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ABSTRACT

Numerical seismic modeling techniques were developed by
using finite difference solutions to one- or two-dimensional
inhomogeneous elastic wave equations, Analytic solutions for the
modeling of plane wave propagation in horizontally layered media
were also obtained.

The first part of this report presents solutions to a one-
dimensional elastic wave propagation equation by an analytic
method and a finite difference method. The second part presents
some solutions to a two-dimensional elastic wave equation by a
finite difference method in an orthogonal cartesian coordinate
system. The third part presents some calculations of wide
angle reflection coefficients and interference patterns
associated with a thin bed with varying angles of longitudinal
wave incidence using Haskell's matrix method.

This study showed that a finite difference approach for
numerical seismic modeling may be a good method, particularly
in two-dimensional cases when there is emphasis on the
amplitude and shape of seismic signals returning to the surface.

The following three computer programs and user's manuals
are included in the appendices:

(1) Synthetic seismogram computer program for a plane
wave in perfectly elastic media.

(2) One-dimensional finite difference computer program.

(3) Two-dimensional finite difference computer program.
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INTRODUCTION

In seismic exploration, it is very important to compute
the shape and amplitude of reflected and transmitted seismic
signals for a complex subsurface geolozic model. Particularly,
in stratigrapvhic trap 0il exploration, the examination of
amplitude anomalies of seismic signals play an important
role in the interpretation stage in contrast to the travel
time anomaly used in the structural oil trap exploration.
Also the advent of vertical seismic profiles has increased
the applicability of the seismic modeling still more.

The purpose of this report is to study some of the basic
theories of elastic wave propagaticn and to make a computer
program to calculate reflected and transmitted seismic signals
very efficiently.

| Numerous authors (Peterson and others, 1955; Wuenschel, 1960;

Trorey, 1962) have studied plane wave propagation in a
horizontally layered media using an analytic solutions to a
one-~dinensional wave equation. For a perfectly elastic mediunm,
this analytic solution approach is the best, in this author s
opinion. However, for the realistic earth material which
always has some degree of attenuation, this analytic solution
is difficult to prozram. Therefore, we studied an inhomo-

-geneous, attenuating one-dimensional wave equation by a

finite difference scheme along with the analytic solution
approach.

One of the advantage of this finite difference approach
over the analytic solution approach can be found in making
synthethic vertical seismic profiles, or VSP s, In finite
difference schemes, we nust calculate seismic signals at all
grid points to solve the wave equation. Therefore, the
execution time for one output trace is exactly the same as



for the outputs at all grid points in a model. On the other
hand, one of the disadvantages of finite difference approaches
is its inaccuracey due to the accumulation of local truncation
errors, propagation errors, and grid dispersion errors,

which almost surely will increase as the length of a seismogram
increases.

We studied very simple models using finite difference
approaches and compared these with corresponding analytic
solutions. We found good agreement.

For an irregular boundary and/or non-normal incidence,
we conventionally use ray tracing techniques. For the
computation of arrival times of seismic signals from the
different geologic boundaries, this approach provides reliable
information. But for true amplitude calculations, and
particularly in the study of converted waves, this ray
tracing technique fails. Thus, as in the one-dimensional
case, we studied two-dimensional wave propagation by a
finite difference approach.

Aboudi (1971) computed elastic wave fields by a finite
difference scheme with a body force as a forcing function.
Alterman and Aboudi (1970) studied a one-layered half-space
‘in a cylirdrical coordinate system by implementing the
analytic solution around the source region with a difference
scheme. Also Alford and others (1974) investigated diffraction
problems and the accuracy of finite difference schemes in an
acoustic material by solving for a displacement potential
function with an analytic solution around the source.

Those authors, in common, used a homogeneous wave
equation and fitted the boundary conditions at many boundaries.
If these boundaries are simple (vertical or horizontal
interface) and there are not many of them, this approach may
be appropriate. But for complex geological models, this
homogeneous formulation may not be adequate. Therefore, we
studied an inhomogeneous wave equation using a finite difference
approach. '

Finally we studied wide angle reflection coefficients
and interference patterns due to a thin bed by Haskell's
matrix method.



This report has three parts. The first part of this
report presents the solution of a one-dimensional elastic
wave equation by analytic and finite difference approaches.
The second part presents a finite difference scheme for
solving a two-dimension inhomogeneous elastic wave equation.
The third part presents the reflection coefficients of a
thin bed.

Three computer programs and users‘’s manuals are included
in the appendices:

(1) Synthethic seismogram computer program for a plane
wave in perfectly elastic media.

(2) One~-dimensional finite difference computer program.

(3) Two~dimensional finite difference computer program.



ONE-DIMENSIONAL WAVE PROPAGATION

In geophysical exploration, it is very useful to compute
reflected and transmitted seismic signals for a horizontally
layered half-space, assuming plane wave propagation. Numerous
authors have studied this one-dimensional wave propagation
problem, either without multiples (Peterson and others,

1955) or with multiples (Wuenschel, 1960; Trorey, 1962),
either without attenuation (Peterson and others, 1955;
Wuenschel, 1960) or with attenuation (Trorey, 1962).

The purpose of this study is to make a computer program
to solve this horizontally-layered problem. We followed
Wuenschel's approach to make a synthetic seismogram for a
perfectly elastic medium, with all multiples. We also
studied the phase and amplitude distortion of a reflected
plane wave with attenuation but without multiples. Finally,
we studied the latter problem using a finite difference
scheme to solve an inhomogeneous, attenuating one-
dimensional wave equation.

Analytic Solution

(A) Perfectly Elastic Medium

To calculate the reflected and transmitted seismic
signals, consider Figure 1, composed of N layers of homogeneous,
isotropic and perfectly elastic material.
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Figure 1. Multi-layered half-space.

The one-dimensional wave equation to be solved in each
layers is

Yy
ox* VP oZ*

where 4 is the particle displacement, V is the compressional
velocity of the medium, and # is time.

- At
Uea) =f@Aa(x,é)/f_
3

Let



Then the Laplace transformed solution of the wave equation
for the » -th layer is

-~ X4/, L &)
G=2%5e "%, 0 ¢ <

BNEY
-An2 P

where 743 1is one way travel time from the free surface

to n-th layer.

The transformed stress in the / -th layer can be written as

~A N>

— 3 o
G, =-AL Z e  ralz e E (2)

where Zy = K/é

/» : density in the # —th layer
5‘; : normal stress.

The boundary condition to be satisfied in each layer is:

(1) When there is no source at »# -th interface,

— e

b = U,
i (3)
0 = Gmy

(2) When there is a unit impulsive velocity source at
2 -th interface,

Q@f/ )Z/
587 52 =9, 6,0
or
- _ /
Yoy — U =% (4)
O = 6,



When there is a source on the free surface,

we used a pressure
source.

Assume that there is a unit impulsive velocity source at

-th interface. Using Equation (1), (2), and (4), we can
show that, in matrix notation,

( \
. _ -
'[4 y d a3 g Zter
= G >
A )7 g sy &f/
Ak 4c44)3 / 3
L L g k /
where | s
)2 (7£f/ — Zi - X‘fo/
2t + Zdsy
é&aiﬁo = £ %
zé + f{f/

-Z
% 3 2
4 ( &+ {zf-f/)
% 3‘%‘
A (24 )
e 3

D
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When there is no source at an interface, we can show the
following:

(
-7 r
ol |7 fom) 3 7, (6)
éq(m”) »n
/& 7;(7'93 / &ﬁ
\ . J
:__4_ [(m] Lf/'
24/
Therefore, if there is no source, by iteration,
Z, Z :
7 = {C'n] (vH/] [C:)fz} 773 (7)
46) 1<)4+3

By combining Equation {(5) and Equation (7), assuming there

is only one source at £ -th interface, the following equation
can be derived:

() ¢ _{ \ ( N ]
_Z;{ - ———f—_— / }2 fl#l)&’ &)/ 77‘ [C:} _‘J -Z;a/ o)
Z%abv J;&v ¢
42 A . ewv
L) Y%ctr)3 e 4
\ ) /
and
: J

= 7 [C.} Z-é )



4

Equations (8) and (9) are the essence of the synthetic
seismogram computation.

From Equations (8) and (9), it can also be shown

Z al Z, 4 4
) 7f ) “los T [5] @ (10)
2 Lyvr S 4

where a,v &/ &/‘.
Y ftdﬁ)yf d > g cda)

In the following subsection we calculate the geophone
velocity response for the specific source and detector location.

(1) Source at free surface...As mentioned before, in this
case, the source is a pressure impulse.
From Equation (2), at «x=o,

G = -2/ 4(z,-8) = ~ pi

where /24)18 the Laplace transformed source function.
Define

y. 4
= 77 (C- = C, <o
()= 75)

J= (11)

2/ RZ

Since there is no source from the first to the A/—th
interface, using Equation (9),

’z;: %:'.f/cc" '*'6/,;/6.2

A, = Zuw G +—4iﬁf63u;



Notice that there is no incoming plane wave from the half-space,
so we can set Ryyy =0 )
Therefore,

4 Z/ (Q/ _—C/'V)

(12)
R = o) Cay

A Z/ cc,y —"C;/)
Define

u 7=/ &%
w=Z W~[e wie

When a detector is on the free surface, using Equations (1)
and (12),

W = pa) (¢ +G,) (13)
o f/, cCCy —Gy) .

When a detector is on the /-th interface,

_ ¢ ¢
W, = /0/4)(/422(3’7%&5’),
Let
N y; 2
77 ((‘. = 25 72
=l d V4 (14)
0.';/( 0&2
Then, P
Ly = Oy Zy+/
I?Z = ﬁ}fzx/f'/
Therefore,
£
- .3 )
_....= /Oé (o,/éf‘dégjé)
s CC-G,) ' (15)
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(2) Source at the o7 -th Interface...From Equation (10),

- 4'/2. __oyL
® = Ji:“‘ J q%f = . Al

24 24

Since there is a source on the » -th interface, a free boundary
condition must be satisfied at X=0,
Therefore, from Equation (4), 2;==A>.

Define
-/
7 [(‘_] - 7 57
et S (16)

From Equations (9) and (10), using Equation (16),

/ /
Z, = & (S -57) +87CS5T ~S7
Cp —Coy

Ve / /
Z; = G (SR »S7R) -Gy CSTR/+ ST P,
where _

C, C.
6‘7// = // , 6.7%/ - 2/

Cy—Cy _ Gy — Gy

When a detector is on the free surface,

— 4 = e
W =3 ‘Z'p/ejféus - &S ) , (17)

—

where S = S7 -#-54’5/27

-
S = -r;..:v” "‘ém 222

When a detector is on the 1f—th interface and éﬁun, we
can show that

&{%‘3)“ = 2 e, 0
- = N(oga) ,  as

<y — Gy

11



where

= 7%
£ =57 - 57 s3mg -3

When a detector is on the,ﬁ-th intertace and {¢» ,
we can show that

V4

.
—

Wy = 2.3 > cnl-pfe30l500)06,5-45)

27 (19)

The main computation for a synthetic seismogram is the
multiplication of the layer matrix. An iterative scheme to
calculate matrix multiplication is as follows:

From Equation (6)

-2
C = __L___ / );w—nf'/) 3
2 éo(qp‘l)

”
’;m#) } '
Let

1

”jy 2 22

s 37’
%3
Where 2, = Kw).

[Q,,] 2dy  ada ~ Lo [C,] (20)

Define

”i [6,,] = [0;1 - [L] [%/]......[%_M'/} (21)

where B =y~
From Equation (21)

GRCHIC)

Let



Then, by the matrix multiplicatiorn,

[} o *
"'C///‘ = 4 ; * ("’—/43‘)(4:»*-1;;,)

< <y .. | : - 22
wdl (4t ) Cormi fs) # lurd ), 7., ) (22)
By the properties of matrix s
-
~d,, ¢3)= mos, /5,)
From Equation 20 and Equation 22,
’ . <
IC{/‘_ =/ = 7 ce)
. . ‘ .
< -< L ., <
1o < R3S 2 B3
¢ ¢ ¢ :
od) = (o 2t ) + 6"//;)(&//3-/)
= /* R ”,J
o
= 5;/") * 5(/)}
W -
€rgt e 2
4 < .y s ) L. . ~lcwr)
= §,6©)3 + G ey
~ By induction, we can show that
< A . 2 S ¢ o~/
wOG = ) F GG GG 2 G )] " (23)
S SRR o @
0/‘4: = 5&(‘)3 ¢ 4 g;&((-ﬂ)} ,‘ j - -fE‘ Syt )J (c'rﬁy
“Combining Equation 22 and Equation 23,
P < Q-J
my = Lr1+E 03+ - F ‘5/‘4"")} g'fﬂ-//
- ~+m-a)
rEE z,.); s E /w/; Lo L E Ct*”r*)} Lirorst 7,

= /*J [5;") * éi,_ (Cra~2) /Q'*,,.,]
.:“ < ¢ | - (24)
"3 (E/l ({) * E/‘.(“"”‘ﬁ"’)'(z}hvj

: 22 _ ¢ ) < . ) o s .
13 ot Gk )23 ey 2

72 T~/
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1% iThis is the iterative formula for the matrix multiplication.

i Likewise, we can show that
. -y & el £ <
mdi = JOG 2 JUENE L0 2 K, ]

¢ ¢
*} “u (erl) > E, (7-3) ’{‘44—/.]

meird)s < < |
fj ("’{)(/En‘[f{) + é-/; (@-"‘-I)/(i-",'_,]
(25)

13 4*"'“)[c— (Grm-2) “—‘")ew.-u

4. "'((.f’?")‘e ,
C’f‘ﬁ' .

(B) Attenuating medium

In the case where the medium is not perfectly elastic, the
reflection and transmission coefficients are complex qualities.
So we studied the effect of these complex reflection and
transmission coefficients for a plane wave in a horizontally
layered half-space without multiples, and showed how to compute
a synthetic seismogram for this situation.

A solution of the one-dimensional wave equation in an
attenuating medium can be written as

X AHX
U/A.\) Twwe & v rlhwe €77 (26)

where ZWQ)is the Fourier transform of the displacement and
o« is an attenuation constant.

To calculate reflection and transmission coeff1c1ent
consider the following situation.

é B /0 (ONI'AJ ’ A)J

7‘}‘0»&#:;7%\’4'? '&‘;

 Deflectrd
2, ¥, % ﬁ,“ ‘4, o
Ko |

7

Figure 2. Normal incidence of a‘plane wave at a boundary.
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From Equation 26, the stress can be wrltten

" X
) = [(0(7"‘7“/6 Xo~ w*fﬂz¢(“’*-)e X <w

v

* The boundary conditions at X=0are

0 =4
6; = b .

Let

b -, ~Jw
fo =A%
=~ : «, < w
[" = ;’e id e T VI—,(
=~ -~ A W
A =A™ e “% . :
‘Therefore the boundary conditions become,

A= A 2p

PURC 1oy 20) L PYA (R 2 00) = LY B LGY #0w)
Let

Y.
@c‘ = a ¢
Then, : )
./’Q"; A : Z(a’ W) -2 (U, +0W)
4‘ Zi G tiw) FE Y o)
72 % _ 22 (UYd + iw)
A%

Z (g +<)+ L (oGl +id)

"Let's assume o; is proportional to the seismic wave
frequency, so that CC :

of; —> de o aynce),

15



Define

a =y 20, +zl/L);+ 2, ry"

% = //g/ﬂ, - £zp,_)2'f (& -2.)"

- Z+Z
A, = AL ZrTEX2
- z,/s, * znpl

'(.z ~  Fas~ £~ 5
2{’1 - Z23;

3 = 22 /5,

Ny = Aan™ 7=

s
Then, . _
B A (M~ &) ResW) iB,
R = o-e 200 T 200"
5_\= __,)!}ez\?(/(}‘tel) A;né\))::e]_e[&t:
, .

N A

The general form of &, , 7z at 944 interface can be,

+ O =gy )

R
]
Ry
g

where 7, is the transmission coefficient from ¢4##)-% to =2 ~74
layer.

The layer thickness is adjusted such that.z;; =2 is constant
in all layers. n

16



This means that the two-way travel time in each layer is
the same.

Therefore, the reflected displacement on the free surface
due to the/ -th reflector can be written in the following form
in the frequency domain with unit delta function input.

AL y (8, +£,,)4n! “’)e —< w1

[j,;m)———zg_, ‘) e " € y (27)
where >
= a{; 0{
by =22
— 77 Ve ”
9= X (& » 8. )

&

c

N

Oy = 7 77

c=/ .
The synthetic seismogram is the sum of the series of
reflections. Therefore, for a N-layered half-space, the total
impulse response in the frequency domain is

—H I L (Gt L, ) nie) ik
e .

N— M
Ures) =22 2,7 4e (28)
=/

Examples and Discussions

Figure 3 shows a 4-fold surface to surface synthetic
seismogram from a sonic log acquired at the Lusk area, Wyoming.
A velocity versus time section plot is shown in Figure 4. 1In
this synthetic seismogroam, we deleted the source pulse since
its amplitude is so large it obscures the reflections.

The computer execution time to make a 2.2 second synthetic
seismogram for a surface source and a surface receiver from
about 6,000 sonic data points (2 feet sampling interval) and
1 milli-second time sampling (2 milli-seconds for two-way
travel time) is 1.5 seconds on the PDP-10.

Another useful application of this modeling program is to
make vertical seismic profiles (VSP's). This is done by
generating a whole series of synthetic seismograms, each one
assuming successively greater geophone burial depth. From the
attached computer program, which is written only for one source
and one receiver position for each execution, it is easy to
make VSP's. Figure 5 shows 121 synthetic seismograms for the
Collins well, Wyoming. Each member of the set represents the
wave field at a different burial depth.

17
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The phase and amplitude change due to a complex reflection
coefficient was studied using a simple model without multiples.
The model description is shown in Figure 6.

5’:8 Sar Auz.
- A
Y = Jﬁ’/y’r
—2 %
A =Jrro " 72
Aééﬁ~,%p4¢n V= u 422:

-3
Oo = SX %
Figure 6. One-layered half-space attenuating model.

Let the input wave function be f;(éj , which we take as
ALt =/ when og ¢ 7
=06 otherwise.

The reflected pressure &(¢(Z) at the free surface can be
written, using Equation 28, as

2R £-2 - £-2-
wie> = 2L (o DL — g E2T)

R0 g P D
7 ” p’fb/é—a—ﬁ"

where R is the amplitude of the complex reflection coefficient,
& 1is the phase angle of the reflection coefficient, @=~*a<,oud

——

(3::.20/,0/. vr

Figure 7 shows the reflected wave form with varying layer
depth "d", from 5 m to 200 m. From Figure 7, we can easily see
that the phase distortion due to a complex reflection coefficient
may be negligible unless 'd" is small. When "d" is large, we
can see only broadening of the wave form due to attenuation. So,
in calculating a synthetic seismogram for many layered case, we
may use a real reflection and transmission coefficients.
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Although phase distortion may not be seen in a synthetic
seismogram, it might be worth while to include the complex
reflection and transmission coefficient in the following cases:

(1) To study a thin layer with high acoustic impedance and
attenuation contrast with adjacent layers, especially when
receiver and source are very close to the thin layer.

(2) Theoretical study.

Finite Difference Solution

The numerical solution of an elastic wave equation with a
finite difference technique and high-speed digital computers has
become a powerful seismic modeling tool. The analytic wave
equation solution for an inhomogeneous, attenuating medium with
multiples is very complicated. Even if we find the analytic
solution, the numerical computation of the results is lengthy
and complex. This is the reason we studied a finite difference
scheme to solve the one-dimensional wave equation.

In this study, we included a perfect elastic medium, a Voigt
Solid, and a medium whose attenuation is approximately dependent
on the first power of frequency over any limited frequency range.

Since we are interested in many-layered earth models, we
solved an inhomogeneous wave equation with two boundaries (one
at a free surface and the other at the top of a half-space)
instead of solving a homogeneous wave equation with many boundaries.

(A) Perfectly Elastic Medium

The inhomogeneous wave equation in a perfectly elastic

medium is 2
P74 2 22U . .

where is density, d:c)f}l««), A and /Lare oé'me’constant, X is
vertical distance, and # 1s time.

We will replace the continuous function A¢xZwith discrete
samples of this function as

Pa) 77
Uix,8) —> H(joX, 228) = ‘j
Using the central difference formula, we can show that

» ” »
2w ) — Bt by Gy + 4204 2 s 4,

@2
221( —,,,q-. l/-‘» ”:n-l ~ 2
== N (z -2‘/ +4 )/[A )
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Therefore, Equation 29 can be written as the following
difference equation

»H » »-/
g— = Jﬂ/‘ —/{/' ’ﬁé—[\/‘f ”:”__(Q{j*d_l)fé_w./. 0/__L [/:7'/

2
where ﬁ‘/“ = .-—(4_22..1 (30)
fex)
Equation 30/is an explicit difference scheme, and we can
compute the displacement at each grid point at time step (72+/ )
in terms of the displacement at the previous time steps (# ) and

(n=/).

The solution of Equation 30 has physical meaning only when
the finite difference equation is stable. The sufficient stability
condition of the above difference scheme may be derived by
considering a homogeneous wave equation.

The stability condition for a homogeneous wave equation is
2%
ﬂé"z_ \V4 s Where V is the velocity.

So, we used the following stability condition

A%
%MXZ; \(/ ) where Vmax is the highest

velocity of the medium.
We often impose a free surface boundary condition. This
requires that the stress must vanish, or at least be a given
" function of time when a source is located at the free boundary.
Therefore, at ~X=2¢°
/4
bxx = P L% = —pl&)

, where Ek(is stress
and /Mé)is a pressure source function.

Using an imagihary grid point at «=-d4x, we can write the
above boundary condition as

n
//-3”-[//” -P

=

RIxX A
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where U,” is displacement at «=-2X, and //; is the displacement
at ¥=4X%. Notice that when P>0 #y’=w,” , this is the free
boundary condition.

At the interface between the two media, continuity of
displacement and stress must be satisfied. Let AZ be the
displacement in the half-space and since there is no incoming
wave from the half-space, (ézge"“’"";f) where [ is the

velocity of the half-space. Heréafter the subscript 4 means
half-space. The boundary conditions at duaf(boundary at
half-space) are

”
G =4
"= 6
07 = 64
Therefore,
7
2 2 DUy U
Gl 5 =l ¥ o ’K%EZ—‘
”
Ly 2%
=TIA G , because
by cw ot~ X
2% VA Vy 2 . ,
A
Using a 3-point backward first derivative operator for 5%
the radiation boundary condition at ;=7 can be written, A

2 7 V]
//; = g‘%f (4’/5:/ "Z/J«z)
20X0 364 . AU
( RIX ” At)
4 g u
AZ’( Ll - G bh

1% Y -u y

Notice that when
/

Gl > Gl
-/

4y = uy :
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This is a rigid boundary condition, since initially all
displacement is zero ¢ 44; =0.0),

When éﬂk ((/}/J.,

hg? a&. - Q%d_) -, which is a free boundary condition.

"i&

(B) Voigt Solid

The 1nhomogeneous wave equation in a Voigt medium (Whlte,
1965) is

Py D g4y 2 TL
/2.2.’ = (o/ ) 7 o Atox (31)

P LY

‘ /
Where /ed is the same as perfect elastic case and /% Y.
which is attenuation term.

Using the same method applied in the perfectly elastic
medium, the finite difference equation of the Equation 31 is

- /‘{/' (3‘;;,./. ”";"'/*[/ - é,-(ﬂ.}‘rf: 7 @/—-;)//{"*/ /_ ﬁ/‘*f //_977"/

At v 20 T 222 J¥

=é Y/ +2‘,2 /- J-f'd’-_L)-} u”

*3- JSr’ S 2 /

-+ é-—@’- [/f - _../__é_féf-. /{7'-/

o~ s~/
- 24 J Tt/

>

»/ '
"Z[ e Gzl - i (32)

0-—
6.«
24T J~zx J/

where A ~ @f) §
760
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Notice that when (5 is zero, Equation 32 is the same as
Equation 30. When p>0, the above equation is an implicit
difference scheme, and its solution can be easily solved by the

property of tri-diagonal matrix method (Richtmyer and Morton,
1967).

Balch (1970) showed that the stability condition is

&%
oy /0 .

The free boundary condition at 4=-2is

‘(/'nh’p ”377*/ - (Mr-/__ 1/311")
Jﬁféa—dt » ”
(N #2042 (45" 47)
Yoxa? %

The radiation boundary condition at #=jaXis

V4 7 ”
é/” == 46/_ - K/
J (ar 34#3¢) ( i /o2 )
C

2 » »-/ 2/ »/
Gty PG

7~/

a »/
@734 r3¢) 4

where
o = _@
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(C) Linear with Frequency Medium

The following sets of equations satisfy the condition that
a first power dependency on frequency could be approximated
over any limited frequency range (White, 1965).

p U _ by«

A+24

attenuation constant.

It

Where z{

(X

In difference equation notation,

]

w2 Y (67 - 6 o 2 Ut
/ /. ax ( e aff) JS T
/
- ¢ 7 _u? - L
67, (s Jf:é):{.l la 2%, Lex o7
J*x Y~ Jta 22X st J*2
” »/ 7
+ &3 s ~é}”"é§y + -
L ol

From the above coupled equation, we can compute explicitly the
displacement at the (n+l) time step using the previous displace-

ments and stresses.

The free boundéry condition is

nt) P o~/ »/ 247
Uy = Uy —dy 74 + —— /6/{"-'//,"7

G>
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‘weThe radiation boundary condition is

" c , v _ y?
‘{7 N a','( ¢4 Yo/
) J ””" A=/ ‘,A ‘)4 ”’4
rg (e e e Y )
| bCrraa)  1v ad n2
4 4
¢ 7 8 7
Where ' - C |
a= —o .
Jr 44 C‘--———é{;—-——
ot ’ 29X
o LY
2ox0L

& = 2o+3d +L4car)

Examples and Discussions

To study the accuracy and feasibility of an explicit
difference scheme for the solution of an inhomogeneous perfectly
elastic wave equation, we examined the following simple model,

which consists of two different perfectly elastic bars in
welded contact, Figure 8.

.239007‘ j%?ﬁ"‘db‘"“%iﬁy,L*

¢ 4 =d$ Mips b= gmms
£ R

VOO N SRNRNNAN

=

Figure 8.

NG
S

s .
\1\\

Geometry for one-dimensional perfectly elastic model.
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The external boundary conditions for this model are the
displacement field at one end and a rigid boundary at the other
end. We computed the displacement field along the bar at
Z= 150 ms, ¢= 350ms, and &= 550 ms.

The solid line in Figure 9 represents the solution using
a finite difference approach and the dots represent the analytic
solution. The free surface reflected wave looks a little
delayed. But overall agreement between two solutions is excellent.

To test the computer algorithm for the Voigt solid, we
compared our result with a known analytic solution derived by
Collins (1960). TFor a pressure impulse at the free surface of
a homogeneous half-space, we calculated the velocity wave form
at a dimensionless distance X = 4 with respect to dimensionless
time 7‘. The dimensionless distance and time are defined as

where

E___{\,M
- )\—i-)/,(,.

The points in Figure 10 were calculated from Collin's
analytic solution, and the solid curve was computed by the finite
difference method. The agreement between the two solutions is
excellent.

To examine the computer program for the linear with frequency
medium, we computed the attenuation of longitudinal wave versus
frequency. Figure 11 shows the attenuation of longitudinal
waves versus frequency for a semi-infinite medium whose
longitudinal velocity is 7100 ft/sec; shear velocity is 2860
ft/sec 7 is 0.345 ms, and @= 0.375 ms. This figure shows that
attenuation is nearly proportional to the first power of
frequency in the limited frequency range.
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One of the problems encountered in solving an inhomogeneous
wave equation by a finite difference scheme is that the ratio
4¢/pn 1is constant throughout the medium. The ratio 69éx'
controls the accuracy of the propagation of a given input
wavelet in a finite difference method. 1If (Zéyzxjyis the same
as the speed of the medium, the propagation error is zero--
this means that if a delta function of a displacement is
introduced into a finite difference equation for an infinite
one-dimensional medium, it propagates as a delta function
without tails or precursors, as the- theory predicts. However,
if 2X/»¢ is not the same as medium speed, precursors and tails
appear and the results are distorted. The larger ax/5o#
compared with V (medium velocity) is, the more the propagation
error is. This kind of error is more severe than the local
truncation error and round-off error. Therefore, some method
must be developed for the estimation of this propagation error.

The amplitude spectrum of the Fourier transform of a
delta function is equal to one for all frequencies. Knowing
this, we put a delta function displacement into our finite
difference computer model and computed the amplitude spectrum
of the resultant displacement at a certain point.

Figure 12 shows the amplitude spectrum of the displacement
at X = 2004X with two values of p, which is defined as p = Vo§éx .
Figure 13 shows the amplitude spectrum at X = 1002X . Both
figures clearly show that the larger o0 is, the more accurate
the amplitude response is. Also the shorter the propagation
distance is, the more accurate the response is.

Therefore, from a set of curves of this kind, we can
estimate the maximum frequency which may be contained in an
input wavelet, if the wavelet is to be propagated without much
distortion. With this maximum frequency, a stability condition,
and some criteria for the local truncation error of the difference
operator, we can choose the optimum value of the A%Qé—lﬁiio
for a given numerical model.
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TWO-DIMENSION WAVE PROPAGATION

The previous chapter deals with one-dimensional wave
propagation through horizontally layered media. This approach
provides reasonable answers for many problems encountered in
geophysical exploration. But it has limitations. For example,
it cannot handle such problems as predicting the converted
wave from a boundary, the geometrical spreading effect, or a
non-normal incidence wave. Therefore, to make a realistic
seismic model, it is necessary and important to study the solution
of a two-dimensional elastic wave equation.

Presently, most of the two-dimensional modeling techniques
use ray tracing. To calculate an arrival time for the seismic
signal for a normal or nearly vertical ray path for an arbitrary
subsurface, the ray theory may provide a reliable answer. Also
this technique can solve some of the problems such as geometrical
spreading, and mode conversion for a simple model. But present
two-dimensional modeling techniques cannot fully solve the
diffraction problem, all kinds of mode conversion, and true
amplitude and shape of the seismic signal.

One way to eliminate the above problems, as far as theory
is concerned, is to compute the entire elastic wave field by a
finite difference method. Currently, numerous authors are
studying the solution of an elastic wave equation by a finite
difference method (Aboudi, 1971; Alford and others, 1974;
Alterman and Aboudi, 1970; Alterman and Karal, 1969).
Theoretically, a finite difference equation can give an exact
solution of the elastic wave equation as the sampling interval
both in space and time approach zero for any complex geological
subsurface.

