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DOCUMENTATION FOR PROGRAM OGRE 

by 

Oleh Weres and Ron C. Schroeder 

This is a brief description of a computer program which was written by 

Oleh Weres to generate discrete grids for IFD* type computer programs. 

The output of the program includes data which can be used directly for 

input to the program SHAFT78. The program is. specifically intended 

for large-scale two or three-dimensional reservoir simulation. The 

program requires, as input, the x, y, z coordinates of the discrete 

element locations being used to specify a particular reservoir's 

geological system. From the list of element locations, the program 

finds the midpoints of lines joining adjacent elements. At each 

midpoint the program constructs a perpendicular plane. The inter

sections of the planes in the three-space defines an irregular (in 

general) n-sided polyhedron around each element center. In two-

dimensions the program produces a unique "tiling" which has polygons 

with all faces perpendicular to the lines joining adjacent elements. 

The areas between adjoining elements and the volume of each element 

are calculated. The end result, in general, is a three-dimensional 

grid of n-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 must have information about 

the boundary of the grid. This is supplied as a set of "dummy" 

elements which are used only to limit the extent of the grid and 

are not intended for use in the reservoir simulation. 

* Integrated Finite Difference, i.e.. TRUMP. C.C.C.. SHAFT PI-P. 
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The program currently allows definition of up to 800 elements and 

4000 interface areas. Each element can be assigned an arbitrary 

material identifier. The program uses only small core memory on the 

7600. 

Input for OGRE 

Card 1 (8A10) 

IPRINT 80 column title (label) card 

Card 2 (615) 

NNR 

NNT 

MRANK 

MRMAX 

MRMAXS 

NGIVEN 

the number of elements in the grid 

the total number of elements including dummy elements 

the total number of elements to be ranked 

approximate number of neighbors to be tested for 
connection 

approximate number of neighbors to be tested 
for connection within a single material group. 

number of connections supplied as input 

Default values for Card 2 

MRANK 

MRMAX 

MRMAXS 

NGIVEN 

= 

= 

= 

150 
36 
11 
0 

The program uses these values if the corresponding field is blank. 
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Card 3 (4E10.3) 

EPSBC 
EPSYZ 
EPS IN 
EPSI 

Parameters for various geometric tests. 
Set by default. Leave this card blank. 

Card 4 (4E10.3) 

THETA 
PHI 
PSI 
ANGC 

Internal rotation angles. Set by default 
to nonzero values. 

If ANGC f 0, the above variables may be set equal 
to zero. 

For default leave this card blank. 

Card 5 to NGIVEN + 5 (A5, 5X, A5) 

Identifiers of pairs of elements whose connections are to be included 

in the calculation (above and beyond those which the program finds 

itself). Not present when NGIVEN = 0. These pairs of specified elements 

allow the user to insert connections as desired. 

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

NGIVEN + NNR + 5 

NGIVEN + NNT + 5 

Identifier, x, y and z location coordinates 
and material identifier 

For each of NNR real elements, followed 
by same for each of NNT-NNR dummy elements. 

The large number of significant figures is essential if input cards have 

been prepared by another program, but they are usually unnecessary 

otherwise. 
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The purpose for having a large number of significant digits is to keep 

I/O associated truncation from causing "exactly" (i.e., to within 

computational roundoff error) parallel planes to be "almost parallel" 

and thereby wreaking havoc with the calculation. Manually prepared 

input data is not subject to this and may be provided in any E20.n or 

F20.n format desired 

Discussion of OGRE Printed Output 

EPSBC, etc. are threshold values used to test whether or not various 

quantities are equal to zero. These quantities arise in tests to 

determine the identity of points, the parallelness of lines, the 

verticality of planes, etc. A threshold value is necessary because 

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/O and calculations in meters. Much smaller grid dimensions 

might require smaller test values and vice-versa. 

The three angles THETA, PHI, PSI define an internal coordinate system 

which is actually employed in the calculation. The choice of default 

values is arbitrary, although the values employed probably shouldn't 

be much smaller than the default values. The default values are used 

when zeros or blank fields are inputted, and the value of ANGC is also 

zero. Setting ANGC not equal to zero will allow zero values as input 

for the three angles, should this be desired. 
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The conversion to the rotated internal coordinates is done at the time 

of input, and all coordinates are converted to the external coordinate 

system just prior to output. Thus, values in the internal coordinate 

system would only be seen in the context of an error message and source 

code controlled dump. 

The purpose of this coordinate change is to eliminate exactly vertical 

planes and certain similar special elements from the mesh being calculated 

because exactly vertical planes would cause non-physical numerical 

divergences in certain of the algebraic manipulations. 

The values of EPSBC, etc., and the rotation angles are best left alone 

unless trouble develops. Trouble is evidenced by the appearance of 

descriptive error messages ("TROUBLE - A THREE ENDED LINE", etc.) along 

with appropriate associated internal data values. 

An oddball vertical plane or something similar caused by an unfortunate 

choice for the rotation angles will cause one or a few error-messages 

to be generated. A poor choice for one or more of the threshold test 

values will usually cause one hundred (the maximum number allowed) error 

messages to be generated. Either case can be dealt with by changing 

the appropriate values. In the former case, a completely arbitrary 

change should suffice. 

There have been no program generated error messages since the code 

was debugged and the present default values adopted, but the possibility 

remains. The code is designed to "skip over" any difficulty that it 

recognizes during execution and complete the rest of the mesh the best 

it can. The list of inputted elements is self-explanatory. 
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The following page is generated during the actual calculation, which 

is performed element by element. K is the internal identifier of each 

element. It is simply the ordinal position within the input deck of 

elements. MMR is the total number of neighboring elements which the program 

identified as possibly connected neighbors. (Neighbors externally supplied 

under the NGIVEN option and not redundant to those identified by the pro

gram are included above and beyond MMR). NMAT is the number of material 

designation groups to which the MMR neighbors belong. NMS and IMS are 

the number of neighbors falling into the first material group identified, 

and the corresponding material identifier. In this example, all elements 

belong to the material (blank). If more than one material group is 

present, the (NMS, IMS) field is repeated as many times as necessary. 

In all cases, MMR < MRMAX and NMS < MRMAXS. This is the significance 

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

usually MMR > NMS. 

TOTAL NUMBER OF GEOMETRIC TROUBLE FLAGS is the number of times the 

program noted difficulties and acted upon them. Each instance results 

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

In OUTPUT NODE LIST, IMAT is the material identifier for each element. 

NC is the number of neighboring elements that it is connected to, and 

a list of the connected elements 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 dummy elements. The NUMBER OF INTERELEMENT CONNECTIONS 

(NCF) does not include those between elements and dummy elements. 
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IFACE is the internal numerical identifier for each connection generated, 

and IA, IB are the numerical identifiers for the connected elements. 

NODEA and NODEB are the element names. DELT is the perpendicular 

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

the plane interface between them. (The two distances are always equal. 

Note that the line between the two nodes need not actually pass through 

the polygonal interface between them). The values A through D are 

the coefficients for the equation of the interface plane written in 

the form 

Ax + By + Cz = D (1) 

User Defined File Outputs 

There are three user defined output files required. TAPE4 is written 

on by the main program, OGRE, and TAPE5 and TAPE6 are written by the 

subroutine ISECT. TAPE4 is the SHAFT78 compatible output file. The 

first record gives the number of elements twice (NNR) followed by the 

total number of connections. The next NNR records give the name, 

material identifier, and volume for each of the elements. Note that 

OGRE uses the material identifier as a computation control input 

variable (more on this below). In general, this will not be the 

physical material identifier used by SHAFT78. Therefore, IMAT might 

have to be changed between running OGRE and running SHAFT78. The last 

NCT records describe the connections. 

The values NA and NB are the elements which are connected. ISI is 

1, 2 or 3 depending on which one of A, B and C has the greatest 

absolute value. ZR is C of the printed output. It is required by SHAFT78 

to handle the effect of gravity upon flow. HTR is the interface 
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heat transfer resistance used by SHAFT78. OGRE sets HTR = 0 . If another 

value is desired, it must be supplied between OGRE and SHAFT78. 

TAPE5 is the plotter output file which contains a list of all 

connections calculated. There is one record for each connection, 

for a total of NCT records. Each record contains the following: 

NAMEA, NAMEB, N+l, (X, Y, Z) repeated N + 1 times 

NAMEA and NAMEB are the names of the two connected nodes. N + 1 is the 

number of corners (edges) which the convex plane polygon which represents 

that connection has plus one. Each triplet (X, Y, Z) is the position 

in space of one of those corners. The coordinate triplets are arranged 

in proper order around the polygon, and the first one is repeated at 

the end, thereby closing the polygon. 

TAPE5 is input for the program PLOTO which generates the actual plotter 

commands. It is not a plotter command file itself. 

The records written on TAPE6 are a subset of these on TAPE5. That is, 

only those connections between two real elements are included. Those 

which connect a real element to a dummy element are not included. There 

are a total of NCF records in TAPE6, each of which is identical to one 

of the records in TAPE5. 

TAPE5 contains the information needed to create a complete picture of 

the grid. Making such a picture after each run is essential when 

dealing with any but the simplest problem. This plot is done with 

half weight lines because all of the line segments are retraced two 

or three times as a consequence of representing shared edges. 
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TAPE6 allows the internal flow connections within the grid to be 

visualized. This is also needed to properly check out a grid. These 

plots are even more useful as pairs of stereo plots rotated by a small 

angle relative to each other. Line them up 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 layer of 9 squares with element 

centers at the x, y, z values given in the table below. 

Figure 1 

The Test Problem Grid of Nine Squares 

XBL 786-1879 

Table 1 

The Locations of the Elements 

2 
4 
6 
2 
4 
6 
2 
4 
6 

2 
2 
2 
4 
4 
4 
6 
6 
6 

1 
1 
1 
1 
1 
1 
1 
1 
1 
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To generate 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 Exploded to Show 
Their Relationship to the Real Grid 

XBL 786-1878 
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Clearly, the smaller the number of real elements, NNR, the larger is the 

ratio of dummy to grid elements. For large, flat structures the ratio 

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

Usage 

To use the program the compiled (MNF4) object deck (OGROB) can be 

accessed from the library RCS, owner SCHROEDER. The sample problem 

input from a terminal is shown below. In the example, the file 

SOGRE (use your own name for this file) contains the input file 

for subsequent input to the SHAFT78 program. The files TOGRE and 

FOGRE (use your own names for these files) contain data which is 

input to the plotting program, PLOTO. If you wish to print the 

contents of the SHAFT78 or PLOT files insert a card which copies 

TAPE4, TAPE5 and TAPE6 to the output file. Note that these are 

binary, not BCD, files. If there is no need to save the plot files 

for later use it is not necessary to catalog TAPE5 and TAPE6. 

The test problem output is shown below. All defaults have been used 

in this sample problem, as seen on the previous page showing the 

test problem input file. The quantities A, B, and C are the 

coefficients in equation (1). In Figures 3 and 4 the computer 

generated plots of the complete grid (Figure 3), and the 

internal flow areas (Figure 4) is given. 
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User Terminal Input for Test Problem 1, 

0GREl>Pia>T75D*Cm70000.471504! 
♦HOLDOUT 
L1BC0PY. 
RTTSKIP> 
CRTRLOG> 
ENDSKIP. 
RTTSkIP, 
CRTRLOG> 
ENDSklP. 
RTTSKIPJ 
CRTRLOGJ 
ENDSklP. 
LGO. 
LIBCOPYJ 

RCS'»LGO>RR>OGRQB. 
TRPE4, 
TRPE4, 
TRPE5, 
TRPE5, 
TRPE6. 
TRPE6? 

SDGRE. 
SOGRE. 
TOGRE. 
TOGRE. 
FOGRE. 
FOGRE'. 

