and bedrock immediately below 
and surrounding the point of measurement. Within 
building areas, the radiation levels depend on the 
nature of the building materials. 

Radon, a radioactive noble gas, is a by-product of 
both the uranium and thorium decay chains. It can dif
fuse through the soil and travel through air. The con
centration of radon and its decay products at any 
location depends on three different factors: (1) mete
orological conditions, (2) mineral content of the soil, 
and (3) soil permeability. Generally, airborne radon 
contributes from 1 % to 10% of the natural background 
levels. 

Cosmic rays, high energy radiation originating from 
outer space, also contribute to the natural radiation 
background. Radiation levels due to cosmic rays vary 
with altitude and geomagnetic latitude. Generally, the 
radiation level ranges from 3.3 microroentgens per 
hour (nR/h) at sea level to 12 [xR/h at an altitude of 
3,000 meters (10,000 feet).1 Forthe PORTS area, the 
cosmic ray contribution is estimated to be 3.8 [xR/h. 

The primary components of natural terrestrial radi
ation are potassium-40 ( 4 0K) and the members of the 
uranium and thorium decay chains. Trace quantities 
of cesium-137 ( 1 3 7Cs), a radioactive by-product of 
nuclear fission, are also present worldwide due to fall
out from aboveground testing of nuclear weapons. 
Site concentrations of these radioactive nuclides pro
duce radiation levels typically ranging from 1 to 15 
(iR/h (9 to 130 mrem/yr).2 These exposure rates vary 
from one area to another due to the difference in con
centration of the previously mentioned radioactive 
nuclides. 

4.0 SURVEY PROCEDURE 

The 78-square-kilometer (30-square-mile) survey 
area covered the entire PORTS and its vicinity. The 
boundary was selected to match the boundary of a 
similar survey conducted in 1990.3 However, the 
boundary was extended in the northwest to include a 
part of the Scioto River. The area was surveyed by 
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flying a series of parallel east-west flight lines at a 
nominal altitude of 46 meters (150 feet) above ground 
level (AGL), with a line spacing of 76 meters (250 
feet). Lines were flown at a constant ground speed of 
36 meters per second (70 knots). The lower altitude 
of the present survey gives a two-fold increase in spa
tial resolution over the 1984 and 1990 surveys which 
were flown at 91 meters. 

5.0 SURVEY EQUIPMENT 

for use in aircraft. The REDAR IV records the data 
from the detector system, the aircraft altimeter and 
positioning systems, and environmental variables 
such as ambient temperature and barometric pres
sure. The information is stored on magnetic tape. The 
REDAR IV is also equipped with multichannel ana
lyzer and CRT display capabilities for in-flight monitor
ing of the gamma energy spectrum as well as the 
other flight parameters. The detector and electronic 
system are described in detail in a separate publica
tion.4 

The survey was conducted using the Messerschmitt-
Bolkow-Blohm (MBB) BO-105 helicopter shown in 
Figure 1. The helicopter was equipped with two large 
detector pods and a Radiation and Environmental 
Data Acquisition and Recorder System, Version IV 
(REDAR IV). 

FIGURE 1. MBB BO-105 HELICOPTER WITH DETECTOR 
PODS 

The two large detector pods were mounted on the out
side of the skid racks of the helicopter. Each pod con
tained four 2- x 4- x 16-inch and one 2- x 4- x 
4-inch sodium iodide, Nal(TI), gamma ray detectors. 
At a survey altitude of 46 meters (150 feet) AGL, the 
eight-detector array and its analog-to-digital conver
ter (ADC) will exhibit spectral degradation if the 
ground level exposure rate over a large area exceeds 
50 (iR/h. A single 2- x 4- x 16-inch detector and its 
ADC extend the dynamic range of the aerial measur
ing system to about 400 u.R/h. Above these levels, the 
pulse rate at the ADC is too high to correctly determine 
the energy of the gamma rays. 

5.1 REDAR IV System 

Data acquisition was performed using the REDAR IV 
system, a multi-microprocessor, portable data 
acquisition and real-time analysis system, designed 

5.2 Helicopter Positioning Method 

The helicopter position was established using the 
Real-time Differential Global Positioning System 
(RDGPS) and a radar altimeter. The RDGPS is a navi
gation system providing continuous position informa
tion accurate to ± 5 meters using a constellation of 24 
satellites. The radar altimeter determines the helicop
ter's altitude by measuring the round-trip propagation 
time of a signal reflected off the ground. 

