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Preface

Under the impression that the transmission of x-rays
through the atmosphere had been exhaustively studied, I was
suprised to find that there is very little written in the
literature which deals with the subject., This paper deals
with the fluence and transmission of x-rays and the fluence
or dose of prompt radiation (neutroms and secondary gamma
rays) and compares the results of the former with those re-
sults predicted by use of the Horizons Technology, Inc. (HTI)
x-ray fluence and transmission program,

This thesis topic was one presented by Dr. Charles
Bridgman of the faculty of the School of Engineering, Air
Force Institute of Technology with the expressed intent of
validating the results obtained using the HTI program by ob-
taining similar results using mass integral scaling and the
build-up factor method.

I wish to thank Dr, Bridgman for his patience and help
in getting me through the rough spots in this research, I
also wish to express my thanks to my wife, Linda, and my
children for the patience they showed me even when I had
none for them.,

Donald E, Jones
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Abstract

This report is to validate and evaluate a Horizons
Technology, Inc. (HTI) TI-59 program written to calculate
the free field x-ray fluence {from a nuclear burst. In
addition to this validation of an existing program, pro-
grams were written to compute mass integral and prompt
radiation effects, X-ray transmission is calculated using
a build-up factor method and is compared to results from
the HTI programn. Results are compared for black-body temp-
eratures of 0.1, 1,0, and 10.0 keV and mass integrals from
107% to 50.0 gm/cm?. The vresults compare well with a max-
imum error of approximately 21%, HTI's program bas a minor
problem as the transmission factor approaches zero so a
TI-59 program is provided for use in that regime., A quick
FORTRAN program is provided to calculate the fluence reach-
ing a receiver, TI-59 and TORTRAN programs are given to
calculate the mass penctrated and prompt radiation fluence

or dose.
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X-RAY FLUENCE AND TRANSMISSION AND

PROMPT RADIATION FLUENCE OR LOSE

I. Introduction

Background

The work reported here was motivated by a program
written by Horizons Technology, Inc. (HTI) under contract
to the Lefense Nuclear Agency (contract number DNA 001-78-
C-0247). This program, x-ray {luence and transmission
(Ref.1l), is one of a number of nuclear weapons effecis pro-
grams developed by HTI., All ¢f these programs use the
Texas Instruwents T1.-59 hand-held programable calculator
(Ref.2). The TI-59 stores and retrieves these programs
on/from small magnetic cards, '

The original p-irpose of the project was to evaluate
the HTI x-ray fluence and transmission program, The eval-
uation was to be accyuplished by comparing the HTI results
to x-ray transmission factors computed using a build-up
factor method. The build-up factors were calculated for in-
finite, homogenecus air using coefficients provided by
G. Kalansky (Ref.3). As will be shown, the use of build-up
factors amounts to applying the mass integral scaling approx-
imation first described by Zerby (Ref.4) and recently studied
by Shulstad (ficf.5), The mass integral scaling approximation

has also been used by Murphy (Ref.6) and Eamon (Ref.7) to
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calculate free field neutron and secondary gamma fluences
and/or doses from a nuclear burst. So, an extension of the
project and the mass integral scaling technique led to a
new program, not published by HTI, to calculate prompt rad-~
iation effects, Since both the existing HTI program and the
build-up X-ray and prompt radiation programs require the
mass integral as an input, a second new program was written

to calculate the mass integral,

Purgqgg

The purpose of this work became threefold. The first
part was to validate the HTI TI-59 x-ray flux and trans-
mission program (Ref,1:9-1,13),

The second part of the purpose was to write a new pro-~
gram to calculate prumpt radiation effects., Finally, a sec-
ond new program was to be written to calculate the mass in-

tegral.

Method

The use of build-up factors to compute x-ray fluence and
the transmission factor is developed in Chapter II. The build-
up factor method (BU) is contrasted to HTI's method of cal-
culatioi, The programs written'for this project are describ-
ed in Chapter 1TI, Results of both methods are compared in
Chapter IV, Chapter V discusses the work of Murpliy and Eamon,
with respect to neutrons and secondary gammas, and the new
program which is provided, Chapter VI states the conclusions

2
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and recommendations of this work.

Assunptions

Two explicit assumptions are made in this work, They
are

1. Kalansky's build-up factor coefficients are applic-
able (Ref.3).

2. The concept of mass integral scaling applies to
x-rays and prompt radiation,

The assumptions are discussed later in the text.
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I1. Basic Principles

Theory
In this work, the HTI program is evaluated by compar-
ing its predictions to results from an alternate prediction,
the build-up factor (BU) method. Both methods use the same
equation for fluence:
SIT

F = Avr?’ (1)

where

fluence in calories per square centimeter

F
S = source yield in calories
T

transmisrion factor

distance from source to i1eceiver in centimeters

e ]
n

f = x-ray fraction of ine source yield
The only real difference between the BU method and the HTI
model is in (he calculation of the transmission factor, T.
For this reason, a large portion of this work is devoted to
the calculation of the transmission ceofficient by each

model .

Transmission Factor for the BU Method

The BU method for calculation of the transmission fac-
tor, T , is based on mass integral scaling of x-rav trans-
mission in a homogeneous atmosphere. Mass integral scaling,

first suggested by Zerby (Ref.4) in 1956, is current!y used

4




for neutron and gamma ray transport in the Air Force Wea-
pons Laborestory computer code SMAUG (Ref.6) and has re-
cently been described by Shulstad (Ref.5). An explanation
of mass integral scaling is given in Appendix A,

This work made use of build-up factor coefficients de-
termined by Kalansky (Ref.3) to account for the increased
number of x-rays reaching a receiver due to scattering.
Kalansky did his x-ray transmission calculations using a
moments method solution of the Boltzmann transport equation
in an infinite, homogeneous atmosphere. His results are re-
ported in the form of BUF as a function of mean-frce-path
with x-ray energy as a parameter,

If the build-up factors are known for all energies,
they can be used to compute the transmission factor for a

spectrum of x-ray energies by

(hv)M.I. }d(hv) (2)

T =f P(hv)BUF(hv)exp{-[u/e] ;.
0

where

P(hv)

probability of an x-ray with energy between

hv and hv + d(hv)

i

[%]air(hv) total mass attenuation ceofricient for air for

an x-ray with erergy between hv and hv + d(hv)

M.I. = mass integral = J,(r) dr which is the mass con-
tained in a unit area tunnel of length, r, from

source to receiver

5
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BUF(hv) = build-up factor for an x-ray with energy be-
tween hv and hv + d(hv)

Since the integration of Eq.(2) would be difficult, if not

impossible, to do analytically, it is usually solved by
numerical integration, Eq.(2) can be rewritten in discrete

energy space as

G
T = Z P, BUF, exp[-(u/p)5, . M.1.] (3)
g=1
where
G = total number of energy groups
Pg = probability of an x-ray energy within the limits
of the group, g
(“/p)gir = total mass attenuation coefficient for air for
an x-ray energy within the limits of the group,
g
BUFg = BUF for an x-ray of energy within the limits of

the group, g

if the groups are sufficiently narrow, one does not have to

worry about what value of u/p and BUF are appropriate for

e b, AR SRR R

each group. Eq.(3) is used by the BU method.

Group Probability., The BU metlod assumes the source

to be a perfect black-body radiator and that the source
Xx-rays can be represented by a single normaliced Planckian

black-body spectrum., These normalized Planckian functions

6
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are (Ref.8)

. _ 15 (hv)?
P(hv;T) = m[m] (4)

where P(hv;T) is the prohability of an x-ray of energy hv
with a black-body temperature of kT keV , Determination
of Pg in Eq.(3) can be made by integrating Eq.(4) over the

energy range of each group (Ref,.8)

hv
_ (& 15 (hv)?
o=/ [WW]G(‘W) (5)
hv
g-1

This integration allows the computation of a probability
for each energy group being used., Equation (5) can be put

in normalized form by first defining the dimensionless quan-

tity, u , to be u=hv/kT , Then Lq.(5) can be rewritten as
b 3
P -_-fg 2 ..‘31—-> du (6)
g " e'-1
g-1

Evaluation of Eq.(6) can be accomplished by integration. read-
ing values from a graph such as Figure 1 (Ref.8), or reading
tables of the Planck function agd its integral (Ret.9). In
this work, the probability for each group is found by numeri-

cal integration over u using a box approximution to numer-

ically calculate the integral, Note that due to the nature
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of the Planckian function and u , one computation of the
probability for each group is all that is required since
the probability of energy group uy is the same regardless
of the temperature of the radiating body.

