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DOCIMENTATION FOR PROGRAM OGRE

by

0laeh Weres and Ron €. 3chroeder

This 1Is a brief description of a computer program which was written by
Oleh Weres to generate discrete grids for IFD¥* type computer programs.(l’z’a}
The output of the program includes data which can be used directly for
input to the program SHAFTYE. The program is, specifically intended
for large—scale two or threze-dimensional reservoir simulacion., The
program requires, as input, the x, ¥, & coordinates of the discrete
element locaclons befng used to specify 3 particular reservolr's
geological syatem. From the list of element locations, the program
finds the midpoints of lines joining adjacent elements. At each
midpoint the program construccs a perpendicular plane., The inter-
sections of the planes in the three-space defines an irregular (in
reneral) n-slded polybedron around each element center. In two-
dimensicns the program produces a unique "riling™ which has poelygons
with all faces perpendicular to the lines joining adjacent elements.
The areas between adicining elements and the volume of each element
are calculated. The end result, in general, is a three-dimensional
grld of pn-sided polyhedra for which the element locations, the
connecting (flow) areas, and the element volumes are all known.

Since the grids are finite the program muzt have Information about

the boundary of the grid. This is supplied as a set of "dummy"
elements which are nzed only to limlt the extent of the grid and

are not lntended for use in the reservoir simulation.

* Integrated Findte Nifference. i.e.. TRIMP. (X, SHAFT ere.



The program currently allows definition of up to BOO elements and
4000 interface areas. Each element can be asslgned an arbitrary
material idencifier. Thea program uses only small core memory on the

7600.

Input for OGRE

Card I (Bal0}

IPRINT

80 column title (lebel) card

Card 2 (61I3)

HHE = the number of elements in the grid

HNT = the rotal number of elements including dummy elements

MRANEK - the toral nunber of elements to he ranked

MEMAZ = approximate nunber of neighbors to be teated for
connaction

MRMANS = approximate number of neighbors to be tested

for comnectiom within a single marerial group.

NGIVEHN = numbar of connections supplied as Input

Default wvalues for Card 2

MEANE = 150
PEMAX = 36
MEMAXS = 11
HGIVEHW = a

The program uses these values if the corresponding field is blank.



Card 3 (4E10.3)

EPSBC

FPSYZ Parameters for varlous geometric Lests,
EFSIK Sat by default. Leawve this card blank.
EPS1

Card 4 (4E10.3)

THETA .

PHI Interpnal rotation angles. Set by default

P51 to nonzero values,

ANGC If ANGC # 0, the above variables may be set egual

to zero.

For default leave this card blank.

Card 5 to WGIVEN + 5 (A5, 5%, A%)

Identifiers of pairs of elements whose connections are to be included
in the calculation {sbove and beyvond those which the program finds
itself}. Wot present when NGIVEW = 0, These palrs of specified elements

allow the vser to lnsert comections a3 deaired,

Gard NGIVEN + 5 (A5, 5%, 3E20.12, 5X, A5)

-

Identifier, x, ¥ and z locetion coordlnates

NGIVEN + KWB + 5 and material identifier

NCIVEN + NWT + 5 For =ach of WK real elements, followed

bv same for each of WNT-MNR dummy elements.

The large number of significant figures 13 essential if input cards hawve
been prepared by ancther propram, but they are usually unnecessacy

otherwise.



The purpose for having a large number of significant digics i= to keep
I[/0 asspciared truncacion from cangsing "exactly” (di.2., to within
computational voundeff evror) parallel planes to be "almost parallel"
and thereby wreaking havoe with rhe calculation. HManually prepared
input data 1s not 2ubject te this and may be provided 4in anvy E20.m or

F20.n format desired

Digeussion of OGRE Printed Cutput .

EPSRBC, ate. are threahold values uwsed to test whether or not wvarious
quantities are agqual to gero. These quantities arise In tests to
determine the identity of points, the parallelness of lines, the
verticality of planes, ate. A threshold wvalus 12 necesgary becausa

of roundoff error accumulation. The default values are appropriate

for a problem with typical element separation on the order of 100 meters
with all I/0 and ealculations in meters. Muech smaller grid dimeneions

might vequire smaller tast values snd vice-versa,

The three anples THETA, PHI, PST define an internal coordinate system
which 1z actually employed in the calculation. The choice of default
values 1s arbitrary, although the values employed probably shouldn't
ke mueh smaller than the default values, The default values are used
vhen zerog o blank fislde are Inputted, and the value of ANGC 1z aleo
zayn, Satting ANGC not equal te zers will allow zero wvalues as input

for the three anglesz, should thiz be desired.



The conversion to the rotated lnternal coordinates 1s done at the tine
of input, and &11 coordinates are converted to the external cogrdinake
svaiem Just prior to output. Thus, values in the internal coordinate

system would only be epeen in the context of an error messzapge and source

code controlled dump.

The purpose of this coordinatce change is to eliminate exactly vertical
planes and certain similar speclal elements from the mesh being calculated
because exactly vertlcal planes would cause non-physical numerical

divergences In certain of the algebraic manipulations.

The walues of EPSBC, etc., and the rotation angles are best left alone
unless trouble develops. Trouble 1z evidenced by the appearance of
degeriptive error messages ("TROUBLE ~ A THREE ENDED LINE"™, ete.) aleng

with appropriate associated internal dataz values,

An oddball wertical plane or something similar caused by an unforrunakre
cholee for the rotation angles will canse one or a few error-messages

to be generated. A poor choice for one oy wmore of the threshold rest
values will usually cause one hundred (the maximum number allowed)} error
neszages to be generated. Eikher case can be daalt with by changing

the appropriate wvaluss. 1In the former caee, a completely arbitrary

change should suffice.

Thare hawve been no program generated error messapez sinee the code

was debugged and the present defaulk wvalues adopted, but the possibllity
remaing, The code is designed to "skip over" any difflculty that it
recopnizes during execution and complete the rest of the mesh the best

it can. The list of inputted elements is self-sxplanatary.



The following page 1s penerated doring che actusl calculation, which

iz parformed element by element., K L3 the internal idencifier of each
element. It is simply the ordinal position within che input deck of
elaments., MWMR I8 rhe total aumber of nefphboring elepents vhich the program
identified as poszibly connected neighbors. (Meighbors externally supplied
under the NGIVEM option and not redundant to those identified by the pro-
gram are included above and bevond MMR). WNMAT 1a the number of material
designation groups tp which the MME neishbors belong. HWMS and IMS are

the number of neighbors falling into tha first material group identified,
and the corresponding material identifier., Im thiz axampla, all elements
belong to the material (blank). If more than one material group is
present, the {WMS, IMS) fiald is rvepsated as many cimes as necessary.

In all caseaz, MME = MEMAX and HM5 = MEMAXS., This is the significance

of these input parameters. When more than one material group is present,

usually MME > HMS.

TOTAL WUMBEE OF GECMETRIC TROUBLE FLAGS is the numbar of times the
program noted difficultiss and acted upon them. Each Instance results

in the printing of an error message up to a maximum of 100 messages.

In QUTPUT MODE LIST, IMAT ic the matevial identifier for each element.
HC i3 the number of neighboring elements that it is connected Ee, and

a list of the connected slements follows.

The TOTAL NUMBER OF CONNECTIONS (NCT within the program) is the total
number of connections given or identified, including those between real
elements and dimmy elements. The NUMBER OF INTERELEMENT CONNECTIONS

{NCF}) does not include thoszs between elements and dummy elements.



IFACE is the internal nwmerical identifier for each connectien generated,
and IA, IB are the mmerical identifliers for the connected elements.
HODEA and WODEB are the slement names. DELT 1s the perpendicular

{i.e., shortest) distance from either of the two element centers to

the plane interface between them. (The twe distances are always equal,
Hote that the line between the two nodes need not actually pass through
the polygonal interface between them). The values A& through I are

the coefficients for the equation of the inteFface plane wyxitten in

the form
Ax + By + 0z =D (1}

User Defined File OQutputs

There are three user defined ountput files required, TAPEA is written
on by the main pregram, OGRE, and TAPE5 and TAPEéG are written by the
subtoutine ISECT. TAPE4 is the SHAFTI8 compatible ocutput fille. The
firer record gives the oumber of elements twilce {(HBR) fullowed by the
total number of comnections. The next HHE tecords give che name,
material identifier, and volume for each of the elements. Hote that
OGRE uses the material idemtifier as a computation control dnput
variable (more on this below). In genevral, this will net be the
physical materlal ldentifier used by SHAFT?&. Therefore, IMAT might
have to be changed between running OCGRE and rvnning SHAFT78. The last

HCT records describe the connectieons.

The values HA and NB are the elements which are conmected. 151 is
1, 2 or 1 depending on which one of &, B and £ has the greatest
absoluce value. ZR 1is € of the printed output. It iz vegquired by SHAFIVS

to handle the effect of gravity upon flow. HTIE 18 che interface



heat transfer resistance used by SHAFT78. OGRE sets BTR = 0. If another

value 1a desired, it must be aupplied between OCRE and SHAFT?S.

