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ABSTRACT

This paper presents a numerical model of stress wave propagation
(SOC) which uses material properties data from a preshot testing program to
predict the stress-induced effects on the rock mass involved in a Plowshare
application, SOC calculates stress and particle velocity history, cavity
radius, extent of brittle failure, and the rock's efficiency for transmitting
stress, The calculations are based on an equation of state for the rock,
which is developed from preshot field and laboratory measurements of the
rock properties,

The field measurements, made by hole logging, determine in situ
values of the rock's density, water content, and propagation velocity for
elastic waves. These logs also are useful in judging the layering of the rock
and in choosing which core samples to test in the laboratory. The laboratory
analysis of rock cores includes determination of hydrostatic compressibility
to 40 kb, triaxial strength data, tensile strength, Hugoniot elastic limit, and,
for the rock near the point of detonation, high-pressure Hugoniot data.

Equation-of-state data are presented for rock from three sites sub-
jected to high explosive or underground nuclear shots, including the Hardhat
and Gasbuggy sites. SOC calculations of the effects of these two shots on the
surrounding rock are compared with the observed effects. In both cases
SOC predicts the size of the cavity quite closely. Results of the Gasbuggy
calculations indicate that useful predictions of cavity size and chimney
height can be made when an adequate preshot testing program is run to de-
termine the rock's equation of state, Seismic coupling is very sensitive to
the low-pressure part of the equation of state, and its successful prediction
depends on agreement between the logging data and the static compressibil-
ity data. In general, it appears that enough progress has been made in cal-
culating stress wave propagation to begin looking at derived numbers, such
as number of cracks per zone, for some insight into the effects on perme-
ability. A listing of the SOC code is appended.

1. INTRODUCTION

The important engineering effects associated with an underground (non-
cratering) Plowshare application are the increase in permeability of the res-
ervoir rock, the height of the chimney, and the amount of seismic energy
generated by the nuclear explosion., A fundamental goal of the Plowshare

1.

“Work performed under the auspices of the U, S, Atomic Energy Com-
mission,
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program is to predict these effects when an explosive of known yield is det-
onated at a given depth in a given medium,

This paper presents results from a numerical technique called SOC
which calculates the propagating stress field in the medium surrounding an
explosive source and the resultant effects on the medium. We attempt to re-
late directly predicted changes in the medium, namely fracturing and cavity
size, to permeability change and chimney height. Seismic coupling is ob-
tained from the calculated displacement history of a particle in the elastic
region,

Part 2 of the paper describes a general numerical approach to stress
wave propagation. Part 3 discusses the material properties needed to relate
stress to deformation in an equation of state, These properties are obtained
by preshot field and laboratory measurements, Part 4 compares SOC nu-
merical solutions with experimental observations for sites where nuclear or
high explosive shots were made. The SOC calculations are based on mate-
rial properties obtained from laboratory tests on selected rock samples. A
listing of the SOC code is given in the Appendix.

2. THE NUMERICAL MODEL

A wave is a time-dependent process that transfers energy from point to
point in a medium. A wave propagates through a medium because of a feed-
back loop that exists between the various physical properties of the medium
that are changed by the energy deposition,

The cycle followed in calculating stress wave propagation is presented
in Fig. 1. We start at the top of the loop, with the applied stress field. The

Stress field
(t +At)
Equation Equation
of state of motion
Strains Accelerations
At
Displacement Velocities

\Af/

Fig, 1. Cycle of interactions treated in calculating stress wave
propagation,

equation of motion provides a functional relation between the stress field and
the resulting acceleration of each point in the medium. Accelerations, when
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allowed to act over a small time increment At, produce new velocities; ve-
locities produce displacements, displacements produce strains, and strains
produce a new stress field, Time is incremented by At and the cycle is re-
peated, The analysis of this loop is provided by a computer program, SOC,
which solves the equations of continuum mechanics for spherical symmetry
by finite difference methods,

2,1 Equation of Motion

The fundamental equations of continuum mechanics (conservation of
mass, linear momentum, and angular momentum) combine to produce the
following equation of motion for spherical symmetry, taken from Kellerl:

pﬁ:_<8P 43K K ) (1)

PRI IR TE

where p is the density, u is the particle acceleration, g is a body force used
to include gravity effects, and the stress tensor in the spherically symmet-
ric coordinate system is written as the sum of an isotropic tensor and a de-
viatoric tensor,
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We see from equation (2) that

1
P = -5 (Tgp + 2Ty
(3)
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Equation (1) is differenced by establishing a Lagrangian coordinate
system (j) in the material, These coordinates move with the material and
assume discrete values: 0,1,2,...,j~ 1,3 j+1,... . This coordinate sys-
tem divides the material into volume elements or zones, with the mass in
each zone remaining constant, At zero time each Lagrangian coordinate (j)
has a unique Eulerian coordinate RY; after n cycles, corresponding to a time
tf, the Eulerian coordinate is Rgl. !

Equation (1) is transformed into the Lagrangian (j) coordinate system.
Each stress component (¥) in this equation is a scalar function of position (R)
and time (t). If the Eulerian coordinate (R) is considered to be a function of
j and t then we can write

22 2

57

%

- 9R

5 (4)

oy

Equation (4) is easily solved for 9Z/9R.

‘ The time derivative of velocity simplifies considerably in the
Lagrangian system since j is independent of time. In the Eulerian system we
have

p-9ou  d
u =t

oy
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while in the Lagrangian system we have simply

ou.
1:1 :—8—‘1. (6)

Using equations (4) and (6), we obtain the following first-order difference ap-
proximation to the equation of motion (superscripts denote cycle, subscripts
denote Lagrangian coordinate, and RJr.1 - R . > 0):

j+1
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The following quantities are calculated at the beginning of the problem in the
generator (see Appendix 2) and are saved,

Vi = () - (R0) )
DVJQ_% - (mu?_F%) (vJ(.L%), ()
VJ(.)_% DVJ(.)+% + V;)_% , (10)
Mj+%=p§+%v§)+%, (11)

where p31+% is the input material density and muJ(-)_% is the volume compres-

sion due to the overburden pressure,

Equation (7) provides a functional relation between the existing stress
gradients (which are obtained from the values of stress in each zone and the
positions of these zones at time t) and the acceleration of each meshpoint. -
This acceleration when allowed to act over a smalLll time increment Ath
changes the velocity of each meshpoint (j) to u§1+5.
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2,2 Strain Calculation

After the motion of the material under the influence of the existing
stress field has been calculated from equation (7), we must now find how this
motion alters the stress field.

If we assume that the medium is isotropic, then the stress-strain rela-
tion (Hooke's law) has the following form for spherical symmetry:

. _ \% ou

TRr =2V * 24 31 - (12)
N u

TGG—T¢¢—)\V+2MR, (13)

where X and u are the Lame¢€ constants and V is the volume,
From the conservation of mass we have

\% _ du u
The dot represents a time derivative along a particle path, This will allow
us to write the stress-strain relation in incremental form where strain
changes will be referred to the current configuration of the element,

We use equation (3) to find P and K:

P- -k% (Where k=2x +—§—u is the bulk rnodulus) s (15)
s u _ du
k= u(f 2). (16)

The total volumetric strain is defined as

mu = ——, (17)

and equétion (15) is replaced by
P = f(mu,e), (18)

where e is the specific internal energy. The determination of f(mu,e) rep-
resents a major part of the equation-of-state work, and will be discussed in
the equation-of-state section of the paper,

The strain components given by equations (16) and (17) are calculated
in the code using time-centered coordinates at n + 3 as follows (all sub-
scripts at j + 3 are deleted):

n+1 1

R, = R™ - R? 4 L a0t
iT i 2 ’

1 1
AR;.]H - AR;1 + Atn+2u;1+2 ,

R RO L AgRTL
] j ]
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BT =Ty — + 3 -

2 Vn+2 Rj Rj+l

(20)

The last two equatioqrs1 above represent the strain terms that are used
in the code to calculate P+ and KB+1 respectively.

2.3 Calculation of Mean Stress (P)

In the code the calculation of mean stress depends on the state of the
material, During shock loading, equation (18) becomes

P%+l _ fH(mun+l) , ‘ (21)

where fyy is determined from hydrostatic compressibility and Hugoniot mea-
surements on core samples.

The calculation during release depends on the maximum internal en-
ergy *that has been deposited in the zone, If el}3%> e‘I, then P2t is calcu-

2

lated using a set of gas tables developed by Butkovich? in which P ig listed as
a function of energy with density as the parameter. The quantity e%. is the
vaporization energy which is related to the difference between the shock-
deposited internal energy and the area under the Hugoniot (the shaded area in
Fig. 2). The vaporization energy is obtained from the equation in Fig, 2,
where Py, is the pressure value for which the shaded area is just equal to the
vaporization "waste heat' for the material (2800 cal/g for SiOg in this case),

If eI < e < eI where e% is the melt energy, then the pressure on
release is calculated B’y

+1 _ pn+l n _
Pn = PH + T(e eH),

where
n-+1
Py

el is the internal energy at t%,

is the Hugoniot pressure,
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Fig. 2. Calculation of vaporization energy.

The quantity rlis an input quantity specified in the equation of state.
In order to assure a reasonable continuity of release paths for e™&X near e
the gas tables are mefged into the Hugoniot using equation (22), We have
found that values of I'* between 0.85 and 1 produce an acceptable transition
between the Hugoniot and the well-defined part of the gas tables. The melt
energy ed is determined the same way as el (see Fig. 2), except that the
"waste heat'' value for melting (shaded area between the curves) is less, be-
ing 600 cal/g for SiO,.

If the hydrostatic compressibility data indicate that the material locks
in the P-V plane on release (Fig, 3), then the code will accept one input re-
lease path in the equation of state, This release path is usually the experi-
mentally determined hydrostatic unloading path from 40 kb (the pressure
limit of our apparatus).

The point in the P-mu plane where the experimental loading and un-
loading hydrostats merge, mu%, is input in the equation of state, If
mugi‘gl_L > mu% then the release path follows the input unloading curve., If

2
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Fig., 3. Compressibility of DF-5A grout.
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max
mu.

41 < mu; then the release path is determined such that
2

L
( dP )“+2
dmu i+

where (dP/dmu); and (dP/dmu), are the slopes of the loading and unloading

hydrostats for P ;.
I*3

' max
mu

_ dP) j+i ( dP) ( dP)
= + - A (23)
<dmu 1, mué dmu U dmu L

NI

The pressure on release becomes

. 1 L
pntl | pn, (AP VT yOaynt
= pP? 4 1 1 —1—. (24)
dmu Vn+ (Vn+ + Ay 7)

2.4 Calculation of Deviatoric Stress (K)

. Equation (20) represents the initial attempt by the code to calculate
Kn+i.

- ' n+3
got+l _ pn +HI<AHK) . (25)

The quantity ul is the rigidity modulus from the equation of state, At the
present time the code accepts either a constant rigidity modulus or a con-
stant Poisson's ratio,

Adjustment of the Kn+l calculated in equation (25) is permitted if the
zone is undergoing plastic flow or brittle failure. The code uses two
strength tables, one for the consolidated and one for the cracked state, a
strain rate value KL, and a brittle-ductile transition point P{ in the failure
routines. The strength tables will be discussed in the equation-of-state
section,

If Pn+l + % K > P and if lKn+l (K;)(a) then plastic flow develops

and
Kn+1 = (Ké) (a) sign (ﬁ““) for e < e% (26)
= 0 for e > ei{ ,
where
eI _ . h
S S
S |
°f
The plastic strain (Aep) associated with the adjustment (flow rule) in
equation (26) is )
IKn+1 (K12 ) (a)
N . (27)
P M

If Prl+l + % IZ“+1< Pi and if fIZnH] is greater than the value of K
allowed by the appropriate strength table, then a crack is allowed to propa-

gate through the zone with a velocity Cy given by Bieniawski® as
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C, = 1l.14 S — (28)

pI <3 + ’ﬁ-)
A crack length CL and a crack ratio CR are calculated:
n+l _ .n n+ 3
C;  =Cy+ C, At ,
(29)
Ci+1
C, = <1
R n+1 n+ly = ¢
TERAR
A limiting value of K is calculated,
C. C 1
_ ph+l _ v R n+z I
Kl im = K 7|1 T =y At <K,. (30)
a (RO - R
J j+1

1

Equation (26) is used to calculate K" with Ké replaced by K

Lim?®

The form of equation (30) represents a compromise between a disloca-
tion theory formulation and a Maxwell solid formulation in which the viscos-
ity n is replaced by

n = 4uAR

CVCR-

(31)

The relaxation of the deviatoric components of stress during brittle failure
has been observed experimentally by Byerlee4 under gquasi-static loading,
Ahrens and Duvall® have measured the attenuation of the elastic precursor in
three quartz rocks in one-dimensional plane geometry and found that on the
"elastic' Hugoniot

dK

____Lim _ 44 kb
F = T~ 40 usec (32)
with a relaxation time of 0.7 usec. Equation (30) gives
dK. . Zn+l
_ Lim _ [K | (33)
dt 0.7

assuming C, = 1 and 4AR/CV = 0.7 usec, Since the difference between the
precursor radial stress and the isothermal hydrostat is about 40 kb for the
rocks Ahrens and Duvall considered, then

Kl @) (40) kb,

Using this value of KA i equation (33) gives 43 kb/usec for F,

Equation (3) is used to describe the relaxation of the stress deviator
during brittle failure, No attempt is made to distinguish between ''tensile"
or "'shear' failure in the crack routine itself,

The internal energy and stability calculations are the standard formu-
lations of Cherryb for an adiabatic Lagrangian code using artificial viscosity.
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The total energy in the problem (internal, kinetic, and gravitational) is de-
termined at specified times and compared with the input energy. Agreements
within 1% or less are considered normal. The listing of the code is given in
Appendix 1,

3. DETERMINING AN EQUATION OF STATE FOR
THE ROCK AT A PARTICULAR SITE

The equation of state for the rock at a particular site is developed from
field logging and from laboratory tests on selected rock samples, Ideally
these programs should include the following:

3.1 Logging Program

(1) Density log

(2) Elastic velocity log
(a) Compressional velocity
(b) Shear velocity

Hopefully, these logs will permit a judgment concerning both the layering of
the medium and the choice of core for laboratory testing.

3.2 Core Tests

(1) Hydrostatic compressibility up to 40 kb
(a) Loading
(b) Unloading
(2) Triaxial tests at various confining pressures and saturation
levels,
(a) Consolidated
(b) Cracked
(3) Tensile strength
(4) Hugoniot elastic limit
(5) High pressure Hugoniot data (loading and release) for the rock near
the point of detonation.

The core tests that are now relatively standard are those involving
hydrostatic compressibility, triaxial strength, and, to some extent, the
shock Hugoniot, Experimental techniques that measure Hugoniot release are
still in the developmental stage.

3.3 Hydrostatic Compressibility and Hugoniot Data

Figure 3 shows the measured loading and unloading hydrostatic iso-
therms for a '"locking' solid (DF-5A grout).” This locking feature is typical
of most of the dry porous rock encountered at the Nevada Test Site (NTS) and
is responsible for the severe seismic decoupling characteristic of the site,

Figure 4 shows the static isotherm along with Hugoniot data for Hardhat
granite. The 10-kb offset between the Hugoniot elastic limit (HEL) and the
hydrostat is maintained for the

+1 _
PI;I —fH(mu

code input (equation(21)),

n+1)

The Rayleigh line drawn through the HEL intersects the Hugoniot at
320 kb. The slope of the Rayleigh line in the P-V plane is proportional to the

“See Sec. 4.1, "Model Studies."
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Fig. 4, Hugoniot and compressibility data for Hardhat granite,

square of the shock velocity (ug):

P-P :

0 2
——_——=pu>, (34)
0 v (Os

For shock states below 320 kb the first arrival corresponds to the Rayleigh
line through the HEL (5.9 m/msec) with an amplitude of 45 kb,

3.4 Strength Data

An attempt has been made to develop a failure criterion, in terms of
stress invariants, capable of describing the onset of failure in brittle ma-
terials, The important stress invariants used are mean stress (P), the
second deviatoric invariant (I2D)’ and the third deviatoric invariant (Igp).
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In terms of principal stresses Ty T22, T35 (positive for tension), we have

Typ + Tog + Ty

P

B ) 2 ] ) 2
IzD‘€<T,11 Tzz) +(Ty, T33) +(Tyy T33) (35)

1 2 . 2 2
—(T1+T2+T),

2 3

zvl';esre ’I’1 = P+ Tll’ T2 =P+ T22, and T3 = P + Tgg are the stress devia-
ors,

Iop = T TyTy -

We assume that strength can be expressed in terms of IzD:

Y 5(312]3)%.

The results of various destructive tests (compression, extension, and
hollow torsion) on glass, dolomite, granite, and limestone have been pre-
sented by Handin et al,” and Mogi.!3 They demonstrated that Iy plotted ver-
sus P did not give a consistent failure surface when the test type changed.

Mogi also found that the compression and extension test data are con-
sistent if P is replaced by P, where

T + T +bT
B-- 11 233 22’ (36)

Tg2 is the intermediate principal stress, and 0 < b < 0.1 depending on the
rock type. This suggests that if I3y is combined with P such that

Y
—P=P—a<—?12]—3—) ) (37)

then Mogi's formulation is obtained for b = 0 if a = 0.5,

Figures 5-16 show Y,vs P and vs P, where P is given by equation (37)
witha =0.5and Y = ( SIZD)E. Each point on a given plot is determined by
evaluating the appropriate invariants from the existing stress field at failure,
Replacing P by P not only improves the consistency of the various tests but
well defines the brittle-ductile transition for limestone., It would be easy to
improve the consistency even more by allowing "a' to vary with the rock
type. However, in our applications the variability of the core obtained from

e

a particular site is more than sufficient to mask changes in "a" with rock
type, even if a large variety of strength tests were available,

Equations (2), (35), and (37) give the following relations between Y, P,
and K:

Y = 2K = [Ty, - Thpl s

Trr ¥ Toe

2

(38)
P=P+

o R
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Fig. 5. Yield strength (Y) vs P for Solenhofen limestone (data of MogiS).
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Fig, 6. Y vs P for Solenhofen limestone (data of MogiS).

