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1.0 INTRODUCTION 

The purpose of this report is to provide the user with sufficient information to run 

the three programs FDG3D, DISCEL and DIMES. A previous report explained the 

theory and design of the programs (Models for Calculating Fluid Flow in Randoml)" 

Generated Three-Dimensional Networks of Disc-Shaped Fractures). Using the two 

reports, a thorough understanding of the codes is possible. This report should familiar-

ize the user with program options and modes of operation, input variables, input and 
) 

output files, and program warning and error stops. In addition, information not strictly 

needed to run the programs, but useful in understanding the internal structure and flow 

is provided in appendices. The appendices cover program variables and arrays, subrou-

tines outlines, a short description of each subroutine, and finally listings of the codes. 

The additional information on FMG3D, DISCEL, and DIMES is in Appendices A, C and 

E respectively, and the listings are in Appendices B, D, and F. 

The codes are written in FORTRAN-77 for use on VAX computers. Large arrays 

are dimensioned by constants set in "para.meter" statements. An "include" statement is 

used to insert an overall maximum dimensioning parameter statement in each main pro-

gram and appropriate subroutine. For each program, the allowable problem size, con-

trolled by the maximum number of fractures, nodes, etc., can be changed simply by edit-

ing the included parameter statement. Common blocks are also inserted in the code by 

include statements. Preceding each FORTRAN listing is a list of the files, maximum 

dimensions and common blocks, that are included by the programs. 
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2.0 PROGRAM FMG3D 

Several options are available for output generated by program FMG3D. First the 

user selects one of three modes of operation, or ways in which the program can be run: 

1. Generation of a primary fracture system'. 

2. Generation of a primary fracture system and determination of the conducting 

fracture system in one or more flow regions. 

3. Determination of the conducting fracture system in one or more flow regions 

from a previously generated primary fracture system. 

The mode of operation is controlled by the input variable icont, (the values of icont, 1, 

2, and 3, correspond to the option numbers above). The user then controls the genera­

tion of one or more fluid flow meshes, one for each flow region, with the input variable 

imesh. 

Table 2-1 lists the input variables and their formats by groups. The input groups 

required to run the program depend on the selected mode of operation. Table 2-2 shows 

which input groups are read for each value of control variable icont. Except for Group 

2, all input variables are read from the file FMG3D.INP; Groups 1 and 7 are read by the 

main program, Groups 3, 4, 5, and 6 are read by subroutine ,FRAGEN. Group 2, the 

primary fracture system, is read from file FRAC3D.DAT, and is unformatted. This data 

group is written if icont equals 1 or 2, but contains the fracture system from a previous 

run when icont equals 3. Data Group 7 is repeated for each flow region; any number of 

flow regions can be designated for a given primary fracture system. The flow regions 

may be of various sizes, as long as they fit within the generation sphere, and of various 

orientations. The nodal segmentation parameters nseg and nsegb, may be specified but 

if the line is left blank, they are set to default values of 1 and 3, respectively. Data 

Group 2 is read for each flow region when icont equals 2 or 3 to restore the primary frac­

ture system which is altered when fractures are truncated or deleted. Input variables are 

described in Table 2-3. 
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Table 2-4 lists the Input/Output units used by the program, describes the contents 

of each file, and identifies the subroutines that read or write the data. 

Table 2-5 lists the various error messages and error stops which may occur when 

running FMG3D. The most likely would be exceeding maximum dimensions. 

Three sample input files, corresponding to the three modes of program operation, 

are given following Table 2-5. Variable labels are included in input files for the conveni­

ence of the user; they are not read by the program. 

Further information about the program is given in Appendix A: description of the 

program variables arrays (Tables A-I and A-2); a subroutine outline (Table A-3) and 

descriptions of the program subroutines (Table A-4). Appendix B is a listing of the code. 
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Table 2-1. FMG3D Input Variables and Formats 

Group Variable Format Input Unit 

1 icont,iplot,imesh 10x,15,2(15x,i5) 1 
iplane,idump,iord 

2* iray,idate 5 
title(i),i=l,40 

.~ nsets,itole 
iseti(i,j),j=1,8,i=1,nsets 
rseti(i,j),j=l, 16,i=1 ,nsets 
nfrac,rgene 
(iold,( frac(j ,iold ),j=l ,12),isetfr(iold), 
nflag(iold ),icubk(iold)) iold=iref(i),i=l,nfrac 
ncub,ilengc 
ifcuk(i),i=l,ncub 
icub(i),ifcu(i),i=l,ilengc 

3 iranf,dseed 10x,i5,15x,d15.8 1 
title(i),i=l,20 20a4 
title(i),i=21,40 20a4 
rgene 10x,flOA 
nsets,itole 2(10x,i5) 

4 icent,idens 2(10x,i5) 1 

5(icent=1) 
nfrac 10x,i5 1 
frac( i,j),i= 1,7 ,j= 1 ,nfrac 7flOA 

6(icent=2) 
nfrac (if dens=l) 10x,i5 1 

or 

rlamb (if dens=O) 10x,flOA 

ichar (for phi and theta) 10x,i5 
const (if ichar=2) 10x,flOA 
const (if ichar=2) 10x,flOA 

or 

idist,ev,sd,ycept (if ichar=3) 10x,i5,3(5x,flO.4) 

" idist,ev,sd,ycept (if char=3) 10x,i5,3(5x,flO.4) 

ichar (for radius) 10x,i5 
const (if ichar=2) 10x,flO.4 
or 
idist,ev,sd,ycept (if ichar=3) 1 Ox,i5,3(5x,fl 0.4) 
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ichar (for aperture) 
const (if ichar=2) 

or 
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idist,ev,sd,ycept (if ichar=3) 

xInesh,ynnesh,znnesh 
rophi,rothe 
nseg,nsegb 

IOx,iS 
·IOx,flO.4 

lOx,i5,3(5x,fl0.4) 

3(IOx,fl0.4) 
2(IOx,fl0.4) 
lOx,i5,l5x,i5 

I 

* This group, which was written by a previous generation, is read fronn an unfornnatted 
VAX file FRAC3D.DAT when icont=3. 
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Table 2-2. FMG3D Input Control 

Program Mode 

generation only 

. generation and mesh 

mesh only, use 
previous generation 

·see Table 2-1 for input groups 

Value ot icont 

1 

2 

3 

Input Groups· 

1,3,4,5 or 6 
(repeat 4 and either 5 or 6 
for each fracture set) 

1, 3,4, 5, or 6, 7 
(repeat 4 and either 5 or 6 
for each fracture set; 
repeat 7 for each mesh) 

1,2,7 
(repeat 7 for each mesh) 



Variable 

const 

dseed 

ev 

icent 

ichar 

icont 

idens 

idist 

idump 

imesh 
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Table 2-3. Description of FMG3D Input Variables 

Description 

Constant value for orientation angles, radius or aperture 

Seed for random number generator, type real*8 

Expected value of statistical distribution 

Code for determining fracture characteristics, by set 
= 1 - read orientation, radius, aperture and coordinates of 

fracture center 
= 2" statistically generate coordinates of fracture center; 

either set orientation angles, radius, and aperture to 
constant values or statistically generate them 

Code for determining individual fracture characteristics; 
ichar is read for each of orientation, radius and aperture 
= 2 - read constant value 
= 3 - statistically generate values 

Code for controlling program execution 
= 1 - generate primary fracture system 'only 
= 2 a generate primary fracture system and mesh 
= 3 - read primary fracture system from local file and generate 

mesh 

Code for input of number of fractures per set or fracture 
density per set; one is input and the other computed 
= 00 input rlamb (density), compute nfrac 
= 1 - input nfrac, compute rlamb 

Code for distribution to be used for generating values 
= 1 - normal distribution 
= 2 - lognormal distribution 
= 3 - exponential distribution 
= 4 - normal distribution correlating aperture with radius 
= 5 - uniform distribution over specified range 

(other distribution options may be added to fit field data) 

Code for printing of a "dump" file FMG3D.DMP: 
fracture and intersection information after each change in the 
fracture mesh. 
= 0 no dump file written 
= 1 a dump file is written 

Code for producing mesh for fluid flow model 
= 0 - no mesh 



iord 

iplane 

iplot 

iranf 

itole 

nfrac 

nseg 

nsegb 

nsets 

rgene 

rlamb 

rophi 

rothe 

sd 

title(40) 

xmesh 

ycept 
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= 1 - generate mesh 

Code for dividing into subregions 
= 0 or 1 no division 
> 1 divide into iord X iord X iord cubes 

Code for printing input file for program PLANE 
= 0 no printing 
= 1 file PLANE.lNP is prin ted 
set iplane to 0 (program PLANE doesn't exist yet) 

Code for producing input files for plot programs 
= 0 - no plot files 
= 1 - generate plot files 

Code for duplicating random number generation of 
prevIous run 
= 0 - random number generation 
= 1 - read dseed to duplicate previous run 

Number of decimal places in coordinates of fracture center 

Number of fractures per set 

Number of segments into which each internal node is divided, 
default - nseg = 1 . 

Number of segments into which each boundary node is divided, 
default - nsegb = 3 

Number of fracture sets 

Radius of generation sphere 

Number of fractures per unit volume (density) 

Second angle of rota.tion of flow region 

First angle of rotation of flow region 

Standard deviation of statistical distribution, or half range for 
uniform distribution (idist = 5) 

Two lines of 80 character titles for labeling output 

Width of flow region in x-direction 

Parameter for normal distribution correlating one characteristic 
with another,. idist=4 ' 



ymesh 

zmesh 
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Wid th of flow region in y-direction 

Width of flow region in z-direction 
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Table 2-4. FMG3D Input/Output Files 

Unit Name Read/ Main Prog./ Description 
Write Subroutine 

1 FMG3D.lNP Read FMG3D Input data Groups 1 and 7* 
FRAGEN Input data Groups 3, 4, 5,and 6* 

2 FMGPR.DAT Write Program data for print out 

FMG3D Title page, program options, 
error messages, etc. 

PFS Statistics on characteristics of 
fracture sets for fracture systems 

STAT2D Statistics on length of boundary 
intersections, per set, for 
same fracture systems as above 

4 FMG3D.DMP Write WFRACI Fracture characteristics by sets of: all 
generated fractures, truncated fractures 
in generation region, truncated 
fractures in flow region 

WINTER All boundary nodes; boundary 
nodes and fracture in tersections 
of conducting fractures only 

5 FRAC3D.DAT Write WRFIVE All primary fracture system data: 
Read WRFIVE file is written when icont = 1 or 2, 

then read in for each flow region in 
the run, or in subsequent runs when 
icont = 3, input data Group 2* 

6 DISCEL.DAT Write WNODES Input data for fluid flow model: all 
pertinent run identification, flow 
region, fracture system, and nodal 
arrays and variables 

7 PLANE.INP FMG3D Title and controls 
WINTER mesh information 

8 DIMESO1. DAT WDIMES Input data for plotting program 
DIMES02.DAT 

* see Table 2-1 for input groups 
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Table 2-5. Program FMG3D Error Warnings and Stops 

Program Message Warning Reason 
or Format or and 

Subroutine Number Stop Action, if any 

FMG3D 385 Warning Input flow region exceeds generation 
region limit. Go to next flow region. 

390 Warning All fractures are outside the flow 
region. Go to next flow region. 

395 Warning There are no conducting fractures in 
the flow region. Go to next flow region. 

AREAT 110 Warning} Numerical problems when looking for 
disc - line intersections skip fracture and go on. 

120 Warning 

BNDINT 110 Stop Numerical problems: boundary lines in 
fracture plane appear to intersect at 
more than twelve poin ts. 

120 Stop From call to COMSEG, logical test failed. 

130 Stop From call to BNDSEG's call to COMSEG, 
logical test failed. 

BNDNOD 120 Stop From call to COMSEG, logical test failed. 

130 Stop Maximum dimension maxint exceeded. 

BNDSEG 110 Stop From call to COMSEG, logical test failed. 

CIRCPT 100 Stop Trying to define a line between the center 
of a fracture and a point, the point is at the 
center of the fracture. 

COMSEG 110 Sets error flag for calling program 
if logical test for common segment 
fails due to numerical problems. .. 

DISCOUT 10 Stop Maximum dimension maxout*3 exceeded. 

FRAGEN System Stop Incomplete data set, reading End of File. 

300 Stop Maximum dimension maxfrc exceeded. 
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310 Stop Maximum dimension maxfrc exceeded. 

INTERS 150 Stop Maximum dimension maxint exceeded. 

INTFRC 150 Stop From call to COMSEG, logical test failed. 

NODELE 110 Stop Maximum dimension maxnod exceeded. 

STATOR 2010 Warning Due to the spread in fracture orientations, the 
statistical calculations on orientation for a given 
set may be oft'. 

TRUNCF 110 Stop From call to AREAT's call to CmCPT, 
numerical problems: less than two roots from call 
to SIMULC when there must be two roots. 

TRUNCN 130 Stop From call to SIMULL,n umerical problems: 
perpendicular lines appear to be parallel. 

135 Stop Numerical problems: fracture intersection appears 
to be truncated at more than two boundary nodes. 

WPLOT 180 Stop Maximum dimension maxnpf exceeded when 
iopt = 1. 

190 Stop Maximum dimension maxnpf exceeded when 
iopt = 2. 
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FMG3D Sample Input File, icont = 1 

ICONT- - - 1 IPLOT- - - //J IMESH- - - //J 
iplene - - 1 IDUMP- - - 1 lORD - - - 6 
IRANF- - - 1 RSEED- - -6//J311S43.d//J 
This is en exemple of network plotting using DIMES 
August 26, 1986 
rgene- - - 1. 
NSETS- - - 3 ITOLE- - 2 
ICENT- - - 2 IDENS 1 
RLAMBNFRAC 2//J//J 
ICHAR- 3 
idest- 1 9//J. 26. 
idist- - - 1 //J. 25. 
ICHAR- - - 3 
idist- - - 1 //J.3 //J. 
ieh.,.- - - 3 
idi.t- - - 2 //J.//J//Jl //J. 
ICENT- - - 2 IDENS- - 1 
RLAMBNFRAC 3//J//J 
ICHAR- 3 
idist- -1 //J. 26. 
idist- 1 //J. 2//J. 
icher- 3 
idist- 1 //J.2 //J. 
ICHAR- 3 
idist- 2 //J.I/JI/Jl //J. 
ICENT- 1 IDENS- - 1 
RLAMBFRAC 2 

6.//J 27//J.//J //J.S//J //J.//J//Jl -//J.66 //J.3//J //J.l//J//J 
88.8 6.//J //J.3//J //J.//J//Jl -8.6//J -//J.l//J e.//J8//J 
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FMG3D Sample Input File, icont = 2 

ICONT- - - 2 IPLOT- - - 1 IMESH- 1 
IPLANE - - " IDUMP- - - 1 lORD - 2 
IRANF- - - 1 RSEED- - -5""311543.d" This is a test of DISCEL using a small random 
system. 
rgene- - -5". 
NSETS- - - 1 ITOLE- - 2 
ieent- - - 1 
nfrae- - - 1(1' 

45."""" 225."""" 16."""" ".""1" 6."""" 5."""" 7."""" 
2"."""" 17"."""" 8."""" ".""1" -3."""" -1."""" 4."""" 
1"."""" 19"."""" 7."""" ".""1" 

1. """" 
2."""" 3."""" 13"."""" 1"."""" 12."""" ".""1" 5."""" 3."""" -5."""" 14"."""" 2""."""" 15."""" ".""1" -6."""" 2."""" -4."""" 

11" . """" 45."""" I"."""" ".""1" 8."""" -6."""" -2."""" 
3"."""" 17"."""" 9."""" ".""1" -5."""" 4."""" 6."""" 2"."""" 2"."""" 8."""" ".""1" 4."""" -7."""" 8."""" 45."""" 8"."""" 8."""" ".""1" -3."""" -2."""" -5."""" 8"."""" 11" . """" 7."""" ".""1" 2."""" -5."""" 3."""" xmesh- 2"."""" ymesh- - 2"."""" zmesh- - 2"."""" rophi- "."""" rothe- - "."""" nseg - - - 1 nsegb- - - 1 

This input deck corresponds to the small random case described and plotted in sec-

tion 5.2.2 of the report on theory and design of FMG3, DISCEL, and DIMES 
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FMG3D Sample Input File, icont = 3 

ICDNT- - - 3 IPLDT- - - 8 lMESH- - - 1 
iplane - - 8 lDUMP- - - 8 lORD - - - 8 
xmesh- S. ymesh- - 2. zmesh- - 8.5 
rophi- - - 8. rothe- - 8. 
nseg - - - 1 n.egb- - - 3 
xmesh- S. ymesh- - 2. zmesh- - 8.5 
I"ophi- 38. I"ot.he- - 58. 
nseg - 1 nsegb- - - 3 
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3.0 PROGRAM DISCEL 

The fluid flow program computes flux through each of the fracture networks output 

by FMG3D for boundary conditions read in DISCEL. The user may input any number 

of boundary conditions per fracture mesh; the program can solve for up to three at a 

time. Only constant head and no flow boundaries can be modeled at this time. 

Table 3-1 lists the program input variables and their formats by groups. Table 3-2 

describes the input variables. 

Table 3-3 lists the Input/Output units used by the program and tells what is read 

or written by DISCEL and its subroutines. 

Table 3-4 presents a list of error warnings and stops that may occur in operating 

the code. The most likely would again be exceeding maximum dimensions. 

Following Table 3-4 is a sample input file for running DISCEL with a description of 

what would happen if this set of inputs were used. This input data would be read from 

file DISCEL.INP (unit 1). A small sample fracture mesh generated by FMG3D and writ­

ten on file DISCEL.DAT follows. Further information about the program is given in 

Appendix C: description of the program variables and arrays (Tables 0-1 and 0-2), a 

subroutine outline (Table C-3) and descriptions of the program subroutines (Table C-4). 

Appendix D is a listing of the code. 
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Table 3-1. DISCEL Input Variables and Formats 

Group Variable Format Input Unit 

I iunits,nin teg 2(IOx,i5) I 

2 newbc IOx,i5 I 

3 ibcc IOx,i5 I 
ndir(3) IOx,3i5 
delphi(3) lOx,3f10A 

or 
seth(6,maxd) IOx,6f10A 

4* iray,idate a7,5x,a9 2 
ititle(40) 20a4 
xmesh ,ymesh ,zmesh 3(10x,flOA) 
rophi,rothe 2(10x,flOA) 
(label) lOx 
frcoef(6,4) 4f10A 
nfrac IOx,i5 
(label) lOx 
fracl(nfrac,8),coefp(nfrac,4) 7f20A,5el2A 
nnode IOx,i5 
nseg,nsegb 2(IOx,i5) 
(label) lOx 
nodel(nnode,6) 6f10A 
(label) lOx 
nside( nnode,2) 5(5x,2i5) 
(label) lOx 
node2( nnode,2) 5(5x,2i5) 
node3(1) IOx,i5 
node3(i),i=2,node3(1) 15i5 
(label) lOx 
nkey( nfrac,2) 5(5x,2i5) 

*Group 4 is written by program FMG3D and read from the local VAX file 
DISCEL.DAT. 
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Table 3-2. Description or DISCEL Input Variables 

Variable 

delphi(3) 

ibcc 

iunits 

ndir(3) 

newbc 

ninteg 

seth( 6,maxd) 

Group 4. 

Description 

Gradient delta phi, if ibcc = 1; up to three values 
corresponding to flow directions ndir(3) 

Boundary condition type: 
= 1 constant gradient 
= 2 set head for each boundary plane 

Type of units to be used: 
= 1 c g s 
=2 mks 

Flow directions, up to three: 
= 1 inflow through face I, outflow through face 3; 
= 2 inflow through face 5, outflow through face 6; 
= 3 inflow through face 2, outflow through face 4 

The number of times new boundary conditions, Group 3, 
will be read for the next fracture mesh, Group 4: 
> 1 read Group 3 for next mesh apd complete all 

calculations,then read another Group 3 and 
complete calculations using the same mesh and 
the new set(s) of boundary condi_tions, 
repeat for newbc groups of boundary conditions; 

= 1 read one group of boundary conditions for next mesh; 
= 0 use previous boundary conditions for next mesh: 
= EOF use previous boundary conditions for next mesh and 

all subsequent meshes. 
Note, newbc must be > 0 for the first mesh 

The number of integration steps to be used when 
approximating shape functions. 

Set head values for the six flow region boundary planes, 
if ibcc = 2; up to three sets of values corresponding to 
flow directions ndir(3). 

Fracture network data from FMG3D; described in Tables 2-3, 
A-I, and A-2. 



Unit 

1 

2 

3 
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Name 

Table 3-3. DISCEL Input/Output Files 

Read/ Main Prog./ Description 
Write Subroutine 

DISCEL.lNP Read DISCEL 

BNDCON 

DISCEL.DAT Read READ2 

PRINT.OUT Write DISCEL 

BNDCON 

ROFRAC 

SFLUX 

Input data Groups 1 and 2* 

Input data Group 3 

Input data Group 4 from FMG3D 

Title page, run identification, 
program parameters, error 
messages, etc. 

Boundary conditions and error messages 

Parameters for each fracture: 
fracture number, radius, aperture, 
and transmissivity; 

parameters for each node on the current 
fracture: 

global and local node numbers, 
node length, half the width, and 
node type. 

Flux and average head for each node in 
each of the mdir flow directions for 
both the individual fractures and for 
the entire fracture network. 
Total Bux through each of the six 
boundary planes in the mdir Bow 
directions. (Note, Buxes are not 
computed for nodes on fractures that 
do not intersect boundary planes, 
therefore, some printed flux values 
may be meaningless.) 

* see Table 3-1 for input groups 
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Table 3-4. Program DISCEL Error Warnings and Stops 

Program Message Warning Reason 
or Format or and 

Subroutine Number Stop Action, if any 

DISCEL 190 Stop Normal stop at end of fracture 
mesh data, ndata = 2 from READ2. 

191 Stop Incomplete fracture mesh data set 
192 from FMG3D, ndata = 3 from READ2. 

193 Stop Maximum dimension maxfrc or maxnod 
194 exceeded. 

193 Stop Maximum dimension maxn exceeded. 
198 

BNDCON 140 Stop Incomplete boundary condition input, 
135 reading EOF. 

140 . Stop Boundary condition option ibcc out of 
145 range. 

140 Stop No flow directions specified, i.e., a 
150 blank line. 

140 Stop Maximum dimension maxh exceeded. 

170 

CGSOLV 100 Stop Iterative matrix solver did not 
converge to a solution 

FORMG 100 Stop Matrix inversion error, ier = 129 or 
ier = 131 from call to LINV2F. 



DISCEL SampleInput File; DISCEL.INP 

1un1t8 - - 1 n1nte9 - 10 
n.wtlc:- - - 3 
1bc:c---. 1 
d1rec:tiorw 3 1 2 
delu pu. 1.0000 1.0000 -1.0000 
1bc:c - - - 2 
d1rec:t1orw 1 2 
.et heads1 1.0000 0.5000 0.0000 O.SOOO 1.0000 0.0000 
_t haldsl 0.0000 0.0000 0.0000 0.0000 5.0000 l.OOOO 
1bc:c - - - 1 
d1rec:t1orw 3 3 
delu pu. 5.0000 3.5000 
newbc:- - - 0 
newbc:- - - 1 
1bc:c - - - 1 
d1rec:t1orw 1 2 3 
del:. pu. 1.0000 1.0000 1.0000 
£OE 

If this input file were used: 

DISCEL would be run usmg cgs units and ten integration steps to approximate 

shape functions. 

For the first mesh output by FMG3D, boundary conditions, Group 3, would be 

read three times. Flux would be computed first for constant gradient boundary condi-

tions in t1iree flow directions with gradients of 1.0, 1.0, and -1.0. The first flow direction 

is from side 2 to side 4 of the flow region, the second from side 1 to side 3, and the third 

from side 6 to side 5 because ~¢> is negative. Next, using the same fracture mesh, flux 

would be computed in two directions with the heads set for each of the six boundary 

planes. Finally, flux would be computed for constant gradient boundary conditions with 

flow from side 5 to side 6, for two values of ~¢>, 5.0 and 3.5. 

For the second fracture mesh output by FMG3D, flux would be computed using the 

previous Group 3 data, i.e.: 
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ibcc = I, ndir{I) = 3, ndir(2) = 3, maxd = 2, and 

delphi{I) = 5.0, and delphi(2) = 3.5. 

For the third fracture mesh, flow would be computed using constant gradient boun-

dary conditions, in maxd = 3 flow directions, which are ndir{i) = I, 2, 3 and delphi{i) 

= 1.0, l.O, 1.0, for i = I,maxd. 

All subsequent meshes would use the last set of boundary conditions, since an EOF 

would be encountered. This assumes there are three or more fracture me~hes on input 

unit 2. If there were less than three, an EOF would be encountered by READ2 and the 

run stopped before all the data on input unit 1 could be read. 

The minimum data required to run DISCEL, therefore, is one each of input Groups 

I, 2, 3, and 4, with newbc = I, one flow direction, one gradient, and one fracture mesh . 
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Sample FMG3D Output File for Input to DISCEL.DAT 

'mg3d --- 29-AUC-88 
~hi. i • • test of DISCEL usin9 • ....... rando. 
U st_. 

_sh- - - 2111.00111I11ymesh- - - 2111.00111I11zmesh- 2111.111111111111 
I'ophi- - - 1II.IIIIIIIIIIII .. othe- - - "."""" f .. eo.f 

1.""111" ,."""" "."'"" -1111.111111111111 
111.111111111111 111."""" 1."""" -1111.00111" 
1.111.111111 '.""111111 111."""111 1111.00111" 
'.00111' 111.111'" 1.0111'" 1' •• 0." 
'.0111.111 1."" 111.00111111 -1111.'""111 
111 •• 111 •• 1..111111111 '.000111 1'.'''00 

.. f ... e- - - 1111 
f .. ae 

"6."0' 225.0000 18.0"'" '.001' 8."""' 6.0000 7.000111 1II.31118"E.1II3 -e. 600"E.IIIIII e.5ellllllE.00 0.7"71E.IIIIII -111 ..... 6111E .. 01 
2".00111111 

17" ."""" 
8.000111 111.11111111' -3."""111 -1.111""111 ".111111111" III • 1988E .. "3 -III. 3388E."" -III. 6939E-IIII 1I.9397E .. III" -"."829E""1 

50.00"" 19111."""111 12."00" 111.001" 5."""" 3.111"00 -5.0000 ".2868E.III3 -III. 754"E .. III" ".133"E·"" '.8 .. 28E .. "" ".8687E·"1 
.. e."""" 2"."""" 15.111""" 111.""1111 -8.000" 2."0"0 -... """" ".28"lE .. 03 0.6""0E.IIIIII -0. 2198E.III" ".788"E .. "" ".7128E."1 
70."0111111 225."""" 10.1Ii00111 111.""1111 8."""" -8."""" -2."""" ".14""E.1II3 -".6845E.IIIIII ".66"5E.IIIIII ".3"2"E."" ".9987E .. "1 
3"."""" 17".1Ii""" 9.0111111111 ".""1" -6."""" ".111111111" 6."""" ".191118E.III3 -111."924E .. IIIIII -III. 8882E-III1 ".886111E.III0 -II. 7311E .. "1 
2".111""" 2"."""" 8.00111111 ".001" ... """" -7."""" 8.111""" III. 1213E.III3 ".3214E.III" -" • 11 7"E .,," ".9397E."" -II. 9622E .. 1111 
1111.111""" 19".0111111111 7."""" 111.111"1111 1."""" 2.0111111111 3.111"00 0. 1639E.III3 -III. 171"E.IIIIII III.3"15E-01 III. 98 .. 8E.IIIIII -".2844E.llll 
8111.111111111111 11".111111111111 7."""" 0.1111111111 2."00" -6."""" 3.00111111 a • 1639E.III3 -III. 3368E.IIIIII -a. 925"E.IIIIII " • 1738E.IIIIII -".4474E.lll1 
"5.00"" 60.0"00 8.""111111 111.001111 -3.""00 -2.00I11a -6.000111 III. 1131E.1II3 III. 3638E.IIIIII -111.812"E.IIIIII a.7"71E.IIIIII ".33nE .. llll 

.... od.- - - 38 
ns.g 1 n •• gb 1 
nod.1 

1"."""" 1111."""" 6.2929 1".00"" ... 767" 1".""00 
1"."""" 4.7574 1111."""" -2.7874 -8."3"" 1111."""" 
1"."""" 10."""" 8.2929 -".5171 1111."""" -3.9723 
3. "13" 3.""3" 8.55"2 -7.6185 -1.9"98 2.28"6 
".111997 8.2667 3.3"8" -6.74"9 111.511135 1.8748 

-3.7823 1".00111111 -3."527 -7.11121118 5.1278 -2.2975 
".62"" -2.5553 8.5382 -8.9967 -3.8622 "."786 
".511188 '.9"21 8.8147 -1. 8993 -7.1419 11.al,," 
1."858 -3.525" 9.822111 - ... 18 .... -2.3758 6.'281 

-I'.'''''' -3.791117 1.3145 -10.000' 2.1es8 1.6873 
-".6"88 -2.561" 3.3"89 3.599" -".998" 6.1128 
1".00111" 1".11111100 -111.58111" 10.111111111" -".9166 2.5063 
1. 97"1 100."""" -1".00"" -111.881113 -8.1881 -1".111""" 

1".00"" 1111."""111 -111.58111" 1.9741 1111.000111 -1".00111" 
2.9976 1111.00111111 -8.7987 -111."19" -3.5743 -1111.111111111111 
".7887 -8.796" -2.811169 7.3788 -7.6"84 -111.111111"7 
".1Ii198 -6.11759 -9.1737 2.5838 -1."766 -6.9922 
4.9373 -7.1884 -2.9852 7.52"8 -7.5469 111.1411' 

-1"."""" 1"."""" 1 ..... 99 -18."""" -1111.00111111 -".2899 
".5212 1"."""" -1"."""" -2.7682 -1"."""" -1111.111""" 

-1".00"" 1111."""" 1 ..... 99 ".5212 1"."""" -1".00"" 
-1"."""" -1"."""" -".2899 -2.7582 -1"."""" -1".111111"" 
-8.6"91 -3.5"61 -3.53 .... -2.7"5111 -8."878 -8.9967 
1111.111""" -111.""92 -9.7531 1111.11100111 -8.8288 7.38"8 
9.65"6 -111.2315 -1".111""" 2.2315 -7.85"6 -1"."""" 
8.7"37 -1111.111""111 7 .1381 111.972111 -1111."00111 -7.8827 
8.4"83 -7.555" 1. 81"" 8.6879 -7.5667 -1.6269 

tEl. """" 
-8.111253 6.821112 8.2133 -1111.00111111 8 .1866 

1.11117111 9.2636 l111.,,"aa 2.5389 1.1"26 1111.""111111 
-1111.111111111111 1111."""111 3.7586 -1111. "111111111 -2.6113 2 ... 9 .. 3 
-1111.111111111" 1".111111111" 3.7586 111.5653 1111.00111111 9.781112 

1.9892 111.5697 9.63111111 1.961118 -111.5002 9.511168 
-3.68"9 -2.3"81 6.1136 -111.1212 -3.2816 8.111 .... 111 

.. 
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18.'"'00 -10.0000 5.57~~ 10.00'"' -1.9019 8.5825 
-2.9395 -10."""0 10."'"'0 ".7"37 0.""98 10.'"'''0 
10.00"0 -10."00" 5.S7~~ -2.9395 -1"."""" I".'"''''' 

7.7119 -8.38~1 8.8"98 0.599~ -3.2~81 9.830~ 
-3.8583 -3."00" 2.3109 1.9790 -~.92"7 3.3819 

n.id. 
1 1 2 2 5 5 0 f/I f/I f/I 
5 " f/I " " 2 f/I " 3 3 

" f/I 1 1 ~ ~ 5 5 5 ~ 

" e " f/I f/I f/I 3 3 4 ~ 

5 5 8 8 f/I f/I 1 1 4 4 
8 8 f/I f/I 1 8 2 2 3 3 
5 S f/I f/I " " 1 1 2 2 
8 8 f/I f/I f/I f/I 

nod.2 
1 -1 1 -2 1 -5 1 2 1 8 
1 ~ 1 8 1 7 1 9 2 -3 
2 9 3 -1 3 -~ 3 -6 3 ~ 

3 5 3 If/1 3 9 ~ -3 4 -4 
4 -5 4 -8 4 If/1 5 -1 6 -4 
5 -8 5 9 5 7 8 -2 8 -3 
8 -5 8 7 8 9 7 -1 7 -2 
7 -8 7 9 8 9 

nod.3 57 .nt .. i •• 
1 2 3 4 6 8 7 8 9 If/1 4 11 12 13 14 

16 18 17 18 19 2f/1 21 22 8 16 23 24 26 28 18 
27 28 29 3f/1 31 7 32 33 34 36 38 8 28 32 37 

6 38 9 11 18 27 33 37 38 17 23 
nlo., 

9 2 3 11 7 14 7 21 IS 28 
8 34 7 4f/1. 2 47 7 49 2 68 
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4.0 PROGRAM DIMES 

The plotting program draws plots of the disc network produced by FMG3D using 

plot specifications read in DIMES. The user may chose to run the program interactively 

or to submit it as a batch job. If DIMES is run interactively, the plot specifications are 

asked for on screen and entered from the keyboard. If DIMES is run in batch mode, the 

plot specifications are read from file DIMES.INP. In both cases DIMES processes the 

files DIMES01.DAT, DIMES02.DAT, etc. from FMG3D in sequence. Table 4-1 lists the 

program input variables and their formats by group. Table 4-2 describes the input vari­

ables. Table 4-3 lists the input/output units used by the program and tells what is read 

or written by DIMES and its subroutines. Following Table 4-3 is a sample input file for 

running DIMES in batch. This input data would be read from file DIMES.INP, data 

from FMG3D being read from file DIMESnn.DAT, where nn is the number of a flow 

region. Further information about the program is given in Appendix E: A description 

of the program variables and arrays (Tables E-l and E-2) a subroutine outline (Table E-

3), and descriptions of the program subroutines (Table E-4). Appendix F is a listing of 

the code. 



Group 

1 

2 

3 

4** 
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Table 4-1. DIMES Input Variables and Format 

Variable 

ititlel(i), i=I,20 
ititle2(i), i=I,20 

xgene, ygene, zgene 
xmesh, ymesh, zmesh 
rophi, rothe 
nfrac, nint, nont 
iord 
apmax,radmax 
numfrc(i), i=l, ncub 
numinc(i), i=l, ncub 
ifrok(i), i=l, ncub+l 

*Chap 
(if chap = "view"or "VIEW") 
viewphi,viethe,npol 
(if chap = "cube" or "CUBE" 
ixl, ix2, iyl, iy2., izl, iz2 
(if chap = "flow" or "FLOW") 
open a new data file and 
read new flow region data 
(back to group 1) 

ic 
i,frac(k,i),k=l, 7 ,numJrc{ic )times 
i,end(k,i),k=l ,3,5,2,4,6,ifin t(k,i),k=7 ,8 
(ifrok{ic+ l)-ifrok{ic )+numinc{ic) )times 

Format 

2Oa4 
2Oa4 

3f10.4 
3fl0A 
2f10.4 
3il0 
il0 
2fl0.4 
l0i6 
l0i6 
10i6 

a4 

2fl0.4,il0 

6i10 

i6 
i6,7el0.3 
i6,6f10.4,2ilO 

Input Unit 

1 

1 

2 

1 

*Group 3 is read this way only in batch mode. If the program is run in interactive 
mode, the variables viewphi, viewthe, npol, ixl, ix2, iyl, iy2, izl, iz2 are asked for, and 
entered at the keyboard in free format. After completion of a plot, the user is then 
asked 

- do you want to change the cubes in the subregion ("yes" equivalent to chap. = "CUBE") 
- do you want to change the view point ("yes" equivalent to chap. = "VIEW") 
- do you want to change the Bow region ("yes" equivalent to chap. = "FLOW") 

**read for each cube selected in the subregion to be plotted. 
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Table 4-2. Description or DIM:ES Input Variables 

Variable 

end(6,maxseg) 

frac(7 ,maxfrc) 

ifin t( 2,maxseg): 

ititlel(201 
ititle2(20) 

ixl 

ix2 

iyl 

iy2 

izl 

iz2 

npol 

Description 

Endpoints of intersection and later of any segment in the plot 
i=l, nout+nint 
end(l,i) = Xl 
end(2,i) = X2 
end(3,i) = Yl 
end(4,i) = Y2 
end(S,i) = zl 
end(6,i) = z2 

fracture characteristics 
i=l, nfrac 
frac(l,i) = phi ! . t t' I 
f (2 

.) h orlen a Ion ang es 
rac ,1'= t eta 

frac(3,i) = radius 
frac( 4,i) = aperture 

frac(S,i) I 
frac(6,i) x, y, z coordinates of fracture center 
frac(7,i) 

Identification numbers of fractures making up 
intersection, or later any segment 
i = 1,nout+nint 
ifint(7,i) = first fracture 
ifint(8,i) = fracture (positive), boundary plane 

. (negative -1 to -6) or nothing (0) 

Equivalent to title in FMG3D; two lines of 80 
character titles for labeling output. 

