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ABSTRACT o

The Y@KIFER program has been written to calculate
the coupled hydrodynamics and radiation transport prob-

=
;5558; . lem in two-dimensional (R-Z) cylindrical geometry. The
§§§§gg " hydrodynamics are computed by the ICED-ALE method, the
gézgoo' radiation transport by either the Monte Carlo or Sp
=0 ~_method. - ..

This report is a description of the program and a

gulde to its use.

¥

INTRODUCTION

YPKIFER solves the coupled hydrodyna-
mics and radiation transport problem in two-
dimensional cylindrical (R-Z) geometry. It
is written in Fortran IV and is run under
the CR@S system on the CDC-7600 computer.
A few subroutines are written in C@MPASS.

This report has been written for those
using the program and is limited to a de-
scription of the program and its operation.
Persons interested in details of either the
physics or the numerical methods involved
are directed to the following references.

The hydrodynamics problem is solved by
the ICED-ALE method of the YAQUI program.
Reference 1 is the basic reference for the
hydrodynamics. The radiation transport
problem is solved by either the Monte Carlo
or Sn method for which references 2 and 3,
respectively, are the basic references.

I. OVERVIEW OF THE Y@KIFER PROGRAM AND
DESCRIPTION OF THE MAIN PROGRAM
This section describes the Y#KIFER Pro-

gram as a whole and the main overlay. Also

described are subroutines and calculations
applicable to the entire program.

A. Program Organization
The program consists of the main pro-
gram, YBKIFER (Overlay 0,0) and four prima-

ry overlays.

1,0 @FFWEGYE Input and Problem Setup

2,0 Y@KKY Hydrodynamics

3,0 MCRT Radiation Transport (Nongrey,
Monte Carlo)

4,0 GREYSN Radiation Transport (Grey,

S )
n
Appendix A contains a list of overlays

and subroutines, a list of the common blocks

and the overlays in which they are used, and
a list of the file sets that Y@KIFER uses.
B. Input
There are two different forms of input

to YSKIFER. The input reading is controlled
by Sense Switch 1.

Bubble input Sense Switch 1

Purd input
Bubble input is produced by rotating the re-

ON

Sense Switch 1

sults of a one-dimensional starter calamlation

OFF (default)



(e.g. RADFL@)
input cards.

through 90° to produce bubble
Appendix A lists the required
input cards. Purd input will be described
in a separate report.

C. General Order of Calculations

Calculations proceed in the order
shown schematically in Fig. 1l:

L OFFWEGO

¥

| 1 or more HYDROQ cycles
&
I 1 or more RADN TRNSPT cycles I

v

‘ Output to Fileset 7

The selection of Monte Carlo or Sn radiation
transport calculations is governed by Sense
Switch 2.
Monte Carlo Sense Switch 2 ON
Sh Sense Switch 2 OFF (default)
The calculation is terminated just before
the time limit on the J@B card is reached.
D. OVERLAY 0,0 - Y@KIFER

Y@KIFER is the main program, which

calls the primary overlays, writes data on
Fileset 7, and produces dump tapes at regu-
lar intervals.

l. Variables Computed by Y@KIFER

TTL Time limit on the job
card (s).

Tl CP time at the beginning
of the cycle (s).

T2 CP time at the end of the
cycle (s).

TCYCLE Length of a calculation
cycle (s). TCYCLE = T2-Tl

TDUMP Length of computing time
until the next release
(stage) of Fileset 7 to
tape (s).

NDUMP Number of 60-bit words

written on Fileset 7.
2. Dump Procedure
Data are copied to Fileset 7 before

YPKKY is entered whenever the problem time
is greater than the problem output time
T@UT. (The determination of T@UT is de-

scribed in Sec. E.7.) Periodically, File-

set 7 is released from disk to magnetic

tape. A new, blank tape is used each time.
Initially, TDUMP is set to 900 CP sec-
onds, or TTL, whichever is smaller. After

each cycle is calculated, TDUMP is reduced
by TCYCLE. Fileset 7 is released to tape
whenever TDUMP < 2 x TCYCLE. After each
tape stage, TDUMP is reset to 900 s or
TTL-T2, whichever is smaller.

Initially NDUMP is set to 0. When data
are copied to Fileset 7, NDUMP is incremented
by the approximate number of words dumped.
When NDUMP 2 10°, Fileset 7 is dumped to
tape and NDUMP is reset to 0.

Each dump tape contains all data copied
to Fileset 7 since the previous dump tape
was written.

E. General Topics
1. Y@KIFER Mesh

The Y@KIFER mesh is a two-dimensional
(The hy-
drodynamics program is written to handle X-Y

grid, in R-2 cylindrical geometry.

cartesian geometry also, but the radiation
Each
cell is a volume of revolution about the z-

transport programs cannot do this.)

axis with a quadrilateral cross section.
(Initially, the cross sections are rectangu-
lar, but not necessarily of uniform size.)
Because no physical variables depend on a
third coordinate, the mesh can always be rep-
resented two-~dimensionally by a grid in the
R-Z plane.

The mesh consists of IBAR cells in the
radial direction and JBAR cells in the axial
direction, and the left boundary is the cy-
lindrical axis. These cells are called the
“real mesh." For computational purposes, a
single row of dummy cells is added at the
bottom, on the right, and at the top, for a
total of IPl = IBAR + 1l cells radially and
JP2 = JBAR + 2 cells axially.
allowable value of IBAR and JBAR is 100.
maximum number of cells (including dummy
cells) is 7200.

I is the radial cell index, 1 £ I S IPl; and
1 £ J s Jp2.

The maximum
The

J is the axial cell index,



The single computationally equivalent index,
I1J, is frequently used:

IJ = (J-1) (IPl) + 1.

The cell index I, J, or IJ refers to the
lower left-hand vertex of the cell.

Figure 2 shows the basic mesh conventions.
Because cell and vertex properties depend
on the properties of neighboring cells and
vertices, a standard notation has been de-
veloped to describe the neighbor cells
(Fig. 3). The coordinate positions of the
vertices are given by

xij Radial coordinate of vertex ij

Yij Axial coordinate of vertex ij

Rij Geometry indicator. Rij = 1 for
slab geometry, Rij = xij for cylin-

drical geometry.
The mechanics of setting up a mesh are de-
scribed in Sec. II.
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Fig. 2. The basic mesh conventions.
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Fig. 3. Neighbor cell notation.
2. YZKIFER Mesh vVariables
The principal mesh variables used
throughout the program are described below.
Other mesh variables are used locally with-
in the program and are described by comments
at the places where they are used.

SIEij Specific internal energy at the
center of cell ij (J/mg).

TEMPij Temperature at the center of cell
15 (ev).

R¢ij Densitg at the center of cell ij
(mg/cm”) .

Pij Pressure at the center of cell
i§ (Mpa).

Uij Radial fluid speed at vertex ij
(km/s) .

Vij Axial fluid speed at vertex 1ij
(km/s) .

RV¢Lij 2n7/volume of cell ij, in cylin-

drical geometry (l/km3).
3. Storage of Mesh Variables

Because SCM is not large enough to con-
tain all of the mesh data, most mesh vari-
ables are stored in LCM and periodically
read into SCM (usually) three rows at a time.
NQ words are provided for each cell, and the
mesh data needed for any given cell are
therefore stored in NQ adjacent locations.
At present, NQ = 18. Appendix A contains
a tabulation of the cell variables stored
in the NQ locations for different parts of
the program.

Mesh data are written into



and out of LCM by subroutine L@@P (Sec. F.
l.) for one entire row of cells at each
call.
4. Y@KIFER Units
Unless otherwise indicated, the units
of all Y@KIFER variables are as follows.

Time s

Length km (loscm)
Volume km3 (10 %cn3)
Velocity km/s (loscm/s)
Acceleration km/s2 (loscm/sz)
Density mg/cm3 (lO_Bq/cmB)
Energy J (107ergs)
Specific energqy J/mg (loloergs/g)
Energy density J/km3 (10_8ergs/cm3)
Pressure mg-kmz/cm3-52 (lo7dynes/cm2 = MPa)
Temperature eV (11 605.4 K)
Absorption -1 -5
coefficient Jan (10 “cm)
Frequency s 1

The physical constants used are:
speed of light = 3.0 x 10° km/s,
radiation density constant = 137.214

x lO8 J/km3veV4.

5. Equation of State and Opacity Data

The equation of state and opacity data
are read from Fileset 6:

N@PT Number of temperatures for
which data are tabulated
(30).

Number of densities for
which data are tabulated
(9).

Number of wavelengths for

N@PD

NFRQ
which absorption coeffi-
cients are tabulated (100).
Wavelengths (§). K = 1,
NFRQ, in order of decreas-
ing wavelengths.

FREQ (K)

@PTMP (1) Loglo temperatures (ev) for
which data are tabulated.
I = l, N¢PT,

ascending temperatures.

in order of
@PDEN (J) Loglo densities (g/cm3) for
which data are tabulated.

J = 1, N@PD,
increasing densities.

in order of
PPSIG(X,I,J) Loglo absorption coeffi-
K =1,

N@gPT; J = 1,

cients (1l/cm).
NFRQ; I = 1,
N@PD.

SPTBL(I,J)

SPTBL(I,J)

Loglo Planck mean absorp-
tion coefficients (1l/cm).
I =1, NGPT; J = 1, N@PD.
Loglo Rosseland mean ab-
sorption coefficients
(1/cm). I = 1, N@PT;

J = 1, N@PD.

The mean absorption coefficients
YPKIFER uses are controlled by Sense Switch

3.

Planck mean

Rosseland mean

PTAB(I,J)

ETAB(I,J)

BTBL (I

+J)

Sense Switch 3 ON
Sense Switch 3 OFF
(default)
Log,, pressures (dyneé/cm3).
I =1, NGPT; J = 1, N@PD.
Logy, specific internal
energies (ergs/q). I = 1,
NgPT; J = 1, N@PD.
Radiation derivatives, =
ap1/0ar?. 1 = 1, ngpT;

J =1, NQPD.

The data are arranged on the tape in a

single file.

(NWL is the number of words

in the record, and it is not needed by the
program.)

Record
Record
Record

Record

Record

Record

Record
Record
Record
Record
Record

1
2
3

272

273
274
275
276
277

N@gPD, N@PT, NFRQ

FREQ

NWL, @PTMP (1), @PDEN(1l),
#PSIG(K,1,1)

NWL, @PTMP(2), @PDEN(1l),
PPSIG(K,2,1)

NWL, @PTMP(3), @PDEN(1l),
PPSIG(K,3,1)

NWL, @PTMP(N@PT), @PDEN(N@PD),
PPSIG (K, NEPT, NGPD)

SPTBL (Planck)

SPTBL (Rosseland)

PTAB

ETAB

BTBL

6. Time and Time Interval Calculations

The program is permeated by the messy

calculation of problem times and time inter-

vals.
TIME
DTR

Four main variables are involved:

Radiation transport (R) time,

Radiation transport (R) time inter-

val,




T Hydrodynamic (H) time,
DT Hydrodynamic (H) time interval.
In the following discussion, this no-

tation is used:

TIME Time at the start of R cycle m,
DTRm Time interval of R cycle m,
Tn Time at the start of H cycle n,
DT, Time interval of H cycle n.

The
hydrodynamic overlay (Y@KKY) is called if
TIME. The status of the
time variables when Y@KKY is called is:

Hydrodynamic Time Calculations.

and only if T =

TIME o Starting time of the next R
cycle,

DTR Time interval of the next R
cycle,

Tn Starting time of the next H
cycle,

DT 4 Time interval of the last H

cycle {(of no interest, now).
At the start of PHASEl within Y@KKY,
the new H cycle begins and the hydrodynamic

calculations occur. The calculated quanti-

ties are
DTn Time interval for the next H
cycle = min(DTA, 5 x DTRm).
Thel Time at the end of the next H
cycle = Tn + DTn. When Tn = TIMEm,
T, My exceed TIMEm+l.
DTA is a time interval based on the hydro-
dynamic constraints described in Sec. III.

The 5 X DTR limitation restricts the number
of R cycles between H cycles to about five.
At the end of Y@KKY, T

TIMEm+l =
T

n+1l

n+l is compared with

TIMEm + DTRm:

< TIME_ ., Another H cycle is calcu-
lated.
is calculated, its DTn is

subject to the additional

If another H cycle

restriction that

DTn s TIMEm + DTRm-Tn.

YPKKY is exited and a radia-
tion transport overlay is
called.

Radiation Transport Time Calculations.

m+1

The radiation transport overlays (MCRT or
GREYSN) are called only if T > TIME + DTR.

The status of the four variables at the be-
ginning of an R cycle is:

TIMEm Starting time of the next R cycle
DTRm Time interval of the next R cycle
Tht1 Time at the end of the last H cycle
DTn Time interval of the last H cycle

The time interval calculations for R cycle
m + 1 occur throughout the overlayé during
the calculation of R cycle m:
DTRm+l = min(DTR$+l, 10 x DTn).

DTRI;Wl is a time interval based on radiation
transport constraints and described in Secs.
IV and V. The 10 x DT limitation restricts
the number of H cycles between R cycles to
about 10.
the end of each radiation cycle.

TIMEm = TIMEm + DTRm.

The problem time is advanced at

+1
A number of checks and adjustment are made.
TIMEm+1 < Ty When this condition applies,
another R cycle is calculated.
TIMEm+2 = TIMEm+l +.DTRm+l
_is compared with Tn' If
TIMEm+2 > Tn’ the time inter-
val is reduced to DTRm+1 =
Tn - TIMEm+l'

TIMEm = T . When this condition applies,

+1 n
the radiation transport over-
lay is exited and Y@KKY is
called.

Getting Started.

are initialized as follows.

The time calculations
TIMEl and DTR
are the input numbers TIME and DTR. T, =
TIME and DT, = 0 are set by @FFWEG@. When
PHASELl is first called (at the beginning of
H cycle 1), DTl = DTR and T2 = Tl + DTl.
7. Output

During every cycle there are several
short prints (also written on film), and at
less frequent intervals more detailed output
These less frequent
T@UT is set to pro-

1

is written on film.
times are called T@UT.
vide detailed output n times per decade of
elapsed problem-time. If t is the elapsed.
problem time at the stafﬁ\bf the decade, out-

put occurs at elapsed times ft, fzt,

fPt = 10t; hence, f = {‘/ 10.

overlays (2,2;3,3; and 4,3) are called only

s 00,

The output



when T > T@UT. Initially (in @FFWEGE)

T@PUT = TSTART, the problem starting time.
This causes Y@K@UT,
program, to be called on cycle 0.

the hydrodynamic output
It is in
YPKPUT that all subseguent changes in T@UT

are made.

In cycle 0 T¢UT = DTR.
In later cycles THUT = £ (TGUT-TSTART) +
TSTART.

The factor f is presently set at 1.15, which
corresponds to n -~ 16 outputs/decade.
8. Dumps and Restarts
At the output times, T@UT, data are
written on Fileset 7, and at less frequent

intervals, Fileset 7 is staged to tape.
The data written on Fileset 7 include all
data needed to restart the problem and other
data that are useful to analyze in detail
after the problem is run. Data are not
written on Fileset 7 after every cycle be-
cause of the enormous volume involved.
Fileset 7 is staged to tape when:

One reel of tape has accumulated
(xpume > 10°) .

Fifteen CP minutes have elapsed since
the last tape was written.

The time 1limit from the job card is ap-
proaching.
Dump tape data are read and analyzed by the
program NEXTWAY, described in Appendix B.
The dump tapes contain as many problem cy-
cles as may happen to be written on them.
The mechanics of the dump procedure were
described in Sec. D; the structure of the
dump file is in Table A-VII in Appendix A.
F. Subroutines

l. Subroutine L@@P

L@@P, a highly efficient subroutine
originally written for YAQUI, is used to
transfer data between SCM and LCM. L@@P
maintains the NQ values for each cell in
three rows of mesh cells in SCM -- the row
for which calculations are being made and
the rows immediately above and below. To
aid in interpreting the source code listing,
the general form of a calculation using L@@P

is shown below.
CALL START
The bottom three rows of cell data are
The indices of
I1J,

read into small core.
the first cell in each row (IJM,
IJP) are set.
DG 9 J = 2, J2
Each time through this loop, mesh data
J2 = JPl for
cell-centered quantities, J2 = JP2 for

are computed for row J.

vertex quantities.
Dg 8 I = 1, I2

Each time through this loop, mesh data
I2 =
I2 =

are computed for cell I in row J.
IBAR for cell-centered quantities,
IP1l for vertex quantities.
Set cell indices
Set indices for cells to the right and
left of I, as needed, IPJ = IJ + NQ,
IPJP = IJP + NQ,
Calculate desired data

etc.

Increment cell indices
Set indices for the next cell in row I,

as needed, IJ = IPJ, IPJ = IPJP, etc.

8 C@NTINUE

CALL L@g@P
Write data for row IJM into LCM, reset
indices IJ and IJP to IJM and IJ, and
read data for IJP into SCM.

9 C@NTINUE

CALL D@NE
Compute data for two top rows and write
into LCM.

2. SEARCH (XBAR, X, N, NDX, and MFLAG)
SEARCH is an extremely fast binary

search routine. Given a table of N values
of X, and a value XBAR, SEARCH finds NDX
such that X(NDX) < XBAR < X(NDX + 1). MFLAG
is a returned error flag.
3. DBLINT (K, X, Y, XT,
MC@LS, and NDIM
DBLINT performs double linear interpo-
lation of tabulated data. TAB(I,J) is a
tabulated function of XT(I) and YT(J), I = 1,
MCgLS: J = 1, M. TAB(I,J) is dimensioned
for (MC@LS,M). NDIM is the actual number
of I values tabulated. DBLINT returns as

YT, TAB, N1, M,




a function value the interpolated value of
TAB which corresponds to X and Y.
K =Nl = 0, but K, N # 0 allows use of tri-
ply subscripted tables.
4, GETEMP (Xp, ZP, X, Y, 2, NX, and NY)
Z(I,J) is tabulated as a function of
X(I), T = 1, NX and Y(J), J = 1, NY. Given
the values of X, 2, XP, and 2P, GETEMP com-
putes the corresponding value of Y by in-

Normally

verse interpolation. The subroutine is
used with equation of state data to compute
temperatures when densities and specific
internal energies are known.
5. PAKFN@ and UNPKFN
PAKFN@ packs three floating point

words into a single word.

The packed words
UNPKFN unpacks
the single word back into three words.

have a seven bit exponent.

These subroutines save significant amounts
of space in return for decreasing the sig-
nificant figqures to six.

II. @FFWEG@, THE INPUT AND SETUP OVERLAY
Overlay 1,0 (@FFWEG@) is used to read
input data and to set up the initial mesh,
values of mesh variables, and marker parti-
cle distributions.
A. Overview of the Overlay
The setup overlay is @FFWEG@ (Overlay
1,0), which reads card and tape input data

and sets up the problem. There are no sec-
ondary overlays; the work is done by sub-
routines MESHMKR, PARTGEN, PARDEN, NSTART,
and FILMC@.

B. @FFWEGE

l. Equation of State and Opacity Data

Equation of state and opacity data are
read from Fileset 6. The input wavelengths
are converted to frequencies (1/s), and,

where necessary, units are changed from

those of the tabulated data to Y@KIFER units.

The frequency-dependent opacities, @PSIG,
are stored as a linear array, SIGA, in LCM.

SIGA (IJK) corresponds to @PSIG(I,J,K)
where the equivalent subscript is IJK = K +
(I-1)*NFRQ + (J-1)*N@PT*NFRQ. I, J, and K
are the temperature, density, and frequency
indices, respectively.

2. Dump Tape Input
PFFWEG@ reads the dump file, Fileset
7. If the end-of-information is encounter-

ed on the first reading, one assumes that
there is no dump input and that initial
If data
are found on Fileset 7, the file is read

data are to be read from cards.

until the end-of-information is encounter-
ed. When this occurs, the last dump on the
file has been stored in the computer and
is thus used to restart the problem.
3. @FFWEGZ Input Cards
P@FFWEG@ reads the following data from
cards:

NAME Problem identification.

TIME Starting time of the problem (s).

DTR Initial radiation time interval
(s).

CYL Geometry parameter.

CYL = 0.0 for slab geometry,
CYL = 1.0 for cylindrical geom-
etry. It is not possible at
present to run radiation trans-

port calculations in slab geom-

metry.
GRDVEL Rezone parameter (Sec. III).
ALPHA Radiation transport implicitness

parameter (Secs. IV and V).
IBAR, JBAR, IUNF, JUNF, JMID, DR, DZ, and
FREZ Quantities that define the mesh
(Sec. C-1 and C-2).
A0, AOM, BO, XI, MU, LAM, ¢M, EPS, ASQ,
GM1l, GR, and G2
Parameters used in the hydrody-
namic calculations (Sec. III).
Axial coordinate (true altitude)
of the "center" of the mesh (km).
This value defines the mesh alti-

REZYO

tude and, in practice, usually
corresponds to the coordinate at
the center of the bubble.
YBASE Axial coordinate of the bottom
of the real mesh (true altitude).
YBASE is not independent of other
input quantities (Sec. C-2).
The program operates on the assumption
that the altitude at REZY0 = 0. The input

value of REZYO0 is saved for reference,



but all other altitudes (Yij,YBASE) are
converted to true altitude-REZYO.

REZR@N Ambient density at REZYO
3
(mg/cm™} .
REZSIE Ambient specific internal en-

ergy (excluding radiation) at
REZYO0 (J/mg).
4, Parameters Set and Computed by
PFFWEGE
PFFWEGY sets initial values of some

parameters and precomputes others. These
parameters are defined and described in
the following sections, which describe the
parts of the program in which they are used.
5. Subroutine calls

MESHMKR is called to read and compute
initial values for the mesh variables X,
R, ¥, U, V, SIE, TEMP, R@, and RV@L.
PARTGEN or PARDEN is called by MESHMKR to
compute marker particle positions for Bub-

ble or Purd input problems, respectively.
FILMC@ is called to compute film-plotting
parameters.
6. Marker Particle Cells
ITAB(k) is the equivalent index of the
cell containing the kth
ITAB = (J~1)*IPl + I.
7. Mesh Variables
@FFWEGP computes the mesh variables:

marker particle:

Mij Mass of cell ij (mg/km3/2ﬂ~cm3).

Eij Total specific material energy in
cell ij (internal + kinetic) (J/mg).

RMij Reciprocal mass gssociaged with
vertex ij (2m-cm”™/mg-km~). The mass

associated with a vertex is 1/4 the
mass of the four adjacent cells.
8. @FFWEG@ Output
PFFWEGP prints the job number, the
date, all input data, and parameters whose
values are as set by @FFWEG@.
C. Subroutine MESHMKR
MESHMKR establishes the initial wvalues
of the mesh variables X, Y, R, U, V, R@,
SIE, TEMP, and RV@L.
1. Uniform Mesh
MESHMKR computes the coordinates X, Y,
and R for a uniform mesh of IBAR x JBAR

cells with specified cell dimensions DR

and DZ. The coordinate at the vertex,
J = JMID, is Y = REZY0; that at the bottom
of the mesh is Y = YBASE.
of ¥YBASE, for a uniform mesh, must be
REZY0-~DZ*JMID.

2. Nonuniform Mesh

The input value

The nonuniform mesh is computed when
FREZ # 1.0.
a total of IBAR X JBAR cells.
inner, uniform region IUNF x JUNF cells,

The nonuniform mesh contains

There is an

for which the inner part of the previously
computed uniform mesh is used. 1In the
outer parts of the mesh, the cells grow

(or shrink) by amounts that depend on the
value specified for FREZ. At the bottom

of the mesh Y = YBASE. The FREZ input value
for a nonuniform mesh must be computed ac-

curately using the formula

REZY0 = YBRASE + JUNF x DZ
S5

+ £

1-£
where f = FREZ and MESHMKR sets Y2 = YBASE.
A nonuniform mesh is illustrated in Fig. 4.
The algorithms used to determine the co-
ordinates are

x DI x (lvf[JUNF/2-JMID[)’

Xg = %y v %y _y-%;_,), 1 = IUNF + 2, IPI,
where £ = FREZ and x, = X,..
i i3
fAz A5 .
Yj = -t + ﬁ (1-£ j), ] = 2, JB¢T“1,
where f = FREZ, yj = Yij’ Az = DZ,
t = = S (pg),

Ay = JDB = |J-JB@T|, and

JB@T = JMID + 2 ~JUNF/2,

vy =t o+ £z (1-£%%), 5 = goge + 1, ap2,
where £ = FRE3Z, Yﬁ = Yij’ Az = D3Z,
' t=1TJ = JgNF (D2),
A, = JDT = |J-JT@P|, and

3
JT@YP = JMID + JUNF/2.
3. Background Mesh variables
Ambient values of U, V, RF, and SIE are
placed in every mesh cell by one of two
methods
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Fig. 4. A nonuniform mesh.

Uniform Regions. The data read for

each uniform background region are

NB Number of real cells below the
region
NR Number of real cells to the left

of the right boundary of the region
NT Number of real cells below the top
of the region
NL Number of real cells to the left
of the region

Ul Input radial velocity in region
(km/s)

VI Input axial velocity in region
(km/s)

RAI Input density in region (mg/cm3)

SIEI Input specific internal energy in

region (J/mg) (radiation not in-
cluded)
Figure 5 shows a uniform background re-

gion. Uij’ Vij’ R¢ij’ SIEij are set equalto
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1
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Fig. 5. Background mesh inpuf.
UI, VI, R@PI, and SIEI, respectively, for
each cell in the region. TEMPij = TEMPI is
interpolated from the equation of state.
The total cell internal energies are found
from SIE + a(TEMP4)/R¢. The input data and
the interpolated temperatures are printed.
Exponential Atmosphere. Densities that

decrease exponentially with increasing alti-

tude are computed for each row. The input
value is p = REZR@N, assumed appropriate
at y = REZY0. Temperatures corresponding
to the local density and the input ambient
energy, REZSIE, are interpolated from the
equation of state tables. The specific in-
ternal energies are found from REZSIE +
a(TEMP4)/R¢, where R@ varies exponentially.
The density, specific internal energy, and
temperature are printed for each row of
cells.
4., Bubble Input

Bubble input, read only for Bubble input

problems, consists of the specification of




mesh variables in the upper right-hand quad-

rant of an R-Z plane. These values are re-
flected to the lower right quadrant, and if
required, the right semicircle is reflected
to form the left semicircle.
The variables used in the code are:
IBUB, JBUB Indices of vertex correspond-
ing to the center of the bub-
ble
II, JJ Temporary indices of cell
into which data are to be
placed. Typically, II and
JJ begin at 1.

RPT Density in cell 1I, JJ

SIEI Specific internal energy in
cell II, JJ

VI Axial velocity at vertex II,
JJ

Ul Radial velocity at vertex II,
JJ

The actual cell indices corresponding
to the bubble location in the mesh are com-
puted from:

Quadrant Indices

Upper Right I=II+IBUB-1, J+JJ+JBUB-rl

Lower Right I=II+IBUB-1, J+JBUB-JJ

Upper Left I=IBUB-II, J=JJ+JBUB-1

Lower Left I=IBUB-II, J=JBUB-JJ
These mesh variables are assigned to the
appropriate cells and vertices, destroying

that part of the background mesh. Tempera-
tures are computed from the equation of
state as previously described, and all Bub-
ble input is printed. Bubble input is il-
lustrated in Fig. 6, but we note that one is
not restricted to spherical bubble data.
D. Subroutine NSTART

NSTART is called by MESHMKR and is used
only in Purd input problems.
E. Subroutine PARTGEN

PARTGEN generates marker particles for
Bubble input problems and is called by
MESHMKR. In addition to marking fluid po-
sitions, the marker particles are used to
define the "region of interest" in film
plots. For Bubble input problems, the par-
ticle regions generally coincide with the
bubbles.
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Fig. 6. Bubble input.

Particles may be generated in one or more
regions of the mesh. The regions may be
either circular or rectangular. The data
that define the regions and the numbers of
particles in them are read from cards.

DRPAR Radial spacing of particles in the
region (kn).

DZPAR Axial spacing of particles in the
region (km).

Xc Radial coordinate. Center of cir-
cular region or left boundary of
rectangular region (km).

YC Axial coordinate. Center of cir-
cular region or bottom boundary
of a rectangular region (km).

XD Radius of a circular region or
right boundary of a rectangular
region (km).

YD Top boundary of a rectangular re-
gion (km). YD z 0 for a circular
region.

A maximum of 1000 particles can be gen-
erated, and for both information and plotting
purposes they should cover the area of the
bubbles. If DRPAR and DZPAR equal DR and DZ,
respectively, there will be one particle per




cell. The number of particles can be in-
creased by making DRPAR and DZPAR smaller.
Generally, the bubble is a semicircle along
the axis, and XC = 0, YC = REZY0, XD = Bub-~-
ble radius, and YD = 0.
Variables computed by PARTGEN are
XPARk Radial coordinate of the kth
particle (km).
X Axial coordinate of the kth
particle (km). XPAR and YPAR
are stored in LCM block YLC2.

YPAR

NPT Total particles generated (1000
maximum) .

PYB Minimum value of YPAR (in all
particle regions) (km).

PYT Maximum value of YPAR (in all
particle regions) (km).

PXR Maximum value of XPAR (in all
particle regions) (km).

All input data are printed.
F. Subroutine PARDEN

PARDEN is called by MESHMKR, and it
generates marker particles for PURD input
problems.
G. Subroutine FILMC@®

FILMC@ computes certain parameters as-
sociated with film plots. It is called ini-
tially by @FFWEG@, and during each hydro-
dynamic cycle by REZ@NE. It resides with
the main overlay, Y@KIFER, so the subroutine
and its results are available throughout the
program.