155



T ] |
Westerly Granite

7.0

6.0
Compression

5.5

5.0

4.5+

Extension

Y — kb

4,0
3.5
3.0r —

2 5L | 1
1.0 2.0 3.0 4.0

P — kb

Fig, 7. Y vs P for Westerly granite (data of MogiB),
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Fig. 8. Y vs P for Westerly granite (data of Mogi®).
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Fig. 9. Y vs P for Dunham dolomite (data of Mogig).
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Fig. 10. Y vs P for Dunham dolomite (data of Mogi8).

157



30

25—

20

151

Y — kb

10

T I I

Pyrex Glass
o Compression
a Extension

D Torsion

Fig, 11,

30

P —kb

Y vs P for Pyrex glass (data of Handin et

25—

15

Y — kb

10

l | l I
Pyrex Glass

o Compression

A Extension

0 Torsion

_

l

i
0 2 4 & 8
P

Fig. 12.

10
— kb

158

12

14

16

18

Y vs P for Pyrex glass (data of Handin et al.”).



14

12

10

Y — kb

Blair Dolomite:
o Compression
& Extension

O Torsion

P — kb

Fig. 13. Y vs P for Blair dolomite (data of Handin et a1.7).
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Y — kb

Limestone:
o Compression

a Extension

2 o Torsion 1
o of
ot 1 | ]
0 2 4 6 8
P— kb

Fig, 15, Y vs P for limestone (data of Handin et a1.7).

8 — i I
- -
61— .
0,0
? i
. -
X
[ 4 _
Limestone:
>.. ———

o Compression .

a Extension

2 0 Torsion ]
0t | l I J
0 2 4 6 8
P— kb

Fig. 16, Y vs P for limestone (data of Handin et 31.7).
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The failure criterion in the code is a table of Y/2 vs P, The table is deter-
mined from triaxial compression test data, the tensile strength, and the
Hugoniot elastic limit, where Y/2 and P are evaluated for each test.

4, COMPARISON OF CALCULATIONS AND EXPERIMENTAL RESULTS

4,1 Model Studies

Model studies were done in which a charge of high explosive and a
number of pressure transducers at various distances from the charge were
imbedded in a large block of grout which was allowed to set and harden,
When the charge was detonated in the hardened grout, the resultant stress
history was determined from the pressure transducer data,

The grout was a special mix called DF-5A, developed by the U. S.
Army Corps of Engineers. It was poured into an approximately cubical form
60 cm on a side, with the top side given a slight cylindrical curvature to fa-
cilitate study of its free surface behavior by shadowgraph photography. A
4-cm-diam spherical charge of 1LX-04 high explosive was placed 14 cm below
this free surface., Ten pressure transducers sensitive to radial stress were
placed at distances between 4.5 and 14 cm from the charge., The transducers
were all at least 10 cm below the free surface, and most of them were below
the level of the charge. For the experiment, the entire form was buried in
sand or gravel with only the free surface protruding.

The explosive was detonated and the free surface velocity was mea-
sured with a streaking camera in '"shadowgraph' configuration. The cylin-
drical free surface simplified this measurement., Pressure transducers
were 1.25-cm-diam, 0.5-mm-thick Z-cut tourmaline disks (Hearst et al.”).
A characteristic of the DF-5A grout is the presence of voids due to air in the
mix, a desirable feature both for transducer bonding and for producing the
"locking solid' behavior characteristic of porous rocks.

The purpose of the experiment was to compare the experimental results
with the code solutions. These calculations were performed using the ma-
terial properties furnished from laboratory tests on grout samples,

Figure 3 shows the loading and unloading hydrostats measured for the grout.
Figure 17 shows the strength data obtained from triaxial compression tests.
We regard the wet strength as the equilibrium strength and attempt to com-
pensate for the difference between the wet and dry materials by including a
strain rate term (K2I, equation (31)) of 4 kb in the equation of state. A
Poisson's ratio of about 0.2 was obtained from ultrasonic measurements on
grout cylinders. The equation of state of LX-04 has been published by
Wilkins, 10

Figures 18, 19, and 20 compare calculated and measured radial stress
histories at 6.5, 7.5, and 9 cm, At 7.5 and 9 cm the calculated peak radial
stress is high and the shock arrives too fast. Figure 21 compares calculated
and measured peak radial stress versus radial distance. Again the high cal-
culated value is apparent. The calculated free surface (spall) velocity was
60 m/sec compared to an observed value of 53 m/sec, rather encouraging
agreement considering this measurement is the easiest to obtain and prob-
ably the most reliable part of the experimental effort.

In view of the complexity of the grout equation of state, the agreement
between calculation and experiment is considered to be good, at least en-
couraging enough to warrant improvement in the stress-history measurement
techniques (too many gauge failures now occur) and to ask for a detailed
study of the variability ot the grout material properties.
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4,2 Hardhat Granite

The Hardhat Event was a 5-kt contained nuclear explosion at a depth of
290 m in granite at NTS, Figure 4 shows the static isotherm along with
Hugoniot data obtained from granite cores taken at the Hardhat site. The
10-kb offset between the HEL and the static isotherm is maintained for the
code input, Figure 22 gives the granite strength (Y/2 vs P) for various
states of the test sample. The strength data that give best agreement be-
tween calculation and observation are the wet, precracked values. In order
to make these strength data consistent with the HEL data of Fig. 4, a strain
rate term (K2I, equation (30)) of 7.5 kb was included in the equatlon of state.
This value corresponds to the 10-kb offset between the static isotherm and
the HEL, A Poisson's ratio of about 0,28 was obtained from ultrasonic lab-
oratory measurements,

The calculation was begun by uniformly distributing 5 kt of internal
energy in a sphere of radius 3,15 m at normal denSLty (2,67 g/cc) and usmg
the appropriate gas tables for this region (SiOy + 1% H,O, Butkovich?),

Code calculations show that the mass of rock vaporlzeg is proportional to the
yield, and for silicate rocks approximately 70 X 106 g/kt is vaporized. The
value 3.15 m corresponds to the radius of vaporization for the 5-kt source.

Figure 23 shows calculated and observed peak radial stress versus
scaled radius, Figures 24, 25, 26, and 27 show calculated radial stress
versus distance at 4, 16, 24, and 40 msec. A striking feature of this se-
quence is the emergence of the precursor (P) and the decay of the main
shock.

Figures 28 and 29 show calculated and measured radial stress versus
time at 62 and 120 m. The experimental stress-history data do not exhibit
the strong precursor obtained from the calculations. This may be due, in
part, to the weak grouting material used for an impedance match between the
transducer and the granite formation,
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The calculation gives a final cavity radius (corresponding to the initial
gas-rock interface at 3.15-m radius) of 20.4 m. The measured Hardhat
cavity radius is 19 m. Figure 30 gives the calculated and observed reduced
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displacement potential (RDP) obtained from displacement versus time for a
particle in the "elastic'' region.

The RDP is a measure of the seismic efficiency of the medium. For a
spherical outgoing elastic wave whose displacement is Sy we can write
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f(t - R/V)
.0 Pi.

we define the RDP as:
RDP = f(t - R/VP),

where

The RDP, obtained by integrating
equation (39), gives the source func-
tion that determines the displace-
ment of a particle at any point in the
elastic region, The source function
should scale from one shot to an-
other by multiplying the RDP by the
ratio of the yields involved,

The calculated and observed
steady-state values of RDP agree,
The early time disagreement could
be due to the surface reflection re-
turning to the instrument 60 msec
from the onset of the direct wave

(Werth and Herbst ll). No calculation incorporating reasonable changes in
the equation of state has been able to produce the observed overshoot in RDP,

Figure 31 shows the number of times a zone has cracked versus dis-
tance for the Hardhat calculation. This number is saved by the code for each
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zone and increased by 1 each time
the material strength is exceeded.
The number can only be increased
after the deviatoric component of
stress (K) relaxes to half the value
allowed by the strength table and
after Cgr (equation (29)) equals 1. At
this point the relaxation of K (equa-
tion (30)) ceases and equation (25) is
used to obtain KR+l (Kn+1 = Kn+ly,
This scheme for exiting from the
crack routine eglphasizes release
failure (where Kntl calculated from
equation (25) is less than K&) over
compression failure, This number
has its largest value (44) at the cav-
ity boundary due to the divergence
there as the cavity expands, falls to
a minimum value of 8 between 30 and
40 m where compression failure is
the controlling mechanism, and then
increases to a maximum of 26 be-
tween 80 and 90 m. This maximum
is due to zone failure changing from
compression (failure at the shock
front) to release (failure behind the
shock front) at R = 90 m. It is
interesting that the observed height
of the Hardhat chimney falls within
this maximum.

Additional calculations for
larger yields show that the maxi-

mum not only increases but the shape broadens as indicated by the 60-kt plot

given in Fig. 31.

This suggests that as the yield increases the bulking of the

rock, as it collapses into the cavity, should eventually become the control-
ling factor in determining chimney height.

The crack number, assuming it is calculated correctly, should be re-
lated to permeability changes in the medium. Apparently permeability is

both difficult and expensive to measure,

However, Fig. 31 suggests that

permeability should reach a minimum between 30 and 40 m from the cavity
This zone of low permeability might serve a useful purpose in
some applications by helping to limit the spread of gas-borne radioactivity
from the cavity; however, unless it is removed by chimney collapse, it
might severely limit the effectiveness of reservoir stimulation,

for 5 kt.

4.3 Gasbuggy

Gasbuggy was an experiment in nuclear stimulation of a gas-bearing
formation in Rio Arriba County, New Mexico, sponsored jointly by the U, S,
Atomic Energy Commission, the FEl Paso Natural Gas Company, and the U, S,

Bureau of Mines.

A 25-kt nuclear explosive was detonated 1280 m under-

ground, in the Lewis shale formation 12 m below the gas-bearing Pictured

Cliffs sandstone.

The objective was to evaluate the effectiveness of the nu-

clear explosion in increasing the permeability of the Pictured Cliffs forma-
tion and thus improving the recovery of gas from it.

The best experimental measurements, in termslgf stress wave propa-
)

gation, were obtained by Sandia Laboratories (Perret

in a deep borehole
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457 m from the emplacement hole,

This part of the experiment was funded

by the Advanced Research Projects Agency (ARPA),

Logging data near the emplacement hole and in the ARPA instrument
hole indicate that the compressional velocity in the Lewis shale ranges from

4,75 to 3.87 m/msec and the density varies from 2,4 to 2.6 g/cc.

Figure 32

shows the loading and unloading static compressibility data for the Lewis

shale,
initial density of 2,61 g/cc,

The loading data give a bulk modulus of about 160 kb (curve A) and an
Using a Poisson's ratio of 0,3 (obtained from the

shear velocity log) we obtain a compressional velocity of about 3 m/msec, a
value that is not consistent with the logging data,

In order to obtain a reasonable value for the compressional velocity we
have found it necessary to ignore all the loading compressibility data below
3 kb on the basis that these data are probably influenced heavily by both the
release of overburden pressure (0.3 kb) on the core and the coring technique

10 T ' T
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158
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0 ' L %
0.37 0.38
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Fig. 32. Compressibility of Lewis

shale, the formation in
which the Gasbuggy ex-
plosive was located.
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itself. The loading compressibility
curve B shown in Fig. 32 was ac-
cordingly assumed for the Lewis
shale, This curve, having a bulk
modulus of 215 kb, gives a compres-
sional velocity of 3.5 m/msec, in
fair agreement with the logging data,

This change in compressibility
curves severely affects the seismic
coupling, The effect is due entirely
to the attenuation of the stress wave
by the pressure release calculation
(equation (24)) in the code, As indi-
cated in Fig. 32, the measured
static release path from 40 kb has a
slope of 256 kb, corresponding to a
rarefaction speed of about 3.7 m/
msec, These rarefactions overtake
the slower moving (3.0 m/msec)
compression front and continuously
decrease its stress and particle
velocity.

Figure 33 shows measured and
calculated displacement versus time
at 467 m from the 25-kt source. The
difference between the two calcula-
tions is obtained by changing the
compressibility curve from A to B
as discussed above (Fig, 32), The
sensitivity of this part of the calcu-
lation to changes in the '"locking"
portion of the equation of state seems
dramatic until one considers the
magnitude of the changes that are
being made in the only material at-
tenuation mechanism operative in the
code (rarefaction velocity compared
to shock velocity).

Figure 34 gives the measured
and calculated RDP corresponding to
the displacement of Fig. 33, We see
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that with compressibility curve B
twice as much energy is coupled in-
to the elastic region as with curve A,
These calculations indicate that a
detailed equation-of-state effort is
required before a seismic coupling
calculation can be attempted. Even
then, since the low pressure part of
the equation of state seems to con-
trol the coupling, we may not be
able to predict this parameter with
confidence., The key issue would
seem to be obtaining agreement be-
tween the sonic logs and the static
compressibility data. The Gasbuggy
experiment represented the first
time such severe disagreement ex-
isted between the field and labora-
tory data.

Calculations indicating sever-
ity of fracture (similar to those for
Hardhat, Fig. 31) have been per-
formed for the Gasbuggy environ-
ment, Figure 35 shows the geolog-
ical layering for the site. Figure 36
shows the compressibility curves
for the Lewis shale, the Pictured
Cliffs sandstone, and the Fruitland
coal, Figure 37 shows the strength
curves used in the calculations,

Figure 38 shows calculations
of number of cracks per zone vs
distance from the shot point for
paths vertically upward through the
various layers (layered calculation)
and also for paths outward into the
sandstone (Pictured Cliffs calcula-
tion), As noted preshot, the coal
seam located between 100 and 112 m
above the shot point reduces the
fracturing at this distance, which
corresponds to the measured height
of the Gasbuggy chimney., This
highly compressible coal seam also
sends a rarefaction into the Pictured
Cliffs formation, and the fracture
number is increased accordingly.
The observed postshot casing fail~-
ures and gas entries are also con-
sistent with the calculated data of
Fig. 38,

The calculated cavity radius
was 26.3 m for the layered calcula- .
tion and 25.8 m for the Pictured “
Cliffs calculation, These values
compare closely with the 25,4-m |
value inferred from flow tests,
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50 T 5. CONCLUSIONS

\
\ A numerical model of stress
\ wave propagation has been pre-
\ sented. We have included a listing
40 “ _{ of the SOC code (see Appendix) and
\ have given a discussion of the ma-
\ terial properties required to obtain
\ ] a prediction of the stress-induced
\ Layered calculation effects on the rock mass involved in
30 =1\ ] an application, These effects in-
clude chimney height, seismic cou-
pling, and permeability change, The
Height of seismic coupling parameter was
Gasbuggy chimney _| shown to be primarily dependent on
the low pressure part (<3 kb) of the
equation of state. For high yields
_ the controlling factor for chimney
Pictured Cliffs height should be cavity volume,

20

Number of cracks

10 : —
calculation Future effort is required in

the areas of Hugoniot release (es-
pecially for a fluid-saturated envi-

ronment), laboratory strength mea-

o) T I I S S W B SO surements, and failure criteria, A
0 100 200 300 significant improvement in the
. equation of state would result if the
Distance — m in situ rigidity modulus could be

measured directly.
Fig. 38. Calculated number of

cracks vs distance from The preshot calculations for
the Gasbuggy shot, for the Gasbuggy experiment indicate
paths upward through the that useful predictions of cavity
various layers and out- radius and chimney height can be
ward through the Pictured made when an adequate effort is
Cliffs sandstone, made to obtain equation-of-state

data for the rock involved,

In general the code seems to be doing well enough in predicting stress
wave propagation that we can begin looking at derived numbers — such as
number of cracks per zone — for some insight into predicting stress-induced
changes in permeability.
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APPENDIX 1. 8SOC LISTING

LTST 8
CARDS COLUMN
FNRTRAN NCRM

T VFWSTON CURRERT OCTCRFR 3675

CLICHE COMMON

COMMON WHICH CAN VARY WITKH TIMF

COMMON NCy» JNy LNo TTy IRy LXy ENIs RN(1202)s NRNX(12n2)s VMX(1202
1)y PX(1202)y CMX(1202)y STAR(1202)y SIGT(1202)s xMU(1202)y AM(1202
2)y €C1(1202), CR(1202), Dv(]202)s DVNn(1202)s EO(Y202)y ISV(1202)9

3 P(1202)y 0(1202), CK(1202), TK(1202)s VN(1202), VO(1202)y AMU(129
42)s E(1202)y 1(1202)y R(12A2), V(1202)s TC(12)y TIC(12)y RPLI(25),
5 NTy DTHy DTN, DTPRy EPPs FTOTe FDT, KDTly IL, 10I, IpOs TTCX.

