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Preface

This report presents a code that calculates the rneutron
and gamma fluences (or doses) that restit from a nucleur
weapon explosion between 7 and 100 kilcrmeters altitude in an
exponential atmosphere. The code also determines if air-
craft located in the vicinity survive the neutron and gamma
effects. The cnde is listed in Appendix B and the instruc-
tions for using the code are in Chapter III.

The purpose of developing this code was to provide a
subroutine for gamma and neutron effects to a general nuclear
effects survivability/vulnerability code. I was successful
in developing such a code; however, the time required to
run it does limit its applications. The time required is zbout
20 minutes central processor time and an hour of input/output
time.

Many peovle, in the course of my efforts to complete
this code, provided assistance. These people were from the
Air Force Weapons Laboratory (AFiWL), Oak Ridge MNational
Laboratory, and the Air Force Institute of Technology (AFIT).
7o all of you I offer my thanks. I would like to single out
a few for special thanks, because without their help, I could
not, have completed this task. First is Mr. Harry Murphy of
AFWL for his talks with me on the code, SMAUG. I borrowed

' heavily from this code to develop mine. Mr. Robert Roussin
of the Radiation Shic¢lding Information (enter of Oak Ridge

furnished the cross section data I used in the code. Next
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are two members of the AFIT Mathematics Department, Major
John Jones and Dr. WiJhelm Ericksen. Major Jones and I spent
considerable time investigating methods of directly solving
sparse matrix ecquations. Dr. Ericksen provided the basis
for the nonorthogonal coordinate system I used. Dr. Donn
Shankland of the AFIT Physics Department provided farther
assistance on this coordinate system and removed the last
problem area standing in the way of success. I can not, of
course, forget my advisor, Dr. Charles Bridgman of the AFIT
Physics Départment. I hope this report demonstrates that
his encouragement and faith in me has been rewarded.

I would also like to thank Mrs. Marge llockemeier, wife
of my classmate John, for typing much of my draft. Finally,
I would like to express my appreciation to my wife Bonnie

for putting up with me during this hectic period.
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Abstract

This report presents a code, developed by the author,
that predicts neutron and gamma fluences (or doses), including
neutron induced gammas, in an exponential atmosphere for
burst altitpdes between 7 and 100 kilometers. The problem
was solved by using the diffusion equation, with separation
of virgin and scattered particles, in a .onorthogonal coordi-
nate system. The diffusion equation in this coordinate
system was approximated by a nine %oint difference equation
and the resulting matrix equation was solved by use of a
block tri-diagonal algorithm. The resulting cemputer code,
in FORTRAN Extended, was written to calculate the surviva-
bilify of up to 100 aircraft or space vehicles in addition
to the calculation of fluences {doses). The code requires
20 minutes of central processor time and one hour of
input/output time on the Wright-Patterson Air Force Base
TDC &600 computer. The results of this code for a burst at
25 km are compargd to those obtained from a constant density
atmospheric model and from charts based on SMAUG which
employs mass integral scaling. Significant differences are
noted for the case where the burst and receiver are at the
same altitude, which casts some doubt on the validity of

mass integral scaling at this altitude,

viiji
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A CODE FOR AIRCRAFT SURVIVABILITY

ANALYSIS - GAMMA AND NEUTRON EFFECTS

I. Introduction

Numerous attempts have been made to determine the
radiation field, neutrons and gammas, from nuclear weapons.

Straker, in a report titled Status of Neutron Transport

in The Atmosphere (Ref 5) has listed these attempts. He
lists a total of 35 attempts of which 21 were based on a
constant density, (no variations with al:itude, no ground,
no clouds) infinite air model. Five attempts were based on
an exponential variation in air deusity and nine were con-
cerned only with the air/ground irterface. The method of
solution for 26 of the 35 attempts was Monte Carlo computer
codes. All of the exponential air models were solved by
Monte Carlo codes. Monte Carlo codes normally require hours
of computer run time and are therefore relatively expensive
calculations.

Recently, two high speed computer codes have bren
developed to estimate the neutron and ganma radiation dose
in the vicinity of an atmospheric nuclear detonation by
interpolation of a library of precalculated results. These
precalculated results include some of those listed by
Straker and others by the code authors. Both codes were
presented at the Radiation Transport in Air seminar held
at Oak Ridge National Laboratory en 15-17 November 1971.

One code, ATR (Ref 10), was developed by Science Applications,
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I[ne. The final documentation of this code, however, has
ot et bgmn made available to the Radiation Shielding
[nforration Center (RSIC) of Oak Ridge Natiomnal Laboratory.
The other code, SMAUG (Ref 4), was devzloped by Murphy of
the Air Force Keapons Laboratory (AFWL), Kirtland Air Force
3ase, New Mexico. SMAUG calculates neutron and secondary
ganma fluences through a seriés.of equations that were curve
fivted to the data of Straker and Gritzrner (Ref 6). The
zalculation of primary gamma fluences is done through a
series of.equations that were curve fitted to the data of
Bigoni (Ref 4:4). Both dats sources were generated using
A homogeneous constant - density, infinite air model.

_Both SMAUG and ATR require only seconds of computer
time (on a CDC 6600) and thus both offer inexpensive air
transport calculations. However they both rely on a library

of homogeneous air calculations vhich are modified by mass

integral scaling to account for the true exponential varia-
tion of the air. This approach is probably valid only to
burst altitudes of 20-25S km. The code ATR accouats for the
air-ground interface by the first-last collision approxima-
tion (Ref 9). —

Similar inexpensive calculations are needed for burst
altitudes of 2S5 km and above, particularly for ABM war gaming
and reentry vehicle survivability calculations. Such a
technique is reported here. The author has sacrificed the
accuracy of Monte Carlo and higher order Boltzmann equation

solutions as used in the 35 previous attqnpis reported by
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‘Stracer in favor of the Diffusion (P-1) approximation of the
Boltzmann tquation. However some of the usual weaknesses of
this epproximation (diffusion) are avoided by a mathematical
separation of scattered and unscattered radiation. The
latter is calculated rigorously and the diffusion approxima-
tion i3 used only for the scattered radiation. The exponen-
tial variation of the atmosphere is treated with a unique
coordinate system developed here by the author which also
would permit the inclusion of layered clouds. This last
feature i; not included in the code and sample calculations
presented here.

The resulting code is designed to operate as a sub-
routine of a nuclear survivability code being simultaneously
developed at AFIT by DeRaad (Ref 2). As such, the input
includes the spatial position of up to 100 ta;get vehicles
and their vulnerabilities to neutrons and gammas. The code
compares the radiation field at each vehicle location to
the vulnerability level for a survivability determination.
Additionally the code will output iso-fluence lines for
neutrons and gammas including neutron-induced gammas.

While the code does treat the eiponential‘air exactly,
the goal of an inexpensive calculation was not rcalized.

A calculation requires 20 minutes of central processor (CP)
time and 60 minutes of input-output time on the ¥right-
Patterson Air Force Base CDC 6600 conputer. Xhile this is
less than a Monte Carlo calculation it is still excessive

for repeated runs. (Perhaps $400 per run). However the
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~results do offer an interesting test of the mass integral
ycaling upproxination against a true exponential atmosphere
e.rnd provide some insight to the radiation fields from high
altitide bursts.

‘The mathematical development of the code is presented
in Chaptei II. The use of the code is illustrated with a
ysmples problem in Chapter III. This chapter also serves as
4. complete users guide to the code. Chapter IV discusses
the results obtained from this sample problem. Conclusions
are drawn.on the validity of these results and the success-
fulness of the code in Chapter V. Recommendations are also

glven in Chapter V. The code is presented in Appendix B.
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I1. Mathematical Development

The develcpment of this computer code required a
numerical approximation of the diffusion equation. The
numerical approximation depends upon the.atnospheric model
selected aqd the coordinate system used. Therefore, the
atmospheric model selected is discussed first. Next, the
diffusion equation is presented with a discussion of the
coordinate system selected. The actual numerical approxima-
tion used.is then developed. This is followed by a discussion
of the meshing, source terms, boundary conditions, and cross
sections used. Finally, the actual method of solution is

presented.

The Atmospheric Model

The atmospheric model chosen is based on four assump-
tions. The first assumption is that the composition of the
atmosphere is 21% oxygen and 79% nitrogen. The second
assumption is that the total particle density varies exponen-

tially according to the relation

p = poe'z’" ‘ - (1)
where
p = particle density at altitude :2 (particles/cns)
Po * particle density at sea level (particle/cnz)
Z = altitude (km)
H = atmospheric scale height (km)
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In order to evaluate tite constants QO and H, this equation
was changed to linear form by taking *he natural logarithm

. of both sides vo get
tnp = -Z/Hi + Lnp ' 2)

A curve fit was established using the valdes of particle
densities from the U. S. Standard Atmosphere, 1962 (Ref 7:
2-19) for altitudes of 0 to 100 km. The scale height H was
determined to be 7.0239 km and Py was determined to be
5.066 x 1619 particles/cms.

The third and fourth assumptions are that no atmosphere
exists above 100 km, and that the earth is flat throughout

the region of interest.

The Diffusion Equation

The multigroup, time independent diffusion equation for

any energy group g is

V-8 (M) VFS(T) - zg(?)pg(?) + 58T =0 (3)
where
Dg(;)= group diffusion coefficient (cm) as a
function of spacial position Tt
Fg(?)= group neutron (or gamma) fluence (particles/
cmz) as a function of spacial position T
l Eg = group macroscopic removal cross-section
. (cm™}) as a function of spacial position T
‘ sé = group neutron (or gamma) source (particles/

3 . . - -
cm ) as a function of spacial position r
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The Diffucion Equation in z Cylindrical Coordinate

System. If the diffusion equation is expressed in a
symmetric cylindrical {r,Z) cocrdinate system, Eq (3) can
be written as & partial differential eauation in r and Z

(Ref 8:6). The eguation is

D (2) ang(z,Z) . p2(z) ar8(r,2) . an8(z) ar8(r,2)

9 T or YA 9Z

+ p8(2) EEEEL%LEl - s8(2)F8(r,2) = -s%(r,2) (4)
9z

When this equation is approximated by a difference equation,
the spacing between adjacent radial points can vary; but,
this radial spacing, once fixed, éan not var} ;ith altitude.
In order that an accurate deiernination of fluence can be
made, the radial spacing should hacre at least two or three
mesh points per neutron (or gamma) nean frce path. The
horizontal mean free path, however, is dependent on the
altitude. The exact dependence can be derived from the

following:

L.et us ccmbine

£8(2)= p(2)c¢® (5)

where

Zg(Z)= group macroscopic cross section {cm-1

A

at altitude 2
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- . . . 3
p(Zj = particle density (particles/cm™) at
altitude Z
o - . . 2
g° = group microscopic cross section (cm )

with Eq (1) to obtai

) 2 g -Z/8
2 L¢(Z) = I°(Z=0)e (6)
where

Zg(2=0) = group macroscopic cross section (cm-l)

at sea level

The horizontal mean free path is dependent on the macroscopic

total cross section and is given by the relation

LTS WA Lt W o) FIT TN
SSrRXATE I ANEN,

- A8 = 1/z8 (7)
3 t

{

3 where

; L group mean free path (cm)

% Z% = group macrosccpic total cross section (cm°1)

The dependence on altitude Z can be shown by combining

Eqs (7) and (6) to get

: Z/H

P A8 = ———-——z (8)
; Zt(Z=0)

Ef Equation (8) clearly illustrates that the horizontal mean
Z free path increases exponentially with altitude. The

ii, . required radial syacing is therefore controlled by the

lowest altitude of interest. This requirement, however,

¢o
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nmeans that the radial spacing at the highest altitude of
interest will be a very small fraction of a mean free path.

Since a cifference equation is written for each radiail
point on each aititude line, the¢ number of points should be
a minimum. Hovever, at the higher altitudes, more radial
points exist than required for a sufficiently accurate
solution. This observation implies that another coordinate
system may be advantageous. Since the so0lution requires
about three points per mean free path, one coordinate
logically.should be mean free path.

A Non-Orthogonal Coordinate System. The author there-

fore proposes the following coordinate transforms:

3
x
yl = Hxlee cos x2 ()
x3
y2 = Hxlee sin x2 (10)
3
y> = HeX (11)
where
yl = the x coordinate in the Cartesiam coordinate
system
y2 = the y coordinate in the Cartesian coordinate
system
3 . . . .
y = the z coordinate in the Cartesian coordinate

system

>
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H = the scale height of the atmosphere.
. x1 = the first new coordinate

xz = the second new coordinate

13 = the third new coordinate

xl, xz, and x3 are defined tc be

1 N

x" = ——E———-—- (12)
HI (2=0)
xz = 0 (13}
3
x~ = 2n(Z/H) (14)

where
N = tae radial distance in mean free paths from
- 3 .
the x7 axis
3 .
6 = the transverse angle about the x~ axis

The diffusion equation now becomes

2

V-D(xl,x ,x°)VF(x1,x2,x3) - ZR(xl,xz,xs)F(xl,xz,xs)

s sxl,x%,x3) = 0 : (15)

in this new coordinate system. In tensor notation, the first

term of Eq (15) can be written

3
3 KP 3F

(/g0 ] ¢ é‘F (16)
1 93x pP=1 X

V-DVF =

i o~

1
/g K

Q

10

TR Y
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where

KP - -
g are the contravariant met:ic tensors

. 2 is the determinant formed by 8yp> the metric

tensors

Therefore, both the metric and the centravariant metric
tensors need to ve determined to evaiuate Eq (18).

The metric tensor is defined as

3 3 c B
T dy " 3y
gp = L L TxTF8 (17)
KP 021 621 ax® ax’ B
where
) = the Kronecker delta

aB

When Eq (17) is solved, the following nine metric temnsor

components are obtained:

3
x
_ 42 2e
8y H"e (18)
812 = 0 (19
3
3 X
_ oyl .l x7 2e
i3 H'x" e e (20)
g21 =0 (211
L] x3
. g,, = H2 (x'y2e?® (22)
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; 3
; 3 X
3 “ - 2 1 X Ze
4 gz; = Hx'e e (24)
?
j = )
- 8z, = 0 (25)
3
3 x
g g55 = Hoe?® 1+ (xh%e? ] (26)
- Therefore, g is
3
7 B11 812 &3 5 3
. 6,12 2x° 4
: 8= 8y By, 8py| = H (x)7e™ e"° (27)
& B31 %32 B33
% The contravariant metric tensor gKP is defined as
4 KP
z KP G
? & =5 (28)

where

FOV

GKP = the cofactor of the element Exp in the

C o S s v

TR
R

determinant of Eq (27)

n o

When Eq (28) is solved, the following nine contravariant

metric components are obtained:

. 3
X
. 1.2 2e
11 1 +
gt = 12 (x) e (29)
* X
. HZeZe

. 12
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g'? =0 (30)
13 -xt
’ g = — (31)
Hzex
821 = 0 {32)
g?? - LI (33)
HZ(XI)ZﬁMfs
g2 = 0 (34)
31 -X
: g7 = g (35)
Hzex
832 =0 (36
33 1
g = 3 (37)
H2e2x
If we assume fluence is symmetric with respect to x* and
expand Eq (14), 2iiminating the zero values of ng, Eq (16)
becomes
voovr = 2 [2 /g <g11 . g13 ap3>
. /g | ox X
. . 25 ( 31 3F 33 3F (38)
3 1 3
X 9x 90X
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In order to evaluate this expression, the functional depend-

ence of D, the diffusion coefficient, must be determined.

A A Sy P L R T R P —
SO A SO 7 T IR
R ¥ 3 RSEARSIIARTN VA
GRS Fe? 2l
VR AN ORASAONN AL P
AR TR
A
4

. The diffusion constant is defined as
2 D = g—i—}'fz—)' | (39)
» TR
&
where

ZTR(Z) = the macroscopic transport cross section

(cm'l) at altitude 2

The transﬁort cross section is defined as ZTR = Zt - uZS
where U is the average cosine of the angle of anisotropic
scatter and ZS is the macroscopic scatter cross section.

Therefore, combining Eq (6) and Eq (39), D becomes

Z/H
e Z/H
D = cw—2s5—— = D_e (40)
3XTR(Z—0) 0

where

D0 = the diffusion coefficient (cm) at sea level

When Eq (11), the Z coordinate transform equation, is

used on Eq (40), D becomes a function only of x3 and is

given by

D = Dje (41)

If the expressions for D, g, gll, ng’ g31, and g33

. are substituted into Eq (38) and the indicated partial

derivatives evaluated, Eq (38) becomes

14
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e 3
D e 2x 3 2
TopVE = 20 e IF_, X .y 2F
. 2x” x> axt a(xl)2
He 1 2e
x e
3 2 2x° 1.2 253 265 2
- 2xteX 3F_, e + (x)7e 3°F
3.1 . 3 1.2
3x~8x 26X 3(x7)
e
2
. 23?2 (42)
3{x7)

Once £q (42) is substituted into the diffusion equation,

Eq (15), the diffusion equation beccmes

3
ex 3
Dye e2*  oF x> 3F 1 x> 3%
= + (e - 1) —x - 2x7e
2 2x> x3 axl 9x ax dx3
H e i 2e
x“e
3 3 5
. 2x . (x1)232x e2e BZF azF
3 1.2 3.2
26% 3 (x") 3(x7)
e
3
o X
- 1(2=0)e® F <5 =0 (43)
| Equation (43), when simplified, becomes

15




GNE/PH/72-8

3
‘ 1 aF e -1 9F _2xt 3%
3 1 3 3 T T 1.3
I 2e% 3x er 9x ¥ ex 9x
X e
3
14 (x1)2%e?%° 2%k, 1 _o%
3 1.2 3 N
"Zex 3 (x7) 2x a(x7)
2 2
_ B = = . _H
-5, I, (Z=0)F = 5 S (44)
D ee
0

The Difference Form of the Diffusion Equation

In order to express Eq (44) in difference form, the
dependent variables F® and s® at any point (xi, x?) are

defined as

g, 1 3y _ 8
F (xi, xj) = Fi,j (45)
g, .1 3y _ <8
S (xi, xj) = si,j (46)

The partial derivatives of Eq (44) can be expressed in
difference form by the use of a central difference operator.

The partial derivatives are therefore

aF8 2

i,j] +1, -1

113 = 3 J T 1-1,3 (47)
ax 24x

16
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TS M T AT sy W GO S T N UM S kg S R O A 1 Lo % e

aré | & -8,
i,j i,j+1  i,j:1 (48)
8x° 2Ax°
5258 3 - 2F% |« F%
i,j _ _i+1,j i,j i-1,3 (49)
1 - 1.2
a(x™) (Ax5)
3258 8 - 2r% _ + F% .
i, _ i,j+1 1,3 i,j-1 (50)
3.7 ° 7.2
9(x") (Ax7)
.8 Y. . g
2°F8 _ Fianiier T Fien,ier T Fioa,ger Y Fion5an (51)
axtox® 4pxtax’

The difference equation is then derived by substituting

equations (45) through (51) into Eq (44) to get

»

- xl 7é 1 1
3 Yi-1,j-1 3 3
2Axlesex (Ax3)2e2x 2Ax3ek
1
1 _ .8 X : 8
C o | T T T TS B
20x7e 2Ax7AxTe’
112
+ L + = - 1 kS
Y3 Axl x3 i-1,3
2 : s~
(Axl)"eze - ?.Axlxleze
208,
) C2ah? ) HOER (2=0) .2
) x> (Ax1)5 3,2 213 ) l)0 1]
(Ax1)2e2c' ’ (bxT) e™™

17




W:”"'?’:f“""‘.“‘})‘ o

GNE/PH/72-8

1 2
1 X 1 g
* 3¢ 1 * 3 | Fie1,;
1.2 2¢% bx 1 2e%
(bx )7 e 20x"x"e
+ xl — Fg l . - 1
3 %i-1,j-1 - 3 3 : 5.3
2Ax1Ax-ex (Ax”)ze2x 2Ax3ex 2Ax°e2x
: 1 stf .
Figel © T 2 o3 Tael,ge1 T T T3 (52)
2Ax"Ax"e pSe€
e
0
The fluence coefficients of Eq (52) are definecd as
. xl
G, . = —_— (53)
1,] 1,3 x°
i 20x"Ax" e
A, - . s —— (54)
(Axs)ze2x 2Ax3ex 2Ax°e2x
1 2
B, . - e [ - s (55)
1,3 1.2 26X Ax X
(Ax" ) e 20x"x"e”
258 o
2 2(x1)2 2 H ZR(Z—O)
¢G5 ° 3t 13 5t 2 (56)
’ X (bx7)° 3.2 2x D
(Ax1)2e2e (8x7) e 0
2
1
1 X 1
. 5 - . X . i, 57
. l’J X3 AXI . , o ( )
(Axl)2e2e 2Ax1x1e2c




GNE/PH/72-8

A = 1 . 1 = - 1 (58)

3 3 3 x 3 2x°
{Ax7) 2Ax7e 2Ax" e

2 2x 2x
e

When Eqs (53) throughi (58) are substituted into Eq (52),

the difference equation finally becomes

-c. .F& . +B. _F%® _ . F& . g .
s) 1,3 1,] 1*1’3 1,3 1'1’.]"'1 J 1’3*1
o n2s8 ;
63,5Fis1,501 T T T (59)
g e
Doe

Mesh; Source, Boundaryv Conditions, and Cross Sections

In order to completely prepare Eq (59) for use in a
computer four factors must be defined. First the mesh area
and mesh interval (that is, the range of x1 and x3 and the
values of Ax1 and Axs) must be determined. Second, the
source term Sf’j must be defined. Third, boundary condi-
tions around the edge of the mesh rmust be defined. Fourth,

the cross section used must be defined.