Thus, the purpose of this section is to study the feasibility
and applicability of this finite difference approach. If
subsurface structure is simple, it seems to be more reasonable
to solve a homogeneous wave equation with appropriate boundary
conditions at each boundary by a finite difference method.
However, for a complex geological model +to fit a boundary
condition at each boundary is rather complicated. So we set
out to solve an inhomogeneous elastic wave equation, which
contains all interface boundary conditions in itself, by a
finite difference scheme.
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Difference Equation

Two-dimensional inhomogeneous ealstic wave equation in
an orthogonal cartesian coordinates x and y can be written as

U 2// 24 Jw
/p /945/‘* -- (/**;/a)éax ;QX ég;*

2 oW dU
*<§(£ * 5y 7

azu__ 2 20 , A 24 (35)
L //{/7‘270*/) 2y 27 Ox
2, pw , o
| ox (2x ” 27 / |
' p ) > F z
= A 24 2w (24, 2w,
/S/U_ i IX> * A DXy / Sy ” P
| ’@7
- ‘
*L A
P u Sw D
/7//V= (/‘+7“)2'_77'- * éﬁéy 4/[5—’(‘_ + a———-—x27
> <+ PF
where
: density

A _#:Lame constants
&« : horizontal displacement
¥ & : vertical displacenment
A, A? ¢ x and y-component of body force.,
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Let
a n .
U gD =2 U (X, oy, 1580 = oy

Using a central difference approximation for all of the derivatives,
we can write Equation 35 as the following coupled difference
~equation, assuming AX=A} for simplicity:

¥/ N ” o
l/,{/. = U s 24— 4
# Lo 7 ”
% [m*‘}“){;;"(”*)«){n]( 4‘4'{; Y
Az -
¥ —;-[JA"/J‘ ~)“.,’Q] c U;J‘*l “{‘;Jy) o9
g "“’/ : 0
7 /ﬂ"l/l" -/‘4;/"-1) ( a/"’"- M“":‘ *
7/
”» ”
ae) /\/ » 2
Jj; - /99%/ *+ Z&aés; - 49?
.;..'_‘QZ((Aﬂ J - "(/“‘2 ), ](4}” " )
& ot G ¢ A vl Y s~
b A
* 7 (/,4}/"*/ /’(;/:,] 4 ('.,q,/.. - /4:.9/.) (37)
4é - » 2
¥ ‘fia;‘ c;/“?ﬂa; ‘}/4~q/ ) (' ‘;3; - ¢;2j- 4
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where A‘"f = (Aé)l///%-“x&) .

The finite difference Equations 36 and 37 are exrlicit,
-s0 that the displacement at the (n+l)-th time step can be conmputed

using the previous n-th and (n-1)-th time step displacements
and a body force tern.

The difference equations have physical meaning only
when they are stables A sufficient stability condition

may be derived by considering the homogeneous difference

equation. Aboudi(1971) showed that the difference scheme is
stable when %
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where & is p-wave velocity and /3 is s-wave velocity.,
So, in the inhomogeneous case, we can determine

by the maximum value of y“y!%(}‘- of the medium.

The free boundary condition al y=0 is

’w U
w)c /(( :"";7 = 7%

L U dw 2W_
Gy e/\(é-;-— %3—;}4}‘{;;_

where 7 and 7y are givaen surface tractions and G;y and 0y,
are conmponecants of stress,

As in the one-dimensional case, we introduced an imaginary

grid point at = -oy to compute the first derivative.
In difference equation notation, the above boundary condition
can be written as

N ) P A Wil s |
f/ %3+ == ( ey s vl Tl = -

> 4 i 20y

C., = A '-Z'( N )-+1aA° - Y ok

ot T Avap O% 2 "¢, 43 A+3ac Y .

When there is no surface tracticn, Equation 38 serves as a
free boundary condition.

At the edge of the model, we provided a rigid boundary
condition, which will produce unwanted "artificial®”
reflections. We tried to implement radiation boundary
condition, but have as yet not been successful.

In the inhomogeneous finite difference formulation,
every elastic constant (velocity and density) must be a
continuous function of grid points. Thus, all discontinuous
variation of elastic constants must be chanced into
continuous ones. If the continuous variation of elastic
constants is sufficiently abrupt in the inhomogeneous
. fornulation, we can approximately treat this continuous
interface as a discontinuous interface. Figure 14 shows
how we treat this discontinuous interface in the
inhomogeneous difference scheme.

Most of the authors (Alford and others, 1974, Alterman and
Karal, 1969) used an analytic solution in an infinite
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Figure 14, Elastic constant transition for inhomogeneous
formulation. ;

medium around a source region to initiate an elastic
disturbance. Alterman and Karal (1969) discussed how to

- £it a boundary condition around the source using an
analytic solution. In this study, we used an initial
disturbance by a finite difference method, which has been
fully explained by Aboudi (1971). So we will not discuss
this simulation of seismic source in a finite difference

scheme here, “
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Grid Dispersion Relation-

When we perform numerical calculations of wave
propagation, using a finite difference equation, a
propagating pulse on a discrete grid shows dispersion

-(Alford and others, 1974). This phenomena, called grid
dispersion, can be examined by considering phase
velocity as a function of frequency. The following
derivation of grid dispersion for the displacement

"is based upon the plane wave propagation in a whole space
by a finite difference scheme.

- i .
Let D be the plane wave solution such that

= p ,..,ut Lxeo o - ’fy&mﬁ7 (39)

We substitute Equation 39 into Equatlons 36 and 37
retaining only the homogeneous terms. Then,

% & (waé) 4{4]5 4‘_ (dxc.o&»f) 2
<

@87 D 4 *( "‘:"9“)

. L)B £ in (0% c00h) din (03 2 62)

where
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[c] = |° e o e 2L
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< 2 - iz,



J = £ sl )
Prel'CBelpsatall @)
S = E‘(K’-ﬂ‘)&f .2 ap/omf_

Then, to get non-trivial solution for ,0 , the following
determinant should be O,

. a & o
wAF) s s

0 (40)

| P weot !

The Equation 40 can be written as

(,&“& ol "‘E/)("“,U‘t"E‘_)=O.

=
‘The solution £ or & is

Z - (S, 45.) + { €550 ¢5.°
A

2
£, = C;*5i)'f /2;*3;) +'45;z

L
< 1
i
f
i

Therefore,

wol D N ‘
r g > A/E, (41)

The Equation 41 provides us with a relation between grid
dispersion and the sampling interval. Examining the
limiting case (i.e., 4X=do , 4d =ve ), wel/fy = &7 /&
gives us a grid dispersion relation for the 1onvitud1nal wave

and wot/y = #4/a” /&, cives us a grid dispersion relation
for the shear wave.

. Grid dispersion relation for the longitudinal wave is
as follows: :
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Lt o(iot

where Co is the phase velocity at zero frequency and C is
the phase velocity at frequency o .

Define
ot

P= &=
' o~
G 2in Y E/
@e(
P

where G is the number of grid points per wave length.

Then,

Like the p-wave grid dispersion relation, the s-wave
grid dispersion relation is

g PR /97/‘

Examples and Discussions

. Grid dispersion is one of the potential sources of
trouble in finite difference calculations. So it is very
important to study this kind of error in numerical modeling
by finite difference schenmes.

Figure 15 and Ficgure 16 show the normalized p=-wave
~phase velocity for different propagation angles as a
function of grid points per wave length, where
¢ p-wave phase velocity/zero frequency p-wave
phase velocity
& : -number of grid points/wave length
@ ¢ propagation angle with respect to the grid

P = 4"44732(
*= /7
From Figures 15 and 16, we can say that:

(1) The larger the value of p becomes, the smaller
the grid dispersion error becomes,
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(2) 1I£ 1/G is less than 0.05, this type of error is
almost independent of p, and its phase velocity is nearly
that of zero frequency p-wave phase velocity.

(3) Propagation angle is a minor factor for the p-wave
grid dispersion error.

Figures 17 and 18 show the grid dispersion relation
for the s-wave propagation, where
: s-wave phase velocity/zero rrequency s~wave phase
¢ velocity.
From Figure 17 and Figure 18, we observe that:

(1) As the value ofdﬁétﬂpproaches the s-wave velocity,
the s-wave grid dispersion error becomes smaller.

(2) 1£ 1/G is less than 0.05, this type of error is
almost independent of b, and its phase velocity is nearly
that of the zero frequency s-wave phase velocity.

(3) The grid dispersion is 1arge1y dependent on the
angle of propagation. .

Therefore, for a given ‘%ét-ratio, which must satisfy
the stability condition, if the value of 1/G is nearly 0.05
for both p-wave and s~wave, we may not expect severe grid
-dispersion errors in a finite difference scheme,

A point source approximation in a finite difference
scheme is described by Aboudi (1971). Usinz his temporal
and spacial dependence of a point source, we compared the ;
displacement field in a whole space computed by an analytic
solution with a finite difiference solution, Figure 19
shows a radial displacement at Xz J§4X , and «=206%X,
The consistant discrepancy between two solutions is caused
by the finite sampling interval and the ratio of grid size
to the pulse width of the input source function.

Actually, in this finite difference scheme, any theoretical
point source is approximated by an extended source (in this
example, the source region is extended by #é6% and £4%X
in x- and y-direction respectively, which is the cloest
numerical aporoximation to a point source). For the further
discussions of these kind of extended source compared with
goint)sources, the readers may consult Alterman and Aboudi
1970).

o Fligure 20 shows the radial displacement at ‘Xt/odXﬁ
©&cO0 and @=37° in an elastic whole space: One of the
displacement is reversed in sign. We cannot see any noticeable
differences between these two displacements. So we can say
that, in this particular example, the angular dependence of
the propagation error of a symmetric point source is
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negligible compared with the discrepancy between the
analytic solution and the finite difference solution.

In general, it is difficult to compare these two types of
error. But it confirms that propagation angle is a minor
factor for the p-wave grid dispersion error.

Figure 21 shows vertical and horizontal displacements
in an elastic half-space at x=loax, y=0. An explosive
source 1s located at x=0, y=20X. ile can clearly see two
distinct arrivals;a direct compressional wave (p) and
Rayleigh wave (R). We can expect asurface generated shear wave
in addition to p and R. But, this arrival time is near the
Rayleigh wave arrival time, so it is not seen clearly
in this example.

The geometry and parameters of the vertical fault model
are shown in Figure 22. Figure 23 shows the vertical
displacement on the free surface at various geophone positions.
Fach trace is normalized separately, and the normalization
values are shown at the edze of the Figure 23. Using ray
theory, the arrival times for different wave types are also
shown in Fizure 23, where

b: direct p-wave arrival

D; diffracted p-wave arrival

PP: bottom reflected p-wave arrival.
The amplitude decay of the direct p-wave arrivals follows
the Yy law, the theoretical prediction. The quantitative
analysis of the later arrivals are difficult, so we did not
investigate the amplitude of the later arrivals. However,
the arrival times are in good agreement with ray-theoretical
arrival times,

Figure 24 shows the vertical displacement at the free
surface for a vertical fault nodel, whose parameters are
exactly the same as the parameters of Figure 22 except the
-upper medium is a Poisson's solid (i, e.,ahg/i) instead of
a fluid. -

Like Figqure 23, each trace is normalized separately,
and its normalization value is shown at the edge of that
figure. Compared with Figure 23, in addition to P,PP,D, we
can see the large amplitude surface wave after the first p-wave
arrival and converted s~wave( reflected at the top of the
fault). Due to the surface wave development along the free
surface, its amplitude decay is quite different from
Figure 23,
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Figure 25 shows the geometry for a one-layered half-space
model. The vertical and in-line horizontal motions at the
free surface are shown in Figures 26aand Figure 26b respectively,
with ray-theoretical travel times indicated for selected
arrivals. The converted s-wave (PS-reflection) is distinctly
visible on both horizontal and vertical motions. The PS~reflection
at short rances is stronger on the horizontal motion than on
vertical motion. The propagation of F3-reflection at long
ranges is faster than expected, which is caused by the grid
dispersion effect. e can see the disversed wave train at the
tail of the direct p-wave arrival, particularly on the hori-
zontal motion. The sampling interval used in this computation
iIs ot =2 ms, and <X =25 ft., Using these values, p=0.48 for
the upprer medium. Ve did not study the frequency content of
the propagating pulse. So it is difficult to estimate, quantitatively,
how much the grid dispersion effect on the dispersive wave
train might be. However, the dispersed wave train is caused
possibly by the grid dispersion effect. This grid disversion
-error, like other types of error, might be increased as the
number of iterations increases. On the vertical motion, the
phase change of the totally reflected p-wave (beyond the
critical angle) is also visible.

Due to the truncation of the model, we can see the arti-
ficial reflections around 0.5 sec in Figures 26a and 26b.
This is the one of the major problems in using finite difference
-schemes for a realistic numerical modeling. Unless a radiation
boundary condition at the edge of the model is implemented,
~ we must always expect these unwanted artificial reflections.

Figure 27 shows the geometry of a localized inhomogeneity

embedded in an elastic half-space. The p-wave velocity

of the half~space is 7000 ft/sec and p-wave velocity of the
inhomozeneity is 4000 ft/sec. Vertical and horizontal motions

on the free surface are shown in ifigure 28a and Figure 28b
~respectively with the identifiable reflections around the
epicenter. The later part of the seismogram is severely contaminated
by the arificial reflections from the edgze of the model.

The strong horizontal motion at short ranges,around 0.32:

second, is quite comparable with the vertical motion.

"This strong horizontal motion is a ghost diffracted shear wave.. .
The extension. of the p-wave reflection from the top layer
beyond the ray-theoretical reflection limit is p-wave diffrac-
tion.
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THIN BED REFLECTION

The reflection and +t:ransmission amplitudes of an
inciden” longitudinal wave due to a thin bed is of
considerable interest in stratigraphic oil trap studies.,
The purpose of this section is to exhibit the calculated
energy partition of the incident seismic signal due to a
thin bed by varying the angle of incidence and frequency.

Theory

The basic theory for this problem can be found
elsewhere (Dath, 1968, Haskell, 1953). We shall merely
summarize the final results here and make some important
definitions.

Figure 29 illustrates the problem.

Let : :
longitudinal wave velocity of the i-~th medium
shear wave velocity of the i-th medium
density of the i-th medium

dilatational displacement potential of the

i-th medium for the down-goinz wave
dilatational displacement potential of the

i-th medium for the up-going wave

rotational (i.e. shear wave) displacement
potential of the i-th medium for the down-goino
wave

rotational displacement potential of the

i-th medium for the up-going wave,

LY ”§?>3253

N
L]

LA

From the Haskell's matrix method, we can compute all
£ 1 4714’ and v in terns of incident potential g .
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Then the energy partition between incident longitudinal

wave and transmitted or reflected wave can be written by
the following way.

£l = R ¥
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where A* means the complex conjugate of A, E means the
energy ratio, whose superscription identifies the wave
type (p or s-wave) and subscription differentiates between

the reflected (r) or tranmitted (t), ¢ is horizontal phase
velocity, and

=‘ (' (i;é}:)a-{jfif For c)’ﬂ:,

= ’4 1— /- { J/ far ¢ (%

Yo = CaS=1]S A fn
.

(ST A

The above energy fatio is not an instantaneous energy
ratio, it is the ratio averaged over one period.

Examples and Discussions

Figures 30 through 33 show the square root of the energy
ratio as a function of varying bed thickness, using the
following parameters (Table 1) for the computation,
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/amraﬁveihvu’ d < 3

P~ wave Velo e Ky Pfrpe | 30 Jo 37./’0 Jooo0
S-wave Veloc)ly Mfsac | 17PL| ZooL| 170f

Densi Xy B3/m3 |2¢20| 2330 | 2400

Table 1. Parameters of a thin bed-A.

In these figures 1 represents bed thickness with 1=4d/A
and A is the wavelencth for normal incidence in the thin
bed. When the angle of incidence is less than the p-wave
critical angle ( 55°) between medium 1 and medium 2, we
can clearly see the interference effect. For the normal
incidence case, when 1 is an even number, the reflection
‘coefficient is equal to the usual coefficient of
reflection from the boundary between medium 1 and medium 3,
Just as if they were in direct contact with one another.
Thus we can say that a layer, an integral number of half
wave lengths thick, has no effect on the incident wave,

Figure 34 through 37 show the ratio of the square
root of the reflected p~wave and s~wave energy to the
incident p~wave energy as a function of frequency. The

parameters used for this computation are shown in
Table 2,

PA ramejers / < 3
P-vave veloc'te  Afsee| 3737 3000 3727
S~wave VeloerXy M/[sec|z2zts | 160y 2128

Dens, ¥y K3/m2 | 2660 | 2280 | 2540

Table 2, Parameters of a thin bed-B,

In these figures "d" represents bed thickness and &
" represents angle of incidence of the incident wave., We

can see how the interference pattern varies with incident
pulse frequency.
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If we can separate a direct wave from a reflected wave,
it is possible to measure the amplitude ratio between two
“waves in the frequency domain and compare with the calculated
reflection coefficients, which may provide a thin bed
characteristic. But much of our analysis of field
measurement indicates that it is difficult to separate a
reflected wave from a direct wave, In this case, we cannot
directly compare the reflection coefficients with frequency.
So it seens to be more useful to calculate a waveform in the
time domain to study the effect of a thin bed or a packet
of thin beds.
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CONCLUSIONS

An analytic solution of an one-dimensional wave
equation for a horizontally layered elastic medium provided
a good computer algorithm to generate synthetic seismogram
for arbitrary source and detector locations, By a slight
modification of the avpended computer program, vertical
selismic profiles can be easily generated.

The phase and amplitude distortion of a reflected seismic
wave, caused by complex reflection and transmission coefficients,
may be ignored in generating synthetic seismograms,

Finite difference approaches for the solution of
one~dimensioml,innonogeneous, attenuating media may be a
good and powerful technique for one-dimensional modeling.
For simple models, the solutions by finite difference schemes
are in good agzreement with analytic solutions. We successfully
. implemented a radiation boundary condition in the one-dimensional
difference formulation., The main problen in applying finite
difference approaches to realistic modeling will be the
computer execution time, since we may use very small samplinz
intervals to reduce the propagation error in each inhomogeneous
region,

o In making two-dimensional seismic models, finite difference
" approaches may be a useful tool. Even if there are some erroneous
arrival times, particularly converted shear waves, and
dispersive tails in the wave propagation, we can identify

all types of elastic waves in synthetic seismograms. Also we
can see the phase chanze beyond the critical angle reflection
and diffractions. rFor complex subsurface geologic models,
particularly in studying amplitude and shape of the reflected
and transmitted seismic signals and in studying shear motions,
finite difference schemes of the inhomogeneous two-dimensional
elastic wave equation seem to be the most pertinent method.

Wide angle reflection coefficients and interference patterns
of a thin bed may be used to find characteristic parameters
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(thickness and elastic constants) of a thin bed. But it seens
to be more promising in analyvzing the effect of a thin bed
or a packet of thin beds to calculate seismic wave form in the
time domain rather than calculating reflection coefficients

or interference patterns.
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APPENDIX A

Computer Procram and User's Manual for
. Synthethic Seismooram for Horizontally
Layered Perfectly vlastic Half-space

This computer program calculates a synthethic seismogram
for a horizontally layered elastic half-space using an analytic
solution. The input cards consist of directive cards whose
format and forms are specified inthis program and other data
cards (velocity, density, pressure wavelet, check shot data).

. In this program there are 8 directive cards to read parameters
and to execute the program. The format of this directive cards
is (A5,5X,7r10.3).

Let's devide an 80-column computef card into 8 10=column
fields and denote each field as DFy (i=1=~18).

(1) Directive POSIT
This directive card provides general parameters.
DF1: POSIT, directive, A
DF2: Ing, see comment for definition.
- DF3: ISONIC, see comment for definition,
DF4: Shot depth in feet.
DF5: Detector depth in feet.
DF6: Sampling interval of time in milli-second.
DF7: Samplingz interval of depth in feet,
DF8: Number of samples of the output, the length of the
- seismogram will be 2,0*DF6*DF8 milli-seconds.

Comment: :

ING: Control number for a source and detector location.
ING=1, Both source and detector on the free surface.
ING=2, Source at free surface and detector buried.
ING=3, Source buried and detector at free surface,
ING=4, Both source and detector buried.

ISOVIC Control number for velocity input.
ISO:IC=1, Input velocity is interval transit time,
ISONIC-Z, Input velocity is real velocity.

(2) Directive FORLT

After this directive card a format card must be followed,
DF1: FOR.T, directive,
DF2: Humber of data per card,
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(3) Directive VELOG '
This directive card provide parameters for the velocity inpat
and can accept next deck of velocity input cards whose format

is described on a previous format card and number of input data
per card is described on FORMLT card,. .

DFl:
DF2:
DF3:
DF4:
DF5:
DF6:
D¥7:
DF8:

VELOG, directive
SCALV, see comment for definition.
1GOV, see comment for definition.

TREF, see comment for definition.

Depth of the first data point in feet.
Surface velocity ih ft/sec/1000,
Velocity of hali-space in ft/ms.

FACT, see commnent for definition,

Comment :
IGOV: Control number for the over-~burden velocity.
IGOV=1, Constant velocity from the free surface to
the first data point.

IGOV=2, Linear change of velocity from the free surface

to the first data point.
IGOV=3, Velocity data is given from the free surface.

In case that input velocity is velocity rather than sonic

log, D4, DFS can be any number. DF2 is a scale factor to convert

the dimension of innut velocity into ft/ms. If the dimension
of input velocity is ft/sec, then DF2 is 0,001, If input
velocity is interval transit time (sonic loz), it must be
converted into velocity by using the following equation:

~v= ¢/(a*DT + T)
where v is velocity in ft/ms, DT is the interval transit time,
and c,a, and T are constant to make correct velocity in ft/ms.
In directive card,
DF2,= c
DF4 = T
DF8 = a,

(4) Directive DE.ST ,
This directive card nrovides paraneters for density input and
can accept next decikk of input density cards. If there is no
density information, this card can be ignored.
DF1: DEIST, directive.
DF2: Scale factor to make all density in same dimension,
DF2 can't be O,
DF3: Same as DF3 field of directive VELOG except that
it applies to the density.
DF4: Depth of the first data point.
DF5: Surface density.
DF6: Density of half-space.
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(5) Directive PULST : N
This directive card has no parameters and can accept the e
next deck of input pressure wavelet cards. If an impulsive
seismocram is desired, this card must be ignored.,

DFl1: PULST,directive,

(6) Directive SHOTP
This 1s necessary to read check shot data if available, If
check shot data are available, two SHOTP cards are needed:
One to read check shot depth in feet and another one to read
check shot time in ms. If there are no ckeck shot data, this
card should be ignored.

DFl: Shotp, directive,

DF2: 1 or 2, see comnment

Comment:

If you want to read check shot depth after directive SHOTP,
yoy must put 1 in DF2 field, If you want to read check shot
time after SHOTP, you nmust put 2 in DF2 field, The first check
shot point must be at the free surface- that is ckeck shot
depth is 0 feet and check shot time is O nms,

(7) Directive DEVIC :
This is necessary to assign logical units for input-output T
devices. :

DF1: DZVIC, directive.

DF2: Lozical unit for input, '

DF3: Locical unit for output(line printer).

DF4: Logical unit for output(other than line printer

for further processing).

Comment:

Pre—-assigned value of this card is

DF2=2,

DF3=3,

DF4=12,
The format for losical unit DF4 is

(4X,r10,0, A,LZO 8,3X,7.0,0,6X,E20,8), where
first field is time and second field is velocity.

(8) Directive BuXIT
This directive card must be included to execute the computer
.program, "his card must be the end of input deck cards.

DFl: BEXIT, directive.

Further illustrations:
After 'FORMT® card, a format card must be followed, whose
format is (16A5), This format card rmust include a signal space

between two field characters. The following symbols are lecal
signals,
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¥ ,e0ee Stop code., This sirnal is an end of data and te

terminates reading of the data.

S8 eeeee Skip code, The field of characters preceeding

: this code and all remaining field on
: the card are skipped.

D eeeee Omit code. The field of characters preceeding

this code is omitted,

(blank) ¢eeeeesess The preceeding data value is stored

in an array.
The followinzs are examples of valid format card;

(F9.2,1A), (F10.0,1A). _

After *VZILOG*, 'PULST','DENST',‘'SHOTP' card, there must ,
be followed an input data deck velocity, pressure wavelet, density
density, check shot data respectively, whose format is described
~on ‘the preceeding format card which appears after 'FORLT' card.

When there is no VELOG directive card, the program termi-
‘nates the job. Therefore, the minirum number of directive
cards to execute this progran are 4 (EORdT PCSIT VﬂLOF'DEAIT),
and other directives are optional,

Example:

Given that:
(a) InDUL velocity is sonic log such that

v=1000/(D7T+40), and check shot data and density

data are not available.

(b) Your first sonic input data is at depth 200 ft and
over-burden velocity is assumed to be constant.

(¢) Half-space velocity is 20 ft/ms and saupling interval
DT=1 ms, DX=2 f£t, and both shot source and detector located
at the free surface. ,

From above information, we are zoinz to make one-second
long imnluse resmwonse of layered half-swnace., The top of Fizgure
A~1 shows the directive carcda and the bottom of Figure A-1
shows how to put together input data cards.
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DF1 | DF2| DF3 |DF4|DF5 | DF6 | DF7 | DF8

POSIT | 10 | 1.0 | 0.0 | 0.0 | 2.0 | 2.0 | 500.

FORMT| 2
VELOG [1000.| 1.0 | 40. [200.] — [20.0] 1.0
BEXIT

DIRECTIVE CARDS

BEXIT

DATA il

VELOG | | |
( F9.2,1A)
FORMT | |

POSIT . ‘ —

SEQUENCE OF INPUT CARDS

Figure A-1. Preparation of input cards for a synthetic seismogram.
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MAIN,

00001
00002
00vV03
00004
00005
00006
00007
00008
00009
00010
00011

T 00012

00013
00014
00915
0001o
00017
000138
00019
ooozv
00021
00022
00023
00024
00vV25
00020
00027
00028
00029
00030
00031
00032
00033
00034
00035
00036
00037
0003
00039
00U4Y
00041
00042
00043
00044
00045
00046
00047
[ XV X
00049
00Vs0
00051
00052
00053
06054
00085
00056

LN47TULLFOR FORTRAN V,4A(230) /KI 1=0CT=75 22126 PAGE !

C*i*il&'li!.ll.&il’!*Ili&lili'.lQli&.&'i!l*l&*i&ll

IHIS PRUGKAM CONPUTES SY"THETHIC SEISIOGRAM(VELOCITY RESPONSE)
FUOR AN HORIZONTALLY LAYERED PERFECT ELASTIC KALF=SPACE.
ARGUMENT DEFINITIONS?

C
C
c
c
C
c
C
c
C
C
C
c
C
C
C
C
C
c
C
C
C
Y
C
c
c
c
C
C
c
C
c
C
c
C
C
C
C
C
c
C
o
c
C
c
c
c
C

InG =CUNTROL NUMRER FUR SOURCE AND DECTOR LOCATION,
ING=1 SUURCE AT FPEL SURFACE AND ODETECTOR AT FREE SURFACE.
ING=2 SOURCE AT FREE SURFACE AND DETECTOR BURIED,
ING=3 BUURCE BURIED AND DETECTOR Al FREE SUKFACE.
InG=24 SUURCE BURIED AnD DETECTOR BURIBD, .
IGOV 3 COwTROL NUMBER FUR THE OVERBURDEN VELUCITY INFORMATION,
1GUV=1 ASSUME CONSTART VELOCITY ¥ROM THE SURFACE TO THE F1RST
DATA POLIHT(INPUT DATA)Y,
IGUV=2 LINEAR IMTERPOLATION OF VELOCITY FROM THE SURFACE TO
THE FIRST DATA POINT,
1G0YV=3 VELUCIIY DATA IS GIVEHN FROH THE SURFACE,
#THEREFORE, *HEN YUOUR INPUT IS START fFROM 1000FEET BELOw THE SURFACE
AND ASSUME CORSTANT VELOCITY FOR O = 1000FEET, IdkEn 1G0OV=1,
I1SOW1CE CONTROL NUMBER FOR YELOCITY INFORMATION OF THE {LPUT,
JSsuwlC=1 INPUT VELQOCITY 1S INTERVAL TRAW4SIT TIME(SONIC LOG).
180On)C=2 InPUT YELOCILY IS ReEAl VELOCITY,
SPOINT! DEFTH SUURCE LOCATEW 1N FEET,
pPOLItTt DEPTH PETECTUR LOCATED IM FEET,

DT 1 SAMPLING INTELRVAL IN TIHE SECTION, ., ONE=vAY TRAVEL TIME,
DInE~SION OF DT MUST BE HILLI=SECOND,
D2 3 SANPLING INTERVAL OF DEPTH IN FEET, MUST BE IN FEET,

NQUTt THE LEWGTH UF TnE SELSHOGRAM,
SCALVE (1) wHEM 1SONIC=2, SCALE FACTOR TO MAKE CORRECT DIMENSION
COF VELOCITY UF 1aPUT Ib FEEI/nS. YWUR INPUT DATA 15 FEET/MS,
SCALy=l,0,
(2) WHAEN IS0nIC=1, SCALE FACTOR TO MAKE CORRECT O1MENSION OF
VELUCITY FROi Tpe SOMIC LOG 8Y THe FOLLOWING FORMULAR,
V=S/(C#T+TR), WHERE V=VELOCITY IN FT/45,1=INTERVAL TRANSSIT
TIME ,SeTR)C ARe SCALE FACYUOR FOR THE COKRECT VELOCITY,
§=SCALY,
TREF3 TR 1w THE ABOVE EQUATION,
FACT3 C It InE ABOVE EQUATIUN
DREFVY THE DEP1d IN FLET OF THE FIRST DATA POLINT OF VELOCITY INPUT,
DREFDt THE DEPTH IN FEET OF THe FIRST DATA PUIMT OF DENSITY,
VSURS SURFACE VELQCITY In F§/HS.
VBASE) VELUCITY UF THE HALFwSPACE IN FT/MS,
DSUR} DENSITY OF THE FRFE SURFACE.
DVASES DENSITY UF 1HE HBaALFeSPACE,
SCALDS SCALE FACTOR FCOR THAE UENSITY.IT CAN BE ANY NUMBER EXCEPT ZERO0,
1SELY CONIROUL WUFRER Fnr The CHECK SHADT DATA
ISkL=zy 1MPUT DATA IS DEPIA I FerT wHERE CHECK Sn0T DATA IS GIVEN,
15eL=2 1~PUT 15 CHeCK SHULT TIME IN MS wHERE CHLCK SHUT DATA IS GIVEN,
# FIRST CHECR SHOT POINT IS ON FREE SURFACE,

)

(22 R 222X RS 2222 RSS2SR RSS2 222222 S 222 XY

LOGICAL ERRIN

DIMENSION LIBARY(B8),PARA(T)»FMT(16)

DIMENSION CTIME(S0C0),DYEL(5000),Kk(5000),SNEGA(3000)
DIMENSIUN CHECAT(50),CHLECKD(50),PULSE(200)

DINEASION TVEL(1500),0un(1590),5P0S1(1500), TExP(1500)
COMMUN /BKI1/IN,10UT, ITAPE

COMMUN /BK3/D1TsSPOINT,DPOINT

COMHMON /bh4/LIDEC, ISOUR,n0UT,NPUL, FRONT,NTHAX, ISIGN, ING
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MALN,

00us7
[ IVIVER
00uS?
Q0UbY
00061
00062
Qoved
00064
00065
00066
00067
Quubd
00969
00070
00071
00072
00073
00074
00075
00076
00077
00078
¢0079
00080
00v8\
00082
00083
00084
00085
00v8o
00087
000838
00039
000990
00u9l
00092
00093
QUU94
00095
00V%o
00097
00098
o0V9Y
00100V
v0o1¢0]
00102
00103
00104
00305
00106
00107
00104
00109
0011y
00111
00112