TAPES is the plotter output file which containe a list of all
connections caleulated. There is one record for each conmectien,

for a total of MOT records. Each record contalns the following:
NAMEA, NAMEB, W1, (X, ¥, Z) repeated ¥ + 1 tines

HAMEA and NAMEB ate the names of the two cunnecéed nodes., N + 1 is the
number of corners (edges) which the convex plane polygon which representa
that connection has plus onme. Bach triplet (¥, ¥, 2) 1s the position

in apace of one of those corners. The ceordinate triplets are arranged
in proper order arpund the polygen, and the first one is tepeated at

the end, thereby closing the polygon.

TAPES 1z input for the program PLOTD which generatea the actual plotter

commands, It is not a pletter command file itaelf.

The recerds written on TAPEH are a subset of these onm TAPES., That i=s,
only those connections between two real elements are included. Those
which connect a real element to a duomy element are not included. There
are a total of HCF records ih TAPEG, each of which is identical to one

of the records in TAPFES.

TAPES contalna the information needed to create a complete picture of
the grid. Making such a plcture after each run is essential when
dealing wich any but the simplest problem. This plot ia done with
half welght lines because all of the line segments are rektraced two

or three cimes as a consequence of representing shared edgea.



TAPES allows the interunal flow connections within the grid to be
vigualized. Thls i3 alzo needed te properly checlt out a grid, These
plots arve even more useful as pairs of sterec plets rotated by a small
angle relative te each other. Line them wp in front of you, cross

your eyes, and see the grid pop out in 3D.
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Sample Problem 1

This test problem consists of a single laver of 9 squares with element

centers at the %, v, ¢ values given in the table below.

Flgure 1

The Test Problem Grid of Hine Squares

Table 1

The Locatlons of the Elements
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Te penerate this grid the boundary nodes are required as shown below.

The shaded elements are the real grid elements.

Figure 2

The Test Grid With Dummy Elements Expleded to Show
Their Belacionship to the Real Grid
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Clearly, the smaller the number of real elements, WWR, the larger is the
ratic of dummy to grid elements. PFor larse, flat astructures the ratic

is about two to one, but may be smaller for more compact structures,

Usape

To use the program the compiled (HHP4) object deck {DGROB) can be
accessed From the library RCS, owner SCHROEDER. The sample problem
input from a terminal is shown below, In the example, the file
S0GRE {use wour own name for this file) contains the input file

for subsequent Input co the SHAFT?8 program. The files TOGRE and
FOGRE (use vour own names for these files) contaln dara which Is
input to the plotting program, PLOTO. If you wish to print the
contents of the SHAFTVE or PLOT files insert a card which copies
TAPES, TAPES and TAFEG to the cutput file, HNote that these are
binary, not BCDh, flles. TIf there is no need to save the plot files

for later use it is not necessary to cataleg TAPES and TAPEG.

The test problem cutput s shown below, All defaults have been used
in this sample problem, as seen on the previpous page showing the
test problam input file. The quantities A, B, and { are the
coeffictents in equation {1). In Figures 3 and 4 the computer
generated plots of the complete grid (Figure 3), and the

internal flow areas (Fipare &) is given.



User Terminal Input for Test Problem 1,

13

OBRED »PIE26e TP 30 LM 0000, 471504 » SCHRAOEDER

SH_BOLT
LIBCDPY+ RCE: LBOYRRY OGROD.
RTTSKIF» TAPE4 , SOGRE.
CRTRLOGy TRPE4 s SOERE.
ERDSATIP.
ATT3k 1Py TRPES» TOGFE.
FRTRLDG> TRPES . TAGRE.
EMDBEMIF.
ATT5K 1P » TRPEG: FUGRE.
CRTRLDOGs TRPEE s FOERE.
EHDZKIP.
LEQ,
L1BCOPYsRCS PLOTD-RE-PLOTH.
CALL-PLOTO.
EXIT.
ouMPe.
FIHN.
EDR
DSRE TEST

- - -
RBC2P 2.0
RBCZ24 Ca 0
HEC26 2.0
REC42 4.0
RABC44 &, 0
FBC 4% e
ARCE2 -0
RBC&4 5.1
RBC&E sl
BuMpz 0.0
T4 0.0
DM G. 0
DK 2.0
il EY ] 4_1
JriA] 8] G}
HUMER 8.0
DUMS4 .0
DlmBe 2.0
DUH2E 2.0
Ja 1], FE-) 3.0
DuUpas 5.0
LEC22 =
LBC24 2.1
LEC2E 2.0
LEC42 4.0
LBC44 4.8
LBC4& 4.0
LEC&Z .
LECES 5.1
LBLE® 5.0
URr2Z 2.0
URL 24 2.0
URLC2% 2.0
UBC42 4.0
UECd4 4.4
UBE4& 4.9
UECEE 5.0
LBC54 5.0
UBCEE 6.0
EDF
£0r

FOTTOM OF FILE>

7 4 1 F 4 & F 4 4

1 " B E a = K 4
[=E-R-F - NN E . - N Y R R

¥ 4 a2 1 = F 01 rw

e o o BT e B b e PO L Py ra:n Rreeccobh &S & WO &M R

FUEF - Pl
SoOCoOCoOoo oo ooo oo oo RS oeeRRdROOoOO

MR ORI O S = D S o o b= v e mm s bk ok b B S R ik B bk o Bk B ok ek b ok



FFFFFFF
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XBL 78/-9568

Figure &

The Computer Generated Plot of the Internal
¢rid Interfaces for Test Froblem 1
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Sampla Froblem 2

Ag a part of the current international agreement between the Uniied
States and Italy 2 simulation of the production hlstory at the Sarrazzano
geathermal field in Larderelle is being caryied out at LEL, Figure 5
shows the aerial wview of the contour map of the Serrazzano hasement

. rock tormation. The lines labeled A through § are the locations of
regervolir cross—secticns used to model the Sevrazzano subsurface
geology. Figure b shows one Buch cross-section with the crosses
denoting real elampant lsasakions. The center of the peothermal field
iz a horst structure bounded by praben in which it iz believed there
axiate hoiling water. Cross-sectiens for all of the idnes 4 through
S produce the grid shewn in Figures 7 and 8., In subsequent pages

the OGRE output for this major simmlation problem da showm with the

regulting caleulated flow areazs and element wvolumes.
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Figure 5

The Contour Map of the Top of the
Basement Tor the Serrazzano Geothermal
Field, Lzarderello, Italy
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Figure 7
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Figpures a

Close Examination of the Elements.

Through d Have Reen Rotated 99
Degrees in Bach Frame to Allow
The Entire Grid is Shown.

The OGRE Computed Grid for the

Serrazzano Problemn.
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Figure 8
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The Plotz of the Internal Interfaces fox the

The Sugceeding Frames have

been Botated 90 Degrees to Allow Study of the

Problem.
Different Sides

Sarrazzano
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Summary

The program OGRE is fully operatlonal and allows constructlion of a grid
made up of closed n-slded polygons in d-space for use in reservoir simala-
tion. The owutput of the grid construction from OGRE is input for the twe-
phaze reservolr simulator SHAPFT7?85. The output could be wmade compztible
with any of the other related integrated finite difference programs

which have evolwed from the original TRUMP prosram, The input to OGRE

ia wvery simple, consisting basically of one card defining the number of
rezl! elements and dummy elements followed Ly the x, v, z coordinates of
each of the elements. The output provides the interface distances and
crosg-gectional areas, and the element volumes. The plotting of the
resulting calculation grid is automatic when the control cards are used

as shown in the examples above.

