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ABSTRACT

Improved Semi-Analytic Algorithms for Finding the Flux
from a Cylindrical Source

Hand calculation methods for radiation shielding problems continue to be useful for scoping
studies, for checking the results from sophisticated computer simulations and in teaching
shielding personnel. This paper presents two algorithms which give improved results for
hand calculations of the flux at a lateral detector point from a cylindrical source with an
intervening slab shield parallel to the cylinder axis. The first algorithm improves the accuracy
of the approximate flux flux formula of Ono and Tsuro so that results are always conservative
and within a factor of two. The second algorithm uses the first algorithm and the principle of
superposition of sources to give a new approximate method for finding the flux at a detector
point outside the axial and radial extensions of a cylindrical source. A table of error ratios for
this algorithm versus an exact calculation for a wide range of geometry parameters is also
given. There is no other hand calculation method for the geometric configuration of the
second algorithm available in the literature.
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I. Introduction

Hand calculation methods involving semi.analyticapproximations of exactflux formulas

continueto be useful in shieldingcalculationssincetheyenable shielddesign person-

nel to make quick estimatesof dose rates,check calculationsmade by more exact and

time.consumingmethods, and rapidlydeterminethe scopeof problems. They are also

a valuableteachingtool.

The most usefulapproximateflux formula is that for the flux at a lateraldetector point

from a cylindricalsource with an intervening slab shield. ,_uch an approximate formula

is given by Rockwellin Reference (a). An improvedformulafor this case is given by

Ono and Tsuroin Reference(b). Shure and Wallacealso givethis formula together

with functiontables and a detailed surveyof itsaccuracyin References (c) and (d).

The second sectionof this paper gives an algorithmforsignificantlyimprovingthe

accuracyof the formulaof Ono and Tsuro.

The flux at a detector point outside the radial and axial extensions of a cylindrical

source, again with an intervening slab shield, is another case of interest, but nowhere in

the literature is this arrangement of source, shield, and detector point treated. In the

third section of this paper an algorithm for this case isgiven, based on superposition of

sources and the algorithm of Section I1.

I1. An ImprovedAlgorithmBased.on the For.mu!aof Ono and Tsuro

The semi-analytic flux formula of Ono and Tsuro is given in References (b), (c) and (d).

This formulasubstitutesa section of an annulusfor the cylindricalsource, as shownin

Figure 1, and may be used to find the flux _Pl at thepoint P_in Figure 1 with a maxi.

mum conservativeerrorfactor of about 3.3. This formula is

_o Lo (_o,b)[G(6,,, b) - G(eo, b._,m=Fi)], (1)
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Figure 1

CylindricalSourceApproximationby Superposition
witha Slab Shield Parallelto the SourceAxis
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where

R and (2)_(' = sin'1 a,R '

eo=tan" (3)

are the angles whichdefine the base and heightof the annular sectoras shownin

Figure 1. The unitsof all anglesare radians.

Sv is the sourcestrengthin gamma-rays/cm3.sec at an energy E MeV, b is the optical

distancethroughthe slab shieldand I_s is the attenuationcoefficientof the source.

Both b and I_, are dependent on the gamma-ray energyE. b is a dimensionless

quantitybut Is usuallygiventhe pseudo-unitsname of mean-free.paths. If the dimen-

sions of the source,such as R, I, and a are givenin centimeters,p, has unitsof cm_.

,,,,, , , (4)

is a factor which preservesthe areaof the base of the source. Tables of the functions

Lo (4)o,b) and G(eo, b) are given in References(c) and (d). R, t, and a are defined in

Figure (1).

A modified algorithm has been devised from (1) which reducesthe maximum conserva-

tive error in the calculated flux to a factor of about 2.1, while the calculated flux is

conservative everywhere. The maximum errors occur for thin shields (b <0.2) and for

a/R <_0.5. This modified algorithm uses a more realistic 'effective height' in (3). t is

the height of the cylinder and

_ 3 7: R20a (5)
2 4)0 (a, rnJ:/)3- a 3

is the height of the annular sectorwhich preserves both basal area and volume. Then

let {H_Mln(2r', !) and _'/_ = f_ * _ If a-"2-' R < 0.5 and #,R < 5.0 replace Z by _H_in (3);
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a

however, if -# < 0.5 and p,R < 2.5, replace t by Q//in (3). Otherwise, find eo, from (3)

as written.

Then, using tr!e value ef eo found from (3), calculate {w_using Equation (1).

The improved accuracy of this algorithm allows itsuse in a superpositionmethod which

givesan algorithmfor finding the flux from the sourcewithheight ,0at the pointP_in

Figure(1). P5lies outside the radial and axialextensionsof the source, and no good

approximationfor the flux at such a pointis giveninthe literature.

III. An Algorithmfor the Fluxa.ta Point Outsidethe Radialand AxialExtensionsof a

Cylindrical Source

The geometry of this case is given in Figure 1. The source height is t. The variables

defined in (2), (3), and (4) remain the same. The superimposed source height is

T = h + t in Figure 1. First find the height T' which will preserve both volume and

basal area:

3 _ R2TaT t _
2 ¢Jo (a + moR)s _ a 3

Let T_t = MIn(2T/, 7") and T"= T" * T.2

a

Now if -# < 0.5, p,R < 5.0 and -_a< 0.5, replace t by T_/_in (3).

a

However, if _ < 0.5, ,u,R < 2.0 and Q < 0.75, replace t by Ttt in (3).a

For any other conditions, replace t by T in (3). Then find the flux _s for the source of

height T = h + t using (1). Next the flux _s from the source of height h may be
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found by applying Algorithm I to this source, first finding h/, h', and h/" in place of t _,

t', and t "_. Finally, the desired flux at P5is given by

/I

Cp,= - (6)

The error ratios for this approximate algorithm are shown in Table 1 for a wide range of

problem parameters. The maximum conservativeerrorfactor is about 1.7, but some

errorsare non.conservative.Table 1 isthereforea valuableguide for usingthis algo-

rithm. The valuesin Table 1 were calculatedusing an exactpointkernel calculation

and the approximatealgorithm. The exact calculationmethodis givenby Wallacein

Reference (e) and was implemented in the SPAR1 program,Reference(f).

Nomenclature in Table 1 is the same as in Figure 1 exceptthat HP = h + ! and Mus is

the macroscopicattenuationcoefficientof the source.

Table 1 gives error ratios for only one value of R. For R = 10.0 most of the error ratios

decrease. The errorratiosare relativelyinsensitiveto the value of R for large b values,

As stated above, the author is aware of no analog of this algorithm anywhere in the

literature. It therefore, representsa new hand calculationcapabilitywhichwas not

heretoforeavailable,and which extendsthe range of hand calculationsof radiationflux,
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