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) ABSTRACT 

The Aerial Radiological Measuring System {ARMS) was 
used to perform an aerial radiological survey of the area surrounding 
the Calvert Cliffs Nuclear Power Plant during June 8 and 9, 1973 . 
The terrestrial background gamma radiation was measured during 
the survey. 

A high- sensitivity detection system collected gamma-ray 
spectral and gross-count data. The data were then computer processed 
into a map of a 512- square-mile area showing isopleths of the {3 ft 
above ground) gamma exposure rate. Results indicated the presence 
of natural radioelements normally found in the surface soil throughout 
the United States . Measured gamma exposure rates were mostly in 
the 2 to 8 ,u.R/hr range, with a maximum of 13 ,u.R/hr. 

Analysis of the surface soil geology is discussed relative 
to a correlation between the natural radioelement concentrations and 
the measured radioactivity. 
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1. INTRODUCTION 

1. 1 Identification of Surveyed Plant and Area 

The Aerial Radiological Measuring System (ARMS)1 

operated by EG&G, Inc., Las Vegas, Nevada, for the U. S. Energy 
Research and Development Administration was used to perform an 
aerial radiological survey of an extensive area surrounding the 
Calvert Cliffs Nuclear Power Plant during June 8 and 9, 1973. The 
Calvert Cliffs Nuclear Power Plant is operated by the Baltimore Gas 
and Electric Company. It is located near Lusby, Maryland. The 
size of the survey area was 512 square miles. 

1.2 ARMS Program 

The present survey was made as part of a cont inuing 
nationwide ARMS program started in 1958 to monitor radiation levels 
surrounding facilities producing or utilizing radioactive materials. 
The detection system on board the ARMS aircraft collects gamma 
ray gross count and spectral data on each flight line of a survey. 
The gamma radiation and aircraft position information are processed 
by a computer into a gamma exposure rate isopleth map of the area 
surveyed. 

1.3 ARMS Equipment and Procedures 

Since the ARMS equipment and procedures have been 
discussed in detail elsewhere, 1 they will only be described briefly 
here. This ARMS survey was flown in a Beechcraft Twin Bonanza 
at an altitude of 500 ft above ground level at a speed of about 140 knots 
(23 5 ft/ sec). The position of the aircraft and its altitude above terrain 
were measured and recorded every other second by a radar navigation 
computer system. The position and altitude measurements were ac
curate to ±350 ft and ±20 ft, respectively. 

The flight pattern consisted of a series of parallel lines 
oriented in an east- west direction. The lines were spaced at intervals 
of one nautical mile (6080 ft) and covered all of the land area within a 
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12-1 I 2 nautical mile radius of the facility. At an altitude of 500 ft, 
the field- of-view of the detectors was approximate ly 1 I 4 mile wide 
for a mean gamma energy corresponding to that of naturally occurring 
isotopes. 

The aerial radiation measurements wer e of two distinct 
types, made simultaneously: (1) gross gamma count (intensity) 
measurements and (2) gamma energy spectral measurements. The 
detector system consisted of an array of fourteen 4-in. x 4-in. Nai(Tl) 
scintillation crystals, each coupled to its own photomultiplier assembly. 
The detector system output was directed both to the gross gamma 
count computing system and to the multichannel spectrum analyzer. 
The data collecting system is shown in Figure 1. 

The gross gamma count system consisted of an amplifier
discriminator- computer unit that counted and recorded the total number 
of gamma rays of energy greater than 50 keV that were detected during 
a 1- second time interval. The gross gamma count rate {number of 
gamma rays detected per second) was digitally recorded along with 
aircraft position and altitude every other second. Aircraft position 
data were supplied by a track navigational computer and Doppler radar. 
Altitude above terrain was measured with a radar altimeter. As a 
backup and complement to the digital recording of the gross- count 
data, a record is made on a continuous strip chart of both gross 
gamma count rate and radar altitude as a function of distance . Typical 
gross-count rates for natural background are several thousand per 
second. 