6 T13ANK, NCD, PJv, PTS, CXT, RJH, STn. SXNy TPRy WDTus TTS

COMMON WuICH REMAINS THF SAME FNR oURATION OF. PROBLFM

CouMON DPLOT, IEPLNT, IRPLNT, IHEAD(R)s GRy DXT, P1NnD(100)s GAS(27

128) s PT(400), FMU(400)s NP (40009 PTC(200)9s FMC(200) e DPC(200)

2 FK(200)y FP(200)s RFK(200)y CK(200)y CP(200)s ~KP(20n)s AK(10)

3 VI(lo)s RM(10)s AMZ(10)e AMI(10) e aM2(10) e GXK(10), 2Z0(10)s P1(]
40)e P2(10)» GSLLIN)y 6CT(I0), SE(10yy EF(10)s Futloyy GSI(10),

S TT(10), ITT(10)e IP(10), S8 (11)y RHO(11)y GK(1AYs ~F, CCN, HCCN,
6 122y REZFs TWRTI(4)y PPR(&Y), TP({61l)y IVRy IAIF

COMMON wHICH IS USFC FOR GENERAL CALCULATTON BUT NOT SAVER

COtMON ABF (4004) s ARA(4004) 9 ABB(40A4) s BF(200), ENf11)e OCH{11),
1 F¥C(11)y EDP(RY e ENTI(A) s FDTL(E)s ING(25)y FNG(PS), TON(4)y PRI,
2 10(2)y MO(2)4 IN(B)s Ay ARS, AMCy aAMEs AMPly R, BapK, C» CKL, CRC
3¢ CTCy CZOys FAVR, CRTT, AVFL, CVRCs Dy DPy DUs NEC, D01y DR2s DRH,
N3Se DTV DV]e DVKy FWy Fryy EKLy £TAs ETWy F jre FRAUs FAs FST,

F<sTM, FSTRy Gle G2, GAM, LN, GMle GWU,y IBXe TT1e 714y IPR, IPDT,
TTERy ITOT, ITIMF, TTOTL, ITSTPy J, Ky Ly LLy 1 P9 My N9 NNy NPy
NCYCy OFF PCTo PL3s PlL4e PQle PG2, PBARy GOy 0Ss nKS, 2SAVe R21,
R229 RNRy RH1e RH?, ROR. 221y RADT, RHZ21y RH22, RMV1. RMV2, SK9
St.Cy SLEs SLPe SMU, SDSP, SLPls STaRs TVs TAR, THR, TERs TK1
COMMON TK29 TGls TO2s TRR, TFRKy VCrA, VDVy VM1e YM2, YNls YNH»

0 -~ N

1 VOL]ly VOL?2s WTe YN1y RIX(10)s GWe F9 Se ADs AF, DA, MRy DCs DD
? KIMy ZETA, LIL

EQUITVALENCE (YNle RIX(1))

EQiITVALENCE (ION(4) ePR])

EQUIVALENCE (ING,FNG)

Enn CL [CHF

USF CCMMON

READ &R AND WRITF gA
CaLlL RFGST
N=,LOC+ARF (1)
J=,LO0C.ZETA

Ng j=N

DO 1 LIL=] N

ARF (LTLYy=0.

Cn TINVE

CaLL REWIND (16)

CalLlL CLOCK (MC{1)e MO (2))
CRTI=],

NCYC=aJ=5

L=t&

BUFFER IN (16451) (DPLOT+TALF)
IF (UNIToelReM) 39 92199219
SALL REREQF (16)

=

BUFFER IN {1691V (NCeT13)
IF (UNITe169M) Se e2209220
BACKSpACE FILE 16
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CALL BSPACE (16)
CALLL FSPACE (18)
READ INPUT TAPE 24 9Spy (ID(J)s J=1,8)

RE2D INPUT TAFE 24 95)9s GWe ITIMEs As STR
ST»=100.#STR .
CALLL ASSIGN (7+0410KHSNHCPLATRUF+40204)
¢ SET UP RUNNING TIMF
IF (ITIME) 4747
IF (IBANK) 64 6

TRANK==1TIME
6 ITIME=IBANK
T 1I8%x=]}
TTS=MAXIF (GWN®1000«¢TTS)
CHECK For RIGHT TAPE
DN A iJ=14A

TF (IREAD (D =IN(J)) +Ry
WRTTE OUTPUT TAPE 3s 954, (IHEAD(J), 'J=1,8)
CAILL ERROR (04)
& CNNTINUE
LET
IF (A) 4 o9

CALL WRSO
G0 TO 19
9 CALL REDEOF (6)
CALL BSPACF (6)
10 CALL WRST
CALL WRTEOF (6)

CALL BSPACE (6) .
CALL BANDP (ICN(1)s IDN(3))
B=TON(2)

B=~/PR1

Asfebq,

107 (1) =4

TF (ITIME) + +11
ITIME=TON(])
G0 TO 12
11 ITIME=XMINOF (TON(1)+ TTIMF)
12 ITnTL?B
IF (NC) 134 4143

"CYCLE 1 CONSTANTS INITIALIZFN
CALL BRANDP (ICN(1)s TON(3))
A=10N(2)

A=A/PRI
ITnT=a
ITOT=1TOTL-1TCT

GO 70 15 _ .
CHECK CLNCK FOR TIME STOP = INAREMENT COUNTER
c EVERY 20 CYCLES GOES TO 1n INSTEAD ofF 11
13 ITSTP=0
CALL BANDP (TCN(1)y TDN(3))
A=TON(2)

A=a/PR1
ITOT=A
ITOT=ITOTL=ITCT
14 ITSTP=ITSTR+)
CALCULATE DELTA T
A=) 1%#DTH

B= (SQRTI (SXN)) /3,
BaMIN]IF (BeA)
DT=45% (R+DTH)
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DTH=B
CHECK FnR PRESSURE PROFILE
15 IF (IPO=2) 20416,

€ OUTER PRESSURE PROFILF
L=1
Go 70 {7
c INNFR PRESSURE PROFILF
16 L=iX

17 TK(L)=g,

1R AzDIMF(TP(IPI¢1),TT)
IF (A) 19y )9
IPI=IPT+y )
IF (TP(IPTI+1)) 4 1R

IPO=6
Gn TO0 29

19 A=TT=TP(IF])
B=TP(IPI#1)=TP(IP]) ]
P(L)=PPR(IPI) ¢ (PPR(IPT+])=PPR(IPI))#A/8 _
EPP3EPP+ (PIMBEDTI+P (L) ADTNI BV (L=1)#ACN? (3. *RIHOR JHeFDTHV (L=]) 8V (L«
11
ETOTSEPP+ENT

“CYCLE CONSTANT INITIALIZATION
20 PCcT=BARK=(0.
TT=TT«DTH
HNT1=,5#0F
HNTH= 54N TH
DTM:DTH-HDT]

FOYsHDTH#KRDTH

LeTR

SXnus=DXT

QXT=ABSF (QXT) . )
VEO=]40E=3R0XT/SORTI(AK (L) #RHO(LL*1))
VCOaMINIF(VCCy1 ¢ DE=8)

QXT=10

PR1=P (JUN) +Q (UN)

TQ12TK (JN) +QK (IN)

IF (L(UN)) 21 _

DR1=DR (UN=1) =DR(JIN) ¢RN (1 UN=] ) «RN (N}
R2130R (JN=1) +DR (JIN) +RN (JN=1) +RN{JN}

VOL 1 ZVN (JN) =NVO ( UN) _
VM2 (VOL 1=DV (UN) ) ZAM (UN)
Tk1=TQ18VM1/ZR2)
AMV130R/VM]
RHIBR(UN=1} 4V (JNe])#HNTH

RHP21BRH]#RH1 6V ( JN=1)
ALCULATION OF J=LTANES REGINS HERE

21 D0 144 J=JNsLN
GAu=0,
I1T=(I(J)=1)/100+1
E0¢J) =€ (D
Vo (J)av ()

CALCULATF EQUATIONS OF MOTTON
IF (R(J)) 218427,
PQ»=P (Je1) +Q(J*1)
Ta2aTK(Jel) +QK (Je1)
IF (I(Jely) 428,
DR23DR (J) =NR(J+]1) *RN L)) =AN (Je])

R2>52DR(J) DR (J*1) #RA (L)) +RN (J+1)
VOL23VN (J+1) =DVO(Je])
VM22 (VOL2=DV (J+1)) /AM(J*])
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Tk2=TQ24VM2/R22
RMV2aDR2 /VM2
IF (I(M) 129,

Ron=r'*2*091¢TK1*oR2)/(DRl«onza
RNR=m e 54 (RMV ] +RMV2)
22 A=(PQ]=PQ2)/RDR
IF (V(U)) 923y
VCC=z) ,E=20
23 Dv1aDT#(1,333333333%(TQ1=T72)/RDR+A,8,%ROR*GR)

ViJ)=V (J)=DV1 -

IF (ABSF(V(J))=VCC) 30930,
24 C=nNTHaV(J)

RH;:R(J)¢.5#F

RH92=RH2#RH2*V(J)

DR (J):=DR(J) +C

R(J)2RN(J) +DR ()
DRS=R(J-1)-ROJ)
IF (1(J)) 9113
25 CS(VGJ)-V(J-I))*(VOJ)“(V(J-I)&V(J))¢V(J-l)*V(J-1))
C=DTHG(3.*(RH22-RH21)¢FDT#c)
DV (J)-2DV (J) 40

VN1=VOL1=DV (J)
VNHEVN] +o54C _
D= (DV(J)+DVO(J) ) /UNY
AMPI=D41,
EnvaC/VN(J)
DVK=C/VNH

ETr=VN (J) /7VNH -
VOVEVN(J) #C/ (VN1 # (VA ]+C))
DUsV (Je1) =V
DRH=RH]=RH2

IF (DU) 126426
ERDUSETA#DU%REO (1. +1)

QSAVEERDU#DU

26 TER=J#DTH#DY/DRH
TEQK:DVK#TER
IF (111=3) 31,31,

IF (I(J)=400) 1164125,125
CALCULATF BCUNDARY CONDITIONS

Z7 RHZ=RH22=0.
G0 TO 25

28 RDR=(5#RMV1]
ROR=TK]
GO TO 22

29 RDP=e5#RMV?

ROR=TK2
Gn TO 22
CALCULATYONS MADE WHEN LITTLE OR NO ACTIVITY EXISTS
30 V(IY=Q,
IF (V(J=1)) 24y +24
RH»=R (J)

HH222( o

IF (I11=3) 1139113,

IF (I11=4) 9249
C=DRI#(R(J=1)%R2)+R(NHR()))
PCT=Cu#P (J) +PCT

6o TO 1% 3
CALCULATE SLOéE AND PRESSURE FOR I LESS THAN 300

31 N=1T(L)+)
NP=TP(L)+]
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PL- =SLP=SMU=0,
IF (XNU(J) =2,#GET (L) #AM2 (1)) 947947
IF (XMU(J)) 56, ,

IF (D=aXMU(J)) 324
XM (J) =D
G0 TO 42 .
32 IF (XMUCD) =AMI (L)) 42,42,
IF (I11=2) 344
IF (P(J)) 9o ¢34

IF (XMU(J) =AM2 (L)) 33, o
XML (J) = 98%AMD (L)

33 XMU(J) ==XMU(J)
GO TO 56

34 IF (XMU(J)=AM2(L)) 44R+48
IF (D=ye95#XMU(J)) 442447

C - SPECTAL UNLOADING SCHEME = A =
IF (DeAM1(L)) » 35
SLe=AK (L)
GO TO 4
35 D0 36 K=NP, NP+ 38
IF (-LJ)-PTGK)) 17437,

IF (FMU(Kel)=FMU(K)) 17037,
36 CoyTINUE

KeMP+38
37 SLE=DPM(K)

DO 38 K=Ny¢N+18

IF (P(J)-PTC(K)) 399139

TF (FVC(K+1)=FMC(K)) , +3R8
SLe=sSLE
GO TO 40
38 ConNTINUE
K=ie]8
39 St caDPC(K)

40 SLPISSLE+XMU(J)* (SLC=SLE)/AM2(L)
SLP=SLPI=AM] (L) # (SLP1=AK(L)) /D
41 PL3=P(J)+SLP#VDY
Go TO0 6%
CALCULATE ELASTIC ReMU TABLE = B =
42 ARSaD

CAlLL PSUB

GO TO &%

ENTRY PSUB

DO 44 KaNP¢NP+38

IF (ABS=FMU(K)) 2459473
PL3aPT(K=1)+ (ABS=FMLU (K=1))4DPM(K)

Go TO 46 |
43 IF (FNMU(Ks1)FMU(K)) 45945,
44 CONTINUE

KzNP+38 |
45 PL3=PT (K) + (ABS=FMU (K) ) #DPM (K)
46 _S|P=DPM (K)

RETURN PSUR _
CALCULAYE CRUSHED PaMU TaBLF
47 XMU(J)BMAXIF(09XMUOJ))
48 SLPSAK(L)“-Ol
ARS=D
DO 51 KBNQI 0N018

~IF (D=FMC(K)) 4Gy +50
PL38PTC (K)
SLP=DPC (K)
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GO TO 52
49 IF (K-N) 520 [ ] -
PLISPTC(K=1) ¢ (NaFMC (Ke]))#nPe (K)

— SLPaDPC(K)
Gn TO 52
50 IF (FMC(Ke1)=FMCIK)) o 95
CALL PSUR
Go TO S2
51 COMTINUE

TALL PSUR .
52 IF (D=y9858XMU(J)) 465,466
ARSzXMU (J)
Pl 4=PL3
SLe1=SLP
CatL PSUB

GAMZ e SRPLIFXMU(J) /7 (14 ¢ XMU( J)) _
GAMaGXK (L) # (GAM=EF (L)) Z(FV (L) =EF (L))
IF (GAM) o+ 953

PLazPL4

St.PaSLP)

Gn TO 6%

53 GAMEMINIF (GAMyGXK (L))
ARS=D
IF (D) o+ oS54
Pl 4=GSL (L) #D
PL3=SLP=9,
S{P1=ESL (L)

Go TO 85
%4 CalLlL PSUB )
55 DP=GAM® (E(J)=,SH4PLI#N/AMPY)
PL4SPL4+DP _ )
SLP=SLP14.5#6AM# ((PL4+P () ) /ETA= (58 (DeAMU(J) ) #gLPepLA/ETA)) ZETA

PLasPL _
"“““TF‘TS{%) 365,65

SLPEeQ]®AK (L)
Gn TO 65
CALCULATF S,LeSs
56 IF (D=AMZ(L)) » oS7
PL3=0,

S| PRAK (L)

G0 TO 65§ _
57 DO 58 KaNyNs+1§

IF (P(D)=PTC(K)) 629

IF (FMC(Ke1)=FMC(K)) 59489,
58 CouTINUE

59 DO 60 K=NP+NP+38

IF (P(J)Y=PT(K)) &1y .

IF (FNU(K*1)Y=FMU(K)) Alvel,
60 ConmTINUE

K_-_NP¢38 3 B

61 ARS=FMU(K=1)+(P{ ) «PT(K=1))/DPM(K)
SLPaDPM(K)
Gn TO 63 _ . .

62 ARSaFNC(K=1)+(P(J)=PTr(Ka1))/DPC(K)
SLP=DPC (K)

63 IF (D~ABS) 164,64
IF (ABS-AMZ (L)) o644

SIPa{D=AMZ L)) ®SLP/ (ARS=AMZ (L))
64 PL3aP () +SLP2YDV
IF (PL3) 465465
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PL3=0,
C = EXIT =

65 IF (E(NH=FF (L)) +66466

- IF (GAM) 67467
Cl(JI=ISV (L) =0,
66 SK=SMU=0.
GO TO 103
67 WT=(EF (L)=ABSF (E(J))) /EF (L)
IF (PL3eTK(J)/3e=PI(l)) +68+68

IF (PL3) 69,69,

IF (I11=2) 70,79,79
68 C1(J)=ISV(JI=0.

IF (I11-2) 70,

Len=rcn =200

111=]

GO T0 7o _

€9 IF (JIIT1<«2) 704 »
ISV (J)=«XARSF(ISV(U))
PL3=SK=QKS=SMU=C] (J)=n.
Qs=QSavV
SILP=AK (L)

~ SNRP=SQRTI(AK(L) ZRHC(L+1))
GO TO 104 ) .
CALCULATIONS FOR I (J) LESS THAN 100
70 IF (RVMIL)Y » o7
AME =S| P#SE (L) #WT
6o 10 72

71 AME=RM (L) ®#T

T2 SMUsAMFE

IF (AME/SLP=1.501) 73,73,

I(H=T(J)+500

WRITE QUTPUT_TAPF 3, 975, AMEsy SLPs Dy PL3y 1
CatL ERROR (7,)

73 SK=TK(J) =~ S#AME#TERK
ARS=P| 345K/3,
DO 76 KzNyN+18
IF (ARS=EP(K)) 474475
EKL SEK (K=1) ¢ (ARS=EP (Kel) Y#DEK (K)
Go TQ 77

74 EXI =EK(K)+ (ARS=EP (K) ) #DEK (K)
Go TO 77

75 IF (EP(K+1)) 764 476
IF (EP(K)) 974974

76 COMTINUE
K=Nelp

EXL=EK (K) ¢« (ARS=FEP (K) } #NEK (K)
77 EKLmEKL®#WT

ExLsMAX1F (pesEKL)

IF (PL3¢SK/3,=P1(L)) 78y »

EXL=P2 (L) #WT

IF (Sk«FKL) 103,103,

SK=SIGNF (EKL 4SK)
Go 10 103
78 IF (ARSF(SK)=EKL) 103, o
1(J)=T(J)+200
11123
C](J)aOn

ISV (J)=)
CALCULATIONS FOR I(J) GREATER TH/N 100
79 IF (RM(L)) o ,8j
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AM=SLPASE (L)2WT
GO TO 81

80 AMQBRN(L)’WT
1 -AMZ(L))/(PZO(L)-ANZ(L))

GN:MIN]F(I-.GH)

IF (GW) » 8>
C1l(J)=SK=SMU=).
IQV(J)’-XABSF(ISV(J))
GO TO 103

82 AMCaSMU=GW®AMC
IF (AMC/SLP=1,501) 83,83,
I(NH=EI(J)+500
WRITE OUTPUT TAPE 3, 976, AME, SLPs D, PL3
CALL ERROR (1,)
83 AaeaPL3+TK<J)/3.