Lowest number of row (in X direction) of cubes to be 
incorporated in the plotting subregion ix1 = I to iord. 

Highest number of row (in x direction) of cubes to bel 
incorporated in the plotting subregion ix2 = ixl to iord. 

Lowest number of column (in y direction) of cubes to be 
incorporated in the plotting subregion iy! = ! to iord. 

Highest number of column (in y direction) of cubes to be 
incorporated in the plotting subregion iy2 = iy! to iord. 

Lowest number of pillar (in z direction) of cubes to be 
incorporated in the plotting subregion iz1 = 1 to iord. 

Highest number of pillar (in zdirection) of cubes to be 
incorporated in the plotting subregion iz2 = iz1 to iord. 

Number of segments making up the broken line representing 



viewphi 

viewthe 

Group 2 
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each disk. 

View angle <py, as described in the report on 
programs theory and design, Section 4-2, Figure 4-1. 

View angle Oy, as described in the report on programs 
theory and design, Section 4-2, Figure 4-1. 

Variables from FMG3D are described in Tables 2-3, A-I, and A-2. 
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Table 4-3. DISCEL Input/Output Files 

Unit Name Read/ Main Prog./ Description 
Write Subroutine 

1 DIMESnn.DAT Read RDATA Input data Groups 1, 2, 4 

2 DIMES.INP Read RDATA Input data Group 3 
(batchmode) 

5 (Key board-in teractive read DIMES Code for new viewpoint, 
mode) su bregion or flow region 

RDATA Input data Group 3 

6 (screen-interactive write DIMES promt for code for new viewpoint, 
mode) su bregion, or flow region 

RDATA prompt for Group 3 data 
DRA W(DISPLA) drawing of a plot 

(name dependent write DRA W(DISPLA) plot file for specified 
on device) plotting device 

.. 
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SaIllple Input File for DIMES: DIMES.INP 

If this input file is used, DIMES makes two plots. Both have the same view point 

specification: 4>v = 20 0
, Bv = 10 0

, npol = 30. One shows the fractures intersecting a 3 

cubes X 3 cubes X 3 cubes subregion. The other one shows the fractures intersecting 

one cube. These two plots are then repeated for any number of flow regions output by 

FMG3D. 

vie. 
28. 

·cube 
1 

cube 
2 

18. 38 

3 1 

2 2 

3 

2 

1 

2 

3 

2 
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Sample Output File from FMG3D to be Input 

in DIMES: DIMESOl.DAT 

this is • test of DISCEL using • sm. I I r.ndom 
'1stem • 

100."""" 100.000" 100."000 
20.0000 20.0000 20.0000 
0.0000 0.0000 

10 58 7 
2 

1.000E-83 1.600E+01 
5 6 <4 5 8 9 7 8 

26 30 21 26 35 38 3<4 38 
1 6 13 18 25 32 39 <46 53 
1 
1 <4.500E+01 2.250E+02 1.600E+01 1.000E-03 6."00E+00 5.000E+00 7.""0E+00 
3 5.000E+01 1.900E+02 1.200E+01 1.000E-03 5.000E+00 3."00E+00-5.000E+00 
<4 <4.000E+01 2.000E+01 1.500E+01 1."00E-03-6.000E+00 2."00E+00-<4.000E+00 -t 

10 <4.500E+01 6.000E+01 6.000E+00 1.000E-03-3.000E+00-2.000E+00-5.000E+00 
9 8.000E+01 1.1"0E+02 7.000E+00 1.000E-03 2.000E+00-5.000E+00 3.000E+00 
1 -1.<4103 13.5687 -<4.2989 -3.7823 10.0000 -3.4627 1 <4 
2 -2.6500 -8.0891 10.1389 -1.8993 -7.1<419 10.0000 1 7 
3 -1.0237 -6.9747 -10.2124 -0.4194 -3.5743 -10.0000 3 <4 
4 3.6382 12.6<4<46 -8.5736 2.9976- 10.0000 -8.7987 3 <4 
5 -12.6964 2.7677 1.5004 -11.8860 8.6675 2.5617 <4 6 
1 10.0000 10.0000 6.2929 10.0000 4.757<4 10.0000 1 -1 
2 10.0000 <4.7574 10.0000 -2.7874 -8.0300 10.0000 1 -2 
3 10.0000 10.0000 6.2929 -4.5171 10.0000 -3.9723 1 -5 

21 3.<4130 3.0434 8.5542 -7.8185 -1.9498 2.2845 1 2 
22 <4.0997 8.2667 3.3464 -6.7449 0.5036 1.87<46 1 8 
23 -3.7823 10.0000 -3.4527 -.7."208 6.1278 -2.2976 1 <4 
24 0.6200 -2.6653 8.5382 -6.9967 -3.8622 4.0765 1 8 
25 <4.5086 0.9<421 8.8147 -1.8993 -7.1<419 10.0000 1 7 
26 1.4658 -3.625<4 9.8220 -<4.1644 -2.3758 6.0281 1 9 . 6 1".0000 10.0"00 -0.580<4 10.0000 -<4.9155 2.5063 3 -1 

8 1. 97<41 10.0000 -10.0000 -0.8803 -6.1881 -10.0000 3 -<4 
7 10.0000 1".0000 -0.5804 1.9741 10.0000 -10.0000 3 -5 

28 2.9978 10.0000 -8.7987 -0.<4194 -3.6743 -10.0000 3 4. 
29 <4.7887 -8.7980 -2.8069 7.3786 -7.8484 -0.0047 3 5 
30 0.0198 -5.0759 -9.1737 2.5838 -1.0786 -8.9922 3 10 
31 <4.9373 -7.1884 -2.9652 7.52"8 -7.5459 0.1410 3 9 

8 -10.001!J1!J 11!J.1!J1!J1!J0 1.4499 -11!J.1!J1!J1!J1!J -11!J.1!J1!J1!J1!J -4.2899 4 -3 
9 <4.5212 11!J.01!J1!J1!J -10.0000 -2.7582 -11!J.1!J1!J01!J -11!J.1!J1!J1!J1!J 4 -4 

10 -10. 001!J0 10.0000 1.<4<499 <4.5212 10.0000 -10.0000 4 -5 
11 -10.0001!J -10.0000 -4.2899 -2.7582 -10.0000 -10.0000 4 -8 
32 -8.8091 -3.5461 -3.5344 -2. 7451!J -6.4678 -8.9967 <4 10 
27 -<4.5486 -2.551<4 3.3<469 3.6994 -<4.9981!J 6.1128 2 9 
33 8.41!J83 -7.5551!J 1.8140 6.6879 -7.5557 -1.5269 5 9 
38 -3.6809 -2.3<481 6.1136 -0.1212 -3.2815 8.0<440 6 9 
37 7.7119 -8.3841 8.8096 0.5994 -3.2461 9.630<4 7 9 
38 -3.8603 -3.0000 2.3109 1.9790 -<4.9207 3.3819 8 9 

2 
1 <4.61!JI!JE+1!J1 2.26I!JE+02 1.600E+1!J1 1.000E-1!J3 8.000E+00 6.1!J0"E+01!J 7.01!JI!JE+1!J1!J 
3 6.000E+1!J1 1.900E+1!J2 1.200E+01 1.I!JI!JI!JE-03 5.1!J0I!JE+00 3.1!J00E+I!JI!J-5.000E+1!J1!J 
4 <4.1!J1!J0E+01 2.000E+01 1.500E+01 1.000E-03-6.000E+00 2.000E+00-<4.000E+00 
6 7.000E+01 2.250E+02 1.000E.01 1.000E-03 8.000E+00-6.000E+00-2.000E+00 

10 4.500E.01 6.000E+01 8.000E+00 1.000E-03-3.000E+00-2.000E+00-5.000E+00 
9 8.000E+01 1.100E+02 7.000E.00 1.000E-03 2.000E.00-6.000E+00 3.000E+00 
1 -1.411!J3 13.5887 -4.2989 -3.7823 10.1!J000 -3.4627 1 <4 
2 -2.6501!J -8.0891 10.1389 -1.8993 -7.1419 10."000 1 7 
3 -1.0237 -6.9747 -10.2124 -0.4194 -3.6743 -10.0000 3 <4 
<4 3.6382 12.6448 -8.6736 2.9976 10.0000 -8.7987 3 <4 
5 -12.898<4 2.7877 1.6004 -11.8860 8.8576 2.5617 4 8 
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8 11.6886 -8.294" 6.6""" 1"."""" -8."253 5.82"2 5 1 
7 7."379 -11.2991 8.4258 8.2133 -1"."""" 8.1855 6 7 
1 1"."""" 1"."""" 8.2929 1"."""" 4.7574 1"."""" 1 -1 
2 1"."""" 4.7574 1"."""" -2.7874 -8."3"" 1"."""" 1 -2 
3 1"."""" 1"."""" 8.2929 .-4.5171 1"."""" -3.9723 1 ~S 

21 3.413" 3."434 8.5542 -7.8185 -1.9498 2.2845 1 2 
22 4.0997 8.2887 3.3484 -6.7449 ".5"35 1.8746 1 8 
23 -3.7823 1"."""" -3.4527 -7."2"8 5.1278 -2.2975 1 .. 
24 ".62"" -2.5553 8.6382 -8.9987 -3.8822 "."785 1 6 
25 4.6"86 ".9421 8.8147 -1.8993 -7.1419 1"."""" 1 7 
26 1.4656 -3.5254 9.822" -4.1844 -2.3758 5."281 1 9 

5 1"."""" 1"."""" -".58"4 1"."""" -4.9155 2.5"83 3 -1 
6 1.9741 1"."""" -If' . """" -".88"3 -6.1881 -1"."""" 3 -4 
7 1"."""" 1"."""" -".58"4 1.9741 1"."""" -1"."""" 3 -5 

28 2.9978 1"."""" -8.7987 -".4194 -3.5743 -1"."""" 3 4 
29 4.7887 -8.796" -2.8"89 7.3788 -7.8484 -".""47 3 6 
3" "."198 -6."759 -9.1737 2.6838 -1."766 -6.9922 3 1" 
31 4.9373 -7.1884 -2.9652 7.52"8 -7.5459 0.141" 3 9 

8 -1"."""" 1"."""" 1.4499 -I"."""" -1"."""" -4.2899 4 -3 
9 4.5212 I"."""" -1"."""" -2.7582 -1"."""" -1"."""" 4 -4 

1" -1"."""" I"."""" 1.4499 4.6212 1"."""" -1"."""" 4 -6 
11 -1"."""" -1"."""" -4.2899 -2.7582 -1"."""" -I"."""" 4 -6 
32 -8.6091 -3.5461 -3.5344 -2.746" -6.4878 -8.9967 4 1" 
12 18.0""" -8.""92 -9.7531 1/B.0""" -8.8286 7.38"8 5 =1 
13 9.85"8 -6.2315 -18."""" 2.2315 -7.65"8 -1"."""" 5 -4 
14 8.7037 -18."""" 7.1381 ".972" -1"."""" -7.8827 6 -8 
33 8.4883 -7.666" 1.814" 8.6879 -7.6667 -1.6269 6 9 
34 1"."""" -8."253 6.82"2 8.2133 -1"."""" 6.1855 6 7 
27 -4.6486 -2.6514 3.3489 3.5994 -4.998" 6.1128 2 9 
36 -3.88"9 -2.3481 8.1136 -".1212 -3.2815 8."44" 8 9 
37 7.7119 -6.3841 6.8"98 ".5994 -3.2481 9.83"4 7 9 
38 -3.85"3 -3."""" 2.31"9 1.979" -4.92"7 3.3819 8 9 

3 
1 ".5""E."1 2.25"E."2 1.6""E."1 1."""E-"3 8."""E."" 6."""E."" 7."""E."" 
3 S."""E."l 1.9""E."2 1.2""E."1 1."""E-"3 S."""E+"" 3."""E.""-6."""E."" 
4 4."""E."1 2."""E."1 1.5""E."1 1."/B"E-"3-8.",,eE.0" 2."""E.""-4."""E."" 

1" 4.5""E."1-6."""E."1 8. """E."" 1.e""E-"3-3."""E.""-2."""E.""-5."""E."" 
1 -1.41"3 13.5887 -4.2989 -3.7823 1"."8"" -3.4627 1 4 
2 -2.86"" -8."891 1".1389 -1.8993 -7.1419 1".""88 1 7 
3 -1."237 -6.9747 -1".2124 -".4194 -3.5743 -18."""" 3 4 
4 3.8382 12.6448 -8.6736 2.9978 18."""" -8.7987 3 .. 
5 -12.8984 2.7877 1.6""4 -11.888" 8.8676 2.6617 4 8 

'1 
HI . """" 1"."""" 8.2929 1"."""" 4.7574 1"."""" 1 -1 

2 
lQi • """" 

4.7674 1"."""" -2.1874 -8."3"" 1".0""" 1 -2 
3 111.1.011.1"8 1£1.11.111.1"" 6.2929 -4.6171 111.1.011.1"" -3.9723 1 -6 

21 3.4138 3.11.1434 6.6642 -7.8186 -1. 9498 2.2845 1 2 
22 4."997 8.2887 3.3464 -5.7449 ".6"36 1.8748 1 8 
23 -3.7823 1"."""" -3.4527 -7."2"8 5 .1278 -2.2975 1 4 
24 ".62"" -2.5653 8.6382 -6.9967 -3.8622 4."786 1 8 
26 4.5"88 8.9421 8.8147 -1.8993 -7.1419 1"."""8 1 7 
26 1.4656 -3.5254 9.S228 -4.1844 -2.376S 6.8281 1 9 

6 1".8""" 1"."""" -".5S"4 1"."""" -4.9155 2.5"83 3 -1 
8 1.9741 1"."""" -1"."""" -".88"3 -8.1881 -1"."""" 3 -4 
7 18."""" 1"."""8 -".58"4 1.9741 1"."""" -1".8""8 3 -5 

28 2.9976 1".""8" -S.7987 -".4194 -3.5743 -1"."88" 3 4 
29 4.7887 -8.798" -2.8"89 7.3786 -7.8484 -"."847 3 5 
3" "."198 -5."769 -9.1737 2.5838 -1."786 -6.9922 3 18 
31 4.9373 -7.1884 -2.9662 7.52"8 -7.6469 ".141" 3 9 

8 -1"."""" 1"."""" 1.4499 -1"."""" -1"."""" -4.2899 4 -3 
9 4.6212 111.1."""" -I"."""" -2.75S2 -1"."""" -1"."""" 4 -4 
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IS -lS.SSSS IS.SSSS 1. .... 99 ".5212 IS.HSS -lS.SSS" .. -5 
11 -1"."""" -1":"""" -".2899 -2.7582 -1"."""" -1"."""" .. -6 
32 -8.6"91 -3.5"61 -3.53 .... -2.7"5" -6."678 -8.9967 .. 1" .. 

1 ".5""E."1 2. 25"E."2 1.8""E."1 1."""E-"3 8."""E."" 5."""E."" 7."""E."" 
3 5."""E."1 1.9""E."2 1.2""E."1 1."""E-"3 5."""E."" 3."""E.""-5."""E."" .. "."""E."l 2."""E."1 1.5""E."1 1.""8E-"3-6.888E."" 2.88"E."8-".8""E."" 
5 7."88E."1 2.25"E.82 1. "8"E."1 1.888E-"3 8.8"8E."8-6.""8E.""-2.888E.8" 

IS ".5""E."1 6."""E."1 6."8"E."" 1."""E-"3-3.888E.8"-2."""E.""-5."""E."" 
1 -1."1"3 13.5687 -".2989 -3.7823 1111.8""8 -3."527 1 .. 
2 -2.66"" -8."891 1".1389 -1.8993 -7.1"19 1".8""" 1 7 
3 -1."237 -5.97"7 -1".212" -""'194 -3.5743 -1"."""" 3 4 .. 3.6382 12.5 .... 8 -8.6736 2.9976 1".""88 -8.7987 3 4 
5 -12.696" 2.7677 1.5884 -11.8868 8.6676 2.5617 .. 6 
6 11.5885 -6.29"" 5.6"8" 18."88" -8.8253 5.82"2 5 7 
7 7."379 -11.2991 6."258 8.2133 -1"."""" 6.1856 5 7 
1 1"."88" IS."""" 6.2929 1".88"" 4.767" 1"."""" 1 -1 
2 1"."""" ".757" 1"."""" -2.7874 -8."3"" 1"."88" 1 -2 
3 1"."""" 1".""8" 6.2929 -".5171 18.8""" -3.9723 1 -5 

21 3."13" 3.""3.4 6.66"2 -7.6186 -1. 9 .. 98 2.28"5 1 2 
22 "."997 8.2887 3.348" -5.7 .... 9 ".6"35 1.87"8 1 8 
23 -3.7823 1"."""" -3."527 -7."2"8 5.1278 -2.2975 1 " 2 .. ".82"" -2.5553 8.6382 -8.9987 -3.8822 "."765 1 8 
25 ".5"88 ".9421 8.81"7 -1.8993 -7.1419 1"."""" 1 7 
28 1.4858 -3.525" 9.822" - ... 18 .... -2.3758 5."281 1 9 

5 1"."""" 1"."""" -".58"4 1".8888 -".9155 2.5"83 3 -1 
8 1.97"1 IS."""" -1"."""" -".88"3 -6.1881 -1"."""" 3 -4 
7 1"."""" IS."""" -".58"4 1.9741 1"."8"" -1"."""" 3 -5 

28 2.9978 1"."""" -8.7987 -".4194 -3.5743 -1"."""" 3 .. 
29 ".7887 -8.798" -2.8"89 7.3788 -7.8"84 -"."8"7 3 5 
3" "."198 -5."759 -9.1737 2.6838 -1."788 -8.9922 3 1" 
31 4.9373 -7.1884 -2.9852 7.5288 -7.5"59 ".141" 3 9 

8 -1"."""" 1"."""8 1.4499 -1"."8"" -1"."""" -4.2899 4 -3 
9 ".5212 1"."88" -1".8"88 -2.7582 -1".""8" -1"."""" 4 -4 

1" -1"."""" 1"."""" 1.4499 4.5212 1"."""" -1"."""" .. -5 
11 -18 • 8""" -1"."88" - ... 2899 -2.7582 -1".""88 -18."""" 4 -8 
32 -8.8"91 -3.5461 -3.53"4 -2.745" -6.4678 -8.9967 4 1" 
12 1"."""" -".""92 -9.7531 1".""8" -8.8286 7.38"8 5 -1 
13 9.65"6 -".2316 -lS."""8 2.2315 -7.85"6 -1"."""" 5 -4 
14 8.7"37 -1"."""" 7.1381 ".972" -1".""8" -7.8827 5 -6 
33 8.4"83 -7.555" 1. 81"" 6.6879 -7.5557 -1.5269 5 9 
~4 1"."""" -8."253 5.82"2 8.2133 -1"."""" 6.1855 5 7 

5 
1 ".5""E."1 2.25"E."2 1.8""E."1 1."""E-83 6."""E."" 5."""E."" 7."""E."" 
2 2."""E."1 1.7""E."2 8."""E."" 1."8"E-"3-3."""E.""-1."""E."" ".""8E."" 
8 1.""8E."1 1. 98"E."2 7."8"E."8 1."8"E-83 1."88E."" 2."8"E."" 3."88E."8 
3 5."88E."1 1. 9""E ."2 1.28"E."1 1."""E-"3 6.888E."8 3."""E.88-5.8""E."" .. 4."""E."1 2."""E."1 1. 688E."1 1."""E-83-6."""E."" 2."8"E.""-4."88E.88 
8 3.8e8E.81 1.788E.82 9.888E.88 1.888E-"3-6.8"8E.88 4.8"8E.88 6.888E."8 
7 2.8""E."1 2.""8E."1 8."""E."" 1."""E-"3 ".""8E.""-7."8"E."" 8."""E."8 
9 8."8"E."1 1.1""E."2 7."""E."" 1."""E-"3 2."""E."8-5."""E."" 3."""E."" 
1 -1. 41"3 13.5687 -".2989 -3.7823 1".""8" -3."527 1 4 
2 -2.85"" -8."891 1" .1389 -1.8993 -7.1419 1".""8" 1 7 
3 -1.8237 -5.9747 -UJ.2124 -8."194 -3.5743 -1".""8" 3 4 .. 3.8382 12.6448 -8.5735 2.9978 1".8""" -8.7987 3 .. 
6 -12.896" 2.7877 1.6""4 -11 .888" 8.6675 2.6617 .. 8 
6 11.5885 -8.29"" 5.5""" 1"."""" -8."253 5.82"2 5 7 
7 7."379 -11.2991 6."258 8.2133 -1"."""" 8.1865 5 7 
1 l"."""S 1"."""" 8.2929 1"."""" 4.7574 1"."888 1 -1 
2 1"."88" 4.757" 1".""8" -2.7874 -8."3"" 1"."8"" 1 -2 
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APPENDIX A 

Program FMG3D Organization and Arrays 
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Table A-I. Description of FMG3D Progra~ Variables 

Variable Description How Value is Assigned 

Global: 

idate Current date, character*9 Set by calling VAX 
FORTRAN subroutine DATE 

ilengc Number of entries in arrays calculated in 
icub and ifcu SUBINT 

inst Starting location, minus one, of Calculated in INTFRA 
intersections in arrays intel, 
inte2, and inside 

iray Label for output, character*7 Set in main program 

maxfrc Maximum number of fractures Set in parameter statement 
allowed, used for dimensioning in main program 
arrays 

maxint Maximum number of intersections, Set in parameter statement 
used for dimensioning arrays in main program 

maxnod Maximum number of boundary nodes, used Set in parameter statement 
for dimensioning arrays in main program 

maxord Maximum value for the subregion division Set in parameter statement 
parameter iord, used for dimensioning in main program 
arrays 

maxout Maximum number ·of intersections outside Set in parameter statement 
the Bow region, used for dimensioning In maIn program 

. arrays 

maxset Maximum number of fracture sets, Set in parameter statement 
used for dimensioning arrays in main program 

ncub Number of cubes (or subregions) Calculated in SUBINT 
ncub = iord**3 

ndiscd Number of nonconducting fractures Calculated in INTFRA 
discarded 

nBow Number of the Bow region currently Incremented in main 
studied program 

nfrac Total number of fractures in Calculated in FRAGEN, 
fracture system adjusted in DISCAR 

nfracb Number o( fractures intersecting Calculated in BNDNOD 
a Bow region boundary 

ninb Number of boundary nodes Calculated in BNDNOD 
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nint Number of fracture intersections Calculated in INTERS 

nnode Number of nodes Calculated in NODELE 

nout Number of intersections outside Calculated in TRUNCN, 
the flow region. adjusted in DISCOUT. 

Local: 

dk x-coordinate of center of fracture Calculated in ROFRAC 
being tested in local coordinate 
system 

flarea Truncated area of fracture nf in Calculated in AREAT 

ierr Error condition flag Set in AREAT, CmCPT, 
and COMSEG 

iopt Option flag for subroutine calls 

kib Counter for total number of Calculated in BNDNOD 
boundary nodes 

nbn Number of boundary nodes on Calculated in BNDNOD 
fra.cture nf 

nbp Number of points of intersection Calculated in BNDINT 
between boundary lines in the 
fracture plane, 4, 8, or 12. 

ifr, ifrac Identification number of the Index of fracture loops 
fracture being tested in TRUNCF, INTERS, etc. 

(=l,nfrac) 

nroots Number of roots in simultaneous Calculated in SIMULC 
solu tion of equations of a given 
line and a given circle 

npara Flag indicating parallel lines Set of SIMULL 

rf . Ra.dius of fracture being tested Set to fracl(nf,3) in 
TRUNCF, INTERS, etc. 

zplane Plane of fracture being tested, Calculated in ROFRAC 
zplane =-d 
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Table A-2. Description of FMG3D Program Arrays 

Variable 

Global: 

binte(6,maxint) 

endout(6,maxout) 

ftac(12,maxfrc) 

frcoef(6,4) 

Description 

Coordinates of boundary nodes endpoints, calculated 
in subroutine BNDNOD, 
k=l,ninb, equivalence (binte,intel) 
binte(l,k) = xl 
binte(2,k) = yl 
binte(3,k) = zl 
binte(4,k) = x2 
binte(5,k) = y2 
binte(6,k) = z2 
Coordinates are in local fracture system until 
fracture intersections are truncated in subroutine 
INTERS, then subroutine RFRCGLO is called to rotate 
them to the global XYZ coordinate system. 

Coordinates of endpoints for fracture 
intersections outside the flow region, k = 1, nout, 
set in subroutine TRUNCF in local coordinates, 
then rotated to global coordinates by subroutine 
RFRCGLO 
endout(l,k) = xl 
endout(2,k) = yl 
endout(3,k) = zl 
endout(4,k) = x2 
endout(5,k) = y2 
endout(6,k) = z2 

Fracture characteristics, read, set or generated in 
subroutine FRAGEN, n=l,nfrac 
frac(l,n) = phi t orientation angles 
frac(2,n) = theta ( 
frac(3,n) = radius 
frac(4,n) = aperture 
frac(5,n) = xc 1-
frac(6,n) = yc coordinates of fracture center 
frac(7,n) = zc 
frac(S,n) = area 
Coefficients of fracture plane equations,-
ax + by + cz + d = 0, calculated in subroutine EQPLAN, 
frac(9,n) = a = lambda 
frac(IO,n) = b = mu 
frac(ll,n) = c = nu 
frac(I2,n) = d = -perpendicular distance from origin to plane 

Coefficien ts of flow region boundary plane equations 



ibin te(2,maxin t) 

ibkey( maxfrac,2) 

ibside(2,maxint) 

icub(maxfrc*2) 

icu bk( maxfrc) 

ifcu(maxfrc*2) 

ifcuk(maxcub) 

ifout(maxout,2) 
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in the global XYZ coordinate system, calculated in 
subroutine ROFLOW, i=I,6 
frcoef(i,I)= ai [lambda 1, mu 1, or nu IJ 
frcoef(i,2)= bi [lambda 2, mu 2, or nu 2J 
frcoef(i,3)= ci [lambda 3, mu 3, or nu 3J 
frcoef(i,4)= di [e.g., -xmesh/2J 

Fracture and side that intersect to form boundary 
node, set in subroutine BNDNOD, 
k=l,ninb, equilvance (ibinte,inte2) 
ibinte(I,k) .- identification number of fracture 
ibinte(2,k) = - boundary side number 

Key to boundary nodes on each fracture, set in 
subroutine BNDNOD, n=I,nfrac 
ibkey(n,I) = the number of boundary nodes on 

fracture n 
ibkey(n,2) = the starting position of these nodes in 

·binte, ibinte, and ibslde 
i.e., entries ibkey(n,2) to ibkey(n,2)+ibkey(n,I)-I 

Side codes for endpoints of boundary nodes, set in 
subroutine BNDNOD, equivalence (ibside, inside), 
k=l,ninb 
ibside(I,k) = side code for endpoint 1 
ibside(2,k) = side code for endpoint 2 
i.e., number of boundary plane on which node lies 

Cube/fracture catalog identifying which cubes 
are intersected by each fracture, set in subroutine SUBINT, 
j=I,ilengc 
entries in this array are keyed by icubk(nfrac) 
icub(j) = cube identification number 

Key to cubes intersected by each fracture, set in 
subroutine SUBINT, n = I,nfrac 
icubk(n) = starting position of cubes intersected by 
fracture n in catalog array icub 

Fracture/cube catalog identifying which 
fractures intersect each cube, set in subroutine 
SUBINT, j = 1, ilengc 
entries in this array are keyed by ifcuk(ncub) 
ifcu(j) = fracture identification number 

Key to fractures intersecting each cube, set 
in subroutine SUBINT, ic = I,ncub 
ifcuk(ic) = starting position of fractures in tersecting 
cube ic in catalog array ifcu 

Identification numbers of the two fractures 
involved in an intersection outside the flow region, 
set in subroutine TRUNCF, k = I,nout 
ifout(k,I) = one of the fractures 



ifro(3*maxout) 

ifrok( maxcu b+ I) 

inew(-6:maxcfrc) 

inkey( maxfrc,2) 

inside(2,maxint) 

in tel(6,maxin t) 

inte2(2,maxint) 
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ifout(k,2) = the other fracture 

Catalog array of intersections outside flow region identifying which 
intersections are part of a fracture intersecting each cube, set 
in subroutine DISCOUT; 
j = I, ifrok(ncub+l) 
ifro(j) = intersection identification number 

Key to intersections outside flow region part of fractures 
in each cube, set in subroutine DISCOUT, n=l, ncub+1 
ifrok(n) = starting position of identification numbers 
of intersections on fractures in cube n in catalog array ifro· 

Back reference array for fracture numbers, set in subroutine 
SUBINT, modified in subroutines BNDNOD and DISCAR 
ifold=l, nfrac, where nfrac is the number 
of fractures generated 
inew(ifold) = ifrac, such that iref(ifrac) = ifold 
inew(i) = i if i = -6 to -I 

Key to intersections on each fracture, set in 
subroutine INTERS, n=l,nfrac, 
inkey(n,l) = number of intersections on fracture n 
inkey(n,2) = starting position of identification numbers 

of intersections on fracture n 
in catalog array inte3 

i.e., entries inkey(n,2)to inkey(n,2)+inkey(n,I)-1 

Truncation side codes for endpoints of fracture 
intersections, set in subroutine TRUNCN, 
k=inst+l,inst+nint, equivalence (inside,ibside) 
inside(l,k) = side code for endpoint 1 
inside(2,k) = side code for endpoint 2 
i.e., number of the boundary plane on which endpoint 
lies, or zero if endpoint is internal 

Coordinates of fracture intersection endpoints, 
k=inst+l, inst+nint, real, equivalence(intel,binte) 
intel(l,k) = xl 
intel(2,k) = yl 
intel(3,k) = zl 
intel(4,k) = x2 
intel(S;k) = y2 
intel(6,k) = z2 
calculated in subroutine INTERS in local fracture 
coordinate system, then rotated by subroutine RFRCGLO 
to the global XYZ coordinate system 

Identification numbers of the two fractures involved 
in the intersection, set in subroutine INTERS, 
k=inst+I,inst+nin t, equivalence (in te2,ibin te) 
inte2(I,k) = one of the fractures 
inte2(2,k) = the other fracture 
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in te3( maxin t*2+ 1) In tersection/fracttire catalog identifying which intersections 
are on each fracture, set in subroutine INTERS, 
j=2,in te3( 1): 
entries in this array are keyed by inkey(nfrac,2); 
inte3(1) = number of entries in the array 
inte3(j) = intersection identification number 

iref(maxfrc) Reference array for fracture numbers, set in subroutine SUBINT, 
modified in subroutines BNDNOD and DISCAR, ifrac=l, nfrac 
iref(ifrac) = old number ifold of fracture numbers ifrac, 
when it was generated. The characteristics of fracture 
ifrac, its intersections, are found in location 
ifold in the appropriate array. 

isetfr(maxfrc) Number of the set in which the fracture was generated, 
set in FRAGEN 

iseti( maxset,S) 

iside(3,2) 

nft ag( maxfrc) 

n=l,nfrac 

Code for origin of fracture characteristics, read or set in 
subroutine FRAGEN, 
i=l,nsets, all elements are not necessarily filled 
iseti(i,l) = icent: =1 - read; =2 -- generate 
iseti(i,2) = nfrac - number of fractures per set 
iseti(i,3) = ichar (orientation) 
iseti(i,4) = idist (orientation) 
iseti(i,5) = ichar (radius) 
iseti(i,6) = idist (radius) 
iseti(i,7) = ichar ( aperture) 
iseti(i,S) = idist (aperture) 
with ichar = 1 -- read values 

ichar = 2 -- set to constant 
ichar = 3 -- generate according to idist 

and idist = 1 - normal distribution 
idist = 2 - lognormal distribution 
idist = 3 - exponential distribution 
idist = 4 -- normal distribution correlating 

aperture with radius 
idist = 5 - uniform distribution 

Correlates unrotated flow region sides with their 
norm~l axes, x, y, and z, and correlates parallel 
boundary planes, set in data statemen t in main program 
sides 1 and 3 normal to the x-axis 
sides 5 and 6 normal to the y-axis 
sides 2 and 4 normal to the z-axis 

Contains code to discard, save, or truncate fracture 
n, set in subroutine FLAG, BNDINT, BNDNOD, INTFRA 
or TRUNCG, n=l,nfrac 

{ 
< 0 discard 

nflag(n) = 0 save, no truncation 
> 0 truncate. at flow region boundary 
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nkey{maxfrc,2) Key to nodes on each fracture, set in subroutine 
NODELE, n=l,nfrac 
nkeY{l,n) = number of nodes on fracture n 
nkey(2;n) = starting position of identification 

numbers of nodes on fracture n in catalog 
array node3 

i.e., entries nkey{2,n) to nkey{2,n)+nkeY{I,n)-1 in 
array node3 

nodel(maxnod,6) Coordinates of endpoints of nodes, compiled in 
subroutine NODELE, nn=l,nnode, real 
nodel(nn,l) = xl 
nodel(nn,2) = yl 
nodel(nn,3) = zl 
nodel(nn,4) = x2 
nodel(nn,5) = y2 
nodel(nn,6) = z2 

node2(maxnod,2) Identification numbers of two fractures or fracture 
and side that intersect to form the node, set in 
subroutine NODELE, nn=l,nnode 
node2(nn,l) = fract!1re identification number 
node2(nn,2) = fracture number or -side number 

node3(maxnod*2+1) Node/fracture catalog identifying which nodes are on 
each fracture, compiled in subroutine NODELE, 
nj=2,node3(1); entries in this array are keyed by 
nkey(nfrac,2); 
node3(1) = number of entries in this array 
node3(nj) = node identification number 

nside(maxnod,2) Truncation side codes for endpoints of nodes, set in 
subroutine NODELE, nn=l,nnode 

rseti{maxset,16) 

nside(nn,l) = side code for endpoint 1 
nside(nn,2) = side code for endpoint 2 
i.e., number of boundary plane on which endpoint 
lies, or zero if endpoint is internal 

Contains either constant values or parameters for 
chosen distribution for each characteristic, read 
in subroutine FRAGEN, i=l,nsets 
rseti(i,l) = const. phi 
rseti(i,2) = expected value of phi 
rseti(i,3) = stand. deviat. of phi 
rseti(i,4) = con st. theta 
rseti(i,5) = expected value of theta 
rseti(i,6) = stand. deviat. of theta 
rseti{i,7) = const. radius 
rseti(i,8) = expected value of radius 
rseti(i,9) = stand. deviat. of radius 
rseti{i,lO) = const. aperture/ycept (if idist=4) 
rseti(i,ll) = expo value of aperture/slope (if idist=4) 
rseti(i,12) = stand. deviat. of aperture 
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bline(12,2) 

bxy(4,2) 

flcoef(6,4) 

ifiro(maxcub) 

ifi rsi( m axf rc) 
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rseti(i,13) = fracture density 
rseti(i,14) = const. area (computer from const. radius) 
rseti(i,15) = expo value of area l (from original values 
rseti(i,16) = stan. dev. of area ~ computed from radii) 

Boundary node endpoints for the 6 sides to be used by 
subroutine AREAT, values calculated in subroutine 
BNDNOD, i=1,6 
axy(i,l) = xl 
axy(i,2) = yl 
axy(i,3) = x2 
axY(i,4) = y2 

Contains coordinates, in local fracture system, of up 
to 12 points of intersection of the 6 boundary lines 
in the fracture plane, entries are identified by 
array keybl, calculated in subroutine BNDINT 

Used by subroutine AREAT to store the four points 
involved in computing the area to be trucated on 
side i, i=1,6 
bXY(l,l) = axy(i,l)"= xl 
bXY(1,2) = axy(i,2) = yl 
bxy(2,1) = axy(i,3) = xl 
bxY(2,2) = axy(i,4) = y2 
bxy(3,1) = x3 
bxy(3,2) = y3 
bxY(4,1) = x4 
bxy( 4,2) = y4 

Coefficients of the equations of the lines of 
intersection of the flow region boundary planes 
with the given fracture plane, zplane, in the local 
coordinate system of the particular fracture, 
calculated in subroutine RFLOFRC: 

ftcoef(6,3) = frcoef(6,3) * rotf(3,3) 
(with z=zplane) and a'x + b'y + c'zplane + d = 0 

for 1=1,6 
flcoef(i,l) = a' 
8coef(i,2) = b' 
flcoef(i,3) = c' * zplane + d 
8coef(i,4) = d 

key to array nin to, set up and used in 
subroutine DISCOUT, ic=l,ncub 
ifiro(ic) = number of first entry in array 
ninto containing the number of an intersection 

outside flow region which is on a fracture 
intersecting cube ic 

Reference number of first intersection found on 
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a fracture. Set up and used in subroutine 
INTERS to keep track of intersections found 
before a fracture is considered n=l,nfrac 
ifirsi(n) = reference number of first intersection 

ifrcu(2*maxfrc) . Fracture/cube catalog set up and used in subroutine SUBINT, 
keyed by arrays jfirst, jlast and nextc, 
i = I, nentry 
ifrcu(i) = number of the fractures in entry i 

ilasi(maxfrc) Reference number of last intersection found on a fracture. 
Set up and updated in INTERS each time an intersection 
is found. Used to update local array nexti. 

ilaso(maxcub) Key to array ninto, set up and used in subroutine DISCOUT, 
ic=l,ncub 
ilaso(ic) = number of last entry in array ninto containing 
the number of an intersection outside flow region which 
is on a fracture intersecting cube ic. 

jfirst(maxcub) Key to array ifrcu set up and used in subroutine SUBINT, 
ic=l,ncub 
jfirst(ic) = number of first entry in array ifrcu containing 
the number of a fracture intersecting cube ic. 

jlast(maxcub) Key to array ifrcu, set up, updated and used in subroutine 
SUBINT, ic=l,ncub 
jlast(ic) = number of last entry in array ifrcu containing 
the number of a fracture intersecting cube ic 

keybl(6,6) Key to intersections in bline array, entry (i,j) equals the row in 
bline containing (x,y) of intersection of sides i and j, or zero if 
lines are parallel or if plane i or j is parallel to fracture plane. 
Values originally set in subroutine BNDINT. After calling 
subroutine BNDSEG, keybl is effectively reduced to (6,2) to 
key the endpoints of the boundary segment on each side. 
Entries will be zero for any side not forming a boundary in the 
fracture plane. 

bline(12,1) 

xl5 yl5 
xl6 yl6 
xl2 yl2 
xl4 y14 
x35 y35 
x36 y36 
x32 y32 
x34 y34 
x52 y52 
x54 y54 
x62 y62 
x64 y64 



nextc(2*maxfrc) 

nexti(maxint) 
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keybl(6,6) 

0 3 0 4 1 2 
3 0 7 0 9 11 
0 7 0 8 5 6 
4 0 8 0 10 12 
1 9 5 10 0 0 
2 11 6 12 0 0 

Key to array ifrcu, set up and used in subroutine SUBINT, 
i=I, nentry 
nextc(i) = number of the next entry in array 
ifrcu containing the number of a fracture 
intersecting the same cube as fracture in entry i. 

