|

AD 609049

Technical Report AN EMPIRICAL FORMULA

#
*

FOR CALCULATING GAMMA=-RAY

AT e

DOSE ATTENUATION IN CONCRETE

e

DUCTS

b AR e R i e
Rt e Sy

25 November 1964

[COPY == OF 3 [onl]
HARD COPY §. .~ /%

MICROFICHE  §. <& 75

é////.

U. S. NAVAL CIVIL ENGINEERING LABORATORY

Port Hueneme, California

i ) AR R R I A e Y S AT

Best Available Copy

ARGRIVE GORY




L e PR SN BTN IR ks e ¢

AN EMPIRICAL FORMULA FOR CALCULATING GAMMA-RAY DOSE ATTENUATION
IN CONCRETE DUCTS

Y -F008-08-05-201, DASA-11,026
Type C
by

W. C. Ingold and C. M. Huddleston

ABSTRACT

A survey is presented of the current status of the calculation of gamma-ray
dose-rate attenuation in air ducts through concrete. A simple empirical formula
is exhibited which shows satisfactory agreement with the results of more complicated
computational techniques and with experimental results. This simple formula
represents a large saving in computation time — 2 seconds per case compared to
400 seconds by IBM-1620 computer. Its validity is established for a wide range of
duct geometries and for gamma-ray energies up to 3 Mev.

Copies available ot OTS $2.00
Quolified requesters may obtain copies of this report from DDC.
The Laboratory invites comment an this report, particularly on the
results obtained by those who hove applied the information.
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INTRODUCTION

In the shielding of personnel against gamma radiation from nuclear weapons,
an importont aspect of the problem is consideration of the hazard coused by radia-
tion which is scattered off interior surfaces of entranceways and air ducts into the
shelter area. The duct streaming problem has been investigated both experimentally
and theoretically at several laboratories. In this report a brief review will be given
of some theoretical approaches to the problem of gamma-ray streaming through ducts.
The calculational methods up to the present time, although quite accurate, have
been very complicated and time consuming.

The method of Chopman! will be discussed in some detail, since the object
of the present effort was to duplicate Chapman's results by less laborious means.

An emplrical formula will be developed to relate dose attenuation foctors to
gamma-ray energy and duct geometry, A comparison will be made between predic-
tions of the empirical formula and the results of other computational techniques.
Also, comparisons will be drawn between results of the formulo ond experimental
results. It will be demonstrated that the formula gives satisfactory results over a
wide region of interest.

Some somple problems will be worked to demonstrate the practical usefulness
of the empirical (ormula, and the accuracy and reliability of the formula will be
discussed, and its limitations will be delineated.

THEORY OF DUCT STREAMING

In the past, several investigators have attacked the theoretical problem of
gomma=ray streaming through air ducts in concrete. In order to discuss their work
as well os the smpirical formula to be developed, a standord terminology is adopted
as follows:

D = Measured dose rate in mr/hr at some distance along the axis of the duct

Do = Dose rate in mr/hr ot unit distance from source in air
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Dl = Dose rate in mr/hr in center of first comner of duct

Ll = Length of first leg, measured from the source to the center of the first
comer

L' = Distance from source to detector in first leg

I.2 = Length of second leg, of a two-legged duct measured from the center

of the first comer to the end of the duct

&~
n

2 Distance from center of first comer to detector in second leg of o two-

legged duct
H = Height of duct
W, = Width of first leg of duct

W, = Width of second leg of duct

W = Width of duct ifW| = W2

One of the earliest investigators was Eisenhaver,2 who developed a theoretical
model to account for the results of his experimental findings with a Co%0 point
source in two-legged ond three-legged rectangular air ducts in concrete. He
observed that dose fell off in the second leg of o duct according to the relationship

()

~ Seeking another relationship, Eisenhouer found

L
5

1
1 g

 where LBy (W/z)-- (Vi
| § = the absorption coefficint of Co‘ommysin concrete.




Eisenhauer was thus able to show that dose rotes along the axis of his ducts
were proportional to the solid angle subtended by the detector, provided the proper
origin was selected. In the second leg, then, Fisenhaver had

where K1 is an empirical constant which can be justified opproximately from
theoretical arguments.

Most treatments of the streaming of gamma radiation through air ducts in
concrete are based on the method of LeDoux and Chilton.3 Their method can be
explained by refererice to Figure 1. The Areas A}, A2, A3, and A4 are called
primory scattering areas because they are visible from both the source and detector
positions. It is reasonable, therefore, to suppose that most radiation reaching the
detector should be scattered from the primary scattering areas. Using approximate
values for differential dose albedo and invoking solid-angle arguments, LeDoux
and Chilton were able to calculate the primary scattering effects. Not having
available to them accurate values for differential dose albedo, they used total
albedo values, assuming isotropic scattering. LeDoux ond Chilton also developed
on analytical method for treating comer=lip transmission effects and corner~lip
in-scattering effects. Their results generally gove good qualitative agreement with
experiment, but theoretical predictions were low because of neglect of multiple-
scatter contributions.

Cl'\iltcm4 subsequently extended the anolytical method to cases where the
source and/or detector are located off the axis of the duct.

? Tm'cll5 used the best values then available for differentiol dose a'bedo. He
numerically integrated dose scottering contributions from the various interior surfaces
of a duct. Multiple scattering wos accounted for by the use of o build-up foctor,

PR SU:

Subsequently, Tomll6 described o computerized method for performing
numerical integrations of backscattered dose, still using o build-up foctor to account
for multiple scotter. The method appeared to give good results but remains subject
to question because relioble volues for differentiol dose albedo were not then
avoilable.







Another computer code for performing numerical integrations of dose
backscatter of gamma rays from interior walls of ducts was written by Silverman
and his co-workers.” The computer code treated only single scattering, although
a method was outlined for treating second reflections, because the spectral distribu-
tion of gamma rays backscattered from concrete was not well known.

Ingold” made calculations on Coé‘0 and Cs]37 gamma-ray penetration through
straight air ducts in concrete. Using the single~scotter a;'»gr oximation and using the
semiempirical albedo formula of Chilton and Huddleston,'4 Ingold, using o
computerized numerical integration, showed that a square duct and a round one of
the same cross-sectional orea have almost identical attenuation properties for all
duct lengths and for each energy studied. This comrutotionul result is in agreement
with the experimental findings of Fowler and Dom. 13

Ingold also wrote a computer program to treat second reflections within a
straight cylindrical duct. A difficulty arose because the albedo value for second
reflection depends on the energy of the once-scattered photon incident at the second
reflection surface. Even if backscattered gomma-ray energy spectra were well
known, an integration over the spectra would be required for an exact celeulation.
As an approximation, Ingold assumed thot the gamma~ray energy incident to the
second reflection was single-valued. The value taken wos that computed for the
emergent ray of the first reflectiun, assuming a single Compton scotter,

Chopmn‘ devised o computer program (Appendix A) to extend the LeDoux-
Chilton technique for two-legged ducts to include double-scatter effects, u img the
method of Ingold. 11 The first-order effects (Figure 1) described by LeDoux” ore
included as one port of the four-part progmn Second-order scatterings are
hondled in the monner described by 'ngold.’ ' In addition, Chopman treats other
second-order effects such as o wall backscatter followed by a comer-lip inscatter.
Chopman's method also gives relotive dose contributions of the various first- and
second-order effects. Table A-VI of Appendix A illustrates the ratio of the contri-
bution of each part of the problem to the entire dose rote for selected theoratical

* Measurements of the energy spectra of gammo rays from Cc:e‘o and Cs‘37 bock -
scattered from semi-infinite slabs of parctfin, aluminum, iron, tin, ond lead hove
been performed by !'lyc:nia.a Also, Monte Corlo calculations of the albedo of
1-Mev gam rays reflected from semi=infinite slabs of water, aluminum, copper,
tin, ond & ead ot various ongles of incidence nove been performed by Hoyward ond
Hubbell.” Another description ?f o gamma-roy bockscattering experiment is
given by Hayword ond Hubbell.




cases. |t is to be noted that the ratios of the lip effect to the total dose rate fall
off sharply os L and L, become increasingly long in comparison to the width, as
was ¢ redicted by Eisengauer.

The resuits of calculations (Table A-Vil) are compared with experimental
datas 5 6, ,',41 15, 16 for ducts whose widths vary from 11 inches to 6 feet, using
Cobc, Cs'g', Auwe, and Na24 gamma-ray sources. The calculated dosc rates
agice to within £3C percent for all ducts and all sources, except for small ducts
with Cs137 sources, duct; with very short first le (L]/W 51.33), ond for Ay'98
sources. 1. worst disagreement is for the Au'® case. Experimenis for this case
should be repeated.

Since agreement between Chapman's calculations and experiment is excellent
in most cases, it seems reasonable to believe that his calculations can be trusted to
be accurate anywhere within the domain of energy and duct geomstry where it has
been tested. Thus, for the argument to follow, it will be assumed that Chapman's
calculations can be accepted as true, even in cases where the calculations disagree
with experimeit. There are two strong reasons justifying this confidence in the
Chapman Code. They are:

1. Recent experi’menfs]7 have been conducted to study the energy spectra of
~amma radiation within a duct. Some shadow-shield experiments were also made to
determine tha relative importance of various intemal scaitering areas. The results
of this experimental study confirmed very closely the predictions of the Chapman
Code for individual dose~-rate contributions.

2. It is clear that attenuation factors must increase as the energy of the
gamina-ray source decreases. Therefore, among the various sources experimentaily
investigated, the smallest attenuation factor should obtain for Na24 while the
attenvation factor for Au'?8 should be the largest, provided the duct geometry is
the same. Howev.r, experimental results® indicate a smaller attenvation factor for
Au198 radiation than for Cs'37 radiation. On the other hand, the Chapman Code
gives monotonically decreasing dose attenuation factors as the gamma-ray source
energy increases.

For the two rcasons stated ahove, it is believed to be justified to use the
results of Chapman's calculations rather than actual experimental results when
attempting to develop a quick way to calculate approximate gamma-ray dose
artenuation tactors for air ducts in concrete.
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AN EMPIRICAL FORMULA FOR DOSE ATTENUATION CALCULATIONS

In light of the general consistency of the Chapman Code with experimentol
work and the illustrated inconsistencies in some of the experimental measurements,
a formula to fit Chapman's calculations rather than experimental results was sought.

in an attempt to discover relationships, a group of 54 ducts was chosen for a
preliminary study for three selected energies (0.662 Mev, 1.25 Mev, and é Mev).
The ducts had 1-foot and é~foot square cross sections with ratios of Li/W, Loy/W
egual to the integers 4, 5, and 6. These longer ducts were chosen to minimize the
cortribution of the comer-lip effect.

The array of dose attenuation factors of the 162 cases is shown in Table B-| of
Appendix B. The four contributions to the total dose are:

1. Comer-lip inscatter (LC). This calculation accounts for two effects:

a. The scattering of photons at the interior comer lip in such a way
thot radiation from the source is deflected so as to reach the
detector.

b. A combination, in either order, of a penetration through the comer
lip and a backscatter at an interior surface of the duct. Comer-lip
inscatter is illustrated by Figure 2.

2. Multiple comer inscatter (MC). This calculation takes care of the case
where there iz a combination, in either order, of an interior surface backscatter and
a comer=-lip inscatter. The four possible cases representing multiple comer inscatter
are shown in Figure 3.