The Mesh Area and Mesh Interval. The x1 coordinate 1is

a function of the sea level mean free path of some energy
group of gammas or neutrons. This can be shown by combining
equations (12) and (7) to get

1 _ NA&(z=0)

X\ = (60)

19
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where

Ag(2=0) = the sea level horizontal mean free -

of gampas or neutrons of an energy

group g.

The pinimum value of xl is zero (the xs axis).
Rigorously, the maximum value of x~ should be infinite
because the neutrons and gammas are transported to great
heights or radial distances. However, because a finite
nunber of mesh points must be defined for a computer solu-

tion, these boundaries must be defined as a finite (and

large) number of mean free paths, N, and the fluence at
these boundaries will be forced to zero.

In order to
determine the effect of this approximation, the author wro

-

a homogeneous air, constant density, one energy group code

in which the boundary was first taken as 10 mean free paths
and then as 25 mean free paths.

T

The fluences were identicsa
up to seven mean free paths from the burst.

Between seven
and nine mean free paths only the third significant figure
of the fluences were different. Only in the tenth mean
free path order of magnitude differences appeared.

Therefore
the maximum value of x

was chosen to correspond to ten mean
free paths.

The value of Ag, the mean free path, could be selected
from any energy group. However,

in order to obtain reasonable
accuracy the maximum mean free path was chosen.
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Ideally, the mesh interval should be chosen such that
the shortest mean free pati: hac at least three mesh points.
This requires, in the 40 group structure used, about 600
total mesi: points over the xl axis. Thnis number of points
was 1lmpractical to use on the coamputer available. Therefore.
40 points were selected for the sample run of Chapter III.
(However, the program was constructed so¢ that up to 60 points
could be used.) The description of the MESH subroutine ian
Appendix B describes how this option may be used.

The éetermination of the range of x3 was alsc based on
a maximum range of ten mean free paths from the burst. In
this case the maxinum value cf x3 would be equivalent to
ten mean paths up from the burst and the minimum value would
be equivalent to ten mean free paths down from the burst.
The energy group with the longest mean free path was also
chosen *o evaluate the range of x3. However, a simple
relationship between x3 and mean free path such as Eq (60)
does not exist since the air density is changing over the
path traveled by the neutron or gamma. A relationship can
be derived between altitude Z and mean free path based on
the assumption of the exponential variation in air density
with height.

This relationship is based upon the definition of

macroscopic cross section given in Eq (S):

Et(Z) = p(Z)OT (5)
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If this equation is integrated over the average me2n free

path at any altitude Z to a2n zltitude Z + X

z+)
GTde' (1)

'
™
™~
(4]
2
(3]
1
NN

the following series of relationships can be obtained.
On the left hand side of Eq (60) we extract the averzge

value of Xt over one rean free path ( (Zt) ) and on the right

hard side replace p by its definition in Eq (1) to get

Z+) Z+2 '
<z Jf dz* = Jf oTpoe'Z AFVE (623
z z

But the integral on the left hand side is A and the expression

pooT on the right hand side 1is Zt(Z=0), a constant. Therefore
Z+A ¢ Ju
<ED A = £,(2=0) RENAFTT (63)
Z

Carrying out the integration on the right side and using
the definition of mean free path as the reciprocal of macro-

scopic total cross section, Eq (63) becomes

- e MHy (64)

1 = zt(z=0)e'z/“[1
But, I, (z=0)e 2/ 15 I_{£). Therefore

e-k/H

1 = ztll - ] (65)

Solving Eq (65) for A

« N P oiem X T
EGER R CEara T x SRt
RN R e o e I T =
[

o
N
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A=-Hz2n[1-- (66)

HE

. t
. Therefore, this is the relationskip betwz2en X and Z (since

Xt is 2 fupction of Z) for the average reamn free path up
from any altitude Z.
In 2 sipilar mzener, the relationship between A znd Z

for the average mean free path down from any zltitude Z can

be found te be

- A =H % (1 . H; ) (67)

Equations {66) and (67) were used to find the upper and
. lower values of altitude equivalent to ten mean free paths
in either direction. The ninipuz and maxinunm values of x3

were then obtained from its definition of
x> = 2n(z/H) (14)
The nminimum value of x3, however. has an additional
constraint. Z can net be equal to or less than zero. This
constraint in turn causes a lower limit of seven kilometers
for the burst height in order to keep a ten mean free path
lower boundary without intersecting the flat earth. The
adeption of an upper limit of 100 km for the model atmosphere
places a restriction upon the upper value of x3 to 100 km.
R As in the case for the xl mesh interval, the mesh
. interval should be selected such that the shortest mean free

path has at least three mesh points. This requires, in the
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40 group structure used, about 1200 totz] mesh points over

3 < - .= - . -
the x* axis. Again to limit the number of mesh points in

w

the x° direction, 70 points were selezted for the sample
ren of Chapter 11I. (The program, however, was constructed
to 2llo¥ up to 120 points in the zs direction.) The
description of the MESH subroutine in Appendix B describes

how this option may be used.

Definition of the Source Term. The diffusicn equation

inplicitly assumes 2 linear variation in the cosine of the
directional angle of the diffusiag particles. This follows
because the diffusion equation results from a2 Legendre
expansion in direction of the more rigorous Boltzmann

. equa;ion which retains only the first two terms. Near the
source the virgin particles make up the largest fraction of
the total fluence and are nearly monodirectional in the out-
bound direction. Thus diffusion theory is weakest close to
the source which is the region of highest interest. This
dilemma can be avoided by defining the fluence at zny point
to have two components.

The first component at any point consists of the virgin
(unscattered) particles from the burst. The second component
consists of the scattered particles. This second component
at any point therefore contains those particles scattered
down from a higher energy group or from virgin scatter which
entered the energy group at some other point and have not

yet downscattered to a lower energy group.




T T T TR S Mol vt TR, Ml i e sk o omarane o T G S = o " o i M s o

GXE/PH/72-8

The virgin particles are solved rigorously while the
diffusion equation is used to describe only the scattered
particles. The source term in this diffusion equation
consists of those particles scattering out of the virgin
groups at that point plus those particles downscattering
from higher energy scattered groups. Tke source term can

therefore be expressed as

s .= §F ger gfl z8' 8", (68)
3 grar Sy Va5 g1 31
where
Sg,j = the source term for group g at spacial
point i,j (particles/cms)
Zg' = the macroscopic scatter cross section for
d virgin group g' (cm-l)
st o= the virgin fluence in group g' at spacial
*J location 1i,j] (particles/cmz)
Xg' = the macroscopic scatter cross section for
scattered group g' (cm'l)
F%ij = the scattered fluence in group g' at

spacial location 1i,j (particles/cmz)

However, in order to evaluate Eq (68), the virgin
fluence for any point i,j must be determined. The virgin

fluence at any point is

- ; (69)

25
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where
Sg = the total nurber of‘partic;es in group g
. emitted from the nuclear weapon.
- R = the distance from the burst point to the
point 1i,j
(E;} = the average mncroscopic total cross section

of the particle over the distance

The value of <Zt> can be found by integrating the
point value of Zt (which is dependens upon the altitude Z)

over the path length R. So

R
X j;) L, dR' = <2t> R (70)

However, since Zt is a function of altitude the 1left
side should be expressed in terms of Z. Figure 1 illustrates

the geometry.

HOB 1

dR
dz

AZ R

. 0

Z "
Point 1,j

Fig. 1. Sample Geometry Relating Variables Needed in

Calculation of Average Cross Section. (Note: HOB is
Height of Burst.)

26
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From Fig. 1 the following relationship is obvious:

\

dR = csc 6dZ ' (71)
Therefore, from Eqs (71), (70), and (6)

Z !
e-2'/H

HOB

<‘zt> R = I (Z=0) csc @ dz? (72)

Once this integ—-tion is performed, Eq (72) becomes

-Z/H _ _-HOB/H

- <gt> R = HE (2=0) csc 6[e | (73)

and also

csc O = Ef (74)

Therefore, from Eqs (69), (73), and (74),the virgin

fluence at any point is given by

s§  HE _(Z=0) %Z [¢"Z/H _ -HOB/H,
3 = - e (75)
Vi,) 47R

Using Eqs (75), (68), and (59), a difference equation
can be written for any interior point i,j in the meshed area
defined by the ranges of x1 and x3 and by the intervals Ax1
and Axs. However, since Eq (59) is a nine-point difference
equation involving fluences at points such as i-1, j-1,
boundary conditions must be defined.

Boundary Conditions. The first boundary condition that

must be defined is for the points on the x3 axis, that is,

27
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when x1 is zero. Two problems appear if the difference

)

equation (59) is used. This first problem is that the

T s i dioe Vit
.

. coefficients B, ; and §i j contain the term 1/x’ which is
3 2
" - infinite at x1 equal to zero. The secornd problem is that at
Y 1

x” equal to zero, i is equal to one, and in the nine point

difference équation three 1 - 1 (i = 0) terms appear.
The second problem is easily treated since, in the
1
development of the diffusion equation in the x7, xz, x3

coordinate system, symmetry of fluence with respect to the

W“?‘%W@M&me@f&WW@%@‘%&WWMW&W@m‘mx&gg&}ggggﬂfg,m

2 .
X~ coordinate (the transverse angle) was assumed. Therefore

SRR AR

F = F, . (76)

‘The first problem requires a special development of the
. difference equation. 7This requirement exists since the
diffusion equation in the xl, x2, x3 coordinate systen,

Eq (44), contained the term

1 aF

Equation (76) is equivalent to stating

oF

1 =0 (77)
ax 1
\ X =0
. The term, therefore, at x1 = 0 becomes 0/0 which is undefined.
. ilowever, the use of L'Hospital's rule on this term results in

28
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Therefore, using the substitution indicated in Eq (78)
into Eq (44), forming a new differenc: equation, and using

the definition of Eq (76), the following special form of

the difference equation for i = 1 is obtained:
— HZSi .
AFy 5.1 ~ CFy 5 + BFy s + AF) o) = - ————;% (79)
D e
0
where
- 1 1 1
AT IP I I S (80
(Ax™ )7 e 2Ax7 e 2Ax7e
2
H™Z _(Z=0)
C = 4 o Z -+ RD (81)
(611)232ex (ax3)2e%% 0
B = 4 . (82)
X .
(Axl)ZeZe .
_ 1 1 1
S IPP: S S (83)
(Ax™) e 28%7 e 280x7 e

The second boundary that must be defined is when x3 is
a minimum (the lower boundary of the mesh). This lower

boundary was chosen far enough away from the burst (10 mean
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free paths of the group with the longest mean free path) so
that the value of fluence is at leas; seven or eight orders
of magnitude lower than the fluences existing around the
burst. Therefore, along this boundary, fluence is assumed
to be zero. Reviewing Eq (53) through (59) this condition
implies that the coefficients of the Fi-l,j-l’ Fi,j-l’ and

F terms must be zero when j = 1.

i+l,j-1 .
The third boundary that must be defined is when x is

a maximum (the outer boundary of the mesh). This boundary
was also chosen so that the fluences existing at this
boundary were low compared to those around the burst.
Therefore, along this boundary, fluences are assumed to be
zero. This condition implies that the coefficients in

Eq (59) of the F,.

ie1,j-1° Fi+1,j’ and F, . terms must be

i+l,j+1
zero when x1 is a maximum.

The final boundary condition that must be defined is
when x3 is a maximum (the upper boundary of the mesh). Two
nossible conditions can exist. First, this upper boundary
is less than 100 km and second, this upper boundary is
100 km. If the first condition exists, the upper boundary
is ten mean free paths, of the group with the longest mean
free path, away from the burst. Therefore, by the same logic
of the preceding two paragraphs, fluence along this boundary

is zero and the coefficients of the F. and

i-1,j+1° Fi,j+1’
Fi+1,j*1 terns of Eq (59) must be zero.
The second condition occurs when, in the calculation

for the upper boundary, altitudes of greater than 100 km are

30
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obtained. In this case, the upper boundary is set to 100 km.
Therefore, the fluences at this boundary may not be very
much lower than about the burst and assvming zero fluences
for this boundary would be invalid. Hovever, since a vacuum
is assumed to exist above 100 km, a valid boundary condition
is that the return current is zero. Or asing Fick's Law it

can be stated as

J_=§+%§3=o (84)
where
J = return current (particles/cmz)
D = diffusion coefficient (cm) at 100 km
F = fluence (particles/cmz)

This equation can be differenced using a central

difference operator and solved for Fi je1 to get

(85)

When this is substituted into Eq (59) the following

special form of the difference equation is obtained:

31
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where
A= 2 ' (87)
. (Ax3)2e2x
2
B = 1 . Xl 1
- . 3 1 - 3
X Ax X
(Axl)ZeZe 2AxlxleZe
xl
- 88
3 3 (88)
2D Ax"e” e
0
2 -
c - 2 . 2(xl)z . 5 . H ZR(Z-O)
x> (axh? 3.2 2x° Dy
, (Axl)ZeZe (Ax™)"e
. 1 = 1 : - 1 - (89)
3 2x3 % 2ex 2x3 ex
DOAx e e ZDOe ZDOe e
2
1
1 X 1
B = + —_— +
1.2 2ex3 ax! 11 2exs
(Ax" ) e 20x"x"e
xl
+ ; x3 (90)
1 x" e
ZDOAx e’ e

A difference equation now can be written for every point
in the mesh with all +-.is defined except for the cross

. sections.
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Cross Sect:ons. The cross sections selected were

obtained from the Radiaticn Shielding Information Center
(RSIC) of Oak Ridge National Laboratory from the RSIC Data
Library Collection DLC-14 (Ref 3). These cross sections are
multigroup and consist of 22 neutron groups coupled with
18 gamma groups. Since the gamma groups were coupled with
the neutron groups, calculations of secondary gamma fluences
(caused by neutron scattering in air) are possible in addi-
tion to the calculation of primary neutrons and gamma
fluences.' These cross sections were selected since they
were used for Straker and Gritzner's constant density,
infinite air calculations (Ref 6). Therefore, these cross
sections were indirectly used by SMAUG since SMAUG curve
fits Straker and Gritzner's data. Use nf these cross
sections allows comparison between the code presented in
this report and SMAUG.

These cross sections, however, are for an air density
of V.11 mg/cm3 which is equivalent to about 1 km in the U.S.
St:andard Atmosphere, or to about 2 km in the curve fitted
expongntial atmosrhere used in this report. Since the entire
mathematical deveiopment of this report has been based on sea
level cross sections, these cross sections were extrapolated
to sea level using Eq (6). In addition, the cross sections
are differential cross sections expanded in six terms of a
Legendre expansion. Therefore, removal and transport cross
sections had to be calculated. The energy ranges of the

neutron groups are presented in Table I and the ene¢rgy ranges

33
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2N Table 1
1
= & . .
?2 Neutron Group Energy Ranges
2 ¥
Yi; .
Z - . Neutron Group Enerjy Range
%4 Nunber (MeV)
= -
B 1 12.2 to 15.0
% 2 10.0 to 12.2
é 3 8.19 to 10.0
% 4 6.36 to 8.19
5
% 5 4.97 to 6.36
6 4.07 to 4.97
7 3.01 to 4.07
8 2.46 to 3.01
9 2.35 to 2.46
10 1.83 to 2.35
11 1.11 to 1.83
12 0.55 to 1.11
13 0.111 to 0.55
14 0.00335 to 0.111
15 5.83E-4 to 3.35E-3 (a)
16 1.01E-4 to 5.83E-4
17 2.90E-5 to 1.01E-4
18 1.07E-5 to 2.90E-5
19 3.06E~6 to 1.07E-5
20 1.12E-6 to 3.06E-6
. 21 4,14E-7 to 1.12E-6
. 22 0.0 to 4.14E-7
(a) 3.35E-3 reads as 3.35 x 10°° (Ref 4:3)
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of the gamna groups are presented in Table II. The actual

cross secliions used are presented im Appendix C. -

Method of Sclution
The group scattered fluences were solved, one group at
a time starting with the highest energy n2utron group
(group 1). A difference equation was written for each point
in the mesh. The result, for any group, is a matrix equation

of the form

AE=S (s1)
where
A = the matrix consisting of the terms A, B, C, A,
B, and G
F = the array of unknown scattered fluences
S = the array of source terms

The matrix A is a block tri-diagonal matrix. Appendix A
defines a block tri-diagonal matrix and presents the algorithm
used to solve matrix equation (91).

A problem arose during the computer solution using the
coordinate system and meshing developed in this chapter.
Negative fluences occurred in the upper portions of the
meshed area. This was a result of the radial spacing between
mesh spaces. In the xl, xz, x3 coordinate systenm, Ax1 is a
constant; however, the actual distance between mesh points

is increasing exponentially with increase in altitude. There-

fore, in the upper portion of the mesh, the fluence was
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Table 11

Gapnpa Croup Energyv Ranges -

B Gznma Group Energy Range
Nunber MeV)
1 8.0 to 10.0
2 6.5 to 8.0
3 5.0 to 6.5
4 4.0 to 5.0
5 3.0 to 4.0
6 2.5 to 3.0
7 2.0 to 2.5
) 8 1.66 to 2.0
' 9 1.33 to 1.66
10 1.0 to 1.33
11 0.8 to 1.0
12 0.6 to 0.8
13 0.4 to 0.6
14 . 0.3 to 0.4
15 0.2 to 0.3
16 0.1 to 0.2
17 0.05 to 0.1
18 0.02 to 0.05
‘ (Ref 4:4)
. changing rapidly between mesh points and causing the negative

fluences. In order to correct this fault, xl was not allowed

to exceed the equivalent of 200 km at the outer boundary.
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¥hen xl exceeds this

- . - .3
used starting on tihe next value of x .

1
y = Xx cos X
2 1 . 2
y = x" sin x
3
y3 = HeX

x1 and xz

value, a different coordinate system is

This system was

(94)

are therefore the r and 9 of a normal cylindrical

coordinate system, The difference equation from using this

coordinate system is

MR T I I S A
HZS. .
= - —— 157
D
0
where
X = 1 1 . 1
- 3" 3 3
(Axs)ze2x 2Ax3ex 2Ax3ezx
5 - A
(Ax1)2 2x1Ax1
2 023 (2=0)
c - _2H . 2 . R
- 1,2 3 D
(&x7) (Ax3)2e2x 0
2 2
Ao Hl“" P111
(Ax )‘ 2x Ax

37

+ AF =

i,j+1

(95)

(96}

(97)

(98)

(993




T
A o (N Ny

ey

T
AN

?
H
i
}
J

6

>
2
i
o
£
.
* 5

Al g S e,

TR st e, e
P A W e e

GXE/PH/72-8

A= 1 3 * 1 3 - 1 3 (100)
( S)ZeZX szsex ZAxsezx
Ax

Since this difference equation is used c¢nly in the upper area
of the mesh, only three boundary conditions need be defined.
They are for the x3 axis, the upper boundary, and the outer
boundary. The boundary conditions are the same as define?
before. Therefore, for the x3 axis, A and A remain as

defined by Eqs (96) and (100), B becones zero, and

2
B = ___4§* . (101)
(8x™)
a2 , szR(z=0)
C = . . (102)
ax}y? 3.2 2x° Dy
ax>y%e

For the upper boundary, the same two possibilities exist.
The boundary can be less than 100 km or it can be 100 km. If
the upper boundary is less than 100 km, A, B, C, and B remain
defined 2s in Eqs (96) through (99) and A is equal to zero.
If the upper boundary is 100 km, B and B remain as defined in

Eqs (97) and (99), A is zero, and

A — 2 (103)

3
(Ax3)2e2x
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2
c - 2H2 . 2 . H XR(Z-O) . 1
- 1.2 3 D 3
(8x7) 3.2 2x 0 . 3 x
(Ax") e DOAx3e2x e
N - 1 (104)
x3 exa 2x3 exo
2DOe e ZDOe e

For the outer boundary, A, B, C, and A remain as defined

as in Eqs (96}, (97), (98), ard (100). B is zero.