The computation of the probabilities for each group
for the baseline program is accomplished in Subroutine
PLANCK (Appendix C) using equal Au ,

Mass Attenuation Coefficient, The mass attenuation co-

efficients for air can be obtained from several sources
(Refs8;10;11). The primary source used in this work is

UCRL 50174, Compilation of X-ray Cross Sections (Ref.10).

The data points which were used to generate the polynomial
fit to the mass attenuation ceofficients are plotted as
circles on Figure 2, The line in Figure % was generated
using the fit coefficients given in Table I,

The mass attenuation coefficients were fit using a
Laurent series polynomial fit in powers of 1/E , where
E is the x-ray energy. Fit coefficients, root-mean-square
errors and plots of the fits were generated for powers of
1/E from two through six. The best fit is of fi{th degree,
The coefficients for the fifth degree fit are shown in Table
I, This polynomiai fit is plotted in Figure 2 alon,s with
the data points used to generate the fit,

The results of the mass attenuation coefficient fit are

written into Subroutine MURHO for the baseline program (Appen-

dix C).

Gl B
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TABLE 1

Fit Coefficients for Polynomial Fit

of Mass Attenuation Coefficients
Degree Coefficient

constant ~,001354
1/E 19,7541
+JE? ~461,7632
1/E? 6680,0229
1/E* ~-3497,3643
1/8° 907.3575

Mass Integral, The mass integral is th~ mass of air

contained in a unit area tunnel between the source and the

receiver., Mathematically, this is stated as

r
M. I. =Jfb(r') dr” (7)
0
where r is the slant range as defined in Figure 3, 1f the
air 1s assumed to be exponentially varving in density accord-

ing to the local pressure scale height, then

4

2

MUIL = — Jf Q(ZB)exp[~z/HB] dz” (8)

sing

0

11
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Figure 3,

where

M.I.

fl

The density

dard Atmosphere 1976 (Ref.12),

Definition of Mass Integral Variables. 2 is
the source height. Z,, is the receiver he?ght,
@ 1is the inclination”of the receiver with re-
spect to the source, and r 1is the slant range.

mass integral
as defined in Figure 4

Z

B T
density of air at the source height

2

scale height of atmosphere
source height
receiver height

and scale height can be obtained from ! .S, Stan-

Since 2z and H

are all in units of kilometers and

B ’ Z'I‘ ] B

p 1is usually in units of

12
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Figure 4, Angle Definition.

gm/m®, a conversion factor must be used to get the mass in-
tegral in units of gm/cm?,
Fq.(8) is directly integrable,

-H
M.T, = o2 p(2y) [exp(-2" /g )-1] (9)

Examination of Eq,(9) shows that thie mass integral will al-
ways be positive since 2° 1is negative whenever sind is
negative and positive when sinf6 1is positive,

There is one area where Eqgs.(8) and (9) cannot be applied.
That is when the source and receiver are co-altitude which im-

plies that sin8 1is zero and 1/sin® is infiniite, Tor the

13




co-altitude case, another form of the mass integral must be

used (Ref.8),.

M.I. = o(Zp)r (10)

where 1r is the range from the source to the receiver.

Equations (9) and (10), with conversion factors to ob-
tain the correct units for the mass integral, are written in-
to Subroutine MASSI for the baseline program (Appendix C),

Build-up Factors. As previously stated, the BUF used

in this paper are obtained from Kalansky (Ref.3). As
Kalansky points out, Taylor (Ref.13) suggested the following

equation for describing build-up factors:

B = A, exp(C,y) + Az exp(Cay) (11)
where
B = build-up factor to account for the arrival of ucat-
tered x~rays at the receiver
y = number of mean-free-paths of source energy
A, =1 - A,

A,,C;,C,= constants determined from calculated BUT

Kalansky determined the constants A,, C,, and C; oy fitting
his moments calculated results (Ref.3). The coefficients
Kalansky derived are tabulated in Appendix B which s a

table extracted from Kalansky's work. When using this data

14




to calculate BUF, interpolation of BUF, pnot Kalansky's co-
efficients, should be made when coefficients are not given
for the exact energy of interest,

Final Form. With the previous factors in mind, Eq.(3)
can be written in the final form used in the baseline pro-

gram

150
= g 0l - g
T Z P, DUF, exp[ (u/0)E, M.I.} (12)
g=1

Baseline Program. All of the pieces described to this

point are consolidated into the baseline program described

and listed in Appendix C, Additionally, the baseline program
is set~up to calculate the 4mR? fluence, The program can be
modified to calculate the fluence at a particula. spatial
position,

Limitations of BU Method. There are two factors which

must be considered before applying the BU method to a par-

ticular problem. They arec:

(R

1. Kalansky's BUF consider mean-free-paths of up to
15, His fitted results did not converge to his cal-
culated moments results beyond 15 mfp,

2. The BUF are based on infinite homogenous air and

are then assumed valid in exponentially varying air

by use of mass integral scaling. This assumption is

DAL L

only valid as long as the assumption of mass integral

15




scaling is valid. A literature search did not re-
veal that any research has been done to determine
the applicability of mass integral scaling to the
xX-ray transmission problem. Therefore, at this
point, little can be said about the applicability

of the BU method.

Transmission Factor for the HTI Model

The HTI model used in its TI-59 program is an empirical
fit to data extracted from another source (Ref.l), The HTI

transmission factor equation is

T = f(x) B(x,0) (13)
and
f(x) = [1 + 81.4 exp(1.86x)]~" (14)
B(x,0) = [A(xo-x)-1]expl-a(x,-x)*]+1  (15)
- M
X = loglo -6-3' (16)
where
M = mass integral
6 = black-body temperaturc
A,xy5,0 = constants determined from the empiricai tit (Ref.1l:
9-5)

16




The exact origin of the above equations is not clear, The
functions f and B are not defined other than by Eqgs.(14)
through (16). 1t appears that f(x) is the result of a fit
applied to a family of curves in Ref,l1 which were the trans-
mission factor excluding build-up. Then B(x,8) 1is the fit
to the difference between f(x) and another family of curves
in Ref.1 which do include build-up. Ref,1 is not completely
clear on this either. If this surmise is correct, HTI is
also using a form of build-up factor from an undefined origin-
al source. Thus, we may be merely comparing build-up factors
in this validation, but there is no way of knowing that,
HTI's method allows a complicated program to be put in-
to 479 program steps for the TI-59, That was no small feat
as can be scen by compariing their program with the TI-59 pro-
gram written for this report and covered laiter, However,
there is a problem with the HTI program as the transmission
coefficient approaches zero, say less than (0,01)., The prob-
lenm is that the empirical fit generated does not smoothly ap-
proach zero as would be expected but, instead, reaches zero
carlier than predicted Ly the BU method and then returns to
significant values which are higher than the values predicted
by the BU method. This problem area will be discussed further

in Chapter 1V,

17




I1I. Solution by BU Method

Baseline Program

The baseline program developed in this work uses 150
normalized energy groups based on .1 increments of u .
As previously pointed out, the Planckian probability need
only be calculated once in the program since u does not
change with changing black-body temzerature., However, the
average energy per group does change, For the baseline
program, the average energy for each group is taken as the
endpoint energy of each ,1 increment of u ., This us-
age would not be appropriate for a coarser grouping, but is
suitable for the fine grouping.