LN47TL,FUR FURTRAN V,4A(230) /K1  1=0CT=75 22120

DATA LIBAKY/S5HpPUSIT,SHFQRMT,SHVELQG,SHDENST,SHPULST,
1 SHOEVIC,SHBEXLIT,5d3HLUTPY/

NLBB
CHa N BN RN R AR BRI B RN R R ERE RN RRR RN R RN RN RN RN
C PRESET PARASMETERS,

CHRHEFBERSERRPERRSEERRRRR R R RIS 330330503330
DATA #AXIN1/ZivUUL0/
DATA | IUUT' lTﬂPE/Z'.;o 12/
DATA P1,DZ,8P0InT ) DPULGT, PULSE(L1)/1,0,2,0,0,0,0,0,1,0/
DATA ICHECK IS1GH,ISONIC,NnOUT MPUL,ING/2,2,2,999,1,1/
I1TenRH=s1
222X R R I X2 R 2R R TR T XSS SR L T )
c READ DIKECTIVE CAKDS
CHENF AR BB R PSR RN TR RERR DI RS BRRERERE SRR RAE RN RS RS
1ivv CALL HONILR(LIBARY,NL,PAKA,INDEX)
GO TUCT7019702,7039704,705,74b,707,708),IHDEX
CHBURF SR ARG R R RRREFSRF RS ERREE RPN R0 033N
o KEAD PARAMETER CARD,
CHBeI 600 0200 ® S350 0% 3300030303333 3 %420 0303 0603 033 %%
7018 InG=pARA(L)
ISOnIC=PARA(2)
SPOINT3PARA(I)
DPUINT=PARA(S)
DI=PARA(S)
DZ=PARA(6)
NOUT=PARA(T)
GU TO 1100
702 NPC=PARA(L)
[ X Y Y R Y P TR TS ¥ T Y 2
C READ FORMAT CARD
CHERRFERRFEE RN R RN R T 0033395334630 3390 3033030 06 003 363 0 3 363
READ(IN,LIQU)FMT
1110 FORMAT(16A5)
GO TO 1100
CHHUUBERERPE GG ERRFSRRRB R L LI RGHS BB RE G HF RS BR8N NW
C READ PARANMETER CAKO FOR THE VELOCITY
[ X T R e s e T R R YT ST E FT R 2
703 SCALV=PARA(YL)
I1GOV=PARA(Z)
TREF=PARA(3)
DREFV=PAKA(4)
VSUR=PARA(S)
VBASE=ZPARA(D)
FACT=PARA()
[ 2 R e T S N R 2 ST TS Y 2 2 )
(o READ VELOCITY INPUT,
CREXRPRBE L C RN BREED RS REEFERRUW RS ER R % W0 RN NN
CALL REALDIN(DVREL,NVEL,MAXING ,&PC,FMT,ERRIN)
IF{&RRIN) CALL EXIT
ITERMR2
60 TO 1100
CRABFBNABEF ISR BIRA BRI BI BB SRR U R B RS RRBBFRRRBRR NN
o KREAD PARAMETER CARD FUK THE DEYSITY,
CHUBERBHB SRR IR RERERREBRRERRR IR RN RN R RRN
Tv4 SCALD=PARA(L)
JGODSPARA(2)
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MAIN, LN47TL,FOR FORTRAN V,4A(230) /KI 1=0CT=75 22126 PAGE 1=2

004843 ' DREFD=PARA(3)
00114 DSUR=PARA(4)
0011t DVASESPARA(S)

0011d CHBERBBRB RS RSB RN ARG R R DI 000WN0 0NN
00117 C READ DEnSITY INKUT

00118 CUHBRRREFIE R AR ERBF R RN RBRRBER RS RE NN ERE RN BN N R
00119 CALL ReaDIi(R,NDEN,MAXINT,NPC,FNT,ERRIN)
00120 IF(ERRIN) CALL EXIT

00121 IsIGnst

00122 Gy U 1100

00123 CUHRRENEFH L PRI HR BB RF RS BRBREFBERE RSN ERE SRR RN SRR
00124 C R&AD INPUT PULGE

00125 CHUEARFU TS RSB RE PR RN S G ERRBE RSN RN RBRARRR R RN R R
001206 7uS CALL READTN(PULSE,LPULyMAXINTNPC)FMT,ERRIN)
00127 IF(ERRIN) CALL EXIT

00128 GU Tu 1100

00129 CHRERFUA AR ERF R R AL R D R ERRRRDE RS RS CERRERRSRRRSRRERER
00130 c READ INPUT, OQUTPUT DEVICE LUGICAL UNIT,

00131 CHRUBRE IR EFFLURBERB AR R BN R RN E PR RRRBE RS R NR
00132 700 IN=PARAC(Y)

00133 {OUT=PARA(2) : -
00134 ) ITAPESPARA(3)

00135 GO TU 1100

00130 708 ISEL=PARA(])

00137 ICKECK=1

00138 GO TO(®01,802),I1ISEL

00139 CHE SRR NN LR a B ER B RS AU F IR NG RE R RABRRERBERARRR RN RN
0014y C READ CHECK SAUT DATA,, ,DEPTH

00141 CHAERUFBUFFHBRBRERFHRS R TR RH T 0K B E 080U N®NS
00142 801 CALL READIN(CHECKD ,MSHOT,4AXINT,NPC,FHT,ERRIN)
00143 IF(LRRIN) CALL EXIT

00144 GO TO 110V

00145 CRrEER I BRSEB S U RSB R R ER BB RRURRRRP S REEF R R RRRRS R RERE
00140 C REAU CHECK SHUT DATA,,,TIME

0014) CHERRAABFPESRPE RN SRR R RERTHH SR 30NT RN
00148 8U2 CALL READIW(CHECRKRT,MSHUT,MAXINT,NPC,FuT,ERRIN)
00149 IF(ERRIN) CALL EXIT

00150 GO TU 1100 .

00151 7017 IF(ITEKRM NE,1) GO TO 709

00152 ARITECIQUT,711)

00153 711 FORMAT(//,4X, MO VELOCITY INFORMATION,,,JDB ABORTED!,')
00154 CALL EXIT

00155 709 CONTINUE

00156 CruP A B RN R R BB FRERBRBRED BRI BRRE R RERBRRB R RN RB®
00157 C CHECK THE 1#PUT VELOCITY(SUNIC OR VELOCITY)
0015y CHEF R R B I B E R R R R AR NG R BB SR LU R RE R EB LR NG R RN RN
00159 G9 TO(714,715),150V1C

00160 CRUBBH R BB E C R NI E 0000 A0 00 000000000 3 32 0
00161 C COMPUIES VELOCITY FROM THE SOQMIC LOG

00162 CHBERRBE RN N F 00000 50300309363 163 304360000300 303 0%
00163 714 CALL SONVEL(DVEL,FACT,SCALV,TREF,NVEL)
00164 SCALVa21,0

00165 715 GO 1T0(716,716,717),1G0V

001606 CAN AN R RN R RN B R RSP H R R RN BR RN LR RERRERBRRFBRRT NN NN
00167 (o CO¥PUTES UOVER=BURDEN VELUCITY,
00168 CHRERBR AR R R R R ER B G R RE RS RRRB R RRRT BB RRRRRRRRRERRND
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MAIN,

00169
00170
00171
003172
00173
00174
00175
001 7e
003177
00178
00179
00189
00181
00182
00183
00184
003185
001806
00387
ou18e
00189
00190
00191
00192
00193
00194
00195
00196
00197
0019%
00199
00200
006201
00202
00203
00204
00205
00200
00207
00208
00209
00210
00211
00212
00213
00214
00215
00210
00217
00218
00219
0022V
00221
00222
00223
00224

LN4TTL,,FOR FORTRAN V,4A(230) /KI 1=0CT=73

716 CALL MOVE(VSUR,CREFV,DVEL,NVEL,DZ,1G0QV)
717 GO TO(T18,719), LSIGN

718 GO Tu(d11,811,812),1G0D
C*G*}’i*’lii*lili*'&iiiil&iblb*bi’*li*&l!illi*li*'
¢ COMPUTES UVER«bURUDE! DENS1TY,
Ci*f{!{&ii'!{&&Ql&lf&i**i#iIliéliiﬂilihli&iihiliib
811 CALL MUOVE(DSUR,DFEFD,SNEGA,NDEN,DZ,IG0D)
vl2 NVELSAMINUO(NVEL, WDEN)
C*&l'*i‘h**!ii%6!!'{léﬁiili&i*QQiIQ*QGiiilii*ii‘*&
C COMPUTES CUFULATIVE TIME
C*Qii*if&ié&iii!il!&&lIéiilibliiﬁlifliibiihﬁﬁﬁil*ﬁ

22326

PAGE 1%3

719 CALL CyduT(C1imE,DVEL,vEL,DZ,5CALY,CHECKT ,CHECKD, ICHECK ,MSHOT)

CHURBER S FPERFBERBR LB RS RFEREBESEHHRERR B F TSR RN RN

C CuMPUTES INTERVAL VELCCISY Id «UAL TIME SECTION.

e I R R S S YR e Y
CALL VELTIM(BVEL,CTINE,NVEL,TVEDL,NTLAX,DT)
Ci*l'****l%lQ0{!‘4*#{ﬁi*{l&&iilli"&*’!*il&**‘*}’*

C COMFUIES INTERFACKH tNpMBER FUR 'fHE SHOI AND DETECTOR POSITION,

2 Ty Y TS T Y]
CALL POSIT(TVEL,SPUINT,DT,YSOUR)
CALL PUSIT(TVEL,LUPOINT,DT,IDEC)
GU TO(813,814),1I51GN

o e Ty e R I ST XY L

¢  COMPUTES INTeRVAL DetSITY FUR THE EGUAL TIME SECTION,

C**G*'llll§¥&§§*Gb¥ibii8‘&&*{‘6**&6&*"*b&&li****&
813 CALL VELTIM(R,CII4E,KvEL,DEN,NTMAX,DT)
814 NTHAXSNIMAK+1

TVEL(NTHAX)=SVBASE
XIS 2R SRS S ZRISS 2 TYZES SIS L S S ST R 2 )
c LIST INTERVAL VELOCITY IN TiwE SECTION
Ci**i*bll*iIli!i*&*&iﬁii*i&&i*!‘*il&l&li#*il*liil*

CALL CUTLIS(0,,0T,181GN,IG0V,SPOINT,DPUINT,VBASE,DVEL, TEMP,

1 TVEL,NTMAX,2)

GU TO(815,818),ISIGN
815 DEN(NTHAX)=DBASE

DO 10 I=1,NTHAX
C‘**i&iilﬁl¥iDi&&idi&fiii*&&fil**&&l*l&ii*#ll’i*‘*
C COMPUTES ACUOUSYTIC IMPEDANCE
CHRIREB S RHURP USRS S XA RB PR RE R R BT EEDTRRRBRPER RN NR
10 IVELCI)STVEL(L)#DEN(L)
818 NTMAXENTHAX =]
Cii!ili*!&‘ilfl’!li&iiii&li}i*ll*iilll!lb**i'*ii*'
o COMPYUTES REFLECTIGN COEFFICIENT
C&i*li&&#&lililiii&*’*}fi*ii&iﬁl*li*!ﬁ!i’*i#*i*i**

CALL, REFL(TVEL,NIMNAX,R)

NTMAXSNTHAK+]
X TE TSRS SRR RIS ST TR XY T LTS
C CUMPUTES SOME CONSTANT
(222222 TTTT I FETTEZERR IS ITTERIESZ LR TR T LS 2 3

CALL FRT(ING,TVEL, ISCUR)IVEC,FRON1,KTIME,R)

GO T0 (111,111,422,222),4ING
Ci*ii‘*i&il!iiliii*l.&‘l‘*l}iiliiiliib§ililhlhﬁlll
c SYRTHETHIC SEIS~UGRAN FOR THE SURFACE SQURCE
C&*l»iliiiib!6!’!'!&&'&&&&{1Gliéiiliiciibliilliiib

111 CALL SURFAC(K CTIME,DVEL,IVEL,DEN, TEMP,PULSE)

GO TO 3000
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MAIN, LM4ITL,FOR FORTRAN V_,4A(230) /KI 1-0CT-7§ 22126 PAGE ;-5
00225 CHUSRNRB AR RRR RS F NG R PR RGN GARG BB RNS RN RND 8RR ND

00220 C SYNTHETHIC StISHUGRAM FUR THE BURIED SOUKRCE,

00227 [ T T T Y Y Y R T R A Y T T Y )

00224 222 CALL BURIED(R,CTI{ME,SNEGA,TVEL,DEN,DVEL,TEMP,PULSE,SPOSY)
00229 3000 CONTINVUE

0023V CREFNUFF AR LB A A REBRFRRERFRRRER R RRTRLR B R LR RN RSN

00231 C LIST VELOC1TY RESPUNSE

00232 X Y T P T PR 2 L Y TR YR T2 TSR Y Y Y P2 X

00233 CALL OUTLIS(RTIME,DT,IS1GH,IGOV,SPOINT,DPOINT,VUBASE,DEN,R,CTIME,
00234 1 NOUT, 1)

Q0235 STOP

00230 END

COMMUN BLUCKS

/BK1/(4+3)

IN +0 out +1 ITAPE +2

/BR3/(+3) - - - -

DT +0 SPOINT +1 DPOINT +2

/BK4/(+10)

I1DEC +0

ISOUR +1 NOUT +2 NPUL +3 FRONT +4 NTMAX +§
ISIGy 46 ING +7 ’ )

SUBPROGRAMS CALLED

OUTLIS REFL cuMuT AMINO,  POSIT SONVEL

SURFAC FRT MORITR MOVE READIN EXIT

BUKIED VELTIN

SCALARS AND ARRAYS { vam NO EXPLICIT DEFINITION « ngn NOT REFERENCED )
#ICHECK #NDEN 2 CHECKD 3 #RTIME 65 TVEL 66

CTIME 3023 LIBAKY 14633 *DZ 14643 CHECKT 14544 ERRIM 14726
#NPC 14730 Fwp 147314 #DREFD 14151 SNEGA 14752 #DVASE 22042
#INDEX 22644 #5CALV 22645 SPUS1 22046 PARA 25602 #VSUR i5611
*#]1G0V 26122 #MSAUT 26123 #I15041C 25124 DVEL 26125 «SU00U 3773
#TREF 3N TEMP 37740 R 42074 #VBASE 54504 #*ITERM  545¢5
*1Gov 57442 L) 57443 #FACT 57444 #ICKECK 57445 #SCALD H7440
#DBASE 57450 #OREFV 574531 -
TEMPURARIES

[ MO ERRORS DETECTED ]

MAIN,

90

#NVEL 3022
*NL 13727
#IspL 22643
PULSE 25612
*¥DSUR 377306
DEN 54506
*NAXINT 57447



OUTLIS

00001}
00002
00003
00004
00005
00v0oL
00007
00008
Q0V0Y
00010
00014
00012
00u13
ooul4d
oouL1s
oovio
0ou17?
00018
0001Y
00020
00021
00022
Qou23
00024
00025
00020
00u27
0002¥
Qouu2y
00030
Q0uL3l
00V32
00033
00034
00035
Q00306
00037
00038
00039
0004V
00041
00042
00043
00044
00045
00040
00047
00048
0004S
0005v
000514
00052

LN4TTL,FOR FORTRAN V,4A(23V) /KI 1=0CT=75 22126 PAGE 1

SUBROUTINE OUTLIS(RTIME,DT,ISIGN,1G0,SPOINT,DPOINT,VBASE,TIME,
1 DEP,VEL,N4AX,1FLAG)

C---.------..-.SU},ROU’] INE QUTL[Swworecasnmsevcyunn
Cc THIS SUBROUTINE LIST THE OUTPUT,
C.-....-.---.----..---..-.---.-.-......’--.---..-.

CUMMON /BKI/ZIN,10UT,1TAPE

DIMENSION TIMEC(1),VEL(1),DEP(L)

OFTEOT*2,

DICSRTIME=DTT

DO 10 [=1,NMAX

DIC=0TIC+DTT

10 TIME(I)=DIC
GO TO(111,112),IFLAG
111 wRITE(LODOT,100)

100 FORAAT(15H1,//,8%, VSYRTRETHIC ShlSMOGhAH'//,
1 8X,'CGUTPUT IS VELOCITY KRESPONSE!)
GU TU(12,13),I5IGn

12 WRITE(CLIDUT,200)

200 FORMAT(//,8X, 'DELSITY INFURMATION 1S GIVEN')
GO TO 20

13 WRITE(IUUT,300)

300 FURNMAT(// 8%, 'DENSITY IS ASSUMED TO BE CONSTANT!)
G0 10 2¢0

112 ARITE(I0UT,400)

400 FURMAT(1HL /7,85, VINTERVAL VELOCIIYeess FEET/HILLI=SECQNDY)
GO TO(21,22,20),1G60

21 #RITE(LCUT,S500)

500 FORMAT(//,8X, VOYERBURDEN VELDCITY 15 ASSUMED TO BE CONSTANT')
GO TO 20

22 #RITE{IOUT,600)

600 FORMAT(//,8%, VOVERBURDEN VELOCITY 15 ASSUMED TO BE RAMPI)

20 ~RITE(10UT,IOO)§POINT DPULLE,VBASE

700 FORMAT(// 8%, VSGUECE pusITIgN=1,F6,0,2X,!FEETI/,

1 8Xs'"DETECTUR POSITIUNS!,Fo 02K 'FEET /4
2 bX,VWELOCITY OF HALF SPACE-"-',FIZ.D,'FI‘IHS'///)
GO TO(210,220),1FLAG
210 *RITEC1UUT,900)
900 FURMAT (11X, vTIMEY , 15X, ' VELOCITY t, {1X, ' TIME, 15X, tVELOCITY1//)
ARITECIUUT,80U)(TIFECL) 2 VELCT) s 1=, NHAXK)
WRITE(ITAPE,800) (TIME(L),VEL(I),1=1,HHAX)
800 FORMAT(4X,F10,0,0X,E£20,8,3X,F10,0,6X,E20,8)
RETURN
220 DEP(1)=0,0
DY 30 I=2,NMAX
30 DEP(I)=DEP({I=1)+DTAVEL(I=1)
WRITE(IQUL,1000)
1000 FORMAT(14X,'TIME',7X, 'DEPTH!,0X, 'VELOCITY ', 10X, 'TIME!,BX, 1DEPTH!,
1 bx,'VLLUCIIY'//)
WRITE(IOUT,$100) (TIME(I),DEP(1),VEL(I),131,NMAX)
1100 FORMAT(13x,yb.u,bx,ys.o,3x,v12.b.7x,Fo.o,7x.rb.0,3x.r12.6)
RETURN
END
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MONITR LN4TTL,FUR FORTRAN V,4A(230) /K1

00001 SUBROUTINHE MONITR(LIRARY,NL,PARA,INDEX)
00002 CoonnoecsnanrneeSUBKOQUTINE MUl Rweevonenswnssnvynan

1=0CT~75 22126  PAGE 1

oovo3l c THIS SUBKOUTINE MOLITORS CONTRUL CARD INPUT AND RETURNS,.,
00004 c THE INDEX OF ThE COUTROL CARD NAME PLACED IN THE LIBAKY ARRAY,
00005 C ARGUMENT DEFIFITIUNS,,

00006 c NL 2 THE iUmpER OF FAMES IN LIBARY

00007 c PARA 2 THE ARKAY OF REAL PAKAMETERS TO BE READ FROM THE CARD,
00008 C INDEX = INubkX OF THE CONTROL CARD NAME FOUND IN THE LIBAKY
00009 ¢ T0 BE RECUGNIZES B8Y THE MUWITOR

00010 C-.--..--.-----------.----...-..-.--.'.--.-.....-.

00011l DIMENSION LIBARY(NL),PARA(T)

00012 COMMON /8K1/1N,I0UT,ITAPE

00013 - DATA NAAX/7/

00014 NUMaNMAX

00015 READ(IN, 41)NAME, (PARACL) p [=1,NUM)

00016 41 FORMAT(AS,5X,7F10,3)

00017 DU 51 J=1,NL

00018 1F (NAME ,MNEGLIBARY(J)) GO TO 51

00019 INDEX=) . . - R

00020 RETURN

00021 51 CORTIMUE

00022 WRITECIGUT,61INAME, (PARA(K) ;K=1,NIN)

00023 61 FORKAT(1HU, o4 ERROR DECECTIQN =//,24H ILLEGAL CONTRUL CARD¢ss//y
00024 _ 1 1HO0,AS5,5X,7F10,0)

00025 CALL EXIT

00020 END

COMMUN BLOCKS

/BKL/(+3)
IN +0 1007 +1 ITAPE +2

SUBPHROGRAMS CALLED
EXIT
‘SCALARS AND ARRAYS.( "#® KD EXPLICIT DEFINITION = "g" NOT REFERENCED )

*K 1 #NAME 2 LIBARY 3 *NUM 4 #NL 5
*J 7 PARA 10 50002 11 WS0001 12 250000 13
,10001 15 »1 16 #NMAX 17 ,10000 20
TEMPORARIES
JHMON16 43

MONITR ( NO ERROKS DETECTED )
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READIN

00001
00002
00003
00004
00005
00006
Qouo?
00008
00009
00010
0001l
00012
00vi3
0ooul4d
00015
00uvi6
oovul?
00018
Q00tyg
0002V
o0u21
000272
00023
00024
00025
000206
00027
00028
00029
00030
00031
00032
00033
00034
00035
00036
00v37
00038
00039
000490
00041
00042
00043
00044
00045
00046
00047
00048
00049
00050
00054
00052
00053
00US4
00055

LN47TL,FOR FORTRAN V,4a(230) /K1 1=0CT=75 22326 PAGE 1

SURROUTINE READINCASNA,wMAX)NPC,)FMT,ERRDR)

CoswasccssanasvevaSUkyUllarn READ[['wearacevunsvasamne

ONOAONOOONOO0OO00N000O00O0

10
99

88

40
S0

60
70
89

90

TH1S SUBROUTIME REAUDS A OME DIMENSIOMAL ARRAY IN YARIABLE FORMAT,
THE #UMBER OF VALUES PER CARD AdD THE FUORMAT ARE SPECIFIED In THE
SUBROUTINE ARGUMENT, EACH FIELD OF CHARACTERS [S SEFARATED BY A
SI1GHAL SPACE, THe FOLLOwING SYUB30LS ARE LEGAL SIGNALS.

(BLANK) THE PRwCEERDING DATA IS STURED IN AN AKRAY,
READING UF TdE DATA,

s SKIP CUODE, THE FIELD UF CHARACTERS PKECEEDING THIS CODE AND
ALL REMAINING FItL0OS OH THE CARD ARE SKIPPED,

D OMIT CODE, THE F1ELD UF CHARACIERS PRECELDING THIS COOE IS
UALTIED,

* STOP CUDE, THIs 1s THE END OF THE DATA AND TERMINATES READING
OF THE INPUT DATA,

ARGUMENT DEFINITIONS,,

A s ARRAY CUNMTAINING DATA READ FROM CARDS,

NA 8 NUiBER OF ELEMENT IN ARRAY A,
NMAX = MAXI#UNM LJIMBER UF DATA VALUES ALLOWED,
NPC = NUMBER OF DATA VALUES PUNCHED PER CARD,

Fnur & FUORMAT FOR DATA CARDS,
ERRDR= ERRUR HESSAGE RETURNED= oTRUE., 1F AN ERROR PRESENT

(T IR YRR RN SRR RN RS AS LR R R 2 2 2 )

LOGICAL ERROR

1#TEGER BLANK,STUP,UMIT,SIGNAL(20)

DIMFESION wORD(20),KMT(10),A(L)

COMMOM /BK1/ZIN,IUUT,ITAPE

DATA MESS/5HERRUR/ BLALK,STOP,SKIpP,0MIT/1IH ,1H#,1HS,1HD/

ERRUR= ,FALSE,

1G0=1 ’

NA®Q

READ(In, FMT) (WORD(I),SIGNAL(I),I31,NPC)

DO 60 J=1,KPC

ICHEC=SIGHAL(J)

IF(IChEC,EQ,BLANK) GO TO 59

1F (ICHEC , 59 ,8TOP) GO TO 40

IF(ICHEC LU SKIP) GO TO 99

IF(ICHEC ,EU ,OMIT) GO T0 60

hUM=hA/NPc*i

WRITE(IOUT,BRB)IMESS,NUM

FORMAT(1HOs 10XsA6//94X, 'ILLEGAL SIGMAL IN INPUT ON DATA CARD',14)
ERROR=,TRUE, .

GO TO 60

IF(NALGTNMAX) GO TO 70
1G0=2

NAzNA¢]

A(MA)IWQRD(J)

GO 10(60,90),1G0
CONTINUE

GO TO 99
wRITE(IOQUT89)NMESS, NMAX
FORMAT(1HO,10X,A0//,8%,29HINpYT IN EXCEgs OF ALLOWABLE ,14)
ERROR=,TRUE,

GO To 0

RETURN

END
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FRT

00001
00002
00003
00004
00V0S
00UV0s
00007
00004
00009
00010
00011
00012
00¢:13
000614
00015
00016
00017
0001t
00019
00020
oou21
00022
00023
00024
00025
000206
00027
00028
00029
0003C
00031
00032
00033
00034
00035
0003%
00037
00038
00039
00040
00041
00042
00043
00044
00045
00046
00047
oov4s
00049
00050
00US1
00052
00053
00054

LN4TTLFOR FORTRAN V,4A(230) /KI 1=0CT=73 22120 PAGE 1

SUBROUTINE FRT(IMNG,1VEL,ISOUR, IVEC,FRONT,RTIME,R)
CuesonvesvnsweeSUBROUTIVE Fhlvrevecsvovnnvesungune
C THIS SUBROUTItE COMPUTES THE CONSTANT TERM FUR VELOCITY RESPUONSE,
C ARGUMEHNT DEFINITIONS
C SPOINTISOURCE FOSITION,eqeeee FEET,
C DPOINTSDETACTUR PUOSITIUN, vesenes o FEET,
c IS0UR =INTERFACE NUMBER »JURCE ULOCATED
C 1DEC =INIRRFACE NUMBER DETHKCTOR LOCATED.,
c FRONT =COnSTANT TERM,
c ING =COWTRUL wUHMRER FOR SOURCE ALD DECTOR LOCATION,
C ING=1 SUURCR AT FREE SUKRFACE AND DETECTOR AT FREE SURFACE,
C ING=2 SOUKCE AT FREE SURFACE AND DETYECTOR BURIED,
C ING=3 SCURCE BFURIED AND OEC ’
C 1:G=4 SUURCE bURLED AND DETECTOR BURIED,
(o L LT L L L T LT T T P T PR R T Y Y T T 1
DIMENSLON RB(Y).TVEL(Y)
COMMON /BK3I/DT,SPOINT,DPOINT
GO T0(111,222,333,444),ING

111 RTIME=0,0
FRONTS1,0/TVEL(1)
KETURN

222 RTINE=ZDT#IDEC
IDEC1=]1DEC=1

FRONT=1 ,0/TVEL (1)
CALL TRANS(SUu,1,IDECY,R)
FRONT=FRONT®#SUM
RETURN

333 RTIME=DT#ISOUR
1S50UR1=1S0OUR=Y
FROu1=1,0
CALL TKANS(SUM,1,ISOUR1,R)
FRONT=FRONT/SUA
RETURN

444 JUDEC1=IDEC=]
1DEC2=IDEC+]
ISUUR1=1SOURm]
1SOURZ2=LSUUR+L
1F(sPULNDP  LE,DPOIKT) GO 70 80
RTIME=DT#(ISOUR®IDEC)
FRONT=O0,5%TVEL(L)/TVEL(IDEC)
IFISTy=}
ILASTI=IDEC]
IFIST2=IDEC
ILAST2=1SQURY
CALL 1TRANS(SUM,IFIST1,ILAST1,R)
FRONT=FROLT/ (SUMESUM)
CALYL TRANS(SUM,IFISTZ2,ILASTZ,R)
FRONIBFRONT/SUM .
KETURN

80 RTIME=DT*(1DEC=ISQUR)
CALL TRANS(SUM,ISOUR,IDECi,R)
FRONTSSU##0,5
RETURN
END

94



BURILD

00001
000v2
00003
00004
00005
000uUb
00007
00009
00009
00010
00011
govi2
00013
00014
00uld
Q0016
00017
00018
00019
00020
00021
00022
00023
00024
00025
00026
00027
00028
00029
00030
0003}
00032
00033
00034
00035
00036
00037
00038
00039
00040
00041
00042
00043
00044
00045
00046
00047
00048
00049
Q00590
00051
00052
00053
00054
00055
00056

LN47TL,FOR FORTRAN V,4A(230) /KI  1-0CT=75 22126 PAGE I

SUBROUTINE BURILD(RvnllcDIZohlloEl2rSNEGAOTEhP'PULSE:SPUSI)
C..---.---.--SUHKUUIIA‘.L BURIEDsseesveswsonnw
¢ THIS SUBROUTIANE CUMPUTES VELUCIIY RESPONSE FOR BUKIED SOURCE,
C ARGUMENT DEFINITIO~S
C # SEE SUBRUUTINE SURFAC #
Crrrevannnsncsnnencnsrensvecnsransnrneveroansnteossn
COMMON /RK4/IDEC, TSOUR, n0UT, NPIUL, FRUNT,, NT4AX, ISIGN, ING
DIMENSION K(1), bll(l)'Dl2(1):ShLGA(1)oTLMP(1)rPUbSb(l)'bPUSI(l)
DINELSION E1L1(1),k12(C1)
NTHMAXISNTMAX=Y N
IDECI=SIDEC=1
IVEC23IDEC+]
ISOUR1=ISUUR=1
ISOURZ=ISUUR+]
IF(IDEC,GT,ISUUR) GO TO 8000
Iivst
IF(ING,EQ,3) GO TO 531
CALL BATRIX(R, laIDLCIpDIIpDIZ;Lll EXZ)
TEaP(1)=D11(1)
TEMP(2)=D11(2)=D12(2)=D12(IDEC)
IFtICEC,LT,2) GU TO 531
TEMPCIDEC)ED11(2)-D12(IDEC)~D12(2)
TEMP(IDEC2)=D11(1)
IF(IDECT LT,3) GO TO S31%
DO 432 1=3,IDEC!
432 TENMP(I)=D1101)=012(1)+D11(I0ECI=143)D12(ILECI=1+3)
531 CALL mMATRIX(R,1,IS0URY1,011,012,E11,E12)
SPOSI(1)=D12(1)
SPOSI(2)=D12(2)
IF(ISOUR,LT,2) GO TO 532
SPUSI(ISOUR)=D11(2)+D12(1ISOUR)
SPOSI(IsUUR2)=L11(1)
IF(ISOUR LT 4) GU TO 532
00 433 I=3,1S0URY )
433 SPUSI(I)=D12(1)+0U11(ISOURL«I+3)
532 SNEGA(1)=D11(1)
IF(ISOUR,LT,3) GO TO 444
DU 43y 1=2,1S0UR!
438 SHEGA(I)=D11(1)+D12(IsOUR=1+2)
444 SNEGA(ISOUR)=D12(2)
CALL MATRIX(R,1,NThAX},D13,D12,E134,E12)
D11 (NTMAX)=0,0

CALL CONV(D12,NTHAX,SNEGA,IS0UR,R,LIDUT)
CALL CONV(DLL,NTIAX,SPOSLsISOURZ, SNEGAPL20OUT)
R(L20yT)y=0,
DU 435 I=1,L2007
435 SPOSI(I)=R(1)=SHEGA(L)
IF(1INGWEQ3) GO TO 10
CALL COnV(SPOS],L20UT,TEMP, IDEC2,SNEGA,L30UT)
DO 777 1=ISUURZ2,L30UT
SNEGACIIN)=SWEGA(T)
717 1INBI1NeY
L30GUT=L30UT=ISUUR
DI1(NTAAX)RO,0
PO 436 I=1,NTMAX
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BURIED LN47TL,FOR FORTRAN V,4A(230) /KI  1<0CT«75 22120

00057 436 SPOSI(I)=L11(1)=D12(I)

00058 C ’
00059 CALL PCONV(D11,NOUT,SNEGA,L30UT,SPOST,NTMAX,PULSE,NPUL)
00060 DO 38 I=1,80UT

00061 38 D11(1)=011(L)#FRONT

00002 GO TO 3000

00063 10 DO 58 Is1,NTMAX

Qoub4 58 SVEGA(I)=DLI(I)=Li2(1)