. 3 . . 3
The mesh interval Ax™ remains the same since x  has not

been changed. The new Axl (actually a Ar) is the radial

equivalent to the last Ax1 of the old coordinate scheme.

The computer code was written for the Wright-Patterson
Air Force Base CDC 6600 computer using an on-line plotter,

The language used was FORTRAN Extended.
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ITI. A Users Guide to the Code

This chapter presents a guide to the user on how to use
the code. The input for a sample probiem is shown as an
illustration. Three types of punched cards are required;

control cards, data cards, and end of job cards.

Control Cards

Four control cards are required. These four cards
preceed any other cards. Entries on all these cards start
in column one. These cards are unique to the Wright-Patterson
Air Force Base CDC 6600. Other computers will require dif-

ferent control cards.

Card No. 1:

This card contains the users initials, time to run the
code, core size in octal, problem number assigned to the user
by the computer center, name, telephone number, and class.

EXAMPLE: RDM,T3400,CM120000. T71067S5,MCLAREN,2533886,
GNE 72

The time required for running the code is 3400 seconds and a

core size of 120000, is required,

8
Card No. 2:

This card selects the FORTRAN compiler.
EXAMPLE: FTN, ‘
Card No. 3:

This zard loads the program and causes it to go into
execution.

EXAMPLE: LGO.
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Card No. 4:

This card signals the end of the control cards.

EXAMPLE: A multipunch 7/8/9 in column oue.

Data Cards
The computer code itself follows the control cards.
After the code, a series of data cards are required. The
data is input in either an I format or an E format. All
numbers are right justified in the field specified by the
format statement., Examples of correct and incorrect use are
shown below. b represents a blank space. All entries start

in column one.

-Format Correct Incorrect
214 bb22bble 22bbight
bbb5-100 b5b-100b
Ix,1PE11.4 bbl1.2345E+04 1.2345E+04b)b
b-1.2345E+04
Card No. 1:

This card contains two numbers in 214 format. The
first number is the number of neutron energy groups and the
second number is the number of gamma groups. This card is
included as part of the input library and normally requires no
preparation on the part of the user. However, if the user
desires to use a different cross section data set with dif-
ferent number of groups, this card must be replaced with a
card prepared by the user in the same format.

EXAMPLE: bb22bbl8
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3 Card No. 2: 5
A Y ‘:
i

This is actually a deck of cards containing the multi-

. group cross sections. The format for each card is 1x,1P7E11l.4,

PN

This deck is included as part of the input library and
normally requires no preparation on the part of the user.

If the user desires to use different cross sections, this
deck must be replaced with a deck written in the same format.
The cross section data supplied by the user must be in the
following order. All cross section data for the highest
energy neutron group must be first. This is followed by the

data for the rest of the neutron groups in the order of

R I R T S P A T B S P B R TP RS

descending energy. Next, the highest energy gamma group

FR gt D

data follows. The data for the gamma groups must also be

4

. arranged in order of descending energy. Each group G must
contain a series of cross sections whose number must be three
more than the total number of groups (neutron plus gammas).
In any group G, the cross sections must be arranged in the

following order:

1 is transport
2 is removal
3 is total
4 is scatter (G to G)
S5 is scatter (G-1 to G)
’ 6 is scatter (G-2 to G)
. 7 is scatter (G-3 to G)

etc.
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Every card, except for the fimal caré in this deck nust
bave sevenz pexnbers in the specified format. In cases where
the gromp to group scatter cross sectiom is zero or do not
exist (example: 6G-38 when 6 is 3) 2 zerc must be entered on
the card. Tke cross sectiomr éata useé in the Iaput library
is listed in Appendix C. .

Card Jo. 3:

This is 2iso z deck ef cards ané contzins the respomnse
functions reguireé to tramslate the zmultigroup neutron
filuence té silicon dose in rads. The forzzat for each card is

1X,1P7E11_4. TRi

w

deck is suppiied zs part c¢f the input
iibrary. If the user desires to use different response fuac-
tions, he must replace this deck. The nucber of values in

thkis deck must corresponrd to the number of neutron groups

specifieé on card number omne. The response functions should
be zrrangeé in order cf decreasing energy groups. The
respoase functions used in the input library are presented

in Ta2ble 11Ii. These functions were obtained from the SMAUG

Caxd No. 4:

This is aiso a deck of cards and contains the response
functions required to translate the multigroup gamma fluence
to silicon dose in rads. The format is the same as for card
nunber three. This deck is supplied as part of the input
library and if the user wishes to use different response
functions, he nust replace this deck. The number of values

in this deck must correspond to the number of gamma groups
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Table III

Neutron Response Functions

e P Rt NS N bl R S PN

N Energy Group For Silicon Dose For Tissue Dose
in rads in rads
1. 9.35E-10 (a) 6.2545E-09
2 9.66E-10 S.7744E-09
3 8.74E-10 5.1525E-09
2 4 5.56E-~10 4,9958E-09
?t 'S 2.15E-10 4.4861E-09
éé 6 1.41E-10 4,1199E-09
ig 7 1.02E-10 4.0662E-09
EF . 8 8.4E-11 3.4281E-09
1 . 9 7.7E-11 3.1542E-09
10 6.9E-11 3.0504E-09
11 5.5E-11 2.6157E-09
12 4.8E-11 2.0131E-09
13 3.4E-11 1.2918E-09
14 0 4,2594E-10
15 0 1.9581E-11
16 0 3.6590E-12
17 0 1.1533E-12
18 0 1,0841E-12
19 0 1.5460E-12
: 20 0 2.6671E-12
21 0 4,3388E-12
22 0 8.2591E-12

(a) read as 9.35x10 10
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specified on card number one. The response functions used
in the input library are presented in‘Table ;V. These
functions were obtained from the SMAUG cude.

Card No. 5:

This card is the same as card number three except the
response functions are for tissue dose in rads. All instruc-
tions are the same as for card number three. The response
functions used in the input library are presented in Table
I11. These functions were obtained from the SMAUG code.

Card No. é:

This card is the same as card number four except the
response functions are for tissue dose in rads. All instruc-
tions are the same as for card number four. The response
functions used in the input library are presented in Table
IV. The functions were obtained from the SMAUG code.

Card No. 7:

This card contains one number in I4 format. This number
is the number of aircraft being evaluated and must be between
one and 100. This card must be supplied by the user.
EXAMPLE: bbb4
Card No. 8:

This may be one or more cards and supplies the aircraft
position. The positions are defined in an X,Y,Z coordinate
system (in that order) and the units on the coordinates are
kilometers. Each card contains the coordinates for two air-
craft in 1X,1P6El11.4 format and will normally have six

numbers. A card could have three numbers (one aircraft
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Tabie IV

R SRR TSR T TR R

Gamma Response Functions

Gamma Group

For Silicon Dose

For Tissue Dose

in rads in rads
1 2.85-09 (a) 2.2576E-09
2 2.28E-09 1.9371E-09
3 1.83E-09 1.6436E-09
4 1.48E-09 1.3901E-09
) 1,2E-09 1.1812E-09
6 9.85E-10 1.0102E-09
7 8.4E-10 8.8378E-10
8 7.12E-10 7.6726E-10
9 6.1E-10 6.6473E-10
10 5.05E-10 5.5115E-10
11 4.1E-10 4.4620E-10
12 2.7E-10 3.5710E-10
13 2.37E-10 2.6009E-10
14 1.65E-10 1.7915E-10
15 1.17E-10 1.2257E-10
16 7.25E-11 6.2561E-11
17 9.75E-11 3.2027E-11
18 4,13E-10 4.7209E-11

(a)

read as 2.8 x 10

9
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position) if only one aircraft is listed on card number seven
or if the card is the last card for an odd number of air-
craft. The nuamber of aircraft positions must agree with the
number of aircraft specified on card number seven. This card
(or cards) must be supplied by the user.
EXAMPLE:
bb1.0GO0E+00b1.0000E+00b1.0000E+01b0.0000E+00bS.0000E-01b1.5000E+00
bb1.2500E-01bi.0000E+00b2.0000E+01b0.0000E+00b0.0000E+00b2.3000E400
Card No. 9:

This card contains one or two numbers in 2I4 format. The
number specifies the units of aircraft vulnerability and must
be a number from one to eight. If the first number is five
or eight no second number is required. The first number gives
the units of neutron vulnerability and the second number gives

the units of gamma vulnerability. The meaning of the numbers

follow:
Number Meaning
1 Total neutron fluence (neutrons/cmz)
2 Total gamma fluence (gammas/cmz)
3 . Neutron tissue dose (rads)
4 Gamma tissue dose (rads)
S Neutron+gamma tissue dose (rads)
6 Neutron silicon dcse (rads;
7 Gamma silicon dose (rads)
8 Neutron+gamma silicon dose {(rads)

This card must be supplied by the user.
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EXAMPLE: bbblbbb2
Card No. 10:

This card contains one or two numbers iﬂ 1X,1P2E11.4
format. The numbers specify the aircraft vulnerability.

The first number is the aircraft neutron vulnerability and
the second number is the aircraft gamma vulnerability. The
units must be those specified on card number nine. If the
first number on card nine is a five or eight only one number
is required on this card. This card must be supplied by

the user.'

EXAMPLE: bbl.0000E+10b1.0000E+10

Card No. 11:

.This card contains four numbers in 1X,1P4E11.4 format.
The first number is the yield of the nuclear weapon in kilo-
tons. The next three numbers give the position of the burst
in X,Y,Z coordinates (in that order). The units of the
coordinates are kilometers. This card must be supplied by
the user.

EXAMPLE: bb1.0000E+01b1.2500E-01b1.0000E-01b2.5C00E+01
Card No. 12:

This card may contain two numbers in 214 format and
specifies the type of output desired. The first number may
be blank (or zero), one, two, or thre>. This number speci-
fies the type of plot output. A blank means no plots will
be output. A one means the vulnerability isofluence or
isodose line wil) be plotted and the aircraft will be located

on the plot. A two means only isofluence or isodose lines
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will be plotted. A three means both the one and two optiomns
will be plotted. The second number méy be blank {(zero) or
one. This number specifies the type of prin;ed output. A
blank is the normal mode and will result in a short printout
giving the lccation of the burst, locaticn of the aircraft,
and if the aircraft survived with gamma znd neutron levels
experienced by the aircraft. A one will give the same out-
put as the blank plus the detailed group by group fluence

at every mesh point. The one option generates several hundred
pages and.should not be used unless the group fluences are
needed. This card must be supplied by the user.

EXAMPLE: bbb3bbbb

Card .No. 13:

This card may contain one to three numbers in 314 format.
The first number must be a one or two and specifies the type
of nuclear weapon. A one is a fission weapon and a two is a
thermonuclear weapon. The second number may be a blank or
a one and specifies the source of the weapon output spectrum
for neutrons. If this number is blank, an unclassified
default spectrum will be used. This default spectrum is
contained within the code and will be a fission or thermo-
nuclear spectrum depending upon the first number on this
card. Table V lists the default neutron spectra. If this
number is one, the default spectrum will not be used and a
user supplied spectrum will be used. The third number may
be a blank or a one and specifies the source of the weapon

output spectrum for gammas. If this number is blank, an
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Table V

Weapon Neutron Spectrs

Neutron Group Fission Spectrum Thermonuclear Spectrum
(neutrons/kiloton) {neutrons/kiloton)

1 3.92E+19 (a) 6.001E+22
2 2.233E+20 2.176E+22
3 8.7E+20 1.1985E+22
4 3.48E+21 1.2495E+22
5 8.705E+21 1.4875E+22
6 8.705E+21 1.4875E+22
7 1,4951E+22 1.4167E+22
8 1.4951E+22 1.4167E+22
9 1.4951E+22 3.825E+22
10 4,23E+22 3.825E+22
11 4,23E+22 3.825E+22
iz 4,2325E+22 7.9475E+22
13 4.2325E+22 7.9475E+22
14 3.875E+21 3.1025E+23
15 0 0

16 0 0

17 0 0

18 0 0

19 0 0

20 0 0

21 0 0

22 0 0

19 |

(a) read as 3.92 x 10
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unclassified default spectrum will be used. This default
spectrum is contained within the code and will be 2 fissicen
or thermonuclear spectrum, depending upon the first number

on this card. Table VI lists the defauit gamma spectrun.

If this number is one, the default spectrum will not be used
and a user ;upplied spectrum will be used. The default
spectra are from the SMAUG computer code. If both the second
and third numbers are blank, this is the last card required.
This card must be supplied by the user.

Card No. 14:

If the second number on card 13 was blank, omit this
card. If that number was a one, this card (actually a small
deck) will contain the neutron output spectrum of the weapon
in 1X,1P7E11.4 format. The number of entries must agree
with the number of neutron groups specified on card one.

The group structure must be arranged in order of descencing
energy.
Card No. 15:

If the third number on card 13 was blank, omit this
card. If that number was a one, this card (or several cards)
will contain the gamma output spectrum of the weapon in
1X,1P7E11.4 format. The number of entries must agree with
the number of gamma groups specified on card number one.

The group structure must be arranged in order of descending
energy.

Card 15 is the last data card that may be supplied by

the user. As can be noted in the above description of the
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Table VI

Heapon Gamma Spectra

Gamma Group

Fission Spectrum

Thermonuclear Spectrum

(2)

(gammas/kiloton) {gammas/kiloton)
1 1.2643E+19 (a) 6.3239E+18
2 5.9019E+19 2.5508E+19
3 1.0539E+20 5.2693E+19
4 4.7555E+20 2.3778E+20
5 4_,7556E+20 2.3778E+20
6 1.0718E+21 5.3595E+20
7 1.0719E+21 5.3595E+20
8 2.3562E+21 1.1781E+21
9 3.22E+21 1.615E+21
10 4,0838E+21 2,0419E+21
11 3.7741E+21 1.887E+21
12 4,512E+21 2.2559E+21
13 5.2499E+21 ~.6249E+21
14 2.2981E+21 1.149E+2]
15 2.2981E+21 1.149E+21
16 2.7062E+21 1.3531E+21
17 0 0
18 0 0
19

read as 1.2648 x 10
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cards, this code is flexible and will allow the input library

and contained data to be replaced. However, if any of the

e K@Ww&%}\“"‘l‘?“ 51{‘3“4&;};@’%

. options of replacing cross sections, response functions, or
weapon spectrun are exercised, the user should note the
following cauticon. These three selections of data are self-
consistant in nurber of groups and the energy range in each
group. If any one (or more) are replaced, this self-
consistency must be retained. That is, the user is respon-
sible for.insuring the number of groups, and the energy

ranges in each group, agree.

End of Job Cards

For the Wright-Patterson Air Force Base CDC 6600, the
user'must supply two more cards following the data card.
The first is a multipunched 7/8/9 in column one. The second
is a multipunched 6/7/8/9 3n column one. This last card is

orange. Other computers will require different end of job

cards.
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IV. Results

This chapter presents the results ottained from the
sample problem illustrated in Chapter II;. These results
are compared with results obtained from a constant density
air model with the same input data. The results are also
compared to those given in the Quick-Look Radiation charts
{Ref 1). These charts were derived from SMAUG; therefore,
this comparison is effectively between the author's code

and SMAUG.

The Problem

The problem presented in Chapter III (as sample entries)
is reviewed in this paragraph.

Weapon Parameters

Position: X = 0.125 km, Y = 0.1 km, Z = 25 km
Yield: 10 kilotons

Type: Fission

Neutron spectrum: Input library (see Table V)
Gamma spectrum: Input library (see Table VI)

Aircraft Parameters

Number: Four

Positions: No. 1, X = 1 km, Y = 1 km,

Z = 10 km

No, 2, X = 0 km, Y = 0,5 km,
Z = 1.5 kn

No. 3, X = 0,125 km, Y = 1 km,
Z = 20 km

No. 4, X = 0 km, Y = 0 km,
Z = 2.3 knm
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Neutron vulnerability: 1010 neutrons/cm2

Gamma vulnerability: 1010 gammas/cm2

Air Parameters

Cross sections: the 22 group neutron, 18
group coupled gamma library
(see Appendix C)

Response functions:' Input library (see

Tables III and 1IV)

The Output from the Code

The output required was the short printed output which
states what happened to the aircraft and four plots; two
showing neutron and gamma isofluence lines, and two showing
the ﬁeutron and the gamma isovulnerability line. The
printed output stated that aircraft number one survived and
experienced a neutron fluence of 4.8 x 106 neutrons/cm2 and
a gamma fluence of 5.4 x 106 gammas/cmz. Aircraft numbers
two and four survived and experienced zero neutron and gamma
fluences. Aircraft number three was killed by neutrons
with a fluence of 2.2 x 1012 neutrons/cmz. The four plots

are presented as Figs. 2 through 5.

Comparison with Results from a Constant Density Air Model

Another air model was selected for comparison purposes.
This model was a constant density, homogeneous composition,
infinite atmosphere model. The same input data was used.
A program was written for this model with the same require-

ment on output. The printed output stated all four aircraft
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were killed. Aircraft number one experienced a neutron
fluence of 6.6 x 1011 neutrons/cmz, aircraft number two
experienced a neutron fluence of 1.9 x 1011 neutrons/cmz,
aircraft number three experienced a neutron fluence of

3.1 x 1012 neutrons/cmz, and aircraft number four experi-

enced a neutron fluence of 2.1 x 1011 neutrons/cm2

. The
four plots are presented as Figs. 6 through 9.

The neutron fluences calculated at the four aircraft
positions are greater for the constant density model. This
difference, however, is expected since, in the actual
atmosphere, air density is decreasing with altitude. There-
fore, in the actual atmosphere, any fixed position below the
burst should experience a lower fluence than that predicted
for a constant density model. The exponential air model
selected for the code is a reasonable approximation to the
actual atmosphere, therefore, the fluences calculated with
this‘code for fixed positions below the burst should be
lower than those predicted for the constant air model.

Two observations can be made by examining the plots
from the two codes. Figure 6, the neutron isofluence lines
for the constant density model, and Fig. 2, the neutron
isofluence lines for the exponential air model, show the
effect of the atmospheric model on neutron fluence. The
iscfluence lines for the constant density model are circles.
The isofluence lines for the exponential air model are not
circles. These lines are close together in the region of

greater air density and diverge as the air density decreases.
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This observation can alsc be made by corparing Figs. 4 and
8, the gamma isofluence lines.

The second observation that can be made is that the
isofluence lines at a height coaltitude with the burst differ
between the two models. This difference can be easily seen
by comparing Figs. 3 and 7, the neutron fluence vulnerability
line, or by comparing Figs. 5 and 9, the gamma fluence
vulnerability line. From Fig. 3, the vulnerability level
of 1010 neutrons/cm2 is at about 18 km coaltitude for
exponentiél air. From Fig. 7, the vulnerability level of
1010 neutrons/cm2 is at about 44 km. Figures 5 and 9 show
similar results for the gamma vulnerability line of
1010.gammas/cm2. The coaltitude distance for exponential
air is about 12 km but for constant density air is about
25 km., Therefore, in this example, the constant density

air model overpredicts the coaltitude distance by a factor

of two.

Comparison with the Quick-Look Radiation Charts

Neutron and gamma fluences at the aircraft positions

were also calculated using the Quick-Look Radiation Charts

(Ref 1). These charts were derived from SMAUG. The

expected values from these charts should be between the
exponential air model and the constant density air model
because the SMAUG data base is from a constant density model.
SMAUG compensates for the actual change in air density by
mass integral scaling along the line of sight between the

burst and the receiver.
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8

The fluence values from these charts were 1.6 x 10

2
neutrons/cm

one, 3 X

aircraft number three.