3. Primary comer areas incremented {Ci). This calculation is concemed with
scattering from those "primary scattering areas" which are within a direct line of
vision from both the source and the detector. The primary scattering areas are
Ay, A2, A3, ond A4. These areas are incremented by areas A5 and Ag which can
see the detector or the source, respectively, through the comer lip by uncollided
penetration, as shown in Figure 1.

4, Multiple surface scatter (MS). This final computer calculation treats two
consecutive interior surface backscatters which cause a photon from the source to
reach the detector. A typical case of this type is shown in Figure 4.
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Figure 2. lllustration of comer-lip inscatter.
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detector detector
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Figure 3. Geometry for multiple comer inscattering with scattering
surfaces in the first and second legs.
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Figure 4. Typical geometry for multiple scattering.
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The array of attenuation factors of the 162 cases of Table B-l, computed with
the Chapman Code, displayed certain apparent tendencies:

1. The contributions based on the geometry of a duct (Cl and MS) varied
inversely with the square of the width. In Table 8~l, D, = 36 wos inserted in the
6-foot cases to compensate for the size effect relative to its 1-foot counterpart.

2. The addition of one duct width, W, to L} or L reduced the output to
roughly one-half that of the preceding case. When plot:ed, attenuation factors

seemed to fall off approximately as the inverse cube of the product of Lj/W andLy/W.

3. Most striking was the observation ihat the influence of initial energy was
such that attenuation factors fell off with increasing energy in a manner opproxi -
mately proportional to Eo~

4. Eccentricity of cross=sectional area (H/W) indicated an influence not
accounted for by other factors.

These observations indicated a possibility that a dose attenuation formula
might be expressed as a product of the various factors involved. Tentatively this
was assumed to be

G w2

D,

DO - L03 04E 05 (')
| l"2 0

in order to test the hypothesis stated by Equation 1, 80 cases in the region of
interest were rondomly selected. The 60 cases were chosen so as to satisfy all of
the following inequalities:

0.662 s E, < 6.000 Mev

1.0 <H 6.0 feet

1.0 W 6.0 feet

251y <36 feet

e e o




Chapman's Code was used to compute the attenuation factor for each of these
rondomly chosen ducts. Formule 1 wos then converted to linear form by taking the

natural logarithm of each member, producing an equation of the form

ln-g— = InA + °|l"% + ozlnw
o

+ oaln L‘ + a4ln I.2 + °5'"Eo

in order that o regression onalysis might be performed to fit the exponents to the
60 cose solutions. An 1BM=1620 computer progrom, “Stepwise Regression Anaclysis
Program® (STRAP) Revised, '8 wos used to perform this cnalysis. The parometers

mfwndhbo

A = 0,155 ay = -2.498

o, = 0.982 o, = =2.626

o = 2.850 oy = =0.637
12




When the formulo of Equation 1 with these parameters was used fo compute
the test cases, very close agreement (standard deviation, 0 =~ 5%) was found with
Chapman’s solutions. When applied to the different, though slightly overlapping,
domain of experimental ducts and energies of Table |, it was found that, in general,
results were 30 to 40 percent low.

A regression analysis was then done on the 60 cases in Table |, again using
Chapman's solutions as the dependent variable in the analysis. The parameters
found for this problem were:

A = 0,248 ay = -2.672

a, = 1.000 o, = -2.611
\

a, = 2,893 ag = =0,739

Since all these were square ducts, the eccentricity factor (H/W) did not
enter in; hence a, = 1.000. It is to be noted thot the greatest difference between
the two sets of parameters lies in the multiplicative constont. The second set of
parameters gave quite accurate results in the experimental domain, with the
exception of cases where the first leg was very short (L} < 1.33 W), However,
agreement wos erratic when the second set of parameters was used to calculate the
attenuation factors for the 60 rundomly selected hypothetical cases.

Nevertheless, inspection shows that the two sets of porometers are not greotly
different. Therefore, it seemed recsonable to combine all 120 cases ond to perform
still another regression onclysis. Before doing this, however, four cases from the
experimental domain were eliminated because the first legs were very short, The
formula was then found to be

H)°"°7 w2864
D . o214 w @
b . 7534 2.667 . 0.710
o L L €
1 2 o
13




Table |. Comparison of Calculated and Measured Dose Rates

‘l Dose Rotes (mr hr) ( .
! Doto Source Gommo-Ray Source w I.‘,"w c.j‘w' % Difference *
% Colculoted Meosured
¥ Groen'* 0.34¢ Co-60 Min. 1.90 1.65 87.3 125 -30
Y 2.06 “s 6l -7
2.46 7 0.5 -1
i 3.68 8.46 7.31 16
3.58 206 | 67 7.3 -15
286 26! 2.7 -3
368 | 130 1.3 0
¢ Eisenhover? 0.6c Co-60 1.1 in. 3.54 .73 17.4 15.6 11 i
] 79 4.94 37 +33 |
350 288 2.02 -3 !
Terratt ' 55 Co-60 \2in. | as0 1 20 s 82 | -8
‘ roa0 37 ! 243 : +30
’ | a0 140 Lo ; .28
Chopmen ' 2.4¢ Co-60 3n 20 1.67 6 w5 .
20 . 128 P X 5 4
P23 1 83 7.0 | +18
25 | %0 1.0 Cooas +7
[ 183 = 842 °.1 ! -8
L 20 a0 6.4 l -5
5 Y 3.79 B ¥ -2
Terrell® 3.67%¢ Co-60 eh 133 183 15.4 e 3
’ 250 656 475 .38
i ! R }/ 3.47 2.2 -43
[ 1ee 183 7.85 NS T -8
f P 2.50 346 2.73 -7
37 185 ® 433
20 1.83 an a5 3
§ ’ ! 2.50 212 X T ‘18
} ! 7 V.14 : 0.935 21
! .
Towet*3 00 Co- 187 V2in. . 38 2.0 06 a% ‘4
3.0 208 132 -8
! 4.0 %0 90 . -4}
Y T A 1.8 .5 1’5 -3
; 3 19.7 19.6 : 0
Terrett® 1.5% Cs-13 en 20 . I 0.058 0.714 ¥
{ : Coaar 0.207 0.186 -1
Temett® Y Ty Wt en - tes 1.83 0% 1 ‘e
: 1 2.50 .00 Lo ‘126
1 . e © 0 (2
217 183 . e 1 ee .108
: ; 2.50 154 07t -his
; : 37 0818 Co0 “128
i i ;
‘ 4% Ne-2¢ [oeh . 1ee 1.8 R ALY 29
2.50 LN S Y 37
T 208 R £37
EXT A ¢ N T YY) ‘s
P20 108 LoLer 13
. N 1.02 iooe -1
2 ' 202 1% ®
: I a0 oen [ osm 12
| L 27 0ers . oe2 3
: - b b i .
% DiMe * imeasred-coluivwd. »é) 100.

The values for Ne=2t o0 10 s of the velues cbroined uiing initigl gomma—ey wmergies of | 37 Mev ond 2,75 Mev.
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Table B-11 of Appendix B shows the results of this formula applied to all 120
of the cases. The Chapman Code required about 6-1/2 minutes of 1620 computer
time per case, while less than 2 seconds per case are required using the empirical
formula,

A histogram (Figure 5) displays the ratios of the formula solution to the
Chapman solution. In the cases plotted, the standard deviation is =~ 0.07. Approxi-
mately 95 percent of the cases lie within + 0.14 of the Chapman solution, and
approximately two-thirds are within + 0.07. If in the design of shelter entrance-
ways a confidence level of 95 percent is desired, the value computed by the
formula should be multiplied by 1.15.

Since experimental confirmation is nonexistent above 3 Mev, the validity of
the output of this empirical formula, or of Choapmon's Code, cannot be checked
above that energy. Since follout radiation has on effective mean energy of
approximately | Mev, this formula should be quite reliable for fallout shielding
calculations. It is uncertain, however, whether the formula is valid for high-energy
initial gomma radiation.

To further test the formula, the original 162 cases studied were calculated by
formula (R1) and compared with the Chapman solution (RC). The comparison is
shown in Table B-lll of Appendix B. These 162 cases were not used in the regression
analysis to develop the parameters used in the formula, so were an independent
group. Inspection of Table B-Il1 shows ogreement to be strikingly good.

SAMPLE PROBLEMS

The empiricol formulo will now be used to calculate dose rates within four
somple ducts.

Case 1

Consider o 6~foot square duct with L) = 12 feet ond Ly = 11 feet. The source
energy is 1.25 Mev, corresponding to Co60

Equation 2 is now used:

0.907

= 0.214 ) Gl

-4
= 0.976 x 10
o ‘22 534 )(1.250 7\0)

15
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Number of Cases
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Randomly selected cose

From experimental domain

rs - A A

95 1.0 1.08 190
Retie
Figure 5. Mistogrom of 116 Cases showing the ratio of the empirical
formulo solution o the computer solution.
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The above result can be obtoined by computer calculation, or by slide rule,
or by logarithms,

When the same case is solved using the Chapman computer code, the answer
is found to be

This case corresponds to an actual experiment performed by Terrell and his
co=workers,9 The experiment value was found to be

g—- = 0.8755 x 1074
[o]

It is clearly seen that the results obtained by the empirical formule are
sufficiently accurate for shielding calculations.
Case 2

Next, take the cose of o 3-foot square duct with L} = 6 feet ond Ly = 6 feet
where the gamma=-ray source is again Co0 (1.25 Mev).

The formulo of Equation 2 now gives

40 0707
D . 2u 3)
0, (25 (2867, (0710,

Slide-rule solution gives

D _ -
D = 0.381 x 10
O

17




The Chapman Code gives

The experimenta! result for this case, obta'ned by Chapman,16 is

D _ -3
o 0.354 x 10

o]

Here again, agreement is good between experiment, computer code, and
empirical formula.

Case 3

Next consider a smaller duct. Choose an 11~inch (0.917-foot} square duct

with L} = 3.28 feet, and Ly = 2.62 feet. The energy is again faken to be 1.25 Mev.

The formula gives

£0.917 0.907 »
D . oo \0.917 (0.917%-864
Do 3, 282.534 . 622'667) (. 250.71 0)
From the formula,
D _ -3
D= 0.538 x i0
°
Tha Chopman Code gives
D . 0.5406x 107
b}
o .
18




The experimental result for this case was found by Green‘4 to be

D _ -3
5 = 0559 x 10

(o]

Cose 4

In order to test the formula for a different initial energy, select @ 6 x 6-foot
square duct with L] = 13 jeet and L = 11 feet. For the gamma-ray source, choose
Cs137 with an energy E,, = 0.662 Mev.

Apply the formula as follows:

0.907
6
6 2.864
%— = 0.214 2534") 2667(" )om = 0.124 x 107
o 132334 (112667 (4 4420710

The Chapman Code gives

D _ -3
D - 0.1326 x 10

o
The experimental result for this case was found by Terrell 5 to be

D _ -
D - 0.1289 x 10

o

3

In all of the above cases excellent agreement is found between experiment
and the two methods of calculation.