PCS,PLDTO/RP rPLOTO. 
CRLL»PLOTO. 
EXIT. 
DUMP. 
FIN. 
EQR 

OGRE TEST 
9 

RBC22 
RBC24 
RBC26 
RBC42 
RBC44 
RBC46 
RBC62 
RBC64 
RBC66 
DUM02 
DUM04 
DUM06 
DUM2D 
DUM40 
DUM60 
DUM32 
DUM34 
DUM86 
BUM28 
DUM43 
BUM68 
LBC22 
LBC24 
LBC26 
LBC42 
LBC44 
LBC46 
LBC62 
LBC64 
LBC66 
UBC22 
UBC24 
UBC26 
UBC42 
UBC44 
UBC46 
UBC62 
UBC64 
UBC66 
EDP 
EOF 
BOTTOM 

39 

2.0 
2.0 
2.0 
4.0 
4.0 
4.0 
6.0 
6.0 
6.0 
0.0 
0.0 
0.0 
2.0 
4.0 
6. 0 
3.0 
3.0 
3.0 
2.0 
4.0 
6.0 
2.0 
2.0 
2.0 
4.0 
4.0 
4.0 
6.0 
6. 0 
6.0 
2.0 
2.0 
2.0 
4.0 
4.0 
4.0 
6.0 
6.0 
6.0 

OF F1LE> 

-SCHROEDER 

■ 

2.0 
4.0 
6.0 
2.0 
4.0 
6. 0 
2.0 
4.0 
6. 0 
2.0 
4.0 
6. 0 
0.0 
0.0 
0.0 
2.0 
4.0 
6. 0 
8.0 
8. 0 
8.0 
2.0 
4.0 
6. 0 
2.0 
4.0 
6. 0 
2.0 
4.0 
6.0 
2.0 
4.0 
6.0 
2.0 
4.0 
6. 0 
2.0 
4.0 
6.0 

1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
0.0 
n.O 
0. 0 
o. n 
0. 0 
n. o 
o. o 
0. 0 
0. 0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
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XBL 787-9567 

Figure 3 

The Computer Generated Plot of the 
Complete Grid for Test" Problem 1 
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XBL 787-9568 

Figure 4 

The Computer Generated Plot of the Internal 
Grid Interfaces for Test Problem 1 
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Sample Problem 2 

As a part of the current international agreement between the United 

States and Italy a simulation of the production history at the Serrazzano 

geothermal field in Larderello is being carried out at LBL. Figure 5 

shows the aerial view of the contour map of the Serrazzano basement 

rock formation. The lines labeled A through S are the locations of 

reservoir cross-sections used to model the Serrazzano subsurface 

geology. Figure 6 shows one such cross-section with the crosses 

denoting real element locations. The center of the geothermal field 

is a horst structure bounded by graben in which it is believed there 

exists boiling water. Cross-sections for all of the lines A through 

S produce the grid shown in Figures 7 and 8, In subsequent pages 

the OGRE output for this major simulation problem is shown with the 

resulting calculated flow areas and element volumes. 



21 

XBL 7711-10486 

Figure 5 

The Contour Map of the Top of the 
Basement for the Serrazzano Geothermal 
Field, Larderello, Italy 
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F i g u r e 6 

The R Contour used in the Serrazzano 
Reservoir Simulation Showing the 
Element Locations (+'s) and the 
Geological Boundaries (Solid Curves) 
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a 

Figure 7 

The OGRE Computed Grid for the 
Serrazzano Problem. Figures a 
Through d Have Been Rotated 90 
Degrees in Each Frame to Allow 
Close Examination of the Elements, 
The Entire Grid is Shown. 

XBL 787-9569 
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c 

Figure 7 ( con t ' d ) 

XBL 787-9570 
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I 
1 

a 

Figure 8 

XBL 787-9571 
The Plots of the Internal Interfaces for the 
Serrazzano Problem. The Succeeding Frames have 
been Rotated 90 Degrees to Allow Study of the 
Different Sides 
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/S 

fc=^< 

d 
F i g u r e 8 (cont ' d) 

XBL 787-9572 
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37 
37 
37 
37 
37 
37 
37 
37 
37 
_37_ 
37 
37 
37 
37 
37 
37 
37 
37 
37 
37 
37 
37 
37 
37 
37 
37 
37 
37 
37" 
37 
37 
37 
37 
37 
37 
37 
37 
37 
37 
37 
37 
37 
37 
37 

7 
7 
6 
4 
4 
4 
4 
4 
4 
7 
5 
5 
4 
4 
4 
4 
4 

5 AAAAA 
8 AAAAA 
8 AAAAA 
11 AAAAA 
11 AAAAA 
11AAAAA 
11 AAAAA" 
II AAAAA 
11 AAAAA 
5 BBB68 

11 BBBBB 
11 BBBBB 

8 WWWWW 
5 QQQQQ 
6 RRRRR 
8 SSSSS 
10 SSSSS 
11 SSSSS 
11 SSSSS" 
11 SSSSS 
11 SSSSS 
9 AAAAA 

10 AAAAA 
11 AAAAA 

"n~BBBBB-~ir" CCCCC" 
11 BBBBB 11 CCCCC 

4 
4 
4 
8 
6 
6 
5" 
4 
4 
4 
4 
_4_ 
4 
4 
4 
4 
5 
4 
5~ 
4 
5 
4 
4 
4 
"4 
4 
4 
4 
4 
8 
8 
4 
4 
4 
5 
4 
4 
4 
4 
4 

11 BBBBB 
11 BBBBB 
11 BBBBB 
Jl BBBB8_ 
11 BBBBB 
11 BBBBB 
11 BBBBB 
5 CCCCC 
8 CCCCC 

_11_JCCCCC_ 
11 CCCCC 
11 CCCCC 
11 CCCCC 
11 CCCCC 
11 CCCCC 
ll_ CCCCC 
"11 CCCCC 
11 CCCCC 
11 CCCCC 
11 CCCCC 
11 CCCCC 
11 DDDDD_ 
11"DDDDD 
11 DDDOD 
11 DDDDD 
11 DDDDD 
11 DDDDD 
11 DDDDD 
11 DDDDD 
11 DDDDD 
11 DDDDD 
11 DDDDD 
11 DDDDD 
b GGGGG 
8 EEEEE 
11 EEEEE 
11 EEEEE 
11 EEEEE 

EEEEE 
EEEEE 

11 EEEEE 
11 EEEEE 
11 EEEEE 
11 EEEEE 

11 CCCCC 
11 CCCCC 
11 CCCCC 
11_CCCCC_ 
ti ccccd 
11 CCCCC 

CCCCC 
EEEEE 
EEEEE 
DDDDD 

11 
6 
9 
6 

6 
3 
6 
9 

11 
5 
4 

11 

9 DDDDD 
11 DDODO 
11 DDDDD 
11 BBBBB 
11 BBBBB 
li 8uaaa_ 
li~BBBBa 
11 BBBBB 
11 BBBBB 
11 BBBBB 
11 BBBBB 
11 EEEEe_ 
"11 EEEEE 
11 EEEEE 
11 EEEEb 
11 EEEEE 
11 EEEEE 
11 EEEEE 
11 EEEEE 
11 EEEEE 
11 EEEEE 
11 EEEEE 
11 EEEEE 
5 EEEEE 
9 GGGuG 
6 DDDDD 
9 DDDDD 

11 DDDDD 
11 DDDDD 
li DDDDD 
11 DDDDD 
11 DDDOO 
11 FFFFF 
11 FFFFF 

CCCCC 
XXXXX 
BBBBb 
BBB3B 

9 BBBBB 
11 BBBBB 
"1FBBB3B 
11 BBBBB 

BBBBB 
RRRfU 
RRRRR 

11 CCCCC 
TTTAAAA"" 
11 AAAAA 
11 AAAAA 
11 AAAAA 
11 AAAAA 
_il_AAAAA_ 
9 AAAAA 
11 AAAAA 
9 AAAAA 
3 AAAAA 
6 AAAAA 

_9_EEEEE 
8 BBB3B" 

11 BBBBB 
11 BBB3B 
11 DDDDD 
11 ODDDD 
11 DDD3D 
'If DDDDD 
11 DDDDD 
11 DDDDD 
11 DDDDD 
11 DDD33 
11CCCCC 
11 CCCCC 

CCCCC 
CCCCC 

11 CCCCC 
11 CCCCC 
11 CCCCC 
ii ccccc 

CCCCC 
CCCCC 
CCCCC 

11 CCCCC 
6 CCCCC 
6 CCCCC 
11 GGGiG 
3 GGGUG 
9 GGUG3 
5 FFF?F 
9 FFFFF 
11 FFFFF 
11 FFFFF 

DDDDD 
DD33D 

7 
4 

3 EEEEE 
9 WWUhW 
8 XXXXX 
9 RRRRR 
RRRRR 

_RRRRR_ 
~4 RRRRR 
4 RRRRR 
4 RRRRR 
5 XXXXX 
8 CCCCC 
3 SSSSS 
~5SS"SS~ 

II PPPPP " 3 GGGGG 1 
3 BB3BB b CCCCC 3 RRi<% 
4 sssss 5 Qjaaa 

n 
ii 

n 
n 
ii 

ii 
ii 

4 
4 
4 
4 
4 
4_ 
6 
4 
6 
6 
4 
7 
6 
4 
4 
4 
4 
4 
4" 
4 
4 
4 
3 
4 
3 
4 
3 
4 
4 
4 
4 
4 
4 
4 
4 

9 
9 
6 
6 
6 
4 
4 
4 
4 

4 QQ33Q 
4 SSSSS 
1 RRRRR 

6 CCCCC 3 SSSSS 

SSSSS 
DDDDD 
DDDDD 
DDDDD 
DDDDD_ 
"ODDDD 
DDDDD 
ODOOD 
GGGGG 
WWWUU 
AAAAA_ 
"EEEEE 
EEEEE 
EEEEE 
EEEEE 
EEEEE 
EEEEE 
~£E£E£~ 
EEEEE 
EEEEE 
EEEEE 
EEEEE 
GGGGG 
BBBBB 
BBBBB 
FFFFF 
FFFFF 
FFFFF 
FFFFF 
FFFFF 
FFFFF 
FFFFF 
FFFFF 
FFFFF 

10 PPPPP 
5 PPPPP 
CCCCC 
CCCCC 
CCCCC 
GGGGG 
GGGCG 
GGGGG 
GGGGG 
GGGGG 
GGGGG 

11 PPPPP 3 UtSm 
6 GG3GG 4 PPPPP 
3 BBBBB 1 #A4AA 
3 AAAAA 

2 Ulll 

1 AAAAA 
XGGGGG 
1 BBBBB 

2 11111 
3 AAAAA 

4 CCCCC 

3 AAllA 
2 Ulll 

■* Ulll 
3 ZZZZZ 

The next 2 pages from the interior 
of the Table have been deleted. 



183 
ie* 
* {=5 

f 

*.a9 
'.9 J 
191 
J.9 2 
193 
194 
195 
196 
197 
193_ 
"199 
23$ 
201 
2 5 2 
203 
204 
2J5 
206 
2.17 
233 
209 
2*3 
211 
212 
2i3 
214 
215 
2ia 
21? ' 
2i3 
219 
22> 
221 
222 
223 
224 
225 
22o 
227 
223 
2 29 
23) 
23i 
232 
233 

37 
37 
37 
37 
3? 
3? 
37 
37 
37 
37 
37" 
37 
37 
37 
37 
37 
"37 
37 
37 
37 
37 J 7 
37 
37 
37 
37 
37 
37 
37" 
37 
37 
37 
37 
_37 
37" 
37 
37 
37 
37 
3 7_ 
37 
37 
37 
37 
37 
37 
37 
37 
37 
37 
37 

4 
4 
4 
4 
4 
4 
3 
8 
6 J 
5 
5 
5 
? 
7 
5 

~V 
5 
4 

6_ 
5 
5 
4 
4 
4 A 

4 
4 
& 

4 
? 