1012

and 3.8 x 10°

2
neutrons/cm

gammas/cm2

and 3 x 1011

for

aircraft number
2
gammas/cm- for

Values for aircraft numbers two and

four could not be obtained because they were out of the

range of the charts.

are summarized in Tables VII ana VIII.

Table VII

The results of all these calculations

Neutron Fluences at the Aircraft Positions

as Calculated by the Three Models

2
Aircraft L Neutron Fluence (neutrons/cm”)
Number Exponential Air Quick-Look Constant Denszity
Charts Air
1 4.8 x 10° 1.6 x 108 6.6 x 10°1
2 0 (a) 1.9 x 101!
3 2.2 x 1012 3 x 1012 3.1 x 1012
4 0 (a) 2.1 x 1011

(a) Out of the range of the charts

The comparison between the three calculations do show
the Quick-Look results between those of exponential air and

constant density air,.

Validity of Results

The general appearance of the results seem valid. The
results show the expected effect of the decreasing air

density with height. Furthermore, when these results are
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Table VIII

Gamma Fluences at the Aircraft Positions

as Calculated by the Three Models

. 2
Aircraft Gamma Fluence (gammas/cm™)
Number Exponential Air Quick-Look Constant Density
Charts Air
1 5.4 x 10° 3.8 x 10° g x 1010 (¢)
2 0 (b) 3 x 1010 (o)
5 10t (ay 3 x 10! > 101! (o)
4 0 (b) 3 x 1010 (o)

(a) Not calculated, estimated from Fig. 4

(b) Out of range of the charts

(c) - Not calculated, estimated from Fig. 8
compared to the constant density air model and to the
Quick-Look charts, they appear to be correctly predicting
increased (or decreased) fluences where applicable. The
actual validity of the numbers can not be determined since
no experimental observations exist for these type of calcula-
tions. Some checks, other than comparison with experimental
data, can be made tc estimate the validity of the results.
First, a check for conservation of particles can be made.
The conservation relationship is that the number of particles
entering a specified volume plus the number of particles
gained inside the volume is equal to the number of particles
leaving the volume plus the number of particles lest inside

the volume. This check, once made, would establish that
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the difference equations used in this report do conserve

v

-
-

B particles and are therefore valid. Another check that can
7 ) be made is to let the atmospheric model used approach a

constant density model. This can be doune.by changing the

scale height of the atmosphere to a very large number. If
the same example used in this report is then run, the
results should approach those obtained from a constant

density model.
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V. Conclusions and Recommendations

Conclusions

Definite conclusions can not be made since only one
sample problem has been run on the computer code. One
tentative conclusion, however, can be made subject to con-
firmation by more computer runs. The codes that consider
coaltitude burst and receiver, if based n the constant
density air assumption, overestimate the gamma and reutron
fluence. .The reason for the overestimation is most likely
the implicit assumption that scatter from above is equal to
scatter from below in the constant density air model. 1In
actuality, due to the density variation, scatter from above
would be less than scatter from below. Therefore, tiae
exponential model correctly indicates lower coaltitude
fluences.

Another conclusion that can be drawn is that the
constant density air model poorly estimates the neutron and
gamma fluences at any fixed point above or below the burst.
This estimate becomes progressively poorer as the distance
from the burst increases.

In conclusion, an alternate, and successful, approach
to the calculation of neutron and gamma fluences in the atmos-
phere has been developed. This code also does determine if
aircraft in the vicinity of the burst survive the neutron
and gamma fluences. However, the requiremcnt that a quick

and therefore inexpensive code be developed has not been
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fully satisfied. The running time of thte code, 20 minutes
of central processor time plus one hour of input/output
time, does not compete favorably with SMAUG's running tinme
of saveral seconds, but it is much faster than the Monte

Carlo codes mentioned in Straker's report (Ref 5).

Recommendations

Based on tte above conclusions, the author has five
recommendations. The first is that a conservation check be
performed, using the geometry develcped, to insure the
validity of the difference equations. The second is that
the code be rerun with an increased scale height to determine
if the results do approach those obtained with a constant
density air model. The third recommendation is that, if the
above checks are successfully made, the code be rerun at
heights of burst for which Monte Carlo data exists and 2
comparison made between the Monte Carlo results and those
obtained from this code. The fourth reccmmendation is
that, if the above three checks still show the code to be
valid, the code be given to an experienced programmer to
revise in order to decrease the run time. The final
recommendation is to then run the revised code at a series
of burst heights in order to generate a broad data base.
This data base can thea be used to write a SMAUG-1like
program which should fully satisfy the requirement for an

inexpensive (quick running) code.
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Appendix A

An Algorithn for the Solution of Matrix Equations

with Block Tri-Diagonal Matrix of Coefficients

A matrix equation of the form

AF = 5 (1)

where A is an M x M matrix, F is an M x 1 matrix, and S is
an M x 1 rmatrix, can be directly solved for F by finding A
inverse and multiplying £ by A inverse. The solution is

therefore

a's (2)

i

F

This is the normal methcd of solution used iz most corputer
programs. licwever, when N is large, this method is imprac-
tical. Tvxo reasons for the impracticality of this method
are the large computer core and the lonz ceaputer run time
required. For example, if N is 1008, a computer ccre of
1,000,000 xords wilil be requi-;ed just to store the inverse.
The core requirement can te reduced by using magretic tapes
fcr ;torage; however, the use of nagnetic tapes increases
the computer rum tine. XNumerous algorithas have therefore
been developed to avoid the problens of solution by direct
inversion.

These algorith=s depend on the composition of the
coefficient nmatrix A. If A is a2 block tri-diagonal WaTTix,

2n algorithn has beean described bvy @inchestier (Ref 8:37-61)
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that greatly reduces the computer core size and run time to

solve Eq (1).
paragraphs.

If A is block tri-diagonal,

that
DIAl UPI 1] 0
LOW2 DIA2 UPz 0
1
0 LOI‘3 DIA3 JP3
A= :

P

where DIAi, UPi and LOK; are all square matrices.

also be partitionad such that

~)
(1]

This algorithm is descrilted in the following

it can be partitiolied such

DIA, .

U LOHN

UP‘\,_1

DIAN

(3)

F and S can

{4)

(5)
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where sui and FMi are also matrices

Next, factor A into matrices WM anc QM such that

WM QM = A (6)
where
‘1 0 0 o . 0 \
Lth "2 - 0 o . 0
é ; 0 LOW3 ws 0 . 9
W = ) . (7)
=3 at
0 . 0 LO"N-I WN-1 (1]
. 0 . 0 0 I.OhN hN
% and
1 1, 0 - . 0
: 0 I 9 % - - 0
] o= | . . (8)
2 o . . 0 1 9 _;
s o . . 0 0 I, -
3 Carrying out the matrix maltiplication of Eq (6) and
‘ equating conponents to corresponding diagomnal cozmponents of
# . A yields the following relations:
: - o
- ) “l DIA1 (92)
Ki = DIAi - LOni qi—l (10)

on... .
o T Y NN X
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By equating components with corresponding off-diagonal
components of A the following relation is also obtained:
q;, = (w,) lup (11)
i i i )

Next, define - matrix GM

1}

—————

(1] ]
-

GM 2 (12)
\
such that
f WM GM =S (13)
Therefore
GM = QM F (14)

Carrying out the matrix multiplication of Zq (13)
and equating the components with corresponding components

of S vields the following relations:

(1]

1]
ﬁ
=

[

d
wn
=

1 (15)

- -1 3 - o
G, = (K,)7 (54, - LO%.G,

-

) 1<icx (16)
The same operation with Eq (14) yields
- s
FHN Gﬁ £17)

FM, = G - qFX, 13 <H (18)

{$ 1
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Equations (14) and (15) are the equatiors defining the

unknown matrix F.

The entire algorithm to solve for F is listed below.

(1) Start with

(2)

(3)

(4)

"(5)

ail components are calculated.

(65

Solve for
"1 = DIA1
W. = DIA.

i i
Solve for
_Qi = ("i)
Solve for
6, = (%))
G. =

i

i=1

W.
1

- 0¥,

q;
Lyp.
1

G.

1

1
SH1

-1 .
(¥.)7" (s, - LOW.G.

1<i<N

_1) 1 <i<N

Return to Step (2) with next i and repeat until

After all the 9 matrices and the Gi ratrices have

been calculated, solve for the FHi coaponents of the unknown

matrix F.

FM.
i

Start with i = N.

FHN = GN

it
(3]
'
-]
i
1)
=
i
*
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Description

Appendix B

and Listing of the Code

Introduction . . .

Program MAIN . . .

Subroutine
Subroutine
Subroutine
Subroutine
Subroutine
Subroutine
Subroutine
Subréutine
Subroutine
Subroutine
Subroutine
Subroutine
Subroutine
Subroutine
Subroutine
Sudroutine

BLOCK DATA

CROSS .
DOSE .
AIRCR .
GAMNEUT
SELECT

MESH .
LOCATE

VIRGIN

ADD . .
ouT . .
CONVERT
CHECK .
NOTICE

MaP . .
CONTOUR
SETUP .

. - - . - -
- . - . - )
. - . - - -
- 3 - . 3 -
- . - - -
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) Introduction

t This appendix describes and presents the code. Each

subroutine is described separately with a glossary and listing.
Some program modifications that can be made with the exchange
or addition of 2 few cards are also discussed. The code is
written for the Wright-Patterson Air Force Base CDC 6600 in

FORTRAN Extended. 1In addition, the code, as written, should

T Y S P T e R R T T s Vs

Eyt

only be rur on a2 1700 terminal of the CDC 6600 that has

B

W

on-line plot capability. The program can easily be converted
to run at-the computer center, rather than at a terminal,
with a2 few easy modifications. These modifications are dis-
cussed in subroutine MAP. If the code is run on another

: CDC computer, the library matrix and plot subroutines used

by the code may be different and require modifications to

i

the code.

Program MAIN

This is the main program and is a substitute for the
master nuclear effects program developed by Capt DeRaad
(Ref 2). The program is responsible for feeding the cross
section data, respcase function data, aircraft data, weapon

yield and position, and output options to subroutine GAMNEUT.
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2
fis?
- 4
- i
. FORTRAN Glossary:
%2 i ACPOS An array that stores the aircraft positions ;
33 ) in X, Y, Z coordinates. Units are kilometers.
géé ARRAY An arrzy that specifies a live aircraft or
EK' one killed. A one means the aircraft is live
cE while a zero means the aircraft has been
' killed.
BURST ’ An array that store the burst position in X,
Y, Z coordinates. Units are kilometers.
LMAP A number indicating the pliot option.
LOUT A number indicating the printed output option.
& MODE . An array indicating the units of the figures
@g given for aircraft vulnerability.
E B NGAM The number of gamma groups.
2 3 NGROUP The number of gamma plus neutron groups.
7 ' NNEUT The number of neutron groups.
E . NUMBER The starting number of aircraft.
b 7
t STMAX The maximum macroscopic total air cross
d section.
; STMIN The minimum macroscopic total air cross
;% section.
E VUL An array that stores the aircraft neutron and

gamma vulnerability.

i e e

YIELD The weapon yield in kilotons.
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PROGRAM MAINM(INFUT,TACEQ,TAPEL:,TAPEL11,0UTPUT,,FLOT)
. INTEGER ARRAY(1.0)
DIMENSION AC20S(2,103) 4BURST(2),VUL (2),M0O0E(2)
coMMOM I
READ IN THE NUMPER CF GAMMA AND NEUTRON
GROUPS. READ IN THE GROUP CROSS SECTIONS.,
READ IN MNEUTRGM AND GAMMA RESFCPSE FUNCTTCNS,

QOO0

CALL CROSS({STMAX,STMIM4NNEUTyNCAMgNCRCUP)
CALL COSZ(NNZUT,NCAM)

c
c READ IN AIRCRRAFT TATA, THE NUMEER CF AIRCKRAFT,
c POSITIONS, VULNFRAPILITY. ALSO SET UP AN
c APRAY TG KESF TRACK OF AIRCPAST 1HAT ARE
c KILLEN.
c
CALL AIRCP(ARRAY,ACPOS,VUL4MCCE4NLMEER)
c )
c READ IN RQURST LOCATIOM AND YIELC.
C
READ 132,YIELD, (BURST(I),I=4,3)
C
c PEAD IN PLOT AND OUTPUT GPTICAS.
. c
c LMAP=C (3LAMNK) MEANS NC FLCT.
2 LMAP=1 MZIANS B VULNEFASILITY ISCFLUENCE OF
. C DOSE LINE WILL R8E PLOTTEC ANC THE
c AJRCSAFT LCCATED CN THE FLCT.
C LMAP=2 MEANS THE ISOFLUENCE LINES WILL
c 8¢ PLOTTED.
C L¥AP=2 MTANS =07H LMAF=1 AND LMAF=2 OPTIONMNS
c WILL PE PLOTTETL,
c
c LOUT=" (SLANK) MEANS SHORT (NCRMAL) OUTEUT.
c LOUT=1 MZTANS A CETAILED CUTPUT,
RFAD 1,1,4LM2P4LCUT
c
c CALCULATZ T¥HE NZUTACK ANC GAMMA EMNVIRGCMENT,
C

CALL GAMNEUT (MUVUSTRLACFCS ARIAY§FURST VUL 9MODEGNNEUT g NGAM,STMAX ST
AMINSLMAP L CUTZNGRCUF,YIELD)
17C FCOMRT(iXy1F0E1l,4)
131 FOPMAT(137T4)
STOP
END
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e
: c e Subroutine CROSS
& . This subroutine reads in the sea level macroscopic

IR
‘, AN
.

Py
SRR AR

cross sections, determines the minimum and maximum total

A

cross sections, and stores all cross sections on a disk

file. This subroutine should be included in the master

e
b

AR S AT LSS BRI L2 g Gt A

U

nuclear effects program.

\

Y, %

.

: f FORTRAN Glossary:

2

3

3 NGAM The number of gamma groups.

2 NGROUP ) The number of gamma plus neutron groups.

Zd

1 NNEUT The number of neutron groups.

% STMAX The maximum macroscopic total air cross

: section.

> : STMIN The minimum macroscopic total air cross

4 : ’ section.

X : XSECT An array containing the neutron and gamma

: sea level air macroscopic cross sections.

2t

4 ,
'
)

L i

S ) :

; ;

<

<
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L2 2ens
PRERS
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£

G N R
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-

> SUBRCUTINE TROSS(STMAX,STMIN,NNEUT,NGAM,NGROUC)
\
THIS SURRCUTINE REACS IN THE GANMME ANC
NFUTRON C2CSS SECTIONS AND STCRES THEM ON
TAPZ 9,

;ﬁ%%ﬁk

In s E LN
B S I f PRt :38“'

NGROUP IS THE NUMQREP CF GAMMA AN[C NEUTRON
GROU®S,

BALUAA AL Tl MY

STMAX IS THE LARGZST TOTAL CRCSS SECTION,
STMIN IS THZ SMALLFST TOTAL CROSS SECTION.

M IS THE MUMBIER OF CRCSS SECTIONS IN ANY
ONZ GRCUP.

P IR A IS

IN ANY GR0OUP G, THE CRNSS SFCTICNS ARE

. ARRANGED IN THE FCLLOWING ORCER,

1 TS TRANSPCRT

2 IS REMCVAL

3 IS TOTaL
4 IS SCATTER (6 TC 6)
5 1S SCATTEF (G-1 70O 6G)
6
7
E

IS SCATTER (G-2 TC 6)
IS SCATTER (G-3 T0O ©€)
TC.

NOTE.. IF NTHER THAN THE SUPPLIEC CATA IS
UScly THZ NUMZEX °F GFOUFS ANC ENEZRGY 3ANLS
MUST AGPEE WITH THAT SUPPLTED AS INPUT FOR
DOSE CALCULATICNS AND WEAPCN SOLRCE SPECTRUM,.

zErEvEyNsNo s NrNoNoNrNeoNoReNoNoNoNrNoNe N o NeNoRe N o NeNo No Ne Nl

COMMON XSECT{(43447) 9TyJeM
REWIND 9
QEAD L, NNEUT,NGAM
NGROUP=NNEUT+NGAM
W=NGROUF+3 ,
READ 1, ((XSECT(I,J),I=1,P),J=1,NGRCUF)
DO 2 J=1,HGRJUD
2 HRITE (32) (XSEOT(Iysd)I=1,M)
STMAX=XSZCT(3.1)
STMIM=XSECT(3,1)
D0 3 T=31,NGROUP
STMAX=AMAX1 (STHYAX 4 XSECT(3L,I))
STUTKN=AMINLI(STHINGXTENT(Z,1I))
FORMAT (1X,1F7Z1 . 4)
FOR“AT (21I4)
£ND

RS SR MR ARSIt £3 A RIS RGBS R 75 £ e i Bai | DR -t e e

&
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. Subroutine DOSE

v This subroutine reads in the respouse functions that

are used to convert multigroup fluence to silicon dose in

— . - rads or tissue dose in rads. These response functions are

5‘”'.

g% then stored on a disk file. This subroutine should be

i e

§ % included in the master nuclear effects progranm.

i‘&

g% FORTRAN Glossary:

g NGAM The number of gamma groups.

g

Z

%‘ NNEUT . The number of neutron groups.

%é* SILGAM An array containing the response functions

5 to convert group gamma fluences to silicon

z dose.

i . .

g SILNEUT An array containing the response functions

§ ' to convert group neutron fluences to silicon

D) . . dose.

é . TISGAM An array containing the response functions

g, to convert group neutron fluences to tissue

i dose.

o

f TISNEUT An array containing the response functions to
convert group neutro:s: fluences to tissue dose.
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s XeXeRelvEvEsReoNeoNeNoRoRoloReoNo o Ne Ne No Ny Ny Ne)

SUBROUTINE OOSE(NNEUT,NAGAM)

THIS SUBRQUTINE FACS IN THE NEUTRCN AND
GAMMA SESPCNS® FUNCTICNS FCR COANVERTING
FLUSNCE TO TISSUZ DOQSE OR SILICCN COSE IN
PADS,

NOTE.. IF OTHEP THAN THE SUPFLIEC CATA IS
UScJ, THI NUMBER 2F GRGUPS ANT ENZRGY BANCS
MUST A46GR:Zf AWITH THAT SUCFLIAFC AS INFUT FQOR
GPOUP CPOSS STCTICNS AND WEAFCN SCLRCE
SPECTRUNM,

THE RRESSCNST FUNCTIONS ARF STCREC CN TAPE S,

SILNTUT IS THE RESPONSE FUNCTICN FCR CCNVERTING
NEUTRON FLUEZNME T2 SILICCN CCSE IN A0S,

- SILLAM IS THE RESOCNSE FUNCTICN FCR CONVERTING
GAMMA FLUENCF TO SILICON "OSE IN RADS,
TISNEUT IS THE FISOQMSE FUNCTION FOR CCNVERTING
NEUTR0N FLUENCE TO TISSUZ TOSE IN RADS,
TISGAM IS THE PESPCNSF FUNCTICN FCR CONVERTING
GAMMA FLUENCE TC TISSUE COSE IN RACS,

COMMON SILNEUT(22),SILGAM(18),TISNEUT(22) ,TISCAM(18),]1
READ 1, (SILNEUT(I),T=1,NNEUT)
WRITE (3) (SILNEUT(I),T=1,NNSUT)
READ 1y (SILSAM(I),I=1,NGAM)
WPITE (9) (SILGAM(I),i=1,NGAM)
READ 1, (TISNEUT(I),I=1,N\FUT)
WRITE (9) (TTSNEUT(I),T=1,NNEYT)
READ 1, (TISGAM(I),I=1,NGAM)
WRITE (9) (TISGAM(I),T=1,NGAM)
REWIND 9

FORMAT (1X, 1P7E11,4 4)

RETURN

END
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Subroutine AIRCR

This subroutine reads the aircraft data: positions,
vulnerability, and vulnerability units. It ﬁlso sets up
‘the array that keeps track of whether the aircraft survives
or is killed. This subroutine 1s a substitute for the data
that would be obtained from the master nuclear effects

progran.