The baseline program is written in the FORTRAN 5 com-
puter programming language (Ref,14). The algorithms of Ap-
pendix D can be used to program into another computer lang-
uage if desired,

The baseline program was written in a modular style to
facilitate changing subroutines (Ref,15), For instance, if
it is decided that the assumption of a Planckian spectrum
for the source is inaccurate and another function better de-
scribes what is happening, then a subroutire employing the
new function can be written to replace the subroutine, PLANCK,

currently in use (Appendix C),

18
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Program QUICK

In addition to the 150 group baseline program a pro-
gram using ten energy groups rather than 150 groups was al-
so written. This program was written to provide a fast,
easy~to-use program for future users and to determine if
the 150 group fine structure of the baseline program was
really necessary, Each group is constructed to be of equal
number density. A program listing for program QUICK is pro-
vided in Appendix E. The average energy for each group is
taken as the energy at the mid-point probability for each
group rather than the mid-point energy of each group. In
reality, this is of importance only in the first and last
energy groups. In those cases, using the mid-point of the
probability group tonds to weight the group towards those
events of higher probability,

The program is set up so that both the mass integral
and the black-body temperature are read in as data, The
program can be modified to make use of the mass integral
subroutine (MASSI) used in the baseline program (Appondix C).
Appendix E describes how the data is to be input,

The results of program QUICK are compared to thcte of

the baseline program and the HTI program in Chapter 1V,

TI-59 Progran

The TI-59 program written to calculate the x-ray fluence

and transmission is similar to the FORTRAN QUICK program.

19
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It is considerably longer and more difficult to use than the
HTI TI-59 program., A program listing is given in Appendix F
as well as instructions for its use, The program is actually
two subprograms. The first is to calculate the mass integral.
The second sub-program takes the output of the {first and

1. computes the transmission coefficient for various

groups excluding build-up,

2, then includes build-up in each group,

3. then computes the total transmission coefficient,

4, then calculates the 4wr? fluence,

5. and, finally, calculates the fluence at a partic-

ular spatial distance,
Steps four and five are optional depending on what results
the user desires,

One problem with the sub-programs is their length. Tc
execute through step three requires 826 program steps. With
a required partitioning of 639.39 (Ref.2), the length ncces-
sitates reading in four card sides and cxecuting through
step two, then reading in another card side and executing
step three, To execute the entire program, excluding the
mass integral calculation, requires 978 program steps and six
sides of magnetic cards to be read in., This makes the pro-
gram somewhat unwieldy, but the results compare well, See

Chapter 1V for the comparison,

20




IV, Results

Comparison of Results

The results to be compared are those obtained from

1. HTI TI-59 program

2. Baseline FORTRAN program

3. FORTRAN program QUICK

4, TI-59 QUICK program,

The results are best described by referring to the

graphs in Figures 5, 6, and 7. The plots were generated us-
ing DISSPLA (Ref.16), which is a computer graphics package.
For each plot, nine points were uscd for the 0.1 and 1.0
keV curves ar.d 16 points werc used for the 10.0 keV curve,
Subroutine SPLINE (Ref.l16) was used to smeooth the curve,
The curves all welre generated with the mass integral on the
Xx-axis, the transmission coefficient on the y-axis, and three
black-body temperstures: 0.1, 1,0, and 10.0 keV, Other
black-body temperatures were examined but not iacluded to
avoid cluttering the plots, The other temperatures examined
followed the pattern shown in Figure 5,

The data used for comparison can be found in Table 1T,

Baseline with HTI, Figure 5 compares the results ob-

tained using the BU method with those obtained from the HTI
model, As can be seen, the results are comparable, The
largest difference between the two is approximately 21%
which occurs at a mass integral value of 10.0gm/cm® and a
black-body temperature of 10,0 keV,

21




"SIINSAI [LH YITW SI[NSdI duLfoskq JO uostaedwo; ¢ oaafg

-

(&3¢l3/HI) "TYS3INI SSLM

. nD.ﬂ cmﬁ.ﬁ..fiﬁrﬂ; me.ﬂ L wnObﬂr.h n-O.m L Lt TQ__N. .m-D_.‘.ﬂ._,... mrD MO
,,, N TN ot 2
\ J.W. 3 ], “m; I
£ ST T
S 3 ‘ f N A I
.// 1 ///, *, i K /{- ,,.,_ ; | 3
Nl TS =
// // | on 20
N L N\ =
/f // i %
ﬂ,_ i - L .0 g
| AIX OT 1IH = <fji il -2
{ >WW_* mﬁuﬂmqm =i N 2
, A IH =+ N
1} AZY 1 78 - <fil PN \ 8 3
, iy A 1° HHI - C // rpf w !
i w1 - N NE
i oN3s31 | &
, ) | 2
/M/ z;~ 2 o —3
i @
/f N
/1 xll}l)”/zz /f.. |
i s — =" (L ! ..L) N




TS3IINSax suITaskeg YrIm s3[nssed YOI weadodad 70 uosrarnduao) 0o oansig

(ST /7H3) TSYI3INI SSUA

01 0T 01 .01 , 01 s} .01 s .01
frag i ' At g Uy, Aoy gy I e demd b L e, o
R NN E
IR | | /.w.f fR N
| I IR
I / AN | f._f Foad de
” | | =
] / ,/ e
M , , T &
| | / £
vw AW L 5 AN /., .Dw
| | A3 01 18e - <|f| =
H | L >wm o1 mm ~ i} il H =
1 i A 180 - HU{I\ j ) »
r, A3 1.8 - 9ill HINT .8 5
m 1] A3 17 180 - ¢ N T5 3
| M A3 1 3 =dl|{|| N N
) avaea1 N =
\ 2
i H Dv.lu
_ N . o
\ il
: Sl
/ﬁ = _ s -




*S1Iasax aurreseq Yiln sS3I10Sod YO0 6C—-1L JO uosrtarvdwo) L ooanidr g

(2x¢[3/H9) "IWYIAINI SSBW

A ! | 01 [
.Wu O
; /ﬂ | L = /.IJA _:“41 b
m \ E1 ”._.m {
_ N\ 1 ! et ¥
/ LN i SR T E I
V \ AN e
\ m >
[ ,M / - = ﬁ\.hlo
] =
i \ T T - mnw
.w AGM 0T 1L - o ! =
,M A ADY 01 18 - AL S
| AA T IL = H}[H % o
) AT g - it N Q =
| AT 1L - gyl NS
\ A 1 18 -l N | MHNLT2
| ,, WERER \ ] I N2
| \ \ 2
_ \ @
\ I
N AN
Jf.ﬂﬂﬂﬁu"nnnl i _ &




TABLE II

Comparison of Results for Various Mass Integral
Values and Black-body Temperatures

Mass Black-body Transmission Tactor
Integral | Temperature
(gm/cm?) (keV) Baselind HTI | QUICK| TI-59
1E-6 a .1 L7127 78241 ,7110f .7110
1E-5 o1 4101 .3585| .4096] ,4096
1E-4 .1 . 0825 0483 ,0807 .0807
1E-3 .1 9E~4 0. 7E-5 75-5
1E-2 .1 9E-10 . 000G {0, 0,
.1 .1 0, . 000310, 0.
1, .1 0. 5E-5]0, 0.
10, . 0. 7E~-610, 0.
50 .1 0. 2E~710. 0,
1Fr-6 1, . 9984 L,99881 ,9994| 9996
1E-5 1, .9918 .9926| ,9956] ,9956
1E-4 1. 95622 9552 ,9598] ,9598
1E-3 1. . 7809 L1796 ,77600 ,7760
1E-2 1. .3921 ,3573}1 .39201 ,3920
.1 1. .0633 .0436] ,0606| .0606
1, 1, 1E-4 0. 2E~5 2E-5
10, 1. 1E-9 .000610, 0.
50, 1. 0. 000410, 0.
1E-6 10, . 9998 1. 1, 1.
1E-5 10, . 9998 1, 1. 1,
1E-4 10, . 9997 990811, 1.
1E-3 10, . 9988 .9988] ,9998! .9908
1E-2 i0, , 9937 .99261 ,9981] .9081
.1 10, L9750 .9600) ,9833] ,9833
.2 10, . 9662 9431} ,9712{ .9712
.3 10, .9610 .93481 ,0621] ,9621
4 10, .9572 .9308} .955G] .,9556
) 10, . 9541 .9288] .9505( .9505
1. 10, . 9390 L9245} ,9333 ,9334
10. 10. . 3346 42201 ,3336] .3293
20, 10, L0774 L1572 ,0748) .0727
30, 10, .0188 .0484) ,0168| .0160
40, 10, .0049 0. L0038 ,0036
50. 10, .0014 0. . 0009 ,0008
A
a 1E-6 = 1 x 10-°
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QUICK and the TI-59 Program with Baseline, Figures 6

and 7 compare the results of program QUICK FORTRAN and the
TI-59 program written for this work, respectively, with the
baseline FORTRAN program. The results are very close with
a maximum error of less than 1%. The comparison shows that
little is gained by using 150 energy groups rather than 10
energy groups as long as the groups are carefully chosen.
This agreement was the reason QUICK was programmed for the
TI-59 to see if it would be a better method than the exist-

ing algorithm,

Area of Concern

As mentioned in Chapter II, there is one potential prob-
lem with the original HTI program. The problem occurs as the
transmission coefficient approaches zero and cannot be seen
by reference to Figure 5. The data given in Table II shows
the problem, namely that HTI's transmission factor reaches
zero prematurely and then jumps back up to a value believed
to be a little too high, The result of this is that the HTI
program can show the fluence at a point to be zero when it
actually may be a significart value, Also, just beyond this
mass integral value, the program may give too high a value
for the fluence. Table III shows onc such sequence compared
with the TI-59 results of this work,