9 
10 

11 SSSSS 
11 SSSSS 
11 SSSSS 
11 SSSSS 
11 SSSSS 

SSSSS 
TTTTT 
TTTTT 
UUUUU 

11_UUUUU_ 
11 uuuuu 
11 uuuuu 
11 uuuuu 
9 VVVVV 

11 LLLLL 
11 W W W 

11 
5 
5 
7 

11 VVVVV 
11 vvvw 
11 VVVVV 
11 VVVW 
11 UUWM& 
11 WWWWW 

4 11 

6 
5 

" 5 

1 1 MMWMtrf 
1 1 WWWrfW 
1 1 WMWfedH 
1 1 UtaWMW 
1 1 ywwtJW 
li_WWWwW_ 
1 1 5.yWBfc! 
1 1 UWkiMH 

1 1 WkWWW 
1 3 XXXXX 
11 _xxxxx_ 
11 XXXXX 
11 XXXXX 
11 XXXXX 
II XXXXX 
Li XXXXX 
li_XXXXX 
XI XXXXK 
11 XXXXX 
11 XXXXX 
11 XXXXX 
7 YYYYY 
8 _YYYYY 
8 YYYYY 
8 ZZZZZ 
8 ZZZZZ 
8 ZZZZZ 
1 11111 

11 
11 
11 
11 
11 
11 
7 
6 
9 

JL1 
11 
11 
11 
9 

11 
"11 
li 
11 
11 
6 
6 
9" 

11 
11 
11 
11 
11 
11" 
11 
11 
11 
11 
11 
""il" 
ii 
ii 

ii 
il 
ii 
ii 
ii 
ii 
6 

" 6 
3 
3 
3 
6 

RRRRR 
RRRRR 
RRRRR 
RRRRR 
RRRRR 
RRRRR 
KKKKK 
JJJJJ 
JJJJJ 
JJJJJ 
JJJJJ 
JJJJJ 
JJJJJ 
LLLLL 
VVVVV 
LLLLL 
LLLLL 
LLLLL 
&KKKK 
KKKKK 
AAAAA 
AAAAA 
QQQQQ' 
QQQQQ 
QQQQQ 
QQQQQ 
QQQQQ 
QQQQQ 
QQQQQ 
QQQQQ 
QQQQQ 
QQQQQ 
QQQQQ 
QQQQQ 
QQQQQ 
QQQQQ 
QQQQQ 
QQQQQ 
QQQQQ 

8 
11 
7 
9 

10 
9 
9 
6 
6 

10 ~1T 11 11 
6 
6 
9 
8 
9 

11 
11 
5 
6 
4 

11 
11 
11 
11 
11 

AAAAA 
AAAAA 
AAAAA 
AAAAA 
AAAAA" 
AAAAA 
YYYYY 
YYYVY 
KKKKK 
JCK<XK_ 
KKKKK 
KKKKK 
KKKiU 
KKKKK 
KKKKK 
KKKKK 
KKKKK 
KKKKK 
LLLLL 
LLLLL 
CCCCC 
QQQQQ 

7 XXXXX 
4 XXXXX 
8 XXXXX 
6 XXXXX 
5 
6 
5 
6 

XXXXX 
XXXXX 
VVVVV 
U l l l 

11 VVVVV 
4 VVVVV "TTTTT" 

TTTTT 
TTTTT 
TTTTT 
UUUUU uuuuu 

3 
3 
3 
2 
3 

5 MMMMM 
6 KK<KK 
3 LLLLL 1 TTJTT. 
"VVVVV 
vvvw 
VVVVV 
vyrYY 
JJJJJ 
JJJJJ 

2 LLLLL 
4 VWVrf 
i Trnr 

3 JJJJJ 
3 UJJJU i inn 

l LLLLL 

3 JJJJJ 
3 MM* 2 rrrrr 

4UUUUU 
4 UUUUU 
4 UUUUU 
4 UUUUU 
11 PPPPP 
11 PPPPP 

"AAA* k U""~PPPPP 
PPPPP 2 XXXXX 

3 JJJJJ 
2 JJJJJ 

3 QQQQQ I EEEEE 
_2_CCCCC I XXXX< 
1 XXXXX 
2 AAAAA 

11 
11 
10 
6 

10 
10 
11 
il 
11 

RRRRR 
RRRRR 
RRRRR 
RRRRR 

TTTTT 
KKKKK 
KKKKK 
HHHHH 
GGGGG 

11 
6 
2 
2 
8 

PPPPP 
PPPPP 
PPPPP 
PPPPP 
""PPPPP" ppppp 
PPPPP 
PPPPP 
RRRRR 
RRRRR_ 
RRRRR 
RRRR* 
RRRRR 
RRRi*R 
RRRRR 
RRRRR 
QQQQQ 
QQQQQ 
QQQQQ 
QQ&QQ 
KXKKK 
n o r urn inn 
GGuGG 

4 XXXXX 
4 XXXXX 
4 XXXXX 
_4_XXXXX_ 
4 XXXXX 
4 XXXXX 
4 XXXXX 
5 XXXXX 
6 AAAAA 
3 SSSSS 
"5"SSS"SS" 

SSSSS 
SSSSS 
SSSSS 
SSSSS 
SSSSS 
SSSSS 
SSSSS 

9 SSSSS 
4 SSSSS 
4 VVVVV 
3 TTTTT 
7 MMMMM 
9 SV.NNNN 
3 HHHHH 
3 KKKKK 

3 SBBSB 
3 hhkkh 

~Y~Kkkkk' 
5 
5 
4 
4 
4 
4 
7 

3 TTTTT 5 LLLLL 
3 I H I I 
1 Vrfi/Vrf 
3 HrtHrM 
7 NN3\SMM 
I 

6 KK<KK 

1 
2 i n n 

1 NiM\W 
2 NN^VN 

9 PPPPP 
6 Gt£.3 £.0 
3 NNii!* 

1 LLLLL 
2 H-J-HH 
2 GGGGG 
5 PPPPP 
5 £ = = = E 

2 EEEEE 
3 PPPPP 1 1 1 1 1 1 

9 ZZZZZ 11 PPPPP 3 EEEEi 3 KK4KK 3 CCCCC 



CLEA^iJ UP SERRAZZANO RUN WITH INPUT PREPARED 3Y PLUSN 

TOTAL NUMBER OF GEOMETRIC TROUBLE FLAGS 

OUTPUT NODE LIST 

NODE VOLUME HAT HZ CONNECTED NODES 

FCA03 

"FCA04" 

DAC05 

FCA05 

_FC60>_ 

FEA07 
FEA03 
FEA09 

103.160 
TT4".68"4~ 

348.513 

473.977 

613.382 
669.144 

FEA1) 

FEAl l 
FCB33 

_fCB3>_ 

FCB07 

FCB03 

FCB09 

FCB12 

FEBl l 
FEB12 

808.559 
498.532 

__768_._413_ 

987.236 

1227.941 

1483.234_ 

1650.998 

1826.T56 
2022.996 

FE813 
FE314 
FEB33 

FEB34 
FCC3 3_ 

FCC) 4 

FCC05 

J=CC06_ 

FCC3? 

FCU3 

"I522T5BT" 
27 59.699 
2322.054 

2759.699 
201.264 

-355.328 
"^?39.46? ' 

-1200.433 

-1632 .589 

100.000 1.0847E+07 AAAAA 

557.620 - 1 9 2 3 . 6 9 2 

-2112.762 
-2304.831 

"72"4.90? ^ 4 9 6 . 90TT 

-2785 .0C4 

-1074.330 

Jcl327._4_39_ 

- 1 5 3 2 . 6 6 2 

- 1 7 5 8 . 4 0 8 

-1997 .835 
-2155.173 
-2319.352 
-2 504.053 

"^27847525" 
-3194.972 
-2784.525 

-3194.972 
-148.330 

T79"6l8E*0? TSATOTA" 

14 DAAD3 DBA03 FCd)4 = CC)3 3SW04 DAHP4 DAC03 FCC04 DAC34 FCPD2 
DBP)3 FCP33 =CAn DAP33 

2 1 FCA03 DBAD4 34A04"~Fca"55 'FC"X"0~5"TJB~W04 DBX05 FCW04 TJS*3"5"T)"A"07J5~" 
DArfJ4 DBAJ3 FCB35 F C 0 5 DABP5 FCCH FCR05 DAC04 FCA05 FCC05 

-100.000 
-200.000 

-300.000 

-400 .000 
-500.003 

18 FCA34 DBA05 34A05 = C*35 FCB05 DAR05 DBB05 DAB05 
0BB36 FCA34 DAB>5> DAA)6 FES36 DAS36 DBA04 OAA04 

16 FCA05 DBA06 JAA36 FEA07 FESOS DAA07 DAS06DBS06 
3BB5e> FES3f">4SSf"534>5 FTB3rTAB"5T" 

2.4822E+07 AAAAA 17 -CA36 DAA07 3BA37 FEA38 D8A0R DAA08 0BA06 FES07 

l .Q473E*07 

1.7896E*07 

AAAAA 

AAAAA 

33337 3AB07 
2.665CE*07 
4.0817E-4-Q7 AAAAA 

-600.0CO 

-700.000 
-100.000 

-200 .pqo_ 

-300.000 

-400.000 

-500.000 

-5T9T83"ET57 5TO 

8.0770E*Cf 
1.8224E*07 

AAAAA 
B333B 

2.1449E*07 BB33B 

2.4923E+C7 BBBBB 

2.9795E-M37 BBBBB 

3.1076E+Q7 BBBBB 
- 5 2 0 . 0 0 0 

-560 .003 
-600 .000 

2.5681E4-C7 BB3BB 

-507J70T5r 
-6 00.003 
-460 .000 

-400.000 
100.000 

3.1929E*07 B8B8B 
9.7216E+07 BBBBQ 

"T72114F>0 8" BBBBB 
2.61Q7E+08 BBBBB 
9.7433E*C7 BBBBB 

1.6451E*08 
9.1291E*06 

BBBBB 
CCCCC 

442 .781 - 3 2 6 . 2 5 9 0 .000 1.6293E»C7 CCCCC 

732 .601 - 5 3 9 . 8 1 1 - 1 0 0 . 0 0 0 2.1938E+07 CCCCC 

J_006.320 - 7 4 1 . 4 9 9 -200 .000 2.3065E»07 CCCCC 

1288.089 -949 .118 - 3 0 0 . 0 0 0 2.5286E+C7 CCCCC 

1553.758 - 1 1 4 4 . 8 7 4 ' - 4 0 0 . 0 0 0 2.6357E+C7 CCCCC 
fpFe next 6 pages f ro 

;S38 )&SQ8 -CB08 D8B08 DAB08 
IB FEA37 DAA08 UBA38 FEA39 DBAJ9 FES38 FESC8 DBB08 
15 FEA38 DAA09 D3A39 FE6L3 DAA33 FES38 FES08 DBB08 

FESJ9 DBB39 FCBJ9 =ES4J FES13 
16" FEA59" DBA13 3AAl5"D"AAy? FE"Al. DBA09 BBSH 

FCB39 FES13 33S39 = ES40 3BB10 FCBIO 
15 FEAIO DBAll DAAl l FESD.DBBID FCBIO FES11 DBB l l 
13 FCA04 FCA05 33335 34335 DBA05 FCBOS 0AB36 DBA04 

0AO5 FCC3S DAC3& 
14 eCA)5 FCA36 FCB)5 3AB36 OBB36 FCB37 OAB07 DBB05 

F : ^ 5 6 " " D A C O 6 " T : C 3 7 " T S : " 3 " 7 
14 FCA36 FEA07 FC836 DBB37 DAB37 DBB06 FCB08 DBB08 

: ; C 3 7 DAC07 = CC33 DAC33 
13 FEA07 FEA08 FEA09 FCB07 DBB08 DABC8 DAB07 FCB09 

3AC33 FEC3J DSC)} 
17 FEA09 FEAIO FC308 33339 DAB09 FCBIO DBB10 DAB08 

FECJ5TJAC1KFEC31 ~FECir"15BCll""IJSi*09"""D"5Al"C 
15 :EA10 FEALL FCB39 3ABL3 DB8L3 DABll DAB09 FEB l l 

FEC31 OBCH FEC13 3AA1) OAAl l 
13 FC3L3 DBBll 34BLI =E312 3AB12 FEC11 FEC31 FEC12 
14 F E B l l DB312 34B12 3B311 FEB13 FEB33 DAB13 DBB13 

FEC32 FEC13 DBC13 DAAl l 
- ~ T " ^ i J l 2 n f E a 3 r T J B 8 l J " F T B L * " R C l 3 — D B T I 3 " " T J E A T 2 

