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liability or responsibility for the accuracy, completeness, aor
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disclosed, or represents that its use would not infringe privately
owned rights. Reference herein to any specific commercial product,
process, or service by trade name, trademark, manufacturer, or
otherwise does not necessarily constitute or imply its endorsement,
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A SLASSIE g

CALCULATION OF AIR SCATTEEED GAMMA RADIATION ESCAPING
TERQUGH A SHIELD OFENING -- ATPLICATION TO THE HRT

SUMMARY

A method wmp developed for caleoulatiog air-scattered gamma-radiatiom
escaping through openinga in & biclogical shield. The method was applied to
the HRT and the results indiceted that alr acattering was lnaignificant
compared to the other mechenisme contributing to the eacape of zamin-rays

through ghield cpenings.

IRTRODUCTION

Maintenance of the HRT will require ocpenings in the blologieal
shield. An estimate of the radiation escaping through thege maintensnce
portholes ig necessary for deglgming temporary shielding and developing
malntenance procedures.

After reactor shutdown, the sourcee of radiaticn In the resctor
2ell are Induced activity in the blological shield epd equlpment, and
flagion producta adhering to the inner surfacez of the equipment and piping.
The radiation escaping from a maintenance porthole gecurs in four ways:

1) line of asight frow equipment; 2) ascattaer cff the ipner porthole wallsg,
cell walls, mnd equipment; 3) Iline of sight frem induced sctivity in
ghield; 4) air scatter within the reasctor cell.

In this memorendum, a wethod of computing the gamme dose ontaide
the cell duoe to leakage through a porthole ss the result of air scaktering
only is dcveloped and applied to the HRT. The sther mechanisms contributling

to the dose will be treated in future memorends.

gNELASSHIER
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DERIVATION OF EQHA@IDH

' ’ Conaider a cell surroundesd by a thick hiological shield with
. nuEeTous aourcea of émnna radiation distributed throughout the cell

volume, L is assumed that all radiﬁﬁion sources may be represented by
polnt isctropic sources of known coordinates. For gamma scattering by
air, abgorption tiay be neglected and only alngle acattering nee=d be
cnnsidered.{h} For aingle scattering, only ﬁhat geattering occurring
between the anglas Gl and 92 {see Flg. 1) has a probability of reaching
& detsctor located in the center of the porthele at the outer edge of the
shield. The dose (in roentgens/hr) at this point ms regiatered on an

isotropie counter for an isotropie polnt asouree for air seattering only

' ] is
(dc
D = EEELElE. EZ; av (1)
hﬁrnl R,

Where P(E) ias the dose per unit gamma flux as a function of emergy E,-

a1
probability for Klein-Nishina scattering through any scattering angle by a

(EE is the differential cross section per unlt solid angle ) or the

T w single electron, 5 Ls the aource in photonsfsec, and K 1s the mmber of
electrnnafc.c. The symbols relating to geometry are dencted in Fig, 1. For

s scattering angle (8 +‘})],[5]

2
ad =13 /% E 2 B
E?l = 1.b0g x 10 (ﬁ;) &. .(ﬁ) gln {Q +[P ]+ [E—c;) ] (E}
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Wher: a photon of initial erergy E_  undergoee compton pcattering, the

anargy of the ascattersd-photon 15(5}
¢

EO
B = 5 (3}
o
l+m- 1:1-1:06 {Q-I-"V}:I

The function F(E) can be closely represented by a polyncmiml of two or
three terms over & vide-energy rangs. However, for the range below L.5 tev,

F{E} iz ¢lossly approximated b"f{ 3]

F(B) = kE ‘ ) (L)

Substituting the volume element and equeticns (2}, (3), and {4} into (1)
will produce a cumberzome expression which cannot be evaluated analytically,
and a mmetieal solution of ths triple intepral would be extremely tedious.
Conslder, however, the radiatlion entering th: annulus generated by revolving
the hole In the blological shield about the axle coonecting the recepior
and the point of emigelon of the radigtinn {see Fig. 1}. Now the volume

element 1s
av = (27 R, ein ty) (R, AY) A R, (5)

By the lavw of sines,

R R
1 2 X (6)

aln & sin {/ gin {9 + lf#}

and by differentiating eguation (&) it can be ghown that

2 ae (1)




FIG. 1

DIAGFAMMATIC REPRESENT.TION OF AIR SCATTERING
THROUGH SHIELD PORTHOLE
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If equations (%), (5), snd (7) are subatituted into {1), an
expreagion is cbtained for the gemma dose et the rear of the aanuler
9pening. Thie 12 spproximeately corrected to the portholes doze by uwulti-

plying by £, the ratio of the porthole area t¢ the snpulus area. Therefors,

o, e
D - % ms(%a W a0 (8)
N ¥
whare
t - EE, D | (9)

Thiz neplects the effect of the wall; 1.e., it is assumed that
the cell Ie infinitely desp. Ae long as the botiom wall is 8 few feet
from the porthols, this assumption 1 quite good for air ecatter only.

The actual scatter from the wall will be 1:.1:'»9‘&"1:.e-ufl~ in a future memorandw.