Variables computed by FILMC@ are:

XL Left boundary of the mesh, XL = 0.
XR Right boundary of the mesh,
XR = max(xij).
¥YB Bottom boundary of the mesh,
¥YB = mln(Yij).
YT Top boundary of the mesh,

YT = max(Yi }. The maxima and

3
minima are over the boundaries of
real cells.

IXL 4020 coordinate of XL
IXR 4020 coordinate of XR
IYB 4020 coordinate of YB
IyT 4020 coordinate of YT

Also computed and stored are the
corresponding floating point val-

ues, FIXL, FIXR, FIYB, and FIYT.

XC@NV Factor for converting radial co-
ordinates to film coordinates,
XC@PNV =  (FIYT-FIXL)/(XR-XL).

YC@NV Factor for converting axial co-

ordinates to film coordinates,
YC@NV = (FIYT-FIYB)/(YT-YB).

The region of interest is defined by the
particle generator subroutine PARTGEN or
PARDEN.,
plotting those parts of the mesh in which

Region of interest plots eliminate

nothing in particular is happening. The
corresponding quantities for the region of
interest are:

PXL, PXR, PYB, PYT

IPXL, IPXR, IPYB, IPYT

FIPXL, FIPXR, FIPYB, FIPYT

PXC@NV, PYC@NV

The present region of interest defini-

tions are:

PYB = PYB -~ 3xPXR

PYT = PYT + 2xPXR

PXR = 3XPXR
PYB, PYT, and PXR on the right are values
computed by PARTGEN or PARDEN.

HYDRODYNAMICS CALCULATIONS

The hydrodynamics calculations are done
by Overlay 2,0 (YPKKY), a modification of
YAQUI. The basic YAQUI hydrodynamic calcu-
lations are unchanged. The differences be-
tween Y@KKY and YAQUI (other than spelling)
are mostly associated with the input and
output, and with the fact that Y@KKY has
been divided into several overlays that com-

ITIT.

municate with the radiation programs. Pro-
perties of the original YAQUI program are
described in detail in Ref. 1.
A. Overview of the Overlay

The main overlay, Y@KKY, calls the five

secondary overlays and decides whether the

problem time is right for changing from hy-
drodynamic to radiation transport calcula-
tions.
l. Overlay 2,1 - PHASEO
PHASEO performs the final calculations

for each cycle. It interpolates total pres-
sures and produces a short print of quanti-

ties of interest for each hydrodynamic cycle.
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2. Overlay 2,2 - Y@K@UT
YPKPUT, the hydrodynamic output program,
is called only at output times, T@UT. The
output is for the previously computed hydro-

dynamic cycle.
3. Overlay 2,3 - PHASEl
The hydrodynamic cycle begins in PHASEL,

which performs the explicit Lagrangian cal-
culations of YAQUI.
4. Overlay 2,4 - PHASE2
The implicit Lagrangran calculation
(pressure iteration) is done in PHASE2.
5. Overlay 2,5 - PHASE3
In PHASE3, the mesh is rezoned and the
Eulerian (transport) phase of YAQUI is solv-

ed to give final values of all mesh vari-
ables.
B. PHASEO

l. Variables Computed by PHASEO

Pij Pressure in cell ij computed by in-

terpolation in the equation of state

table PTAB, (mgvkmz/cm3-s = MPa).

TIAMB Total ambient internal energy in the
mesh (J).

TI Total internal energy (in excess of
ambient), including radiation (J).

TK Total kinetic energy (J).

EPgT

TE Total kinetic and internal (in excess

Total potential energy (J).

of ambient) energy (J).
UM@M Proportional to radial momentum of
the material in the mesh (mg/km4/
2T-cm—~s) .
VM@M Proportional to axial momentum of
the material in the mesh (mgvkm4/
21-cm-s) .,
CIRC Line integral of the velocities
around the edge of the mesh.
TMAX Maximum specific internal energy in
the mesh (J/mg). ITM and JTM are
the indices of the cell containing
TMAX.,
Maximum specific internal energy
gradient in the mesh (J/mg-km).
ITG and JTG are the indices of the

cell containing TGMX.

TGMX

TMDT Time at the beginning of the hydro

cycle (s). TMDT = T - DT.
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Output
The following data are printed and

written on films

NCYC, TMDT, T, DT, NUMIT
TE, TI, TK, EP@T, TIAMB
UM@M, VM@M, CIRC

TMAX, ITM, JTM

TGMX, ITG, JTG

DTV, IDTV, IDTV{ oomputed by Y@KAUT,
DTC, IDTC, JDTC{ PHASE2, and PHASE3.

C. YPKPUT

YPKBUT is called only at output times,
T@FUT, and it computes the value for the
Y@KPUT plots two zone
plots, two velocity vector plots, and one
Plotting is con-

next output time.

velocity direction plot.
trolled by the index NTHRU.

NTHRU = -1 Zones in the entire mesh.

NTHRU = 0 Velocity vectors in the
entire mesh; zones in the
region of interest.

NTHRU = 1,2 Velocity vectors and di-

rections in the region of
interest.
The region of interest is defined in
Sec. II. Contour plots of density,
specific internal energy, vorticity, and
magnitude of velocity are plotted in the
region of interest.
The coding for a long print on film is
included, but this section of the program
is by-passed on all cycles except cycle 0
to save film. The long print gives, for
each cell, 1, J, X, Y, U, V, SIE, R@,
1/RVgL, D, and P. D is V+V in 1/s.
l. Subroutine PARPL@T
PARPL@T, called by Y@KPUT, plots the
marker particles in the region of interest.
D. PHASEl
1. Time Interval Calculation

PHASEl calculates the hydrodynamic
time interval.

NCYC Hydrodynamic cycle number, for the
cycle to be started in PHASE]L,
incremented to NCYC = NCYC + 1.

DT Hydrodynamic time interval for
the cycle to be calculated. For
the first cycle (NCYC=1), DT=DTR,




the input radiation transport time

interval.

In all subsequent cycles, the hydrody-
namic cycle time interval is DT = min (DTV,
DTC), where DTV is the viscous stress time
interval computed in PHASE2 and DTC is the
convective flux time interval computed in
PHASE3.

New maximum values of DTV and DTC are
set in PHASEl. DTV = DTC = DT x DTFAC,
where DTFAC is a factor that causes the
time interval to change so as to hold the
number of pressure iterations in PHASE2
down to a small number (-5). DTFAC =
“Tgiﬁ%%TT_ where NUMIT is the number of
iterations required on the previous cycle.
DTFAC has a maximum value of 1.25.

The values of DTV and DTC are recom-
puted by PHASE2 and PHASE3.

T Initially in PHASEl this is the time
at the end of the hydrodynamic cycle
just finishing, and it is incremented
(T = T + DT) to the time at the end
of the hydrodynamic cycle to be
started.

2. Mesh Variables

PHASEl makes one pass through the mesh

loop and computes the following variables:

UTILi.

3 Explicit Lagrangian radial ve-

locity component

VTILij Explicit Lagrangian axial ve-
: locity component
GRIRij Radial velocity increment
GRIZij Axial velocity increment
Eij A geometric quantity
DELSMij A geometric quantity
R¢Lij = R¢ij
RCSQij Reciprocal sound velocity
squared

RCSQ.. = L

ij ASQ + GGMl*SIEij !’

where GGM1 = GM1l* (1+GM1l)
and

(ambient cells)

Pij

GGM1 =
R¢ijSIEij

1+ iL
RﬁijSIEij

(other cells).

PHASE]l utilizes the improved node
coupler that smooths vertex velocities by
the velocities of all eight surrounding
vertices.

3. Subroutine NADD

NADD is called by PHASEl for Purd

problems only.
E. PHASE2
The variables computed by PHASE2 are:

PLij Gas pressures obtained by itera-
tion.
NUMIT Number of pressure iterations

required (500 maximum).

ETILi.

5 Explicit Lagrangian internal

energy.
DTV Tentative value of DT based on
viscous streéses. It is the min-
imum of such values for all cells
and the value originally computed
in PHASEl. The cell is IDTV,
JDTV.
F. PHASE3
PHASE3 computes the final values of
the mesh variables X, Y, R, MP, RMP, EP =
SIE, U, V, RV@L, and R@.
is computed from SIE by the iterative
DTC, the con-
vective flux time interval is also computed
in PHASE3.
and the final value is the minimum of the

The temperature
scheme described in Sec. IV.
DTC is computed for each cell,

value over all cells and the value pre-
viously computed in PHASEl. The cell is
IDTC, JDTC. PHASE3 calls subroutines
REZGNE (to rezone the mesh), PARTM@V (to
move the marker particles), and FILMC@ (to
modify the film plotting parameters).
l. REZ@NE

REZ@NE is called by PHASE3 when the
rezone parameter (an input number)
GRDVEL = 2.0 or when the Sh radiation
transport calculation is being used.
(GRDVEL = 0.0 and GRDVEL = 1.0, respective-
ly, represent Eulerian or pure Lagrangian
rezones that are handled by PHASE3.) ‘The
outside of the mesh is moved with.velocities
FC3 (down), FCP2 (up), and FCX (to the
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right).
rival of velocities at the outer part of

These quantities depend on the ar-

the mesh and on the appearance of nonambient
internal energies (such as by radiation) at
the edge of the mesh. The latter calcula-

tion is not presently activated.
the mesh
lines are moved, but they remain either

For S
n

radiation transport problems,

vertical or horizontal, thus retaining the
rectangular cells and representing continu-
ously rezoned Eulerian geometry. A mesh
that is not rectangular can be relaxed to
rectangularity by setting the variable mesh
"stiffener" parameter FSTF = 1.0*RDT. The
rezone constants are printed.
2. PARTM@V

PARTM@V moves marker particles to new
positions based on the velocity at the par-
New values of PYB, PYT,

and PXR are computed to redefine the region

ticle location.

of interest in film plots.

IV. MONTE CARLO SOLUTION OF THE RADIATION
TRANSPORT PROBLEM
The Monte Carlo radiation transport
calculations are done by Overlay 3, 0 (MCRT).

A, oOverview of the Overlay

The main Monte Carlo radiation trans-
MCRT
computes variables used throughout the ra-

port program is MCRT (Overlay 3,0).

diation calculation and calls the three
secondary overlays.
1l. Overlay 3, 1 - REEFER¥*
REEFER performs the Monte Carlo solu-
tion to the radiation transport problem.

Its principal function is to generate and
follow statistical particles. In Subroutine
WALK (called by REEFER), the particles pur-

sue the random walk and meet their statisti-
REEFER generates NSP (internally

set to 10) source particles in each cell in

cal fates.

which the temperature exceeds a specified
threshold value, TEMIT (internally set to
0.05 eV). REEFER sets values of the follow-
ing parameters for each particle.

*One who reefs (naut); a short coat or
jacket of thick cloth.
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A random position in the cell,
A random direction of tfavel,

A random frequency (photon energy),

An energy "weight" equal to the cell
emission energy divided NSP.

In WALK, the particles move from their
initial positions, with the above initial
properties, until one of the following ran-
domly selected events occurs:

The particle collides and is absorbed,
and the walk is terminated.
The particle collides and is scattered.
The particle energy is reduced to a neg-
ligible value (set by EDEATH).
The particle leaves the mesh, and the
walk terminates.
The radiation time interval ends.
When a particle is scattered, its random
variables are reset as follows.
Its position is the point where the scat-
tering collision occurred.
A new random direction of travel is sam-
pled (isotropic).
A new random frequency (photon energy) is
sampled.
The energy is equal to the energy of the
particle before the scattering.

If a particle has not died when the
time interval ends, it becomes a "census"
particle and its parameters are stored on
Fileset 1,
continued on the following radiation trans-
The overlay REEFER reads File-
set 1 for census particles from the previous

so that its random walk can be

port cycle.

cycle, before new (source) particles are
initialized.

When any particle (source or census)
undergoes NPCMAX scatterings, its parameters
are sent to the "bank." The value of NPCMAX
is set by @GFFWEGP and is presently 50. Char-
acteristics of particles sent to the bank are
are also stored on Fileset 1 and are read
by REEFER after all census and source par-
REEFER splits
The
value of NBP is set by @FFWEG@ and 1s pres-
ently three.

ticles have been completed.
each bank particle into NBP particles.

Each sibling particle is char-
acterized as follows.



Its position is the point where the parent
particle was deposited in the bank.

The direction of travel is the same as
that of the parent.

The frequehcy (photon energy) is the same
as that of the parent.

The energy is the energy of the original
particle, divided by NBP.

These sibling particles, in turn, may
be deposited in the bank eventually during
their random walk, and it is not uncommon
to produce many particle progeny during
each cycle. As the particles move around
the mesh (in WALK), an exponential energy
loss is associated with each move, and the
energy is deposited (the weight scored)
along the path of the move. When a particle
is absorbed, dies from lack of energy, leaves
the mesh, or goes to census, its energy is
scored at the place where the event occurs,
by saving the coordinates of each sample.

The original particle energies, the energy
scores, and the energies of the terminated
particles (except census particles) are
stored on Fileset 3, for use by overlay
ESTEP.
particle frequencies.

Also stored on Fileset 3 are the
Fileset 3 is included
in the problem dump tapes so that.these data
can be analyzed.
2. Overlay 3.2 - ESTEP
ESTEP reads the particle production and

deposition energies, and coordinates, from
Fileset 3 and uses them to advance the inter-
nal energies, and hence temperatures, in
each mesh cell.
3. Overlay 3.3 -~ LISTING
LISTING is called at output times (T@UT)
and writes (on film) detailed mesh data as-

sociated with the Monte Carlo calculation.
B. MCRT .
l. Mesh variables
MCRT does one mesh loop calculation and

computes mesh variables and their spatial
integrals. These variables are stored in
LCM unless otherwise noted.

CENTXij Radial coordinate of the cent-

roid of cell ij (km).

CENTYij Axial coordinate of the cent-
(km) .
The centroids represent the positions of

roid of cell ij

cell-centered mesh variables, and they are
the arithmetic means of the radial and
axial coordinates of the vertices. CENTX
and CENTY are set to 0 when I = IPl, to
simlify subroutine CENTR@Y.

BETALCij Radiation derivative in cell
iq.
SIGPLCij Mean absorption coefficient

in cell if (1/km).
BETALC and SIGPLC are computed by double
logarithmic interpolation in the equation
of state tables BTBL and SPTBL, respectively,

FSCAT, . Absorption probability in cell

3
ij (stored in SCM).
FSNij Identical to FSCATij.
FSCAT is computed from
FSCAT =

1
1+c (ALPHA) (BETALCij) (SIGPLCij) (DTALD)Y

where ALPHA is an input quantity and DT@LD
is the radiation time interval. When
ALPHA = 0, FSCAT = 1; there is no scatter-
ing, and the calculation that walks each
When
1, scattering is maximized and the

particle to absorption is explicit.
ALPHA =
calculation is fully implicit, allowing
both absorption and scattering.
RZEDENij Total energy to be radiated
from cell ij during the ra-
diation transport cycle (J).
RZEDENij=aXcX(2§CATij)(BETALCij)(SIGPLCi
X (TEMPij) ({DT@LD) Volumeij,
where Volume = 2ﬂ/RV¢Lij.
Smallest amount of internal

5)

SIEMIN
energy (J) in any cell in which
the temperature exceeds TEMIT.

SIEMIN is used to determine the death energy
of statistical particles. The cell con-
taining SIEMIN is IJMIN, and the temperature
and density in the cell are TMIN (eV) and
DMIN (mg/cm3), respectively.

EINT Total internal energy (including
radiation) in the mesh (J).
EKIN Total kinetic energy in the mesh

(7).
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EALL Total internal and kinetic energy
in the mesh (J).
URT@T Total radiation energy in the mesh

(7).
2, Time Interval

The time interval for the next radia-

tion transport cycle is calculated in MCRT.

TIME Initially, the problem time at the
beginning of the radiation trans-
port cycle (s).
At the end of MCRT, TIME is advanced to the
value at the end of the cycle (and the be-
ginning of the next cycle}. Initially,
DTR is the time interval for the radiation
cycle, but throughout MCRT it is the time
interval of the next cycle. The original
value is retained in DT@LD.

T2 Time at the end of the cycle T2 =
TIME + DTR, where TIME and DTR
have their initial values.

DTR, the time

transport cycle is calculated by MCRT.

interval for the next radiation
The
inconsistencies introduced by using the time
interval for cycle m+l on values at the be-
This
method is used to avoid recomputing quanti-

ginning of cycle m are negligible.

ties available during the MCRT calculation.
The energy radiated from'a cell during a

cycle is RZEDENij.
exceed 15% of the total energy (Eij) in any

We require that this not

cell where the temperature exceeds TEMIT.

DTR =0 ij
Let DTR in the denominator be the value for
the current cycle, (DT@LD). Also let the

value in the numerator be that for next cy-
cle, and solve for the latter;
<o.15 x By x DT¢LD>
DTR = min

RZEDEN 4
At the end of MCRT, DTR may be reduced, if
necessary, to complete an even number of ra-
diation cycles per hydrodynamic cycle. Be-
fore the possible reduction, DT@LDER = DTR.

Later values of DTR are based on DT@LDER
rather than the reduced value of DTR, which
is usually very small.

le

3. Output
MCRT prints

NCYC, TIME(at start of cycle), T2, DT@LD
URT@T, EINT, EKIN, EALL
IJMIN, SIEMIN, TMIN, DMIN
C. REEFER
1. Variables Computed by REEFER
JCEN

Initially, the number of census
particles carried over from the
previous cycle.
At the end of REEFER, JCEN is the number of
census particles carried over to the follow-
ing cycle.
IBANK The number of particles to be
withdrawn from the bank on each
pass through the bank particle
calculation.
it is the number (after
splitting) of original source and census

on the first pass,
particles sent to the bank. On each subse-
quent pass, it is the number (after splitting)
of particles from the previous pass deposited
in the bank.

ID Number of words of energy de-

position data currently stored

in the buffer array EBL@CK.
When ID = NBUF = 6000, EBL@ZCK is dumped to
Fileset 3 and ID is reset to 0. NBUF is a
fixed parameter set by @FFWEGH.

NFLUSH Total number of particles for
which deposition data are written
on Fileset 3.

The following indices are totaled sepa-
rately for census particles, source particles,
and for each pass through the bank calcula-

tion.

NGEN Number of particles started.

NCEN Number of particles sent to cen-
sus (for processing on the next
radiation cycle).

NBANK Number of particles sent to the
bank.

NDIE Number of particles that die from
either absorption, or loss of
enerqgy (in WALK) .

IESCAP Number of particles that leave
the mesh (in WALK).

NM@VE The number of particle moves (in




WALK several moves may be re-

quired to effect a collision).
NC@L The number of particle collisions
(in WALK).

The random variables that define parti-

cles are listed below:
Statistical particle positions are defined
by three coordinates rather than the two co-
ordinates required by all other space-de-
A(l),
A(2), and A(3), are the x, y, and z compo-

pendent variables in the program.

nents of the particle position (km). Before
WALK changes them, these are called XAl, XA2,

The corresponding R-2

2]1/2

XA3, respectively.
coordinates are:

Radial coordinate RH@P = [A(l)2+A(2)
ZP = A(3).

The initial positions of census and

Axial coordinate

bank particles are the positions recorded
The
initial positions of source particles are

at census or deposited in the bank.

randomly sampled in the cells in which they
are started. The random positions are cho-
sen by assigning a random weighting factor
to each cell vertex.

#MEGA (1), #MEGA (2), and @$MEGA(3), the x,

y:, and z components of the particle di-

rection vector.
Before WALK changes them, these are called
X@MEGALl, X@PMEGA2, and X@MEGA3, respectively.
The initial directions of census and bank
particles are the same as those of the parti-
cles that arrived at census or the bank.
The initial directions of source particles
are randomly chosen polar and azimuthal
angles.

FREQP Particle frequency (1/s).
Before WALK changes it, FREQP is called
XFREQP. the
initial frequencies are the same as those

For census and bank particles,
of the parent particles. For starting source
particles, FREQP is a random variable chosen
by subroutine PFREQ.

EPART Particle energy (J).
Before WALK changes it, EPART is called
XEPART. This is the weight that is used to
score the results of random particle walks.

The weight is given according to particle
type as follows.

EPART is
the energy with which the particle was sent

Census Particles. Usually,

to census during the previous cycle. If
however, EPART for a census particle is sub-
sequently found greater than RZEDENij (the
energy to be radiated in cell ij, where the
census particle is located), EPART is re-
duced to RZEDEN.
particle is allowed to carry more energy
than RZEDEN/10. Thus,
ergy is larger than this, the census parti-
cle is split into NCP particles so that the

is less than RZEDEN/10.
Whenever census particles are generated

in a cell ij, RZEDENij

Furthermore, no single

if the particle en-

energy of each, EPART,

is reduced by the en-
ergy carried by the particles.
NSP =
ticles are started in each cell where the
0.05 ev. The
RZEDEN/NSP.
Each particle sent to
the bank (with energy EPART') is split into
NBP = 3 daughter particles, each with ener-
gy EPART = EPART'/NBP.

I, J Indices of the cell in which the

Source Particles. 10 source par-

temperature exceeds TEMIT =
enerqgy of each particle is EPART =
Bank Particles.

particle is generated.

For source particles, I and J are known be-
cause particles are generated in particular
cells. I and J are known for bank particles
because WALK always knows in which cell a
particle lies and deposits this information
with the parent particle parameters. For
census particles, the cell in which the parti-
cle lay when it was sent to census is known,
but, because the mesh will generally have
been rezoned in the meantime, the particle
Subroutine
WHERE is called to find I and J for census
particles.

Tl The time when WALK is called (s).
TIME.

For bank particles, Tl is the time the parti-

may be in a different cell.

For census and source particles, Tl =

cle was sent to the bank.
EDEATH
Particles whose energy is less than EDEATH

Particle death energy (J).
are terminated by WALK. For census and
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source particles, EDEATH is 1% of EPART,
or 1% of SIEMIN, whichever is smaller. For
the first bank calculation, EDEATH = EDIE.
On subsequent bank calculations, EDEATH is

1% of SIEMIN.

EDIE Minimum value of EDEATH for all
source particles (J).
IDIE As input to WALK, this identifies
the particle type as:
IDIE = 0 Census or source particle,
IDIE = 1 Bank particle.
As output from WALK, IDIE identi-
fies the particle type as:
IDIE = 0 Escaped or dead particle,
IDIE = 1 Bank or census particle.
ERAD Total energy of all source par-
ticles (J).

ECEN1 Total energy of all input census
particles (J).

ECEN Total energy of all output census

particles (J).
EMC Total energy radiated (ERAD+ECEN1)
in the particle population.
2. REEFER Data Storage
Particle production and energy @eposi-

tion data are stored on Fileset 3, two words
per particle, in floating point and integer
packed format.

Word 1 Bits 59-40 Radial coordinate
39-20 Axial coordinate
19-0 Energy

word 2 Bits 59-18 Frequency
17-9 I
8-0 J

The coordinates represent the position
where the particle was produced or the en-
ergy was deposited. The energy is either
the negative of the original source particle
energy (the emission energy), or the energy
deposited at a score. Word 1 is floating
point data packed by PAKFN@.

in Word 2 is truncated, and the integers I

The frequency

and J are stored in the low-order bits.
Census and bank particle data are read from
Fileset 1 and written on Fileset 2, eight
words per particle.
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Word Census Bank
1 A(l) A(l)
2 A(2) A(2)
3 A(3) A(3)
4 @MEGA (1) @MEGA (1)
5 @MEGA (2) PMEGA (2)
6 @MEGA (3) @MEGA (3)
7 EPART ~EPART
8 FREQP (bits 59-18) FREQP (bits 59-40)

I(bits 17-9)
J(bits 8-0)

Tl(bits 39-20)
I(bits 17-9)
J(bits.8-0)
For census particles, FREQP is truncated
as described above, but not packed. For
bank particles, FREQP and Tl are packed by
Subroutine PAKFN@.
3. REEFER Output

The indices NGEN, NCEN, NBANK, NDIE,
IESCAP, NM@VE, and NC@L are printed for
census particles, for source particles, and

for each pass through the bank particles.
Also printed are NFLUSH, EMC, ERAD, and
ECEN1.
4. Subroutine WALK
Length of Particle Movements.
DM@VE
Generally WALK will move a particle several

Distance the particle moves.

times between its initial position and its
final position (collision, absorption, es-
cape, or census). DM@VE is the minimum of
the following:

DCEN
Initially, DCEN = c(T2-Tl), where T2-Tl is

the time remaining in the radiation trans-

Collision Distance.

port cycle, and c is the speed of light.
After each particle move, DCEN is reduced
by DM@VE.

DC@L Collision Distance.
Initially, DC@L is the length of a random
number of mean free paths.
value of DCPL is given by RMFP x DMFP.
RMFP is a randomly sampled number of mean

The initial

free paths. RMFP can vary from 0 to «, it
is usually less than 1 and it is sampled
from RMFP =

number.

|In(y) |, where y is a random



After each particle move, RMFP is reduced

by an appropriate amount and DC@L is re-

computed.
DMFP =
particle location; where DMFP = 1.0/SIGNU
and SIGNU is the absorption coefficient

length of a mean free path at the

dependent on the temperature and density
at the particle location, and on the par-
ticle frequency. The weighting factors
for computing density and temperature at
the particle position are found by sub-
routine CENTR@Y; the subscript of the
absorption coefficient, by subroutine
SUBSCR.
DCELL Nominal move distance.

Because mesh properties vary continuously,
DMFP is a continuous function of particle
position. To approximate this continuous
change, mesh properties are re-evaluated
whenever a particle moves. The nominal
move distance is the minimum dimension of
the cell in which the particle lies.

5. Energy Scores

When a particle moves, its energy is
reduced by

ESC@RE = (EPART) [l-e

where FSP is the absorption probability at

(-FSP)(DM¢VE)(SIGNUH

the original position of the particle (the
weight factors for computing FSP are found
by CENTR@Y). The energy, ESC@RE, is de-
posited at a position RH@D, 2ZD, midway
between the initial and final particle po-
sitions. The new particle position and en-
Subroutine WHERE

is called to determine the indices I and J

ergy are then computed.

of the cell in which the particle lies after
the move. Tests are next made to determine
whether the particle went to census, went to
collision, went out of the mesh, ran out of
enerqgy, or merely moved while randomly seek-
ing one of the aforementioned fates. If

the particle went to census, its remaining
energy is deposited (scored) at its final
position and IDIE is set to 1 to tell REEFER
to store the particle parameters on File-
set 1. If the particle left the mesh,
remaining enerqgy and final position (outside
the mesh) are saved on Fileset 3, and IESCAP

its

is incremented. 1If the particle ran out of
energy, its remaining energy is deposited
(scored) at its final position and NDIE is
incremented. If the particle underwent a

collision, NPC@L is incremented. The parti-
cle will have been absorbed (with a proba-
bility FSP), or scattered (with a probabil-
ity 1-FSP) at the collision. If the parti-
cle was absorbed, the remaining energy is
deposited (scored) at the point of collision
and NDIE is incremented. If the particle
was scattered (and NPC@L<NPCMAX) the parti-
cle is continued (reemitted). 1Its random
frequency and direction after scattering
are computed by subroutines PFREQ and
P@MEGA, respectively. The local mesh pro-
perties are recomputed using subroutine
CENTR@Y .
ceeds NPCMAX, the particle is deposited in
the bank.
energy is made negative and IDIE is set to
1l to tell REEFER to store the particle para-
meters on Fileset 1.
6. Subroutine FLUSH

FLUSH is a utility routine called by
WALK and REEFER.
cle production and energy deposition data
(stored in the buffer EBL@CK) on Fileset 3.
FLUSH is called by WALK when the counter
ID = NBUF, and by REEFER after the last

deposition has been made.

If the number of collisions ex-

If it is deposited, the particle

This routine writes parti-

ID is reset to
0, and NFLUSH is incremented by the number
of particles (ID/2) for which data were
written.
7. Subroutine CENTR#ZY
CENTR@Y is called by WALK, and it com-~
putes interpolation factors for determining

the values of the cell-centered mesh vari-
ables at the position of a particle in a
cell whose indices are I and J.

ISsC I+l if the particle is in
right side of I, J.
I-1 if the particle
side of 1, J.

J+1 if the
part of I, J.
J-1 if the
tom part of I, J.

the

is in the left

JSsC particle is in the top

particle is in the bot-
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CWGT Weight factor for cell ISC, J.

1
CWGT, Weight factor for cell I, JSC.
CWGT3 Weight factor for cell I, J.

The value of mesh variable z at a posi-
tion x, y in cell i, 3 can be approximated
by a linear combination of three known
values of z:

zy = 2{x3,v3) z; =

z(xy,y)) 2, = 2(X5/¥5).

X3:Y3 is the centroid of cell I, J.
X10Yq is the centroid of cell ISC, J.
KoYy is the centroid of cell I, JSC.

The three known values of z form a plane,

where
Z *x lel + szz + W3z3.
let
§xy = X; = X3 §y; = vy ~ Y3

6xy = X, = X3 Sy, = ¥y ~ Y3

6x = x = X5 6y =y =~ Y,
then 6x6y2—6x26y
w, = — ’
1 6x16y2 6x£8yl
- leéy-éxéyl
2 5x16y2-6x26yl
w3 =1 -~ wl -V, .
The weight factors Wi Wy, and w, are
represented by CWGTl, CWGTz, and CWGT3,
respectively, in the program. In a rec-

tangular mesh, Gyl = 6x2 = 0 and the
weights are

1l - wl - W, .

Special provisions are made for the mesh
boundaries.
At the left boundary (i-1=0), or the right
boundary (i+l=IPl), set &x = 6x2 = 0.