9 FEB13 FEB34 33B14 3:315 =EB33 0BB13 DEC14 FEC13 
11 FEB12 FEB13 FEBl* DAB13 DAB14 FEB34 FEC33 FEC13 

0EA12 
7 FEB14 FEB33 DAB!4 3EB35 DEC34 FEC33 0EA12 

14 FCA33 DAC33 FCEJ3 DBE)3 DAE33 DBC03 DBA03 FCP02 
- " " FZET4 DBC04—JB"t3"4 "JTT04" " ~ 

13 FCAJ3 FCAJV FCCJ3 DBC)4 DAC34 FCE04 08E04 DBA03 
J3A04 FCE05 J» i35 

14 FCA34 FCB35 FCCJ4 3AC)5 DBC05 FCC06 DAC04 DbC04 
FCE)5 DBA)* 3AEJ5 3B3)5 

15 FCB35 FCB06 FCC05 34C06 DBC06 FCC07 DAC05 DBC05 
" " DAD)5 FCD37 DAD)7 DBBJ5 D B B 3 6 " " " " " " " 

14 =C336 FCB07 FCC3S DBC37 DAC37 FCC08 DBC08 DAC06 
FC038 DADOS 33B06 33307 

14 FCB)7 FCB33 FCOT DAC)3 DBC38 FEC09 DBC09 DAC07 
n the i .nter ior of the Table have "been deleted."] 

DBS36 FCBB8 
FCB36 DAB06_ 
DAS37 FCB07 
FCB08 DAB08 
FCB08 DA308 

DBSll DEA12 
DAA34 FCC05 OJ 

i!?AP6_DB*-0-5_ 
D6A06 DBA07 
DBB09 FCC08 
FEC10 DBC10, 
DBBll FEC11 
FEC32 DAAll 
FEC12 D8C12 

DEA12 
FEC32 FEC12 

DBP03 FCC04 
DAE04 FCC05 
FCD06 DADD6 
DBC07 F_CD0_6_ 
FCD07 DAD07 
FCD08 JAD08 



FCXOd 

FEX09 

FEX1) ' : 

F E X l l 

FEV.,',2 

■ = t / U 
FEX!.-

F O : ; ' 

FEX41 

FCVQ2 

;
:
cvo3 

(-CY04 

ri, Id I 

DAN36 
FCZ03 

FCZQ* 

F C l O l 

- 3 2 2 . 5 5 6 

- 4 0 6 . 8 4 5 

" - 4 8 4 . 1 C 9 " 

- 6 0 3 . 5 1 8 

- 7 8 6 . 1 4 4 

-1003"."893 " 
- . ' . 2 3 5 . 6 84 
- 1 4 5 3 . 4 3 0 

- 7 1 5 . 9 0 3 

- 5 1 2 7 5 2 5 " 

- 3 3 6 . 4 8 0 

5 . 8 2 9 

- 1 7 3 . 6 5 1 

DSP05 
- 1 6 . 9 1 6 

1 9 8 . 5 9 5 

. 0 0 0 

- 1 3 5 8 . 9 7 7 

- 1 4 4 4 . 3 9 0 

" - 1 5 2 2 . 6 8 6 

- 1 6 4 3 . 6 8 8 

- 1 8 2 8 . 7 5 0 

" - 2 0 4 9 . 4 0 0 ~ 
- 2 2 8 4 . 2 8 6 
- 2 5 0 4 . 9 3 7 

- 1 7 5 7 . 5 7 2 

" T 1 8 8 . 8 3 5 

1 2 2 6 . 3 6 2 

1 2 9 9 . 3 3 3 

3 9 1 . 6 1 0 

4 2 3 . 7 6 7 

4 6 7 . 9 8 3 

2 1 0 . 0 0 0 

- 4 0 0 . 0 0 3 

- 5 0 0 . 0 0 0 

- 6 0 0 . 0 0 0 

- 7 8 0 . 0 0 0 

- 7 7 0 . 0 0 3 

- " 6 8 0 . 0 0 3 " " 
- 6 0 0 . 0 0 0 
- 5 0 0 . 0 0 3 

- 6 4 0 . 0 0 0 

O.OOQ 

8 0 . 0 0 0 

. 0 0 3 

. 0 0 0 

2 0 . 0 0 0 

0 . 0 0 0 

1 0 0 . 0 0 0 

/ TOTAL CONNECTIONS - 2 5 8 1 INTERELEMENT CO 

IF'ACE" "I A" IB NODEA "NODEB "AREA" 

1 
I 
3 
'* 
3 
i 
? 
8 
9 

-IT" 
11 
12 
13 
14 
15 
"T6" 
17 
J. 3 
19 
2) 
2i 
22 
23 
24 
23 

1 244 
1 235 
1__203 _ 
1 22" 

645 
633 
288 
23 
289 

"V5<r~ 
546 
151 

2 
532 
236 

"245" 
163 
215 
645 
668 
2 03 
658 
558 
633 
235 

FCA03 
FCA33 
FCA03 
FCA33" 
FCA03 
FCA03 
FCA33 
FCA03 
FCAfi3 
FCA3T 
FCA03 
FCA33 
FCA03 
FCA03 
FCA34 
FCA04 
FCAC4 
FCA04 
FCA04 
FCA34 
FCA04 
FCAC4 
FCA34 
FCA04 
FCA34 

DAA03 
DBAS 3 
FCW04 

"FCC03" 
DBW04 
0AM04 
DAC33 
FCC04 
DAC04 
FCP02 
DBP03 
FCP33 
FCA04 
DAP03 
DBA04 

"DAA04 
FCQ05 
FCX05 
DBW04 
DBX05 
FCW04 
DAX05 
DAJ05 
DAW04 
D3A03 

9.4293E*04 
7.0699E»04 
3.3287E*04 

"27 9286£*£4-" 
2.6639E*03 
1.6263E*04 
8.3344E+03 
1.6190E+04 
S.7598E*C3 

""5.3059E+03"' 
2.5809E+02 
1.3459E+04 
2.0414E*04 
1.3195E*C3 
1.5767E*05 
1.6930E+05 
1.4158E+04 
1.6931E+04 
2.4018E*03 
1.7462E+01 
2.0293E*04 
3.4233E*03 
9.6856E+03 
5.3677E*03 
6.3499E+02 

5.2918E*06 

6.7960E-KS6 

T .6137E*07 " 

i . 6705E*07 

2.2481E»07 

XXXXX 

XXXXX 
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Summary 

The program OGRE is fully operational and allows construction of a grid 

made up of closed n-sided polygons in 3-space for use in reservoir simula

tion. The output of the grid construction from OGRE is input for the two-

phase reservoir simulator SHAFT78. The output could be made compatible 

with any of the other related integrated finite difference programs 

which have evolved from the original TRUMP program. The input to OGRE 

is very simple, consisting basically of one card defining the number of 

real elements and dummy elements followed by the x, y, z coordinates of 

each of the elements. The output provides the interface distances and 

cross-sectional 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. 

This document will eventually be expanded to include a discussion of 
appropriate input preparation strategies and possible 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 columns 1-72 of all cards. 
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**PROGRAM OGREtINPUT,OUTPUT*PUNCH,TAPE4»TAPE5,TAPE6)** 
PROGRAMi"OGRE(INPLTYOLTPUT,PUNCH,TAPE4,TAPE5,TAPE6i 
COMMON /ARVC/ MRMAX,MRMAXS _ 
COMMON /CN/ TCPAV<400C) ,ICPBV(4b06) ,ARCVf4dOO J, 0V(4006) 
COMMON /CNV/ ACV<4000)»BCV(40001»CCV<4000),DCVl4000! 
COMMON /EPS/ EPSBC»EPSYZ,EPSIN,EPSI,EPSS 
COMMON /GIVE/ IAGIVI200),IBGIV(2001,NGIVEN 
COMMON /ICV/ ICVQ01),TV(100) 
COMMON /IMATV/ IMATW800) __ 
COMMON"/iNAMEV/ INAMEVt 800J »IPLOT »IWRIfE 
COPMCN /INTEGER/ I A,IB,ID,KCT,KE,MRANK,NC,NCT,NIS,NNR,NNT 
COMMON /MATRIX/ THETA.PHI,PSI,A11»A12,A13,A21,A22,A23,A31,A32,A33 
CCMMON /NCF/ NCF 
COMMON /NERR/ NERR 
CjDMMON_/NP/ XV<eGC),YV(800),2V(800) 
CCPFCN /VLM7"VL^V(800J,NCV(800i 
DIMENSION IPRINT<8) 
READ 20, I PRINT 
PRINT 219IPRINT 
READ 1,NNR„NNT§MRANK,PRPAX,MRMAXS,NGIVEN 
IFJMRANKoLEoOJ MRANK*150 _ 

" iF~(MRMA"X.LE»0) > R * A X « 3 6 ~ " 
IFCMRMAXSoLEoO) MRMAXS=11 
IHMRANK.GT.KNTJ PRANK=*NNT 
PRINT TeNNRsNNTsMRANKsfRfAX^RfAXS,NGIVEN 
READ 2gEPSBC,EPSYZ,EPSIN,EPS I 
IF(EPSBC.LE.O) EPSBC*!.0E-7 _ 
IF{ EPSYZ .LE • 0T ' EPSYZ* 1 • 0E-7 
IFiEPSIN«LE.OJ EPSIN=1.0E-6 
IFCEPSI.LE.O) EPS I *1 .0E -7 
PRINT 89EPSBC,EPSYZ,EPSIN,EPSI 
READ 2,THETA,PHI,PSI,ANGC 
IFJANGC.NE.O) GC TO 31 

" IF1THETA. EQ."OTf hEf A«0.017 
IFCPHI0EQ0QJ PHl= -0 .037 __ _ 
iF(PSi ."EQ.O) "~PSI«C".C7""" 

31 CONTINUE 
EPSS«10.*E~PSYZ'*EPSYZ 
IFINGIVEN.EGU0) GC TC 32 
R E AD "337t (' IA GI V C K J 9 I B GI V ( ~K J ) , K= 1 »~NG I VEN) 

3 2 CONTINUE 
CALL MAfGEN ~" " " " " '" " ~~ 
IGIR*1 
NERR*6~ " """ " ""' "" " — -— 
PR INTJL1 
DO""4" K»i,"hKT 
READ 5eINAFEV<K)9XA fYAjZA, IPATVtK) 
CALL TURNU0IR7XA vYAtZA yXRtYRfZRI 
XV(K)sXR 
YV(K)«YR """"". 
ZV(K)«ZR 
PR I N't 91K , I NA ME V (K I , XA , Y A iZA ~ 
IFIK.EQ.NNR) PRINT 10 _ _ _ _ _ _ _ 

4 CONTINUE 
IF(NGIVEN-EQ.O) GC TO 34 _ 
PRINT 42,NGIV£N 
DO 3 5 K^lgNGIVEN 

—icp-fi vi'in *TOQO s 
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♦♦PROGRAM OGREIINPUT,OUTPUT,PUNCH,TAPE4,TAPES,TAPE6I** 
ICPAVlKJslOOCO 

35 CONTINUE _ 
"DO" 36 K«1,KNT 
NAMEK=INAP£V(K) 
DO 36 KA*1,NGIVEN 
IFUAGIV(KA).EO.NAMEK) ICPAV(KA)*K 
If( IBGIVlKAJ.EC.NAfEKI ICPBV(KA)«K 

36 CONTINUE 
" DO 40 "K«li NGIVEN 
IAG=ICPAV(K) 
IBG=ICPBV(K| 
IF(IAG.GE.lOOOO.GR.ieG.GE.lOOOO.OR.IAG.EQ.IBG) GO TO 38 
IFCIAG.LT.IBG) GC TC 37 
ICPAV(K)=IBG 
ICPBV<K)=IAG 
ITS=IAGIV(K) 
IAGIV(K)*IBGIV(K) 
IBGIV(K)*ITS 
GO TO 37 

38 CCNTINUE _ _ 
PRINT 399K,IAGIV(K),IBGIV(K) 

37 CONTINUE 
PRINT 4l,IAGIV(K),IBGIV(K),ICPAV(K),ICPeVCK) 
IAGIV(K)=IAG 
IBGIVJKJslBG 
ICPAV(K)«0 _ _ __ 
1CPBV(K)*0 

40 CONTINUE 
34 CONTINUE 

NCF=0 
CALL ARV 
IDIR«-1 _ 
PRINT 2111 PR I NT 
PRINT 27,NERR 
PRINT 22 
PRINT 25 
WRITE (4) NNR,NNR,NCT 
DO 23 K«1,NNR_ 
XA^XVCK) 
YA=YVCK) 
ZA=ZV(K) 
VL«VLPV<K) 
INAME*INAMEV(K) 
IMAT*IMATV1K) 
IPNT^K 
CALL FINDCUPNTJ 
NCC«NC 
IFINCC.GT.1C) NCC»10 
DO 30 KA*1VNC 
IC»ICV(KA)_ 
IA=ICPAV( IC) 
IB*ICPBV(IC) 
I F U A . N E . K I ICVCKA1-INANEVUA) 
I F ( I B . N E . K ) ICV(KA)* INAMEVI IBI 

