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ABSTRACT 

The aerial survey of the Turkey Point Plant covered a 140-square-kilometer (55-square-mile) area that 
included the reactor facility and an area of cooling channels located immediately south of the reactor 
facilities. The reactor and cooling channels were on the eastern edge of the survey area. The survey was 
conducted during the period 18 to 25 March 1983. 

Inferred exposure rates, except over the site, were due pri marily to naturally occurring gamma ray emitting 
rad ion uclides and cosm ic ray activity (esti mated at 3.1 JiR/h) . The exposure rates varied from 3 to 5 JiR/h in 
background areas; the most frequently occurri ng range was 3 to 4 JiR/h. The maximum inferred exposure 
rate over the site was 140 JiR/h. Spectral analysis revealed cobalt-50 as the primary contributor to the 
elevated exposure rate over the reactor facilities. 

Results of ground-based measurements taken at four locations within the survey area were consistent with the 
aerial data. Data collected during this survey were also consistent with results from a previous survey 
conducted in April 1972. 
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1.0 INTRODUCTION 

An aerial radiological survey of the Turkey Point 
Plant was conducted during the period 18 to 26 
March 1983. The survey was performed using the 
Aerial Measuring System (AMS), operated for the 
U.S. Department of Energy (DOE) by EG&G 
Energy Measurements, Inc. Since 1958, the AMS 
has been utilized to document background 
radiation levels throughout the United States.1 In 
addition, AMS aircraft have been outfitted with 
multispectral camera arrays for aerial photography, 
thermal mappers for infrared imagery, a broad 
array of meteorological sensors, and air sampling 
systems for particulate and gas measurements. 

Aerial radiological detection systems average the 
radiation levels due to gamma ray emitting 
radionuclides existing over an area of several 
acres. The systems are capable of detecting 
anomalous gamma count rates and determining 
the specific radionuclides causing the anomalies; 
however, because of averaging over a large area, 
they tend to underestimate the magnitude of 
localized sources as compared with ground-based 
readings. 

The results of the survey are reported as radiation 
exposure rates in microroentgens per hour (jlR/h) 
at 1 meter above the ground surface. Approximate 
annual radiation dose levels expressed as millirem 
per year (mrem/y) are obtained by multiplying 
jlR/h by 8.76. The aerial survey results apply only 
to the external radiation dose component. 

The aerial radiological survey covered a 140-
square-kilometer (55-square-mile) area. Ground
based measurements were made at four locations 
within the survey area. Figure 1 shows the 
boundaries of the survey area and the locations 
of the ground-based measurements. 

2.0 BACKGROUND RADIATION 

Natural background radiation originates from 
radioactive elements present in the earth (i.e ., the 
terrestrial component), airborne radon, and cosmic 
rays entering the earth's atmosphere from space. 
The terrestrial gamma radiation originates 
primarily from the uranium decay chain, the 
thorium decay chain , and radioactive potassium. 
Annual dose equivalents from the terrestrial 
component of background radiation are as low as 
15 to 35 millirems (mrems) (less than 5 micro-

roentgens per hour, jlR/ h) for the Atlant ic and 
Gulf Coastal Plains and as high as 75 to 140 
mrems (9 to 16 jlR / h) on the Colorado Plateau .2 

One member of both the uranium and thorium 
radioactive decay chains is an isotope of radon , a 
noble gas, which can both diffuse through the soil 
and travel through the air to other locations. 
Therefore, the level of airborne radiat ion due to 
these radon isotopes and their daughter prod ucts 
at any specific location depends on a variety of 
factors , including meteorological conditions and 
soil permeability . Typically, airborne radiation 
contributes between 1 and 10 percent of the 
natural background radiation levels. 

Cosmic rays interact with the elements of the 
earth 's atmosphere and soil to produce an 
additional natural source of gamma radiation . 
The intensity of this radiation source depends on 
the altitude and, to a lesser extent, on latitude. In 
general , the cosmic ray contribution to natural 
background radiat ion is largest at high altitudes 
and high latitudes. Annual dose equivalents in the 
United States due to cosmic rays range from 
about 26 mrems (3 jlR/h) in southern Florida to 
about twice that value in Wyoming. 

