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ABSTRACT

— " Angerial radiologic survey to measure lasrestrial gamma radiation was periormed in Maywood, New Jersey
over 1he Stepan Chemical Company and the surrounding area. This survey was conducted by EGAG forthe
Nuclear Reguilatory Commission (NRC) 26 January 1881, :

&tnm--photon data were collected over a four square mile area. Processed data i dencated that detected
radioisotopes and their associated gamma-photon exposure rates were consistent with those expected
from normal background emitters, except directly over and immediately to the west and south of the Stepan
Chemical Company. In addition, two other points demonstrated anomalous gamma-photon activity: one
north of the plant and another to the southeast, both approximately one-half mile from the center of the
plant. .

‘The results are expressed as exposure rate isoradiation contours extrapolated to uR/h at 1 meter above the
ground. The background radiation, including cosmic ray contributions, generally ranged from 6 to 7.5
#R/M. Isoradiation contours are also shown for excess radiation from the thorium chain, pinpointing the
anomalous areas.
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1.0 SUMMARY

An gcvia’ radiologic survey of the 3tepan
Chemical Company and the surrounding area in
- Maywdod, New Jersey, was conducied on 26
January 1981 by the Washington Aerial
Measurements Department of EGA&G., Inc.

G a radiation was detected by 20 sodium
lodige (thallium activated) crystals, arranged in 2
pods of 10 crystals each mounted on either side
of a Messerschmitt-Bolkow-Blohm MBB-105S8
helicopter. The survey altitude was 61 meters;
paraliel flight lines were spaced 76 meters apart.
The survey coverad an area of 4 square statute
miles centered on the Stepan Chemical
Company.

Gamma-photon data, altitude and all supporting

information were recorded each second along .

the fiight lines. An isoradiation contour map,
Including a!l sources of gamma radiation, was
prepared to show variations in total gamma-
photon activity over the site. A second
isoradiation map was constructed which shows
concentrations of thalium-208, indicating the
presance of sxcess thorium-232.

Areas of higher than normal gamma-photon
activity were observed directly over and to the
west and south of the plant. Two other areas that
showed an increase in thorium concentrations
are jocated (1) near the intersection of Coles
Brook and the railroad track, approximately 0.1
mile north of Essex Street; and (2) west of Passaic
Street on Latham, Ground surveys at these
focations are required {o determine the source of
these anomalies. Other areas showing radiation
evels above the average background, including
the Riverside Cemetery, are likely to be variations
in the natural radiation levels,

indicated activity (due to excess thorium-232)
directly over the plant was in the range of 40-70
microroentgens par hour (UR/M), compared to 6
to 7.5uR/h typical of background exposure rates
for the area.

20 INTRODUCTION

The United States Department of Energy (DOE)
maintains an aerial surveiliance operation called
the Aerial Measuring System (AMS). AMS s
operateg for DOt oy €EG8L This continuing
nationwide program, started in 1858, involves
surveys to monitor radiation in and around

o3[ T

facilities producing, utilizing, or storing
radioactive materials. The purpose of these
surveys is to document, al a given point in time,
the location of all areas containing gamma-
photon emitting radionuclides (visible 2° the
surface) and to aid DOE pesonnel in avalutting
the magnitude and spatial extent of any
radioactive contaminants freleased into the
environment. At the request of DOE (or ~ther
federal and state agencies), AMS is deployac for
various aerial survey operations.

This report is the result of a survey requer’cd by
Region 1 of the Nuclear Regulatory Commiszirn,
The measurements reported here were m-:i2
from a base of operations at the Teterboro Airpori
three miles south of the survey area on 26
January 1981,

Aerial radiation detection systems averzi~ ‘2
radiation levels due to gamma-photon emi'’ir 3
radionuclides existing over an area of £~ -ral
acres. The systems are capable of delectin
anomalous gamma-photon count rates ~d
determining the specific radionuclides cauvcing
the anomalies; however, because of rre2
averaging, they tend to underestimats the
magnitude of localized sources as compared with
ground-based readings.