30 CONTINUE 
CALL TURNCIDIR,>A,YA,ZA,XR,YR,ZRj 
PRINt "24,INAME,XR,YR,ZR,VL,IMAT,N(:VcrCVfKA),KA«"I ,NCCl 
IF (NC.GT. IO) PRINT 29 ,UCV(KA) ,KA«11 ,NC) 
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**PROGRAM OGRE!INPUT,OUTPUT,PUNCH,TAPE4,TAPE5,TAPE6)** 
kRITE 141 INAME,IMAT,VL 

23 CONT INU E 
PRINT 26,NCT9NCF 
PRINT 12 
HTR*0. 
DO 13 K*1,NCT __ 
XA«ACV!Kl 
YA*BCV!K) 

"ZA«CCV(KI 
CALL TURN(IDIR,XA,YA,ZA,XR,YR,ZR) _____ 
lA^ ICPAV(K) 
IB^ICPBViK) 
AREA*=ARCV!K) 
D E LT = DV! K J 

~NA«iNA~MEV(IA) 
NB^INAMEVIIBI 
PRINT 14,K, IA, IB,NA,NB,AREA,DELT,XR,YR»ZR»DCVIK) 
AX^ABSCXR) 
AY«ABS!YR) 
AZj*AB_SJ.Z.RI 
i s i - i 
IF iAY.GTeAXl I S I * 2 
IF(AZ„GT»AY) I S I « 3 
feaRITE C4) NA,NB,ISI,DELT,DELT,AREA,ZR,HTR 

13 CONTINUE 
l_FORMATi6I5)__ 
2 FORMAT(4E10.3J 
3 FORMATI3E10.3) 
5 FORMAT(A5,5X,3E2C.12,5X,A5) 
7 F0RMATI1X//1X9*NNR,NNT,MRANK»*,3I5,3X,*MRMAX,MRMAXS»*,215,3X, 

1*NGIVEN=*,I5//I 
__ 8 F0RMAT!1X9»EPSBC,EPSYZ,EPSIN,EPSI«*,1P4E15.4/ / ) 

9 "FORMAT! IX , 15 ,5X , A5 , 3 X , 3F12. 3") 
1C FORMAT! 1X/ /1X,*THE FCLLCMNG ARE DUMMY NODES*//) 
11 F0RMAT!1X,*TFE LIST CF NODES FOLLOWS*//) 
12 F0RMAT(1X, * IFACE*»3X, * IA* ,3X , * IB*»2X, *N0DEA* ,2X, *N0DEB* , 10X,*AREA* 

1 , 1 0 X 9 * D E L T * , 1 3 X , * A * » 1 3 X 9 * B * , 1 3 X , * C * , 1 3 X , * D * / / ) 
14 F Q R M A T ! l X g 3 I 5 , 2 X , A 5 , 2 X , A 5 , l P E 1 4 . 4 , 0 P F 1 4 . 3 , 3 F 1 4 . 6 , F 1 4 . 3 ) 

" 20 "FORMAT! fiAlOf" 
21 F0RMAT!1H1,1X,8A1C* 
22 F0RMAT!1X//1X,*CUTPUT NCOE L I S T * / / ) 
24 F0RMAT!1X9A592X,3F12«,391PE14.4,3X,A5,I5,10!1X,A5I) 
25 F O R M A T ! 2 X e * N 0 D E * 9 1 3 X , * X * , U X , * Y * t l l X , * Z * , 8 X , * V O L U M E * » 4 X , * l M A T * , 3 X , 

1*NC*95X9*C0N'NECTED NCDES*//) 
~~2h"FORMATflH7IX,*TOTAL CONNECTIONS «*,!575X,*INTEREtEMENrX0NNECTT0NS" 

1 « $ , 1 5 / / ) 
27 FORMAT!1X//1X,*TGT*L NUMEER OF GEOMETRIC TROUBLE FLAGS ■ * , I 7 / 7 ) 
29 FORMAT!71X,10!1X,A5J) 
33 F0RMAT!A5,5X,A5) 
39 FORMAT!IX,*AN IMPOSSIBLE CCNNECTION GIVEN K«» ,15 ,5X ,A5 ,5X ,A5 ) 

~ ~ 4 r T C R M A T T 6 K 7 2 U 5 , 5 X ) 9 1 5 , 5 X , I 5 > 
42 FORMAT!1X///1X,I5,3X,*CCNNECTIONS G I V E N * / / ) 

END 



**SLBRO_TINE ARV*# 41 

SUBROUTINE ARV 
COMMON /ARVC/ MRMAX9MRMAXS 
"COMMON /CN/ ICPAV(4000)9ICPBV!4000),ARCV!"4000),OV!400"0) 
COMMCN /CNV/ ACV!4000)9BCV(4000),CCV!4000),DCV!4000) 
COMMON /DIST/ DISTV!800),IRANKV!800),IELIMVI800) 
COMMCN /GIVE/ IAGIV!200),IBGIV!200),NGIVEN 
COMMON /IMATV/ IMATV!800J 
COMMCN /INTEGER/ 1A9IB9ID9KCT,KE,MRANK,NC,NCT,NIS,NNR,NNT 

"COMMON /LENGTH/ ALENGVilOO) 
CCMMCN /NP/ XV!800),YV!800),ZV!800) __ 
COMMON /NPR/ XRV!80C),YRV1800J_ZRV!800) 
COMMCN /VLP/ VLPV!800I9NCV!800) 
DIMENSION IMSVI20)9NMSV!20) 

C_ __ _____ 
C " MRANK IS THE NUMBER CF NODES TO BE RANKED IN ORDER OF INCREASING 
C DISTANCE FROM THE GIVEN NODE K _ _ _ _ _ 
C NNP IS TF!E NUMBER CF REAL NODES 
C NNT IS THE TCTAL NUMBER CF NODES INCLUDING DUMMY NODES 
C 

DO 6 K«1,NNR __ ____ 
VLMV('k)«0~.~ 

6 CONTINUE 
N C T _ 0 
NMAT*20 _ 
PRINT 12 
DO 1 K=1»NNR 
KE=NCT*1 "" 
IREF=K 
CALL DISTGEN!IREFJ 
CALL RANK 
IA = K 
XA*XV!K) 
YA-YWKP 
ZA*ZV!KJ 
DC 9 KA«19NMAT 
IMSV!KA)*=C 
NMSV!KA)*0 

_ 9 CONTINUE 
NMAT»0 
MMR»0 
DO 5 KA*29MRANK 
IF(MMR.GT.MRMAX) GO TO 13 
IB=IRANKV(KA) 
IMATB=IMATViIBI 

" IFiNMAT.EG.OJ GC TC 7 
DO 8 KB>1,NKAT 
I F ! IMATB.NE«IMSVfK6JI GO TO 8 
IF!NMSV!KB).GE0MRMAXS) GO TO 5 
NMSV(KBI*NMSV!KB)*1 
GO TO 10 

r CC"NTlT.ur ~~ " 
7 CONTINUE 

NMAT«NMATU 
IMSV(NM1AT)*IMATB 
NMSV!NMATW "" -

10 CONTINUE 
MMR=MMR*I 
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**SUBROUTINE ARV** 

I F ( I B . L E . I A ) GO TO 5 
GC TC 14 

13 CONTINUE" 
IF!NGIVEN.EQ*0) GC TO 17 
DO 15 KG=1,NGIVEN 
KGG=KG _ _ _ 
IF!IA.EG.IAGIV!KG)) GC TO 16 

__15_ CONTINUE 
GO TO 17 

16 CONTINUE 
IB*IBGIV(KGG) 
IAGIW!KGG)=10000 _ _ 
IBGIV!KGG)»lO0OO 
DC 18 KG=KE,NCT __ _ 
I F i l B . E Q . I C P B V I K G J ) GC TO 5 

18 CONTINUE ' _ _ _ _ _ _ _ _ _ 
14 CONTINUE 

NCT^NCTo-l 
ICPAViNCT)«IA 
ICPBV!NCT)*IB _ ___ 
DISTsSORT!DISTV!_B. ) 
D I S I s l _ / D I S T 
AC»XRV!IB)*DISI 
BC^YRVlIBI*DISI 
CC=ZRV! IB)*DISI 
ACV!NCTI»AC 
BCV!NCTI»BC 
CCV(NCT)«CC 
DCW!NCT)*OlST*AC*XA*8C*YA*CC*ZA 
CV!NCT)*DIST 

5 CONTINUE 
_17 CONTINUE _ _ 

PRINT 11,K 9MMR,NMAT,!NMSV1KA),IMSVIKA),KA«1,NMAT) 
C 
C THE INTERFACIAL PLANES ARE IDENTIFIED IN TERMS OF THE NODES THEY 
C CONNECT IA ANC IB, AND THEIR EQUATIONS ARE STORED IN THE FORM OF 
C ARRAYS OF THE COEFFICIENTS IN THE EQUATION ACV*X+BCV*Y«-CCV*Z-DCV«0 
C THEY ARE CLUMPED IN GROUPS OF THE SAME IA, WITH IB ALWAYS GREATER 
C DV IS THE DISTANCE CF EACH NODE FROM THE GIVEN INTERFACE PLANE 
C NCT IS THE TOTAL NUMBER OF INTERFACES IDENTIFIED. 
C 

KK*K 
CALL FINDCIKK) 

C _ 
~C~ ~ FINDC PULLS OUT ALL CF THE INTERFACES OF NODE IA, WHICH IS ONE OF 
C TWO NODES WHICH SHARE INTERFACE KCT. THIS NEED NOT BE REPEATEO FO 
C KCT BECAUSE THEY ARE CLUSTERD IN GROUPS OF COMMON IA. 
C 

IF!NCT«LT.KE) GC TC 1 
I_Df L _ 
DO 4 KCT*=k_,NCT 
IBMCPBViKCT) 
ARCV!KCT)«0. 
I F U 0 . E 6 . - 1 ) GO TO 4 
CALL LINES 
I F C I C - L T . U GO TO 4 
CALL I SECT 
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"♦♦SUBROUTINE ARV*& 
C LINES CONSIDERS EACH INTERFACE WHICH IA HAS TO BE AN INFINITE PLAN 
C CALCULATES THE LINES CF__INTERSECTION BETWEEN PLANE KCT AND THE PLA 
C ALL OTHER INTERFACES CF IA. ISECT DETERMINES" WHICH" OF THE LINES 
C GENERATED BY LINES ACTUALLY INCLUDE SEGMENTS WHICH ARE EOGES OF TH 
C CONVEX POLYGON WHICH IS THE ACTUAL INTERFACE KCT BETWEEN NODE VOLU 
C IA AND IB. IT DETERMINES THE POSITIONS OF THE CORNERS, AND THE LE 
C OF THE POLYGON EDGES eETWEEN THEM. 
C _ ' 

IFINIS.LT-3) GO TO 4 
A*0. 

C 
C LOOP 3 CALCULATES T.E AREA OF INTERFACE KCT AS A SUM OF TRIANGLES, 
C WHICH CORRESPCNDS TO AN EDGE OF THE POLYGON KCT. 
C _ . 