DO 86 KaNyN+18
IF (ABS=CP(K)) 484485
CKLBCK (K=1) ¢ (ABS=CP (K=1l))#oKP (K)
Go TO 87
B84 CKLaCK(K) 4 (ABS=CP (K))aCKP(K)
Gn T0 87

BS IF (CP(K+1)) 86y +86

IF (CP(K)) sR4984
86 CONTINUE

Kzhiselp

CKL=CK (K) + (ABS=CP (K) ) #CKP ()
87 CKLaCKL oWT#GW

KLEMAXTF (0o 9sCKL)

IF (ISV(J)) , +89

SKuTK (J) = 5#aNCHTERK

IF (ABSF(SK)=CKL) 71034
C1(J)=0,

. ISV (J)=XABSF (ISV(J}}+]
'EﬁEER'EEUﬂTroN§; ~
89 IF (ISV(J)=1) » 491
IfF (RN(L)) » 990
AMe-SLP¢SE(L)*WT
IF (ANE/SLP-I.SOI) ‘2,92,
I¢N=1(J)+500

WRITE OUTPUT TAPE 3y 975, AMEs SLPe Ds PL3y 2
CALL ERROR (71,)

90 AMEaRM (L) aWT
6o TO 92

91 AME=ANMC

92 CZ0=e1#DRS

CTc=C20+4Cy (J)

CTCaMINIF (CTC,DRS)

AMEZAMC# (14=CTC/DRS)  (AME=ANMC)
CVEL=1,14%SQRTI(AME/ (RHO(L+1)# (3« +AME/SLP)))
PL42CKL

C1(J)=C] (J) ¢CVEL#DTH

CRC=e254C) (J) /DRS

IF (CRC=14) 949

CRC=1,

IF (ABSF(TK(J))=eS®CKL) 93,93
CI(J)=C] (J)=CVEL#DTH

GO _TO 94

93 ISV (J)u=XABSF(ISV(J))
Cl (J).Oo
94 SKeTK(J) = S*AMEH#TERNK
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GWsP2 (L) #WT '
CKL=ABSF (SK)# (1 4=CVEL#CRO¥NTH/DRS% ¢ 25) #WT
IF (XABSF(ISV(J))=2) 05,95,

95
96

CKL=MIN1F (CKLPL&)

GO TO0 9¢

CKLaMINIF (CKL yGW)
CKL:MAXiF(O.;gKL)

IF (ABSF(SK)=CKL) 102,102,
SKaSIGNF (CKL ,SK)

102

SMU=AME

CALCULATE Q

103

SDSPaSQRTI ((SLP+)¢333333334SMU)/RHO(L+1))

IF {0y 01040104

QS=QSAV=VI (L)#SNSPH#ERNU . ) .
QKSz=, 68V (L) #SMU/SLP#RHO (] +1 ) *ETA#SNSP¥DRH/DTHE TERK

QKS=MINIF (QKS s o SHEWTEP2 (L))

CALCULATE ENERGY

104

105

IF (QS=GK(L)) 91054108
QS=0.

PRARZ (PL3+GS)#DTN+PGC1#HDT]
IF (I1(J)=390) , ,106

106

BARK= (SK+QKS)Y#DTN+TQ1#HDT)
DEC=(PBAR#EDV=46666666666%BARK* (EDVLTER/ETA) ) /DTH
E(J)SE (J) +DEC

IF (1(J)y=390) 4 4111

IF (RHO(L+1)#AMPI=10,) « 4107

IF (Dwoe98S8XMUGJ)) 91110113

107

108

IF (E(D=EVIL)) 111, ,
IF (111=2) ,108,109
LN =1(J)+400

Go 10 110
I(H)=1(J)+300

GO T0 110

109
110

TC=1(J)+200
17185

CALCULATF STABILITY

111

DUeMINIF (09 DU)
Faz4e#DU
Tv=2e8VI (L)

STLB=(DRSH#NRS) / (FA#F A« (TV#TVals) #SDgP#SDSP)
AM”(J):D

Pehy=pPL3

TK (J):aSK

QK ( J)=QKS

Q(.1) 568

112

IF (STAR) 11241129

IF (SXN=STAB) 11291129
SxnaSTAB

RADT=R (J)

IF (I1(J)Y=390) 1139113y
PCT=(VOL1=DV (1)) #P (1)) +PCT_

CLEAR
113

0UT AND SHIFT FgR NEXT IJm| INE .
D=sMP1=PL3=SKk=0S=QKS=RARK=NSAV=DRS=p,
IF (QXT)Y 115, o

IF (QXT=Q(JY) Y114

axrT=Q(n

6n TO 115

114

TF (Q{J+T)) 115+115,
IF (JeJN=10) 1159115,
AXTa=gXT
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115

DR} =DR2
R21=R22
VoL 1=VoL2

VM| =VM2
Tay1=T62
TK1=TK2
RMV]I=RMV2
PQ1=PG2
RH1=RK2

CHECK

RH21=RH22

FOR REGION BOUNDARY

IF (RN(U)=RB(L+1)) » 4144
Li=L

L=t ¢l

GO TO 144

- CALCULATE Ho.E.

116

IF (CY(U)) o 110
DTV=TTH#RM (L)Y =RN(J) RN (LX=2)
IF (DTV) 1144
DTVEe4#DTV/ (RN (J=1)=RN(1J))
IF (DTVela) 1179

117

DTV=l,

C](Jr=lo

QO=AMZ (L) +1.

SLP=Q0sD/ (AMPI#AMZ (L))
IF (D) 119 o

IF (SLP=1s) 11841189

118

119

Cl(J"lo

PL3I=SLP#*DTVARKHO(L+1) #RM (L) #RM (L) ®AMZ (1) /Q0
SILP=PZO(L) /AMZ (L)

60 TO 124

N=IP(L)+1

00 122 K=N,N+)8
———_‘__TF“%U:?MU(K)) 1120912)

120
121
122

123
124

PL3=PT (K=1) ¢ (D=FMU(K=1))#npN(K)
Gp TO 123

PL3=PT(K)

Go TO 123

IF (PT(K*1)) 4120,

ONT INUE
K=n+38
PL3=PT (K)
St PaIDPMUK)
SNSPESQRTI (SLP/RHO(L+1))
IF (DU) +1054+105

QS=ASAV-V] (L) #SDSP#ERNU
GO TO 1904

CALCULATE GAS

125

CALCULATE LONG GAS JABLE
_ ) 21269126

126

N=T1TT (L)
IF (GSI(L)=100e) +13Ry

SLPaP (J) /(E(J)#AMP1) # (E (J) +PQ1/AMP]) _
QSaQSAVeVI (L) #SQRTI(SLP/RHN (L+1) ) #Dy#ETA®RHO (L +1)
ETwaE (J) ¢ (P (J) +QS) 8EDYV

EWsETW/RHO(Le))

GMUSANP 1 #RHO (L +1)

GLNSLOGF (GMU)
DO 134 K=NyN+g
IF (GAS(K)=GMU) 133+
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127 M= (KeaN+1)#644204N
Do 131 NN=N¢20,N*B3
IF (GASINN)=FW) 130,1309

IF (NN=N=20) , 4729
128 G2=GAS (v)
G1=GAS (Mab4)
Go TO 132
129 G2z=EW=GAS (NN=1)
G)1=GAS (M=65) +G2#6AS (Me576)

GP=GAS (M=) +G2H#GAS (M+640)
6o T0 132
130 IF (GAS(NNs1)) 178
M=Mel
131 CONTINUE
GMI=4€67

Go TO 137 _
132 IF (K=N) 136, +136

GM1=GE-

Go TO 137
133 IF (GAS(K+1)=GAS(K)) 1264126,
134 COMTINUE

135 N=k

Go TO 127
136 GM]=61+(GZ-Gl)*(GLN-GAS(K¢9))/(GAS(K+10)-GAS(K¢Q))
137 PL3I=GM#EWH#GMY

EJTWE (S (P () +PL3) +QS)IHENV+E(J)

PL3=GM]#AMP 1 #EJTW
L.P=GMY1# (EJTW+ (PL3+GS)/ETA)
Smy=p,
Go T0 103 ,
CALCULATE SHORT PeV GAS TARLES
138 DO 14) K=Ne+]1,N+69
1F _(D=GAS(K+70)) 140, +125

Pi.2=GAS (K)
KekKel
Go TO 143 -
139 PL3=GAS(K=1)+({D=GAS(K+69)) #GAS(K*144)
GO TO 143
140 IF (GAS(K+Y)) 9142

141 CONTINUE

KeN+68
142 PL38GAS(K) +(D=GAS(K+TH) ) #GAS (K*+140)
143 SDSP=SQRTI(GAS(K+140) /RHO(L+]))

S| PaGAS(K+140)

SMUs(,

IF (DY) +105,105
QAS=QSAV=VI(L)#SPSP#ERNU
60 TO 104
144 CONTINUE 3
CYCLE ENN = DQ REZONINGs PLOTTING AND EDITING
Ill=llu=>

TF (NC) » +149
CYCLE } CALCULATIONS
DO 145 JmINLN
IF (V(J)) 146y 2146
145 ConTINUE
146 A_.J=5

A=MAX1F (149A)

JNmA
DO 147 N=1.L
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CIF (RN(JN)=RR(N+1)) 41484148
147 CONTINUE
148 IR=N

Ne=T1T1=)
GO TO 169

149 NC=zNCe
IF (IN=1) 15341530
IF (V(JINe4)) 1SDs 4150
IF (V(JIN®3)) 4153,

150 JN=JN«] )
DO 151 N=1s10
IF (RN{JN)<RR(N#+1)) 41524152
151 ConTInUE
152 IR<N
153 IF (IRZ) 4164,

“CALCULATF DEZONE
IF (NC=200) 1644164y _
RZ1=REZF# (R(JN) =R (JN+Y))
Do 163 J=JNsLN
IF (R(J)) 164,164,
IF (IVR=1) 5354,

Ir (I(J=1)) 155y 4155
154 IF (1,5%#RN(J)=R(J)) o 91693
155 A=n(Je1)=R(J)
IF (A=RZ1) 4 41863
IF (A/R(J)=ef4) o 9163 )
IF (R{J)=R(J+)1)=R(J=2)+R(Jul)) o o186

TF (1(J+1)=400) 4 156
IF (R(J*l)) 4,156,
Kz el
Go TO 157
156 K= _
157 IF (XMU(K)) 158, ,

TF (XPU(K=1))4159+159
XMU (K) =2XMU (Ka})
Go 710 159
158 IF (XMU(K=1}) 159, ,
XM (Ke i) =XMU (K)
CHECK RFEGION ROUNDS = DEZCNING CaN QCCUR

159 D0 160 N=1,10 _ R
IF (RN(K=1)=RR(N)) 918390161
160 ConTINUE .
161 IF (I(X=1)) 4,163,
C = WEIGHTING OF VARIARLES
LX=z{ X=]

LNz|_N=}

A=YN(K) 4 VN (K=])

B=VN(K) =DV (K)«DVO (K) ~
C=VUN(K=]) =DV (Ke1)=DVD (K=1)

GW=B+C o
E(K)=(E(K)#VN(K) ¢FE (K=1)#YN (K=1))/A

EQO(K):=2 (EQO(K) #YN(K) ¢EO (K=1) #VN(K=1)) /A
TKIK) = (TK(K)#ReTK (Ke)) #C) /12 W

PO S(P(K)#BeP (Ke] )80 /GW

XMU (K) = (XM (K) #R4 XML (K=1) #C) /GW
DVO(K)=DVO(K) +DVO (Key)

DV (K) =DV (K) +0V (K=1)}

AMUK)Y s (DV(K)Y +DVO(K) ) /GW
VN (K)=4
AM(K) =AM (K) AN (Ke])
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C1i{K)ag,
ISV(K)m=XARSF(ISV(K))
C = DEZONE

DO 162 N=K+LN+2
R(N=1) =R (N)

DR (N=] ).=DR (N)
ViNe]l)=V(N)

AMU (Na1) =AMU (N)
P(Nel)=P (N)

TK (N=1)=2TK (N)
QK (N=1)=QK (N)
Q(Nel)3Q(N)
E(Nel)=E (N)
I (Nel)a] (N)
RN (N=1)=RN (N)

XMU (N= 1) 2XMU (N)
C1 (N=1)=C1 (N)

ISV (Ne1) =TSV (N)
AM(N-l)aAM(N)

VN (N=1) VN (N)
DRMX (N=1) aDRMX (N)

VMX (Ne1) SVMX (N)
SIAR(N=1)=2SIGR (N)
SIAT(N=71)sSIGT(N)
QAMX (Ne)) =2QMX (N)
PX(N-I)aPX(N)

DV (N=1) =0V (N

‘DVO(N-l)'DVO(N)
EO(N-l)aEO(N)
VO (N=1)3V0 (N)
162 CONTINUE
GO TO 164
163 CONTINUE

CHECK FOR STOP TIME, EDIT OR PLOT TIME
164 IF (ITIME) 1654165
IF (ITIME=ITOT) 1664 ,
165 IF (TTS=TT) 166, ,
IF (STR) 1674167,
1F_(RNCJIN)=STR) o o167

166 111=11U=y
IRANK=0
oFF’lo_“
Go TO 172
167 IF (TPR«TT) 4 +168
TPRaTPR+DTPR

T11=1

168 IF (TC(ITCX+2)=TT) 4+ ,169
IF (TIC(ITCX+2))169+169
DTPRETIC(ITCX+2)
TPRaDTPR+TC (ITCX+2)
I1TCX=ITCX+1

169 IF (DPLOT) 170+170s
IF (TT=PTS) 7704 o
‘ ITy=ml
CHECK SENSE SWITCH ]
170 IF (SENSE SWITCH 1) 4171

UF?;;IO

171 IF (111=1) #1720
IF (IIJ-I) 1889 9188

186



172 DO 173 J=mUN,LN
IF (1(J)=390) 173+173,
CAVRZR (J=1)

GO TO 174
173 CONTINUE

CavR=g,

Gn TO 175 , ,
174 CVRC2PCT/ (CAVR¥#CAVR¥CAVR)
175 IF (I11-1) 18ge 4180

C =« EDIT
IF (NCYC) +176
WRITE OUTPUT TAPE 39 956y (IHEAD(N), N3197)s  (TWRT(N) s NS194)
1 un(l)y M0O(2)
NCYC=0
60 70 177

T 176 WRITE OUTPUT TAPE 3y 957+ (IHEAD(N), NZ198)9 (TWRT(N), N=:]1y4)
177 WRITE OUTPUT TAPF 35 958y NCy DTs DTHs TTs RADT
DO 178 J=JUNelyLN
I(J)BXSIGNF (T (J), TSV (.))
178 CONTINUE

WRITE OUTPUT TAPE 3y 956, ((J=1)y DR(J)y RGJ)y V(J)e AMU(J} s P(J),

1 0ty TKUS)y QKD FOJYe T(J)s JZ NyLNe1)
DO 179 JzsJUN=l,Ln
I(NaXABSF(TI0J))
179 CoMTINUE )
CALCULATE ENERGY ENIT OR FPLOT
180 DO 181 J=1,51

EN(JI=RF (J120,
181 ConTINUE

Kg]

M=1(2)

FST=VN(1)®#EO(])

DO 182 J=1sLN

FSTREVN(J+ 1) #EO(J+7)
FSTMZAM(J) +AM (J+7)
A STMaV (J)#VE0 (J)
R=FST+FSTR

FST=FSTR )
GWsDR(J) #GR#FSTM

EN(KT=EN(K) +A
0CH(K) =0CH (K) +8
BF (K)=BF (K) +6GlW
MaM/100+1

ENP (M) =EDP (M) +A
ENT (M) =ENT (M) +R

RF (M*11)=RF (Me1]) +GW

M=T (J+1)

IF (RN(UY=RA(K+1)) 4 4182
EN(K)2EN(K) #FF

OCH(K) SHCCN#OCH (K)

RF (K)xHCCN#RBF (K)

ENF(R)SEN(K) «CCH (K) +RF (K)
K=xe]

182 CONTINUE
DO 183 N=l+K=}
EN(K}SENIK) ¢EN (N)
0CH (K) =0CH (K) +0CH (N)

BF (K)=RF (K) +RF (N)
183 COMTINUE
ENS(K)=EN(K) «CCH (K) +RF (K)
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DO 184 M=z1.45
ENp (MY =EDp (M) 4CF
ENT (MYSEDT (M) 4 HCCN

- RF(M#¢11)=BF (M+11)#HCCN
EnP(6)=EDP(6) +EDP (M)
ENT(6)=ENT(K)+ENT (M)

BF(17)=BF (17)+BF (Me11) .
ENTL(M)=EDP (M) +EDT (M) «BF (Me11)
184 CaNTINUE

ENTL(6)aEDP () +ENT (6) «BF (17)

IF (ITI-1) 188y 4188

WRYTE OQUTPUT TAPE 134 9572

WRTTE OUTPUT TAPE 3y 960, (EN(L)s OrKH(L)y BF (L), ENA(L)y Lm]yK)
WRITE QUTPUT TAPE 3, 953 :
WRITE OUTPUT TAPF 3, 960, (EOP(L)s FRT(LYy BFt) #3114y, EnTL(1 )0} =106y

IF (ETOT) 185, 4185
ETOTRENTI=EDTL ()

185 WRITE OUTRUT TAPE 3, 961, FTOT
IF (CAVR) 4 5184
WRITE QUTPUT TARE 3y 062
Gn TO 187

186 WRITE OUTPUT TAPE 34 963, CVRC
187 A=FTOT=EDTL (6)
IF (A) 4188
CHECK ENFRGY i
IF (ABSF(A/ETCT)=.5) 1884188,
OFF=1.,

1R BL)! _
WRITE OUTPUT TAPF 13, 064
C = DO R PLOT IF TIME
188 IF (IL-25) 4 4190
IF (TT«RPLIIL)) 390,
IF (CRTI~]le) 189, o

CALL CRTID (2KAVel,4n)
CaLL FRAME
CATI=p,
189 CALL RPLOT
IL=Il+]
COMPUTE ™AX, VALUES FOR P OT

190 IF (IRPLOT) 162,192,
D0 191 J=JNSLN
DRMX (iJ) eMAXLF (DRMX (J) o DR ( J))
VMX (J) MAXIF (VMX (J) o V(D))
QMX(J)IMAXIFLCMX(J),Q(J))
PX(J)aMAXIF (PX () eP(N))

AzP (J) =,666666666643TK(.))
BxP (J) +143333333338#TK (J)
STGR(J) BMAXIF (SIGR (J) 48)
STGT (J)=MAX1F (STIGT (J) ¢A)

191 CONTINUE

192 RJH=R(LX=]) =V (LX=])#HDTH

PonaP (LX)
CHECK FOR TERMINATING
L=
IF (OFF) 214y 9213
CALCULATE DymMP TIME ON gA (TAPE AR DISK)
IF (NCeNCD) 793,

LY T
CaLL WRST
CALL WRTEOF ¢6)
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CALL BSPACE (6)
NCD=aNCD+1000
193 IF (1T0T=1PDT=900) 195, ,