FORTRAN Glossary:

ACPOS ' An array that stores the aircraft positions

in X, Y, Z coordinates. Units are kilometers.

ARRAY An array that specifies a live aircraft or
one killed.

MODE An array indicating the units of the figures
given for aircraft vulnerability.

NUMBER The starting number of aircraft.

VUL An array that stores the aircraft neutron and

gamma vulnerability.
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GNE/PH/72-8

SURPQUTINT AIPCR(AFPAY,ACFCS, VUL MOCE,NUMBER)
INTERER ARQAY(14])

DIMENSTION ACFCS(?,172),VUL(2),M0ODE(2)
RcAD 1721 ,4NUMAEQ

N0 1 I=1,NUMAER

ARRAY (I} =1

READ 1.2, ((ACPOS(TI4J)yT1=1,43),J=1,NUVMPER)
READ 1T2,(¥GAE(I) 41=1,2)

READ 10,,VUL(I),1I=1,2)
FORMAT(iXy1PEELL, W)

FORMAT(1274)

END
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Subroutine GAMNEUT .,

This subroutine is the heart of the code and is the

subroutine designed for incorporation into the master nuclear

effects program, This subroutine calculates the scattered

neutron and gamna fluences. All the following subroutines

are called by this subroutine and have functions of calcu-

lating the preliminary information needed for the fluence

calculations or converting the data to a form suitable for

data output.

Subroutine GAMNEUT Glossary:

A
ABAR

ACPOS

BBAR

BURST

C
D
DELR

DELRLOW

DELX1
DELX3

DIA

A coefficient of the.difference equation
A coefficient of the difference equation

An array that stores the aircraft positions
in X, Y, Z coordinates

A coefficient of the difference equation
A coefficient of the difference equation

An array that stores the burst position in
X, Y, Z coordinates

A coefficient of the difference equation
The diffusion coefficient
The radial mesh interval

The value of DELR equivalent to the value of

the x1 interval in the highest row in x3 using
the nonorthogonal coordinate system

The x1 interval
The x3 interval
A packed matrix. This is one of the sub-

matrices used in the block tri-diagonal
algorithm
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GNE/PH/72-8 /

FLU An array that stores the calculated group
scattered fluences

G One of the matrices used in the block tri- _
diagonal algorithm ' :

GROUP A counter. 1Its value is that of the group
for which scattered fluence is being calcu-
lated
G1
G2
G3
G4 Coefficients of the difference equation
j
H The scale height of the atmosphere ;
{
HOB . The height of burst 3
KCOL An array used to unpack the LOWER matrix for ?
the row connecting the two coordinate systems :
LMAP A number indicating the plot option
LOuT A number indicating the printed output optiosn
LOWER A packed matrix. Thic is one of the sub-
matrices used in the block tri-diagonal
algorithm
MODE An array indicating the units of the figures
given for aircraft vulnerability
NGAM The number of gamma groups
NGROUP The number of gamma plus neutron groups
NHOR The number of horizontal mesh points
NNEUT The number of neutron groups
NUMBER The starting number of aircraft
NUP The number of vertical mesh points
POS An array that stores the aircraft positions

in r,z coordinates

Q One of the submatrices used in the block
tri-diagonal algorithm

S One of the submatrices used in the block
tri-diagonal algorithm

2.0
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SIGR
SIGS

SIGT

SIGTR
SOURCE
SPECT
UPPER

X1
XIMIN
X3
X3HOB
X3MIN

X3SW

YIELD

o R ¥ RS

————

The group air macroscopic removal cross
section

The group air macroscopic scatter cross
section

The group air macroscopic total cross section

The group air macroscopic transport cross
section

The total number of neutrons or gammas output
from the weapon for a group

The number of neutrons or gammas per kiloton
output from the weapon for a group

A packed matrix. One of the submatrices used
in the block tri-diagonal algorithm

The value of the x1 coordinate

The minimum value of the xl coordinate

The value of the x3 coordinate

The height of burst expressed in terms of x3

. . 3
The minimum value of x

The value of x3 when the coordinate systems
are switched

The weapon yield in kilotons
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SURRQUTIME CAMNZUT(NUMIEP . ACCOSyARRILY,PURSTy VUL ¢MODE, NHELT,
ASTMAXy STMIN,LHMAZ,LOUT,NGRI'UP,YIELC)

THIS SUNRCGUTINE DSTERMIMZIS THT MULTIGROUP
GAMMA AND NEUTRCN FLUENCE

QOO0

RFAL LOHER(B:47)

INTEGER A2%33Y(133),GIUP

DIMENSION VUL (2) 4MOBS(?2)4ACPOS(39144) 9EURST(I)ySFECT (40,001 |
A5)4POS(2,140)

COMMOM G(huyy123) 9C(60964) 9yDIA(D293) yUFPER(ED ) yKOOL(EL) 4N
AS(h.y12.)

EPUIVALENCE(SFLWU)

. M ., P
S0 YD/ At RS AR o

% o

DETERMINE THE WEFAPGON OQUTPUT SPECTRUM,
CALL SELECT(SPECT)NNEUT,NCAM,NGRQLP)

LOCATE HOB (IN UNITS CF CM.) ANC SET UP

SCALE KEIGHY H AND PI, 1IF HC® IS LESS THAN

7 KM. QR GREATER THAN 100 KMey NO CALCULATIONS
WILL 22 MAQDE.

3
X
o
g
>
y
k. A
H
¥
=

OOOOOO OO0

HOB=BURST(23) *1,1E+rS

' IF(HOB W LTe7.7E435.0R, HORLCEs1 L4 JE4+(5)301,272
) 371 PRINT 5,27
PPINT 591
FORMAT(/// 794Xy *¥H0P IS LESS THAN 7 KM, OR GRERATER THAM 1.°
FORMAT (4X, ¥NC GAMMA 0P NEUTRON CALCULLATIONMS WTLL RE MACE¥®,//,
G0 TC 32
332 H=7.02292+405

PI=3,1415927

[ L S
= O

REWIND 11
c
c DETERMJINZ THE MESH
c
CALL MESH(HySTMIN,STMAXyHCByXIMIN,DELX1yNHORyLyX3MIN,CELXT," |
AXZHOR)
c
c LOCATE THE AIRCPAFT IN THE MESH. IF NO.
c AIRCRAFT ARE IN TAE MESH ARFA, ALL AIRCRAFT
c ARE ASSUMED TO HAVE SLRVIVEDe NC FURTHEP
c CALCULATIONS WILL "E MADE,
c
CALL LOCATE(NUMIERLACEONSyOURST 4 XIMINgCELXTyNHCR yHy XZMIN, I
AL yPOSyNRET JARPAY)
IF(NPET.E0.0)2332,204
Y 3.3 PFINT 502
) PPINT 5.1
512 FOPMAT(///7,4Xy*8LL AIFCRAFT AFL CUTSICE THE AREA OF CGAviS
° AUTOONS*)
60 TO 343
c
c CALCULATS THE GRCUF AND FCOITICM TADEFENDENT NONSTANT™,
c
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DO OOD

OO0

T“=T2/20
T5=T4*13
T6=T2%*2
T7=2.*T6
TR=2,*T7
TA=T77+%%2
T13=T9*2,
Ti1=T3/2,
T16=H**2

START THZ CALCULATION OF THE GRGUE FLUENCES,

GROUP=0
GROUP=GROUF+1

PEHTMD 17
IF(GROUP.GTNGRCUF) GO TO 50

CALCULATE THE GFQUP VIRGIN FLUENCE AND
THZ GROUP SCURCF (S) MATRIX,

SCURCE=YIZLD*SFINT(GROUD)
"CALL VIRSIB(SCUQCE,PI.H,TiG,X?HOE,XEPIN,X!NIN,NUP,NHOR
AJELX3,D,SIGS,S,SELR,X?SN,SIFTR,SIGR,SIGT,GROUF,NGQOUP)

SET J° TiE SUBMATRIC®S DIA,UPPEF, AND LOWEP
IN PACKED FCRM,

FIRST CALCULATE PCSITION INDEFENCENT CCNSTANTS

T1=T16*SIGR/D
T15=1,/0=L?
Ti7=T16*T1i5/72,
T18=T15*%2
T19=T18*T1¢
T?0=2,%T419
T21=2,.,*T2"
T22=T1+T2.
T12=1.7(2,%*N)
Ti13=2,*T12*73
Tiu=T12*T2
X=X TMIN

00 4L J=1,NUF

CALCULATE THE MEIGHT CEPENCEMT CCNSTANTS

71=EXP(X3)
22=EXP(’1)
I3=721%%2
L4=72%%2
25=75/7121
26=T7/24

2 Ty0FL XS,

N E S N




Saes ity B aen]

A,

ARy AT

5 e

e R s
E g e

ke PRI AR

e
Feie 132

D

>y

T

o

i

s 1 ghse
o Yo

R4Sy

TR

Sl

- i A
e 358 e
Satal b ol R R

o
e ""\Et{'

Sz

%k
a3

kAL
paket vt

Riac ot

F s R T lar S A
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(v N Ne)

Z7=T1./23
28=T6/24
29=T4L/24
2310=T3/74

IF(JeEQNUPANDL,EDe L2342

Ziy=T247%
‘_;:..‘44 "?4
213=T11/7,

GO 70 &4
2314=T13/(23%22)
2i5=T1c/ (Z4*22)
216=T12/(Z3%*22)
219=214+215-7215
217=T14,7(Z1%22)

IF(X3.65.X3SW)IG0 TO 1.0

718=T1+26+27
X1=X1MIN

CALCULATE NIA, LOWER, AND UPPER

D0 14 I=1,NHOR
X=X1/75

£=718
IF(I.E0.1)G0 TO 5
G1==X

G3=X
C=C+T7%(X1%¥*2)

APAP=78+TE*(X1%¥%2)«79/X1

IF(I.CQ.NHCR)GO TC 5

32=X
Gus==X

8=Z8+TH*(X1¥¥2)+2¢/X4

GO T0 7
B=0
G2=0,
GL=(,
GO TO 7
Gi=2,
R2=",
63=0,
G40,
RAR=L ,
3=71¢C
C=C+76

IF(JeEQeNUFLAND L ENL1)R0

IF(JJEQeLYGO T 8
APAR=Z2311-Z12471
IF{(JsENNUF)L1T,9
APAR="

61=0.

ne=r,
A=Z11+212-213

GO TO 13

A=",

G3=0,
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11

12
13

119

111
112

113

11y

1,1
132
1132

134
1.6

Gh=n,

60 To 13 \
A=2,

G1=¢,

52=0,

63=0.

H4=7],

ARAR=T?

C=C+Z13
IF(ILENLL}CEC TO 12
BPAR=BBAR=(X1/217)
TELILLG, NHPD)KO TC 13
S-pBr. L. o
DIA(I,1)=2RAR
NDIAtI,2)==C
OIA(I,3)=“
LCWER(I,,1)=0G1
LOWER(I,2) =ARAR
LOWER (I42) =02
UPPER(I,41)=G3
UPPER(I,42)=A
UPPER (T4 3) =G4
X1=X1+0ELXY
DFLRLOW=0ELX1*¥H*22
0 TO 120

T TF(JeEANUP(AND (L ERLLIGO TO 113

IF(J.EQ.NUFIGO TO 111
A=711+212-72172
IF{JeFNe1) 112,112
APAR=,

GO TO 114

A=0,

ABARP=711-212+47112

GO TO 114

ABAP=77

A=.,

2182727+472?

X1=3

00 1.6 I=1,4NHOR

=718

IF(T.E0.1)R0 TO 132
BBAR=T19~-(T17/¥X1)
IF(TLEQWNHCR)RC TC 111
R=T1S+(Ti7/X1D)

G0 70 133

3=,

G0 70 13

C=C+723

RRAR=",

Q=T21
IF(JeEQeNUPGANC L ECa1) 1. 4,y135
C=C+219

OTA(I,1)=3"AR
DIA(I,2)==C
OIA(I/.\)-
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122

123
124
1.6

OO0

12¢

15

16
17

is
99

1g

21
21
22

139

IF(X3.NE.X2SW)GO T0 176
KA=1

00 121 K=1,3
LOWER(IsK) =0,
IF(I.NEs1)CGO TO t22
KCOL(I)=1
LOWER(T,3)=234AR

GO TO 1r6

IF(KACZQ42.0KALENG3IGO TO 106

K=X1/DCLRLCH
KK=K+1
IF(KK.EQWNHOR)KA=?
IF(KKeGT «NHO?)KA=?

CHI= (X1« (K¥CSLRLCW))/NELRLOW

LOWER(TI 1) =ABAR-CHI*A?AR
GG TO (122,124,124)KA
LCWER(I,2)=CHI*AZAP

KCOL (I)=KK

¥1=X1+40cLR

CALCULATE THE W SUBMATRIX

DO 1% 1I=1,NHOR
N0 15 K=1,NHOR
W(KgI)=u,.l

T TF(JONCLLYGO TO 18

W(1,1)=DIA(1,2)
W(1,2)=DIA(1,3)
H{NHOR K1) =0TA(NKGR,y1)
WINHORyNHON) =DIA(NHCR, 2)
Ke=g

0C 17 I=2,K1

00 16 K=1,23
W(IgK+K2)=CIA(I,K)
K2=K2+1

GO TO 25
IF(X2-X3SH)G9,12J,14)

N0 19 I=1,NHOR
H{iyI)==LChER(1,2)%*0(1,1)

W(NHOP, T)=<-LOWER(NHCRy 1) *Q (K1, I

K2=0

N0 22 Mz2,Ki
D0 21 I=1,NHOR
SUM=n,

J0 20 K=1,3

SUM=SUM+LOWLER (MyK) *¥Q(KX4K2, 1)

W{MyI)==5UM
K2=K2+1

GO To 131

KA=1

D0 135 M=1,NHOR

IF(KALEN,2.02.KA,ENP,3)G0 TO 18C

KK=KCOL (M)
IF(KK EQNKO?)IKA
IF(KKeGT o NHOR) KA

=2
=2
-

)=LCUER(NHOR, 2)*N(NHOR,T)
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’ 18. N0 125 I=1,NHCR
SuM=2, \
) G0 TO (133,134,1353KA _
133 SuM= LOWER (M, 1) #Q(KK,I ) +LOWER(M42) *Q(KK+1,1)
. GO TO 175
124 SuM= LOWER(My1) *Q(KK, 1)
- ' 135 W(M,I)==~Syv
GO TO 131

143 00 141 M=1,NHN?
N0 141 I=1,Nv0R

1419 W(MyI)==A3AR*C (M, 1)

134 A(1,1)=0TA(1,2)+HW (1,1)
W(1,2)=DIA(1,3)+H{1,2)
WINHO? 3y K1) =DIA(NKCP,1) +W{NHOR,K1)
W{NHOR g NHOR) =CIA (NHOR,2) +W {(NHGR yNHOF)
K2=3
D0 24 I=2,K1
DO 22 K=1,2

23 W(TIaK+K2)=DIA(I4K) +W(I,K+K2)

24 K2=K2+13

CALCULATE W INVERSE
25 CALL MATRIX(L1GyNHCRyNHORyCyWy5.422)

CALCULATE THE Q SUAMATRIX

SO0 OO0

IF(J.ENQWNUFIGO T 24
TIF(X?4GZX3ISHIRC 70 LuZ
00 26 M=1,NHOR
I(M,1) SHIMyL)¥UFPED(1,2) +H (M, 2) ¥*UFFER(2,1)
26 N{MyNHOR) =W (MyKL)FUFFER (KL, 2) +W (M yNHOR) *UPFER(NHCR 2)
N0 29 M=1,NHOP
Ke=10
00 28 TI=2,K1
SUM=(.
DO 27 K=1,y12
27 SUM=SUM+W(MyK+K2) ¥*UPPEZR(K+K2,y4=K)
Q(M, 1) =SUM
28 K2=K2+1
29 CONTIMNUE
G0 TO 144
142 §O 147 I=1,NHNR
DO 147 K=1,/NHOR
143 Q(I4K) TA¥H(TI LK)

c
c STORE THE N SUPMATRIX ON CISK,
c
: 146 WOITE (1)  ((G(I,K 3,I=1,NHCR),K=1,NFOR)
c
. c CALCULATE THE G SUBMATRIX

-~

31 IF(JNELL)R0 TO 34
DO 32 I=1yNHOR
SUM=C,
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32
33

151

© 35
36

151

184

152

153
154

156
157
155

37

38
39
40

QOO

41

42

47
A

DO 32 K=%1,NHC®

SUM=SUM+H (T,K)*S(Kyd)
G(I,J)=35UH

GO TO &0

JM=Jd-1

IF(XZ=X3SW)1i5uy151,155
G{1,J)=LNNER(2,2)%G(1,IM) .
GINHORyJI=LOW R (NHOR 3 1) #G{K1 3 JM) +LONER(NHORy2)*G(NHOR 4JM)
K2=0

DO 36 M=2,K1

SUM=(,

DO 25 K=1,3

SUM=SUM+LOWER (MyK)¥G(K+K2,yJM)
G{M,yJ)=Sy*

K2=K2+1

GO0 TO 155

Ka=1

D0 154 M=1,NHOR
IF(KALEQs20R.KALEDL3)CO TO 181
KK=KCOL (M)

IF(KKsEQsNHNR)KA=2
IF(KKeGT4NFORIKA=]

SUM=n,

GO TO (152,41532,154)KA
SUM=LONWER( My 1) *6 (KKyJY) +LOWER (M4 2) ¥ G (KK+1,JUM)
GO TO 154
SUM=LOWER (M, 1) *¥G (KKyJM)
G(MyJ)=SUM

GO T0 155

DO 157 M=1,NHOR
G(MyJ)=ABAR*C(MyJM)

N0 37 I=1,NHOR
0TA(I,1)=S(1,u)=G(I,J)

90 38 I=1,NHOR

SUM=n,

DO 38 K=1,NHOK
SUM=SUM+H(I,K)*0IA(K,y1)
G(I,J)=Suym

XI=X3+NZLX3

CALCULATE FLUENCE AT EACH FOINT IN MESH

JM=NUP+1

D0 48 J=1,NUF

NNEN] LN
IF(JJJNSJNLPIGO TG 42
N0 41 I=1,NHOR
FLU{IyJN=G(I,JD)

50 TO 46

D0 44 I=1,NHOR

SUM=(,

70 42 K=1,NHOP
SUM=SUM+2(1,X YFFLU(KyJJd+1)
FLU(I,JJ)=SUuv

no 15 I=1,NKOP
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(¢ Xy Xy)

46

47
8

OO0 QOO

£
€O

OO0

S} ]
[~}

QOO

OO

51

CFLUCTJUI=u(T1,Jd) =FLU(I,JJ)

A

PEAD A O SU3IMATRIX FRCM DISK,

IF(J.EQ.1)GC TO 48

3ACKSPACE 1.

IF(J.EQ.2)GO TO 47

3ACKSPACE 1t

QEAD (1.) ((C(IyK ) 3I=1,4NHCR) yK=14NFCR)
CONTINUE

COMPUTE THE TCTAL GROUP FLUENCE,
CALL ACD(FLU,NUP,NHCR)
PRINT THZ DEZTAILED GRCUP GUTFUT IF DESIREC.

IF{LOUT.EQ.2)G0 TC 49

CALL OUT(NUPyNHOR,X3MINyXIMIN,CELXI9yCELX19yHyT9yDELRyXISHHSIGTyGRCUF
k)

GO TO 4.7

CONVERT THE MULTIGRAUF FLYEZNCE TC A TOTAL
FLUZNCE OR COSE CZPENCING UPCN MCCE SPECIFIED.

CALL CONVFRT(NHCRyMUF,MCDE NGRCUF,NANELT,NGAM)
NETERMINE IF AIRCRAFT SURVIVE.

CALL CHECK(N+ZRyNUPyMODE,VULyFCSyNUMBERyX3MINJDELXI9yX3ISHHDELR,
AXIMINGDELX14HyARRAY 4Ly RURSTHACFOS)

DRAW PLOTS IF DEST ED.