Considering a x-ray scurce strength of 10'? calorices

(1 kiloton) and a black-body temperature of .1 keV, the HTI
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TABLE III
HTI Problem Area
(kT = ,1)
Mass Transmission Factor
Integral HTI1 TI-59
1E-4 a . 0483 .0807
1E-3 0. 7E-5
1E-2 . 0006 0.
.1 .0003 0.

a 1E-4 = 1 x 10-"

prcgram would predict a 4nr? fluence of zero for a mass in-
tegral of 10 %gm/cm® (receiver roughly 0,01 kilometers from
the source at 50.0 kilometers altitude) while the BU method
would predict a d4nr? fluence of 6.9 x 107 calories. Rough-
ly the opposite is true for a mass integral of 10~%gm/cm?,
This example was for illustrative purposes only since, in
this case, the receiver would be inside the fireball; however,
it does demonstrate the problem area,

The problem 1s almost certainly the result of the empir-
ical fit used by HTI to fit its curves., Again, there 1s no
problem as long as the transmission coefficient is not close

to zero, say not less than (0.01),.

27



V. Prompt Effects

Background

Because of the greater number of interactions between
source and receiver when neutrons and secondary gamma rays
are considered, the method of build-up factors cannot be used
for these radiations. However, the method of mass integral
scaling has been used for prompt radiation using a one dimen-
sional numerical solution of the Boltzmann transport equation
in a homogcneous atmosphere as a starting point, That is,
equation (2) is replaced by this solution. The method used
was an anisotropic S-N calculation of the transport of a sin-
gle source neutron with the energy distribution of a fission
or fusion source. The calculation was done by Straker and
Gritzner and first reported in ORNL 4464 (Ref,17), The re~
sults are presented as 4nr? fluence or 4nr? dose as a
function of mass integral. A graphical example of these re-
sults is shown as Figure 8, This figure was extracted from
Eamon's work (Ref.7),

Thus, in parallel with the x-ray treatment we have
Avr’F = ST (17)

except thatv the 4nr? fluence is given by a result like Fig-
ure 8 instead of by equation (1) through use of equation (2),
Murphy has provided a fit of the ANISN results of the

form (Ref.6):

28




FSN is fission,.
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gy

F(x) = exp(Ci+CoX+C X 40, X3/24+C X! /24CX1 /%) (18)
where
F(x) = 4nr? dose or fluence
X = mass integral
Ci = empiric constants obtained through least

squares fitting techniques

Eamon added one further coefficient of the form C,y1n X
inside the brackets (Ref.7) and provided the coefficients of
fit to the neutron and secondary gamma transport ANISN code
results (Ref.7), The coefficients of fit for ciffering
doses and sources are ir Table 1V,

This method was programmed in both TI-59 logic and in
FORTRAN 5., The TI-59 program and the FORTRAN 5 program ap-

pear in Appendix G.

Mass Integral Scaling

The applicability of mass integral scaling to the prompt
radiation problem has been investigated by Shulstad (Ref.5),.
It was found that mass integral scaling was good for source
altitudes between 1 and 10 kilometers (Ref.5); however, at
higher altitudes, the results obtained could be as much as
twice what is obtained using Shulstad's two-dimensional cal-
culation. In a later study for the Air Force Weapons Labor-
atory, Kaman Sciences calculated the errors generated from

5 to 80 kilometers (Ref,7).
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TABLE IV

ANISN HOMOGENEOUS AIR DATA

NEUTRONS
DOSE SOURCE A B C
Silicon Thermonuclear -,20795E+02 -,97296E-01 -.17913E-04
Tissue Thermonuclear -,19711E+02 -.,98348E-01 -.22342E-04
Fluence Thermonuclear -,67751E+01 .52690E-02 -,54364E-05
D E F G
.15771E-02 ,17924E+01 -.32101E+01 ,23746F+00
.18226E-02 .13159E+01 -.15135E+01 -.84022E-02
-.21468E-03 -~-.39214E+01 ,10875E+02 -,13975E+01
SECONDARY GAMMAS
DOSE SOURCE A B C
Silicon Thermonuclear -,25281E+02 -,90163E-01 -.27961E-04
Tissue Thermonuclear -.25566E+02 -,79950E-01 -.24566E-04
Fluence Thermonuclear -.48600E+01 -,11511E+00 -.372675-04
D E F G
.23939E-02 .95659E400 ~.11394E+01 .98116E+00
.21001E-02 ,65711E+00 -.57599E+00 .53271E+00
.31732E-02 .13350E+01 -,13011E+01 .95495E+00
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TABLE IV Continued

ANISN HOMOGENEOUS AIR DATA

NEUTRONS

DOSE  SOURCE R B C
Silicon Fission -,21780E+02 -.16126E+00 .46917E-04
Tissue Fission ~-,18463E+02 -,17636E+00 .53973E-04
Fluence Fission .79627E+00 -,22572E+00 .73701E-04

D E F G
.38861E-02 .27024E+01 -.41190E+01 .21249E+00
.444864E-02 ,28502E+01 -,40883E+01 . 17644E+00
.61127E-02 .33426E+01 -.37018E+01 .30794E-01

SECONDARY GAMMAS

DOSE A B C
Silicon Fission -.26416E+02 -,16697F+00 .56993E-04
Tissue Fission -.26313E+02 -.16462E+00 .55756E-04
Fluence Fission -.57438E+01 -,16896E+00 .55243E-04

D E F G
.48224E-02 ,26360E+01 ~-,.35154E+01 .10916E+01
.47309E-02 .26300E+01 -.36007E+01 .11093E+01
.47643E-02 . 25725E+01 -,33967E+01 .11089E401
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Results

Results of the TI-59 program written for this project
are compared with results from Kaman Sciences (Ref.7) in Fig,
9, Plotted on Figure 9 is the 47R?> fluence per source
neutron as a function of mass integral. The circles are the
points obtained from Kaman Sciences work (Ref.7) and, in this
case, can also be read from the TN curve of Figure 8, The
line is the fit to the points calculated using the TI-59 pro-

gram, The differences are negligible,
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VI. Conclusions and Recommendations

Conclusions

The HTI program compares well with the BU method as
shown by Figure 5 with the exception of the problem areca
mentioned in Chapter IV.

Additignal contributions of this project were pro-
grams to calculate prompt radiation and the mass integral.
Such programs are not included by HTI (Ref.1l); instead, the
mass integral is left as an input variable with no direction
as to how it is to be determined and prompt radiation is not

examined,

Recommendations

There are two recommendations to be made., The first
applies to future work. It is suggested that a study be
undertaken to determine the validity of using mass integral
scaling in the x-ray problem.

The second recommendation applices to the use of the HTI
TI-59 program versus the use of the program written for this
work. Due to the HTI program's ease of use, combined with re-
sults which are comparable, it is recommended that the NITI
program be used to calculate the transmission cocf{licient and
fluence as long as the transmission coefficient is not less
ihan approximately (0.01). 1If tLhe transmission cocfficient is
less than 0,01, then it is felt that the TI-59 program written
for this work should be used to avoid the curve fitting prob-

lem,

35



10.

