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COMMENTS
on the Demonstration Version -1.1

of the TRPM Computer Code

The Turbulent Reacting Plume Model (TRPM) offers a general, versatile, de-
scription of atmospheric plume processes, that is highly modular in nature, allowing
for the use of different levels of approximation of the phenomena involved (see Fig-
ure 1). This structural modularity is directly reflected in the practical implementation
of the TRPM through computer coding. Thus (as it is explained in length in Part I
of the present report) a great variety of alternative choices is possible, including both
the character and the details of the numerical scheme that is applied for the solu-
tion of the fundamental evolution equations which describe the simultaneous mixing
and chemical reaction inside the instantaneous plume (master module), and the com-

plexity and sophistication of the information processed by the complementary and

peripheral modules.

Here, rather than putting together a “random” collection of subroutines corre-
sponding to some of the alternative choices of the various modules, we give a code
that consists of a representative “serial” combination of single but “most typical”
formulations of the various model components. This combination corresponds to the
choices adopted for the fundamental version of the model that was tested and verified
against experimental data; the particular choices of parameters correspond to the cal-
culations presented in Chapter 3 of Part IA of the present report and the numerical

results produced by this code are essentially equivalent to the results presented in the

figures of that chapter.

The code presented here is in FORTRAN; to ensure portability the conventions
employed in the most standard versions of FORTRAN IV are employed as far as
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this is possible. Thus in this particular version there are no statements exclusively
corresponding to either FORTRAN 77 or to special compilers. Moreover, in order to
make this particular demonstration version readable (as much as this is possible for
a computer program), a serial, “logical-order”, presentation of all the calculations
performed is adopted (instead of a — more flexible — multiple subroutine structure);
furthermore extensive comments (including suggestions for allowable modifications
of the code) have been added. Special, “immobilized,” output routines provide the
potential for examining intermediate results of the calculations that do not appear
in the final outputs (a kind of a simple in-program debugger); similarly other such
routines allow alternative outputs. As far as inputs are concerned, this special demon-
stration version is “closed,” internally providing the parameters corresponding to the
calculations of Chapter 3 (Part IA); however direct substitution of other input is com-
pletely straightforward (through replacement of the variables definitions statements
by corresponding READ statements).

The present demonstration version of the code corresponds to a special situa-
tion of a plume with insignificant bulk motions. (Nevertheless both meandering and
plume rise can be directly considered a posteriori). Thus the focus is on the “core”
of the TRPM (master module). This core consists of the evolution equations for
reaction progress variables appropriate for evolving, spatially varying systems (“lo-
cal phenomenal extent of reaction”). These equations estimate the interaction of
mixing and chemical reaction and require input parameters characterizing internal
plume behavior, such as relative dispersion and fine scale plume segregation. Rela-
tive dispersion parameters are calculated through power law approximations of the
form or = az® where z is the downwind distance and a, b are constants; the intensity
of plume segregation is calculated from the “Localized Production of Fluctuations

Model” (LPFM); the centerline intensity is estimated on the basis of empirical infor-

mation.



TRPM DV-1.1
INPUTS
(Internally Defined)

Problem Parameters
Source Properties
QSTR: NO Source Strength (ppm m?3 s=1)
CSOUR: NO Source Concentration (ppm)
H: Source Height (m)
([Optional] D: Source Diameter (m))
Ambient Properties
CBO3: Background Ozone Concentration (ppm)
USP: Mean Wind Speed (m s™1)
HBL: A.B.L. Height (m)
ASIGY: g, in op, = ayz®
BSIGY: b, in og, = ayzb
ASIGZ: ay in o, = a,zb*

BSIGZ: b, in op, = a,zb



TRPM DV-1.1
OUTPUTS (STANDARD)

A. LOGICAL UNIT 8
Quantities Downwind along
Plume Centerline
Every Output Line Contains (in order):
KK2: Even Step Counter
TIMOUT: Dispersion Time (s)

XOUT: Downwind Distance (m)
CEM2(8,1): NO, Centerline Concentration (ppm)
V(8,1): NO; Centerline Concentration (ppm)
RATI1: NO/NO, Concentration Centerline Ratio
RATO3: 03/0§* Concentration Centerline Ratio
STHET(8,1): Centerline Square Root Segregation
FACTI1: Segregation Self Similarity Factor

B. LOGICAL UNIT 9
Quantities in Cross- Wind Plane
at Source Height
XOUT: Downwind Distance (m)

ZZZ: Distance from the Centerline (m)
CEM2(8,I): NO, Concentration (ppm)
SVAR(8,I): NO, Concentration Standard Deviation (ppm)
THET(8,I): Intensity of Segregation
V(8,I): NO; Concentration (ppm)
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VAX FORTRAN V4.4-177 Page 1
_DRB3: [PGG] TRPM1.FOR; 4

PROGRAM TRPM

DEMONSTRATION VERSION

RELEASE -1.1

(TESTED MARCH 1986)

THIS PROGRAM USES AN ALTERNATING DIRECTION IMPLICIT
FINITE DIFFERENCE METHOD

TO SOLVE THE CONVECTIVE DIFFUSION EQUATION

(FOR TRAVEL TIME T=X/U AND TWQO SPACE DIMENSIONS Y,2)
WITH SIMULTANEOUS NONLINEAR NON-TURBULENT OR TURBULENT
(DEPENDING ON THE YALUE OF A FLAG PARAMETER)