0065 Dby 888 I=I1sSyURZ,L200T

000066 SPOSI(YIN)=SPOSI(I)

00067 888 LTINSIIN+

00068 L20UT=L2UUT«ISOUR

Q0069 CALL PCONV(D11,n0UT,SPUSI/L20UT,SNEGA»NTMAX,PULSE/NPUL)
00070 IF(ISIGN,EQ,.3) GO TO 3000

0007141 bO 59 I=1,M0UT

00072 59 DIL1CI)SD1IL(I)#FRONT

00073 GO TO 3000

00074 8000 CALL MATRIX(R,31,JSOURLl,D11,012,E11,E12)

00075 S5PDSI(1)=DI1(1) -

000706 SPUSL(2)=011(2)=012(2)+D12(1S0OUR) ’

00077 SPOSI(ISOUR)S=1111(2)=D12(ISUUR)+D12(2)

00078 SPUSI{ISUURZ)Y==~D11(1)

00079 IF(1SOUKY LT,3) GO TO 032

00v8Y DO 633 1=3,1IS50URL

00081 633 SPOSI(IN=111(L) = 1(ISOURLI=[+3)*D12(I)+D12(ISOURL=I+3)
00082 632 IMAXSNTNAXLIDEC+H]

0ou83 CALL MFATRIX(R,10EC,IMAX,011,D12/,E11,E12)
00084 DO 640 1=1,IMAX

00085 640 TEMP(I)=D11(1)+D12(IDEC+])

00086 CALL COMY(SPDSI,1ISDUR2,TZMP, IHAX, SNEGAL30OUT)
00087 CALL MATRIA(k,1,NTMAXY,D11,012,E11,E12)

00088 D11 (NTHAX)=O,

00089 DO 641 I=1,NRTMAX

00090 641 SPUSI(I)=SLI1(1)=D12(])

00091 CALL pCQuV(D11,nuUT,SNEGA,L30UT,SPOSI,NTMAX, PULSE, NPUL)
00092 DO 437 I=1,u0UT

00093 437 VIL(I)=D11(1)*FRONT

00094 3000 RETURN

00095 END

COMMON BLOCKS

/BR4/(+10)
IDEC +0 ISOUR 41 NOUT 2 NPUL +3 FRONT
NTMAX 45 ISIGN  +6 ING +7 :

SUBPRUGRAMS CALLED
PCONV  CONV  MATRIX ,
SCALARS AND ARRAYS [ "#" NO EXPLICIT DEFINITION = "3" NOY REFERENCED )

ENTMAKL #IDEC2 2 E12 3 *IDECY 4 D1y
SNEGA 7 seusi 10 «50007 11 150006 12 PULSE

96

PAGE 1=1

+4

5 *IIN 6
13 *INAX 14



SURFAC

00001
00002
00003
00004
00005
000006
00007
00008
00009
00010
00011
00012
00013
Voutd
00015
00010
00017
0001y
00019
00020
00021
00022
00023
00024
00025
00V26
00027
00028
00029
00030
00031
00032
00033
00034
00035
00036
000317
oou3s
00039
00040
00uv4l
00042
00V43
00044
00045
o0u4o
00047
00048

LN4TTL,FOR FORTRAN V,44A(230) /KI 1=0CT=73 22320 PAGE

SUBRUOUTINE SURFAC(R,D13,D12,E11,E12,TENP,PULSE)
ConcovnancvonseaSUBROUTINE SUKFACScosannvannvannnonnnne
C THIS SUBROUTIWE CUOMPUTES THE VELUCITY RESPONSE FOR SURFACE SOURCE,
C  ARGUMENT DREFINITIONS
IDEC =INTERFACE NUMBER DETECTOR LOCATED.
ING =COHTHROL NUMBER FOR SQURCE ANO DECTOR LOCATION,
ING={ SOURCE AT FREE SURFACE AMD DETECTOR AT FREE SURFACE,
1NG=72 SUOURCE AT FREE SURFACE AnD DETECTUR BURIED,
InG=3 SUURCE BURIED AHD LETECTUR AT FREE SURFACE,
ING=24 SUOUKCE bURIEL ANU OETECITUR BURIED,
NOUT SLENGIH OF THE OUTPUL ARRAY D11,
NTHAX=THE nUMBER OF LAYER + HALF=SPACE
PULSE=DIGITIZED INPUT WAVE FUICTION,
MPUL sLENGTH OF THE ARRAY PULSE
1SIGN = CONTPOL NUMBER FUR DENSITY,
ISIGh=1 DENSITY INFORMATIOW IS GIVEN,
IS{GN=2 vENSITY IS ASSUNED TU BE CO+STANT,
L X R RN L X R N 0 F N X L8N B EA N LYELELRLELLLEREYSLELNELEELLLYERZXZX ]
DIMENSION R(1),011(¢1),012(¢1),DEN(L),TENP(1),PULSE(1),SPUSI(})
DIMELSLON EL1C1),e12(Y)
COMMON /BK4/IDLEC, ISOUR,NOUT,NPUL,FRONT,NTMAX,ISIGN, ING
NIMAXISNTMAK=Y
GO TU(33,44),1IKG
33 CALL MATRIX(R,1,NTMAX1,D11,D12,E11,E12)
D1I1MTHAX)R0,0
PO 33U K=1,NTHAX
R(K)=DI1(K)=D12(K)
30 D12(K)=D11(K)Y+D12(K)
CaLL PCUNV(D11,M0UT,D12,NTHAX,R,NTHAX,PULSE ,NPUL)
DD 34 [=1,080UT
34 DI1CI)=DLL1(I)#FROUNT
GO TO 3000 .
c SYNTHETHIC SEISHOGRAM FUR BURIED DETECTOR AND SURFACE SOURCE
44 IDECI=IDEC=}
1DEC2=1IDEC+]
IMAX=HTMAX=IDEC
CALL MATRIX(R,IDEC,1MAX,D13,D12,E11,E12)
DO 60 K=1,IMAX
60 TEMP(R)=D11(K)+D12(K+IDEC)
CApL MATRIX(R,1,NTiAX1,D11,D012,E18,E12)
D11 (NTMAX)=O, U
DU 70 K=1,NTMAX
70 D12(K)SL11(K)=D12(K)
CALL PCONV(D11,NUUT,TEMP,IMAX,D12,NTHAX,PULSE,NPUL)
DO 49 1=1,60UT

annooonaoanannn

49 D131(1)=011(1)*FRONT
3000  RETURN
END

COMMON BLOCKS

/BK4/(+10)
1DEC +0 ISOUR +1 NOUT +2 NPUL +3 FRONT +4
NTHAX

+5 ISIGN  +6 ING +7
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pPOS1Y LN47TL,FOR FURTRAN V,4A(230) /K1 1«0CT=75 2212 PAGE 1

00001 SUBROUTINKE POSIT(Y,DFUINT.LT,IPUINT) s
00002 CrosnvanvncanenuwSULROUTINE POS] Tenacevosnennccsnanne

00003 c TH1IS SURRUUTINE DETERMINE ARRAY(LAYER NUMBER) IMDEX FOR
00004 o DEYECTUR AND SOUKRCE,

Q000US C ARGUMENT DEFINITIONSE

00v0b o IPOINTE THE LAYER INTERFACE NUMBEKR EITHER DECTOR OR SOURCE LOCATED
00007 c PPOInTY THE ACTUAL DEPTH RITHER DKCIOR OR SLOURCE LOCATED.
0000GE (o Y3 INTERVAL VELOCITY FUR EQUAL TIWE SECTIOM

00009 C DTs TImE INCREMENT IN Y,

00\)‘0 c’--..--‘-.-----.-."O--.-.-.-.-....-...-..”"-‘.'.

00011 DIMENSION Y (1)

00012 My

00013 SUM=z0,0

00014 99 SUMSSUM+DT*Y (M)

00015 IF(OPOINT=5UM)1,2,3

00016 2 IFOINT=HM

0gui? RETURN

000V18 3 M=M4 )

00019 GO TO 99 : -

00020 i TEMP=SUA=Y (MY*DT

ooo21i D1=SUNMDPOLNT

00022 D2=DPUINT=TENP

oov23 IE(DY GT402) IPOINT=N=]

00024 : IF(D1,LE,D2) IPOLNTSM

00025 RETURN

00020 END

SUBPROGRAKS CALLED

SCALARS AND ARRAYS [ ™#" NO EXPLICIT DEFINITION = "$" NOT REFERENCED )

#IPOINT |1 *#DT 2 *D2 k) Y 4 »M -] D1
#SUM 7 *TEMP 10 #DPOINT 11
TEMPORARIES

POSIT [ NO ERRORS DETECTED )
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VELTIM LN47TL.FOR FORTRAN V,4A(230) /KI 1=0CT=79 22120 PAGE !

00001 SUBROUTINE VELTIH(X,T,NT,Y,ND,DT)
00002 CownvewvansnwewSUbKNUTINE VE,TIMenaneenosvnvsncucnn

(DR Cc THIS SURROULUTINE COMPUTES INIERVAL VELOCITY FOR EQUAL TIME
00004 Cc SECTIIUN FROM VELUCILY FUR EWUAL DEPTH.

[P IVEVE C ARGUMENT DEFINITIONSS

000006 C Tt CUMULATEIVE TI1lnE (T(1)=090)

00vo7? C X3 INTERVAL VELUCITY FOUR EQUAL DISTANCE CALCULATED FROM SONIC LUG
00vod C Y3 NE~ InTERYAL VELUCITY FOR EWUAL TIME SECTION
00009 C NT3 TUTAL NUMBER IN ARRAY X,

00010 c ND? TOTAL NUMEER IN ARRAY Y,

Q0011 C DTS TIME INCREMENT 1IN Y,

000]2 Convensvovnosannsovurranesovas owrcaunsssnsnuanybaw
00013 DINELSION x(1),Y(1),T(1)

00uid Y(1)=Xx(1)

00085 LOSIFIX(T(NT)/ZDT)

00vte M=2

00017 DT1=20,0

0001% PO $100 I=2,ND

00019 . DI1=DT+DT1!

00029 99 CRT=DT1=T(M) h

00021 IF(CR[,LE,0,0) GO TQ S5

00022 M3IMey

oov23 60 TO 99

00024 55 YCI)SX(M)H+(X(M)=X(Mal))%CRT/(T(M)=T(M=1))

00025 100 CONTINUE

00026 ND=NDw]

00027 DO 10 1=1,ND

oou2d 10 YCI)=(Y(I)+Y(I¢1))/2,0

00029 NRDENDe)

00030 Y(ND)SX(NT)

Q0031 RETURN

00032 END

SUBPKOGRAMS CALLED
1FIX,

SCALARS AND ARRAYS ( "#" NO EXPLICIT DEFINITION = "§" NOT REFERENCED )

#DT1 1 T 2 #DT R} Y 4 *M §
$50008 7 ¢50000 10 X 1 #ND 12 *I 13
TEMPURARIES
«VEL16 15

VELTIM { NO ERRORS DETECTED )

99

#CRT
anT

6



SONVEL LN4TTL(FOR FORTRAN V,4A(230) /KI 1=0CT=T75 22126 PAGE 1

00001 SUBROQUTINE SONVEL(V,FACT,SDZY,TREF,NMAX)
00002 CowsavsnaseeeseSUBROUTIHE SUNVEL esvanveaauaeswwnaven

00003 C THIS SUBRUOUTINE CHONVERIS INVERVAL [RANSIT TIME INTO
00004 c INTERVAL VELOCITY,

00005 C ARGUMENTS DEFINITIONS}

00vob C VIIMIERVAL TRANSIT TIAE AND INTERVAL VELOCITY
00007 C SDLYyFACT,TREFY CONSTANTS FOR MAKING UCRRECT VELOCITY AND DIMENSION
00004 C NMAXITRE LENGTH UF ARRAY V,

00009 C----..‘.-----.-------.-.------n-.--.-----...-.-'.

00010 DIMELSLION V(1)

oovtt DU 40 1=1,H8MAX

oovlz 40 V(1)=8021/ (FACT#V(1)+TREF)

00013 RETURN

00014 END

SUBPRUGRAMS CALLED

SCALARS AND ARRAYS [ "«" NO EXPLICIT DEFINITION e "%" NOT REFERENCED )

v 1 ¢80000 2 - #8DZ1 3 *TREF 4 *1 H] #NMAX
_#FACT 7
TENPORARIES

SONVEL ( NO ERRURS DETECTED )
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MOVE LN4TTL.FOR FORTRAN V,4A(230) /K1 1=0CT=75 22126 PAGE 1

00001 SUBROUTINE MDVE(SUR,DREF,V,HT,DZ,I1G0)
00002 CuwemvasncwnnerseSURROUTINE MOVihwwersaunsvransnsogona

000V3 C TH1§ SUBROUTIME CUNPUTES OVER<BURDEN VELOCITY OR DENSITY BY
00004 C LINEAR INPEKPULATION OR CUJSTANT VALUE,., THE IMNPUT AND OUTPUT ARE STORED AT
00005 C THE SAME ARKRAY NENE V, : .
00U0b C ARGUMENT DEFINITIONSS

00007 C SURY FREE SURFACE VALUE.,.INPUT,

00V03d C DREFS FIKST DATA VALY

00L0Y C DREFt PEPTH OF THE FIRST DATA PUINT IN FEET,

00vio0 [o Vi VELUCITY OR DENSITY,.

00011 C NT¢ THE LENGTH UF ARRAY V,

00012 C 0Z: SAMPLING LWTERVAL IN FEET(OEPIH),

00013 c 1608 CuNTRUL LUMBER WHICH REPRESENTS,

o0uid C 1GU=1,, CUNSTANT VALUE FUR QVER=BURDEN MEDIUM,
00015 C 160=2 LINEAR INTEKPULATION OF OVERSBURDEN MEDIUM,
ooolb c----.-------------.---.---------0---..--.-----.-- )
00017 DIMERSIUN V(1)

00018 FIR=v(l) . -

00019 IREF=IFIX(DREF/DZ)

00020 IREFI=IREF+)

00021 IF(IREF,LT.1) RETURN

00022 NMAXSHT¢IREF

00023 . DU 10 I=NMAX,IREF1,=}

00024 10 V(I)=V(I=1REF)

00025 GO TO(41,42),1G0

000206 41 DQ 2U I=1,1REF

00027 20 V(I)=FIR

00028 NTENMAX

Qou29 RETURN

00030 42 SLOPE=(FIR=SUR) /DREF

00031 vZ2z=D2Z

00032 00 30 I=§,IREF

00033 DZ2=DZ+D72

00034 30 V(1)=SUR+SLOPE#DZ2

00035 NT=NMAX

00030 RETURN

00037 END

SUBPRUGRAMS CALLED

IFIX,

SCALARS AND ARRAYS ([ "#" NO EXPLICIT DEFINITION = "3" NOT REFERENCEDL )

#1GO 1 #DREF 2 *pZ 3 #pZ2 4 #IREFYl b5 #SLOPE 6

v 7 #IREF 10 #FIR 11 50002 12 50001 §3 «50000 14
3 15 #NMAX 1o *NT 17 #SUR 20 _
TEMPURARIES ' y

JHOV16 21

HOVE { NO ERRORS DETECTED )
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cuMuT LN4TTL.FOR FORTRAN V,4A(230) /KI §=0CT=75 22326 PAGE 1§

000014

SUBROUTINE CUMUT(T,V,NT,DZ,SCALE,CHECK,CHECKD, ICHECK, INAX)

00002 CewemescanesssaSUERQUTINE Clpl]eecccsascranneranean
THIS SUBROUTINE CUMPUTES CUMULATIVE TIME FOR WAVE TO PROPAGATE FRO=

00003
00004
00005
00000
00007
00008
00009
00010
00011
00012
00013
00014
00015
000to
00017
00018 10

00019

00020 100
00021

00022

00023

00024

00025

00026

00027 30

00028 20

0ou29 200
00030

(2 NeReNeReKeieEe Ko Kel

SURFACE TO 1iiSIDE ThE HALF SPACE,
ARGUMENT DEFINITIONS
1ICHECK: =1 CRHECK SHOT DATA IS GIVEN
=2 CHECK SHOT DATA LS NOT GIVEN
DZ1 DEPTH INCREMENT
Ty CUMULATIVE TIME .
Vi INTERVAL VELUCITY FOR EQUAL DEPITH
NTg DIMENSION UF V,

DIMENSION V(1),T(1),CHECK(1),CHECKD(})
T(1)=0,0
PDZ=DZ2SCALE
DO 10 I=2,NT
TEMP=DZ/V(1=1)
T(I)=T(1=1)+TENP
GG TO(100,200),ICHECK"
IMAXI=INAX L
CHECK(IMARL)=T(NT)
DO 20 I=1,IMAX
Mi=]1F1X(CHECKD(I)/DZ)+1
mZ2=IFIX(CHECRD(I+1)/D2)+1
CULST=(CHeCA(L+1)=CHECK(I))/(T(M2)=T(M1))
DO 30 m=ml, M2
T(M)SCONST# (T(M)=T(M1))+CHECK(L)
CONTINUE
RETURN
END

SUBPRGGRAMS CALLED

IFIX,

SCALARS AND ARRAYS [ "#" RO EXPLICIT DEFINITION = "%" NOT REFERENCED }

#ICHECK {
v 7
50000 15

#NT 23
TEMPURARIES

LUMI6 24

CHECKD 2 T 3 *DZ 4 *M2 S
L LB} 10 *M 11 ®IMAX 12 50002 13
CHECK 16 *#SCALE 17 #CONST 20 *TEMP 21

cuMuT { NO ERRORS DETECTED }
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CONYV LN47TL,FOR FORTRAN V,4A(230) /KI 1=0CT=75 . 22120 PAGE 1

00001 SUBROUTINE CONV(A,LA,B,LH,C,LC)
00002 CrecwnnvavenswanSUBRUUTINE (N Vennensennswssenpnes

00003 c THIS SUBROUTINE COMVOLVES T~Q FUNCTIONS,
00004 C AsBY1 TYW0 FUNCTIONS TU BE COJVOLVED,
00005 C Ct RESULTANT FUNCTION,

00006 C LAt THE LE~GTH OF ARRAY A,

00007 C LBt THE LENGTH OF AKRAY B,

00008 C LCs THE LENGTH OF ARRAY C,

Q0009 oo mnunen e R A R A P PN NN NN SN TSR R NRE NS SR
00010 DINENSION A(LA),B(LB),C(LC)

ooott LC=LA+LB=1

00012 po 10 I=1,LC

00013 10 C(L)=0,0

00014 DO 1 I=1,LA

00015 b0 § J=1{,LB

00016 Kz=leJ=tg

00017 1 C(KI=C(K)+A(L1)*B(J)

00018 RETURN

100019 END- -

SUBPRUGRAMS CALLED

SCALARS AND ARRAYS [ "#" NO EXPLICIT DEFINITION = "$" NOT REFERENCED )

10010 1 *K 2 B 3 *J 4 A $ 50002 6
«S00V0L 7 . +30000 10 *LC 11 c10007 12 30006 13 « 10005 14
+10004 15 *LB 16 +10003 17 JI0002 20 <I0V01 2% *#] 22
10000 23 C 24 *LA 25

TEMPORARIES
«CON1E 26

CONY { NO ERRQORS DETECTED 1}
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REFL

00004
00002
00003
00004
00005
00006
vovo?
00008
00009
00010
00011
00012

LN4TTLFOR FORTRAN V,4A(230) /KX 1=0CT=75 22126

SUBROUTINE REFL(Z,NMAX,R)
C--u-uc.------.SUhROlTl.'\E RLFL-....-----n---nn..--
C THIS SURRUUTINE COMPUTES NEGATIVE KEFELCTION COEFFICIENTS,
Y ARGUMENT DEFINITIONS?

C Ry REFLECTION COEFFICIENT
C 2t IMPEDANCE
CovovonnenvonosnuvonnrravacosortaonsssnsrrsnlcuenlBw

DIMENSION Z(1),R(1)

DD 20 I=1,aMAX
20 HEI)a(Z(1)=Z2(I+1))/(2(1)+2(1+1))

RETURN

END

SUBPROGRAMS CALLED

SCALARS AND ARRAYS [ "#" WO EXPLICIT DEFINITION = "%" NOT REFERENCED )

z 1 +50000 2 R 3 *I 4 #NMAX
TEMPORARIES
REFL { NO ERRORS DETECTED )
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MATRIX LN47TL,FOR FURTRAN V,4A(230) /KI 1=0C1=73% 22126  PAGE 1§

0000} SUBROUTINE MATRIX(R,ING,MT,01Y1,012,688,E12)
[V VP CovsnnavwvawunwwasSURRUUTIIE MATHF]l X onacoanvanevasnanun

00003 ¢ THIS SUBRUUTINE COMPUTES IdE MULTIPLICATION OF THE LAYER
00004 c MATRIX BY A 1TERATIVE SCHEHE,

00005 C ARGUHENT DEFINITIUNSS

00006 c R$ REFLECTIOM COEFFICIENT

00007 c DI1,012,E11,E121 WORKIMG ARRAY,

00008 ¢ InNGY STARTING LAYER MATRIX IO BE MULTIPLIED,
00009 c MT3 TOTAL NUNBFR OF MATRIX 10 BE MULTIPLIED,
000!0 c..--.—.u------------.-.'--.----q----.-----‘-.----
00011 DIMENSION D13(1),D12(1),E 1(1),E12(1),R(1)
00012 D11(1)=1,0

00013 D12¢ILG+1)=R(ING)

00014 RT=D12(ING+1)

[T VB ] D12(1:4G)Y)=0,0

00016 IF(MT,LT,2) GO TO 79

00017 DO 30 I=2,MT )

00uis RCSR(ING+I~1) ~ B

00019 Ii=]=y

00020 DG tv0 K=2,1It

000214 DI1(KISELII(K)+E12CING+I=K+1)*RC

00022 10 D12(INGHK)SEL12(1LG+K)+ELL(1*K+1)#RC

00023 011(I)=RT#RC

00024 ’ D12(ING+I)SRC

00025 D0 20 K=1,I

000206 AMzK$ING

00027 E31(KI=DL1(K)

00028 20 E12(XKM)SDLI2(KM)

00029 30 CONTINUE

00u30 RETURN

00031 70 D11(2)=0,0

00032 1F(MTLT,1) D12(ING+1)=0,0

00033 RETURN

00034 END

SUBPROGRAMS CALLED

SCALARS AND ARRAYS [ "#" NO EXPLICIT DEFIMNITION = "%" NOT REFERENCED )

#K 1 #KM 2 E12 3 *M4T 4 ptit 5
D12 7 #ING 10 #RC 11 «50002 12 50001 13
R 15 *11 16 *1 17 Ell 20

TEMPORARIES

MATRIX [ NO ERRORS DETECTED )
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TRANS LN47TL,FOR FORTRAN V,4A(230) /KI 1=0CIr=75% 22126 PAGE 1

00004 SUBROUTINE TRAPS(SUM,NIN,NLAST,R)
oouo02 CromnwnnecsvenvwaSURRNUTLINE TRAMSwecseuwsswasnuvesnwwe

00003 [ THLS SURKOUTInE CU#PUTES MULTIPLICATION OF TRANSMISSION COEFFICIENT.
00v04¢ C ARGUMENT DEF1HITLIONSS
00005 C Rt REFLECTION CORFFICIENT,
DT C NIMN3 STARTING LAYER TO BE MULTIPLIED,
00007 ¢ NLASTS b4DING LAYER TO 8t MULTIPLIED,
00008 (o L R L T R L P P A P P P AT LRI R LY L Y
00009 DIMERSIUN R(1)
00010 SUNE1,0
00011 DO 10 I=NIN,HLAST
o012 10 SUMSSUN#(L,0+4R(1))
00013 RETURN

00014 END

SUBPROGRAMS CALLED

SCALARS AKD ARRAYS ( "#" NQ EXPLICIT DEFINITION = "§" NOT REFERENCED )

#SUM b +80000 2 #NIN 3 R 4 »] S *NLAST

TEMPORARIES

TRANS [{ NO EKRORS DETECTED ]
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PCONV

00001
00002
00003
00u04
00005
000006
00007
00008
00009
00010
00011
00012
00013
00014
00015
00016
00017
00018
00019
000290
oov2l
00022
00023
00024
00025
00026
00027
00028
00029
00030
00031
00032
00033
00034
00035
00036
00037
00038
00039

LN4QTTL,,FOR FORTRAN V,4A(230) /K1 1=0CT=75 22126 PAGE 1

t

SUBROUTIME PCONV(Y,%NOUT,A,4A,B,NB,X,NS)
CrmwovnevuwnesneaSUnROUTINE PCllinevencacovnscsonuwew
THIS SuspriUTINE COMPUTES POLYNOMIAL CONVOLUTION OF THE FOLLOWING
TYPE Y(Z)=A(Z)*5(2)/8(Z) USING RECURSIVE RELATION,
ARKGUMAENT DEFINITIUNS
Yt UULIPUT ARRAY
Xt I~nPUT SOURCE FUNCTION
A,8% THE COEFFICIENT UF THE TRANSHISSION MATRIYX
NOUTS DLiENSION UF ACUTPUL ARRAY
st DIFENSION OF X
NAL OIMENSIUN OF A
NBE LIMENSION OF B
NOTICE THAT B(1) SHOULD BE 1,0,
DIMEwSTION Y(1)pA(1),B(1),X(1)
RTOT=2K0UT=1
IF(i5.,E041) GO TO 77
CALL CUNV(A,MNA, Xy NS)Y)RTEMP)
NTEMP23NTEMP+L
PG 10 I=NTEHPZ,NOUT
10 Y(I)=0,0
GO TD 88
117 DO 20 I=1,NA
20 Y(I)=A(I)
MAZ2EMNASL
DU 30 I=NA2,NOUT
30 ¥(1)=0,0
8y NA1=NA=]
NBl=NB=y
DO 60 K=1,KB1
DU 69 1K=}1,K
KT=Kk+1
60 Y(KT)SY(KT)=B(IK+1)#Y (KT=IK)
DO 70 K=HB,NTOT
PO 7 IK=1,NBY
KTaK+l
70 Y(KT)=Y(KT)aB( LK+ 1) ¥Y(KT=IK)
RETURN
END

nonNMoOoOoooonnNnann

SUBPKOGRAMS CALLED

~ CONYV

P

SCALARS AND ARRAYS ([ "#" NO EXPLICIT DEFINITION = "{" NOT REFERENCED ]}

#NAYL 1 #N§ 2 #NTOT 3 #NB 4 *K $
B 7 #NTEMP 10 *#NA 11 #NA2 12 Y 13
. S0006 15 . 50005 16 ,50004 17 «50003 20 A 21
.S0001 23 .50000 24 #NOUT 25 X 26 #NB1 21

#KT 31 :
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APPENDIX B

Computer Pro~ram and User's lanual for
One-dinensional i'inite Difference Schene

This computer program computes particlé disvlacements in
an one-~dimensional inhomogeneous medium by a finite difference
scheme., This progran calculates displacement fields for the
following three types of earth material:

(1) Perfectly elastic material.

- (2) Voigt solid. ‘

(3) Solid whose attenuation varies approximately linear

with frequency. '

-To solve a free boundary condition, an imaginary grid
point is included at x=-DI, where Dx is the spacial sanpling
interval. Vie implemented a radiation boundary condition under
the assumption that half-space is perfectly elastic.

The pre-assigned logical units for the input-output
devices are:
2= Input logical unit,:
" 3= Qutput lozical unit for line printer.
12= Output logical unit except line printer for the
further processing,
The format of logical unit 12 is the same as logical unit 23
except that there are no headings,

Figure B-1 shows how to nrepare input cards to run this
program, Each BLK:. contains parameters of the model and each
BLK, will be read by a format described previous FLT (format)
card. The definition of each BLK1 are written below,

BLI1

This block contains PT,DZ,T,NITER,NGEO, IDENS, IMODE,VEHL,
DENH, NUAX, IGEOP sequentially.
1. DT: Sampling interval of time.
2. DX; Sampling interval of distance.,
3. T: The width of source function., In this progran,
we used the following function as a sourcr function:

- 2
‘7[“-‘): e Lz
The width T is defined as

A
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FMT

[ BLK 3

| MODE=3
- EMT (FMT FD—(BLK 5
1] }
QA
: « hd
- BLK 4 (BLK 6~ FMT
IGEOP=1 IGEOP=2
FMT FMT

[BLK? [BLK 8|

Figﬁre B-1. Preparation of input cards for one-dimensional
finite difference schemes.
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4, NITER: Number of iteration.
5. NGEO: Number of output qeOphone(arraY).
6. IDENS: Control number for density,
IDENS=1, Density is assumed to be constant.
IDEIIS=2, Density data are diven.
7. IMODE: Control number for the model type,
IMNODE=]1, Perfectly elastic.
IMODE=2, Voigt solid.
IMODE=~3, Linear with frequency solid.
8. VELH: Velocity of half~space.
. 9., DENH: Density of half-space.
10, NiiAX: Humber of input data (velocity,density, etc)
11, IGEQOP: Control number for the outnut,
IGEOP=1, Output are regularly spaced.
IGEOP=2, Output are irregularly spaced.

BLK2

'Thls blpck contains the p-wave veloc%ty of the model.
_— !

This block contains the density of tﬁe model.
BLK4

This block contains the attenuation term of the Voigt solid.
The equation of motion for the Voigt solid is:

78 fa s ) >«
il cA*2 /a) .+ CA# 20 e

/
where u is displacement, /pis density, and A/% /XA/M
are Lame' constants. The attenuation input is defined as

Xoe” |
BLXS

This block contains the second attenuation term for the
linear with frequency solid. See BLKk6.

BLK6

This block contains the first attenuation term for the
linear with frequency solid. The constitutive equation for
this material can be written as

D'y
A2l

> .
};,raﬂe(;-f—”- Mw/u)—;f! - (/\"}4«)[3

where o« 1s the first attenuvation term and (3 is the
second attenuation term. . }
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BLK7

This block contains the information about regularly spaced
output array.

1. IDZC3: The startine index number for.the output.

2. IDECL: The endinz index number for the output.

3. IDEIIIC: Index interval between output arrays.

BLKS8
This block contains the information about the irrezularly

spaced geophones. 350 the input of this block is the index
numbers of the output,
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MAIN, LN47TPFOR FORTRAN V,4A(230) /K1 1=0CT=75% 22325 PAGE 1

00001 CHARRERFRRARRRRRRER DR RRERE R R RN B RRB RN RR RN NN FNN

00002 CHRRRtaa sttt sttt t sttt sttt rttas il innaRtssndrrny

00u03 C THIS PROGRAM CUrPUTRS PARTICLE DISPLACEMENT IN AN ONE-DINLNSIONAb
00004 C INHOMOGENZOUS MEDIUM BY A FINITE DIFFERENCE SCHEME, THIS FKOGRAM
00005 C CALCULATIES DISPLACEMENT FIELD FUR THE FOLLOWINMG THLREE TYPE OF
00000 C EARTH MATERIAL,

00007 C (1) PERFEC1 ELASTIC,

00004 C (2) VOIGT saLlb,

00009 C (3) SOLID wHOSE ATTEHUATION VARIES LINEARY WITH FREQUENCY,
(TR RV C THE DISPLACEMENT SOURCE IS LUCATED ON Th& FREE SURFACE,

00011 c RADIATION BOUDARY CONMRDITION IS IMPLEYMENTED,

00012 C LOGICAL unkIT OF THE INPUT=UUTPUT ARE!

oouvi3 c 2= INPUT, .