11.

Bibliography

Horizons Technology, 1lnc, Nuclear Weapons Effects Pro-
grams Reference Manual, Wcrk done under Defense Nuc-
lear Agency contract number DNA 001-78-C-0247. San Diego,
California: Horizons Technology, Inc., 8 December 1978,

Texas Instruments Incorporated., Personal Programming. An
owners manual for the TI-59 hand-held computer., United
States of America: Texas Instruments Incorporated, 1977,

Kalansky, G.M. "X~ray Build-up Factors." Unpublished MS
thesis. School of Engireering, Air Force Institute of
Technology, Wright-Patterson Air Force Base, Ohio: Janu-
ary 1979.

Zerby, C,D, Radiation Flux Transformation as a Function
Gf Density in an Infinite Medium with Anisotropic Point
Sources, ORNL 2100. Oak Ridge, Tennessee: December 1956,

Shulstad, R.A. "An Evaluation of Mass Integral Scaling
as Applied to the Atmospheric Radiation Transport Prob-
lem'", Unpublished PhD dissertiation. School of Engineering,
Air Force Institute of Technology, Wright-Patterson Air
Force Base, Ohio: November 1976,

Murphy, H.M, Jr. A User's Guide to the SMAUG Computer
Code. AFWL-TR-72-3, Kirtland Air Force Base, New Mexico:
May 1972,

Kaman Sciences Corporation. lHigh Altitude Atmospheric
Radiation Transport Calculations, AFWL-Th-76-142, Kirt-
land Air Force Base, New Mexico: August 1976,

Bridgman, C,J, Lecture notes from NEG,31, Prompt Effects,
School of Engineering, Air Force Institute of Technology,
Wright-Patterson Air Force Basc¢, Ohio: April 1980,

Gilmore, F.R. A Table of the Planck Function and Its
Integral, KN-770-70-36. Santa Monica, California: RAND
Corporation, 1956.

United States Atomic Energy Commission, Compilation of
X~-ray Cross Scctions, UCRL 50174, Oak Pidge, Tennessee:
undated.

Evans, R.D. The Atomic Nucleus. 689. New York: McGraw-
Hill Book Company, 1955.




r

12,

13.

14,

15.

16,

17.

National Oceanic and Atmospheric Administration, et al,

———

U.S. Standard Atmosphere 1976. Washington, D.C.: U.S.
Government Printing Office, 1976,

Taylor, J.J. Application of Gamma Ray Build-up Data to
Shield Design. Report Number WAPD-RM-217, Westinghouse
Electric Corporation, Atomic Power Division: January 1954.

Control Data Corporation. FORTRAN Version 5 Reference
Manual. Sunnyvale, California: 1979,

Hardin, D.H., Lecture notes from NE7.05, Methods of Rad-
iation Transport. School of Engineering, Air Force Insti-
tute of Technology, Wright-Patterson Air Force Base, Ohio:
July 1980,

Integrated Software Systems Corporation, DISSPLA, San
Diego, California: August 1971,

Straker, E.A. and Gritzner, M.L., Neutron and Secondary
Gamma-Ray Transport in Infinite Homogeneous Air. ORNL-
4464, Oak Ridge National Laboratory, Oak Ridge Tennessee:
December 1969,

37



Appendix A: Mass Integral Scaling

The mass scaling law can be stated in the following
manner (Ref.5): In an infinite homogeneous medium with an
isotropic point source, the 4rr?® fluence is a function
only of the density and range from source to receiver:

MI = pR ., An assumption must be made to allow the appli-
cation of the mass scaling law to the actual case, The as-
sumption made is that if the mass range between a source and
a receiver in infinite homogeneous air is equal to the mass
range in variable density air, then the 4nr? fluences will
be equal, That is, points from the infinite homogeneous air
case will map directly to points in the variable density air
case at identical mass integral values, For a derivation of
the mass scaling law, see Shulstad (Ref,5:86-89).

While Shulstad (Ref.D) has examined mass integral scal-
ing as it applies to neutrons and gamma rays, no references
were found in the literature to the same type work being ac-

complished for x-rays.
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Appendix B:
Enexgy in keV

12
ik
16
18
20

100
120
150
200
250
200
350
« hoo,

600
50

Kalansky's Coefficients (Ref.3)

Ay

-

~0.,227
=0, 370
-0.323
=0.634
~1,072
-1.048

“107140 .

~2.673
=266k
-6.038
=8.805
~8. 504
-75.83
«20.03
«16.9%

59

11.31

. 109.2
~11,05
11l
‘11301
-10.93
-8.153
1301u
-88.92
-6+308
19.£9
7237

. =6,063
16.29
=57:5%3
«17.20
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A,

1.227
1.370
1.323
1.63%4
2.072
2,048
2,748
3.673
3. 664
2,038
9.805
G 504
76.83
21.03
17.9%
=13.59
«10.31

" =108.2

12.05
115.1
11k,
14.93
9.153
-12.1%
89.92
74308
-18.89
-71.37
7.063
~15.29
57.58
13,20

4
=0.400
=0, 100
=0, 680
-0, 1460
0.0
~0.480
=0. 340
~0.260
-0, 300
-0.140
~0.100
~0.100

0. 000
~-0,02C
-0,020

0.120

0.160

0.120

0.000
0.1%0
0.160
0.060
0.020
0.260
0.180
0.000

200

0.1€0

0.C00
0.120
0.1G0
0.CL0

°2

0,000
0,000
0.020
0,020
0.020
0.040
0,040
0.040
0,060
0. Ck0
0,040
0,060
0,020
0. 660
0.080
~0,020
-3 040
0,100
0,200
0,160
0,180
0.260
0,280
0,100
0.200
0.260
0,120
0.140
0.220
0. 080
0.120
0,120



Appendix C: Baseline Program Listing aid Use

The baseline program, with all its subroutines., is list-
ed on the next few pages. The program was written with future
users in mind; that is, comments are provided as documentation
torﬁake the program easier to use. Additionally, Table V pro-

vides a list of the input variables and their units.

TABLE V
Variable Representing Units
K, 4,, A,,C,,C, Read in of Kalansky's data K in keV
(Appendix B)
N, NN, L Dummy variables (see comments -
in program)
YLD Yield of source Kilotons
XF X-ray fraction of source -
XKT Black-body Temperature keV
RHO Density of air at source
altitude gm/m
R Distance fromw source to kilometers
receiver
ZB Source height kilometers
AN Receiver height kilometers
HB Scale height of atmosphere kiiometers
! ANGLE As defined in, Figure 4 deprees
CM Slant range from source to centimeters
receiver
!
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FROGRAM TRAANS

DIMENSICON PGIOIITOY, FPCCOILSOD

DIMENSION HNU(iSO),Z(O“Sﬁ) Y(IS0) , X(150), R
DIMENSION TGUOIIT0),222(150)

DIMENSION 3(130),= (02230 WYV LOILITO) YWYV (L
DIMENSION V(OISO ACOILISO)  AARA(LISO)
DIMENSION K(32),A1(32),A2(32Y,CL(32),C2(32)

READ IN BUILD-UP FACTORS FGR LATER USE.
THIS

SOURCZ USED IN HI WORAT  UNPL2LISHED
MASTERS TEESIS, ‘X-RAY BUILD-UP FACTGCRS'.
KALANSKRY, G.M. AFiT, SCHGOL OF ENG.,

DEC 1878.

bo 2 I=1,32

READ(#,%,END=899) K(I).,AL(I),AR2(I),CI(])
CONTINUE
CA.L PLANCK(2G.PC)

KR = 0

CONTINUE

KK = KK + 1
N IS USzD TO TZLbL THE PROGRAM WOW ThE
MASS INTEGRAL IS 7O 2& HANILID. N=|
IMPLIES THAT THE TARCZIT AND DURET ARE
CO-ALTITUDE. N=2Z IMPLIESZ T-I MASS INT-
EGRAL VALLES AREZ 70 28 READ IN. ANY

L]

OTHER VALLZ FOR N IMPLIES ThIT M.i., 15 7TC
Be COMPUTED AND THE TARGET AND BURST Az
NOT CO-ALTITUDE,

NN IS USED 7O TELL TH
OR NOT 70 CALCULATE 7T
(NN=1 IMPLIES CALCULA

& FPROGRAM WHE hER

HE & PI R#3x2 FLUZNCE
7€)

IF { =0, THeZN THE PROCRAM WILL NOT IN-
CLUDE SUILD-UP IN T%Z TRANSMISSICN CO-

EFFICIENT CALCULATIGON.
READ(x,#,END=E0C)N
READ(®,2,END=8EC) N
READ(+#, % ,2ND=CCZ) L
CALL MASCSI (MmO
IF(NN.EG. 1) The

READ #, #,END=E806) YLD W KF
ENDIF
THIS PORTION COMPUTES A MASS ATTINUATION CUZFF
EVERY ENEXGY CRCUP. UL=rNU/RT.
THIS PROGRAM IS 27 URP TC iL&E
SEVERAL WALLIS FCR ELACK ZI0Y 7Z1P,
THE PROGRAM CAN & MOQIFlED 7O RIAD
IN BLACK 20CDY TeEMPS OF INTERZST.