19
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CONCLUSIONS

An empirical formula has been developed which can be used for hand
calculation of attenuation factors of dose rates of gamma-ray streaming through
concrete ducts. |t provides a vost saving of time — 2 seconds against 400 seconds
of computation by 1BM-1620 computer — and will handle a wide range of energies
and duct geometries. Further refinement of the formula might be made to discover
exponents less complicated or to find on additional factor treating the comer=lip
effect separately. The latier would be quite useful in working with ducts having
first legs Ly < 2W.

A hand calculator such as a nomograph or a slide rule should be developed for
use in civil defense work.

This formula might be simplified somewhat for strictly fallout radiation, since
most residual radiation has a mean effective energy of approximately 1 Mev, making
the E,, factor drop out as a 1. Log-log graphs might be drawn to handle unwieldy

exponents,

Using slide~rule calculations, the formula can be directly solved in its
present form:

0.907

H
D o (w) w2864
D 2435 2667 0710

° 1 L? Eo
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Appendix A

CHAPMAN'S COMPUTER CODE FOR COMPUTING GAMMA-~RAY
DOSE RATES IN TWO-LEGGED CONCRETE DUCTS

The computer code, written by J. M. Chapmm,' which is used for numerous
calculations in this report will now be briefly described. Because of the complexity
of the problem and the limitations of the IBM~1620 computer, Chapmon chose to
divide his code into four separate programs. Each of these parts calculates one of
the contributions to the totcl dose rate at the detector.

Early investigators found that when measuring dose rates in straight ducts,
their readings were always 30 to 40 percent higher than could be explained by the
inverse square law of dispersion of gainma particles from a point-isotropic source.
This indicated that the photons were being backscattered from the walls of the
duct. When this was studied analytically, it was determined that a single back-
scatter could not account for all o' the build-up. This led to a realization that a
second scatter contributed ro the total dcse.

In moving to a duc: with a right-angle bend, another factor was found to
materially aoffect attenuation. The lip at the inside comer of the bend was shown
to produce on inscatter ond to allow some rodiation to pass through it uncollided,
proceeding in a straigh.t line until it reached the detector or a surface where it
would undergo a backscatter. The albedo concept was developed to aid in the
calculation of these scattering sffects. Chapman incorporated diﬁor‘nﬂol dose
albedo into his progrom, using the method of Chilton and Huddleston 2 45 calculate
eoch of the contributions to the total dose rate.

in the "comer=lip inscatter" (LC), the radiation which undergoes a backscatter
ond on uncollided penetration of the lip, in either order, is calculated, os well as
that which reaches the detector as a result of o single inscatter through the comer
lip. The contribution resulting from a backscatter and a lip inscatter, in either
order, is calculated in the part, "multiple comer inscatter” (MC). That part
of the totol dose undergoing o single backscotter before reaching the detector,
"primary comer areas incremented” (Cl), is colculated by subdividing the scattering
areas into smaller reflecting unit areas. The remainder of the total dose rate is
hondled in "multiple surface scatter” (MS), which treats all rodiation that undergoes
two bockscatters.




For defails conceming the physics of the computer code, the interested reader
is referred to Reference 1.

The complete code, in five parts, is written for the IBM~1620 computer in
Fortron | with format. The first four ports are used to calculate the different
contributions of the problem while the fifth is merely o simple progrom to sum the
ovtput of the first four parts. Table A-l is o listing of the program which calculotes
the comer-lip inscatter (LC); Table A-ll, the multiple comer inscatter (MC);

Table A-lll, the comer scattering areas incremented (Cl); Table A-1V, the multiple
surface scatter (MS); Table A=V, the summing program; Table A~-VI, the ratio of
each part to the total; Table A-Vii, o somple problem showing input and output

by ports.

The input format is in the form (F7.3, F6.0, 2F5.0, 3F5.1). The output
identifles each cose in the format (4 x F7.3, F6.0, 2F5.0, 3F5.1, 10H TOTAL ( ),
1 x E 12.4). If individual parts of any contribution are desired, sense switch 1
should be on. All dimensions are in inches.
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TABLE A-1. CHAPMAN CODE LEDOUX-CHILTON LIP EFFECY

50 READ 100+EOQ¢DOIELLSEL2sW]loW2eH
100 FORMAT(F7.3’F6QOOF5.O’F500'F5.10F501’F501)
Bl=zwl/2.
B2=2W2/2¢
B3a=r/2,
X1sWl#W2/(2.%EL2-W]1)
X2sW1lHW2/(2e%#EL1=W2)
IF(EO=63)40940941
40 RLORG.65/7EQ%%,240
GO TO 44
&l IF(EO=160142+42443
42 RLO=5,98
GO0 10 4o
43 RLO=5,98%EQ##, 240
44 Y2=Blu(EL14B2)/(ELY=B2=-RLO)
$2=Bl#RLO/(EL1-B2=-RLO)
22%(Y2+4Bl+X2)/2,
$SQ3=EL1+B2
SQ2=EL 2481
SQl=(EL1*EL1+B1%Bl)##,5
SQ4m(EL2%EL2+B2%B2)#%,5
D=040
Ja4
E=EQ
ANE=LOG(E)
ANC'-2.9210.6805’AN500011l'ANE’ANE‘oO‘l31’ANE'ANE’ANE
C=EXP(ANC)
IF(E=14120092004201
200 ANCP2=85,894,275%#(E=342518%2
GO TO 204
201 1F(E~<241202,203,203
202 ANCP==6,864,368%(E~2,) %2
GO TO 204
203 ANCP==4,83=,0132E
2064 CP=EXP(ANCP)
T IFLJ=6)0818,9
8 R1s(SQ3485Q3+22022 108,95
R2=((EL2~22)0024B28B2)10%,5
CSTHO=(EL]1+B2)/R]
CSTH=B2/R2
CSPH=]1,40
AKsH® (Y2=-X2-81)
GO TO 1a

CONTINUED




11

16
46

47
48

49
51

13
17

18

14

29
15

22

IF(J-=5)10410,11
RIS(ELI®ELYI+(Bl+X2)##24+B3%B3)u8,5
R2=( (EL2-X2-Bl1)##24B834B3)##,5
CSTHO=B3/R1

CSTH=B3/R2
CSPH=(B1+X2)/((Bl+X2)#u2+EL1nF L2 100,
AK=(Y2-B2)# (W2+RLO)=X2#W2~-S2#RLO
GO T0O 146

IF(J-6)112912y13
R1=((EL1-B2=-X1)##24+B1#B1)##*,5
R2=( (EL2+B1)®82+(B2+X]1)%82) 22,5
CSTHO=81/R1

CSTH=(EL2+B2)/R2

CSPH=1,0

GO T0 14

IF(ES=63)66046947
RLS=6,65/7ES##,240

GO T0O 51

IF(ES=1.0)48,48,49

RLS=25,98

GO TO 51

RLS=25,98%ES##,269
Y1=B82#(EL2+B1)/(EL2-B1=RLS)
AKSH®(Y1-X1-B2)

GO T0 23

1IF(J=-7)17+17+30
R1s((EL1-X1=B2)#524+834B3)#8,5
R2=(EL2%EL2+(B2+X1)9%24+4B83083)na,5
CSTHO=B3/R1

CSTH=B3/R2
CSPH=(B24X1)/7((B2+¢X] ) #u24EL2¥EL2)#0,5
GO 1C 14

RLS=2.66%ES%8,436
Y1=B2%(EL24B1)/(EL2-B1=RLS)
S1=B2%RLS/(EL2-B1=RLS)
AKe(Y]1=B]1)8{Wl+RLS)=X18M]1=-S10RLS
GO TO 23

STHOR (1 o~CSTHOSCSTHO ) #9,5

STHe (]l 4=CSTHaCSTH)®#E,5
CSTHS=STHORSTHRCSPH=CSTHO®CSTH
ES=E0/7(1e%E0/451191]1,~CSTHS))
P=ES/ED -
UKn3,9T7050P8PR(] ,¢PaP=PR(],~CSTHS®##2))
IFtJ=T7)122+22+32

1F(J=6)23,16,18
AL=(CRUK+CP) /{1 +CSTHO/ZCSTH)
ODK=DO®AKSALSCSTHO/(R]1 ®R2) 082
IFU(SENSE SWITCM 11¢ .62

CONTINUVED




61
1000
103

1001
105

1002
1003
106

1004
104

62

30

32

33
107
34
102

77
a8

IF(J=5)100041001+1002
PUNCH 103,DK
FORMAT(E12+4+2X6HAREA
GO 10 62

PUNCH 105,0DK
FORMAT(E12492X6HAREA
GO TO 62
IF(J=6)1003,1003+1CC4
PUNCH 106DK
FORMAT(Z12.4352X6HAREA
GO TO 62

PUNCH 104,DK
FORMAT(EL124492X6HAREA
GO TO 62

D=D+DK

J=J+l

GO0 10 7

6)

8)

5}

1)

R1=((EL1-B2)##2+4B1#B])##,5
R2=((EL2-Bl)##2+B2#B2)##,5

CSA1=B1/R1
CSA2=B2/R2

CSTHS=CSA1#(1,=CSA2#CSA2)##,5+4CSA2# (] ¢~CSAL1#CSAl)®R,5

GO TO 29

DK=o01785#UK#H#CSAI#CSA2#RLC#RLO#D0/ (R1#R2)#%2

D=D+DK

IF (SENSE SWITCH 1)33,34

PUNCH 107,0K
FORMAT(E126492X13HLIP

INSCATTER)

PUNCH 102+EQsDOELL EL2sW1lsW20eHeD
FORMAT(IGXF7439F64092F54003F5.1910H TOTALILC)91XE1244)
IF (SENSE SWITCH 2)77.,88

PAUSE
G2 T0 50
END
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TABLE A-11l. CHAPMAN CODE MULTIPLE CORNER INSCATTER

&
i

50 READ 1009EOsDOJEL1IEL29W19W29H
100 FORMAT(F7¢39F6409F5009F5.09F5e19F5419F541)
i Bl=Wl/2.
: B2=W2/2.
B3‘H/2.
EX1zWl®#W2/(2e%EL2~-W])
EX2sWl®W2/(2+"EL1-W2)
DS=0,
X0=EL1+B2
YO=B1
20=0,
X3=82 3
Y3=EL2+81
23=0. ;ﬁ
DO 99 1=1,.3 &
: GO TO(l9293)! i
3 1 X1=(EL1=B2)/2.+W2
| Yl=0.
21=0.
AsH® (EL1-B2)
GO 10 &
2 X1s({EL1=B2)/2.+W2
Yi=B1l
2183
AsWl®(EL]1-B2)%2.
GO 10 &
3 Xlaw2
Yi=wl
21%0.
& DO 98 JU=3,5
Jlsy=2
GO TO(S46¢6)0J1
1F(1~3)7+98,98
iFi1=3)190+7,98
GO TC(8+9410)0J1
X2eW2
v2s¥}
1220,
GG T0 12
9 X2=0.
Y2s(EL2=B1)1/2.9W]
2220,
6O 10 12

g g s R
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10

12

14

15

16
17

18

20

21
22
23
25

X2=82

Y2=(EL2=B1l)/2.4Wl

22=B3
RI=SQRTUIXO=X1)*R24({0-Y]1)#%24(20~21)%%2)
R2=SQRT{(X]1~X2)##2+(Y]1=Y2 )R%24(2]1=22)%%2)
R3=S5QRT(IXI=X2)R%24(Y3=Y2)RR24(23=22)%%2)
GO TO(13s14915)1

CSO=lY0=-Y]1)/R1

CSl=(Yl=-Y2)/R2

CSPH1=1.