00034 C 3= QUTPUT (LINE PRINTER)

00015 C 12= OUTPUT (MARETIC TAPE DR DISK FILE),

00010 C THE HALF=SPACE 1S ASSUnED TU RE PEXRFECI ELASTIC,

00017 [ TU SOLVE THE FREE BOUNMDARY COADITION AN IAAGIARY MESH POINT IS
0001ty c INCLUEDC IMVEX=1, ACTUAL FREE BUUMDARY IS LOCATEDR AT INDLX-lJc
oQuiy C ARGUMENT DEFINITIONSY

00020 C IMUDES CONTROL NUMBER FUR THE TYPE OF THE MEDIUM,.

00021 C =1} PERFECT ELASTIC,

00022 C =21 VOIGT sOLID,

00023 ¢ =33 LIWEAR wWITH FREQUENCY SO0LIO,

00024 C IDENSI CUNTROL NUMBER FOR UENSITY,

00025 c =11 DE&SITY 18 ASSUNMED TO BE CONSTANT,

00u26 C =23 DEKRSITY I[NFORMATIUN LS GIVEN,

00027 c IGEOPY COMIKUL WUMBER FOR Trde OUTPUI GEOPHONE ARRAY,

00028 C =11 REGULARY SPACKED OUTPUT,

00029 C 321 JRREGULARY SPACEv GEJPHOME GROUP,

00030 c PTS TINE INCRE'ENT,

00031 ¢ DX: SA4PLIHG InNTERVAL IN DISTANCE,

00032 C NITERY HUMRER OF 1TEKATION,

00033 C IDECS! STARIING INDEX FUR TAE OQUTPUT,

00034 C IDECLS EMNOING INUDEX FOR THE OUTPUT,

00035 c IDELINCE INTERVAL BEITWEEN GEQFHONE gF THE guTPUT,

00030 C Ty THE WIDTH OF THE SUURCE FUNCIION,

00037 ¢ NGEQ3 NUMBER OF THE CUTPUT ARRAY,

00038 C NMAXE TOTAL NUMBER OF INPUT ARRAY(VEL OR DEN,,.)s

00039 C VELHY VELOCITY UF HALF=SPACE,

Q0udo C DENHE DENSITY CF HALFeSPACE

00041 C VELY PewAVE VLELUCITY,

00042 c DENY DEMSITY,

00043 (o PULSES INPUT DISPLACEMENT PULSE

000a4q C IGEO; ARRAY wHlCH COMNTALRS THE INDICES FOR THE OUTPUT( SELECTED GEOPHONE)
00045 C*Gl*&&ﬁl!*ﬂl!lill&bii!&éb&i*i&&i&*l#*lliii}l*#i*i

00U4Y DIRENSIUN VEL(200),DEN(200),A(200),R(200),C(200),PULSE(100)
00047 DIMEMSION TEXP(200) ALEMP(200),ALFAL200),BETAC200),5(10)
00V48 DIMENSIUN B (IU),E(10),GC200),16EDCLI0), FHT(16)

00049 COMMON /ZIMUUT/ZIN,IOUT, ITAPE IDECL, IDECS, IDEING

00050 COMMON /BRL/DT,0X.TEND, ¢

00051 COMMON /BNZ/VEL1,VELR,VELH,DEN1,DENB,DENH,ALPAL+ALPAB,BETAL,
00052 1 BETAB

00053 COMMON /bBK3/IMUDE,IGEUP, INENS,NPUL,NMAX,NMED,N2,NGED

00054 COMMON /BKA/SUL,CONT,CUNE,CUN3,CONG :

000595 DATA IN,IUUT,1tAPE/2,3,12/

00056 READ(IN,100)FNMNY

112



MAIN,

000587
00058
00059
00060
00061
00062
00063
00064
00065
00066
00067
00068
00069
00070
000718
00072
00073
00V74
00075
00076
00077
00078
00079
Q0uBd
00081
00082
00083
00084
oovEsS
00086
00087
0008Y
00089
00090
00091
00092
00093
00094
00095
00096
00097
00V9Y
00099
003100
00101
00102
00103
00104
00105
001006
00107
00108
00109
oo110
00111}
00412

LN4T7TP,FOR

10

Ci!il.i“&!lii{liiiil&ill*&ii*ii“*il&’*lii&ﬁ*"&*”i

c

(22T TR XN E R R XY E S ST S 2SS LRSS SRS XXX Y 3
KEAD(IN Frl)DT DL, ToyBITERyNGEO, IDENS, IQLE, VELH, DENH'NPAX

CHEFABRERGE XU R ARREERBEFREABRRRRFRRRRERABRRRRERN NN

c

C*D*iil****i}lli**il*.’*'*il&’!li*}*l‘iﬁG***“'i**‘
READ (1, FaT) (VEL(I), 151 ,N4AX)

12

Ci&*&*&li&*ii!ll*'{iIG*i!ii*&l*i****ll*l*i*‘i‘if*’

c

C*&i&Giiiliii&&iii“li*i&ﬁ*i*li&!i&&.*‘ii*.i‘l*i***
READ(IM, FMI) (DENCI), 131, NAAX)

i1

15
14

CRRd B ra sttt R e gt Nt nns R RRERBRRRRRRTRGRRRRERR NN

C

CHURER SRR RER DR RN R W N T W00 It 3930303000033 %

S ZI T XL R RS RS XSS ST EZS RS2 ST 222 2L 2

c

CHMt Tt et 30 46 3303305063 03303030005 0460 3% 3 33

13
31

CHE AR B R U R R BU PR R RRR IR FEFRERRRF RS ERR B BN BRRN W FR

Y

(222 Y2 T Y R R Y R RS SRS XTSI XYY S

32

ClERRE R AR AR PR R TR BRARERI RS RRRRBEDE R R RERRRR DR RSN
READ OUTPUT PARAMELEKS FOR ARp1ITRARY SPACED GEUPHONE
CHuAN bR R R AR AR R PR R AR R B AR L RN AR AT RPN R ERR DR URN

C

33

0

[ 4

FURMAT(16A5)

READ COMMON PARAMEIERS

KEAD(Ivy100)FMT

READ VELUCITY

VELI=VEL(L)
VELBEVEL(NMAX)

GO TO (11,12),J0ENS
CONTINUE
READ (1N, 100)FNT

READ DE®SITY

DENSI=DENCL)

DENBSDEN (NMAX)

GO TO 1S

DEN1=1,0

DENB=1,0

GU TO (13,14,14),IM0DE
ContTlule

READCIN, 100)FMT

READ ATTEMUATION PARAMETER

FORTRAN V 4A(230) /KI

READ(I&, T Y(RETA(CL),I51,40AX)

HETAI=8ETA(1)
BETABSBETA(NMAX)
IF(InbpE,,EQ,2) GO TO 13

READ ATTENUALILION PARAMETER

KEAD(Lw ,FuT) (ALPA(I) 121 ,0MARX)

ALPA{=ALPA(Y)
ALPABR=ALPA(NMAX)
CONTINUE

GO TOD(31,32),1GEUP
READ (1IN, 100)FHMT

1-0CT=75

22123

READ QUTPUT PARAMETERS FUR THE REGULARY SFACED GECPHONE

RbAD(IL,Fﬂl)IDLCSplDLCL IVDEINC

GO TOo 33
READ(IN,LO0)FNT

\
}

READ(IN,FMT) (IGEU(I),1=21,NGED)

NMED=NMAX=]Y
TEND=DT#NITER
N2ENMAX=2
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MAIN,

00113
00114
00115
00110
00117
0011%
00119
00120
00121
00122
003123
00124
00125
00120
00127
00128
00129
00130
00131
00132
00133
00134
00135
00136
00137
00138
00139
00140
00141
00142
00143
00144
00145
00140
00147
0014¢
00149
00150
00151
0015¢
00153
00154
00155
00156
00187
00158
00159
00160
00161
00162
00163

LN47TP,FOR FORTRAN V,4A(230) /K1 1=0CT=75

CHABBERFRRRERREPASD T RRBERRREHBDIERBRN AN RN 04N
C LIST INPUT PAKAMETERS
CHRBRAEE RSB RBEF G RA B RN B TR BR R AR ERRB RSB ERGERRN RN
CALL LIST(IMUDE yIDENS OTsDAsT)HITER)
CHAUEB ISR BE P RSB HR UGN BE N BB U RS S FRDA SR EH RN B R RENS
Crutacninsssdntsgatnantnabtdtesdttt@mahasehsisntit
C CHECK THE STABILITY COnDITION,
CHUBRBBFLERERRFERUR SRS RRBRBARS B RBRRNBRERRRRR BN R BN
FATIO=DT/DX
VMAX=VEL(])
DO 66 1=2,HHAX
UMAXSVEL(L)
0b IF(DYAX.GTVHAX) VMAXzDHAX
CrIT=VMAX*RATIO
IF(CRIT,LT.1,0) G TO 6}
WRITE(IUUT,200)

200 FURMAT(//,4X, 'ERROR DETECTED,, .. UNSTABLE}Y)
CALL EXIT _ . ;
67 CONTINUE

CHAEFBEFERAFRRRFRERRRERRERRGRE LR HB RN DRS00

c COMPUTES INPUT PREDSURE FUSCTION

CHRBUEDBER SR PR SRS B LR HRRRRERETNRRE RN R XSRS NN
CALL GAUSS(PULSE,PT,T,ipPUL)

CHBUUEPH A B R B RS R R PR E R BB R FRRBIHERRBERBBEN A RSB E NN

C COWPUTES CONSTANTS FOR ThE BUUNDARY COwWDITIUNS

CHutn st RN RN SR T L IR C U R B R BB B R R B BN R EE DR R R RE R RS NR
CalLlL BOULMD(SUN]L,CUNL,COH2,CUN3,CGH4)

CRBER R RN PSR A E R AT R DER G AN IR U AR R SRS FBRRBPE R R R H RN

c COMPUTES AKRAY FUK THE ITERAIION

CHBPFRRRG B RSN RSB RR AR EF BB EERIRFLURORD BRGNS FRRRNRN
CALL CUEF(VEL,ALPApBETA,U'I‘.‘H'ApC'RpElF'G)
GO TO(&1,%2,83),1M0DE

81 CONTINUE :

CRAB S A PR E A B I RBFF BB PR RRERHBRBRRERRRR R RN RN

C PERFECT ELASTIC

ChREEURBUB B AR ER B AR BRE IR RRERRRRBERFRERRRDEREE R NN
CALL ELAST(VEL,LDEN,PULSE,A,C,R,TENP,IGEQ)
GO TO 987

82 CONTINUE

CHRIRF R R R R R R RRR BB RRRR B RRBRRR RS R R RERRUERS R RRNTN

C VOIGT sOLIO

CHE RN R B DB EP U B R R E DS RS RRER BB GRS DR RBRB AR RRE RN B S

22125

PAGE 12

CALL VOIGI(VEL,BETA,DEN,)ATENP,TENF,E)F,GyCyR)A,PULSE, S, [GED)

GY IO 9817
83 CONTINUE
[ Y I SR R R 2y T R s XY I T YT
o LINEAR wlTH FREQUENCY
CI**!lii!iiiﬁli&l&&*{ii!l&l%*aiii*.illil*iilil}**&

CALL LIMER(VEL,ALPA,RETA,DEN,A,C,R,G,TEMP,ATENP,PULSE,1GEQ)

987  STOP
END

COMMON BLOCKS

/INQUT/ (+6)
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BOUND LN47TP,FOR FORTRAN V 4A(230) /KI $=0CT=79 22125 PAGE 1

00001 SUBROUTINE BOUID(SUME,Cuntl,CONZ,CON3,CONY)
00002 CovnenannnananeaSUBROUTINE BUUNDeanasvensnnaonsnane

00003 C THIS SUBRUUTLINE COMPUTES APPRUPRIATE CONSTANTS FOR THE
00004 C FREE BOUNDARY A’ RADIATION BOUNDARY CULDITIONS,
00005 C ARGUMERNT DEFINITI0OaSY ,
0QU06 C VELIt PwdAVE VELUCITY AT FREE SURFACE,

00007 C VELBE P=WAVE VELOCITY AT The BOUNDARY OF A HALF*SPACE.
000038 C VELHS PewAVE VELUCITY OF A HALF=SPACE,

00009 C DE~Y,DENR,DENHE DENSITIES,

00010 C ALPAL,,ALPAB,BETAL,BETAKY ATTENUATION TERMS,

V0011 ConevvancssnscunscnvuonemeracavssnnesanusnRenrrragean

000:2 COMMON /BR2/VELL,VELA,VELH,DEN),DENB,DENH, ALFAL ALPAB,BETAL,
00013 { BETAB )
00014 COMADN /BRY/DT,DX,TEND,T

00015 CUMMON /BK3/IMUDL, IGEUP, IDEUS,NPUL, MMAX, NMED,N2,NGEOQ
00016 IFLAG=]

oov1? GO TO(10,11,12),1H0DE

00018 10 CONTINUE - T

00019 A=DENH*VELR/DT

00020 B=DENB*VELB*VELB/ (2,0%DX)

00021 COMaA+3,0%B

00022 CONI=B/COM

00023 = - CONZ2=A/COM

00024 RETURN

000295 11 CONTINUE

00026 SUM1=2,0«DTeVELLI*VELL1/BETAL

00027 ASDENH*VELH/DT

00028 B=DELB*VELE#VELB/ (2,0%DX)

00029 C=BETAp*DENB/(2,0#DX5DT)

00030 COMZA+3,0%b+3,0»C

00031 CONL=A/CUM

00032 CON2=B/C0ON

00033 CON3=C/COM

00034 RETURN

00035 12 CONTINUE

Q0030 SUM1=2 ,0«DT/BETASL

00037 SuM2=1,0/3,0

00038 A=ALPAB/DT

00039 B=DEKH*VELH/DT

00040 C=DENb*VELLR#VELB/(2,0%#DX)

00041 D=BETAB«C /D7

00042 US(1,U+A)#2+3,04C+3,0#D

00043 COnNy1=C/Q

00044 Cut2s=D/Q

00045 CON3=B*(1,042,0%A)/Q

00046 Cond=A#B/Q

00047 RETURN

00048 END

COMMON BLOCKS

/BK2/(+412) : '

YEL} +0 VELB +3 VELH +2 DENY +3 DENB +4
DENH +5 ALPAL +6 ALPAB +7 BETAlL +10 BETAB +11
/BK1/(+4) i
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COEF LN47TP,FOR FORTRAN V,4A(230) /KI $1=0CT=75 22125 PAGE 1

00001 SUBROUIIME COEF(VEL,ALPA/BETA,DEN,A+CoR,E)F,G)

00002 CronsnonvacvennsaSURROUTIUE CUE} ewesnnveswaassvnnnus

00003 (o THIS SUBRDUTIWE CUOMPUTES ARKAYS FUR THE ITERATION
00004 C--------v-..cn----.------.-.------..--—--u--w----

00005 DIMEHSION VEL(1),ALPACI) BEFACI),DEN(1),ACI),CC(1),RC1D,ECH)
00000 DIMENSION F(1),G(1L)

00007 CUMMON /HK1/DT,DX, TEND, T :

00008 CUMMUN /RR3I/ZINUDE, IGEUP ) INDENS,NPUL,NMAX,NMED/N2/)NGEQ
00009 RAMDAZ (DT#*DT )/ (UX#DX)

00010 KAMDA=RANVUA/2,0

00011 KAMDT=RAMDA/Z(R,0U%DT)

00012 KCONST=RAMDA ;

00013 TCONST=RAMDT

00014 SONI=DTDI/DX

00015 DTDX=DT#DX

00016 DO 10 I=1,NMAX

00017 10 VEL(I)=VEL(I)#VEL(I)

00018 GO TO(21,22,23),1H0DE

0001y Cooae 38 0030409 32322595 9 33596 83 955 00T 0 03 3%
00020 C CAECK DENSITY INRFOROGATION

00021 CHBN T E T3 0590308 0030300600963 303030 00 3 90 06 40 3630 9 0 00 36 30 4 34 9
00022 21 GU TUu(11,12),IPERS

00023 (Y Y R R e e R Y N T T T Y Y E P IR Y 2 2 )
00024 c DEMSITY 18 CUNSTANT

00025 CHEHRNRFE BB U BB AR L RSN D RREXERRL RN RN S RRE R REPRRRE RN

00v206 11 O 20 [=2,8MED

oovz? VELw=(VEL(1)+VEL(I=}1))*RAMDA
00028 VELPS(VEL(L)+VEL(L+1))#RAMDA
00029 A(Cl)=VELP

00030 C(I)=VELN

00031 20 R(1)=2,0~VELN=VELP

00032 KETURN

00033 CHMBESR N DRSS U331 003040303630 0006 30 00 300 30900 36 I3 36 30 00 06 36 3 36 8
00034 C DENSITY InNFORAATION IS GLVEN,

00035 C CHANGE Tir VELUCITY Inf0 vLASTIC MODULUS

000306 o N Yy 222222 2SRRI ST E YT RR Y L E 2 )

00037 12 DO 70 1=1,NMAX

00038 70 VEL(1)=VEL(L)#DEN(T)
00039 DO 30 I=2,NMFD

00040 RAMDASRCONST JVENCI)

- 00041 VELPS(VEL(I)+VEL(Y+1))*RAMDA
00042 VELN=(VEL(I)+VEL(I=l))#RAMDA
00043 C(I)=VELN
00044 ACL)=VELP
00045 30 R(I)%22,0=VELN=VELP
00046 RETURN
00047 22 GO TO(31,32),IDENS
00048 31 DO 3s 1=2,MMED
00049 ALTNS(BETA(LY+PETA(L=1))*RAMDT
00050 ATTPR(BETA(I)+BETA(LI+1))#RAMKDT
000S1 VELNS(VEL(1)+VEL(I=1))*RAMDA
00052 VELPS(VELC(I)+$VEL(I+1))*RAMDA
00053 ACI)=SATTR
00054 C(1)=ATTP
00055 RCI)=1,0+ATTN+ATTP
00056 E(I)sVELP
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COEF

00057
Q0v5Y
00059
00ve0
00061
00062
00063
00064
00065
00066
00067
00068
00069
00070
00071}
00072
00073
00074
00075
00076
00077
00078
00079
Qovso
00081
00082
00083
00084
00085
oguBo
0008?
oovsa
00089
00090
00091
00092
00093
00UY4
0009S
00096
00097
00098
00099
00100

COMMON BLOCKS

LN47TP,FOR FORTRAN V,4A(230) /KI  1=0CT=75

35
32

60

50

23
41

40
42

45

/BK1/(+4)
pT +0
/BK3I/(+10)
1K0ODE +0
IDENS +2
NGEOQ

+7-

F(I)=2,0=(VELP+VELN)
G(l)SVELN

RETURN

DO 60 I=1,NMAX
VEL(L)=VEL(L)*DENCI)
BETACI)SRETA(I)#DENCI)

DO 50 1=2,H4ED
RAMDAZRCONST/DEN(I)
RAMDTSTCONST/DEN(T)
ATINS(BETACI)+HETA(L=1) ) #RAMDT
ATTPR(BETACI)+8uTACI+1) )#RAHDT
VELNS(VEL(L1)+VEL(1*1))*RA4DA
VELP=(VEL(I)+VEL(I+1))#RAMDA
ACI)=ATTN

C(IL)=ATTP

RCI)=1,0+ATTN«ATIP

ECI)=VELP
F(I)=2,0=(VELP+VELN) . _
G(I)=VELN

RETURN

GQ TO(41,42),IDENS

DO 40 I=1,NMED
ATTS(ALPACL)+ALPA(I41))/2,0
BITS(BETA(L)+BETA(L+1))/2,0
VVVs(VeEL(I)+VEL(I+1))/72,0
CCC=1,04+ATT/DT ’
A(1)=50UN1

GCL)=VYV/(DX+CCC)
CCI)=VVV*BTT/(CCCHDTDX)
R(I)=ATT/(DT=CCC)

CONTINUE

RETURN

DO 45 I=1,NHED
AT1=(ALPACL)+ALPA(I+1))72,0
BTT=S(BETA(1)+ntTA(1+1))/72,0
VVVS(VEL(I)#DEL(L)+VEL(I+1)*DEN(I+1))/2,0
CCC31 ,Q+ATT/DT
A(Ll)=SOn1/DUENCI)
GI)RVVV/(DX*CCC)
C(I)=VVVaBTT/(CCC#DTIDX)
R{1)3ATI/(DT*CCC)

CONTINUE

RETURN

END

0X + TEND  +2 T

IGEOP +1
NPUL +3 ‘NHAX +4 NMED
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GAUSS  LN47TP,FOR FORTRAM V,4A(230) /KI  1=0CT=7$ 22125  PAGE 1

00001 SUBRDUTINE GAUSS(F,DT,%,NHMAX)
00002 CwenevecsscsavevsnSUBROUTINE GAUSSeesavewnsvsoncnccvs

00003 (o THIS SUXRQUTINE CUMPUTES TIME DEPENDENCE OF SOURCE FUNCTION
00004 C USING GAUSSIAN FUNCPINN(BUDY FORCE),

00005 C ARGUMENT DEFIHITIUNS,

00006 C F3 SOURCE TIvE FONCTION,

00007 c DTt SAMPLING IMTERVAL OF TIME,

00008 (o NMAX? THE LENGTH OF ARRAY F,

00009 C w3 PARAMLTEK DETERFING THE WIDTH U§LTHE SOURCE FUNCTION,
00010 Crossaurnecancvocssnonurnesscarunerrresveatdoweene

00011 DIFENSLOH F(1)

00032 IST=wWe1,6

00013 NMAXSIFIX(TST#2,0/DT)+}

00014 ALPAS2,0/ (wayw)

00015 T2eTST=DT

00016 DO 10 I=1,NMAX

00017 TaT+DT

00018 TT=T%T+ALPA

00019 10 F(L)SEXP(=TT)

00020 RETURN

00021 END

SUBPKOGRANS CALLED

" IFIX,
EXP,

SCALARS AND ARRAYS | "#"™ NO EXPLICIT DEFINITION = "$" NOT REFERENCED ]

Y] 1 #T 2 *ALPA 3 *DT 4 *TST ]
*l 1 #NMAX 10 *TT 11 F 12

TEMPORARIES '

GAUL6 3 .Q0000 14

SAUSS { NO ERRORS DETECYED ]}
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fATRO  LN47TP,FOR FURTRAN V,4A(230) /KI  1=0CT=73 22125  PAGE 1

90001 SUBROUTINE MATRO(D,R,C,A,E,5,N1,N2, NHAX)
’0002 CoevomenassnanesSUHLRUUTINE MATFURwnwesnenvensensnve
Jo003 C THIS SURRCUTINE SULVES TRI=DIAGUNAL MATRIX,
¥OU04 Consvesnscrvevonwonswesnusssusvessonsonoasessanpene
30005 DIMEASLOJ L), R(1),CC1),AC1),SC1),E(1)
00006 E(N1)=D(NL)/R(NT)

Y0007 DU 10 I=n2,NMAX

30008 10 E(LYa(D(I)+AC1)*E(I=1))/C(])

Y0009 NEAXTISNHAAX=]

30010 DO 20 I=RHAXL,H1,e1

Jooll 20 ECI)=E(II+E(I+1)#5(1)

00113 RETURN

JOoC13 END

JUBPROGRAMS CALLED

" SCALARS AND ARRAYS [ "#" WO EXPLICIT DEFINITION = "$" NOT REFERENCED )

Ny 1 € 2 s 3 D 4 A S +S$0001 6
eNMAXL 7 . +50000 10 R 11 *X 12 #NMAX 13 C 14
N2 15 .

{EMPURARIES

4ATRO { NG ERKORS DETECTED )
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tLAST

10001
10002
10003
10004
10005
10006
)0007
10008
30009
0040
Jouil
10012
30043
10014
T)0015

Y0016

00417

Jovtd

ul9
30020

10021

0022

yoov2l

30024

30025
©)0020
u2?
10028
10029
Y0030
Jou3i
Y0032
Y0u33
O34
10035
10036
30037
10038
Y0039
10040
0041
Y0042
10043
30044
10045
Y0046
30047
Y0048
YOO04Y
0050
)Oo051
J0052
20053
Jo0S4
2005S

LN47TP,FOR FORTRAN V,4A(230) /KI " 1-0CT=75 22125 PAGE §

SUBROQUTINE ELAST(VEL,BETA,PULSE,A,C,R,TEP,IGEQ)
CoenvncscancsenwaSUhRNUTINE ELAST*eswnnesunvenenanen
C THIS SUBROUTIHE CUMPUTES DISPLACEMEN] DUE TO A PRESSURE SOURCE
C U8 A FREE SUKFACE I PERFECY ELASTIC MEDIUM,
c ARGUMENT DEFINITIONSI
C TEHPY DISPLACESENRT AT PRESENT( N=TH) TIME STEP
Cc VELY DISPLACEMLNT AT (n=1)=FH TIME SIEP
C BETAY DISPLACEMENT AT (nN=2)«TH TIAE STEP
C-.-"‘.------.--".----.‘--.'--ﬂ-.---..-.--..-...
DIMENSLON VEL(1),BETA(1),ACL1),C(1),R(1),2ENP(L1)Y,PULSE(L)
DIMEMSION IGEO(Y])
COMMQOiN /ZBKY/DI DX, TEND, T
COMNON /BK3I/1MUDE, IGKFOP,IDEUS, NPUL, NMAX, NMED, N2, NGEC
COMMON /RKA/SUMY,COnL,C042,CON3,CONE
CHRBBRRER SR B RERBRTRR A TR SRS FAEF RSP RERRRR R R LR RS
Cc INITIALJZATION
CHERRFFEEFRRRPRE RS IR EFREBES RN BRI SRR RRER W R RS RRT R
DO 4v 1I=1,%MAX
VEL(I)=0,0
40 HETA(1)=0,0
NSTS3
NP=}
TIME=0,0
888 IF(NP,GT ,NPUL) GO TO 42
TEMP(2)=PULSE(KP)
GO TO 41
42 NST=2
CQ***‘&‘%*‘}*G&*‘ii&&&&ii&'*‘*i&*ilﬁ!l*i#ii**i&*ii
(o CUMPUTES CURRENT DISPLACEMENS
Ci**}&*i!%I&&liiii*i&*!}&i!%!*i*l***i**i&*&***ii'*
41 DO 50 I=hsT,NMED
SO TEMP(I)=AC(II*VEL(I+1)+R(II*VELCI)+CCI)*VEL(I=1)=BETA(I)
C!****&l*il**&i*iii{i*l&iihi**&&itli*&**iiii*i****
C FREE BOULDAKY COMLITION
C{iii**lfr!}}G*GilOil**iili*f*iiil*&i&**l*’***l**i
TEX4P(1)=TENP(3)
CHERURRSSRBER AR RE RSP EF RSB RRBR B XSRS RN RE SRR TR R R T RS
C KADLATION BOUNMDASKY CONDITION
C*i**li*i*&i&ll}iii*ii&&i**Q&*Qii*l**%i**'******iﬁ
TEMP(K«AX)SCUnI# (4, UXTEMP (LAED) =TEMP(12))+COR2#VEL (NMAX)
C'*i*&&&*!i!!.{‘*i*&***&iil&i***}*él&#!liﬁé**i*iii
Cc CHANGING THE ARRAY FOR THE NEXT TIME STEP
CRERBREF IR BB BERRR R AR DR R AR RU BT R B R RERFERAEP R R RSN
DO b0 Is1,hMAX
BETA(I)=VEL(I)
60 VEL(I)STENP(L)
Cii&&#l&ll*bi‘llll**iivliii‘*#il**él‘*iil&‘i*****l
C LIST THe DISPULACESENT
CHESR BB R RARERERFRBRRRRFRERBRRRSSERBRRRRERRREBENRNE
CALL LISTP(TEMP,TIME,1GEU,1GEOP,NGEOD)
IF(TINE,GT,TEND) RETURN
TIKLESTIME+DT
NP=NPe¢l
GO TO 888
END
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VOIGT LN4TTP,FOR FORTRAN V,4A(230) /KI 1=0CT=7% 22125 PAGE 1

00001 SUBROUTINE VOIGT(VEL,BETA,COM,ATEXP, TENPIESF+G,)CrR)A/PULSE,
00002 1 S,IGEO) .
00003 CrwemsvensnnenausSUKRUUTINE VOl(Glweevasvecvrnsncconas

00004 C THIS SUBKQUITINE COMPUTES DISPLACEMENT DUE FU A PRESSUKE SQURCE ON
000065 C FREE SURFACE IN VOIGT SCLID,

0000s C AKRGUHENMT DEFINITIUNS] .

