


et s 5 i Mot AL M€ AT 2 kb w3 i

EXTERNAL ENVIRONMENTAL RADIATION
MEASUREMENTS IN THE UNITED STATES

L. R. Solon
W. M, Lowder
A. V. Zila
H. D. LeVine
H. Blatz
M. Eisenbud

U. S. ATOMIC ENERGY COMMISSION
NEW YORK OPERATIONS OFFICE
HEALTH AND SAFETY LABORATORY

HASL-25












i

By o T kTl AW e | il?ﬁ!E E5&&uf6GE=uIUnu—uu—rt;mnﬂnﬂrﬂmy—nvvzn,

Millikan, and Neher9 and by Compton. The most important difference
between these two sets of cosmic-ray data is the amount of filtration of
the ion chambers used, the first being thin-walled measurements (0.5 mm
of steel), while Compton's measurements were made with the argon gas
cavity shielded with 5 cm of lead and 2.5 cm of bronze in addition to the

steel wall of the chamber.

It should be pointed out that even at sea level the numerical value of the
total cosmic-ray intensity is not something on which there is universal
agreement. Burch, in his critical review, 1 concludes that the best value

for the lonization intensity at sea level may be deduced from the experi-
mental work of Clay. This value is 1.77 ion pairs/cm3-sec (3.1 microroentgens/
hour) compared to Neher's valuel2 of 2.74 ion pairs/cm3-sec (4.8 microroentgens
hour). Hess' valuel of 1.96 ion pairs/cm3-sec (3.4 microroentgens/hour)

falls between these two. It would appear that the discrepancies are too

large to depend merely on differences in ionization chamber wall thickness

or calibration technique.

Comparing the results of our measurements with the cosmic-ray data of

Bowen, Millikan, and Neher, i% is clear that a substantial part of the
variability in mean outdoor radiation intensities over extensive areas in

the United States is attributable to the variation in the cosmic radiation
intensity with altitude. Most of the measurements made at higher alti-

tudes were obtained in Colorado, and the shift of the total radiation curve
in Fig. 1 away from the cosmic-ray curve at higher altitudes may be due to

a higher terrestrial radiation component in the mountainous areas of Colorado.

Expressed on an annual basis; our measurements indicate a range of approxi-
mately 70 to 175 millirads/year for external environmental radiation dose
rates in populated areas in the United States, with the lower dose rates
prevailing in the more populated eastern and midwestern states. This
compares with estimates made in the recent report of the National Academy
of Scilences on the biological effects of atomic radiation,13 which gives
an average annual background dose of about 135 millirads and & maximum
dose of about 170 millirads in populated areas.
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Raoge of ean Average Atypical
Radiatior Levels Annual Dose fresaure Badiation Levgls
Lecotion {zicrcroentgens/br)  (millirads)* (inches Ig)  (microroentgens, hr)
Harrisburg, 2. 9.6 - 11.9 {(2) ae 29.5 -
ittsburgh, za. 9.8 - 13.9 (3) 1) 29.2 -
Cleveland, Chio 10.5 - 11.8 (2) o1 20.4
Toledo, Chio 8.7 - 1.0 (2) 75 29.5 14.9 (over granite
vaving stone)
Chicago, I11. 1.3 - 11.6 (k) 68 261 17.0 (adjacent to _
U.5. Pest Office
Bldg. of granite
construction)
M¥adisoa, Wise. le.1l - 1z. (3) ek 26.1 -
iMinneapolis-3t. Paul, _ .
Mion. 9.1 - 12.5 (&) 92 29.3 -
P s s s
Siocux Falls,3. Dakota 11.5 - 11.8 (2) 95 28.8 -
Cheyenne, Uyo. 17.2 - 17.6  (2) 142 ok.L -
Denver, Colo. 16.6 - 16.4% (10) k7 25.¢0 22.4 (vetween 1.S.
Mint :nd City and
County Bldgs.)
bl Colorado Zprings, Colo. 19.3 - 22.3 (%) 165 24,2 -
CGrand Junction, Colo. 15.7 - 18.4% (3) 135 25.5 -
Abugquergue, N. poxico  13.8 - 1k.5 (k) 116 25.2 -
Anarillo, Texas 12.9 - 13.0 {(4) 18 26.4 -
Chklahoma City, Chkla. Q.9 - 10.5 (&) 8L 28.7 -
- Tulsa, Okla. 10.8 - 11.56 (&) g2 29.3 -
P Little Rock, Ark. 12.8 - 13.3 (2) 166 29.7 -
i Memphis, Tenn. 9.k - 11.0 (2) 83 29.8 13.3 (near bricx
, apartment house)
Chettanocoga, Tenn. 11.1 - 12.3 (2) g5 26.6 14.8 (nezr brick-faced
' rnotel units?)
16.1 (on narrow

¥ Dose in soft tissue,

business street;
8th between
Proad and iarket)

assuting constant dose rate.