DC 3 KA-ltKC 
A=A+DISTV!KAI*ALENGV«KA) 

3 CONTINUE 
A*0.5*A 
ARCV!KCT)*A 
V_I«0.3333333*DV!KCT)*A 
IFUA.LE.NNR) VLM.V II AJ^VLMV.! I A) *VI 

___ IFIIB.LE.NNR) VLMVU B)^ VLMVI IB) *VI _ _ __ 
C 
C THE VOLUME OF EACH NCCE VOLUME IS CALCULATED AS THE SUM OF THE VOL 
C OF POLYGONAL PYRAMIDS9 THE BASE OF EACH OF WHICH IS AN INTERFACE P 
C EACH INTERFACE KCT CONTRIBUTES THE SAME VOLUME TO BOTH NODES IA AN 

4 CONTINUE 
CALL TAMP 

1 CONTINUE 
C 
C VLMVJK1_IJS_THE VCLUME OF CELL K 
C ARCViK) I S T h E AREA OF INTERFACE'K 
C _ 

11 FORMAT!lX93i59118 1X9I39lX.A5!) 
12 F08MAT!1H1/5X,*K MMR NMAT NMS IMS AND REPEAT*//) 

RETURN 
END 
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♦♦SUBROUTINE MATGEN*^ 
SUBROUTINE MATGEN 
COMMON /MATRIX/ THETA,PHI,PSI,A11,A12,A13,A21,A22,A23,A31,A32,A33 
STHETA*S1N!THETAI 
CTHETA*CCS!THETAJ 
SPHI«SIN!PHI) 
CPhI»COS!PHI) 
S P S I s S I M P S I l 
_c_psi«cgsi_psi_) 
AlliCPSl*CPHi-CTHETA*SPHI*SPSi 
A12«CPSI*SPHI+CTHETA*CPHI*SPSI __ ___ 
A13*SPSI*STHETA 
A21^-SPSI*CPHI-CThETA*SPHI*CPSI 
A22*-SPSI*SPHI*CTHETA*CPHI*CPSI 
A2J*CPSI*STHETA 
A3lisTHETA*SPHI 
A32*-STHETA*CPHI 
A33=CTHETA 
PRINT 19THETA,PHI,PSI 
PRINT 2 
PRINT 39A11,A12,A13 PRINT 3,A21,A22,A23 
PRINT 3,A31,A32,A33 

1 F0RMAT!1X9*THETA9.HI,PSI»*,3F12.8//) 
2 FORMAT!1X9^THE ROTATION MATRIX IS*//) 
3 F0RMAT!1X,3F12.8//) 
RETURN 
END 

♦^SUBROUTINE TURN! IDIR,XA,YA,ZA,XR,YR,ZR)** 

SUBROUTINE TURN!IDIR,XA,YA,ZA9XR,YR,ZR) 
COMMON /MATRIX/ THETA_PHI,PSI,A11,A12» A13,A21,A22,A23,A31,A32,A33 
IFdOIR~.E~G.OJ RETURN 
IF! IDIR. tT .O) GC TO 1 
XRsAl l*XA*A12*YA*A13*ZA 
YR=A21*XA«-A22*YA*A23*ZA 
ZR*A31*XA*A32*YA*A33*ZA 
RETURN 
CONTINUE 
XRsAl l*XA*A21*YA*A31*ZA 
YR«A12*XA*A22*YA*A32*ZA 
ZRsA13*XA*A23*YA+A33*ZA 
RETURN 
END 

http://IFdOIR~.E~G.OJ
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♦♦SUBROUTINE DISTCEN!IREF)*♦ 
SUBROUTINE DISTGEN!IREF) 
COMMON /DIST/ DISTV1800),IRANKV!800),IELIMVC800) 
COMMON /INTEGER/ I A,IB,ID9KCT9KE9MRANK9NC,NCT,NIS,NNR,NNT 
CCMMON /NP/ XV!800),YV!800),ZV!800) 
COMMON /NPR/ XRV!600),YRV!800),ZRV!800) 

C 
C XV,YV,ZV IS THE ABSOLUTE POSITION OF THE GIVEN NODE. 
C 

XREF*XV!IREF) 
YREF=YV!IREF) 
ZREF=ZV!IREF) 
DO 1 K«1,NNT 
XD*0.5*IXV(K)-XREF) 
YD=0.5*!YV!K)-YREF) 
ZC-O.5*!ZV!K)-ZPEF) 
XRV(K)=XD 
YRV(K)=YO 
ZRV(K) = ZD 
DISTV!K)*XD*XD+YD*YD«-ZO*ZC 
CONTINUE 

C 
C XRV,YRV,ZRV IS NOW THE VECTOR FROM NODE IREF TO THE MIDPOINT OF TH 
C LINE BETWEEN NODES IREF AND K. AT THIS P0INT9 OISTV IS ITS LENGTH 
C 

RETURN 
END 
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♦ ♦SUBROUTINE R A N K ^ 
SUBROUTINE RANK 

C T H rS~SUBROUt IN E ~RA NK S" THE" M R ANOlOD ES~ N EAREST TO THE~GI VEN "NODE " d~ 
C ITSELF) IN CRDEP OF INCREASING DISTANCE SQUARED/4 DISTV. THE USE 
C ARRAY IELIMV hERE IS DIFFERENT FROM THE USE IN SUBROUTINE IDC. 
C HERE IELIMVIKJ-1 INOICATES THAT NODE K HAS NOT YET BEEN RANKED. 
C 

COMMON /DIST/ DISTV!800),IRANKV!800),IELIMV!800) 
COMMON "/INTEGER/ I A,IB,ID,KCT,KE,MRANK,NC,NCT,NIS,NNR,NNt 
DO 1 K=1,NNT 
IELIMV!K)»1 

1 CONTINUE 
CO 2 K=l, MRANK 

C _____ _ __ — 
C" FIND "FIRST UNRANKED DISTANCE 
C _ _ 

DO 3 KA=1,NNT 
IMIN*KA 
IF(IELIMV!IMIN).EC.l) GO TO 4 

3 CONTINUE^ 
4" CONTINUE 

DMIN=DISTV!IMIN) 
C 
C COMPARE WITF OTFER UNRANKED DISTANCES. REPLACE WITH ANOTHER ONE I 
C SMALLER. CONTINUE UNTIL THE SMALLEST IS FOUND, AND RANK IT. 
C 

DQ 5 KA«1,NNT 
IF!1ELIMV!KA).EC0) GC TO 5 _ _ _ _ _ 
CTESTsDISTVIKA) 
IF(DTEST.GT-DMIN) GO TO 5 
IMIN=KA 
DMIN=DTEST , 

"5 CONTINUE" " 
C 
C NOW IMIN IS THE NUMBER OF THE NODE WHICH IS THE CLOSEST AMONG ALL 
C PREVIOUSLY UNRANKED NODES TO THE GIVEN NODE. 
C 

IRANKV!K)«1MIN 
IEL IMV! IMIN)=0 

2 CONTINUE 
C 
C IRANKVIK) IS THE NUMBER OF THE KTH NCDE AWAY FROM THE GIVEN NODE 
C 

R E T UJRN . 
END" 
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♦♦SUBROUTINE FINDCdPNT)** 
SUBROUTINE FINDC!IPNT) 

C THIS SFBROUT l"NE" TDTNTIF lES" ALLnNtERFAC£S~wTiTCH~NO"D~E"~I>NT~"SHA~RES" W 
C OTHER NODES9 AND CALCULATES THE POSITION OF THE MIDPOINT BETWEEN T 
C GIVEN NODE AND EACH OF THE OTHER NODES CONNECTED TO IT. 
C ThE ARRAY TV IS USED EY TESTS. THE SIGN OF TV!K) SERVES TO INDICAT 
C WHICH SIDE OF PLANE K NODE POINT IPNT LIES ON. 
C„ _ _ _ . 

COMMON /CN/ ICPAVI4000),ICPBV14000),ARCV14000),DV44000) 
COMMON /CNV/ ACV!4CCO)9BCVI4000),CCV!4000),DCV!4000) 
COMMCN /ICV/ ICVI101),TVI100) 
COMMON /INTEGER/ IA9IB9ID,KCT,KE,MRANK,NC,NCT,NIS,NNR,NNT 
COMMON /NERR/ NERP 
COMMON /NP/ XV(80C),YV!800),ZVI800) 
COMMON /VLM/ VLMVI8CC),NCV!800) 
NC*0 
ICV!101)=IPNT 
X»XV!IPNT) 
Y*YVl IPNT) 
Z=ZV! IPNT) _ _ _ _ _ _ 
NCV! IPNT)*100" 
DO 1 K«1,NCT 
JA=*ICPAV!K) 
JB«ICPBV(K) 
IF ( IPNT.EQ.JA) GC TO 4 
I F ! IPNT.EC.JB) GG TO 4 
GO TC 1 

4 CONTINUE 
NC»NC+1 
IF(NC.GT.IOO) GC TO 2 
ICV(NC)=K 
TVINC)=ACV!K)»X*8CV!K)*Y*CCV!K)*Z-DCVJK) 

~ I"CONTINUE 
NCV(IPNT)*NC 
RETURN 

2 CONTINUE 
NERR»NERR+1 
IFINEPR.GT.100) RETURN _ 
"PRINT 3, IPNT 
RETURN 

3 F0RMAT!1X9*WARNING NC EXCEEDS 100 FCR IPNT«^,I5) 
END 
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♦♦SUBROUTINE LINES^ 
SUBROUTINE LINES 

C 
C "~THS SUBROUTINE CALCULATES THE INTERSECTION LINES OF PLANE KCf WIT 
C OTHER INTERFACE PLANES OF NCDE IA. (THEY ARE LISTED IN ICV.) TWO 
C ALTERNATE ALGORITHMS ARE AVAILABLE. THE ONE USUALLY EMPLOYED BEGI 
C REARRANGING THE DEFINING EQUATIONS OF PLANES KCT AND KA INTO THE F 
C Y«Y(X,Z). SETTING THE TWC EXPRESSIONS THUS OBTAINED EQUAL TO EACH 
C GIVES AN EQUATION IN X AND I WHICH IS THEN SOLVED FOR I AS A FUNCT 
C " X9 Z=Z!X). SUBSTITUTING THIS EXPRESSION BACK INTO ONE OF THE EXPR 
C FOR Y THEN GIVES AN EXPRESSION Y-YIX). THE LINE OF INTERSECTION 
C COMPLETELY DEFINED BY THESE TWO EXPRESSIONS WHICH ARE STORED AS TH 
C COEFFICIENTS IN THE FORMS Y(X)«YXV^X*YCV AND Z(X)»ZXV*X+ZCV. 
C FOR THIS METHOD TO BE USEABLE9 THE NORMALS TO BOTH PLANES MUST HAV 
C _ NCNZERO V COMPONENTS. IF THIS CONDITION IS NOT MET, THE CODE USES 
C AN ANALOGOUS"ALGORITHM WHICH FIRST EQUATES TWO"EXPRESSIONS FOR Z A" 
C FUCTION OF X AND Y, AND THEN SOLVES THE RESULTING EQUATION FOR Y A 
C FUCTION OF X. BACK SUBSTITUTION GIVES ZiX). THIS OPTION REQUIRES 
C TH PLANE NORMALS HAVE NONZERO Z COMPONENTS. IF NEITHER CONDITION 
C A WARNING IS PRINTED AND THE INTERFACE KCT IS DROPPED FROM FURTHER 
Q CONSIDERATION._!THIS IS COMMUNICATED BY RETURNING ID«Q OR 1P"-1-) 
C 

LOGICAL LY1,LZ1,LY29LZ29LPAR 
COMMON /CN/ ICPAVI4000)9ICPEV!4000),ARCVI4000)9DV(4000) 
COMMON /CNV/ ACV!4000)9BCV!4000)9CCV«4000.9DCV!4000) 
COMMON /EPS/ EPSBC9EPSYZ9EPSIN,EPSI,EPSS 
COMMCN /ICV/ ICV!101),TV(100) 
"COMMON /INTEGER/ IA, IB, ID,KCT,KE,MRANK, NC9NCT,T.i Sf NNfi,T.NT 
COMMCN /LINES/ YXV !100) ,YCV !100), ZXVUOOI, ZCV! 100), ISKIPV! 100) 
COMMON /NERR/ NERR 
COMMCN /NP/ XV!800),YV!800),ZV!800) 
ID=1 
A1 = ACV!KCT) 
B1 = BCV(KCT) 
C1=CCV!KCT) 
Dl-DCV(KCT) 
LYl=ABSiBl).GT_.EPSBC 
LZ1=ABS!C1).GT.EPSBC 

C 
C WILL" "TRANSFER"" TC~lT IF "NEITHER Y OR r tOMPONENrTS~N"ONZER"O.SEm.""""r 
C WILL CAUSE THIS INTERFACE AND ALL OTHERS WITH THE SAME VALUE OF IA 
C HENCEFORTH BE IGNORED. 