The results of the survey are reported, where
possible, as radiation exposure rates ingR/hat 1 .
meter above the ground surface. Approximate
annual radiation dose levels, expressed as
millirem per year (mrem/y), are obtained by
multiplying gR/h by B.76. This conversion
number applies only 10 the external rad:iation
dose component,

3.0 NATURAL BACKGROUND
RADIATION

Natura! background radiation originates from
radioactive elements present in the materizis of
the earth ang cosmic rays entering from space.
The terrestrial gamma-photons originate
primarily from the uranium and thoriurn decay
chaing and radioactive potassium, Lccal
concentrations of these nuclides produce
radiation {evels at the surface of the earth ranping
from 1 to 15 yR/h (or 8 to 130 mrem/y). Some
areas with high uranium and thorium
concentrations in surface minerais exhibit even
higher radiation levels, especially in the wesiern
states. (For example, in the Colorado Pisteau the
average radiation isvel is above 200 mrem/y).



0 . SURVEY PROCEDURES AND’
EQUIPMENT
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The " survey “vehicle, 'a ;MBB-105S : helicopter
_(Figure 1), carried a pilot, an equipment operator
-and a lightweight version.of a specialized dat

recording “system.” Two ‘detector :pods:“were
mounted on the sides of the hélicopter; each pod
contained ten sodium iodide; Nal {T!), detectors
The crystal in 8ach detector was 1 2.7 centimete

Gamma-photon signals from’ twenty detector

ere summed and roufed through an analog-to
digital “coriverter “and p Ise-height “analyzé
Gamma-photon ~ Couinting “tates " ‘and “.energy
Spectral” data“were “accumulated “in " 1-sécond
ntervals and recorded 6n magnetic tape, "

_measuring  the :
_between master and remote stations, the master
~computed the distance to each. These distances
.were -also "recorded -on magnetic - tape “each
.. second. In subsequent computer processing,
_they were converted to absolute position
- coordinates. - . . - ‘ T
f:a Mixture containi ; i “The radar” altimeter determined the  aircr ft
mantles and the industry grew rapidly thereafter. ' altituda by converting the time of a round trip
in"the years praceding World War I, ‘over 300 -Pulsed signal to distance between the aircraftand -
-million’ gas ‘mantles were consumed annuai " “the ground. These data were also recorded.on
7 : e “'magnetic tape so that any variations in gamma
39 :the “lllinoi _ { emical. . photon signal strength caused by altitude”
pany-_.;purcpased,_‘_the",_'._M,aywood Chemical "~ fluctuation couid be compensated for accurately

roperty and ‘i 1960 initiated a cleanup of the - _ The detectors and ‘electronic  systems . tha




accumulatert snd recorded the data are
described in detail in previous reports.*!

ta processing was done primarily with a
npuiet bas»~d analysis laboratory systamin the

““Hemote Sensing Laboratory, located at Andrews

Alr Foice Base, Suitland, Maryland. Frequently,
such;analyses are carried out with a computer
moudited in a mobile van {(Figure 2). An extensive
eo"o&tion of sottware routines was available for
data processing. The first datareductionthat was
accomplished produced gross countisoradiation
contours. These contours were constructed from
gross count rate numbers, which refer to integral
count rates in that portion of the gamma-photon
energy spectrum between 0.05 and 3.0 MeV
{Figure 3).

A smaller portion of the spactrum was used to
saparate the fraction of the total activity duetoa
specific nuclide and to quantify its concentration
in the ground. This operation was accomplished
by computer processing the data with an
sigorithm that examined and combined certain
ragions ©of the spectrum. A more detailed
discussion of the data processing methods
typical of most aerial surveys is given in the
Appendix, o

e

6.0 RESULTS AND CONCLUSIONS

Shown in Figure 3 are exposure rate isoradiation
contours (derived from gross count rates)
overlaid on a USGS map. The average natural
background in the area is approximately 6 to
7.5uR/M, which includes a cosmic radiation
component of 3.7 yR/h. The accuracy of
exposure rates computed for areas of elevated
thallium-208 activity may have been
compromised by difficulties encountered in
determination of proper conversion factors (see

Appendix).

Shown In Figurs 4 are lsoradiation levels for
excess radiation from the thorium-232 chain
inferred from measurement of the thallium-208
photopeak. This refers to quantities of
radioactive thallium-208 (2.62 MeV photopeak)
over and above that observed in the average
natural background of the area. The majority of
samma radiation from the thorium-232 chain is

mined bv thaiiium-2G8 Tiwe lechnique for

“—determining the exposure rate at 1 meter above

ground leve! is discussed in the Appendix.