- .8 - 1 -
W, = gyﬁ , w3 = 1 Wy, .
At the bottom (j-1=1), or the top
(§j+1=JP2) ,' set 8y = 6yl = 0.

w, = 0,

1

_ O0x -
wy = SEI ;o Wy = o ., w3 1 LA
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At the corners, both conditions apply,
and

w =0, w,=1 .

152 3
8. Subroutine WHERE
WHERE 1s called by REEFER and its pur-
pose is to solve the general problem:
find the cell i,
3 in which it is located.

Given a position r, z,
Start with an initial quess i, j. In row
j, move to the left (west) until a cell is
found whose west boundary is west of r, z.
Let this cell be i-k, § (k=0,1,2,...1-1).

If the r-values of both northwest and

southwest vertices are west of r, then
r is in the cell.

If the r-values of both northwest and
southwest vertices are east of r, then

r is in the next cell.

If one vertex is east of r and the other
is west of r, a test is made to determine
whether r is east or west of the line con-
necting the vertices.

If k > 0, the particle is in i-k, 3j, and
i is set to i-k.

If k = 0 (the original cell), a similar
procedure is followed moving east.

When the value of i is determined, the
testing is done both south and north in
to find §. If j is different

from the original j, the entire process

column i,

is repeated, because the i-value that is

correct for one value of j may be wrong

for another.

An improved version of WHERE is in prepara-

tion.

9. Subroutine SUBSCR

SUBSCR, called by WALK,

the frequency-dependent absorption coeffi-

is used to find
cient at a particle position. The equation
of state variables @PTMP(J), @PDEN(K),
FREQ(I) are tabulated.
have been found for
J as a function of @PTMP,
K as a function of @PDEN,
I as a function of FREQ.

and
Analytic expressions

Given the particle frequency and the tempera-
ture and density at a position, I, J and K can



be computed. The combined subscript of the
frequency-dependent absorption coefficient
is

IJK = I + (J-1)*NFRQ + (K-1)+N@PT*NFRQ.
Note that frequency-dependent absorption
coefficients are taken directly from the
tabulated data and are not interpolated,
and that this routine is data dependent.

10. Subroutine PFREQ

PFREQ, called by WALK, is used to sample

random frequencies of statistical particles.
The frequency (eV) is given by the Planckian
distribution when

v = - Z‘(]—:L'T 1n (YllY21Y3IY4)T ’

where the y's are uniform random numbers
on (0,1) and T is the temperature (eV).
(k) = min Im, Yz (=)} '

[~

where (=) = D —— = 1.0823 and vy is
n=l n
a random number uniform on (0,1).
m is defined as the smallest integer for
which
m

NI DR SRSy

n=1l n

The factor 2.41814 x lot*

between hv (energy) and v(frequency) units,

is the conversion

expressed in ev/s L,
11. Subroutine P@MEGA
PPMEGA samples random direction vectors

for statistical particles from the isotropic
density function.
D. ESTEP
The variables computed by ESTEP are:
EPARTij Total energy deposited by parti-

cles in cell ij (J).

EMSNij Total energy emitted by particles
in cell ij (J).

EL@ST Total energy of particles that
escape from the mesh (J).

EABS Total energy of particles ab-
sorbed in the mesh (J).

EEMIT Total energy of emitted parti-
cles (J).

RA Normalizing factor for absorp-
tions.

RE Normalizing factor for emissions.
RE and RA are the ratios of EMC
(the total energy of all parti-
cles, computed by REEFER when
the particles are generated) to
the total emission and absorp-
tion energies of the particles
actually retrieved by ESTEP.

The ratios differ very slightly
from 1 because of the loss of
significance caused by packing
the data. All energies are
normalized by RE or RA to con-
serve energy. The packing er-
rors are random, so the solu-
tion accuracy is limited by
statistical error.

SIE, . Specific internal energy in
cell ij (J/mg). SIEij is based
on the original internal energy,
increased by the energy absorbed
in the cell and decreased by the
enerqgy emitted in the cell:

EPARTi.-EMSN.
ij 1

SIE;y = SIE;y + 3 x volume .

ij R¢ij

TEMPij Temperature in cell ij (eV).
The calculated total specific internal
energy of the cell contains the radiation
term, aT4. It is necessary to find a
SIE = I(p,T) + ar? '
where I is the equation of state internal
enerqgy for the material in the cell and
does not include the radiation term. An
iterative procedure is used. On the
same graph, (Fig. 7)

I. I= SIE-—aT4 vs T ,

II. I(p,T) vs T .
Curve I decreases from SIE when T = 0, to
0 at some high value of T. Curve II has
a positive slope. The intersection of
the two curves corresponds to the T being
sought. The minimum value of the solution
is the ambient temperature TL@W = TAMB,
and the maximum value is that at which
the first curve goes to 0, THIGH.
Guess a value of T midway between THIGH
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Fig. 7. Calculation of temperature from

internal energy.

and TL@W and determine the value of both
curves. If curve I is above curve II,
the intersection is at a higher tempera-
so set TLgW = T. If curve II

the intersection is at

ture value,
is above curve I,
a lower value, so set THIGH = T.
the process until THIGH and TL@W are the

Repeat

same.

TMAX Maximum temperature in the mesh
(ev). '

DMAX Maximum density in the mesh
(mg/cm3) .

DMIN Minimum density in the mesh
(mg/cm3).

ET@T Total enerqgy deposited by particles
(J).

TAVG Midpoint of the time interval (s).

THY Total energy lost from the mesh,

summed over all cycles (J).
The following quantities are printed and

written on tape:

ET4T, EABS, EL@ST, EEMIT, ECEN, RE, RA
RAVG, TMAX, DMAX, DMIN, and THY.
E. LISTING

LISTING writes REEFER mesh data on film,
and it is called only at output times, T@UT.
The data written, for each cell, are
I, J Cell indices.

X, Y Radial and axial coordinates of the
(lower left-hand vertex) of the
cell.

EPART, EMSN, TEMP, FSN, SIGPLC, BETALC,

and RZEDEN.
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V. Sn SOLUTION OF THE RADIATION TRANSPORT
PROBLEM
Overlay 4, 0 (GREYSN) computes a grey

(one frequency group) solution to the ra-
diation transport problem, using the 8,
method.

A, overview of the Overlay

The primary overlay for the S, radia-
tion transport is GREYSN, Overlay 4.0,
which computes variables used in the calcu-
lation and calls the secondary overlays.
1, Overlay 4.1 CYLSN
CYLSN performs the S, solution to the
radiation transport problem in RZ geometry.
2. Overlay 4.2 SNESTEP
SNESTEP uses the energy fluxes com-
puted by CYLSN to advance the internal
energies and temperatures in the mesh cells.
3. oOverlay 4, 3 SN@UT
SN@UT is the output program for the S,
overlay, and it is called only at output
times, T@UT.
B. Calculations of Overlay 4
l. GREYSN
GREYSN initializes parameters
ALPHA Implicitness parameter, originally
read as input by @FFWEGH
(0 £ ALPHA < 1). ALPHA = 0 leads
to an explicit calculation (no
scattering); ALPHA = 1, to an im-
plicit calculation.
Order of the S, calculation, origi-
nally set to ISN = 4 by @FFWEGE.
Both parameters are stored in common block
CRIMSN by @FFWEG@. GREYSN does one mesh
loop calculation and computes mesh varilables
and some totals of mesh variables.

ISN

CENTXij Radial coordinate of the cen-
troid of cell ij (km).
CENTYij Axial coordinate of the cen-

troid of cell ij (km).

CENTX and CENTY are the arithmetic means
of the radial and axial coordinates, re-
spectively, of the cell vertices. They are

not used by GREYSN, but are required for the

analysis of dump tapes.




SIGPLCi.

5 Planck or Rosseland mean ab-

sorption coefficient (1/km)
associated with the temperature
and density in cell ij, inter-
polated from the equation of
state table, SPTBL.
Explicit radiation source in
cell ij (J/km3-sr).

3.2757 x 10%4 (SIGPLC, ;) (TEMP,

RZEDENij

4

RZEDEN, ., =
ij 3 )

... ac
where the constant is T

FSNij Absorption probability for ra-
diation in cell ij.
FSN - 1.0
15 1+c (ALPHA (BPij) (SIGPLCij) (DTR)} ’

where BPi. is the radiation derivative as-
sociated with the temperature and density
in the cell and is interpolated from the

equation of state table, BTBL. When

ALPHA = 0, FSN = 1 and there is no scatter-
ing.

AVINTij The average intensity is set
to 0 in all cells before the
start of the iteration.

RSNy Radial coordinate of vertex
i = X(I,2) (km).

ZSNj Axial coordinate of vertex

3 = Y¥Y(1,3) (km).
ESN Total energy radiated (J).
ESN = 81r2 Z

13 (RZEDENij)/(RV¢Lij) .
The principal time interval calculation
is in SNESTEP, but the time interval is
shortened, if necessary, at the ‘end of
GREYSN.

2. CYLSN

CYLSN computes the Sn constants,
SNC@N(I) I = 1, 181.

These constants are computed by sub-
routine SNGEN on the first cycle and on any
subsequent cycle when ISN is changed.

Bi Area of the top of cell i (for

. 2, 2 a2
all j) (km"), = w(RSNj_ ,-RSN]) .

1
The rest of CYLSN is devoted to the Sn it~
eration.

AV¢LDi.

4 Average intensities from the

previous iteration.

AVINTij Newly computed average inten-
sities. '

In GREYSN, AVINTij has been set to 0 for

all ij. On each iteration in CYLSN,

AV¢LDij = AVINTij, and AVINTij is recomputed

by subroutine SWEEP.

The process is continued until AVINTij ~

AV¢LDij for all ij.

ISTEP is the iteration counter.

calculations (ALPHA =

For explicit
SNC@N (182) = 0.0), only
one pass is made through SWEEP.
The calling arguments of the subroutines in
the CYLSN overlay are summarized in Table I.
SWEEP. Subroutine SWEEP is called by
CYLSN. SWEEP and its dependent subroutines
IN and @UT perform the Sn calculation.
The mesh variables computed by SWEEP are:
AVINTij Average intensity of radiation

in cell ij. (J/cm2~8~sr),

EM¢MLCij Vertical component of radiation
flux in cell ij (J/cmzvs),
UM¢MLCij Horizontal component of radia-

tion flux in cell ij (J/cm?-s),
F¢UTLCij Net rate of flow of energy out
of cell ij (J/s),

TABLE I
SUBROUTINE PARAMETERS

CYLSN SWEEP IN,@UT REMARKS
ISN ZSN Defined in text
RSN RSN R Defined in text
B B B Defined in text
SNCON (LBET1) BET1 BETA S, constant
SNC@N (LBET2) BET2 Sn constant
SNC@N (LU) u v S, constant
SNC@N (LE| E B Sn constant
SNC@N (LW) w w sn constant
AL AL AL Defined in text
BR BR BH Defined in text
BB BB BV Defined in text
IBAR IT IT Defined in text
JBAR JT JT Defined in text
NN Lo NN NN = ISN/2
MM MM MM = ISN(ISNe2)/8
AVINT AVINT oefined in text
AVgLD AVELD Defined in text

s 8 Defined in text

CcT CcT Defined in text

uMgM  UMgM Defined in text

EM@M  EMgM Defined in text

FPUT FPUT Defined in text

1.0, ES -1.0 in downward calec, 1.0 in

-1.0 upward calc.

DZP D2P DZP = 2%D2

213 D2 DZ ZSNj.l—ZSN

JML J JMl = index 0of row being calcu-
lated — 1

AVNEW AVNEW Defined in text

M1 Ml = MM ¢ 1

m2 M2 = 2MM
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SUM = Z FQ’UTLCij .
1]

SWEEP computes the constant M2 = 2*MM,
the total number of angles for which fluxes
are to be calculated.
ble value of M2 is 72.

SWEEP calculations are done one row at a

The maximum permissi-

time, and they utilize row variables, (which
are the mesh variables for the row), and
intensgities.

F¢UTi = F¢UTLCij .
EM¢Mi = EM¢MLCij .
UM¢Mi = UM¢MLCij .
AVNEWi = AVINTij .
CTi = SIGPLCij .
Si = (RZEDENij)(FSNij)
+ (AV¢LDij)(l-FSNij)(SIGPLCij)
(radiation source),
BBi,m Vertical intensity for direction
m, m = 1, M2,
BRj-l,m Horizontal intensity for direc-~
tionm, m = 1, M2,
ALk,i Angular flux k = 1, NN
The maximum dimensions of the variables are:
Row variables I = 100
BB I =100, M= 72
I xM= 7200
BR J =101, M = 72
(J-1) x M = 7200
AL K=8, I=100, Kx I = 800

SWEEP first computes the downward flux row
by row, starting with row JP1. The downward
intensities at the top of the mesh (BB) and
the inward intensities from the right (BR)
The row variables, F¢UTi,
EM¢Mi, and UM¢Mi are set to 0, and AVNEWi,

CTi, and Si are computed.

are set to 0.

Subroutine IN is called to compute row
variables and new intensities, from right
to left, and @gUT is called to work from left
to right.

When the row has been calculated, the row
variables are stored as mesh variables.

When the bottom row is reached, the process
is reversed and the calculation is made from
bottom to top. The upward intensities at the

bottom of the mesh are set to 0. The row
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variables F¢UTi, EM¢Mi, and,UM¢Mi are ini-
tialized to the corresponding values of the
mesh variables.

3. SNESTEP
SNESTEP advances the energies and tem-
peratures in the mesh cells.

(-F¢UTLCij)(DT¢LD)(RV¢L
(R¢-j)

L)
SIE.. = 1]

+ SIEij '

where DT@LD is the time interval of the
TEMPij
from SIEij by the iterative procedure de-

radiation transport cycle. is found

scribed in Sec. 1IV.

Other variables computed are:

SIET@T Internal energy, in excess of
ambient, (including radiation)
in the mesh (J).

URT@T Radiation energy in the mesh (J).

PWR Total radiation along the mesh
boundaries (J/s).

EL@ST Total energy lost from mesh during
time step (J).

EABS Energy absorption rate during time
step (J/s).

PWR2 Time rate of change of internal

enerqgy (J/s).
The radiation transport time interval is
calculated by SWEEP.

DTR Initially, the radiation time in-
terval for the cycle being calcu-
lated, then the interval for the
following cycle.

DT@LD Interval for the cycle being

calculated.

During the cycle being calculated, let
ECELLij be the total internal energy in
cell ij and PMARK = [F¢UTLCij[, the rate of
energy change in cell ij. The energy change
in cell ij during the cycle is (PMARK) (DTR).
DTR must be such that the energy change does
not exceed 15% of ECELLij, in any cell where
TEMPij > 0.1 ev. Then,

XDTRij = 0.15 (ECELLij)/PMARKij,

DTR = min(XDTRi.).

3
DTR may be modified further by GREYSN.



4. SNgur
SN@UT plots the magnitude and direction
of radiation in each cell. These are two
plots, one of the entire mesh and another

of the region of interest around the Bubble.
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APPENDIX A

INSTANT Y@KIFER

TABLE A-I

YPXIFER PROGRAM ORGANIZATION

Overlay 0, 0 YPKIFER Overlay 3, 0 MCRT
1@eP PAKFNg
FILMCY UNPKFN
GETEMP overlay 3, 1 REEFER
DBLINT FLUSH
SEARCH PPMEGA
overlay 1, 0 PFFWEGS PFREQ
MESHMKR SUBSCR
PARDEN CR@SS
PARTGEN CENTR@Y
NSTART WALK
Overlay 2, 0 YOKKY WHERE
overlay 2, 1 PHASEO Overlay 3, 2  ESTEP
Overlay 2, 2 YPRGUT Overlay 3, 3  LISTING
PARPLAT
overlay 2, 3 PHASEL
NADD Overlay 4, 0 GREYSN
Overlay 2, 4 PHASE2 Overlay 4, 1  CYLSN
Overlay 2, S PHASE3 SWEEP
REZ@NE IN
PARTMPV guT

SNGEN

SNESTEP
SN@UT

Overlay 4, 2
Overlay 4, 3

TABLF. A-I1

YZKIFER COMMON BLOCKS

Common @FFWEGY YPKKY MCRT GREYSN DUMP
STATE x x x x

RED x x x x x
PINK x X X x
@RANGE x x x
WHITE x X x
YELL@W x x
GREEN x x x
BLUE x

LAVNDER x

SILVER x X X x
CRIMSN X x x
SNGWITE x
MAUVE X

SENSE x x x x

25
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TABLE A-III

YPKIFER FILES

Y@KKY Class 2 Permfile
File 1 YPKIFER program A,
File 2 Equation of state and opacity data
File 3 NEXTWAY program
PURD Purd input data CARO
PURD is identical to Fileset 4.
Y@KIFER Overlay file CARD
Fileset 1 Census particle storage file
Fileset 2 Temporary census and bank particle storage file
Fileset 3 Energy deposition data file
Fileset 4 Purd input file
: Fileset 4 is identical to File 1 of PURD
Fileset 6 Equation of state and opacity data file
Fileset 6 is identical to File 2 of Y@KKY
Fileset 7 Dump file
Fileset 12 Film file CARD
CARD
TABLE A-IV
STPYRAGE OF MESH VARIABLES
@FFWEGE YPKKY MCRT GREYSN DUMP
T X,XPAR X, XPAR X X X, XPAR
2 R,YPAR  R,YPAR R R R,YPAR
3 Y Y Y Y Y
4 U U U U U
S v v v v v
3 RP R R R R CaRD
7 MP, RMP,RCSQ CENTX CENTX CENTX
8 E E,ETIL CENTY CENTY CENTY
9 RV@L RVZL RV@L RVZL RVOL
10 M,RM M,RM,VP RM
11 P,PL,EP,UP
12 UTIL,UL,CQ EM@MLC
13 VTIL,VL UMZMLC
14 RYL BETALC .F@UTLC
18 SIE STE SIE SIE SIE
16 DELSM SIGPLC SIGPLC SIGPLC
17 UG,GRIR RZEDEN RZEDEN RZEDFN
18 VG,GRIZ FSN FSN PSN
4 8

TABLE A-V
Y@KIFER INPUT CARDS
GENERAL INPUT CAROS

7 CAROS
REAQ 8Y OFFwEGO

{ HEAQER CAPRD
FORKAY 12406
NAME PROBLE™ I0ENRTIFICATION
o
2 UNIVERSAL ANO RADIATION TRANSPORT OATA
FOR/Ma) 6£12,4
TIME PROUBLEM S)JARTING TIUE
OIR INITIAL HYORO ANO RADIATION TRANSPOR) TI<k IMicRvAL
Crt 1,0 FOR CYLLIMORICAL GEDUETRY
@,2 FOR PLANE CGEOWEIRY
GROVEL 0,9 FOR PUKE EULEKIAN CaALCULAVIO™
. 140 FOR PURE LAURANGIAN CALC'ILAYTON
2,” FOx REZONE
GROVEL IS ~OV USED IN Si. CALCULAT)IONS
ALPIHA 2,@ FOR FJLLY EXPLICI) AA01a110- JRA*SHOR) CALCULAYION
1,6 FOR FulLY TMPLICIT RAQLIAYIOQN TRANSPUKL CaCulall0e
(0 W GIVES SYALLES) 11Me INTERVAL, (.o GIVES LARGEST)
3 BASIC MESH DATA

FORMAT 216, 2E)2.4
18AR NUMBER OF CELLS {(RAUIAL}

JGAR HUMBFR CF CELLS (AXJALJ
YBASE YeCUNROL) aTE 1F VERIEX 1,2
REZY® YeCUCROJI'ATE GF VERIEX (,JMINe2
4 VARIASLE MESH NATaA

FORMAY 316, 6%, 3ELlZ.4
IUNF NUMBER OF UNIFOWPM CELLS (<4UIALS

FOR A UNIFORM MESH IUNF=1RAR

JUNF NUMBER O} UNIFORM CELLS (AXIAL}

FOR A JUIFOR™ *ESH JuNF=Juar

Ja10 NUMBER 0Ff REAL CELLS BELO~ nEZY,!
THE AX1AL INDEX OF THE ESTEX Al THE “]IOPUINT UF
THE (UINTFOR¥ REGION 18 Jw1V+e

opR INJTIAL INTERVAL IN UNTFORM WEGIN- (RaNJAL)

0¢ INIVIAL I:TERvVAL 1+ UNJFOR™ PEGITe: (AXTAL)

FRFZ LXPA1SI0). RATe UF ZUNES OUTSIUE OF un)FURS HEG(ON
FOR A UWIF0RY MESH FREZ= (40

S RYDRONDYWA~IC CONSTALTS

FORMAY bEI2.4

Ag (OLod COEFFICIENY IN PHASE3 MOPE/TUY £wUATLOD'S
USE A,1

AgM (Ot CNLFFILTENT IN PrASES ENEWGY AND HOVENT(M
ERBUAYIONS
USE (,9?

89 { Po} CO:FFICIENT IN PrASES MASS, ESERCY, AN AQMERTUM
ENUATIDNT
USE 2.0

X3 (E 3 OEILRMINES FOR% OF YISCOSILY (nx) (-~ PROGRAY}

*l,0, B,9, OR 1.0
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’ »
TABLE A-V
USE =1,0
My (M) INPUT VISCOSIVY COEFFICINT
USE 0,)
LAM (A) INPUT VISCOSIIY COEFFICING
USE 0,6
CARD 6 HYDROOVNAMIC CONSTANTS
FORMAT 3E12.4
oM (W) PHASEZ RELAXATION PARAMEYER
USE 1,9
EPS (€ ) PHASE 3 ITERAVION CONVERGENLE CRITERION
USE ©,20901(
ASQ (@%*) ZERU TEMPERAILRE SUUND SPEEOQ
JSE 1,0E-15
CARO 7 HYDRODYNAMIC CONSTANTS
FORMAT SEre.u
GM1 (¥ =1) Ga“MA=) {(AMBIENT}
) USE @,4
GR RAOIAL GRAVITY
USE 8,7
6z AX1AL GRAVITY
USE =¢,B1
REZRON IeITIAL AMBIENT DENSI)Y 81 REZYH
REZSILE AMBLENY SPECIFIC INIERNAL EMEKGY
8y UNIFORM YACKGROUNE MESH INPUT
REAUJ BY “ESr“AR
UNIFURM REGIONM CARO FIRS! REGICN
FORMAT 416, 4EI2.4
Ny NUMBEN OF REAL CELLS 8FLCa REGIC*
NR NUMBER OF CELLS BETAEEN AX]S ArD #IGn1 pUUMUAKY
OF REGION
NT NUKBFR OF WEAL CELLS BELO~ 1GP CF REGION
NL NUMBER OF CELLS BEW)EEN 8218 A%D LEF) 40u0ARY QF
REGIOA
ul RAOLAL VELOCITY Iv REGIUw
V1 AKIAL VELOCITY JIN REGION
RG1 NENSTIY 19 REGIUN
S1El SPECIFIC IMIER“AL EnFRGY IN REG1C!.

UNTFUORM KEGIGN CARO

ey

UNIFORM REGION CARU

SECOD REGION

e

LAST REGIUN

FINAL CARD

Cy

FINAL CARD LNDICAVES THAT ~O MORE BACKGROUND “ESK INPUl CAROQS ARE
10 8t READ
*] IN LOLUMN (2 CAUSES PROGRAM TO COMPUTE EXPONENTIAL AYMOSPHERE

BACKGROUND,
1688 1N COLUMNS 9~12 CAUSES BYPASS OF EXP AT CALCN

ARURRLE 1NPUT
READ bY MESH4KR
OmIl 1IN PURD INPUY PROBLEMS

(Cont.)

LOCATION CARO FLAST Bu8BLE
FORMAT 216
lsus INOEX 0OF VERTEY AV BHBHBLE CENTER {(RAOIAL)
Juos INDEX OF VERTEX A1 BUBBLE CENTEN (AXIAL)

BUBBLE 0ATA OECX FIRST BUHHLE
1 CARD FOR EACH CELL IN BuBSLE

FORMAT 215, 4E(5,S
11 RADIAL INOEX
JJ AXTAL INOEX
RO! OENSITV OF CELL .
81E1 SPECIFIC INTERMAL ENERGY OF CELL
vi AXIAL VELOCIVY AT VERIFX
vt RADIAL VELCCITY AT VERTEX
BLANK CAKD FIRST BUBBLE

BLANK CARU INUICATES ENO OF 8UBBLE OATA OECK

LOCATION CARU
8UB8BLE DATA OQECK
BLANK CARO

SECOND Buu8LE
SECOND 8UBSBLE
SECOND HUBBLE

LOCATION CARO
BUHBBLE DATA DECK
BLANK CAWO

LAST BUBBLE
LAST BUBALE
LAST dUBSBLE

© FINAL 8LANK CakD
FINAL BLAWK CARD INOICATES THERE ARE 20 MURE BLBBLES 10 RE REAC

0, PARTICLE ISPUY
READ 8Y PARTGLY
OMIT IN PURU INPU) PRORLEHS

PARTICLE REGION CARD FIRSY PARIILLE REGION

FORMAT 62,4
ORPAR PARTICLE SPACING (RAOIAL}
OZPAR PARTICLE SPACING (AXIaL}
XC RADIAL COURDINATE OF LEFI HBUUKDARY UF PARTICLE REGICY
OR CEWTER OF CIRCLE
YC AXIAL COORDINATE UF BNTIOM OF REGIC!
OR CEWTER UF CIRCLE
AU RARIAL COORDINATE DF RIGHT BOUNOARY OF REGION
OR RAQIUS OF CIRCLE
Y0 AXIAL COORDINATE OF TOP OF KEGIUN

YU = @,¥ FOR CIRCLE

PARTICLE REGION CARD SECOND PARTICLE REGION

PARTICLE REGION LARD LAST PARTICLE REGION

8LANK CARD
8LANK CARO INDICATES NO MORE PARTYICLE REGIONS TO HE READ
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TABLE A-vI

Y@XIFER CONTROL CARDS

$J@B (NAME~ 4 CL=U, PL= s TLm= , UAe~

1C=400000)

Cards 1-14 are always required

1.
2.
3.
4.
5.
6.
7.
8,
9.
10.
11.
12,
13.
14.

Cards 15-22 are required only for PURD input

$JDF (SCT=200}

$OPERM (FS=Y@KKY, @AC=JD@,FSTIoJDFSI}
$REWIND (Y@KKY}

$@PEN (Se@LDPL, SCT~10000}
$CPPYF (I=YPKKY, @=gLDPL, N=1j
$REWIND {@LDPL}

$@PEN (FSeFSET6, SCT=10000}
SCEPYF (I=YPKKY, @=FSET6,N~2}
$REWIND (FSET6}

$AFSREL (FS=Y@KKY}

$UPDATE (ASF~F}

$AFSREL (FS=@LOPL}

$RUN (C=S, I=-C@MPILE}

$AFSREL (FS=C@MPILE}

omitted for Standard input problems.
Cards 23-26 are always required.

23.
24,
25,
26.

$PPEN (FSeFILM, SCT=10000, BUF=512)

$PPEN (FS=FSET1, SCT=10000, BUF=512, DEVeDISKA}
$@PEN (FS=PSET2, SCT=10000, BUFe512, DEVeDISKB}
SPPEN {FS=FSET3, SCT=10000, BUFe512, DEV=DISKA}
card 27 is required only for PURD input problems and may be omitted

for Standard input problems.

card 28 is required for restart problems and must be omitted in

new problems.

28.

Card
dump
29a.
29b,
Card

$CREATE (FS*FSET7, SCT=10000, PREMT=XX

is not required.
$@PPEN (FS=FSET7, SCT=10000, BUF~512, ADISPeTAPE}

$OPEN (FSeFSET7, SCT=10000, BUF«512}

for PURD input problems.

30.

Card 31 is required for Monte Carlo, omitted for Sn

31.

Card 32 is required to read Planck mean opacities,

$ONSWCH {1}

$ONSWCH (2}

Rosseland means.

32,

$BNSWCH {3}

Cards 33, 34 are always required.

33.
34.

Unused control cards may be placed behind card 34.

S$LDGE (LC+300000, SETA=I}
$STPP.,

H

Omitted for

+AC=

problems and may be

29a is used when a tape dump is required, card 29b ie used when a

30 is required for Standard input problems and muet be omitted

TABLE A-VII

STRUCTURE CP FILESET 7 - DUMP FILE

Fileset 7 contains dumps for 1 or more cycles.