Whereas the gross gamma count data specify the intensity 
of radiation as a function of position, the gamma spectral data are 
useful in identifying particular radioactive isotopes. A pulse-height 
analyzer automatically sorts detected gamma rays according to energy, 
thereby generating a number-per-unit-energy versus energy spectrum. 
Although gamma rays occur only at well known discrete energies 
characteristic of the emitting species, air scattering tends to smear 
the detected distribution. Nevertheless, the characteristic peaks that 
permit isotope identification are readily observable. In wide area 
surveys, the typical acquisition time for a gamma- ray spectrum is 
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Figure 1. View of the interior of the Aerial Radiological Measuring 
System (ARMS) aircraft showing the detector package and 
the electronic data collection system. 
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several minutes; thus, the spectrum represents the average radiological 
properties of a tract several miles in length. However, if an area 
of interest is indicated by an increase of the gross gamma count data, 
spectral data acquisition times of only a few seconds are used to isolate 
the area spatially. If further investigation is warranted, a ground 
mobile unit with equipment similar to that in the aircraft is available 
to provide greater spatial and energy resolution. 

In addition to the equipment just described, the ARMS 
aircraft also carries an air sampling and analysis system, for the 
measurement of airborne radioactivity. 

1.4 Reduction and Presentation of Data 

The raw data from the gross gamma count and the gamma 
spectral measurements were permanently recorded on paper tape, 
which was computer processed and analyzed to characterize the 
radiological properties of the area surveyed. Using an altitude
dependent conversion factor obtained from prior calibration measure
ments, the raw gross- count rate was converted to exposure rate 
(~R/hr) at 3 ft above ground (designated as "terrestrial exposure rate"). 

The exposure rate conversion factor was obtained from 
repeated flights 200 to 1000 ft above terrain containing known distributions 
of natural isotopes. Such conversion factors have proven valid over 
distributed fission product fields, with a variation of less than 25%. 
In practice, variations in the gamma exposure rate of 1 ~R/hr or 
greater can be reliably observed in repeated flights over the same area. 

Results were plotted as gamma exposure rate isopleths 
over a map of the surveyed area. Typical gamma pulse height spectra 
are presented to identify the predominant radioelements contributing 
to the radiation field. Since the distribution of natural radioelements 
in the surface soil contribute to most of the measured radiation (the 
cosmic contribution and some trace amounts of 137Cs being exceptions), 
an analysis of the surface soil geology is presented as l.t relates to the 
surface soil radioactivity. 
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2. REACTOR AND SITE CHARACTERISTICS 

2. 1 Reactor Characteristics 

Calvert Cliffs Nuclear Power Plant is located in Calvert 
County, two miles southwest of Lusby, Maryland. The principal 
nuclear contractor was Combustion Engineering, Inc. ·The facility 
is operated by Baltimore Gas and Electric Company. Table 1 gives 
the specifications of the reactor facility at the time of the survey. 

Table 1. Reactor facility specifications. 

Power Levels 

Reactor Reactor Start-Up (Megawatts) 

Unit Type Date Electrical Thermal Status 

1 Pressurized 1973 845 2. 570 Operational 
water 

2. 2 Site Area Characteristics 

In general the terrain in the survey area was relatively 
flat with thick vegetation, which included wood and heavy brush. Table 
2 gives a breakdown of the population of the survey area in terms of 
distance and direction from the reactor site. 2 •

3 

2.3 Site Geology 

The land area of the site region, enclosed in the 2 5-mile 
radius circle on the simplified geologic map, Figure 2, includes 
peninsular areas between the Potomac River and Chesapeake Bay, 
and marshy peninsulas on the east side of Chesapeake Bay. The 
Chesapeake Bay- Potomac Peninsula is cut by the prominent estuaries 
of the Wicomico and Patuxent Rivers. The Choptank River and numerous 
smaller bays and estuaries dominate the eastern portion of the region, 
a low-lying, flat, marshy area seldom exceeding 50 ft in elevation; a 
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Table 2. Population distribution in the vicinity of the Calvert Cliffs 
Nuclear Reactor site. 