GO TO 16

CS0=(20~21)/R1

CS1=(21=22)/R2
CSPHI=(X1=-X2)/SGRT{(X1=X2)%#%#24(Y]=Y2)#%2)
GO TO 16

CSO0=(X0-~-X1)/R1
R=SQRT({X2=X1)#82+(Y2-Y])##%2)
CSl=(Y2-Y1)/R

CSPH1=R/R2

GO TO(17+18+19)9J1
RzSQRT((X2~-X]1)%%24{Y2=Y])%82)
CS2=z(Y2-Y1)/R

(S3=s({X3=X2)/R3

CSPH2=R/R2

GO TO 20

CS2=iX1=X2)/R2

C(S53=z(X3=-x2)/R3

CSPHZ2=],

AzH® (EL2~-B1)

GO TO 20

CS2=(22=-23)/R2

C53s(23-22)/R3
CoPH2=(Y2=Y1)/SGQGRT((Y2-Y])8824(X]1=~X2)08))
AsW2e(EL2-BY)#2,

CSO=SQRTICSO#CSO)

CS1=5QRT(CS1#CS1)

C52=50RT(CS2%CS2)

CS32S50RT(CS3INCSI)

D1=«DO

Kel

f£1=€0

GO T0122+23)eX

[FL1=3)20025425

IF1JU-3)2542%024

CSTHSaCSUSART(1~CS1®CS114CS1®SQRT(14-CSQ*CSO)

CSTHS=CSTHS®CSPH]
60 T0 26

CONTINUED




26 STHO=SART(1.~CSO#LS0)
STH=SQRT(1.-CS1#CS1)
CSTHS=STHO®*STH®CSPHI-CSO*(CS1

26 ES1=E1/(1e2E1/7e511%(14~CSTHS))
P=ES1/E1
UKZ349T705%P#P# (] o +PR#P =P (] 4~CSTHS#%#2))
GC TO(27+28) K

27 1F(1-3)29430,30

28 IF(J=3130930,29

30 IF(E1=63)34434,435

34 RLS=465/E12%,24
GO TO 138

35 IF(E1~15)36936437

36 RL535.98
GO TO 138

37 RL535098*E1’*024

38 DZ=.OI785*UK*H*CSO*CSl*RLS*RLS*DlI(RI*RZ)'*Z
GO TO 44

29 E=El
ANE=LOGI(E}
ANC=-2.921+.6805*ANE+.011l’ANE*ANE-.O“l31*ANE*ANE*ANE
C=EXP(ANC)
IF(E=1612009200+201

200 ANCP==5,894,275%(E~3,25) %%
GO T0 204

201 IF(E=~2412024203,:203

202 ANCP=«4oB6+¢36#(E=2,)#%2
60 T0 204

203 ANCP==4¢483~,013%F

204 CP=EXF (ANCP)

43 AL=(CRUK+CP)/(1e+CS0/CSY)
D2=D1#AL#A%CSO/(R1#R2)%#2

44 IF(K=2)45546,46

45 E1=ES1
D1=D2#R2#R2
R1=R2
R2=R3
CS0=Cs?2
CE1=(CsS3
CSPH1sCSPH2
K=2
GO0 10 21

46 DS=DS+D2
IF(SENSE SWITCH 1)47,98

47 PUNCH 101914J,D2
101 FORMAT(6X1649140E1244)
98 CONTINUE

e WP
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69 CONTINUE
PUNCH 102+EOQsDCIEL1sEL29Wl sW2sHsDS

102 FORMAT(OXF7.3¢F60092F50093F5.1leH TOTAL(MC)91IXE12e4)
IF (SENSE SWITCH 2)77,88

77 PAUSE

88 GO TO s0
END

31




TABLE A-1!1. PRIMARY CORNER AREAS INCREMENTED

READ 105+ M
105 FORMAT (12)
100 FORMAT (FT7e39F6e00F5409F5609F5e19F5e¢19F5,1)
50 READ 100+EQesDOSELLI»EL29W]1oW2,H
Bl=Wl/2,
B2=W2/2.
B3xH/2.
EX1sWl®#W2/(2e%EL2-W])
EX2=Wl#W2/ (2,%EL1~-W2)
E=EQ
ANE=LOG(E)
ANC=2=2492]14,6805%ANE+ 4011 1 #ANE#ANE~, 04131 #ANE*ANE#ANE
C=EXP(ANC)
IF(E~-14)20002009201
200 ANCP=2=5,89+¢275%(E~3425)%%2
H GO TO 204
: 201 1F(E~2,)202,203,203
202 ANCPz=4,806+¢36#(E~2,)#%2
GO TO 204
203 ANCP==4,83-,013#%E
204 CP=EXP(ANCP)
32 EM=M
DZ2=H/EM
i X1=EL1+B2
: Y1=81
21=83
X2=82
Y2=EL2+4B1
22=83
0C=0.
O1=0.
DO 40 K=1+5
D'oo
; IF(K=1)20+20421
§ 20 DX=(W2+EX1)/EM
X2=DX/2e
DA=DX%D2
Y‘O.
GO 70 28
21 IF(K=2)22+22+23

Y £ AN R

oy A L

¥
;
1
j‘v;
;
:
£
1
H

CONTINUED
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22

23
24

25
26

27

28

13
15

DY=(W14EXZ)/EM

Y==DY/2,

DA=DY*D?

X=O.

GO TO 28

IF(K=3)24424,425

DX=W2/EM

DY=W1/EM

Y==DY/2.

230.

GO TO 28
IF(K=4)26026427
DX=EX1/EM
DY=W1/EM
=‘DY/20

2=0,

GO TO 28
DX=W2/EM

DY=EX2/EM
=‘DX/20

Y=W1-DY/2,

2=0,

DG 39 I=1.M
IF(K=1314142

X=X+DX

Z2==D2/2

GO T0O 5

Y=Y+DY
IF(K=2)3+s394

2==D2/2e

GO 10 5

DA=DX#DY*#*2,
IF(K=4)414+42441

Xz=DX/2

GO TO &

XzW2=DX/72.

DO 38 JU=14M
IF(K=2)646,7

2=2+D2

60 TO 8

X=X+DX
IF(K=3)848513
IF(J=-M+]1-1)8415438

DA=DA/2,

R1I=SQRT((X]1=X)#%24(Y]1=Y)%R24(2]1=72)%%2)

R2=SQRT((X2=X)##24 (Y2 =Y )% %24(22=2)%%2)
IF(K=1)9,9,10

33
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P

9

10
11

12

16

37
38
39

70
43
&6
103
40

106
101
107
102

77
L 1

CSTH1l=Y1l/R1

CSTHsY2/R2

AsSORT ((X1=X) R824 (21=2)%282)
BaSQRT((X2=X)##2+(22-2)R%2)
CE=aXl=X2

GO TO 14

1FIK=2)11911p12

CSTH1=x1/R1

CSTH=X2/R2
AsSQRT((Y1-Y) #2824+ (2]1-2)R%2)
BeSQRT((Y2-Y)#%2+4(22=~2)##2)
CE=yv2-Y1

GO TO 14

CSTH1=21/R1

CSTH=22/R2

AsSQRT((X1=X)#%24 (Y]1=Y)RHN2)
BaSART((X2=X)##24 (Y2-Y)#R2)
CE=sSQRT((X1=X2)##24(Y]1~Y2)##2)
CSPHs (CERCE=ARA=B#B) / (2.%#A%B)
STH1=SQRT(1+=~CSTH1#CSTHI)
STH2SQRT(1e=CSTH#CSTH)
CSTHSsSTH1#STH#CSPH«CSTH1#CSTH
ES=E/(1e4E/e511%(1,=CSTHS))
P=ES/E
UK23,9T705%P#P# (] (+PR#P=PR(]1,=CSTHS#%2))
AL (CRUK+CP)/7(14+CSTH1/CSTH)
DKsDORAL#DA®RCSTH1 /(R1#R2) %82
D=D+DK

CONT INUE

CONTINUE

D1=DI1+D

IF(K~3)454570,70

0C=DC+D

IF (SENSE SWITCH 1) 44,40
PUNCH 1034KoD

FORMAT (6X144E1244)

CONTINUE

IF (SENSE SWITCH 1) 106,107
PUNCH 101K sDC

FORMAT (OX149E12:492X23H(TOTAL FOR AREAS 3,44,+5%))
PUNCH 1020EO0¢DOJELISJEL2oW19W29H,D!
FORMAT (AXFTo3sF6e092F5,003F5.1910H TOTAL(CI)91XE12,4)
IF (SENSE SWITCH 2)77,88

PAUSE

GO 70 50

END
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TABLE A-1V. CHAPMAN CODE MULTIPLE SURFACE SCATTER

100
50

111

DIMENSION X(9)sY(9)92(9)sA(9)9EM(9)

FORMAT (FT7e39F6e00F5,09F5409F5419F5414F5,1)

READ 100+EO0sDOsELL1sEL2,WY W2 eH
Bl=W1/2,
B2=W27/2,

B3zH/2,

EX1=W1#W2/(24#EL2-W])
EX2=W1#W2/(2,#EL1~W2)
S1=(EL1-EX1-B2)/2++EX14B2
S2=(EL2-EX2-Bl1)/2++EX2+B1
PL1=(EL1-B2)/2,.
PL2=(EL2-B1)/2,.
S=W1/2,%W2/PL2

DM=0,

X0=EL1+B2

Y0=B81
20=0,
X3=B2

Y3=EL2+81

23=0,

X(1)=B2+S1
X(2)=82+S1
X(3)=82+PL1

X(4)=B2
X(5)=82
X(6,30.
X(7)=0,
X{8)=B2
X(9)=w2
Y(1l)=0,
Y(2)=B1
Y(3)=W]
Y(4)=0,
Y(5)=B]1
Y(6)=81

Y{71=B1+S2
Y(8)=Bl+S2
Y(9)=B14PL2

Z(l"OQ
2(2)=B3
2‘3’.00
2(4)=0,
2(5)=B3
2(6)=0,
2(7)=0,
2(8)=B3
209120,

CONTINUED




All)=2 #H2PLLI=-H®EX]
Al2)sh oWl oPLI-W]#EX]
A(3)=2,8H#PL )
Alb)=HR(W2+EX])
A(S)Z2,#WIRW24WIHEX]1+W2REX2
Alo)sHR{WI+EX2)
A(T)=24*PL2%H-EX2#H :
A(8)=4,#PL2%W2-EX2#W2 ]
A(9)z2,#PL2%H
EM(1)=2,
EM(2)=3,
EM(3)=2,
EM(4)=2,
EM(5)=3,
EM(6)=1,
E"‘7,.l.
EM(8)=3,
EM(9)=],
DO 90 1I=1+6
X1=xt1)
Yisy(l)
Z1=2(1)
EMI=EM(1)
Al=AL])
DO 89 U=4,9
1F(1=5)54460,54

