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ABSTRACT 

The Aerial Radiological Measuring System (ARMS) was used to 
survey the area surrounding the Maine Yankee Atomic Power Plant 
during September 1971, prior to reactor start-up. The survey mieasured 
terres t r ia l gamma radiation^ 

A high-sensitivity detection system collected gam.ma-ray spectral 
and gross-count data. The data were then computer processed into a 
map of a 530 square mile area showing isoexposure contours three feet 
above the ground. Exposure rates and isotopes identified are consistent 
with norm.al ter res t r ia l background radiation. 
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1. INTRODUCTION 

1. Identification of Surveyed Plant and Area 

The Aerial Radiological Measuring System (ARMS) (Ref. 1) 
operated by EG&G, Inc. , Las Vegas, Nevada, for the U. S. Atomic 
Energy Comm.ission was used to perform, a gamma radiation survey 
of an extensive area surrounding the Maine Yankee Atomic Power Plant 
during September 1971, prior to reactor start-up. The Maine Yankee 
Plant, operated by the Maine Yankee Atomic Power Corp. , is located 
near Wiscasset, Maine. The size of the survey area was 530 square 
miles. 

1.2 ARMS Program 

The present survey was made as part of a continuing nationwide 
ARMS program started in 1958 to monitor radiation levels surrounding 
facilities producing or utilizing radioactive materials . This is the first 
such survey performed in the Maine Yankee area. 

The detection system on board the aircraft collects gam.m.a-ray 
gross-count and spectral data on each flight line of the survey. The 
gamma radiation and aircraft position inform.ation are processed by a 
computer into an isoexposure contour m,ap of the area surveyed. 

1. 3 ARMS Equipment and Procedures 

The ARMS aircraft and its on-board radiation detection equip
ment were used in the survey. Since the ARMS equipment and procedures 
have been discussed in detail elsewhere (Ref. 1), they will only be 
described briefly here. 

The ARMS surveys are flown in a Beechcraft Twin Bonanza at 
an altitude of 300 to 500 feet above terrain and a ground speed of about 
140 knots (235 ft/sec). The ground position of the aircraft and its 
altitude above terrain are measured and recorded every other second 
by a radar navigation computer system. The position and altitude 
measurements are accurate to + 350 ft and + 5 ft, respectively. 

A typical flight pattern consists of a ser ies of parallel lines 
spaced one nautical mile (6080 feet) apart, covering all of the land area 
within a twelve and one-half nautical mile radius of the facility. 
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At an altitude of 500 feet the field of view of the detectors is 
approxim.ately 1/4 mile wide for a mean gam.m.a energy of naturally 
occurring isotopes. 

The aerial radiation measurements are of two distinct types, 
made sim.ultaneously: (1) gross gam.ma count .(intensity) m.easurements 
and (2) gamma spectral measurements. The detector system consists 
of an ar ray of fourteen 4 x 4 in. Nal (Tl) scintillation crystals, each 
coupled to its own photom.ultiplier assem.bly. The detector system out
put is directed both to the gross gam.ina count conaputing system and to 
the multichannel spectrum, analyzer. The data collecting system, is 
shown in Figure 1. 

The gross gam.m.a count system, consists of an am.plifier-
discrim.inator-com,puter unit that counts and records the total number 
of gamma-rays of energy greater than 50 keV that are detected during 
a 1-second tim.e interval. The gross gamm.a count rate (number of 
gam,ma-rays detected per second) is digitally recorded along with a i r 
craft position and altitude every other second. Aircraft position data 
are supplied by a track navigational computer and doppler radar. 
Altitude above terrain is mieasured with a radar altimeter. As a backup 
and com.plement 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 a re several thousand per second. 