PDT=ITO0T
IF (DPLOT) 1944194,
ABF(IBX)=«=1000
~ CALL PLTOUT
194 Kei6
CALL WRST

—  BACKSPACE FILE 16
CALL BSPACE (16)
CHECK FOR PLOT DATA _
195 IF (I1J=1) 212y 4212
PTS=PTS+DPLOT
D0 196 JsJNyLN

IF (W(J)) 1969196
IF (AU =Q(J=7)) 91964196
C=RMJe1) :
Go TO 197
196 COMTINUE

Cz=n,

197 N=111=]
M=
DO 203 J=JNyLN
198 If (N-gS) ’ 9204 .
IF ﬁRh(J)fPLOD(N))_’ZQOOZQS
IF _(RN(J=1)=PLOD(N)) 201,19G,

TF (RN(J)*RN(J=1)=2,#PLON(N)) 92009200

199 ING(N)=J=)
GO TO 202

200 ING(NY=)
GO TO 292

201 ING(N)=0

N=néel
GO TO 198
202 MeM+l}
N=Ne+]
203 CONTINUE
204 IF (IBX=3815) 20Rs+208,

Ke7# (Me2+ TEPLQT)
IF (IBX=4004+K) 208 o
C = PLOT BUFFER FULL =~ WRITE ON 4B
ARF (IRX)==1000.
IF (IPR=1Q) 42074207
BUFFER OUT (741) (ABF,ABF(4004))

e

205 IF (UNIT979K) 205+2064 o
WRITE OUTPUT TAPE 3, 977
206 IPR=1PBe1
IRx=1
Gno TO 208
207 CALL PLTOUT

TPRED

K=16

Call. WRST
BACKSPACE FILE 16
CAl.LL BSPACE (16)
CALL FSPACE (15)

TRX=1 _
C « STORE PLOT DATA IN BUFFER
208 ARF (IBX)==1,
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ARF {IRX+1)=TT
ARF {IBX+2)2CAVR
ARF (IRX+3) 3 CVRC

CARF (IHX+4)=C

ARF (IRX+5) =M
IRX=1AXe7

Do 209 N=1,25

IF (ING(N}) 2094200,
J=TNG (N)

ARF (IRX=1) =PLOD(N)

ARF (IRX)=DR (J)

ARF (IRX+1)=V (1))

A=TSV(J) ~

ARF (IBX+2)=STGNF (CY{(J)vA)
ARF (IBX+3)=AMY (J)

ARF (IBXe4) =P (1))
ARF (IBX+5)=TK (J)
IRX=IRXe7

269 CONMTINUE
IF (IePLOTY 21147211
ARF (IBX=1)==100.,

ARF(IBRX)=ETNT
DO 210 Nzl.6
ARF (IBX+1)=ENTL (N)
IRY=IaX+)
210 CONTINUE
IrxalBgXe]

GO 10 212
211 ARF({IBX=1)==1(,
212 IF (ITSTP=20) 14413+1%
213 L=» ] )
CALCULATE BALANCE OF RFA{ TIME IN ACCOUNT (NEG, RUNNING TTMF)} AND RESET
214 IF (IBANK) 27154215,

IRANK=z TRANK=TTOT
215 Iv1=2 .
C = EMPTY PLOT RUFFER NNTC 4B RFFORE TERMINATION
IF (DPLOT) 2164216,
CaLt pLTOUT
C = WRITE FINAL DUMP ON &8

216 K=16
CAi L WRST
Ke4
Call PLOTE
CALL WRST
CaLlL, WRTEQF (g)

CALL UNLOAD (6)

CALL CLOCK (IC{)1)sIC(2)) _

WRITE QUTPUT TAPE =34 966, ITOTe IC(T).IC(2)
WRITE QUTPUT TAPE 3y 967

CalL OQND3A(3)

CALL OQND3A(6])

IF (L=1) 4217,
READ INPUT TAPE 24 9714 L
IF (LeB) 217, +217
C = CaLL PLOTY
CALL CHAIN (5,5) . .
C = UNLOAD TAPES « CALL EXIT = Nn PLOT

1T CALL UNLOAD (]6)
CAaLL_EXIT
CREATE EXIT IF RADIUS NEGATIVE
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218 WRITE OUTPUT TAPE 3, 968, J=]
CALL ERROR (7.)
C = TAPE READ ROUTINES

A STR
GO TO (221924292} IJ

220 CaLL TSTR
Go TO (221944494)y 1J

22. WRITE OUTPUT TAPE 34 972
PRINT 972

CALL GOND3A(3)
CaLL OQND3A(6])
CaLL EXIT
c MAIN :CODE TAPE SUBROUTINES
ENTRY TSTO
CALL BSPACE (K)

00 900 M1 (5=N)

Cail. WRBLNK (K)
900 CONTINUE

Neine1

RETURN TSTO

ENTRY WRSO

Na?
901 BUFFER OUT (Ks1) (DPLOTIALF)
902 IF (UNITeKeM) 9029904y o

CALL TSTO

IF (Nel) 9014 #9501

WRITE OUTPUT TAPE 3, 608, K

IF (K=6) 903, +903
RETURN WRSO

903 CALL OQND3A(3)
CALL QOND3A(61)
CALL EXIT

904 CALL WRTEOF (K)

RETURN WRSO
ENTRY WRST
Nzt
905 BUFFER QUT {Kel) (NCHTTS)
906 IF (UNITeKeM) 9089907,
N=N-1

TF (N=1) 905, +905
507 RFTURK WRST

ENTRY TSTR

CalL BSPACE (L)

Ju =}

RETURN TSTR

o FORMAT STATEMENTS - _
908 FNRMAT ( TH1 TAPF ,13,38H 1S RADs P EASE REPLACF IT AvD RESTART)
950 FORMAT (8A10)
951 FORMAT (E740,1742E7.0)
952 FNRMAT (///35K ENERGY TOTALS PER ORTGINAL REGIONS)
953 FORMAT (///33H ENERGY TOTALS PER MATERIAL STATE)

T 9564 FORMAT (60H TAPE 6R AND CARD 1+De. ARE NOT THE SAME, PROBLEM TERMIN
VIATED///22H TAPE 1S FOR PROBLEM +8310)
956 FORMAT (1H1/8H SOC 11 ,7A1n,4A10//9 9H STARTED ,1A8, aH ON ,148/)
957 FORMAT (1H1/RAlq0+4A10) _ _
958 FORMAT (///43H N CYCLF NELTA T(N) DELTA T(Ns.5) TIME//1Xelby
11X43E1445//426 DELTA T CONTROLLED ay ZONE WITH nADTUE Z9F14,5)

959 FORMAT (///120H J  DFLTA R aaDIUS vFLoelITy MU
1 PRESSURE SHCCK K R=THeTA . K SHOCK FNERGY ST
2ATF// (1X914490E12,5,4T7))
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960 FNRMAT (//69H  KINETIC ENFRGY INTERNAL ENERGY  GRAVITY
TOTAL ENERGY//(4FE18410)) _
961 FORMAT (///17H ENERGY INPUT IS +E38,19)

35K THIS IS A PRESSURE PROFILE PRORLFM]
963 FORMAY (///36H VOLUME WETGHTEN CAVITY PRESSURE 1§ +F12.5)
964 FORMAT (18H BAD ENERGY CHECK/)
966 FORMAT (26H PRORBLEM TERMINATED AFTER +I698H SECONDS///13H THE TIME
1 15 91A8913H THE MACHINE ,1AR)
967 FORMAT (1H1)

968 FORMAT (1M1///71QH NEGATIVFE R AT J 3 414414H CHERK PRORLEM)

971 FORMAT (1Y) -

972 FORMAT (A5H 3 RAD RFADS OF 6By CHEck TAPE AND (nIT, THEN RESTART
1THIS JoB ) :

973 FDRMAT (60H ERROR IN THIS PROBLEM. 0O NOT TRY TO ~ONTINUE OR RES
1TARTe)

974 FORMAT (1H1/7/47H SLOPE LFSS THAN Or EQUAL T0 7gRr0, CHECK INPUT//
1//117F CYCLE CELTA T(N) PDELTA T(N*,5) J STATE  P(N+})
2S1.0PE MU (Ne1) P(N) MU (N) MU MAX//1Xs169
32F12¢5421696F13,549E12,5) _

975 FORMAT (1H1///30H MU«E/SI.aPE GREATER THAN 1,501,//6nH MUE

1 SLOPE MU Nei PRESSURE LOCe//6F14,5911)
976 FORMAT (1H1///30H MU-c/SLORPE GREATER THAN 1.501///anH MU~=C
1 SLOPE MU Nel PRESSURE 7/4E74,5)

977 FORMAT (aSH BAD DISK WRYTE, MAY BE SOME BAD PLOT PAIMTS)
Enn
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L 3 28 2

FORTRAN

LI]T &
CARDS COLUMN _
RPLAOT

SURROUTINE RPLOT
USF COMMON

AzR (JN)

DO 1 iJ=JNyLN

IF (1(J)=390) 14
Bz (J=])

LPoJd=]

Gn TO 2
CONTINUE
B=R (LN)
LP=LN
YN1=GW=V (J)

F=g=P (UN)
AD=AF=TK (JUN)

DA=DB=EOQ (UN) =P (UN) +1,33333334TK(JIN)
DC=DD=VO (UN) 2P (UN) = . 6666666 T#TK (UN)

DO 3 iJsJN+14LP
YNY=MAX)F (YNJ 4 V()Y

GW=MINIF (GWoV (J))
F=MAXIF (FsP (J))
S=MINIF (SsP (J))
AD=MAX1F (AD s TK (J) )
AF=MINIF (AF, TK (J))

VO(J) =P ()=, 6666666THTK (1)

EO(J) 2P (J) +1.3333333#TK(J)

DA=MAX1F (DASEQ (J))
DR=MIN|F (DBsFO (J))
DC=MAX|F (DCyVO (J))
DD=MIN{F (DDyVC (J))

3 CONTINUE

Kz{ P=jN+]

D0 12 J=141042

IF (RIX(J)=RIX(Je1))

CALL SETCH

12912
(10e92090409040)

Go TO (4!596y599)ofJ/?¢1
4 WRITE OUTPUT TAPF 100s 4S0. (THEAD(NY ¢ N=1e8) s

L= IN*12020
Go TO 7

S WRYTE OQUTPUT TAPE 100, 451,

L= N
Go TO 7

(IHEAD(N)» N=2198)

6 WRITE OQUTPUT TAPF 100, 452, (THEAD(N)s N=19s8),

L= N+3606

7 CALL MAPG(Bs As RIX(Jsl)y RIX(J))

CaLL TRACE
Go TO 11

(R(JIN) y P(LYy K)

8 WRITE OUTPUT TAPE 100, 453,

Loe. N

(IHEAD(N) 9 N=148),

GO TO 10

9 WRITE OUTPUT TAPE 1006, 454,

L=JN+84) 4

(THEAD(N) y NmloB),

10 CALL MAPG (B, Ay RIX(J+1l)s RIX(I))

CALL TRACE
11 CALL FRAME

(R{JUNYy EOC(L)y K)

12 CONTINUE
RETURN

450 FORMAT (8A10/30H VELOCITY VERSUS RApDIUS AT T =

193

9E12.5$



451 FORMAT (BA10/30K PRESSURE VERSUS RApIUS AT T = ,rl2,5)
452 FORMAT (BA10/31H KR THETA VERSUS RADIUS AT T = oEl?.ﬂ)
453 FORMAT _(BA10/30H RADIAL STRESS VERSyS R AT T = ,F12.5)

454 EORMAT (8A10/34H TANGFNTYAL STRESS VERSUS R AT T @ ,E1245)
nP
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* &%

L1578
CARDS COLUMN
FORTRAN PLTN

SURRUUTINE PLTOUY

USE COMMON _

CALL REWIND (7)

BUFFER IN (7,41) (ABA(7)9sARA(4004))
M=4005

J=1

- U0 7 N3l IPR

1 IF (UNITe7eK) 1920

WRITE OUTPUT TAPE 1, 901

IF (N=IPB) ¢33

BUFFER IN (751) (ARA(M),ARA(M¢4003))
BUFFER QUT (169)) (ARA(J) ¢ABA(J+4003))

TF (UNTT9160K) 495909
WRTTE OUTRUT TAPE < 000
IF (N=IPB) 48,8

IF (Mel) o 96

Mz400S

Jz

[V R [ I\ )

GO TO 7
6 M=1
J=400%
7 CONTINUE
8 CALL REWIND (T)
BUFFER OQUT (1691) (ARF({1)s ARF(400%4))

7 IF (UNJTe169K) Ge1000
WRYTE OUTPUT TAPE 3, 900
10 CALL WRTEOF (16)
RFTURN
900 FORMAT (S51H BAD TAPE REAN/WRITEs PLAT MAY HAVE SOMF BaD POINTS)
901 FORMAT (51H BAD NTISK REAN/WRITEs PLAT MAY HAVE <OME BaD POINTS)

ENn
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» CARDS COLUMN
LIST &
FORTRAN

SURKRUUTINE BANDP (IBA,ITL)
USE COMMON

CALL -BANDP (A,8)
STORES ASCII ‘USER NUMRER IN A (1)

OOO0O

STORES NUMAER OF SECONDS TN BANK ACAOUNT IN A(2) INMTEGER
T SYORES TU IN R({D) %RTEGER_SECONDS

c STORES PRIORITY IN R(2) FLOATING Pt
¢
COMMON /GORCOM/ GCOM
ADDRESS ZETA
DIMENSION IBA(2)s ITL(2)
ZETA®(
KIM = (2401B4SHLe4R) UNe ({oLOCSERROA) oSHL30) LN, (ol OCsIBA(1))
GCOMZ(1004BeSHL18) «UNe (oLNCLKIM)
GO TO ZETA
ERROR GO TO OK
GO TO ERROR

0K IRa(2) sIBA(2) /7 1000000
KIM ®(24038eSHLe48) osUNG ((4LOCsERR) (SHLe30 ) (1M (41 0raITL (1))
GCOM’(1004BQSHLQ18)QUN.(.LOCQKIM)
GO TO ZETA
ERR 60 Y0 THRU
GO YO ERR

THRU ITL(lya ITL(1) / 1000000
REYURN
ENN
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bl LIST 8

® CARDS COLUMN

L FORTRAN ERROR
SU=ROUYINE ERFROR (ERR)
USF COMMON

CALL UNLOAD (16)
CaLL UNLOAD (&)
IF (CRTI) 1y o1
CaLL PLOTE

1 IF (ERR) 3,3, _
WRITE OUTPUT TAPE 39 1009 NCo DTy DTHy TTe RADT
Do 2 iJsJNeLN
T(NBXSIGNF (T (J) (ISVI(N))
2 COMNTINUE __ ) _
WRITE OUTPUT TAPE 3, J0ls (J=1s DR()), ReJ)s VE)e aMNES) s P(J)Y

1 Q0 TK(JYy QK (JYy E(J)y I(J)s IS NsLNel)
3 CALL QOND3A (3)
CALL COND3A (61)
CaLL EXIT » . _
100 FORMAT (18H1  ERROR PRINTAUT///43H N CYCLE DELTA TIN) DELTA T
1{N+45) TIME///Xs16+1Xs3F1445//42H DELTA T CONTRO|{En BY ZONE WIT

2H RADTUS =4E14.5)
101 FORMAT (/771204 J NDELTA R naDIUS VELOCTTY MU
1 PRESSURE SHOCK K R=THFTA K SHoCk ENERGY ST
ZATE// 1X01449E12,5,17))
END
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APPENDIX 2. GENERATOR

L1sT &
CARDS COLUMN
FORTRAN GEN

L X 2 2

CL.YCHE GENCOM

COMMON NC(?)y JUNy LNs TT, IRy LXs EnNI,y RN(1202), HH(B414), IH(B414
1)y BAM(1202)y C1(1202)» DP(1202)0 nV(1202)s nNVn(24n&)y ISV(1202),
2 P(1202)y G(1202)4 €K(1202)y TK(1202), VN(1202), VO(1202), AMU(i20
32y, E(1202)9 1(1202)s R{1202)y V(1242)9 TC(12)y TIc(12)s RPL(25)
4 DTy PTH. DTNy DTPR, FPP, ETOTy FDT, HDT ILy TPI, IrOy ITCX,

y PJM, PTS, GXTys RJHy PR, HDOTHy
COMMON rnNSTANT FOR RUN
COMMON DPy IFy IXy IDX(8)s GRs» DXTe PL(100)9 GAS(272BYy PT(400)
1 Pu(400) PD(400)s CP(200)s CM(200), CD(200)y Pk(20n)s PR(200)
? NK(200)s SS(200)+ SP(200)s SD(200), AK(10)» VI(10), pM(1l0)y AMZ()
30)y AMI(10)9 AM2(10), XK(1D), PZO(ln)o P1(10)y P2(1A)s SKQ(10)

G BR(10)y SE(10)y EF(1N)s FV(10)» STU700 IT(10)s TTTC(1IAYY IP(10)Y
5 rR(11), RMQ(11), GK(10), CF, CCN, HCCN, IRZ, RF7F, lu(4), ppR(61)
6y TP(61)y IVR, IALF
COMMON USED IN GENERATION ONLY o
COMMON TTL(10)s TAM(100)s ONCy GI(17)y EN(1D)y 72(1Y)s IES(11)
1 FNC(11)s GL(1))s Jo Ks Lo My Ny JJg INN, ICLK, MACHs Ay Do Fs Go

2 TKT(80)s 1My IC(G) s H(lb)s HP(40) 9 HM{40) s HN(4N), HA(20) s HCM(20
3)y HCD(20) s HE(2n)y HK(2N)s HDDI(20), HGAM(20)s APRE(27) s HPP(20))
4 HG(l0)y HBL(10), HGE(64), HGG(640), KGD(640), HADE(K4i)y ZP(400)
S ZM(200) 9KXys T19 NNe NOs MPy INy AsTv JLy LLP, AAA, YY1y YY2, 221,
6 7729 KLy 2Zy YYy LLG, BAs Xy KGy Dxy KE, NNN, 7S» TV

EQUIVALENCE (KH, IH)

EQUIVALEN (IC(1)y IM)
EQUIVALENCE (AC(2) s UN)
ENDCLICHE

USE GENCOM

CaLL REGST

CAaLL CRTID (PHAVyY)?