54 IF(1=J)5%089¢60

55 1F(1-3)56056+60

56 1F(J=7)600114,89

114 IF(1-1160:60:89

60 X2=XtJ)
YesYiJ)
22=21J)
EM2=EML )
A2=Al D)
IF(1=1311%61150112

11% 1F(J=T1112+929112

112 IF(J=5)66062+61

92 XlsW2e$
Al =HOH
A2={S=EX1)eWI2W2#LOG( (EL1~-B2)/S)
GO 10 66

61 1F1JU=8)066+0639606

62 1FL1=2)660064,63

63 IF(1-5)66:64,066

66 228=02
A2s,5042

e S IR 1

CONTINUED




66 Rl’SQRT((XO-XI)"2+lYO-Yl)'*2*(ZO°Zl)*'2)
RZ'SQRT((XI-XZ)*’2+(YI-YZ)'*2+IZI-ZZ)”2)
R3=SORT(IX2~X3)*“2+(Y2-Y3)*'2+(ZZ~Z3)”2)

IF(EM1=14167467468
67 CSO‘(XO“XI)/RI

CS1=2tx1~%X2)/R2
CSPH1=0,
GO TO 11

68 IF(EM1=~24)69,69,70

69 CSOS(YO—YI)/RI
CSl=(Y1-Y2)/R2
CSPH1=(X1°X2)/((XI‘XZ)*‘2+(ZI-ZZ)"2)"05
GO TO M

70 CSO*(ZO~ZI)/R1
CS1=(21~22)/R2
CSPHlthI-XZ)/SQRT((Xl-XZ)"2+(Y1-Y2)'*2)

71 !F(EMZ-I.)72;72.73

72 CS2=2(X1-X2)/R2
CS3=2(x2-X3)/R3
CSPH2=(Y2~YI)/SQRT((YZ-YI)"Z#(ZZ‘ZI)"Z)
GO TO 76

73 IF(EMZ—Z.)76g74975

T4 CSZSCYI-YZ)/RZ
CS53=2(Y2~Y3)/R3
CSPH2=0,
GO TO 74

75 CS2=(21~22)/R2
CS32(22-23)/R3
CSPHZ'(Y2~Y1)ISQRT((XI-XZ)"Z*(YI‘YZ)"Z)

76 CSO=SQRT(CSO#CS0)
CS1sSQRT(C514CS])
CS23SQRT(CS2#C52)
CS3aSQRT(CS3INCS3)

103 AA=A)
D1=D0
K=]
El=E0

82 STHO*SORT(].-CSO'CSO)
STH-SORT(I.-CSIGCSI)
CSTHStSYHOOSTHGCSPHI-CSO'CSX
ESltEll(l.*El/.5ll'll.~CSYH51I
P=ESl/E]
UK-3.9705’POP!(lo*P.P°p'flo~557HS"2)’
E=E]
ANE=LOG(E)
ANC=~2.9214.6605'ANEO.01lI'ANE0ANE-.06131'ANEOAN£0ANE
C=EXP(ANC!
[FULE=]14120042004520

CONT INUED




e S — TR

200

201
202

203
204
79

105
8o

81

83
104
a9
90
91
102

17
88

ANCP==5,89+44275#(E=3,25)#%2
GO TO 204
IF(E=24)2029203,203
ANCP"“086*.36"E°20)"2
GO TO 204
ANCP=-4,83=4,013%E
CP=EXP(ANCP)
AL=(CRUKSCP)/(1,4CS0O/7CS1)
D2sD1#ALRAARCSO/(R1#R2) %82
IF(K=2)80+81,81

ElsESl

AA=A2

D1=D2#R2#R2

R1=R2

R2=R3

CS0=(CS2

CS1=CS3

CSPH1=2CSPH2

K=2

GO TO 82

DM=DM+D2

IF (SENSE SWITCH 1)83,89
PUNCH 1044190J00D2

FORMAT (6X149145E12,44)
CONT INUE

CONTINUE

PUNCH 1024EQ0osDOJELY sEL2 W]l sW29H DM
FORMAT(G4XFT434F6e¢092F5e003F541410H TOTAL(MS)p1XE1244)
IF (SENSE SWITCH 2)77,88
PAUSE

GO 10 50

END

B A M N R e bt o




TABLE A-Ve PROGRAM TO TOTAL OUTPUT OF FOUR PARTS OF CHAPMAN CODE

500
600
700
800
900

400

300
350

Lé
55

READ 2¢MeN

FORMAT(13,12)

PUNCH 500

FORMAT (15X40H CALCULATED DOSE RATES IN 2-LEGGED DUCTS/)
PUNCH 600

FORMAT (2X2B8HLC=LEDOUX-CHILTON LIP EFFECT)

PUNCH 700

FORMAT (2X28HMC=MULTIPLE CORNER INSCATTER)

PUNCH 800

FORMAT (2X35HCI =PRIMARY CORNER AREAS INCREMENTED)
PUNCH 900

FCRMAT (2X2THMS=MULTIPLE SURFACE SCATTER)

PUNCH 400

FORMAT(6Xos4H EQ=9bXy&H DO=90X13HCONTRIBUTIONS)
PUNCH 1}

FORMAT (IXBHEL]l EL246X2HLC3IX2HMC 49X2HC T 49X 2HMS ¢ SXSHTOTAL )
DO 55 1=z].M

READ 300+WlswW2seH

FORMAT(13,13413)

PUNCH 350sW]loW2eH

FORMATI2X1I392H Xel342H Xol3)

DO 44 Js],N

CONT INUE

CONTINUE/

PAUSE

END




TABLE A-VI« RATIO OF EACH PARY OF CHAPMAN CODE TO TOTAL

o682 MEV
ELY  EL2 LC MC Cl mS Cie+MS LC+MC
12 X 12 CROSS SECTION
48+ A8, «068 ob71 0265 ~194 « 460 ¢339
48, &0 «065 oh21 303 «210 e513 « 486
“0 720 0063 .370 Q'§#1 022* .565 .‘33
60. ‘a. 0056 ‘.7.' '2" .192 .“66 .533
60e 60. 0053 o &S «313 e 2026 520 b T9
: 60 172 «052 374 +35°7 »220 «573 h26
{ T2« 48, + 087 oH87 279 185 P 3.1 ¢535
i T2 60, 2045 »835% 2319 «198 «518 nhBl
72 72 0044 0383 360 2211} 571 oh28
12 X 24
48, A8, «05%9 e511 0222 +205% o427 571
48, 60, «053 ob54 0243 «218 e hb?2 ¢ 538
48, 72, o051 » 4469 2268 « 231 2499 «500
60e o8, oAb «3510 223 «211 o560 +559
60s 60. 2043 82 +25C 0223 o874 525
60 T2 + 348 «323 2322 «105 o®27 s 12
T2 &8, o4} «316 0233 «209 abhé2 557
T2¢ 60. 2036 o887 0254 0221 o7 o524
T2e T2 «035% L4552 e278 «233 0512 «687 ;
26 X 12 :
48, 48, o181 390 2269  L1%¢ + 428 570 :
48, 60, o187 « 380 2293 o178 T2 527 é
48, 72. o131 ¢353 321 0193 15 «b85 :
600 40, +132 «308 292 o180 o473 0526 i
60e 60, 2112 369 v318 +199 «S18 04682 §
60 726  e100 337 348 2213 562 s 847 :
T2« A8,  elld 3856 «308 +190 «H99 +«500 :
124 60. o092 0363 o336 «207 -7 ¥ o856 f
T2 72, - «082 328 0367 0221 +3528 o1l :

e SOOI LR 2D TSR

CONTINUED




06862 MEV

T2 X
288,
288,
288,
360,
360.
360.
432,
432,
432,
72 X
238
288
<88,
360.
360,
36C.
%32,
432,
432,

72

288,
360,
432,
288,
360.
432,
Z88,
360,
432,
) Y
288,
360,
432,
288,
360,
43z,
288,
260,
“3z,

166 x 72

268,
‘88,
288,
360,
360,
360,
432,
432,
832

283,
360.
432,
288,
360.
432,
288,
360,
32,

LC

019
016
015
015
013
o012
013
o012
o011

«017
«015
«013
(14
#0127
«C1l4
e012
o010
«G09

053

. 2060

o34
«028
+ 029
o024
e 0130
023
+019

MC

0162
ol18
«096
0143
o118
e 096
el46
el121
« 099

el63
0146
o128
0159
e 1613
o187
160
o lés
o127

s 126
«113
« 099
oll%
+ 101
«088
o117
«097
«083

41

Cl

0683
e511
e535
0494
0522
548
¢ 504
0534
e561

0425
e b42
e 460
0430
1Y)
o617
o436
gﬁSZ
570

516

0526

o 540
522
+533
+ 549
«530
05423
¢559

MS

e353
0352
0352
¢ 346
0344
0342
0334
0332
0328

e393
«396
e397
«395
2398
«201
«390
«393
e393

«305%
e310
0326
+323
0333
«337
0327
e33%
«337

CleMsS

«837
e864
«887
«861
«867
«890
«839
«867
«889

«819
«838
«857
«826
o844
«818
«827
« 845
«863

«822
PY-TY )
«867
845
+867
o886
o858
o878
0896

LC+MC

0162
0135
0112
159
«132
«109
¢160
2133
el1l0

«181
0161
0142
«173
0155
o181
172
o154
«136

«178
s 154
0133
« 154
e132
o113
o16])
e12i
+103

CONT INUED
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1425 MEV
12 X 12
48, 48,
48, 60,
48s T2
é0s 48,
60e 60.
60e T2¢
72 48,
T2¢ 600
T2 72
12 X 24
48. 48,
48s 60,
48 724
60 48,
60e 60,
60e 72
72 486
72¢ 60
12¢ 72
24 X 12
48, 48,
48, 60
68, 72
60¢ 48.
60e¢ 60
60 172
72 48,
T72¢ 600
72 72

LC

+070
2065
2063
«057
0053
«051
« 0438
«045
o044

e062
«055
«052
«050
e 044
0042
00642
«037
¢035

«186
150
0133
e140
112
100
l15
092
0081

MC

chba
«401
0354
o847
0402
¢354
e 855
+410
0361

o4H81
o458
2428
b5
0852
oh21
o278
o455
2424

0383
375
350
375
¢359
0328
+368
348
315

42

Ci

e 277
e311
+367
286
0321
s358
e291
e328
¢ 365

0237
e256
0279
0245
e263
«286
0249
0267
02990

o274
0296
0322
0299
e323
0351
0316
034l
370

MS

«207
e221
o234
0209
0222
e235
«203
«216
0228

0218
0229
0240
0228
0238
«250
0228
0239
e250

«156
177
0193
«184
e204
220
e199
«217
e232

CleMs

0533
582
o495
e 504
0563
0495
P17
2594

0485
519
o473
502
0536
«478
506
0540

0430
ob73
e516
0483
528
o571
¢515
¢559
602

LC+MC

e515
466
o417
504
o455
2606
0504
0455
«&405

0544
o514
480
e526
o 497
0463
0521
0493
eb60

«569
0526
o483
¢515
o672
0h28
b b4
o640
«397

CONTINUED
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125 MEV

72 X
288,
288,
288,
360.
360,
360.
432,
432,
432.
72 X
288.
288.
288,
360.
360
360,
432,
432,
432,

72
288
360
432,
288,
360
432,
288
360
432,
144
2884
360,
432,
288,
360
432,
288,
360.
432,