IF(LMDB.EN,2)GR0 TO 54
CALL MAP(LNMAPGNUF yMHIP,POS,MCCFy VUL HCE 3y DELRy ¥IMIN, BELX14X3SH,
AXIHIM,DELX3,3L 9ARRAYZNUMAERHH)
REWIND 9
PEWINC 17
RFWIMNC 11
RETURN
END
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Subroutine SELECT

This subroutine determines what\weapon output spectrum
will be used. The user specifies the type Af weapon and
-the source of the spectrum. He can load his own spectrum
or use one of the unclassified default spectra stored in the
labeled common SPECTRA. This subroutine is called by

GAMNEUT

Subroutine SELECT Glossary:

GAMSO

NEUTSO ' A number that determines if the default
spectra or a user supplied spectra is to be
used

NGROUP The number of neutron plus gamma groups

NNEUT The number of neutron groups

SPECFG The default fission gamma spectrum

SPECFN The default fission neutron spectrum

SPECTNG The default thermonuclear gamma spectrum

SPECTNN The default thermonuclear neutron spectrum

TYPE The weapon type

98
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s Eo X2 X2 K2 X2 X X2 K2 X2 A Xs X K2 X X Ay Xy X

o NeNe] OO0 e XeNe]

SUBROUTT L SELECT(SFECT,NNEUTGNGAMyNGRCUP)

THIS SUBROUTINE RTADS IN THE WEAFCN TYPE,
SOURC(E OF WFACON SPEZCTRUM, ANC SPECTYRUM
(GA:1iA AND NEUTROM) IF SUPFLTED fY USER.

WEAPON TYPS (TYEE)
- A ONZ IS A FISSION WEAFON
- A TWO IS A THERMONUCLEAR WEAPCN

SOURCE COF WEAECON (GAMSO FOR GAMMAS,
NEUTSO FOR NEUTPQMS)
- A ELANK (ZZFO) INGICATES THE CEFAULT
SPFCTIUM WILL EE USED
- A ONE INCICATES A USE? SUFFLIEC
SPECTRUM WTLL EE USED
. M0T%,, TF THE DEFAULT SPECTRLM IS NOT USEC,
THE NUMBE® OF GROUPS AND ENERCY BANCS MUST
AGREZ WITH THAY SUPPLIZD AS INPLT FOR
GrROUP CROSS SSCTICNS AND CCSE CALCULATIONS.
NIMENSICN 3SPECT(43)
INTEGER GAMSCy TYPE
COMMON CAMSO,TYFS,NEUTSO,I4M
COMMON/SPTCTRA/SPECTNN(22) ySFECFN(22) ySPECFG(18) 4SPECTNG(13)
READ 1,TYPE,NEUTSC,GAMSO
DETERMINE SOURCE OF NEUTRCN SPECTRUM.
IF(NEUTS0,EN.1)GC TC 5
DETERMINE WEAFON TYPE,
IF(TYPEL,ENL2)G0 T2 &

" LOAD DEFAULT NEUTRON FISSICN SPECTRUM.

nn 3 I=1,22
SPECT(I)=SFECFN(I)
GO T0 7

LOAD DFFAULT NEUTPCN TN SPECTRUVN,
00 5 I=1,22
SPECT(I)=SPEATNN(I)
G0 TC 7

LOAY USER SUPFPLIED NEUTRCN SEBECTRLM
READ 142y (SPECT(I)yI=14NNEUT)

DETERMINZ SQURCE NnF GAMMA SPFCTFUV,

IF (GAMSO0.,EG.1)6GC TC i1
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c
c DETERMINE WEAFON TYPE,
Cc
IF{TYFE.ENL2)GC TC 20
c -
c LOAD OEFAULT GAMMA FISSICN SFECTRLYM,
c
De 21 1I=1,18
21 SPECT(22+I)=SPECFG(I)
GC TO 12
c )
c LOAD UEZFAULT GAMMA TN SPECTRUV,
c
23 no 8 1=1,18
3 SPECT(22+I)=SPECTNG(I)
G0 T0 12
c
Cc LO&D USER SUFFLIED GAMMA SFECTRUM,
oa c
: 11 M=NNEUT+1
2 READ 1u7y(SPECT(I),I=",NGROUP)
é 3 1 FORMAT(121IW)
; E 16" FORMAT(1X,1P7E11.4)
S 12 RETURN
3 ' _ END
o
'5 .
%5
% ?
g&
-
i
|
P
X
$
b
i 4
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Subroutine MESH

This subroutine calculates the number of vertical
and horizontal mesh points and the spacing between mesh
points. The maxinum number of horizontal mesh points used

is 40; however, the number can be changed. The card

IF (NHOR.GT.40)NHOR=40

limits the number to 40. If any other number of mesh points

is desired, the user can change the two #0's to that nunmber.

ARGV ONTRIT R

.

‘ This number can not be greater than 60.

The maximum number of vertical mesh points is 70, but

GEERGEA

this number can also be changed. The card

TR RVITESY!
.

8 IF(M.GT.70)M=70

J

p: . limits the number to 70. If any other number is desired,

g the user can change the two 70's to that number. This

? number can not be greater than 120.

% If the number of mesh points are increased, the running
7

i time will also increase. At present, this option has not

g been exercised, so no estimate of the increased running time
(>

e can be made.

Subroutine MESH Glossary:

X1MAX The maximum value of x1
ﬁ} : X3MAX The maximum value of x°
b= )
% X3TOTAL The total length of x°

See the GAMNEUT glossary for the remaining terms.

" QRN o SR p e
Wk CaaN RS EEsiy
APy - APPSR it s o
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SUSROUTINE “:SH(H,ST”IN,STMAX,HOB,XI”IN,DELXi,NHOQ,L,X3PIN,DELX3,N§
AtJP, X3HOB) s
COMMON Z T 9Je Tl oK oMy yNyXZTOTAL ) XIMAX,XIMAX,TT, T

THIS SUAQRCUTIANE CALCULATES THE NUMRER OF
VERTICAL BND HFCRIZCNTAL 4YESH FOINTS ANMD THE
SPACING RETWZIIN MTSH FOINTS., IT ALSH
GFTZRYINZS THTZ MI'ITMUY AND MAXIMUM FOR FACH
CCORJINATE. <IHECYS ARE MAPQE TO FREVENT THE
TOF OF TYHE MEShk 2. ING GRTATER THAM 137 KM
AMD. THT 3CTTZM CF THE MESH RSING LESS

THEN OF EQUAL 70O 5 KMe IM A2DITICN A MESH
POINT IS NOT ALLOWED TO 3% ON THE KOS,

XIMIN IS THE MINIMUM X1 COCORDINATEZ.
XIMAX IS THE MAXIMUM x1 CCCRCINATE.
OFLX1 IS THE X1 INTEPVAL,

NHOR IS THE NUMRER OF MISH POTNTS IN THE
X1 OIRECTTON,

L IS 7SRJ UNLESS THE TCP OF THE MESH IS
151 KM, IF THE TOP OF THE MESH IS 1290 KM
L IS SET 10 1.

X2IMIN IS THE M INTMUM X3 CCORDINATE.
X3MAX IS THE MAXIMUM X3 COCRDINATZ.
DELX2 IS THE XZ INTEZRVAL.

NUP IS THE NUMPER OF MESH POINTS IN THE
X3 DIRECTICN,

XIMINy XIMAX,NHAE, AND DELX1i ARE CALCULATECL
FIRST, X1ivAX IS ZNUIVALSNT TO 10 MEAN
FREE PATHS CF THE GROUP WITH THE LONGEST
MEAN FREc FATH,

T=H¥STMIN

TT=H*STMAX

XiMIN=,

XiMAX=15.,/7
NHOR=3*TT*X144X
IF(NHORSGT o4 " INHCR=LD
NELX1=X1MAX/NKHOR

NEXT X3IMIN IS LCCATZ0 10 MEAN FFREE PATHS
DOWN FICM HOB. HNHzVER, 7 IS NCT ALLOWEN
TO 32 ENUAL TC C2 LESS THEN 0 KV,

Z=H0R

102
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0 1 I=1,11
J=1
' Ti=H*ALOG (1. +(EXP(Z/HY/T))
: 2=2~T1
IF(Z.GT.u)GO TO 1
Z2=7+T71
G0 70 2
1 CONTINUT
2 XZAIN=ALOG(Z/Y)

c
c NEXT, X%3MAX IS LNZATEC 13 MEAM FREE PATHS
c UP FR0Y HOR, HOASVEP, Z IS NCT ALLQWEC
c TO BE GRIATER THEM 1.. Kv, IN ADCITIGN,
c A CHilCK IS MADE FO® AN INFIMITE MEAN FREE
c FATH IN WHICKE CAST Z IS SET T1C 1C° KM,
c IF 7 IS SET TC 1u~ XM, L IS SET T 1,
c

: L=C‘:

: Z=HOR

t 50 6 IzlyiJ

L K=1

> g T1=FXP(Z/H)/T

3 3 L=1

3 . Z=1.0C+07

# : " 60 TO 6

5; 4 Z=7-H*ALOG (1.-T1)

E: . IF(Z.GE.142E+L7)GC T0 3

b § X 5 CONTIMUE

. ) X3MAX=ALOG (T /H)

; c
\ c NEXT, DELX2 AND NUP ARE CALCULATEC. A

- : c CHECK IS MAJE TC INSUFE THATY THE HCS IS

i c NOT ON A MESK PCINT,

E; J=J+XK

- Mz, G*J*¥ALCG (1o + (EXF(HGE/E)/T))I/ZALOC {14+ (EXP(FCO/H)/TT))

- IF(MoGT, 73)4=7)

- X2TOTAL=XZYAX=XIMIN

| XIHOE=ALOG (HNE/H)

¢ T1=XZHOB =X IMIN

¢ 7 DELXI=X3ITOTAL/M

- | a=T1/NELX?

3 N=8

1 TF((B-N) 4NELJ)GO TO 3

- Y=M=1

¥ 60 TO 7

3 ' 3 NUP=M

E & . XIMIN=XIMIN+NELXZ

4 IF(L.EN.1)GC TO @

3 . NUP=NUP=-1

3 ° 9 RETURN

4 END

-

k: 103
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Subroutine LOCATE

This subroutine checks the aircraft positions against
the mesh area set up in subroutine MESH. If all the air-
craft are outside the meshed area, NRET will remain zero and
cause subroutine GAMNEUT to terminate fluence calculations.
If at least one aircraft is inside the meshed area, NRET is

set equal to one and fluence calculations will continue.

Subroutine LOCATE Glossary:

A ; The scale height of the atmosphere in kilo-
meters
ACPOS An array that stores aircraft positions in

X, Y, Z coordinates

. ARRAY An array that specifies if the aircraft is
) still live
) BURST The coordinates of the weapon burst

DELX1 The x1 interval

DELX3 The x° interval

H The §cale height of the atmosphere in

centimeters
NHOR _ The number of horizontal mesh points
NRET A number that indicates if any aircraft are

ir the meshed area

NUMBER The number of starting aircraft
NUP The number of vertical mesh points
POS An array that stores the aircraft positions

in r,z coordinates

R The radial distance
. X1 The value of x1
XIMIN The minimum value of x1

104
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X3MIN
ZMAX

ZMIN

The minimum value of x3

The altitude of the upper boundary of tche

meshed area

The altitude of the lower bounda

meshed area

105
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SUBRPQUTINE LGCATE (NUMTERHACPOS,)BURSTyXAMIN,DELX1yNHOR yHy XIMIY 0L X
A3,MUP,L 3 POSyNPET, ARPRAY) A

THIS SUBRAUTINE LOCATES THE AIRCHAFT IN

A RyZ GECMETRY WITH RESPECT TO T<E ZURST,

THE AIRCRUFT FCGSITIONS ARE CHECKIC AGAINST THE
OUTcR ACUNDARIES OF THE MFSH TO 5SFE IF ANY
ATIRCRAFT AT WITHIN THE MISH, CNTE AN
AIRCRAFT IS LCCATZD INSIDE THZ MESKED ARES
THIS SUSZ<CUTINE TEZRMINATES ANC CCMTROL

RETURINS TO GAMNEUT, IF ALL THE ATRCRAFT

ARE QUTSIO® ThE MZSHEC AREA, NRET SEMARINS
ZERN,

DTIYENSION ACF0S(3,1.3) y8URST(?),FCS(2,109)
INTEGER ARRAY(1.7)
COMMOM Q2,3,X1,ZVMINyZMAXyR,yT
A=R*1,4E-75
NPET=C
10 16 I=1,NUMPE®
IF(ARRAY({I)eZ0e3)GO TN 1o
BNS(241)=ACPOS(3, 1)
POS(1,I)=SCRT(C(ZURST(1)=ACPCS(1,I))*%*2) +((3URST(2) =ACFCS(2,1))¥¥%2
A)) )
CONTINUE

ZMIN=_*ZXP (XIMIN=-DELX?)

A==NELX3

IF(L.NCs1)5=3],

IMAX=A*Z XF (X 3IMIN+ (NUP*DELX3) +°)
X1=NHOR*JELX1*A

D0 11 I=1,NUMRED

IF(APRAY(I) 42N ™IGO TN 114
TF{PCS(291)eGF¢ZMAXe0FoPOS(25T)eLELZMIN)L12,13
NRET=1

Geo 10 20

R=X1*EXP( FCS(2,I)/A)
IF(POS(LyI) e aReCRePIS(19I) eOELL{Ta)12,413
CONTINUE

RETUPN

END
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Subroutine VIRGIN

This subroutine has three functfons. First, the group
virgin fluence is calculated at each poiat iﬁ the mesh.
“Second, a check is made to determine if the horizontal radius
exceeds 200 kilometers. 1If the radius is greater than 200
km at altitude xs, the value of x3 is stcered in X3SW, and
the coordinate system is switched from the nonorthogonal
system to the orthogcnal system. The third function is the
calculation of the S matrix for the matrix equation AF = S.

The virgin fluence is stored on a disk file for later use.

Subroutine VIRGIN Glossary:

D The diffusion coefficient

DELR - The actual radial spacing

DELX1 The x' interval

DELX3 The x3 interval

DELZ The distance between two vertical mesh points

DELZSQ DELZ squared

F Group total fluence

GROUP A counter relating for what group the virgin
fluence is being calculated

RHOSQ The distance between the burst and a point,
squared

VIRG The group virgin fluence

XSECT The group cross sections
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st R

SURRCUTINF VIRGIN(SCURCEyFTyH,yTU ¢X3IHCEHX3MINy X1 MINy NUF,NHOR, T,DZLX
AL 90FLX39N93i5TySylELRyX3SHySIGTRYySICRHySIGTyGRCUFyNGROLP)
JIMENSION S{n74123)4F(61y125)
COMMOM T1,TC,T29X 2y yTlyTS5,T5,0ELZyCELZSQT9yX13IyRKO0SC,VIRG(SuytE
3 AD) gRAGKGT2 ¢ XSECT (43) gL 4Ll M
. INTEGER GPCUF

EQUIVALENCZ (VIRG,F)

2 VR
AR MR e

TAIS SUSIOUTINE CBLCULATES THE VIRGIN
FLUENCE 3T ZACH MSSH FOINT ANC STCRES THE
RESULTINS MATRIXY CN TAFE, THE § MATRIX
FOR THE MATRIX EQUATICN AF=S IS CALCULATECL
AND RETURNED TO THE MAIN PROGRAVM,

A OQN

i3 ' M=NGROUP+3
13 READ (9) (XSZICT(I),I=1,M)
SIGTR=XSECT(!)
SIGR=XSECT (2)
SIGT=XSECT (3)
SIGS=XSECT (&)
N=ie/(3.¥SIGTR)
T=H*SIGT
IF(SOUPCE,ENetau) 16,417
16 D0 18 J=1,NUP
D0 18 I=1,NHCP
18 VIRG (I J)=7,
50 TO 19
17 K=1
T8=CQURCE/ (4, *P])
T1=T8/75
T2=EXP(X3HC®)
3 T3=1./7EXP(T2)
i X3=XIMIN
1 DO & J=1,NUP 3
T4=EXP (X))
TE=EXB(TL)
T6=1./75
T9=T6-T3
DELZ=T4=-T?
IF(GPCUP.EN.1) 758
IF(X3.6E.X3ISW) 2,0 . !
IF(KJEQL2YGO TO 2
9 DELZSQ=JEL2%*2
X1=X4MIN
DO 1 I=1,NHQ?
RHOSO=JELZSC+((X1¥%T5) #¥2)
VIRG(IoJ)=(TL/RHCSGI*IXP({(T*SQRT(RHCSC)/NELZ) *TI)
1 X1=X1+DZLX1
IF(GPOUPJNEL1)GO TO &
X3SH=1. .52
RA=H*X1*¥T5
. IF(RALT2.3iZ477)G0 TO &
DELR=RA/NHCR
K=2
X2ISH=X3

i
F
B
7
&
[ £
5
k
k5
P

PO

~N ®

oo RIS 2
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. 60 TO &
2 DELZ=H*NEL 2
. DELZSQ=DSLZ**2 ,
. RA=D. g
DO 3 I=1,iHOR :
. RHOSQ=0CSL7SQ+(RA*¥2) :
VIRG(I,J)=(T3/R+CSQI*EXP((T*SERT(RKHOSC) /DELZ) *T9) ;
RA=RA+DELR : ;
X3=XZ+DELX2 f
9 T1=(-T9*37G6S)/0
WRITE. (11) ((VIRG(I,J) gI=1,NHOR) yJ=1,NUP)
REWIND 11
00 5 J=1,NLP
N0 5 I=1,NHOR

- W

N e D I S bt
e e S R R SR R
2 A 3 S TTNE N

- 5 S(I,J)=TL¥VIRG(I,J)
4 I (GPOUP.FA.1)60 TC 2.
f K=GROUP+4
3 J=GROUP-1
h: D0 1t I=1,J
e K=K=1
# IF(XSFCT(K).E0,3) 11,12
B3 11 PEAD (11)
b 50 70 19
5 ¥ 12 T1=(-Ty*XSECT(K)) /D
S G READ (11) ((F(L,yLL)yL=1,NHOR) 4LL=1,NUF)
L - 00 12 LL=1,NUP
R 00 12 L=1,MHOR
S 13 S(LyLL)I=S(LyLL) +T1¥F(L,LL)
. 17 CONTINUE
- 2y RETURN
ﬂ END
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Subroutine ADD

The function of this subroutine is to add the group

virgin fluence to the group scattered fluence to produce

the group tota: fluence. The group virgin fluence is read

from a disk file and the group total fluence is writte=n on

the same record of this disk file.

Subroutine ADD Glossary:

FLU At first, the group scattered fluence and
later, the group total fluence

NHOR The number of horizontal mesh points

NUP The number of vertical mesh points

VIRG

The group virgin fluence
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T . ' SUBROUTINE ADD(FLU,NUP,NHC?)
g C \
o c THIS SURSQUTINE A20S THE VIRGIN ANC
= 2 c SCATTERED FLUENCE FOR EACH GRIUF TC GIVE
313 . c THE TOTAL GRCUP FLUENCE,
@;; P c
of S DIMENSION FLU(E1,120)
§ s COMMON I,JyVIRG(S.,12")

READ (11) ((YIRG(I9J) 9I=1,NHCR) yJ=1,4NLF)
00 1 J=1,MULP
70 i I=1,NHOR

i FLU(TI$J)=FLU(I9J) +VIRSG(IHJ)
SACKSPACS 11
HRITE (11) ((FLU(I4J)I=1yNHCR) 93J=1,4NLF)
END

(i A LT U
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Subroutine OUT

=

. 4 g . A 7
¥ g B TSI S R Y
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-

A
3
: DELR
DELX1
A DELX3
e,
5 ‘ FLU
? . GROUP
3 . R
A X3SW
¥ {
Z

B QA W W TR s SRR S PR L A0,

SRR

Ay T KT SRR
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SRR

The
The
The
The
The
The
The

The

This subroutine prints a detailed output. A fluence

for every group is printed for every mesh point. This

4 — "subroutine is called from GAMNEUT only iY LOUT is equal to
% one. Since the output will be several hundred pages, the
. use of this. subroutine is not recommended unless the user
% wants to examine the group fluences.