Reference number of next intersection on fracture, 
set up and used in subroutine INTERS to keep track 
of intersections found before a fracture is 
considered i=l,nint 
nexti(i): number of next intersection on same fracture 
as intersection number i 

nexto(maxout*3) Key to array ninto, set up and used in subroutine DISCOUT, 
i=l, nentry 
nexto(i) = number of the next entry in array 
ninto containing the number of an intersection outside 
flow region liIiked to the same cube as the one in entry i 

ninto(maxout*3) Intersection outside flow region/cube catalog set up and used in 
subroutine DISCOUT, keyed by arrays ifiro, ilaso and nexto, 
i=I,nentry 
ninto(i) = number of the intersection outside 
flow region in en try i . 

. _ ntrunc(7). Truncation codes for the six boundary lines as well as the 
total number of lines intersected by fracture nf, 

numfrc(maxcub) 

local to subroutines TRUNCF, FLAG, FLAGNT and 
BNDINT, BNDNOD, and AREAT; for i=I, 6 
ntrunc(i) = 

-1 fracture plane parallel to boundary plane 
o no intersection on side i 
1 intersection at one point 
2 intersect., frac. center inside boundary 
3 intersect., fracto center outside boundary 
4 intersect. through fracture center 

ntrunc(7) = number of boundary lines intersected by 
fracture nf 

Number of fractures intersecting each cube. 
Computed and printed in subroutine WDIMES 
ic = l,ncub 
numfrc(ic) = number of fractures intersecting 
cube ic 
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numinc(maxcub) Total number of intersections (boundary + internal) on all fractures 
intersecting each cube. Computed and printed in 
subroutine WDIMES, ic=l,ncub 
numinc(ic) = number of intersections on fractures 
intersecting cube ic 

nxy(6,2) Codes for endpoints in axy, used by subroutine AREAT, 
values set in subroutine BNDNOD, i=1,6 

rot(3,4) 

rotF(3,3) 

nXY(i,l) = code for (xl,yl) 
nXY(i,2) = code for (x2,y2) 

code = 1 if point is inside circle 
code = 2 if point is on circle 

Flow region rotation matrix and axes intercepts, local to 
subroutine ROFLOW 
rot(l,l)= lambda 1 = cos(phi)*cos(theta) 
rot(1,2)= lambda 2 = -cos(phi)*sin(theta) 
rot(1,3)= lambda 3 = -sin(phi) 
rot(1,2)= mu 1 - sin(theta) 
rot(2,2)= mu 2 = cos( theta) 
rot(2,3)= mu 3 = 0 
rot(3,l)= nu 1 = sin(phi)*cos(theta) 
rot(3,2)= nu 2 = -sin(phi)*sin(theta) 
rot(3,3)= nu 3 = cos(theta) 
rot(l,4)= xmesh/2 
rot(2,4)= ymesh/2 
rot(3,4)= zmesh/2 

Rotation matrix from the global XYZ system to a local system 
convenient to the fracture plane ax + by + 
cz + d = 0, calculated in subroutine ROFRAC 
rotf(l,l)= (xc+ad)/dk 
rotf(2,1)= (yc+bd)/dk 
rotf(3,1)= (zc+cd)/dk 
rotf(1,2)= ml 
rotf(2,2)= m2 
rotf(3,2)= m3 
rotf(1,3)= a 
rotf(2,3)= b 
rotf(3,3)= c 
where dk is the distance between points (xc,yx,zc) and (-ad, 
-bd, -cd), and mI, m2, and m3 are determined such that the 
matrix is orthogonal 
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Table A-3. FMG3D Subroutine Outline 

Fracture system in generation region. 

FMG3D FRAGEN RANCEN 
NORDIS 
LOGDIS 
EXPDIS GGUBFS* 
NORDISI 
UNIDIS 
FRASTA 

EQPLAN 
SUBINT ROFRAC 

RFLOFRC 
WFRACI 
TRUNCG 
WFRACI 
WRFNE 
PFS STATOR 

Fracture system in flow region. 

FMG3D WRFNE 
ROFLOW 
TRUNCF ROFRAC 

RFLOFRC 
FLAG FLAGNT 
BNDINT BNDPTS SIMULL 

COMSEG 
BNDSEG COMSEG 

BNDNOD ENDPTS SIMULC 
COMSEG 

AREAT CIRCPT 
DIS CAR 
WFRACI 
WINTER 
PFS STATOR 
STAT2D 

Fracture intersections and conducting fracture system. 

FMG3D INTERS ROFRAC 
RFLOFRC 
ROJTOF 

·INTFRC SIMULC 
COMPT 
COMSEG 

TRUNCN SIMULL 
COMPT 

RFRCGLO 
WINTER 



INTFRA 
DISCOUT 
DIS CAR 
WFRACI 
WINTER 
PFS 
WDIMES 

Input to fluid flow model. 

FMG3D NODELE 
WNODES 
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STATOR 

NODSEG 

*International Mathematical and Statistical Library (IMSL) Subroutine 

." 
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Table A-4. Description of FMG3D Subroutines 

Subroutine Description 

AREAT Computes the area of the fracture that lies outside the 
flow region and subtracts it from the area of the fracture. 

BNDINT 

BNDNOD 

BNDPTS 

BNDSEG 

given: dk,rf,flcoef(6,4),ntrunc(7),axy(6.4),nxy(6.2) 
returns: flarea and error flag ierr 
uses subroutine: CIRCPT 

Determines the 12 points of intersection of the six boundary lines in the 
fracture plane and from these determines the six or fewer line segments 
that form the flow region in the fracture plane. 

given: flcoef(6,4),iside(3,2)ntrunc(7),nf 
returns: bline(12,2),keybl(6,6),iflag 
uses subroutines: BNDPTS SIMULL 

COMSEG 
BNDSEG COMSEG 

Determines Cracture/boundary intersections and endpoints 
of boundary nodes. 

given: ifrac,ifold,flcoef,(6,4),dk,rf,zplane,ntrunc(7), 
bline(12,2),keybl(6,6),kib 

returns: binte(6,maxint),ibkey(nfrac,2), 
ibside(2,maxint),ibinte(2,maxint)nfracb 
and the same endpoints for subroutine 
areat, i.e. axY(6,4),nxy(6,2) 

uses subroutines: ENDPTS SIMULC 
COMSEG 

Sets up input parameters and calls SIMULL to determine 
the point of intersection, (x,y), of lines Inl and In2. 

given: flcoef(6,4),lnl,ln2,nf 
returns: x,y,npara 
uses subroutines: SIMULL 

Given the 12 points of intersection of the six boundary 
lines, determines the six or fewer points, i.e., line 
segmen ts, that define the Bow region. 

given iside(3,2),bline(12,2),keybl(6,6) 
returns: number of boundary points nbp, error flag 

ierr, and adjusted keybl using only the 
first two columns 



CIRCPT 

CO:MPT 

COMSEG 

DIS CAR 

DISCOUT. 

ENDPTS 

EQPLAN 
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uses subroutine: COMSEG 

Determines the point where a line, from the center of a 
given circle through a given point inside the circle 
intersects the circle. 

given: bxy(j,I},bxy(j,2},dk,rf,j where j=1 or 2 
returns: bxy(j+2,1),bxy(j+2,2}, and error flag ierr 

Given three points on the same line, determines whether the 
third is between the other two, coincident with one of them 
or not between them. 

given: xy(n,2},n,npl,np2,np3 
returns: loc (code to the location of np3) 

Given four points in the xy array which define two line segments on a 
given line, determines which points, if any, define a common segment. 
The np array keys the two or fewer endpoints of the common segment. 

given: xy(n,2),n,iopt, and endpoint key np(4) 
returns: adjusted np(4), number of endpoints nn (equal to 0, I, or 2), 

and error flag ierr 

Eliminates fractures flagged for discarding by permuting 
the reference arrays, and adjusts the number of fractures 

given: nfrac, nflag(nfrac},iref(nfrac}, inew(nfrac}, 
isetfr(nfrac}, iseti(nset,8} 

returns: adjusted nfrac, iref, inew,iseti 

Among the intersections outside the flow region, which are recorded only 
for plotting purposes, discards the ones which lay on fractures flagged for 
discarding, and sorts them by cubes. 

given: nfrac, ncub, nout, ifout(nout,2), nflag(nfrac}, 
endout(6,nout}, icub(ilengc}, icubk(nfrac} 

returns: updated ifout, endout, nout, and ifro(3*maxout), 
ifrok(ncub+l} 

Sets up inputs and calls SIMULC to find the points of 
intersection of side is and fracture circle nf. 

given: flcoef(6,4),is,dk,rf 
returns: nroots (the number of roots) and rows 3 and 4 

of XY(4,2) 
uses subroutine: SIMULC 

Determines the coefficients of the fracture plane equations 
from orientation angles and fracture centers. 
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FLAG 

FLAGNT 

FRAGEN 

FRASTA 

GGUBFS 

IROUND 
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given: maxfrc,nfrac,frac(i,nfrac),i=l to 8 
returns: frac(i,nfrac),i=9 to 12 

Generates random variables distributed exponentially with expected 
value ev. 

given: maxfrc,k,nl,n2,dseed,ev 
returns: (frac(k,i),i=nl,n2) 
uses subroutine: GGUBFS 

Compares the position of the fracture with the six flow region boundary 
planes and flags the fracture for discarding, saving as is or possible trun­
cation. 

given: flcoef(6,4),zplane,dk,rf iside(3,2),itole 
returns: iflag,ntrunc(7) 
uses subroutine: FLAGNT 

Determines the truncation code for a given side, In, which 
is a perpendicular distance dn from the fracture center. 
Note: idn=iround(nd,itole), irf=iround(rf,itole), etc. 

given: In,idn,irf,idm,idiff 
returns: ntrunc{ln) and adjusted ntrunc(7) 

Reads or generates fracture centers and characteristics. 

given: maxfrc,maxset 
reads: iranf,dseed,title( 40),rgene,nsets,itole, 

iseti{nsets,8),rseti{nsets,16), 
returns: nfrac and frac(i,nfrac) i=l to 8 [read or generated] 
uses subroutines: RANCEN EXPDIS FRASTA 

NORDIS NORDISI 
LOGDIS UNIDIS 

Calculates the mean and standard deviation of a set of random variables. 

given: maxfrc,k,nl,n2,frac 
returns: ev and sd of (frac(k,i),i=nl,n2) 

An IMSL, (International Mathematical and Statistical 
Library) function, generates pseudo-random numbers uniformly 
distributed between zero and one. 

given: dseed 
returns: ggubfs, and a new value of dseed 

Round-off function. 

given: a,nplace 
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returns: iround = integer part of a*lO**nplace 

Rotates fracture ifrac, flow region boundary planes, and fracture jfrac to 
a system convenient to plane ifrac then determines fracture/fracture 
intersections and truncates them at flow region boundaries. Boundary 
nodes and fracture intersections are then rotated back to the global XYZ 
coordinate system. Truncated intersections are recorded for plotting. 

given: maxfrc,maxin t,nfrac,nfracb,frac(12,nfrac ),iref( nfrac), 
inew(nfrac),ibkey(nfrac,2),ninb,itole,frcoef(6,4), 
iside(3,2),bin te( 6,maxin t ),ibside(2,maxint) 

returns: intel(6,maxint),inte2(2,maxint),inte3(maxint*2+1), 
inside(2,maxint),inkey(nfrac,2),nint,endout(6,maxout), 
ifout(maxout,2) and adjusted iref and inew 

uses subroutines: 

ROFRAC 
RFLOFRC 
ROJTOF 
INTFRC 

TRUNCN 

RFRCGLO 

SIMULC 
COMPT 
COMSEG 
SIMULL 
COMPT 

INTFRA Determines non-conducting fractures, (Le. those with fewer than two 
intersections, internal and/or boundary), eliminates them from intersec­
tion arrays, and flags them for discarding. 

given: maxfrc,maxin t,nfrac,ibkey( nfrac,2),nin b, 
in te 1(6,maxin t ),in te2(2,maxin t ),iref( nfrac) ,inew( nfrac), 
inte3(maxint*2+1),inkey(nfrac,2),inside{2,maxint),nint 

returns: adjusted intel,inte2,inte3,inkey,inside, and 
ibkey arrays, adjusted nint and ninb, 
nflag( nfrac ),ndiscd ,inst 

INTRFC Determines intersection, if any, between fractures nf and nj given frac­
ture circle (x-dk)**2 + y**2 = rf**2 in zplane, sphere nj with center 
(x,y,z) and radius r, and the line of intersection of planes nf and nj, ax 
+ by + c = O. 

-. given: nf,dk,zplane,rf,nj,a,b,c,x,y,z,r,itole 
returns: intersection endpoints in rows 3 and 4 of xY(4,2) and 

ntf, (ntf=l - intersection, ntf=2 -- no intersection) 
uses subroutines: SIMULC 

COMPT 
COMSEG 

LOGDIS Generates random variables distributed lognormally with expected value 
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ev and standard deviation sd. 

given: maxfrc,k,nl,n2,dseed,ev,sd 
returns: (frac(k,i),i=nl,n2) 
uses subroutine: GGUBFS 

Creates nodal arrays from boundary node and fracture intersection arrays. 
Calls NODSEG to discretize nodes. 

given: maxfrc,maxint,nfrac,intel,(6,maxint),iref(nfrac),inew(nfrac), 
in te2(2,maxin t ),in te3(maxint*2+ 1 ),inside(2,maxin t), 
ibkey( nfrac,2 ),nin b,inkey( nfrac,2),nin t,inst,nseg,nsegb 

returns: nodel(maxint,6),node2(maxint,2),nside(maxint,2), 
node3( maxin t*2+ 1 ),nkey( nfrac,2),nnode 

uses subroutine: NODSEG 

NODSEG Divides the line segment determined by (in tel (i,n),i=I,6) into nseg (inter­
nal nodes), or nsegb (boundary nodes), equal segments. The endpoints are 
stored in rows nl through n2 of array nodel and the corresponding side 
codes are stored in array nside. If iopt = 1, the line segment is a boundary 
node, if iopt = 2, it is a fracture intersection. 

NORD IS 

given: maxint,intel(6,maxint),inside(2,maxint),n,nseg 
or nsebg,nl,iopt 

returns: ((nodel(i,j),j=I,6),i=nl,n2), 
((nside(i,j),j=I,2),i=nl,n2), n2 

Generates random variables distributed normally with expected value 
ev and standard deviation sd. 

given: maxfrc,k,n 1 ,n2,dseed,ev ,sd 
returns: (frac(k,i),i=nl,n2) 
uses subroutine: GGUBFS 

NORD IS 1 Generates random variables distributed normally with expected value ev 
and standard deviation sd where ev is proportional to the logarithm of 
another parameter, (i.e., aperture is proportional to log. of radius). 

given: maxfrc,k,n 1 ,n2,dseed,ycept,slope,sd 
returns: (frac(k,i),i=nl,n2) 
uses subroutine: GGUBFS 

PFS Computes and prints statistics on characteristics of each fracture set. 

gIven: maxfrc,maxset,nsets,iseti( nsets,8),iref( nfrac ),ncall, 
isetfr( nfrac ),rseti( nsets, 16 ),frac( 12,nfrac ),iray ,id ate, 
rgene,xmesh,ymesh,zmesh,rophi,rothe 

returns: writes fracture statistics on unit 2 for printout 
uses subroutine: STATOR 

.-
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RANCEN Generates random fracture centers within generation sphere. 

given: maxfrc,nl,n2,dseed,rgene,itole 
returns:. ((frac(j,i),j=5,7),i=nl,n2) 
uses subroutines: GGUBFS 

RFLOFRC Rotates flow region boundary planes to local fracture system 
and returns coefficients of the lines of intersection with the 
fracture plane. 

given: frcoef(6,4),rotf(3,3),zplane 
returns: f1coef(6,4) 

RFRCGLO Transforms coordinates from the local fracture system to the 
global XYZ coordinate system, inv=l, or from the global sys­
tem to the local system, inv=2, using the transformation 
matrix rotf. 

ROFLOW 

ROFRAC 

ROJTOF 

SIMULC 

given: isizl,isiz2,xyz(isizel,isiz2),rotf(3,3),kl,k2,inv 
returns: transformed (xyz(k,isiz2),k=kl,k2) 

Computes flow region rotation matrix, axes intersections, and 
coefficients of the equation of the flow region boundary 
planes. 

given: xmesh,ymesh,zmesh,rophi,rothe,iside(3,2) 
returns: frcoef(6,4) 

Computes the matrix of rotation from the global system to a 
local system determined by the fracture being investigated, 
computes the new z-plane and fracture center (dk,O,zplane). 

given: maxfrc,ifold,frac(12,nfrac) 
returns: rotf(3,3),zplane,dk 

Rotates coefficients of plane jfold and coordinates of the 
center of fracture jfold from the global coordinate system to 
the local system of fracture ifold defined by rotation matrix 
rotf and zplane; determines line of intersection between 
planes ifold and jfold. 

given: maxfrc,jfold,frac(12,nfrac),rotf(3,3),zplane 
returns: a,b,c,d,x,y,z 

Solves simultaneous equations of line ax + by + c = ° and 
circle (x-xc)**2 + (y-yc)**2 = r**2, and determines the 
n um ber of real roots, nroots. 

given: a,b,c,xc,yc,r 



SIMULL 

STATOR 
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returns: nroots,xl,y 1 ,x2,y2 

Solves the simultaneous equations of lines with coefficients 
al,bl,cl, and a2,b2,c2. If lines are parallel, npara=2. 

given: al,bl,cI,a2,b2,c2 
returns: x,y, and npara 

Calculates mean and angular deviation of a set of orientations 

given: nsets,iseti( nsets,8},rseti( nsets,16} 
isetfr( nfrac },itef( nfrac },frac(12,nfrac} 

returns: eval(nsets,i},sdev(nsets,i},i=l to 2 

Calculates and prints length statistics on the traces of 
the fractures on the sides of the flow region. 

given: nfrac,nfracb,nflow,iref(nfrac},isetfr(nfrac}, 
intel(6,maxint),inte2(2,maxint),ibkey(nfrac,2) 

calculates and prints fracture length statistics on unit 2 

Divides the generation region into cubic subregions, and 
assigns fractures to the cubes they interse·ct. The initializa­
tion of iref(nfrac) and inew(nfrac} is also done in SUBINT. 

given: nfrac,iside,itole,iord,rgene ,frac(12,nfrac) 
returns: ncub,ilengc,icub(ilengc ),ifcu(ilengc), 

icu bk( nfrac ),ifcuk(ncub} 
uses subroutines: ROFRAC 

RFLOFRC 

For fracture ifrac, where ifrac=l,nfrac, determines flow 
region boundary nodes (fracture/boundary intersections) and 
truncates the fracture if partially outside the flow region, or 
codes the fracture for discarding or saving as is. Reference 
arrays are adjusted to put boundary fractures first. 

given: maxfrc,maxint,frac(12,nfrac },frcoef(6.4),iref( nfrac}, 
inew( nfrac ),nfrac,iside(3,2),itole 

returns: nftag( nfrac },ibkey( nfrac,2),bin te(6,maxin t) 
ibside(2,maxint ),ibinte(2,maxint ),nin b,adjusted 
iref and inew and truncated areas frac(8,nfrac) 

uses subroutines: 

ROFRAC 
RFLOFRC 
FLAG 
BNDINT 

FLAGNT 
BNOPTS 
COMSG 
BNDSEG 

SIMULL 

COMSEG 



BNDNOD ENDPTS SIMULC 
COMSEG 

AREAT CIRCPT 

TRUNCG Determines which fractures extend beyond the generation 
region boundary and truncates them at that boundary. 

given: maxfrc,nfrac,rgene,frac(12,nfrac),iref(nfrac),itole 
returns: frac(S,nfrac),Oag(nfrac) 

TRUNCN Truncates the intersection of fractures ifold and njold at 
any or all of the nbn boundary nodes on fracture nfold, and 
keeps track of the truncated segments. 

UNIDIS 

WDIMES 

WFRACI 

gIven: maxfrc,maxint,nfold,Ocoef(6,4),iside(3,2),nbn, 
binte(6,maxint),ibside(2,maxint),ibkey(maxfrc,2), 
aj, bj,cj,xy( 4,2) 

returns: truncated xy( 4,2),nside(2),endout(6,nout), 
ifout(2,nout ),nn,nout 

uses subroutines: SIMULL 
COMPT 

Generates random variables distributed uniformly over 
(cen ter-range, cen ter+range). 

given: maxfrc,k,nl,n2,dseed,center,range 
returns: (frac(k,i),i=nl,n2) 
uses subroutine: GGUBFS 

Writes the fractures and intersections characteristics on unit S for input 
to the plotting program DIMES. 

gIven: xgene,ygene,zgene,xmesh,ymesh,zmesh,rophi,rothe,inst, 
nin t,nfrac,nou t,iord,ifcuk( ncu b ),ifcu(ilengc), 
iref( nfrac ),inew( nfrac ),ibkey( nfrac,2),inkey( nfrac,2), 
frac(12,nfrac ),ifrok( ncu b+ 1 ),endout( 6,nou t ),ifou t(2,nouk), 
intel(6,maxin t ),in te2(2,maxin t ),inkey(2,maxin t) 
writes all mesh characteristics on unit S. 

Writes fracture characteristics of each fracture set on unit 4 for printout. 
Output is controlled by iopt: 

iopt=l - all generated fractures 
iopt=2 - truncated fractures in generation region 
iopt=3 - truncated fractures in flow region 
iopt=4 - fractures in flow region after elimination 

of nonconducting fractures 

gIven: iopt,maxfrc,nfrac,frac(12,nfrac),rgene,iray,idate, 
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maxset,nsets,iseti( nsets,8) ,iref( nfrac ),inew( nfrac), 
nHag(nfrac),rseti(nsets,16),xmesh,ymesh,zmesh, 
rophi,rothe 

returns: output file on unit 4 

Writes boundary nodes in local fracture coordinates (all fractures in How 
region), if iopt=l, or writes boundary nodes and fracture intersections in 
global coordinates (after elimination of nonconducting fractures), if 
iopt=2, on unit 4 for printout. 

given: maxfrc,maxint,nfrac,intel,(6,maxint),inte2(2,maxint}, 
inside(2,maxint),ibkey(nfrac,2},iref(nfrac},ninb,inkey(nfrac,2}, 
nin t,inst,in te3( Maxin t*2+ 1 ),inew( nfrac ),iopt 

returns: output file on unit 4 

WNODES Writes How region, fracture and nodal parameters on unit 6 
for input to fluid flow model, DISCEL. 

WRFIVE 

given: maxfrc,maxint,frcoef(6,4),nfrac,frac(12,nfrac),nnode, 
iref(nfrac),inew(nfrac),nodel(6,maxint),nside(2,maxint) 
node2(2,maxint ),node3( Maxin t*2+ 1 ),nkey( nfrac,2),iray, 
idate, title( 40),xmesh ,ymesh,zmesh,rophi,rothe 

returns: output file on unit 6 

iopt=l - writes all primary fracture system data on unit 5, 
iopt=2 - reads all primary fracture system data from unit 5 

given: maxfrc,maxset, iopt 
data written or read: iray ,id ate, title( 40 ),itole,nsets, 

iseti(nsets,8),rseti(nsets,16),nfrac,rgene, 
frac( 12,nfrac ),isetfr( nfrac) ,nftag( nfrac ),icu bk( nfrac), 
ncu b,ilengc,ifcuk( ncub ),icu b(ilengc },ifcu(ilengc} 
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include fi les for FMC3D: 

fi Ie COMBINT.BLKF 
real*4 binte(lO,maxint+l) 
integer*4 ibside(lO,maxint),ibinte(lO,maxint) 
common/inter/binte,inte3(maxint*2+1), 

2 ibkey(maxfrc,2), inkey(maxfrc,2), 
3 ninb,nint,inst,nfracb 
equivalence (binte(lO,1),ibinte(4,1),ibside(2,1» 

fi Ie COMFINT.BLKF 
real.4 intel(lO,maxint+l) 
integer*4 inte2(lO,maxint),inside(lO,maxint) 
common/inter/intel, 

1 inte3(maxint*2+1),ibkey(maxfrc,2), 
2 inkey(maxfrc,2),ninb,nint, inst,nfracb 
equivalence (intel(lO,l),inte2(4,1),inside(2,l» 

fi Ie COMFLO.BLKF 
common/floreg/xmesh,ymesh,zmesh,rophi,rothe 

file COMFRACN.BLKF 
common/fract/frac(l2,maxfrc),new(maxfrc) 

fi Ie COMFRC.BLKF 
common/fract/frac(l2,maxfrc),nflag(maxfrc), 

isetfr(maxfrc) 

fi Ie COMNOD.BLKF 
real nodel(maxnod,6) 
common/nodes/nodel,node2(maxnod,2),nside(maxnod,2), 

1 node3(maxnod*2+1),nkey(maxfrc,2),nnode 

fi Ie COMOUT.BLKF 
common/iQtout/endout(6,maxout),rgene,ifout(maxout,2), 

, ifrok(maxcub+l), ifro(3*maxout),nout 

fi Ie COMREF.BLKF 
common /refer/iref(maxfrc),inew(-6:maxfrc) 

fi Ie COMSET.BLKF 
common/sets/rseti(maxset,16), iseti (maxset,8),nsets 

fi Ie COMSUBI.BLKF 
integer*2 icub(maxf2) 
common /subint/ icub, i lengc, 

fi Ie MAXDIM.BLKF 

ifcu(maxf2), ifcuk(maxcub), 
icubk(maxfrc), iord,ncub 

parameter (maxfrc=50000,maxset=5,maxint=50000, 
1 maxnod=50000,maxout=lOOOO,maxord=6) 

parameter (maxf2=maxfrc*2,maxcub=maxord**3) 
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c 

PROGRAM FMG3D 
c 
c •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
c 
c· ••••• Three-Dimensional Fracture Generation Model •••••• 
c 
c ••• Generates Fracture Network for Fluid Flow Model DISCEl ••• 
c 
c •••••••• 
c 
c •••••••••••• 
c 
c· ••••••••••••••• 
c 
c· ••••••••••• 
c 
c 

Written By •••••••• 
PEGGY (MACLEAN) GILMOUR • ••••••••••• 

for •••••••••••••••• 
JANE LONG •••••••••••• 

c •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
c 
c 
c ••••••••••••••••••••••••• SET UP •••••••••••••••••••••••••• 
c 

include 'maxdim.blkf/I st' 
include 'comfrc.blkf/I st' 
include 'comset.blkf/I st' 
include 'comnod.blkf/I st' 
include 'comflo.blkf/I st' 
include 'comfint.blkf/ ist' 
include 'comout.blkf/I st' 
include 'comref.blkf/I st' 
include 'comsubi .blkf/ ist' 
dimension frcoef(6,4), side(3,2) 

c equivalence (binte,intel),(ibside, inside), (ibinte,inte2) 
integer title(40) 

c 
c 

character idate.9, iray*7 
real.8 dseed 
data iside/l,5,2,3,6,4/ 

c ••• Request job information. 
iray = 'fmg3d 
ca II DATE (i date) 

open(unit=l,fi le='fmg3d.inp',status='old',readonly) 
open(unit=2,fi le='fmgpr.dat',status='new',shared) 
open(unit=6,fi le='discel .dat',status='new' ,shared) 

c 
c ••• Print title page 

write(2,510) 
c 
c 
c •••••• I N PUT CON T R 0 L 
c 

c 

read(I,490)icont, iplot, imesh 
read(I,490)iplane, idump,iord 
write(2,520)icont, iplot, imesh, 

, iplane, idump, iord 

c if (i plot. eq .1) 

V A R I A B L E S ••••••• 

c open(unit=3,fi le='fmg3d.plt',status='new',shared) 



c 
c 
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if(iplane.eq.1) 

open(unit=7,fi le='plane. inp' ,status='new' ,shared) 
i f ( i dump. eq . 1) 

open (un i t=4, fi I e='fmg3d. dmp' ,status='new' ,shared) 
if(iord.eq.0)iord=1 
if (icont.eq.3) go to 185 

c •• * •••••••• F R ACT U REG ENE RAT ION *.*.***.**.* 
c 
c 
c ••• Call subroutine FRAGEN to read In or generate fracture 
c .*. characteristics and store them in array frac 
c 

110 call FRAGEN (nfrac,itole,iranf,dseed,title,rgene) 
c 
c 
c .*. Call subroutine EQPLAN to compute the coefficients of the 
c .*. fracture plane equations. 
c 

c 
c 
c 
c 

c 
c 
c 
c 
c 
c 
c 
c 
C 

C 

120 call EQPLAN(nfrac) 

**. 
* •• 

**. 

call subroutine SUBINT to define subregions for 
use in OVERLAP and INTERS. 

cal I subint(nfrac,iside,itole) 

Call subroutine OVRLAP to find and combine overlapping 
fractures lying in the same plane. 

call OVRLAP(nfrac, itole,dseed)· 

Call WFRAC1 to print fracture characteristics by sets, iopt=l. 

if(idump.eq.1)call WFRAC1(1,nfrac,rgene, iray, idate) 
c-
c 
c 
c *** Call subroutine TRUNCG to truncate any fractures extending 
c **. beyond the boundary of the generation sphere. 
c 

call TRUNCG (nfrac,rgene,itole) 
c 
c 
c *** Call WFRAC1 to print fracture characteristics by sets, iopt=2. 
c 

if(idump.eq.1)cal I WFRAC1 (2,nfrac,rgene,iray, idate) 
c 
c 
c *.* Ca II WRFIVE to write primary fracture system data to unit 5. 
c 

ca II WRFIVE (1,iray,idate,title,itole,nfrac,rgene) 
c 
c 
c ••• Ca II PFS to calculate and print fracture statistics 
c 

ca II PFS (nfrac,nflow, iray,idate,rgene,1) 
c 



c 

c 
c 
c 

180 if (icont.ne.1) go to 185 
write(2,370) 
stop 
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c •• *** •••• * •••••••••• FLO W REG ION ••• ***** •• *** •• ** •• 
c 
c 
c ••• 
c 

185 
c 

190 

c 
c 
c 

c 

c 
191 

c *.* 

c 
c 
c * •• 
c •• * 
c 

Read flow region and nodal segmentation parameters. 

nf I oW=<> 

read (1,660,end=191) xmesh,ymesh,zmesh,rophi,rothe 
read (1,495,end=191) nseg,nsegb 

increment number of flow regions 

nflow::nflow+l 

go to 193 

write(2,380) 
end of input data 
stop 

Call WRFIVE to read all primary fracture system data from 
unit 5. 