CALL FRAME
N=.L0C.NC
J=«.OC+KE
NNN:J-

D0 1 1S=1+NNN
NP(IS):O

1 CONTINUE

CALL CLOCK (ICLKy MACH)

IvR=IPO=IPT=L NSLX=TAN=] -

RFAD INPUT TAPE 2, 500y (TNX(N)9 N=198)y DPy DTPRs Fy J» IXy IEv
1 Ky IRZy L .

READ INPUT TAPE 24 901, RR{1)s TTSe DXs» IRy M, As Tve REZF

IF (REZF) o+ +2
REZF=.2

2 IF (IR=J) v 43
I1=J
GO T0 &

3 It=lIR

4 RFAD INPUT TAPE 2y G072y (RR(2 GK{NYy EN(N)y TZ(N), TES(N)y TCI(N)
19 TIC(N)y Na2,11¢1)
1ALF=3
IPOEK«+ IPO
RR(1)=RB(1)#100.

D0 § hssv1141
NT#:00.

TC(N’:TC(N)'IOOO.

TIP(N):TIC(N)“IOOO.
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CONTINUE .
DP=DP#1000.
DTPR=DTPR#1000.

F=F“loooo
TTS=TTS*1000.
DxeDX#1000¢
CCN=4,18879
HCEN=,54CCN
CFs+25#CCN

QxT=1.

DTH=1 .€-3
DT:HDT1=05E'3_
HDTHEFDT=NTN=Q W
DXTaDX#DX#G,

IF (DP) +70

DO 6 K=1925+5

READ INPUT TAPE 24 903y (£1(N)y NzK,Ke4)

IF (Cl(Ke4)) Te7,
CONTINUE -

IF (F) 11y #12

DO 8 K=1925+5

READ INPUT TAPE 29 9039 (RPLI(N)s N=K,Ke4)

IF (RPL(K+4)) 940,
CONTINUE

DO 10 K=1475

RPL (K)=RPL{(K)®1000,
CoxuTINUE

13

GO 10 14
F=TTS/25.
RPi_(1)=F

DO 13 K=2,475
RPI(K)SRPL(Ka1) #+F
CoMTINUE

14

CaLlL ZONER

K=0n

Do 21 N=1,1IR
R{K+1)=RN(K+1)=RR(N)
IF (IZ(N+1)) 415,15
LN=LNeJZ (N+])

15
16

Go TO 16
LN=LN+TZ (N+1)

ENC(N+1)=EN(N¢1) #4,186E7/ (CCN# (RB (Ny #8 TALF=RB (No1) 60 IALF))

NO 20 K=K+lylN=)
IF (GLIN+1)) o+ 017
F=RN (K) #RN (K)#RN (K)

17

Fer=GI (N+1)

IF (Feal) 18,18,
F=rF##,33333333
RN(K+})=R(K+7)=F

Gn TO 18 _ _
RM(K+1)=R(K+1)=(RN(K)=GI (Ne]))

18

GI(N+1)=GI(N+1)/GL(A+1)
T(K+1)=IES(N+])
E(x+1)=ENC(Ns+])

IF (L) 19, 939

AMU{K+7) =GK(N+y)

Gn TO 29

19
20

V(K+¢]1)=GK(N+])
CoMTINUE
KzK=1
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21

CONTINUE
R(x+1)=RN(K+1)=RR(N)
IF (DP) o472,

22

NN=TR+)

K=]

IF (C1(K)) 23423,
C1(K}2C1(K)*f00-
K:Ktl

IF (Ke28) 22,4,22:35

23 JF (LES(NN)=400) 244

24

NN:IR
JJ=2T=K=NN
F=aN(Y)

IF (JJ) 25425,
G=.1J

25

F=(RB(1)=RA(NN)) /G
G=PL (1) =RR (NN)
JJ=26=K

DN 34 N=1,JJ

nn 28 II=1QK

IF (C1(ID)) o s26

26
27

Ci(ll)=G

K=i+]

Gn TO 29

IF (GeC1(IX)) 432428
NO=K=K+)
CI1(NO)=CL(NO=1)

28
29

NO=NO=1

IF (NC=TI) o 427
Cr(II)=G

Go 10 29
CONTINUE

IF (K=25) » 435

30

IF (G=RR(NN)) 30y 430
NN=NNe

G=r (1)

IF (GeFLRB(INN)) 432,31
G=G+F

Go _TO 34

3

32

PL(17=6

G=RR (NN)

GO TO 34
F=RN(1)
NQEZT-K-NNO]
IF _(NC) 33,33,

33

35

G=n0
F=({RB(1)=RB(NN)) /G
G=PL {1)=RR(NN) +F
NNz=NNe]

CONTINUE

JJ=25

36

NN=1

IF (C1(JJ)) 4 36

Cr(JN=C1 (JJ=])

Cl(JJm 1) = SH(CLIJN)=CY (JJ=2) ) +C1(JJ2)
DO 39 N=1eLN N _ .

IF (C1(JJ)=RN{N)) 38437,

IF (24%C1 (JJY=RN(N)=RN(N=1)) 379379
PL (NN) =RN (N=1)
GO TO 38
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37 PL(NN)=RN(N)
38 NNzNN+)
JJjaJJe]

TF (JJ) 40440,
39 CONTINUE
40 DN 41 JUJ=1+25
Cy(JJ)y=0.
41 CONTINUE
_FzTTS/DP

IF (F=96004) 42442,
DPaTTS/9600,
42 LXalX+LLN
NO=M
INN=]
DO 50 N=]1,NO

CALL MATRD
CIF (H(16)=1004) 443
Call GASRD
GO TO 48
43 DO 45 K=1470,3 .
READ INPUT TAPE 2, 90k (HG(JJ)s HG(JJI*T70) s JJuKeKen)

Dh 44 JJ=KsKe2

IF (JJ=1ly 44,644,

IF (HG(JJ+T70)=HG(JJ*+69)) o 44
IF (HG(JJ+T0)) 446 _
WRITE OUTPUT TAPE 34 055, IM

DNC=l,

GO TO 48

44 CONTINUE

45 CONTINUE

46 DO 47 K=)loJJ
IF (HG(K+70)) 947,
HE(K*70)=la/ (HG(K+TO)OH) =),

IF (Kel) 47947

FaHG(K+T0)=HG (K+69)

IF (F) 448

HG(K#140) 2 (HG(K) =HG(K=Y)) /F
47 CONTINUE

48 DO 69 Kgle1690

IH(INN)Y=]IC (K)
INNz2INNe]

49 CONTINUE

50 COMTINUE
I1elJJ=NN=MP=}
Dp 66 K=141IR

Nz IES(K+]) ,
51 IF (N=100) 52,52,
NenN=100
Go TO 51
52 IF (IAM(N)) R&4s 464
TAM(N) =K

DO 53 IN=1sM#1690,1690
IF (IH(INY=N) o84
53 CONTINUE
WRITE OUTPUT TAPE 3s 957, N
DNcey .
GO TO 66

——5& U0 55 NOaI+T1430
Ic(NO)=IH(IN)
IN=IN+y
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58

CONTINUE
INm)

DO 56 NO=KsKal169,10

56

AK(NOY&H (IN)
INaIN+y
CONTINUE
RHO(K+1)=AK (K)

IF (IES(K+1)=400) 57
IF (IES(K+1)=389) 87487,

57

ENC(K+1) =EF (K) #AK (K) %4, | R6F =D

INm)

Do 58 NO=MPyMP+30
PT(NO)-HP(IN)
PM(NO)‘HM(IN)

PN (NO) =HD ( IN)

58

IN=IN+]

ConTINUE

IN=}

DO 59 NO=NNyNN+19
CP(NO)=HC (IN)
CM(NO)=HCM(IN)

CN (NO) =HCD (IN)
PK(NO):HE(IN)
PR (NO) =HK ( IN)
DK (NO) =HDD (IN)
SS (NO) =HGAM (TN)
SP(NO)-HPRF;JN)

59

SD(N0)=HDP(IN
INEINe]

CouTINUE

NO=IN=1Y

IF (HG(NO)=HG(NO+1))
DO 60 INN=JJyJJ+1363

961,

60

GAQ(IAN)“HC(NC)
NOxNQ .1
CONTINUE
ITT(KY=JJ
JUsJJ+1364

Go TO 67

63

17T (K) =0

DD 63 INN=II,I1+7
IKT(INN)'IC(IA*])
IN=IN+1]

CONTINUE

IT(K)=NN
ITL(KY=TI
MP:MP¢40
NN:NN+20
I1=11+8

GO TO 66

64

INSTAM(N)
IP(K)=IP(IN)
ITUHO=IT(IN)
ITL(K)=TTLCIN)
ITT(K)=ITT(IN)
INnN=K

DO 65 NO=INsTN+1&9,10
AK(INN)Y=AK {ND)
INN=INN+]0
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65 COWTINUE
RHO (K+1)=AK (K)

IF (IES(K+1)=400) ¢ 966

IF (TES(K+1)=389) 664h6r

ENC (K« ) =EF (K) #AK (K) #4,1R86F=>
66 CONTINUE

Nz? _

DO 68 IN=1sLN

IF (ENCIN)) 67467

E(IN)=ENC (N)
67 IF (RN(IN)=RB(N)) 6B, 468
N=ile]
68 CONTINUE
IF (IPO=1) 472
DO 70 N=19h0,4

READ INPUT TAPE 24 907, (HH(K)y K=1,8)
K= _

DD 69 IN=NeN+3

TP(IN)=HH(K) #1000,

PPR(IN)=HH (K1)

Kzks2

65 CONTINUE
IF (TP(IN=1)) 71,

70 CONTINUE

71 IF (TP o472,
TTeTP

72 WRITE OUTPUT TAPE 3, 958, ICLKsy MACH

IF (IRZ) 173,
IW(])=()0HSPHERE )
Go TO 74
73 1W(1)=(10HSPHERE NOT)
74 IW(2)=(10H RFZONED )
IF _(IV) »75,

IW(3)=(10H HORIZONTA)

Iw(4)e(10H. )
Go TO 7e

75 Iw(3)=(10H VERTICAL )
Iw(4)=(10H )

76 DO 77 N=241R

IF (LlES(NY=3RG) 77,77,
IF (IES(N)=400) o 77
EN(N)ZENCIN)# (RR(N=1)##TAL FaRB(N)®*TALF)#CCN/4,1R6F7

77 CONTINUE , _ |
WRITE OUTPUT TAPE 3y 959y (INDA(N)9e N=z198)y (IW(N)s NEY144)
WRITE OUTPUT TAPF 3o 063¢ (RR(1)s T1Ss OXs Ay REZF)

IF (L) +78s
WRITE OUTPUT TAPE 34 964
Vv)y=p
GO TO 79

78 WRITE OUTPUT TAPF 39 965
AMIi{]1) =D

~ 79 WRITE OUTPUT TAPE 39 9664 (RB(N)# RHO(N)y GK(N)s EN(N)s ENCI(N)
1 IZ(N)y IES(N)s GL(N), NmpyIRe+])
IF (DP) 48
WRITE OUTPUT TAPE 34 967» NPy (PL(Ny, N=1,25)
80 ?RITE oUTPUT TApE 3y 995, (RpL{K)s K31925)
L=l

“IF (IX) 81y
WRITE OUTPUT TAPE =49 968
81 IF (IE) 487y
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WRITE OUTPUT TAPE 3y 949
82 WRTITE nUTPUT TAPE 3+ 970, NTPR
IF_(J) 83,R3,

WRITE OUTPUT TAPE 3, 971, (TC(N)s TTC(N)y N=24Je1)
83 DO 164 N=14100

AST'OQ

IF (IAM(N)) 4164,

ITa1AM(N)

K=1TL(II)

JEL=IP(ID)

LeIT(ID)

DeaK(IT1)

IF (D) » oR4

DNC=Y .

WRITE OUTPUT TAPE 3y 9964 N

B4 IF (PT(J)) o 485
Jm e
GO TO 84

85 AK(II)=PD(J)
DO 88 JzJlLeJi +39
IF _(PM(J)) Rs, 486

IF (JeJl.) +8a,
IF (PM(J=1)) 86,4
ZP(J)=0.
Jze]
GO TO B9
R6 F=PM(J)+l.

IF (F) 87y +87
Ir(J) =g,
Go TO RA
87 ZP(J) =)/ (N¥F)
88 CONTINUE
89 IF (N=8%9) 94,94,

CALLL SETCH (10e92¢90909040) _

WRTTE OUTPUT TAPE 100, 949, (IDX(LLP)y LLP=19R), N
LLe=Jd=JL

CALL MAPGLL (ZP(JS)s ZPOJL4T)y PT(JLe1)y PT())
CaLL TRACE (ZP(JL+1)s PT(JL*])s LLP)

Call FRAME

WRITE OUTPUT TAPE 39 9T2s (IKT(J)s JmKsK+T)ly N, Ds RM(II), AMZ(I])
19 PZO(II)s EF(ID)

WRITE OUTPUT TAPE 3» 975

IF (ZP(JL)) 9us 450

WRITE QUTPUT TAPE 3y 976y RT(JL)s Pu(JL)y PD(JLY

G0 70 91

90 WRTITE OUTPUT TAPE 3y 97Ty PT(JL) s Zo(JL) e PM(JL) +PD ()
91 DO 93 J=dLe+1yJL+a9
IF (PD(J)=PDOJ=1)) 92,972
IF (PC(JY) 4920 _ » ,
WRITE OUTPUT TAPE 39 R00, PT(J)y 2P(J)y PM(J)y PDLY)
AST=],

G0 Y0 63 , _ , _

92 WRITE OUTPUT TAPE 3y 977y PT(J)e ZPcd) e PMLJ)y PD(N

93 COAMTINUE
G0 TO 138

94 WRITE OUTPUT TAPE 3, 973, (IKT(J)s JmKsKeT)s Ny Do (AK(J),y JmIly
1 11+4149410)

IF (PT{JL)=PT(JL*1)7 95+ ,
WRITE OUTPUT TAPE 3y 974
60 TO 138
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95 DO 97 J=JLeJL.+39
IF (ZP(J*1)) s 997
96 CALL SETCH (70es20309000,0)

WRYTE OUTPUT TAPE 100« 961, (IDX(LLp)y LLP=1sRA), N
CALL MAPG (Zp(J), ZP(JL), PT(JL),y PT ()
LLPEJeJl+1

CALL TRACE (ZP(JL)y PT(JL)as LLP)

CALL FRAME

Go TO 98

S7 CONTINUE
J=JL+*39
GO TO 96
98 IF (CP(L)=CP(L+1)) 41189118
DO 99 JsL,L+19
IF (CP{J)=CP(J*1)) 1009100

99 CnxTINUE
100 IF (CM(J)=AMZ(IT)) 91049104
WRITE OUTPUT TAPF 3, 951, AM2(II)s N, CM(J)
AM> (I1)=CM ()
DO 103 LLP=1,1IR
AAASIES(LLP)

101 IF (AAA=100) 102y o
AAp=AAA«1 Q0
Go TO 101

102 IF (AAALN)Y 1n3s 4103
AM2 (LLP)=AM2(I])

103 CoNTINUE

~T0% D6 107 LLP=L,L+39 '
IF (PM(LLP)=CM(UY) 1074106,
105 J=Jw=l
IF (J=L) o+ »104
WRITE OUTPUT TAPF 34 950
DNCs= 'y

GO 108
106 IF (PT(LLP)=CcP(J)) 108,108,106
107 CONTINUE
108 DO 111 J=LsL+19

IF (CM(J)) 109y 4109

IF (L=J) 5109,

IF (CM(J=1)) 109, ,
ZM(J)=0.
Gn TO 111

109 F=CM@J)f1.
IF (F) 1109 4110
ZMtJ)2pn,

Gn TO 111

110 ZM(J)=]l o/ (D*F)

111 CONTINUE
CALL SETCH (10692¢90909040) ) .
WRYTE OUTPUT TAPE 100, S852, (IDX{(LLP)s LLP=leg8), N

p=J
'TT?T*%‘TF#(LLP)-.04) y113,113

LLP=LLP+]
IF (PT(LLP)) 112y #1172
LLDBLLP-I
113 MPalLLP
Lip=l

114 IF (CPILLFT<=,04) o+ 115
LLP=zLLP+
IF (CP(L&P)) 1149 9114

205



LLP=LLP=)]
115 YY3=MINIF(ZP(MP)Y s ZNM(1LLP))

YY2=MAXIF (2P (gL) s ZM (L))
""—“"—‘77TEMTN%VTBTTUETT‘EF7y>7*

Z72=MAXIF (PT(MP)y CP(LLP))

LLPELLP~L*1

MPaMP=J| *1 _

CaLL ¥APG (YY1ls YY24 721, 722)

CALL TRACE (ZP(JL)s PTUJL}y MP)

CALL TRACEC (1HCs7M(LYCP (L) ,4LLP)
CALL FRAME
D0 117 JsL.Le+19 _
IF (ZV(J*1)) » 9117
116 LLP=J=L+y
CALL SETCH (1009249090900}

WRTTE OUTPUT TAPE 100, 9k2s (IDXILLP)s LLP®1+R), N
LLeaJaLel

CALL MAPG (ZM{J) 4ZM(L) 4CP (L) 4CP(I))

CALL TRACE (ZVM(L)s CP(L)s LLP)

CALL FRAME

Gn TO 125

117 CONTINUE
JalL+1lg
GO TO 116
118 CALL FRAME
IF (P20(1I1)) 119, o110

DNgn!,
RT OUTPUT TAPE 3, 004, M

119 IF (EF(II)) 120, 4120
Dncel, )
WRITE OUTPUT TAPE 3y 9974 N
120 WRITE OUTPUT TAPE 3, 678

B IF (ZP(JL)) 7219 212y
RT OUTPUT TAPE 39 976, BT (JLYs Pu(JL)s PD(JL)