MUCL30)

S0 EB(0LI50)

yC2(TD)

doic




F e

0C IO Lo=l,1Z

-y, - g s -

PY R TSR Ry | P
RKYT = .1

ELSE IF(LL.GT.1.AND.LL.LE.10) THEN
KET = XKT + .1
ELSE IF(LL.GT.10) THEN
XKT = LL - 9.
ENDIF
PRINT#, ‘BLACK 80DY TEMP= ‘,MKT.
PRINT#*, * ¢
U=.t
DO 3 I=1,150
HNU(I)=U*XKT
UsU+.1
3 CONTINUE
CALL MURKO(HNUY, XMU)
CALL MFP (MM, MU, X)
IF(L.NE.O) THEN
CALL BUF (HNU,2,IE0F,X,K,A1+A2,C1,C2,KK,BB,BEB,PG)
1IF(IEDF.EG.G) GO TO €3
ENDIF
CALL TRNS(TY .YV TGrZaV, ¥ Ve PG/ BaYYYHL)
IF(NN.EG.1) THEN
CALL FLUENCE(TG(150),YLD+®F)
ENDIF
PRINT#*, * *
PRINT#, ¢ °
300 CONTINUE
GO 70 10
998 PRINT#, ‘ERRORS END OF DATA AT IMPROPER TIME'
889 S7TOP
END

SUBROUTINE PLANCK(PG,PC)
DIMENSIGN PG(OLLS0Q), PC(OI150)
rG(o)=0,
A=15,/((ACOS(-1.))#x4)
i PCIC) =0,
U=.1
0 1 I=1,150
PGCI)=0s(U+%x3)/ (2P (UY-1)
PC(I)= ((PG(I)+PGII=1))/2.)%.1
Usy+.1 .
1 CONTINUE
RETURN
END
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iF N=1, READ IN THo o=N3ITY OF AIXR AT
BURST HEIGHT IN GM/M=%+3 AND T+=E DISTANCE
rROM BURST TO TSROZT 1IN AILOGMETERS.

IF N=2, READ IN THE MASS INTEGIKAL VALUES
IN GM/CM#x2.

IF N NOT EGUAL TC 1 OR 2, THEN VALLUES
MUST BE READ IN (IN ORDER) FOR:
ZB=HGT OF BURSET (KM)
ZT=HGT OF TARGET (KM)
RHO=DENSITY AT Z2 (GM/M##3) ’
HB=SCALE HGT OF ATMOSPHERE (KM)
(SOURCEU.5. STANDARD ATMOEPHERE)
ANGLE=ANGLE BETWEEN HORIZONTAL AND
STRAIGHT LINZ FROM BURST TC TGT
(DEGREES). ANGLE IS MINUS IF
ThE TGT IS5 LO«ER IN ALTITULDE
THAN THZ BURST.

e
oNs Ry BrlvEcRsRoRo R s NoRoRvEvEeoReRe i Re Rn R

READ (3, #,END=028) XMI1I
XMI = XMI1I '
PRINT#, 'THE MASS INTEGRAL WAS AN INPUT VALUE’
GO 70 S50
ENDIF
IF(N.EQ.1) GC-TO 40
READ(#,%,5ND=998) 23 ,27 ,RHO ,HB ,ANGLE
PRINT#, ‘2URST ALTY= ’,ZB,' TGT ALT= /,27,
*’ DENSITY= ‘,Rh0O,’' SCALZ HGT AT BURST= ‘,HB
PRINT#, 'ANGLE OF TGT FROM BURST= ‘,ANGLE
ANGLE = ANGLE # ,01745
GO YO 4t
40 READ (%, #,END=998) RHO,R
XMI=RHO®R/ 10,
GO 7O S0
41 CONTINUZ
- 21=0,
22=27-28
KMI=(-HB)# (RHO)#(1000,)# (1. E-4) #(EXP(-22/H8)~1.)/
#SIN(ANGLE)
50 PRINT#, 'THE MASS INTEGRAL -IS ‘,XMI, '’ GM/Cr#s .0’
GO TO 51
998 STOP ‘END OF DATA IN MASSI AT WRONG TIMZ
51 RETURN
END

E IF(N.EQ.2) THEN




N L - - e s e s e .
due 1 NG :u..‘r'(r‘.'-‘urr.’-rat.'u"r/\rv‘\lh-rﬁ..rh..zl_..l.\.\y

MENSION B(L1S0)  HNU(L150?Y,2B(01150),822(130)
DIMENSION A(32).0L(32),A2(22),CL(32),C2(22)
DIMENSION X(1iT0),PR(0L1TQ)
IF(HNU(1S0).LT.10) THEN

DO 31 I=1,130

31 B(I) = 1.
GO TO 35

ENDIF

N = 12

PO 1 I=1,150
IF(HNUCI) .LT.12) GO TO 12
IF(HNUCT) .GT.750) GO TD 48
po 5 J=1,32
IF(K(J).GE.HANUCI)Y) GD 7O 3
IF(K(J).LT.N) GO 7O 5
All = A1(J)
AR22 = A2LL)
Ci1t Cidd)
C22 = C2(J)
N = R(J)
CONTINUE
A = K{(J) - N
DD = HNU(I) - N
D =DD / A
BH = (RLI(JI#EXP(RA(II#CL(JINI+ (A2(J)
* EXPOH(IYC2(U)))
BL = (ALIXEXNP(H(I)=C11)) + (AZZ22eXPX(I)#C22))
B(I) = «Bh -~ BL)Y*D + BL
GO TO0 10
12 B(I) = 1,
10 CONTINUE
1 CONTINUE
35 CONTINUE
BUFF = 0.
- .= BB(Q) =,
DO 600 I=1,150
C BB(I) = B(I) * PG(I)
BBB(I) = ((B2(1)+PRP(I=-1))/2.0%.
_ BUFF = BB3(1) + BUFF
BO0 CONTINUE
PRINT#, ‘TOTAL RUF = Sy BUFF
GO YO SO .
49 IEOF = O
PRINT#, 'ERROR: END OF DATA AT IMPROPER
#TIME IN BUF '
G0 TO SO
48 PRINT#, 'HNU IS T00 L_ARGE F IR KALANSRYS
* BUILD-UP > 750’
50 RETURN
END

i

LARL ]
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*PG.B Y"" w)
DIMENSION TY(NIL1S0) ,¥YY (O, Ir”) TGlw L350,
#Z(OIIT0) WO IITQ) » 3 ITGY, V(30
%,PG(O. ‘itJ)yB(.SU):‘(\"'(;VO)
TY(0) = 0,
YY(0) = 0.
TG(0)=0,
2(0)=0.
V(o) = 0.
DO 5 1I=1,150
§ YCI)D=EXP(=-X(I1))
IF(Y(I).LT.L1.E~20) Y(I)=0,
YY(I) = PGCI) % Y(I)
YYYUI) = ((YY(I) + YY(I-1))/2,)%.1
TY(I) = YYY(I) + TY(I~1)
IF(L.EG.V) THEN
Z(1) = Y(I) % PG(I)
ELSE
ZI) = Y(I)»2(1)#PR(I)
ENDIF
V(i) = ((oCI)+{I=1))/2.0%,. 1
TG(IY = (1) + TG(I-1)
S5 CONTINUE
IF(L.EG.O) THEZN
PRINT%. ‘DIRECT TRANSHMISSION COEFFICIENT= /,
i * TG(150)
b ELSE

PRINT#, 'TRANSMISSION COEFFICIENT= ',TG(150)
ENDIF
PRINT#, 'INTEGRATED EXP ATTEN= ‘,TY(1350)
RETURN
END

BSUBROUTINE MURHD (HNU, XMU)
DIMENSION RWNU((1S0),XMU(180)
DO 1 1=1,150
E « 1. /7 BNU(D)
KMUCI) = -, 0014+(19,75461«Z)~(
i *#(BB6O.N22T+C+#3)~-(2487.,3343¢5+
* +(907.5357S%E*#5)

1 CONT INUE

RETURN

END

481 ,7330+T#a2) 4
#

%)
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PRV S W I T PR SN W e N

COMPUTES MEAN FREEZ PATH FOR WARYING
A=-RAY eNZRGIES.