External radiation may also be received from 
radioactive elements in building materials. 
Naturally occurring radioactive materials can be 
concentrated in a particular location due to 
building or road construction. In structures made 
of stone, concrete or brick, the radiat ion dose is 
generally higher than in nearby wooden buildings. 
Thus , radiation doses due to background sources 
are highly variable and depend upon a number of 
factors. 

3.0 SURVEY EQUI PMENT AND 
PROCEDURES 

The equipment and procedures used to conduct 
the aerial radiological survey of the Turkey Point 
Plant are discussed briefly in this section . A 
detailed description can be found in a separate 
publication .1 

3.1 Aerial Measurements 

The aerial measurements were made with a 
detector array and data acquisition system 
mounted in a Messerschmitt-Bolkow-Blohm (MBB) 

5 



( 

( 

( 

(> 
" , , , , , , , , , , , , 
" ~ ~ , , , , , , , , , 
. ' , , , , , , 
: '\ 

1 
o 

, , , , , 
L _____ ...... .... __ .... __ .......... __ ................ ______ .. ____ .. --- .. -~- ...... - - _. - _.- --' 

0E::i~:c~=r===~21 MILES I I . 
. I I 
o 1 2 KILOMETERS 

------------. , , , , , , , , , , 
--------______ 01 

O
GROUNO-BASEO 
MEASUREMENT 

LOCATIONS 

Figure 1. AERIAL SURVEY BOUNDARIES AND GROUND-BASED MEASUREMENT LOCA TlONS FOR THE TURKEY POINT 
PLANT SURVEY 
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BO-1 05 helicopter. The detector package consisted 
of an array of 20 sodium iodide (thallium-activated), 
Nal(Tl), scintillation crystals. Each detector was 
12.7 cm in diameter and 5.1 cm thick. Two pods, 
each containing ten detectors, were mounted on 
the exterior of the helicopter (Figure 2). 

Figure 2. MBB BO-105 HELICOPTER WITH DETECTOR 
PODS 

A photomultiplier tube mounted to each Nal(Tl) 
crystal converted the scintillation pulses to voltage 
pulses. The voltage pulses from 19 detectors were 
normalized and combined in summing amplifiers 
in order to produce a single gamma ray energy 
spectrum with high sensitivity. The remaining 
single tube was used to provide a spectrum with 
lower sensitivity to be used if areas with greatly 
enhanced radiation levels were encountered . Both 
spectra were simultaneously acquired and 
recorded, resulting in a wide operating range. 

The outputs of the summing amplifier and the 
single tube signal were analyzed in separate 
analog-to-digital converters (ADC's) in the 
Radiation and Environmental Data Acquisition 
and Recorder (REDAR) system (Figure 3) . The 
REDARsystem isa multi-microprocessor, portable 
data acquisition and real time analysis system. It 
has been designed to operate in the demanding 
envi ron ments associated with hel icopters and 
fixed-wing aircraft. A block diagram of the REDAR 
system is shown in Figure 4. 

The ADC signals were adjusted so that the 
photopeaks due to calibration sources appeared 
in preselected channels of the multichannel 
analyzers (MCA's) . Each MCA collected a 1024-
channel gamma ray energy spectrum once every 
second . The collected spectrum was scaled to 4 
keV perchannel. The 1 024-channel spectrum was 
compressed into 256 channels, as summarized in 

Figure 3. RADIA TlON AND ENVIRONMENTAL DA TA 
ACQUISITION AND RECORDER (REDAR) 
SYSTEM 

Table 1, before storage on magnetic tape. The 
energy resolution of the Nal(Tl) crystals varies 
with energy, permitting the compression of the 
spectral data without compromising photopeak 
identification and data analysis techniques. This 
spectral compression technique reduces the data 
storage requirement by a factor of four. 

All 1-second data acquired by the REDAR were 
placed into a buffer and recorded as a 4-second 
record on magnetic tape. In addition to gamma 
ray spectral data, other information acquired and 
recorded by the REDAR system included gross 
count data (gamma ray activity integrated over 
the energy range 0.04 to 3.0 MeV), aircraft position 
data, system live time information, and environ
mental conditions, i.e ., absolute barometric 
pressure and outside air temperature . 