9

Subroutine OUT Glossary:

scale height of the atmosphere in km.
actual radial mesh interval

x1 mesh interval

x3 mesh interval

group total fluence

group number

actual radial distance

value of x3 when the change in coordinate

systems occnrt

The

altitude
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SUBROUTINE OUT(NUFyN4ORyXIMIN,XIMIN,CELX340EL X1,HyDELRyX3ISHHGROI
COMMON FLU(E 9120) 9 AyX2yT9Jy39ZyX1,R(EC)yCyKy¥9JJyG,yRA

o ) e L)
o ™
CAy Al &
ek PR L IR R
SRR VG R IVIRREr LS | 1 o B

. INTEGER 520UP
. c .
U5 c THIS SUTRCUTINE 9RINTS THE DETAILEL OUTPUT.
igﬁ ‘ c A FLUENCE IS FRINTEDR FOR EVERY MESH POINT
B . e IN SVERY GR0UF,
R c
- 5 A=H¥*1,RE="5
- 5 X2=X3MIN
2 i SACKSPACE 11
nr RFAD (11) ((FLU (I,J)yI=1,NHCR)4J=1,NLF)
5 PRINT 5.7,GROLP
. D0 & J=1,NUP
. Q=EXP (X3)
c oy G=EXP (B)
z=%r
" IF(X2.GE.X3SH)GO TO 2
p v X1=X1MIN
E C=A*G
E N0 1 I=1,NHOR
P ¥ R(I)=C*X1
L 1 X1=X1+DELX1
s GO TO &4
E , 2 RA=C.
: . DO 3 I=1,NHOR
3 R(I)=RA*1,9E-"5
4 . 3 RA=RA+DELR
¢ 4 K=1
< M=8
i D0 5 I=1,33
X PPINT 571,7
o PRINT 523, (F(JJ)y JU=KyM)
- PPINT 5725, (FLU(JJyJ) yJJ=KyM)
< K=K+8
3 M=M+8
3 IF(MeGToNHOR)M=NHCR
i 5 CONTTNUT
; 6 XT=X3+DELX?
- 5)7 FORMAT(///y3Xy*THE GROUP 1S *,Ti,//)
5 501 FORMAT(//93Xy*HEIGHT IS #,F17.5,% KV,¥)
e 502 FORMAT (32X, *RADTUS (KM) ¥,4X,8F1L,3)
- 5.5 FCPYAT (3X, *GCUFP  FLUSNCEZ*,1PRE14.4)
i END
i
" .
,
|
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. Subroutine CONVERT

. This subroutine converts the multigroup fluences to
the units specified by the MODE parameter. At the present
time MODE can hiave a value from one to eight. The meanings

of these values are described in the subroutine iisting.

Subroutine CONVERT Glossary:

.,,,
S 3 ey g
T g N ey
Y R AN - A P RN e A DA N
; B

silicon dose in rads.

=

7

] F The group total fluence

]

% FLU The result of the conversion, either total
§ fluence or dose

?

gf MODE ) The units of FLU

S ¥

§ ! SILGAM The multigroup gamma response functions for

e

3 SILNEUT The multigroup neutron response functions
% € . for silicon dose in rads
< ¥ . :
% TISGAM The multigroup gamma response functions for
3 . tissue dose in rads
; - TISNEUT The multigroup neutron response functions

for tissue dose in rads

R A B TR TR
B R I

SR

7 3 it
s e s ahes ANVE DIt
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SUSROUTIN: CONVERTINAORGyNUF,MCOEJNGRCLF o NNEUT yNGAYM)

c
: c THIS SUBRM0UTINE CINVESTS THE MULTIGROUF
c FLUENCE TO THE MONE SFECIFIED IN THE
) c VULNZ82ILITY,
c
c MODE=1  TCTAL NEUTRON FLUENCE (N/CHM2)
c MODE=2  TGTAL CAMMA FLUSNCE (G/CF2)
c M03Z=3  NSUTICN TTISSUZ 90SE (RACS)
c MONE=L  GAMMA TISSUE DOSE (SASS)
c MODS=5  NZUT2QON + GAMMA TISSUE CCSE (RADS)
c uGDT=6  NTUTRON SILICCN GCSE (RACS)
c MODE=7  GAMMA SILICON DOSE (?ACS)
c MODS=¢  NEUT2CN + GAMMA TISSUE CCSE (RADS)
c
DIMENSION “ODE(2)
SOMMON STLMEYT(22),SILGAM(18) 4TISNELT(22) 4 TISGAM(18) yKyF(6uy128
AGROUP 3Ty J5FLU(619123) )LIMIT
INTEGER GROULP
REWIND 11
REWIND 11
READ (S) (SILNEUT(I),I=1,NNZUT)
READ (9) (SILGAM(I),T=1,NCAM)
READ (9) (TISNEUT(I),I=1,NNEUT)
; CREAD (9) (TISGAM(I),I=1,NGAM)

K=MODE(1)
3 DO & J=1.,NUP
DO 4 I=1,4NHOR
N FLU(I,J):-‘Q“'
14 GO TO (14248,1248,165,19,15)K
1 SROUP=1
LIMIT=NNZUT
G0 70 5
2 HROUP=1
LIMIT=NGAM
5 IF(GROURPGTLLIMITIGN TC 7
READ (11) ((F(I4J)yI=14NHCR) yJ=1,4NUF)
00 6 J=1,NUP
N0 6 I=1yNKOR
5] FLU(T ) =FLU(I9J)+F (I,4J)
GROUP=GROUF+1
GO T0 5
7 ARITE (1L7) ((FLU(I4J)yI=14,NHOR) yJ=14NUF)
G0 TC 5°
8 - HROUP=1
LIMIT=NACSUT
Q IF(GROUP,GT.LIMIT)IGC TO 11
* READ (11) ((F(I,J)yI=14yNHCO) yJ=1,NUF)
' 00 3C J=1,NUP
3C 30 I=1i,NHQP
. 20 FLU(TyJ)=TISNFUT(GFCUP)I*F(I,yJ)+FLU(TI, J)
GROUP=G2JUP+1¢
50 T0 3
i1 IF(KetQe)GC TO 7
12 5ROUP=1
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%1 ) - LYMIT=NGAM

' 14  IF(GPOUP.GT.LIMITIGC TO 7 .

g QFEAD (11) ((r(I,J),I--,BHCP),J‘i,NUF)
% 00 12 J=1,NUP

v 00 12 I=1,NHOP

S . 13 FLU(I,J)=TISGAM(GROUP)*F (I,J)+FLU(T,J)
L .o GROUP =520UP+1

& GO TO 14

3 15  GRPOUP=1

; LIMIT=NNEUT

[

16  IF(GROUP.GT.LIMITICO TO 18
READ (11) ((F(I,J),I=1,NHC?) 4J=1,NUF)
90 17 J=1,NUP
00 17 I=1,NHOR
17 FLU(I,J)=SILNEUT (GROUP)*F (I,J) +FLUCT,J)
GPOUP=GROUP+1
50 T0 16
18  IF(K.EQ.61GC TC 7
19  GROUP=1
LIMIT=NGAM
27  IF(GROUP.GT.LIMITIGC TO 7
: READ (11) ((F(T,J)yT=1,NHOR) 5 =1 4MUF)
: 00 21 J=1,NUF
; , DO 21 I=1,NHCR
21 FLU(I,J)=SILGAM(GROUP) *F (I,J) +FLU(TI,J)

LS FAR AR L SRR AT LR S R R AR PRV IR RS A 1 B R e R R SRR LS S N N
N R TEAT

N - GROUP=GROUP+1
60 T0 20
50 GO T0(51,60951,60,€53,5195C,63)K
. 51  K=MODF(2)
. G0 70 3

69 REWIND 13
REWIMD 11
RETUPN
END

e RN RN S R R A RSP LS R SR T U e T S e SRR
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Subroutine CHECK

\
This subroutine places the aircraft in the meshed area

and calculates the neutron and gamma fluence of dose the

-aircraft experienced. This calculation is compared to the

aircraft vulnerability to determine if the aircraft survived.
Subroutine NOTICE is then called tc give the printed output

concerning the aircraft.

Subroutine CHECK Glossary:

ACPOS _ The aircraft positions in X, Y, Z coordinates
BURST The burst coordinates
GLEVEL The gamma level (fluence or dose) experienced

by the aircraft

NLEVEL The neutron level (fluence or dose)
: experienced by the aircraft

VUL The aircraft gamma and neutron vulnerability
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- SU3ROUTINE { HECK (KHCRyNUP4MOCE VUL, FCSyNUMBER yX3MIN,DELXZyX3Sh,
ADELRy XIMIN,DZIL X1,4,A224Y,L ,2UPST 4ACFCS)

THIS SUBRCUTINE LOCATES THE AIRCRAFT AND
DETIRMTIMES IF GAMMAS CR NEUTRCNS FAVE
KILLED YHE AIRCRAFT

OO0

QEAL MLEVEL
INTEGER ARZAfC{14D)
JIMENSION “MCDE(?2) yVUL (2) yPOS(2,154) 9BURS "(3) 4 ACPOS (3,10 0)
COMMCN IL(S) sFG(50 i) yKyZMINGZVAXGNyZALSyNLyNH,B,DEL,21,22,
AXIMAX o 2MAX 3R 1 MAX g R2MAX 9 NP 9Ly D1 yNR1 4 FN19FN24FG19FG2yNLEVELZGLEVEL,
‘!H,HI,H3,HQ,F~‘J(BJ,128)
OEL=DELR*¥1,{==25
S=H¥1,3E-.5
XIMAX=NHO2*0Z1L X1
QAMAX=NYHOR*CE L
K=2 .
READ (1.) (C(FN(I,J),I=1,NHO?),J=1,NUF)
IF(K.50,1)G60 T0 &
READ (12) ((FG(TyJ) yI=1,NHCR) yJ=1,NLP)
1 ZHIN=X3MIN-DELXZ
ZMAX= (NUP*DELX3) +7MIN
' IF(L.£Q.1) ZMAX=Z2MAX+DEL X3
; N1
IF(NJLT NUMREP)GC TC L3
. IF(APRAY(N) «FCeY¥)GO TO 9
A=POS (2,N)
ZA=ALCG(L/S)
IF(ZAGGEWZHYAXWORGZALLT L ZMINIGC TC 8
NL=(ZA-7MIN) /DELXZ
NH=NL+1
3=P0S (1, N)
ZA=ZMIN+(ML*DELX )
Z2=71+0DEL X3
IF(Z1.GE4¥3ISHIGC TO 3
RIMAX=S*X1vAX*SXE(EXP(Z72))
IF(Z22.GzeX2SHIGOC T0 4
RZMAX=S*¥ X1 NMAX¥EXF(EXP(Z2))
GO Tn 5 ‘
RIMAX=PMAX
RQ2MAX=RMAX
IF(RPIMAX LS, P)FN1=0,
IF{P2MAXLEL3IGC TO 8
TF(FNL14cNede) 0 T0 6
D=RAMAX/NHZR
. NP=(P/0) +1
' IF(NLL.ZN 2)FNL=D,
IF(FN1.£7.,7)60 T2 6
. IFINR,EG.NHO?)WL=1,
* IF(R1.20.. 4160 TC 2¢
WizFH(NR+1,4NL)
27 W=FN(NRYNL)
FNL=W+ ( (= (NR¥D) ) *(Wi=-H) /D)

~N

U £ N
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21

22

23
24

D1=R2Z2MAX/HNKHO?

NR1=(P/N1) ¢+1

IF(NRLITLJNHGRIHG=(,
IF(AL,ZD.76)60 TC 21

We=FN (R 4L 4NH)

H2=FN (N2 MNP)
FN2=R3+({3=-(1R1¥D1) )% (HUL=HI) /N1)
NLEVFL=FRi+(Z8~-21) ¥ (FYN2=-FN1) /DELXZ
IF(NLEVEL-YUL (1)) 23,22,422
AFRAY(N)=2

50 YO 24

APRAY {N) =L
IF(ARDAY (N) oZNe2+0ReXeTQe1)GC TN 3
IF(FML.EQ 3e)F5G1=3,
IF(FG1.E2.3.)G0 TC 7
IF(H1.EN..,)50 TC 2%
WHi=FG(NR+L,4NL)

H=FG(NRLNL)

FGi=W+ ((B=-(MR¥D) ) *(H1-W) /D)
IF(HL.,ENe 4)RC TC 26

W4=FG (N21+1,NH)

W3=FG (N”1,NH) .
FG2=H23+{(B=(NC1*01))* (W4=K3) /01)
GLEVEL=FG1+((ZA=-21)*(FG2~-FG1) /CELXI)
IF (GLEVEL-VUL(2))28,27,27

" ARRAY (N) =3

G0 70 8
ARRAY (N) =4

CALL MOTICZ(ARRAY,ZGLEVELZMNEVSLyBURST WUL,NyMCDOE,ACF0S,K)

N=N+21
Wi=1.
GC 7O 2
RETURM
END
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Subroutine NOTICE

This subroutine is called by subroutine CHECK and its

only function is to print output detailing the nevtron and

gamma levels experienced by the aircraf¢. The printout also

states if the aircraft survived the neutron and gamma levels.

Subroutine NOTICE Glossary:

ACPOS The aircraft positions

BURST The burst coordinates

GLEVEL The gamma level experienced by the aircraft
MODE The units of GLEVEL and NLEVEL

NLEVEL

The neutron level experienced by the aircraft

VUL The aircraft neutron and gamma vulnerability
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SURRQUTINE “OTICE (ARRAYyGLEVEL g NLEVFL,BURST, VUL 9Ny MONE,ACPOS,

THIS SUBROUTINE WILL FRINT CUT THE RESULTS

- OF T4z GAMMA AND NEUTRCN “ANVIRGMENT ON THE
AIRCRAFT. IF THE AIRCRAFT HAS BEZEN KILLEC
IT HILL STATS AIICRAFT KILLES ANC GIVE
PURST AND AIRCPAFT LOCATIGN, VULNSRARILITY
LEVEL,y ANC ACTUAL f~AMMA OR NFUTECN LEVEL.
IF THS ATRCREFT SUR/VIVES, RUT DIC FXPIRIENCE
SGME GAMMA ANC NEUTRON LZVEL, THE PRINTOUT
‘HILL STATE TFE AIRCRAFT SURVIVEL, GIVE
AIRCRAFT ANC BURST LOCATION, ANL GIVE ACTUAL
CAMMA OR NEUTRON LEVELe. TF THE AIRCRAFT
SURVIVED AND WAS DQUTSICE THE MESK ARZA
(THAT IS, THS AIRCPAFT DIC NGT EXFERIENDE
ANY GAMMA 0R NEUTICN LEVZL) s THE FRINTGUT
WILL STATE THZ AIZCAFT SUPVIVEL, GIVE THE
AIRCRAFT ANL BUPST LOCATICNMN, ANC STATE THAT
THE EFFECTIVE GAMMA AND NEUTRON LEVEL WAS
ZERO.,

ey U R

AT A R e NrNe Ne N Ne No Ny Ry N s N N2 Xy e Ky Ky

REAL MLEVFL
INTEGER ARRAY(140)
DIMENSION BURST(2),VUL (2) ,MODE (2),ACPLS (3,150)
. COMMON I,M,L4J,KK
‘ " M=MONE (1)
L=MODE (2)
J=ARRAY (N}
KK=1
PRINT 14Ny (AGPOS (I4N)yI=1,3)
GO TO (1.,11,12,133y
17 PPINT 2,(BURST(I),I=1,3)
PRINT 3
G0 TO 57
11 G0 TO (14,15)K
14 PRINT 5,(BLPST(I) ,I=1,3)
32 IF(M.2£Q.8)6GC TO 16
17 PRINT 6,VUL(1),NLEVFL
50 TO 52
16  PRINT 7,VUL(1),NLEVEL
50 T0 59 : .
15 PRINT 4, (BURST(T) yI=1,3)
23 IF(MJE2.3)GC T 17
IF(M.EN,5)GC TN 15
: 23 PPINT 8,VUL(1),NLEVEL
3 60 TO 53
? 12 PRINT 51,(3URST(I),I=1,3)

IR AR N

PR

. 31 IF(L.EC.2)G0 T0 19
. IF(L+E7,4)60 TO 22
e PRINT 6,VUL(2),TLEVFL
b 0 TO 5y
3 : 19 PPINT 9,VUL(2),GLEVEL
¢ GO T0 5°
22 PRINT 7,VUL(?),GLEVEL
60 TO 59
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SR

60 v 123,20)K
PPTMY G, "2(28ST(1)sI=1,3)
Go TO 32
21 ORINT 2, (ALFST(Ir,y. 4. 2)
PRINT 53
: GO To 3=
53 IF(JeNELL) 0 Tr €
IF(KK.EDe?2Y2C TC 107
KK=2
~21i8T 54
50 TO 3%
1 FOIMAT(//7753X9g*ATIRCRAFT MNUMBER *,IL,* LOCATECL AT*,F8,3,% KM,,*,
AFR, 2% KMUe 9% ,F3,7,% XY, ¥)
2 FORMAT (4X, ¥*AIRCRAFT SURVIVED ©3AMMAS ANC NEUTRCMS FRCM BULRST ATs,
AF P 30" KM g¥gFBaT,% KMy y*,FR,2,% KM, *)
3 FOPMAT (LXy *ESFECTIVE GAMMA nND NEUTRCN LEVFL WAS ZERO¥)
4 FOOMAT (4Xy *KILLED BY NEUTRGHS FROM ELRST ATYFB8e3y% UM, ¥ ,FB,T,*
BWQ,"F_5.3,‘ KM."
5 FORMAT (LXy *KTLLSD EY COMBINEL GAMMA + NEUTRON DOSE FRCM BURST AT*
AF6.3,"‘ K“..,",Fﬂ..?,“‘ KW.,“‘,FBa-s,* KM.‘)
. 3 FOIMAT (LX, *VULNSRAFTILITY LEVEL WAS*,1FE11.4,% RADS (SILICON DCS
. A ACTUAL LEVEL WAS*,1PT11,4,% ZADS (SILICON ROSFY¥)
7 FOPMAT{LX o *VULNSRAPILITY LEVEL WAS*,1CE11,4,% FACS (TISSUE DCSE),
AACTUAL LZVEL WAS¥,1FE11.4y* RACS (TISSUE CQSE)¥)
. 8 FOPMAT (4Xy *VULNERAFTILITY LEVEL WAS*,1FE11.4,% NEUTRONS/CM2, ACTLA
. A LEVFL WAS¥*,1C5F11 ,4,% NEUTRONS/CM2¥#)
] FOIMAT (LX o *VULNSRAPTILITY LEVEL HWAS*,1FE1l.4.% GAMMAS/CM2, ACTUAL
AEVEL WAS¥,1FZ11.4,% GAMMAS/CM2*)
51  FORMAT(4X, *KILLSC EY GAMMAS FRCM PURST AT*4FBe2y% KMy 9¥yFBeT,% KM
Ag¥,F,3,% KM.¥)
52  FORMAT (4X, ¥AIPCRAFT SURVIVEN COMAINEC GAMMA + NEUTRON DCSE FRCM 2
ARAST AT¥ F2439% KMeg¥yCR,3y% KMeyg*,FRe2y% KM, ¥)
63  FORMAT (4X 9 *NEUTRCMSH)
54  FORIMAT (4X, ¥GAMMAS™H)
1.” RETUPM
END

~y >
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Subroutine MAP

\

This subroutine controls the pldi cutput. It calls

. subroutine CONTOUR to calculate the isofluenée or isodose

- "lines and subroutine SETUP to set up the plots. The actual

plotting of the lines is done in this subroutine.

A A TR A O R TR e e e Y CE P LN Ut 1o T
T R A R e ey —

e

This subroutine, as written, is designed for use on an

LI
g

%5 on-line plotter. With the addition of two cards, however,
% this subroutine, and therefore the entire code, can be used
§‘ at the computer center where only an off-line plotter is

?; available. The two cards are:

EE

a3 eI
el

CALL PLOTS(WORKA,1024,7)

CALL PLOTE

The first card should be the first instruction in this sub-
. routine and the second card should be the last instruction.
Using this option will require different control cards
since a magnetic tape is necessary. Therefore, the user
should check the local instructions before this option is
exercised. Also, the first card of the MAIN program must
be changed. The file called PLOT should be replaced with
a file called TAPE7. Tape 7 is then the magnetic tape

required for the off-line plotter.