Thua, by an approximaiien, a reﬂucti?n of the wolume integral o
a double integrel was obtained. An anelytical solution of equation {B) is
alge impoesible, and a mmerical sclutlion atill tedious. However, if the
problem ig divided into two regions, as clt;términed by the ecattering engle,
e+ {PI s, it is poseible Lo represent aquaticn {3) quite well for each regiom

bty a Tunctlion of the form
E = u(é6+y)+h {10)

and equaticn {2) by a functlion of the form

-.[_,,
%=unw ® (11)

for any particualar value of Eu'

INCLASSIFIED
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If equations (10) and {1l) are substituted into {8) and the
integral eplit inte two regiong, for geattering anglea greater than of

and for seattering sngles leas than o , the dose 1s approximeted by

GE % -3 ~n1{LJ()+Q}
1 En1[9+4,ll}+bl:|dnya.9

2 -ng( ¥ + @)
+ 8., & IEn2(9+(p}+b2} 4y 4 {12)

Equation {12) is now simple to integrate, even 1f FP(E} were
represented by a polynominal expression. ESelectiopn of the geettering
angle ,D< ¢ 1g dependent on the .energy of the soures gammas. Generslly, a
begt fit to equation {2) is pbtained with o around % . For high energy

gammas beat f':l.ts":ﬁlhr are obtalped for ‘3{{ » but for low energy gammas
>

Integrating equation {12],
D = %E{f; [-Il+12j| (13)

vhars

. -0, (y, +8) 2a, 1,40
I, = —=m |e |E!1(91+I,U1]+ m + by -

oy

b ]

-nlﬂa -n"(
- 86 ¢ -taby +my ({4 1) @ A6 {14}
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-8 .
-néﬂ< -néTF -ngﬂ{ -néTT'
3 m
2 2
I2 = EE— a -2 b + EE t oWy L & - e {15)
and
- -l fr
o = 9y -0 - 2t (F) (16)
(d2+ r)
r+4, -4
- 2 ild. + L -
6, = tan 1 [ L ]- tan'l I
L
L
d d, + 71
<t () - et () (9
W 1 1Lt

The Individual scatter dosages for each energy group of gannas
from each point soures are caleulated with equation (13) and the pm

of all contributions gives the total dose.

APPLICATION TO THE HRT

The relative econtributions to the doae at the outer edge of the
shield Aue to air scattering only within the HRET cell waes estimeted for
three different peorthole pizes. The actual dose willl Ye a fynctlon of the

loeation and atrength of the source,

Source Term
" Aven'?) hos indlcated that induced activity in the piping and
equipment of the HRY is insignificant comparad to the activity of fisaion
producte thet may adbere to surfaces exposed to the fuel solution.

The gamma emisslon rate of the fiseion products mey be approximated
e

1.9 x 10'5 712 photens/sec Fission

where t 13 the time after flssion in dsye.

BHOLASSEFED
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For long-time operation,

2.6 x 1015 F

2
gamag/gec £t~ = (19)
A To.é“

vhere P = power, megavatta; T = time after shubdown, days;

4 = ineide ares of piping and squipwment, ftE.

Since the gammas come from fission products adhered to equip-
ment suifaces, the sources will he attentuated by the thicknese of the
steel., Assuwnlng the bulldup factor as linear for arcund one relagation

length,

-0.553y
Attentuation = {1+ 0.527) e (20}

vhere ¥ ia the thickmess of the equipment. Combining equatiocns (13)

and (20},
16 ) =0.593y
s 2.6 x 1077 P ()} + 0.52y) & (21)
02
Teking y = 1/2in, P = 5 megawatts, T = & hrs,
2 {6)

A = bso v, and sssumlng only S0% of the fission produci poisons

adhere to the surfaces,

5 = 1.76 x 191h photonafftg (22)

Properties
The fission product poigong emit gammas of savera] energles.

(2)

However, &5 a reasonable approximation, the average energy will be

taken as 0.7 mev. Thus Eo = 0.7, for air N = 9.7 x m23 and

kK = 2.03x 1@'6,

UNGLASSIFIED
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For (.7 mev gammas reasonable fits to equationa (2) apd (3) are

obtained with of /= ~A-', therefare

2
for 6(-::1'_%
m = - Gtg’jﬁ )
b = 0.7
8 = -9x 10'25
n = 1.34
and For X :7F]%;-
Ill - - 9-0652
b = 0. 401

A = 1.2 x 10'25

n = 0 {&loce g—a 1a about cconstant)

For o{}-ﬂ;_,; with n = 0, esquation {13) becomes indeterminate. Ewvsluation

of the indeterminate or rederiving for a conatant %%1 s

D = ¥l:a‘2‘ 3‘;77- +b) 48 (23).

Reanlts

The relative doses at the rear edge of the shileld from point Bources
at varicus coordinates within the cell were determiped for three porthole
gizes. 8Elnce the contribution due to alr scattering only is insignificent
ccmpared to scatiering off the porthole asurfaces (resulta to be published in
future memorandum), only & sampling of results for the largest porthole size

consldered {1h-in. dismeter, 3-ft 2-in length)} 1s shown in Table I. Thege
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regults are for the sowrce Lerm given by equation (22) which 15 basged
2 .

on ocme £t of squipment surface and SO¢% deposition of fisaion poigons..

For a point apurce approximated by a different area or percentege of

polaons, the results are changed In direct propertion.

TABLE I

Dose at Ouber Bdge of Porthole in HRT Shield"

Contributions to Dose, roentgens/hr

‘
a, 1 2 3- T
1 0.28 Q.11 0.06 0.02
2 0. 47 Q.17 0.0% C.03
3 0.59 0.24 0.12 0.03
7 .73 0-3? 0.18 0.0l
g 0.86 0.45 Q.27 0.07
11 Q.50 0.48 0. 30 0.08
15 0. 54 G.52 Ge33 0.10

19 0.96 0.55 0.36 Q.10

®biameter = 1b in., Length = 3 ft., 2 in.

- b

3, = perpendicular distance from porthole edge, ft.

d4 = verpendicular distance from wall with porthole, ft.
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