193 call WRFIVE (2,iray,idate,title,itole,nfrac,rgene) 
c 

c 
c 

if «xmesh**2+ymesh.*2+zmesh.*2)/4.0 .Ie. rgene •• 2) go to 195 
write(2,385) xmesh,ymesh,zmesh,rgene 
go to 190 

c * •• Call subroutine ROFlOW to compute the coefficients of 
c *** the equations of the flow region boundary planes. 
c 

195 call ROFlOW(iside,frcoef) 
c 
c 
c *** Write plot file identification, if iplot =1. 
c 
c if (iplot .eq. 0) go to 197 
c write(3,800) iray, idate 
c write(3,810) (title(i), i=1,40) 
c write(3,820) xmesh,ymesh,zmesh,rophi,rothe,nfrac 
c 
c 
c *** Cal I subroutine TRUNCF to truncate each fracture that intersects 
c *** the flow region boundary or set the discard code for any fracture 
c *** that lies outside the flow region. 
c 

c 
c 

197 cal I TRUNCF(frcoef,nfrac,iside,itole) 

c *** Cal I subroutine DISCAR to eliminate fractures flagged as lying 
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c ••• entirely outside the flow region. 
c 

nout=O 
cal I OISCAR (nfrac) 

c 
if (nfrac.gt.O) go to 200 

c ••• There are no fractures in this flow region, go to next set of 
c ••• flow region parameters. 

c 
c 

write(2,390) rophi,rothe 
go to 190 

c ••• Cal I WFRAC1 to print fracture characteristics by sets, iopt=3. 
c 

c 
c 
c 

200 if(idump.eq.1)cal I WFRAC1 (3,nfrac,rgene, iray,idate) 

c ••• Cal I WINTER to print boundary nodes In local 
c ••• fracture coordinates 
c 

c 
c 
c 

if (i dump. eq .1) ca II WINTER (nfrac, 1) 

c ... Cal I PFS to calculate and print fracture statistics 
c 

cal I PFS (nfrac,nflow,iray,idate,rgene,2) 
c 
c ca II STAT20 to calcu I ate ana pr i nt trace length 
c statistics on sides of flow region 
c 

c 
c 

cal I STAT20(nfrac,nflow) 

c .................. FRACTURE INTERSECTIONS ............. ** •• 
c 
c 
c ••• Cal I subroutine INTERS to determine fracture/fracture 
c ••• intersections and truncate them at flow region boundaries. 
c 

c 
c 

250 cal I INTERS (nfrac,itole,frcoef,iside) 

c **. If iplane = 1, write fracture network information on 
c *** unit 7 for Program IPLANE. 
c 

700 
710 
720 

1 
730 

if(iplane.eq.1)then 
write(7,700) iray,idate 
write(7,710) (title(i), i=1,40) 
write(7,720) xmesh,ymesh,zmesh 
write(7,730) rophi,rothe 
format (a7,5x,a9) 
format (20a4) 
format (' xmesh 

format (' 
inst=ninb 

zmesh 
rophi 

',flO.4,' 
',flO.4) 
',f10.4,' 

cal I WINTER(nfrac,4) 
endif 

ymesh ' ,f10.4, 

rothe ',f10.4) 



c 
c 
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if(idump.eq.1)cal I WINTER(nfrac,3) 

c ••• If iplot=1, call WPLOT to write a flow region plot fi Ie on unit 3. 
c ••• (This fi Ie must be written after boundary nodes have been 
c ••• rotated from local to global coordinates in sub. inters and 
c ••• before discarding non-conducting fractures.) 
c 
c 255 if (iplot .eq. 1) call WPLOT(1,nfrac) 
c 
c 
c ••• Cal I subroutine INTFRA to find non-conducting fractures, 
c ... el iminate them from intersection arrays, and flag the fractures 
c ••• for discarding. 
c 

call INTFRA (nfrac,ndiscd) 
c 
c 
c ... callsubrout.ine OISCOUT to discard intersections outside 
c ••• the flow region and laying on a discarded fracture. 
c 

cal I OISCOUT(nfrac) 
c 
c ••• Call subroutine DISCAR to eliminate non-conducting fractures 
c ••• flagged by intfra. 
c 

c 

if (ndiscd .eq. 0) go to 260 
cali OISCAR(nfrac) 

if (nfrac .gt. 0) go to 260 
c ... There are no conducting fractures in this flow region, go to 
c ••• next set of flow region parameters. 

write(2,395) rophi,rothe 
go to 190 

c 
c 
c-." Call WFRAC1 to print fracture characteristics by sets, iopt=4. 
c 

260 if(idump.eq.1)call WFRAC1 (4,nfrac,rgene,iray,idate) 
c 
c 
c ••• Call WINTER to print boundary nodes and fracture/fracture 
c ••• intersections, iopt=2 
c 

if(idump.eq.1)call WINTER (nfrac,2) 
c 
c 
c ••• Call PFS to calculate and print fracture statistics 
c 

c 
c 

cal I PFS (nfrac,nflow,iray,idate,rgene,3) 

c ... if iplot = 1, call WOIMES to write an input fi Ie for DIMES 
c 

c 
c 

if(iplot.eq.1) call WDIMES (nfrac,title,nflow) 

320 if (imesh .ne. 0) go to 325 
write(2,410) 
stop 
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c 
c 
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c •••••••••••••••••••••••• NOD E S ••••••••••••••••••••••••••• 
c 
c 
c ••• Check nodal segmentation parameters. If input 
c ••• incorrectly, set to default values. 
c 

c 
c 

325 if (nseg .gt. 0) go to 327 
write(2,400) nseg 
nseg=l 
nsegb=3 
go to 330 

327 if (nsegb .It. nseg) nsegb=nseg+2 
330 write(2,530) nseg,nsegb 

c ... Ca II subrouti ne NODELE to fill noda I arrays for OrSCEL 
c 

c 
c 

call NO DELE (nfrac,nseg,nsegb) 

c ••• Call subroutine SORT to renumber nodes for reduced bandwidth 
c 
c call SORT ( ••••••••••••••••••••• 
c 
c 
c ••• Cal I WNODES to print nodal arrays and write input fi Ie for OISCEL 
c 

call WNODES (frcoef,nfrac,nseg,nsegb, iray, idate,title) 
c 
c 
c ••• if iplot = 1, write an input fi Ie for a plotting program on unit 3 
c 
c if (iplQt .eq. 1) call WPLOT(2,nfrac) 
c 
c 

c ••• Go to 190 to read next flow region 
c ••• or end of input data. 
c 

c 
c 
c 

go to 190 

c •••••••••••• FOR MAT S TAT E MEN T s ••••••••••••• 
c 
c 
c 

370 format(1hO,27hnormal program stop,icont=l) 
380 format(1hO,32hnormal program stop,end of input) 
385 format(lh1, 'Flow region exceeds I imit of generation region. ',I, 

I lx,6hxmesh=,f8.4,8h ymesh=,f8.4,8h zmesh=,f8.4,8h rgene=, 
2 f8.4,I,lx,30h ••• go to next flow region ••• ,1111) 

390 format(lhO,48hThere are no fractures in flow region for rophi=, 
I f6.2,8h, rothe=,f6.2) 

395 format(lhO,44hthere are no conducting fractures for rophi=,f6.2, 
1 8h, rothe=,f6.2) 



c 

c 
c 
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400 format(1hO,12hError, nseg=,i4,II,1x,16hnseg set to one" 

1 19h nsegb set to three,ll) 
410 format(1hO,33hnormal end of generation,imesh =0) 
490 format(10x,iS,2(1Sx,i5)) 
495 format(10x, is,15x,iS) 
S10 format(1h1,S(/),10x,10(6h •••••• ),111,14x,12hT H R E E 

1 40hD I MEN S ION A L F RAe T U R E ,111,24x, 
2 32hC ENE RAT ION MOD E L ,III,35x,10hF M C 3 0 » 

3 ///,30x,20hw r itt e n b y ,III, 
4 17x,46hP E C G Y (M A C LEA N) C I L M 0 U R , 

, 5 III,lOx,lO(6huuu),20(f» 
S20 format(lhO,lShprogram options,II, 

1 lx,7hicont =,is,lOx,7hiplot =,is,10x,7himesh =,iSI 
2 lx,7hiplane=,iS,10x,7hidump =,is,10x,7hiord =, is) 

S30 format (lhl,34hEach fracture intersection wil I be, 
1 14h divided into ,i3,10h segments.,I, 
2 41h Each boundary node will be divided into ,i3, 
3 10h segments.) 

660 format (3(lOx,fl0.4» 

800 format (a7,Sh --- ,a9) 
810 format (20a4) 
820 format (Sf10.4,i10) 

end 

c ••• Round off function 
c 

c 

function iround (a,nplace) 
aplace=a.10 .•• nplace 
iround=nint(aplace) 
return 
end 
SUBROUTINE AREAT(dk,rf,flcoef,ntrunc,axy,nxy,flarea,ierr) 

c .** This subroutine computes the portion of the fracture that 
c- ••• lies witnin the flow region boundary. 
c 

c 

c 

c 

dimension flcoef(6,4),ntrunc(7),axy(6,4),nxy(6,2) 
dimension bxy(4,2) 
parameter (pi=3.1415926S4,dmin=0.005) 

at=O.O 
rfsq=rf.rf 
f I area=p i .rfsq 
nt3=1 
nt4=1 
j4=0 

do 99 i=I,6 
nt=ntrunc (i) 
if (nt.le.l) go to 99 
if (nt.eq.4) go to 40 

c ••• Store points pl,p2,p3,p4 In bxy(4,2) if ntrunc(i)=2 or 3. 
c 

do 20 j=I,2 
bxy(j ,1)=axy(i ,2.j-l) 
bxy(j ,2)=axy(i ,2*j) 
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if (nxy(i,j).eq.1) go to 10 
c 
c *** Point j is on the circle, point j+2 IS the same as point j. 

bxy(j+2,1)=bxy(j,1) 
bxyU+2,2)=bxy(j,2) 
go to 20 

c 
c **. Point j is not on the circle, determine point j+2. 

c 

c 

10 jc=j 
cal I CIRCPT(bxy,jc,dk,rf,ierr) 
if (ierr.eq.O) go to 20 
write(2,110) i,nt 
go to 100 

20 continue 
go to 80 

c ••• Boundary line i goes through the fracture center, ntrunc(i)=4. 
c 

c 

40 if (i.eq.j4) go to 99 
j4=i 

42 distl=sqrt«axy(j4,1)-dk)**2+axy(j4,2) •• 2) 
dist2=sqrt«axy(j4,3)-dk).*2+axy(j4,4) •• 2) 
dist12=sqrt«axy(j4,1)-axy(j4,3» •• 2+(axy(j4,2)-axy(j4,4» •• 2) 
dist=dist1+dist2 
dd=abs(dist - dist12) 
if (dd .It. dmin) go to 45 

c * •• Both points are on the same side of center. 
atos=O.O 

c 

go to 90 
45 if (dist1 . It. dmin) go to 50 

if (dist2 .It. dmin) go to 55 

c ••• Points are on opposite sides of center. 
atos=0.5.pi*rfsq 
go to 90" 

c 
c ••• One point is on the center, (dk,O), store the other point. 

50 bxy(nt4,1)=axy(j4,3) 

c 

c 

bxy(nt4,2)=axy(j4,4) 
go to (65,60),nxy(j4,2) 

55 bxy(nt4,1)=axy(j4,1) 
bxy(nt4,2)=axy(j4,2) 
go to (65,60),nxy(j4,1) 

c *.* This point is on the circle. 
60 bxy(nt4+2,1)=bxy(nt4,1) 

bxy(nt4+2,2)=bxy(nt4,2) 
go to 70 

c 
c *** The point is not on the circle, determine the corresponding point. 

c 

65 cal I CIRCPT(bxy,nt4,dk,rf, ierr) 
if (ierr.eq.O) go to 70 
wr i te (2,110) i, nt 
go to 100 

70 if (nt4.eq.2) go to 80 
do 75 i1=i+1,6 



c 

if (ntrunc(il) .ne.4) go to 75 
j4=il 
nt4=2 
go to 42 

75 continue 
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c *.* Compute the area of sector p3-center-p4 using the perpendicular 
c **. distance from line p3p4 to center (dk,O). 
c 

80 a=bxy(4,2)-bxy(3,2) 
b=bxy(3,1)-bxy(4,1) 
sqab=sqrt(a*a+b*b) 
if(sqab/rf.le.O.Ol)then 

theta=<>. 
else 
c=bxy(4,1)*bxy(3,2)-bxy(3,1)*bxy(4,2) 
dist=abs(a*dk+c)/sqab 
if(dist.gt.rf)then 

c write(2,120)dist,i 
c ierr=l 
c return 

c 

theta=O. 
else 
theta=acos(dist/rf) 

endif 
endif 

atos=rfsq*theta 
if (nt.lt.4) go to 85 

c **. Two boundary I ines intersect at (dk,O). 
atos=pi.rfsq-atos 
go to 90 

c 
c ••• Compute the area of triangle pl-center-p2 and 
c * •• subtract from sector p3-center-p4. 

c 

85 atri=0.5~abs(bxy(2,2)*(bxy(1,1)-dk)+bxy(1,2).(dk-bxy(2,1») 
atos=atos-atri 

c ••• Determine area to be truncated. 
if (nt.eq.3) go to 95 

c 
c ••• Center on or inside boundary. 

90 at=at+atos 
go to 99 

c 
c ••• Center outside boundary. 

c 

c 

c 

95 if (nt3.eq.2) go to 97 
at=at+(pi.rfsq-atos) 
nt3=2 
go to 99 

97 at=at-atos 

99 continue 

flarea=flarea-at 
100 return 

110 format(lhO,II,' Error in sub. areat, side',i2,', ntrunc(i)=', 
1 i2,'. ',I,' Less than two roots from simulc.') 
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120 format(1hO,//,' Error In sub. areat, dist=',f10.3,', side=', 
1 i 2) 

c 
end 
SUBROUTINE BNDINT(flcoef, iside,iflag,ntrunc,nf,bl ine,keybl) 

c 
c ••• Determine the 12 points of intersection of the 6 boundary 
c ••• lines in the plane of fracture nf, then determine the six 
c ••• or fewer line segments that form the flow region in the 
c ••• fracture plane. 
c 

c 

c 

c 

c 

dimension flcoef(6,4),iside(3,2),ntrunc(7) 
dimension bl ine(12,2),keybl(6,6) 
dimension nl(4),npt4(4) 

nbp=O 
npt=O 
ipara=1 

do 20 k1=1,3 
do 20 k2=1,2 
In1=iside(k1,k2) 

do 20 j1=k1,3 
do 15 j2=1,2 
I n2= i side (j 1, j 2) 
if (j1.eq.k1) go to 12 
npt=npt+l 
if (npt.le.12) go to 5 
wr i te(2,llO) nf, «f I coef (i,j) ,j=1,4), i=1,6) 
stop 

5 if (ntrunc(ln1).eq.-1 .or. ntrunc(ln2).eq.-1) go to 10 
c 
c ••• Cal I BNDPTS to determine the point of intersection of 11 and 12. 
c 

c 

c 

c 

cal I BNDPTS(flcoef,ln1,ln2,nf,x,y,npara) 
go to (8~6),npara 

6 if (ipara.eq.2) go to 10 
kpara=k1 
jpara=j1 
ipara=2 
go to 10 

8 nbp=nbp+1 
bline(npt,1)=x 
bl ine(npt,2)=y 
keybl(ln1,ln2)=npt 
keybl(ln2,ln1)=npt 
go to 15 

c ••• Fracture plane is paral lei to one pair of boundary planes 
c··· or two pairs of boundary lines are paral lei. 

10 bl ine(npt,1)=0. 
bline(npt,2)=0. 
keybl(ln2,ln1)=0 

12 keybl(ln1,ln2)=0 
c 

15 continue 



c 

c 
c 

c 
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20 continue 

go to (29,21),ipara 

c ••• Four boundary I ines are paral lei. Determine which two, 
c ••• if any, are flow region boundaries in the fracture plane. 
c 

c 

c 

c 

21 Ipara=iside(6-kpara-jpara,1) 
mpara:iside(6-kpara-jpara,2) 
do 22 i:1,2 
nl(i) :iside(kpara,i) 

22 nl(i+2):iside(jpara,i) 
do 23 i:1,4 

23 npt4(i):keybl(lpara,nl(i» 
cal I COMSEC(bl ine,12,npt4,nn,1,ierr) 
if (ierr.eq.O) go to 24 
write(2,130) (nl (i), i:1,4), Ipara,nf 
stop 

24 if (nn.eq.2) go to 25 
iflag:-1 
go to 100 

25 do 26 i=l,4 
if (npt4(i) .ne.O) go to 26 
keybl (Ipara,nl (i»:O 
keybl (mpara,nl (i»=O 
keybl(nl(i),lpara):O 
keybl (nl (i),mpara)=O 

26 continue 
nbp:4 

c **. Cal I BNDSEC to determine the endpoints of the line segments 
c ••• that form the flow region in the fracture plane. 
c 

c 

29 cal I BNDSEC(iside,bline,keybl,nbp,ierr) 
if (ierr.eq.O) go to 30 
write(2,120) nf 
stop 

c ••• If there is no flow region In this plane, discard the fracture. 
30 if (nbp.eq.O) iflag:-1 

c 
c 
c 

c 

c 

100 return 

110 format (lhO,' error in bndint, fracture number " is,/, 
1 ' more than 12 points of intersection',/, 
2 ' flcoef:' ,/,6(4flS.4,f) 

120 format (lhO,' cal led by bndint, fracture',i4) 
130 format (lhO,' error in comseg cal led by bndint',/,lx, 

1 ' four parallel lines:' ,4(i3,',')" intersected by line', 
2 i3,/,lx,' fracture', is) 

end 
SUBROUTINE BNDNOD(ifrac,ifold,flcoef,dk,rf,zplane, 

1 ntrunc,bline,Keybl,Kib,axy,nxy,iside) 
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c c.·. This subroutine determines which fracture/boundary c.·. intersections are to be boundary nodes in the finite 
c ••• element mesh. 
c 

c 

include 'maxdim.blkf/I ist' 
include 'combint.blkf/I ist' 
include 'comfrc.blkf/I ist' 
include 'comref.blkf/I ist' 
dimension flcoef(6,4), iside(3,2),ntrunc(7) 
dimension bl ine(12,2),keybl (6,6) 
dimension np(4),xy(4,2),axy(6,4),nxy(6,2) 

c ••• The line segment of intersection that lies within 
c ••• the flow region is determined and the endpoints 
c ••• stored in an array of boundary nodes, binte with 
c ••• ibkey(ifrac,2) as the key to the entries. The endpoints 
c ••• are also stored in axy(6,4) for subroutine AREAT. 
c 

c 

c 

c 

c 

c 

c 

nbn=O 
kbn=kib-l 

do 80 kpair=1,3 
do 80 kside=I,2 
is=iside(kpair,kside) 

do 5 j=1,2 
5 nxy(is,j)=O 

do 10 j=I,4 
10 axy(is,j)=O. 

if (ntrunc(is).le.O) go to 80 
npl=keyb I (i s, 1) 
if (npl.eq.O) go to 70 
np2=keyb I (i s, 2) 

15 do 20 j=1,2 
xy(l,j)=bline(npl,j) 
xy(2,j)=bl ine(np2,j) 
nxy (is, j )=0 

20 continue 

c ... Ca II subrouti ne ENDPTS to set inputs for and ca II 
c ••• SIMULC to solve the simultaneous equations of the c.·. boundary line and the fracture circle. 
c ••• Store the points in rows 3 and 4 of xy. 
c 

c 

c 

c 

c 

cal I ENDPTS (flcoef, is,dk,rf,nroots,xy) 

go to (25,30,35,40),ntrunc(is) 

25 go to (75,50,26),nroots+l 
26 ntrunc(is)=2 

go to 50 

30 go to (75,31,50),nroots+l 
31 ntrunc(is)=l 

go to 50 



c 

c 
c 

35 go to (36,36,50),nroots+1 
36 nflag(ifold)=-l 

go to 100 

40 go to (36,31,50),nroots+1 

c $$$ Cal I subroutine COMSEG to determine the endpoints of 
c $.$ the boundary node. 
c 

c 

50 do 55 k=1,4 
55 np(k)=k 

cal I COMSEG(xy,4,np,nnpt,2,ierr) 
if (ierr.eq.O) go to 57 
write(2,120) ifrac,is 
stop 

c if boundary node is a point node and adjacent 
c to another boundary node, discard it. 
c 
c 

c 

57 if (nnpt.eq.O) go to 70 
if (nnpt.eq.1)then 

do k=1,4 
if (np(k).eq.l.or.np(k).eq.2)go to 70 

enddo 
endif 

c ••• Store the boundary node in binte and axy(6,4). 
c 

c 

nbn=nbn+1 
kbn=kbn+l 
if(kbn.gt.maxint)then 

write(2,130)kbn,maxint,ifrac 
stop 

endif 

c if fracture was not previously known as a boundary fracture, 
c permute it with first non boundary fracture. 
c 

c 
c 

c 

if(ifrac.gt.nfracb)then 
nfracb=nfracb+1 
iref(ifrac)=iref(nfracb) 
iref(nfracb)=ifold 
ifrac=nfracb 

endif 

ibside(l,kbn)=is 
ibside(2,kbn)=is 
int=l 
kl=O 

do 65 k=l,4 
if (np(k) .eq.O) go to 65 
knpt=np(k) 
binte(int,kbn) =xy(knpt,l) 
binte(int+1,kbn)=xy(knpt,2) 
binte(int+2,kbn)=zplane 



c 

c 

c 

int=int+3 

kl=kl+l 
axy(is,2*kl-l)=xy(knpt,l) 
axy(is,2*kl)=xy(knpt,2) 
nxy(is,kl)=l 
if(knpt.ge.3) nxy(is,kl)=2 

65 continue 

77 

c set orientation of segment to record where IS the 
c inside of the flow region. 
c 

c 

c 

c 

c 

c 

c 
c 

c 

c 

c 

c 

ksidp=2-kside 
ispar=iside(kpair,ksidp) 
a=flcoef(is,l)*(binte(5,kbn)-binte(2,kbn)) 
b=flcoef(is,2)*(binte(4,kbn)-binte(l,kbn)) 
c=(flcoef(ispar,3)-flcoef(is,3)).(a-b) 
if(c.gt.O)then 

a=binte(l,kbn) 
b=binte(2,kbn) 
binte(1,kbn)=binte(4,kbn) 
binte(2,kbn)=binte(5,kbn) 
binte(4,kbn)=a 
binte(5,kbn)=b 

endif 

ibinte(l,kbn)=ifold 
ibinte(2,kbn)=-is 
go to 80 

70 ntrunc(is)=-2 
go to 77 

75 ntrunc(is)=O 
77 ntrunc(7)=ntrunc(7)-l 

80 continue 

ibkey(ifold,l)=nbn 
ibkey(ifold,2)=kib 
kib=kib+nbn 

if (nbn.eq.O) nf lag( i fo I d)=-l 

100 return 

120 format (lhO,' Error sub. bndnod, ierr=l from comseg.', 
1 I,' fracture',i4,' side',i2) 

130 format (lhO,' Error sub. bndnod, number of boundary nodes', 
1 i6,I,lx,' exceeds maximum dimension, maxint=',i6,1, 
2 lx,' This occurs at fracture number', i4) 

end 
SUBROUTINE BNDPTS(flcoef, Inl,ln2,nf,x,y,npara) 

dimension flcoef(6,4) 

c .*. Set up parameters and cal I SIMULL to determine the 
c ... point of intersection, (x,y), of lines In1 and In2, 
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c .*. where al.x + bi.y + ci = O. 
c 

c 

c 

c 

c 
c 
c 
c 
c 
c 

c 
c 
c 
c 

c 

c 

c 

c 

••• 
* •• 
••• 
••• 

••• 
••• 
••• 

a1= flcoef{ln1,1) 
b1= flcoef{ln1,2) 
c1= flcoef{ln1,3) 
a2= flcoef{ln2,1) 
b2= flcoef{ln2,2) 
c2= flcoef{ln2,3) 

Cal II SIMUlL{a1,b1,.cl,a2, b2,c2, x,y ,npara) 

return 

end 
SUBROUTINE BNDSEG{iside,bl ine,keybl,nbp, ierr) 

Given the 12 or fewer points of intersection of the 
6 boundary lines, determine the 6 or fewer points, 
2 or fewer per line, which define the line segments 
of the flow region boundary in the fracture plane . 

dimension iside{3,2), bline{12,2),keybl{6,6) 
dimension npt4(4) 

If one pair of boundary planes is parallel to the 
fracture plane then there are only four boundary 
lines in that plane and four points of intersection. 
if (nbp.eq.4) go to 50 

nbp=O 
10 do 40 k1=1,3 

do 40 k2=1,2 
Inl=iside(k1,k2) 

n=O 
do 25 j1=1,3 
if (j1.eqokl) go to 25 
do 20 j2=l,2 
I n2= i side (j 1, j 2) 
n=n+1 
npt4{n)=keybl (ln1,ln2) 

20 continue 
25 continue 

cal I COMSEG{bline,12,npt4,nn,1,ierr) 
if (ierr.eq.O) go to 27 
write{2,1l0) In1,ln2 
go to 100 

c ••• If a line segment on side In1 forms a flow region 
c ••• boundary, (nn=2), store the key to the endpoints 
c ••• in the first two columns of keybl. Enter zeros to 
c ••• indicate intersections outside the flow region. 
c 

c 

27 n=O 
if (nn.lt.2) go to 32 
nbp=nbp+1 

do 30 i=1,4 
if (npt4(i).eq.0) go to 30 



c 

c 

c 

c 

c 

c 

c 

n=n+1 
keybl(ln1,n)=npt4(i) 

30 continue 

32 do 35 i=n+1,6 
keybl (In1, i)=O 

35 continue 

40 continue 
go to 100 

50 do 60 i=l,6 
n=l 
do 55 j=l,6 
if (keybl (i,j).eq.O) go to 55 
if (n.eq.j) go to 53 
keybl(i,n)=keybl(i,j) 
keyb I (i , j ) =0 

53 n=n+1 
55 continue 
60 continue 

100 return 
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110 format(lhO,' called by bndseg, sides ',2i3) 

end 
SUBROUTINE CIRCPT(bxy,j,dk,rf,ierr) 

c •• * Given a point, (bxy(j,l),bxy(j,2», inside a circle 
c ••• with center (dk,O) and radius rf, find the point where 
c ••• the line from the center through the point intersects 
c * •• the circle and store that point in (bxy(j+2,l),bxy(j+2,2». 
c 

c 

c 

c 

c 

dimension bxy(4,2) 

ierr=O . 

xm=bxy (j ,1) 
ym=bxy (j ,2) 
di=sqrt«xm-dk).(xm-dk)+ym.ym) 
if(di . le.0.001)then 

ierr=l 
wr i te(2, 100) 

100 format('point at center of fracture') 
else 
bxy(j+2,l)=dk+(xm-dk).rf/di 
bxy(j+2,2)=ym*rf/di 

endif 
return 

end 
SUBROUTINE COMPT (xy,n,npl,np2,np3,loc) 

c .*. This subroutine determines whether np3 is between 
c .*. np1 and np2, coincident with one of them or not between. 
c *.* It returns 'Ioc' which equals zero if outside, 1 if coin­
c *** cident with npl, 2 if coincident with np2, and 3 if in 
c •• * between the two. 
c 



c 

c 

c 

c 

c 

c 

c 
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dimension xy(n,2) 
real.8 dl,d2,d3,diff 
rea I *8 xyd (3 ,2) 

xyd(I,I)=xy(npl,l) 
xyd(I,2)=xy(npl,2) 
xyd(2,1)=xy(np2,1) 
xyd(2,2)=xy(np2,2) 
xyd(3,1)=xy(np3,1) 
xyd(3,2)=xy(np3,2) 
dl=sqrt«xyd(1,1)-xyd(2,1»**2+(xyd(1,2)-xyd(2,2» •• 2) 
d2=sqrt«xyd(1,1)-xyd(3,l»**2+(xyd(1,2)-xyd(3,2»**2) 
d3=sqrt«xyd(2,1)-xyd(3,l»**2+(xyd(2,2)-xyd(3,2».*2) 

diff=abs(d2+d3-dl) 
if (diff .gt .. 0005) go to 20 

loc=3 
if (d2 .It. 0.00005) loc=l 
if (d3 .It. 0.00005) loc=2 
go to 30 

20 10c=0 
if (d3 .It. d2) loc=-l 

30 return 

end 
SUBROUTINE COMSEC(xy,n,np,nn, iopt,ierr) 

c *** Civen four points in the xy array which define two 
c *** line segments, keyed by np(4), determine which points, 
c .** if any, define a common line segment and adjust the np 
c *** array to key the two or fewer points of that segment. 
c 

c 
c •• * 
c ••• 

dimension xy(n,2),np(4) 
real*8 d~6),xyd(4,2) 
real*8 dismin/0.005/ 
real*8 difmin/0.005/ 
logical pl,p2,p3,p4 
ierr=O 

Compute the six distances between the four points 
rounded off to 4 decimal places: 

c··· d(I)=pl to p2; d(2)=pl to p3; d(3)=pl to p4; 
c 
c 

c 

c 

••• d(4)=p2 to 

do 5 i=I,4 
i p=np( i) 
do 5 j=I,2 

p3; d(5)=p2 to p4; 

xyd ( i , j) =xy ( i p, j ) 
5 continue 

k=O 
do 10 i=I,3 
do 10 j=i+l,4 
k=k+l 

d(6)=p3 to p4. 

d (k) =sqrt «xyd (i ,1) -xyd (j ,1» .. 2+ (xyd (i ,2) -xyd (j ,2» .. 2) 
10 continue 



c 

c 

c 

c 

c 

c 

c 
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p1=.false. 
if (abs(d(2)+d(3)-d(6» .It. difmin) pl=.true. 
p2=. fa I se. 
if (abs(d(4)+d(5)-d(6» .It. difmin) p2=.true. 
p3=. fa I se. 
if (abs(d(2)+d(4)-d(1» . It. difmin) p3=.true. 
p4=.false. 
if (abs(d(3)+d(5)-d(1» . It. difmin) p4=.true. 

if (p3.and.p4) go to 20 
if (p1.and.p2) go to 30 
if (p3.eqv.p4) go to 40 
if (p3.and.pl) go to 50 
if (p3.and.p2) go to 60 
if (p4.and.pl) go to 70 
if (p4.and.p2) go to 80 
write(2,1l0) 
ierr=l 
go to 100 

20np(l)=0 
np(2)=O 
nn=2 
if (d(6) .gt. dismin) go to 100 
if «p1 .or. p2) .and. (iopt .ne. 3» go to 42 
nn=l 
go to 100 

30 np(3)=O 
np(4)=O 
nn=2 
go to 100 

40 np(l)=O 
np(2)=0 

42 np(3)=O 
np(4)=0 . 
nn=O 
go to 100 

50 np(2)=0 
np(4)=0 
nn=2 
if (d(2) .gt. dismin) go to 100 
go to (40,40,75), iopt 

60 np (1) =0 
np(4)=0 
nn=2 
if (d(4) .gt. dismin) go to 100 
go to (40,40,85), iopt 

70 np(2)=0 
np(3)=0 
nn=2 
if (d(3) .gt. dismin) go to 100 
go to (40,40,75),iopt 

75 np(l)=O 
nn=l 
go to 100 

\ 



c 

c 

c 

c 

c 

80 np(l)=O 
np(3)=0 
nn=2 
if (d(S) .gt. dismin) go to 100 
go to (40,40,8S),iopt 

85 np(2)=0 
nn=1 

100 return 
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110 format (lhO,' error in subroutine comseg') 

end 
SUBROUTINE DISCAR (nfrac) 

c *** This subroutine eliminates fractures lying outside the flow 
c *** region. These fractures, flagged for discarding by 
c *** subroutine flag or intfra, are marked nflag(n)=-l. 
c 

c 

c 

c 

c 

c 

c 

c 

c 

includ~ 'maxdim.blkf/list' 
include 'comfrc.blkf/list' 
include 'comset.blkf/list' 
include 'comfint.blkf/list' 
include 'comout.blkf/list' 
include 'comref.blkf/list' 

k=l 

do l=l,nsets 
i set i (I ,2) =0 

enddo 

do ifr=l,nfrac 

ifol d=i ref (i fr) 
if (nflag(ifold).ge.O)then 

iref(k)=ifold 
inew(ifold)=k 

k=k+l 
I=i setfr (i fo Id) 
iseti(I,2)=iseti(I,2)+1 

else 
i new ( i f 0 I d) =0 

endif 
enddo 

nfrac=k-l 

return 

end 
SUBROUTINE DISCOUT(nfrac) 

c among the intersections outside the flow region, which are 
c recorded only for plotting purposes, discard the ones which 
c lay on fracture flagged for discarding. Use common nodes 
c for temporary arrays to save space. 
c 

include 'maxdim.blkf/I ist' 



c 
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include 'comfrc.blkf/I ist' 
include 'comout.blkf/I ist' 
include 'comref.blkf/I ist' 
include 'comsubi .blkf/I ist' 
common /nodes/ i laso(maxcub),ifiro(maxcub),nexto(maxout.3), 

, ninto(maxout.3) 

do i=l,ncub 
ifi ro(i )=0 

enddo 
do i=1,maxout.3 

nexto(i)=O 
enddo 

nnn=O 
nentry=O 
do iout=l,nout 

ifoldl=ifout(iout,l) 
ifold2=ifout(iout,2) 
if (nflag(ifoldl) .ge.0.and.nflag(ifold2).ge.0)then 

nnn=nnn+l 
ifout(nnn,l)=ifoidl 
ifout(nnn,2)=ifold2 
do i=1,6 

endout(i,nnn)=endout(i, iout) 
enddo 

do ientc=icubk(ifoldl),icubk(ifoldl+l)-l 
ic=i cub( ientc) 
nentry=nentry+l 
if(ifiro(ic) .eq.O)tnen 

ifiro(ic)=nentry 
else 

nl=i laso(ic) 
nexto(nl)=nentry 

endif 
i laso(ic)=nentry 
ninto(nentry)=nnn 

enddo 
do ientc=icubk(ifold2),icubk(ifold2+1)-1 

ic=icub(ientc) 
if(ifiro(ic) .ne.O)tnen 

n I = i I a so ( i c) 
if(ninto(nl).eq.nnn)goto 100 
nexto(nl)=nentry+l 

else 
ifiro(ic)=nentry+l 

endif 
nentry=nentry+l 
i laso(ic)=nentry 
ninto(nentry)=nnn 

100 continue 
enddo 

endif 
enddo 

nout=nnn 
ientry=l 
do ic=l,ncub 

ifrok(ic)=ientry 
nentry=ifiro(ic) 
do wni le(nentry.ne.O) 

ifro(ientry)=ninto(nentry) 



c 

c 

nentry=nexto(nentry) 
ientry=ientry+l 

enddo 
enddo 

if(ientry.gt.maxout.3)then 
write(2,10) ientry,maxout.3 
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10 formate' in subroutine discout, '1' ientry= ',i61 

stop 
endif 

ifrok(ncub+l)=ientry 
return 

end 

, . " '16) maxlm.= 

SUBROUTINE ENDPTS(flcoef,is,dk,rf,nroots,xy) 

c ••• Set up inputs and call simulc to solve the simultaneous 
c ••• equations of line is and circle nf. Store the resulting 
c **. points if rows 3 and 4 of xy(4,2). 
c 

c 

c 

c 

c 

c 

c 
c 

dimension flcoef(6,4),xy(4,2) 

a=f I coef ( is, 1) 
b=f I coef ( is, 2) 
c=f I coef (i s, 3) 

call SIMUlC(a,b,c,dk,0.0,rf,nroots,xl,yl,x2,y2) 

xy(3,1)=xl 
xy (3,2) =yl 
xy(4,1)=x2 
xy(4,2)=y2 

return 

. end 
SUBROUTINE EQPlAN (nfrac) 

c ••• This subroutine calculates the coefficients ,a,b,c and d, of the 
c ••• plane on which the fracture lies given the orientation angles phi 
c ••• and theta and the coordinates of the center of the plane,(xc,yc,zc). 
c 
c ••• nfrac is the number of fractures in the generation region. 
c 
c ••• The components of frac used in the calculations are: 
c frac(1,i) = phi 
c frac(2,i) = theta 
c frac(S,i) = xc 
c frac(6, i) = yc 
c frac(7, i) = zc. 
c 
c ••• The general form of a plane IS ax+by+cz+d=O. 
c ••• The coefficients are stored In the array frac: 
c frac(9, i) = a 
c frac(lO, i) = b 
c frac(ll,i) = c 
c frac(12,i) = d. 
c 
c 



c 
c 

c 

c 

c 

c 

include 'maxdim.blkf/list' 
include 'comfrc.blkf/list' 
real lambda,mu,nu 
parameter (pi180=0.0174532925) 

do 10 i=l,nfrac 
phi = frac(1,i).pi1S0 
theta = frac(2,i).pi1S0 
siphi = sin(phi) 
lambda = siphi.cos(theta) 
mu = -siphi.sin(theta) 
nu = cos(phi) 

frac(9, i) = lambda 
frac(10, i) = mu 
frac(ll, i) = nu 
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frac(12,i) = -(lambda.frac(5,i)+mu.frac(6,i)+nu.frac(7,i» 
10 continue 

return 

end 
SUBROUTINE EXPOIS (k,n1,n2,dseed,ev) 

c ••• This subroutine generates random variables distributed 
c ••• exponentially with expected value ev. 
c 
c ••• If x is distributed uniformly in (0,1), then 
c ••• y = -In(l-x)/lambda is distributed exponentially with 
c ••• parameter lambda. The expected value of y is l/lambda. 
c 
c 

c 

c 

c 

c 

c 

c 

include 'maxdim.blkf/list' 
include 'comfrc.blkf/I ist' 

real lambda 
real.S dseed 

lambda=l./ev 

do 10 I=n1,n2 
10 frac(k,i)=-alog(l.-GGUBFS(dseed»/lambda 

return 

end 
SUBROUTINE FLAG (flcoef,zplane,dk,rf,iside, 

1 iflag,ntrunc, itole) 

c ••• This subroutine compares the position of the given fracture 
c ••• with the lines of intersection of the flow region boundary 
c ••• planes with the fracture plane. The coefficients of the 
c ••• boundary lines are stored in flcoef. If the fracture I ies outside 
c ••• the flow region it is flagged for discarding. If the fracture 
c ••• I ies partially outside the flow region it is flagged for 
c ••• truncation at one or more boundary planes. 
c 

dimension flcoef(6,4), iside(3,2) 
dimension ntrunc(7) 
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c 
c ••• Working with parallel pairs of boundary lines, designated 
c ••• 11 and 12, set iflag and ntrunc(i), i=l,7 accordingly. 
c ••• If the fracture plane is paral lei to any pair of boundary 
c ••• planes, go to 80 to determine the relative positions of the 
c .** planes .. 
c 

c 

c 

do 100 k=l,3 

11=iside(k,l) 
12=iside(k,2) 

c ••• Are the bo~ndary planes parallel to the fracture plane? 
a l=f I coef ( 11, 1) 
b1=f I coef ( 11, 2) 
if (iround(a1,itole).eq.0.and.iround(b1,itole).eq.0) go to 80 

c 
c ••• In the plane z=zplane, does the fracture with center (dk,O) 
c ••• and radius rf lie between the lines 11 and 12? 
c .*. Compute the perpendicular distances d1 {between (dk,O) and 11}, 
c •• * d2 {between (dk,O) and 12}, and d12 {between 11 and 12}. 
c *** Compare distances rounded off to itole places. 
c 

c 

sra2b2=sqrt(flcoef(11,1).*2+flcoef(11,2) •• 2) 
d1=abs(flcoef(ll,l).dk+flcoef(ll,3»/sra2b2 
idl=iround(d1,4) 
d2=abs(flcoef(12,1).dk+flcoef(12,3»/sra2b2 
id2=iround(d2,4) 
d12=abs(flcoef(12,3)-flcoef(11,3»/sra2b2 
diff=d1+d2-d12 
idiff~iround(diff,4) 
i rf=i round(rf ,4) 

c * •• Save fracture as is or discard? 
c 

c 

c 

if (idiff.gt.O) go to 50 
if (idl.gt.irf .and. id2.gt.irf) go to 100 
go to 60 

50 if (idl.ge.irf .and. id2.ge.irf) go to 110 

c ••• Fracture intersects 11 and/or 12, determine truncation 
c ••• codes for each line. 
c 

60 iflag=l 
c 
c ••• Cal I subroutine FLAGNT to set codes for side 11. 

cal I FLAGNT(ntrunc,11,id1,irf, id2,idiff) 
c 
c ••• Cal I subroutine FLAGNT to set codes for side 12. 

cal I FLAGNT(ntrunc,12, id2, irf, idl,idiff) 
c 

go to 100 
c 
c ••• Fracture plane IS paral lei to boundary planes. 
c 

80 if (iround(zplane, itole).eq.O) go to 85 
plane1=-flcoef(ll,4).zplane/(flcoef(11,3)-flcoef(ll,4)) 
plane2=-flcoef(12,4).zplane/(flcoef(ll,3)-flcoef(ll,4)) 
d1=abs(planel-zplane) 



c 

id1=iround(d1, itole) 
d2=abs(plane2-zplane) 
id2=iround(d2, itole) 
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c ••• Discard if fracture plane coincides with boundary plane. 
if (id1.eq.0 .or. id2.eq.0) go to 110 

c 
c ••• Discard if fracture plane is not between plane1 and plane2. 

d12=abs(plane1-plane2) 
id12=iround(d12,itole) 

c 
if (id1+id2.gt.id12) go to 110 

c 
c ••• Set flags, fracture plane paral leI to and between 
c ••• plane1 and plane2. 