Thig document will eventvally be expanded to include a discussion of
appropriate input preparation strategies and pessible errors of input

and computation.
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OGRE PROGRAM LISTING

NOTE:

On the following pages, columns 73-80

of the comment cards have been cut off

in order to enable full size reproduction
of colums 1-72 of all cards.
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**PROGRAN OGRE{ INPUToOUTPUT PUNCHs TAPE4 s TAPESs TAPES) *#

~ T DROGRAM OGREL INPLTsOUTPUT oPUNCHs TAPE4s TAPES s TAPEG !
COMMON_ /ARVC/ MRNAXyMAMAXS

COMMON 7CN7 TCPAV40GQ) ¢ 1CPBVISDOG) s ARCVELO00Y, OVI400D0T
COMMON FUNVZ ACVI4000ksBCVI40000 yCCVE4000)oDCVIS000Y
COMMON FEPS/ EPSBC+EPSYZyEPSINsEPSE,EPSS

_ COMNON /GIVEsS IAGIV(200),IBGIVI200)¢NGIVEN

CUMMON FICV/ ICVE1013TVLL00)
EDHHUN J'l HhI'H H'ﬁ‘l HBIJ'UI

TTCOMRON 7 TNAMEV/ INAMEVES00N, TPLOT, [WRITE

 COMMGN #INFEGER/ 1A3 LBy IDsKCToKEsMRANKy NCyNCTNES s NNRJNNT N
COMMON /MATRIX/ THETAoPHI¢PSIoAN10AL29A039A219A224A2394304A32,A33

... KCMMON /NCF/ RNCF i e e

CONMCN /NERRJ NERR
CDHHDN JNP/ XYL BOG ), YV 800D 2V 800)

- ———— —————r—— — — —— . -

D IMENS 10N IPRINTIEI

READ 20,;1PRENT

PRINT 214+TPRIAT o

READ Ly ANRGNNT; MRAKK y FRFAX g MRMA XS 3 NGI VEN
e IF[HR#NK&LE.“] Fﬂlﬂlﬂ-lﬁﬂ_ e —

IF(MRMAX.LE.QO} WRKAX=36

1F (MRMA XS LE.O} MRMAXS=11

IF{MRANK.GT.ANT) PRAKK=KNT

PRINT 7 ,NNRyNKT ¢MRANK sRRFAX . PREAXS; NGIVEN

REAL 24 EPSBCy EPSYZ, EPSINGEPSI

IF{EPSBC.LE.D) EFPSBCwl.0E=7

AF(EPSYZLLE.O) EPSYZS1.0E=T
BF{EPSIN.LE.O) EPSINe1.0E-6
IFCEPSI.LE.O) EPSIxL.0E~T

_ PRINT 84EPSBC,EPSYZ,EPSINyEPST
READ 23 THETA¢PHI ¢ PS 1 ANGE
LF(ANGC LNE.O) GC 7O 31

TIFITHETALEQ.0) VTRETA=Q.O1T
1FIPHILEQ.Q) FHI==0,037

IF(PSI.EQ. Q) PSI=G,CT
31 CCNTINUE
2 P eSal0. SEPSYZEEPSYZ T
IF{NGIVELLEQ.O) GC TC 32

READ 33,1 CIAGTVIK Y SEGTVIKN) ;K= 13 NETVEN)
32 CONTTNUE e

CALL MATGEW

1C1R=]

CNERREQ S T T e
PRINT 11

06 & K=I,’NRT
_READ 5S¢ ENAMEVIK) yX2,Vhy T8, IFATV(K)
CALL TURNLIDIRy XAy VAgZA XRy¥YRyZR)

Xy (K)=XR
AP Dl S
IViK)=ZR

PRINT G Ko IMAFEVIKI o XA, VA 22

 IF(KLEQ.NNR) PRINT 10

4 CORTJNUE i
IFINGIVEN.EQ.0) 6L TO 34

L0 35 k=1, M IVEN

“PRINT 42, NGIVEN - e et e oot o e o e o S H S i e e =t e

ILPEVIK12T0000
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*¥PROGRAF QOGRE(LNPUTOUTPUT ,PUNCHs TAPES» TAPESsTAPES ) *

ICPAVIK I= 10000
___ 35 CONTIMOE 0

00 3& K=lahKNT
HAMEK=]1NAMEVIK)
DO 36 KA=loMGIVED
IFLIAGEVIKA}LEQ.NAMEK Y ICPAV{KA)=K
IFLIBGIVIKA)JEQ.RAMEK) ICPBVIKA)=K
36 CONTINUE

DO 40 K=l hGIVEM

1AG= [CPAVIK)

18G=TCPRVIK)
[FLIAGeGE10000.0RL I RG.GELL10000.0R.IAGLEQ.IBG) GO YO 3B
IF(IAG.LY.IBGH GC TC 37

1CPAVIKI=1BG

ICPBYIKI=]1AG
[TSEIAGIVIK]
IAGIVIK I=JBGIVIK)
IBGIVIK)=ITS
GO ¥0 37

38 CCNTINUE

PRINT 3SeKe IAGIVIK)«IBGIVIK)
37 CONTTNUE
PRINT 41lsIAGIVEIK)IBGIVIRILICPAVIK)p ICPEVIK)
IAGIVIK I=[AG
IBGIVIKI=]EG
ICPAVIK)=(

1CPBVIK =0
40 CORTINUDE
34 CONTINUE

NLF=0

CALL ARV

IDiR=~]

PRINT Z1o1PRINT

PRINT 2T¢hERR

PRINT 22

PRINT 25

WRITE {4) ANRgARRGNCT
DD 23 K=LyNNR _ _

—_——— -— - e —— ——

XhaxviK)
YanyYviK)
LAanZIViK])
VL=WLFVIK])
INAME=] MAMEVIK)
IMAT=IMATVIK]

IPNT=K
LALL FINGCC{LPNT}
hCC=hL

IFENCC.6T.100 NCC=10
D0 30 Ka=1l,NC
ICaICVEKAL

T LA=ICPAVLIC)
1a=ICPBYCIC)
IF(IANELKY ICVIKADSINAFEYELA)
IFC{IB.NE.K] ICVIKAIsTNAMEVIIR)
30 GONTIMUE
CALL TURNUIDIRsXAsYApZAwXR1YRe2R)

PRINT 242 INAMEg XAy YRy ZReVL ¢ IMAT ¢ NCo {1EVIKAY S KAn1 g NCC ]
IFINCGT«10} PRIMT 293 IICVIKAY sKA=11 4 NC)



a0
*¥PROGRAM DGRELINPUT; OUTPUT ¢ PUNCH TAPE4y TAPEDS y TAPEG ) ¥*

"WRITE L&) INANE,IMAT: VWL
23 CONTINUE_

PRINT 26+NCTahCF
PRINT L2

HTIR={,

DD 13 K=1,hCY
XA=ACVEKI

YAuBC YLK}

ZA=CLVIK]

CALL TURNLEDERy KEsY Ay 2 XRyYRyIR)
IAsICPAVIKI]

Ia=JCPBVIK)

AREA=ARCY{K)

_DELY=DVIK]

TNASINAMEVIIA)

NB=INAMEY([B]) ) _

PRINT 14sKyl8y18phés KBy AREAZDELTsXR YR ZRyDCYLIK])
_ AXmABS(XR) o _ B

Ay=ABSTYR}
- AIZABSIZRY

———— e e A e —

IS5i=}
IF{AY GT.AX) 1S5E=2
FIF{AZLGTLAY]) T5I=3
WRITE (&%) NAgNPy ISI.ODELT OFLTyAREA, IR4HTR
13 CONTINUE
1 FﬂRHﬁT(ﬁIﬁI

——— — e ma A U E —— — T —r——

Z FORMATC(4ELDL3)
3 FORMATI3FLD.3])
5 FORMATEAS:S5Xy3E26412¢5X4A5)
T FORMATULLX//LX s NARgNKT g MRANKm ¥y 315 3Xs *HRMA X g MRMAX S 4 21 53Xy
1eNGIVEN=%3 1574}
B FORRATLI1Xe#EPSOCIEPSYZWEPSINSEPSI=*31P4ELSe4//}
TS FORMATIL1X1545XaA53Xe3F12.3)
1 FORMATI IX/71X*THE FLCLLCWING ARE QUMMY KGDES*//)
11 FORMATUI1X.9T+E LIST CF NODES FOLLOWSS//)
12 FORMATILX g% FFACE®S g 3N, ¥ T A, 3N #1085, 2 Xy SNOOEA®y Z2Xy *NODER*y 10Xy *AREA®
Ly lOX o #¥DELT®p 13X g WAy 13X yFBF g LIXW# (#4133 X ¥ D&/ /)
14 FORMAT{IXy3I542XpAS5s2Xs ASe1PEL4e4sO0PFLé.393F1Ga69F14a3)
IO FGRMATL BALOE
21 FORMATI1H1,1X,8A1C)
22 FORMATLLX/Z1X#CUTRUT ALDE L1ST#//)
24 FORMATLL1XpAS32X33F 12,34 1PEL&G. 493X 459 15910({1XyAS))
T 295 FORMATU2Xy®NODE® 13 Mg WX RLX ptWbg Ll Xp# 2% Bl #VOLUNE®o4 Xy I MATH 33X,
LERCE 45X o *CORMECTED NCDES*/S) _
26 FORMATLAHZ L X9 #TOTAL CONNECTIONS s 18 Bx, ¥ INTERELEMERY CTONKRECTTIONY —
l. -¢l lﬁf!l
27 FORMATLIX/Z1X,%TGTAL KUMEER OF GECMETRIC TROUBLE FLAGS =#,17177)
29 FORMATITIXK,10(1X,A5)) o L
33 FOURKATEAS 45X e A5) c
39 FORMATLIX *AN TMPCSSIBLE CONNECTION GIVEN  Ka¥s [5,5XgA5:5XeA5)
T AT FCRNATEX 2 TAS oS e 159X I5) T
42 FORMATLAIX/271Xp15, 35X L CANECTLIONS GIVENS /)
END .