Population 

Direction from Distance from Power Station (miles) 

Power Station 0-5 5-10 10-20 20-30 

N 2,690 

NNE 5, 506 

NE 1, 127 6, 046 

ENE 285 992 16, 859 

E 1, 025 

ESE 606 870 

SE 712 

SSE 258 

s 3, 538 11, 993 1, 851 

ssw 1,440 3, 057 8, 594 3,723 

sw 2, 817 4, 481 1, 640 

WSW 538 4, 847 3, 853 

w 1, 163 2, 598 3, 451 

WNW 730 3,646 14, 931 

NW 467 650 6, 226 7. 098 

NNW 4, 326 1 o. 814 

Totals 2, 703 12,240 50,148 80, 357 

Grand Total 145,448 
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good portion is lower than 10 ft above mean sea level. In contrast, 
the Chesapeake- Potomac Peninsula has gently rolling terrain, with 
elevations in many areas exceeding 150 ft. 

Spangler and Peterson4 have described the lithologic units 
in the site region. The oldest units exposed, the Calvert, Choptank, 
and Saint Mary's Formations, Miocene in age, predominate in the 
northwestern portion. These formations are grouped together (Tsc) 
on the geologic map, Figure 2, following a system by Neuschel5

• The 
Saint Mary's and Choptank Formations are both characterized by 
blue- green sandy clays, while the Choptank alone contains zones of 
yellowish quartz- rich sands. The underlying Calvert Formation is 
predominantly diatomaceous. Based on the ARMS-I aeroradiometric 
survey, 5 there is no apparent regional correlation of radioactivity with 
the Miocene formations. 

Similar to the Hartsville and Surry regions, the Calvert 
Cliffs region is covered by a series of Quaternary terrace sedimentary 
units . The older terrace deposits, the Brandywine and Sunderland 
(combined under symbol QTsb on the geologic map) generally occupy 
the higher ground on the Chesapeake- Potomac Peninsula. In the north
west quadrant of the site region, relatively uniform radioactivity was 
measured over the QTsb units by the ARMS survey. South and west of 
the Patuxent River a somewhat greater variation in radioactivity was 
observed in the Quaternary terrace deposits. The younger Wicomico 
and Talbot terrace units were combined under the symbol Qat on the 
geologic map, Figure 2. These units, especially the Talbot, border 
the tidewater bays and inlets and occupy the marshy areas on the east 
shore of Chesapeake Bay. In this area, due primarily to the saturated 
marshy ground, terrestrial gamma radioactivities are expected to be 
the lowest within the site region. The ARMS-I survey indicates that 
in the Potomac- Chesapeake Bay peninsula area, there is a little 
difference between overall radioactivities of the younger or older 
terrace deposits. The zones of somewhat greater radioactivity may, 
in some cases, be attributed to the presence of glauconite, a mineral 
rich in potassium, in sandy members of the sedimentary units. "Pockets" 
of higher radioactivity along the Patuxent River may be explained by 
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concentrations of heavy minerals, derived from P leistocene streams 
which drained bedrock terrain of the Piedmont geomorphic province 
west of the site region. A field check and samplin g would be necessary 
to justify these explanations for variations in radioactivity. 

Residual soils predominate in the site region.6 Relatively 
sandy soils cover the rolling terrain of the Chesapeake Bay- Potomac 
Peninsula north and west of the mouth of the Patuxent River. Somewhat 
clayier soils reflect the underlying Saint Mary's Formation in the 
northwestern portion of the region. Marshy, organic soils predominate 
in the lowlands on the east shore of the Chesape ake Bay. Rainfall is 
abundant over the site region, averaging 36 to 46 inches per year, and 
is generally evenly distributed. Fluctuations in soil moistur e content are 
in response to unusual high tides associated with hurricanes. Otherwise, 
near- coastal marshlands are partially covered by regular diurnal tidal 
activity. 

Forty to sixty percent of the land in the Calvert Cliffs site 
region is in crops: corn, soybeans, and tobacco predominate. Woodland 
generally covers the remainder of the region; loblolly and Virginia pine 
predominate on the Chesapeake Bay- Potomac Peninsula. Grassy tid al 

.marsh land occupies a few percent of the region's total area. 
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3. SURVEY PLAN 

3. 1 Specification of Flight Lines 

The flight pattern for the Calvert Cliffs Nuclear Power 
Plant survey consisted of 25 flight lines, one-third of which were 
approximately 25 miles long and the remaining two-thirds were 12. 5 
miles long, spaced 1 nautical mile apart as shown in Figure 3a. The 
flight lines were oriented in an east-west direction. Radiation data, 
together with aircraft position and meteorological information, were 
collected along each flight line. 