IF X I8 > 100, THE MEGATIVE EXPONENTIAL
OF X RESULTS IN AN UNDERFLOW. THEREFORE,
X 1S JUST SET 70 100 IFf IT EXCEEDS 100.

oo nn

DO 6 I1=1,150
XCT)=XMU (1) #XMT
IF(X(I).GT.100) X(1)=100.

6  CONTINUE

RETURN

END

" SUBROUTINE FLUENCE(TRANS, YLD, ¥F)
XYLD = YLD * XF
PRINT#*, ‘X~-7AY YIELD IN KILOTONS= ’/,XYLD
YLDD = XVLD # 1,E12
FL = YLDPD # TRANS
PRINT*, ‘4 PI R##2 FLUENCE= ‘,FL
RETURN
END
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Appendix D: Algorithm

i The intent of this appendix is to provide the user with
an algorithm which can be programmed into any suitable com-
puter language. The algorithm is based on the numerical in-

tegration of Eq.(12) with the involved factors properly cal-

culated., Proceed as follows:

] 1. Decide whether mass integral values are to be input

or calculated. If input, proceed to step two, If
calculated, use either Eq.(9) or (10) as the case
dictates. Density and scale height can be found in
Ref.12 and source height, rcceiver height, and theta
or range should be provided by the problem definition,

2. Determine the probability of each group using

= (15 u?
pg = (10/““)['6—!;-:—1-] (19)

Store the results, For the baseline program, u was
between 0 and 15, inclusive, and was incremented by

0.1 for each group.
3. Input the Planckian black-body temperature. Deter-

mine the energy of each group by

(hv)g = ug * kT (20)

Store for future use,

4, Calculate the mass attenuation coefficicntr !-Hr each

47




group using

e5]
It

1/(hv)g (21)

I

(u/p)g —.0014+(19.7541*Eg)—(461.7632*Eg2)
+(6680.0229*E83)-(3497.3643*Eg“)
+(907.3575*Eg5) (22)

Store each as it is calculated.

5. Calculate the mean~free-path for each group.
MFP = ( *M. I, 23
( )g .u/o)g (23)

% Store the results,
6. Input Kalansky's build-up coefficients, Calculate

the build-up factor for each group.

a., If (hv)g is less than 12 keV, then set
(BUF)g equal to 1.0 ,

b, If (hv)g is greater than 750 keV, stop.
Kalansky's coefficients are not valid above
750 keV,

c, If (hv)g is greater than 12 keV and less
than 750 keV, interpolate for (BUF)g be-
tween given energies for which Kalansky pro-
vides coefficients, Note:; Interpolate be-
tween BUY not coefficients, As used below,

h = high and 1 = low
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(BUF)h = (A exp[(Cl)h(MFP)g]+(A2)h exp[(Cz)h(MFP)g]

(24)
and
(BUF); = (A;), exp[(c1)1<MFp)g]+(Ap)1 eXP[(Cz)x(MFP)é]
(25)
(h\))T = (h\))h - (h\))2 (26)
(hv)p = (hv)g - (hv)l (27)
(BUF)g = [(BUF)h—(BUF)i]*[(hv)p/(hv),r.]+(BUF)2 (28)

Store the results,
7. Calculate the transmission factor, first for each
group, then sum. This step makes use of the pre-

vious six steps.

Y = exp[-MFp 1 29
. xp[ o) (29)

Trans) =P _* Y * (BUY 30
( Vg gt (BUY), (30)

g
Finally, integrate and sum. The baseline program
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uses a box approximation to evaluate the integral.

G
ZE: {{[(Trans)g+(Trans)g_l]/2}*.1} (31)

g=1

[}

Trans

8. 'The 4rnr? fluence is found by multiplying Eq.(31)

by the x-ray fource strength in calories, XS.
4rr? fluence = XS*Trans (32)

9. Finally, the fluence is found by

*
Flucnce = Sor1rans (33)

4nr

where r is the distance from the source to the

receiver of interest in centimeters,




Appendix E: Program QUICK Listing

As previously explained, program QUICK is a FORTRAN
program which uses 10 equi-probability groups rather than

150 equal energy spacing groups, Program QUICK is designed

to be quick running and simple, A program listing is pro-
vided on the next two pages. For convenience, Kalansky's co-
efficients are read in as the first piece of data in the pro-
gram since an interactive computer system was used to facili-
tate program modification, The coefficients could be put in
DATA (Ref.14) statements if so desired.

All factors should be easily identifiable with the pos-
sible exceptions of A, XMI, XKT, YLD, XF, and CM, They are

A - the mid-probability value of u for cach group

XMI - the mass integral

¥KT - the Planckian black-body temperature

YLD - yield in kilotons

XF - x-ray {raction of YLD

CM - range from source to receiver in centimeters

Program QUICK is written with the mass integral as an
input; however, it could be modified to compute the mass 1n-

tegral using subroutine MASSI (Appendix C).
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EETIE SR DR

DIMENEICN ACL0),&(321,AL(32),A2{(320,CL(Z2:
DIMENSION CZ(3Z)»HNULL0) R MUCL0) X (20),2(20)

DIMINSION Y{(OI:10),TGIOILO)
DG 1 I=1,32
READ (%, %, END=88DIK(I),AI(I),A2(1),CI(I),C2(2)
CONTINUE
DATA A/1.1:1.8,2.35,2.8:,3.25:3.75+4.3:5.:5.9:7.7/
READ (#,#,END=892) M1 XKT YLD+ X7, CM
DO 2 I=1,10
HNU(I) = A(I) # XKT
E = 1. 7/ HNU(I)
KMU(I) = ~,0014 + (19,7541%E) - (461.7G32*
E#E) + (GB8Q.0229#E+#3) - (3497,3643
*E*%4) + (907.3573%E##3)
X(I) = XMU(I) # XMI
IF(X(I).GT.100) X(I) = 100,
Y(I) = EXP(=-X(I))
CONTINUE
[
10
1‘

12) THEN

el
GO 70 10
eNDIF
N = 12
DO 4 I=1,10
IF(HNUCI).LT.12) GO TO {1t
IF(HNUCI) .GT.750) GO 7O €9
DO 5 J=1,3Z2
IF(K(J).GE.HNU(I)) GO TO B
IF(K(J).LT.N) GO TO §
All = Al(J)
AZ2 RE(J)
Ci1 = CiJ)
cz22 c2¢J)
N = R(J)
CONTINUE
AA R(J) - N
DD HNU(1) - N
D =DD /7 AA
BH = (AL(DI¥EXPIX(IIXCI(INY) + (AZ(J)
*EXP(R(TI)I=C200) )
BL = (ALI#EXP(X{IISCIN)) + (A2C<EXNP(X(I])

*C22))
B(I) = (BH - BL)+D + BL
GO 70 9
B(I) = 1.
CONTINUE
CONTINUE
CONTINUE




Si Y(O) = 0.