GO YO 122 _
121 WRITE OQUTPUT TAPE 3y 677y PT(JL)e Zp(JLYe PM(JLYe PAL.L)
122 D0 126 JsJLeTyJLe30

IF (PD(U)=PDCJ=1)) 1239123

IF (PD(J)) 9123

WRITE OUTPUT TAPF 39 ROOs PT(J)e ZP(JYe PM(J)y PD()
AsT'lo_
GO TO 124
123 WRITE QUTPUT TAPE 3y 077 PT(J)s ZP(J) s PM(J)y POy
124 CONTINUE
G0 TO 138

125 IF (PZO(11)) 126y 4126
DNC=], _
WRITE OUTPUT TAPE 3y 994, N
126 IF (EF(II)) 127y #127

DNC=]. . . .
WRITE OUTPUT TAPE 3, 997, N

TTy27 WRITE OUTPUT TAPE 3 998
Kim|,

DO 135 JmJLyJL+19
IF (J=JL) + 9130
IF (ZP(J)) 128+ 9128

IfF ’ZMEKL]E 129y 9129 —
1 UTPUT TAPE 34y 981, PT(J)» PMJ)sPD(J)s CP(KLYe CMIKL)s CD(K

%) -
GO TO 13%
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128 1F (ZM(KL)) 130 +130 .
WRITE OUTPUT TAPE 13 999, PT(J)e ZP )y PM(U)
1)s CD(KL)

BD(Y) s CP KL} »CMIKL

GO 10 135
129 WRITE OUTPUT TAPE 3+ 0S4, PT(J)s PM@J)s PD(J)y
1CM(KL)Yy CD(KL)
G0 TO 135
130 IF (PD(J)=PD(J=1)) 91329132
IF (PD(J)) o722

CPIKL)y ZM(KL)»

TF (CO(KD)=CN(KL=1)) 91319731

IF (CD(KL)) 4133

WRTTE OUTPUT TAPE 34 A01, PT(J)s ZP(J)s PMIU),
1 Ki)s CM(KL), CD(KL)

AST=1,

G0 T0 134

PR(JYe CPIKL)y ZM(

131 WRITE OUTPUT TAPE 39 R0Z PT(J)s ZP(JVs PFMIJ) s
1 ZM(KL)» CM(KLY s CD(KL)
ASTglo
GO TO 134 , )
132 IF (CD(KL)=CN(KL=1}) 4,133,133
IF (CC(KL)) 4133

PN{Uye CPIKL)»

WRITE OUTPUT TAPE 39 R03y PT(J)e ZP(J)y PM(J)y
1 70K ) s CMKL) e CNUK})
AQT=1._
GO TO 134

133 WRITE OUTRUT TAPF 13, 993, DT(J)o IPed)y PM(UY,
L ZHM(KL) e CM(KL) s CD(KL)

eN(Jys CP(KL)

enlJys CPIKL),

134 KL=KL+)
135 CONTINUE
DO 137 JsJL+20eJL +39
IF (PDUD)=PD(J=1)) +136+113%
IF (PD(J)) 71360
WRITE OUTPUT TAPE 3+ R00s PT(M)s ZP(J)e PM(J)y

pnl.1

AsT=1,

Gn TO 137
136 WRTTE OUTPUT TAPF 3y ©T7T7e PT(J)e ZP(J)s PM({ ),
137 CoONTINUE
138 IF (AST=l.) 139, o

WRITE QUTPUT TAPE 34 RA04

e i

139 WRITE nUTPUT TAPE 13, 1000
IF (PR(L)=PR(L+1)) 1455145
WRITE oUTPUT TAPF 3, @80
DK(L)‘O.
WRITE OUTPUT TAPE 3s 982, (PK(J)s Pr(d)e DK(J),
YY=2Z=PK (L)

J2LLe19)

Do 143 J=L+1,L+19
YY=MINTF(YYoPK (J))
Z7aMAXIF(ZZ4PK(U))

IF (PR(J)) 143s +l43
IF (PR{J+1)) 143, +147
J==1]

140 IF (YY 7Z) 4146,
CALL SETCH (70e92e¢90e¢050,0) _
WRTTE QUTPUT TAPF 100, 953, (I0OX(LLp)s LLP=1y8)
LiPelel+]
YY1=PR(L)

s+ N

IF (PK(L)=PK(L*1)) 1619 114
YV EPRIL+ T = (FRIL+ ) =PR{)]
141 Z71=pR(J)
IF (PK(J=1)=PK (Jyy 147, ,142

1—
/3700%
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Z2712PR(J=1)+ (PR(J)=PR{J=1))/100+
142 CALL MAPG (YYls 7714 YYs 77)
- CaLL TRACE (PR{L)s PK(L)s LLP)

— G0 10 144
143 COMTINUE

J=L+19

GO TO 140
144 KzKel

Gn TO 146

145 WRITE QUTPUT TARF 3, 983
146 IF (SP(L)—SP(L*l)) 147y
CAalL FRAME
60 70 1851
147 IF (K) 148« 414R _
WRYITE QUTPUT TAPF 2y 7000

148 WRITE QUTPUT TAPE 3y 984, (SS(J)y Sp(J)s SD(J)y J=L ,Le19)
IF (YY=ZZ) 4147,
DO 150 J=L+1,L+19
IF (SP(UN)) 1509 4150
IF (?P(J*l)) 150+ +15n
Ji‘-,-

149 LI P=J=| +]
CALL TRACEC (1HCsSP{L)sSS(L)yLLP)
CALL FRAME
GO TO 151
150 COHNTINUE
J=l.+19

GO 10 149

151 L=1T7T(1I])
IF (L) 1574157,
IF (SI(II)=100s) 1584 4158
WRITE OUTPUT TAPE 23y 685, N
DO 154 J=l el 469

1IF (GAS(J+T0)) 152y ,152
IF (GAS(J+71)) 152y 9152 _
HG (J):=GAS(J) aGAS (J+14N) =0,
Gno TO 154 '

152 F=GAS(J+70)+),
IF (F) 153+ 4153

HG(J}So.

WRITE OUTPUT TAPE 3y 976, GAS(J)y GaS(J+70)y GAS(Jey4n)

GO TO 154 ,
153 HG(J)=]1,/ (D*F)

WRITE OUTPUT TAPE 34 077, GAS(J)y Hg(J) s GAS(Je7n), GAS(J+140)
154 COMTINUE :

DO 15€ Jz=lLsL+69
IF (GAS(J+1l)) ¢ 4156
155 CALL SETCH (10e92690009040)
WRTTE OUTPUT TAPE 100, 956, (IDX(LLp)s LLP=14R), N
LLPHJ-L¢1
Call MAPGLL (GAS(J)sGAS(L) 4yHG(L)sHG(Y))

CALL TRACE (GAS(L)s HG(L)s LLP)
CALL FRAME
GO TO 164
156 CONTINUE
J=i+69
Ga TO 155

157 WRTTE OUTPUT TAPE 3 086
6N TO 164 |
158 WRITE OUTPUT TAPE 3, 9874 N
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WRITE OUTPUT TAPE 3y 988, (GAS(J)s J=LsL+9)s (GAS(J)r JELel0sL*1D)
WRITE OUTPUT TAPE 3, 989, (GAS(J)+GaS(J+64)+GAS(J+128)+0A5(Je192),
1GAS(J+256) sGAS(J+320) 1 GAS (U+384) 1GAS (J+448) »GAS(J+BT2) yGAS (J+5T6),

2GAS(J+6407 1 JaL+p04L+A7)
FeGAS (| +84)
DO 159 Jsl +85yL4+639
IF (GAS(J)) 1594159,
FaMINIF (FyGAS(J))
159 CONTINUE

CALL MAPGSL (F1549GAS(L*20)910000,)
Jeg
DO 160 LLP=3L+20,L+83
IF (GAS(LLP)) 1614161,
NENDS |
160 CONTINUE

Jres
161 0N 162 LLP=L,L+9
IF (GAS(LLP)) 1634163,
LLRa{LLP=L+1)%644200L
CALL TRACE (GAS(LLG)+ GAS({L.+20)s J)
162 CONTINUE

163 CALL SETCH (1001249000900
WRTTE OUTPUT TAPE 100s 960y (IDX(J), JS148)y N
Cai L FRAME
164 COMTINUE
CaLl PLQTE
IF (IP0=2) 1674165,

TF (1P0=3) » 9167

WRITE OUTPUT TAPF 13, Q90

Go TO 166
165 WRTTE OUTPUT TAPE 3, 991
166 WRTTE NUTPUT TAPE 3, 992, (TP(N)y POR(N)y Nalesn)
167 DO 172 N=141R

L=LLP=TP(N)+]
168 IF (PT(L)) o 9169
L= ]
G0 TO 168
169 AK (N)=PD (L)
DO 170 L=LLP.LLPe3R

IF (PML)=AMT(N))Y 170, o
G| (N)=PD (L)
Go T0 17
170 COMTINUF
G (N} =PD (L)

I7l QS‘N)EOQ —
¢ (1ES(Ne1)=3R0) 5 +772

SF(N)Z],5%#(]1,=2.#SF(N))/(1,+SE(N))
172 CouTINUE
CalL INIT
(o FORMAT STATEMENTS RELATING To READING TAPE 2
800 FORMAT (2Xe 4F14 454 ]H#)

B0] FORMAT (2Xs 2(4E14¢5¢ 1H®))

802 FORMAT (2Xs 4E14,5,1H#y 4F14,5)

803 FORMAT (2Xy 4E14.5¢ 1Xy 4F14,591He)

804 FORMAT (S7H # = NENQOTES PHASE CHANGE IN LOADING aNn UNLOADING CURY
1E9)

900 FORMAT (8A10/3E9.0912+2(2Xs1))91XeI746XsT1011%X0T1)
90y FORMAT t3qu§912022![?93RQF7,09I sOXsEOLD)

902 FARMAT (2EGe09EB.091541342%X92ET40)

303 FORMAT (SE10.0)
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C

906 FNAMAT (6E12,S
907 FORMAT (BE7.0) .
FORMAT STATEMENTS RELATING To OUTPUYT ON TAPE 13

n HA9RAL0/35Xs3TH HeFoe F v Foa MATERIAL +13)

950 FNRMAT (///68H THF LOADING AND UNLOADING TABLES 00 m0OY MERGE. CORR
1ECT AND RESTART,) :

951 FORMAT (////13H THE MU=? g ,ElZoSo\bH FOR MATERIAL +Y2929H RUT TH
1E LAST TARLE ENTRY IS oE12.5924H THe CODE HAS cHaNGrD IT)

952 FORMAT (28X98810¢/365X449HP VERSUS V LOADING AND LIN{ AANING FOR M

TATERIAL »12)

953 FNRMAT (28X,8410,/35X,49HK VERSUS P CONSOLIDATED ANPp ~RUSHED FOR M
1ATFRIAL +12)

954 FORMAT (2X9ET14e5914K CINFINITE  94E14,5)

955 FORMAT (32H p=V GAS TARLF nUT OF QRNAER FOR 413)

956 FOEMAT (28BX48A10,/35X,29H P YFRSUS v GAS FOR MATERTAL 412)

957 FORMAT (22H NC DATA FOR MATERIAL s Y3+32H CAN AF LORATEDe INPUT E
1RROR ) _

958 FARMAT (34H1 _SOC GENERATQR STARTED , 7AB, 4+ ONW , 1AB//)

959 FORMAT (BA10,4A10) _

960 FNRMAT (28Xs8A10¢/35X445H F IN 104%12 ERGS/GM Ve GauMa=]l FOR MATER
11AL o12)

961 FORMAT (28X+R8A10,/35X,3THP VERSUS V LOADING Forn MATERIAL »I2)

8962 FNQMAT (28X48A10,/35X,37HP VERSUS V UNLOADING Forn MATERIAL »12)

963 FORMAT (//S0H OUTER RANTUS SToP TIME nT wmAY OVERBU
1RDEN REZONE FACTOR 774X 4 (E12,592%) 4£12.5)

964 FOMAT(//108H INKER RAPTT RHA ZERO VELOeTTY ENERGY
1KT)  ENERGY (DEN) N___FOS RADIUS FACTAR )

965 FNRMAT(//10n5H INNER RADTI RHa 7ERO MU ZERN ENERGY (
1KT) ENERGY (DEN) N £0S RADIUS FACTOR )

966 FORMAT (1Xe5FE14, 5016075QF1Q 5)

967 FORMAT (///35H PLOT AGAINST TIME AT INTERVALS OF +£12.5+24H FOR TH
1E FOLLOWING RADIT//(5F14,5))

968 FORMAT (///17H PLOY PFAK VALUES)

969 FNRMAT (///17H PLOT FNIT VALUES)
970 FORMAT (//23H INITIAL DELTA PRINT 2 4E12,5///7)

971 FORMAT (46H CHANGF TTME  NEW PoINT AND EDIT INTEoVAL/(E1645y
1EP25.5))

972 FORMAT (1H1/8A10//10H MATFRIAL 913/,82H RHO ZFRn D _
1 MU (CaJde) P (Cqls) ¢ (ZERQ) /{2Xs5E14,58
2))

973 FNRMAT (1H1/RA10//10H MATFRIAL ,13//114H RHND ZFRn K
1 VISCOSITY R M MU = § MU « 1 MU = 2
2 GAMMA /72X 9RE1345/11cH P e h P =]

3 P =2 GAMMA SLOPE GAMMA CaNST, SIGMA EF
4 EV 44/2XiﬂF]3=5) .

974 FORMAT (///33H NO P=MU TARLES FO HIS MATERTIAL)

975 FORMAT (//20H He Fe CURVE //58MH -] v
1 MU ne /DMU)

976 FORMAT (2X+E14,5¢14H INFINITE 95E14,5)
977 FORMAT (2Xys 4E1445)

978 FORMAT (//20H LOADING CURVE//58H p v
1 MU ne/oMy)

979 FORMAT <///3nH UNLOADTNG TABLE FOR MATERIAL »13/57TH P
1 DP/DMWY)

980 FaRMAT (//EbH CoNsoLIDATEB K=P TAB) E//42H %
1P _DK/DP/)

98] FORMAT (2X%X+ET7405¢14H INFINITE 93F1445916H INFINITE 42E14e5

17
982 FORMAT (2Xy 3E16,.5) _ . ..
983 FORMAT (/36K NO K PSI=) TABLES FOR THIS MATERTA()
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984 FORMAT (///19H CRUSHFD KeP TABLE//a9H K P
1 DK/DP//(2X43E14,5))
985 FORMAT (74H1 ] Vv MU nP/DMU

1 MU FQR DENSTTY OF #EV14e5//)
986 FORMAT (///32H N0 GAS TARILES FOR TH1S MATERIAL)
987 FORMAT (28H] GAS TARLES FOR MATERTAL o I3/)

988 FNRMAT (/118H RHO 1 RHO 2 RHO 3 RHO 4
1 RHO S RHO & RHO 7 RHO 8 nHO 9 RHO 10/
210X910E1144/118H L0G RHO LOG RHO 1 a8 RHO L06 R
3HO LOG RHO LOG RHO .0G RHO LOG RHO L.AG RHO LO06 R
4HO/10X510E11,4)

989 FORMAT (/118H ENERGY GAMMA=1 GAMMA=1 GAMMA =Y GAMMA=1
1 GAMMA=] GAMMA=) GAMMA=] GAMMA=] GAMMA =, GAMMA=]1/

2(F103,10E11,4))

990 FORMAT (24H] QUTER PRESSURE PROFILE//)

991 PORMAT (24H1 INNER PRFSSURE PROFILE,/)

992 FORMAT (24H _ TIME P/(2E1445))
993 FORMAT (2X» 4E14 Se 1X9 &4F14,45)
994 FORMAT (/26H P=2ER0 1S 0 FNR MATERIALs I2+20H CnRRET AND RESTART)
995 FORMAT(/S4H INTERVALS AT wHICH PLOYS VERSUS panlUs WrLL RF TAKEN/

1 //(5E1445))

996 FORMAT (/42H RHO IS LESS THAN OR = T0 ¢ FOR MATFRTAL »12424H
1CORRECT AND RESTART) _
997 FORMAT (/25H EF 1S ZFRO FoRrR MATERIAL, I2s 20H CaARREAT AND RESTART)

998 FORMAT (///93H LOADTNG CURVE
1 UNLOADING cunve//loqu p
2 v MU pP/DMU v
3 oy DP/NMU)

999 FORMAT (2X+S5F1445+14H INFINITE ,2E14,5)
1000 FORMAT (1H1)
END

n



L

LTST 18
CARDS COLUMN

FORTRAN INTT

SURROUTINE INIT
USF GENCOM

L=J=2 _

IFr (IV) 3y 43
GR=,9AF =9

IF (1(2)=300) » 45

p(‘l)"[)n

P(2)=P (1) +«54CRURHN(2Y#(R(1)=R(2))
J=2

IF (I(J)=300) » o5
P(J)-RHO(L)*(RN(J-?)-PN(J-]))

IF (RN(J)=RB(L)) o 42

L=L+)

PSP (Jel) +,5%GR# (P (1) +RHO (L) # (RN ( ja1)=RN(J)))

Jegel

IF (J=LN) 19195
IF (A) 46y

J=3

A=) ,E=6%A

IF (I(J)=300) ¢ »5
P(J)=A

Jz.j+l

IF (I(J)) 5,

IF (J=LN) 444y

5

6

J=1.=2 _

IF (1(J)=3R9) » 410

NaTP(L=1)+1

DD A K=N,N+39

IF (P(D)=PT(K)) s 47

AMU (J)SPM(K) + (P (1) =PT (K)) /PD (K)

Go TO 28

IF (PT(K+1)=PT(K)) 9,49,
CONTINUE

K:NOBQ_ . )
AMU (J) =2PM(K) + (P () =P T (K)) /PD(K)
Gn TO 218

10

11

IF (I(JY=400) » o11

AMU (LX=1)SAMZ (L=1)

