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Abstract
For ta._C’o6O source at i5 meters s the air-scattered gemms dose
rate pred:!.‘ct_e»d_. by. theory is exgerpted from ORNL-1575 ,1’ PDo 167-203., _
This is comxpa,red with experimental mea.su.rements for the same source
and comparable geometry reported by Convair in C'VAC-170T, After
epplying an approp;j.g.te_ co:qrection__ »for ground __sca.ttering as estimated
- 4in NARF-=55-16T. (Convair), the two results are found to be in sub-

stantial agreement.






ATR SCATTERING OF Cof© cAMMA RAYS:

THEORY VERSUS EXPERIMENT

In the past few years conslderable data on thewscettering¢of‘gamﬁe‘
radiation in air ‘has became available. Some of this irformatiOn is based
on theoretical considerations, and some is derived directly from experimental
measurements° »It is the purpose of this paper to determine, insofar as possible,
the order of agreemert betyeenhthe two approaches.

All of the‘experimehtal data used innthis paper involves the air scatter-
ing of gamma rays from a 0060 sourceo For this reesoﬁ; the comparison be-
tween theory and experiment must be restricted to an7example taken etﬁthe
appropriate gamma, energies (1.17 and 1.33 Mev). Another restriotion arises
from the sourcewground detector geometries used for the two approaches. The
theoretical attack is based on a source-detector separation of 15 meters
with no ground present, vhile the experimental-measurementS'were'made at
separetion distances of from 7o5lto 70.8 £t, and at“heighte above the ground of -
from 9.0 to 57;0 £t. it was decided to make a comparison.between +the effectire'
dosearate bﬁildups,‘due tovair scattering, predicted by theory and obseryed
experimentally; for the same geometry:vavsourcewdetector'separation of k9.2 ;

60

ft.(15 meters), at a height of 50 ft. For both cases an isotropic Co°’ source

of 1 disintegration/sec was assumed.




First, the uncollided dose rate was calculated in a straightforwvard
manner, allowing for both inverse-square and air sttenustions 3 as folldws:
(1) For 1. '1.17-Mev photon/sec - - |
M
alny
#

1.33 x 101F cm, d = 1l.5x 103 cm

0.113

!

: o & B ) ,
e“ﬁl//'\l/lmd2 = 3.16 x 10  photon cm 2 sec 1at 1.17 Mev

3.70 x 108 Mev em™2 sec™t

(2) For 1  1.33-Mev photon/sec

Ay, =1l.bb x 10t cm, d = 1.5x 103 em B
d/A, = 0.103 -
¢-2 = e'd/)2/1|-rcd2 = 3.19 2 lO'°8 photon cm™2 sec-:L at 1.33 Mev

=1

1}

o b2k x 10"8vMev e:m'_=2 sec T
v Totel flux = ¢1 + ¢2 = T.94 x__;10“8 Me'v"g:m=2 sec
Taking 1 r/hr = 5.5 x 10° Mev _cm."2 ,sec";l.'_, o
| Total Uncollided Dose Rate = 14 x 1071 rfur
- Sec_on*c},”tl»;e singly scattered dose rate predicted by theory was excerpted
' from'mfl575.l In that paper, the sj.ngly scg.ttered dose rate to be expected
for a sourcefdetecto;}; separation distence of 49.2 £t (15 meters) is reported.
Other parameters involved are source energy and var‘ious factors dependent upon
interposed shielding m}aterials end dimensions. For the problem st hand, the
latter factors need not be consideredv, since the experimental data. were taken
with no shielding, asus:m‘:h, present. Acco:ding}y, it was necessary to obtain

from CRNL-1575 the singly scattered gamma-ray dose rate without detector shielding.

1. E, P. Blizard and H. Goldstein, "Report of the 1953 Suimer Shielding
Session," ORNL-1575, pp. 170-203 (July 12, 1954). (Classified)




—3=.
at the appropriate gamma energles, This :lnforrmat:lon is present in. QRNL -1575,
but only implicitly. The curves of Fig. III-E 2’+a. ’ p,,203 9 exhibit dose rates
for various ‘sh:leldconﬁgtn'a.tions versus sol_n-c_e energy. However, a curve for

no shielding is not presented. Ord:lnates of the curves are

I(D E )/ / F(D Eos )V,d) djo[ (r/hr)/(Mev/sec)]

plotted against a.bscissae of Eo(mc ), where’

I = dose-;rat.e, r/hro_ | ,
5, = ‘source strength, energy radiated per wilt time, isotropically.
D = SOurceéreceiver dista.nce °