Whereas the gross gamima count data specify the intensity of 
radiation as a function of position, the gam.ma spectral data are useful 
in identifying particular radioactive isotopes. A pulse-height analyzer 
autom.atically sorts detected gainm.a-rays according to energy, thereby 
generating a num.ber per unit-energy versus energy spectrum. Although 
gamma rays occur only at well known discrete energies characteristic 
of the emitting species, a i r scattering tends to smear the detected 
distribution. Nevertheless, characteristic peaks that permit isotope 
identification are readily observable. In wide area surveys the 
typical acquisition time for a gamma-ray spectrum is several minutes; 
thus the spectrum, represents the average radiological properties of a 
tract several m.iles in length. However, if an area of interest is 
indicated by an increase in the gross gamm.a count rate, 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 equipm.ent 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 carr ies an a i r sam.pling and analysis system for the m.easurement 
of airborne radioactivity. 
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FIGURE 1. View of the interior of the Aerial Radiological Measuring 
System (ARMS) aircraft showing detector package and 
electronic data collection system. 
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1. 4 Reduction and Presentation of Data 

The raw data from the gross gamma count and the gamma spectral 
measurem,ents are permanently recorded on paper tape, which is com.-
puter processed and analyzed to characterize the radiological properties 
of the area surveyed. Using an altitude-dependent conversion factor 
obtained from prior calibration measuremients, the raw gross-count rate 
is converted to exposure rate (uR/hr) at three feet above ground. 

The exposure rate conversion factor was obtained from repeated 
flights 200 to 1000 feet above terrain containing known distributions of 
natural isotopes. Such conversion factors have proved valid over dis
tributed fission product fields, with a variation of less than 25%. In 
practice, variations of 2 yR/hr or greater can be reliably observed in 
repeated flights over the same area. 
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2. REACTOR AND SITE CHARACTERISTICS 

2 . 1 Reac to r C h a r a c t e r i s t i c s 

The Maine Yankee Reac tor i s located n e a r Wiscasse t , Lincoln 
County, Maine, 11 mi les nor theas t of Bath. 

The pr incipal nuc lea r cont rac tor i s Combustion Engineer ing, Inc. 
The facility i s operated by the Maine Yankee Atomic Power Corp . 

Table 1 gives the specifications of the r e a c t o r facility. At the 
t ime of the survey the r e a c t o r had not yet com.menced operat ing. 

TABLE 1. Reac to r facility specif icat ions. 

Reac tor 
Unit 

1 

Reac tor 
Type 

P r e s s u r i z e d 
wate r 

Star t -Up 
Date 

1972 

Power Leve ls 
(Megawatts) 

E lec t r i ca l 

790 

The rma l 

2,440 

Status 

P r e 
operat ional 
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2. 2 Site Area Characteristics 

The Maine Yankee site is on the Atlantic coast in a region of 
numerous estuaries and offshore islands. The land areas are densely 
wooded. 

Table 2 lists the towns in the survey area with significant popu
lations, by distance and direction from the reactor site. 
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TABLE 2. Principal population centers within the Maine Yankee area. 

Town 

Alna 
Bath 
Boothbay 
Boothbay Harbor 
Bowdoinham 
Damar i sco t ta 
Dresden 
Edge comb 
Georgetown 
Newcast le 
Nobleboro 
Pi t t s ton 
Randolph 
Richmond 
South Br i s to l 
Waldoboro 
Whitefield 
Wiscasse t 
Woolwich 

Direct ion from 
Power Station 

N 
SW 
S 
S 
W 
ENE 
NW 
S 
SSW 
ENE 
NE 
N 

w 
NW 
SSE 
NE 
N 

w 
SW 

Totals 

Grand Total 

Population * 
Distance from Station W 

0 - 5 

549 

2,244 

2,793 

5 - 1 0 

315 

1,814 

1,264 
787 

1,076 
850 

2,168 

1,710 

9,984 

liles) 
10 - 15 

9,679 

2,320 
1,294 

464 

1,617 
1,741 

664 
3, 147 
1,331 

22,257 

35,034 

* 1970 census figures (Ref. 2). 
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3. SURVEY PLAN 

3. 1 Specification of Flight Lines 

The flight pattern for the Maine Yankee survey consisted of 25 
flight lines 12 to 25 nautical miles long and spaced one nautical mile 
apart. The lines were oriented in a north-south direction. Radiation 
data together with aircraft position and meteorological inform.ation were 
collected along each flight line. The area covered by the survey was 
about 400 square nautical m.iles, or 530 square statute miles. 