85 ntrunc(11)=-1 
ntrunc(12)=-1 

c 
100 continue 

c 
return 

c 
c ••• Flag fracture for discarding 
(110 if I ag=-l 

c 

c 
c 
c 
c 
c 
c 
c 
c 
c 

c 

c 

c 

c 

c 

c 

c 

••• 
••• 
••• 
••• 
••• 
••• 
••• 

return 

end 
SUBROUTINE FLAGNT(ntrunc,ln,idn,irf,idm,idiff) 

Determine the truncation code for side In which 
is a perpendicular distance dn from the fracture 
center. The corresponding distance to the paral leI 
boundary line is dm and the difference between dn+dm 
and the distance between the two lines is diff, which 
equals zero if the fracture center lies between the 
two lines. 

dimension ntrunc(7) 

if (idn.gt. irf) go to 60 
if (idn.ne.O) go to 20 
ntrunc (I n) =4 
go to 50 

20 if (idn.ne.irf) go to 40 
ntrunc (I n) =1 
go to 50 

40 ntrunc(ln)=2 
if (idiff.gt.O .and. idm.gt.idn) ntrunc(ln)=3 

50 ntrunc(7)=ntrunc(7)+1 

60 return 

end 
SUBROUTINE FRAGEN (nfrac, itole, iranf,dseed,title,rgene) 

c ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
c 



c ••• 
c ••• 
c ••• 
c ••• 
c 
c ••• 
c ••• 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
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This subroutine reads in fracture information and then either 
reads in or generates the fol lowing fracture characteristics -
orientation, radius, aperture, and the coordinates of the 
fracture center . 

The fol lowing variables or arrays from the main program are 
used ---

nsets = number of fracture sets 

rgene = radius of spherical generation region 

frac (I, ) = orientation angle phi 
frac(2, ) = orientation angle theta 
frac(3, ) = radius 
frac (4, ) = aperture 
frac(5, ) = xc, x-coordinate of fracture center 
frac(6, ) = yc, y-coordinate of fracture center 
frac(7, ) = zc, z-coordinate of fracture center 
frac(8, ) = area, adjusted if fracture is truncated 

The 'randomness' of the generation IS control led by iranf and 
dseed ---

iranf = 0 
i ranf = 1 

'random' generation 
use dseed from previous generation 

dseed - seed for random number generator 

The variables which control the read or generation are given 
below ---

icent = 1 
= 2 

ichar -= 1 

idist 

= 2 
= 3 

= 1 
= 2 
= 3 
= 4 

with 
= 5 --

read in all fracture characteristics 
generate fracture center coordinates 

read values for each orientation, radius, 
and aperture 
set characteristic equal to a constant value 
generate values of characteristic according 
to a distribution 

normal distribution 
lognormal diatribution 
exponential distribution 
normal distribution correlating aperture 
rad i us 
uniform distribution 

Other distribution options wi II be added as needed 

c ••• In addition, the following variables are read in --
c 
c nfrac = number of fractures per set 
c 
c rlamb = density of fractures, i.e. fractures/unit volume 
c 
c itole = number of decimal places in fracture center coordinates 
c 
c const = constant value, see ichar = 2 
c 



c 
c 
c 
c 
c 
c 
c 
c 
c ••• 
c ••• 
c ••• 
c 
c 
c 

c 

c 
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ev = expected value of statistical distribution, or slope 
for idist = 4, or lower limit, amin, for idist = 5 

sd = standard deviation of statistical distribution, or 
upper limit, amax, for idist = 5 

ycept = parameter for idist = 4 

The array iseti is used to store the values of nfrac, icent, 
ichar and idist for each. set. The array rseti is used to store 
the values of const, ev, and sd for each fracture set . 

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
include 'maxdim.blkf/I ist' 
include 'comfrc.blkf/I ist' 
include 'comset.blkf/I ist' 
include 'comref.blkf/I ist' 
integer title(40) 
parameter (pi=3.1415927) 

real.S dseed 

read (1,2S0) iranf,dseed 
c ... If i ranf = 0, ca IIGGUBFS (random number generator) 
c ••• If iranf = I, read dseed and cal I GGUBFS 

c 
c ••• 
c 

c 
c ••• 
c 

c 

c 

c 

c 

c 
c 
c 

if(iranf .eq. 0) dseed = secnds(O.O) • 100.0 

Read title and input variables 

read (1,270) (title(i), i=1,40) 
read (1,260) rgene 
read (1,240) nsets,itole 

Zero information matrices 

do i=l,nsets 
do j=l,S 

i set i (i , j ) =0 
rseti (i ,j)=O. 
rset i (i , j +S) =0. 

enddo 
enddo 

genvol=(4./3.).pi.rgene •• 3 
write(2,320) title,rgene,genvol 
write(2,290) dseed 
nl=l 

do i=1,nsets 

read {1,240) icent,idens 
iseti (i,l)=icent 

if(icent.eq.l)then 

Read in al I fracture characteristics 

read (1,210) nfrac 
iseti (i,2)=nfrac 



c 
c 
c 
c 

c 

c 
c 
c 

c 

c 

c 

c 

c 

c 

c 
c 
c 
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n2=nfrac+n1-1 
read (1,250) «frac(j ,m) ,j=1, 7) ,m=n1,n2) 
i set i (i ,3) =1 
i set i (i ,5) =1 
i set i (i ,7) =1 
rlamb=float(nfrac)/genvol 
rseti(i,13)=rlamb 

Call FRASTA to compute original mean and stand" 
deviation for each parameter 

do jj=1,4 
j=jj 
cal I FRASTA (j,nl,n2,ev,sd) 
m=3.j-1 
rseti (i ,m)=ev 
rseti (i ,m+1)=sd 

enddo 

else 

Generate locations of fracture centers 

if(idens.eq.O)then 
read (1,260) rlamb 
nfrac=int(genvol.rlamb) 

else 
read (1,210) nfrac 
rlamb= float(nfrac)/genvol 

endif 

n2=nfrac+n1-1 
i set i (i ,2) =nf rac 
rseti(i,13)=rlamb 
if(n2.gt.maxfrc)then 

write(2,300) n2,maxfrc 
wr"ite(2,310) i 
stop 

endif 

call RANCEN (n1,n2,dseed,rgene,itole) 

kl=O 
1=1 
m=-2 

do k=1,3 
1=1 +2 

read (1,210) ichar 
iseti (i, I)=ichar 

if(ichar.ne.3)then 

Set fracture characteristic to a constant 

do whi le(k1.le.k) 
m=m+3 
k1=k1+1 
read (1,260) const 



c 
c 
c 
c 
c 
c 

c 

rseti (i,m)=const 
do j=nl,n2 

frac(kl,j)=const 
enddo 

if (k.eq.2)then 
area=pi*const*const 
rseti(i,14)=area 
do j=nl,n2 

f rac (8, j ) =a rea 
enddo 

endif 
enddo 
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else 

Read in code for statistical distribution 
and read in statistical parameters. Cal I 
appropriate distribution function subroutine 
to generate fracture characteristics. 

do whi le(kl.le.k) 
m=m+3 
kl=kl+l 
read (1,230) idist,ev,sd,ycept 
iseti(i,l+l)=idist 
rseti(i,m)=ycept 
rseti (i ,m+l)=ev 
rseti (i ,m+2)=sd 
if(idist.eq.l)then 

CALL NORDIS (kl,nl,n2,dseed,ev,sd) 
elseif(idist.eq.2)then 

CALL LOGDIS (kl,n1,n2,dseed,ev,sd) 
elseif(idist.eq.3)then 

CALL EXPDIS (k1,n1,n2,dseed,ev) 
elseif(idist.eq.4)then 

CALL NORDIS1(k1,n1,n2,dseed,ycept,ev,sd) 
elseif(idist.eq.5)then 

CALL UNIDIS (k1,n1,n2,dseed,ev,sd) 
endif 

enddo 
endif 

enddo 
endif 

c Compute fracture areas 
c 

c 

if(rseti (i,14) .eq.O .. or. icent.eq.1)then 
do j=nl,n2 

frac(8,j)=pi.frac(3,j) •• 2 
enddo 

cal I FRASTA (8,nl,n2,ev,sd) 
rseti (i ,15)=ev 
rseti (i,16)=sd 

endif 

c set up array of set numbers and "clean" angles 
c 

do j=nl,n2 
i set f r (j ) = i 
if(frac(l,j) .It.O.)then 

frac(l,j)=-frac(l,j) 



c 

frac(2,j)=frac(2,j)+180. 
elseif(frac(1,j).gt.90.)then 
frac(1,j)=180.-frac(1,j) 
frac(2,j)=frac(2,j)+180. 
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endif 
if(frac(2,j).gt.360.)frac(2,j)=frac(2,j)-360. 

enddo 

c end loop on sets 
c 

c 

n1=n2+1 
enddo 

nfrac=n2 

c Program stop if nfrac is greater than maxfrc. 
c 

c 

c 

c 

c 

if(nfrac.gt.maxfrc)then 
write(2,300) nfrac,maxfrc 
stop 

endif 

return 

210 format(10X,IS) 
230 format(10X,IS,3(Sx,f10.4» 
240 format(2(10X,IS» 
250 format(7F10.4) 
260 format(10X,FlO.4) 
270 format(20a4) 
280 format(10x,iS,15x,d15.8) 
290 format(lhO,42hthe initial seed used in the random number, 

, I4h generator is ,dIS.8) 
300 format (lhO,40h----------------------------------------,/, 

, SOhprogram stop, nfrac is greater that maxfrc, nfrac=,iS,/, 
, 7hmaxfrc= is / Ix 40h----------------------------------------) , I I I 

310 format(lhO,39hbefore cal ling rancen for fracture set ,i3) 
320 format(lnO,2(20a4,/,lx),20hspherical generation, 

, I6h region, radius=,f9.2,12h and volume=,elS.S) 

end 
SUBROUTINE FRASTA (k,n1,n2,ev,sd) 

c ••• This subroutine calculates the mean and standard deviation. 
c 

c 

c 

c 

include 'maxdim.blkf/list' 
include 'comfrc.blkf/list' 

n=O 
sl=O. 
s2=0. 

do i=n1,n2 
n=n+1 
c=frac(k, i) 
sl=sl+c 
s2=s2+c.c 

enddo 

d=float(n) 
ev=sl/d 



c 

c 

c 

c 
c ••• 
c ••• 
c ••• 
c ••• 
c ••• 
c ••• 
c ••• 
c ••• 
c ••• 

c 
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sd=sqrt(abs(s2/d-ev.ev» 

return 

end 

SUBROUTINE INTERS (nfrac,itole,frcoef, iside) 

This subroutine determines fracture/fracture 
intersections ,beginning with fractures intersecting 
a side(level 1), and then fractures intersecting these ones, 
and so on. In level 1, intersections are truncated at the 
flow region boundaries, if necessary. With this method, only 
fractures connected to at least one side are considered . 
the 'nodes' common is used here only as a temporary memory location . 
For each fracture considered, only the fractures lying inside 
the same(s) cube(s) are considered for intersections . 

include 'maxdim.blkf/list' 
include 'comfrc.blkf/I ist' 
include 'comfint.blkf/list' 
include 'comout.blkf/list' 
include 'comref.blkf/list' 
inc I ude ' comsubi . b I kf / list' 
common /nodes/ifirsi (maxfrc),i lasi(maxfrc),nexti (maxint) 
dimension frcoef(6,4),flcoef(6,4),iside(3,2),rotf(3,3) 
dimension xy(4,2),nside(2) 

c equivalence (binte,inte1),(ibside,inside) 
c 
c 
c initialize level one 
c 

c 

iprev2=O 
iprev3=O 
i level=O' 
n2=0 
n3=nfracb 
nint=O 
ki n=2 " 
inst=ninb 
nout=O 
nnp=O 
do i=l,maxfrc 

ifirsi (i)=O 
i las i (i )=0 

enddo 
do i=1,2.maxint 

nexti (i)=O 
enddo 

c begin loop on levels 
c 

do whi Ie (n3.gt.n2) 
i level=i level+1 
n1=n2+1 
n2=n3 
iprevl=iprev2+1 
iprev2=iprev3 



c 
c begin loop on fractures In level « i level 
c 

c 

c 
c 
c 

c 
c 
c 
c 

c 
c 
c 
c 

c 
c 
c 

c 
c 
c 
c 
c 

c 
c 
c 

c 
c 
c 
c 
c 

do ifrac=n1,n2 
ifold=iref(ifrac) 

rf=frac(3,ifold) 
nbn=ibkey(ifold,l) 
nif=<> 
nside(l)=O 
nside(2)=0 

look for previously stored nodes 

noldi=<> 
if (iprev3.ne.0)then 

nni=ifirsi(ifold) 
do while(nni .ne.O) 

ni=inst+nni 
inte3(kin+nif)=nni 
nif:nif+1 
noldi=noldi+1 
nni:nexti (nni) 

enddo 
endif 

Rotate fracture and flow region boundaries to a system 
convenient to fracture plane ifrac. 

cal I ROFRAC(ifold,rotf,zplane,dk) 

Find lines of intersection between boundary planes 
and plane if rac, iff racture intersects boundar·y. 

if (ilevel .eq.1)call RFLOFRC(frcoef,rotf,zplane,flcoef) 

begi~ loop over fractures not previously encountered. 

kl=inst+nint+1 
noutold=nout 

look only at fractures in same cubes as 

loop over cubes intersected by 

do 180 ientc=icubk(ifold),icubk(ifold+1)-1 
i c= i cub (i entc) 

loop over fractures intersecting cube IC 

do 180 ientf=ifcuk(ic), ifcuk(ic+1)-1 
jfold=ifcu(ientf) 
jfrac=inew(jfold) 
if(jfrac. Ie. ifrac)goto 180 
r j =f rac (3, j f 0 I d) 

Rotate fracture jfrac to coord. system of fracture ifrac and 
determine the I ine of intersection between the planes, 
aj x + bj y + cj = o. 



c 
c 
c 

c 
c 
c 

c 
c 
c 

c 
c 
c 

c 
c 
c 
c 

c 
c 
c 

c 
c 
c 
c 
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cal I ROJTOF (jfold,rotf,zplane,aj,bj,cj,dj,xj,yj,zj) 

if jfrac centre too far from ifrac plane, no intersection. 

dist=abs(zj-zplane) 
if(dist.gt.rj)goto 50 

If planes ifrac and jfrac are paral lei, there is no intersection. 

irdl=iround(aj,itole) 
ird2=iround(bj,itole) 
if(irdl.eq.0.and.ird2.eq.0)goto 50 

Cal I subroutine INTFRC to determine the intersection, if any, 
between fractures ifrac and jfrac. 
cal I INTFRC (ifrac,dk,zplane,rf,jfrac,aj,bj,cj, 

xj,yj,zj,rj,itole,xy,ntf) , 
if(ntf.eq.l)then 

check if intersection has not already been found. 

do ientry=kin,kin+nif-l 
int=inte3(ientry)+inst 
do i=l,2 

if(inte2(i,int) .eq.jfold)goto 50 
enddo 

enddo 

Truncate fracture/fracture node at boundary nodes. 
Note: intel=binte, inside=ibside. 

if(i level.eq.l)then 
do io=noutold+l,nout 

do i=1,2 
if(ifout(io,i).eq.jfold)goto 50 

end do 
enddo 

cal I TRUNCN (ifold,flcoef, iside,nbn,jfold, 
aj,bj,cj,xy,nside,nn) 

if(nn.eq.O) go to 50 
endif 

Store fracture/fracture intersection and truncation code. 

nint=nint+l 
ni=inst+nint 
iprev3=iprev3+1 
if(ni .ge.maxint)then 

write(2,lSO) ninb,nint,maxint 
stop 

endif 

increment array nexti to keep track of intersections on 
fracture jfold. 

nnp=nnp+l 
if(ifirsi (jfold).eq.O)then 

ifirsi (jfold)=nnp 
else 

j 1= i I as i (j f 0 I d) 



c 
c 
c 
c 
c 

c 

c 

c 

c 
c 
c 
c 

c 
c 
c 
c 

c 

next i (j I) =nnp 
endif 

i lasi (jfold)=nnp 
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if this fracture does not intersect fractures previously 
treated at this level (i .e. 'new' fracture), increment 
index and position fracture for next level. 

if(jfrac.gt.n3)then 
n3:n3+1 
nfold=iref(n3) 
iref(jfrac)=nfold 
iref(n3)=jfold 
inew(jfold)=n3 
inew(nfold)=jfrac 

endif 

k=l 
do i=1,2 

intel(k,ni) =xy(i+2,l) 
intel(k+l,ni)=xy(i+2,2) 
intel(k+2,ni)=zplane 
i ns i de ( i , n i ) =ns i de ( i ) 
k=4 

enddo 

inte2(1,ni)=ifold 
inte2(2,ni)=jfold 
inte3(kin+nif)=nint 
nif=nif+l 

endif 
50 continue 

180 continue 
if(nif.ne.noldi)then 

Call RFRCGLO to rotate new intersections from local 
to global coordinates. 

k2=ni 
cal I RFRCGLO (10,maxint+l,intel,kl,k2,rotf,1) 

endif 
inkey(ifold,l)=nif 
inkey(ifold,2)=kin 
kin=kin+nif 

first level: record intersections outside flow region 
for plotting program, and rotate boundary nodes. 

if(i level .eq.l)then 
if (nout.gt.noutold)then 

noutl=noutold+l 
do nn=noutl,nout 

endout(3,nn)=zplane 
endout(6,nn)=zplane 

enddo 
cal I RFRCGLO(6,maxout,endout,noutl,nout,rotf,1) 

endif 

kl=ibkey(ifold,2) 



c 

c 

c 
c 

c 

c 

c 
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k2=kl+ibkey(ifold,I)-1 
cal I RFRCGLO (10,maxint+l, intel,kl,k2,rotf,l) 

endif 

enddo 
enddo 

inte3(1)=kin-l 

return 

150 format (lhO,28hThe number of boundary nodes,i5,5h plus,/,lx, 
, 28hthe number of internal nodes,i5,/,lx, 

28h exceeds the maximum ,i5,/,lx,10hError Stop) 

end 

SUBROUTINE INTFRA (nfrac,ndiscd) 

c ••• Find non-conducting fractures, (those with fewer than two inter­
c ••• sections, internal and/or boundary), eliminate them from 
c ••• intersection arrays, and flag the fractures for discarding. 
c 

include 'maxdim.blkf/list' 
include 'comfrc.blkf/list' 
include 'comfint.blkf/list' 
include 'comref.blkf/list~ 
common/nodes/newint(maxfrc) 

c equivalence (binte,inte1),(ibside,inside),(ibinte,inte2) 
c 
c 

c 

c 

ndiscd=O 
inst=ninb 
if1=iref(nfrac+1) 
i nkey (i f.l, 2) = i nte3 (1) +1 

15 net im::O 
do 90 nf=l,nfrac 
nfold=iref(nf) 
if (nf/ag(nfo/d) ./t. 0) go to 90 
ink=inkey(nfo/d,l) 
ibk=ibkey(nfo/d,l) 
inb=ink+ibk 
if (inb .ge. 2) go to 90 
nf/ag(nfold)=-1 
ndiscd=ndiscd+l 
if (inb .eq. 0) go to 90 
go to (20,70), ibk+l 

c.·. EI iminate the only intersection on fracture nf, inkey(nf,I)=1 
c 

20 nel im=nel im+l 
ient=inkey(nfo/d,2)-1 
nentr=inkey(nfo/d,l) 
do 22 i=l,nentr 

21 ient=ient+l 
i nf j= i nte3 (i ent) 
in=inst+infj 
if(inte2(l,in) .eq.O)goto 21 



c 

c 

if(inte2(1, in) .eq.nfold)then 
njold=inte2(2,in) 
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goto 23 
elseif(inte2(2,in).eq.nfold)then 

njold=inte2(1,in) 
goto 23 

endif 
22 continue 
23 continue 

inte2(1, in)=O 
inkey(njold,l)=inkey(njold,l)-l 
go to gO 

c ••• Eliminate the only boundary node on fracture nf, ibkey(nf,l)=l 
c ••• Note: intel=binte, inte2=ibinte, inside=ibside. 
c 

c 

c 

70 in=ibkey(nfold,2) 
inte2(1,in)=0 

gO continue 

c **. Recheck for non-conducting fractures if any fracture/fracture 
C *$. intersections were deleted. Eliminating one or more may result 
c ••• in others becoming non-conducting. 

if (nelim .gt. 0) go to 15 
c 
c adjust intersections arrays to reflect deletions 
c 
c boundary into 
c 

c 

c 

k=O 
do i=l,ninb 

if(inte2(1,i).ne.0)then 
k=k+1 
do 1.=1,2 
_ inside(1 ,k)=inside(l, i) 

inte2(I,k)=inte2(I,i) 
enddo 

do 1=1,6 
inte1(I,k)=inte1(1, i) 

end do 
new i nt ( i ) =k 

else 
newi nt(i )=0 

endif 
enddo 

ninb=k 

do i=l,nfrac 
i 0 I d= i ref (i) 
ib=ibkey(iold,2) 
ibkey(iold,2)=newint(ib) 

enddo 

c fracture intersections 
c 

k=inst 
do i=inst+1, inst+nint 

if(inte2(1,i).ne.O)then 



c 

c 

c 

c 

k=k+1 
do 1=1,2 

inside(I,k)=inside(I,i) 
inte2(I,k)=inte2(I, i) 

enddo 
do 1=1,6 

inte1(I,k)=inte1(I,i) 
enddo 

newint(i)=k-inst 
else 

newi nt( i )=0 
endif 

enddo 
nint=k 

ientry=inte3(1) 
do i=2, ientry 

intold=inte3(i)+inst 
inte3(i)=newint(intold) 

enddo 
100 return 

end 
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SUBROUTINE INTFRC (nf,dk,zplane,rf,nj,a,b,c,x,y,z,r, 
1 itole,xy,ntf) 

dimension xy(4,2),np(4) 

c ••• Given fracture circle nf with center (dk,O), radius rf, 
c ••• in zplane and sphere nj with center (x,y,z) and radius r, 
c ••• determine whether sphere nj intersects plane nf. If yes, 
c ••• determine circle or point of intersection, njp, with center 
c ••• (x,y,zplane) and radius rjp. If no, there is no 
c ••• intersection between fractures f and j. 
c 
c 

c 

c 

rjp2=r.r~(z-zplane) •• 2 
if (iround(rjp2,itole) .eq. 0) go to 15 
if (rjp2 .It. 0.0) go to 75 
rjp=sqrt(rjp2) 
go to 20 

15 rjp2=0.0 
rjp =0.0 

c ••• Determine the intersection, if any, between circle njp and 
c ••• line a x + b y + c = 0, this is the intersection of 
c ••• fracture circle nj with plane nf. 

20 cal I SIMULC(a,b,c,x,y,rjp,nrootj,x1,y1,x2,y2) 
go to (75,30,40),nrootj+1 

c 
c ••• There is only one point of intersection between circle nj 
c ••• and plane nf. If this point is inside circle nf store it 
c ••• in rows 3 and 4 of xy-array. 

30 dist2=(x-dk) •• 2+y.y 
if (iround«dist2-rfHf), itole) .gt. 0) go to 75 
xy(3,1)=x1 
xy(3,2)=y1 
xy(4,l)=x1 
xy(4,2)=y1 
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go to 70 
c 
c ••• Determine the intersection, if any, between fracture 
c ••• circle nf and line a x + by + c = O. 

c 

40 call SIMULC(a,b,c,dk,O.O,rf,nrootf,x3,y3,x4,y4) 
if (nrootf .eq. 0) go to 75 

c ••• set up point array for comseg 
xy (1, 1)=x1 

c 

c 

c 

c 

xy (1,2)=y1 
xy(2,1)=x2 
xy(2,2)=y2 
xy(3,1)=x3 
xy(3,2)=y3 
xy (4,1)=x4 
xy(4,2)=y4 
go to (42,46),nrootf 

42 call COMPT(xy,4,1,2,3,loc) 
if (Ioc .Ie. 0) go to 75 
go to 70 

46 do 48 i=1,4 
48 npC i)=i 

call COMSEG(xy,4,np,nn,3,ierr) 
if (ierr .eq. 0) go to 50 
write(2,150) nf,nj 
stop 

c ••• Store endpoints of intersection in rows 3 and 4 of xy-array. 
50 go to (75,55,60),nn+1 

c 

c 

c 

c 

c 

c 

55 npl=np(3) 
if (np1 .ne. 3) np1=4 
np2=7-np1 
xy(np2,1)=xy(np1,l) 
xy(np2,2)=xy(npl,2) 
go to 70 

60 if «np(3)+np(4» .eq. 7) go to 70 
npl=4 
if (np (3) . ne. 3) npl=3 
np2=2-np(1) 
xy(np1,l)=xy(np2,1) 
xy(np1,2)=xy(np2,2) 
if «np(l)+np(2» .ne. 3) go to 70 
xy (4,1)=xy (2,1) 
xy (4,2) =xy (2,2) 

70 ntf=1 
return 

75 ntf=2 
return 

150 format (lhO,32herror in comseg called by intfrc,/, 
1 lx,9hfractures,i5,4h and, is) 

end 



c 
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SUBROUTINE LOGDIS (k,n1,n2,dseed,ev,sd) 

c ••• This subroutine generates random variables distributed 
c ••• lognormal Iy with expected value ev and standard deviation 
c ... sd. 
c 
c ••• Step 1. sn = sum of 25 random variables distributed 

uniformly in (0,1) c ••• 
c ••• Step 2. 
c· ••• 

sn = (sn-12.5)/sqrt(25/12) is distributed 
normally with mean = 0 and standard deviation = 1 

exp(sd*sn+ev) is distributed lognormally with c ••• Step 3. 
c ••• mean = exp(ev).exp(sd.sd/2) and standard 
c ••• deviation = exp(sd.sd+2.ev).(exp(sd.sd)-1) 
c 
c 
c 

include 'maxdim.blkf/list' 
include 'comfrc.blkf/list' 
parameter (c=O.692820323) 

c ••• where c=1./sqrt(25./12.) 
c 

c 

c 

c 

c 

c 

a=alog(ev.ev+sd*sd) 
b=a log(ev) 

evn=2 .• b-0.5.a 
sdn=sqrt(a-2 .• b) 

do 120 i=n1,n2 
sn=O. 
do 110 j=1,25 

110 sn=sn+GGUBFS(dseed) 
sn=c.(sn-12.5) 

120 frac(k,i)=exp(sdn*sn+evn) 

return 

end 
SUBROUTINE NODELE (nfrac,nseg,nsegb) 

c ••• This subroutine makes up the nodal arrays from the boundary node 
c ••• and fracture intersection arrays. If the input value nseg is 
c ••• greater than one, each node is divided into nseg segments by 
c ••• subroutine nodseg. Each boundary node wi I I be divided 
c ••• into nsegb segments by subroutine nodseg. 
c 

include 'maxdim.blkf/list' 
include 'comfint.blkf/list' 
include 'comnod.blkf/list' 
include 'comref.blkf/list' 

c equivalence (inte1,binte),(inside,ibside),(inte2,ibinte) 
c 

c 

kin=2 
n1=1 
n2=0 
i last=O 

do 80 nf=l,nfrac 
nfold=iref(nf) 
nkey(nf,2)=kin 
nnf=O 
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c 
c ••• Boundary nodes 
c 

c 
c 
c 
c 
c 

c 

c 
c 

••• 
••• 
••• 
••• 

nbn=ibkey(nfold,l) 
if (nbn .eq. 0) go to 45 
k1=ibkey(nfold,2) 
k2:k1+nbn-1 
do 40 nbb=k1,k2 
nb:nbb 

Call sub. NODSEG to divide the node into 
in array node1, starting in location n1. 
side codes in nside. Note: inte1=binte, 
inside=ibside . 
call NODSEG (nb,nsegb,n1,n2,l) 

do 30 nn=n1,n2 
int=inte2(l,nb) 
node2(nn,1)=inew(int) 
int=inte2(2,nb) 
node2(nn,2)=inew(int) 
nnf=nnf+l 
node3(kin)=nn 
kin=kin+1 

30 continue 
n1=n2+1 
if (n1 .gt. maxnod) go to 90 

40 continue 

c ••• Fracture Intersections 
c 

c 

45 nif=inkey(nfold,1) 
if(nif.eq.O)goto 75 
k=inkey(nfold,2) 
icount=l 
nfold1=i~ef(nf+1) 
i i nt=-i nkey (nfo I d, 1) 
do wh i Ie (i count. Ie. i i nt) 

nin=inte3(k) 
if(nin.eq.O)goto 70 
icount=icount+l 
ni=inst+nin 
if (nin . Ie. ilast) go to 60 
ilast=nin 

nsegb pieces and store them 
Store the corresponding 

inte2=ibinte, 

c ••• Cal I sub. NODSEG to divide the intersection into nseg pieces 
c ••• and store them in array node1, starting in location n1. Store 
c ••• the corresponding side codes in nside. 

c 
cal I NODSEG (ni,nseg,nl,n2,2) 

do 50 nn=n1,n2 
i nt= i nte2 (I, n i ) 
node2(nn,1)=inew(int) 
int=inte2(2,ni) 
node2(nn,2)=inew(int) 
nnf=nnf+1 
node3(kin)=nn 
kin=kin+1 

50 continue 



c 

n1=n2+1 
if (n1 .gt. maxnod) go to 90 
go to 70 
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c ••• Intersection nin between fractures nf and nj has already been 
c ••• divided and stored. Find the nodes and enter them in node3. 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

60 njold=inte2(l,ni) 
nj=inew(njold) 
j l=nkey (nj ,2) 
j2=j1+nkey(nj,l)-1 

do 65 j = j I, j 2 
nn=node3(j) 
if (node2(nn,2) .ne. nf) go to 65 
nnf=nnf+1 
node3(kin)=nn 
kin=kin+1 

65 continue 

70 k=k+1 
enddo 

75 nkey(nf,l)=nnf 

80 continue 

nnode=n2 
node3(1)=kin-1 

return 

90 write(2,110) n2,maxnod 
stop 

110 format (lhO,10hError Stop,/,lx,16hNumber of nodes"i5, 
1 28h, exceeds maximum dimension"i5) 

end 
SUBROUTINE NODSEG (n,nseg,n1,n2,iopt) 

c ••• This subroutine finds the line segment determined by 
c ••• inte1(n, i), (i=1,6), and divides it into nseg segments. 
c .*. The endpoints of these segments are stored in array node1, 
c * •• rows n1 through n2, and the corresponding side codes are 
c .*. stored in nside. If iopt = 1, the line segments are boundary 
c .** nodes. If iopt = 2, they are fracture intersections. 
c 

c 

c 

parameter (dmin=0.0025) 
include 'maxdim.blkf/list' 
include 'comfint.blkf/list' 
include 'comnod.blkf/I ist' 

ns=nseg 
if (ns .eq. 1) go to 25 
dist=O. 
do 20 i=1,3 
dist=dist+(inte1(i+3,n)-inte1(i,n»**2 

20 continue 
if (dist . It. dmin) ns=l 
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c ••• Store p1 and p2 

c 

c 

25 n2=n1+ns-1 
do 30 i=1,3 
node1(n1, i)=inte1(i,n) 
node1(n2, i+3)=inte1(i+3,n) 

30 continue 

if (ns .eq. 1) go to 50 
nn:n1 
seg=rea I (nseg) 
do 40 i=1,nseg-1 
nn1=nn+1 
rl=rea I (i) 
r2=rea I (nseg- i ) 
do 35 j=l,3 
k=j+3 
nodel(nn,k)=(intel(j,n).r2+intel(k,n).rl)/seg 
nodel(nnl,j)=nodel(nn,k) 

35 continue 
nn=nn+l 

40 continue 

c ••• Store Side Codes 
c 

50 go to (55,65),iopt 
c 
c ••• Boundary node side codes 

55 do 60 nn=nl,n2 
nside(nn,l)=inside(l,n) 

60 nside(nn,2)=inside(2,n) 
go to 80 

c 
co •• Fracture intersection side codes 

c 

c 

c 

65 nside(n1,1)=inside(l,n) 
nside(n2,2):inside(2,n) 
if (ns .eq. 1) go to 80 
do 70 nn:n1,n2-1 
nside(nn,2):0 
nside(nn+l,1):0 

70 continue 

80 return 

end 
SUBROUTINE NORD IS (k,n1,n2,dseed,ev,sd) 

c ••• This subroutine generates random variables distributed 
c ••• normally with expected value ev and standard deviation sd. 
c 
c ... Step 1. 
c "''''. 
c ...... Step 2. 
c .(1. 
C ",u Step 3. c.·. 
c 

sn = sum of 25 random variables distributed uniformly 
In (0,1), 
sn = (sn-12.5)/sqrt(25/12) is distributed normally 
with mean = 0 and standard deviation: 1, 
sd.sn+ev is distributed normally with mean ev and 
standard deviation sd. 

include'maxdim.blkf/list' 
include 'comfrc.blkf/list' 
real.8 dseed 
parameter (c=0.692820323) 
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c ••• where c=1./sqrt(25./12.) 
c 

c 

c 

c 

do 120 i=n1,n2 
sn=O. 
do 110 j=l,25 

110 sn=sn+GGUBFS(dseed) 
sn=c*(sn-12.5) 

120 frac(k,i)=sd.sn+ev 

return 

end 
SUBROUTINE NORDIS1 (k,n1,n2,dseed,ycept,slope,sd) 

c ••• This subroutine generates random variables distributed 
c ••• normally with expected value ev and standard deviation sd, 
c ••• where ev is proportional to the logarithm of another 
c ••• parameter. 
c 
c ••• 
c ••• 
c ••• 
c ••• 

Step 1. 