5.3 Data Processing Equipment 

The Radiation and Environmental Data Analysis 
Computer (REDAC) system, housed inside the RSL 
mobile data processing laboratory located at the 
Portsmouth Regional Airport (Portsmouth, Ohio), was 
used to process the aerial data during the survey. The 
REDAC system hosts a wide range of computer hard
ware which includes: (1) a computer with 4 megabytes 
of memory for data manipulation, (2) 2 gigabytes of 
hard disk space for mass storage of data, (3) 8mm 
tape drives for data transfer and archiving, (4) a 
36-inch-wide plotter for data contouring, and (5) two 
video graphics display stations. The system uses an 
extensive library of software which provides onsite 
preliminary analysis of the aerial data on a flight-by-
flight basis and monitors pre- and post-flight quality 
assurance checks. A similar REDAC system was 
used at the RSL Washington, D.C., facility to com
plete the data analysis. 

6.0 DATA ANALYSIS 

6.1 Gross Count Procedure 

The gross count (GC) method is based on the integral 
counting rate in that portion of the spectrum between 
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38 and 3,026 keV. This count rate, measured in 
counts per second (cps) at survey altitude, is con
verted to exposure rate (ER) in nR/h at 1 meter AGL 
by using the following algorithm: 

ER 

where 

GC 

(fiR/h) = ( G C ~ B ) & ~ «* 917 (1) 

B = 

A = 
C = 

gross count rate at survey altitude 
(cps) 
background count rate at survey 
altitude (cps) 
survey altitude (m) 
air attenuation coefficient (nr 1 ) 

The background count rate, determined on a flight-by-
flight basis, is comprised of cosmic rays, the aircraft 
system, and airborne radon. The air attenuation coef
ficient, C, deduced empirically from the altitude profile 
data at the survey site, was 0.0066/m. The conversion 
factor (917 counts/second/nR/h) for 46 meters (150 
feet) AGL was obtained from the documented 
EG&G/EM calibration range near Washington, D.C.5 

The applicability of the conversion factor assumes a 
uniformly distributed radiation source which covers an 
area that is large compared to the field of view of the 
detector system (a circle with a diameter roughly twice 
the altitude of the aircraft) and has a gamma ray 
energy distribution similar to that of the natural back
ground of the calibration range. 

6.2 Man-Made Gross Count Extraction 
Procedure 

The aerial data were also used to determine the loca
tion of man-made radionuclides. The man-made 
gross count (MMGC) is the fraction of the gross 
counts which is directly attributed to gamma rays from 
man-made radionuclides. In general, evidence of 
man-made radionuclides can be found from increases 
in the gross count rate. However, slight variations in 
the gross count rate are generally not considered ade
quate reason to suspect the presence of man-made 
radionuclides since these variations can result from 
geological fluctuations or changes in the ground cov
erage (i.e., river, dense vegetation). Moreover, the 
aerial data are limited by the minimum detectable 

activity of the AMS, which varies with the survey alti
tude and the radionuclide. The calculated minimum 
detectable activities of uniform soil concentrations of 
uranium-235 ( ^ U ) and protactinium-234m ( 2 3 4 m Pa) 
at 46 meters and an aircraft speed of 36 meters/ 
second are 1.8 and 0.44 pCi/g, respectively. 

The MMGC rate can be expressed analytically in 
terms of the integrated count rates in specific spectral 
energy windows (in keV) from the gamma energy 
spectrum 

1394 keV 
MMGC = V CountsE 

£=5SkeV 

3026 keV 

- K y> Counts^ (2) 
E=1394keV 

K is defined over a survey area that only contains 
gamma radiation from naturally-occurring radio
nuclides as 

1394keV . 3026keV 
K = y CountsE I y CountsE 

l E=1394i E=38keV E=1394keV 
(3) 

Large changes in gross counting rates from natural 
radiation usually produce only small changes in spec
tral shape because the natural gamma emitters 
change in a relatively constant ratio as the detector 
moves from one location to another. The MMGC algo
rithm is proportional to the deviation of an energy 
spectrum from a natural background spectral shape. 
Although this procedure can be applied to any region 
of the gamma spectrum, the most common practice 
is to place all counts below 1,394 keV into the man-
made window and to place all counts above 1,394 keV 
into the natural window. Therefore, the low energy or 
man-made window contains the region of the gamma 
energy spectrum where most long-lived, man-made 
radionuclides emit radiation, and the high energy or 
natural window contains the region of the gamma 
energy spectrum where mostly naturally-occurring 
radionuclides emit radiation. This MMGC algorithm 
has been found to be sensitive to low levels of man-
made radiation (j.e., <1 (iR/h) even in the presence 
of large variations in the natural background. 
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Since the MMGC algorithm responds to a wide range 
of radionuclides, the primary function of the MMGC is 
to locate man-made radioactivity. Once a region of 
man-made radioactivity has been identified, a 
detailed analysis of the gamma energy spectrum is 
conducted to ascertain the radionuclides present. 