1 rad = 1C0 ergs/gm, 1 microrocentgen/nr = 8.152 rrad/yr.

Table I.
during August, 1957.

ovironmental radiation levels measured in principal United States citles
The nurber of observations for each range are shown in parentheses.

@levated radiztion levels produced by localized sources are shown in the last column.
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23.

24

25.

26.

27

28

29,

30.

31,

32

LOCATIOH

Chicago, l1linois

Chicago, Illinois
Lake Geneva, Wisconsin

Whitewater, Wisconsin

Madison, Wisconsin

Madison, VWisconsin

Madison, Wisconsin
Richland Center, lis.

La Crosse, Visconsin

¥Winona, Minnesota

PADIATION
LEVEL (ur/hr)

7.0

103

8.5

8.0

10.4

10.3

9.6

10.1

DATE AMD TIME (1957)
rug. 14, 1145 P. M.
fug. 14, 3115 P.M
hug. 14, 6140 P.M.
Aug. 14, 7:30 P. M.
Aug. 14, 11:00 P.M
Aug, 14, 11:30 P.M.
Aug. 15, 8:15 A.M,
Aug. 15, 9:30 A.M
hug. 15, 11:05 A
Aug. 15, 12 Noon

TEMPERATURE

PRESSURE

(inches) { °c)
28,43 31.5
29. 33 35.1
29,11 29.6
29.17 27.0
29. 08 26.%
29,15 24.0
29,08 25.0
29.24 25.5
29,35 29.0
293,40 30.1

COMMENTS

685 West Adams; adjacent to
U.8. Post Office of Granite
Construction; near inter-
secticn with Clark

Midway Alrport; Parking Lot
5035 W, 83 Street

Cencer of Town; outslde
Tirst National Bank

Residential Street

Pinckney and Washington;
opposite State Capitol

Motel Madlson; Junction
Route 51 and Route 125
approx. 8 miles east of
Madison

Approx. 5 mlles east of
Madison on Route 12

Corner of East Haseltine
and Church Street

Cass and 3rd Street near
bridge over Mississippl
,River

Parking Lot of Hot Fish
Shop Restaurant
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APPENDIX II

Instrumentation

In thls appendix are deseribed the instrument and the techmique of measure-
ment. As mentioned in the main portion of this paper, measurements were

made with a 20-1liter ionization chamber filled with air at atmospheric
pressure. The instrument was operated inside an automobile under essentially
identical conditions of vehicle loading and orientation. The ionization
current was measured with a vibrating reed electrometer conmnected as a
continuously reading voltmeter driving a pen recorder. Power for the
electrometer and recorder was obtained from an alternating current inverter
operated from the 12-volt automobile storage battery. The entire assembly
was secured to a wooden carrying board as shown in the photograph (Fig. II-1).

The chamber was improvised from a 20-liter polyethylene carboy having a
3/32-inch wall. To suppress completely the beta response, the chamber was
positioned in a solid 1/8~inch aluminum shield. Including the polyethylene
wall, the gas volume was enclosed by 1.08 g/cm2 of material, corresponding
to the Feather range of a 2.26 Mev beta particle.

A schematic diagram of the ionization chamber showing the details of the
center electrode assembly is shown in Figure II-2.

The chamber has two guard rings with the top of the center electrode
secured by the guard ring assembly to the carboy. The top and bottom guard
rings are connected together by an insulated wire strung through the stain-
less steel electrode. For laboratory use ome could dispense with the top
assembly but for field use the additional mechanical rigidity is
advantageous. There is sufficient air leakage in the chamber so that the
chamber maintains atmospheric pressure. This was verified in the field by
checking the response of the chamber to a weak source against the known

barometric pressure.

As 1s well known, minute alpha contamination of an ionization chamber at
atmospheric pressure can produce a current which may be of the same order
as the current being measured. For this reason it is essential that the
effect of contamination be measured or that the current produced by alpha
particles be suppressed. A method of evaluating the alpha current is
furnished by Hess and Vancour.® Essentially, the method depends on the
limited range of alpha particles resulting in the alpha-produced ionization
being independent of the pressure, whereas the ionization produced by
gamma radiation (or charged relativistic particles in the cosmic radiation)
is almost exactly proportional to the pressure.

A frequently used procedure is to pressurize the chamber £1lling (usually
purified argon) so that the alpha contribution is negligible compared to
the ionization produced by an external radiation field.

II-1

gpERE






refinement in the calibration constant is 1ndicated considering the grosser
errors inherent in field measurements of this type.