CHEMICAL REACTION
(WHICH CREATES A KINETIC TERM THAT IS A FUNCTION OF X,Y,Z)

THIS APPLICATION CONCERNS THE TURBULENT DIFFUSION
OF A NO PLUME IN A 03 RICH ATMOSPHERE
WHERE A 2ND ORDER REVERSIBLE REACTION TAKES PLACE

THE UNKNOWN VARIABLE IS THE LOCAL PHENOMENAL EXTENT OF REACTION
WE CONSIDER A STEADY "POINT® SOURCE

IN THIS VERSION

THE SOLUTION IS ASSUMED SYMMETRIC WITH RESPECT TO

THE Y AXIS AND THUS ONLY THE POSITIVE YOZ HALF-SPACE

OF A COORDINATE SYSTEM WITH THE SOURCE ON THE Z-AXIS

IS USED IN THE CONSTRUCTION OF THE FINITE DIFFERENCE GRID

CHEMICAL KINETICS CONSTANTS
REAL K1,K3

SPECIFICATIONS AND INITIAL DATA FOR THE A.D.I. FINITE DIFFERENCES
DIMENSION UVLOD (22,3),UVLEY(22,3),BB(22),UVL1(22,3)

DIMENSION U§23,23;,V§23,23;,RHS(23,23),SX(22,22)

DIMENSION P(22,22),Q(22,22 ,sczz,zzg,Px(zz,zz),qx 22,22;
DIMENSION CEM2(22,22),YY(22),LMN(22),RAT(22),THET (22,22
DIMENSION SVAR(22,22),STHET(22,22)

DOUBLE PRECISION UVLOD,UVLEY,BB,RHS,U,V,P,Q,S,CEM,C2,CEM2,UVL1
DOUBLE PRECISION THETA THET, CVAR PX, Q x,$x
DOUBLE PRECISION RY RZ RYl RZ1, RY2 RZ2 RY3,RZ3,RYZ,RZY

DATA U,V/105848.0/
DATA UVLOD/664-1.8/

DATA UVLEV/68s-1.8/

DATA DY,DZ,DT,TSTART,TMAX/0.028,0.020,0.0125,0.0350,13 .00/

DATA Asicy.Bsicy/e.072,0.907/
DATA ASIGZ,BSIGZ/0.036,0.907/
DATA M/22/

TURBULENT /NON-TURBULENT KINETICS CHOICE
FLAG PARAMETER YVALUE

DATA TURB/1.9/
MSIZE=M=M




oge3
2064
20856
2066
o087
0068
2089
2079
2071
2972
0073
0074
0076
2076
0077
2078
0079

O OO0 OO0

o0

M2=M/2
B1SIGY=2.#BSIGY-1.0

B1SIGZ=2.sBSIGZ-1.9

PHYSICAL AND CHEMICAL DATA FOR THE PRESENT APPLICATION
SOURCE CHARACTERISTICS

SOURCE HEIGHT (M)

H=0.14
SOURCE DIAMETER (M)
D=8.903

SOURCE STRENGTH (PPM M3 /S)

QSTR=0.211



TRPM VAX FORTRAN V4.4-177 Page
_DRB3: [PGG] TRPM1.FOR; 4

go8e C SOURCE CONCENTRATION (PPM)

2081 CSOUR=3920

2982 C

e083 C ATMOSPHERIC BOUNDARY LAYER CHARACTERISTICS
o084 C

@086  CC B.L. HEIGHT (M)

poss  CC HBL=0.8

2087

o088  C MEAN WIND SPEED ASSUMED CONSTANT ACROSS AND ALONG THE PLUME
e089 ¢ WITH DIRECTION THAT DEFINES THE PLUME AXIS (M/S)
2090 USP=0.4

8091 C

e092 C CONSTANTS OF THE RELATIVE DISPERSION PARAMETERS
2093 SRYB=ASIGY

2094 SRZ8=ASI1GZ

2096 C

o098  CC VARIANCE OF FLUCTUATIONS PARAMETERS

@097  CC A=3.6

2098 cC B=0.6

2999 C

e180  C CHEMICAL DATA

2101 ¢ CHEMICAL KINETICS CONSTANTS

29102 K1=0¢.000

2103 K3=0.430

o104 ¢ BACKGROUND 0ZON CONCENTRATION

2105 CB03=0.35

2108 C

e1e7 C e reeeieeneaas et eereesateneaeaneeeaeraea e eaeararraes Cereaees
2188  C

2109 ¢

e118 ¢ TIME ITERATIONS

2111 C

g112 ¢ S S T
#113 C

2114 ¢ INITIAL TIME:ADV=0.0

2115 XSTART=USP# TSTART

2116 TIME=TSTART

9117 KK=8

#118 KK1=0

2119 KK2=-1

0120 §S1=-1.8

8121 € TRAVEL TIME (S)