7.0 GROUND-BASED MEASUREMENT 
PROCEDURE 

During the PORTS survey, soil samples and exposure 
rates were measured at four locations outside the 
plant boundary. These measurements were used to 
support the integrity of the aerial data. These loca
tions were not near any obvious radiation anomalies. 
A Reuter-Stokes pressurized ionization chamber was 
used for each exposure rate measurement at a height 
of 1 meter AGL at the center of a measurement area 
18 meters (60 feet) in diameter. Soil samples to a 
depth of 15 centimeters (6 inches) were also obtained 
at four points inside each circular measurement area. 
The soil samples were dried, and their gamma ray 
activities were measured using a high purity germa
nium detector system located at EG&G/EM's Santa 
Barbara Operations office. Detailed descriptions of 
the procedure used for soil sample data collection and 
analysis are outlined in separate publications.6'7 

8.0 DISCUSSION OF RESULTS 

8.1 Terrestrial Gamma Exposure Rate 
Contour Map 

Figure 2 shows the gamma ray energy spectrum 
extracted from the aerial data outside the boundaries 
of the plant. This spectrum is typical of the area's natu
ral background and results primarily from contribu
tions by radionuclides in the uranium and thorium 
decay chains and 4 0 K . 

The terrestrial exposure rates deduced from the aerial 
data were integrated with their corresponding aircraft 
position coordinates to produce a contour map. Figure 
3 shows the terrestrial exposure rate contour map 
superimposed on the 1990 aerial photograph of 
PORTS, showing the exposure rates in \iR/h at 1 
meter AGL inferred from the aerial data. 

0 ENERGY (keV) 3 0 0 0 

FIGURE 2. BACKGROUND GAMMA ENERGY 
SPECTRUM 

The terrestrial background exposure rates ranged 
from approximately 7 to 14 |iR/h over most of the 
survey area. A cosmic ray exposure rate of 3.8 nR/h 
is included in the radiation data. 

The exposure rates shown in Figure 3 agree well with 
the rates from the 1984 survey.8 Even though the 
[iR/h-at-1 -meter values of the contour levels are very 
different, the shapes of the radiation contours are 
approximately the same and the values at a specific 
location agree to within the resolution of the contours. 

The 1990 survey was conducted at an altitude of 91 
meters (300 feet).3 The terrestial exposure rate plot is 
the only data shown and the regions of interest (ROIs) 
are identified on that plot. The 1990 regions marked 
AR-1 and AR-5 agree in shape and intensity with the 
same areas in the 1993 survey (ROI 1 and ROI 2). 
AR-2 is the location of the truck carrying a cask of pro
cessed material and is not present in either the 1984 
or 1993 survey data. AR-6 identifies the processing 
plant, but no specific exposure rate level is associated 
with this location in the 1990 data. The contour level 
(7-9 [iR/h) is the same as that in the 1984 data and is 
consistent with the 0-8 (iR/h level in the 1993 data. 

The two remaining areas identified in the 1990 survey 
(AR-3 and AR-4) are a little more difficult to explain. 
This area of the plot is similar to the contour levels 
shown in the 1984 plot, but AR-4 is much stronger in 
1990 than it was in 1984. In the 1993 survey, these two 
areas appear as a single kidney bean-shaped region 
whose two lobes are spaced slightly closer together 
than the peaks in the 1984 and 1990 surveys. It is diffi
cult to determine exactly what the cause of this shape 
change might be. It may be the result of a different dis
tribution of the 2 3 8 U storage in the feed cylinders, or 
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the different helicopter altitudes may see the source 
material through different amounts of shielding. The 
1984 survey was performed at 76 meters (250 feet), 
the 1990 survey was performed at 91 meters (300 
feet), and the 1993 survey was performed at 46 
meters (150 feet). 

An earlier survey of the plant was performed in 1976.9 

The exposure rate and man-made radiation contours 
are so different from those in the 1984,1990, or 1993 
surveys that a major change must have occurred in 
the location of the processing and storage of material 
at the site. No comparison will be made with the 1976 
data. 