00007 C TEMPS DISPLACEXENY AT PRESENT( N=TH) TIME STEP

00008 C VELS DISPLACEFENT AT (Me=t1)=TH TINME STEP

00009 (o BETA?! DISPLACE#ERT AT (n=2)=TH TINFE S[EP

000114 DIMENSION VEL(1),BETA{L))ATENP (1), TEMP(1),CON(L1),E(1),F (1)
00012 DIMERSTION G(1)oCC1)»F(1)pA(1),PULSE(L) .

00013 DIFENSION §{1),1IGEU(])

00014 COMMON /hK3/IMUDE,1GEUP, IDENS, NPUL ) NMAX, NMED N2/ NGEQ

00015 COMMON /ZBK4/501,COoNT,CONZ,CON3,COoNG

00016 COMMUL /BR1/DT,DX,TENN,T

00017 [ T Ry T Y P R TR TR IR T2 Y ST T

ooule C INITIALYIZATIUN -

00ULY CHk N r i s Ead st N RN R AR R AR R R P DR R RN R ERNRRRR R RN

00020 PO 10 1=1l,bKAX

00021 VEL(I)=0,0

00022 1v BETA(1)=0,0

00023 . TERMSZ0,0

00024 NPsY

00025 TIME=DT

00026 InG=1

00027 HSTy=3

00U28 NST2=4

00029 CHRF AR AR R AR RSP R B DR R RN R P RN NI RO BE SR B RS F AR RT SRS

00030 C CUNMPUTES THE CUEBFFICIENT OF The TRIDIAGONAL MATRIX

00031 CANNUR B EPF RS F SRR R R F R RERDBRENBHERRERBEERRERRBRE RN

00032 ATEMP(3)=C(3)/R(3)

00033 DO S0 I=N8T2,NA4ED

00V34 COM(IY=R(I)mA(L)Y*ATERP(I=])

00035 S0 ATEMP(I)=C(I)/C0ON(T)

00036 858 1IF(uP.GT,ukUL) GO 10 40

00037 DISP=PULSE(NP)

00038 TEMP(2)=DISP

00039 7117 QTERMSTERNM+SUMIR(VEL(I)»VEL(L))

00040 IFCING,EQ.2) DISP=QTERH : .
00041 DO 21 Is=NSTL,HLFED .
00v42 S(LISE(I)*VEL(I+1)+F(I)#VEL(L)+G(I)Y#VEL(1=1)=C(1)#BETA(L+1)"
00043 f (2,0=R(I))I*BETA(L)=A(L)#BETA(I>1)

00044 21 CONTINUE

00045S SI(NST1)=S(NSTI)+DISP*A(NSTY)

00040 ol N B R E R B R R BB RO R P EN DR B R RN DR CRENBR R R BRBRERRRN

00V4? C SOLVE THE TRI«DIAGUNAL MA1RI1X
00045 C CUOMPUTES CURRENT DI1SPLACEMERT

00v4y Crpnr e Rt e R ER R PR AR R R RSP BB REP R R EREBEE R BRRRRR RS
00050 CALL MATRU(S,R,COM, A, TE#P,ATEMP,NST1,NST2,NMED)
00051 CUHR R R R R R BB R E RN RER R AT R R RS RER R RERARFRERERE SN
000LS52 C FREE BUUNDAKY CONDITION

00053 CRAUPUXBPUB USRS SR TR BB T E RN BN R RN RRRBEE NN RRRF RN
00054 TEMP(1)ETEMP(I)+UTERN

00uS5 CHRU RPN R PR E R R R F RSB TABR BB AR NN B R DA RGO N R RRREREBRNN

00050 C RAD1ATION BOUMDARY CONDITION
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VO1GT

00057
00058
00059
00069
00061 C
000062
00063
00064
000695 30
00066
00067
o0V68 c
00069
0007V
00071
00072
00073
00074
00075
Q0076 40
00077

00078

00079

00080

00081

00082

00083 20
00084

00085

COMMON BLOCKS

/BK3/(+10)
IMODE +0
NMED +5
/BK4/ (+5)

SUM) +0
COn3 +3
/BK1/(+4)

oT +0

LN47TP,FOR

TERMEBETA(1)=BETA(I)

FORTRAN V,4A(230) /KI

I-OCT.7§

SIEP

CALL LISTP(TENP,TINE, IbbU:lhtUPlNGLO)
IF(TIKE ,GT,TEND) KETURN

TILE=TIMNE+DT

NpP=uPel

1F(ING,EQ,2) GO TO 777

GO Tu %88
NST1=2
NST2=]
IRG=2

CAT=C(2)+A(2)
ATEMP(2)=CAT/R(2)
DY 20 I=3,NMED

CURCL)=R(II=A(I)*ATEMP(1l=})
ATEMP(I)=C(I)/sCoM(I)

GO0 TO 777
END

IGEQP +1
N2 +5
cong +4
CoNg +4
DX +1

SUBPRUGRAMS CALLED

MATRO

SCALARS AND ARRAYS [ *s® NO EXPLICIT DEFINITION = wgn NOT REFERENCED )

&«NSTY 1
*#D1SP 7
*#ING 15
®TERM 23
TEMP 31

LISTP

#QTERM 2
E 10
«50004 16

50000 24

*#NST2 32

IDENS +2
NGEO +1
CON2 +2
TEND +2

1GEO 3
s 11
+50003 17
#NP 25
*1 33

NPUL

COoM

*#CXAT
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A
ATEMP
F

Cl**illl!§¥l!§!l#§§§!l&l!ﬂlil&i*ﬂli&b.*&&l#li&%’ll'
TEMP(NMAXIECONZ2# (4, 0#TEMP(NAFD )= TEMP (#2))+COMNIN(4,0%TEMP(NMED )=
TESP(v2) 43 0% VEL(NNAX) =4 O%VEL(NMEDI+VEL(2) ) +CONTI#VEL (NNAX)
Céil&iﬁ*ll Y 2 YR X TS XSS R R R R LRI R RS YR 2 R R T )
CHAMGING ThE AKRAY FUR THE NEXL TIME
Cl’l’*i*i*}i&ll—iiﬁi‘Q**l&*i#lv&l!'&*lii*ihli*l&i*l‘
00 30 l=1,NMAX :
BEYA(I)=VEL(I)
VEL(I)I=ZTENP(T)

C**II!*i&*!&*lfii&*’i!!l}*&&i****iii*&#*.*iﬁ*l%#l'
L1ST THE DISPLACEMENT
(XTI 22 YIRS XSS RS2 222 2SR 2SI 22 S22 L 2

+3

4

12
20
26
34

22125

PAGE 1=l

NMAX +4
VEL S
G 13
050002 21

*TIME 27
c 33

BETA 6
PULSE 14
« 50003 22
R 30



LINER

00001
00002
00003
00004
00005
00006
00007
00008
00009
00010
000141
00012
00013
00044
00015
00016
00047
00018
00019
00020
00021
00022
00023
00024
00025
00026
00027
00028
00029
00030
00031
00032
00033
00034
00033
00036
00037
00038
00039
00040
00041
00042
00043
00044
00045
00046
00047
00048
00049
00050
00051
00052
00053
00054
00053
00056

LN4XOE,FOR FORTRAN V,4A(230) /KI  29=SEP=75 14133 PAGE 1

SUBROUTINE LINER(SECD,FIRD,SECPP,FIRPP,AsCyR,G,TENPDTENPP,
1 PULSE, IGEO)
C""'"""“"SUHROUTINE LINERweswouvanausosnsnanan
C THIS SUBROUTINE COMPUTES DISPLACEMENT DUE TO A PRESSURE SOURCE
C ON FREE SURFACE IN A SUQLID WHOSE ATTEWUATION VARJES LINEARY
C WITH FREQUENCY,
c ARGUMENT DEFINITIONS?
C TENPDY DISPLACEMENT AT PRESENT (NeTH) TIME STEP
C SECDY DISPLACEMENT AT (Nel)=TH TIME STEP
C FIPD; DISPLACEMENT AT (N=2)}«=IH TIME STEP
c TEMPPI PRESSURE AT NewTH TInE STEP
C SECPPI PRESSURE AT (Nwl)=TH TIME STEP
C FIRPPS PRESSURE AT (N=2)=TK TI4E STEP
c..-.-...---’..-.-..--..-.....--..-.'..--..--.-...
DIMENSION SECD(1),FIRD(1),SECPP(1),F1RPP(1),A(1),C(1),R(1),G(1)
DIMENSION TEMPD(1),TEMPP(1),PULSE(L1)s1GEU(Y)
COMMON /BK3/IMODK,1GEOP,1DENS,NPUL,NMAX,NMED,N2,NGED
COMMON /BK1/DT,DX,TEND,T
COMMON /BK2/VELY,VELB,VELH,DENL,DENB,DENH,ALPAL)ALPABBETAY,
1 BETAB
CO¥HON /BK4/5UK1,CONY,CON2,CON3,CONG
CHBIRBBCHER R RFR R RT3 3 33 3590390303035 36 30 30036303 3
C INITJALIZATION
[ 22T RS YT YR XSS SIS YZ SRR SIS RIS 2L 2L T )
DO 10 I=1,NMAX
SECD(L1)=0,0
FIRD(1)=0,0
SECPP(1)=20,0
10 FIRPP(1)=0,0
Np=]
TIME=DT
NST=3
NSTP=2
999 IF(NP,GT4NPUL) GO TO 44¢
TEMPD(2)=PULSE(NP)

GO TO 56
44 NS§SI=2
56 CONTINUE

CHRENERPRBRRE SRR SRS H BRI EERRRUJEH WS BN BENREE
c CUMPUTES CURRENT DISPLACEMENT
c**i**iﬁi**i&&ii#*i*&*li**&’*&**6!%0&*I!§§liiil’*l
DO 40 I=NST,NMED
40 TEMPD(I)=A(L)#(SFCFPP(I)=SECPP(1=1))+SECD(I)+SECD(I)=FIRD(I)
Ciﬁik&l*l&ili&&&l'*&l*Dil%l*&&&l#l*'!!i*{*"&*i!l*
C RADIATION BOUNDARY CONDITION
Cliii&ii6*&l&bii*i&*l*b*!li&**&&*l&*}&l!l&ii'&&*b*
TEMPD(NMAX)SCON1# (4,06 TEMPD(NMED)oTEMPD(N2))+CON2# (SECD(N2)»
1 4,04SECDINMED)Y+4,0%#TEMPO(NMED) +3,0%SECD(NMAX)=TEMPDINZ)) ¢
2 CON3I#SECD(NMAX)=CON4#FIRD(NMAX)
C*!ﬁb*’!'Q!i*i'll#b&l&&&i*ﬁii}i!l&l!*!lll*!"llill
C FREE BROUNDARY CONDITION
Cl*ii&’li*%&ﬁ'&&Ql!&*&b!l*&&l’&li&lilililliliiiﬁl*
. TEMPO(1)=1EMPD(3)
CDiinl&ﬁlbiGil’&“ill*&!ii!!illii#!l"'l{l'li'iil
c COMPUTES CURRENT PRESSURE
Cil*!'iiﬁll!b***i*i*’*&*!ll*&li’Di"lli'i'i*.l"*l

=t
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LNAXOEFOR FORTRAN V,4A(230) /K1 29=35Pnl3 14133 PAGE 1=}

LINER

00057 66 CONTINUE

00058 DO 60 I=NSTP,NMED

00059 80 TEMPP(I)=G(I)*(TEMPD(I+1)=TEHAPD(I))+C(I)#(TEMPD(I+1)=TEMPD(I)+
00060 { SECO(I)=SECD(I+1))+R(I)#SECPP(I)

00061 TEMPP(1)=«TEMPP(2)

00062 CHERRADES AR UD RS RIF R BRSOV R BB BRRPRP BB SR BSR N R RRRRTRE

00063 C CHANGING THE ARRAY FOR THE NEXT TIME STEP

00064 CHRERAERERGHDE R AR RS RDDRERRBHRE R B AR ERERERPRRRENRRRE

00065 DO 55 I=1,NMAX

00066 FIRD(1)=SECD(I)

00067 SECD(I)=TEMPD(I)

00068 FIRPP(I)=SECPP(I)

00069 SECPP(I)=TEMPP(I)

00070 $5 CONTINUE

00071 CHUFFANFRLB SRR R L DR LSRRG ERRRRERR BT REE R BN RN NN

00072 C LIST THE DISPLACEMENT

00073 (B T T R T T ST PR TS YR R YRR TR T Y Y

00074 WRITK(12,300)TEAPD(12),Tr"PD(22),TEMNPD(42),TEMPD(82),TENPD(162)
00075 300 FORMAT(5EL1646)

00076 WRITE(3,400)TIME, TEMPD(13),TEMPD(123),TEMPD(N2)

00077 400 FORMAT(2X,F10,5,3E20,3)

00078 1F(TIME ,GTTEND) RETURN

00079 NPENP+1

00080 TIME=TIME+DT

00081 GO TO 999

00082 END

COMMON BLOCKS

/BK3/(+10) .
IMODE +0 IGEQP +1 IDENS +2 NPUL +) NMAX +4
NMED '3 N2 +6 NGEO +7 : ‘
/BK1/7(+4) -

oT +0 DX +1 TEND +2

T SR % ’

/BK2/(+12) ) .

VEL} +0 VELB +! VELH +2 DENY +3 DENB +4
DENH +5 ALPAY 46 ALPAB +7 BEIAL +10 BETAB +1¢
/BK4/(+5) : B . : .

SUML +0

CONY +1 CON2 +2 CON3 0} Cond ff

SUBPROGRAMS CALLED

* SCALARS AND ARRAYS [ "#" NO EXPLICIT DEFINITION = "&" NOT REFERENCED )

FIRD i $1GEQ FIRPP 2 SEQD k) SECcPP ¢ *NSTP ]
G 6 PULSE 7 +50003 10 #NST it A 12 030002 13
50001 14 280000 15 #NP 18 TEMPP 17 #TIME 2Q R 21
" 22 ¢ 23 TEMPD 24 '
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00001 SUBROUTINE LIST(IMODE,IDENS,DT,DX,T,NITER)

00002 Ce-mmmccccccccae-- SUBROUTINE LIST=m=weememcmccmmccemmcecncaamenna———
00003 C THIS SUBROUTINE LIST PARAMETERS OF THE MODEL.
00004 Cemmmmecccmccccccccccceccceeceeeeeeeecemeemeeemeee—me—eeeeac——aa-
00005 COMMON /INOUT/IN,IOUT,ITAPE,IDECL,IDECS,IDEINC
00006 GO TO(11,12,13),IMODE

00007 11 WRITE(IOUT,100)

00008 100 FORMAT( //,4X, 'PERFECT ELASTIC MEDIUM')

00009 GO TO 14

00010 12 WRITE(IOUT, 200)

00011 200 FORMAT(//,4X, 'VOIGT SOLID')

00012 GO TO 14

00013 13 WRITE(IOUT, 200)

00014 300 FORMAT( //,4X, 'LINEAR WITH FREQUENCY')

00015 14 GO TO(15,16),IDENS

00016 15 WRITE(IOUT,400)

00017 400 FORMAT( /,4X, 'DENSITY IS ASSUMED TO BE CONSTANT')
00018 GO TO 23

00019 16 WRITE(IOUT,500)

00020 500 FORMAT(/,4X, 'DENSITY INFORMATION IS GIVEN')
00021 23 CONTINUE

00022 WRITE(IOUT,600)DT,DX, T,NITER

00023 600 FORMAT(///,8X, 'TIME INCREMENT=',F10.5, /,
00024 1 8X,'DISTANCE INCREMENT=',6F10.5,/,

00025 2 8X,'TEMPORAL SOURCE WIDTH=',F10.5,/,

00026 3 8X,'NUMBER OF ITERATION=',15,/,

00027 4 8X,'TIME',4X,'X-INDEX',10X, 'DISPLACEMENT'

00028 RETURN

00029 END
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00001 SUBROUTINE LISTP(A,TIME,IGEO,IGEOP,NGEO)
00002 Crecommccmcccccccrcecrcnccoracrmemmmeammemememane—an———- R,

00003 C THIS SUBROUTINE LIST THE OUTPUT GEOPHONE DISPLACEMENT
00004 C IN LINE-PRINTER AND MAGNETIC TAPE.

00005 Commmmmmmmmmcccmceccmcemmmcmmammmmmmmmmmmmmmccmemmmmeomee—eeae
00006 DIMENSION A(1),IGEO(1)

00007 COMMON /INGUT/IN,IOUT,ITAPE,IDECL,IDEINC

00008 GO TO(11,12),IGEQP

00009 11 DO 10 I=IDECS,IDECL,IDEINC

00010 WRITE(IOUT,400)TIME,I,A(I)

00011 10 WRITE(ITAPE,400)TIME,I,A(I)

00012 400 FORMAT( 2X,F10.5, 2X,16,4X,E20.8)

00013 RETURN

00014 12 INN=1

00015 40 IT=IGEO(INN)

00016 WRITE(IOUT,400)TIME,IT,A(IT)

00017 WRITE(ITAPE, 400)TIME, IT,A(IT)

00018 IF(INN.GT.NGEO) RETURN

00019 INN=INN+1

00020 GO TO 40

00021 END
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APPENDIX C

Comnuter Prorran and User's t‘anual for
Two=-dimensional ~inite vifference sScheme

This computer orocram compnutes vertical and horizontal
displacements of an elastic wave in a two~dimensional
orthoronal cartesian coordinate system. In making a general
computer pro~ram for an two-dimensional, innonoseneous wave
equation by a finite difference scheme, lar—se core-mnenory
is required, because we nmust store all elastic constants
in addition to the 4 working arrays at each grid point. So we
selected three types of model to reduce this large menory
requirenent., This program can handle the following three types
of model:

(1) One-layered elastic half-space,

(2) Vertical fault in an elastic half-space.

(5) Localized arbitrary shaped inhomozeniety extended
in the horizontal direction in an elastic half-space.

The geometry of the vertical fault and localized inhomo-
geneity model is left-justified, which means the discontinuity
of half-space starts from the left and ends at right side of

" model(see Figure C-2 and Figure C-3).

Throughout the computer program, we used the same sampling
interval in x-~ and y-direction. Also we used an imaginary grid
line at y==-0Y to solve a free boundary condition.

The pre-assigned input-output logical units are:
2= Input lozical unit.
3= Output logical unit for line printer.
12= Output lozical unit excent line printer.
The format of lozical unit 12 is the same as logical unit 3
except that there is no heading,

Figure C-1 shows how to prepare input cards to execute
~this program. Each BLK, contains parameters of the model and
each DLX. will be read by a format descrived previous fuT (format)
card., t'hé definitions of each block are written below.

BLK1

The BLK1 contains DT, DX, T, TX, ALPA1l, BETAl, DEN1,
DEN2, IGZ0, NGEO seauentially.
1, DIt Sampliny interval in tinme.
2. DX: Samplins interval of distance,
3. T: Parameter determine the wilth of temporal source
function (see source function).
4, TX: Parameter which controls the extent of the source
region (see source function),
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FMT
BLK 2
T <.?
S S
=2 1=
FMT
LK 3

IGEO=1
IGEO=2

BLK 7| FMT | BLK 8

Figure C-1. Preparation of input cards for two=-dimensional
finite difference schemes.

128



BLK2

BLX3

BLK4

9.

1.
2e

3.

1.
2.
3.
4.

2.
3.
4.

- 5,

T: Parameter which determines the width of temporal
source function (see Source function).
TX: Parameter which controls the extent of source
region (see Source function).
ALPAl: P-wave veloclity of the upper medium,
BETA1: S-wave velocity of the uvper medium,.
DEN1: Density of the upper mediun.
IGEQ: Control number for the output.
IGEO=1, g£ither vertical or horizontal index of
the output arrays is fixed and output
. arrays are recularly spaced.
IGEO=2, Output arrays are irregularly spaced.
NGEO: Number of the output geophone.

NITER: Number of iteration.

INODE: Control number for the nodel type:
IMODE=1 , One-layered half-space.
“INODE=2, Vertical fault model.

INODE=3, Localized inhomogeneity mnodel.

ISYM: Control number for the symmetry of the model.

ISYi=1, Symmetrical model.
ISYl'=2, Asymmetrical model.
Imax: Horizontal dimension of the model.
JI'AX: Vertical dimension of the model.
IST: Parameter for the source rezion (see source function).
IFN: Parameter for the source region.
JST: Parameter for the source region,
JFH: Parameter for the source region.

ALPA2: P-wave velocity of the lower medium.

BETA2: S-wave velocity of the lower medium.

DEN2: Density of the lower medium.

JINT: Vertical index number of the horizontal interface
(see Figure C-2).

Alpa2: P-wave velocity of the fault medium,

BETA2: S~wave velocity of the fault medium,

DEN2: Density of the fault mediun.

JINT: Vertical index number of the horizontal

. Interface (see Figure C-2),

IINT: Horizontal index number of the vertical
interface (see Figure C-2).
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00 o T 1>
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| JINT |
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Edge of Model‘
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>
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Figure C-2. Definition of parameters for vertical fault model.
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BLKS

1, JTOP: Vertical index which specifies the upper boundary
of the localized inhomogeneity model,
2., JBOT: Vertical inrdex number which specifies the lower
boundary of the inhomogeneous recion,
3. IRIG: Horizontal index which specifies the right boundary
_ . of the inhomozeneous regzion.
For further illustration, see Figure C=3,

BLK6

1, ALPA: P-wave velocity inside the inhomogeneous region.
2., BETA: S~wave velocity inside the inhomogeneous region.
3. DEN: Density inside the inliomozeneous region.

These parameters will be read ast
((ALPA(I,J),08TA(L,J),DE0(1,J),1=1,ITOTX),J=1,JTOTY).

BLK7

1. Idecs: The startinz x= or y-index number for the .
regularly spaced geopnones.
2.ID3CL: “he endinz x- or y=index number for th=
resularly spaced geophone. ‘
( ID3ZC3 1ID:ECL)
3. IDEINC: Index interval between output array.
4, ICONS: Fixed index number for the output.
5. ITER: Contrel number for the fixed index of the output.
ITERY=1, Horizontal index is fixed.
ITERMN=2, Vertical index is fixed.
Al

BLKS8

This block contains the information about irregularly
spaced output.
1. ICOUL: Array which contains the horizontal index number
for the irregularly spaced output.
2. JROW: Array which contains the vertical index number
for the irregularly spaced output.
These arrays will be read as
(ICOUL(I),JROW(I),I=1,lGEOQ)

Source function

Before reading this section, the users are recommended
to read Aboudi's paper (1971) for clarity.

As an input source function, we used a body force. Let
the body force be defined as

fios doxyy ple)
where 7. 1is body force. It is obvious that 7,{(9/,}) is the
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LEFT

-

'A Edge of' the model

g L Imaginary Grid Line _
| r—l ———————————————————
| l | Homogeneous
: JTOP ‘ half—space
l
: { 2AX
W/ TH222) || constants o
/lnhomogeneous region 7/ x Ttst](iéarergg;%n
08| now date
{ | JBOT
1 IRIG
|
|
b e e e e e e e e e e e J

Figure C-3. Definition of parameters for localized

inhomogeneity model.

132

RIGHT



function determines the spacial devendence of body force and
‘?/t)is the time dependence of the source function. We used

a symnetrical source function, so the spacial extent and shape
of jg(m;y)in x= and y-direction are the same.,

Let the center of the source be located at (nDX,mDX) and
the spacial dependence is shown in the Fizure C-4, The spacial
extent of this function is 4DX. Dut at x=(n+4)DX, the functicn
values are zero. So we defined spacial extent TX as shown in
Figure C-4. The smallest possible source extent is Ti=DX,
whixh is the cloest approximation of the point source in this
program, For this example, input parameters for the source
region are: :

TX=3DX,
IST=n-3,
IFN=n+3,
JST=m=-3,
JF=m+3,
In this program there are limitation for the source region:

JST or ISTZ 3, -
JFN or IFN JJMAX-2 or Imax-2,

For the temporal dependence of the source function,
we used the following function: .

YA
i/é) - e ‘/z"

The width of the temporal source width T is defined as the
following relation
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Figure C-4. Description of source function.
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MAIN LN4TTNFOR FORTRAN V,4A(230) /KI 2=0CT=75 2139 PAGE 1

00004 CRENREUFUNE SIS U U AR RS S AN R B RP RS R R R XD RS RN AP RN AR RS
Qovo2 CHURARAEB A CR AR B FERR A ER RS RE R R G HR NP R RERNRDS NS
oovel Cru B R R R R RN RPN R R FH ARSI AEIR AR AFGRE PRI ARG SD T R N NN
000u4 [ T Yy T T I E YT I YT SRS
(¢ DI CRRPCUH B P IR ERF P F R B SR RPN AR P REF AR AR E TR RS RN TR
[ 1eX1191] CHoustpntrtt s bnert et ittt e BN B SR PEREF R RNTERN SN
00007 CHERNE R DR B AN SR E R RR AN A DB RIS OB EHCE L RN R RN R RN DR RN
0oves CHEPRAE PR BURS RS RSB SR T RT LR DI D U R RR NI IR RARF PR ANES
00009 C THIS FUPTRAR 4 COVPUIFR PRUOGRAM CALCULATES VERTICAL AND
¢o01v C HORIZ0GTAL DISPLACE~ELRTS UF A TrU=DINENRSTUJAL ELASTIC MUDEL
Qovll C IN AY URTHOGUWAL CARTFSIAN CUOUREDINATE BY SOLVING AN INKURQGENEOQOUS
00012 (o ELASTIC wAVE HUUATTION wITH FINITE ODIFFEFENCE SCHEME,
00013 Cc THIS PRUGRAN CAx WAnDLE THE FOLLUw1ING THREE MODEL TYVE)
00014 Cc (1),, UNE«LAYEKED ELASTIC HALFeSPACE,
00015 c (2)ee VERTICAL FAULYT In Adt ELASTIC HALF-SPACE,
00016 C (3)es LUCALIZED AKRBITRARY SHAPED INHUNMUGENEITY EXTERDED IN
00017 c HURJSZUOTAL DIRECTION IN AN ELASTIC HALF=SPACE.
0001k c THE SAME SA#PLIYG IWTERVAL 14 HORIZOGTAL AmD VER1ICAL DIRECTIVH IS USED,
_Qov1lYy C THE SOQURCE FUMNCTIUN 18 EXPLUSLIVE SOURCEs iHF SOURCE IS nNOT
0002V o A POINT SOUKRCE IN A MATHE~ATICAL SENSE, RUT RATHER VUOLUREIKIC SCURCE,.
00021 C mAKING THE SAAPLING 1LTERVAL SHALLER, WE CAN BETTER APPOXINMALE POUINT
oouvae C SUUKCE PROsLEv, THIS SUURCE CAx BE PLACED AxnY POINT IN AN
00023 C ELASTIC MEDIUA EXCEPT THE OUTER BOUMDARY OF THE MODEL,
oov24 C. THE INPUT PaRAMrTERS CAi B TFAJFERRED FRCOM A CARD READER, DISK FILE
00025 c Ok TELETYPE BY ASSING1HG THE LEVICE'S HAME, THE OUTPUT 1S5 PRIWTED
00020 C IM LIKE PRIMTER AMD STORED IN A MAGMETIC TaPE FOR THE FURTHER PROCESS,
00027 C LUGICAL ULLTS OF TEE 1ihpUI=UUTPUT ARER
00023 C 23 1ipPUT .
00029 C 3=z LINE PRINT OUTPUT,
00030 Cc g= QUTPUT IN A MAGNETIC TAPE,
00031 C ARGUMENT DEFIJLTIONS,
00032 c’ ALPAL,BETAL1,DENLS LONGITUDINLAL VELDCITY, SHEAR VELOCITY AND
00033 C DENSITY OF THE UPPER KMEDIUA RESPECTIVELY,
00934 C ALPA2,BETAR,DENZ: LONGITUDLINAL VELOCITY, H
00u3s C ALPAZ2,BETA2,D¥ENZ LORGITUDINAL VELOCLIIY,SHEAR VELOCITY AnD DENSITY
00030 C UF THE LO%ER DR FaULT MEDIUM RESPECTIVELY,
00031 Cc ALPA,BETA,DEN] LONGITUDLLKAL VELOCITY, SHEAR VELOCLTY AND LENSITY
00034 C GF THE INHUYMGGYNEITY RESPECTIVELY.
000L39 o NITERY wUMBER OF ITERAYION Isd TIwk,
00040 C IAAX,JNAXS HORIZUNTAL AND YERTICAL DIMENSION OF THE MODEL RESPECTIVELY,
00041 C 1srt IHE STARTI1NLG HORIZOGTAL IwDEX OF ThHE SUURCE KEGIO~neemOn=ZERQO VALUE OF
00042 C THE SOURCE FUNCTION BEGINS AT HURIZONTAL1w(EX=1ST,
00043 Cc IFNg TRE EnDInMG HUORIZOWNTAL VIDEX OF THE SCURCE REGION.
00044 o JST! Thi STARTIMG VERTICAL 14CEX UF THRE SOUKRCE REGLON,
00045 c JEHY TRE EnpING VERTICAL INODEX UF THE SUURCE REGIOH,
00C406 C JISTS VERKTLICAL INCEX UF THE VERTI
00047 ¢ JINTY VERTICAL 1KDEX GF THE HORLIZONTAL INTERFACE,
Q0u44d Cc 1InTS HURLZUNTAL IP DEX OF THE VERTICAL INTEEFACE,
’00049 [ JIUPS UPPER VERTICAL INDEX OF THE INHUSOGENEOUS REGION,
00050 c JBUT; LOvgER VERTICAL INLEAL OF THE INHOMUGLNEUUS REGION,
00051 C IRIGE KIGHT HORLIZOMTAL INLEX OF THE IaNHGMOGLwEOUS KEGLON,
00052 c IMUDES CONTRUL WUNBER FUK THE VODEL TYPE}
00083 C =1t OLiE~LAYERED HALFeSPACE MNODEL,
00u5¢ C &2¢ VERTICAL FAULT MOOEL,
00055 c 3=¢ LGCALIZED IpHOMEGeEyEQUS ARbDITRARY SHAPED MODE,
00056 c 1SYMt COHTROL NUMBER FUKR THE SYMMETIRY OF ThkE MODEL,
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MAIN, LNQ7TH,FOR FORTRAN V,4A(230) /KI  2-UCT=75 2139 PAGE 11

00057 (o =1t SYMMETRICAL MQOPEL,

00058 c E21 ASYMMETRICAL MODEL,

0005y C IGEO3 COLTROL sUMBER FUR THE OUT GHOPHOWE,

00060 C =1t ELTHER VEKTICAL UR HORIZONTAL INDEX IS FIXED AND OuTPUT SI
00061 C PEGULAKY SPACED,

00062 C =21 RAKDOM( Or SELFCTED) IRREGULARY SPACEDL OUTPUT,
00u63 C ITERMT CUNTRUL KUMBER FOk THE FIXED INDEX OF THE OUPPUT,
00064 (o 218 HORIZOWTAL IaLEX 18 FIXED,

00065 C =2t VERTICAL INDEX ¥S FIXED,

Q0vbeL CHEBRNRWAF BB RN R T T RN W TR W6 RN

00067 CHRBR BN RSB UBE R R RGBS AR PR FADRASRD PRI PHEFDRBE RN R

00068 DIMEHSLON A(93,72),B(93,72),C(93,72),0(93,72)

00ChY DIMEKSION FX(545), EY(Slb)'AbPA(lbui1)rbElA(Zh;ll)'DEN(25r11)
00070 DIMENSION ICOUL(50),JR04(50)

00071 DIVENSION PULSECI00),GX(10),GYCLU)FHT(16)

00072 CurnOn ZGEVPH/ZIGEG, ITEF A, IDECS, IDECL, NGED,, IDEINC, ICONS
00v73 COMMON /INCUT/Iw,10UT,1TAPE

00074 COMMON ZBKIZIDX,JDY»SUNL ) SON2,0T e NPULSISYH ISET2ISTIFNy
00075 1 UST,JFN,NITER . .-
00076 COMMOUN /BKZ/CON!.CONZ.CDN3oPON1,FUH?,PON3;TUNI,TDN2,TONJ
00077 COMMON /BR3/C1,C2,C3,51,52,83,11,1T2,T13

oo078 COMMON /BK4/DY1,0Y2,DY3,CX1,)CX2,CX3,5X1,5X2,8X3,1X1,TX2,
00079 1 TX3,0X1,0X2,DX3

00080 ] DATA IN,IUUT,ITAPE/2,3,12/

00081 KEADCIN,100)FMT

00082 100 FORMAT(16A5)

00083 o L N L R Y P Y P Y R R P T Y T T Y
00084 C RAED COAMUN PARAMETERS FUR AuLL MODELS,

00085 [ o T R LT L T I T T YT

00086 KEAD(Iv,FMTYDTY, LK, ALPAL, LETAL,DENL, T, TX, IGED, NGED
00087 READ(Iii, 100)FMT

00068 READ(IN,FHT)NTIER, INUDE, ISY", IMAX,JMAX, IST, IFN,JST,JFN
00u8Y GO TO(11,12,13), 1KODE

00690 11 REAL (11, 100)FNT

00091 (ovacenuenvnsnnncnansooensarroneeNaERaoNcarlaEnNe Y sw
00092 C REAU PARALETLRS FOR LOvwER MEDIUM

00093 C.-w--.--..-.-----.--o.---o--.--------.-.------.--

00094 READ(IN,FMT)ALPAZ ,RETAZ,DEN2,JINT
00095 GU TO 29
00096 12 READ(IM,100)FMT

00097 C-O---n'----.--------..---..---------.-O-w.--.--.-

000Yb C KEAD PAKAMKTERS FOR FRULT aeD1um,

00099 C--....---.-----------------.--.--------.-.---.-.-

00100 READ (1N, FMTYALPAZ,PETAZ,VENS,JINT, TINT
00101 GO TO 29
o102 13 READCIN, 10U )FHMT

00103 (o R e e R e T T T R Y R Y T T T

V0104 C READ PARARETERS FUR THE INHOAOGENEQUS MEDIUM,

00‘05 C---.---n.-.n----—---.---.--------no--.-—--n--n..-

0oloe READ(In,FHT)JITUP,JBOT,IRIG
00107 ITOTX=1KIG
- 00108 JTUTYSJBOT=JTUP+1
00109 READ (TN, 1UV)FMT
001tV DU 30 J=1,JT0TY
00111 30 READCIN,FNT) (ALPACT,0),BETACI,J),0EN(I,J),1Ix I,XTOTX)

00‘12 C.----------.--.n-nn.---.-------------------.-:-.‘
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MAIN,

00113
00114
00115
0011te
o117
00118
00119
00120
00121
00122
00123
00124
00125
00126
00127
oo12s
ooi29
00130
00131
00132
00133
00134
00135
00136
00137
00138
00139
c014v
00141
00142
00143
001414
00145
00146
00147
00148

. 00149

00150
00151
00152
00153
00154
00155
00156
00157
00154
00159
00160

- 00161

00162
00163
00164
00165
" 00166
00167
ocles

LNGTTN,FOR FURTRAN V,4A(230) /KI 2=UCT=75 2139 PAGE 1=2

c RECOGNYIZE THE OUTPUT GEUPHUME PATTERN,

C-..—n-...-u-'-'--.-..-.-.-.--....--..---'..-.-.-..

