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" T h e P o l o i d a l D i v e r t o r E x p e r i m e n t (PDX) a f c = P r i ' n c e t o n w i l l be t h e f i r s t

- •-• . •• - & - - J j =

operatjrfgste.kamak to require ay-^ubsfcaritial radiation shield. o]he PDX

shielding includes a v/a.er-f i Ned roof shield over the machine to reduce

ai r scattering skv;,hi-np dose" in the POX control room and at the s i te
'Ifboundary. "During the d'^siynv ; cf th is roof shield a unique method was

developed to compute the neutron source emerging from the top of the/roof

•shield, f o r use in Monte Carlo skyshine ca lcu la t ions. - The method i(s basest

on simple, one-diiiierisiofiiii calculat ions rather |!iarb multidimensional "

ca lcu la t ions , resul t 'n / j in considerable savings in computer time and input

preparation e f f o r t . ' r^\l

The PDX plasma posit ion reh:rjve to" its-immediate surroundings is
o

illustrated in Figure 1. Calculations for the magnitude and spatial odi&tri-
-J • r j c

bution of tiie^neutron current at the top of the roof shield can be done in

three "steps: . |! •

1)

to estimate the f

distribution of :

,,slab-geometry Sp calculation is first run

raction, energy spectrum,,and average angular

ourcl neutrons escaping from the top,.'surface of

O
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the r o c ' . ! M « c j i c j l u l i o n is based oh a s l ob model t h a t i n c l u d e s

the conc re te f l o o r uiidftr t he !P!?X t o r u s , a vacuum , r e g i o n w i t h an. ,
D r: ,j ' , " ';

- J 0 . I?

isotropic so-irco of",., fusion -neutrons and" finally, the ,roof shield

region1. Vacuum boundary conditions are imposed at the top of the

roof and the bottom of the floor.* This procedure is nearly exact

since the lateral' extent of the roof is large compared to the

plasma major radius and since, ,,for a laterally infinite roof =

shield, the fraction of source neutrons transmitted is independent
D o '

of the spatial d i s t r i bu t i on of the source, as long as the source

•> l ies in a vacuum. This idea cari' be extended to show that the

simple slab niodel also correctly, accounts f,or°reflected source

neutrons, pmerjinii from the concrete fl?oor and subsequently passing

through the roof.? ' ° •• " ^

2) The s p J t i a l (lis.l.r i!) i t ion of the tfncol Tided emerging neu t ron cur ren t : 1

at t he to ; ; 5 i , r ' aa , ' of0 t he roo f s h i e l d i s "then computed f o r a

c i r c u l a r «l inc source a t tl'.s plasma l o c a t i o n below t he roof L'

s h i e l d . T h i s ' d i s t r i b u t i o n i s g i ven by:

J (R)
(s ing)e

[A+r]

-21
(1)

where a l l variables are defined in Figure 2.
- „ P. *

3)° Finally, the assumption is made that the spatial distribution „

of emerging collided current is also given by Equation (1) and

»thus Equation fl) can be normalized such that it's, integral over
!

the upper roof surface equals the total leakage (collided plus
uncoilided;) obtained in

• * a

collided current obtain

Step 1. The" spatial distribution of the

d vin this manner is approximate due to the



presence of neutrons •reflected from,, the. floor and also because,

neutrons.-scattered in the' roof •'shield.will,'have had their direc-

/ tiens '"altered, However, the, integral af°the distribution over

the roof remains correct>slrfce the slab.S,--calculation gives' the

..correct. leakage probabi I ity 'per neutron. %>

js simpTe model alsu ^rovi'des the correct angular distribution of

emerging "neutrons./averaged ovo»'Cji3Te~robf surface. The data obtained iti

steps 1.-3 can subsequently be "input̂ a-s a9planar neutron current source to

a Monte Carlo,, problem that represents, the external, geometry, accurately

treats air, scatter and coiinutes ,^he neutron dose at desired occupancy

positions with moderate computer cost. " " ,._̂  1

The accuracy of the leakage probability computed with the one-
o .

dimensional S model w<:s ver i f ied fo»- one case by comparison with i Monte

Carlo calculation in whfch the, source geometry and machine-room, structure

v/ere accurately-modeled. The one-dimensional result was higher than

the Monte Carlo result by i.'l standard deviations which is ;a very acceptable

comparison.

These ideas, in s l igh t l y di f ferent form, can alrStf be extended to the
,. =° " /

computation of the capture-gamma leakage current afa the top of, the ro,of,

and have provided an.veconoruica1 technique for use in shielding design.'

1) R. A. Grii7iesey,..et <\'\.", •''Proliiiiinary Studies.for the PDX Tok'amak

Radiation Shield Design,'; TKEET1369, EG&G Idaho, Inc. (1979)
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