For each cycle:
rile 1 Record 1

Pile 2 Racord 1

Record 2
Pile 3 Record 1

File 4 Record 1

Common blocks RED, SILVER, @RANGE,
WHITE, YELL@ZW, GREEN, CRIMSN

ICM block YIC1l (mesh variables)

ICM block YLC2 (marker particle dataj
Census particle data from Flleset 1
{Monte Carlo}

Average radiation intensities from
Pileset 1. (Snj

Energy deposition data from Fileset 3
{Monte Carloj}

Empty file (Snj



APPENDIX B

THE NEXTWAY PROGRAM

NEXTWAY reads dump tapes from Y@KIFER and
plots the information on them. The program
generates a uniform mesh and interpolates
the values of the mesh variables to find
their values at the centers of the uniform
cells. These values are plotted. The plots
produced are:
a. Velocity vectors
b. Three-dimensional plot, rear view
¢. Three-dimensional plot, rear view
d. Variable vs radius, through the bub-
ble center
e. Variable vs axial coordinate, along
the axis
Plots b, ¢, d, and e are plotted for each of

the following variables:

l. TEMP Temperature (eV)

2. SIE Specific internal energy
(J/mg)

3. Rg@ Density (mg/cm3)

4. SKE Specific kinetic energy
(3/mg)

5. RZEDEN Radiation source density
(3/cm>)

6. SIGPLC Mean absorption coefficient
(1/km)

7. P Pressure (M-Pa)

8. 1-FSN Radiation scattering proba-
bility

9. AVINT Average radiation intensity

(Sn only)
For Monte Carlo calculations, the following
additional plots are made:
f. Spectrum of production particles
(W/ev vs eV)
g. Spectrum of energy depositions
(W/ev vs eV)

h. Spectrum of escaped particles
(W/ev vs eV)

i. Spectrum of census particles
(W/eV vs eV)

j. Map of production particles

k. Map of energy depositions

l. Map of census particles

Input Cards

Card 1 Format 216
NXE Number of cells, radially, in the
uniform mesh. Default: IBAR
NYE Number of cells, axially, in the
uniform mesh. Defaults: JBAR
Card 2 Format 3E12.4
XR Right boundary of the uniform
mesh (km). Default: Xij,at IP1l,2
YT Top boundary of the uniform mesh
(km) . Default: Yij’ at 1, Jp2
YB Bottom boundary of the uniform
nesh (km). Default: Yij’ at 1,2
Cards 3-5 Format 6E12.4
SCALEB; SCALEB; is the minimum ordinate
on graphs of mesh variable 1i.
SCALER, SCALER, is the maximum ordinate

on graphs of mesh variable i.
i refers to the variable numbers
(1-9), above. The default values
are 0 and 1.5 x maximum value of
the variable, and default values
are used when SCALERi = 0.
Output Cards
NEXTWAY punches a complete set of input
cards that contain either the previous input
values or the default values. The cards may
be used in subsequent calculations to main-
tain uniform graph scales from one tape to
the next.

29
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SAMPLE PROBLEM

0.09
34 68
20 40
0.1
1,0
0.4
0
1 22
1 1
2 1
3 1
4 1
5 1
6 1
7 1
8 1
9 1
10 1
11 1
12 1
13 1
14 1
15 1
16 1
17 1
18 1
19 1
20 1
21 1
1 2
. 20
i 20
4 20
5 20
6 20
7 20
8 20
9 20
1 21
2 21
a 2
4 21
g 21
0
0
$0,010633
0
0

0,0001
0

00E-05

L]

L)
2
L)

L)

L)

Ot
cocoocococo

v16715E~01
*16482E-01
+15765E=01
*15678E=01
+15920E-01
*16599E"01
*17523E=01
OIBS!QE’OI
022200E-01
¢30170E-01
042959E’01
+10529E*00
1 26498E+00
+48079E+00
94772E400
016702E+01
«27825€401
+25877E401
«13055E+01
12041 40"

_VUUEOOI
°e12041E¢01
012039E%01
+12035E401
©12030E°01
+12000E%01
*12000E*01
*12000€E%01
*12000E*01
¢12000E+01
+12000E%01
+12000E+01
+12000E+01
+12000€+01
«12000E+01

0,010633

Sample Problem - Input

0.0

2¢0 1.0
1266
10633 0.010633 1.1

=1.0 0.1
00e=-15
1 1.2 0,210
014215E+03 0.
0 14340E°03 O
140496403 0o
*13862E%03 0
*13527€+03 0o
013026E%03 0°
»12375E+03 0
+11097E+03 0
*90066E%02 0
064466E+02 0
046143E+02 [
018199€E+02 0o
0e50252E+01 0o
»22653E+01 [
+10976E+01 0.
«T1019E+00 2. vl
.323335:90 us“ng'ol
*s. ey +59321E=02
.-4VU00E+00 2»31855E=02
+21000E+00 +91680E-03
+21000E*00 0.
*+21030E%00 +54952E=01
021029E+00 0 26936E"0)
+21026E+00 221007E-0)
+21022E*00 *12194E70}
+21000E%00 0529326-02
*21000E*00 *31001E702
*21000E%00 0 19648BE~02
*+21000E*00 0 70265E"03
+21000E+00 0.
+21000E+00 e 47239E=02
+21000E+00 0 21657E=02
2 21000E+00 2 17778E-02
+21000E+00 2« 12064g=-02
«21000E400 0,

0,21266 0.2

SAMPLE YZJKIFER PROBLEM

APPENDIX C

0
=+97405e-01
*20660E=01
*47920E=01
0144087E-01
*40373E-01
=e19926E=01
=okh2262E=01
=+25553€£-01
=¢52142€-02
+19662E-01
+91198E-01
+21146E+00
3470/
re=01
+38295€=-01
«31167€E=-01
+19165€=01
0 16526€E~-01
¢16533€E=02
+88885€-03
O
030953€-02
056656E=02
*72077€"02
+ 712622E=02
*49583€E=¢2
*13865E=¢02
*11422€=02
+71110€E-03
0o
*21510€-03
¢39861E=03
+52015¢€-03
+55175e=-03

0.0

(Header)

1
2.
3.
4
5
6

~J
« o o

Background Mesh
Bubble Coordinates
Bubble Input

Marker Particle Input



T€

RCAYOK 1ICF

Nn8/np/74

SAMPLE PROBLEM

PROBLEM STAKTTING TIME

GENERAL DATA
QNNONF=G2

TIME

RADN TRANSPORT DATA

ALPHA 1,0000F«00

MESH CONSTANTS

IBAR 34

IUNF en

DR 1,0633F=0n2
HYDRODYNAMICS CONSTANTS
Al 1,D00(¢F«01

LAM 6.,0000F=01

GR 0,

CONSTANTS SET RY OFFWFGO
NQ 18

NBUF ANQ G

TAME 2.576T7F-p?

9,MN0NE=12 SEC

BACKGROUND WESH VARIARLES

EXPONENTIAL

OX~NOIN WY <

ATMOSPHERE CA} CULATION

R¢3

T.2300E+09
1e2284FE 400
1.2269F 40
102?535‘04
1 cZ?:‘SF‘f"I
1.27222F+q"
1,2207F+(p
{42191F¢n !
(,2176F+qn
1,2161FE+-
te2"' [
L 3Eepn
1e126Fente
949672F~pt
9, 7951€F«n)

NTR 1 onOUNE=ud
JRAR 68
JUNF ‘0
D7 1,0633FE=-02
APM 1.N0ONE+QD
oM Te00N0E+GU
G7 -7.00005'02
NOT 63V
NeP 1
TFMIT S,0COeNE=¢2
SJE TEME
P2.1000F«01 2:5267E=02
P.10GOE=-01 25267E-02
P.1N00E=C1 2+5267E=02
Pe1PU0F=01 2+5267E=(2
P.10CNF-0]1 2+5267F
PelnCO0F=01 2-7 ~=tie
P.1NUOE-R" ~C6TE-(02
Pelnnr . 2+5267€E=-02
o Jr=01 2¢5267€E=02
Ce{N00F-01 2.5267E=G2
2. 10U0F=01 Pe5267F-02
P.A0GNE=0]1 2¢5267E~-C2
PelNNOE=n]1 2¢5267F=02
?e1n40E=n]1 " 2+5267E-02
P.1000F=01 205267E~(2
Pe1D00F~n]1 2¢5267F-¢2

-

Sample Problem - PFFWEG@ Output

cyL 1,0000E+00
YHASE 0,

JMID 20
FRFZ  141000E+00

Bo 0,
EPS 1,0000£-05
REZRON 1.2n0C0E+00

NBP 3
ANC 5.0000E=02

GRDVEL 2,0nu0E+G0

REZYU0 2,1266E=-01
KX1 -1
ASQ 1.0000E=15

REZS1E 241000E=01

NPCMAX 50

MU
GM1

1,0000E-01
440000E-01




BUBBLE VAPIABLES

18uB

11 JJ
1 1
2 1
3 1
4 1
) 1
6 1
7 ]
8 1
9 1
10 1
11 1
12 1
13 1

-
1 20
2 20
3 70
4 20
S 20
6 20
7 20
8 20
9 2n
1 21
2 21
3 21
4 2?1
) 21

PARTICLE REGINNS

ORPAR
XC 0.

1

1,0633F-02

DZPAR

JRUR

ROI

1-67156-02

106482F-02
1¢5765E=02
1e5678E=02
1¢592GE=-02
1+.6869€E=-92
1.7523F=p2
]cBR]OE'OZ
?.2200E-02
3.0‘70E'02
4.2959E=-02

1 onE~"

-2¢DCOESCO
1.20U0NE+00
T1.,2000F+00
1.2n41E+00
1 02"395‘((0
1.2035E+00
1.2730E+00
1.2000E+00
1.2000F+00
1.2000E+00
1.2000F+00
1.2000F+00
12000E+0Q
1.2000E+00
1:2A00F+00
1.2000E+00
1.2000E+00

22
SI1El

1.4215€+C2
104340E002
1¢4C49E+02
1¢3862€+02
1¢3527F+c2
1+3026E+02
1¢2375€+02
11097€E+02
9.,0066E+01
6 ,4466E+NY
"o

. u)
g-)OlBE-Ol
2-]0005-0]
2.1000E-01
2.1000E-01
2.1030E=01
2.,1029E=01
2.1026E=01
2,1022E=G1
2¢1000E=01
2:1000E=-01
2.1000E-01
2+1000€E-01
2¢1000E=01
?010005'0]
2¢1000E=0)
2+1000E-C1
2+1000E=-01
2¢100nE-01

1,0633E-02

YC 2,1266E=01

556 PARTICLES GENERATED

Sample Problem - @FFWEG@ Output (continued)

ur

0.
=9,7405E=02
2.0660E-02
4,7920E=-02
4,4087E=02
4.,0373E=02
=1.9926E~-02
=4 ¢2262E=(02
«2,5552F

_-e=0?
1.9165E=02
1,4526E=02
6.8596E~03
1,6533E=-03
8,8885E-04

0,

3,0953E=n3
5.6656E=03
7.,2077€E=03
7.2622E=03
4,9583E=03
1,3865E-03
].1“225’03
7-1110E-04
[/ 23

2.1510E=p4
3.9861E-04
5.20155-04
S¢S5175E-04

V1

0.
')
O
O
O
0o
G
O

-yt f1E=02
3.,9921£-02
2.2299E-02
5.9321E£-03
3,1855€=03
9016BU§-04
0.
5,4952E-02
2,6936E~-02
2,1007E=02
1,2194E=02
5,2932E~03
3,1001E-03
1,9648E-03
Te0265E=04

.
447239E-03
2.1657E=03
1077785'03
1,2064E-03
Ge

xD 2,0000E-0

TEMPT

1,9657E+00
1.9693E+00
1:957SE+00
1+9508E+00
1+9398E+00
119240E 400

o~

-~ve
2.5963L=02
25T33E=02
2¢5447E=02
2+5298E=02
2+5288E-0?2
2,5267E=02
2.5267E=0?
2,5267E=02
2.5302£-02
2:5301E=-02
2,5297E=-02
2.,5293€=-02
2.5267€=02?
2.5267E-02
2,5267E=02
2.5267E=02
2:5267E=02
2¢5267E=02
2:5267E-02
2¢5267E=02
2¢5267TE=02
2.5267€=02

YD 0,



PROBLEM CYCLE 0 HYDRO

T 9.0000E=n2 TO G,000nE~02 DT 0
TE 3,9804F413 T1 3,5094E+13 TK
UMOM 243669FE=03 VMOM 8,3481E-09 CIrC
TMAX  1,4341FenZ ™ 1 JTM
TGMX  2,7772F+(3 176 3 JT6
DTv IT11I InTV R JOTV
DTC I1111 InpTC R JOTC
REZONE CNNSTANTS
VT8 3.7921F=01 VTT 9,3106E-08 uT
FC3 6,2380F=01 FcpP2 T.6406E-10 FCX
Sample Problem - Y@KKY Output
PROBLEM CYCLE 1 RADN TRANSPORT
TIME 9,0000E=02 TO 9.0010F=02 DTR 1,0000k=-n5
INITIAL ENERGIES
RADN T,3413F+08 INT 4,5563E+14 KIN
1JMIN 1226 STEMTN 3,9273E+09 UMIN
PARTICLES
NGFN NCEN NBANK

SOURCE 476 0 67
BANK 201 0 90
8ANK P70 0 118
BANK 354 0 56
BANK 168 0 0

37302 DFPOSITION SAMPLFS DUMPED TO FSET3
PARTICLE FNERGIES
EMC 6,3629F+«12 ERAD 6.3629E+12 ECEN]
FINAL RADIATION ENERGIES
EMC 6,3629F+12 EARS 6+3624E¢12 LLOST
ECEN 0. RE 9,9963E=01 RA
PABS 6,3624F+17 PLOST 4,4198F+13 PEMIT
TAVG 9,0005F=02 TMAX 1,9693E+00 UMAX
cP 5.3919E+01 CYCLF 1,8923E+01 100MP

Sample Problem - MCRT Output

1

4,7105E+12

=3,0656E=-04

23
32

R
R

2.4518E-08
6.2689E=01

4,6687E+12

9.4762E=01

NDIE

253
11
152
298
168

0.

4.4198E408
1,0003E+00

603629E017

3,9035E400

2,5108E+02

ITERS

IESCAP
156

ccoo

EPOT

TOTAL

TMIN

EEMIT

OMIN
NDuMP

1,9178E+13

4,6030E+14
1017695'01

NMOVE
11402
6888
9546

7684
168

6.,3629E12

1,5678E-y2
0

NCOL

5752
6888
9526
T496

TIAMB 4,2044FEs14

THY

4,4198E+08



y€

PRORLEM CYCLF 33
TIME 9,5058E-02 TO
ESN 2.0137€E+19

CYLSN POWER
SUM 3.9146E+13

1 SN ITERATIONS

ENERGIES
SIE 3,5796E+13

POWER
PWR 9,6262E+07

TIME INTERVAL DATA
OTR 1:1414E~-03

TAVG 9,5120E=02
cP 2.T141E4+02

SN RADN TRANS

9.5181lE=n2

URTOT

OTR

S5.5038E+908

PWRZ2 «3,9746E+13

107
TMAX

CyYCLE

Sample Problem - GREYSN Output

OATA WRITTEN ON FSET 7

TAPE DUMP AT

Dump Indicators

9.5181€E=02

913
109304E000

1,8005E+01

1.2289E=14 ISN

ELOST =1,1830E+04

POWER 3,9199E+12
DMAX 3,7153€E+00

TOUMP  2,9776F+01

EARS 3.3831E+10

ECELL 2.9827€+10
DMTN 1,4366E-02

NOUMP 576270
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Compute
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Fourth Meh Loop
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APPENDIX E
INDEX LISTING OF THE Y@KIFER PROGRAM

SEARCH, DBLTNT, GETEMP, PAKFN@, and UNPKFN are written in
CgMPASS and are not included in this listing.

) OVERLAY (YOKIFERs 0+ Q) YOKIFER 2

1 PKOLKAM YOKIFER (INPs OUT, FILMe FSETYs FSET2, FSETI+ FSET4» YOKIFER 3

1 FSET6y FSET7+ FSET)Z22FILM} YOK1FER 4

2 CCHMON /STATE/ NOPT» NOPD» NFRQe OPTMP(30), OPDEN(10)9 ALLKOM 2

1 FREG(100), SPTuL(3( 05y PTAB(I00)» ETABL300] ALLKOM 3

2 8TuL (300} ALLKOM 4

3 LCMMON /YSCl/ AASC (5454 ( ALLKOM 5

4 CCHMMON /PINK/ Ir 1Jr Tuve 1UPy U ALLKOM 6

S Leh syecls Aa) (131000, ALLKOM 7

6 LCM /Yrc2s AA2 (131000 ALLKCM 8

7 LCM /KLC)/ SIGA(30000) ALLKOM 9

P CCHMON /RED/ NAME (12), 0T, 0Tk, EMIOs GROVELs IBAR, 1JUPS, ALLKOM 10

1 1P)s I15CF1e 1SCF2e 13C2+ 1SC3+ ITVs JUBAR? ALLKOM 11

2 JP)s JP2s NCYCy NDUMPs NGs NOIs REZSIEs TAMBe ALLKOM 12

3 TEMP(7500)y T+ TIMEs TUUTs TSTARTs THY ALLKOM 13

Yy CCHMNMUN /STILVER/  FIPXLs FIPXRe FIPYos F1XLs FIXRe FlYbs SILVER 2

! IPALs (PXRs IPYBy JPYle 1ALy 1XRe lvB, SILVER 3

'3 IYVe PACONVSe PXLY PA’_‘O PY8y PYCONVY PYTe §lLVER 4

3 RIvAks VVe XCCNVY ALY ARs YHs YCONVs YT SILVER S

1¢ CCMMON /ORANGEZ  ANLy ASGe ADs AUFAC, AOM, 80s COLAMLs CYL» DrAnNGE 2
1 OTPOSs EPSe GMIy Lke GZy 1My ORANGE 3

2 1ELP( IP2y ITAB (L1040 s UNMy UP&s KX19 LAMe DRANGE 4

3 LJP2s MLy NPTe NULB. NGI2e NUMITs Opy ORANGE 5

4 OMANCs OMCYL REZKOHe KEZYQy THIRDs VTEM OttaNGE 6

11 CeMMON /WhITE/ NRVALSs HVALS(735+ NANGLSs ANGLES(3S(, TNEUT ORANGE 7
12 CCMMON /YELLOw/  OTL® DICSAVY OTQZ® DIV UTVSAVY YELLOW 2
) OvuYy LUTCe 10Tve JDTCe JOTVe ROT YELLOW 3

13 CCHMMON /GREEN/ ALPHAY NBPy NBUFs NSMe NPCMAXs JCEN, TEMIT GREEN 2
14 CCHMMUN /CHIMSN/  ShLOUntIB3L, £¢ CrIMSN 2
1S CCHMMON /SENSE/ JSWTCHEy JUSWTCH2e JSWTCH3I SENSE 2
le 2001 FCkMAY ’ (YHuy SHCP 2 JPEIZ,496X96H CYCLEIPEIZ, 4000 YOKIFER 12
1 Oh TOUUMPIPELE, 616,64 NDUMPy]I2/1H1) YOKIFER 13

17 2002 FCRMAT tlhe® tAPE DUMP AT®,1PEI2.4; YORIFER 14
) 2093 FLKMAT {1ky,#UATA WRITTEN ON FSET 7% YONIFER 15
o YOK{FER le

19 CALL OVERLAY (TLYCKIFERs 1+ 94 0¢ Ot YOKIFER 17
¢ CaLL KEMAKK (JyROFFwEGO { YOKIFEK 18
2) REWIND 7 YORIFER 19
2 takl. OPEN (SLFSET74+2L.STe3)2} YOKIFER 20
23 CALL GETQ (4LKTLMIKTIL) YOAIHER 2l
2a TTL=27 ,5E=09¢FLOAT(KTTLI=30.0 YORIFER 22
é5 CALL SECOND (T)} YORIFER 23
26 TLUMP=AMINL (960.0TIL) YOKIFER 24
27 NOUMP=zA YOK)FER 25
L) 21 CALL OVERLAY (7LYCKIFERs 2¢ 0+ 0J YOKIFER 26




29 CALL KEMAKK ((OHYAOQUI ) YOKIFER 21
3¢ IF (JSwTCr2.Eu.2] GO TO 22 YOKIFER 28
31 CaLL OVERLAY (7LYCKIFERs 3+ 0y 0} YORIFER 29
32 CALL KEMARK (10HMCRT j YORIFER 3o
33 6C To 23 YORIFER a1
34 22 CALL OVERLAY (7LYCKIFERs 4+ 09 0 YOK1FEK 3e
35 CALL KEMAKRK () (HGREYSN 3 YORIFER 33
36 23 CaLL SECOND (T2t YORIFER 34
37 TCYCLE=T2-T) YORIFER 35
38 TCUMP=TUUMP=TLYCLE YURIFER Je
39 PKINT 2001, T2y TCYCLEs TOUMPs NOUMP YOK1FER 37
40 TisT2 YORIFER 38
a1 1ouMP=4 YORNIFER 39
2 IF (TIME,GE.TOUT} foump=l YOKIFER 40
+3 1+ {TOUMP.LE.2.0%TCYCLES 10UMP=2 YOKIFER el
44 IF {NUUMP,GE, 1000000 jyurp=2 YORIFER «2
©S 1IF (IUUMPLER.¢) GC TO 21 YORIFER 3
46 Catl OPEN (SLFSET1,2L5Tr4606( YORIFER 44
47 CaLL CPEN (SLFSET3,2L5T+%608) YORIFER 45
48 CoLL OPEN (SLFSET7,2L5T4608) YORIFER “6
ag NLUMPENpUMP e 1EOLO YONIFER 7
5¢ 124=L0OCH (£2) =L.OCF (NAME(#1 YORIFER X
51 whUTE (T) (NAME (LS 1=)y122) YORLFER 49
s2 ERUFILE 7 YORIFER 50
S3 NELSENQ e P2 YORIFER 51
Se NLUMP=NOHUP*NECS YORIFRER 52
5S whlle (7) (AAT (1ly 1RIWNECS) YORLIFER 53
56 NELS=2eNPT YORIFER S4
57 NLUMFaNGUMPONECS YORIFER L)
58 whlle (7) (AA2(1)s ImleNECSI YORIFER S6
59 32 ENGHILE 7 YONIFER 57
) 33 Chbb KOOUF {SLFSET1+AASCY4600+LENGTH STATUS) YORIFER 58
o1 CALL WTBUF (S5LFSE17+AASCILENGTHI YOKIFER 59
62 NCUMP=NUUMPOLENGTH YORIFER 6u
63 It (LSTATUS.L1.208) 6O TO 33 YOKIFER 6l
b6 wikIJE () YOKIFER 62
6S ENUFILE 7 YORIFER 63
66 36 (ol whBUF (SLFSET3+1AASCr4600sLENGTH STATUS) YOA)FER 64
67 CALL wToUF {SLFSEV17+AASLYLENGTHI YORIFER 65
68 M UMP=NUUMP o LENGTH YORIFER 66
69 whilbk (7) YONIFER Y
70 ENUMILE 7, YOR1FER o8
7 PhINT 2003 YOR1FER (3]
72 REwlINU ) YORLFER 70
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91 ENU YORLIFER BY

SINGLY REFERENCED VARLABLES

32 - sy uTvSav =R 1,C0 GRUVEL =k gc0 ITas (31 1¢C0  ACYC -1 8C0 Pyb =R 9CO0  THY ~R  8CU
36 - bo* pvoY -k 120  GREEN - (3cN ATV -1 8COo NFRU .l 2¢0 PYCONY =R 9co TNEUT «R 1lco
Apv - 76SU - ENMIG =R BCO 62 - =R 10c0 Xt =1 9CO0  ANOPD -1  2Tto PYT =R 9L0 TSIART =R 8CU

Sy

ALFHA =R 33LU EPS =R J10CO I8AR -t 8cu 1 XK -1 9C0  NOPT -1 280 ROT -R 1200 VTEN -k 10C0




9y

ANC =R
ANGLES (IR
ASu =R
AQ =R
AgtAaCc =R
ADH ~R
BTsL (IR
po -R
¢oLamy =R
CRIMSN =

Al -R
DalAREL =

01 -k
oTL -R
0TCSav =R
vTo2 =R
DTPus =K
DTk -k

Div -R

1¢CO
(1co
10co
10C0
(nco
16C0

2C0
teco
10C0
J4CN
gty
B4dU

uCO
{2¢eo
1200
1200
1pLo

8LO
1eLo

tTap
FLPXL
FLFXR
F1FYy
FIXL
F LAk
Flve
FLUAT
FrEG
FSET)
Fsey2
FSEIZ2
FSE)S
FSETe
Fselo
(-1
LLTu
LM}
LK

R
=R
-R
-R
-R
-k
-k
(R
-
-R
=R
-k
-x
=R
-k
-
-x

2c0
5C0
9C0
§C0
9€0
$C0
5C0
245U
2¢0
186
1AG
1AG
(AG
1A6
186
(AG
23st
10c0
150

10Tc
16TV
1EcP
12
1Iv
10pP
1JPS
1hl
INF
1PXL.
1IPXR
1PY3
1PYT
1Pl
1P2
1SCF1
1SCF2
15¢2
15c3

-1
-1
-1
-1
-1
-l
-1
-1
-1
=1
-1
-1
-1
=1
-1
-1
-1
-1
-1

12¢0
12c0
10c0
4C0
acO
«CO
BCO
(0co
JaG
9co
9co
9CcO
90
8CU
1ocd
8co
aco
AC0
Aco

Iy

1Y

J

Joup
JCEN
Julc
JUiv
JNM

JP)

JHPye
JSwTChl
JSWTCHS
KX |

LAM
LJre
My
NAGLS
Nt
N8UR

-1
-1
-1
-1
-1
-1
-1
-1
-1
-1

9C0

4CO0

4CO

8C0
13C0
J2co
j2¢0
1oco

8co
1sco
15C0
(5C0
1cco
1aco
Joco
1cCo
1ico
13C0
J3co

NPCMAX =1
NG -1
nQ1B -1
NQI2 -1
NRVALS =1
NSP .t
NUMLT -1
cH -k
CMaNe =k
cHCYL =K
CPULEN (O)k
CPTMP  (}k
ORANGE =
cuT -k
FINK -
FTAb (313
PACUNV =N
PXL =%
-k

PXR

13co
4Co
Teio
2o
tido
(320
1. Co
V5go
T3¢
(go
2Co
2Co
tyCN
16
4CN
2C0
9to
yCo
9Co

RED
RgTURN
REZRUN
REZSIE
REZYV
RisAR
RL.C1
RVALS
'SENSE
S1Ga”
SILVER
SACUN
SPTut
STATE
T
TAHY
TeMlT
VEMK
THIRD

=R
=R
=R
=R

R

(IR
(IR
(IR
-R
-R
-k
tIR
-R

8CN
90F
loce
aco
10C0
9CU
7CN
lico
1sch
7Le
9CN
lelU
2¢0
2LN
¥CC
8ce
13c0
[:]8¥
10CC

Vv
WHITE
XCUNV
XL

XR

Yy
YCUNV
YELLOW
yicl
yLe?
YORIFER
Y5C1

YT

9¢0
1lch
9¢c0
C1d )
9ct
wCu
9co
12¢n

tmtatesatntatotatetatetatatetctatntntntnininintatotatatoltntototntatatataintntarasntntntmtetninininingmtmtotarni=tmtntat=tatntniat

MULTIPLY =hEFERENCSD VuklAtLgs

21 - 2ee 45
22 - 39 365y
23 - 3350 sosUu
33 - oL@ X
2001 - jee 39FR
2002 - V7w b) kK
2003 = Jue AT
AAVC (Ih AC0 6 4L
AAl Lok SLL 55uk
ANZ [$1 otC SHak
»FSKEL = 8Ssv 365U
AMIND - 205U 790U
COMMLL = ?F 3
ENOFILE - Sck Sy
FLLM =R ) AG (o
FORMAT = 16F L7
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I.hS = 15¢2
JECk = JECH = ITV
Letlh ECHU (AASCUIUMST 2o IECRINQIINE)
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MULYIPLY-hErenbnb.U VanlaebtS

11y - gcly cb®
126 = 2)uu goe

AASC tin sCu  Jslu  13E¢ (3Ew  13e@ 13eq  13ke
IRETY (din

AMAX ] - 245V z55u 4uSL 475U

AMIN( - 2645V 4LSU  «bSU 483U 49SU

dETALC (K y3Llu J5u1

[41% ¢ TS IN )dbw 15Ul

CEOTY  {(Ik JRTRY tsul

COMMUN - F 3¢ “F 8F SF 1uF 11F

e (1) I X7] 1501

VELSM  ()Ik (3Ew 1501

(3 {ih 136y {5ul

EMOMLC ()R 13k L I501

(A4 {)k )3tw 151

eV (1.3 (3Ew 1ovl

FIPXL =k YU  SrE 59 S6 57 5Y

FIPXk -h 9CuL 54 55 6 97 60

FiPvb “h YCu 5.5 ] S6 S8 61

FlPYT -k 5)s 59 S6= 58 ne

F AL -h YCu kP 35 k[ 37 3y

F1XK - wCy 33= 45= a6 37 4J

JSWTCH3
K&)
LAMY
tLJr2
Luuvp

L 1{{Vr3
NA)IE
NAIGLS
NCYC
NOUMP
NEhQ
NUPY
NOFT
NP
Nl

}3EU

12F

-1
-1
-R
-1
=R
Ol
-1
-1
-1
-1
-1
-1
-1
-1

j2¢0
1pcCo
la4pL
10CO
275V
J ekt
8co
ltco
8Co
8co
2¢0
2C0
2C0
1acO
ACO

13eq

FILuco
FI1LMCO
Fituco
F1LmMco
F 1LMCO
FrLmco
F 1LMCO
FiLuco
F 1Lmco
FILMCU
F 1LMCO
F1Lmco
FILnco
FiLuco
F 1LMCO
f1Lmco
FILMCO
FILmco
F 1LMCO
F ILMCO
F1LMco
£ 1LMCU
FiLmuco
F1Lmco