2122 777 CONTINUE

6123 IF (TIME.GT.TMAX) GOTO 7796

2124 € PR A R
2125 C

2126 X=USP+TIME

2127 KK1=KK1+1

2128 KK2=KK2+1

2129 $$1=551+1.0

2130 ¢

8131 LL1=KK2/6

2132 RLL1=LL1

2133 TT1=DD1/6.20

2134 C

21356 LL2=KK2/25

2136 RLL2=LL2

2137 TT2=SS1/265.90

9138 C

9139 TIMOUT=TIME-TSTART

2140 XOUT=X-XSTART

2141 C


https://TT2=SS1/26.00
https://TTl=DDl/6.00
https://CB03=0.36

9142
2143
2144
0145
2146
0147
2148
2149
9150
2151
9162
9163
2164
9165
0168
0167
2168

[2XsXaTaXa]

INITIALIZE

DKY=USP# (ASIGY#%2) #BSIGY# (X++B1SIGY
DKZ=USP#» (ASIGZ##2)sBSIGZ* (X*+B1SIGZ
RY=DKY#DT/DY»+2

RZ=DKZsDT/DZ#»2

RZY=RZ/RY

RYZ=RY/RZ

RY1=1./RY+2.0

RY2=1./RY-2.0sRZY

RY3=DY#»2/DKY

RZ1=1./RZ+2.9

RZ2=1./RZ-2.8+RYZ

RZ3=DZ#*»2/DKZ



TRPM

9159
2160
2161
21682
2163
9164
2186
0168
2167
2168
9169
9170
2171
9172
9173
0174
91756
9176
8177
2178
0179
2180
2181
2182
9183
2184
2186
2186
2187
0188
2189
21990
2191
2192
2193
2194
2195
2198
9197
2198
2199
2200
2201
2202
9203
2204
2206
0208
0207
0208
2209
22190
2211
2212
2213
0214
9216
9216
9217
2218
2219
2228

c
c CONSTRUCTION OF THE UVLOD MATRIX
¢ (LHS COEFFICIENTS FOR THE ODD TRAVERSES)
c
c DIAGONAL ELEMENTS
DO 11 I=1,M
UVLOD (T, 2)=RY1
11 CONTINUE
c
c OFF-DIAGONAL ELEMENTS
UVLOD(1,1)=6.0
UVLOD(1,3;=-2.D
c. UVLOD (M,3)=6.90
c CONSTRUCTION OF THE UVLEV MATRIX
g (LHS COEFFICIENTS FOR THE EVEN TRAVERSES)
¢ DIAGONAL ELEMENTS
DO 112 I=L,M
UVLEV (I, 2)=RZ1
. 112 CONTINUE
c OFF-DIAGONAL ELEMENTS
UVLEV(1,1)=8.9
UVLEV(1,3)=-2.92
. UVLEV(M,3)=0.0
IF (RLL1.EQ.TT1) GO TO 778
GO TO 779
c
C773 CONTINUE
g OPTIONAL OUTPUT . s venerennsneeonenncnsosonssssssasssnsessssssnsons
c WRITE (6,393) KK1,TIMOUT,XOUT
€393 FORMAT (1H1,4X,1B6HTRAVERSE NUMBER,I3/
¢ .4X,11HTRAVEL TIME,1X,F6.3,1X,7HSECONDS/
g -4X.26H (DISTANCE FROM THE SOURCE,1X,F8.3,1X,7HMETERS)/)
e tee e e eeenensasaeenseeeantasasnenaasenensasantatetsntaresanenaaseraenns
c
g DUTPUT s e vt e eenenensasasonensnonssasasessasessssssnsasassssssnsoss
C WRITE (8,652)
C WRITE (8,1223) ((UVLOD(I,J),J=1,3),1=1,3)

C562 FORMAT (3X,33HUNIT DIAGONAL BLOCK OF UVLOD MATRIX)
WRITE 56 ,5621)

WRITE (8,1223) ((UVLEV(I, Jl,J:l,a) 1=1,3)

C5521 FORMAT (3X,33HUNIT DIAGONAL BLOCK OF UVLEV MATRIX)
c

c1223 FORMAT (8(1X,F8.4))

. et ecsessesassscnsscce sessssscssssesossans ssessssescravresosssnvenss cesn

[gXe]

779 CONTINUE

- CONSTRUCTION OF THE P,Q,S MATRICES
(COEFFICIENTS OF NONLINEAR FORCING TERM)

DO 33 I=1,M
DO 33 J=1,M
Y=(J-1) #DY
Z=(1-1)sDZ

O0OO0O OO

VAX FORTRAN V4.4-177

_DRB3: [PGG] TRPM1.FOR; 4
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9221
2222
9223
0224
9225
2226
0227
2228
2229
2230
2231
2232
2233
2234
0236
2238
0237

[a¥aX2a)

[aXaXaXa]

RELATIVE DISPERSION PARAMETERS
SRY=SRYZ# (X+sBSIGY
SRZ=SRZ&# (X»*BSI1GZ

CEM

ESTIMATION OF INERT RELEASED SURROGATE CONCENTRATION (PPM)
SRY2=2.#SRY#»#2

SRZ2=2.#SRZ#»2

SYZ=SRY*SRZ

EX1=-Y*Y/SRY2

EX2=-€Z-H):EZ-H;/SRZ2

EX3=-(Z+H) s (Z+H) /SRZ2

CEM=QSTT=EXP (EX1) » (EXP (EX2) +EXP (EX3)) /2./3.14169/USP/SYZ



TRPM

0238
9239
0240
2241
0242
2243
0244
0245
2246
0247
0248
0249
2260
9261
9262
9263
0264
2256
226568
2267
0268
0269
0260
2261
9262
9283
0264
2266
2266
0267
9268
0269
2270
9271
2272
9273
2274
02756
0276