IF!.N0T.(LY1.0R.LZD) GO TO 11 
IFI.N0T.LY1) GO TO 5 
AB-A1/B1 
"CB «CI /B I 
DB«D1/B1 
CONTINUE 
IFi.NOT.LZl) GO TO 6 
AC«A1/C1 
BC*B1/C1 
~CC«DI7CI 
CONTINUE 
DO 1 KA«1,NC 
ISKIPVIKA)*! 
KC«ICVI KA) ~ " 
IA2*ICPAV(KC) 
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YXV(KA)«0. 
YJC___! K_4Jf_0__ 
ZXV!KA)«0 . 
ZCV!KA)«CU 
IF ( .NOT«! IA .EQ. IA2_AND. IB_.EQ. IB2) ) GO TO 2 
ISKIPV!KA)*»0 
GO TO I 

2 CO_NTJNUE 
A2*ACV! KC) 
B2»BCV!KC) 
C2«CCV! KCS 
D2sDCV!KC) 
LY2«ABS!B2)„GT«EPSBC 
LZ2«AeSIC2KGT__EPSBC_ 

C 
C SEE TFE PRECEEDING COMMENT. 
C 

IF!.NOT»!LY2oOR.LZ2)J GO TO 13 
IF!.NOT-(LYl_ANC.LY2)l GO TO 9 
DNMsCB-C2/B2 

'~~ABSDNM™ABS!DNMS 
IF!ABSDNM_GT.EPSYZ) GC TO 22 
CALL PTEST(LPAR 9 Al 9 Bl ,C l9A2,B2 9 C2) 
IFUNOT.LPAR) GO TO 7 
ISKIPV! KA)*0 
GJ TO 1 

22~"C0NTTNUE 
DNMI*1_/DNM 
ZX=(A2/B2~AB)*DNMI 
ZC*!CB~D2/B2S«DNMI 
YXs-AB-CB*ZX 
YC»-CB*ZC-DB 
GC TC 10 " " 

9 CONTINUE _ 
C 
C WILL TRANSFER TC 12 IF NEITHER OPTION MAY BE USED BECAUSE ONE PLAN 
C NORMAL HAS A ZERO Y COMPONENT AND THE OTHER A ZERO Z COMPONENT. 
C I0«0 WILL BE RETURNED IN THIS CASE. THIS WILL DROP THE GIVEN INTE 
C" FROM FURTHER" CONSIDERATION, BUT WILL NOT EFFECT OTHER INTERFACES W 
C THE SAME I A . 
C 

I F ( . N 0 T . ( L Z 1 . A N C . L Z 2 ) ) GC TO 12 _ 
_NM_-_C-B2/C2 
ABSDNM=ABS!ONPJ _ 
IF.ABS'DNM.GT.EPSYZ) GlTtO 23 
CALL PTEST!LPAR9A1,B19CI,A2,B29C2) 
IF i .NOT.LPAR) GC TC 7 
ISKIPVIKAJ^O 
GO TO 1 

23 CONTINUE 
DNMTtei'.yd'NT 
YX«(A2/C2-AC)^DNMI 
YC*!DC~02/C2I$DNMI 
ZX_-AC-~BC*YX 
ZCs>»BC*VC*0C 

10 CONTINUE 
VKWOT^YT 
YCV!KA)sVC 
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ZXV!KA)«ZX 
ZCV!KA)_*ZC 

1 CONTINUE" 
RETURN 

7 CONTINUE 
10 = 0 
NERR*NERRU 
IF ! NERR»GJ_. 100) RETURN 

"PRINT 19 
PRINT 20,CNM,EPSYZ 
PRINT 15,KCT,IA,IB,A1,B1,C1,D1,EPSBC 
PRINT 15,KC9IA29IB29A29B2,C2,D2,EPSBC 
PRINT 219LY1,LZ1,LY29LZ2 
RETURN _ 

I I CONTINUE 
ID_»»1 
NERR=NERR*1 
1F!NERR_GT.100) RETURN _ 
PRINT 8 
PR I NT 14 __ 
PRINT ~ 1 5 f K C T | I A 7 l B , A l t B i t C l f 0 1 9 EPSBC 
RETURN 

13 CONTINUE 
10=8^1 
NfcRR^NERR+1 
IFIJ__EP_R.GT_100) RETURN _ ___ 
PRINT 8 
PRINT 15 tKC 9 IA2, IB2 9A2 9B2 9C2 9D2 9EPSBC 
PRINT 16 
PRINT 17 
PRINT 15,KCT9IA,IB9A19B19C19D1,EPSBC 
RETURN 

12 CONTINUE 
ID«0 
NERRsNERR+1 
IF(NERR.GT.IOO) RETURN 
PRINT 18 
PRINT 1^,KC,U2,IB2,A2,B2,C2,D2 ?_EPS_C 
PRINT 1 6 " 
PRINT 17 
PRINT 15,KCT,IA9IB9A19B1,C19D1,EPSBC 
PRINT 219LY1,LZ19LY29LZ2 
RETURN 

_J_FORMAT(__U_|*_AVE_JFCUND AN INTERFACE WITH ZERO _Y_AND_Z NORMAL COMPON 
_iENfs*r ~ 

14 FORMAT!IX,*IT IS THE INTERFACE WHOSE INTERSECTIONS ARE BEING CALCU 
1LATE0*) 

15 F0RMATilX,*KC9IA9ie**93I593X9*Al9Bl,Cl»Dl,EPSBC«*,lP5E15.4) 
16 FORMAT! IX,♦TUS IS NOT THE INTERFACE WHOSE INTERSECTIONS ARE BEING 
__!_ CALCULATED*) __ _ _ __ 
17 FORMAT! 1X,*THE FCLLCM NG~ I Nf ERFACES INTERSECTIONS ARE BEING CALCUL 
1ATED*I 

18 F0RMAT!1X,*HAVE CCME UFCN TWO INTERFACES9 ONE OF WHICH HAS A ZERO 
1Y NORMAL COMPONENT AND THE OTHER A ZERO Z COMPONENT*) 

19 F0RMAT!1X,*HAVE CCME UPON AN INTERSECTION LINE WHICH LIES IN THE Y 
ltZ J_.ANE_*J __ 

20 FORMAT!IX,*DNM9EPSYZ**.1P2E15V4) r 

21 FORMAT!1X9*LY19LZ1,LY2,LZ2«*,4L5) __ _ _ ______ 
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SUBROUTINE I SECT 
C_ 
c 
c 
c 
c 

THIS SUBROUTINE CALCULATES ALL CF THE PCINTS OF INTERSECTION BETWE 
THE LINES IN PLANE KCT WHICH WERE CALCULATED BY LINES. TESTS DETE 
WHICH OF THESE PCINTS ARE ACTUALLY INTERFACE POLYGON CORNERS. 
LGGICAL 
COMMCN_ 
COMMON 
CCMMCN 
COMMON 
COMMCN 
COMMON 
COMMON 
COMMON " 
CCMMCN 
COMMGN 
DIMENSI 
DIMENSI 
jCIMENSI 
NLISVU 
ISMd.l 
NIS=0 
DO 1 K* 
DISTV(K 
IFIK.EQ 
IF!I SKI 
KK=K-1 

LA 
/DIST/_DISTV!800),IRANKV!800), IEL|_MV CjJOO) 
/EPS/ EPSBC9 EPSYZ9EPSINl.EPSI9EPSS 
/ICV/ ICVClOlltTVClOOl 
/INAMEV/ INAMEVI800)9IPLOT9IWRITE 
/INTEGER/ IA9IB9ID9KCT9KE»MRANK,NC,NCT,NIS,NNR,NNT 
/LENGTH/ ALENGVilOO) 
/LINES/ V«V!100),YCV!100)9ZXV!100),ZCVdOOI,I^KIPVdOp__ 
/NCF/'NCF "~ ""* " """' 
/NERR/ NERR 
/TESTS/ ISV!1519NLIS§XI.YI9ZI9LA 
CN XISV!30).YISV!30),ZISV!30),NLISV!30).ISM!15,30) 
CN KIV!30)9KIIVS30) 
°NJL

P
.Y<__. )9YPV!3q).ZPV!30) 

)»0 
) = 0 
1,NC 
)*o. 
.NCI GC TO J 
PV("kr.'EQ."0. GC "TO I 

C 
C 

C 
C 
C 
c 
c 
c 
c 
c 

CO 2 KA«KKtNC 
I SVJ 11= K 
TSV.2I-KA 
IFIISKIPVIKAKEG-0) GC TC 2 

THERE ARE TWO POSSIBLE WAYS TO SOLVE FOR THE X COORDINATE OF THE 
"INTERSECTION POINT. CNE IS TO SET THE TWO EXPRESSIONS FOR Y!X)EQ 
JHIS REQUIRES THAT YD20. IF YD*09 THE CODE ATTEMPTS TO SOLVE FOR__ 
BY SETTING THE TWO Z!XI EQUAL,.'" THIS REQUIRES THAT ZD#0. IF BOTH 
YD*0 AND ZD«Q9 THE TWC LINES ARE PARALLEL, AND THE CODE DOES NOT 
ATTEMPT TO CALCULATE THEIR INTERSECTION. RATHER, IT TRANSFERS TO 

""'Y'_*YXVt'KJ-Y. V.KAI' 
A_.SY_>ABS!YD) _ 
IF!"AESVC."LT".EPSli GC TC IS" 
XI**!YCV!KA)-YCV!K_ i/YD 
GO TO "19 

18 CONTINUE 
ZD*ZXViK)-ZXVIKAJ 
ABSZC-AGS.ZDI 

—rFTAB__n_frLr.ip'_TTnG"o~TB~_r" 
XI=«ZCVIKA1-ZCV!KJJ/ZD 

19 CONTINUE 
YI"YXV(KJ*XI*YCV(K) 
Zi*ZXV('K)*XI>ZCV'(K) 
CALL TESTS 

TFTTN'OT 7L7ST "GlTTO" 2" 
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IF!NIS.EQ.O) GO TO 31 
DO J2_ K C» 19 N I_S : 
NLI«NLISV!KC) 
IF!NLI.NE.NLIS) GO TO 32 
DO 33 KB«19NLIS 
IS*ISM!KB9KC) 
IF! IS .NE. ISV!KB)) GO TO 32 

33 CONTINUE ; 
GO TO 2 

32 CONTINUE 
31 CONTINUE 

NIS^NIS+1 
NLISV!NIS)«NLIS 
DO 25 KB«1»NLIS _ _ __ 
ISM(KB,NISJ=tSVikB) 

25 CONTINUE _ 
XISV!NIS)=XI 
YISV!NIS)*YI 
ZISV.KISWI 

2 CONTINUE 
"" 1 "CONTINUE 
C 
C NIS IS THE TOTAL NUMBER OF INTERSECTIONS WHICH HAVE BEEN ACCEPTED 
C TESTS AS CORNERS CF THE INTERFACE POLYGON KCT. ISAV!K) AND ISBVIK 
C ThE TWO LINES WHICH INTERSECTION K INVOLVES. ITHE ORDERING OF THE 
C _ HERE AND ELSEWHERE IN THE VARIOUS ARRAYS IS THE SAME AS THAT OF TH 
CCORRESPONDING"PLANES IN ICV.) XISV,YISV,ZISV ARE THE POSITIONS IN 
C OF ThE INTERSECTION POINTS K. 
C LOCP 5 GOES THROUGH ThE NC LINES AND DETERMINES WHICH RETAINED LIN 
C INTERSECTIONS INVOLVE EACH CF THE LINES, IF ANY. LINES, PARTS OF 
C CONSTITUTE EDGES OF THE POLYGONAL FACES OF NODE VOLUME IA SHOULD T 
C _PART_IN_ TWO RETAINEC INTERSECTIONS. OTHER LINES SHOULD NOT TAKE P 
C ' ""' ~ ANY. "" """ ~~ " ~ 
C Kl AND KII ARE THE TWO INTERSECTIONS CIF ANY) FOUND FOR LINE KB. 
C ALENGV1KB) IS THE DISTANCE BETWEEN THE TWO INTERSECTIONS WHICH INV 
C E KB ANC, THEREFORE, IS EQUAL TO THE LENGTH OF THE EOGE OF THE INT 
C POLYGON WHICH LIES ON KB. IF KB DOES NOT INCLUDE AN EDGE, ALENGV 
C_ _ IS RETURNED AS ZERO. 
C 

I F 1 N I S . L T . 3 ) RETURN 
XCE=XISV!1) 
YCE«YISV!1) 
ZCE*ZISV!1) 
KD=1 _ 

"~"NEDGE«0 
KIV! 1)«0 
KIIV<1)»0 
DC 5 KB*19NC 
ALENGV!KB)=0. 
KI=0 

~Kl l8<_ 
IF(ISKIPV!KB).EQ.O) GO TO 5 
DC 6 KA«1,MS "'"" "" 
KAA"KA 
NLIS«NLISV!KA) " " ' " " ~ " " ~~ ~ 
DO 26 KC*19NLIS 
1FTISKIXC7KAT.EQ.T.B1 HGOTO 7 