NQIB
NG2
NRVALS
NUMIY
CcH
CMANC
CMCYL
CPUEN
cPTMP
CRANGE =
FINR -

PTAb
REAL
RED

(O

RETUKN =

-0-0-0-0-0-0-0-0-0-0-'—0-0-'-0-0-'-0-0-0-0-'-0-0-0—0

13g0

13g¢

34
35
306
3r
3
39
0
41
42
43
LYY
5
46
47
“8
“9
50
51
52
53
S4
59
bo
57

tgco
t,Co
(1o
teCo
1(Cu
1¢Eo
1eto
2co
2to
TLEN
4CN
2Co
1aF
béN
oJ4F

t3eqy

KE ZRON
REZSIE
REZYO
RL.C1
RVALS
SENSE
S1GA
SILVER
SPTHL
STAKT
STATL
T

1AMl
1EMP
Thinv

13€E0

-R
=R
=R

R
R
(IR
=R
=R
(R
-R

13eq

10C0
aco
10¢0
7CN
11Ccv
12CN
e
9CN
2c0
20SL
2CN
8co
8co
8cu
10¢0

13eq

THY
TINE
THEUT
TOUuT
TSV1ART
vTes
WHITE
vicl
yee2
vsCl

13€Q

=R
-R
=R
=K
=R
=R

8CU
8CU
11¢cy
8C0o
8CU
1ocy
11CN
SCN
6CN
3cN

_.-0-0-0-0-q-o-.-.-0-0-.-0-0-0-0-0-0-0-0-0-0-4-

13eu




18

Flvy
vt
FOUTLC
FSN

Gk IR
6R1L

1

18AR
1J
IPXL
1BXR
1PYy
1PYT
1Pl
1XL
IxXR
LYo
IvT

J

JP2
LAM
LM

u

MI

MU

NG

P

PL
PXCONY
XL
PXR
PY)
PYCONV
PYT

K

RCS)H
RIBAK
RM’
RM)Y

RU

RUL.
RVOL
RZEDEN
sie
s1GPLC
v}

ue

ut
uMOMLC
v
vt
vl

ve
vl

vpP
vTlL
vV

X
XCONV
xU
XL
XPAR
Xk

Y,

b
YCONV
YPAR
YT’

tetetotmtotatetotot-tntalotntctatntntotorctatotatntatatct—tetatntatatartatatetctatetntat~tatotaintcgayntotasatantnt

-K
-~
(in
{1k
(Ik
{in
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-k
Ik
(I k
-R
-1
(K
IR
-k
-
-k
-k
-k
-h
Ok
Ok
-k
Ok
{ikn
(K
ik
[$1
tin
(ikK
($1.3
{in
tin
[#2
{Ik
{ik
ik
{1k
[#2
(ik
Uk
(R
-H
{1k
-R
-
-k
(§1%
-k
K
-k
-k
(kK
-h

$C0
3)=
13Eu
13ku
13gu
| 13"
“Cy
eCO
4CO
9CU
[14V]
YU
YLV
bCU
yCo
14V]
YLu
9Co
«C0
ecu
JuCO

SF
J3ku
13ty
1 Cu

eCO

J3EQ
PRE] ]

YCu

SCu

4Cu

YCy

YCu
YCu
[ 1]
13ty
$Cu
13k
)3Eu
1w
(] XY
F3Ey
J3rv
JIpu
13Eu
JIRG
j3eu
J2Ev
1 3bw
fIEN
1JEu
J3Eu
)3k
L3tw
T3eu
I3ty
$C0
J2EU
YCu
3=
ycb

(3EW

9Cu
[ ] 2]
YyCu
yCcu

13ku:

$CU

3=
3s
(D]
15v1
15ui
jovul
2¢ug
19
3
59=
b -
6)=
be=
22uG
39=
4=
41=
42=
zJuu
Ziuu
Tent
-1
LS
LIS
lenL
et
1bvl
15ul
57=
o=
Lb6=
bz
bY-H
['S-1%
PR-T10¢
15u1
IR 13
15vl
Isul
Jsul
150)
R-TVD ¢
15ul
JLul
Isut
1sul
isul
Joul
15u1
1501
Juyl
15u1
jsul
15vl
Jsut
(5ul
cYs=
15v)
3=
k1)
Jo=
1501
jd=
15ul
tla
3o=
1501
oz

K{-33

ch

7+
1501
toul

57
P

«b

<Y

23

35
37
23=
24
jy

5=

36
38

25

X4

7=

8

36

23
25

24=

25

28 4l

e2

26s= L)

48 4Yz «9 54 57
47 54 S8

48 54 58

36 Se= 55 85 S6
29 KT 37 “6 49
26 KT kl] ok 47
3e L} oS 8

56



[4°]

LY

T~ Wne

19

)]
22
23

é5
26
27

o0on

Il
12.3
1¢.:4
1y .5
cuyl
c.ic

OVEKLAY (YOKIFERs 1o 5}

FROLKAM OFFWEGD

—-- OFFWEGU KEACS AND MCOIFIES INPUT

CCUMON /STATE/

<
CCMMON /YSCl/
CCHMUN /P INK/
LCH /YLL)/
Len syeeeys
LLM 7KLy
LCMMON /KED/

t

4

3
CCMMON /SILVEKZ

)

3
CtMMON /ORANGE/

SN —

CCHMUN /whITEZ
CCHMON /GREEN/
CCMMON /CRIMSN/
CLMMUN /SENSE/
CCMmMUN /BLUE/

)

EQUIvAL ENCE

L A+ S SV R N B )

HE AL,
LIMENSION

x~wOC IR CN

OIMENS ION
UIUENSTON
LLOlCAL
FCRMA)
FLRMAY
FCKKAT
FLHMAT
FCHMAT
FCRMAT

NOP1y NCPDs NFR@e UPTMP{30}s OPOEN(10}
FREV(LU0) sy SPTEL{3 N} s PTAB(300)+ ETAB(300)
BTBL (340}

ARSC (5454)

Lo )J0r JUry 1UPy U

AAY (131400}

AAZ ()3 lhgn)

Sloa(svovn

HAME{}Z) 4 DTs OTRs EMI0s GROVEL+ 1RARs 1JUPSH
1PVs ISCFi1s 1SCF2s 15C2s 1SC3s 1TVe URAK
JP1y uP2y NCYCs NLUMPs Nut NOIs RELSIEY TAMBY
TEMPLTIO9nyjy Ty Tit)ey TOUTe TSTARTe 1HY
FIrxLy FIPYKe FIPYily FlXLs FIlxRe FlY8»

IPKLy IPXKy (PYde IFYTe lXLs 1XRe TyYB,

IY1s PRIONV, PALY FAKy PYDs PYCOWVY PYls
RIbIRY vve XCCNVe ALY XRe Yds YCONV, YI

ANLy ASle ANy AUFAL, AOMs 8Os COLAML Crbo
OTrUSY EPSy bM)W Lhy GLy 1M}y

IECKy (P2y ITAB(IULOJY JINMy P4y KX19v LAMs
LuPSy MUs NPTy NGBy NUIZ2e NUMITe NMe

O0MANCY UMCYLs KEZWUNe KEZYys THIRUs VTEM
NRVALSY RVALS(73) s NHNOLSY ANGLES(3S3s TNEUY
ALFPRAY RuPs NSUFs KSPs NPCMAXs JCENy TEMIT
SNCONLIZ3)r 22

JSHTICH)y USnTCR2y JSWTCHI

Dky 002y FREZy JyuNby JMIU,

JUlvb0cy KADXI(TS0YU) s KUMFky YBASE

(MASCiLy s nexPAK) s (AASC(Z) ¢ReYPARS » (AASC{3J oY)

(AASCL%) 2U) s (AASCISIaV)e (AASC(6)4RO)?
(A“>C(/)0PP0HNP0RC>Q'SENTX)0

(AnSCIB) 1EsLTILWCERTY s (AASC(SIsRVCL)»
(ABSCLIUS ol okPavP Ly LAASCLTY ) yPaPLIEPIUPY Y
(ANSCEI2 T sUTILAOL e LI yEMUMLC S 0

(ARSTII3) ovTLLeVLONMYNLI) »

(ARSC ) @) o ACLIBETALCYFUUTLC) s (AASC()SIeSIE)
(ARSCLTO) JUELSMSTLPLC)
(AASCLI T oGHIR UG ZEUEN)

(aasC L) 1GRIZyyG ek SII

LAMe LANMUs Mo MPe MO MUOZ

X(1)e APAR{1}s R}ty YPAR())y Y{1)s U{l}s
Vilte RC(IFe MP(L) e RMP(IJe RCSQ(1J, CENTR())
EChiy ETILA)) s CENTY (L) HVOL (T3 M(l)s RM{LLy
VPLUre PUYly PLOIGy EPLL)s UP() DTILE)
LT3y Cutlye EVOMLCEIde VTIL() ) V()]
UMOMLC{) J e wUL (TS RETALC() ) FOUTLC{L1} s
SIE() )y OELSM(Ujs SIGPLC(L}y GRIK()}o UG(L1}y
RZELENEV Iy GRIZt13s V6 U je FSN(L}

XTnti{luily YTAB()ST]

oPS(G(luuy

€01

Tizn6t

{he 2.4}

(216+5E32.4)

(310468,4€12,4;

(lh'cltﬁbl

(1n ¢*GENERAL DATA®/61 TIME +)PE)2,4,6Xy

on UTk  +JPEI2,4,46%,60 CYL +(PET2, 446X,

TH GRIVLLe1PED ) 4}

OFFWELD

OFF WEGO
OFF wEGLQ
OF F wEGLQ
OrrwEGO
ALLKUM
ALLKCM
ALLKOM
ALLROM
ALLROM
ALLKCHM
ALLROM
ALLKOM
ALLKCH
ALLKOM
ALLKOMN
ALLAOM
SILVEK
SILVER
SILVER
SILVER
OHANGE
OKANGE
ORANGE
ORANGE
OKANGE
OKANGE
GReeN
CRLIMSN
SEnSE
B8LUE
LUt
EuvREAL
EUVREAL,
EuvkEAL
EuvkEAL
EUVREAL
LGUVREAL
EovkEAL
EuVKEAL
EwvkEay
EQVKEAL
EuvkEAL
Euvke AL
DI MEN
DImEN
O1mEYy
GImeN
DIMEN
OIMEN
DIMEN
DImMEN
OFFr wELQ
DFFwEGO
OFF wELQ
OFFwEGO
OFF wELOD
OFFwEGO
OF FwELQ
OFF wEGG
OFrwbkLC
Of F wEGQ
OFFwEGC

N

>
CECT~CUSrLUNCU S WL

—
—

Voo e Bee B (SRS
NWN ™ CLCTNOCU SFWNLRRNNN YO U SRS WK




€S

2y
29

3o

3)

32
a3

34

39

36
37
34
39

@)
2
“3

“whb
ey

o7
b

4

€ .3 FiLkMAY
€4 FURMAY
t
¢
beb]erNAl

<
Zuy6 FCKMAT

U &L~

ZUub P CKMAT
Z2i.9 F(rMA)
2o L{ FCHMAY

3
3

2 (e FCKMAT
<

tIH 3 @KADN | RANSPURT DALA®/6H ALPhA,1PE12.4)
(Ih s ®MESh CONSTANTS®/6M IBAR +1)2v6X,

Oh JuaR 411246x,6n yilASE. lpgl2, 8,0k,

6h RELYQeIPEL2,6)

(6h IUNF 911246X96)y JUNF 911246X06H UMID o112/
Oh DR 2 TPEIZ2,446x,6n D2 4 1PEI2,44€X,

6h FREL 2iPE)2,4) -

({h) s @RYDEQUYRAMICS CCNSTANTS®#/6H AD ’
lpLieg, 460,60 a0M L 1Pell.4,6x,60 RO VIPEYE, by
6Xy6h RX1  91)2,6X90H MU WIPEI2, 4 00 LAA 0
Ipei2,e,6x06n On  +1PE)2.4,6x060 EPS
JPEI2, 4460461 ASG  4JPETC.4,6X46F Gy
1Pe12,49/6H Gk 1 (FE)2,40tX06H 6L WIPEIZ, 00
OXe7H HELACNIPE () e0bXe7H REZSIEWIPEIL, @)
(]huqu(u'bx,A)n)

(U0 oPHORLEM STARIIHG | IME®,1PEI2.400 SECe)
(31, 9#LCHNSTHWIS SE) BY OFFOWEGCe/s

th Ly 1112068001 NUT 9112760 NOUF 41120
OXenth NSP 9 1)246X906!) NOP 41124010

7h NPLMAXWILE)

(Oh TaMit 2 1pcl2,400x06h TEMIT, JPEI2, 446X

O AN ' y)pele, e

Catl GETW (ALKJBNe UNM)

CALL uAYES luzg
Frlivt 2L 0H,
whilfE (12,2008}

JNMy U2
JNMy DZ

Call SSwTCH () aJStTChE)
Cal.l SSmTCH (Z2yuSwIC)L)
CALL S&wicH (JcJ§hTCH3)

=== St1 LCM
' 1LCo=y !
€e NELSSLALIC0~]LCS

NELS=R 110 INECS 15454}
CALL ECwR (AASCy 1ELS. NECSe NE)

JELS=LECS+Dabe

It (ILCS.LT. 1310003 GU YU 22
——- HEAL EWUATICN OF STaTE INPUT

REAU  (b)
kt&aU (b}
uC 33 K3)INFhu

HOPTe NOPDs NFRQ
FREw

?FLQ(n)=3,ﬂ§0)b/FREQ(K)

33 CCWIINpE
UC «c¢ JU=)9NOFO
uC 4t 1=TyNOPT
kpay (6}
Ut 1 k=) oNFru

NWwLy UPIMP(1J+ OPOEN(JUIY OPSIG

JOREK ( (=1 ) *Np G (=) J *ROFTeNE RQ
S(LALIURI=0PSIG(K) +5, ¢

al ewiin
CPDENTJU(=0PCEN(U} +3.¢

g CCHIInUE
NSTAVEZNUPO*NUPT
hEkU  (6)

IF (JSWTCRILEGy1)
1IF (JUSwTCHI, b2}

FEaU (b))
KEAU (o)
kbaU (b6}

I=.

J:’

LC “ 1UsTINSIATE
1=]le)

SPiuL

REAU (b) PTAB
REaL (63 SPTHL
Plam

ETAY

BibL

SPTOL{1J)=SPIbLtu)+5, U
Ik (Lopwe) SPIBL{TU=)122,0eSpTRL (10} =SPTEL(1g=1]}

FiRe (1) =PTAB(LU}=
LTaO (1) =€ TAL (LU} =

IF (l.(TeNOPY) O

7.)
Jo,0
TO 44

OFF WELG
OFF WEGQ
OF F wEGQ
OFFwk GO
OFF NEGC
OFFwWEGQ
OFFwEGO
OFF wEGQ
OFFWEGO
OFF wEGO
OFrweGQ
OFF WEGQ
OFr wELQ
UFFwEGQ
OFF wEGC
OFr me GG
OFF Wt 60
OFF wEGLC
OF} wEGO
OFF wEgGO
OFF WEGQ
OFFWELO
OFFWEGQ
OFF #EGO
OFF aEGQ
OFFwELQ
OFF wEGQ
OFF wELO
OFFwEGQ
OFtwELQ
OFF WEGLQ
OFFrwEGO
OFr wk GO
OFFwELQ
OFF wg GG
OFFwEGC
DFF wE GO
OFF wELO
OFFWEOGC
OFFwEGC
OFF WEGO
OFFr agELO
OFFr we GO
OFFWEGO
OFFYEGO
OFr wEGQ
OFFWEGG
DFF wELO
OFFWEGO

QF F WEGD
OFFwEGC
OF wEGQ
OFFWEGO
OFFr wEGQ
OFF WEGQ
UFFwELQ
OFrwEGD
OFr WEGO
OF FWELO
OFFWELO
OFF wEGC
OFFwE GO
UFH wefsC
OFF WEGQ
OFFrwEGLQ
OFFWEGLG
OFrwEGQ
OFFWEGO




147

79

b
v2

-X]
Be
%5
bo
u7
-1-]
1]
¢

9)

43
va
YyS
Yh
97
98
9y
Ine
(1

13
Ire
JuS
lve
lh7
len
lry
11y
1
e
113
(le
115
o
117
118
)1y
ley
le)
le2
1¢3

{ze
Jes
126
lz7
jen
ley
14,

13)

J3e
133

L34
{35
LT
137
KT
L3y
Jur
1la)
(42

Y

o

vl

62

CX]
Ve

11

1=

J=Je)

CCTINDE

Catl AFSREL (:LFSET6}

-— ChECK FCk OLMF IR CARDS

nEAU (T} NAME
It (ELY(7)) LO TO 1)
REwINO 7

NUALLZLUCH (24) ~LUCF {NAME (§ ] j o1
Cobl. GPEN (SLFSET14€LSTro6us)
Call GPEM (SLUSET3sZLSTe40608H)
CaLL OPEN (SLFESET742L8Te%008;

KE#O
ke AU
I+ {t
NELSS
HE AU
NECS=
kt AU
KEAV
I+ (L

(73
KeAD NLrP
o)
Chel} bee
NOLegP2
(X3
CuNP Y
th
(7
CFa73 6406

KkEwlNU 3
Col.l COPYF (SLFSET7+5LF5ETNT)
Catb COPYF (SLFSET7+5LF5ETY)

(harELl) s Ix]oNDALL)

(AA) (L) 1=1eNECS)

(AA2(Ll}s I=leNECS)

KEAU  (TL (NAME (13 s 1=14NDALLI
IF (ECI4TY) GO TO 7
6L 10 3

CALL CPeN (SLESET1,2L5Te5)2)
Cobl. OPEN (SLFSETIe2L5Te912}
CALL CPEN (SLFSENT2LS145)2)
IF (USwiCHI.eved] KEFUKN
LALL CPEN (SLFSET@9C0.5114008)
LALL SRUPR {5LFSET44Z: 4)

ReaAv
I+ (e
Ik (T
kb AU
KEAU
Gc 10

(&)

FalkPe T2

0) (%)) LU TO &3
2,6T,T) LU TC b2

(")
(e}
X

BACNSPACE 4
BEALKSPACE 4

EALKSPALE 4

6C TUu 6w

uSwithi=}

LALL UPEN (SLFSET©92L5Te5)2)

ek FURN

-—- FEAQD CARD INPUT

NM.Z)H

heaU  Tvd) NAAE

AU 1403 TIMEs UTRs CYLs OGRUVELs ALPHA
RE AU 10l Tamis JHARy YBASEs wEZYQ
htau  190S, IUNFs JUNFs JMIDe URe LZs FREZ
kE AU 1503, AQe &AMy 829 X MUy LAM

KE A0 103, OV EFSe ASG

KEAU 11303, GMly LKy GZy KEZRON,y RELSIE
RALSINTCR)

18)AN) ={ IE

— wi11E 11PUT

FrINT 2001, (tAMe.

whidbk {12y 2¢()3 NAME

FhlteT 2084, TSTAKT

mhiTe (1242019} TSTAR!

FriINT 202y JIMEs DTRy CYLs GKRUVEL
welTE (12,€00L¢2} TIML s UTHy CYL s GHCVEL
Fhilel 2004, ALFrA

wRlIte (12.€CL 3¢ ALrFoA

Frind 204, 1AWy JbAKy YBASEs REZYO

OrFwtkh
OFF wEGC
OFF wEGQ
OFF WELO
OFF WELC
OFF wE GO
OFr wELO
OFF WELC
OHFWEGC
OFFwELO
OFFwE GO
OfFFwELC
OFF wELC
OFF wELO
OFFwEGC
OFF wEGC
OFF WE GO
OFFwELO
OF + wEGO
DFF wEGQ
OFFwEGLO
OFF wEGO
OFFwWEGQ
OFtwt O
OFF wEGO
OFFwEGQ
OFFWELU
OFF wEGO
OFFwEGQ
OFFwC 0O
UFFwWLOC
OFF wELC
OF FwEoL(
OFFwEGQ
OF P wEGOQ
OFF wEGC
OFFWELO
DFFwEOLL
OFF wEGO
OFFwEGQ
OFFwEGQ
OFF WEGO
OFFwELD
OFF wEGC
OFFwrLC
OFFwEGLQ
OF FwELQ
OFFwELQ
OFF wEGO
OFFwELO
OFt we OC
OFF w2 0C
OFF wELO
OFFWEGC
OFFwkoQ
DHF WELC
UFFwEGQ
OFP Wb GG
OFF wELC
OFr 4EGO
OFF WEGC
OFFWEGQ
DFrwEvQ
CFrwEbLQ
OFFrwELC
OFF wE LG
Ok wELG
UFF eE LA

L]
Yo
97
Yd
9y
100
Jol
10¢
luls
Jue
105
luo
tg?
oo
1K
)10
11l
lie
113
114
115
Jle
1
)b
9
leu
121
122
123
l12e
125
teo
1217
lév
l2y
T3¢
141
132
133
134
13%
136
131
) 3o
139
(4¢
Jel
1e2
143
Ted
Jed
Jab
e
Jet
Jay
150
15l
15¢
153
156
155
156
157
150
15y
Jou
Jol
Joe




SS

%]
[
fub
lue

147

Jay
Juy

15¢

152
153
154
155
56
157
154
(59
loin
1ot
jo2
le3
los
(6%
oo
Jo7
168
Joy
174
n
172
3173
17«
11s
lle
117
118
179
lut
1ol
lv2
Ju3
(Be
185
-1}
lu7
loy
oy
lg.
(vl
17
193
l1ye
198
tyeo
Ly7
Jys
1v9
ey
)

Znk

25

whlTe ((2470) 4}

PhIR) 21°0%, IUNG e JUNF
whlig (124¢0u5) Iuivk sy JUNF »

Prihl 2106, Ady A My

GRe LGLr REZWONY
‘hhllﬁ (12,20¢11 Ads ALMy B0y KXIs Mile LAMY

1BAKy JbAKY YBASEs REZYC
JVMIOY URY ULy FREZ
JMIOs Upe OLs FREZ

BTy KX{y 1Pty LAMy

KEZSIE

GRy GZv RE2GONy RELSIE

~==' CUMPUTE AMBIEM] TLMPERATURE

APZULLEINIRELRONS
LE=LLO0) I (RELSIES

OMy EPSy ASWy GMie

OMs EPSy ASQy GM)»

YPaOLIFMP(XPy 479 OPUENY OPTMPy ETAps NOPUs NOPT)

JarOsLFAPE_(YF)
- SET COSTANTS
) = AR - }
YeASE=VYPASE=nELYU
IF)=1BAKe}

IFe = JBAR o+ 2
FLRENEY YRS
whkeSJbLReg

ubn = JBAR ¢ o
1=11Me

UI=uel

UTPGS=OTR

Aotb = WG ¢ LpAR
CMLYL = ) ,=CYL

N NG @ [P) '
N 122NQTeNQL

18z = NGY o 1

1S3 = [SC2 * NG

v = JPj ¢ Nyl

18CH) = 1sC2 - NQ
1sCre = 1sCF1l » MG

LoPe = Ur2 = uP2/3 * 3

Jb (LUP2.EQ.0) LUP2 = 3
LoFe = Lub2onL]l =NQ 1
1eCP=LQLF (AAZ)

NoYL2e

ErE) = JLE=l0

BALSUL 05

Chahl = ], =ANL
CLLAMLE) .5/ (LANOML e MUSEMT Y}
AtrAaL=L,2

THIRU = 1,/3,

JLnk = MAXU(IUNF )¢

wLr s MAXU (JUNF 42)
JLUFUE = JuNk/2

IF (UMIVL.EN.U) IMID=UnAK/Z

IF (FHFZJNEels) RCMFk = 1,/() ,~FREZ}

TEYSL 0

viLrsL 5

[NY S

(YA EM

Jloh=tL

NeUF=er i

TLMiT= .08
NN-UMAX=SY

rSY¥=Tg

Nebk=3

LEnse

LL (g5 (=)elw
ShCUN{()=h,0
cLrt) INE
SALUN{ ) B2) =ALPHA
SACUN(183)=MUVE LISM)
TLul=sTINE
FRINY 201,

whllt (12420000 NGe NWIy NHUF,
PELNY P4)ce TAMU FFMITy ANC

NGe NGy NHUFy NSPe NBPs NPCMaX
NSPs NuPs NPCMAX

OFFwELG
OF F #E 3¢
OFF wEGG
OF F wEGC
OFFwE
OF F wEGQ
OFFmEuQ
OFr wgGC
OFFrwEGQ
DHF WEGQ
OFFwe b0
O wEGQ
Ot rwEGLQ
OFEwEGQ
OFF wEGC
OFF wEGQ
OFEwEGQ
UkF wEGLO
OFFwEGO
OF+ wEGO
OF+ wEGO
OFFWEGO
OFt WEGC
OFr wEGLC
OFr wEGO
OF wELQ
OFF wELQ
UFFwgGC
OFFwEGQ
OFFwEGLQ
OHF WELO
OFEWEGLO
OFF wEGC
OFF wELQ
OFF wEGO
OFF WELO
OFF wEOLC,
OFF wELO
OFF wEGOQ
Okt wELC
Okt wEGC
OFF wEGLO
OFF wELG
OFE wEGLC
OF({ wEGQ
OFFwEGO
OFF wE GO
OFMwELC
UFFr wELC
OFt wEGC
OFFwELQ
OFFnELG
OFFwELQ
Okt wEGC
DFF wEUO
OFF wELQ
OFF wElQ
OFF wELQ
OfFF#EGOQ
UkF WEGLO
OFrwEGQ
DHFWELC
OFEwELO
OF F wELC
OFF Wt GO
UFFWELO
OFFrwEGLO
Ok wEGG

X
Jou
165
Toe
Je!
Jou
169
170
(71
l12
173
76
175
176
(77
170
179
lov
Jul
Jue
83
Jua
[§°1-
Jue
(a7
Jey
169y
196
191
192
ty3
JYe
195
190
197
196
19y
200
2yl
zh2
203
204
I8
2ueb
267
208
209
zlo
cil
2le
213
2l
15
216
2!
2ly
2)9
220
F-33
ee2
223
226
2e5
226
eet
2ey
22y
230




9s

cz2

225
226
227
clyg
229
23y
23)
232
233

234
235
236
237
248
23y
24,

241
262
ca3
244
265

2ub
247
248
cuYy
Z5
251
252
253
254
255
256
257
25
25y
2o -
Z0)
26z
263
264

129

3y

Te)
15

159
1o,

169
V7.

200

34
349

359

whlie (1242012} TAmMss TEMIT, ANC
=== MESE lwPUT

Catl. PESHMKR

=== St1 UP FILM PLO) COURUINATES
CALL FILMLO

===  CuMFUTE ATAb YTAB LTAB

Lkl START

0C 139 J=249P¢

YTap{ut = Y{1U)

I tu,6T.2) 6O TO 13y

DC ley 1=7,41pt

XJApb(l) = X{(1U)

I. =10 « NQ

Coll Loop

LCHTINIE

LEBENPTeNPT

NEPT = g

CALL ECkyu (AASC,IECPLPBILE)

N =

Le 1oy g=2,up2

IF (YTAG(JU,LT.YPAR(KPI) GO To 169
CCNI(NUE

UL loy I=).1P)

IF (X1 (1) .GT.XPAR(RP}) GO To 170

CCIInyE

NerT = NPRT o )

ITHBINPKFT) = (J=2i®[P)el=)
IF (PP L.EOWWKTE 6O Ty <0
REERPe2 )

GC (u 159

- CUMPUIE M E

CALL STakT

UL ¢ceY J=22JP U
DL €39 L=1slork

IPY 3 10 « My
1kuk = JUF + NG

VMELJISkU{IJIZkVvOLATY)

E(1J) = SIECLJI 1250 (U{IPUI®e2eU(IPUPI**2eULLyp) **2ey(TU) **2
evi{PUIeelov (IPUPIR®2ev(IUP]**2ey(]J) *e2)

I = U1y

1.P 3 1PUP

CatLt. LOOP
LCn I LNOE

LALL UONE

-— cunPuUTE RM
Catl STaRTO

UC 359 JJus2eJP2
J s JFe = JJ

UC J69 Ll=141P1
I = tv? - 11
Ity 3 1J = My
IFUM = 1UF =Nw
Xx 3 0,0

IF {Lohe IPL caMD. JeMESZ2 J XX = M(IUM}
(F (1 HELIPL JANO, J.NE.J92) XX 3 xxem{lJ}
I (). 0E.)  o+aNDy JoNE.JP2) XX = XXeM{INMJ)
1IF (1.NE.) «ANDy UeNEsZ - XX = XXeM{IMUM}
kv (1J) = 4.7xn
1. 3 1MV
1M & MUV
CatLt LOUPD
CendInue
kg JUKN
ENU
] »

OFF wELC
OFFwkoG
OFFwEGLO
OFFwEGLC
Okt WEGO
OFFWE%HQ
OFrwELQ
OFF wELC
OFFr wEGO
OFFrwEGQ
OFF WELO
OFFrwELC
OFF nEGC
OFF WELQ
UFF wEGO
OFF wELO
OFF Wi GC
OFrWENLG
OF F wEGQ
OFF WELO
OFr 4ELD
OFFr wg LO
OFFWEGO
UbrwkoC
OF FwELO
OFFWEGO
OFFwELO
OFF wEGLO
OF FwENG
OFFwWELQ
OFF mELO
OFF4ELQ
DHF wt GO
OFF WELQ
Uk F ak o0
OFF wE 0
OFr atLC
UFFrwELQ
OFF WEGLO
OFFwEGO
OFF WELQ
OFF wELQ
OFF WwELC
OFFwELD
OFrwELO
DFF wEGQ
Ot wEbLO
OFt wEGLO
OFFwELQ
OFF wELQ
OFFwEGQ
OF + #EGQ
OFF wE GO
OFFwbo0
OFF wEGLO
UFF WELO
OFFwELO
OFF wEGLQ
OFFwEGLC
Orr wEGO
OFF weEGO
UFr et LO
OFFwELO
O+ WEGO

231l
24¢
233
234
235
236
231
23y
23y
260
cel
242
Zes
24s
245
246
r1y}
248
26y
250
51
e5e
253
254
255
256
257
25y
417
26v
ol
o
z263
264
cud
266
267
26p
269
270
271
ete
213
zla
275
etle
raai
270
279
289
zdl
Zpcé
283
Zo4
285
T
7
2u8
289y
290
eyl
29¢
293
z94