29 GO TO(41,42),IGED
31 READ(I+~,300)IDECS,)IDECL,IDEINC,)ICONS, ITERM
300 FORMAT(SIS)

GO 10 19
42 READ(IN, 100)FHT

KEAD (L% ¥RT) (LCOULCL) »JRDA(L)»I=1,NGEQ)
C.-.-.-.-..-..--.------.-ﬂ-—-....-'..---.--.-.--..
c- CHECK Trk SIABRILITY CONPDITIUN,
C...ﬂ---...D.---....--..-....--.--...-..--.-.-.--'
19 GO TU(14,14,15),1480DE
14 VMaX1=ALPAL®ALPAL4EETAI #BETAY

VBAX2SALPAZHALPAZ+BETA2#BETAZ
VMAX=AMAXL (VHAXL, VHAXZ)
GO TO 18
15 VIAX=ALPAL#ALPA{+BETAL«BETAYL
VY 20 I=1,ITO0TX
Do 20 J=1,JTOTY
DEHAX=ALPACI,J)*ALPACI,J)+BELACT,J)#BETA(L,J)
20 IF(D3AX (Gl A”AX) VHAXSDMAX
18 RATIOY=2pT/D2
KATIO02=1,0/SURT(VMAX)
1F(RATIOY, LT RATIOZ2) GO TO 17
WRITE(IGUT,200)
200 FORNAT(//,4X, "ERROR DETECTED,,UNSTABLE)
CALL EXIT
C'.‘-C-.---..-.-....---.-..------..-----.--.--.---
C CONPUTATION OF THE SOUKCE FiNCTION,
C---.--..-.'.-------I-.-.----..----I--..-.‘l-----'-
17 CALL GAUSS(PULSE,DT,T,MPUL)
CALL SPAC(GK,GY,TX,DX,XSPA)
ICOYU~NT=1FNelST+Y
JCOUNT=JFN=JIST+Y
Do 22 1=1,ICOUNT
ITERNS ] ¢
DO 22 J=1,JCOURT
JTEMNSJ+1 .
FXCX,J)=GY(ITe)«GX(ITEM)
22 EY(1,J)SGR(ITEN)#GL(JTEM)
c--...---.--.-.--u..-.-----.--'-.-.-.-Q..-----.-.-
c INITIALIZATIUY OF THE DISFLACEMENTS,
C-u-.--..----.--------..-..-n--.----.----------I--
00 10 I=1,14AX
PO 10 J=1,JMAX
A(X,J)50,0
B(I,0)=0,0
C(1,J)=0,0 )
10 L(X,0)=0,0
IF(ISYH EQ, 1) ISET=1ST4+IFN=}
CALL LIST(1MOLE,ALPAY,ALPAZ2,RETAY,BETA2,DEKL,DENZ,DX,TX,T)
C.---..-.-...---..-.....-...-.---.--.-..----.-----
c CUMPUTES SU“E CUNSTANTS,
C---...-.--..--.'.-..-.---..-.-..----......-----..
RAMDAZDT#DT/ (DX#DX)
RDTRRAMDA/4,0

- . - »
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MAIN,

00169
00170
00171
00172
00173
00174
00175
00176
00177
00174
00179
00160
00181
00182
volsg3
00184
00185
ool8e
vo187
001%8
00G189
00190
00191
00192
00193
00194
00195
00196
00197
00198
00199
00200
00201
00202
00203
00204
00205
00206
00207
00208
00209
o210
00211
00232
00213
00214
00215
00210

- 00217

00219
00219
00220
002214
00222
00223
00224

LN47TN ,FOR FURTRAN V,4A(230) /KI  2«0CT«75 2139

CONI=ALPAI#ALPAL®RAMDA
CUN2=(ALPAI#ALPAL=RETAL*BETAL)*RANDA/4,0
CUONI=RETALI#BETALI®RAMDA

SO0N2=(ALPAI#ALPAL=2 ,04BETAI#BETAL)/ (ALPAL#ALPAYL)
U S C 3 .
JOYSJIMAX=L

IF (1%0DE,EQ,3) GO TO 32
ALPABS(ALPAL+ALLPAZ)YZ2,0
BETAuwS(BETAV4BETAZ) /2,0

DEILBS(DENI+DENZ2)/72,0

PONMIZALPAB®ALPAB®RAMDA

PUN2= (ALPAL¥ALPABRBETAR*OETAB) *RDT

PUNISBETAB#EL TANPRAMDA

TONYISALPAZH#ALPA2#KAMDA
TOH2=(ALPAZ* Ak A2=RBELTAZ#BETAZ) #RANDA/ 440
TONISBETAZ#BETA2%RAMDA

CALL BUUND(BETAL uFTAL,BETA3,DENT,DELL,DENB,RDT,CY)
CALL BOUHD(ALPr1,ALPAL,ALPES,DENL,DEN]L,DENB,RDT,C2)
CALL BOUND(BETAL)BETAB)ETAZ)DENT »DELB,DENZ)RDT,S1)
CALL BOUNLD(ALPAL ALPAD JALPFZyDEN] DE»E,NENZ2,RDT,82)
CALL BOULD(BETARK,BETA2,8ELA2,DENB,DEL2,DEN2,R0T,T1)
CALL bOUND(ALPAB,ALPA2,ALPAZ,DENE,DE!N2,pEN2,RDT,T2)
§3282%2,0%51

C3=C2=2,02CH

T3=(2=2,0%T4

IF(IPODE.EG,1) GO TO 43

CALL BOUMI(BETAL,BRTAB,BETAB,DEN1,DENE,DENB,RDT,DY1?
CALL bOUNUDCALPAL,)ALPAB,)ALPAB,DENL,DENByDENB,KDT,DY2)
DY33NyY2=2,0%DY1

CXl==C}

CX2=+C2

CX3=«C3

SX1==51

SX2z2=52

SX3==»53

TXi==T}

TX2==T2

1TX3==T3

DXl==pY1l

DX2=«DY2

DX33«DY3

C-----‘-.--.-----.--a----.-..----..---t.----.‘--.-

C

VERTICAL FAULT kODEL,

o X T L T Y Y R e Y P L L L P R D Y X

CALL FAULT(A'b'C,D,ILAX,JHAX'PULSE'FX'FY‘JINT'IIHT'ICUUL'JRDW)

GO TO 999

C.--------a..----..---.---.-.-----.--...-.--...---

C

OMt=LAYERED HALF=SPACE MODEL,

C..-..’--'-.----”----------v'--.---.--..----.-.--u

43

CALL LAYER(A,b,C,0,InAX,J4AX,PULSE,FX,FY,JINT,ICQUL,JROW)

GO TO 999

C----------.-Q.-.--—-.----.-----.-----..-‘.--.-----

C

LOCALIZED INHWOMOGENEUNS MODEL,

C.--.----..--..----.---'.---.--.----..--..---...--

CREFDEA N B ERR B ER GO N SRR B RRRERRRRBERSFHREFN NS RNHE NN

c

CHANGE VELOCITIES INTO LAME'S CUNSPANTS AMD DENSITY INTO
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MALN, LN47TN,FOR 2=0CT=75 2139 PAGE 1«4

00225 C (OT#DT)/(DX#DX#NENSITY)

00220 CHBEWPER B MRS 0303000002630 0 300300046 92000 03633 3

00227 32 O 90 I=1,1TOTX

00228 DO 90 J=31,Jf0TY

00229 CC=DEN(I,J)%BETA(1,J)¥BETA(L,J)

00230 BBRDEN(I,J)*ALPA(L,J)*ALPACL,J)

00231 ALPA(1,J)=EB=2,0%CC

00232 BETA(I1,0)=CC

00233 90 DEN(I,J)SRANDA/ZDENCL,J)

00234 CALL INHOMO(A,H,C,D,INMAK,J¥AX,PULSE,FX,FY,ALPA,BETA,DEN,

00235 JTUPyJbUT s IK1G,IVOTX)JTUTY s ICOUL)JROA)

002306 999 STOP '

00237 END

COMMON BLOCKS

?

/GEOPH/(+7)

IGEOC +0 ITERNM +1 IDECS +2 IDECL +3 NGED +4

IDEINC +5 ICONS +6 :

JINQUT/(+3)

IN +0 10UT +1 ITAPE  ¢2

/7BK1/(+15)

10X +0 JDyY +1

son1 +2 sS0n2 +3 DT +4 NPUL +5 ISYM +b

ISET +7 Is% +10 IFN +11 JST +12 JFN +13

NITER +14 -

/BK2/(+1Y)

COony +0 CON?2 +1 CON3 +2 PONY +3 PON2 +4

PON3 +5 TONY +6 TON2 #? TON3 +10Q

/BN3/(+11)

C1 +0 c2 +1

C3 +2 Ssi +3 s2 +4 s3 +5 T +6

T2 +7 T3 +10 ’

/BK4/7(+17)

DYl +0 DY2 +1 DY3 +2 (.81 +3

cx2 +4 cx3 +5 SX1 +6 sx2 +7 sX3 +10

X1 +i1 TX2 +12 Tx3 +13 Dx1 +14 Dx2 +15

DX3 +16

SUBPRUGRAMS CALLED

GAUSS SQKT, FAULT AMAX1, LAYER INHOMO

SPAC EXIT BOUND  LIST

SCALARS AND ARRAYS ( "#"™ NO EXPLICIT DEFINITION w "g? NUT REFERENCED )

#DEN2 b *#JT0P 2 *T 3 *ITEM 4 #VMAX 5 ALPA

#JINT 431 BETA 432 *#TX 1USS #ITOrX 1056 [1:):) 1057 *JMAX

#DENY 1061 B 1062 #»JCOUNT 16132 «DMAX 16133 #D2Z {oi34 ®AMAX
ICOUL 16136 FMT 10220 JROW 16240 GY 16322 *RATIOL 16334 *IMODE
#KSPA 16336 #RAT102 16337 *#IR1G 163490 #IINT 1634} wJ 16342 «SUVOT
«S0006 10344 PULSE 1b345 «S0005 16511 ®IMAX 16512 D 16513 s SVV04§
+S0VU3 33564 A 33505 «S0002 50035 #ICOUNT 50636 «+S0V01 50047 GX
+S00Q0 50652 *DX 50653 #DENB S5U654 *JIOTY 500655 *JBOT 50650 #ALPAB
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80UND LN47TNFUR FORTRAN V,4A(230) /KI 2-0CT=75 2139 PAGE

00001 SURRUUTINE BOUNDCANM,A,APSDN,DsDP/RDT,CONST)
00002 CruvensvaneweeeSURROUI]INLE BOUVDeoenesenvanavnanowe
00003 C TH1S SUBKOULINE CO“PUTES DERIVATIVES OF LAAE CONSTANT AT THE
00004 C INTERFACE UF ONE~LAYEREL OR VERTICAL FAULT MODEL,
00005 C ARGUMENT DEFIPVITIUNS,

00006 C At, A, APt P= OR SewAVE VELOCITY,

00007 C DN¥N,D,DPI DENSITY,

00008 c CONSTt ODERIVATIVE OF LAME CONSTANT/DENSITY,.
00009 Coonsnmsnrssnesonsnacsonrnnacnonsartsnravasenvusaoaryta®
00010 CUMSTSAP#AP A AN ¢A#AR(DP=DN) /D

oovtt CO:ST=COHST*RDT

00012 RETURN

00013 END

SUSPROGRAMS CALLED

SCALARS AND ARRAY3 [ "#" NO EXPLICIT DEFINITION e "§" NOT REFERENCED )

#DP 1 #AP 2 *DN 3 ®AN 4 *#D 5 #A
#CONST 7 #RDT 10
,TEMPORARIES

8oUND { NO ERRORS DETECTED )

140
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00001 SUBROUTINE LAYER(A,B,CyDyIMAX,JHUAX,PULSE,FX,FY,JINT,
00002 1 1COUL,JRONW)
00003 C-----’-.----~CSUUROUTI!\F.. LAYER.--------.-----.---
00004 C THIS SUBROUTINE CONMPUTEFS VERTICAL AwD HOR1ZONTAL DISPLACEMENTS
00005 C FOR A OnbE=LAYERED HAUE«SPCAE MODEL
000QCe L L Y L L R Y PR R L P L PR R L L L L
00007 DIMENSION A(IMAX,JHAX) p8(LHAX,IMNAX) pCOIMAX,IJMAX) pD(1MAXJMAX)
Qoouoy DIMERSION ICUUL(1),JRD=(1)
00009 DIMENSION PULSE(1)pFX(5,5),FY(3,%)
00010 COMMON /GEUPH/IGEO, 1TERM, IDECS, IDECL,NGEQ, IDEINC, ICONS
00011 COMMOUN /BKY/IDXpJdLY SONY,SUN2, DTy NPULsISYMp ISET» ISTIFNs
00082 1 JUST,JEN,NITER .
00013 COMAlN /BK2/COLL,CON2,CON3,PON1,PON2,PON3,TONL,TONZ,TONI
00014 Covmpp /EK3/C1,C2,C3,81,582,583,T1,T2,13
00U15 JHNEGASIINT=2
00016 JINTHsJ T
Qoout? JINTI=JdINT+L
00038 JINTP2JLINT+2
00019 Iul¥x=IMAX
00020 UDIMY=JIMAX
00021 TIME=0,0
00022 NP} :
Qo023 TEND=DT#NITER
00024 999 TIMESTINE DT
00025 CHUURRENBRERRFFHF R RRE P X RS RRE RN H %00
00020 C COmPUTATIOK FUOR THe HOMOUGENEOUS REGION
o0u2? CREEBRFRBTE SRR SR FRREL RS FHARE BB N HT R RN NNEERP NN
00028 CALL ITER(A,B,C,,1DIMX,JDT4Y,CON1,C0N2,C03,2,1IDX,2,JMEGA)
0002Y CALL ITERCASByCyDpIDIMX,JDL Y, TOY,TON2,T0%3,2,1DXsJINTP,JDY)
00030 CRUERERRGEF S RN ERSERELRREER RS R RO RR G F R TR RERE*
00031} c COMPUTATIUN FUR TEE HORIZUNTIAL INTERFACE,
00032 CREFBHERGF LB RRABERFRURE R LR AR FRERERF R RLR DR RN ISR PUN
00033 CALL INTEKY(A,8,C,D,CUNE,CUNZ2,CON3,C1,C2,C3,2,12,
00034 1 JINTh,IDIYX,JdDINY)
00035 CALL 1laTERY(A,,C,D,PUN1,PON2,POt3,51,82,53,2,12,
00036 1 JINT,101¥X,JDINY)
000317 CALL 1}TERY(ApB'C'DpTUP‘l'TUNZITOF':3,1‘1'TZIT?pZ'IZ'
0003y 1 JIMTL,1DIMX,JDINY)
00039 IF(MP,GT,iPUL)Y GO TO 77
- 00U40 CHra s N b AR B R AR RN BB RC B LR R LT ERB TR R U BRI R EREF RN NNN
00041 C COaPUTATIUN FUR ThE SiJURCE ReGIUNR
00v4z2 CHBERE R G R RN F R U R ARRREBEF T RR RN B RR G R RE R R R RR LI RR
00043 DU 52 I=1IST,IFN
00044 ITEMNS]=IST+1 .
00045 DO 52 JU=JST,I0FN
Qo04ab JIEME)»dST+1
00047 B{I,J)SE(L,Jd)+FX(ITEM,JTEM)#PULSE(NP)

00048 52 D(1,J)=D(1,J)+FY(ITEN,JTEH)*PULSE(NP)

00049 77 CONTIMUE

0005v CHura RN R B RN FEXEFBRBRRR R RN RN BRI RN NN
000S1t C SYMMETRY CORrDLITLON

pouvse CHIERFERBRUFRFURERRUBRR R AR ERRERREFE R RRRELRRSHRER

00053 GO TU(71,72),15YH
00054 71 DO 40 J=2,JMAX
00055 B(1,J)==R(ISET,J)
00uS6 4V LC1,0)BDCISET,d)
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LAYER LN47TN FOR FURTRAN V,4a(230) /KI 2«0CT=75 213y PAGE
00057 CHENBDERRB B R B R R SR BB UL DR ERRRRERI RN RERERRRRA BRI NI

00058 C FREE BOULDARY CUNDITION,

00059 R R R AR RN GRS R SRS RRRRAURRRRDER RN R RN RN A DR RN R RRS

00060 72 L0 3¢ [=2,1DX

00061 BCY,y1)=b(1,3)4D(I41,2)=D(I~1,2)

00Vb2 30 D(I,1)=D(1,3)+50028(B(1+1,2)*B(I=1,2))

00063 GO TU(E3,84),150M

00064 83 B(1,1)=«B(ISET,1)

00V6S D(1,1)sD(iISET, L)

000bb 84 NP=P+ 1

00ue"? CRU BN AR BX AR ERERARRRLR R RFSRNBNRERER BB R LR RNR

000bY C LIST THE GUTPUT

00069 CHUERBRERERE R R ER BB RERARERERFRERHRE R R RFRBEXNE RS EN

00070 CALL LISTP(B,D,IMAX,JMAX,IGEO, ITERM,1DFCS,IDECL,MGED, IDEINC,
00074 1 ICOUL,dRU¥, ICUNS, TINE)

00072 CHERUF RSB RP RN RRRREEERR U RRRR R D RUER RS ARE RN RE SR RN

00073 C CHA»GIiG THE ARRAY FOR THE MNEXT TIME STEP,

Q0074 [ 2 X2 RN R R R A T YT 2T RS ST T I L Y )

00075 L0 9v I=1,1mAX

00076 PG 90 J=1,JMAX

00077 TEMPEIB(I/J)

Qo07k TERPOLED(I,J)

00079 B(1,J)=A(1,J)

QUo8v A(Y,J)=TE4PB

00031 DX, J)=C(1,4d)

00082 Ctl,J)=TEMPD

(VK] 90 COMTINUE

000849 GO TO 999

00085 RETURN

0008¢% END

COMMUN BLOCKS

/GEUPH/ (+7) . ’

IGEO +0 ITERM +1 IDECS +2 IDECL +3 NGEO +4
IDEINC +S ICONS +6

/6K1/7(415) .

I1DX 40 JDY +1 SON1 +2 SON2 +3

DT +4 NPUL +5 ISYM +6 1SET +1 IST +¥0
IFN +11 JST +12 JFN +13 NITER +14 :
/BK2/(+11)

CONg +0 COn2 +1

CON3 +2 PONY +3 PON2 +4 PON3 +5 TONY +6
TON2 +7 TONI +10 ) i ’ ’
/BR3/(+11)

C; +0 Cc2 +1 €3 +2 81 +3

$

+4 s3 +5 T1 +6 T2 R X T3 +10

SUBPRUGRAMS CALLED

ITER

"LISTP  INTERY
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00001 SUBROUTINE FAULT(A,B,C,D, INAX,IMAX,PULSE,FC,FY,JINT, IINT'
00002 1 ICOUL,JROW)

(VIR ) C--------------SUHRUUTle FAULTwroeunnasnsuvnavanse

00004 C THIS SURROUTINE COMPUTES DISPLACENENT FIELD FOR THE VYERTICAL
00005 C FAULT MODEL IV THE HALF=SPACE,

00L0b [ N e e e T Y P T TR R L Y Y T

00007 DIMENSION ICOUL({1),JKR0Ox(Y)

00008 DIMEESION A(IFAX,JHAX) BCIMAX, JMAX)rC(IMAXcJHAX):D(IHAXrOMAX)
00009 DIFEMSLIUN PULSECL)  FX(5,9),FY(Y5,58)

00010 COMMON /GhUPH/IGEO;XIEFHrIDECS'lDECLrNGEUr]DEINCrICUNS
ovuil CORMUN /BK1ZTIDX,JDY, 8061 ,S042,DT, vPUL»ISYH, ISET,IST,IFN,
00012 1 JST,JFn,WITER

00013 COMMDN /RKRE/COM1,CONZ2,COH3, POLL, PUNZ,PUN3,TONY, TON2,TON3
00014 COVHUN /BR3/CI,C2,C3,.51,82,83,T1,12,T3

00015 COMMUN /BRA/DY1,DY2,0Y3,CX19CX2,CX395X1,5X2,5X3,TX1,TX2,
000%b 1 TX3,0X1,PXx2,DX3

00017 IDIKX=TIHAX

U001y JOIHY=JINAX

00019 JHEGASJIINT=2

00020 JINTANSIINTw]

00021 JINTISJINT+Y

00022 JINTPEJINT+2

00023 TINTP=TINT+2

00024 TIATI=S11dT+d

00025 IINTRSILINT=)

00020 INEGABIINT=2

aou27 TINE=G,0

00028 MPaYy

00029 TEND=DT#NITER

0003V 399 TIXE=TINE+DT

00Ul CUR ARG S EE R E RGN HERR SRR E R RS ABHER R RRRFRRER TR RREN

00032 € CUNPUTATIUN FCR The RGMNOGENEUUS REGLON

00033 CHRERUFER R SRS LR E NS REGUEPER AL RESR R REERFREERERCRNN®

00034 CALL ITEF(AR,R,C,L,IDINX,JdD1%Y,C08),C0062,C013,2,1IDX,2,JdNEGA)
00035 CALL ITER(AsbheCoDpIDIMX,JDINYyTONE,TON2,TON3,2,IMEGAYILNTPJDY)
00030 CALL 1TER(A,B,C,D,ID1ImX,J0LldY,C01,C00n2,C0n3,1INP,IDA,JINTN,JDY)
00037 CALL ITER(A,B,C,D,IDINX,J0INY, CJN11C042,CO\3,IIhfchInTl,
000L38 1 JINTN,JINTRN)

00039 RN RN FRE R RS FRERRFRUERREL AR R B FRR R R RBRE RN B RN N W

0004y C COMPUTATIUN FUR ThE HORIZUNTAL INTEKEACE,

00041 CHRAEFBHBPFRXPREFRPHERBFTRRRRRRERRR U REREXEBEERR R RERS

00042 CALL 1NTERY(A'B,C,D'CUN’.,CUNZ'CU'\3'C1'CZ'CB.Z'IINT’JINTN,
00043 1 1IDINX,JIDINY)

00044 CALL 15TEKY(A,B,C,D,PONY,PONZ2,PON3,81,52,53,2,1INTN,JINT,
00045 1 10I4X,JDINY)

00040 CALL INTERY(A,B,C,D,TON1,TOK2,T04,3,T1,12,73,2,INEGA,JINTY,
00047 1 1LIMXA,JUINY)

00044 CHNBRB R AR RERRRFRRBERRERRERRRBERRRERRERF RN RN NN

00049 C COMPUTATIUN FUT THE VERTICAL IWTERFACE

00050 CHUBBPHFF AR R AE R R BN R B RXR SR REF R EIRF R RN SRR RRS B RN

00051 CALL INTERX(A,B,C,D,PONL,PURZ,PON],5X2,5X3,5XL,1INT,JINTY,
00052 . 1 UDY,IDINX,dDINY)

00053 CALL INTERX(A,B,C,D,TONY,TON2,TONI,TX2,TX3,TXL,IINTN,JINTP,
00054 § JDY,1LIMK,JDINY)

0CuSH CALL INTERX(A,B,C,D,CONY,CONZ,CON3,0X2,CX3,CX1,TINTY,JINT,
000Sb 1 JDY,IDLAX,dDINY)
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FAULT

00057

0005Y
ooUsY
00060
[(JO1V].
00062
00063
000064
00065
00060
00087
0006H
00069
ovo70
00071
00072
00073
00074
00u7s
00070
00077
00679
0u07Y
00080
00081
00u8B2
00U8B3
00084
QuUULBS
00080
00087
[X¢1V2 -}
0oy8Y
00090
00091
00092
00093
00094
00095
00VYe
00097
0009
00099
00100
ooio01
00102
00103
00104
00105
00106
00307
00108
00109
00810
00111}
00132

LN47TN FOR FORTRAN.V.GA(ZJU) /K1 2=0CT=7% 2139 PAGE 1e=1

C&li‘*!*ibl'bilil#l&il&belibivl!»i.iiﬁil!li&ii&*.}
o CUMPUTATIUN FUR THE CORMKER PULRT
Cﬂiﬁif!#b.*#*hlili&Qi*#l&&illbilll&il&*!&ll&iii*i*
CALL CURHMER(A,B,C,U,10IMX,JDIMY, 1187 ,JINT,PONY,PON2,PON3,
1 DY1,DX2,DX3,PY2,D0Y3,0X1)
CALL CURNEK(A,H,C,D,IDINX, JDIHY.IINTH,JI“TI;TONI TON2,TON3,
{1 T1,TX2,TX3,72,73, TXI)
1E(rP G].hPUL) Go 1o 717
Cl*#%*i*iiil*&!i*’&*i!ii*iil*ki*&***l%&**ii**li&'*
c COMPUTATIUN FOKR ThE SOURCE REGION
CHUERER PRI RN I35 0030200 3h 830 3% IR
LU 52 1IRIST,IFN
ITEM=[=1ST+1
DO 52 J=JST,JFH
JTEN= ST+
BCI,J)=R(T1ed)+FXCLTEA, JTEM)*PULSE(NP)
52 L(1,d)20(Ll,J)+FY(ITEM, JTEM)#PULSE(NP)
717 CO~NTINUE
GO TO(73,72),18YM
C*l*lil*#&l*ﬂ#**l*!*ﬁii**ﬁ&****&&***l****b&****il*
c SYMHETRY CUNDITION
(2T XS R RS FTRRRE S22 22222 SIS SS RS SIS S 2L S X 2
71 DO 40 J=2,JdHAX
B(1,Jd)==E(1SET,J)
40 DC1,J)=0CI3ET,J)
C!*&**ﬁ!i&&i.ﬁ*&**}iﬂl*&iﬁﬁéi*i*i*l*i*li**l**i}}i*
C FREE BUULDARY CONDITION
CI*'&*}*!&*&’&}&&#!#*G##i&li*lﬁiiﬁiiiiﬁl&*ﬁiiilili
12 V0 3u I=2,1vX
BLIog)SROI,3)+0(1+1,2)=D(I"1,2)

3v D(1,1)=30(1,3)+50r2%(B(1+1,2)=B(1=1,2))
GU TO(E3,84),I5YM

83 B(1,1)==B(1SET,1)
LD(1,1)30(LSET, 1)

84 wpsEnpel

CHPR PR R BB R AT RS R AR AP BERRRRRA RS RS RERRRF RN RRDERRN
C LIST THE OUTPUT
CHRARBPBERNR SRS XR B R BRERFRERRESRSRE G RAARE R R SRR R ER
Cabl LISTP(B,D,1MAX,JMAL, IGED,1TERN,IDECS,IDECL,NGEQ,IDEINC,
1 1COULIROW, 1CUONS,TIME)

IF(TIFE,GI, [END) RETURN
CHouetuRsteatstres ittt perteplnadbedRntidesntntinedhi
C CHAXGLHG THE ARKAY FOR THE pEXT TIME STEP,
AR S R RN P AN AR AR TR R R RF BB R RETRRERRR AL SR ENERER

DO 90 I=1,1MAX ° -

DO 90 J=1,JdMAX

TEU'PBRB(I,d)

TEMPDED(1,J) ,

B(1,J)=A(1,J)

A(l,J)=TEMPS

P(F,0)=C(1,3J)

C(I,J)RTENPD
90 CONT1INUE

GO TO 999

RETURN

END
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INHOMO

D000}
00002
00003
00004
00yos
QLUOb
00007
00008
Qoovs
DI RY)
0oult
00012
00013
00014
00015
ouoioe
00017
(WD R
00019
00020
00021
00v22
00023
00024
Q0025
00020v
00027
Q0u2e
00029
0003V
00031
00032
00033
006034
00039
0003¢
o037
0003k
00639
00040
00041
00042
00043
00044
00045
00040
00047
00048
00049
00US0Q
00051
00052
00V 3
00054
00055
00056

LNGTITN ,FOR FORTRAN V,4A(230) /KI 2=0CT=75 2139 PAGE 1

SUBROUTINE I45HOMUCA,B,C,Dp I 1AX, JMAX)PULSE,FXsFYsALPA)BETA,DEN,
1 UTOP,JAUT,TRIG,1TUTX,JTUTY, ICOUL, JROW)
C“'"-.-'----"‘CSUHRUUTIUE JhUMwrvennnercvenugnaw
C THIS SUBROUTINE CUMPUTERS DISPLACEMENT FIELD CAUSED 8Y A LOCALIZED
c INHOMOGENEITY ErgbDDED 1o As LLASTIC HALF=SPACE,.
c---.-.-..-...-..-n---.-.-----.-..-ﬂ......-.-.-‘--
DIMENSTUN 1COUL (1) ,JEON (L)
DIMEGSIUN ACEMAXpJ¥AX) » B (TiaXpdMaX) »CCIMAXpIMAX) DCIMAX P IHAX)
DLEENSION ALPRCITOTX,JTO0TY)»bETACITOTXsJIUTY)»DEN(ITOFX,JTOYTY)
OIMENS10n PULSE(L)pFEX(5+5)sFY(5,:5)
COmMOI ZGEUPH/ZIGEU,118REIDECS, IVECL »MGEO, IDEINC, ICONS
COMMON /BR1/1DX,JDY,S0NY,8042,DT,NPUL,1SYH1, ISET,18T,1FN,
1 JUST,JFH,EITER
COMMOL /pA/CONY,CON2,CON3, PONL,PONZ,PON3, TONL,TON2,TON3
JEDTTEIBOT =] . -
JTUPPEJITUP+1
lIRIGGSIRIG=1
TI¥E=0,9
MPE1
TEADEDT#HNITER
93¢ TIMESTIMESDT
C*ii*!#i#ui*iidi&&&*l*i***i&**i*ii*&l*!&&*&!**ihl*
¢ CORPUTATION FUk THE HOMOGENEQOUS REGION
C*&**#**#i&ibli‘!i{*%*i*i*iil!l¥i%*!&*§*i§§i**&***
CALL ITER(A,B,C,D,IHAL,J#AN,CONY,C0i:2,C003,2,1IDX,2,JT0P)
CALL YTERP(RsirgCrlpInnX s JitAX,COrIC0: 2,C0M3,2,1DX,JB0T,JDY)
C*G*******&&&m&&&é*%*ﬁli#&*&lfﬁ%&ﬂ&*&&i*h#ti!*l***
[ COMPUTATION FUR THE INAORUGEWEJUS REGION,
C*i*&&*é{#i#{#&&¥&*#*l*i&*§#ﬁ*i#¥{#i#&!****&&&**‘i
Cabl ITERR(4,8,C,0,1YAX,JAX,ALPA,BETA,DEN,ITOTX,dJTOTY,
1 2,IRIGG,JIUPP,JBUIT)
IF(IRIG,U1,1X) GO To 789
CALL 1TER(A,B,C,U,1HMAX,JNAX,CONL,CUN2,CON],
1 JR1G,IUX,J3T0PP,uBOTT)
789 CGhTINUE
IF(NPLGTLHPULY GO TO 77
C Mttt 0 st g d e B 33046023 2006 03 00 00N
o COMPUTATION FOR THE SOUKCE REGION
C IR EZ2Z X R SESS SRS ZZZSZL SR AR S YR SR ZSTE RS 222 2 2 3
LC 52 1=IS1,1FN
ITEM=I=IST+L
Lo 52 JU=JSTHIFN .
JTEMRJwIST ¢
BCIsd)=n(1pJd)+FXCITEM, JTER)*PULSE(NP)
52 DEI,d)SO(1,J)+FY(ITEH,JTEN) #PULSE(NP)
11 CUNTINUE
GO TO(71,72),15YM .
Ci‘ii&*l&llii#&*&ii**ﬁiih!h*ii**“*Qiii*!!&&l***l*i
C » SYMMETKRY COLDITIOW
CH s e a3 03K 00343 003330390336 3 3 383 36 30 3 96 5 3 3 36 9 3 #

71 PO 4u J=2,J9mAX
B(1,J)==8(ISET,J)
40 D(1,9)=0(15ET,J)

CI**Q*&*&&Q&&QD!*!&&*!l*!iii*Iilililiiiiiliii*}*i*
C FKEER BOUNDARY COMUITION,
Ci**lo’ilb&!*l*iiil&}l{**ib&ili*i*#kl{liii&b****i'
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INHOMO LUN47TN.FOR FORTRAN V,4A(230) /KI Z=0CT=75

00057 72 DO 30 I=2,1DX

000548 BCI,1)=8(1,3)+D(I+1,2)=D(l*1,2)

00059 30 D(1,1)=D(1, 3)¢bUh2&(v(1¢1'¢)~a(I 1, 2))
00060 GO TO(B3,B4),15Y

00061 83 B(l,1)2el(1SET, 1)

00062 U(1,1)=D(ISET,1)

00063 84 wPEnpet

000061 CHURERE AN SBRBRE B R G RRBRRRS N RET R RN TR NN ERE R

2139

PAGE 1=t

00065 C LIST TnE& UUTPUT

00060 CHut R e R e P B R B R EREREFERRFFRRRNS R R FRERED RN BN

00067 CablL LISTP(b,D,InAX, AKX, IGCO, ITERM, IDECS,1DECL,NGEQ, IDEINC,

oovos 1 1CUUL,JRQY p ICUGS,TINE)

00V6Y IF(TInE,GT (TRI<l') RETURN

000U CHRARBERUF R BN BB LS PHE RO RE R BB RSB RREERERRRECHL RN

00071 C CHRASGING THE ARRAY FUR ThE LEXT TIMYME STEP,

00072 CMBA T W 0205233203832 303 330020040 0630 0 0303 30090 00 3N

000673 DO 99 I=1,1MAX

00074 DU Y0 J=1,JHMAX

000175 TEMPBEB(1,d)

00070 TEFPDED(I,JI)

000717 BCLpJ)SA(LeD)

00078 A(T,J)STEMPB

00079 P(1,9)=C(1,J)

0008V C(1,J)=TENPD

00081 90 CONMTINUE

00082 GO TO 999

00083 ° RETURN

00084 ERD

COMBOR BLOUCKS

/GEQPR/ (+7) .