26 CONTINUE 
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GO TO 6 
J__CONTINUE 

IFfKI_NE.O) GC TO 9 
KI«KA 
GO TO 6 

9 CONTINUE 
IF!KII.NE.C) GO TO 27 
KII*KA 

6 CONTINUE 
IFIKII.EG.O) GC TC 5 
IF!NEDGE.EQeC) GO TO 13 
DO 30 Ksl_NEDGE 
KIK*KIV!K) 
KIIK=KIIV(K) 
_FiKI.EG.KIK_AND.KII.EC.KIIK) GO TO 5 
IF!KI.EQ.KIIK.AND.KII.EQ.KIK) GO TO 5 

30 CONTINUE 
13 CONTINUE 

NEDGE^NEDGE-s-1 
KIV!NEDGE) = KI _ __ 
KIIVINEDGE)*~KII 
XD=XISV!KI)~XISV!KII_ 
YD*YISV!KI)-YISV!KII ) 
ZO=ZISV(K I )~Z ISV !K I I ) 
ALS-XD$XD+YD*YD*ZC*ZC 
ALENGV!KB) = SCRT!ALS) 
YX=YXVIKB» 
YC«YCV!KB) 
ZX=ZXVi KB) 
ZC=ZCVIKB) 
XM=XCE*YCE*YX+ZCE*ZX-YX*YC-ZX*ZC 
XM«XM/! l .*YX*YX+ZX*ZX) 
YM«YX*XM+YC 
ZM*ZX*XM*ZC 
XD*XM»XCE 
YC«YM-YCE 
ZD=ZM-ZCE 
DISS=XD»XD*YD*YD*ZD*ZD _ _ 

"DISTV!KB)=SGRT!DISS) 
GO TO 5 

27 CONTINUE 
NERR*NERR+1 
IFINERR.GT.100) RETURN 
KD_0 _ 
PRINT 28,KB 9 KCT 9 k l 9 KLI 9 KAA 

5 CCNTINUE 
IDIRs*-l 
CO 34 K»29NEDGE 
IEL IMV!K ) *1 

3.4 CONTINUE 
KI»K1V(1) 
K I E ^ K I I V I l ) 
XPV! 1 )=X ISV !K I ) 
YPV!1 )»Y ISV IK I ) 
Z P V « l ) s Z I S V ! K I ) 
N E D G Ps N E D G E ♦ 1 
DO "35 K«2"7NEDGP 
XPV!KI *X ISV!K IE) 

http://_FiKI.EG.KIK_AND.KII.EC.KIIK
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Y P V ! K ) = Y I S V ! K I E ) 
Z P V I K J « Z I S V ! K I E ) 
I F ! k . E Q . N E D G F J GC TC 39 
DO 36 KA=2,NE0GE 
I F ! I E L I M V ! K A ) . E C . O ) GO TO 36 
KAA»KA 
I F ( K I V I K A ) . E Q . K I E ) GO TO 37 
I F I K I I V i K A K E C . K I E ) GC TC_38 
CONTINUE" 
GC TC 3 9 
CONTINUE 
K I E = K I I V ! K A A ) 
I E L I M V ! K A A ) « 0 
GO TO 3 5 __ 
CONTINUE 
K I E = K I V I K A A ) 
I E L I M V ! K A A ) = 0 
CONTINUE 
CONTINUE 
DO 4 1 K=19NEDGP _ 
XA=XPV(K) ' " -

YA=YPV!K) 
ZA=ZPV!K ) 
CALL T U R N ! I D I R 9 X A 9 Y A 9 Z A , X R 9 Y R 9 Z R ) 
XPV!K)=XR 
Y P V ( K ) * Y R _ 
ZPV!K)=ZR 
CONTINUE 
WRITE 15) INAMEV! IA)9INAMEV!IB)9NEDGP,!XPV!K),YPV!K),ZPV(K),K«1, 
1NEDGP) 
IF! IB.GT.NNR) GC TO 40 
w R I T E ( 6 ) I N A M E V ! I A ) , I N A M E V ! I B ) , N E D G P , ( X P W K ) » Y P V C K ) t Z P V ! K ) 9 K _ 1 9 _ 

1NEDGP) 
NCF=NCF + 1 
CONTINUE 
I F I K D - G T . O ) RETURN 
PRINT 23 
PRINT 2 0 9 I A 9 I B 9 I0 ,KCT 9 KE 9 MRANK,NC,NCT,NIS,NNR,NNT^ 
PRINT "23 
PRINT 20 ,N IS ,NEDGE 
PRINT 2 3 
PRINT 1 1 , ! N L I S V ! K ) , K « 1 9 M S ) 
PRINT 2 3 
DC 29 K = 1 9 M S 
NLIS=NLISV!KP " 
PRINT 11, (ISM(KA9K)9KA»19NLIS) 
CONTINUE 
PRINT 23 
PRINT 229(XISV!K),K*1,NIS) 
PRINT 229iYISV!K),K«l,MS) 
"PRINT~22, ! ZISV (K)7K* 1, NIS) 
PRINT 23 
PRINT 209IKIV(K),K*1,N£DGE) 
PRINT 2C,(KIIV!K),K=1,NEDGE) 
PRINT 23 
PRINT 11,!ICV!K),K»19NC) 
PR INT~__T 
PRINT 229!TV(K),K»1,NC) 
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PRINT 23 

_ PfINT_22,CYXV_CK_jLK_lt_NCI_ 
PRINT 23 
PRINT 22,!YCV!K),K*1,NC) 
PRINT 23 
PRINT 22,!ZXV!K),K«19NC) 
PRINT 23 
PRINT 229!ZCV!K)9K«19NC) 
PRINT 23 
PRINT 20,1 ISKIPV!K),K«1,NC) 
PRINT 23 
PRINT 229!ALENG.!KI,K»19NC) 
PRINT 22,!DISTV!K)9K*19NC) 
RETURN _ 

11 F0RMAT!1X91_I13) ~ - - _. -
12 FORMAT!1X,1P10E13_3) 
14 FORMAT!IX,*AN EDGE bHICH IS CONNECTED TC ONLY ONE VERTEX 
1*/1X,*KB«*9I5,3X9*KCT»^9I5/) 

16 FORMAT!1X,^TRCUBLE - NCNCCPLANAR LINES*) 
17 F0RMAT!1X9*KCT9IA9IB9K9KA«+95I5/1X9^YXV!K),YCVIK),YXVIKA£,YCV!KA)_^ 
r*9lP4E15«4/lX9*ZXV!K),ZCV!K),ZXV!KA),ZCV!KA)»^,lP4E15.4) 

2C FORMAT!IX92C15) 
21 FORMATI1H1) 
22 F0RMAT!1X 9 1P6E20.10) 
23 FORMAT!1X//) 
28 FORMAT 11X9*TRCUJ3LE _- A THREE ENDED ^LINE*/ /1X,*_KJ ,K_CT^* ,2 I5 9 3X,*KW 

1 K I I 9 K A A = * 9 3 I 5 ) 
42 FORMAT!lX 9 *KCTs* , I5 ,3X,*NEDGE«^»I5) 
43 F 0 R M A T ! I X , 1 P 3 E 2 0 . 1 0 ) 

END 

♦♦SUBROUTINE PTEST(LPAR,A l ,B1 ,C1 ,A2 ,B2 ,C2) *^ 

SUBROUTINE PTEST!LPAR,A1,B1,CI ,A29B29C2 ) 
_OMMON___EPS/__ EPSBC, EfSYZgEPSIN,EPSI9EPSS 
LOGICAL LPAR 
LPAR«.TRUE„ 
A0«=A2-A1 
BD=B2~B1 
CD*C2-C1 
TEST = AD*AD.-BD__Bp-6-CO*CP 
I F I T E S T . L E . E P S S l RETURN 
AS=A2*A1 _ 
BS=B2*B1 
CS=C2*C1 
TESTsAS*AS*BS*BS*CS*CS 
1FUEST.LE.EPSS) RETURN 
LPAR*.FALSE. 
RETURN 
END 
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SUBROUTINE TESTS 

T THIS SUBROUTINE DETERMINES WhETHER OR NOT POINT XI,YI,ZI IS A VERT 
C NODE VOLUME IA. LCCP 1 GOES THROUGH ALL NC INTERFACIAL PLANES WHI 
C NODE VOLUME IA_ THE POINT XI.YI.ZI IS ACCEPTED IF IT MEETS ONE OF 
C CONDITIONS IN REGARD TO EACH OF THE PLANES. ONE IS THAT IT LIE IN 
C PLANE. THE OTHER IS THAT IT LIE ON THE SAME SIDE OF THE PLANE AS 
_C NODE J_OINT_IA._ THIS IS DETERMINED,BY COMPARING THE SIGN OF TESTI 
C THATOF TV!K). ISEE FINDC.) 
C 

LOGICAL LA 
COMMON /CNV/ ACV(4000),BCV!4000),CCV!4000),DCV!4000) 
COMMON /EPS/ EPSBC,EPSYZ.EPSIN,EPSI,EPSS 
CCMMCN /ICV/ ICVI101)fTV!100) _ . _ 
COMMON /INTEGER/ IA,IB,ID,KCT,KE,MRANK,NC,NCT,NIS,NNR,NNT 
CQMMGN /TESTS/ ISVI15),NLIS,XI,Yl,ZI,LA _ __ _ 
LA».TRUE. 
IK=ISV(1) 
IKA=ISV!2) 
NLIS = 2_ 
DO 1 K*l, NC 
IFtK.EQ.IK) GC TC 1 
IF(K.EQ.IKA) GO TO 1 
IC=ICV!K) 
IF(IC.EG.KCT) GC TC 1 
AC=ACV!IC*_ 
BC=BCV!IC) 
CC=CCV!IC) 
CC^DCVI IC) 
TESTIN=AC*XI+BC^YI*CC^ZI-CC 
ABSIN*ABS!TESTIN) 
IF!ABSIN-GT.EPSJN)_GO.TO 3 
NLIS=NLIS+1 
ISV!NLIS)=K 
GO TC 1 

3 CONTINUE 
TESTP=TESTIN*TV!K) 
IF!TESTP.GT_0.) GG_TC_1 . 

"" LA=.FALSE. 
RETURN 

1 CCNTINUE 
IF!NLIS.EQ.2) RETURN 
IF(ISV!2.«LT.ISV!3)) RETURN 
NLISP=NLIS + 1 _ . 
~ISV(NLISPJ*1CC0 
OO 2 K=l,2 
KT = 3-K 
IST«ISVIKT) 
KTP*KT+1 
DO 4 KA=KTP9NLISP 
KAA=KA~ 
I F I I S T . L T . I S V I K A ) ) GC TC 5 _ 

4 CONTINUE 
5 CONTINUE 

KAA=KAA»2 
DO 6 KA*KT,KAA ~ISWfKA_sISVIKA + _ T 
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CONTINUE 
_LSVil_AA*lI __JST 
IF!ISV!i).LT.ISV!2h RETURN 
CONTINUE 
RETURN 
END 

♦♦SUBROUTINE TAMP^ 
SUBROUTINE TAMP 
COMMON /CN/ ICPAV(4000) ,ICPBVI4000) , ARCVI4000), DV!4000_) _ 
COMMON /CNV/ ACV!4000),BCV!4000),CCVi4000),DCV!4000) 
COMMCN /EPS/ EPSBC,EPSYZ,EPSIN»EPSI,EPSS 
COMMON /INTEGER/ IA,IB9ID9KCT9KE9MRANK9NC9NCT,NIS,NNR,NNT 
COMMON /VLM/ VLMV!800),NCV!800) 
KEE*KE-1 
DO 1 Kĵ KE,NCT_ 
~IFIARCV!K).LT_EPSSJ GO TO 1 
KEE=KEE+1 
ICPAV!KEE)=ICPAV!K) 
ICPBV!KEE)=ICPBV!K) 
ARCV«KEE)=ARCV!K) 
CV!KE1)___PV!K) 
ACVIKEE)*ACV!K) 
BCVIKEE)«BCVIK) 
CCV!KEE)cCCV!K) 
DCV(KEE)*=DCV!K) 
CONTINUE 
NDEC«NCT_KEE 
NCV!IA)=NCV(lA)-NDEC 
NCT=KEE 
RETURN 
END 
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