9277

2278
0279
2280
9281
9282
2283
2284
9286
2288
0287
2288
2289
2290
9291
2292
2293
2294
2296
2296
9297
2298
2299

o

OOOOOONN

O 00 000

2222

3333
6666

IF (CEM.GT.CSOUR) CEM=CSOUR
CEM2(I,J)=CEM

C2=CEM#*»2
IF (C2.LT.9.0000001) GO TO 3458
IF (TURB.EQ.2.9) GO TO 3466

CVAR

$STIMATION OF VARIANCE OF INERT SURROGATE CONCENTRATION
HROUGH

THE LOCALIZED PRODUCTION OF FLUCTUATIONS MODEL

IF (X.LT.G.GIA; GO TO 3458

IF (X.LT.2.774) GO TO 2222

GO TO 3333
FACTR=1.57733=(1.00-EXP (~-X/2.760))
FACTOR=FACTR=»2

GO TO 6655

FACTOR=1.000

CONTINUE

FACT1=0.702

FACT2=1.33

Al1=2.721

ALPHA=1.,00

XI=FACT1aX

XD=X-XI

S1Y=SRYO# (XI»#BSIGY)

SZ2=SRZ%* (XI»+BSIGZ

S2Y=SRY@# (XD#»BSIGY

S$2Z=SRZ0» (XD»»BSIGZ

AY=FACT22S1Y

BY=FACT2+S512
QQ1=(QSTR/3.14159265/USP) ##2
QQ2=FACTOR*BSIGY»FACT1##» (A1-1.0)/(2.0+S1Y+S1Z+S2Y»S22)
QQ3A=-AY*BY/2.0/S2Y/S2Z

QQ3=EXP (QQ3A)

€CQ=QQ1+QQ2+QQ3
EXY=-Y#Y/2./S2Y#»2

FY=EXP (EXY)

EXZI=-EZ—H). 2-H) /2./S2Z+#2
EX22=-(Z+H) % (Z+H) /2./S2Z##2
FZ1=EXP (EXZ1

FZ2=EXP (EXZ2
BESS1=AY#sAY# (Z-H) » (Z-H) +BY#BYsYsY
BES1=SQRT (BESS1) /S2Y/S2Z

ANS1=AI0@ (BES1)
BESS2=AY#AY#s (Z+H) # (Z+H) +BY#BYaYsY
BES2=SQRT (BESS2) /S2Y/S2Z

ANS2=AI0 (BES2)

CVAR=CCQ#FYs (FZ1¢ANS1-ALPHA#FZ2+ANS2)

IF (CVAR.LT.0.000) CVAR=0.000
SVAR (I,J) =SQRT (CVAR)

INTENSITY OF PLUME SEGREGATION
(THETA FOR TURBULENT CHEMISTRY)
THETA=CVAR/CEM#»2

IF (THETA.GT.999999,999) STOP

GO TO 2345

VAX FORTRAN V4.4-177
_DRB3: [PGG] TRPM1.FOR ; 4
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2300
9301
9392
2303
2304
2305
2306
23907
0308
2309
9310
9311
0312
0313
0314
2316
@316

C
3456
C
2345
C

a0

(THETA FOR NON-TURBULENT CHEMISTRY)
THETA=0.0

CONTINUE

THET (I, J) =THETA
STHET (I, J) =SQRT (THETA)
IF (THET(I,J).GT.9999.9999) THET(I,J)=9999.9999

P(I,J)=K3s(1.+THETA)

I J)=-K3+CEM=* (1.+THETA) -K3+CB03-K1

I =K3aCEM-CBO3

J)=P(1,J

S(Pa % ,J)) .GT.9999.9999) PX(I,J)=9999.9999
J)=

S

I
i
1,9,
ABS (QX I:J ) .GT.999.9999) QX(I,J)=9999.9999

S
PX
IF
ax
IF
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2317 SX?I,J):S(I,J;
o318 IF (ABS (SX(I,J)) .GT.9999.9999) SX(I,J)=9999.9999
9319

9320 33 CONTINUE

8321 €

8322 IF (RLL1.EQ.TT1) GO TO 7778

9323 Go To 7779

9324 C

9325 7778 CONTINUE

9326 g OPTIONAL OUTPUT.......... ceenes e ertateearaeeerneeaeearenaeas
9327

$328 C THIS SECTION PRINTS THE INERT SURROGATE CONCENTRATIONS
2329 C IN COORDINATE FORMAT (Z-AXIS DOWNWARDS)

@338 C (REMEMBER: THIS IS AN EXACT ANALYTICAL CALCULATION)
8331 €

8332 C WRITE (6,4811) CEM2(M,1)

$333 C WRITE (8,461

9334 C WRITE (6,861

©336 C DO 1947 I=1,22

@338 C YY (I)=(I-1) #DY

©337  C1947 CONTINUE

2338 C WRITE se,see;

8339 C WRITE (6,877) (YY(I),I=1,11)

8348 C DO 947 1=1,22

8341 C 72=(1-1)DZ

@342 C WRITE (8,878) (ZZ,(CEM2(I,J),J=1,11))