8.2 Man-Made Gross Count Contour 
Analysis 

The MMGC algorithm (discussed in Section 6.2) was 
used to study the aerial data for man-made gamma 
emitters in the survey area. Figure 4 shows seven 
ROIs with detectable levels of man-made radio
nuclides. 

Figure 5 shows the gamma energy spectra extracted 
from the seven sites. The analysis of the gamma 
energy spectra extracted from six sites shows the 
presence of 2 3 4 m P a , which is a decay product of ura-
nium-238 ( 2 3 8 U), and only ROI 5 shows detectable 
quantities of 2 3 5 U . 

The contour levels shown in Figure 4 outline the same 
general features seen in the 1984 man-made contour 
map. Comparisons of the intensities of the ROIs can
not be made in any quantitative manner. The two sur
veys were flown at significantly different altitudes 
(1984 at 76 meters and 1993 at 46 meters). A point 
source should appear with almost three times as 
many counts/second at 46 meters than at 76 meters. 
If the same amount of material was present during 
both surveys, the 1993 survey should display three 
times as many counts over the point as the 1984 sur
vey. 

ROIs 1,2, and 3 are present in both surveys, although 
ROI 3 has a northerly extension in the 1984 survey 
and is significantly weaker in 1993. ROIs 4 and 5 
appear to be new features in the 1993 data. If the 
material at ROI 4 was present during the 1984 survey, 
it likely would not have been seen since its signal 
would have been overwhelmed by the signal from ROI 
3. ROI 5 is too weak to be seen in the 1984 data; ROI 
3's area is heavily influenced by the edge of the strong 

bulls-eye pattern of the 1984 data at ROI 3. ROIs 6 
and 7 match similar small, low-intensity areas seen in 
the 1984 data. 

No plot of the man-made data is presented for the 
1990 survey. The exposure rate regions for ROIs 1 -4 
were discussed above in Section 8.1. ROIs 5-7 are 
weak enough thatthey would not be expected to show 
in the exposure rate plot, and they were compared to 
the 1984 data above. 

8.3 Ground-Based Measurements 

Soil samples and in situ pressurized ion chamber 
measurements were collected at four sites within the 
survey boundaries during the aerial survey. These 
same sites were used in the 1984 and 1990 sur
veys.3-8 The exposure rates were computed from the 
primary isotopic concentrations in the soil samples 
and included the effect of soil moisture (see Table 1). 
The calculated soil exposure rate values are com
pared with the ion chamber measurements and the 
aerial measurements in Table 2. The exposure rates 
inferred from the aerial survey data were found to be 
in excellent agreement (±7.5%) with the ground-
based measurements. 

Small differences in the exposure rates from the com
parative methods are due to the following: 

1. The aerial data were not taken at exactly the 
same places and times as the ground data. 

2. Each 1 -second data point obtained with the air
borne system covers an area several thousand 
times as large as that of a measurement made 
at a 1 -meter height (such as with an ion cham
ber), and an area several million times as large 
as that of a typical soil sample. 

3. Since only a limited number of soil samples 
were taken, statistical deviations are signifi
cant. 

9.0 SUMMARY 

A radiological survey of the PORTS and surrounding 
area was conducted August 10-16,1993. The aerial 
survey was flown at an altitude of 46 meters (150 feet) 
using the AMS. Seven areas of elevated exposure 
rates were detected within the boundaries of the plant. 
ROIs 1 -4 and 6-7 contained 2 3 4 m P a , a decay product 
of 2 3 8 U . Only one area (ROI 5) showed detectable 
quantities of 2 3 5 U . Table 3 correlates the seven sites 
with locations (buildings) inside the plant. 
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FIGURE 4. MAN-MADE GAMMA RADIATION CONTOUR MAP 
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Table 1. Results of Soil Sample Analys is 

Soil 
Moisture 238u 232Th 1 3 7 C s 4 0 K 

Site 3 Date (%) (ppm) (ppm) (pCi/g) (pCi/g) 

1 1993 13 ± 4 3.3 ± 0.9 9.2 ± 3.7 0.23 ± 0.20 13 ± 4 

1990 19 ± 4 3.7 ± 1.0 10.9 ± 2.1 0.21 ± 0.02 15 ± 3 
1984 21 ± 4 2.4 ± 0.7 8.2 ± 3.5 0.28 ± 0.16 12 ± 4 