Go TO0 39

IF (E(J)) 928,

NetTT(L=1) _
IF (SI(l=1)=100,) 16 416

12

DO 15 KsNyN+69

IF (AMU(J) =GAS(K+T70)) 14y 12
P(.J)=2GAS (K)

G0 TO 28

IF (K=N) 13,

__Kz=Ke]

13

14

15

3 P(JIRGAS (K) + (AMU(J)=GAS(K+70) ) #GAS (K+141)
Go TO 28

IF (GAS(K+1)) o 415

P(J)=GAS(K) ¢ (AMU(J)=GAS(Ke70))*GAS(K+140)
Go To 28

CONTINUE

16

G0 10 28
A=E (J) /RHO (L)
BAZ (AMU(J) +1 ) #RHO (L)
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X=1_ OGF (RA)
DO 24 KzNyNe+g
IF (GAS(K)=BA) 273y

17 NNm(K=Nej)#644204+N
D6 21 II=aN+20,N+R3
IF (GAS(II)=A) 2ns18,
IF (Il=N=20) 4 919

18 A=GAS (NN)
BAEGAS (NN=f4)

60 TO 22

19 AzpA=GAS(I1=1)
BARGAS (NN=65) 4 ARGAS (NN+5T6)
AzGAS (NN=]) +AtGAS (NN+§40)
Gn TO 22

20 IF (GAS(II+l)) 1R.18,

NN=NN+ )
21 CONTINUE
X=.67
60 TO 27 _
22 IF (K=N) 264 426
X=A

Gn TO 27
23 IF (GAS(K+1)uGAS(K)) 25425,
24 COMTINUE

KaNe¢©
25 N=v _

Gn TO0 17

26 XzRA+ (A=BA)® (X=GAS(K+Q)) /(GAS(K+10) «GAS (K+9))
27 PN EXSE(J)# (AMU(JS) #1,)
28 IF (RN(J)=RB(L)) o 429
Lale+]
29 J=Jel
IF (J=LN) A6y

30 00 31 J=s2,LN
A=RN (IJw]) RN (Js .
DV(JI)= (RN (J=) 1 =RN(J)) 8 (A#A=RN(J=1)*RN(J))
DVO (J) =AMU (JY#DV (J)
VN(J)=DVO(J) «DV (D)
DV(J)'OQ

IF (1(J)=100) 31,31,
IsV(J)m=)
DR(J).OQ
31 CONTINUE
Ns»>
AMBAM (L X} =0,

DO 32 Ja2.LN
AM(J):=RHO (N) #YN(J)
IF (RR(NY=RN(J)) a2y 432
Nane]

32 CONTINUE

WRITE OUTPUT TAPE 3» 993, (JDX(N)s N=198)s (IW(N)s N2T4), ((Jel),
1 RN(J) s AM(JYy VN(J)y DVO(J) s AMUIDY s PUJ) e E(J)s T(J)s JE1sLX)
JNsIRx] :
TPRaDTPR -
DO 33 J=148414
HH{J):=g,

33 CONTINUE

JaKs]
DO 35 NslyiLN _
IF (AN(N)=PL(J)) 34¢ 434
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PI {J+25) =AK (K)
PL (J*S0) =SE (K) ®AK (K)
PL(J*75) =RHO (K*+1)

J=J+l
IF (J=28) 4 ,36 .
34 IF (RN(N)=RB(K+1)) 35, 935
KzK+1
35 CoNTINUE
RUH=R (LX=1)

P.M=P (LX)
36 CALL REWIND (16)
Nzt -
37 BUFFER OUT (1691) (DP,IALF)
38 IF (UNITe169K) 384404
CaL TesTo

GO TO (3993743743709 N
39 WRITE OUTPUT TAPF 3y 994
PRINT 994
CALL UNLOAD (16)
Call CLOCK (KsL)
WRITE QUTPUT TAPE 3y 995, Ky L

CALL CoND34T(6])
CagL COND3A(3)
CalLl EXIT
40 CALL WRTEOF (16)
N=g )
41 BUFFER OUT (16+1) (NC,TTS)

42 IF (UNIT9e169K) 42943y
caLt. TCSTO
GO TO (39941441941)9 N
43 IF (DNC=1e) o446,
WRTTE OUTPUT TAPE 3+ 099
PRINT 999

Go TO 4S
44 WRITE OUTPUT TAPE 3,y 997
PRINT 997
45 CALL UNLOAD (16)
CALL CQND3A(3)
CALL OpND3A(6])

CaLl EXIV

ENTRY T¢STO

CaLlL BSPACE (15)

DO 46 Kz)s6=N

CALL WRRLNK (16)
46 CONTINUE

NerNe]
RFTURN TCSTO
908 FORMAT (I1) -
993 FORMAT (24H1 OVERAURDEN PRINTOUT///v8A10+4A10/7//V1AH J R=2F
1RO MASS VOLUME _ DELTA YV M
2PRESSURE _ENFRGY STATE/ (1X314,7E14,7,17))

994 FORMAT (38H gB IS NOT GONN, REPLACE IT AND HIT 30)

995 FORMAT (15H TAPE 68 BAD AT,]1A8+¢4H ON 4146)

996 FNRMAT (20K TAPE &R REPLACED ATs1AB,4KH ON y»1Ag)

997 FoRMAT (50H1 ERROR IN GENFRATQR INPyTs CORRECT AND RERENERATE)
999 FORMAT (20N GENERATION COMPLETE)

1000 FORMAT (1H])

END
* LIST 8_
» CARDS COLUMN
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FORTRAN MATRD
SUBROUTINE MaTRD
USF GENCOM

READ INPUT TAFE 2y 904y (TC(K)y KS2,9)9 IMy (H(K)}9Y K=147)

READ INPUT TAPE 2y 908, (H(K)y K=B8976)

DO 1 K=ls409s _
READ INPUT TAPE 2, 906, (HP(IN)y HM(IN),y IN=K,Ke3)
IF (HP(K+3)) 4 1)

IF_(HP(K+2)) 19242

CONTINUE

D0 B8 IN=1440

IF (IN=1) 49 o4

HD(IN)Y =g

IF (HM(IN+1)=HM(IN)) 4898
DO 3 K=1+40

3

IF (HM(K)) 8,

HM (KD =] o/ (HM (K} #H) =1,

IF (ABSF(HM(K))=1,E=5) ¢ ¢13
HM(K)S(SQ

CONTINUE

6o 70 8

4

FeM{IN)wHM {TIN=1)

IF (F) ¢547

IF (HP(IN)) .5

WRTITE OUTPUT TAPF 349 951, IM
Dnezy,

DO 6 K=TNs40

HP (K) =HM(K)=HR (K) =04
ConuTINUE

G0 TO 9 o
HN(INY= (HP ({IN) =HP (ThN=]) ) /F
CONTINUE

DO 10 K=142044

READ INPUT TAPE 2+ G0hy (HC(IN)y HCM(IN)y INEK,K43)
IF (HC(K+3)) 11,11,

CONTINUE

IF (HCM(1)=HrV(2)) 13, 513

DN 12 K=1969

He(K)=qp.

12
13

CONTINUE

GO TO 29

DO 19 K=1l,.20

IF (Ke1) 15+ 415

ch(K)=n. -
IF (HCM(K+]1)=HCM(K)) 419,415

14

DO 14 IN=1+20

IF (HCM(IN)) 419,
HCM(IN) =14/ (HCM{IN) #H) =1,

IF (ABSF(HCM(IN))=1,E=5) 4y 914
Hem(INY=(go

CONTINUE

15

GO T0 19

F=HCM(K) =HCM (K=1)

IF (F) +16418

IF (HC(K)) o769

WRITE OUTPUT TAPF 34 952, IM
DNE=].

16

17

DO 17 IN=Ks20
He (INY =HCM(INY=HED (INY =0,
ConTINUE
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60 TO 20
18 HEN(K) = (HC (K) =HC (K=1)) /F
19 COMTINUE

20 DO 25 Kel,2044 i .
READ INPUT TAPE 24 9069 (HE(IN)s HK(IN)y INmK,Ka3)
D0 24 IN=KsKe3
IF (INel) 424,
HON(IN)=0e
FaHK (IN) ~HK (TN=1)

IF (F) 421423
IF (HK(IN)) 4210
WR!TE OUTPUT TAPE 3y 953, IM
ONe=mY, .
21 DO 22 K=INes2pn
HF (K) zHK (K) =HDD (K) =0,

22 CONTINUE
GO TO 26 ] )
23 HNA(IN) = (HE (TN) =HE (INe1)) /F
24 CONTINUE
25 CONTINUE
26 DO 31 K=1,2044_

RFAD INPUT TAPE 2y S06s (HGAM(IN)s HPRE(IN)s TINz=KiKe3)
DO 30 INBKek+3

IF (IN=1) 430,

HPR (IN) =0,

F=HPRE (IN) «HPRE (IN=1)

IF (F) +427+29

IF (HPRE(IN)) 427,
WRITE OUTPUT TAPF 3,4 084, TM
DNrmy, .
27 D0 28 KzINes2p
HPRE (K) =HGAM (K) =HNP (K) =0,
28 COMTINUE

GO 7O 32
29 HPP (IN) = (HGAM(IN) =HGAM(IN=T) ) /F
30 CONTINUE
31 CoMTINUE
32 RETURN ) o
904 FORMAT (8A10/124PFRa0.2ET0ne3FB,0)

905 FOPMAT (SE7.0)

906 FORMAT (B8E7.0)

951 FORMAT (///40H THERE 1S A MU OUT OF ORDER IN MATERYaL 413,14H LOAD
1ING CURVE)

952 FORMAT (///4qH THERE 1S A MU OUT OF ORDER IN MATERTAL »I13,16H UNLO

1ADING CURVE)

953 FORMAT (///71H A PRESSURF IS OUT COF ORDER IN THF COnNSNALIDATED K=P
1 TABLE FOR MATERIAL +73)

954 FORMAT (///765H A PRESSURF IS OUT OF ORDER IN THF CRIISHED K=P TABLE
1 FNR MATERTAL »13)
END
LIST A

& &

CARDS COLUMN

FNARTRAN ZCNFR
SURROUTINE ZONER

USE GENCOM

KatRe+)

00 1 IN=zl,s1]

ST (TN =),
GL(IN)‘I.
1 CoMTINUE
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IZ(1)=1ES(1) =0
DO 14 INN=191IR+]
IF (12(K)) 342

F=1Z(K)
GI(K)=(RR(K=7)=RR(K))/F
GL(K)=1,

IF (IZ(K=1)) 413413

K= K-}

GL (Ki=14001

CaLbL FINDR

Gn TO 13

IF (GI(Kel)) 20420,
G=RB(K=7)=RB (K)
FrfG/GI(Ke])

17 (K)=F

F=1Z(K)

Gl (K)Y=G/F

GL(K)'lo

GO TO 13

NO=K=]

IF (I12(K)+1) 74 420

IF (NC=1) 20,59
DO 4 IN=lsk=])

IF (IZ(NO)) 4546
NO=NO=1

CONTINUE

Go_TO 20

F=LOGF (1++¢05% (RB(NC) =RB (NO+1) ) /GIL(NO*+2))
F=F/LOGF(1e05)*1,

17 (NQO#])z=F

GL (K)=]1,.05

CalL FINDR

Go TO0 13

F=1Z(NO)
GI(NO)=GI(N0¢1)=((RR(N0-1)-RR(NO))/F)
GL(NO)'lo

Do 12 1N=N0+1,K

1f (IZ(IN)) Ry 420

G=RB(IN~]1)=RB {IN)

FeG/GI(IN)

1Z(IN)=F

F=1Z (IN) - _
GI(IN)=GI(INe])=G/F
GL(IN)EI.

Go TO 12

ml

GL(K)=1,001 _
IF (IES(IN)=400) » +11
IF (IZ(IN)Y+1) 10 420

FeRB(IN=1)=RR(IN)+GI (IN*])

IF (GI(INsY1)Y o »9
F=LOGF(GI(IN-1)/(1.05°GI(IH-I)'-OS“(F*GI(IN*I))))/LnGF(l 05) ¢l

I7(IN)=-F

GL(IN) =105

CaLL FINDR

Go 70 12

GL (IN)=2(F=GI(IN®1))/ (F=GI (IN=1))

Fel OGF (GI (IN=1) /6] (INe1))/LOGF (GL(IN))*],

17 (IN) ==F
CALL FINDR
60 TO 12
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11 IF (IZ(IN)+1) 109 420
Xz (RB(IN=1)+GI(IN=1))#8IALF
FeRB(IN=1)##TALF

R/ (XeF)+]e

IZ(IN)=eX

X=2«I1Z(IN)

GL(IN)=p,

GI(IN)=F/X.
12 CONTINUE

K=NO
13 IF (Kel) 1S5y o
IF (GI(K)) 14914
KeKe]
Gn 10 13
14 CONTINUE

15 NO=(
DO 19 K=2+10
IF (RB(K=1)) 19419
NO=XABSF (12 (K)) +NO
IF (IZ(K)=1) 19, »16
IF (IES(K)=TFS(K=1)) 4169

IF (IES(K)=IFS(K+1)) 19y 479
I7(K*1)=21Z(Ke}) =)

NO=NO=]

RA (K+1) zRB (K)

GY(K+1)=Gl(K)

IN=K

Gn 7O 17
16 17(K)=1Z(K=1)=1
GL(K)=GL (K=1)
GI (K)=GI (K=1)
INaK=1
17 D0 18 JJ=INyIRe*)

RAR(JU) aRB (JJs1)
RHN (JJ) sRHO (JJ+1)
EN(JJ)=EN(JJ+])
174V =1Z(Jde])
IFS(JU)=TES(JJ+ 1)
GK(JJ)=GK (JJs1)

GT(JNr =Gl (UJs+])
GL(JJY=GL(JJs])

18 CONTINUE
IRz IR« ,
IF (KesIR=1) 19 o
IF (NC=1200) 4 23

RE TURN
19 CONTINUE
IF (NC=1200) 5, +»2)
RFTURN
20 Dneel,
WRITE OUTPUT TAPE 13y 051

RFTURN
21 Dng=1,
WRTTE OUTPUT TAPE 3y 952, NO
RF TURN B
951 FORMAT (33K ZO0NING ERROR « NO SPECIFIED SIZE)

952 FORMAT (15453K ZONFS CALGULATEDs MAx, NOs IS 32549 FI¥ AND RESUBMI
11 .
END

o L1ST &
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FORTRAN F INPR
SUBROUTINF FTADR
USF GENCOM

TF (TES(K)=400) + o1
F=ﬁB(K-1)-RB(K)0GI(K+1)
GGl (K+1)
Go TO 2

1 F=PB(K=2)=RR(K) _
GT(K)=GI(K=]1)=G=RR(K=2)=RR (K=1)

2 Juse=172(K)+1
Iva=2
Dv(2)=Jd
DV(3)=LOGF (F/E)
DV (4) =GL (K)
DV (8)=G/F

D0 3 JJ=1,1000 i _
Gl (K)=EXPF{(NV(3)+LCOF(CV(4)=1e+DV(g)))/DV(2))
IF (ABSFIGL(K)=NV{4))eloF=7) 4obys
DV (4y=GL (K)
3 ConuTINUE
I17({K)==T1Z({K)

GL (K)=1,
F=TZ(K)
GT(K) = (RR{K=T)=RR(K)) /F
RF TURN
4 IF (IES(K)I=400) By
Gl (K).=]e/GL (K)

RF TURN _

IF (GLIK)=1e1) Feby

WRTTE OUTPUT TAPF 2y 950, AL (K)

Drem) .

6 GT(K)2((RB(Ka1)=RR(K)+GI{Ke1)I*(GL (k) a1,)+GI(KeT)) /LK)
RFETURA

n

980 FORMAT (92H  THF R CALCULATED IS GoEATER THAM 7.1, FYECUTION OF T
1HTS PRORLEM NELETFD, rHECK INPUT = n=4yE12.5)
Enp
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CARDS COLUMN
FORTRAN 3 GASRD
SUBROUTINE GASRD

USF GENCOM

RFAD INPUT TAPE 2y 907y (HG(K)y Ksl,10)

IF (HG(1)) 16416,

DO 3 K=19639R

READ INPUT TAPE 24 906y (HGE(IN)y INsKsK+T)
DO 1 IN=Kok+*+7

HGNE (INY =HGE (IN) =HGE ( TN=1)
CoNTINUE

IF (HCGE(K*T7)) o 43

DO 72 IN=K+8,64

HGF (IN)=HGNE (IN)Y =0,
CouTINUE

GO TO 4

CONTINUE

KG=1

DO 8 K=14910

IF (HG(K)) 9,9,
HGL (K) =L OGF (HE (K))

KF =]
DO 6 IN=KGWKG+672,8

RFAD INPUT TAPE 2, S0&y (HGG(NO)s NA=INyIN+T)

IF (HGE(KE+7)) » 96
DO 5 NO=IN+8,KG#+63
HGG (NC)=HGD (NC) =0,

Y

VPN

CONTINUE
Go Y0 7
KEsKE+R
Ka=KG+64
CONTINUE
KG=K

IF (H(16)) 413413

NO=)

DO 12 Ks]l9KGa]

NNN=1

DO 10 IN=NQyNC+63

HGG (IN) sHGG (IN) / (HG (K) #HGF (NNN) )

Tt il gd o
W ~o

NNN=NNN+ ]

IF (HGE(NNN)) 11911,
CONTINUE

ND=NO+64

CONTINUE

DO 15 K=2,64

14

IF (AGE(K)) 18918y

DO 14 IN=Ks64#(KG=]) 964 _

HGD (IN) = (HGG (IN) «HGG (IN=1) ) /HGDE (K)
CoNTINUE

CONTINUE

RFTURN

16

17
18
906
907

DO 17 K=141364
HG(K)f=6o
CONTINUE
RETURN _
FORMAT (BET7.0)
FORMAT (10E7,0)

L 38

ENA
LYST 8
CarRDS COLUMN
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