I1Gr0 +0 ITERM +1 IDECS +2 IDECL +3 NGEO +4

ICELIHC  +5 ICONS +6

/BR1/(+15)

IDX - +0 Joy +1 SOy +2 SON2 +3

DT +4 NPUL +5 1SYM +6 ISLT +7 1ST +10

IFN +11 JST +12 JFN +13 NITER +14

/BK2/(411)

Count +0 COK?2 +1

CON3 +2 PON +3 PON2 +4 PON3 +5 TONY +b

TON2 +7 T0N3 +10 ’ '

SUBPROGRAMS CALLED

ITER LISTP ITERH

SCALARS AND ARRAYS ([ "#* HNO EXPLICIT DEFINITION = ngn NOT REFERENCED )
JI10013 10012 2 Joott 3 « 10010 4 #1RIGG 5

*ITEM 1 10027 10 ALPA 11 «IV026 12 BETA 13
+10UV24 15 10023 10 «lTOTX 17 - 10022 20 JI0021 21
+10020 23 B8 24 *TEMPB 25 ICUUL 26 .IOO}J 27
J10032 31 «10031 32 10030 33 «IRIG 34 *J 3%

146

«JTOP ]
+ 10025 14
#JMAX 22
JROwW 30
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ITER LNQTTN FOR FORTRAN V,4A(230) /KI 2«UCYe75 2139 PAGE 1

00001 SUBROUTINE I1ER(A,B,C,D,IX,IY,COu1,COn2,C0N3,11,12,J01,J2)

00002 ConupuosnnnnseewSUBROUTINE JTERKaaeweunnsusenasnnounes

00003 Cc THIS SURROUTLINE CUMPUTERS OISPLACEMEMNT FIELD FOR A HOMOGENEOUS
00V04 C REGIOH BY FIWITE DIFFERENCE SCHEME,

00005 (o ARGUMENT DEFINITIUKS,

0ou0e c Al HURIZUNTAL DISPLACEMENT AT (M)=TH TIHE STEP

00007 c Bt HURJZORYAL DISPLACERENE AT (%+1) OR (M¥=1)=TH TIME STEP.
00008 C Ct VRRTICAL DISPLACEIMENT AT (M)=TH TIME STEP,

000uY C D3 VERTICAL DISPLACEMENT AT (441) OR (M=1)«TH TIME STEP,

00010 C CON1,CUiH2,Con3t COnSTANT TERM FOR A POMOGEMEQUS REGION.

00011 [ L L R L e e T T Y]

00012 DIMENSIUN A(IX,1Y),B(L1X,1Y),C(IX,1¥),D(1X,IY)

00013 DO 70 I=11,12

00014 1P=1+1!

00015 INzs]w] .

00016 Do Tu J=Jd1,d2

00017 JP=J+d

00018 Jh2dwi

0001y BCI,J)SA(L,J)4A(1,d)=E(1,J)+CONI#(ACIP,J)=A(T,J)=A(I,J)+ACIN,J))¢
0ov20 1 CUB2#(C(IP,JP)=C(It,dP)=C(IP,Ji)+C (I, dN))+CONI*(A(T,IP)=A(I)d)=
000214 2 ACI,J)+A(L,JN))

00022 D(L,d)sCled)+C(L,d)=0(Y,d)4CONIR(C(I,dP)Y=C(I,J)=C(I,Jd)+C(I,JdN))+
00023 . 1 CORu(ACIP,JP)=ACLIL, IP)=A(IP,JN)+ACLIeJdN)I+CONIR(C(IP,J)"C(]IJ)m
00024 2 C(1,3)+C(1In,d))

00025 70 CONTINUE

ovo26 RETURN

00027 END

v

SUBPROGRAMS CALLED

SCALARS AND ARRAYS [ "#" KO EXPLICIT DEFINITION « "$" NOT REFERENCED ]

#JP 1 1001372 210012 3 +1001¢ 4 10010 8 B 6
#J2 7 #Ip 10 #JN 11 ®J1 12 *COK3 13 *J 14
D ' 15 A 16 +S0001 17 +SD00G 20 *CON2 21 #I2 22
#IN 23 w1y 24 10007 25 s1vooe 26 JI0005 27 JI00ua 30
#CONY 3 10003 32 - 10002 33 JIvoog 34 #11 35 1’ 36
s1ouco 37 C 40 . *IX LY 210017 42 210016 43 +10015 44
10014 45 )
TEMPURARIES
JITELE 46
ITER { NO ERRORS DETECTED )
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ITERH

00001
00002
00003
00004
00005
00V0b
00v07
00008
00009
00010
00011
0Qoi2
00013
00014
00015
00016
000L7
00018
00019
00020
00021
0ov22
00023
00024
00025
00026
00027
00028
00029
00030
00031
00032
00033
00034
00035
000306
00037
00038
00039
00040
000414
00042
00043
00044
00045
000406
00047

LN47TN,FOR FUORTRAN V,4Aa(230) /KI 2=0CT=73 2139 PAGE 1

C
c
C
C
C
C
c
c

10

1

U W -

O B W N e

SUBROUTIHE ITERHCA,8,C,DsIMAX,JUAX,ALPA,BETA,DEN, ITOTX,
JTOTY,11,12,01,J2)

wosnasunwenewreSURKJUTIE 1ThkHovevwevwwonassenasewen

THIS SUBRUUTILE CurpPUTES DISPLACEMENT FIELD FOR AN INHOMOGENEOUS
REGION kY FINITE DIFFERENCE SCHEME,
ARGUMENT Deb LiITIONSS

ALPA,BETAS LAME CUONSTANTS,

DEN: DENSITY,

#ALSU SEE SUBRUUTINE ITER FOR DEFINITIONS.

DIMELSION ACINAX JINAX) BUIMAX JAXY pCC(IMAXpIVAXY s DCINAX P JiMAX)
DIMERSLON ALPA(LYOTX,JTOTY),BETA(ITOTX,JT0TY),DEN(ITOTX,JTUTY)
Ih=1 .

PO 10 1I=1%1,12

IP=1+1

Iivzl=}

IH=IH+1

IHP=IH+1 -

IHN=]H=}

JH=1

DO 10 J=J1,J2

JH=JHe1

JPp=Jd+ld

JNEJe]

JHP=JH41

JHNSJHe}

CORST=NEE(1H,JHY /4,0

COnMI=DEN(IH, JH)#RETA(IN,)JH)

TEMPSDEN(IF,JH)#ALPA(IH,dH)
CONZR(CN14TEFPY /4,0

CONI=CONTI+CONLIFTENMP

BCIrd)aA(L )d)+A(12J) "B (LpJ)+CONSTH*(ALPA(IHPJHI+BETA(IHP/JH)+
BETA(LYP,di)=ALPA (LI ,JH)SBETA(IHN,Jd)=BETA(LIRY )JH))#(A(IP,J) "

ACIH,d))4CUR3¥(ACIP, )AL, ))ear(I,0)+5(Tr,d))+CUNST*(ALPA(IHP,JH)
“ALBA(THN,IHY)#(C(T,JpP)=C(L,Jdy))+C012%(C(IP,IP)=C(INIJIP)=C(LP N}

#CCIn,dl))+COM Lo (ACL,JP)A(T,J)=Al1,J)+ACL,J0))+
CONST#(BETA(1R,JHP)=bETA(IH, JhN)I#(CCIR,J)=CLIN,J)+A(I,JP)=
A(I,dlv))

DCI,0)=CLLd)+C(ToJ)=D(LsJ)+CONSTH(ALPACIH, JHPYI+BETA(IH)JHP) ¢
PETA(LB,Jhp)«ALPA(LIH,JHA)=EETA(LIE,JHL ) =GR TA(IH,Jhn))%(C(1,Jp)>

CCT,Jn))+CUN3(C(1,IP)=ClL,J)=C(1,J)+C(L,Jn))+CULST*(ALPACIH,JHP)
~ALPA(FH Ui ) I*(ACIP, ) =ACIN, ) ) +CON2% (AP, JPY=A(LisJP)=A(LP2JN)

A (IN,00))4CON R (CCIP,0)=C(L,J)=C(L1,J)4C(L~N,T))+CONSTH(
BETACLHP Jh)*bETACIHE gJH)I¥(CCIPyJ)"CUIN,JI)+ACLIsIP)=A(LI,UN))
CONTINUE

RETURN

END

SUBPROGRAMS CALLED
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INTERY

00001
00902
00003
00004
00005
000Vo
00007
00008
00009
00vtv
0001l
00012
00013
00014
00015
0o0vioe
00017
00018
00019
00020
00021
00022
00023
00024
00025
00026

LNATTN FOR FORTRAN V,4A(230) /KI  2=0CT=7S 2139 PAGE 1

SUBROUTINE INTERY(A,B,C,0,CUNL,CON2,COM3,B0OUNL,BOUNZ,BOUNS,
1 11,12,J,1IDX,10Y) .
C----.---v--u.-nSURRQUTl[.E JNTERY eumeenwnsocsnonnnuwoe

Cc THES SUBRUVDUTINE CUAPULTES DISPLACEMENT AT HORIZUONTAL
C INTERFACES FUR UNE~LAYERED DR VERTICAL FAULT MODEL,
C ARGUMERT DEFIVNITLIONS,
C A,8,C,D3 SEE SUBRUNTINE ITER,
C CUN1,CUG:2,CO:i31 CULSTANT TERM FOR A HOMOGENEQUS REGION,
c BUUN1,bUUNZ, EOUL3S CONSTART TERN FOR AN INHOMOGEREQUS REGION
o Ji VERTICAL JupkX rUrgxER FOR THE HORIZUNTAL IsTERFACE,
c--.-...ﬂ_..--------..-----.-’--‘.-.\-.'-‘--.--.--.
DIAENSION ACIDA,LDY),B(IOX,10Y),C(LDA,1DY),U(IDX,IDY)
JnNsJey
Jp=d+l
DO 10 I=14,12
In=l=}
Ip=1+1

BCL,J)ZACL,J)4A(1,0)~B(Y,J)+CONL#(ACLIP,0)=ACI,J)=ACI,J)+ACIN,J})+
1 CORZ2%(CCIP,IP)=CLINyJIPI~CLIP )40 (Iny ) )+CON3R(A(TI,IP)I=A(Isd)"
2 A(L,2)A(L,UnN))4bBUURLS(C(LP,d)wl (T, J)4+A(T,JP)=A(I,JN))
DCLsJISC(IrdI+C(1p0) D1, J)+CONIR(T(IoIP)=C(1od)I"CCL,JI+C(TsJHI)*
1 COnZ2u(A(LP,IPY=A(L1N,JP)ea(IP,Jit)+A I, dM))+COAI¥(C(IP)J)=C(I,J)m
2 COL Ji+C(INJ)I+bUUN2¥(CUL/IP)=CLa0n))+bOUNIR(ACIP,J)=A(INIT))

10 CONTINUE
RETURN
END

SUBPKOGRAMS CALLED

SCALARS AND ARRAYS ( "#" KNO EXPLICIT DEFINMITION = "$" NOT REFERENCED ]
*JP 1 JIvulld 2 J10012 3 ,1001t 4 210010 5
*BOUN3 7 2} 10 *BOUN2 11 1P 12 *IDY 13
#BOUNL 5 *CON3 fo *J 17 D 20 A 21
«CON2 23 *12 24 #IN 25 «10007 26 sI000b6 27
«lovod 31 #CONy 32 210003 33 10002 34 10001 35
#1 37 , 10000 40 (o 41 10017 42 «I0016 43
210014 45 . ° ’
TEMPURARIES
JINT16 40 +Q0000 47 « Q0001 50
INTERY ([ WO ERR(ORS DETECTED )
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*#JIN
«S0000
« 10005

#11
JI0VLS

&

14
22
30
36
13



INTERX

00001
00002
00003
00004
00005
00006
oouL?
00004d
00009
00010
00011
00012
00013
00014
00015
0001t
00017
00018
0001¢
00020
00021
00022
00023
00V24
00025
00020

LN47TN,FOR FORTRAN V,4A(230) /KI 2=0C1~75 2139 PAGE 1

SUBRUOUTINE INTERX(A,B,C,D,CUNL,CON2,CON3,BOUNL,BOUNZ,B0UN3,
1 1,J1,J2,10X,10Y)
CrevunamuecowwwaSUbRUGUTINE INTERXwounnenavnwvancavewn
C THES SUEROUTILE COMPUTES DISPLACEMENT FIELD AT VERTICAL
C INTERFACES FUR A VERTICAL FAULL MODEL,
C ARGUMENT DEFINITIONS,
C COi} ,CHIN2,CUN31 CULLSTANT TFRM FOR A HOMOGEMEOUS REGION,
C It HUORIZONTAL 1NDEX NUMBER FOR THE VERTICAL INTERFACE.,
C BOUNL,BOUK?,B0UR3: COLSTANT TERM FOR AN IWHUMUGELEOQUS REGION,
C # ALSO SEE SUBROUTINE I~TERY FUOR DEFINITIONS,
c-—-----.-’-----..---C~-.‘---’-—----.-----—.-.-—-.
DIMENSION ACIDX,1DY),BCILX,I0Y),CCIDX,10Y),D(IDX,IDY)
INT] =] . .
IP=1+1
Do fo0 J=J1,Jd2
Jilsde}
JPaJ+t
BCL,J)=A(T ) +ACI ) =R(IpJI4CONIR(ACIP,I)=A(I J)=ACL,J)+ACIN,J) )+
1 COn2%(CIPyIR)®C (Lo dP)=CLIP,Ji)+T(IN,Jn))+CURIR(A(L,IP)I=A(I,d)"
2P (L,0))+R0USLe(ACIP,J)walInN,J))4BOULL&(C(I,JP)=C(1,JN))
DCIpI)SCCI ) 4CCI ) =D(I,Jd)+CONIR(S(T,IP)=C(1,0)=C(1I)4C(L,IN)I¢
1 CONZ2#(ACLP,JP)=ACIt,JP)wA(LlP,dJi)+A(LN,IN)Y+CLM3IR(C(IP,J)=C(1,d)=
2 CCLpJ)+C (1w, d))+80UL3¥(C(IP)J)=CUINsJI+ACI,IP)=A(]I,JdN))
10. CUORTINUE
RETURN
END

SUBPROGRAMS CALLED

SCALAKS AND ARRAYS [ "#" KO EXPLICIT DEFINITION = "*%" NOT REFERENCED )

*JP 1 L10013 2 ,10012 3 L10011 4 ,10010 5

*BOUN3 7 B tv *BOUNZ 11 »J2 12 *1P 13

*#JN 15 #BOUNTL 1o *#J1 17 scond 20 *J 21
A 23 2 S0000 24 *CON2 25 #IN 26 o 10007 27
+ 10005 31 +10004 32 #CONg 33 oJ00U3 34 s10002 35
+10000 37 #I 40 c 41 s10017 42 " ylo010 43
,10014 45

TEMPORARIES
JANT16 46 .Q0000 47 ,Q0001 50 ,00002 51

INTERX ([ NO ERRORS DETECTED )

150

*IDX
#10Y
D
l0U0e
10001
olUO@?

6
14

30
36
44



CORMNER

00001
00002
00003
Qoou4d
00005
00006
00007
0000
00009
00040
00011
00012
00613
Qo014
00015
00v16
00017
0001
00019
00020
00021
00022
00023

LN4TTN,FOR FORTRAN V,4A(230) /KI 2=UCT=75 2339 PAGE 1

SUBROUTINE COURHER(A,B¢CsDsIDX,IDY,1,J,CONL,CON2,CONI,BOUN],
1 BUOUNZ,B0Un3,RUUNS,BOULS,BOUNG)
COuu-------..-uSUHRUUTIP'E CURNERvweanscvoosuvnsocanssns

C TH1S SUbKUOUTIuE CuxpPUTES DISPLACEWAENT AT THE CORNER OF
c ARGUMENT DEFILITICHS,
C THE VEKTICAL FAULT MUDEL, :
c ® SEE SUBPOUTINE INTERY AND IHTERX FOR DEFINITIONS,
C.‘.-.--Q-------.-.---.ﬂ-w.ﬁ..Q--..-.-..----..-..-

DIMENSION ACIDX,ILY),BCIDX,I0Y),S(IDX,1DY),b(1DX,1DY)

JiizJw]

JPaJ+}

ISIE D)

1PaI4d

B(I,J)=ACL,J)+ALT,JY =L (1, 0)4CONLI#(ACIP,J)=AC(TL,J)*R(1+J)+A(1N,JI)*
1 COn2e(A(IP,JP)=A(L},JP)=A(1P,J)+R(10,01))+CNu3%(C(IP ) =C(1,J)=

2 ACY,JY4A(L,din) ) 430Ud1#(CUIP,J)=C(IH,J)+a(),dP)=ALT,0H))
3 4BOUNZ#(ACLIP,J)=A(Licsd))+BLURIH(C(I,IP)I=C(IsJH))

DI, B)=CI,J)+C (L, d)=U(1,J)+CONL(C(L,dP)=C(L,d)=C(I,J)+C(I,JN))+
1 CUN2#(C(1PpJP)I=C(1ngdPI=CLIP,IN)4T(L ¢ pIn))+CONI*(A(IvIPI=A(1sd)=
2 C(L,J)+C(1u,0))¢bGUN4n(C(L,JP)=C(1,Jn))+BQUNSR(A(IP,J)=A(IRIJI)Y

3 BUNNB#(C(IP,J)=C(1M,J)+A(1,JP)=A(]1,IN))
RETURN
END

SUBPROGRAMS CALLED

SCALARS ANMD ARRAYS [ "#" NO EXPLICIT DEFINITION = "%" NOT REFERENCED }
»JP 1 10043 2 + 10012 3 «1001¢ 4 10010 5
#BOYN3 7 8 10 #BOUNZ 11 *1p 12 *#1DY 13
#BOUNY 5 *CUN3 16 #«80UND 17 *J 20 D 21
«Con2 23 *IN 24 #BOUNS 25 100607 26 1v00b 27
Jovo4 31 *CUNY 32 Iovo3 33 Jovo2 34 Jvool 35
»1 37 »BOUK4 40 c 41 «10UL7 42 J0016 43
10014 45 )
TEMPURARJES
+COR16 46 .Q0000 47 ,Q0001 S0 200002 51 Q0003 52
«©000S 54
CORNER

[ NO Eagpks DETECTED )
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#IDX
#JN

» 10009

L0000V
«10015

,Q0004

6

14
22
30
b
44

53



GAUSS LN4TTH,FOR FORTRAN V,4h(230) /KI 2=0CT=75 2139 PAGE 1§

00001 SUBROUTINE GAUSS(F,DT,w,NMAX)
00002 Comenvrannnesca=aSUHRIIUTLLE GAUSS s-eswcscsvasnnnanan

00v03 c THIS SULBRUUTLINE COWPUTES TINE DEPENDENCE (OF SUURCE FUNCTION
00004 C USING GAUSSIAN FUNCTION(BOLY FORCE),

00005 c ARGUMENT DEFINITIONS,

000Q6 C ! SOURCE TIME FUNCTION,

00007 c 0Tt SAMPLING INTEKRVAL OF TIME,

00008 C NMAX? Thh LESGTH UF ARRAY F,

0000y C w3 PARAMETER DETEKRMING THE w1IDTH UG THr SUURCE FUNCTION,
00010 oL L L I PR LI DL LY )

000§1 DIAENSIUN F(1)

o012 TST=ww#l,b

00013 NUAX=LIFIX(TST#2,0/DT)+1

00014 ALPAZZ ,0/("#wW)

00015 Te=TST=DT

00046 - DO 10 I=1,NMAX

00617 I=T+DT

000V1d TT=T*T*ALPA

00019 10 FCI)=EXP(=TT)

00020 KETURN

00021 END

SUBPROGRAIS CALLED

IFIX,
EXP,

SCALAKS AND ARRAYS [ "4" NO EXPLICIT DEFINITION = "g" NOT REFERENCED ]

*W s Y | 2 *ALPA 3 ¥DT 4 *TST 5
*I ] #NMAX 10 *T7T 1 F 12
TEMPORARIES

JGAU16 13 +Q0000 14

GAUSS ( NO ERRORS DETECTED )
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SPAC LN47TNH FOR FORTRAN V,4A(230) /K1 2=0CT=75 2139 PAGE 1

00001 SUBROUTINE SPAC(Y,D,DT,T,NMAX)
00002 (ewanvevsvcscsnaSUdKRUT]!E SPACwwecvancnvwnevnwwpnnw

00vo03 c THIS SUBRoUTI®E CALCULATES THE SPACIAL DEPENDENCE OF SOQURCE
00004 C FULCTLO., THE SHALLEST SCURCE ReEGLO6 IN THIS COUMPUTER PROGRAM IS
00005 (o} 20X%#20Y,wHEFRE DX AMD DY ARE SAMPLING INTERVAL IN SPACIAL DOMAIN,
00006 C ARGUNENT DEFIHITIONS,

00007 C Y,D3 FULCTIUN WHICH CAd DETERMINE SPACIAL DEPENDENCE
00008 C OF SOURCE FUACTIuUN,

00009 C DTt SAMPLINSG INTERVAL ( =DX OR 0Y),

00vi0 c T! PARAnWETER WHICH CUnTRL THE EXTENT QF THE SOURCE REGION,
00011 c NMAX$ THE LENGTH OF ARRAY Y OR D,

00VL2 (L P L R L L R P LI SR E L AL L L L L L]

00013 DIFENSION Y(1),D(1)

oovid T2=2T%2,0

00015 T3=T#3,0

000106 T4=T%4,0

oouvi? NMAXSIFIX(T4/DT)+1

0001ty CUAR0 .5/ (THT)

00019 X==DT

00020 b0 10 I=1,kMAX

00021 X=X+DT

00022 IF(X,GT,T) GN TO 2%

00023 Y(I)aA#X*X

00024 D(I)=2,0%A%X

00025 GO TO 10

00020 21 IF(X,GT,T3) GO TO 22

00027 Y(I)S=A(XeT2)*(X=T2)+1,0

00028 D(I)==2,02A%(X=T2)

00029 Go TO 10

00030 22 Y(I)=A%(X=T4)%(X=T4)

00031 D(1)S2,0%A%(X=T4)

00032 10 COuTINUE

00033 . RETURN

00034 EHND

SUBPKUGRAMS CALLED

IFIX,

SCALARS AND ARRAYS [ "#" XO EXPLICIT DEFINITION = "gn NOT REFERENCED )

»T ! #DT 2 _ Y 3 T4 4 D 5 *A

1
«S0000 7 X 10 #T3 it 131 12 #NHAX 13 *T2

TEMPURARIES
SPA16 15

SPAC { NO ERRORS DETECTED )
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LIsTP

00001
00002
00003
00004 Cc
00003 C
00006
00007
00008
00009
000tV 11

00011 13

00012

00vV13 10

00014 400
00V15

00016 14

00017

000138 20

Qo019

00020 12

oov2l

0Qu22 40

00023

00v24

00025

00020

00027

00028

00029

LN4TTN,FOR

FORTRAN V,4A(230) /KI 2=0CT=7%

SUBKRQUTINE LISTP(B,D,IMrAXyJ1AX,)IGEQ, ITERM,IOECS, IDECL¢NGEQ, .

1 1DEL1LC,ICOUL,JRD*,JCONS,T1ME)

CowenvanswanuneSUBRUYUTIIE LISTPesevesvnccnwosnananan

2139

PAGE 1

ThIS SUBRUUTINE wRITES THE DISPLACEMENT OUIPUT IN LINE PRINTER AND

IN A MAGHETIC TAPE,

c---------u.--..----.--.----.-------.O.---------.-

DIMENSION B(IMAX,JHAX),D(IMAX,JMAX), ICOUL(L),JROV (L)

COMMUN /INUUT/L4,10UT,ITAPE

GO TO(11,12),1GK0

GO TO(13,14),XTERM

DO 1y J=IDECS,1PECL,IDELLC
ARITECIOUT,400)TINE,ICONS,J,RCICONS, ), D(ICUNS, )
WRITECITAPE, 40U TINE; ICCLS,3,B(1C0xS,J) ¢ DCICONS,)
FORMAT (2X,F10,5,2X,16,2X,16,4X,2E20,8)

RETURN

PO 20 I=1DECS,IDECL,IDEILC

WRITE (LOUT,400)TIKE, I, ICONS,)B8(1,ICONS),D(I, [CONS)
wRITE(ITAPE,200)TIME,1,ICON¥S,5(1,10068),D(I,ICUNS)
RETURN

InnN=t

Jiisy

1T=ICUUL(INN)

JT=JRUS(INN)

SRITE(IOUT, 400)TIME, 1T, JT,8(IT,JT),0(IT,JdT)
WRITE(ITAPL, 40U)TIME,IT,JT,8(ITyJdT),L(IT,JdT)

IF (INL,GT NGEO) RETURN

CO¥MMON BLOCKS

/INOQUT/(+3)
1N +0

SUBPROGRAMS

SCALARS AND
#ICONS 1
*JDEINC 7
*J 1 18
#TINE 23
*ITERM 3%
TEMPURARIES

«LIS16 46
LISsTP

INMINNSY
GO ro 49
END
1007 +1 ITAPE +2
CALLED
ARRAYS [ "#® NO EXPLICIT DEFINITION = "$" NOUT REFERENCED ]
#IDECL 2 *+IGEOQ 3 #IUNN 4
*JT 10 1CoUuL 11 JROW 12
#1MAX 16 D 17 «SUV0Y 20
JJ0007 24 ,10006 28 #IUECSs 26
«J0G03 32 « 10002 33 «10001 34

{ NO ERRORS DETECTED )
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*JMAX
#NGEO

5
13

«S0000 21
, 10905 27

#]

35

B 6
*INN 14
*17 22

10004 30

I0000 36



LIST

00001
00002
00003
00004
00005
00006
00007
00008
00009
00010
00011
00012
00013
00014
000LS
00016
00017
000418
00019
00020
00021
o0v2e
00023
00024
00025
00026
00027
00024
00029
00030
00031
00v32
00033
00034
00035
00030
00037
00038
00039
00040
00041
00042
00043
00044
00045
00040
00047
0004

COMMUN BLUCKS

LNATTN,FOR FORTRAN V,4a(230) /KI 2=0CT=75 2339 PAGE 1

SUBROUTINE LIST(IMUDE,ALPAY,ALPA2,RETAY,BETA2,DENY,DEN2,DX,TX¢T)

c..--.---.--......-.-.----...-.-----.------..---.—

C

TH1IS SURRUUTINE LIST PAKAMETEKRS OF THE rQLEL,

Cenmmovnsnncvacannvavevovornrensaccnrsneveunnennreatoenoeun

11
100

12
200

13
300
14
15
400

16
500
17

600

700

c2

800

22
S0y

JINDUT/ (+3)

. IN

+0

/Br1/(+15)

10X

+0

NN - D WK -

[ S S

fon

CONMMOUN /1nOUT/In,10UT,l1TAPE
COMMUN /BKY/1IDX,JdbY,SUN 1,50'42101"NPUD115YH; ISLT!IST'IFN'
JST,JF4,NITER
GO 10 (11 12,13),110D0E
wRITECIQUT,100) !
FURMAT(//,4X, "PRESENT MODEL IS ONE=-LAYERED HALF=SPACE')
60 TO 14
wRITE(IUUT,200)
FORMAT(/7,4X, VPRESENT MODEL IS VERTICAL FAULT!)
GO TO 14
wRITE(IOUT,300)
FORMAT(//,4%,'PRESENT MODEL IS LOCALIZED INHOMOGENEITY')
60 TO(15,16),1SYM
wRITE(LOUT,400)
FORMAT (4K, VTHIS MODEL IS SYMMETRICAL!)
GO TO 7
ARITE(IOUT,500)
FORMAT(4X,'THIS MODEL IS ASYMFEIRICAL')
1IC=(IFN¢+1S81)/2
JCS(UST+IFN)/2
wRITECIUUT,)000)DT,DX,TX,T/NITER,IC,JC
FORYAT( /778X, 'TINE INCREMENTZ1,F10,54/9
8X, 101STANCE 1, CREMENTSV,Flu,5,/, '
X, 'SPACIAL SOUKCE WIDIH=!',F10,5,/,
BX, 'TEMPORAL SOURCE wILTA=',F10,5,/,
bX, tNUBER OF ITERATIONS!,1S5,/,
vXy 1CESTER OF SUURCE IS LOCATEL AT(',12,'0X,'12,'DY)')
wRITE(IOUT,700) ALPA1,BETALl,DEN]
FORMATL(/ /7 p8Xs "ELASTIC PARAMETERS IN UPPER MEDIUN'Y,/,

BX, 'LOMGITUDINAL VELOSITYSY,F12,5,/,
EX, 'SHEAR VELOCITY 2V ,F1245¢/0
BX,'DELSITY 21,K12,5)

GO T0(21,21,22),1IM0DE
FRITE(IOUY,800)ALPAZ,BETA2,DEN2
FORAAT(//,8X, 'ELASTIC PARAIETERS IN LOWER MEDIUMY,/,

8X, "LONGITUDINRL VELOSITY=',F12,5,/,
6X, ' SHEAR VELOCITY =1,F12,5,/,
6X, "DENSITY ' =1 ,F12,5)

WRITECIOUT,900)
FORMAT(//7/7,0Xp VTIMEY s X, "X = TNDEX ", 3X,'Y=I8DEXY 10X,
VHORIZUNTALY 10X, "VERTICALY ,/,41X, 'DISPLACEHENTY ,8X,
'DISPLACEMENT', /)

RETURN

END

JoutT +1 ITAPE +2
JDY +1 SON1 +2
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