The helicopter position was established by two 
systems: a microwave ranging system and a radar 
altimeter. The microwave ranging system consisted 
of two remotely-located transponders and an on
board interrogator. The on-board interrogator 
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Figure 4. REDAR PROCESSOR SYSTEM BLOCK DIAGRAM 

Table 1. Partitioning Scheme Utilized for Gamma Ray Energy Data CompreSSion 

Ey (keV) Channel Input 

0- 300 0- 75 

304 - 1620 76 - 405 

1624 - 4068 406 - 1017 

4072 - 4088 1018 - 1022 

>4088 - Analog 1023 
Cutoff 

1024 

used the transit time of a microwave pulse to 
obtain the distance from the aircraft to each 
remote unit. The radar altimeter similarly measured 
the time lag for the return of a pulsed signal and 
converted this to aircraft altitude above ground 
level. In addition to being recorded on magnetic 
tape, position and altitude information were also 
processed in real time by the steering micro-

/ 

Energy Coefficient Compressed 
AE (keV/channel) Channel Output 

4 0- 75 

12 76 - 185 

36 186 - 253 

N/ A 254 

N/ A 255 

Unused 256 

processor. These data provided steering infor
mation to the pilot for flying predetermined flight 
lines at the desired altitude . 

The 80-105 helicopter was flown over the survey 
area near Florida City, Florida, at an altitude of 61 
meters (200 feet) and a ground speed of 36 meters 
per second (70 knots) . A 140-square-kilometer 
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(55-square-mile) area was covered with 180 flight 
lines, 8 kilometers (5 miles) in length and spaced 
91 meters (300 feet) apart. During each flight the 
airborne system was flown over the Atlantic 
Ocean, the eastern boundary of the survey area. 
The background radiation contributions from all 
non-terrestrial sources were estimated from these 
measurements. These data enabled the removal 
of those contributions from the aerial measure
ments and provided a check on flight-to-flight 
variations in the levels of airborne radon. 

3.2 Data Processing 

The processing of the magnetic tapes with 
recorded data from each flight began in the field 
utilizing the Radiation and Environmental Data 
Analyzer and Computer (REDAC) system. This 
data analysis system was built into a 5-ton step 
van which was parked at Homestead Air Force 
Base in Homestead, Florida, the base of operations 
during the survey. The interior of the van is shown 
in Figure 5, and a block diagram of the processing 
system is shown in Figure 6. The REDAC system 
consisted primarily of a Data General NOVA 840 
com puter and peri pherals . An extensive inventory 
of software routines was available for the 
preliminary data analysis, accomplished in the 
field, and the final analysis, accomplished after 
the completion of all field operations. 

Figure 5. INTERIOR OF THE MOBILE DA TA ANAL YSIS 
LABORATORY 

An exposure rate coutour map was derived from the 
gross count data. The gross count energy "window" 
extended from 0.04 MeV to 3.0 MeV, which included 
all significant gamma rays due to natural sources of 

background radiation. Several corrections were 
applied to the measured gross counting rates 
before converting them to exposure rates: 

GC = [(Ae • WGC • L T) - C] • AH 

where: 

GC = Normalized gross count rate corrected 
for system live time and altitude 
variations. 

Ae Detector effective area normalization. 

WGC Measured gross count rate. 

L T Live time counting loss correction. 

C Non-terrestrial contributions to the 
gross count rates. 

AH = Correction for altitude variations. 

The non-terrestrial background count rates 
included contributions from : (1) sources of 
radiation on board the helicopter, (2) airborne 
radon and daughter products, and (3) cosmic 
rays . These combined contributions were 
determined from gross count measurements made 
while flying over the Atlantic Ocean. 

The resulting net count rates due to terrestrial 
sources of radiation were converted to exposure 
rates at 1 meter above the ground level. This was 
accomplished by applying a conversion factor of 
890 counts per second per jiR/h . This factor was 
derived from many measurements made over 
areas with known concentrations of naturally 
occurring radioisotopes. The total exposure rate 
at 1 meter above the ground level minus any 
contribution from ai rborne radon was then derived 
by adding the estimated cosmic ray contribution 
of 3.1 jiR/h. The resulting values were rounded to 
the nearest jiR/h . 