LS

SINGLY REFEKENCEU VAKLABLES

b -

120 -

160 -

vy -

340 -
AFSREL =
ANGLES 1)
bt UE -
CRINSN -
Datt) -
OONE, -
LUy -
e Padtmrmtay

97®
152
2¢)*
26
4134
Y40
Kk )3L0
{oUN
F3LN
3750
ceb5U
' Pecidy

ECwWh
tuwulv
FILMC
FLlrag
FLlPak
FirYy
kXL
[ T3]
k1Yo
GEiewv
oLt
GhelN

AL -

C -
-H
-R
-k
-k
-
=K

-

465V
J6F
Zrysy
9¢c0
$CO0
5CO
$CC
9C0
5CO
15485L
Josu
J2ch

1JPS
INT
1PaAL
1PXR
IPYy
1Pv7
It
11Xk
JYb
v
RSTEP
(XY}

-1
- 1
-1
-1
-1
-1
-1
-t
=)
-1
=1
-k

ACO L.UGICAL
33sv LUUPO
9co MESHMKR
9co Mine
9CU  MUVE
9cy Muu2
9CcO NAMGLS
9cU  NuunP
9co NRvaALS
9co Nwi

)R RIY OF+ wEBO
17RL OkaNUGE

=-R
-1
-1
-1
-1

21F
26Jsu
2085V
455U
20235u
17RL
11C0
aco
lico
5610
15U
1HeN

PINK -
PXCUNV =R
PXL -k
PR =K
PYB -k
FYCUNV =~k
PYT -k
GEXFIU =
RADX  {in
REAL -
HEQ -
R1BAK -k

RLCY - 7Ch
RVALS (JR 11cO
SENSE - 14CN
SILVER = 9CN
SKIPkK - llosu
STARID = 2465u
STATE - 2CN
TEMP R 8co
INEV] -R lico
vy =R 9Cu
whllk - 11CN
XCONV -k 9LV

XL
xR
AL]

YCONY
YLCI
yLc2
YSt}

YT

=R 9C0
=R 9CU
=R 9CU
=R ycL
- SCh
- oCN
- 3Ccn
=R 9CO

_'_'_'-0-'-0—0-.-'-0-'-0-0-0-0-0-0-0-0—’—0-0-0-0-0-0-0—0-0-0-9-0-0-'-'-0-0-0-0-0-0-0-0-0-'-0-0-0-0-0-'-0-0-'-0-0-0-0-0-

MULTIPLY=hbFERENL L VaRIAELES

4
[
7
131
22 =
a3 -
41
42
s
61
62
63
Ve
la2s
129
13: -
13y -
15, -
15 =
lot =
169 -
17, -~
20y -
Zly -
229 -
369
359
1001
1003
1004
J00s
2001
c002
zub3 -
culy =
cy0s5 -
2006 -
vty -
2609 -
2) -
g6l -
AASC {ik

[ AN )

AAL

AA2

ALPRA
aNC -k
AW -k
A -k
AOFAL =R
AOM -k
BACKSPA =
bEVALC (Jk

(IR
ik
-k

Yie
92
Yo
1y
b
w4 e
5100
S50
SelU
7evu
1ie
13
e
Ve
(9o)10
2)600
213
¢)Ipu
2¢3e
22300
22¢
&2c¢bu
2
23
c3600
2350u
c4%u
2470V
Pece
23e
24
25¢
2be
27«
2be
29
Jre
3te
32«
33e
4o
35«
aco
JOEu
SLC
6L C
Jecu
Incu
gy
lecu,
incu
JLeo
Jure
16EQ

lte
Y4
Yo
Jud*
J2ht
“b
PR
S7TuU
bev
7o
i1le
J1l7e
12)
Tzce
2U1e
r-2X-1
2ile
Zibe
234
2¢5e
g2b6e
cepe
ceye
234e
tule
Sl
26 @
26en
125rU
12wy
12Tru
f2bKkD
134pK
136Fk
. Fk
Tecpr
Jeabkk
Jeork
LI
136k n
2 h
2hopk
Joku
Jopu
Y4kD
JoKU
1e2ory
j1i=
(3.1
Jeynu
Tbls
129RU
1ur
Inul

Yde
Yye

ule

12YKy

135wR
T39wR
Yelwk
Ve3wn
JuSwk
VeTwk
IYnr
13wk
e dun
2. Twik
JoEQ
4bAG

174
TeUpk
(K1)
1ebFK
Tebkk

j4bpk
119+

130R0

16Ey
22) A

14 wie
2)6PR
1647wWR
1e7WR

leTwx

)31R0

l6EG

201
207wWR

16EG

16EQ

J6EQ

l6EQ

16gQ J6EQ

V6EQ

16EQ  leEQ

loEuw

16EQ

leEQ




8S

yYoy tiwn
B, -
CE T {Ik
CENTY (Jk
coLAaMu =R
COMUUN =

CuPYF =

cu (I
cvL =R
OELSH (IR
uIMENST =

DR =R
b3 -k
uiPos =R
OTR -k
vZ -k
ve -k
3 ($24
EMOMLC ()R
enln -k
EOt -

eol -

EP {in
LPS =K
efas  x
el Ok
FORMAT =

FUUTLC (}R
FREQ OR
FREZ -~
F SN RIS
oMl -
GR -k
GRUVEL =k
Ok IR (1.3
GR1Z 1k
6Z -~
1 -1
18AR -1
1ECP -1
1€Cs -1
11 -1
Iy -1
1UK -1
oM -1
(14 -1
1My -1
1MI8 -1
1Ml -1
1Py -1
1Pup -1
1Pl -1
Ir2 -1
ISCH L -1
15Cte -1
1st2 -1
15C3 -1
1SN -1
s TAy 01
1iv -1
100t -1
J =1

(440
jrcu
16EW
lopu
17cu

43

HOEREYY]
Jokv
1.
loEu
lot
-1

sCU
Lacu

eCU
15C0
3/A0
JoLu
JeEyu

14 Y]
Gect
2)L0
JeEu
1cu

2Co
sty
22¢
J6EV

2cu
t5Cu
[C1X7]
I.co
1.cu

sCU
16E0
ToLU
).cu

«CO

J1.2RU

vCU
trcu

24900

«CU
e3¢
bes
4cu
“CU
281 =
éh¢es
J-cu
23l=
23us=
CIRY]
JJcu
kECU
sCU
ECv
BsCu
(yi=
ncu
eCu
15C0
4cuy
2he

SYKrU
Yeywy
Jou)
toul
17y=
3¢
JLtsy
Juul
1eory
lsvul
J9r
1 ¢vky
to.=
o=
12okL
) 2bkU
3uFk
(Ul
Joul
{706=
L 1-14
BaSL
Tuul
13.ny
bbny
Jsul
Z3F
Jeul
S Ky,
P4-T10)
Joul
13V y
131ny
e LRU
(sV)
Joul
13fny
S5ul
ty6uL
[P-F4,1V]
1les
44
8.

720U
239

ese
73y
I4-1
257
152=
c4
.
156=
195% .
1oY=

job=
(o7=.
Z4¢
24.3
lob=
Teak)t
5euy
250

T46pk

7%
chu

chv

eV
104
eSv
1

jo?

Tebpk
56hb
256

JerwRr

8F
139wR
1eSWR

139wR
145WR

1125V

1e7wR
77

25F

s2
14Swi

167wk
(eTWK
139hk

J4TWK
8

230U

143Nk

4l=

74
240

200=
240

2¢)
262

21400

169

JASWR
€8
257

SF

Je3

161

150

Tys=
21s
152

47

79
e40

242=

22600

Ju2=
61

JUF 11F

21F 26F
ls6

3= 73
22600 227
154 15%

(Y]

7% 75
240 24)=
230 243500
tae

6l M=

12F

29F

75
23ir
162

76
e5l

254

80=

13F

AvF

78
23600
23600

To
25%

255

14F

3)F

79=
25(C=

17
258

21100

15F

32F

JURD
254

77
¥5Y=

212

33f

YuRD
2S5

2(2

213

34F

94RU
256

21s

2230v

35F

94RO
257

2le=

224

96RO

216

230

96R0

237

23500

107RU

239

248z




6S

JBAR
JLEW

JJ

JMIU
JM

Jrl

JP2

Jpe
JEWTLH]
JSWTLHR
JEWTLH3
JUNE
JUNF U2
bad

kP
[3.9¢
LAM
tin
tLJP2
L.OCF
Loop
LPB
N
MAXD
NP

U]
NHME
NBP
NBUF
NCYC
NDALL
NE
NECS
NF RO
NOPU
NOPT
NPCMAX
NPPT
NP1
NQ°
NGl
NUls
NG12
NSP
NSTAJE
NUMTY
oM
OMANC
oMCYL
OPDEN
OPEN
0PS1G
oPTup
P

PL
PRINI
Pl1AB. -
atbulo
R
RCSQ
KEAD

KRe TUKN
REWIND
RELZRUN
RELSLE
RELYV
RH

=1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-]
-1
=1
-1
-1
-1
=k
-1
-1
{k
{1k
-"
(i1
=)
=-{
-1
-1
=)
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-"
-"
-k
(R
{Ik
ik
Ik
($1.]
{Ik
(I k
Ok

=k
.~h
-k
OR

uCo
leCu
24700
J5Cu
t co
4Cu
oCu
Jrcu
leCu
LeCy
{eCu
J2¢kv
15¢0
Stbv
z22%
.co
J-Cu
SF
jcp
BoSU
2115V
2)%=
1okQ
lvdsu
JLEW
Jrcu
-1o4V)
leCco
teCu
eCu
u6s
46AL
Lbz
eCu
ely
cCO
(2cu
2eus
Lircu
eCo
eCu
1¢CU
G Ccu
1¢CO
bd=
1'Cu
)i Cu
LaCU
LuCcu
cCo
8750
200!t
eCu
lotu
ToEw
k-1
cCU
Teesv
{(CEu
fokte
49+
JJ)4b
Jyef
CEL
1' Cu
o194 74
{t.cu
ToEu

127KV
Jyi=
Y-
120Ky
3oau
150=

15us
4’ al
4140
bgne
Jebr
Jugs

2ct
)3e=
IRt

17)=
uLSL
2e35u
22) uy
17rt
o350
) Tky
ITwL
B3IHY
196=
Tye=
175=
Y. Ry
«2lay
«5=
eYXU
49Ry
«YrD
JGu=
229=
Yo
Tch=

Toész
(K31
195=
72Vu
Jpli=
13.xU
17p0=
}63=
Sora
HobUu
SUKU
SonU
jov)
Joul
136y
b6OHLL
faysSu
Joul
Joul

IBE-14
Jeot
S9r
[REXTV]
13)nu
(2/hy
{oul

Jacli'k

Tedbn
I8Pk
160
157=
éuwo
1.8

69
Y45nR

e
2¢e!
146PK
JeYry

TF
Ve
17450

j8ul

tsul
12Yku
bb
i pR
cLepPR

(v2r0

45
slug
S4uv
55U0
¢ pk
2c¢Y
Tz
ju2
oas

¢.4Pk

T146PK

bl=

BYSL

5y
15v

FET-1
67x0

50F
125¢
FEL

JeO6FR
IEY-143%
Tecpr
ra-1-H

Je3WR

leSwk
S9%R

23S0v

171

l2)=

66
(g3=

5700
232°
F6Tmr
146PK

112=

la6Pr
$ORY
2 5wKr
235wR

46A0
s700
63
58
FIELI
236
219
Ihe
165

255WR
1eTwi
6)

J:Ssu

138F
162

o4F
126F

JeTvk
1o 7R
(03NN

156

185

232
T47wR

(73=

25

(47WR
1¢2RO

93s

56
150

63

231
2%
169
J6s

159
165UV

140F
76

65F
127F

Jay
149
153

157 158
5=

23100 223vg

o4
59
7y
113
255 256
179 179
TeSRO 134PR
Y4R0 YS5=
58
[} 15¢
23)
173 206epR
Joo 167
JL7su )09sU
1e2F l4oeF
66F 67F
) e8F 129F

185
2e700 255 256
es?

1354R

961w
205WR 216 237 23u
Job 174 173 29¢PR
j22s5V

V46F 204F  206F

68F 69F 83su YUF
) 30F 131F

25)
Z.SWR

(213

252

96F

97F

lvasy

111F




09

vP
VIEN
vilp
wR1TE
X"

X1

XF
XPAR
XTAb
X2

Y
YBASE
Yp
YPAR
vias
P’
22

P tatatmtotetatotntatetetotctntointatndeltnltoteiatntalntatnintatntctntataintaintniatmictmtntetmiainiointctatctatatntntatmtatatvtate

LV

TNV W

(kK
(kR
[R1]
-k
(32
(IR
ik
ik
(IR
{ikn
(§1%
-R
“R
-R
=-R
-R
-"
-k
-R
-k
R
(R
ik
[#2
(IR
ik
(iR
R
(in
(IR
-k
{ikn
(Ik
-k
=R
(§1%
{Ik
-k
ik
-R
-"
(IR
(kK
*k
-"

Tokuw tou,
1oty lovl cav
JCEV Joul
15Cyu  Too=
TeEw juul 239
Tokw foul
Jebuw Joul by
7L 5y=
(X-13%] {bul
13CuU  Iyy= e )=
zCu 64Ky OORO
arsu  e)sy  egsy
21050 365U
eCU ))3 159s
eCO  151= Z bkk
12C0  Jyd3= ¢ .6Ph
] Cu fplis
&CU  )b7=
aCU  Jzbku 133
bCu  ¢{3=
eCO 133= (36PK
JI(RU 113
JoEW  TBUl Zey
JoEu J801
({bEV Joul
Jotu 1801
(¢EGQ {avul
joku Jsul
JoEQ lbul  cey
TeEu Jbul
ToEU loul
Jotuw Joul
{'Cu o=
Teku Joul
3YF | K314 137F
FAL ] jour  ¢1%
29wy 132
Joet=z IS5y .
JoEu Joul  é27
1901 2)5= 2¢!
€53z 25e=  zbds
(tEw loul zte
15CO0  feThl Yelpk
15:= 151

16EW loUl  2¢e
syl 2i¢= )
Jey= (5.

{3¢o oo

SLBROUTINE MESHMKR
CCHMON /STATER/

{
z

CCMMON /YSCI /2
CCHMMUN /PINK/

LLH /ZYLL) 7

LLn sypces

LCM /k(C)/

CUMMON /RED/

>

2q¢as
T4= 74 15x 75 75
207HWR
267wk
138Pik  J39wWR 15Y 203
137WR
240 ceg 240
240 240 260
139F J41F 143F 145F YaTF 205F 207F
2S5 256= 250 257= 257 258
143wk )S3= 153

NOP1, NOPDy NFKQy OPTMP(3yjs OPDEN(1OQTY
FREWwlIoud s SPTBL(3(gly FTAb(3g0lr FTAB{300} e
bTHL(30u}
ARSC (5456}
Iv 10 TV
AAL (138909}
Anc(Valavy
S16A(3unby)
hMe t)€(s OTs GTRe EMIOs ORHVELS

1uPy V

IRaK,y JUFSY

IP)s )JS5CFls ISCF2y 15C2y 1SC3s ITVe UBAR»
JBV. UP2y NCYCe NUUMPY NOs NQTe REZSIEY TAME»

MESHMKR
ALLKOM
ALLKOM
ALLKCH
ALLKOM
ALLKOM
ALLKCH
ALLKCM
ALLKOM
ALLROM
ALLKOM
ALLKOM

- ey
A OCENIPRIPLUNN




T9

H
12

13
Te

1S
)b

r4s

26

27

L]
2y
3¢
N
32
43
34
3S
3o
37

3

LCMMUN /S)LVER/
3

CCHMUN /ORANGE/

L N VIS

CCMMON /wh1TE/
CCMMON /BLUE/

CCMMON /SEWSE/
EGIHVALEGCE

LR -RTIE . I I PO VI

KE AL
U IMENSIUN

T ~0 U0se Wh

J 6 FCRNMA)
Luil FCHMAT
lavY FCHMAT
110 FCRMAT

N -

1:1b FCRMAY

& uho»

1019 FCnMAY
1ney FCKMAT
L{51 FCkMAY
1¢50 FCKMAT
)
<

GIMENSIUN
{

~-- (NIITALYILE
PhINT 1009

TEMFLISCU) s Te 1IMEy TOUTe 1STARTY THY
FIFxLs FIPXRY FIPYss FIALY FIXke Flyd,
IPALe IPAKe IPYhe JPYTe IXLs IXRe 1YHs
1YTle PACONVY PXte PXHe PYEs PYCOWVe PYT,
RIBARY vVe XCChve ALY XRe YBy YCONV, YT
ANLy abLe Aly AUFAL, AOMy BOs COLAMLe (YL
DIPUSY EPSy LMYy Gry GLe LMY,

TEL)s 12y ITAB(LUIUSY JNMy JP&y KX1y LAM»
LUFZe MUy EPLy NUTLy NGIZ2e NUM{T Opy
UMKNCs UUCYLY KREZKUNY KEZYUs TUIKUs VTEM
NMRVALSY RVALS(73)s NUNGLSe ANGLES(353s TNEUT
UKe 0Ze FREZy {1INFy JUMIU,

JUNFQCY HADX(TS00) e ROMPKRy YBASE

USHTCHly USWICH2y JS*IChY

(AASCLE) s X o XPARY y TAPSCLE) vha YPAR) s (AASC(I)0Y]

(AASCLe) 2l1)y (AASCIS) 9Vie (ABSCILO) 9RO}
(ALSCUT) sMP s RMPyRCSUICENTR) o

(AnSC L) 2EWETI(LLCEMIY) s (AASC(Y) 9RVCL)y
CAASCL U o) oM oyPl s (AASC(I) ) opoPLIEPIUP) ¢
(AASCII)oLTLL UL LUYEMUMLC) o

(ARSC UL ovTIL oVl rUMUMLC) o

(ARSCLL4) JROLYBETALCYFUUTLC) 9 (AASC()S)+SIES
{hasCL)6) 1NELSMSTLPLCEHy

(ABSC LY 1) 1 GUIRIUGIRZCUEN) »

(AASCLIB) sOGKIZovGwl Shj

LAMy LAMUY (1o Mo Mur MULZ

X{V)s APAR(L} s KUl)y YPARCISs YU{))s ()3
VET) e MIEQI Ly #P()) ey RMF L) e RCSGE) )y CLNIX() Ly
ECV)e ETILU) ) CENIYL)) e KVOL(J)s M(1)y KM{L]s
VPLU TRy PLEO e EPULIY UP(Is UTIL(IS
ULtT)s Cutlye EVOMLCIUD ) VTIL(F)s V(T )y
UMOMLL IS e RUL LTS s RETALCH)Jy FCUTLC ()] »

Sle )iy UELSM(1)y SIGPLUIL)y GRIR(T} s UGLL)
RLEGENLD ) GRIZ(I)s VG(I)w FSNC."

tieyo)

(4lbr0b)2,4)

{lr s “BACKGROUND MeSH VARIABLES*)

[SITY-11N ] 2112+6X36h Nk 111206X46K WT ’
DlesoXeon Nl glleson RO 1PET2.446K
6h LIt 9)PEI2.6rbRe6M U 1IPE1274

6X16H V 1IPEI2.4y6X06H TEMP 2 IPE12,4)
(1HL s #BLUBELE VAR)IABLES®/ 61 [BUY +1112+16X0

Oh JBUB 4112//6H IlsoH JJrlér,
12m RCT.U2K SIEL

121 Ulel2x 2 ¢)

121 TenuPL /)

{2lov12xvjPSEI2, 0f

{2l5v«E15.9)

(1124IP3E12 4}

(1R s @EXPCLENTIAL ATMOSPHERE CALCULATION®/
1k Jyi2n RO

12n SIEs)2n TEMP/}

PURNU L) 403 s PURDVIINOS s PURDM(G 2100} »
PURUE (491075 s MaTL (4] MAT{IO00}

=== CUMPUTE UNIFORM CODROINAIES

ARZu. U

YYS=FLOAT (JM(O]*UZ

CALL STARI
CC cey J=22JPe
0C €19 1=1+1P)
X(lJ) = RX
Y(lJ) = YY

KU1J} = XReCYLeOMCYL
1F{U.NF.2) Gu 10 2.2

Y(lu)syuASE”

ALLKOM
SILVER
SILVER
SILVER
SILVER
DranGE
OKANGE
OxANOGE
ORIMVGE
ORaNGE
OKANGE
HLULE
sLUE
SEnSE
EUvkEAL
EUVkEuL
Euvkbag,
EQvREAL
EUVREAL
EavreEar
EWVREAL
EuvkEAL
EWvREAL
EGVRENL
Euvke At
EUVILAL
OIMEN

O IMEN
DIMEN
DIMEN
OIMEN
DIMEN
DIMEN
UIMEN
MESHMKR
ME SHMKR
MESHMKR
MESHMK§
ME SHMKR
MESHMRR
MES)WWKR
MESHMKR
MESHMARR
ME SHMR]
MESHMAR
MESHMKR
MESHMKR
MESHMKR
ME SHMRR
ME SHMKR
MESHMKR
MESHMKR
MESHMKA
ME SHMKR
MESHMKR
MESHMNR
MESHMKR
MESIIMKR
MESHMKR
MESHMKR
MESHMKR
MESKMKR
MESHMKR
ME SHMKK
MESHMKR
MESHMKR
MESHMKR
M SRvKE

>
[N

e e e e
LNWAOCE NV SFWNNWLWRNOCTG SLNW P LN



29

3u

bt
4)

43
Lb
5
406
.7
“8
4y
50

52
53
S

5S
S0
57

59

o)
oc
03
b4
05
ob
67

69
7

7t
72
T3
74
75

76
17
L
79

B
ve
k]
Yo
S
bo
o7
bH
-3

i
Y2
93
Yo
95
Yo
97
St

[¥ 4
1oy
le2
Lis

2)y

2eY

Y(lut)=YY=-02

XUIUMI=RA

K{lumdsrt(u}

1IF (J.NE,2P2) 6O TO 204

Y(1JPi=YYeDZ

AtluPlizax

HiJuP =k (U}

1_P=1ul-*Nle

JLLS N TINA

XX = ax « DR

To= 1JeMte

centInve

AA = oy

YY = YY « 02

Latl LOuP

Lentibie

CALL UOKE

=e=  CUMPUTE VARIABLE COORDINATES

1F (FRFZ.EO.LeU) GO 10 U0y

FLRUENTS ITY4

JTUP=UMIUS JUNE 02

Jeul=umlp=JUhrL2

e = FLOAT(JURFC2) « U2

caLt STAKY

LL €4y J=29JPc

uC €3y I:":P’

IV = TJ = MU

I (leteTotUREel) XGIU) = X(1PUF  FREZ®(R(INMUI=X(INU-NG)]
RULJL = X(1J)eCYL & UMCYL

wLT = )anSte-ylUP)

Jb s Labs (J=hUuT)

1F (JoL1o4BOT) Y{lU)==Tu-02#FEZ® () '=FReL*®*JDB} *RONFR
1 (JeG1.JTCP) Y(1U)l= TUSDZ#FREZ* (1. =FREL**JOT)*ROMFR
IF {J.EQ.2) Y(1Ji=YBASE

l\.=(J'NU

cehTlinue

Cabl LOUP

CCivTIMUE

Latl. UONE

-—— UtviF ORM MESh VaklabLES

R AU 1ully " WBs Nke GTe NLe Ule VIe ROIs SIEL
IF (NK,EQ, § LU TC 40

IF ke, 100D 6C Tu S0

AF=LLuGl0 RO

RE=AMAXY (APOUFUEN() })

AP=AMTI) (XPyUFURN (OO0KOS S

LPEYL 010 (SIkL)

YrEoe JEMP (XPy £Py OPUENY UPTMPe ETAHY NOPU? NOPT!}
b AV, OT, 0P INCPT) Y YP=OFTMPINOPT)

VerP =k xP10(YP)

PhinT 1513, NBs NKe NTe NLs ROLs SIELe UIs V1e TENFI
whlTL (12,0614} NBe Nk ie NLo RUL, SIEI+ Uls V1 TEMPL
KhULE)3/,é)4c=0/*TEMPR®4/RC]

N = My o 2

Nh) = Nk o 1

NTE = NT o 2

NF o2 Nk oo )

UL 329 JaRB2,0)TZ

CALL ®1kOa

(oSLELY-13*IP(*NL

L ILY L=hblenk)

Lotl SETIy

Josl=105Ce)

LiLJl=ulL

vilul=v]

rLilyt = ROY

S1etlu)=E (tutnb1E #RKUI

TEMPELYSCLe TN L

MESHVMKR
MESHMARR
MESHMKR
MESHMRR
NESHMKR
MESHMKR
MESHMKR
MESHMKR
MESHMKR
MESHVKR
MEOrMARK
MESKMRR
MESHVMKR
MESHMKR
ML SHMKK
MESHVMKR
MESHMKR
MES)IVKR
MESUMKR
MESHMKR
MESHMKK
MESHMKR
ME SHMKR
ME SHMKR
MESHMKR
MESHMKR
MESHMKR
ME SHMKR
MESHMRR
ME SHMAR
ME SHMRR
MESHMAR
MESKMKR
MESHMAR
MESHMKR
MEOHMKR
ME SKKKR
MESHMKR
MESHVMKR
MESHMKR
ME SAMRR
ME SKMKR
ME OHMKR
ME SHFKR
ME SHMKR
MESAMKR
MESHVKR
ME SHMKR
MESHMKR
MESHMMKR
MESWMKR
MESHMRR
ME SHMRK
MESHMRR
MESHMAR
MEOHMKR
MESHMKR
MESHMAK
MLSHMRR
MESHVRR
ME SKMRR
MESHMRR
MESHMRR
MESHI KR
ME SKKAR
NESH) Kk
MESHMRK
MESWMKR

)1e

lla
115
Jle
117




€9

lie
los

et

(e)
12
143
lue
) Y-
()
la7
1uA
Jeg
15>
151
(52
(53
154
1ss
Ise
157
15d
(59
lo.
16)
jo2
163
Joe
los
loo
(Y]
Loy
Joy
7o

319

329

459

479

CChiINUE

Coatl myknw

COiINnE

Ik (NB2.NEL2) GU 10 Jyg

J=)

Call. HIKOw

UC 359 L=) 1P}

Catl SEILY

KCLLlJU}=ROY
S(ellU)=E(1U) =818 1 +RKROL
ContInIe

Cnt.l wikQw

¢C (u ann

—— EAPONENT IAL ATMOSPHERE
RASUM{eREZSTE

YY = L 5eAuS{uL)

PrINY V4LSa

wille (124105

Catl Siand

Yolesu, 58 (Y LIuPieY(1U))eREZYN

#CSAV = REZRUN®EXP [=GZ*(KEZYD-YJC2) 7RK}

FAUM = (Y(IUP(=Y(Tu}jeYY
FUEN = FAUMeRKEZL
HCJD = KCSAVe (XXeFNUM)/ {XAX=FUEN}

0C 59 1=l+1¢)
KCt1J) = ROSAvY

KCLLYM) = RCY)
SIECLui=SIEL}UM) SRELSIE
Utlulsp{loni=vluizsv(tuM)I=0.0
10 = 10 + NG

JoM=lumen((

LONTINUE

tatl LouP

UL @79 J=3+JP)

FLALN = (Y IIJP) =Y {TJ)jeyY

FNUM = (Y 11J)=Y(luMijerY
hCSAYV = KCSAve {XA=FNUM}/LXX*FDEN]
LC w09 lsfylpd

HCLLJL = KNSAy

slktluj=REZEIE
utldi=svilyisd, L

1oz loonu

CCNYInIE

Lokl LOUP

CCNTLInpE

FRUM = FNUM#FHEZ

Fubn = PUEN®FKEL

REJFZ = RUSAVE (XX=FNUM}/ (XXeFOEN}
0C vy l=(4Ir)

ki 11U} = HOUYE

SIELIV)=RE2SIL
utlul=vilyi=ov.0

lezlJenu

CenTlnue

Cabl. UONE

CALL STaR}

UL L9y J=z4JP2
Jost=(y=-)ielpie)
APSWLURIYV(RO(LIU)

AEZAMAXY (XPrUFUEN{) )}
XFSAMIN) (AP CGPDEN{NOPO} }
LPEEULULINISTe (1))

YESOLTEMP (APs ZPs OFUENY OPTMP,

IF (YR, 6T,OP 1P (RCPI)) YP=UPTHP(NQPT)

TEMP (LYSCY=CEAPTJLYP)

FRINT 105¢(y Je RDUIU)I e SIE{IJI
whilTE (124'051} Jr KO(IJSs SLECIJI

Lt 4Yp L=telpt

MESHMKR
MESHMKR
MESHMKR
MESHMKR
ME SKMRR
MESHMAR
MESHMRR
MESHMKK
MESHMKR
MESHMKR
MESHMKR
ME SHMRR
ME SHMAK
MESHMKR
ME SHMRR
MESHMKR
MESHMKS
MESHMNR
MES)HIMNR
MESHMKR
MESHMKR
MESHMKR
NESHMKR
MESHMKR
MESHMKR
MEYHMRR
MEoHMKR
MEOSHMRR
ME 5HVMKR
MESHMKR
MESHMRR
MESHMKR
HE>HN5R
MESHNKR
MESHMKR
MESHMKR
MESHMKR
MESHMKR
MESHMRR
MESHMKR
MESHUNR
MES)IMKR
MESHMRR
MESHMKR
MELHMKR
MESHMKR
MESHMKR
MESHMKK
MESHMRK
HESHVKR
MESHMARR
MESHMKR
MESHMKR
MESHUKR
MESHMARR
MESHMRR
MESHMKR
MESHMKR
MESHMKR
MESKMKR
ME SHM R
MESHNMKR
ME SHMKR
HESHMKK
ME SHMKR
ME SrMKH
MESKMKR
ME SHMKR

1l
119
jzo
lel
122
1z3
lze
les
l2o
et
lew
129
130
131
132
133
134
135
136
137/
138
13y
140
T4l
je2
1443
Jae
Vs
Jeo
Jay
Jay
Jay
15¢
151
15¢
153
15
158
156
157
$-1:]
159
lou
lo}
Toe
163
joa
teb
Tob
1o/
joob
K1
10
171
(72
173
174
175
176
171
178
(79
Y]
(ol
Jue
183
Toe
Jub




%9

7N
172
113
174
175
170
177
lJio
176

lsy
Jut
lu2
lovs
{pé
Lus
Joo
(b7
Tou
($°1]
1y,
191
Ty2
193
Jye
19s
{96
(y7
19y
!99
4o
2,1}
22
23
Z{ 6

49t

499

SJb

L5L=) gsCeT

TEMP (] USCL=TENP{1LSC=)}
#012)37.,2)0c=07*TEMP(1USC)ees/RO(1J)
SILEIUI=E(TUI=5TELTIVI oRKO]
lozlienu

LCNTLINUE

Latl. LOOP

LCND) (NUE

CALL OONE

-==  PUBHLE INPUT

IF (USwiCri.Lu.2) GO TO 529

KEAD  Tuldn, Iguuy JuuB
1+ (lsus.E0.u) ©0 TO Sps
PRINT 101ue IBuby Joul
whlIE (J2,'018) Iduny Jbul
KEAU 1121y Ile Vs RO, SIELY vIe UL
I+ {1l.ku._} 6U TO SGC
I=1lel)ub-1

JsJJeynuy-1

Latl. KIKO«

Catb ST

kC L) =kOY

KE=WlOG) T JRC I
AE=nmMINT (AP OPUEN{NOPU} }
AFzaMARE (APYOPUEN(LS S
LF=ulCO) J(STIELS

YR=GL)EMP(XFy £P? OPUENY OPTMPY ETABY NOPO* NOPTI
I (YP.GT ARIRPINCPY)} YP=OPTVP(NOPT}
TEMP {=1exr) B LYPL

FRINT Tidye I1s UJv ROy SIEIr Uy VIe TEMPL
whllE 02,0195 Ils yur RCIe SIELs Ule VIe TEMPL
1ost=tg=Tjo(plel

TeMP (LYSCL(=TEMPL
khUL=337,.c)dE=0T*1EMPI®®4/kOT
SIL{I ) =SIETerkUl

utlui=syl

vilJisyy

CALL wikOw

It (lutibykQe)) GO TO 502

1= loVe=(1

Ir {t.tken) o0 )0 502
1.5C=(y~i)*1P)e]

tabh xinDw

LAkt SEVLY

RO ULJS =RUC

Sledlu)=S(ElekRUI

TEMP (] g5C)=TeMP]

LALL wihOw

1=1+)

Cat.l. KTHOW

Catb SETIV

Uily)==Ul

Viitdrzve

CoLL wikOw

1slleluun-1

FENLFLNNZS!