144 X 72

288,
288,
288,
360,
360,
360
432,
432,
432,

288,
360,
432,
288,
360
432,
288,
360
432,

LC

018
016
015
eC15
013
012
«013
011
«010

017
o01l4
013
o014
+011
010
011
010
009

«054
«040
o034
«038
«028
00264
« 030
e023
«019

MC

e13C
«109
«090
«128
«108
«089
«131
110
«091

o147
0133
119
o141
.128
o114
o141
e129
o114

«122
o112
«098
«110
«098
«085
o103
0091
«078

43

C1

o487
510
¢533
o494
519
e 542
¢503
e528
¢553

0435
e 449
0466
0437
0450
s 466
0b42
o454
o470

«524
0930
542
0526
09534
0547
531
e 540
0553

MS

0364
¢363
0361
0361
359
«356
¢351
e 349
e345

«400
002
0401
e 406
«408
2407
0404
e 406
e 405

2299
+317
325
¢324
0338
¢343
0334
0344
e348

CI+MS

+851
o874
2894
0856
2878
«898
«855
«878
«898

«836
«851
«867
oB44
«859
«874
+ 846
«861
«876

e823
« 847
0867
e851
872
¢ 890
« 866
«885
902

LC+MC

+148
e126
«105
0144
e121
o101
0144
0121
¢101

0164
0148
132
e155
0140
01285
e153
«139
o123

176
0152
0132
0148
0127
«109
0133
o114
« 097

CONTINUED




6 MEV

12 X
48.
48,
48,
60¢
60¢
60
72
72.
T2¢

12 X
48,
48,
48,
60,
60¢
60.
T2
12,
726

26 X
48,
48,
48,
60¢
60
60.
T2¢
726
12¢

12
484
6Ce
726
48,
60¢
T2
48,
60
724

24
48,
60¢
724
48,
60,
726
48,
60+
T2

12
48.
60¢
T2¢
48,
60+
T20
48
60¢
T2

Lc

«097
«089
e 086
«076
«070
2067
o063
«058
¢055

«089
«079
«073
«070
2061
«057
«058
«051
e 047

231
189
167
170
0138

0122

0137
0110
0097

MC

e311
2281
0267
¢307
0276
0261
2307
276
0240

e336
0324
«302
0327
0314
e293
¢324
e312
«289

0294
286
0265
«278
0262
0238
¢263
0245
0220

CI

e363
e394
e&28
e372
«402
o435
0375
0 405
o438

0326
0343
¢ 365
0336
350
0371
¢339
0352
¢372

c323
0352
0380
0363
¢ 390
o418
¢ 386
obll
0438

MS

0227
0234
238
0244
«250
0255
253
0259
0265

0247
e253
«258
0266
0272
277
278
e 284
0289

«150
0172
e185
187
208
220
0212
0231
0243

CI+MS

591
0628
¢666
«616
«653
e691
0628
e665
o703

573
506
0623
602
0623
e 549
+617
0636
e662

4T3
524
e566
0551
-598
«639
¢599
0643
0681

LC+MC

2408
«371
«333
¢383
0346
«308
e371
e334
296

0426
0403
«376
«397
0376
350
382
¢363
0337

0526
0475
0433
o648
0401
0361
0400
0356
e318

CONT INUED




6 MEV

72 X
288,
288,
288,
360.
360
360
432,
432,
432,
72 X
288,
288,
288,
360¢
360
360,
432,
432,
432,

12
288,
360,
432,
288,
360,
432,
288,
360,
432,
144
238,
360,
432,
288,
360,
432,
288,
360,
432,

144 X 72

288,
288,
288,
360,
360.
360.
432,
432,
432,

288,
360,
432,
288,
360
432,
288,
3604
432,

LC MC Cl1 MS CI+MS LC+MC
021 «078 e553 0346 «900 « 099
018 +068 «573 ¢340 ¢913 e 086
016 0057 e594 #3331 0925 e 074
2016 e075 e547 360 908 e091
Q014 e 064 e566 e353 2920 «079
013 «C54 ¢587 ¢ 345 e932 0067
0013 .07‘0 .5‘04 .367 .911 0088
o012 e 05646 ¢563 360 923 «076
011 «053 583 e352 ¢935 « 064
019 «087 0508 ¢384 «893 e106
«016 «081 518 383 901 «098
«015 «073 533 «377 911 «089
«015 «081 503 ¢399 903 « 097
«013 «076 512 ¢397 910 «089
«012 «069 0526 0392 918 «081
012 «079 ¢ 499 «408 «908 e092
o011 «074 e506 0407 914 085
010 0067 519 ¢403 0922 077
e 057 «088 583 02171 854 0145
«043 o079 0588 288 876 0123
«036 « 069 0600 0293 894 0106
039 e 074 584 301 885 o114
«030 0066 ¢589 0314 ¢903 ¢ 096
0025 «057 0600 e317 917 0082
030 0066 582 0320 ¢903 «096
023 e058 ¢ 587 ¢330 917 «082
019 050 ¢ 598 «331 +929 «070

CONTINUED
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TABLE A-ViI.

080“65'03
¢8094E~03
«5162E-02
.2719E-02
¢«1783E~C1

wWw N

14250 4910.

O‘O‘O'O'OWJ\Jl’\’\ﬂU‘J"""'&\ﬂ\ﬂkﬂhihah)hlh'hlﬂ

AREA 6
AREA 8
AREA 5
AREA 7

SAMPLE PROBLEM SHOWING OUTPUT BY PARTS

LIP INSCATTER
16250 4910« 90,

36¢ 3600 360 3640 TOTALI(LCY

W sWww

00'4\’3'@('~JO\$3'0(’~JO\BO\D&W’U‘&-‘O\”&

e4383E-02
e5254E-02
¢4135€~03
+7849E-03

90e 36¢ 3640 3640

«0000E~-50
e3058E-03
»1288E-03
e2378E-04
03266E~-03
«6258E-03
¢3686E-03
02223E-03
+5204E-03
e2199E~-03
«4408E-03
¢3397E-03
¢326TE-04
¢8328E~04
¢6107E-04
02674E-03
e1545£=-03
«3675€E-03
01031E‘03
¢e1246E-03
¢1119E-03
¢ 1840E~03
¢3550E-03
¢0000E-~50
e1318E-03
059172€E-04

3600 TOTAL (MC)

16250 4910¢ 90.

WS WN -

06421E-02
03943E=02
0 4062€E-02
¢3897E-02
«9817E-03
«8941E-02

16250 4910+ 90.

36¢ 3640 3640 3640 TOTAL(MS)

(TOTAL FOR AREAS 344,5)
36¢ 3660 36640 36,0 TOTAL(CI)

e2732E-01

«1083E~01

¢5559E-02

e 1730€E-01

A —————




Appendix B

COMPARISON OF THE EMPIRICAL FORMULA WITH
OTHER COMPUTATIONAL TECHNIQUES

LC = LeDoux-Chilton lip inscatter
MC = Multiple comer inscatter
Cl = Primary comer areas incremented
MS = Multiple surface scatter
RI = Dose attenuation factor as computed by the empirical formula
RC = Dose attenuation factor as computed by the Chapman Code
R = RI/RC

47




12 x

12 X

26 X

TABLE B=I. CALCULATED DOSE RATES IN TWO-LEGGED DUCTS

E0=e662 DO=1 (AT 1 INCH)
EL1 EL2 LC
12 CROSS SECTION
48, 48, ¢9940E~-07
48, 60. e4T04E=-07
48, 172. 02595E=07
600 ‘80 o“‘845‘07
60e 60 ¢2128E~-07
60e 172 e1176E~-07
T2 48, e2387E-07
72. 600 011345‘07
T2¢ 72 e6277E~-08
24
48, 48, «1902E-06
48, 60, e 9064E-07
48, 172, e5020E=-07
60e 48, 086T1E=-07
60e¢ 600 e4138E-07
60e T2 02296E~07
724 48, e4643E-07
T2¢ 60, 02218E~07
72¢ 12 «1231E~07
12
48, 48 e1310E=-05
484 600 «5228E~-06
“3. 72. 025895-06
60, 48, 04918E‘06
60e¢ 60+ e 1993E-06
60 72 ¢9991E~-07
T72¢ 48 02325E-06
72¢ 60 e 95T76E-07
720 720 058325‘07

ALL DIMENSIONS IN INCHES

MC

«6798E-0Q6
¢3045E~06
e 1509€=-06
¢3812E-06
«1707E-06
«8458E-07
¢ 2430E-06
«1088E~-06
e5392E~07

e 1624E~-05
e8144E~C6
e9113E~06
e4583E~06
02679E-06
«5803E-06
¢ 2926E~-06
«1584E-06

0 2825E~-05
e 1348E-05
e6951E-06
«1383E~-05
«6560E-06
03364E”06
o7921£'06
037585‘06
¢ 1926E-06

Cl

¢3838E~06
02194E~06
e 1392E-06
e2194E~0b
¢1256E~06
e 7981E-07
¢1392E-06
e 1981E-07
¢5069E-07

e 7T051E-06
¢ 4098E-06
e 2626E-06
e 4098E-06
02382E-06
01526E-06
02626E-06
e1526E-06
09772E=-nT7

¢ 1950E-05
e1041E-05
063264E-06
e 1061E~0Q5
e 5658E-06
03478E-06
06324E-06
03478E-06
02153E-0%

MS

«2807E~0Q6
e1519E~06
e9147E~07
e1535E~06
e8285E-07
e4973E~-07
¢9238E~-07
0 4964E=0Q7
02967TE~-07

e6523E-06
e3676E=06
02265E-06
e3765E~-06
e2126E~-06
e1311E-06
¢2350E-06
21327E-06
+8181E~-07

e1151E~-05
e6329E-06
»3815E-06
06433E~06
¢3538E-~06
02135E-06
¢3904E~06
¢2149E-06
¢1297€-06

TOTAL

e 1443E~05
e 1228E~-06
e 4076E=-06
e 1989E-06
e 4004E~06
02258E-06
0 4985E-06
e 2496E-06
e 1405€E-06

03172€E-05
«1682E-05
¢9793E-06
¢ 1784E=~05
¢9505E=06
e5546E-06
¢1124E-05
«6001E-06
«3503E-06

e 7236E-05
¢3545E-05
e 1967E=-05
¢3559E-05
0177“E-05
¢9977E-06
«2C4LTE-05
¢ 1034E-05
¢5859E=-06

CONTINUED
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E0=4662

ELL

72 X 72
288,
288,
288,
360
360
3604
432,
432,
432,

72 X 144

288

288,

288,

360

360.