3. 2 Coordination with Local Authorities 

ARMS survey missions are conducted under special waiver from 
the Federal Aviation Adm.inistration. The survey plan was discussed with 
the appropriate General Aviation District Office, and public announce-
m.eets were published in the local newspapers prior to the survey opera
tion in accordance with the FAA waiver for low-level flights. 

The base of operations for the survey mission was Laconia, 
New Hampshire. 
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4. RADIOLOGICAL SURVEY 

4. 1 Survey Missions 

The aerial survey of the Maine Yankee area was conducted on 
23 and 25 September 1971. This survey required a total flying timie of 
9. 3 hours. 

Gamma gross-count and spectral data were sim.ultaneously 
collected at an altitude of 500 feet. One spectrum was accum.ulated along 
each flight line. 

4. 2 Gross "Count Data 

As a first step in the analysis of the gross-count data, the back
ground due to nonterrestrial radiation was subtracted. This background 
consists of cosm.ic-ray, aircraft, and airborne radioactivity contri
butions (Ref. 2). 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 m.icroroentgens per hour (uR/hr) at 
the 3-foot level above the ground. The cosmic-ray exposure rate was 
then added back to the te r res t r ia l exposure rate. Finally, the com.posite 
exposure rate data, together with aircraft position information, were 
processed into an isoexposure contour m.ap for overlay on U. S. Geological 
Survey topographic m,aps of the survey area. 

An isoexposure map of the Maine Yankee area is shown in 
Figure 2. The data shown on the map include a cosmic radiation contri
bution of 2 to 4 uR/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. 03 to 3. 0 MeV. The 
recording system was calibrated prior to takeoff with an yttrium-88 source, 
which emits two prominent gamma-rays of 0. 898 and 1. 836 MeV. The 
gain for each crystal in the 14-crystal detector a r ray was set independently 
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FIGURE 2. Gam.m.a exposure rate contour map of the Maine Yankee 
area, September 1971. (Values shown are in units of uR/hr.} 
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A spectrum tjrpical of those taken during the survey is shown in 
Figure 3. Table 3 l ists the prominent gamma-ray energies and associated 
source isotopes identified in the spectrumL. Differences in shape between 
spectra taken over different portions of the survey area are minor, and 
the isotopes identified in all spectra are the samie. Only isotopes con
sistent with normal background radiation are apparent. 
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FIGURE 3. Typical gamma spectrum for survey area. 
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TABLE 3. G a m m a - r a y energ ies and isotopes consis tent 
with spec t r a l data of F igure 3. 

Observed 
Energy 
(MeV) 

Radionuclides Consistent With Spectra l Photopeaks 

F iss ion Produc ts 
Activation 
Produc ts 

T e r r e s t r i a l 
Background 

0.35 

0 .61 

0.94 

1.12 

1.46 

1.76 

2.20 

2. 62 

Pb-214 

Bi-214 

Bi-214 

Bi-214 

K-40 

Bi-214 

Bi-214 

Tl-208 
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5. SUMMARY AND CONCLUSIONS 

Since at the time of the Maine Yankee survey the reactor had 
not yet com.menced operating, the survey provided a background gamm.a 
radiation map of the reactor area. Exposure rates and radioactive 
isotopes identified are consistent with normal ter res t r ia l background. 

The 3-foot level exposure rates mapped during the survey 
were mostly in the 6 to 10 uR/hr range. 
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