—_——— e e — - - = - - J— - - - - - — = . —_—— - -
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"COMHON FLENGTH/ ALENGY(10C)

#%SLEROUTINE ARV*® 4l

SUBROUT INE ARV

LOMMON FARVL / MRPAX MRMAXS

COMMON FCN/ BCPAVI4000) o ICPEVEAD00) fARCVILO00D  OVI4000}
COMFOR FOCMY/ ACVI4000),BLVI4000)CLVIA000), DCVI4D00)
COMMON FDIST/ DISTVIBO00) IRANKYVIBOO0), [ELIMVISB00}

COMMCN /GIVE/ [AGLIV(200), IBGIVI200)4NGIVEN

COMHON Z1kATV/ BPATVIBOO)

COMMON ZINTEGER/ 1ApIB:1DsKCT ¢KEyMRANK p NCy NCT g NI S NNRy NNT

CCPMCK NP/ NVIBOCQI¥v{AO0),ZVIE00)
COMMON /NPR/ HR?[ﬂﬂﬂliTRHlBﬂﬂI'IR?{Hﬂﬂl
COMMCN /vi#/s VLEV{S00),NCVIBDOD
DIMENSICON I#Svi2034NHSVIE20)

MRANK 1S THE KUMBER CF KUDES TO BE RANKEC IN ORDER OF INCREASING

DISYANCE FRCM THE GIVEN NODE K
MhR 18 THE NUMBER CF REAL NODES
HNT IS THE TCTAL NUMEER CF NODES EMCLUGING DUMMY NODES

DO 6 K=lehhR
CONTIKUE

HLCY=D

NMAT=20

PRINT 12

CO 1 K=LoMKR
KE®NLCT+1

IREF®K

CALL DISTGENIIREF)
CALL RANK

[A=K
Xa=X¥{K)
YA=YYIK])
IA=ZyiK}

DC 9 RAa=]1,NMAT
IMSV LKA =0 o L
h*SVIKA =0

S CONTINUE

10

o —— - ——

THMAT=0 T

"MMR=NMR#] oo

HMR=0

00 5 KA=2ZyMRANK
LF(MMR.GT.MRMAX) GO TO 13
1B= IRANKV{KA}
IMATB=IHATV( §B) L
TE{NRAT.EG.DY GL3C 7

DO & KBslyNMAT o ] ]
1F{ IMATB.NE.IMSVIKES) GO FO B

IFINMSVLIKB) JGELFRPAXS) GO TG % o _

NMSV (KB d=hKSVIKB} ¢1 - -

60 70 10

TONTERUE o

CONT INUE

NFAT=NHAT +]1 i T Tt T T T/ Tt
IMSVINMAT )a[HATE .

NFSY{NHAT }=] - 0 T om T 0T
CONTIMNJE
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#¥ SUBROUTYINE ARVE#*

1F{IB.LE.IA} 60 TQ 5
6C TE 14

I3 CONTINUE

IF{NGIVEN.EU-O} GC TO 17

DO 15 KGeloeNGIVEN

KGG=KG

1FITALEQuIAGIVIKG)Y &L TQ 16

_ 15 CONTINJVE

6o T4 17

1¢ CONTINUE

1B21BGIVIKGG)
1AGIVIKGGI=10000
186 IV{ KGG 1= 10000

DC 18 KGRKESNCT _

IF(IB.EQ.ICPBVIKG)) GC TO' &

18 LONTINUE
14 CONTINUE

NCT=NCT +1
ICPAVINCT )= A
LCPBYINCY )=

DESTSQRT{DISTVI{IBN)
CISIsl./DIST
ACEXRYV{1BI*DIS]
BCSYRVI IBI#DIS]
CC=ZRVI 181#D151
ACVINCT b=AC

BCVINCT I=BL
COVIRCT )=CC
DLVINCTi=DESToAC R XA+BCFYA+LCRIA
CVINCT ) =D I5T

% CONTIMUE

17 CCNTINUE |

PRINT II.KgHFR,hHATfINHS#IK!I:lHSUIKﬁlfKi'erHlT]

C
C THE INTERFACIAL PLANES ARE IDERTIFIED IN TERMS OF THE NODES THEY
c CCNNECT L& ANC IB, AAC THEIR EQUATIONS ARE STORED IN THE FORM OF
c ARRAYS OF THE COEFFICLENTS IN THE EQUATION ACV¥X4BCVAYSCCYSZ=DCY=D
_C____ THEY ARE CLUMPED IN GROUPS OF THE SAME IAs WETH IB ALWAYS GREATER
C OV IS THE DISTAME CF EACH MODE FROM THE GIVEN INTERFACE PLANE
¢ NCT 15 ThE TOTAL NUMBER OF INTERFACES FOENTIFIED. o
C
KK=K ) ) o
CALL FINDCKK]S
L e e e
¢ TFIRDC PULLS OUT ALL CF THE INTERFACES OF NODE JA, WHICH 15 ONE OF
C TWO NODES WHICH SFARE INTERFACE KCT. THIS MNEED NOT BE REPEAYED FO
C XCT BECAUSE THEY ARE CLUSTERD IN GROUPS OF COMMON I1A.
c L. = [ - e e
IFINCT.LT.KE) GC T€ 1
0=y
00 4 KCToKESNCT
IB=ICPRVIKCT)

T CALL T1SECT

ARCVIK(T}=0.
IF(ID.EC.=1) GO TO &
CALL LIMES
IF{IC.LT.1} G0 T0 &




T ERSUBRDUTINE ARVeS
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LINES CONSIDERS EACH INTERFACE WEICH IA HAS TO BE AN INFINITE PLAN
____CALCULATES YHE LIMS CF_INTERSECTION EBETWEEN PLANE KCT ANOC THE PLA
ALL OTHER INTERFACES COF 14, [SECT DETERMINES WHICH OF THE LINES
GEMERATED BY LIKES ACTUALLY IMCLUDE SEGHENTS WHICH ARE EDGES OF TH
CONVEX POLYGON WHICH 1S THE ACTUAL INTERFACE KCY BETWEEN NODE vDLUY
LA AND 1B. IT DETERMINES THE POSITIONS OF THE CORNERSy AND THE LE
OF THE PCLYGON EDGES BETWEEN THEM,

TIF{NIS.LT.3) GO YO 4
A=,

LOOP 2 CALCULATES T+E AREA OF INTERFACE KLT AS A SUHM OF TRIANGLES.
WHICH COGRRESPLNCS TC AN ECGE OF THE POLYGON KCT.,

4

1
c
L S
C
¢
11
12

DC 3 KAal.hC
Ach+DISTY(KAJ*ALENGVIKA)
CONT INUVE

A=Q,.5%A

ARCY{KCT }=A
V1=0.3333333%DVIKCTI*A

TFUIALLELNARY VLMYITA)oVLMVRTA) ¢VT
IF{ IBGJLELNNR] YLEVIIBI=YLNVIIB)#V]

THE wOLUME OF EACH MCEE VOLUME 15 CALCULATED AS YHE SUM OF THE wOL
OF POLYGONAL PYRAMIDS5y THE BASE DF EACH OF WHICH IS AN INTERFACE ¢
EACH INTERFACE KLT CONTRIBUTES THE SAME VOLUME TO GOVH NDDES IA AN

CONT INVE

CALL TAPF
CONTIRUE

VLMVIK) 15 THE VCLUVE OF CELL K

ARCVIKY IS ThE AREA OF INTERFACE ¥

FORMATEIX p3054 LLL 11X [391X5A5)])

FOURMAT{1H1/5Xy*K PFFR NHAT HMS 1IMS5S AND REPEAT®//)
RETURN

END




L4

#&SUBROUTINE MATGENSS

SUBRQUTENE MATGEN

COMMON ZMATRIX/ THETAGPHI +PSTyALl19ALZ¢A134A2]19A229A239A314432y422

STHETA®SIN(THETAT
CTHETA=COS{THETA)
SPHI=SEN(PHI )
CPhI=COSIPHI}
SPSIwSINIPSI)
CPSI=LOSIPSL)

ALl=CPSTHCPHI-CTHET A#SPHIWSPST
Al2sLPSl1#SPHISCTHETASCPHINSPS]
AL3=5P5 1 #5THETA
A2 me SRS IR PHI=-CTHETARSPHI*CPS]
AZ2w=SPSEe SPHI+CTHEYA*®CPHI*CPS]
A2I=CPS [#STHETA

Adl=STHETA®5PH]
AJQ2e=STHETARPHI

T A33=(THETA

PRINT 1,THETA,;FPHI4PS1
PRIKT 2
PREINT 3,A11,412,413

1

ik B

PRINT 3g4A2iy822,A23
PRINT 3,431 ,432,433

FORMAT{1X y*THETA o FH1, PS1=%,3F12.8//)
FORMAT{ 1Xo#THE RCTATION MATRIX IS®//)
FORMAT{1X,3F12.8/7)