Isoexposure rate contour lines were plotted 
utilizing the processed gross count data along 
with the recorded position information. The 
resulting exposure rate contour map was scaled 
to overlay a photograph of the survey area super
imposed on U.S. Geological Survey (USGS) maps. 

Gamma ray spectral data were utilized to determine 
the identity of the radionuclides within the survey 
area. These spectra were collected in 1 second 
intervals, and the specific radionuclides 
responsible for any regions of elevated exposure 
rates were identified. 
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Figure 6. BLOCK DIAGRAM OF THE REDAC SYSTEM 

3.3 Ground-Based Measurements 

Ground-based measurements 'were made at four 
locations, shown in Figure 1, within the boundaries 
of the area surveyed . Exposure rates were 
measured with a pressurized ionization chamber 
for comparison to the values inferred from the aerial 
data. Soil samples were taken at three of the four 
ground sampling points in order to determine the 
radionuclide concentrations typical of the natural 
background in the area. In addition, estimates of 
the exposure rates due to these radionuclide 
concentrations were made from the soil sample 
analyses. The soil samples were analyzed and the 
results tabu lated for this report by scientists at the 
EG&G/ EM Santa Barbara Laboratory. Systems and 
procedures for soil sample data collection and 
analysis are outlined in a separate publication .3 

4.0 RESULTS 

The results of the aerial survey of the Turkey POint . 
Plant are shown in Figure 7. With the exception of 
the elevated activity observed within the reactor 
facilit ies, exposure rate levels measured within 
the survey area ranged from 3to 6JiR/ h, with most 
of the area in the 3 to 4 JiR / h range. These values 
include an esti mated cosmic ray value of 3.1 JiR / h. 
The results indicate that there is ve ry little natural 
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terrestrial radioactivity within the swamp areas 
surrounding the Turkey Point Plant. The results 
of the soil sample analyses, given in Table 2, also 
showed extremely low levels of natural terrestrial 
activity. Only naturally occurring uranium was 
observed at levels typical of most soils 
encountered. The cesium-137 levels obtained 
from the soil sample analyses were consistent 
with the levels expected from worldwide fallout. 

The elevated exposure rate over the reactor 
facilities was due to cobalt-60 as shown in Figure 
8. This radioisotope occurs as a result of neutron 
activation during normal reactor operations. The 
D, E and F level contours shown in Figure 7 are 
symmetrical around the center G level. This is 
typical of airborne detector response to a highly 
localized source of terrestrial radioactivity . The 
actual physical location of the elevated activity is 
probably within the G level contour area. The D, E 
and F levels are si m ply an artifact arisi ng from the 
fact that the uncollimated airborne detectors 
"see" the radiation from a localized source before 
actually arriv ing over the source. Because of the 
large area averaging property of the airborne 
system, the actual 1 meter exposure rate levels at 
the source will be much higher than that inferred 
from the aerial data for a localized source such as 
that observed within the Turkey Point Plant facility . 
No evidence of any man-made activity was found 
outside the reactor facilities . 

Table 3 compares the exposure rate results 
obtained from the aerial data with the results 
obtained from ground-based measurements taken 
during the survey. The fact that the aerial system 
measures an area several thousand times larger 
than a typical ion chamber measurement taken at 
1 meter above the ground and several million 
times larger than a typical soil sample should be 
considered when comparing these different types 
of measurements. The values given in Table 3 
show that good agreement was obtained between 
the different measurement techniques for the 
Turkey Point Plant survey. 