Jleo4s/

._ Both isoradiation maps show increased levels of

activity centered on the Stepan plant, aswellasto
the west and south. Two detached areas (to the
north ard southeast of the plant) also show sligh*

increases of thorium concentrations. it is no'

known whether these increased concentrations
are a result of plant activities or natural radiatic:.
anomalies. Ground surveys §re necessary forth:

determination. The gross count contour ms*

(Figure 3) shows two additional sreas ¢’
increased activity not shown in Figure 4. Spectrr!
analysis indicated only an increase in the activity
of the natural radioisotopic mix in these areas.
Such variations in the naturat radiation levels zre
not unusual. itshould siso be noted that the lev=is
given in Figures 3 and 4 are normalized 1o 1 meter
above the ground, but only as averages Over 2
large area. Dependent on the nuclides detected
and their activity and spatial extent, ground leval
exposure rates inferred from aerisl
measurements can differ by large factors from
the aciual value 8t a specific point on the groun:,
A porable radiation detector held 1 meter above
the ground will measure activity directly below
the detector and in arelatively small circle argur.<
it. At 61 meters the helicopter detector systom
eflectively averages the activity from a much
larger area. The small source limitation i
discussed in the Appendix under the healing,
Spatial Resolution Function,

Exposure rate isopleths in Figures 3 and 4 riny
not agree (afier correcting for average natues
background exposure rate) for the following
reasons.

1. Conversion factors are based on sources of
infinite iateral extent, whereas some high
activity areas may be of smal! extent,

2. The excess thailium-208 conversion facter is
caiculated with the assumptions defined in the
Appendix.

3. The gross count co..version factor applics
only to typical mixes of natural emitters.

Figure 5 presents & gamma-photon ensray
spectrum taken over the piant site. Abackground
spectrum has been subtracted from the dai:
presentad in Figure 5. Photopeaks characteriztiz
of thallium-208 are prominent in this spectrum.

7.0 EARTH SAMPLE ANALYSIS

The accuracy to which the terrestrial radiologic
environment can be determined from airborne



Tsble 2. Earth Sample Exposure Rate I
GConversion Faclors®
Uranivm-238 0.62 uR/M per ppm
radicnuclide
. Thorium-232 0.31 yR/M per ppm :
Y radionuclide !
{ Cesium-137  0.13 uR/ per pCi/g :
. © radionuclide
' Potassium-40 .178 uR/h per pCi/g
L radionuclide
*Assumes uniform concentrations
both vertically and horizontally.
Table 3. Radionuclide Component Microroentgens/hour ]
Earth Uranium- Thorlum- Cesium- Potassium- Cosmic Aerisl
Sample 238 232 137 40 Ray Total Tots!
B 1.22 4,52 - 1.79 3.7 1.2 17-25
Cc 1.29 3.97 .02 1.76 37 10.7 17-25
D .94 2.40 - 1.72 a7 8.8 17-25
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Figure 3. EXPOSURE RATE ISORADIATION CONTOURS
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Figure 4. ISORADIATION CONTOURS FOR EXCESS RADIATION FROM THE THORIUM-232 CHAIN, INFERRED FROM MEASUREMENT OF THE THALLIUM-208 PHOTOPEAK ‘2‘62-,M°V’
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APPENDIX
CALIBRA‘I’ION PROCEDURES AND
CORYERSION FACTORS

GROSS COUNTS

Gréss counts refer to the sum of counts in that
poRrion of the gamma-photon energy speactrum
botwoon 0.05 and 3.0 MeV. The detectors are
calibrated by flying over a selected area of iand
near a8 body of water. The terrestrizt component
of the gross count rate is obtained from the land
data by subtracting the water data, consisting
only of those counts due to aircraft background,
sairborne radon daughter components and
cosmic rays. The Qross count conversion factor is
established by comparing this land-water
ditference with exposure rates measured on the
ground stier they are similarly corrected for
radon and cosmic ray contributions. The ratio of
exposure rate 10 the land-water difference ot the
gross count rate is the factor that converts the
measured gross count rate of terrestrial origin to
the corresponding exposure rate of terrestrial
origin. The conversion factor used for this survey
was 1120 counts per sacond st 61 m altitude
equals 1 yR/M at 1m.

The terrain in the calibration area containsd a
typical mix of naturally occurring radionucliges,
consisting ot potassium-40 and members of the
uranium and thorium chains, A different mix will
modify the shape of the spectrum over the snergy
interval covered by gross counts. Since the gross
count conversion factor is depandent on spectral
shape, the established conversion factor will not
apply precisely to areas where the mix is atypical
or where extraneous radionuclides are present.