REIURN

END

T#8SUBROUT INE TURNCIDIRe XA YA ZAy XRy YRyZR)®ES

SUBROUTY INE IURN{IDIR:I#.T#-I!IIRffﬂqIR!F

COMMON FMATRIX/ THETA,PHIPSIsAlLleAl2sA13,

TF(T0IRLEC.O) RETUEN
IFLIDIR LLT.O) GC TO 1
KREALL®XA+ALZEYASALARFA
YROAZIEXA+AZZIYA#ATIOTA
IR=AY | EXA+AIIHYA+ARINZA
RETURN

A21sA224A23 A3 4 ABZ24A23

1

CONT INUE
 KR=ALL*XA#AZLAVA#AZL#TA
YReALZEXA+AZZNYACAZZF2A

IREALI*XA#AZINYARAIFGZA

RETURN
END

—_——— e m T —— e ———— —— —— ——

—_—————— e =

——

- - amue
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*2SUBROUT INE CLISTGEMUIREF)#»

SUBRJUT INE DISTGENILREF)
CCHMMON /DIST/ DISTVIBOOL e IRANKVEBOO o IEL IMV {800}

COMMON JINTEGER/ TAsI1BeIDaKCT oKE s MRANK. NC o NC Yo NI Sy NNRSHNT
CCVMMON /NPS XVIE00 e YVIA00L,2VIB00)
CCMMON /NPR/ XRN{800)+YRV{800)+2ZRV(B00)

£
C X¥orvelv 15 THE ABSCLUTE POSITION OF THE GIVEN NODE.
C
XREFaXV{IREF}
YREFaYV{ IRCF}
IREF=2Vt 1REF}
DO 1 ¥=)ly bAT
XD=D, 5% { XV{K}=XREF}
LYu=0 5%LYVIKI=YREF) __ —
IC=0.5%{ZV{K}=ZREF)
XRMLK )= XD . o
YRVIK )= YD
ZRV(KIaZD ) )
DISTVIK )= XD XD+ YDSYDR 2D% 2§
1_CONTINUE . o
C
C XAV, YRV, ZRY 15 NOW THE VECYOR ERCM NODE IREF TO THE MIDPOINT OF TH
C LINE BETWEEN NODES IREF AMD K. AT THIS POINTy DISTY IS ITS LENGTH
C

RETURN
END

_—— —— —_ e — [P — " —_— e — e




.
(™
C
C
C
¢
1
.
C
C
2
2
C
C
c
C
_
.
C
C
c
2
C
C
C

TRELINVLTNEN) =D
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**SUBROLTINE RAAK®S

SUBROUT INE RAMK

THIS SUBROUTIRE "RANKS YHE MRAMK NODES REAREST Ta THE GIVEN NODE ©1

1TSELF} TN CRDER OF INCREASING UBESTANCE SQUARED/4 DISTV. THE USE
ARRAY LELIMV HERE 15 DIFFERENT FROM THE USE IN SUBROUTINE 1DC.
HERE FELIMVIKI=L IADICATES THAT NODE K HAS NOT YET BEEN RANKED.

COMMON /0I5T/ DISTV(A00), IRANKV{ 800, IELIMV(E00)

CORMON FINTEGER/ IAyIBy10sKCToKEe MRANKy NC o NCT g NISoNNRyNNT
00 1 KelyKNT

TELIMVIK}=])

CONT LALE

CO 2 K=1, MRANK

— - - = - - — ——u

FIND FIRST UNRAMKED O1STANCE

00 3 KA=L,hAT

[MIN=KA

EFIIELEMEINIMNILEC.L) GO TD 4
CONTLNUE
CONTINDE
DMIN=20ESTY{ININ]

CCMPARE WITE GTPER UNRANKED DISTANCES. REPLACE WITH ANOTHER ONE |
SHALLER. CGONTINUE UNTIL THE SMALLEST IS FOUND, AND RANK (T.

00 5 Kasxl ANT T
IF{1ELEPFVIKAL.EC.O) GC TO 5
CTESTeDISTYIKA)
1FICTEST.GTLDMIN) GO TO 5
IMIN=KA

D# IN=DTEST

CONY INJE )

NOW THIN IS THE MUMBER OF THE NODE WHICH IS THE CLOSEST AMONG ALL
PREVIDUSLY UNRANKED ACDES VO THE GIVEN NODE.

IRANKVIEKI=IHIN

CURT INUE

IRANKVIKY IS THE MUMBER OF THE KIH ACDE AWAY FRON THE GIVEN NODE

RETURN

TEND
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#%SLUBROLTINE FINDCUIPAT )2%
SUBROLTINE FINDECIFPAT)

e e o e e e e
c THIS SUBROUTINE IDENTIFIES ALL INTERFACES WHICH NODE TPNT SHARES MW

C GTMER MNODESy; AND CALCULATES THE POSIVICN OF THE WIDPOINT BETWEEN ¥

c GIVEN NODE AND EACH OF THE OTHER NDDES CONNECTED TO IT.

C ThE ARRAY T¥ IS LSED BY TESTS. THE SIGN OF TVIK} SERVES TD INOICAT

C WHICH STDE OF PLANE ¥ NODE POINT 1PNY LIES ON.

L

‘COMMGR FCh/ ICPAVIA000) y 1CPEVI4X000) yARCY {40004 DV 140001
COMMON FCNYZ ACVLIACCO)o BCYI40001,LCVWL4000) DLV 420000
COMMCN 71CV/ ICV(L01b,TVI100}

COMMON FINTEGER/ IAyIB,[DgKCToKEsMRANKy NCyNCT ¢ NI Sy NNRyNNT
COMMON /NERR/ NERR

COMMOR /NPZ XVUB00} o ¥VIB00) 4 ZVIBOO)
COMMON FVLM/ YLEV{BOC ], NCV( 860 -

NC =0
1ICV{ 101 )=IPNT
X=Xv{1PNT)
Y=Yyt IPAT)

_ I=IViIeNTY
WLV IPNTI=100
DO 1 K=mleNCT
JASICPAVLIK }
JE=ICPBYIK)
IFLIPNT L.EQ.JA) GC T0 4

C1FUIPAT LECLJBY GO TO & _
GO 1C 1

4 CONTINUE
NC=NC+1
IF{NC.GT.100) GG ¥0 2
1CVINC) =K
TVINCISACVIK ) EX4BCVIK )Y SLLY () # Z=DCV (K )

—_— e —

- -—— - J— —— mamm s 4w e o e —

- W e —r— ——

T 1 CONTINUE -
NCVW(IPNT JaRE
RETURN

2 CCONTINUE
NERR=NERR+1

_ _IFINERR.GT.10Q) REVURN
PRINT 3, IPNT
RETURN

3 FORMATILX,®WARNIKG NC EXCEEDS 100 FCR 1PNT=®,1%)
ENC

e mEaraum L Eima s s muc s - —-——- 4 —_—
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S8 SLBROLYINE LIMES**

SLAROUT INE LINES

L e e e e e o . e
T 7TV IS SUBROUTINE CALCULATES THE INTERSECTION LINES OF PLANE KCT WIT
c OTHER INTERFACE PLANES OF NCOE I&., (THEY ARE LISTED IN [£V.) TwD
C ALTERNATE ALGORITHMS ARE AVAILARLE. THE OKE USUALLY EMPLOYED BEGI
C REARRANGING THE DEFINING EQUATIONS OF PLANES KCT AND KA ENTO THE F
C YaY{XeZ). SETVING THE TWC EXPRESSIONS THUS OBTAENED EQUAL TO EACH
C_____ GIVES AN EQUATION IN X AND Z WHICH IS THEN SOLVED FOR I AS A FUNCT
C Xy I=itX). SUBSYITUTIRG YH1S EXPRESSION BATLK INTO ONE OF VHE EXPR
C FOR ¥ THEN GIVES AN EXPRESSIDN ¥Y=¥{X}. THE LINE OF INTERSECTION
C COMPLETELY DEFINED BY THESE TWD EXPRESSIONS WHICH ARE STORED AS TH
C COEFFICLENTS [N THE FORMS Y{XIuYXVEXSYCV AND Z{X)xIXVEX+ZICV.
c FOR TH!S METHOD YO BE USEABLE, THE NORMALS TO BOTH PLANES MUST HAV
c NCNZERD Y COMPONENTS. IF YHIS CONDITION 1S NOT MET, THE CODE USES
[ AN ANALGGOUS ALGCRITHM WHICH FIRST EQUATES TWD EXPRESSIONS FORITA
C FLCTION OF X AND Y, AMND THEN SOLVES THE RESULTING EQUATION FOR Y A
c FLUCTION DF X. BACK SUBSTITUTION GIVES Z{X). THIS OPTION REQUIRES
C TH PLANE NCRMALS HAVE NONZERD I COMPONENTS. IF NEITHER CONDITION
C A WARNING [5 PRINTED AND THE INTERFACE KCF 15 DROPPED FROM FURTHER
€ CONSIDERATION. {THIS 1S COMMUNICATED BY RETURNING ID=0 OR 1D=-1.}
C
LOGICAL LYL,LZ1,LY2,LZ2,LPAR L
COMMON /CN/ LCPAVI4000)4 ICPEVIL000), ARCVI 40001 ,DVI4000) - "
COMMON JCNV/ ACVL4CD0D} BCVIA0D0) ,CCVI4000) s DEVISD0D)
COMMON /EPS/ EPSBC,EPSYI,EPSIN,EPSI,EPSS
COMMON ZF1CV/ LCVALI0L),TVILOO)
T COMMON JINTEGERS 14; IBs IDeKC T KE g MRANK, NG o KCT ¢ NI S NNR TNNT
COMECN JLIMNES/ ¥YXV(LI00),YCVA1003, IXVI100)s ZCV(I00), ISKIPVILOO)
COMMDN /NERR/ NERR
COMMCN /NP7 XV{B00§, YV (8001, ZV(E00)
I0=] - T
AlsaCvexkcry L
Bl=BCVIKCTY — '
C1aEVAKRLT) ] B _ -
D1=DCV{XCT) ' -
LYLl=AB5S{BL).CT.EPSBC ] B
LZi=ABS{C1I.GT.EPSBC
C
T 777TRILL TRANSFER TO 11 IR NEETHER Y DR 7 COMPONERT X5 WNONZEROLSETTING —
C WILL CAUSE THIS INTERFACE AND ALL UTHERS WITH THE SAME VALUE OF T4
c HENCEFORTE BE IGAGRED., )