Step 2. 

sn = sum of 25 random variables distributed uniformly 
in (0,1), 
sn = (sn-12.5)/sqrt(25/12) is distributed normally, 
with mean = 0 and standard deviation = 1, 

c ••• Step. 3 sd.sn+ev is distributed normally with mean ev and 
standard deviation sd, where ev is proportional c ••• 

c ••• to the logarithm of another parameter, 
c ••• Step 4. The value of sd.sn+ev is set so that it is never 

less than a minimum value. c ••• 

c 
c 

include 'maxdim.blkf/list' 
include 'comfrc.blkf/list' 
real.a dseed 
parameter (c=0.692820323,emin=1.e-4) 

c ••• where c=1./sqrt(25./12.) 
c 

c 

c 

c 
c 

do 120 i'=n1,n2 
sn=O. 
do 110 j=l, 25 

110 sn=sn+GGUBFS(dseed) 
sn=c.(sn-12.5) 
fl=frac(3, i) 
ev=ycept+slope*alog10(fl) 
frac(k, i)=sd*sn+ev 
if (frac(k,i). It.emin) frac(k,i)=emin 

120 continue 

return 

end 
SUBROUTINE OVRLAP (nf rac, i to Ie, dseed) 

c ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
c 
c This subroutine searches for fractures which lie in the 
c same pla~e and have centers and radii such that the 
c circles overlap. When two such fractures are found, they 
c are combined to form one circular fracture with an area 
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c equal to the combined areas and with center coordinates 
c averaged between the two original fracture centers. The 
c apertures are either averaged or, if idist=4, NORDIS1 is 
c called to determine the aperture based on the new radius. 
c 

c 

c 

c 

c 

include 'maxdim.blkf/list' 
include 'comsubi .blkf/I ist' 
include 'comfrc.blkf/list' 
include 'comset.blkf/list' 
include 'comref.blkf/list' 
real$8 dseed 
parameter (pi=3.141592654,cube=0.3333333333) 

toler = 10 .•• itole 

nfdel=O 
100 idel=l 

n1=1 
do 200 k=l,nsets 
n2=iseti(k,2)+n1-1 
if (n2.eq.nfrac) n2=nfrac-1 

do 190 i=n1,n2 

c ••• If fracture i was flagged for deletion go to next fracture. 
if (frac(1,i).gt.1000.) go to 190 

c 
c look only at fractures in same cubes as 
c 
c loop over cubes intersected by I 

c 

do 180 ientc=icubk(i),icubk(i+1)-1 
ic=icub(ientc) 

c loop over fractures intersecting cube IC 

c 

c 

do 180 ientf=ifcuk(ic),ifcuk(ic+l)-l 
j=ifcu(i~ntf) 
ifU.le.i)goto 180 

c ••• If fracture j was flagged for deletion go to next fracture. 
if (frac(l,j) .gt.1000.) go to 180 

c 
c ••• 00 fractures i and j lie in the same plane? 

do 120 n=9,12 

c 

diff = abs(frac(n,i)-frac(n,j» 
idiff = int(diff.toler) 
if (idiff.gt.O) go to 180 

120 continue 

c·.· Fractures i and j lie in the same plane. 
c ••• Do they overlap? 

c 

dist=O. 
do 130 n=5,7 

130 dist=dist + (frac(n,j)-frac(n,i» •• 2 
dist=sqrt(dist)-(O.5/toler) 
if (dist.gt.frac(3,j)+frac(3,i» go to 180 

c ••• Fractures i and j overlap. Combine to form one fracture. 
frac(8,i)=frac(8,i)+frac(8,j) 



c 
c 

c 

c 

c 

c 

••• 
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frace3, i)=sqrt(frac(8,i)/pi) 
fraceS, i)=(frac(S,j)+frac(S, i»/2. 
frac (6, i )=(frac (6,j) +frac (6, i» /2. 
frac {7, i )=(frac (7 ,j) +frac (7, i» /2. 
if(iseti (k,8) .eq.4)then 

ycept=rseti{k,10) 
ev=rset i (k, 11) 
sd=rset i (k, 12) 
cal I NORDIS1(4,i,i,dseed,ycept,ev,sd) 

else 
frac{4,i)=(0.S.(frac(4,j) •• 3 

+ frac{4,i) •• 3» •• cube 
endif 

Flag fracture j for deletion. 
160 frac(1,j)=1001. 

nfdel=nfdel+1 
idel=2 

180 continue 

190 continue 
n1=n2+1 

200 continue 
if ( i de I . eq . 2) go to 100 

c ••• Delete fractures which have been flagged. 
c 

c 

c 

c 

c 

c 

c 
c 

if (nfdel.eq.O) go to 310 
nf=O 
n1=1 
dok=l,nsets 

nfps=O 
n2=iseti (k,2)+n1-1 

doi=n1,n2 
i i=iref(i) 
if{frac(1,i).le.1000.)then 

nf=nf+1 
nfps=nfps+1 
iref(nf)=i i 
inew(i i)=nf 

else 
i new( i i )=0 

endif 
enddo 

i set i (k, 2) =nf ps 
nl=n2+1 

enddo 

nfrac=nf 
310 write(2,400) nfdel, nfrac 

return 

400 format{lhO,' the number of overlapping fractures is',i6,//, 
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1 the number of fractures is now',i6) 
c 

end 
SUBROUTINE PFS (nfrac,nflow, iray,idate,rgene,ncall) 

c 
c *** Calculate and print fracture statistics foe each set 
c 
c 

c 

include'maxdim.blkf/list' 
include 'comfrc.blkf/list' 
include 'comset.blkf/list' 
include 'comflo.blkf/list' 
include 'comref.blkf/list' 
parameter (pi=3.14159) 
dimension value(6),sumii(maxset,6),eval(maxset,6), 

sumij(maxset),kpar(3),npar(2,6),ndist(2,5), 
irkey(6),sdev(maxset,6),slope(maxset), 
ycept(maxset),cova(maxset),corc(maxset), 
i trnc (maxset) 

character idate$9,iray*7 
data kpar/2,5,6/ 
data irkey/l,4,7,14,14,lO/ 
data npar/4hphi ,4h ,4hthet,4ha ,4hradi,4hus ,4harea, 

1 4h 1 ,4harea,4h 2 ,4haper,4hture/ 
data ndist/4hnorm,4hal ,4hlogn,4horm.,4hexpo,4hn. 

1 4hnorm,4hal 1,4hunif,4horm / 

c write titles 
c 

c 

write(2,2010)iray,idate 
i f (ncal I . eq . 1) then 

write(2,2020)rgene 
else 

if(ncall.eq.2)then 
write(2,2030)nflow 

elseif(ncall.eq.3)then 
write(2,2040)nflow 

endif 
write(2,2050)xmesh,ymesh,zmesh 
write(2,2060)rophi,rothe 

endif 

c call STATOR to do simple statistics on orientation 
c 

call STATOR(nfrac,eval,sdev) 
c 
c initialise statistical parameters 
c 

ion=O 
do iset=1,nsets 

do ipar=3,6 
eval(iset,ipar)=O. 
sdev(iset,ipar)=O. 
sumi i(iset,ipar)=O. 

enddo 
if(iseti(i,8) .eq.4)then 

ion=1 
sumij(iset)=O. 
corc(iset)=O. 
cova(iset)=O. 



c 

c 

ycept (i set) =0 . 
s lope (i set) =0. 

endif 
iseti(iset,2)=0 
itrnc(iset)=O 

enddo 

if(ncall.eq.l)then 
volume=(4./3.).pi.rgene •• 3 

else 
volume=xmesh.ymesh.zmesh 

endif 
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c do loop over the fractures 
c 

c 

do ifrac=l,nfrac 
ifold=iref(ifrac) 
iset=isetfr(ifold) 

c set up the value array: 
c 
c 
c 
c 
c 
c 
c 
c 

c 

c 

1 phi 
2 theta 
3 radius 
4 area (complete fractures) 
5 area (truncations taken into account) 
6 aperture 

value(l)=frac(l,ifold) 
value(2)=frac(2,ifold) 
value(3)=frac(3,ifold) 
value(4)=pi.frac(3,ifold).frac(3,ifold) 
value(5)=frac(8,ifold) 
value(6)=frac(4,ifold) 

doipar=3,6 
eval. (iset, ipar)=eval (iset, ipar)+value(ipar) 
sumii(iset, ipar)=sumi i (iset,ipar)+value(ipar) •• 2 

enddo 
if(iseti (iset,8) .eq.4) 

sumij(iset)=sumij(iset)+value(3)*value(6) 
iseti(iset,2)=iseti (iset,2)+1 
if(nflag(ifold) .gt.O)itrnc(iset)=itrnc(iset)+l 

enddo 

c calculate parameters 
c 

do iset=l,nsets 
if(iseti (iset,2) .gt.l)then 

setsiz=float(iseti (iset,2» 
rset i (i set, 13) =sets i z/vo I um'e 
do ipar=3,6 

eval (iset, ipar)=eval (iset, ipar)/setsiz 
var=sumi i (iset, ipar)/setsiz-eval(iset, ipar)**2 
sdev(iset, ipar)=sqrt(abs(var» 

enddo 
if(iseti (iset,8) .eq.4)then 

cova(iset)=sumij (iset)/setsiz-eval (iset,3)*eval (iset,6) 
sde36=sdev(iset,3)*sdev(iset,6) 
corc(iset)=cova(iset)/sde36 



c 
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slope(iset)=cova(iset)/sdev(iset,3) •• 2 
ycept(iset)=evaI (iset,6)-slope(iset).eval (iset,3) 

endif 
endif 

enddo 

c write results 
c 
c densities 
c 

c 

if(ncall.eq.1)then 
write(2,2070) 

else 
write(2,2075) 

endif 
itrnct=O 
do i=1,nsets 

write(2,2080) i, iseti (i ,2), itrnc(i) ,rseti (i ,13) 
itrnct=itrnct+itrnc(i) 

enddo 
denst=float(nfrac)/volume 
write(2,2090)nfrac,itrnct,denst 

c loop over parameter types (orientation, size, and aperture) 
c 

nparI=1 
do ktype=1,3 

c 
c set index for iseti 
c 

c 
c write heading depending on ktype 
c 

c 

if(ktype.eq.1)then 
write(2,2100) 

elseif(ktype.eq.2)then 
WI" i te (2,2110) 

elseif(ktype.eq.3)then 
write(2,2I20) 

endif 
if(ion.eq.0.or.ktype.ne.3)then 

write(2,2130) 
else 
write(2,2140) 

endif 

c loop over sets and over parameters within type 
c 

do iset=1,nsets 
if(iseti(iset,2).ne.0)then 

write(2,21S0) 
ichar=iseti (iset,1 iset) 
idist=iseti(iset,liset+1) 
do ipar=npar1,kpar(ktype) 

i rs=i rkey (i par) 
if(idist.eq.4)then 

write(2,2160)iset, iseti(iset,2), 
cova(iset),corc(iset), 
rseti(iset,irs+1),rseti(iset,irs), 
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slope(iset),ycept(iset) 
else 

if(ichar.eq.1)then 
write(2,2l70)iset, iseti (iset,2), 

rseti (iset,irs+1),rseti(iset,irs+2), 
eval (iset, ipar),sdev(iset, ipar), 
npar(1,ipar),npar(2,ipar) 

elseif(ichar.eq.2)then 
if(ipar.eq.5)then 

write(2,21S0)iset, iseti(iset,2), 
rseti(iset, irs), 
eval(iset,ipar),sdev(iset,ipar), 
npar(l, ipar),npar(2,ipar) 

else 
write(2,2l90)iset, iseti (iset,2), 

rseti(iset, irs), 
npar(l, ipar),npar(2,ipar) 

endif 
elseif(ichar.eq.3)then 
write(2,2200)iset,iseti (iset,2), 

ndist(l, idist),ndist(2,idist), 
rseti (iset, irs+l) ,rseti (iset, i rs+2), 
eval (iset,ipar),sdev(iset, ipar), 
npar(1,ipar),npar(2,ipar) 

c 

endif 
endif 

enddo 
endif 

enddo 
nparl=kpar(ktype)+l 

enddo 
return 

2010 format (lh1,a7,5h --- ,a9) 
2020 formate 'OFRACTURE STATISTICS " 

"AT THE END OF THE GENERATION STAGE' III 
, '. radius of generation region: ' ,f6.21) 

2030 format('OFRACTURE STATISTICS IN FLOW REGION NUMBER ' 
'i2/' BEFORE DISCARDING ANY FRACTURE'/) 

2040 format('OFRACTURE STATISTICS IN FLOW REGION NUMBER' 
'i2/' AFTER DISCARDING NON-CONDUCTING FRACTURES 'I) 

2050 format('Osize of flow region: ',f6.2,2(' by ',f6.2» 
2060 formate' rotation angles: ',f6.2,' and ',f6.2/) 
2070 format('Oset number of number ' 

, , dens i ty of ' I , , 
" fractures') 

2075 format('Oset 
, , dens i ty of ' I 

" fractures') 

fractures truncated 

number of boundary 

fractures fractures 

2080 format(lhO,i2,8x, i6,9x, i6,7x,1pe10.4) 
2090 format('Ototal ',i6,9x,i6,7x,lpe10.4) 
2100 format(II' fracture orientation angles phi and theta') 
2110 format(II' fracture radius; fracture area 1) before' 

'truncation 2) after truncation') 
2120 format(II' fracture aperture') 
2130 format('Oset no. of meth. of const. 

, 'ev sd 
frac. gen. 

ev 
value 

type of 
sd 

dist. 

, 
parameter 'I 



c 

c 
c 
c 
c 
c 
c 

c 

c 

c 

c 

c 

c 
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"original original computed computed') 
2140 formate' -- correlation between radius and aperture' ,II, 

correl. l/n,' , , set no. of meth. of covarl 
" c lIn c'l 
26x,12hfrac gen.,6x,5hance ,5x,6hcoef. , 
32(3x,Shoriginal),lx,2(2x,Shcomputed» 

2150 format(lhO) 
2160 format(1h ,i2,3x,i5,2x,9hgenerated,lx,eS.3el,2x,f7.4, 

1 4(2x,eS.3el» 
2170 format(lh ,i2,3x,i5,2x,7hread in,20x,2(lpe12.4),2x, 

1 2(lpe12.4),2x,2a4) 
21S0 format(lh ,i2,3x,i5,2x,6hset to,2x,lpe12.4,30x, 

J 2(lpe12.4),2x,2a4) 
2190 format(lh ,i2,3x,i5,2x,6hset to,2x,lpe12.4,54x,2a4) 
2200 format(lh ,i2,3x,i5,2x,9hgenerated,10x,2a4,2(lpe12.4), 

••• 
••• 
••• 
••• 

1 2x,2(lpe12.4),2x,2a4) 

end 
SUBROUTINE RANCEN (nl,n2,dseed,rgene,itole) 

This subroutine generates random fracture centers, 
(x,y,z), within a spherical generation region 
defined by it's radius, rgene. The centers are 
stored in frac(5,i), (6,i), and (7,i). 

include'maxdim.blkf/list' 
include 'comfrc.blkf/list' 
real.S dseed 

toler=lO .•• itole 
rt=2.0.rgene.toler 
rgsq=rgene.rgene 

do 50 i=nl,n2 
10 x=(float(int(rt.GGUBFS(dseed»)/toler) - rgene 

y=(float(int(rt.GGUBFS(dseed»)/toler) - rgene 
z:(float(int(rt*GGUBFS(dseed»)/toler) - rgene 

rsq = x.x + y.y + z.z 
if (rsq .gt. rgsq) go to 10 
frac(5,i)=x 
frac(6,i)=y 
frac(7,i)=z 

50 continue 

return 

end 
SUBROUTINE RFLOFRC (frcoef,rotf,zplane,flcoef) 

c 
c ••• This subroutine rotates the coefficients of the 
c *.* flow region boundary plane equations from the 
c .$* global-XYZ system to a system convenient to the 
c ••• fracture being investigated, represented by the 
c .*. rotation matrix rotf, then substitutes zplane for 
c .*. z in the equations to get the coefficients of the 
c ••• equations of the lines of intersection between the 
c ••• boundary planes and the fracture plane. The result 
c * •• is returned in array flcoef. 



c 

c 

c 

c 

11 3 

dimension frcoef(6,4),rotf(3,3),flcoef(6,4) 

do 120 i=l,6 

do 100 j=l,3 
f I coef ( i , j ) =0 . 

do 100 k=l,3 
flcoef(i,j)=flcoef(i,j)+frcoef(i,k).rotf(k,j) 

100 continue 
c 

flcoef(i,3)=flcoef(i,3).zplane+frcoef(i,4) 
flcoef(i,4)=frcoef(i,4) 

120 continue 
c 

c 

c 
c 
c 
c 
c 
c 

c 
c 

••• 
••• 
••• 
••• 

return 

end 
SUBROUTINE RFRCGLO(isiz1,isiz2,xyz,k1,k2,rotf,inv) 

This subroutine transforms coordinates from the local 
fracture system to the global XVZ coordinate system 
or viceversa according to inv = 1 or 2, respectively, 
using the rotation matrix rotf . 

dimension xyz(isiz1,isiz2),rotf(3,3) 
dimension txyz(6),rot(3,3) 

c ••• Rotate from fracture coord. to global coord. 
if(inv.eq.1)then 

c 
c ••• 
c 

c 

c 

do i=l,3 
do j=l,3 

rot(i ,j)=rotf(i ,j) 
enddo 

enddo 
elseif(inv.eq.2)then 

Rotate from global coord. to fracture coord. 

do i=l,3 
do j=l,3 

rot (i , j) =rotf (j , i) 
enddo 

enddo 
endif 

do k=kl,k2 
j=O 

do j1=l,2 
njl=3.j1-3 
do i1=1,3 

j=j +1 
txyz (j) =0. 0 
nj=nj1 
do i2=1,3 

nj=nj+l 
txyz(j)=txyz(j)+rot(i1,i2).xyz(nj,k) 



c 

c 

c 

c 

c 

enddo 
enddo 

end do 

do n=1,6 
xyz(n,k)=txyz(n) 

enddo 

enddo 

100 return 

end 
SUBROUTINE ROFLOW (i side, f rcoef) 
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c ••• This subroutine computes the coefficients of the equations 
c ••• of the flow region boundary planes and stores them in the 
c ••• array frcoef(6,4). Matrix rot contains the rotation matrix 
c ••• and the axes intercepts. 
c 

c 

c 

c 

parameter (pi180=0.0174532925) 
include 'comflo.blkf/list' 
dimension frcoef(6,4),iside(3,2),rot(3,4) 

iflag=O 
if (rophi .It. 0.001 .and. rothe .It. 0.001) go to 100 
iflag=l 

phi=rophi.pi180 
theta:rothe.pi180 

c ••• Cenerate rotation matrix 
c 

c 

rot(l,l)=cos(phi).cos(theta) 
rot(1,2)=-cos(phi).sin(theta) 
rot(1,3)=-sin(phi) 
rot(2,1)~sin(theta) 
rot(2,2)=cos(theta) 
rot(2,3)=0. 
rot(3,1)=sin(phi).cos(theta) 
rot(3,2)=-sin(phi).sin(theta) 
rot(3,3)=cos(phi) 

100 rot(1,4)=xmesh/2. 
rot(2,4)=ymesh/2. 
rot(3,4)=zmesh/2. 
if (iflag.eq.l) go to 120 

c ••• Cenerate matrix without rotation 
c 

c 

do 115 j=1,3 
do 110 k=1,3 

110 rot(j ,k)=O. 
rot(j ,j)=l. 

115 continue 

c ••• Fi I I coefficient array 
c 

120 do 140 j=1,3 
11=iside(j,1) 
I 2= i side (j ,2) 



c 

c 

do 130 k=l,4 
frcoef(11,k)=rot(j,k) 
frcoef(12,k)=rot(j,k) 

130 continue 
frcoef(11,4)=-frcoef(12,4) 

140 continue 

return 

end 
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SUBROUTINE ROFRAC (ifold,rotf,zplane,dk) 
c 
c *** This subroutine computes the matrix of rotation, 
c *** rotf, from the global-XVZ coordinate system to a 
c *** system convenient to the plane of fracture ifold. 
c *** The fracture plane and center are simplified to 
c *** z=-d and (dk,O,-d), respectively. 
c 

c 
c 

parameter (pi180=0.0174532925) 
include 'maxdim.blkf/list' 
include 'comfrc.blkf/list' 
dimension rotf(3,3) 

c *** Transfer coefficients a,b,c,d 
do 100 i=l,3 

c 

100 rotf(i ,3)=frac(i+8, ifold) 
d=frac(12,ifold) 

c *** Compute 11,12,13 
dk=O. 

c 

c 

do 110 i=l,3 
rotf(i,l)=frac(i+4, ifold)+rotf(i,3)*d 

110 dk=dk+rotf(i,l)**2 
dk=sqrt(dk) 
if ( dk .It. 0.005 ) go to 140 

do 120 i=l,3 
120 rotf(i,l)=rotf(i,l)/dk 

c ••• Compute m1,m2,m3 
do 130 i=1,3 

c 

c 

c 

j=i +2 
if (j. gt. 3) j =mod (j, 3) 
k=6-i-j 

130 rotf(i,2)=rotf(j,1).rotf(k,3)-rotf(k,1).rotf(j,3) 
go to 200 

140 dk=O.O 
phi=frac(1, ifold).pi180 
theta=frac(2, ifold).pi180 
rotf(1,1)= cos(phi).cos(theta) 
rotf(2,1)=-cos(phi).sin(theta) 
rotf(3,1)=-sin(phi) 
rotf(1,2)= sin(theta) 
rotf(2,2)= cos(theta) 
rotf(3,2)= 0.0 

200 zplane=-d 



c 

c 
c 
c 
C 

C 

C 

C 

C 

C 

c 

c 

c 

c 

c 

••• 
••• 
•• II! 

••• 
••• 
••• 
••• 
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return 

end 
SUBROUTINE ROJTOF (jfold,rotf,zplane,a,b,c,d,x,y,z) 

This subroutine rotates the coefficients of the equation 
of fracture plane jfold and the center point of fracture jfold 
from the global-XYZ system to a system convenient to the 
fracture being investigated ,nf, represented by the rotation 
matrix rotf. The I ine of intersection between planes jfold and 
nf is then found by substituting the plane of fracture nf 
(zplane) in the equation of plane jfold . 

include'maxdim.blkf/list' 
include 'comfrc.blkf/list' 
dimension rotf(3,3) 
dimension coefj(3),xyz(3) 

do 20 i=l,3 
coefj (i)=O. 
xyz(i)=O. 
do 20 j=1,3 
coefj (i)=coefj (i)+frac(j+8,jfold)*fotf(j, i) 
xyz (i )=xyz (i) +frac 0+4, jfold) .rotf 0, i) 

20 continue 

a=coef j (1) 
b=coefj(2) 
c=coefj(3).zplane+frac(12,jfold) 
d=frac(12,jfold) 
x=xyz (1) 
y=)(yz (2) 
z=xyz (3) 

return 

end 
SUBROUTINE SIMULC(a,b,c,xc,yc,r,nroots,xl,yl,x2,y2) 

c ••• Determine points of intersection, (xl,y1) and (x2,y2), 
c ••• of the given line, ax+by+c=O, and the given circle, 
c ••• (x-xc) •• 2+(y-yc) •• 2=r •• 2. Let nroots equal the number of 
c ••• points of intersection, i.e. 0,1 or 2. 
c 

parameter (rmin=0.005,radmin=O.0005) 
c 
c ••• If r equals 0 this is a point circle 

if (r .gt. rmin) go to 15 

c 

c 

if (abs(a.xc + b.yc + c) .It. rmin) go to 10 
nroots=O 
go to 100 

10 nroots=1 
x1=xc 
y1=yc 
x2=xc 
y2=yc 
go to 100 

15 if ( abs(b) . It. abs(a) ) go to 50 



c 
c 
c 

c 

c 

c 

c 
c 
c 

c 

c 

c 

c 
c 

c 

c 
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••• Solve quadratic for xl and x2 

bsq=b.b 
AQ=a.a+bsq 
BQ=2 .• (a.c + a.b.yc - bsq.xc) 
CQ=bsq.(xc.xc-r.r) + (c+b.yc) •• 2 
rad=BQ.BQ-4 .• AQ.CQ 
radnorm=rad/AQ 
if (radnorm .It. -radmin) go to 
if (radnorm .gt. radmi n) go to 
rad=O. 
nroots=l 
go to 3S 

20 nroots=O 
go to 100 

30 rad=sqrt(rad) 
nroots=2 

35 xl=O.S.(-BQ+rad)/AQ 
x2=0.S.(-BQ-rad)/AQ 
yl=-(a.xl+c)/b 
y2=-(a.x2+c)/b 
go to 100 

••• Solve quadratic for yl and y2 

50 asq=a.a 
AQ=asq+b.b 
BQ=2.0.(b.c + b.a.xc - asq.yc) 
CQ=asq.(yc.yc-r.r) + (c+a.xc) •• 2 
rad=8Q.BQ-4 .• AQ.CQ 
radnorm=rad/AQ 

20 
30 

if (radnprm .It. -radmin) go to 70 
if (radnorm .gt. radmin) go to 80 
rad=O.O 
nroots=l 
go to 85 

70 nroots=O 
go to 100 

80 rad=sqrt(rad) 
nroots=2 

85 yl=0.5.(-BQ+rad)/AQ 
y2=0.S.(-8Q-rad)/AQ 
xl=-(b.yl+c)/a 
x2=-(b.y2+c)/a 

100 return 

end 
SUBROUTINE SIMULL (al,bl,c1,a2,b2,c2,x,y,npara) 

c ••• Solve the simultaneous equations of I ines with 
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c *** coefficients a1,b1,c1 and a2,b2,c2. 
c 

det=ahb2-a2*b1 
c 
c *** If det is less than 5*10**-6, call it zero 

if (abs(det) .It. 0.000005 ) go to 20 
c 

c 

c 

c 
c 

c 

npara=1 
x=(bl*c2-b2*cl)/det 
y=(a2*cl-al*c2)/det 
return 

20 npara=2 
return 

end 

subroutine STATOR(nfrac,eval,sdev) 

c basic statistics for orientation distributions 
c 
c 
c 

c 

c 

include'maxdim.blkf/list' 
include 'comfrc.blkf/list' 
include 'comset.blkf/list' 
include 'comref.blkf/list' 

dimension vecg(maxset,3) ,xyz(maxset,3), vecm(maxset,3), 
'eval(maxset,6),sdev(maxset,6),angmax(maxset) 
pi=3.1415927 

c initialise with guess at mean, and zero initial vector 
c 

c 

do iset=l,nsets 
if(iseti (iset,3).eq.2)then 

phg=rseti(iset,l) 
thg=rseti(iset,4) 

else 
phg=rseti (iset,2) 
thg=rseti (iset,5) 

endif 
phg=phg*pi/180. 
thg=thg*pi/180. 
vecg(iset,1)=sin(phg)*cos(thg) 
vecg(iset,2)=-sin(phg)*sin(thg) 
vecg(iset,3)=cos(phg) 
angmax(iset)=O. 
do i=1,3 

vecm( i set, i )=0. 
enddo 

enddo 

do ifrac=1,nfrac 
ifold=iref(ifrac) 
iset=isetfr(ifold) 
if(iset.ne.O)then 

phi=frac(1, ifold)*pi/180. 
theta=frac(2,ifold)*pi/180. 



c 
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xyz(iset,1)=sin(phi)*cos(theta) 
xyz(iset,2)=-sin(phi)*sin(theta) 
xyz(iset,3)=cos(phi) 
si=O. 
do i=1,3 

si=si+xyz(iset,i)*vecg(iset,i) 
enddo 

is=1 
if(si.le.O.)then 

is=-l 
si=-si 

endif 
do i=1,3 

vecm(i set, i )=vecm(i set, i) + i s*xyz (i set, i) 
enddo 

ang=acos(si) 
angmax(iset)=amaxl(ang,angmax(iset» 

endif 
enddo 

c calculate mean and angular deviation 
c 

c 

do iset=l,nsets 
if(iseti(iset,2) .eq.O)then 

eval (iset,l)=O. 
eval(iset,2)=O. 
sdev(iset,l)=O. 
sdev(iset,2)=O. 
goto 100 

endif 
setsiz=float(iseti(iset,2» 
vecsiz=O. 
do i=1,3 

vecsiz=vecsiz+vecm(iset, i)*vecm(iset, i) 
enddo 

vecsiz=sqrt(vecsiz) 
sdev(iset,1)=1.-(vecsiz/setsiz) 
sdev(iset,2)=sdev(iset,1) 
if(vecm(iset,3).lt.0)vecsiz=-vecsiz 
do i=1,3 

vecm(iset,i)=vecm(iset,i)/vecsiz 
enddo 

a=vecm (i set, 3) 
eval (iset,1)=acos(a) 
if(vecm(iset,3). Ie .. 999)then 

a=1.-a*a 
a=vecm(iset,1)/sqrt(a) 
a=abs(a) 
eval (iset,2)=acos(a) 
if(vecm(iset,1) .It.O.)eval (iset,2)=pi-eval (iset,2) 
if(vecm(iset,2) .gt.O.)eval (iset,2)=2*pi-eval(iset,2) 

else 
eval (iset,1)=0. 
eval (iset,2)=0. 

endif 

c check if angles are not too spread 
c 

a=O. 
do i=1,3 



c 
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a=a+vecg(iset, i).vecm(iset, i) 
enddo 

a=abs (a) 
ang=acos(a) 
ang=ang+angmax(iset) 
if(ang.ge.pi/2.)write(2,2010)iset 

c convert back to degrees 
c 

c 
c 

c 

do i=1,2 
eval(iset,i)=eval(iset,i).180./pi 

enddo 
100 continue 

enddo 
return 

2010 format(' , , 
end 

statistical calculations on orientation for set ',i2, 
may be off ') 

SUBROUTINE STAT2D(nfrac,nflow) 

c calculate and print statistics on the traces 
c of the fractures on the sides of the flow 
c region. 
c 

c 

include 'maxdim.blkf/list' 
include 'comfrc.blkf/list' 
include 'comset.blkf/list' 
include 'comflo.blkf/list' 
include 'comfint.blkf/list' 
include 'comref.blkf/list' 

c equivalence (intel,binte),(inside,ibside),(inte2,ibinte) 
c 

dimension eval(maxset,6),sumii (maxset,6),nbin(maxset,6), 
, . eV(3) ,num(3) ,sd(3) ,kpar(3,3) 
data kpar/l,3,4h 1+3,2,4,4h 2+4,5,6,4h 5+6/ 

c 
c write heading 
c 

write(2,2010)nflow 
c 
c initialise statistical parameters 
c 

c 

do iside=1,6 
do iset=l,nsets 

eval(iset,iside)=O. 
sumi i(iset,iside)=O. 
nbin(iset,iside)=O 

enddo 
enddo 

c loop over fractures 
c 

do ifrac=l,nfracb 
ifold=iref(ifrac) 
int1=ibkey(ifold,2) 
int2=int1+ibkey(ifold,1)-1 
do int=intl, int2 



c 

iset=isetfr(ifold) 
iside=-inte2(2, int) 
alen=O. 
do i=1,3 
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alen=alen+(intel(i+3, int)-intel(i, int» •• 2 
enddo 

alen=sqrt(alen) 
eval (iset,iside)=eval (iset,iside)+alen 
sumii(iset,iside)=sumi i(iset,iside)+alen •• 2 
nbin(iset,iside)=nbin(iset,iside)+l 

enddo 
enddo 

c calculate parameters and print results 
c 

c 
c 
c 

c 

write(2,2020) 
do iset=l,nsets 

write(2,2030) 
do ior=1,3 

do k=1,3 
ev(k)=O. 
sd(k)=O. 
num(k)=O 

enddo 
do k=1,2 

iside=kpar(k,ior) 
num(k)=nbin(iset,iside) 
if(num(k).ge.l)then 

sidsiz=float(num(k» 
ev(k)=eval(iset,iside)/sidsiz 
sd(k)=sumii(iset,iside)/sidsiz 

-ev(k) .. 2 
sd(k)=sqrt(abs(sd(k») 

endif 
ev(3)=ev(3)+eval (iset, iside) 
sd(3)=sd(3)+sumii(iset,iside) 
num(3)=num(3)+num(k) 

enddo 
if(num(3) .ge.l)then 

sidsiz=float(num(3» 
ev(3)=ev(3)/sidsiz 
sd(3)=sd(3)/sidsiz-ev(3) •• 2 
sd(3)=sqrt(abs(sd(3») 

endif 

print statistics 

write(2,2040)iset,(kpar(k,ior),num(k), 
ev(k),sd(k),k=1,3) 

enddo 
enddo 

return 

2010 format(lhl//' TRACE LENGTH STATISTICS ON SIDES OF FLOW' 
"REGION NUMBER ',i2/' BEFORE DISCARDING ANY FRACTURE') 

2020 format(///lx, 'set " 
, 3('side no. of ev sd '), 

/lx, 'no. , 
3 (' no. traces 1 ength length ') /) 

2030 format(lx) 



c 
c 

c 

c 
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2040 format(lx,i2,4x,2(2x,i1,3x,i5,2(2x,lpe10.3)5x), 
, a4,2x,i5,2(2x,lpe10.3» 
end 

SUBROUTINE SUBINT (nfrac,iside,itole) 

include 'maxdim.blkf/list' 
include 'comsubi.blkf/list' 
include 'comfrc.blkf/list' 
include 'combint.blkf/list' 
include 'comout.blkf/list' 
inc1ude 'comref.blkf/list' 
common/nodes/ifrcu(maxf2),nextc(maxf2),jfirst(maxcub), 

, jlast(maxcub) 
dimension frcoef(6,4) 
dimension iside(3,2),rotf(3,3),flcoef(6,4) 
dimension xyz(3),ifact(3),ni(3) 

c determine in which subregion(s) each fracture is, 
c and set the arrays icub, icubk, ifcu, and ifcuk 
c accordingly. Arrays ifrcu, nextc, jfirst and jlast 
c are used only temporarily. 
c 

c 

c 

ncub:iord •• 3 
do i=1,ncub 

j last{i)=O 
jfirst(i)=O 

enddo 
wids={2 .• rgene)/float(iord) 
i fact(1):1 
ifact(2)=iord 
i fact(3)=i ord**2 
ientry=O 
jj=O 

do i=1,6. 
do j=1,3 

f rcoef (i , j ) =0 . 
enddo 

enddo 
do j=1,3 

11=iside(j,l) 
12=i s i de(j ,2) 
f rcoef (11, j) =1. 
f rcoef ( 12, j ) =1 . 

enddo 

c do loop on fractures 
c 

c 

do ifrac=1,nfrac 
iref(ifrac)=ifrac 
inew(ifrac)=ifrac 
do i=l,3 

xyz(i)=frac(i+4,ifrac)+rgene 
enddo 

c Cal I subroutine ROFRAC to get the matrix of rotation, rotf, 
c the new z-plane, and the fracture center, (dk,O,zplane). 
c 



c 
c 

123 
cal I ROFRAC (ifrac,rotf,zplane,dk) 

c find the cube in which lies the center of the fracture, 
c store it, and increment key array icubk. 
c 

c 

c 
c 
c 
c 
c 
c 

c 
c 
c 

c 

c 

ic=l 
do i=l,3 

a=xyz (i) /wi ds 
ni (i)=int(a) 
ic=ic+ni(i).ifact(i) 

enddo 
ientry=ientry+1 
icurnt=ientry 
icubk(ifrac)=ientry 
icub(ientry)=ic 

do whi le(icurnt.le. ientry) 
i c= i cub (i curnt) 
ic1=ic-1 
do i=3,l,-1 

ni (i)=ic1/ifact(i) 
ic1=icl-ifact(i).ni(i) 
11= i side ( i , 1) 
12= i side (i ,2) 
coef=rgene-ni(i).wids 
frcoef(11,4)=coef 
frcoef(12,4)=coef-wids 

enddo 

find if fracture intersects boundaries of cube ic. 