2 1993 17 ± 1 4.2 ± 0.6 11.9 ± 1.8 0.23 ± 0.06 12.3 ± 0.8 
1990 21 ± 1 3.6 ± 0.4 9.9 ± 0.4 0.63 ± 0.07 11 ± 2 
1984 26 ± 5 3.0 ± 0.9 10.1 ± 0.9 0.48 ± 0.04 12 ± 2 

3 1993 13 ± 3 3.6 ± 0.6 9.2 ± 1.8 0.17 ± 0.08 12 ± 2 
1990 16 ± 1 4.0 ± 0.2 7.7 ± 0.3 0.24 ± 0.02 13.9 ± 0.5 
1984 16 ± 1 3.1 ± 0.3 7.5 ± 0.6 0.20 ± 0.06 13.8 ± 0.8 

4 1993 15 ± 2 3.9 ± 0.3 9.8 ± 0.5 0.24 ± 0.03 10.1 ± 0.5 
1990 21 ± 1 3.8 ± 0.4 8.9 ± 0.3 0.23 ± 0.11 9.3 ± 0.6 
1984 25 ± 2 2.8 ± 0.2 9.7 ± 0.6 0.36 ± 0.33 9.0 ± 0.3 

aSite Locations: 1. 
2. 
3. 
4. 

Lat: N 39°02'24.5" 
Lat: N 38°59'34.8" 
Lat: N39°01'20.3" 
Lat: N 39°00'29.8" 

and Lon: W 82°57'53.6" 
andLon:W82°58'35.1" 
and Lon: W83°01'50.8" 
and Lon: W 82°58'08.4" 
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Table 2. Comparison of Aerial and Ground-Based Measurements 

Site3 Date 

Exposure Rate 
(|xR/hat1 Meter AGL) 

Site3 Date 
Soil 

Analysis'5 

Ion 
Chamber 

Inferred Aerial 
Datab 

1 1993 10.0 ± 2.0 11.0 ± 0.6 10.9 ± 0.5 
1990 10.7 ± 1.2 10.3 ± 0.5 10.0 ± 1.0 
1984 9.0 ± 1.3 10.2 ± 0.5 11.5 ± 2.5 

2 1993 10.9 ± 0.8 10.9 ± 0.8 10.1 ± 0.2 
1990 9.8 ± 0.5 9.4 ± 0.5 10.0 ± 1.0 
1984 9.6 ± 0.7 9.6 ± 0.5 11.5 ± 2.5 

3 1993 10.0 ± 1.0 10.0 ± 1.0 9.7 ± 0.4 
1990 10.0 ± 0.3 9.6 ± 0.5 10.0 ± 1.0 
1984 9.6 ± 0.5 10.1 ± 0.5 11.5 ± 2.5 

4 1993 10.0 ± 0.6 10.0 ± 0.6 9.7 ± 0.2 
1990 9.3 ± 0.5 9.7 ± 0.5 10.0 ± 1.0 
1984 9.0 ± 0.3 9.6 ± 0.5 10.0 ± 1.0 

a Same site locations as Table 1. 
b Includes an estimated cosmic ray contribution of 3.8 nR/h. Uncertainities presented for the 1993 data are 

statistical only. 

Table 3. Location of Man-Made Detected Sites 

ROI Location Description Isotope 

1 West of Bldg. X-330 Cylinder Yard 234mp a 

2 North of Bldg. X-344-A Cylinder Yard 234mp a 

3 South of Bldg. X-343 Cylinder Yard 234mp a 

4 Bldg. X-744-G Building 234mp a 

5 Northeast of Bldg. X-705 Cylinder Yard 235y 

6 & 7 Northeast of Bldg. X-326 Conveyer and Loading 
Dock Area 

234mp a 
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APPENDIX A 

SURVEY PARAMETERS 

Survey Site: 

Survey Coverage: 

Survey Date: 

Survey Altitude: 

Aircraft Speed: 

Line Spacing: 

Navigation System: 

Line Direction: 

Detector Configuration: 

Acquisition System: 

Conversion Factor: 

Air Attenuation Coefficient: 

Aircraft: 

Project Scientist: 

Portsmouth Gaseous Diffusion Plant 
Piketon, Ohio 

78 km 2 (30 mi2) 

August 10-16,1993 

46 m (150 ft) 

36 m/s (70 knots) 

76 m (250 ft) 

GPS Differential System 

East-West 

Eight 2- x 4- x 16-in Nal(T7) detectors 
Two 2- x 4- x 4-in Nal(T/) detectors 

REDAR IV 

917cps/[iR/h 

0.0066/m 

MBBBO-105 Helicopter 

G. Sampoil-Ramirez 
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