TF(.NOT.(LY1.0R.LZ1}) GO ¥O 11 5
IF(NDT.LYL) GO TO & -
AB=AL/BL I )
T A, Y '
DB=D1 /81
5 CONTINUE
IF{.NOT.L21) 60 T0 &
AC=AL/C1 - -
BCwB1/C 1
TLCHDIZCT
6 CONTEMUE
DO L KA=LsNC "o T -
ISKIPVI KA =]
KC={CvikA} = = — ~ ) - - " T
{A2= ICPAVIKE )
TTTTTTIE2= I CPBVIKT)
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*=+SUBROUT INE LINES##

YEVIKAY=(.
YCVikAl=0a

IAVIKAIRD.
ICV{KA) =0,
TF1NOT o [AEQ.IAZLAND.1B.EQ.182)) 60 TO 2
LSKIPV(KA}wD
GO T0 1
2 COKTINUE

AZ=ACY KT )

BZ=sBLVLIKL)

C2=CCVL KLY

De=DC W #EC }
LY2»ABS1B2).GCTEPSBL
LIZaABSEC2).GTERSEC

4
c SEE THE PRECEEDING COMMENT.
¢

IFL.KOT odLY¥2.,0R.LZ2}) GO TO 13
IFLNDT LY ANL.LLY2Y) &0 TO %
_DNK=(CP=C2 /B2

TABSUNMEBABSIONKY
IFLABSDAM.GTLEPSYZ) GLC TO 22

CALL PTEST{LPARALsBLlyCleA2sB2:C2}
IF{.NOCT .LPARD &GO TO 7

ISKIPYY KA =0

G0 YO 1

T 22 CONTINUE
DNEI®=Ll. /DMK
Zx={A2/B2=~AB) *DNMT
2C={(B~DZ /B2 b*OMK]
¥ Xz Al CBEIX
__YC==CB®I( +DB

“GcTVWie T T T T —
9 CONTINUE

- - —_ - — T — - - — -

WILL TRANSFER TC 12 IF MEITHER COPTION MAY BE USED BECAUSE ONE PLAN
NORMAL HAS A ZERO Y COMPONENT AND THE OTHER A IERC I COMPONERT.
i0=0 WILL BE RETURNED IN THES CASE. THIS WILL DROP YHE GIVEN_INTE

THE SAME lA.

aEaRallaNaNalsl

[FENOT(LZ1aANCLLZ2Z)} GC TOD 12
ChNH=sBL=82 702
_ABSDNM=ABS{DAN}

“FRON FURTHER CCMSIDERATICKNe BUT WILL NOT EFFECT OTHER {NTERFACES W

TF{ABSDNMLGT LEPSYL) 6O 10O 23
CALL PTESTULFARsBlyBleCleh2eB2:C2}
IF{.AOT.LPARY GC C 7
ISKIPVIKA }=Q
GO TO 1

23 CONTINUE

T T DRNTRY L A0RM
¥X={AZZC2=ACI¥DNMT L
= yCa{DC=DZ7C2)*+DNMI T T
Ixm= AC-BC#VX
- 2Cm=BCHYE +DC
10 CONT INUE

- - - - ———-— = -—— - —_ - —_

— T T YRV{REF=YX
YOVIKA =YL

——e,e—— e - —— e —— — [T — - - - J— - me— m——me——r—— o om - —_



T 1 CONTINOE

PRINT IS

“T7i1 CGNTINUE

50

T &eSUBROUTIAE LIKESHS

ZXVIKAI=Z X
ICVYIKAl=ZL

RETURN

T CONTINUE

I0=()
HEAR®sNERR+1
_EF{NERR.GT.100) FETURM

PRINT 20 ¢CNMy EPSY]

PRINT 15,KCTolApIBeAl4BlaClaDl,yEPSBC
PRIKY 15:KC,lAZy JB2pA24B24C24024EPSBL
PRINT ZLeb¥lsLZ1leLY¥Y24LZZ

REYURN o
iD=}

MERRz=NERR+]

1F{NERR .GT.100} RETURN

FRINY 8

PRINT 14

FRINY 159KCTo A3 IRy ALsBLyC1l, D1, EPSAC
RETURN

13 CONTINUE

10s=]
NERRaNE RR#]
TF{NERR.GT.LGO) RETURM

PRINT B

PRINT L5,KCsTAZy IB2pA2,B2.024024EPSEL
PRINT 1&

PRINT 17 _

PRINT 15:KLT1A41BpAlyBLlyCleOLs EPSBE
_RETURN

- - ————

12 CONTINVE

1D=0 o

NERR=NERR+1

IF INERR.GT,200) REFURN

PRINT 18

_PRINT 154KCyIAZ, 18244248240 24024EPSBE

- r—am—sw o oaw

- e

——r—r—  —— —_— ———— =

TPRINT 16

PRINT 17 )
PRENT L154KCT, TA,IB,ALBlsClsD12EPSEBC
PRINT 21L¥1siZ)lsL¥2401122

RETURN

LENTS*)

—_— Aa e A A d L mmiwam

JF— - - A=

14 FORMAT(LXs*IT IS5 THE INTERFACE wWHMDSE INVERSECTIONS ARE BEING CaALCU

RLATED®}

15 FORPAT{1X %KL g1 A, [8n* 315 ,3Xy%A),8L4C14D14EPSEBCa*, IPSELSL %)
16 FORMATL1X,#TEES [S NOT THE INVERFACE WHOSE INTERSECTIONS ARE BEING

1 CALCULATED®)

LATED®}

17 FORMATI IX4#THE FULLEMIAG INTERFACES INTERSECTIONS ARE BEING CALCUL

1B FORMATCLX p*HAVE CCPE UFCH TWO INTERFACESy ONE OF WHICH HWAS A LERO
1Y NDRMAL COMPOMENT AND YHE OTHER A ZERO I LCOMPONENT®}
19 FORMATIEXs%HAVE CLCNE ULPON AN INTERSECTION LINE WHICH LIES IN THE ¥

20 FORMATTL N, ¥DNM, EPSYInd, TP 2EL1.%)

LA

1yI PLANE.*)

FORMATI IX o%LYL L ZL LY 2L I2m& 4L 5)
o n - )

—————— —
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 ##SUBROUT ENE TSECTes
SUBROUTINE 3SECY