THORIUM-232 ISOPLETHS

Since spectral extractions reveaied anomalous
concentrations of thaliium-208 and ancestors,
the magnetic taps data wers processed to isolate
effects from this natural chain. For this purpose,
an energy window centarsd on the prominent
282 MeV gamma photon from thallium-208 was

- monitored.

Figure 4 ghows *=r lx=nleths relating to this
window a'ter naturally occurring concenirations
have been suppressed by subtracting a constant

equal to the window count rate over “natural™

areas in the vicinity of the! snomalous areas,

These window count rates arise from “excess”
thallium-208 photons that reach the detector
without interacting in the air or soil. Since
uncoliided photons of this type behave in a
mathematically predictable way, the window
count rates can be reiated to soil concentration
through the survey and detector system
geometry.*” A uniform distribution with depth
has been assumed in order to generate column 4
from column 2intha conversion scale of Figure 4.
in addition, the anguiar response of the detector
has been assumed 10 be an average between the
two extremes of isotropic and cosine. The data of
Beck et al.8 have been used to generate column 3
from column 4 in this conversion scale.

I should be noted that the values given in the
conversion scales in Figure 4 are given to two
significant figures. These theoretical values are
correct within the context of the assumptions;
however, this does not impfy that the isopteth
values are accurate to these significant figures.
Due to the uncertainty in determinations of many
of the parameters that relate to the air-to-ground
conversion factors, the exposure rate values

olwotl3/ 23

given in Figures 3 and 4 may be uncertain by |

+25% for values relating to the natural radiation
level, up to about 20 wR/h. For those arsas
containing elevated radistion levels, the
exposure rate values are expected o be withina
factor of 2 il the radiation levels at 1 m are
averaged over at ieast several acres.

SPATIAL RESCLUTION FUNCTION

A useful way of viewing the small source
limitation is through the concept of spatial
resolution function. This function is the relative
count rate, maasured at survey altitude, versus

iateral distance from a poinl gource on the

!

ground. Count rates that are recorded during a

survey are the result of mathematically *folding”
the true ground distribution with this resolution

2
3

function. This folding process can be performad

easily. The reverse process, the one of interest, is -

lengthy and inaccurate; it has not, therefore, been
attempted.
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It iz, bowever, often instructive to nompare the
raecdiytion mnction contours with contours
ndasured Ovor Cartain areas to 3ain some insight
im0 the lateral extent of the ground activity. if the
resniution function isopleths are similar 10 the
measured Iscpleths, the source is probably
highly iQcalized relative to dimensions
eompamb?to the survey altitude.

The point source (or resolution function)
contours are generated from a calculated
resolution function, which depends on gamma-
photon energy, depth distribution of the sourcein
the soil, and the angular response of the detector
system. The resolution function for gross counts
cannot be caiculated dus to the lack of energy
definition. The resolution function for gamma-
photon energy window counts can be caiculated,
but the resutt still sutfers from uncertainties in
depth distribution and angular response of the
detectors. in practice, two calulations are
performed to bracket the true resolution function
for the energy window data.

Heoy3)

Figure A-1 shows bracketing contours for the
thallium energy window counts, The radius of the
D {evels wers chosen to match the neariy circular
D levels in Figure 4. The radii of contours of lower
levels surrounding tho two D levels are similar to
these in Figure A-1. Therefore, these sources are
probably localized relative to dimensions of a few
hundré teet. The lack of a D level, coupled with
the large C level radius in the third active area in
Figure 4, suggests that this source has some
spatial extent. :

The witith of the spatial resolution is a measure of
how far equa!l activity point sources must be
separated on the ground in order 10 sppear as
separate sources inthe overflight data. This width
is, therefore, & measure of the distances through
which point sources can exerttheirinfluence. itis
obvious that this distance will depend on the
point source activity, since the vertical resolution
function scale is reiative. In practice, the
resolution function is reduced to about half its
maximum vaiue at lateral distances from the
source equal to the survey altitude.

VYOLUME DISTRIBUTION
COSINE RESPONSE

SURFACE DISTRIBUTION
ISOTROPIC RESPONSE

Pigurs A-1. POINT SOURCE ISOPLETHS FOR ENERGY WINDOW 252 TD 272 MeV AT 8t METERS ALTITUDE
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