Subroutine MAP Glossary:

ALT ‘The height of the burst in km
' DATA The isofluence or isodose data calculated by
CONTOUR. This array stores the r,z coordi-
. nates for the isofluence or isodose points
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SCALER
SCALEZ

WORKA

The x axis scale facter for the plot routines

\

\ .
The y axis scale factor <or the plot routines

An array that is unused in this program. If
the program is converted for use on an off
line plotter, this array will be the work
area needed for the plot calculations
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SUSROUTINT MAT(LMAPMUP,NHOR,FCSyMOCE VUL yHOR 4DELR 9 XIMIN,BELX 1,
BX3SHyX3MINigNELX39L g ARIAYHSNAC 4 H)

THIS SURCUTINE PLNTS THZ GAMMA AND NEUTRCM

EMVIPQr¥INT, THE TYPE OF PLOT IS CETERMINED
PY MO3E AND LMvAF,

JIMTINSION ¥20T(2) ,VLL(2),F0S(2,107)
INTECER ASzAY{1.7)
COMMOM 2L (1%),2ATA(?7 ,10)yMN(B)4F(6L4120)4RADSCALER,SCALEZ YK yM,

ANFASS,KK,LIVIT,},LCCUNTqI,NPG,ALTQX’Y,E,NB,BA,NSTOP,NCGUNT,HI,C,S
A3R, HOFEKA(1324)

DETERMIME WHAT PLOTS WILL BE CONE.

REWINT 17

ALT=H(3¥1,1c~-05

MFASS=1

NSTOP=2

K=MNOc (:§PASS)
IF(KeENe5eCRWKeEREBINSTOP=1
SzH¥1,.z2~.5
IF(XISWH.TTeleEL18)8L,581
TT=XIMIN+ (NUF*DELXZ)
IF(LJEQeIYTT=TT=-DZLX3

QAR=S¥*NHOS*¥CELXL*¥EXP(IXP(TT))
Ge T0 1

RED=NHOR*DZLR*1,.,2E-75
IF(MPLSS.GT.NSTCFIGO TO 15
K=MOCE (NFASS)

M=LMAF

IF(LMAP, 20 3)M=1

CONSTRUCT CCNTOUR CURVES FUOM OCINT VALUE DATA,.
A:vUL}MDASS)
KK=1
CALL CONTOULP(MyKyKKyNHOP S NUP Ay SyCELXTyDEL X1y XAMINy X3MINy X3SW,DELF
AgNNgTATA 4% ,F)
SET UP THE PLOT,

CALL S2TUP (MyKy2AZySCALERySCALEZHyWORKA)
HI=ALT*SC&LEZ

DRAW THT FLCT

LIMIT=2

IF(MetQe2)LTIVIT=15

LCOUNT=3

X=3,8

Y=e2

CALL SYM3ITL(,eZ9HI guelsilyleiy=1)

CALL SYM3~L(X s Y 9delyllyle’y=1)

CALL SYMICL(CY9G44yC00,y 'el1y6H “URSTy 4"y E)
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(7

[

(o3

25

2?
28

[N o Jye ]

15
16

LCOUNT=LCCUNT+2 .
IF(LCCUNT.GTLLIVMITIGC T0 ¢ \
J=LCOUNT/2

NFO=M(J)

IF(NPC.EGs1)GC TO 2

30 4 I=2,NFC
C=DATA(I,LCCUNT=1)*SCALEP
D=DATA(I,LCCUNT) *SCALZZ

CALL SYMAOL(CyDyTelydyiety=1)
Y=Y+,2

B=0ATA(L,LCCUNT=1)

IF(MaNCa1)GO TO 12

8R=ALNG12(R)

NB=3P

ApP=1C

3=B/(38*¥NQ)

50 70 i1

NN=NN-1

IN=NN

RA=1(

CALL SYM%OL(X,YQJ.i,J,C.L,‘i)
IF(MeEN,.)60 TN 27

CALL NUMAIR(X+429C99, "yielygyBAy{aly=1)
CALL MUMRER(939e9Y+LUs.591el1yBNyuey~1)

.60 70 3

CALL NUMIER(X+,2989C, 19lelyBylely+l)
CALLSYMBOL(X+0?,Y gaoi,b,30,'1)

CALL NUMBZR(CG3,42C9.yuelyl3ylay=-1)

CALL NUMRZR(C39,9Y+le "590e19839C4y=1)

60 TC 3

IF(M.ERL2)5C TC 219

NCOUNT=]

NCOUNT=NCOUNT +1

IF(NCOUNT.GT.NAC IGN 10 27

IF(ARPAY (NCOUNT)JECLJ)RO TO 25
IF(POS(1,MCOUMT) «GT 27360 TN 25

I=NCOUNT+54

C=POS(1,NCOUNT) #SCALZ?

D=POS(2yNCCUNT) *SCALE?

CALL SYM?OL(C,U,J.i,I,u.L,‘i)

GO Tn 285

CALL SYM30L(24997e1474151CSH1,2,43,ETCe AIRCRAF Tyl euyl19)
CALL pLOT(iZo-”ZoC"H)

IF(LMAPGEN,T)E,7

IF(MsEN.2)7,9

=2

KX=2

65C 10 2

NFASS=NPASS+1

GC 70 1

NCOUMT="

NCOUNT=NCOUNT +1 )
TF(NCOUNT,GT NAC  )GJ TO s° -
IF(AFPAY (NCCUNT) 4 2Co4) ARPRAY(NCCUNT) =1
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60 T0 16

REWINN 19
RETURN
END

5¢
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Subroutine CONTOUR

This subroutine calculates points on isofluence or
isodose lires. The subroutine is constructed so that the
entire meshed area is scanned; however, if any points appear
that will be ou: of the range of the plot, this point will

not be stored.

Subroutine CONTOUR Glossary:

A The fluence or dose value for which the line
is being calculated

DATA : The results of the mesh scan. This array
contains the r,z coordinates of the points

F The total fluence or.dose

NPO The number of points defining an isofluence
or isodose line
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SUBRCUTINT CCATCUS (MyK oKKyNHCR yNUF 9 ULL 9S9OELX 39 DELXL, XIMIN,X2M ]
AXZISK,PELRyNN,TATA,N,F)
POMMON Ayt IMITyCy 1T,y NCO3KT 3 J1 Ty CyX292,RyDFL, X1

NGB TIPS 4T U e

SERCEH

S0 Ay

Yh AL L AN

G S J R N e | SRR D P AT A S

R R AT S AN I I S EE N S SR S AR L

SRS

QAOOOO

N >

[#Y]

D~

11

12

17
14

DIMENSION TCATA(ICN,16) 4N(R),F(63,12C)

THIS SUPSCUTTINE SCANS THE MESKHEL AREA

AME DIETERMINES LFOR ANY GIVEN VALLE OF
FLUENCE CF FCSE HWHERE THE VALUES EXIST IN
TERMS CF TACTIUS AND HEIGHT

IF(KKoNEL1)GS 70 1
FEAN (14) ((F(I4d) 3121, NHPRY 3 J=1,AUF)
6O TN (2,7)M

A=VUL

J=e

LIMTT=2

GC TO 38

LTMIT=16

3=F (1,1)

00 &4 I=1,NLP
B=AMAX1(S,F(1,1))
Nh={

a=R/{n

NN=NN+1
IF(2,LT.14)€,5

" NN=NN=2

A=10,%*NN

J=0

A=A/1L0

NPO=1

J=J+2

IF(JeGTLLIMITIGG TC 43

Ki=NUF =1

DATA (NFQO,J=1)=A

NFO=NFN+1

DC 9 TI=1,NHCF

00 10 J1=2,K1
TF(F(TI,J1).LT.2)G0 TO 10
TF(F(II,J1=-1),CT,0)CGC TO 11
DEL=0FLX2*(B=F(IT1,J3=10)/(F(IT4yJ1)=F(1I,J1=1))
XI=XIMINH(TELXZ¥(J1=2)) +NEL

GO T0 12

IF(F(TI,41+41),GT,8)GC Tn 1n
DEL=CFLXZ*{A-F(IT. U1 /(F(IT4J1+41)=F(II,J1))
XI=XIMIN+ (CELYI¥ (J1-1))+NEL
7=S*EXP(X7?)

IF (X3, GELXITUWIRC TC 12
XI=XIMING(CELXL*¥(II-1))
R=S*X1*¥CSXFP(EXP (X))

GC 70 14

R (XIMIN+((II-1)*TELR))*1,0E~0Q"
IF(RWGTL,2.3,¥RC TC 11
DATA(NPCyJ=2) =5

DATA(MNPNGJ)=?

NFC=NFQ+1
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. IF(NPOLEC, 3ICT)GC TO 21 )
17 CONTTMUE >
, c CCNTINUE
, K1=NHOR-1
00 15 Ji1=1,NLF
. X3=XIMIN+(CELX2Z¥(J1-1))
C=DELX1
IF(X3.GEXISWIC=CELR
2=S*EXP (X2)
0C 16 I=2,K1
IF(F(I,J1)LT.A)EC TC 16
IF(F(T-1,J1)CTA)GC TC 17
DEL=D* (A=F (I=1,J1)) /(F(I,J1)=F(I-1441))
Xi=XAIMIN+(C* (I-2) ) +CEL
17  IF(F(T+1,J1)CT,AIRC TC 1€
NEL=0¥(A=F(T4J1)) /7 (F(I+1,J1)=-F(I,J1))
X1=X1MIN+ (0¥ (T=1))+CEL
20  TF(X3.GZ,XISWIGC TO 18
R=S*Y1*EXF (EXP(X?))
GO TO 19
18 P=X1%1,0£-15
13 IF(R.GT.211.,)GC TC 18
NATA(NFO,J=1)=R
DATA (NPO,J)=7
NFO=NF J+1
IF(NPCL.EN.2CJIGC TO 21
1€  CONTINUE
1€ CONTTMUE

. 21 J1=yr2
: N(J1)=NFO-1
4 60 Te 7
4 4n  RETUPN
Y END
3
bt ¢
N
31
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Subroutine SETUP

This subroutine completely sets.hp the plot. The axes
are drawn and the correct axis labels are seiected and
drawn. In addition, this subroutine selacts the plot title
based on what type of plot is to be drawn. The scale

factors required by MAP for plotting are also calculated.
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DOOOOOOO

s NoNe)

OO0

DOOOO0

(N =

iy

SUPROUTINE SETUF(V,MOQE,RAB,SCALEE,SC“LEZ’WQQKA)
DIMENSION HORKA(1°724)

CoMMON (,MN,L,N,Y,X,Q,CA,I,D,E,DU
COMMON/TITLES/IAL11,3),7(5,22)

THIS SUZXCUTINE DRARS AND LLREL
AM3 TITLIS THE FIGURE.

[{4]
-4
4
m
>
*
et
n

FIRST LCCATE THE ORIGIN.

CALL PLOT(2,.:y=76.49~3)
CALL PLOT(je391.5,=2)
CALL PLCT(Eei3904742)
CALL FLUT(E.J,&Q‘.S,Z)
CALL FLOT(ue798,45,2)
CALL PLCT(D43,0.0,2)

SET U° THE FIGUFE TITLES.

K=MCNE

50 TO (1,2)M

GO TO/3,4,5954595,5,5)0DE
MM=17

50 TO 9

MM=1g

G0 T0 9

MM=19

0 70 9

MMz 2(

G0 TO 9

K=MODE+8

GO TO (7497,74792475743)MOLE
MM=21

60 TO 9

YM=22

SET UP THE AXIS LARELS,

0=6HH:z IGHT
E=6HRADIUS
00=5H (X4)

DETZR INE THE PAJIUS AND HEIGHT MAXIMUM
COORIINATES. CETIRMINE THF RADIUS ANN
HETIAHT STALS FACTNRS,

IF(RAD.GT.57,)GC TO 1°
N=5

L=1

GC TO 12
IF(PACLGTaiue)5C TO 11
N=LP

L=2

GO To 12
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11 N=28
L=3

12 SCALEZ=3.713,
SCALER=5,./ (N*13,)

JPAW THZ AYTS,

.
AN

CALL pLQT(JQQ,10h2,°3’
CALL PLC (3629 efy2)
CALL PLOT(Leu9ielyd)
CALL PLCT(5¢29u52742)
CALL PLCT(3ed9led,3)

o v R Sy et A TN S PN R, .
~

ORAW THE TIC MAPKS,

OO0

Q=8+/15¢

Y=0.

00 13 I=1,i1

CALL PLOT(cayYy D)

CALL pLOT(‘;.U?,Y’Z)
13 Y=Y+0

QA=5,/13,

X=C,

00 14 I=1,11

CALL PLOT(XyJ1eyd)
: CALL PLOT(Xy=5e17,2)
14 X=X+Q4

NUMIZR THE AXIS,

OO0

Y==uel

00 15 I=1,11

CALL SYM?OL('.“,V,L.i,IA(I,Z)91093)
15 Y=Y+Q

X==,2

00 16 I=1,11

CALL SYMQOL(Xy'aZ’ColyIA(I,L)90093)
16 X=X+0A

(o Mo R

LA3ZL THE AXIS.

CALL SYM30UL(1e759=0by ei134EyCe 9E)
CALL SYM3I0L(23394453%9,90¢139D0Dyce6y5)
CALL SYMA0L(=4552425934129093..C486)
CALL SY“aOL(9990999q'sU013)DD)9U0~’5)

LASeL THE FIGUFE,

e XeNe

CALL SYVBOL(=_.43y=LeH559L0133T(1yX)y(,.,46)
CALL SY““OL("-3,'Ee?5,,.13,T(1,MN),G.C,&b)
RETUAN

END

133




DAL

TTSTT
74

T TR PP Y

B .

O

RS R o Loy #10

£¥ S ZHN

5%

s

e

£

s T R AT R T
AR L B Ae? A D S O

d

e SR

AT A
R VRSN

2 N

T o T A
cporey Stk g s

Rt Sy e

GNE/PH/72-8

BLOCK DATA

This subroutine stores data into labeled common.

BLOCK DATA Glossary:

T An array that contains the titles to all the
plots that can be drawn by subroutine MAP

IA An array containing three sets of coordinates
for the plot axis

SPECFN The fission weapon neutroa output spectrum

SPECFG The fission weapon gamma output spectrum

SPECTNN The thermonuclear weapon neutron output
spectrum

SPECTHG

The thermonuclear weapon gamma output spectrum
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N

SLOCK DATA
COMMON/SSECTAA/SFECTNN(22) ,SPECFN(22) ySPECFG(18) ,SPECTNG (18)
COMMON/TITLES/IA(1147) 4T (5,22)

c
i ) DATA ((T(I4J)91=1,5),0=1413)/1.H FTGe 410+ NEUTRCN ,
: . ULTHFLUENCS VU,1JHLNERARILIT,
; ASHY 91 H FIGs ¢1CH GAMMA Fo1THLUENCE VUL, 17FNERARILITY,
a6H 9iIH FICG. s LCHNEUTRON TI,1nHSSUZE COSE ,10FVULNERARTL,
CHHITY s17H F1G6. 915H GAMMA TIS,10HSUZ DBCSE V,10HULNERAEILI,
D6HTY 91 JH FIGe 417K NEUTOO0N44CH + GAVMA T,1CFISSUE DCSE,
£6H T 9lUH FIC, s 1CHNFUTRON SI,ICHLICON COSE,1GHF VULNERSAT,
FOHLITY L1iH FIS. 910h GAMMA SIL,1LHICCN COCSE ,19FVUL”F°AFIL£
G6HITY y11H FIG. ,1”? NEUTRON,1GH + GoMMA S,10+ILICON COS,.
HEHT 21 1H FIGe 91CF NEUTRCN I,iCHSGFLUENCE 9s1JPLINES (N/C,:
TH6HMZ) 91 JH FIGe 910H GAMMA 1S,1CHOFLUENCE Ly1IHINES (G/CV,:
J6H2) /
DATA ((T(I,J),1I=1,5),5=11,22)/1TH FI1G, Ny 1CHEUTRON TIS,
X1CHSUE ISCD0S.17HE LINES (R,
K6HADS) 41JH FIG, s 1CHGAMMA TISS,1uHUE ISCLOSE,18F LINES (RA,
LBHDS) 9»1°H FIGs 917F NEUTRCN o1CH+ GAMMA TIL1CKSSULE ISCODC,
MBHSE s1.H FIG, Ne1fHEUTROM SIL,1CHICCN ISCGCD,13FSZ LINES (,.
YBHRADS) 4,1dH FIG. 917HGAMMA SILI,1CHCON ISOCCS,10KE LTNES (R,
WO6HADS) s 1IJH FIG, o17F NCUTREON +491uH GAMMA SILL15FICCN ISCODC,!
NBHSE 91 3JH LyICHINE (N/CMZ41CH) EXPCMENT,13FIAL AIR .
06H 9+10GH LytLuHINE (G/CM2,1CHY EXPCNENT,1G0KEIAL AIR 9
o PHH +11H LeiTFINZ (RANS),1LH EXPORFNTI,iCHAL ATIR ’
G5H 917H  VULNFRARLICHILITY LINEL10H (RANS) EX91JFFCNENTIAL
ROEHAIR »110H s luF EXFONy 1CHENTIAL AIR,10F ’
* S6H 913H LyITHINES (RADS,1CH) EXSCNENT,13HIAL AIR ’
' T6H /
c
DATA TA/73H 3S,3H  S43H4 10,3H 15,38 2343H 25,3k 3uy3H I5,2H 4,
A3h 45,34 BJ43H (343H 10930 23,30 2093H 43,34 S0 434 6U9H 7u43K 80
B3H 9Ly 3H1udy3H T433H 20y3H L4T3,3H ET 42k Biy3H1LT ,3H123,3H1Q:,3P163
C3IHIRT 2420/
c ,
DATA SPECFN/3.92641990¢2325+2.,98e7E+20 930 UBI+22 4847 5E+L148,775E#+
121,)3%1 4949510 +22,2%L 2 E+2292%L42325E+229348755+21,43%0.7/
c
DATA SPECTNN/6+TI1£+22,241767+22491,1C685E+22,1.C4952+422,
A2%1,LB75E+22,3%1.L167E+22,2%24825E+22 9% 7.047CE4+22,2, it28E+23,
R8*C.CT/
c
DATA SPECFG/1i4204kRE+13954C21CGu+1Cy1 438308 +2, 9Ua7555C+42yL,4755FE+2
Aydlel718E421,14,71CE421,2435625421,3, 26E*2;,Q.-5:4'+6193 77&15*?1,
BU5120+219542L93C421,2%2,29817 42192477 €2E+21,2%10,
,, c ;
e ) DATA SPrCTNL/6e32795+18,2¢9538F+19,E5,7€93F+19,2%2,377:742", ]
; . A2%5435955+2.,141731E+21,1,6157+21,2,.4196+421,1,8375+421,2,.2550¢C+21!
K A2.62409F+2142%14ib4CE+21,1.2531E+21,2%3.0/ ;
3 END ;
L |
3 ;
E: H
; |
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] Appendix C

. ) Sea Level Air Cross Sections

The following pages contain the 40 group sea levei air
cross sections used in the code. This page gives the
instructions on how to read these pages.

The data is listed in 40 columns, one for each group.
The first column is neutron group one, the second column is
neutron group two, and so on. Since the neutron and gamma
cross secéions are coupled, the data can be regarded as one
40 group cross section set. Therefore, column 23, which is
gamma group one, can be considered as group 23. Each column

. contains 43 values for group cross sections. The first
number is the group transport crvoss section, the second

. number is the groum removal cross section, the third number
is the group total cross section, and the fourth number is
the in group scatter cross section. The remaining numbers
in the column are values for the group to group scatter cross
sections.. So, the fifth number is scatter to that group G
from group G-1, the sixth number is scatter to that group G

from group G-2, aﬂd so on. All the cross sect{ons are

. . . -1
macroscopic with units of cm .
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Robert Douglas MclLaren was born on 24 April 1938 in

He was graduated from high

school in Smithtown, New York, in 1954.

the Polytechnic Institute of Brooklyn, New York, from which

he received the degree of Bachelor of Chemical Engineering
in 1959. He enlisted in the Air Force in March 1962 and
was commissioned in September 1962, His initial duty was
as a communications officer at Carswell Air Force Base,

Texas.
North Dakota, as an electronic engineer on the Minuteman I
weapon systenm.
engineer on the Minuteman I and III weapon systems at both
Minot and Patrick Air Force Base, Florida.

Air Force Institute of Technology where he received the

degree of Master of Science in Nuclear Engineering in 1972.

Permanent address: Gaynor Avenue

Nesconset, New York

This thesis was typed by Jane Manemann.
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He then studied at

In 1964 he was transferred to Minot Air Force Base,

He has subsequently worked as an electronic

He attended the
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