Cal I subroutine RFLOFRC to rotate the cube boundary planes 
and determine lines of intersection with the fracture plane. 

cal I RFLOFRC (frcoef,rotf,zplane,flcoef) 

set codes for intersecting fractures. 

rf=frac(3,ifrac) 
do i=1,3 

11=iside(i ,I) 
12= i side ( i ,2) 

c ••• Are the boundary planes parallel to the fracture plane? 
c 

c 

a1=flcoef(11,1) 
b1=f I coef ( 11,2) 
if (iround(a1, itole) .ne.O. 
or.iround(b1, itole) .ne.O)then 

c ••• In the plane z=zplane, does the fracture with center (dk,O) 
c ••• and radius rf lie between the lines 11 and 12? 
c ••• Compute the perpendicular distances d1 {between (dk,O) and II}, 
c ••• d2 {between (dk,O) and 12}, and d12 {between 11 and 12}. 
c ••• Compare distances rounded off to itole places. 
c 

sra2b2=sqrt(flcoef(11,l) •• 2+flcoef(11,2) •• 2) 
d1=abs(flcoef(ll,1).dk+flcoef(11,3»/sra2b2 



c 
c 
c 
c 
c 

c 

c 
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idl=iround(dl,4) 
d2=abs(flcoef(12,l)*dk+flcoef(12,3»/sra2b2 
id2=iround(d2,4) 
dl2=abs(flcoef(12,3)-flcoef(ll,3»/sra2b2 
diff=dl+d2-dl2 
idiff=iround(diff,4) 
irf=iround(rf,4) 

if fracture crosses boundary with cube icl, 
check if iel is already in array icub, and if 
not put it there. 

if(idl.lt.irf.and.ni(i).gt.O)then 
icl=ic-ifact(i) 
do i i=icubk(ifrac),ientry 

if(icub(ii).eq.icl)goto 40 
enddo 

ientry=ientry+l 
icub(ientry)=ic1 

endif 
40 if(id2.lt.irf.and.ni(i).lt.iord-l)then 

i cl= i c+ i fact (i) 
do ii:icubk(ifrac),ientry 

if(icub(ii).eq.icl)goto 45 
enddo 

ientry=ientry+l 
icub(ientry)=icl 

endif 
45 continue 

endif 
enddo 

icurnt=icurnt+l 

enddo 

c increment array ifrcu for keeping track of all fractures 
c in eac~ cube. 
c 

c 

do ii=icubk(ifrac),ientry 
jj=jj+l 
i frcu (jj)= i frac 
ic=icub(i i) 
j I=j last(ic) 
if (j I . eq. 0) then 

jfirst(ic)=jj 
else 

nextc (j I )=j j 
endif 

j last(ic)=jj 
enddo 

c end do loop on fractures 
c 

c 

enddo 
icubk(nfrac+l)=ientry+l 

c set up array ifcu and key ifcuk from local array ifrcu. 
c 

ientry=l 
do ic=l,ncub 



.~ 

c 

jj=jfirst(ic) 
ifcuk(ic)=ientry 
do whi le(jj .ne.O) 

ifcu(ientry)=ifrcu(jj) 
jj=nextc(jj) 
ientry=ientry+l 

end do 
enddo 

ifcuk(ncub+l)=ientry+l 
ilengc=ientry 
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c initialize negative part of array inew, used only for 
c boundary intersection side numbers. 
c 

c 
c 

c 

c 

do i=-6,0 
inew(i):i 

enddo 
return 
end 

SUBROUTINE TRUNCF (frcoef,nfrac,iside,itole) 

include 'maxdim.blkf/list' 
include 'comfrc.blkf/list' 
include 'combint.blkf/I ist' 
include 'comref.blkf/list' 
dimension frcoef(6,4) 
dimension iside(3,2),rotf(3,3),flcoef(6,4) 
dimension ntrunc(7) 
dimension bl ine(12,2),keybl(6,6)­
dimension axy(6,4),nxy(6,2) 

c •• * For each fracture, rotate the flow region boundary planes 
c •• * to a system convenient to the fracture and determine whether 
c .*. the fracture I ies inside, partially inside, or outside the 
c ••• flow region. The counter for boundary truncations is kib. 
c 

c 
c 
c 
c 

c 
c 
c 
c 

c 
c 
c 
c 
c 
c 
c 

kib=l 
nfracb=O 
do 90 ifr=l,nfrac 

ifrac=ifr 
ifold=iref(ifr) 

Cal I subroutine ROFRAC to get the matrix of rotation, rotf, 
the new z-plane, and the fracture center, (dk,O,zplane). 

cal I ROFRAC (ifold,rotf,zplane,dk) 

Cal I subroutine RFLOFRC to rotate the flow region boundary planes 
and determine lines of intersection with the fracture plane.n 

call RFLOFRC (frcoef,rotf,zplane,flcoef) 

Determine the intersections between fracture ifrac and the 
boundary lines, (these wi I I be boundary nodes in the flow 
model), and truncate the portion of the fracture that lies 
outside the flow region boundary. If the fracture lies 
entirely outside the bounded region, flag the fracture for 
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c discarding. 
c (ntrunc(i),i=l,6) truncation codes for the six sides, 
c ntrunc(7) = number of sides involved in truncations. 
c 

c 

rf=frac(3,ifold) 
nflag(ifold)=O 
do i=1,7 

ntrunc(i)=O 
enddo 

ibkey(ifold,l)=O 
ibkey(ifold,2)=0 

c Call FLAG to set codes for discarding and truncating. 
c 

c 
c 

c 

call FLAG(flcoef,zplane,dk,rf,iside, 
1 nflag(ifold),ntrunc, itole) 

if (nflag(ifold) .Ie. 0) go to 90 

c Call BNOINT to determine the points of intersection 
c between the six boundary lines and the end points of 
c the line segments which define the flow region in 
c the fracture plane. 
c 

c 

cal I BNOINT(flcoef,iside,nflag(ifold),ntrunc, 
ifrac,bl ine,keybl) 

c If there is no flow region in this plane, discard 
c fracture ifrac. 
c 

if (nflag(ifold) .It. 0) go to 90 
c 
c Cal I BNDNOO to determine all fracture/boundary intersections 
c and select those which are to be boundary nodes in the flow 
c model. These are stored in binte with ibkey(ifrac,2) as the 
c key tG the entries. 
c 

cal I BNONOO(ifrac,ifold,flcoef,dk,rf,zplane,ntrunc, 
1 bl ine,keybl,kib,axy,nxy,iside) 

c 
c If there are no fracture/boundary intersections within the 
c flow region, discard the fracture. 

if (nflag(ifold).lt.O) go to 90 
c 
c Cal I AREAT to truncate the portion of the fracture that 
c I ies outside the flow region. 
c 

c 

c 

c 

cal I AREAT(dk,rf,flcoef,ntrunc,axy,nxy,flarea,ierr) 
if (ierr.ne.O)then 

write(2,llO) ifrac 
stop 

endif 

frac(8,ifold)=flarea 
90 continue 

ninb=kib-l 

100 return 
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c 
110 format (lhO,' fracture' ,i4) 

c 
end 
SUBROUTINE TRUNCG(nfrac,rgene,itole) 

c 
c ••• This subroutine finds fractures which extend beyond the 
c ••• boundary of the generation region and truncates them at 
c ••• that boundary. The area of the truncated region is 
c ••• computed and subtracted from the fracture area. The 
c ••• adjusted area replaces the fracture area stored in 
c ••• frac(S,n). 
c 
c ••• The plane of fracture n intersects the generation sphere 
c ••• in a circle, s, with center (-ad,-bd,-cd) and radius = 
c ••• sqrt(rgene •• 2-d •• 2), where a,b,c and d are coefficients 
c ••• of the equation of the plane of fracture n. 
c 

c 

c 

c 

include 'maxdim.blkf/list' 
include 'comfrc.blkf/list' 
include 'comref.blkf/list' 
parameter (pi=3.141592654) 

toler=O.5/10 .•• itole 
do 100 n=l,nfrac 
nold=iref(n) 

nflag(nold)=O 
a=frac(9,nold) 
b=frac(10,nold) 
c=frac(11,nold) 
d=frac(12,nold) 
xc=frac(5,nold) 
yc=frac(6,nold) 
zc=frac(7,nold) 
rf=f rac (3, no I d) 
rfsq=rf-rf 

c ••• Compute the radius of circle s. 
c 

c 

rssq=rgene •• 2-d •• 2 
rs=sqrt(rssq) 

c ••• Compute the distance from the center of circle s to the 
c ••• center of fracture n. 
c 

c 

dfsq=(xc+a.d) •• 2+(yc+b.d) •• 2+(zc+c.d) •• 2 
df=sqrt(dfsq) 

c ••• Does fracture n extend beyond the boundary? 
c ••• If not, go on to the next fracture. 
c 

c 

if «rf+df). le.(rs+toler» go to 100 
if «rf-df).ge.(rs-toler» go to 90 

c ••• Compute the area of truncation. 
c 

beta=acos«dfsq+rfsq-rssq)/(2 .• df.rf» 
alpha=2 .• acos«dfsq+rssq-rfsq)/(2 .• df.rs» 
gamma=2 .• (pi-beta) 



c 
c 
c 

c 
c 
c 

c 

c 

c 

c 
c 
C 

C 

C 

C 

C 

C 

C 

C 

C 

c 

c 

c 

••• 

90 

••• 
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atrunc=O.S.rfsq.(gamma-sin(gamma»-O.S-rssq.(alpha-sin(alpha» 

Compute the truncated area of fracture n. 

frac(8,nold)=frac(8,nold)-atrunc 
go to 9S 
frac(8,nold)=pi.rssq 

Flag the truncated fracture . 

9S nflag(nold)=l 

100 continue 

••• 
$"'. 
$"'. 
"'III. 
••• 
••• 
••• 
••• 
••• 

return 

end 
SUBROUTINE TRUNCN (nfold,flcoef,iside,nbn,njold,aj,bj,cj, 

1 xy,nside,node) 

Given fracture/fracture node, nfold/njold, with endpoints 
(xy(3,l),xy(3,2» and (xy(4,2),xy(4,2» on line Ij and 
nbn boundary nodes on fracture nfold, this subroutine 
truncates node nfold/njold at any or all of the nbn nodes. 
The variable 'node' is returned as a flag 
node=O no node, node=l untruncated node, 
node=2 truncated node . 
track of the truncated part of the node is kept in array 
endout . 

include 'maxdim.blkf/list' 
include 'combint.blkf/list' 
include 'comout.blkf/list' 
dimension flcoef(6,4),iside(3,2),xy(4,2) 
dimension xyn(3,2),nside(2) 

node=l . 
nside(l)=O 
nside(2)=0 
nnt=O 
ibk=ibkey(nfold,2)-1 

do 90 nb=l,nbn 
ibk=ibk+1 
11=ibside(1,ibk) 
12=0 

c ••• Find paral lei boundary line to boundary node 
do 20 k=I,3 

c 

if (11 .eq. iside(k,l» 12=iside(k,2) 
if (11 .eq. iside(k,2» 12=iside(k,1) 
if (12 .gt. 0) go to 22 

20 continue 

c ••• Determine intersection of line Ij with boundary 
c ••• lines 11 and 12. 

22 Ik=11 
do 28 k=I,2 
a=flcoef(lk,l) 
b=f I coef ( I k, 2) 



1,.-

c 
c 
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c=f I coef ( I k, 3) 
cal I SIMULL(aj,bj,cj,a,b,c,x,y,npara) 
go to (24,70),npara 

24 xy (k ,1)=x 
xy(k,2)=y 
Ik=12 

28 continue 

c *** Line Ij is not parallel to boundary lines 11 and 12. 
c *** Determine the relative positions of the four points 
c *** stored in array xy. 

c 

c 

30 call COMPT(xy,4,l,2,3,loc3) 
cal I COMPT(xy,4,1,2,4,loc4) 
loc4p2=loc4+2 
go to (31,33,33,35,35),loc3+2 

31 go to (99,42,42,90,90),loc4p2 
33 go to (40,99,99,40,40),loc4p2 
35 go to (90,42,42,90,90),loc4p2 

40 in=3 
go to 45 

42 in=4 
45 nout=nout+l 

endout(l,nout)=xy(in,l) 
endout(2,nout)=xy(in,2) 
endout(4,nout)=xy(I,1) 
endout(5,nout)=xy(I,2) 
ifout(nout,I)=nfold 
ifout(nout,2)=njold 
xyn(3,1)=xy(I,I) 
xyn(3,2)=xy(I,2) 
xy(in,l)=xy(I,I) 
xy(in,2)=xy(1,2) 

c *** Truncate fracture node at boundary node? 
xyn(I,I)=binte(l,ibk) 
xyn(I,2)=binte(2,ibk) 
xyn(2,1)=binte(4,ibk) 
xyn(2,2)=binte(5,ibk) 

c 

cal I COMPT(xyn,3,I,2,3,loc) 
if (Ioc .Ie. 0) go to 90 

c .*. Truncate fracture node 
ns i dee i n-2)= 11 
nnt=nnt+l 

C 

C 

C 

C 

C 

C 

C 

c 

••• 
••• 
••• 
•• * 
•• * 

if (nnt .gt. 2) go to 125 
node=2 
go to 90 

Line Ij is paral lei to boundary lines 11 and 12 . 
Determine intersections between lines 11 and 12 and 
a perpendicular line through (xy(3,1),xy(3,2», a 
point on line Ij, in order to tel I whether line Ij 
is inside boundary line 11. 

70 aperp=-bj 
bperp= aj 
cperp=bj*xy(3,1)-aj.xy(3,2) 



c 

c 

c 

130 

do 72 k=1,2 
call SIMULL (a,b,c,aperp,bperp,cperp,x,y,npara) 
if (npara .eq. 2) go to 120 
xy(k,1)=x 
xy(k,2)=y 
c=f I coef (12,3) 

72 continue 

call COMPT (xy,4,1,2,3,loc) 
go to (99,99,99,90,90),loc+2 

90 continue 
return 

99 node=<> 
c increment array for keeping track of intersections outside 
c of the flow region (used for plotting program input). 
c 

c 

c 

c 

c 

c 

nout=nout+1 
endout(1,nout)=xy(3,l) 
endout(2,nout)=xy(3,2) 
endout(4,nout)=xy(4,1) 
endout(5,nout)=xy(4,2) 
ifout(nout,1)=nfold 
ifout(nout,2)=njold 

100 return 

120 write(2,130) nfold,njold 
stop 

125 write(2,135) nfold,njold 
stop 

130 format (1hO,'Error, line Ij is parallel to its perpendicular',I, 
1 lx,'subroutine truncn, fractures',i5,' and',i5) 

135 format (lhO,'Error, intersection between fractures',i5,' and', 
1 i5,f,1x,'is truncated at more than two boundary nodes.') 

end 
SUBROUTINE UNIDIS (k,nl,n2,dseed,center,range) 

c ••• This subroutine generates random variables distributed 
c ••• uniformly over [(center-range) , (center+range)]. 
c 

c 
c 

include'maxdim.blkf/list' 
include 'comfrc.blkf/I ist' 
real.a dseed 
parameter (pi=3.1415927) 

c if parameter is phi, add correction factor to get 
c a uniform distribution on the sphere. 
c 

if(k.eq.l)then 
phi1=(center-range).pi/laO. 
phi2=(center+range).pi/180. 
amin=l-cos(phil) 
amax=l-cos(phi2) 
if(phil.lt.O.)amin=-amin 
center=(amin+amax)/2. 



c 

c 

range=(amax-amin)/2. 
endif 

do i=nl,n2 

1 31 

frac(k, i)=center+(2.GGUBFS(dseed)-1).range 

c correction for phi 
c 

c 

c 

c 

c 

if(k.eq.l)then 
if(frac(k,i) .ge.O.)then 

frac(k,i)=acos(1.-frac(k,i».lBO./pi 
else 
frac(k,i)=-acos(l.+frac(k, i».lBO./pi 

endif 
endif 

enddo 
return 

end 

SUBROUTINE WDIMES (nfrac,title,nflow) 

c ... This subroutine writes file B for input to DIMES. 
c 

c 

include 'maxdim.blkf/I st' 
include 'comfint.blkf/ ist' 
include 'comfrc.blkf/I st' 
include 'comflo.blkf/I st' 
include 'comnod.blkf/I st' 
include 'comout.blkf/I st' 
include 'comref,blkf/I st' 
include 'comsubi .blkf/ ist' 
dimension numinc(maxcub),numfrc(maxcub) 
character file.11 
integer title(40) 

write(fi le,40)nflow 
40 format('dimes', i2.2,'.dat') 

open(unit=B,fi le=fi le,status='new' ,shared) 
write(B,8000) (title(i), i=1,40) 
xgene=2.rgene 
ygene=2-rgene 
zgene=2-rgene 
write(8,8010) xgene,ygene,zgene 
write(8,8010) xmesh,ymesh,zmesh 
write(8,8010) rophi,rothe 
nbpt=inst+nint 
write(8,8020) nfrac,nbpt,nout 
write(8,8020) iord 
radmax=O. 
apmax=O. 
do iC=l,ncub 

numi nt=O 
numf=O 
do ientf=ifcuk(ic), ifcuk(ic+l)-l 

ifold=ifcu(ientf) 
if(inew(ifold) .ne.O)then 

numf=numf+l 
numint=numint+ibkey(ifold,1) 



c 

c 

ni=inkey(ifold,l) 
if (ni .gt. O)then 

ks=inkey(ifold,2)-1 
do 30 n=l,ni 

132 

20 ks=ks+1 
k=inte3(ks) 
if(k.eq.O)goto 20 
k:k+inst 
inl=inte2(1,k) 
in2=inte2(2,k) 
if(in1.ne. ifold)then 

do icc:icubk(in1),icubk(in1+1)-1 
if(icub(icc).eq.ic)goto 30 

enddo 
endif 

numint=numint+1 
30 continue 

endif 
radmax=max(radmax,frac(3,ifold» 
apmax=max(apmax,frac(4,ifold» 

endif 
enddo 

numinc(ic)=numint 
numfrc (i c)=numf 

enddo 

write(8,8030)apmax,radmax 

write(8,8040)(numfrc(ic),ic=1,ncub) 
write(8,8040) (numinc(ic),ic=l,ncub) 
write(8,8040)( ifrok(ic),ic=1,ncub+1) 
do ic=l,ncub 

write(8,8040)ic 
do ientf=ifcuk(ic),ifcuk(ic+1)-1 

~fold=ifcu(ientf) 
ifrac=inew(ifold) 
if(ilrac.ne.0)write(8,80S0) 

ifrac, (frac(j, ifold) ,j=l, 7) 
enddo 

if(ifrok(ic).ne.ifrok(ic+l»then 
do ient=ifrok(ic),ifrok(ic+1)-1 

iout=ifro(ient) 
if1=ifout(iout,1) 
if2=ifout(iout,2) 
write(8,8060)iout,(endout(j,iout),j=1,6), 

enddo 
endif 

inew(if1), inew(if2) 

do ientf=ifcuk(ic),ifcuk(ic+1)-1 
ifold=ifcu(ientf) 
ifrac=inew(ifold) 
if(ifrac.ne.O)then 

if (ibkey(ifold,l).ne.O)then 
k= i bkey (i f 0 I d, 2) 
do n=l,ibkey(ifold,l) 

inl=inte2(1,k) 
in2=inte2(2,k) 
write(8,8060)k,(inte1(j2,k),j2=1,6), 

inew(in1), inew(in2) 
k=k+1 



c 

c 

c 

c 

c 

c 

enddo 
endif 

ni=inkey(ifold,l) 
if (ni .gt. O)then 

ks=inkey(ifold,2)-1 
do 60 n=l,ni 

50 ks=ks+l 
k=inte3(ks) 
if(k.eq.O)goto 50 
k=k+inst 
inl=inte2(1,k) 
in2=inte2(2,k) 
if(inl.ne.ifold)then 
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do icc=icubk(inl), icubk(in1+1)-1 
if(icub(icc).eq. ic)goto 60 

enddo 
endif 

write(8,8060)k,(inte1(j2,k),j2=1,6), 
inew(inl),inew(in2) 

60 continue 
endif 

endif 
enddo 

enddo 

close(unit=8) 
return 

8000 format (20a4) 
8010 format (4f10.4) 
8020 format (3i10) 
8030 format (2(lpe10.3» 
8040 format (lOi6) 
8050 format(i6,7(lpelO.3» 
8060 format (i6,6f10.4,2i10) 

end 

SUBROUTINE WFOUR(nfrac) 

c ••• Write file 4 to checkout subroutine ovrlap. 
c 
c SUBROUTINE NOT CALLED ANY MORE 
c 

c 
c 

include 'maxdim.blkf/I ist' 
include 'comfrc.blkf/I ist' 
include 'comset.blkf/list' 
include 'comref.blkf/I ist' 

write(4,lOO) 
write(4,1l0) 
write(4,120) 
i=l 
do 30 n=l,nsets 
m=iseti (n,2) 
write(4,130) n,m 
if (m.eq.O) go to 30 
do 20 l=l,m 



c 

c 

c 
c 

c 

c 
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write(4,140) i, (frac(j, iref(i» ,j=l,S) 
i=i+1 

20 continue 
30 continue 

write(4,150) 
do 40 n=l,nfrac 
wr i te(4,160) n, (frac (j, i ref (n» ,j=9,12) 

40 continue 

return 

100 format(lh1,' ••••• Printout to check subroutine ovrlap ••••• ',//) 
110 format(lhO,25h Fracture Characteristics,/, 

1 31h id. orientation radius aperture, 
2 35h coordinates of center fracture) 

120 format(lh ,ISh no. phi theta,24x,lhx,Sx,lhy,Sx,lhz,5x,4harea) 
130 format(lhO,' set ',i3,' contains ',i3,' fractures') 
140 format(lh ,i4,2f1.2,f9.3,el0.2,3f9.3,elO.2) 
150 format(lhO,' Coefficients of fracture plane equations',//) 
160 format(lh ,ilO,4f12.4) 

end 
SUBROUTINE WFRACI (iopt,nfrac,rgene,iray,idate) 

c ••• This subroutine writes fracture characteristics stored 
c ... in array frac by sets on unit 4 depending on 
c ••• option chosen (write'if idump=l). 
c 

c 
c 

c 

c 

c 

c 

include 'maxdim.blkf/list' 
include 'comfrc.blkf/list' 
include 'comset.blkf/list' 
include 'comflo.blkf/list' 
include 'comref.blkf/list' 
character iray*1,idate.9 

write(4,150) iray,idate 
go to (10,20,30,30),iopt 

lOw rite ( 4 , ISO) 
write(4,200) nfrac 
write(4,160) nsets 
do 15 i=l,nsets 
write(4,110) i, iseti (i ,2) ,rseti (i ,13) 

15 continue 
go to 60 

20 write(4,210) 
write(4,190) rgene 
write(4,20S) nfrac 
go to 60 

30 write(4,240) 
if (iopt.eq.3) write(4,2S0) 
if (iopt.eq.4) write(4,210) 
write(4,260) xmesh,ymesh,zmesh,rophi,rothe 
write(4,2S0) nfrac 



c 

c 
c 

c 
c 

c 

c 
c 
c 
c 
c 
c 
c 
c 
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60 write(4,110) 
write(4,120) 
i=1 
do 80 ifrac=l,nfrac 
ifold=iref(ifrac) 
write(4,140) ifrac,(frac(j, ifold),j=I,8), isetfr(ifold) 

80 continue 

if (iopt.ne.2) go to 100 
write(4,220) 
do 90 i=l,nfrac 
iold=iref(i) 
if (nflag(iold) .eq.O) go to 90 
write(4,230) i 

90 continue 

100 return 

110 format(lhO,25h Fracture Characteristics,/,lx, 
1 37h id. orientation radius aperture, 
2 43h coordinates 0 f center fracture set) 

120 format(lh ,18h no. phi theta,25x,lhx,8x,lhy,8x,lhz,7x,4harea) 
130 format(lx) 
140 format(lh ,i4,2f7.2,f9.3,e10.2,3f9.3,e11.3,i4) 
150 format(lh1,a7,5h --- ,a9) 
160 format(lhO,52hThe number of fracture sets generated or read in IS 

1 ,i3,/////,6x,3hset,6x,19hnumber of fractures,6x, 
2 20hdensity of fractures,/) 

170 format(lhO,2x, i5,13x,i5,19x,e10.4) 
180 format(lhO,37hf r act u reg e n era t ion) 
190 format(lhO,39hthe radius of the generation region.is ,f8.4) 
200 format(lhO,48hthe number of fractures generated or read in is ,i4) 
205 format(lhO,51hthe number of fractures in the generation region is, 

1 i4) 
210 format(I~0,78ht run cat e d f r act u res 0 f g e n 

Ie rat ion s tag e ) 
220 format(lhO,49hFractures truncated at generation region boundary,/) 
230 format(lh ,lOx, is) 
240 format(lhO,47hf r act u res i n flo w reg ion) 
250 format(lh ,47h( a I I f r act u res inc Iud e d » 
260 format(lhO,31hthe size of the flow region is ,f8.4,4h by ,f8.4, 

1 4h by,f8.4,/,lx,27hthe angles of rotation are ,f6.2,Sh and, 
2 f6.2) 

270 format(lhO,SOh( non - con d u c tin g f r act u res 
1 43h h a v e bee n eli min ate d » 

280 format(lhO,46hthe number of fractures in the flow region is ,i4) 

••• 
••• 

••• 
••• 

end 
SUBROUTINE WINTER (nfrac,iopt) 

This subroutine writes the boundary nodes stored in binte 
and intersections stored in intel, (if iopt=2) on unit 4 . 

If iopt=4, fracture network information is written on 
unit 7 for Program IPLANE . 

include 'maxdim.blkf/list' 



include 'comfint.blkf/list' 
include 'comref.blkf/list' 
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c equivalence (inte1,binte),(inside,ibside),(inte2, ibinte) 
c 

if(iopt.eq.4)goto 75 
write(4,1l0) 
if (iopt .eq. 1) write(4,115) 
if (iopt .eq. 2) write(4,120) 
if (iopt .gt. 2) write(4,500) 

c *** Write boundary nodes. Note: inte1=binte, 
c *** inte2=ibinte, inside=ibside. 

c 

c 

c 

do i=1,nfrac 
i 0 I d= i ref (i) 
if (ibkey(iold,1).ne.0)then 

write(4,130) 
k= i bkey (i 0 I d, 2) 
do n=I,ibkey(iold,1) 

inl=inte2(I,k) 
in2=inte2(2,k) 
write(4,140) i, (inside(jl,k) ,jl=1,2), 

1 (inte1(j2,k),j2=1,6), 
2 inew(in1),inew(in2) 

k=k+l 
enddo 

endif 
enddo 
go to (80,50,50),iopt 

50 wr i te(4, 150) 
write(4,120) 
do i=l,nfrac 

iold=iref(i) 
n i = i nkey (i 0 I d, 1) 
if(ni .gt.O)then 

wr i te(4, 130) 
ks=inkey(iold,2)-1 
do n=l,ni 

55 ks=ks+l 
k= i nte3 (ks) 
if(k.eq.O)goto 55 
k=k+inst 
inl=inte2(1,k) 
in2=inte2(2,k) 
write(4,140) i,(inside(j1,k),jl=1,2), 

1 (inte1(j2,k),j2=1,6), 
2 inew(in1), inew(in2) 

enddo 
endif 

enddo 

return 

c ••• Write intersection data for program PLANE 
c 

75 nbpt=inst+nint 
write(7,700) nfrac,ninb,nint 
write(7,70S) 
write(7,710) «ibkey(iref(i) ,j) ,j=1,2), i=l,nfrac) 
w rite (7 , 711) 
write(7,710) ((inkey(iref(i) ,j) ,j=1,2), i=l,nfrac) 



• 

c 

c 

wr te(7,712) 
wr te(7,710) 
wr te(7,713) 
wr te(7,710) 
wr te(7,714) 
wr te(7,730) 
wr te(7,715) 
wr te(7,720) 

80 return 
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«inside(j,i),j=l,2),i=l,nbpt) 

«inew(inte2(j, i»,j=l,2),i=l,nbpt) 
i nte3(1) 
(inte3(i), i=2, inte3(1» 

«inte1(j,i),j=1,6),i=l,nbpt) 

110 format (lh1,44h Fractures truncated at flow region boundary) 
115 format (lhO,34hfrac side endpoints of node, 

1 14h(local coord.),20x,9hfractures, 
2 /,2x,9hno. codes,6x,2hx1,8x,2hy1, 
3 8x,2hz1,8x,2hx2,8x,2hy2,8x,2hz2,3x,7hnf1 nf2) 

c 120 format (lhO,34hfrac side endpoints of node, 
c 1 15h(global coord.), /,2x,10hno. codes ,5x,2hx1,8x,2hy1, 
c 2 8x,2hz1,8x,2hx2,8x,2hy2,8x,2hz2) . 

c 

120 format (lhO,34hfrac side endpoints of node, 
1 lSh(global coord.),19x,9hfractures, 
2 /,2x,10hno. codes ,5x,2hx1,8x,2hy1, 
3 8x,2hz1,8x,2hx2,8x,2hy2,8x,2hz2,3x,7hnf1 nf2) 

130 format (lx) 
140 format (lh ,i4,2i3,6fl0.3,2i4) 
150 format (lhO,31hFracture/fracture intersections,//) 
500 format (lhO,' •••••• for checkout of intfra and discar •••••• ') 
700 format (7h nfrac , is, 10hn iob , is,10h n i nt , is) 
705 format (7h 'bkey ) 
710 format (5(2 5,Sx» 
711 format (7h nkey) 
712 format (7h nside) 
713 format (7h nte2) 
714 format (9h nte3 ,i5,9h entries) 
715 format (7h nte1) 
720 format (6f10.4) 
730 format (15iS) 

end 
SUBROUTINE WNODES (frcoef,nfrac,nseg,nsegb,iray,idate,title) 

c ••• This subroutine writes fi Ie 6 for input to DISCEL 
c 

c 

nclude 'maxdim.blkf/I ist' 
nclude 'comfint.blkf/list' 
nclude 'comfrc.blkf/I ist' 
nclude 'comflo.blkf/I ist' 
nclude 'comnod.blkf/I ist' 
nclude 'comref.blkf/list' 

dimension frcoef(6,4) 
character iray.7,idate.9 
integer title(40) 

wr te (6 , 6000) i ray, idate 
wr te(6,6010) (title(i), i=1,40) 
wr te(6,6020) xmesh,ymesh,zmesh 
wr te(6,6030) rophi,rothe 
wr te(6, 60"40) 
wr te(6,6050) «frcoef (i ,j) ,j=l,4), i=l,6) 
wr te(6,6060) nfrac 
wr te (6 , 6070) 



c 
c 

c 
c 
c 
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do i=l,nfrac 
i 0 I d= i ref ( i ) 
write(6,6080) (frac(j, iold) ,j=1,12) 

enddo 
write(6,6090) nnode 
write(6,6100) nseg,nsegb 
write(6,6110) 
write(6,6120) «node1(i,j),j=1,6),i=1,nnode) 
write(6,6130) 
write(6,6140) «nside(i,j),j=1,2),i=1,nnode) 
write(6,6150) 
write(6,6140) «node2(i,j),j=1,2),i=1,nnode) 
k=node3(1) 
write(6,6160) k 
write(6,6170) (node3(i),i=2,k) 
write(6,6180) 
write(6,6140) «nkey(i ,j) ,j=1,2), i=l,nfrac) 
return 

6000 format 
6010 format 
6020 format 

1 
6030 format 
6040 format 
6050 format 
6060 f·ormat 
6070 format 
6080 format 
6090 format 
6100 format 
6110 format 
6120 format 
6130 format 
6140 format 
6150 format 
6160 format 
6170 format 
6180 format 

end 

(a7,5h --- ,a9) 
(20a4) 
(10hxmesh- - -,f10.4,10hymesh- - -.f10.4, 
10hzmesh- - -,f10.4) 

(10hrophi- - -,f10.4,10hrothe- - -,f10.4) 
(10h frcoef) 
(4f10 .4) 
(lOhnfrac- - -,is) 
(10h frac) 
(7f10.4,e12.4,4e12.4) 
(10hnnode- - -,is) 
(10h nseg ,i5,10h 
(10h node1 ) 

) 

) 

nsegb ,i 5) 

(6HO .4) 
(lOh nside 
(5(3x,2i6» 
(lOh node2 
(9h node3 
(15 i 5) 

, i 6, 8h entr i es) 

(lOh nkey ) 

c SUBROUTINE WPLOT (iopt,nfrac) 
c 
c 
c 
c 
c 
c 
c 

This subroutine rotates boundary nodes and fracture 
intersections, iopt=l, or al I nodes, iopt=2, from 
global to local coordinates and writes the endpoints 
on unit 3 for input to a plotting program. 
The maximum radius is computed for scaling plots. 