Cabl. KTROW

Lokl SEily

RC{1Ul=RO]

Sle{1u)=SIELI*RROT
JuSL=)y-ljelr)el
TEMP(LYSCI=TeMPL

CALL winOw

JrJe)

LALL RIKOw

CALL SgTiy

Utluj=ul

Viluiz-vl

MESHMKR
MESIIMKR
ME SUMKR
MESHMAR
MESHMAR
MESHMKR
MESevKR
ME SH{MKR
MESHNMKR
MESHMKR
MESHMKR
NES)INMRR
MESHMKR
MES)IMKR
MESMMAR
MESHMNR
MESHMKR
MESHMKR
MES«MKR
ME S IMKR
MESHMKR
MESHMKR
MESHMKR
MESHMKH
MESHVKR
MESMHMKR
MESHMKR
MESHMAR
MESHMKR
MESHMKR
MESHMKR
ME SHMNR
MESHMKR
MESHMKR
MESHMKR
MESHMRR
MESHMRR
ME SHMRR
MESHMKR
MESHMKR
MESIMRR
MESHMKR
MESHMKR
MESHMKR
MES(MRR
HESHMKR
MESHMKR
MESKMARR
MESHMKR
ME SIIMKR
MESHME K
MESHMARR
MESHMKR
MESHMKR
MESHMRR
ME SHIVKR
MESHMKR
MESHMKR
MESHMARR
MESHVMKR
MESHMKR
MESHMKR
ML OSHMKR
MESHMKR
MESHMKR
MESHMKR
Mt SHNRR
MESHMKR

Jeo
Y
(ud
18y
146
ivl
(9¢
93
Yo
195
196
1y7
R L]
{9y
D]
cul
2¢yc
203
204
2u%
200
297
20y
20y
cly
2)1
c2le
2)3
2l4
21y
216
217
2ly
2ly
220
z21
222
223
226
225
220
ez
Z2p
229
230
231
23¢
233
234
235
236
237
23y
239
260
24l
242
263
264
245
2a06
26/
I13-]
caY
250
251
2be
254




S9

NVUL{10) 28,0/ ((R1oR2eRIPRG) @ ((R1=xIJ @ (Y2=Yo}=(Y1=YI}O(X2mXE}}}

SINGLY KLFMEKENCEU VAMIAELES

AAl Ok
AAZ {)R
AyS -
ANL =R
ANGLES ()k
ASu -k
Av -H

5LL kPSS =R J9CO  1PYB
6Lt  Ewulval -  J4F PYT
J1esU  Eaw - 1e3asy 1Pz
16L0 FIPXL =-H yCco 1SCF1
11L0 FiFAk =k 9cO  15CF2
treo Fi1FYl -k 4$CC 15Cc2
FL0 + 1AL -k sc0 153

238 LoLt. wikOw
239 It tluvus.cQ.(} GO TO Ssgps
24 J=J-] °
24 J=lvus-)1}
242 1F {l.LE.t) GU )0 503
ce3 Iool=(o=1)elPie]
Zuy CALL KRIkOw
24 tall Sgily
2eb HCLULY) =40}
cheq Slellu)=S1ElexkO]
Zuy TEMP(1gSC)=TeMP)
20y LAkt wikuw
25¢ 1=1¢)
25) JoJel
Y CALL KIKOn
253 Cobl SEIIV
. g5 Ll =-ut
e5s vilJ)=ay)
256 Catl wiwQw
257 503 6C Tu 50¢
C -——- LENERATE MARKEI- PAKTICLES
5. S,5 (ALl PAKIGEN
=-=  CaLCULAJE RVOL
259 52¢ (ALl STaR!
264 DU Sey J=z249H)
26} 1estl=(g=tyalpl
202 vC 53y lzjelonk
€63 IrY = (JeNQ
264 1FJP = 1uPeNy
265 1.5L=1y5Ce)
266 KESALIPY)
267 Re=A(LPUP}
208 X2sA{1UP)
264 r4=X (1)
and Y1zt i1pd)
¢} YeEY LIPYK)
Z1e YESY (] (M)
2713 Ye=1(1y)
27 kizk ({PUL
275 HE=K{IPUP}
216 k3=k{]YP}
217 kezk{ly}
214
279 IF (JswTCH).EG.)) GO TO 938
2ouv Ak=X)oxZex3Sn0
2p} Yh=Yleycey3eva
cy2 REUALTIYSC)=0,2520QSQR | (XKee2eYROa2;
63 536 1.=1Py
286 L.=1PyP
zodb 539 LCifLINUE
Zvb Catl Lour
2u1 549 CONTLNUE
28y CaLL UONE
289 1F (USWTCR1.tGe)} RETUKN
[&
290 GE TUKN
29) ENU

=1
-
-1
-1
-1
-1
-1

9co
9co
19co
aco
ACU
8CO
Aco

JSWTCH]I =1
KX} -1
LAMO -k
LJIF2 -1
MA (il
Ma T, {3l
MESHIKK =

13¢0
19CO
1SRL.
19C0
2601
2601

tsu

MESHIRR
MESHMRR
MESHMAR
MESHMKR
MESHMKR
MESHMKR
MESHMRR
MESHMKR
MESHMRR
MESHMKK
MESHMKR
MESHMKR
MESHVMKR
MESHIKR
MESHUKR
MESHMAR
MESHMAR
MESHPKR
MESHRKR
MESHDKR
MESHMAR
MESHMAR
MESKPKR
MESHUKR
MESHMKR
MESHMKR
MESHMKR
MESHMKR
MESHAKR
MESHMKR
HESHMKR
MESHMKR
MESHMKR

MESHMKR'

MESHMKR
MESHMKR
MESHMKR
MESHVMKR
MESHMRR
MESHMKR
MESHMKR
MESHMKR
MESHMAR
MESHMNR
MEShUKR
MESHMKR
MESIHMAK
MESHMRR
MESHMRR
MESKMRR
MESIHMKR
MESHMKR
MESHNRR

MESHMKR
ME SHMKR
MESHMKR
MESHMKR

NQVA)LS =1
NUMIT -1
Gy -x
Cmape =k
CRANLE =
PAFIGEN =
FINnR -

256
255
€So6
257
254
259
260
2ol
2o¢
263
2ot
I}
et 6
2017
Zo8
209
ey
71
212
213
2la
215
276
217
21y
279
280
Zol
2ue
203
r4-17
285
2ho
1Y}
zuy
2b9
29¢
9l
292
2%3
294
295
290
297
£98
299
300
Jul
Jye
ET'R}
304

305
306
307
457
4S8
459

U = o et
T =
OO0
Z2CcC20co0O

S e

e

Cw

PYT =R 9C0
GSGRT - 2825V
HEAL - 1SF

RED - 8CN
KIBAR =R 90
RLC1 - 7CN
RVALS (JR 1l1cU

TNEUT
ToUuT
TS1ART
VTEM

WHITE
XCUNY

-R
-R
-R
-R

-R

11c0
8cb
8cb
10CU
9C0
11CN
9c0




99

AllFAC =R
AUM -k
ot VE -

Y7ol (ik
-1 -k
CUuL.AMU =k
o1 -k
0TFOS -k
0Tk =R
Emi0 -k

MU { IPLY=KE}

JLeu
Jeu
f2CN
2¢0
frLv
Jecu
uLy
IBIRY
#LO
18V

w2 3o
Oy ~ a4l
<19 - 320u
29 - 3100
¢39 - bclUU
€4 - 6 (u0
300 - 55
3)9 -~ J6U0
329 - 93uu
353 -~ Jbryo
40y - 117
459 = 12700
409 = J4g LU
“79 - 13npy
“+89 -~ 1Stuu
“93 - 17 uwu
499 - 15%0Lv
500 ~ 78
501 - Tese
L02 - Zyb
503 - ¢34
505 = Tu2
52y - 181
530 - 275
39 - cbclo
549 = 26L,U0
100p - J7e
100} - Jye
JLOG = 1ye
10)¢ - 20
1018 - 2)e
1oly - 220
102y = 23e
105y - 25
1651 = 260
AASC (IR acu
1e£d
AMAX L - 4. SU
AMINL = g)bU
BETALC (IR TatW
CERTA R gl
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(AnSCLLE) 9DELSMSILPLC) o
(AASCIL7) ¢GRI UG HZLDEN] »
tARSC I E) o GrILavGet SN
LAMy LANMDY My MPy MUY MUOE
XUy AFAKI)) e RUD)y YPAR(DIy YU(Vio U())y
Vilye KC(1)y MP())e RMPU) )y RCSQU)), CENTX() Uy
BT e ETILE) S0 CENTY()) s RVOL (IS0 M(L)e RM(Lio
VP e k(hgy FL(D)s gPtIie UPET)e UTILE)
ULLT) e CULT)e EMOMLCET S VTIL (D) VE()) s
UPUMLC L3 e RULTY) e HETALCC() Y FOUTLC() ) »
SIE(V) s DELSMUT(y S(GPLLII)y GRIR(Y)y UEtl],
RZEVENF)) s GRIZUVJ V6L js FSN(DJ

QBLINY

(1H1 9y *PROULEM CYCLE®+]b96RX92RAON TRANSPOKT®#//
® JIME®,IPELZ, 400 100y IPEL2, 4 0X0#NTRA,IPEL2. 4}
(1 @ INDTIAL ENEkthS'/bh RAON +JPEI2.0 0
OXebr LNT o LPE12,%,Bx001 KIN +1PEL2,4,

6x16K TCTALyIPEY2, “)

(et oOHIUPINITTI246847H SIEMINGIPELT j4,

6X1eH UMIN +IPET2.446X06H THIN sJPEL2,4}

--- INITIALIZE VARIABLES

REEP=(
LIULUER=DTR
Jé=)IMESUIR
Liuku=tiR
Lik=)un,.0
EINTZERIN=UR]

uT=0.0

S(EMINZL, CEe2y
AvOL=91],662E+)3%0TOLU
ACAT=3 I EeCSeyTULCRALPHA

FhINT 2001y
whITE ()2420¢

LALL STARY
UC 59 u=2eJP}

MCYCy TIMEs T2y UTULD
") NCYCy TIMEs T2+ OTULO

1ost=tg=T)elp!

LC 58 31=1,1RA
1FJ=Y yenvy
LEJP=1yPenQ
1.5L=1y8Ce !

R

CENTRITYI=N.209 (AT oXLIPUI o X LIPUPI*X{LUP) L

ChnlYiTu)=tee

YR LY (I eY(TIPU) oY LIPUPIY(IUP) L

b 4)LEu. tBALS CEATA(XPJ) =CEMTY (IPU)=0.0

(F=TerMp () 2SCt

ALLKOM
ALLKOM
ALLKOM
ALLKOM
ALLKOM
ALLKO
ALLKU&
ALLROM
ALLKOM
GRLEN
LAVNOER
LaviUER
LAVNDER
EUVREAL,
EuvkEhL
EuvkEAL
EUVREAL
EWVKEAL
EQVREa|,
EWvkEAL
EuvreaL
EuvkEAL
EuvREAL
EuvkEAL
EovkEAL
DImEN
OIMEN
DIMEN
DIMEN
D(MEN
DIMEN
D(MEN
DIMEN
ACkT
MCRT
MCkT
MCRT
MCKT
MCKT
MCKT
MCKY
MCKT
NCKT
NCKT
MCKT
MCNT
MCk1
MCHT
MCKT
MCKT
MCKT
MCKT
MCRT
HCKT
NCKT
MCHT
MCKT
MCKT
MCHT
MCK1
MCKT
MCKT
MCHT
MCKT
MCKT
HCk])
NCHT
MUWT
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CET

“-

47
w3
“eq
45
“6
«7
“b
49

St
52
93
54
55

57
1]
9
(-1}

61

62
63
64

b6
67
ol

nY
7
(A
72
73
T4
75
76
77

78
79

81

u2
Y3
da

(1]
06

u7
u8

89
90
9]
Y7
Y32

Ye
5
Yo
Y7
9y

140

54

Su

oY

61

TLUL=GLUGY M TP)

LF (TLIG.6) . UFTMPINOPTS) )L CGaOPTMP INUPT)
CenS(IusCl=RU LI}

CHEUENS (1USC)

LLUbL=GLUGLC(up)

1t (ULOL.LT:UPUEN(L}} DLOG=OPDEN() )

1F (ULOLL.GTUPDENINCPD}) DLCG=OPOEN(NOPD]
6F=DBLINT 164Ul 0GY TLUGIUPUEN 4 OPTHP 18T lks UsNOPTyNOPD INOPT}
peTALC (1) =0P

SPEDBLINT (VsULOGY TLOGYOPDENOPIMPsSPTBL 0 +NOPT+NOPO+NOPT)
sr=ub xp) ISP

SILPLC () U =SP
FELAT((JUSCIZT0/ {14 oACATRBPOSP]
Fsle(luj=FSCAT {T1USC)

TPeZ ke,

ki VUL=6e 203 186/0VCL (1 U}

HLEUEN (1) sSPeTPLexVOL #KKVOL *FSCAT(1USCH
Xx&t, GE+1SeOPeRICVCL

ASLE=xX@SIF(1U}

1 (IPLLT,TEMITL GO TU 54

XU ThaXSLE/RZEUENLTY)

IF JAUTK.LT.UIR} DTR=XDTR

IF (XSIc,6T.SIEMIN} GO TO 5S4

SleMIN=ASIE

T.MLIN=TUSC

TvinsTp  °

uvilisup

EINISEINT#AS]IE

EKINSEKINOAR®1 o J2S@(U(1JJ#e2eu(IP I *R20U(IPUPI # 820U 1 P} ®e2e
Fviljeeey(irkl) 2e2eyv(TFJpjeeey(1JP) #ed)
UKTUT=UKTCT+ 137,214 ;ueipeeppvor,

1.=1PY

1.ralPyp

CCHTINVE

Cobl LOUP

LCHeY INVE

Cabl. UUNE

DTKEUTROUTOLULR*0.15

LALLEEINT*EKIN

PRINT 2102 UKTOT+ EINTs EKIN» EALL
whlTE {12,002} URTOTY EINTy EKINs EALL

FRINT 2103, TJMINY SIENINs OMIN, THIN
whllt (12,2009 TJMINY SIEMINs OMIN, THMIN

HEWINO ¢

KEWING 2

KEWINL 3

-==  PENFORM SOLUTIUN Ot TRANSPORT EQUATLON
Cabl OVERLAY (/LYCKIFER13s1 16KRECALL)

Cabl. REMAHK (6HREEFEN]

=== FyALUAIE ENERGY ULFUSITION AND ADVANCE TEMPERATURES
CALL UVERLAY (TLYCKIFER+392+6HHECALL)

CALL REMAKK (6RESTEP j

=== RAOIATIUN TRAKNSPUK! OUTPUT

1k (T2,LT,T0UT) 6C TO of

1+ (KEEP,EQ NCYC) GO TO ©)

LALL OVEWLAY (7LYCKIFER+393+6HRECALL)
NEEP=ACYC

Cabl. KEMAKRK J7RLISTINGS

Time=12

DIRSAMINL (OTke ) 20013

IF (VIMEeEMIC.LELT) KETURN
DTLLUEk=V IR

VF (FIMEQTR,GT TeEMICY OTRaY-TiINME
GC tu !

ENU

MCKT
MCKT
MCKT
MCK T
MCKT
NMCKT
MCKT
MCKT
MCH T
MCKT
MCKT
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MCKT
MCKT
MCKI
MCKT
MCKT
MCKT
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MCKT
MCKT
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MCKT
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MCHT
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MCRT
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5
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s
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89
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92
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SINGLY REFEKERCEU VARIABLES

Aal
An2
AMLIN]

OIMERSL -

OONE

ERCOCK ((R

ECEN
EmL

Euulvat -

OR
[§ 2.3

st.C
6cC
G55V
)3k

755V
y-Ccu
EARY
1-Cu
(RN 4

ElAr ViR
FREG (in
LRUVEL =R
OREEN -
{u -1
[ TS
lur -1
Turs -1
1sLH) -1

tutetetatotetot-tatntntarcrurns

MULTIPLY-KEPERENLEU varlAELLS

1

Se =

58 =

Sg =

61 -

2001 =

2002 -

2003 -
AASC {in
ALPKA =k
setALC (JK
BP’ -
BTHL tik
CENTR  (Ik
CENTY (Jk
cOMMUN =
cu nh
UBLINT =
LebsM Uk
DENS (IR
vi.ue -k
OMIN -k
oP -k
ul -
ufoLb -k
UYOLUVER =k
pIk -k
3 (I
ealt -k
EINT -k
EKIN =K
EMOMLC )k
EMlC -k
EP 3k
(AR (R (IR
FORMAT =
FOUTLE )k
FSCA}™ (in
F SN (R
Gre Ly IR
G6Rlz  UR
1 -1
16AR -1
1 -1
IUMIN - -1
1JP -1
1J5¢C -1
1Py -1
1PUP -1
1Pl -1
J -1
JP1 -1
KEEP -1
LCH -
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15
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3acu
Tiew
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el=
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VIEW
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SET

C~wo Wwesw

-

A, -

g2
]
24
5
<6
27
1}

e
3
3z
33

[aXaXad

4

4

CVERLAY (YOKIFER9341}
PLUGRAM REEFEK

(RIAUTATING (EJULERIaN (E)ARLY (FjIREWALL {(E}XCLUDING

CCMMON /STATE/ NCHTs NCPUs NFRQe UPTMP(30J s OPDEN(1Q)

FRE(100)y SPTuL (300} PTAB(300}s ETAB(300},

z BTbL (300}

CCHMON 7YSCL/ AASC(De54)

CCMMUN /PINK/ Tv LJs 1My 1UPy U
LLM /Y LY/ ARS (13(L00)

Llm 7YLc2s ARz (13Ly0)

LCM /RLL)/ S CTYRITYNY

COMMON /ZRED/
IPVy ISCF1s 1SCF2y 1SC2y

§ JPVy UP2s NCYCs NUUMPe Niie NQGIe REZSIEY VAMBY

NAME ()€Y s NTs DTRe EM100 GROVEL IRARy [JPS»

1SC3y 1TV UBAKY

TEMP(ISCU)s T4 TIME, TOUTs ISTARTs THY

CCMMUN /GREEN/ ALFrAy N8Py NEUFs NSPy NPCMAXs JCEN, TEMIT

CCHMUN ZLAVNUERZ  DENS (7531 EBLOCK 10003
FSCAT(7500) s Uy (eSCAPy

)
¢ HFLUSHe JMOVE, SIEMIN U}

ECULVALENCE (ALSC L) aXaXPak) s (AASCL2) WReYPAR) ¢

(AASCL@) sUT s (AASCISIVLY

(AASCU)3) o VT (LevLaUNUNLC)

(ARSCH)A)COELSM.SLLPLC) »
(AASC (175 ¢GRIRy UG WZSUENT
(ARSCLIB) v Gk1ZyvbakSH)

-~ T NOU LN -

ECENy EWC,

NCOLs NUIR,

v T2

(AASC{61kg) s

(AASCLT) 2 F o MP9yRCSYPCENTR) o
(AASCLBE'E'CTILCENTYS® {AASC(G) *hVCL)
CARSCLu) Mg RMavPY s LAASC L)) J 4PoPLIEPWUPS
(AASCLL2) yUTLLIULILUTEMOMLC)

(ARSCLLe) yRCLIREIALCYFUUILCYy (AASC{VS)+SIE)

KENL Latie LAMUe My MPe hus HULZ
U{HENSTUN XK(Vie REARUE) e wUX(e YPARGV)y Y())w Uty

VELT)e PLISy PLtLy EPL)

O ~TU & tan

RZELERFT) s GRIL()Je VGLLS

Vilry RGtT)y MD(D) s RMPI()) e RCSQ(1)y CENTA(D)
EQ gy ETIL () CENTY(RIs WVOL () M{T)y RM(DD,

¢ UP()) e HTIL(V)

UL (T Ey CHt)Je EMOMLCII)y VTILUY) s Vi t))
VHOMLC(I) e RUL () Je NETALC(V )y FOUTLC() ]y
SIE (V) sy DELSHM(T)y S(OPLC(U)y GRIRtV)y ULLL]Y

* FSN(D)

CCMMUON /MAUVE/ MIv MJe MGy UG, KrOFy £Py ICELL
UIMENS ION At3)s UMEGA(3) s CoLOCKI400U) s AFRQT (3}

2.,% FIRMAL
)

2y ub FCHRMAT
2y 46 FURPAY (JH, s ®PARTICLES®/) cxe)H
L2y NCEN ) 2p
¢ 12¢ NUTE, FER
3 12n KMOVE o (21
vyl FLkPal {1211 LENSUS 72t
Zeyb FURMAY {Jeh SDURCE 17132)
€l 1Y FCRMAT tlen vANK 11023
—— INITIALLZE
It=.
N LUSE=
leANK=p
V1=1BAR
rusuPl
Fu=nG
FOLENGY
ECLE=SLeE*20
ECEN) =L, 0
ECeh=e v
PRIN] 206
whLTE (129200061

(LM 2 SPARTICLE ENLHGLIES®/6H EMC 2 1PEL2.40
Oxebk £ndD 4 IPEVTZ,e,6X96H ECEN1+IPFE)2,4)
(1et/ 9 Llj 9@ UEPCSITLION SAMPLES DUMPFQ TO FSET3#j

NGEN ¢
NBANK »
1ESCHP
NCOL./}

(RIEACTIUNS

(AASC(3jrY) s

weEFER
RELFER
RELFEK
RELFER
REEFER
ALLKOM
ALLKCM
ALLKOM
ALLKCM
ALLKOM
ALLKOM
ALLKOM
ALLKOM
ALLKO

ALLAUN
ALLKOMN
ALLKOM
GREEN

{AVNUER
LAVWDER
LAVNUBER
EuvkEAL
EuvkEAL
LQvRe AL
EWVREAL,
EQVkEuL
EUVKEAL,
EQVkEAL
EuvkEAL
EuvKEAL
§uvxEuL
EQvkEAL
EWVREAL
DLMEN

O1IMEN

DInEN

D1ImEN

DLMEN

DIMEN

D{MEN

DIMEN

KEEFER
RELFER
RELFER
RELFEK

RELFER
RELFER
REEFER
REEFER

RELFER
REeFER

RECFER
RELFER
REEFEK
KEEFEK
RECLHER
HELEFER
REEFEK
REEFER
RELFEX
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REEFER
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REEFEK
RELFER
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9€T

o v

(oLl CPen (SLFSET342LST,/168;

=~=  FULLOW PAKTICLES LeFT FRUM LAST CENSUS
IF (JLEN.ER.C) 6O TO Jg ~

NeLNEUCEN

JCEh=t
NCEN3NHAUK=NOIE=ILSCAP=NMCVE=NCOL.=0
Catl CPEN {(SLFSEV1+2L5Trab08} 5
CALL RUBUF (SLFSEVle CHLOCKy 4000, LENGIMEZs LSTATUS)
Lt & TUCER=19LENLIHZ: S
Repaki2LuL0gn (1UCEN®S)

It (XEPART.ie.0.L) GO TO 8
XA)SCBLUCK (JULEN]

Ab€=LoL0OCA (TULEN®] )
xa32LnL UCK (TuLeN+2)
ACHEGLATaCHLOCR{IUCTNeT)
XCMEGA?=ChLCLR{TJCEN4)
A(MEOHI=CHE OCR LT JCENS]
Abkeur=LisLOCR (1JCEN T}
1aSK{ETURFREWLPI=8) o AND. 1778
JzAbkePLAND 1178

AFREUFZAFRECK (ANDLTT7777//177777700004:08
KFUFEGHURT (An (#e2eRA2002)

LPETRa3

Catl whERE {14V}

It {1 Een.Chol.GE.IF() GO TO 8

It (JeLEeVOReJLBELJUPC) LO TO &
ALCtbb=ucett

1.2

LSS (U= ) enule (=1 }on0

CALL BCHD (X(1JJ 2 1ECSeIvaNE]}
Y(lur=x(19+28}

Y(LJoNGI =X {1ueNU*2)

1.P=10eN0]

JECSSIELSeNO L

Lobl ECRD (X(1JPIeTECS13UaNEL
YiluPraxt1yFeci ’
YluPenwi=X{1UPoNGe 2}

AEUENSX ()T}

1t (REDENJLELUst] GO TO B

It (XePaRT.G1oXEUENS XEPART=XEOEN
NP2 U e xEPaR T/ XEDEN

1F ANCP.LT4 1) NCP=1

XANLHFENCH

AFPakizAg PAR ) /ZXNCP

ErakizxbPART

atii=xa)l

A2} axAz

AtJizxpd

GrLOLA (Y JsXOMEGAL

GPELAL?) BXOMELAZ

CreLA(3(2ACMELAD

FELULPEYFREMP

XEUENEXEDEW-EPART

ECLNISELEN) SLPART

TISTIVE

JLlk=e

veklb=xuceLL
LULATHSAMINL (c UL ®EPART 0,01 ®#STEMIN]
CALL wALK (As OMEGAs 10Its FREUPy EPARTy EDEATH]
Ir (lUTE.EQ.u} GO TO 7

It (EFART,LE. 40} GO TO S
RCENZNCENe ]
ECEN=ECENCEPART

6L 10 &

NEARKINDANK ]
Letula(iysalls
CrihULn (2 2Afet

REeFEK
kEEFEKR
REEHER
RELFER
REEFER
RELFER
RELFER
REEFER
RELFEKR
RECHFER
RELFEK
RELFEK
RELFER
RELFEK
RELFER
RELFEK
RELFEK
REELFER
ReehER
REELFER
RELFEK
REEFEN
RECHEK
RELFER
RELFER
REEFER
REEFER
REEFEK
KEELFER
RELFER
REEFER
RELFEKR
ReCFER
REEFER
Reebk ER
RELFEK
REELFEK
RECFER
REEFER
RECFER
REEFER
RELFEK
REEFEK
RECLFER
RECHER
RELFER
RELFER
RECFER
REEFEK
RELFER
REEFER
RELFER
RECHER
REcHER
REtkER
RELFER
RELFEK
REEFER
REeFENR
RELk BN
REEFEK
REEFEK
RELFER
RELFER
REekER
REeFER
RELFEN
REeFEKR




LET

jo)
jo2

1z

LELUCK (3)=AL3)
ChLOCR{e(=0FLLA L]}
LELULK (D) =0MLLA (2]
LYLULR (63 =0FELAIIN
CELULA (1) =EPART
LrtuLn(bj=FREUP

Lol wTuUF {51 FSET2s CBLDCKs 6
N PENCP=)

I+t (NLPLGEL)) LU 10 @
IECS=1ELS=NGTe) 0

Lall eCwR (REUENIECSs ) oNE)
CCHTINIE

It (LSTATUS:Eu.t} GO TO 3

KEwlNY )
CalLl. wEMARK (Z6HCENSUS PARTICLES COMPLETEO)
JCEN=ACEN
JFANRSWBANK®*NGP
FEINT 20379

-—- ASSIGN SOURCE MARVICLES

Ehausg, ) .