F(D sBos ) = singly scattered dose rate at a dis{;ehce D due fo a
“unit source emitting photons of energy E at angle
¥ only. | ' |
The F-function above is displayed as a function of W for D = 15 meters .

and for valuse of £, of 1.5, 3.0, 6.0, and 12.0 me®

10 Figs. IvII-Eﬁll,lz,,l},lh,
respectively, in 031‘11.-1575 ,A“pp..“188»-l92v. 'l‘hese four ciﬁ'{ves"yere-‘ihtegreted'
numerically from ¥ =0 to ¥'= x, thus’ o'btaining _four pointsdetermining the needed
curve not bresezite’d' in "F‘:lg.; 'III«-E-E’-IL&J _This new curve was cereﬁﬂly drawn on
semilog pa.per and the required dose rates read off, as follows ) |

At B, = 1,17 Mev = 2.29 mce, I(D Eo)/ = 4,10 x 10~ 15 (r/hr)/(Mev/sec).
—’+80x1015r/hr N

At By = 1.33 Mev = 2,60 mc?, I_(D,‘Eb)/S = 3,70 x 107 (r/hr)/(Mev/sec)_,

= 4,92 x__lQ--:J'? r/or




e

Total sii;{gly"sea;t‘_hefed dose rate (theoretical) = 9.72 x 10°% r/ur.
Thus the effective buildup in gama dose re.te, due to single air scatter |
(theoretical) is found to be o R L '

Buildupﬂ; =&4_1§E2_Z =1.07

Next s the sea.ttered AOse rate, for the same source a.ndb separa.tion‘
dista.m:e but with the ground present 50 ft below the som'ce-detector axis s
was interpola_.ted ﬁ'om experimental data -reported by (!onvai:t'.2 For a height
of 50” ft and a sei:aration distance of 49,2 £t (15 meters) s 8 fotal scattered
dose rate of 0. 11-95 mr/hr/cur*ie of 006 = 13.4 x 1071 r/hr/disiﬁtegration/ sec
was obser'vedo But th:[s scattered dose rate includes ground-scattered gammASs .
An estimate of the ground-scattered dose rate, for the same parameters has

'been nade by Convair3 as 'be:l_ng 0.09 m'/h:r/curie of Co6

= 2.4 x 109 r/nr/
disintegration/ seco ‘ -

-' Subtra.cting this estimated ground-scattered dose rate from the observed
total scattered dose rate gives 11.0 x 1071 r/hr/disinteg'atioq/ sec as a meas-
ure of the jbotal alr-scattered dose rate for all air-scattered ga.nﬁna‘s except ‘
those that would reach the detector after being scattered below a plla.ne:50 ft
beneath the sourc':e-detector axls, So the effective buildup in gamma dose rate,
due to single plus multiple alr scatter (observed, with the exception noted) is
found to be

BuilduPOB ll.t”_% = 1.08

2, B. ]Z.° Jones, J, W, Harris, and W. P. Kunkel, "Air and Ground Scattering of
Cobalt 60 Gamma Radiation," CVAC-170T (March, 1955). ' 60

3. M. L, Coffman a.nd B T. Kimura, "Gamma Ray Ground Scattering for Co
and GTR Sources, " NARF- 55-16'.1' (May, 1955). (Classified)
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The thearetical bulldup factor neglects multiple scatier, whils the factor
based on e_mperim_ent_ _noglects part of the scattering volume.. ’Wit_h regard to . .
multiple scatter, ‘I‘r-iceh has reported, "It is found for a _separation distance :
of 30 meters that the second=-scattered gamma beam could not be more than 2% .of the
first-scattered beam. It is noticed, also, that second scattering becomes more
important than first at great distances ; similarly at smaller distances 9 second
scatterings are of smaller relative magnitudes." Regarding the neglect of part
of the scattering volume, it may be inferred that the air scatter beyond the 50-ft
plane will be relatively small because the minimum single scattering angle is
~ then 127 deg, i’or which ‘the -gamma energ deg'adation 1s over. 80%, and for which ;

do is but 10% of its ma.ximmn. These two items neglected both appear to be small,
an .

their inclusion would 0perate in the same sense on both the theoretical and

experimental figtnjesf’ , o A
In sumary, it is believed that the theoretical results“ (Ref' l) for geama s

scattered to the detector are substantially in agreement with Convair's experi-

mental data (Ref°>2, 3)

F. Jemes B. Trice, NEFA-1297-STR-21 (February, 1950).