A previous aerial survey was flown over the 
Turkey Point Plant in April 1972 prior to the start
up of the two 693 megawatt electric (MWe) 
pressurized water reactors. This survey also 
showed exposure rate levels of 3 to 4 JiR / h over 
the swamp areas and 4 to 6 JiR / h over the 
developed areas. There was no measurable change 
in the radiation levels between the 1972 survey 
and the March 1983 survey. 
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Figure 7. EXPOSURE RATE CONTOUR MAP OF THE TURKEY POINT PLANT AND SURROUNDING AREA 
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Table 2. Soil Sample Analysis Results 

Site Soil Moisture U-238 Th-232 Cs-137 K-40 
Number 1 (%) (ppm)2 (ppm)2 (pCi/g)2 (pCi/g) 2 

1 36.1 ± 1.4 2.1 ±0.1 0.3 ± 0.1 0.24 ± 0.02 0.2±0.1 

2 23.6 2.9 ± 0.1 0.3 ± 0.2 0.24 ± 0.02 0.2 ± 0.2 

3 51 .8 2.1 ± 0.1 0.3 ± 0.3 0.25 ± 0.02 0.2 ± 0.2 

, See Figure 1. 

2 Unit concentration for dry soil. 
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Table 3. Comparison of Aerial and Ground-Based 
Exposure Rate Measurement Results 

Ground Survey (pR/h at 1 m) 

Site Soil Analysis Aerial Survey 
Number 1 Ion Chamber Estimate 2.3 (pR/h at 1 m)2 

1 5.0 ± 0.5 4.2 ± 0.3 4-6 

2 5.2 ± 0.5 4.7 ± 0 .3 4-6 

3 4.6 ± 0.5 4.1 ± 0.3 3-4 

4 5.3 ± 0.5 (4) 4-6 

, See Figure 1. 

21ncludes an estimated cosmic ray contribution of 3.1 IlR/h to allow direct 
comparison with ion chamber data. 

31ncludes a moisture correction of the form 1/(1 + m) to convert measured soil 
activity in the laboratory (dry soil) to in situ soil activity (moist soil). 

4 Soil sampling not permitted at this location. 

12 



o 

o 

o 

o 

o 

o 

o 

o 

o 

REFERENCES 

1. Boyns, P.K. 1976. The Aerial Radiological Measuring System (ARMS): Systems, Procedures and 
Sensitivity. Report No . EGG-1183-1691. Las Vegas, NV: EG&G/EM. 

13 

2. Klement, A.W. ; Miller, C.R. ; Min, R.P.; Shleren, B. August 1972. Estimate of Ionizing Radiation Doses 
in the United States 1960-2000. U.S. EPA Report ORP/ CD 72-1. Washington, D.C. : 
Environmental Protection Agency. 

3. Mohr, R.; Fritzsche, A.; and Franks, L. 1976. Ground Survey Procedures. Report No. EGG-1183-2339. 
Santa Barbara, CA: EG&G/EM. 



NRC/HQ 

L. K. Cohen (1 ) 
E. Weinstein (2) 

NRC/REGION" 

B. Stansbury (7) 

DOE/ONS 

L. J. Deal (5) 

DOE/OMA · 

J. T. Weathers (1 ) 

DOE/TIC 

W.D. Matheny (2) 

DOEINV 

H. F. Hahn, EMO (1 ) 
J. K. Magruder (1 ) 
G.M. Plummer (2) 
M. J. Schramm (1 ) 

DISTRIBUTION 

LBL 

H. A. Wollenberg (1) 

EG&G/EM 

H. M. Borella, SBO (2) 
Z. G. Burson, LVAO (1 ) 
J. F. Doyle, LVAO (1 ) 
E. L. Feimster, LVAO (1 ) 
L. A. Franks, SBO (1 ) 
H. A. Lamonds, SBO (1 ) 
R. E. Lounsbury, WAMD 
R. L. Lynn, SBO (1 ) 
T. C. Maguire, WAMD (1 ) 
J. A. Michael, LVAO (1 ) 
R. A. Mohr, SBO (1 ) 
L. G. Sasso, LVAO (1) 
G. P. Stobie, LVAO (1 ) 
T. P. Stuart, LVAO (1 ) 
W. J. Tipton, LVAO (1 ) 
G.G. Widner, LVAO (1 ) 
P. H. Zavattaro, LVAO (1) 

LIBRARIES 

AMO (10) 
Las Vegas (1 ) 
Santa Barbara 

TURKEY POINT PLANT 
FLORIDA CITY, FLORIDA 

EGG-10282-1026 

(1 ) 

DATE OF SURVEY: MARCH 1983 
DATE OF REPORT: OCTOBER 1983 

(4) 