$343 €947 CONTINUE

g344 C WRITE (6,461

9345 C WRITE (8,661

8348 C WRITE (6,567

@347 C WRITE (6,877) (YY(I),I=12,22)

9348  C DO 946 I=1,22

2349 C 27=(I-1)DZ

9368 C WRITE (6,878) (ZZ,(CEM2(I,J),J=12,22))

9351 C946 CONTINUE
2362 €861 FORMAT (4X,38HINERT RELEASED SURROGATE CONCENTRATION)

2363 Coivveennnnnne ceeeceasessesssseseaans teissecesetsceesreastasssnrrrenens

9364 C

9356 7779 CONTINUE

9356 €

#3567 C ODD TRAVERSES

0358 C

2369 € 0DD TRAVERSES:EVALUATION OF THE U-VECTOR

2360 g (IN FINAL VERSIONS THERE IS NO PRINTED OUTPUT FOR THESE ITERATIONS)
2361

9362 € CONSTRUCTION OF THE RIGHT-HAND-SIDE MATRIX

2363 C FOR THE CALCULATION OF THE U-VECTOR

9364  C

9366 C 1=1

9366 DO 44 J=1,M

2367 RHS (1,J)=RY2sV (1,J) +2.#RZYsV(2,J) +

2368 LRY3s (P(1,J0)sV(1,J)se2+Q(1,J)sV(1,J)+S(1,J))

2389 44 CONTINUE

2370 DO 45 I=2,M

2371 DO 45 J=1,M

9372 RHS (I,J)=RY2#V (I, J) +RZY#V (I+1,J) +RZYeV(I-1,) +

2373 LRY3# (P (I, )V (I,J)#V(I,J)+Q(I,J)+V(I,J)+S(I,)))

2374 45 CONTINUE

@376 C

23786 C OPTIONAL OUTPUT........ ereeeenraeeaaan e eeeeeenteeraerenaees
2377 C

2378 C THE ENTRIES OF THE RHS-VECTOR ARE PRINTED IN COORDINATE FORMAT



2379
2389
2381
2382
2383
2384
2386
2386
0387
2388
2389
2390
9391
2392
2393
2394
2396

997

COOOOOOOOONOONOONHANND

WRITE §e,472;
WRITE (6,474
WRITE (6,566)

WRITE (8.877) (YY(I),I=1,M2)

DO 99?11-; M

2772= 1)»

WRITE (8,876) (2ZZ2,(RHS(I,J),J=1,M2))
CONTINUE
WRITE ‘Z'QZ?§
WRITE 56:877
DO 99}11-; M
7223=(I-1)*
WRITE (8,878) (ZZZ3,(RHS(I,J),J=M2+1,M))
CONTINUE

(YY(I),I=M2+1,M)

P A R R N I I AN S A ) sessssssssesrnsnessrsens
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9398
9397
9398
2399
9400
2401
0402
2403
2404
04056
04086
2407
2408
2409
2410
2411
2412
2413
2414
2416
o418
2417
2418
2419
0420
2421
2422
2423
0424
@426
0426
2427
0428
0429
2430
2431
2432
9433
2434
24356
2436
0437
9438
2439
0440
2441
0442
2443
2444
0445
2448
0447
9448
2449
2450
9451
24562
2453
0454
@456
2458
@457

9998
9991

9997

9996

9996
c

9999
C

8767
7878

7979
8969

ENTRIES OF THE U-VECTOR:

DO 9999 J=1,M

DO 9998 I=1,M

BB (I)=RHS(I,J)

CONTINUE

DO 9991 I=1,M

DO 9991 JJ=1,3

UVL1 (I, JJ)=UVLOD(I, JJ)

CONTINUE

DO 9997 I=2,M
UVL1(I,2)=UVL1(I,2)-UVL1(I,1)/UVL1(I-1,2)eUVL1(I-1,3)
BB(I)=BB(I)-UVL1(I,1)/UVL1(I-1,2)+BB(I-1
CONTINUE

M1=M~1

BB (M) =BB (M) /UVL1(M,2)

DO 9996 I=1,M1

MNUM=M-I

BB (MNUM) = (BB (MNUM) ~UVL1 (MNUM, 3) #BB (MNUM+1) ) /UYL 1 (MNUM, 2)
CONTINUE

DO 9998 I=1,M

U(I, J)=BB(I)

CONTINUE

CONTINUE

DO 6767 I=1,M
DO 6767 J=1,M

IF (U(I,J).LT.0.8) GO TO 7878
CONTINUE

GO TO es89

DO 7979 I=1,M

DO 7979 J=1,M

u(1,J)=9.0

CONTINUE

CONTINUE

OPTIONAL OUTPUT........... T ceveecanee

THE ENTRIES OF THE U-VECTOR ARE PRINTED IN COORDINATE FORMAT
WRITE 6,472;

WRITE (6,383

WRITE e,see;

WRITE (6,877) (YY(I),I=1,M2)

DO 992 I=1,M

2222=(1-1)#D2Z

WRITE (8,878) (2222, (U(I,J),J=1,M2))
CONTINUE

WRITE (8,383)

WRITE (8,667)