TWENTY LITER IONIZATION CHAMBER
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Reprinted from NUCLEAR SC1ENCE AND ENGINEERING, Vol. 3, No. 1, January 1958
} Academic Press Inc. Printed in U.5.4.
, NUCLEAR SCIENCE AND ENGINEERING: 3, 77-84 (1958)
A Semiempirical Method of Calculating the Energy
Absorption Buildup Factor with an Application
to a Uniformly Contaminated Space
. Having Spherical Boundaries
, L Kerax (O’Briry, Wayne M. Lowbpger, axp Leoxarnp R. SoLox
: - ) . . Healith and Safety Laboratory, New York Operations Office, U. S. [Atomic Energy Conunission,

New York 23, New York
Recetved April 15, 1957

A form for the point-source gamma-ray energy absorption buildup function
valid for a material in the energy range where it is essentially a Compton
scatterer is suggested as a modification of the asymptotic forms derived by U.
2 Fano. Its parameters are evaluated by means of an energy equilibrium con-
dition and a fit to experimental data. The results are compared with those ob-
tained by other methods, and an application to the problem of uniformly and
continuously distributed point sources is discussed.

The point-source energy absorption buildup factor, as conventionally defined,
is the ratio of the energy absorption rate from the total-radiation flux to that
! : from the primary flux at some point in the material surrounding the point source.
This material is assumed to be uniform and infinite in extent. The buildup funec-
tion for a given source energy describes the variation of the buildup factor as o
function of mean free path and will be designated by b(¢).
If we assume a form of the buildup function consistent with the considerations
- ; of Fano (1), it is possible to compute buildup factors for Compton scatterers by
using an energy-equilibrium condition (2-6) in combination with u fit to experi-
mental data (7-9).
The dose rate in o uniformly contaminated medium of infinite extent, when
the contaminant is a monochromatic gamma emitter, is given by

1’] ., 2r L ) 0 ’~t
) (n [ = 2 [ d¢ [ df sin @ [ M
. v 7 Py <0 -0 .0 4r
e . . where 7 is the dose rate in Mev,sec-gram, I the energy emitted by the contami-

. ; 3 . . .
nant in Mev/sec-cm’, u. the energy absorption coefficient for the medium corre-
sponding to the source energy in em™', g, is the total attenuation coefficient for

‘i
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O GOLDSTEIN AND WILKINS (REF 4}

APPROXIMATE CALCULATIONS 0.5mev
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Fi¢. 1. Buildup factors for H,O

the medium corresponding to the source energy in em™', p is the density of the
medium in g/em?, ¢ the distance to a differential emitter dV in units of mean free
path (= u.u, where z is this distance in em). The system is in spherical coordi-
nates, and ¢ and # are the azimuthal and altitudinal angles respectively.
According to Fano (1) the asymptotic form of the buildup function value of
the attenuation coefficient is given by +*. We propose to modify this and write

(2) b(t) = (1 + at)’.

If the use of a single form for the buildup funetion is to be justified it must be
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© GOLDSTEIN AND WILKINS (REF. 4)
APPROXIMATE CALCULATIONS

0.5 mev

3mev
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FiG. 2. Buildup factors for Fe.

confined to a region where du,/dFEy (Fy being the source energy) has a regular
behavior. For this reason and because this is the region for which our experi-
mental data are applicable, we restrict Eq. (2) to the energy region where the
material is a Compton scatterer.

Substituting Tq. (2) in Eq. (1) we get an answer in terms of the incomplete
gamma funetion:

(3) I = ﬂf e 1+ at) dt = l&aae”'xl‘(ﬁ + 1, 1/a).
PH: YO Pre
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>quals the rate of energy prodie-
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Fra. 3. Buildup factors for Ib.

water. However, experimental values for the buildup function, normalized to
four mean free paths, are given for gammas from Hg™ (0.28 Mev) (8) and are
in reasonable agreement with Eq. (8). These buildup factors are exhibited with
those of Goldstein and Wilkins tor comparison in Fig. 4.

It is possible to modify . (1) to include the dose rate at a distance from a
medium with a spherieal boundary. ‘

Al L% 8y cq(é.8,0) 8 —t
(9) _ B [ de [ 40 sin 8 Mi,.
wip Jo Ju 7 (6.8.0) A
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Fia. 4, Comparison of theoretical and experimental buildup factors for 0.28-Mev
photons on H,O

As this equation is rather difficult to solve exactly except for simple boundaries,
we introduce another approximation. Let us expand Eq. (2) binomially, terminat-
ing it at n terms, where »n is the largest integer less than 8 4 2. This approxima-
tion is, of course, exact when g is integral. A partial solution for Eq. (9) is then

7

(10) I =

Eu. [°° % dg sin 8" <~ ALt
B [T [R5 AL
pus Yo 0 4 o vl s
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