RAP=) - /FLOAT (NSPI

NGCEN=Z

M ENSARANK=NUIES1ESCAPSNMGVE=NCOL=0

CALL START

DC 19 Us2,JP)

LoStziy-1)e1p)

uc Jo y=1,1Ban

TN WY N

TEuP={YPenn

IS0z (y5Ce

ip=Tevp L 1ysCl

It QP LT,TEMLIT) GO TO 17

REFARI=RZEDEN (1J) *RNP .
AUGCELL=r yZ5% (X {IPUJ=X(1JIeXtIPIPI=RLIUPI*Y(IUP) =Y (11U}
b oy(IPuPi=Y(TIPU}}

tc J6 ral NEP

NCENEABE N

HA Y SRamMUOV {CUMNY )

RAc=RANUON (OUMMY S

HAISRANUOM LUUNMY ]

kR @SHANUUNM {OUMMY ]

Frn=1 41 7/ (KNI ORNE*RMI S RNG)

ALY ZARNG (AN(*X(1U) *HN2*X {1PUJ *RNI®X(1PUPI *RNa*X (1UP} )
A(c(:t'h

A3 TXRN®(RNIOY (TUJoRM2*Y {1PUJ*RNI*Y (IPUP} +RNa®Y (IUP)}
JisTIve

LEAR FSXEPAR]Y

thAUSERAUSEPART

Cal.l PHHEC {(FkEWPo TP}
1r=d,)64i5922KANDOM (DUIMY
SThESINITHE

CIHSLUS (TR
Pr26,2H31 44 *RANDOM (OUMMY )
SEHES LK APH)

CPH=LCS (P}

OMELA{T) sSTHe(PH

UMELA (P} =SThesSPH

GMELA{31=CTh

L Lkst

DebbL=RUCELL
tUEATR=AMINY 14 L ®EPART U, U eSTEMING
1f (EOEATF.LI,EDIE) ETIEE=EDEATH
CALL wALK {(Ay OMEGAs 1DLE, FREGWP, EPART+ EDEATH}
1+ VT10IE.EN,UY 4O TO )6

NGENy NCENs NBANKg NDIEs 1ESCAPs NMQVEs NCOL
whIVE (32,007} NGENs NCENes NBANKe NOIEs 1ESCAPs NMCVEe+ NCOL

REEFER
RELHER
RELFER
REEFER
RELFER
REEFER
RELFEKR
REEFER
RELFEK
RELFER
RELFEKX
RELFER
RELFER
RECFER
RELFER
RELFER
RELFER
REEFEK
REEFER
REEHFER
RELFER
RELFEK
KELFER
REEFER
REEFER
RELFER
REEFEX
RELFER
REEFER
RELFER
REEFER
KEEFER
RELFER
REEFEN
RELFER
REEFER
RELFER
REELFER
REEFER
RELFER
REELFER
REEFER
REEFEN
RELFER
RELFER
REEFER
RELFER
REEFBR
REEFER
RELFER
RELFEK
RELFEK
REELFER
REEFER
RELFER
RELFER
REEFER
REEFEK
REEFEK
REEFER
RELFEKR
REEFER
REEFER
RELFER
REEFER
REEFER
RELFER
ALELFER

Jue
107
108
109
110
111
lie
D ]
11«
115
116
117
1is
119
]
121
l22
123
124
125
J26
te7
e
las
130
131
132
133
134
135
136
137
13y
139
140
141
142
143
lae
Jad
Jab
lae7
148
149
15
15
15¢
153
154
155
156
15¢
(58
159
Jeu
1ol
162
Jo3
166
165
Joo
lot
(oo
Joy
170
171
172
173




8E€T

le3
164
Jo6%
(66
167
lo8
169
17y
17
172
173
174
1is
176
177
178
179
1y
Y11
162
183

lua
lus
) do
87
1ot

189
lys

19

193
19
149s
lye
197
lyg
199
240
29!
2¢2
263
24
205
206
207
248
209

2)t
¢j2

2y
29

2es

7
228

[ adend
we

31

a3

1+ (EPAKTLT.yet) GO TO le
NCEN=NCENNe 1
ECENZECEWEPAKT

GC o 15

NeANKZHBANK )
CELOLK () j=A(l}

CHLOLK (Z)=A(2}

Ceb.UCK (3)=A{3}
CHLOCR (4 =CMEGALT)
CeLOCK (5} =0UELAL2)
CLLULK (65 =0MEEA L)
CELULK (T (=EPAKT

LeLUCK (b)=FREUP

CALL wTuuF (SLFSET2+ CBLOCKs 8}
CCNTINUE -
1u31PY

1.P=1F UV

CUNTINUE

CALL LOUP

CCNEINUE

CALL UONE

CALL. REMARK (26HSCURCE PARTICLES COMPLETED)
JCEN=UCENeNCEN

16 ANKS THANKSNBANK *NBP

FrllT 200As NGENy NCENe NBANKy NOIEs IESCAPs NMCVEY NCOL.
wh1TE (12+20(b}  UGENs NCENy NBANKs NOIEs IESCAPs NMOVEs NCOL
=== PARTICLEL BALK

WRIVE (2}

ENUFILE 2

REWINO 2

CALL COPYF (SLFSET24SLFSET))

REWIND )

REWLIND 2

IF (1BANK.EQ.(.0} GQ TO 51

NGENS THANR

lbaNnszn
NCER=NANK=NUTE=TESCAPSNMOVE=NCOL =0
KABP=) /0 LOAT (NUF}

ECEalh=EDIE

Let.l. CPEN (SLFSET1+2L.STr4608)

CALL CPEN (pLFSET2+2L5Te4008]

CALL KUbUF (SLFSE1ls CBLUCKy 4000, LENGTHZ, LSTATUS)
(C 38 IUCEN=14+LENGTHZ,+8
REPART=CBLOCK(1UCENSO]

1F (XEPARI.LT.0,0) GU TO 33

CALL wTUF {5LFSE12s CBLUCK(1JCENS+ 8}
6C Tu 38

REPAKT==XEPAKT

REPAK T =XEPART#RNUF

XA)=LoLUCK (TJLEN]

XAC=LBLUCR{TIJUCEN®D)
x83=CuLUCK{IJUCLEN2)
ACHEGAT=CELOLR{1JCENT]

ACMLLAZSCHLOCR {TJCENSL)

ACMEGA3=Col.OCR {TUCENS]

AFREUP=LBLOCR{ TUCEN®T)

155h1F TUXFRELP =91 LANU.TTTH
J=AFRELP L AND, 7778

CALL UNPKEN (XFRECPs XFRGT)
AFREUP=AFRAT ()}

TizAFRuT (2]

1.3l

TELS3 (y=))ehuletl=1]*NQ

Labl ECRU (X{1J}s IECSs 30+ NEJ
YIluiax{lye2}

Y{1JonGI =X (1o N0+2)

1.P=1JenQ)

REEFEK
REEFER
REELFER
RELFEK
RELFER
RECLFER
REEFER
REEFER
RELFER
REELFER
REEFER
RELFER
REEFER
RELFER
RELFER
KEEFER
RELFER
RELFER
REEFER
RECLFER
REEFER
RELFER
REELFER
RELFEK
REEFER
RELFER
RELFER
REEFER
RELFER
RECFER
REEFER
RELFER
RELFER
RELFER
REELHER
KELF Bk
KEEFER
RELFER
RECFER
REEFER
RELFER
RELFER
RELFEKR
RECLFER
REEFER
REEFER
REEFER
KEEFER
REEFER
RELFER
RELFER
KEELFER
RELFER
RELFER
RELFER
RELFER
REeFER
RELFER
RELFER
REEFER
REEFER
REEFER
RELFER
RELFEKR
RELFER
RECHEKR
RELFER
RELFER

174
175
176
117
178
179
130
Jel
lge
183
-1
-]
Juse
187
léo
19
iy0
)9l
192
LX)
194
195
196
147
198
199
200
2vul
202
203
204
205
296
207
208
209
21
211
e:e
cld
21
zl1s
2le
217
218
219

.2g0

z2l
222
223
224
225
26

232
243
236
23%
236
237
234
23y
244
241




6€T

Q
229 1ELS=ILLSeNG] REEFEK 242
244 CaLL. ECku (X(1JP}s 1ECSe 33» NE} KELFER 203
2314 Y{IJPt=x(1UPec} RELFER 20
232 Y(IJPewu) =X {1 UPeNGe2( KEEFER a5 '
233 ALELL=0.25% (X (1JONAJ =X (10 *X(TUPONQI =X (IJUP} ¢ RELFER Zé4b
J YULOP) =Y (1JF @Y LIUPONGI =Y (TUNG]} RELFER 247
246 LuSL2(y=))0elplel RELFER 208
23S Tr=TENMP(]USC) REEFER ze9
€36 UC 37 K=7.NBP RECFER 250
237 A())=zxa) RELFER 251
238 AtzimrA2 REEFER 252
239 A{3)=RA3 RELFER 253
249 UMLELA L1} =X0MEGA) REEFER 254
24) OMEGA (2} =xOMELARZ RELFER 25
262 OMEBLA (3] =A0MELAY RELFER 256
263 EPART=XLPAPT RELFER 257
244 FHLUP=xFREQP RELFER 254
20S DCELL=XUCELL RELFER 259
246 uie=l RELFER 260
247 CALL wALK (Ay UMEGAy 101Ey FREWP, EPARTs EUEATH) REEFER 261
ey Lk (LUJE,EO40) GO TC 37 REELFER eo2
249 b (ePURT,.LE.ys0) GO TO 3 REEFER 203
250 NCENTRCEN® ) RELFER 266
25¢ ECENSECEN.EPAKT REEFEK 265
252 ot Tu 3y RELFER 2606
254 34 NEALRSADANK®) REEFEK 207
256 35 CbLUCR (1) =AL)} REEFER 208
255 LELULR (2)=A(2) RELFER 269
256 CELULK (3)=A(S) RELFEX 270
257 LECULK 1% ) z0PEGALL) REEFER eyl
25p CELOLR (5§ =0McbA L2) REEFER 272
2%y CelLULR ({6} =0MELA (3} REEFER 273
2ot CELULR (/) =EPART RELFER 276
2ot CELULK () =FRE WP REEFER 275
262 36 CALL wibub (5LFSET2+ CuLOCK, 8} REEFER 276
263 37 CCNVUNME RELFER 271
2o 0 (Unwllhoe REEFER 27y
205 JF (LSTATLS.Lu.1] GO TO 32 RELFER 279
266 kewlng 3 7 REEFER 2Bo
C KEEFER 26l
267 LaLL KEMAKK 1z¢HBANK PAKTICLES COMPLETEO) RELFER 282
208 JCENSJYCENONCEN KELFEK 284
269 1CUNR=NBANK® (B KEELFER 2be
27, eLle=g,0)eslemlin REEFER 245
27t PRINT 2609y MGENs NCENy NBANKy NOIEs 1ESCAPs NMQVEs NCOL REEFER 2uo
272 whliE (12,€009; NGENe NCEN+ NBANKe NOIEs IESCAPY NMQVEs NCOL REEFER 247
213 6C Tu 3 ' REEFER (-]
c REEFEK 289
274 91 EMLILkAUSECEN] RELFER 290
21y CALL FLUSKF ~ RELFER 291
276 FRINT 23505, NFLUSH REELFER 292
211 whITE (12,€005; MF LUSK REELFEK 293
78 wWhITE (3) RELFER 294
219 ERCGHILE 3 RELFER 29%
26 Lealhu 3 RELFER 296
co) CALL CPEN (SLFSET3+2LSTe5(2) REEFEH 297
o RELFER 29
2v2 CALL OPEN (SLFSET}42L5T0512} REEFER 299
263 LALL UPEN (SLISETZ242LSTe912) REELFER 300
2oy FRINT 2006 EMLy ERADe ECEN! REEFER 3ul
Z2ob whllbt ((2,€006%) EMCs EKADs ECEND REEFER Jve
zub HE TUKN HKEEFER 303
261 ENU RELFER 3ye
SINGLY REFEKENCED VaklAGLES
) 36 - 262% toLLCR (3R 10CO  1uM -1 4CO0 LAVNOER =  10CN  NOFU sl 2C0 ReD - 8CN  TAMB ‘g 8co
Aal (IR SLU  Elwk - 1)rsb 1aps -] 8CO0  LOUP - Jgisu  nOPT «1 2C0 HEEFER -~ lsu  Tuy ~F gcg
Ane ()R 6Ll ELLL -k #CO  ISCF1 =1  BCO  MAUVE = JeCN  APCMAX ~1  9C0  KETURN « 286F TouT R 3¢
ALPHA  =x yLO  EpnbLIval = DIF 1ScF2  =! 8c0 rU =R 12Kk, OPCEN Ok 2Ly kEZSLE =R 8CO0  TSIART - =R 8CO




0%T

8ToL
CovYF
DENS
bonE
DT
DIR

{ik
(int
-k
-R

ey
1925V
Inco
1635V
Lo
8Lo

ETup
FCUSE
[ {4
FSLAT

(IR

[$ 13
[$2

UKUVEL =k

OKEEN

2¢0
27ssy
2Co
toCo
4Co
4CN

1sc2 -1 ACO0  muu? -R J2RL CPTMP (1R 2C0
1Sc3 =1 8CO NAME {31 8CO PFREW = 475U
1TV -1 BCU  NBUF =1 9C0 PINK - “CN
JBAR -1 8CO NCYC -1 8C0 PTAY  (ix  2C0
LAV =R J2RL  NDUMP =1  8C0  GSGk) =" 545y
LAND =R 12Kkt NFkQ -1  2c0 REAL - 12F

Kke.Cl
SIGA
SPTat.
START
STATE

T

(R
(R

=R

70N
7HL
2cu
1235V
2CN
8ee

T2
UNPKFN
wHERE
YL.Cl
YtL2
YSC1

-R l0Cu
- 2¢Usy
- 56SU
- SCN
- 6CN
- 3CN

tmtetPitctotatatnimtat-tatointoltaintatotniatnteitatmtiaiatntntntctntetatctatstatntaintmtatmiatorimtaiogmimtotoiataintniatatoiatat=t=r=

MULT IPLY=KEF
3 - by »
Hh = Tie
S = 43
6 = 9¢
7 = 9e
B - 4100
12 - 3s
14 = 163
15 = T
16 = 13400
17 - 13)
ly - J2elo
19 - (2400
31 - (uye
32 - Zyde
33 - P49
34 - 24y
3s - es2
37 - 230800
3u - i eyy
51 = 195
2u0e - jee
2005 = 17¢
zu06 - Joe
2v07 - j9e
2vly = 2.
2009 - 2)e
A ($1.1 HETS)
23%=
AASC U)K 3cu
J(EQ
AMIHL - 9. 5U
BETALC (ikx LIkU
CBLoCK (3R 150l
{ib=
214
CENTA  (JR  T(rU
CENTY  (}h PRI
COMMUN - 2t
cos - 15:-SU
cPh =k 153=
ca (in VIEQ
(1) -k {S.=
DCELL -k JCO
OELs¥ (3R 11EG
OIMENS] = 313
DUMNMY =% )36
£ (%1, Jtw
ECEN -R 1.co
EggNl -k 3.z
E;RD - 62SU
EDEATH =x  yi=
EV1E -k 2y=
£mC =k 1LCO
EMUMLC (Jk  ))Eu
ENDF ILE - (g F
EP {ik JJEU
EPAKI -k 77=
z6Y
ERAD -k J1y=

tle
vy
Yle
Gue
(7
“3
T1lye
t6le
Tooe
joe
1700
Jow
Tnce
273
265
26ye
253«
zhee
24p
vl
270e
2B4Fn
z270PK
3cPk
J)1Trk
{blrk
2livk
T8=
26740
Jiew
eu
1595V
13ul
4 AL
{1OAL
213
Jaul
13y1
Elg
(XL
154
13ul
(14
59
13ul
(§-13
137
Javul
3)=
8ous
675U
91la0
Jos
21/4=
1301
Al
Jaul
CH]
251
140%

EKENC-U VAKIAELES

57

}77e

263¢e
Zobe

ZbOWK
PR
33wR
T (WK
Fabwil
c1ewk
9=

z24
THew

2
1=
zi6

ot

pbYys

)3b

y5=

-1]
F23-317]
159=
1oJa
CBhPK

86
200
1406

58

80=
2ss
J1Euw

s
lo9=
217

8F

158=

139

95
274

230su

160
200
285WRr

90

274

71 11lle
91AG 98 99 ig0 141z 142z 143z )6lAG
256
1160 JleQ 1Je@ 1lev  Jlg@  llga  VlEe )it
4S b 7 48 49 50 9= 99=
170= 171 172= 173= 176= 1752 176AG6  2.3A6G
2542  255= 2%6= 257s 258= 259x 260= ¢b)=
SF 10F laF
245=
148 15)
16S=  lob 25)= 2yl
284PR  2u8SwR
160 16)AG 2003  2ATAG
270=
91AG [*K] s ice l45= 146 159 le)ag

284APR  2u5mR

168

llew

100=

20s

26246

163

169 170
11gQ 11€Q
101= 10¢=
207a6 211
l6S 174

237«

11eqQ

103z
212

243z

2?9:

1lew

104=
213

247A6




T

[N
FCUAT
FUORMAT
FOUILC
FREGP
(23!
ORIk
LRIL

1
IHANK
JBAR
i
1VlE
1tCs
IESCaP
IJ

1UCEN
JP

1JS¢C
1Py
1PIP
el

J

JCEN
JP1

op2

K

L.CM
LENGTHZ
L3TATUS
M

M1

#

MP

N

MUl
NBANR

N8P
NCEN

NCOL,
NEP
NOLE
NE
NELUSH
NGEN
NMOVE
NG

NG}
NSP
OMEGA

OPEN

P

PH

kL
PRINT
R
RANDOM
RLSGQ
ROoyt
REMAKK
KEWIND

Uk

{ik
-k
[§93
™
[§1]
-1
-1
-1
=)
-1
-1
-1
-1

-1
-1

-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
(B2
-1
-1
R
-1
-1
-1

=1
=1

=1
-1
=1
-1
-1
-1
-1
-1

-1
-1
(23

ik
-h
Ik

ik

IR

1JEW
{éasu
Jok
JlEw
Hes=
ew
1)EW
(Jeu
ey
<3
sCU

T
6i=
1Qu
4Cu
220
4tuu
2)6
«CO
e32
legs
271=
Teb=
sCu
4Ly
yCu
uCU

13e0v
<t
4' AL
4 AL
JItu
feLU
Je(u
1IEW
Tecu
Jeco
3us
27ZwR
4C0
b=
Z7éwk
3 Ccu
73=
11.CO
bchbL
(-Cu
36=
I'cu
8Co
233
eCo
Ycu
1¢ul
24cl=x
348u
) REX"]
15i=
JIEu
3cF
JEQ
J3usv
1iEw
415V
1taSU
PR

2o=
)eny
¢?=
cb=

Y7=

Jo=
76

KI-TJ
67kb
c3=
1) 7Pk
348=
el

<}
Jeu .
Bi=
celag
395U
L3u1

13ul
ViTH

tdul
13750

13v)
2¢dsU
ToedU
19)r

1uf
1.8

S046
Juos
TeobUC

Ye
bb=
) IPK
0eAL
eel
Lb

67AG
33
1c¢Y
133
(33
1ed

SLAS

36
1c4u0

7F
& 340
¢+ 3AG

301

3y}

97

L-1-
Yo

V{7Pk
Tez
VL7PR
)RRl
z16Pk
1 jbwh
(1/Pk
o)

33

) 3eu0
dcsz
e57
¢. Sy
153
187F
148Su

207Su
19450

19K

16740

S7
les

187=

1)RWK
63

z27
45

68
233
130
Jad
Je)
234

S8

3r=

2n40u
268

116

115

118wk
75
118wk
22SA6
217wk
121=
118wk
64

65
3=

2s8
2025y

27)F

1395y

1945y

20F
16146

57

195

J6)aG
67A6
63

22y
4¢

68
233
236z
J43
143

58
115=

117PR

23600
J17PR

ja2s
Jur=
laz2s=
23yAG
13ss
122=
b6
[-1.]
91AG

255
2815y

276F

l48su

266F

2JF

175

61
196

102
Juy=
Je7PR
bé
233

(1]
233
235
1/o
((?

61
165=

116wR

2L9
) 1uwR

TU7PR

JB7PR

2v&F

15)su

2vlF

244=

12600
199=

2406=
169
1u8wR
b4
233
(3]

69

12400
108

122=

122=
188wR

108
188wR

187PR

lugwR
69
‘224
102

283su

24TAL

2)8=
269

267A6
J) AL
198=
65
233

128

125
2683

(672

164=
198s
198=
L1
198=
127
228
ind

261

224

248
224z
271PR

219=
268

167

164
27)1PR
£71PR
196=
271pPR
128
229

JS4x=

22546
272wk
132

26400

133

224

186

185
272%R

272nR

27)1PR
272nR
224

155=

229=
133
205

141

234

187PR

187PR

272%R

227

156s

B8R

Ju8uR

227

16146

230AG
14}
211

179=

198=

198=

232

17N

143
212

2z8=

253=

250=

172

178=
213

230A6

253

250

233

223=
214

23

269

268

233

240c

22546
215

231

271PR

271PR

241x




[AAY

RROP =R («CO 54=

R4 Ik J(EQ l3ul

RMP {in JItw Yavl

RNDP -« lyys=s 2)

RNP -R J2 = 132

RnE =k )36z T4 jel 143
RN2 -k )3iI= Je. (4l 143
RN3 -k J3s= 4. 141 1a3
ki =k 13y= la, jal 143
RO (4R ()Eu Jsul

ROL. (23 (TEw J3uy

RVOL tik  )euw 130l
RZEGEN (I 1lpw 130l 132
SKIFT - SISy 2)8su-
S1E (Ix  1IEW 13U}

SIEMIN =k 1rco 9! 139 270
SIGKLC tix  1JEG 13Ul

S1N - laysu  1525u

sbH =R (S¢= 158

SiH =K *leyz )5« 155

TEAIT =R ycu 131

TEMP (IR sCU )3 235

TR -k l4os 169 tsy

TiMg -k sCO B/ 144

TP -k 13- 13 1«/aG6  235=
T =Kk l1.C0 b7= 1a4z  222=
v Ik Jlew  (3ul

U6 (hx  yiEw 1301

uil (3R 11EQ  13ul

UMOMLC (JR  1JEWw 13Ul

up’ (IR RIX" 13ul

uTit [$2 JIEw 13U1

v’ (S JIEG I3Vl

VG (ix  1JEG 301

vi {in JIEw Jaul

vP (kK ) Ry jsul

vTiL bk 1IEW  J3ul

whLK - 9ISU  1eisu  24/SL

wR1TE - KIS ¥ lst 1848F 149F 272F 277F 278F 24SF
w)but - JpoSu  170SU & /st 262Su

x Ik JM(EU 13Ul  62AG 63 64 67AG 68 09 70 133 133 133 ¥33 141 141 141 141
22946 220 eet 23080 231 ese 233 233 233 233

XAl -k 445 S I} 211= 237

xA2 -R £= 54 79 2122 238
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) SLBKOUTINE WALK (As OMEGAy J0Olks FREWPs EPARTs EOEATH) WALK 2

o WALK 3

C THIS SUBKOUTINE CARRIES A PARTICLE FRUM VECTOR A TO THF wALK 3

o VECTCR StLECTED AS JnE END OF 1TS RANDUM WALK. wALK 5

o WaLK 6

2 (MmO /S1AaTR/ MOPTy NCPY)s NFROe UPTNP(39)s OPDEN(]g) ALLKOM 2

1 FREW(}00). spTuL(3:0]y PTAB(300), ETAB(300), ALLKOM 3

2 BisL (3t} ALLKOM “
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4 CLMMUN /P INK/ Ie J0s JUMy TUPY J ALLKOM 6
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7 LCM /h L)/ SILA(3ungQt ALLKO 9
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[ NFLUSHY NMOVEs SIEMINe 1) 12 LAVNDEK 4

1) ECUTIVALENCE (AaSC il s xeXPARS Y (AASC{2)¢PeYPAR) s (AASCI3)oYis EWVREAL z
L (ARSCLeJall) s (AASC(H)sV)e (AASC(6) 9RO} EGVKEAL 3

3 (LASCLT) s MPaRMP yNCSUICENTA) o EUVREAL 4

3 (AASCIB) E2ETILWCERTY S0 (AASC(G) 1RVCL) BraveEAL 5

. (AASCUIG) oM oRMaVP) o (AASCLI) ] 4PePLIEPIUP) Y LGUVKEAL, 6

= (AASC L) 2) s W IL UL Y CHYEMOMLCS ¢ EUvREAL 7

€ (AASCCI3) o VTIL VL YUMOMLL]S EQVREAL el

7 (AASC()4) yRCLYHETALCIFOUTLC) s (AASC(15)+SI1ES EwvREAL M

] (ARSC 1) 63 +DELSMSILPLCT EQVKEAL 1y

9 {AASCI)T7) 1GR IR LI MZEUEN] » EuveeaL 11

t (ARSCLLF) sQk1Zo VGt SN) EUVREAL 1z

12 KEAL LMy LAFO« Py MPy hUY MU EUvVREAL 13
3 UIMENSTUN X3y XPAK(lis RUVJy YPARGD D, YUlie Uth)s BImtN z
2 Vil)y RO() 3y PP{Jis RMP{))y RCSGE1I,y CENTA({lIs  DIMEN 3

3 €1y ETILALIs CENTY(L)y wvoL ()3 M(lye RM(DEs  DIMEN 4

“ UP()3s PUYV)y PLtL}e EPULIs UP(ISs DTILCT O1mEN 5

S ULAT e cutlys EnvomLctdde VTR 00 V(D) OIMEN 6

6 UMUPLC UL s KDLETI s HETALCC(] s FOUTLCU) ] DIMEN 7

7 SIE(fds UELSM(1)s SIGPLC(I )y GRIRGIJy VLKL DIMEN P

] RLEDENL) J o GRIZ(IIr VGE)) e FSNY(DJ DIMEN 4
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5 UIMENSTON Al3)s UFEGA(3],s CabTId)s EUEP(3)s RYECS(32) WALK 13
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e 1pp(2,446x46H E 2Pel2,03 WALK 17

[4 -— INIVIALIZE PARTICLE PROPERTIES WALK lg
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26 ISTURE=SKFIFT(I+9) ey WALK 27
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C - CUMPOTE MATERIAL OPACITY AND MEAN FREE PATH WALK Sy
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62 ELLP() J=RROD . WALK 90
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ue ECEP {3} SESCORE WALK. 92
- uS 1Li=lye) WALK 93
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eSsT

87
[-1-}

9

I
Ye
93
Ye
95
Yo
Y7
94
Y9
Jov
1
lu2
193

tue
1os
e
lay
Tog
1oy
1o
11}
J1e
13
e
11s

e
L)y
e
tly
Jee
2!
(e2
123
124
(g%
126
Je7

lew
129

1

} 32
143
134
(1.
136
137
Tay
139
loy
l4)
Ju2
X}
Jua

Las
Jao

ac

4]

81

9)

LX)

1.1

It
=

(IKMOONELC) LU TO 2¢)
lue2

EELOLK (1) =FS{ORE. Ok, JJSIORE

1k
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(EPART.LE.LUEATDS 60 10 )S1

11CLUL LT 1ARE GO 10 91

LUCLULLT €. 0R. LOLUL 6T, yP () GO TO Y1

L) ER=LCEN-OFOVE

1+
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le7 UFSUENS(1USCII®CWGT()) sOENS{IUSC2) *CHGT (20 *OENS(TJSCI#CWLT (3} WALK 163
lab 115 1s5)kk=r - HALK los
lag CaLl PFREG (FREUPy TP} waLK Jos
15; FSTURE=FREQP . ANU s PASK wALK Joo
151 LALL POMEGA (ae OMEGA} WAL K (o7
152 LCtt=3,nEeSe(12-T]) WALK tob
153 Le TO 2 WALK Joy
(4 ~==  PAKTICLE SPLIT WALK 170
154 tel (Llk=) wALK 171
1ss EFKKT=-EPART WALK 172
156 ELLP UL} =FREGE WALK 173
187 LLEP(Z)=EIFP (3)51) WALK (7e
158 Catl. PAKFNO (cVEPy FSTOKEs IRNG) wALK 179
159 FSTORE=FSTOREAND s MASK  ~ wWALK 176
loy FReWPEESTORE. UK. FUSTORE WALK 177
Jo) HE TURN - WALK V78
(4 =~=  PARTICLE UEATH WALK 179
162 151 1+ (EPAKT.LE.).uE=20) GU 10 153 wALK 180
Jo3 LFEP (1) =RHOP WALK J8l
loe ELEP () =¢4pP WALK lgz
165 ECEP (3] =EPART waLK 163
1606 PIREIITY] wALK Toe
lo7 CALL FARFNO (LDEPy E8LOCK(I101}+ IRNG} wALK | E1
Jo8 It {LRNGGNESCH 6O TO 201 WALK Jge
Joy 1=iue2 WALK T8/
I ErLUCK {10} =FSTORE yOR. 1USTORE WALK luy
17) 1F (lU,FuyNBUFJ CALL FLUSH WALK Joy
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