360,

432,

432,

432,

X 72

288,

288,

288,

360

360

360,

432,

432,

432,

144

D0=36

EL2

DG=36
288
360,
432,
288,
360,
432,
288,
360
432,

288
360
432,
288,
3600
432,
288,
360,
4324

288,
360
432,
288
360
432,
288,
360,
432,

LC

e1531E-07
«7275E=-08
04020E~08
¢ 7002E=-08
03338E'03
e1849E-08
¢3756E-08
¢1793E-08
09955E—09

e2935E-07
e1403E~07
«7788E-08
e1354E~07
e 6495E~-08
«3612E-08
¢ 7307E~-08
«3508E-08
«1953E-08

«2009E-06
¢8029E=07
e 3979E=0Q7
¢ 71680E=07
¢3122€E-07
e1566E=07
¢3668E-07
e1514E=-07
e 7659E~-08

MC

«1133E-06
«5075E=-07
e2516E~-07
«6353E-07
e 2845E-07
«1409E-07
«4051€E-07
e1814E-07
«8986E~08

027075‘06
e1357E~-06
e 7334E-07
015185'06
e 7639E=07
e4133E~-07
e 96T2E-07
o 48T7E=-07
e 2641E~-Q7

«4T0BE=-06
0224 TE-06
«1158BE=Q6
e2306E-06
«1093€E-06
«5608BE~07
¢1320E-06
«6264E~07
¢3210E~-07

49

Ccl

«3838E-06
e 2194F =06
e 13G2E=06
e2194E-06
«1256E-~06
e 7981E-07
01392E~-06
e 7981E~07
e 5069E~-07

«7051E-06
s 4098E~06
0 2626E-06
v4098E~06
«2382E-06
e1526E-06
e 2626E-06
¢ 1526E-06
«97T2E=-07

¢1950E-05
¢1041E-05
e6324E~-06
e1041E-05
05658E-06
e 3478E~06
e6324E-06
.3“78E'06
e2153E=-06

MS

«2807E-06
¢1519E-n6
.91“7E'O7
«1535E-06
«8285E-07
e4973E-07
«9238E-07
e4N64E=-07
0 2967E~07

e6523E-06
e3676E~06
e2265E-06
e3765E-06
e2126E~-06
e1311E=06
e2350E=06
o1327E=06
«81815=07

«1151E-05
06329E-06
e3815E-06
e 5433E~-D6
¢3538E=~06
e2135E-06
«3904E=06
.21“9{’06
«1297E=-06

TOTAL

e 7931E-06
0 4293E-06
¢2598E-06
e 4434E-06
024025‘06
e 1454E~-06
e 2758E-06
2 1493F =06
¢9034E~-07

«165TE=05
e9271E-06
e5T02E~06
e9517E~06
+5336E~06
032865'06
«6016C-06
03375F=06
«2078BE=-06

e3TT2E-05
¢ 1978E-05
¢1169E=-05
¢1991E~05
e1060C~05
+6330E-06
«1101E-05
e54DLE~0b
¢ 3BLTE=D6

CONTINUED




E0=1e25 DO=le (AT 1 INCH)
EL]1 ELZ2 LC

12 X 12 CROSS SECTION
b8, 48, e6210E~07
48 60 ¢2946E-07
48, 72. 0e1628E-07
606 48, e2787E-07
60e 60 e1324E-07
60 172 ¢71333E-08
72. “8. 014795-07
T2 60 e TO35E~08
T2¢ 720 «3898E-08

12 X 24
48, &8, ¢1176E-06
48, 60, e5629E-07
48 T2 e3127€E~07
60, 48, e534T7E-07
60e 60 e2560E=-07
60e 720 01423E-07
T2e¢ 48 e2859€E-07
T2¢ 60, e1368E~-07
72, 172 «7615E~08

26 X 12
48, 48, ¢8555E-06
48, 60 e3388E~-06
48, 72, e1676E~06
60e 48, 03146E~-06
60 60, 01266E-06
60 72¢ 06338E~-07
T2, 48, e1483E~-06
T72¢ 600 «6028E-07
T2¢ 72¢ ¢3037€-07

ALL DIMENSIONS IN INCHES

MC

¢3915E-06
«1798E-06
¢9042E-07
«2179E-06
«1001E-06
«5032E-07
«1383E~06
e6361E~07
¢3193E-07

¢9043E-06
e4643E~-06
02552€~-06
¢5031E-06
025955‘06
ol“?ﬂE-°6
¢3187E-06
¢ 1649E-06
«9091E=-07

«1760E-05
«8486E-06
2 4602E-06
e8409E=06
e402T7E~06
«2080F=06
«6T721E~06
«2268E~-06
«1171E=06

Cl1

e 2443E-Q6
«1396E-06
+8862E-07
¢1396E-06
¢ BOO4E~-07
¢ S5084E=-07
¢8862E~-07
e 5084E-07
03231E-07

e 4459E-06
02595E-06
e 1664E-06
0 2995E~-0Q6
e1511E-06
¢ 9690E-07
e 1664E~06
e 9690E-07
06211E-07

e1259E-05
26693E-06
e 4054E~-06
¢ 6693E-06
e3627€~-06
02225E-06
0 4054E~-06
02225E-06
¢1375E-06

MS

e1826E-06
e9945E-07
¢5999E-07
«1019E-06
e5543E~Q7
¢3338E~07
e6191E-07
¢3358E-07
¢2016E=-07

«4103E-06
e2323E-06
e1433E-06
02412E-06
«1369E-06
«8470E-07
01522E~-06
¢8656E-07
e5354E-07

o T197E=06
«4005E=-06
0 2432E~-06
W0128BE~06
e 2296E-06
e 1396E-06
e2550E-06
e1420E~06
e86644E-07

TOTAL

¢8805E-06
e 4483E-06
02553E-06
«4873E-06
e .4BBE-06
¢1418E-06
03036E‘06
e 1550E-06
«8830E-07

«1878E~05
«1012€-05
e5962E-06
«1057E-05
e 5T30E-06
¢3386E-06
+6659E-06
e3620E-06
2 2141E-06

e 4594E-05
¢2257€=-05
¢ 1256E~05
e2237€E-05
e1121E-05
06335€-06
OIZGOE-OS
«6515E-06
¢3714E-06

CONTINUED

1




EO0=1,4,25

EL1

72 X 72
288,
288,
288,
360,
360,
360,
432,
432,
432,

72 X 144

288,

288,

288,

360,

3604

360,

432,

432,

432,

X 72

288,

288,

288,

360

360

360,

432,

432,

432,

l44

D0=36

EL2

D0=36
288
360
432
288,
360,
432,
288,
360.
432,

288,
360,
432,
288,
360,
432,
288,
360,
432,

288,
360,
432,
288
360
432,
288,
360.
432,

LC

¢9484E~(Q8
e4512E-08
0249T7E-08
e4324E~08
«2063E-08
e1145E-08
«2315E~08
¢1106E-08
e6149E-09

«1800E-07
086355‘08
.4804E-08
083025-08
¢3991E~08
QZZZQE‘OB
«OLTTE=QS8
02154E-08
012016“08

«1300E-06
e5145E=-07
e 2543E~-07
0G8B4E~Q7
¢1968E=07
«9858E-08
02326E=07
29482E~08
o4 TBGE=~QS8

mMC

e6525E-07
e 2997E~-Q7
o1507E=-C7
»3633E-07
e 1669E-07
«8387E-08
e2306E-07
e 1060E-07
e5322€E-08

e1507E-06
e 7TT39E-Q7
0 4253E-07
«8385E~-07
«4324E-07
023815'07
e5312€E~-07
e2T748E-07
01515E’07

«2933E-06
e l414E=-06
e7336E-07
ol“QlE‘Qb
o6712E~07
e346TE~DT?
e 1868F=07
«3780€~-07
«1953€=-07

51

CI

e 2443AE-06
e 1396E =06
e 8862E-07
e1396E~06
e 8ONLE=(T
e S084E=-07
e8862E-07
e 5084E-07
e3231E-G7

¢2595E~06
o 1664E~(6
e2595FE-06
e1511E-06
096QOE‘07
e 1564E=06
0 9692F =07
e6211E=07

e 1259E=-0%
+6693E~00
e H(SULE-Q6
06693E-06
e3627E-06
02225E =95
Yok LY ]
02225E~06
s 1375%E~06

MS

«1826E-06
e 9G4 4E~-T
¢e509CE-7
«1019E-06
05542E~07
03338E‘07
e5191E-07
+3357E=-07
0 2C16E=-27

«4102E=~n¢E
0 2323E-06
e1433E-n¢€
QZQIZE‘G6
01369E=0¢6
e8469E~-07
e1522E=06
+8655E-n7
e5353E~-n7

e 1194E=C6
e 4004E=-06
o243 1E~p6
e 1 27E=-016
02296E-06
e1396F =06
.ZQ‘OQF“Pb
el1420E=06
o BEGL3E -7

TOTAL

«5016E~06
e 2T35E-06
0 1661E=06
e2821E-06
e1542E-06
¢3375E-07
e1759E-06
e9€11E~Q7
«5840E-07

o 1024E-0%
e5778E=Cé
.35736‘06
+9928E=06
e3352E-06
e 20T6E~06
0 3T62E-06

«2130F~-06
e 1310F=r¢

012628=-05
o TLT2F-CE&
e1271E-056
0 6791E-06
2 QD6EF=-NE
e TE22F =06
0“1175‘06
0 4B2FE-06

CONT INUED




L T I R L Ths R

E0=6

12 X

12 X

24 X

EL1
12
48,
48,
48,
60,
60
60,
T2
72,4
T2,
24
48,
48,
48,
60
60
60,
T2,
T2
724
12
48,
b8,
48,
60,
60
60
72
124
724

DO=1e (AT 1 INCH)
EL2 LC

CROSS SECTION

48, 0 2T43E-07
60, e1325E~-07
T2 o 7T418E~-08
48, e1198E-~-07
60, ¢5810E~-08
T2 23262E-08
48, +6248E~08
60. ¢3034E~-D8
72. 01706E“08
48, «e%131E-07
60 02506E~-0Q7
T2 e1412E-07
484 02275E=~07
60 e1114E~07
72 «6292E--08
48, e1197E~07
60 «5866E~08
T2 033165'08
48, +3687E~06
60 e1478E~-06
T2 e T385E~-07
48, ¢ 1292E=06
60 ¢5317€~07
720 ¢2703E-07
48, e5934E-07
60 024T6E-017
724 e1271E~07

ALL DIMENSIONS IN INCHES

MC

o8T12E-0Q7
041595-07
e2131€E~-07
«4802E-07
e 2291E-07
e1171E~-07
«3028E-07
e 1444E~07
¢ 7374E-08

¢1928E-06
«1028E~-06
«5786E~-07
«1058E~06
e5672E-07
«3192E~-07
e6666E~0T
«3582E-07
«2016E~07

4 700E~06
02240cE-06
«1169E~06
«2106E-06
«1007E~06
¢5248E-07
e1139E~06
05496E-07
e2875E-07

52

C1

¢ 1018BE- 06
¢5819E=-0Q7
03693E-07
e5819E~07
¢3332E-07
02116E~07
¢ 3693E-07
e2116E~07
01344E-057

«1873E-06
+1088E~-Q6
e 6974E-07
.1088E-O6
e6324E~07
e 4050E-07
e 69T4UE~-CT
e 4050E~07
e 2593E~-07

¢5155E~06
0 2752E~-0"
¢1673E~C¢t
02752E~06
0 1497E-06
09207E-07
¢1673E~-06
¢9207E~-07
¢5703E~07

MS

e6375E-07
03452E=-07
e 2058c-07
e3827E~-07
«207BE=07
e1243E~057
0 2493E--07
¢ 13558F-07
+8124E~(C8

e1416E-06
«8045E~-07
«4935E~-07
08621E~07
04910E'07
030215‘07
eS5T14E=-Q7
03262E~07
«2012E~07

«2400E~06
+1347E=~(6
«8180E-07
¢ 1418E=-06
e 1974E~-07
oHBONE=CT
e 9205E-07
25179E-07
«3163E~-07

TOTAL

e2c80l1E~06
e 1475E=-06
e8624€E~07
e 1564E~-CH
+8282E-07
e 4856E~07
¢ 9839E~07
«5219€E-07
¢ 3064E-07