WRITE (8,877) (YY(I),I=M2+1,M)

DO 993 I=1,M

2223=(1-1)*DZ

WRITE (6,878) (2223, (U(I,J),J=M2+1,M))

CONTINUE

(2] ﬂnﬁﬁﬂﬂﬂﬂﬁﬁﬂgﬂﬂﬂﬂﬂﬂﬂﬂﬁﬂﬂ
o
N

EVEN TRAVERSES
EVEN TIME STEP
KK=KK+1

X=TIME#*USP

VAX FORTRAN V4.4-177
_DRB3: [PGG] TRPM1.FOR; 4
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24568
9469
2469
2461
0462
2483
2464
24665
2466
2467
2468
2469
0479
2471
0472
0473
474

OOOOOONOO

441

EVEN TRAVERSES:EVALUATION OF THE V-VECTOR

CONSTRUCTION OF THE RIGHT-HAND-SIDE VECTOR
FOR THE CALCULATION OF THE V-VECTOR

J=1
DO 441 I=1,M

RHS (I,1)=RZ2eU(I,1)+2.sRYZaU(I,2)+

.RZ3s (P (I,1)sU(I,1)sU(I,1)+Q(T,1)sU(I,1)+S(I,1))
CONTINUE

DO 451 J=2,M

DO 451 I=1,M
RHS(I,J)=RZZ¢U(I,J)+RYZ.U(I,J+1;¢RY20U(I J-1)+
.RZ3# (P(I,J)sU(T, ) +U(T,d)+Q(T, ) sU(T, ) +$(1,9))
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0475
2478
o477
2478
0479
2480
2481
2482
2483
2484
2486
9486
2487
0488
2489
2499
2491
2492
2493
9494
2495
2496
2487
9498
2499
05090
2501
0602
2603
o604
2506
2608
o607
o608
0609
96108
26511
9612
2613

2514

2515
0616
2517
o518
2619
9520
8621
9522
2623
26524
2626
2628
0527
2628
2529
0530
2631
2532
2533
2534
2536
2538

OOOAONOOOONNOOOOOHN

[2Xa]
@®
o
@

C

451

89

474

9988

9981

9987

9986

C
9989
c

[aXg]

5658
3434

3636
2323

CONTINUE

OPTIONAL OUTPUT

THE ENTRIES OF TRE RAS-VECTOR ARE PRINTED IN COORDINATE FORWAT
WRITE (8, 473;

WRITE (8,474
WRITE e,ses;
WRITE (8,877) (YY(I),I=1,M2)

DO 89 I-l,M

722=(I-1)#DZ

WRITE (8,876) (22Z, (RHS(I,J),J=1,M2))
CONTINUE

WRITE (6,474

WRITE (6,667

WRITE (8,877) (YY(I),I=M2+1,M)

DO 898 I-I,M

222=(I-1)#DZ

WRITE (8,876) (ZZZ,(RHS(I,J),J=M2+1,M))
CONTINUE

FORMAT (//4X,26HENTRIES OF THE RHS-VECTOR/)

........................ eesmescase s s sseas st sssass st ss et OB

ENTRIES OF THE V-VECTOR

DO 9989 I=1,M
DO 9988 J=1,M
BB(J)=RHS (I, J)

CONTINUE

DO 9981 II=1, M

DO 9981 JJ=1

UVL1(II, JJ)-UVLEV(II JJ)
CONTINUE

DO 9987 J=2,M
UVL1 (J,2)=UVL1(J,2) -UVL1(J, 1)/UVL1(J- 1,2)sUVL1 (J-1,3)
BB (J) =BB (J) -UVL1 (J, 1) /UVL1 (J-1,2) «BB(J-1
aONLINUE
1=M-1
BB(M)-BB(M)/UVLi(M 2)
DO 9988 J=1,M1
MNUM=M-J
BB (MNUM) = (BB (MNUM) ~UVL1 (MNUM, 3) #BB (MNUM+1) ) /UVL1 (WNUM, 2)
CONTINUE
DO 9985 J=1,M
V(I,J)=BB(J)
CONTINUE

CONTINUE

DO 6656 I=
DO 5666 J=
IF (V(I,J).
CONTINUE
GO TO 2323
DO 3535 I=1,M
DO 3636 J=1,M
V(I,J)=0.9
CONTINUE
CONTINUE

.8.0) GO TO 3434

IF (RLL1.EQ.TT1) GO TO 7788
GO TO 7799

VAX FORTRAN V4.4-177

_DRB3: [PGG] TRPM1.FOR; 4

Page

7



@537 ¢
2538 7788 CONTINUE

#5639 OUTPUT ..vvvvnnnnnns et eteeeeneeeiees i e etarareneraaaaaas
9540 C

2541 € THE ENTRIES OF THE V-VECTOR ARE PRINTED IN COORDINATE FORMAT
o542 C WRITE (6,461

2643 C WRITE (8,473

o544 C WRITE (6,383

2545 C WRITE (6,668

g548  C WRITE (6,877) (YY(I),I=1,11)

@547 C DO 99 I=1,22

2648  C 222=(I-1)sDZ

o649  C WRITE (6,876) (ZZZ,(V(I,J),J=1,11))