3.2 Coordination with Local Authorities 

ARMS survey missions are conducted under special waiver 
from the Federal Aviation Administration (FAA). The survey plan was 
discussed with the General Aviation District Office at Byrd Field, 
Richmond, Va. , and public announcements were published in the local 
newspapers prior to the survey operation in accordance with the FAA 
waiver for low-level flights. The base of operations for the survey 
mission was Byrd Field, Richmond, Va. 

10 
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4. RADIOLOGICAL SURVEY 

4. 1 Survey Missions 

The aerial survey of the Calvert Cliffs Nuclear Power 
Plant reactor area was conducted on June 8 and 9, 1973. This survey 
required a total flying time of 16 hours. 

Gross- count and spectral data were simultaneously 
collected at an altitude of 500 ft. Spectral collections were accumu
lated over a 4-minute interval during which the aircraft traveled 
approximately 10 miles; consequently, one spectrum per line was 
collected. 

4. 2 Gross- Count Data 

As a first step in the analysis of the gross- count data, 
the background due to nonterrestrial radiation was subtracted. This 
background consists of cosmic-ray, aircraft, and airborne radioactivity 
contributions. 7 After correction for background, the data were normalized 
to a standard air mass. The resultant net-count data were then converted 
to exposure rate in microroentgens per hour (1-LR/hr) at the 3-ft level 
above the ground. The cosmic- ray exposure rate was then added back 
to the terrestrial exposure rate. Finally, the composite exposure 
rate data, together with aircraft position information, were processed 
into a radiation isopleth map for overlay on U. S. Geological Survey 
topographic maps of the survey area. 

A radiation isopleth map of the Calvert Cliffs Nuclear Power 
Plant area is shown in Figure 3b. The data shown on the map include 
a cosmic radiation contribution of 3. 0 1-LR/hr. Spatial resolution of 
the exposure rate data is determined by the field-of-view of the detector 
system, which is about 1/4 mile. 

4.3 Spectral Data 

Spectral data were recorded from about 0. 05 to 3. 0 MeV. 
The recording system was calibrated prior to takeoff with an yttrium- 88 
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Figure 3b. Calvert Cliffs area 1:250,000 map with gamma-ray exposure isopleths 
for the areas surrounding the Calvert Cliffs Nuclear Power Plant in 
Maryland. Units of exposure rate are in J,LR/hr and include the cosmic 
ray contribution. 
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source, which emits two prominent gamma- rays of 0. 898 and 1. 836 
MeV. The gain for each crystal in the 14-crystal detector array was 
set independently. 

A spectrum typical of those taken during the survey is 
shown in Figure 4. Table 3 lists the prominent gamma- ray energies 
and associated source isotopes identified in the spectrum. Differences 
in shape between spectra taken over different portions of the survey 
area are minor, and the isotopes identified in all spectra are the 
same. Only isotopes consistent with normal background radiation 
are apparent. 

Table 3. 

Observed 
Energy 
(MeV} 

0.35 . 
0.61 . 
0.95 . 
1. 12 . 
1. 46 . 
1. 76 . 
2.20 . 
2.62 . 

Gamma- ray energies and isotopes consistent with spectral 
data of Figure 4. 

Radionuclides Consistent With Spectral Photopeaks 

Activation 
Fission Products Products Background 

. . . . . . . . . . . . . . Pb-214 

. . . . . . . . . . . . . . Bi-214 

. . . . . . . . . . . . . . Bi-214 

. . . . . . . . . . . . . . Bi-214 

. . . . . . . . . . . . . . K-40 

. . . . . . . . . . . . . . Bi-214 

. . . . . . . . . . . . . . Bi-214 

. . . . . . . . . . . . . . Tl-208 
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5. SUMMARY AND CONCLUSIONS 

The 512- square-mile aerial survey of the area surrounding 
the Calvert Cliffs Nuclear Power Plant reactor revealed that both the 
concentration and relative abundance of radioactive isotopes are 
consistent with normal background radiation. No significant anomalies 
were detected that could be attributed to reactor operations. The 3-ft 
level exposure rates mapped during the survey were mostly in the 2 
to 8 J.LR/hr range, with a maximum of 11 J.LR/hr. 
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