#+5730E-06
¢3171E~-06
«1910E-06
¢3235E-06
¢1807E-06
¢1089E~-0S
e 2055E-06
«1148E-06
«6952E~07

e 1594E=-05
o TU1TE~06
04398E-06
e 75€8E~06
¢«3833E~-06
02201F=06
e4326E-06
e 2255E~=06
¢1301E-06

CONTINUED
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g

wuﬁmmmwmﬁmm&

ELL

72 X 72
288,
288,
288,
360,
360,
360,
432,
432,
432,

72 X 144

288,

288,

288,

360,

36Ce

3604

432,

432,

432,

X 72

288,

288,

288,

360

360,

360,

432,

432,

432,

144

D0=0

EL2

D0=0
288,
36Q
432,
288,
36C
432,
288,
360
432,

288,
360
432,
288,
360,
432,
288,
360
432

288
360,
432
288
286Ce
43
288,
360
432,

LC

+3869E~08
«1876E-08
»1051E-08
e1756E-08
e8552E~09
e4812E-09
«9358E~09
e4568E-09
e2575E=09

e 7245E-08
«3552E~-08
«2005E-08
«3336E-08
«1640E-08
¢9288E-09
«1793E-08
«8832E-09
«5007E-09

e5055E=07
e 2024E-07
«1011E~-07
0 1871E-07
01T " SF=n"
¢3920E-08
«883CE-08
«3695E~08
«1900E-08

MC

¢« 1452E-07
e6922E~08
«3553E-08
«8004E~08
«3818E-08
«1952€-08
«5048E-08
2 2406E~08
¢1229E-08

+3213E-07
«1713E-07
e 2643E-08
e 1763E=-07
e 9454F~D8
«5320E-08
ollllE-O7
«5970E~-08
«3360E-08

¢ 7833E=07
e3733E~-07
e1948E-07
¢e3511E-07
e sBTOF =0T
e87T4T7E-08
¢ 1899E-07
e9160E£~08
«4792E~-08

53

CI

e1018E~06
¢«5819E~07
e3693FE=07
«5819E-07
e3332E-07
0 2116E=07
02116E~57
e 1344E-07

«1873E-06
«1088E~-06
«69T4E=-D7
«1088E-06
e6324E~07
«4050E~07
e 69T4E~-Q7
e 4050E~-07
¢2593E-0Q7

05155E°06
«2752E-06
+1673E~06
e 2752E-06
e LA T =06
«9207TE-07
«1673E-06
«9207€E-07
«5703E-07

MS

e6374E-07
¢3452E-07
«2058E-07
«3B27E-07
02078E'07
e 1243E-07
e2493E~07
¢1356E-07
«8124E~08

¢ 1416E~06
e 8044E=~07
e4935E~07
08620E-07
«4909E~07
¢3021E-07
«5713E=-07
¢3262E=-07
«2012€=-07

«2399E=-D6
«1347€E-06
08179E‘07
e1417E~06
W TTTCE~uT
+4860E-07
«9204E~07
¢5178E~07
e3162E-07

TOTAL

¢ 1839E-06
010155‘06
e6211E~07
«1062E~06
e5BTT7E-07
¢3602E-07
e6T84E~DT
e3758E-07
«2305E-07

¢3682E-06
e2099E-06
«1307E-06
0 2159E=-06
0 1234E-06
e 7T695E~07
e1397E-06
¢« 7997E-07
W 4991E-07

«8842E-06
¢ 46TLE=06
«27B6E-06
«4T707E-06
e <D39E~-06
¢1533E-06
«28T1E-06
«1567E-06
e9534E-07




EO

1250
1,250
1250
1250
16250
14250
1¢250
le¢250
16250
16250
14250
14250
16250
16250
14250
1,250
1250
1250
1,250
14250
16250
16250
14250
162590
14250
: 14250
o 14250
' 1250

1¢250

0662
o 0662
? 0662

0662

0662
! 0662
| 0662
obl12
0412
ohl2
0012
obl2

R e Wt

TABLE 8-11e. FORMULA SOLUTIONS IN 120 CASES

L1

1.740
1,740
le74C
1,740
3,280
3,280
3.280
3,270
3,270
3,270
84000
84000
8.000
6.0C0
6.000
6.000
Te¢500
7500
7.500
7500
10.000
10000
10000
12.000
12,000
12,000
3500
3,500
3.500
3.500
34500
34500
13.000
13.000
12.000
12,000
10000
10.000
10.000
13,000
13,000
13,000

Ae SIXTY EXPERIMENTAL CASES

L2

14510
1.890
24250
3,370
1,890
2620
34370
1600
2580
3,250
11000
15.000
19.00¢C
5000
6000
74000
44500
5500
6,000
T¢500
11,000
154000
194000
11000
15,000
19,000
20000
3.000
4.000
2000
30000
44000
11000
14,000
11.000
19.000
11,000
15,000
19,000
11,000
154000
19,000

¢917

0917

2917

e917

2917

+917

917

«925

0925

0925
6000
60000
64000
3.000
3.000
3.900C
3.000
3.000
3000
3.000
64000
6000
66000
6000
64000
6,000
1.000
14000
14000
1¢000
1.000
1000
6000
6000
6000
6000
6.000
6.000
64000
64000
6,000
6,000

917

«917

0917

«917

«917

0917

0917

«925

«925

0925
64000
6.000
64000
3,000
34000
3.000
3,000
3,000
3.000
2.000
6.000
6000
64000
64000
6,000
6.000
1.000
1.000
1.000
1,000
1.000
1.000
6.000
6000
6.000
6.000
6000
6,000
6.000
6,000
6,000
6,000

R1

¢1166E-01
o6411E-02
o 402TE-02
e1371E-02
e1286E-02
¢5382E~-C3
«2750E-03
¢20T1E~-G2
e5T94E-03
¢3130E-03
«2657E~03
«1161E~-0Q3
«6185E-04
06195E‘03
+3809E-03
e2525E-03
e4661E-03
+2T29€-03
¢2164E-03
¢1193E-03
¢1509E-03
e6600E-04
¢3513E-04
¢9510E-04
s4158E~-04
e2213E-04
«1202E~02
o 4Q078E=-03
«1893E~03
0 1888E-02
+64L04LE~-03
02973E-013
01219E-03
e6408E~-04
¢1493E~03
03476E~-04
03319€-03
01651E~-03
o TT12TE=0%
e1707€~-03
s T4H6E-04
¢3974E-~-04

RC R

e 1829E=01 e637
e9216E-~-02 +695
e5613E-02 «717
e1752E-02 «782
e1278E-02 14006
e5406E~-03 ¢995
«e2693E-03 leD21
e2042E-02 14014
e5798E-03 +999
¢3110E-03 le006
e2955E-03 +899
¢1259E=03 «922
e6658E~-04 «329
«e6029E~03 le027
«3688E-03 14033
e 2444E-03 le033
o 4244E-03 1,098
0 2464E-03 1,107
¢1961E-03 16103
el1109E=-03 le076
+1506E-03 1e¢002
06639E=04 0994
#3550E~-04 ¢989
¢9038E=04 len52
o 406RE=-04 1e022
¢2188E-04 14011
«1290€-02 2932
e4465E=~03 0913
¢1972E=03 0960
e2202E=02 «857
e 7588E~03 0843
03270E=03 0909
e1326E~03 e919
e T158E=-04 ¢895
¢1663E-03 e898
04012E-04 0866
¢3367E=03 ¢ 985
¢1512E~03 ¢960
¢ 780BE=04 «989
01664E-03 14026
¢ 71515€E=04 0993
03992€=-04 «995

CONTINUED

SR O s




EQ

1¢370
2475C
1,370
2¢75C
14370
26750
14370
2¢750
1.37¢
26750
le370
2e75C
143790
24750
16270
26750
16370
24759

L1

10.000
10.000
10.000
104000
1040C0
10002
13.000
13.000C
13.000
13.000C
13,000
134000
17.000
17.000
17000
170000
17.000
17.000

L2

11000
11,000
154000
15,007
194CC0O
194000
114000
11.CCO
15,000
154C00
19,00
19,000
11,000
11.000
15,000
154000
19,000
19.000

H

6eQ0U
64000
6.090
6000
64000
6420C
56000
6200
6eC0OQ
6000
6+070
€eC0O
Se 00
€eN0OC
6000
64000
600N
6.0C0

W

6000
6,000
6.000
6e0CC
66000
6,000
€4000
64000
6000
6,000
6.GCD
6000
64000
6.000
6.CC0

64000
6,000

L VRV

64000

35

R1

01414E-03
e8624E-04
e£184E~-04
037?1E-C4
03292F=p4
e 2007E~y%
e 1275E-04
¢3181lE-n4
¢ 1G3QE--04
01693F=~C4
e 1032E-04
¢3686E=-n4
0 224T7E-04
e1612E-04
+9829E-05%
e8581E-05
05232E-05

rC

e1419£-03
19269F =04
e6270E=-04
26020E-04
¢e33237E-04
e2153E-04
2HB32F-04
e4349E~p4
e3082E~04
01955 =04
0 1663E~0u
«1061E-0C4
e3307E=04
o 2109E=-04
01532E=-04
0 9664LE=-05
eB83363E-05
¢454TF~05

996
¢930
« 986
«938
« 986
«932
14064
leQ19
1e032
2992
len18
«973
lells
le065
le052
le0l17
le02A
le150

CONTIHNUED




SRR,

Ly

e TP

i
£
£
i

EO

1,234
1,995

0732
1.035

0977
24519
44323
5¢057
1,962
34252
50972
26275
4.702
3.676
44384
5,523
3.809
3,633
24992
20990
46411
3.701
50299
44308
YNAY
24305
5659
3,408
3,531
44323
4eT07
20381
5¢960
50142
20712

o715
5921
.17

« 845
3,780
2269
4,891
4,783
4,958

L1

11,000
21,000
30.000
22,000
16,000
17,000
234000

7000
17,000
200720
31.000
234000
22000
17.000
19,000
18,000

6,009
13.000
30,000
294000
29000

7000
10000
33.000
25,000
16,000
22.000
12.000

9.000
14.000
16.000
22000

20009

5000
30.000
30000
25.000
22.000
28000
24.000

7000
17.000
13,000
18,000

L2

18,000
15,000
206000
254000
17000
15,000
17,000

7400C
17000
204000
10,000
31,000
32.000
254000

8000
19,000

5000

8.000
244,000
254000
31000
224000

6000
27000
15,000
12,000
234000

7000
11.000
12,000
13.000
204000

64000

44000
16,000
19,000
16,000
17,000
304000
14,000
14,000
334,000
13,000
24,000

Be SIXTY RANDOM CASES

50200
6,000
5900
44,800
44100
5500
6000
5000
5000
3.700
6.000
5200
5900
40700
44200
44300
4,000
44300
54900
5100
54400
4000
1¢700
5700
5200
5100
44800
24400
2800
2900
5.400
6000
1100
24300
5.700
5200
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