@656 C 99 CONTINUE

@651 C WRITE (8,461

#5562 € WRITE (6,383

2563 C WRITE (6,567
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2554
96566
2568
9667
25668
2659
2560
2661
2662
2563
o564
9566
2588
2587
2568
2569
2570
2571
2672
25673
2574
25675
2676
0577
o678
2579
2580
2581
0682
2583
2584
2586
2686
25687
2588
0589
2699
9691
2592
2693
2594
2696
2696
2697
2598
2599
0600
2601
26902
2603
2604
26805
26908
0697
2608
2609
0810
29611
2812
2613
2814

WRITE (8,877) (YY(I),I=12,22)
DO 999 I=1,22
272=(I-1)#DZ
WRITE (8,876) (ZZZ,(V(I,J),J=12,22))
998 CONTINUE
383 FORMAT (//4X,23HADVANCEMENT OF REACTION/)

OOOOOOOO

CREAC=CEM2(8,1)-V(8,1)
RAT1=CREAC/CEM2(8,1)
RAT2=1.-RAT1
CR03=0.35-V(8,1)
RAT03=CR03/8.36

WRITE (8,393) KK2, TIMOUT,XOUT,CEM2(8,1),V(8,1),RAT1,RATO3,
#STHET(8,1) ,FACT1

393 FORMAT (3X,13,2X,F8.3,2X,F5.3,2X,F9.4,6(2X,F7.4))
WRITE §5,394) KK2,X0UT

394 FORMAT(3X,I4,2X,F5.3)

IF (XOUT-3.00) 7799,7798,7799
7798 DO 7799 I=1,22

7799 CONTINUE

OUTPUT FORMATS
46811 FORMAT (1H1,//4X,5(1Hs)/4X,F12.8)
461 FORMAT (1H1
472 FORMAT (1H@,4X,36HODD TRAVERSE (END OF HALF-TIME STEP))
473 FORMAT (1H9,4X,32HEVEN TRAVERSE (END OF TIME STEP))
568 FORMAT (1H@,4X,28HPART 1:LEFT HALF OF THE GRID)
567 FORMAT (1H@,4X,29HPART 2:RIGHT HALF OF THE GRID)
876 FORMAT (1H®,F8.4,1X,1Hs, 1X,11(1X,F9.4))
877 FORMAT (1HB,12X,11(1X,F9.4)/16X,1Hs,18(9X,1Hs)//)

IF (RLL2.EQ.TT2) GO TO 3663
GO TO 7796
3863 CONTINUE
7797 DO 7796 1=1,22
227=(I-1)sD2
g$§£$((9i;821) XO0UT,22Z,CEM2(8,I) ,SVAR(8,I) , THET(8,I),V(8,I),
* 8,
4621 FORMAT (3X,F5.3/3X,F5.3,7(1X,F9.4))
7796 CONTINUE
KK3=KK2/1090
KK4=KK3+100
IF (KK4.NE.KK2) GO TO 3331
WRITE (7,4623) 1,KK4, XOUT
4623 FORMAT (11,3X,13,3X,F6.3///)
D0 3332 I=1,22
0ZON=0. 35808-V (8, I)
222=(1-1)#DZ
7772=-211
3332 WRITE (7,4822) 2ZZ,222Z,0ZON,CNO,V(8,I)
4822 FORMAT (3X,F9.4,1X,F9.4,3(1X,F9.5))
3331 CONTINUE
TIME=TIME+2.4DT
GO TO 777
7795 STOP
END

o0 000N

sesscas esesesssas e P R E R N R N I R IO R R A

.

VAX FORTRAN V4.4-177
_DRB3: [PGG] TRPM1.FOR; 4
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PROGRAM SECTIONS

Name

@ SCODE
1 SPDATA
2 SLOCAL

Total Space Allocated

ENTRY POINTS
Address
2-02000000

VARIABLES
Address
e
2-0000C1B4
.-
s
.
2-0000C210
s
2-9020C1A8

.

2-0000C1C4

2-9000C10C
"

(L
2-2008C1CC
2-0099C1BC

e
2-0000C108
s
.

ARRAYS
Address
2-00000429
2-90009338

2-90000058
2-00004798

Type

Type

R4
Rs4
Re4
R=4
R»8
R4
R*8
Rs4
Re4
Res4
Re4
R=4
Is4
Ie4
I»4
I»d
Re4
Re4
Red
R*8
Re8
Re+8
Re4
Rs4
R4
R4
Rs4
Re4
Re4
R4

Type

R=*8
R*8
I»4
R%8

Name

TRPM

Name

Al
ASIGY
B1SIGZ
BESS2

CNO
CVAR

EX2
EXZ2
FACTR
H

JJ
KK1

0ZON

QG3A
RAT2

RYZ
RZ3
s2yY
SRY2
§Ss1
TIME

XSTART
1171

Name

BB
CEM2
LMN

Bytes
2997
192
49700

52709

Attributes

PIC CON REL LCL
PIC CON REL LCL

SHR  EXE
SHR NOEXE

PIC CON REL LCL NOSHR NOEXE

Address Type Name

e
2-2002C1B8
2-0000C1F8

"

.