C e e et e oot ettt et e _
G THIS SUBROUTINE CALCULATES ALL CF THE PCINTS OF INTERSECTION BETME
c THE LINES EN PLAKE KCT WHICH WERE CALCULAYED BY LINES. TYESTS DETE
£ wHiICH OF THESE PEINYS ARE ACTUALLY INTERFACE POLYGON CORNERS.
&
LOGICAL LA
CONNON /D1ST/ DISTVIB00) ¢ IRANKVEBOO )y TELIMY (B0O)
COMMON FEPS/ EPSBLyEPSYZVEPSINSEPS!+EPSS
CCMMCN JTCW/ TCVIL0LE.TV(100} e e e
COMHON FINAMEY/Z INAMEVIBOO) s1PLOTIWRITE
COMMOCN /INTEGERF ThAsIBo IDpKCToKEgMRANKy NCpNCT o NT SoNNR o NNT
COMMON FLENGTH/ ALENGV {100}
_ COMMON FLINES/ YXVI100),YCVIL00d3ZXV(L00)s2CVILO0,1SKIPVILDG)
COMMON /WCF/ NCF
CCHHCA /NERR/ NERR _ e
COMMON JTESTS/? ISViLS)eNLISaXlsY1s2IaLa
DIMENSTON XESVIS0)eYISY{A0)oZISVEI0 Do NLISVII0s ISNEL530)
DIMENSICHh KIVI30k,XIIvi30)
 _GIMENSION XPV(3DloYPVE30)4¢ZPYI30)
TNLISVIR)E0
I1SH{LyL)sq _ B
NiS=0
00 L K=y . ~
CISTViK )=0.
L NFlK.EGLNCY G TO 1 . .
TIF{TSKIPVIKY <EQa u: GE 101
P KK:K‘I —_—
C
i } - —
B0 2 KA=KKyNC
153Viii=k —
ISV(2p=KA
 IF{ISKIPVIKA).EC.O} GC TC 2
c
C THERE ARE Twh POSSIBLE WAYS TO SOLVE FOR THE X COOROINATE OF YHE
L~ TIKTERSECTICN POIAT. CAE 15 TD SET THE TWO EXPRESSIONS FOR YIX) EQ
C _UMIS REQUIRES JHAT vD#0, 1IF YD=0, THE CGDE_ATTEMPTS TO SOLYE FOR
c TBY SEYTING THE Twe Z{X) EQUAL, THIS REQUIRES THAT Zi=#0. 1IF soOTH
C  YD=m0 AND D=0, THE TWC LINES ARE PARALLELs AND THE CODE DOES NOT
¢ ATTEMPT 10 CALCULATE THEIR INTERSECTIDN. RATHER; IT TRANSFERS 7O
E .

___ABsYC=ABS{YD)

.. 18

“Gd TO'L9

YO=YXW{KI~YXY{ KA}

IFUABSYCLITLERSII 6™ TT 1™
XI={YCVIKAJ=YCYWIK)}/¥YD

CONTINUE '
Z0u2 XVLK =2 KVIKA] e e e e e e e e -
AESILC=AES {201}

T TFIABSID.LTLEPSTY 60 1072

15 CONTINUE

———————

KI={ZCV(KAI=ZCYLKII/Z0
YISYXV{K)IOXTSYCVEK)

FISIXVERPOXTHZCWIKD = = 70 707 T e s

CALL TESTS

IF{.NDT.1A) GO YO 2
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T enSUBROUTINE jSECT*4

IFLNIS.EQ.D) &0 TO 31
_ DPO_32 KC=]1,NIS

T RLT=NLT SVIKC)

TE(NL1.NE.NLIS) GO T¥O 32

00 33 KBalshL1S

15=1 SMEKB 4 KC )

IF{ISJNELISYIKBI) GO YO 32
__ 33 CONTNUE

&0 0 2

32 CONTINUE

31 CCATINUE
NISaNIS#+1 N
NLISVINISI=hLiS

DO 25 KB=lgNL1S

ISH{ KBy KIS 3o [SV{KBT

25 COKTINUE
XISVINIS)=X]
YESVINIS)=Y]
ZISVERISInZE

2 CONTINUE

—————— ——— e i A e . —aam

‘1 CENTINUE

NIS IS THE TOTAL NUNBER GF INTERSECTIONS WHICH HAVE BEEN ACCEPTED
YESTS AS GCCRAERS CF THE INTERFACE POLYGON KCT. ISAVIKI AND ISBVIK
THE TwO LINES WHICH INTERSECTION K INVOLVES. {THE ORDERING OF THE
___ HERE AND ELSEWHERE KN THE VARIOUS ARRAYS IS THE SAME AS THAT OF TH
OF T+E INTERSECTION POINTS K. _ o
LGCP 5 GOES THROUGH ThE NC LINES AND DETERMINES WHICH RETAINED LIN
INTERSECTEONS INVOLVE EACH OF THE LENES, IF ANY. LENES, PARTS OF
CONSTITUTE EQGES OF THE POLYGOMAL FACES OF NODE VOLUME [A SHOULD T

GORRESPONDING PLANES 1IN ICV.) XISV, YISV,2I5Y ARE THE POSITIONS IN

_PART_IN ThO RETAINEC INTERSECTIONS, OTHER LINES SHOULD NOT TAKE P
ANY .
Kl AKD KII ARE THE TwO INTERSECTIONS {1F ANY! FOUND FOR LINE KD.
"ALENGYIKSY 1S THE DISTANCE BETWEEN THE TWOD INTERSECTIONS WHICH [NV
E kB ANDCy THEREFOREs IS5 EQUAL ¥0 THE LENGTH OF THE EDGE OF THE INT
POLYGON wHICH LI1ES ON KBe. IF KB DOES NOT INCLUDE AN EDGEs ALENGY
__ 15 RETURNED AS ZERG,

(aB2kzl il inl 2l alsEnE sl Xl sy

&
|

IFINIS.LT.3) RETHRN
XCE=XISVi1)
YCE=Y15Vil1)
ZCE=ZISVi1)

KD=1

NEGGE=D
KIVELI=0
K11v(1)=0

BE 5 KB=leAC
ALENGVIKS J=0.
K1=0

"KIlag
IF(ISKIPViKB}.EQ.0) GO TO 5

DG & KA=loNIS . O

KAABKA

NLISSNLISVEKAY ——— bt e em et oo emem e e+ e e e en e

DO 26 KC=lphLi3

T TIF TSR, KATLEGRBY SO0 T
&6 CONTINUE
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*$5UBROUT INE 15ECT*#

GO TO &
__1 CORTINUE

IF{KLILNELO) GC TO 9
KE=KA
GO TO &

9 CONTINUE
IF{KII.AELCG) GO YO 27
KIT=KA

& CORTINUVE
IF(KLLILEQ.O) GC TE &
IFIREOGELEQ.C} GO TO 13
p0 30 K=1¢MEDGE
KIK=KIV{iK}
_KTIK=KI1V{K]
1F (K1 eECKIKJAND.KIELEG.KFIK) GO TQ 5
IFIKIaEQLKTIKAND LRI TLEQ.KIK} GO TO §
30 CONTIRUE
13 CCATIRNUE
NEDGE=NEDGE+1
KIVINEDGE)=K]

KTIVINEDGE b=KIT ™~
XDeXISVIKII=XISVIKIL
YO=YISV(KIFI=YISV{KIT)
ID=ZISVIKI}=2ISVIKIT)
ALS=XD*XD+YO*YD+IL*IC

 ALENGV{kB)=SCRTLALS) o
YA=YXVIKE)

YC=YLVIKE)

IXSIXVEKB )

ZC=2CVIKB])
AMsXCE+YCESY X +ZCEIX=YX#Y = IX*Z(
 XMEXMAL Lat Y XEYXRT XETX)

YHaYXEX F+YL

IN=IXEX eI

AD=xp=xX{E

YLu¥M=YLE

ID=IM=Z L E
__D15SmXD#X0+YD4YD+ 20420

T DISTVIKBI=SCRTEDTSS)
GC 70 5

2T CONTINUE
NERR=NERR +1
IF{NERR oGT100) RETURN
KD=(

PRINT Z3,KByKCT K] K11 KAA
5 CCNTINUE
IDiAw=]
CG 34 K=24NEDGE
IELIMVIK)=1
_ 34 CONTINUE

KIaKIVEL)
RIE=KIIVIL}
XKPvil)= XISVIKE]
YPWil J=YISVIKII
IPYLLY=2ISVIKT)
HEDGP=NEDGE+]

00 35 W=2,NEDGP
XPV{KI=Xx1 SYLKIE)


http://_FiKI.EG.KIK_AND.KII.EC.KIIK

34
*#SUBROUTINE ISECTH*

YPYIKI=YISVIKIE)

_ PVIKI=ZISVAREE)
IFIK.EQ.NEDGF) GC TC 39
00 36 KA=2,NEDGE
IFLIELIMVERA)LEC.O) GO TO 3¢
KhA=KA
IFIKIVIKA)JLEQ.KEE} GO TO 37
JF(KLIVIKADLEG.KIES 6L TC 38,

36 CONTIMNUE
Ge TC 35
37 CONTINUE
KIE=KIIVI{KAA)
FTELIMVIKAA)wQ
GO YO 35

38 CONTINUE
KIE=K1V(KAA)
1EL IMVE KAA )=

35 CCNTINUVE

36 CONTINUE
DS 41 K=1yNEDGP

XKA=XP¥{K)
YAEYPV{K)
La=IPYIK]
CALL TURNCIDIR XA; YAy 283 AReYRe2R)
EPVIKI= xR

. YPVW{KIuYR

LPVIKI=IR
4] CONTIMNUE
WRITE (5) IMAMEV{IA}y INAMEV{IBIeNEDGP 3 { XPYIKI s YPVIK I IPVIK] yK=]y
INEDGP)
IF{TIB.GT.NNRF GC 7O 40
WRITELG6) INAMEVUTA be INAMEVIIBIyNEDGPy I XPVIK) g YPVIK) 9 IPV(K) gR=ly
INEGGP]
i FehCF +1
40 CONTINUE
IFIKDLGT0) RETLRA
PRINT 23
PRINT 20414, [0y IDsKCTyKEpMRANKy NCy NCTy NESyNNRyNNT