52 T6¢0) = 0.

53 DO 7 I=1,10 .

S4 IF(Y(I)LT.1.E-20) Y(I) = 0.
53 Y(I) = Y(I) # .2 # B(I)

S8 TG(IF = Y(I) + TG(I-1)

57 7 CONTINUE

58 XYLD = YLD # XF

59 YYLD = XYLD # 1.E12 '

60 FL = YYLD % TG(10) /({4.#ACOS(=-1.)+*(CM*CM))

61 PRINT#, ‘FOR A BLACK BODY TEMPERATURE GF ‘»AKT» '’ KEV,
62 # A MASS PENETRATED GF ‘,XMI,’ GM/CM%#2, A WEAPON

63 * YIELD OF ‘,VYLD,’ KILOTONS: A X-RAY FRACTION OF

G4 . #,XF,’ AND A DISTANCE FXOi BURST 70 TARGET GF /.

6% *CM, * CM, THE TRANSMISSICN COEFFICIENT IS ',TG(10Q)

66 %, AND THE FLUENCE IS ',FL

67 GO 70 1§

68 89  PRINT#, 'HNU IS 700 LARGE FOR KALANSARYS BUF- > 7507
69 98899 STOP
70 END
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Appendix F: - TI-59 Programs

Comments

The program listings provided on the next nine pages are
those written during this research to calculate the trans-

2 fluence, and fluence at a particular

mission factor, 4nr
point using‘the TI-59, For a recommendation on when to use
this group of programs, see Chapter VI,

The program listed on page 55 is to calculate the mass
integral, Such a program is not provided in HTI's work, The
program on pages 56 through 60 is to calculate the transmission
factor for each group. 'The program is not complete by itself.
It needs at least a portion of the program (the first 186
steps) on pages 61 through 63 to determine the transmission
factor for the situation being investigated. The other por-
tions of the program listed on pages 61 through 63 are to com-
pute the 4wr? fluence and the fluence at a particular point.

Because the use of the TI-59 programs provided in this

work is somewhat cumbersome, instructions for their use are

provided.

Instructions for Use

Note: Partitioning is 639,39 for all TI-59 programs writ-
ten for this work (Ref.2).
1. If mass integrals are already known, skip to step

two, If not, read in the one card side
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2,

for the mass integral program (page 55). Then

a, If the source and receiver are gp-altitude:
Press A
Enter density in gm/m?® Press R/S
Enter range in km Press R/S

' Read mass integral

b. If the source and receiver are not co-alti-
tude:
Press B
Enter source in km Press R/S

Enter receiver height
in km Press R/S

Enter density in gm/m? Press R/S

Enter scale height of
atmosphere in km . Press R/S

Enter angle as defined
in Fig.4 in degrees Press R/S

Read mass integral
Read in four card sides of program on pages 56
through 60. Then
a, Store mass integral in data register 01
(Ref.2).
b, Press B

Enter black-ﬁody temp-
erature in keV Press R/S

Read energy of each group

¢c. Press C
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Do, for j=1 to 10

(1)

(iii)

(iv)

(1) Enter energy of group
J, from above (b),. Press R/S

Note: If the energ. of group j is less than

12 keV, then repeat this step for the
next energy group, If the energy is
is 12 keV or higher, then continue
with (ii),
Enter Kalansky's coefficients (Appen-
dix B)'for the nearest energy BELOW the
energy of the group (A,,4A;,C,,C2),
pressing R/S after each coefficient,
Repeat the process for the nearest
energy ABOVE the energy group.
Enter energy corresponding to the co-
efficients BELOW the group energy,
press R/S. Do the same for the energy
corresponding to the HIGHER energy.
Return to step(i) unleéss this was

group 10 in which case go to three,

Note: Table VI identifies the data registers used for each
coefficient in (ii) above., As long as an error in entering
a coefficient is detected prior to entering C, high, then the
correct values can replace the incorrect values by storing

the correct value in the applicable storage register.
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TABLE VI
Data Registers
Coefficient Data Register
A; low 24
A, low 25
C, low 26
C, low 27
A, high 28
A, high 29
C, high 30
C2 high 31

However, once C, high is entered for each group, the pro-
gram is irrecoverable, If an error has been made, the pro-
gram must be re-executed from 2.,b, above,

3, Enter card side five. Card side six should also be
read in if either the d4nr? fluence or fluence cal-
culations are desired. Card sides five and six are
composed of the program on pages 61 through 63,
After card read-in

Press E

Read Transmission Coefficient
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TABLE VII

Data Register Entries

Quantity Data Register

~

30402440 37
13422200 38
17310000 39

Optional

Press E’

Enter source yield in kilotons Press R/S
Enter x-ray fraction of source yield Press R/S

Read 4nr? fluence in calories

Press D°
Enter range to receiver in centimeters Press R/S
Read fluence at range r in calories/cm

These instructions, while certainly complicated, are hope-

fully clear enough to enable the reader to use the program.

Programming and Data Registers

Prior to entering the program to be executed, the parti-
tioning of the TI-59 must be adjusted to 639,39, Addition-
ally, the quantities shown in Table VII should be stored in
their respective data registers prior to executing the pro-~
gram or recording it on magnetic cards. The other 26 data

registers are used as working registers.
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Appendix. G: Program PROMPT

Program PROMPT is used to calculate the prompt radi-
ation fluences or doses, The applicable coefficients from

Table 1V must be input. The FORTRAN PROMPT listing is

shown on page 71. A TI-59 program listing is shown on

pages 72 and 73: The HTI group of programs does not con-

tain a similar program.

FORTRAN PROMPT

The input variables for the FORTRAN version are

I = 1 implies a thermonuclear calculation
2 implies a fission calculation

K = 1 implies a neutron calculation
2 implies a secondary gamma ray calculation

A,B,C,D,E,F,G are taken from Table IV

XMI is the mass integral, The program can be mod-
ified to calculate the mass integral.

Note that the output statement says '4wR®> FLUENCE'

-

however, the result may be 41R%® Dose depending on the

particular problem being worked,

TI-59 PROMPT

To use the TI-59 program listed on pages 72 and 73, 15
quantities must be stored prior to execution, The quanti-

ties and their storage locations are shown in Table VIII,
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TABLE VIII

Prompt Data Registers

Quantity \ Data Register
M.I, | 1
A 2
B ‘ 3
C 4
D 5
E 6
F 7
G 8
Slant Range (cm) 9
576357000 11
2127411731 12
1517003235 13
16323617 ; 14
212741 15
1731151700 16
3235001632 17
3617000000 18

Once these quantities are input, pressing B will cause
the program to execute, As in the FORTRAN prompt program,
the output will always be titled 4nR? FLUENCE; however,

the answer may be 4nR? DOSE depending on the input
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coefficients,

Output
The output from both PROMPT programs is in the form of

4nr?

fluence or dose per source neutron. Therefore, to
find the fluence or dose at some point, the mumber of source

neutrons must be known,
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PROGRAM PROMPT
10  CONTINUE . .

READ(#,#,END=999) I,K,A,B,C/D,EsF,G)¥MI
PRINT#,* !

PRINT#, ‘THE MASS INTEGRAL IS: ‘,XMI
IF(I.20.1)THEN .

- PRINT#, ' THERMONUCLEAR'

ELSE IF(I.EQR.2) THEN

PRINT*, 'FISSION'
ENDIF
IF(K.EQ.1) THEN
PRINT#*, ‘NEUTRON CALCULATION'
/ ELSE IF(K.EQ.2) THEN
" PRINT#, 'SECONDARY GAMMA CALCULATION'
ENDIF ' )
 H = A+ (B#MMI) + (CHMMI#XMI) + (D#(X¥MIx#1,5)) +

#(E#SARTIXMI)) + (Fe(XMI##(1./3.))) + (G#*ALOG(XMI))
KH = EXP(H) .

PRINT*, 'THE 4 Pl R#¥#2 FLUENCE 18: ’,HH
GO TO 10

999 STOP
END

EHISPAGE1nﬁLdTQUALITYFﬁACTICéBL§
FROM COr Y FUNNLISHED T DDC

B
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HTI's program has a minor problem as the transmission factor
approaches zero so a TI-59 program is provided for use in that
regime, A quick FORTRAN program is provided to calculate the
fluence reaching a receiver., TI-59 and FORTRAN programs are
given to calculate the mass penetrated and prompt radiation
fluence or dose.__
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