e
2-2002C1D4
e

.-
2-2000C1ES
e
2-2000C1D8
-
2-2000C1C8

Bytes

176
3872

3872

Rs4  ALPHA
Rs4 ASIGZ
Re4 BES1
Re4 BSIGY
Rs4 CBO3
Re4 CREAC
Rs4 DD1
Re4 DY
R+4 EX3
Re4 FACT1
Re4 FY
Jed I

Rs4 K1
Te4 KK2
I=4 LL1
Isq4 M2
Re4 @QQ1
R+4 QSTR
Rs4 RATO3
Rs8 RY1
R+8 RZ
Re8 RZY
Rs4 S2Z
Re4 SRZ
R=4 SYZ
Rs4 TIMOUT
Rs4 TT2
R=4 XD
Rs4 Y

Dimensions

(22)
(22, 22)
22

2222 22)

Address

L1
2-0000C1EC
2-0080C1FC

e

-
2-0002C1E4
"

-

.
2-0000C1B0
s
.

L

RD NOWRT LONG
RD NOWRT LONG
WRT QUAD

RD

Type

Re4
Re4
R»4
R*4
R4
Rs4
R4
Rs4
Rs4
Rs4
Re+4
Ie4
Re4
Ted
Ie4
I24
R4
Rs4
Red
Rs8
R»8
Re4
R4
Rs4
R4
Re4
R4
R=4
R4

VAX FORTRAN V4.4-177
_DRB3: [PGG] TRPM1.FOR; 4

Address Type

[ 1]
L]

e
2-0020C1FO
2-0020C1A0

-

'

'

'

e

L)
2-0000¢C1ES
2-9022C1Co

e

s

.

.

e

e

e

"
2-0000C1F4
-

e

-
2-0099C1AC
.

.
-

R4
Re4
R=4
R4
Re8
Re4
Re4
R4
Re4
Re4
Rs4
Ie4
Is4
Ie4
Ied
Is4
Red
Re4
Re4
Re8
Rs8
Re4
R4
Re4
Re8
Ra4
Re4
R4
R4

Name

ANS2
B1SIGY
BESS1

CEM
CSOUR
DKZ

EXZ1
FACTOR
Fz2

KK4
M
MSIZE

RAT1
RLL2
RY3
RZ2
S1Z
SRY®
SRZ2
THETA
TSTART
usp
XoUT
121

Page
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2-P20074F8
2-000066B8
2-00008418
2-920000B0
2-000027F0
2-20006608
2-9000BA10
2-9000B280
2-90003878
2-0000A268
2-000006ED
2-020004D0
2-00000210
2-90000000
2-90001768
2-00000000

Rs8
Re8
Rs8
Re4
Ra8
R»8
Rs4
R4
Re8
Rs8
R#*8
Rs8
Ra8
R»*8
Re8
Re4

PX
RAT
RHS

S
STHET
SYAR

THET
U
UvL1
UVLEY
uvLoD

Yy

3872
3872
3872

4232
3ag72
1938
1938
3872
3872
4232
628
6528
6528
4232
88
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LABELS
Address

'
1-geo00022

.

'

')
1-20000082C
0-00000731

.

*e
*e

FUNCTIONS AND
Type Name
Rs4 AlIQ

Label Address Label!
11 L 1) 33
394° [ 441
666° . 587°
877’ 9-P00002AC 2222
3333 O-00000BEC 3434
4821° 1-00000061 48622’
8969 0-000200570 7778
7797 O-000009ET 7799
9986 (1] 9987
9998 (1] 9997
SUBROUTINES REFERENCED

Type Name
Re8 MTHSDSQRT

COMMAND QUALIFIERS
FOR/LIS TRPM1
/CHECK:iNOBOUNDS,OVERFLOW,NDUNDERFLOHD

/DEBUG=

NOSYMBOLS, TRACEBACK)

/STANDARD= (NOSYNTAX ,NOSOURCE_FORM

)
/SHOW= (NOPREPROCESSOR , NOINCLUDE , MAP ,NODICTIONARY, SINGLE)

/WARNINGS= (GENERAL ,NODECLARATIONS)
/CONTINUATIONS=19 ~/NOCROSS REFERENCE /NOD LINES /NOEXTEND_SOURCE /F77
/NOG_FLOATING /I4 ' /NOMACHINE_CODE /OPTIMIZE

COMPILATION STATISTICS

Run Time:

Elapsed Time:
Page Faults:
Dynamic Memory:

11.95 seconds
14.91 seconds
1919

702 pages

Address

*e

9
£-00000028
9-0000090D
2-00000456C
1-00000042
2-00000679
2-20000710

e

s

Type Name

Label

44
451
777
2323
3456
4623°
7779
7878
9988
9998

Re4 MTHSEXP

Address
'

e
0-0200917C
0-0000046E

e
0-020082CD
9-90000918

e

(1

L

Type Name

Labe!

46
461°
778
2345
3536
13133
7788
7979
9989
9999

Re4 MTHSSQRT

Address
.

L)
8-9000017C
2-90000B48
0-000009F4

e
0-00000B64
-

..

VAX FORTRAN V4.4-177
_DRB3: [PGG] TRPM1.FOR; 4

Label

112

472’
779

3331
3663
65656
7796
9981
9991

Address

1-20020004
e
(L
e
(2]

.
O-00002AT6
.

e

Page 10

Label

393’
473°
878’
3332
4611’
8787
7796
9985
9996