PRINT 23
PRINT 20sNI5:NEDGE
PRINT 23
PRIMT 11UINLISVIK),Kn]l,hIS)
PEINT 23
DL 29 K=1,M15
MLIS=MLTSVIKE
PRINT 1is{1SWMIKAgKipKim]lyNLIS)
29 CCATINUE
" PRINT 223
PRINT 224 IXISVEK4KulyNIS)
PRINT 2Z4(YISVIK)sExLlsh15}

—————r—rr = = m = m—— m——— k= —— ———— —_—— — . —mau

T TPRINY 22l ZISVIKDY K= 1 NESE T T T
PRINT 23
PRINT 20 (KIV(K)skxlyMNEDGE]
PRINT 20, EKI1VIK)}K=1yNEDGE)
PRINT 23~
PRINT 114(ICVIK)gKm1ghCi

TTTTTTRRINTTER T
PRINY 223 (TVIK} gKxl L]
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PRINT 23
PRINT 229 LYXVLIKI g KnRgNC }

PRIKT 23
PRINT 224{VCV{K]lyKaly4dC}
PRINT 23
PRINT 224L2ZXVIKIz K=l MC)
PRINT 23
PRINT 229 ¢ZCVIK]ok=1shC)

PRINT 23

PRINT 205 (I I5KIPVLIK)gK=]NC]
PRINT 25

PRINT 22, {ALENGYIK)gK=]4MC)
PRINT 224 4DISTVL{KIpK=14KC)
RETLRK

—————— ey = A e e e A

11 FORMAT( L), LBITAI

12 FORMAT{LXs1P10E13.3})

14 FORMATL LXg%AN EDGE WHICH IS5 CONMECTED TC ONLY OME VERTEX
1%/ 1 X gk KP=#y |52y *KLT=*, ][5/} _

16 FORMATI LN *TRCUEBLE = ACMCOPLANAR LINES*)

L7 FORMATULIXo*KCToiAgl Bp Ko KAy SIS/ 1Ny #YXVIKD o YOVIK) o ¥XVIKA) o YCVIKA)S
1# 4 LPAEL G4/ L Rp #2XVIK) » ZEVIK Y o ZXVIKA) s ZCVIKAY=®, 1 PGELSL 4}

ZC FORMATU1Xx42015)

21 FGRMATILFLY

22 FORMATILX41P6E20.10)

23 FORMATLL1X//)

28 FORMAT{1Xs*TRCUBLE = A THREE ENDED LINE*//LXs*KBoRCTw®p2]5, 3N *KEe

e

IK[ [y KAA=%3IS)
42 FORMATL L Xy #KLT=¥y [59p3 Xy *NEDGE=* 41 5)
43 FORMAT(LXs1P3E20.10)

END

—_ —_— J— —_ e — - —r——————  — ———— - - rmas v a—T

¢ SUBROUUTINE PTESTILPARgALyBlsCleA2gB2yC210%

SUBROUT INE PTESTILPARAL:PLleClsAZoB24C2)
COMMON _ZEPS/ EPSBULyEPSYZLEPSINGEPSIHEPSS
LOGICAL LPAR

LPAR= .TRUE.

ADwA2-Al

BO=E2-B1

{0=C2=(1

TEST=AD*AD+BOSBD+CO*CD

IFITESTLLELEPSS) RETURN
AS=A2 34

ps=62+B1

C5eC2+(] )
TEST=ASPAS+BSPBS+LS#(5
(FATESTLLELEPSS) RETURAN

LPAR= .FALSE.
RETLRN
END
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*2SUBROUT INE TESTSe®

SWUBRCUTINE TESTS

THIS SUBRCUTINE DETERVMIRES WHFETHER OR NOT POINT X1,¥I.Z) 15 A VERT
NODE VOLUME IA. LGGP 1 GOES THROUGH ALL NC INTERFACIAL PLANES WH!
NODE VOLUME TA. THE POINT XIeYIeZl 15 ACCEPTED IF IT MEETS ONE OF
CCNDITICKS I[N REGARD TQ EACH OF THE PLANES. ONE IS THAT IT LIE IN
PLANE. THE DTHER IS THAT IT LIE ON THE SAME SIDE OF THE PLANE AS
_NOOE _POINT _IA. THIS IS5 DETERMINED BY COMPARING THE SIGN OF TEST!

THAT OF TvlK). (SEE FINDC.)

ﬁfwriﬁtﬁrﬂﬁtﬂr1

LOGICAL LA

COMMON /CRV/ ACY140001,8CY {40000 ¢CCV (4000}, DCV(4000)
COMMON /EPS/ EPSBL,EPSYZsEPSINgEPSILEPSS

COMECh FICY/ 1CV10134TVIL00} e
COMMON /7 LNTEGER/ 1AsIBs[DeKCToKE s MRANKy NCyNCT NSy NNAyNNY
COPMMON /TESTS/ ISVILSIsNL1IS;XLa¥TsZ1sL A
LAz, TRUE.

IK=15V{ 1)

IKARISV{2)

- —————

-—iimiaam U A Em mar ETEmrE————— - == o m . — — — e —

D0 1 K], MC
IFIKLEQ.IK)} GC TC 1
JIFIK.EQ.FKA) GO TO 1
IC=JLviK)
IETICLEC.KCT) GC TC 1
AC=ACML1CE
BC=BCVI ICY
CC=CCVIIC)
CL=0Cv] IC)
TESTIM=ACIX]+BC*Y Il {xI]=L1
ABSIN=ABSI{TESTIMN}
1€ (ABSINSGTLEPSIN} GO TO 3
MLIS=ALIS+Y
ESVIRLT S)=K
0 TC 1
3 CLONTINUE
TESTP=TESTIN®TVIK}
IF{TESTP.GT 0.3 66 _TC 1 _
LA=-FALSE-
RETURN
1 LGAMTINUE
IFINLIS-EQ.2) RETLRN
IFLISVE2) LT ISVIAN) RETURN
WLISP=NLIS+#L
ISVINLISP}=]10C0
DO 2 K=l,y2
L Tm3=K
IST=15VIKT)
KTP#¥XT+1
DD & KASKTP,MWLISP
KAA=KA
FJFEIST. LY. ISVIKAY) GC TC 5
§ CONTINUE
5 CONTINJUE
KAA=KAA=2
00 & KA=KT;KAA
T SVOKAN =T SVIKARTY

r————— —— FrES—_T P - we— v

—_—rr—— E———— — = —— _— =

.
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#9SUBROUT INE TESTS##

& CONTINUE
ISVIKAASL) ®IST
TFCISVRDLLT.ISViZ)
2 CLONTINUE
RETURN
END

RETURN

*+SLAROLTINE TANPe*

SUBROUT INE TANP
COMMON /CN/ ICPAVI4000) 21CPRV{4000) yARCYV{4000),DVI4000)
COMMON JCNV/ ACV(4000),8Cvi4000) 4CCV(4000),DCVI4000}
LOMMTN JEPRS/ EPSRC,EPSYZ2LEPSIN,EPSIL ERSS
COMMON ZINTEGER/ 1A9IBo104KCT sKEsMRANKy hCy NCToNISoMNRyNNT
COMMON ZVLM/ VLMV{B00 ), NCY{B00)
KEE=KE-1
00 | KeKE,NCY
TFOARCV (K ). LT.EPSST 64 107 &
KEE=KEE+1
ICPAVIKEE )= 1CPAVIK)
ICPEVIKEE)=ICPEVIK)
ARCV{KEE b=ARCY{K}
CVIKEE}=DV{K])
ACV{KEET=ACV (K]
_ BCVAKEE b=BCV{K} ) o .
CCVIKEEI=CCVIK)
DCVIKEE J=DCVIK)
1 CONTIMUE
. NOEC=NCT-KEE__ . __ .
HCViTA) =NC v TA}-ADEC
. _NLCT=KEE
RETURN
END




58

REFERENCES

1. Edwardzs, A.L., 1972, TRIMP, UCRL-14754&, rev. 3, (Septamber 1, 1972},

2, Lippmaon, M,J., C.F. Tsang and P.A., Witherspoon, 1977. Analysis of
the Rezponze of Geothermal Reservoirs Under Injection and Productlon
Procedures. SPE 6537, presented at 47th Annual Meeting of Soclety
of Potroleum Enginsers, Bakersfield, Califernia, {April 1977).

3. Lasseter, T.J., F.&. Witherspeon and H.J. lippmann, 1275. Multiphase
Hulti-dimenzional Simniation of Geptherma]l Reservwoirs. Proceedipngs
Second United Hations Symposium on the Development and Use of
Geothermal Resources, San Francisco, Califerpia, (May 20-29, 1975),