c SUBROUTINE NOT CALLED ANY MORE 
c 
c include 'maxdim.blkf/list' 
c include 'comfrc.blkf/I ist' 
c include 'tomfint.blkf/list' 
c include 'comnod.blkf/list' 
c include 'comref.blkf/list' 
c dimension xy(6,maxnpf) ,kxy2(maxnpf) ,kside(maxnpf,2) 
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c dimension rotf(3,3) 
c 
c 
c nplot=iopt 
c write(3,IS0) nplot 
c write(3,150) nfrac 
c 
c rmax=O.O 
c do 5 nf=l,nfrac 
c nfold=iref(nf) . 
c rmax=max(rmax,frac(3,nfold)) 
c 5 continue 
c write(3,170) rmax 
c 
c do 90 nff=I,nfrac 
c nf=nff 
c nfold=iref(nf) 
c rf=frac(3,nfold) 
c Call ROFRAC for rotation matrix, rotf. 
c call ROFRAC(nfold,rotf,zplane,dk) 
c 
c k~ 
c go to (10,50),iopt 
c 
c ••• Accumulate boundary nodes on fracture nf. 
c 10 nbn=ibkey(nfold,l) 
c if (nbn .eq. 0) go to 35 
c nl=ibkey(nfold,2) 
c n2=nl+nbn-l 
c 
c do 30 n=n1,n2 
c k=k+l 
c if (k .gt. maxnpf) go to 95 
c do 20 j=1,S 
c 20 xy(j,k)=inte1(j,n) 
c 
c njold=inte2(1,n) 
c if (njold .eq. nfold) njold=inte2(2,n) 
c kxy2(k)=inew(njold) 
c 
c kside(k,1)=inside(1,n) 
c kside(k,2)=inside(2,n) 
c 30 continue 
c 
c *** Accumulate fracture intersections, iopt=1. 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

35 nn=inkey(nfold,1) 
if (nn .eq. 0) go to 80 
n1=inkey(nfold,2) 
n2=n1+nn-1 

do 45 n=n1,n2 
k=k+1 
if (k .gt. maxnpf) go to 95 
nk=inte3(n)+ninb 
do 40 j=l,S 

40 xy(j,k)=intel(j,nk) 

njold=inte2(1,nk) 
if (njold .eq. nfold) njold=inte2(2,nk) 
kxy2(k)=inew(njold) 
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c 
c kside(k,l)=inside(l,nk) 
c kside(k,2)=inside(2,nk) 
c 45 continue 
c go to 80 
c 
c 50 nn=nkey(nfold,l) 
c if (nn .eq. 0) go to 80 
c nl:nkey(nf,2) 
c n2=n1+nn-1 
c 
c do 10 n=n1,n2 
c k=k+1 
c if (k .gt. maxnpf) go to 97 
c nk=node3(n) 
c do 60 j=1,6 
c 60 xy(j,k)=node1(nk,j) 
c 
c njold=node2(nk,1) 
c if (njold .eq. nfold) njold=node2(nk,2) 
c kXY2(k)=inew(njold) 
c 
c kside(k,1)=nside(nk,1) 
c kside(k,2)=nside(nk,2) 
c 70 continue 
c 
c 80 write(3,110) nf,rf,dk,k 
c if (k .eq. 0) go to 90 
c 
c ••• Rotate boundary nodes and intersections or nodes from 
c ••• global to local coordinates for plotting. 
c call RFRCGLO (6,maxnpf,xy,l,k,rotf,2) 
c write(3,120) «xy(j, i) ,j=l,6), i=l,k) 
c write(3,130) (kxy2(i),i=l,k) 
c write(3,140) «kside(i ,j) ,j=l,2), i=l,k) 
c 
c 90 continue. 
c return 
c 
c 95 write(2,180) nf,k,maxnpf 
c stop 
c 
c 97 write(2,190) nf,k,maxnpf 
c stop 
c 
c 100 return 
c 
c 
clIO format (i5,2f10.4,i5) 
c 120 format (6f10.4) 
c 130 format (lOiS) 
c 140 format (5(2i5,5x» 
c 150 format (10hnfrac --- ,is) 
c 160 format (10hnplot --- ,is) 
c 170 format (10hmax radius,f10.4) 
c 180 format (lhO,' ••••• ERROR STOP SUBROUTINE WPLOT ••••• ',/, 
c l' fracture ',is,' contains ',is,' intersections',/, 
c 2' maximum per fracture =',i5) 
c 190 format {lhO,' ••••• ERROR STOP SUBROUTINE WPLOT $ •••• ',/, 

c l' fracture', is,' contains', is,' nodes' ,/, 
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c 2' maximum per fracture =' ,is) 
c 
c end 

c 
c 
c 
c 
c 
c 

c 
c 

••• 
••• 
••• 
••• 

SUBROUTINE WRFIVE (iopt, iray, idate,title, itole,nfrac,rgene) 

This subroutine either writes or reads al I primary fracture 
system data onto or from unit 5 . 

if iopt = 1 then write 
if iopt = 2 then read 

include 'maxdim.blkf/list' 
include 'comfrc.blkf/list' 
include 'comset.blkf/list' 
include 'comref.blkf/list' 
include 'comsubi .blkf/I ist' 
integer title(40) 
character iray.7,idate.g 

if(iopt.eq.1)then 
open(unit=5,file='frac3d.dat',status='new',form= 
'unformatted' ,shared) 
wr te(5) iray,idate 
wr te(5) (title(i),i=1,40) 
wr te(5) nsets,itole 
wr te(5) «iseti(i,J),J=l,8),i=l,nsets) 
wr teeS) «rseti (i IJ) ,J=l,16), i=l,nsets) 
wr teeS) nfrac,rgene 
do i=l,nfrac 

i 0 I d= i ref (i) 
write(S) iold, (frac(J, iold) ,j=l,12), 

isetfr(iold),nflag(iold), 
icubk(iold) 

enddo 
write(5) ncub,ilengc 
write{S) (ifcuk(i),i=l,ncub) 
write(S) (icub(i), ifcu(i), i=l, i lengc) 

else 
open(unit=5,fi le='frac3d.dat',status='old',form= 
'unformatted' ,shared) 
read (5) iray,idate 
read (5) (title(i), i=l,40) 
read (5) nsets,itole 
read (5) «iseti(i,j),j=l,8),i=l,nsets) 
read (5) «rseti (i ,j) ,j=l,16), i=l,nsets) 
read (5) nfrac,rgene 
do i=l,nfrac 

read (5) iold, (frac(j, iold) ,j=l,12), 
isetfr(iold),nflag(iold), 
icubk(iold) 

i ref ( i ) = i 0 I d 
inew(iold)=i 

enddo 
read (5) ncub,i lengc 
read (5) (ifcuk(i),i=l,ncub) 
read (5) (icub(i), ifcu(i), i=l, i lengc) 

endif 
close(unit=5) 
return 
end 
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- -APPENDIX C 

Program DISCEL Organization and Arrays 
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Table C-1. Description of DISCEL Program Variables 

Variable Description How Value is Assigned 

Global: 

Local node number of current node on Set to do-loop index inode 
curren t fracture,nf. 

ler Error flag Set by various subroutines 

mew Flag for reading boundary conditions: set in DISCEL 
=1 before EOF encountered, continue 

to read data Groups 2 and 3; 
=2 after EOF encountered, discontinue 

reading data Groups 2 and 3, use 
last boundary conditions for all 
subsequent fracture meshes. 

inode Nodal do-loop index, inode = l,nt. Set in DISCEL 

istore Flag for storing G matrix of current Set in ROFRAC 
fracture,nf 
= 0 do not store G matrix; 
=1 store G matrix, fracture contains 

one or more boundary nodes. 

J Local node number of node on fracture Set in do-loop in 
nf being integrated w.r.t. node i. INTEGFN ,INTEGFP, 

INTEGFR,FORMG, 
SFLUX,STOREG 

kstore Counter for linear array Gstore, Computed in STOREG 
(locally ,k) 

maxd The number of flow directions input, Set in BNDCON 
equals 1, 2, or 3. 

maxfrc Dimensioning constant, the maximum Set in included 
number of fractures. parameter statement 

maxh Dimensioning constant, the maximum Set in included 
number of constant head values parameter statemen t 
assigned, must be at least maxd times 
the number of boundary nodes. 

maxn Dimensioning constant, the maximum Set in included 
number of nodes per fracture, can parameter statemen t 
not be greater than{maxnod - 9). 

.. maxnd Duplicate variable for constant maxn. Set in DISCEL 

maxnod Dimensioning constant, the maximum Set in included 
number of nodes. parameter statement 
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mdir Duplicate variable for maxd, which is Set in DISCEL 
in a common block. 

mfrac Duplicate variable for constant maxfrc. Set in DISCEL 

mnode Duplicate variable for nnode, which Set in DISCEL 
is in a common block. 

mnod3 Dimensioning constant equal to Set in parameter 
maxnod * 3. statement in DISCEL 

nbcs Counter for print out of the number Computed in DISCEL 
of times boundary conditions, Group 3, 
have been read for current mesh. 

ndata Flag set when reading fracture mesh Set in READ2 
data file from FMG3D: 
=1 complete data set read; 
= 2 normal end of data and EOF; 
= 3 incomplete data set and EOF. 

ndate Program run date, character Set in call to V AX/ 
variable *9 VMS subroutine DATE 

new Flag for reading next boundary Set in DISCEL 
conditions: modified in BNDCON 
> 0 read Group 3 
= 0 use previous Group 3. 

nf Number of current fracture, set to Set in DISCEL 
d<rloop index nfr. 

nfr Main fracture d<rloop index, Set in DISCEL 
nfr = l,nfrac. 

nmesh Counter for print out of number of . Computed in DISCEL 
the current fracture mesh. 

nnfrac Duplicate variable for nfrac, for Set in READ2 
storage in a. separate common block. 

nnpf Duplicate variable for nt, which is Set in DISCEL 
in a common block. 

nonz Maximum number of non-zero elements in global Set in parameter 
mass-balance matrixA statement in DISCEL 

nray The program name, DISCEL, for print Set in DISCEL data 
out, character variable *7 statement 

nt The number of nodes on the current Set in ROFRAC, 
fractue, nf; nt = nkey(nf,l). BWIDTH, SFLUX 

nl The starting location in array node3 Set in ROFRAC, 
of the global node numbers of the nt BWIDTH, SFLUX 
nodes on fract ure nf; n 1 = nkey( nf,2). 

n2 The ending location in array node3 Computed in ROFRAC, 
of the global node numbers of the nt BWIDTH, SFLUX 
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nodes on fracture nf; 
n2 = nl + nt - 1. 

pkb Transmissivity of the current Computed in ROFRAC 
fracture, nf; 
pkb = rogomu * (aperture)** 3. 

radius The radius of the current fracture, Set in ROFRAC 
nf; radius = fracl(nf,3). 

rogomu Permeability fracture pg/12iJ in cgs Set in DISCEL 
of mks units. 

Local 

calphx Rotation parameters cos(alphax) and Computed in RADIAL 
cbetax cos{betax) from the xy-coordinate orNRADIAL 

system of the current fracture, nf, 
to the x' y' -coordinate system of a 
radial or nonradial node. 

p The perpendicular distance from a Computed in NRADIAL 
nonradial node to the fracture center, 
i.e., the x, -coordinate of the node. 

phi An orientation angle of the current Computed in ROFRAC 
fracture, nf, in radians; 
phi = fracl(nf,l) * (pi/ISO). 

pi The constant pi = 3.141592654. Used in parameter 
statements 

SFO The shape function for the sink image Computed in 
of node i w.r.t. nodes j=l,nt INTEGFN, 

nt 

SFO= E fJ_ INTEGFP, 
j=l 

INTEGFR 

SFI An approximation of the shape function Computed in INTEGFN, 
for the source image of node i w.r.t. INTEGFP, INTEGER 
nodesj = l,nt; 

nt mp 
SFI = E E fir+ 

i=l m=l 

'- SFN An approximation of the shape function Computed in INTEGFN, 
for node i w.r.t nodes j = l,nt; INTEGFP, INGEGFR 

nt mp 
SFN= E E fi~ 

j=l m=l 

theta An orientation angle of the current Computed in ROFRAC 
fracture, nf, in radians; 



xc 

xii 

xlI 
xl2 

yc 

yii 

yll 
yl2 

zc 
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theta = fracI(nf,2) * (pi/I80). 

The X-coordinate of center of current 
fracture, nf; xc = fracI(nf,5). 

The x-coordinate of the image source of a 
point node. 

The lower and upper limits of integration, 
el and e2, of a radial node in the 
x! y' -coordinate system. 

The Y-coordinate of center of current 
fracture, nf; yc = frac1(nf,6). 

The y-coordinate of the image source of a 
point node. 

The lower and upper limits of integration, 
el and e2, of a nonradial node in the 
x' y' -coordinate system 

Z-coordinate of center of current 
fracture, nf; zc = fracl(nf,7). 

Set in ROFRAC 

Computed in POINT 

Computed in RADIAL 

Set in ROFRAC 

Computed in POINT 

Computed in NRADIAL 

Set in ROFRAC 
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Table C-2. Description of DISCEL Program Arrays 

Variable 

Global: 

a{nonz) 

Description 

Linear array containing the non-zero elements of the 
global mass balance matrix A, keyed by arrays ifirst, 
irlast,iclast,irnext,icnext. Filled in FULFIL and 
solved in CGSOL V, 
i = l,nterm 
a(i) = value of term in entry i of matrix A. 

bm(maxn) One half the node widths for the nt nodes on the 
current fracture, nf, computed in ROFRAC. 

BMM(maxnod,3) The right hand side of global mass balance equations, 
mdir vectors, filled in FULFIL; after calling solver, 
contains solved average head values. 

fluxb(6,3) The total flux through the six boundary planes in mdir 
directions; computed in SFLUX. 

G(maxn,maxn) The matrix of shape factors, Kb [GJ, for current fracture, nf, relat­
ing nodal flux to average nodal head, computed in FORMG, stored 
in STOREG, and used again in SF LUX. 

Gstore{maxn*maxfrc) A linear array of fracture numbers and stored G matrices of frac­
tures containing boundary nodes; the counter k (globally kstore), 
keeps track of the last position filled. When STOREG is called for 
a given fracture, nf, with nt nodes: 

- Gstore{k+l) = nf and the next nt*nt locations 
are filled with the G matrix of fracture nf; 

- k is reset to the original k + nt*nt +1; 
- the next location, Gstore{k+l), is set to 

maxfrc + 10 as a flag to mark the last stored 
G matrix. 

SFLUX retrieves the stored G matrices to compute flux 
after the global mass balance equations are solved. 

head{maxh) A linear array of constant average head values of boundary nodes; 
mdir values per node; keyed by global node number by keyh; com­
puted in BNDCON and used in FULFIL. 

iclast{maxnod) Key to array a: number of last entry in array a for a column of 
matrix A, 
iclast(i), i=l, nnodes 
iclast(i) = number of last entry in array a for an 

element of column i in matrix A. 



icnext(nonz) 

icol(nonz) 

ifirst(maxnod) 

irlast( maxnod) 

irnext(nonz) 

irow(nonz) 

iside(3,2) 

keyh(maxnod) 

ngnn(maxn) 

ntype(maxn) 

rl(maxn) 
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Key to array a: number of next entry in array a for the same row 
in matrix A, i=l,nterm 
icnext(i): number of next entry in array a for an 

element of the same row as entry i. 

Column number in global mass balance matrix A of elements 
of array a, i=l,nterm. 
icol(i) = column number of entry i in array a 

Key to array a, containing the entry number in array a of diagonal 
elements of matrix A, 
i = l,nnodes 
ifirst(i) = entry number in array a of diagonal element 

(i,i) in matrix A. 

Key to array a: Dumber of last entry in array a for a row of 
matrix A, irlast(i), i=l,nnodes, 
irlast(i) = Dumber of last entry in array a for an element 
of row i in matrix A. 

Key to array a; number of next entry in array a for the same 
row in matrix a, i=l,nterm 
irnext(i): number of next entry in array a for an 
element of the same row as entry i. 

Row number in global mass balance matrix A of elements 
of array a, i=l,nterm 
irow(i) = row number of entry i in array a 

An array used to correlate parallel flow region 
boundary planes, set in a data statement in DISCEL, 
used in BNDCON: 

[H 1 
Key to head array by global node number; for node nn: 

e keyh(nn) = starting location and 
- keyh(nn) + mdir - 1 = ending location in array 

head of assigned head values in mdir directions; 
set in BNDCON, and used in FULFIL. 

Array of global node numbers corresponding to local 
node numbers 1 to nt on current fracture nf; set in 
ROFRAC and used in FULFIL. Set again in SFLUX and 
used locally. 

Node type of each of the nt nodes on current 
fracture, nf; set in ROFRAC and used in DISCEL: 
ntype(i) = 1 if node i is a point node, 
ntype(i) = 2 if node i is a radial node, 
ntype(i) = 3 if node i is a nonradial node. 

Node length of each of the nt nodes on currrent fracture, nf; 



scrptF( maxn ,maxn) 

wkarea(maxn *( maxn+3)) 

xl(maxn) 
x2(maxn) 
Yl(maxn) 
y2(maxn) 

Local 

asearch( maxnod) 

fl uxn( maxnod ,3) 

fluxt(3) 

h(maxn,3) 

hd(maxnod,3) 

Q(maxn,3) 

res( maxnod) 

rot(3,3) 

scrptG( maxn ,maxn) 

search( maxnod) 

sumQ(3) 
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computed in ROFRAC and used in NRADIAL, INTEGFN, and 
INTEGFR 

Matrix of shape functions Tt, for current fracture, nf; 
computed in INTEGFN, INTEGFP, and INTEGFR and used 
in FORMG. 

Work area needed for library matrix inversion subroutine 
LINV2F. 

Coordinates of the endpoints of the nt nodes on the 
current fracture, nf, in the local 2-D coordinate 
system of the fracture; computed in ROFRAC and used in 
POINT, INTEGFP, RADIAL, INTEGFR, NRADIAL, INTEGFN. 

Product of matrix A and vector search, computed and used at 
each iteration of the matrix solving subroutine CGSOLV. 

The total flux through each node w.r.t. the global 
system; should equal zero for internal nodes; computed 
in SFLUX. 

The total flux through the six boundary planes in mdir 
directions; should equal zero; computed in SFLUX. 

The solved average heads for the nt nodes on the 
current fracture in mdir directions; set in SFLUX to 
appropriate values of hd array. 

The solved average heads for the nnode nodes of the 
fracture mesh in mdir directions; hd is the local name 
used in SFLUX for the solution vectors BMM(nnode,3). 

The flux through each of the nt nodes on the current 
fracture w.r.t. the other nt-l nodes on the fracture; 
computed in SFLUX. 

residual vector, during iterations for matrix solving in 
subroutine CGSOLV. 

The rotation matrix from the global XY-coordinate 
system to the local xy-coordinate system of the 
current fracture, nf; computed and used in ROFRAC. 

The matrix of shape factors, rnr, for the current fracture, 
nf; an intermediate step between scrpt F and 
G; computed and used in FORMG. 

search direction vector during iterations for matrix solving, 
computed at each iteration, in 
subroutine CGSOLV. 

The sum of the fluxes through the nt nodes on the current frac­
ture in mdir directions; should equal zero; computed in SF LUX. 
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Table C-3. DISCEL Subroutine Outline 

DISCEL 

READ2 

BNDCON 

ROFRAC 

POINT INTEGFP 

RADIAL INTEGFR 

NRADIAL INTEGFN 

FORMG LINV2F* 

STOREG 

FULFIL 

CGSOLV 

SFLUX 

*IMSL Subroutine, (International Mathematical and Statistical Library). 
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Table C-4. Description of DISCEL Subroutines 

Subroutine Description 

BNDCON Reads boundary condition parameters and computes head 
values for boundary nodes. One, two or three flow 
directions may be used 

CGSOLV 

FORMG 

FULFIL 

INTEGFN 

INTEGFP 

INTEGFR 

given: new ,nnode,iside{3,2},nside{ nnode,2}, 
frcoef{ 6,4},nodel {nnode,6},maxh 

reads: ibcc,ndir(3},delphi{3} or seth{6,maxd} 
returns: new ,maxd,key h{ nnode },head( maxh} 

Matrix solver using the conjugate gradient method. 

given: nnode,ib,a{nonz},ifirst{nnode},irlast{nnode}, 
iclast{ n node },irnext{ nonz },icnext{ nonz}, bmm{ nnode,maxd} 

returns: modified bmm{nnode,ib} containing the 
solution, i.e., the head value at each node in flow 
direction ib; ier, error flag. 

Forms the G matrix of the current fracture from scrptF 
matrix such that: Kb*[G]*[headJ = [Q] 

given: maxn,nf,nt,scrptF{nt,nt},pkb, 
wkarea{maxn*{maxn+3}) 

returns: G{nt,nt} 
uses subroutine: LINV2F 

Fills the array a with the non zero elements of the global mass balance 
matrix A and parts of the solution vector bmm, with entries for the 
current fracture's G matrix. 

given: maxnd, g{maxnd,maxnd}, nt,ngnn{maxn}, 
head{maxh}, node2{maxnod,2}, keyh{maxnod}, 
a(nonz},bmm(nnode,maxd} 

returns: modified a, bmm 

Approximates integration of head shape functions sfn, sfi and sfO 
over the nt nodes on fracture nf w.r.t. a non-radial node, i 

given: maxn, nf,i,n t,ninteg,cal phx,cbetax,p ,yll,y 12, 
radius,x 1 (n t },y 1 (n t },x2( n t },y2( n t },rl( n t), 
bm( nt },ntype( n t} 

returns: scrptF(i,j} for j=l,nt 

Approximates integration of head shape functions sfn, sfi and sfO 
over the n t nodes on fracture nf w .r. t. a pain t node, i 

given: maxn,nf,i,nt,ninteg,xii,yii,radius,xl{nt}, 
y 1 (n t },x2( n t ),y2( n t ),rl( nt ),bm(n t ),n type( n t) 

returns: scrptF(i,j) for j=l,nt 

Approximates in tegration of head shape functions sfn, sfi and sfO 



IROUND 

LINV2F 

NRADIAL 

POINT 

RADIAL 

READ2 
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over the nt nodes on fracture nt w.r.t. a radial node, i 

given: maxn,nf,i,n t,nin teg,calphx,c betax,xll ,xI2, 
radi us,xl( n t),y 1( n t ),x2( n t ),y2( n t ),rl( n t), 
bm(nt),ntype(nt) 

returns: scrptF(i,j) for j=l,nt 

round-off function 

given: x,nplace 
returns: iround=integer part of x*10**~place 

An !MSL* matrix inversion subroutine using full storage mode; used by 
subroutine FORMG to invert the modified script F matrix. Note, n = 
nt+l, where nt is the number of nodes on the current fracture 

given: n,maxn,scrptF(n,n),wkarea(n*n+n*3),idgt 
returns: scrptG(n,n) -- the inverse; ier - error flag 

Generates rotation parameters and integration limits for computation 
of head shape functions for the non-radial node i; calls subroutine 
INTEGFN to compute script F. 

given: nt,i,xl(i),yl(i),x2(i),Y2(i),rl(i) 
returns: calphx,cbetax,p,yll,yI2, 

and scrptF(i,j) for j=l,nt from INTEGFN 
uses subroutine: INTEGFN 

Determines the coordinates of the image of the point node i; calls 
subroutine INTEGFP to compute script F. 

given: nt,i,xl(i),yl(i),radius . 
returns: xii,yii and scrptF(i,j) for j=l,nt from INTEGFP 
uses subroutine: INTEGFP 

Determines rotation parameters and integration limits for compu tat ion 
of head shape functions for the radial node i; calls 
subroutine INTEGFR to compute script F. 

given: nt,i,xl(i),yl(i),x2(i),y2(i) 
returns: calphx,cbetax,xll,xI2, and scrptF(i,j) for 

j=I,nt from INTEGFR 
uses subroutine: INTEGFR 

Reads data written by fracture mesh generator program, FMG3D, from 
unit 2 including run identification, flow region parameters, fracture 
characteristics, and nodal arrays; sets flag ndata. 

ndata=l 
ndata=2 
ndata=3 

normal data set, run program, 
normal end of data, stop, 
incomplete data set, error stop. 

returns: iray ,idate, title( 40), 
xmesh ,ymesh ,zmesh ,roph i,rothe,frcoef( 6, 4). 
nfrac,frac 1 (nfrac,8) ,coefp( nfrac ,4), 
nnode,nseg,nsegb ,node 1 (nnode,6), 
nside( nnode,2),node2(nnode,2),node3( node3( 1)), 



ROFRAC 

SFLUX 

STOREG 
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nkey( nfrac,2},ndata 

For the current fracture, nf: 
- sets radius equal to fracl(nf,3}, 
- computes transmissivity, equal to permeability times aperture, 
- computes coordinate transformation parameters from the global 

to the local fracture system, 
- renumbers all nodes on the fracture from one to nt and stores 

a catalog of corresponding global node numbers, 
- sets Bag for storing G matrix if the fracture intersects 

any Bow region boundary planes, . 
- for each node on fracture nf 

- transforms endpoint coordinates to the local system, 
- computes the length, 
- computes the width in the plane of fracture nf, 
- determines the node type -- point, radial, or non-radial. 

given: maxfrc,maxnod,maxn,nfrac,nnode,nt,rogomu, 
fracl(nfrac,8),coefp(nfrac,4),nkey(nfrac,2), 
nodel(nnode,6),node2(nnode,2},node3(nnode*2+1} 

returns: radius,pkb,nt,nl,n2,ngnn(nt),istore, 
xl( n t ),yl( nt) ,x2( n t ),y2( n t ),rl( nt), bm( n t), 
ntype(nt) 

Computes Bux through nodes on fracture intersecting flow region boun­
dary planes; sums flux through each of the boundary planes. The 
G(nt,nt} matrix of each such fracture is retrieved from the linear array 
Gstore; the head values, h(nt,maxd}, of nodes on the fracture are taken 
from the solution of the global mass balance equations, 
head(nnode,maxd); [Q] = [G] * [h]. 

given: maxfrc,maxnod,maxn,nnode,nkey(maxfrc,2}, 
node2(nnode,2},node3(maxnod**2+1),maxd, 
head( nnode,maxd), Gstore( maxfrc*maxn) 

returns: fluxb(6,maxd} 

Stores G matrix of each fracture intersecting one or more flow region 
boundary planes for computation of flux after solution of global mass 
balance equations. The nt by nt G matrices are stored in the linear 
array Gstore; the counter k keeps track of the last location filled; for a 
given fracture, nf, the first location, k+l, stores the fracture number 
and the following nt**2 contain the G matrix. 

given: maxfrc,maxn,nf,nt,G(n t,nt},k 
retu rns: Gstore( maxfrc*maxn} 
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APPENDIXD 

Listing of Program DISCEL 
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include fi les for OISCEL: 

f i Ie COMFLR .BLKO 
common /floreg/xmesh,ymesh,zmesh,rophi,rothe, 

1 frcoef(6,4),iside(3,2) 

fi Ie COMFNO.BLKO 
common /fnodes/nt,nl,n2,ngnn(maxn),xl(maxn),yl(maxn), 

1 x2(maxn),y2(maxn),rl(maxn),bm(maxn),ntype(maxn), 
2 radius,istore 

file COMFRC.BLKD 
common /fract/nfrac,fracl(maxfrc,8),coefp(maxfrc,4) 

f i Ie COMHEO. BLKD 
common /heads/head(maxh),keyh(maxnod),maxd,ibcc, 

1 ndir(3),delphi(3),seth(6,3) 

f i Ie COMlOT. BLKD 
character iray.7,idate.9,nray.7,ndate.9 
character.4 ititle(40) 
common /ident/iray, idate,nray,ndate, ititle 

f i Ie COMMAT. BLKO 
common /aandb/a(nonz),bmm(maxnod,3),res(maxnod), 

search(maxnod),asearch(maxnod), 
irow(nonz),icol(nonz), 
ifirst(maxnod),irlast(maxnod), iclast(maxnod) , 
irnext(nonz),icnext(nonz) 

fi Ie COMNOO.BLKO 
real nodel(maxnod,6) 
common /nodes/nnode,nnfrac,nodel,nside(maxnod,2), 

1 node2(maxnod,2),node3(maxnod.2+1),nkey(maxfrc,2), 
2 nseg, nse:gb 

fi Ie MAXOIM.BLKO 
parameter (maxfrc=1000,maxnod=7000,maxn=50, 

, maxh=1000,nonz=50000) 



c 
c 

c 
c 
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PROGRAM DISCEL 

c •••••••••••• PRO G RAM DIS C E L • ••••••••••• 
c 
c 
c 
c ••••••• 
c 
c 
c 

THREE-DIMENSIONAL FRACTURE FLOW MODEL • ••••• $ 

written by 

c •••••••••••••• PEGGY (MACLEAN) GILMOUR • ••••••••••••• 
c 
c for 
c c.·· ........•.••••... JANE LONG 
c 
c 
c 
c 

include'maxdim.blkd/list' 
parameter (mnod3=3.maxnod) 

nelude 'comfrc.blkd/l st' 
nclude 'comflr.blkd/l st' 
nclude 'comidt.blkd/I st' 
nclude 'comnod.blkd/l st' 
nclude 'comhed.blkd/I st' 
nclude 'comfnd.blkd/l st' 

c nclude 'comABM.blkd/1 st' 
nclude 'commat.blkd/l st' 

c 

• ••••••••••••••••••••• 

dimension scrptF(maxn,maxn),G(maxn,maxn),Gstore(maxn.maxfrc) 
equivalence (scrptF,G) 

c 
c 
c 

c 

dimension fluxb(6,3) 
dimensioh wkarea(maxn*(maxn+3» 
character.3 units(2)/'cgs','mks'l 
eharacter.6 borf(2)/,banded','full 'I 
data iside/l,5,2,3,6,41 
data nray/'DISCEL 'I 
data BMM/mnod3.0.01 

maxnd=maxn 
mfrac=maxfrc 

c ••• Request job information. 
call date(ndate) 

c 
c ••• Read control parameters. 

read(1,105) iunits,ninteg 
c 
c ••• Set units: iunits=1 -- cgs, iunits=2 -- mks. 

rogomu = 8172.16667 
if (iunits .eq. 2) rogomu = 817.216667 

c 
C e.* Print title page. 

wr i te (3,110) 



c 
c *** Read mesh generated by FMG3D. 

inew=1 
nmesh:O 

5 read (1,i06,end:10) newbc 
new:newbc 
go to 12 

10 inew=2 
11 new=O 
12 nmesh:nmesh+l 

nbcs=O 
call READ2(ndata) 
go to (15,90,92), ndata 
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15 if «(nfrac .gt. maxfrc) .or. (nnode .gt. maxnod» go to 94 
c 
c ••• Print mesh and run parameters. 

write (3,112) nmesh 

c 

write (3,115) nray,ndate,iray, idate 
write (3,117) (ititle(i), i:l,40) 
write (3,120) units(iunits),ninteg 
write (3,127) xmesh,ymesh,zmesh,rophi,rothe 
write (3,125) nnode,maxnod,nfrac,maxfrc,nseg,nsegb 

c .** Compute bandwidth 
c call BWIDTH{ibw,kdiag,kfi II ,matrxsz) 
c if (matrxsz .gt. mnodsq) go to 96 
c write (3,122) ibw,borf(kfill),matrxsz 
c 
c ••• Read boundary conditions and compute head values for each node. 

20 nbcs=nbcs+1 

c 
c 
c 

write (3,130) nmesh,nbcs 
call BNDCON (new) 

c •• **.* •• **.** ••• **. Begin fracture loop •••• **.**.* •• * 
c 

c 
c *** 
c *** 
c *** 
c *** 
c *** 
c 

c 

write (3,135) 
mdir=maxd 
mnode=nnode 
kstore : 0 
nterm=O 
do nfr=1,nfrac 

nf=nfr 

Call subroutine ROFRAC to transform all nodes on fracture nf to 
the local coordinate system of that fracture. A local numbering 
system is set up for nodes 1 to nt. The length, width, and type 
of each node on fracture nf are determined. 
Fracture transmissivity, permeabi I ity • aperture, is computed. 

call ROFRAC(nf,rogomu,pkb) 
if (nt .gt. maxn) go to 98 
nnpf=nt 

c ********** Begin loop on nodes on fracture nf ******** 
c 

c 

do inode=1,nt 
i=inode 



c ••• 
c - •• 
c· •• 
c 

c 
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Calculate coefficients of shape functions for node i and 
scrptF(j, i) of nodes j=l,nt on node i by integration of FN 
and FI for each node j on fracture nf. 

if(ntype(i).eq.1}then 
cal I POINT(maxnd,i,ninteg,scrptF) 

elseif(ntype(i).eq.2)then 
cal I RADIAL(maxnd,iininteg,scrptF) 

elseif(ntype(i).eq.3)then 
call NRADIAL(maxnd,i,ninteg,scrptF) 

endif 

c.......... End loop on nodes on fracture nf - * •••• *.** 
c 

c 
c *** 
c 

c 
c .** 
c 

c 
c 
c 
c 

c 

enddo 

Call subroutine FORMG to compute G matrix for fracture nf. 

cal I FORMG(maxnd,nf,nnpf,scrptF,G,pkb,wkarea) 

If fracture nf intersects one or more boundaries, store G(i,j). 

if (istore .eq. 1) call STOREG(mfrac,maxnd,nf,nnpf,G, 
Gstore,kstore) 

fil I array a with only nonzero elements of big matrix, 
and solution vector. 

call fulfil(maxnd,g) 

c.............. End fracture loop ••••••••••••• 
c 

c 
c 

enddo 

c •••••• Solve Global Mass Balance Equations and Flux **.*** 
c cal I iterative algorithm (Conjugate Gradient) for each 
c set of boundary conditions 
c 

c 

do ib=l,maxd 
cal I cgsolv{ib, ier,mnode) 
if (ier.eq.1)stop 

enddo 

c ••• Cal I SFLUX to back calculate fluxes through the boundary nodes. 
c 

c 
c 
c 

cal I SFLUX{Gstore,mdir,fluxb) 

c ••• Zero BMM array for next data set. 
c 

c 

do j=1,3 
do i=l,maxnod 

BMM(i,j)=O.O 
enddo 

enddo 

c .-. Go to 5 or 12 to read next mesh or 
c.·. go to 20 for next set of boundary conditions. 



c 

if (new .gt. 0) go to 20 
go to (5,ll),inew 
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c ••• Normal stop at end of data ••• 
c 

c 

90 write (3,190) 
stop 

c •••••••• ERROR STOPS •••••••••• 
c 
c ••• Stop, incomplete data set from FMG3D. 

92 write (3,191) 
write (3,192) 
stop 

c 
c ••• Stop, maximum dimensions exceeded. 

c 

c 
c 

94 

98 

write 
write 
stop 

write 
write 
stop 

(3,193) 
(3,194) nfrac,maxfrc,nnode,maxnod 

(3,193) 
(3,198) nt,nf,maxn 

c •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
c 
c· •• • ••••••••••••••••••• FORMATS •••••••••••••••••••••• 
c 

105 format (2(10x, is)) 
lOS format (lOx, is) 
110format(lh1,S(/),10x,10(Sh •••••• ),111,23x,12hT H R E E -

1 22hD I MEN S ION A L ,111,22x,lShF R ACT U R E , 
2 22h FLO W MOD E L ,11134x,12hD I S C E L ,III, 
3 30x,20hw r itt e n b y ,III,31x,18hJ A N E LON G , 
4 111,37x,Sha n d ,111,17x,30hP EGG Y (M A C LEA N ) , 
5 ISh G r L M OUR ,III,10x,10(Sh •••••• ),lS(/» 

112 format (lh1,10(lh.,lx),11hMESH NUMBER,i5,10(lx,lh.),III) 
115 format (lhO,8hPROGRAM ,a7,Sh -- ,a9,I, 

1 2Sh using mesh generated by ,a7,5h -- ,a9,/) 
117 format (lh ,20a4) 
120 format (lhO,10hunits are ,a3,1, 

1 31h number of integration steps = ,i5,/) 
122 format (lhO,13h bandwidth = ,i5,17h, therefore, use ,as, 

1 14h matrix solver,I,17h, matrix size = , is) 
125 format (lhO,8h nnode =,i5,10h, maxnod =,i5,I, 

1 1hO,8h nfrac =,i5,10h, maxfrc =,i5,I, 
2 1hO,8h nseg =,i5,10h nsegb =,i5) 

127 format (lhO,20h ••• FLOW REGION ••• ,II,9h xmesh =,f10.4, 
1 10h ymesh =,f10.4,10h zmesh =, f10.4,I, 
2 9h rophi =,f10.4,10h rothe =,f10.4,11) 

130 format (lh1,10(lh.,lx),llhMESH NUMBER,i5,lO(lx,1h.),II, 
1 IhO,7(lh.,lx),23hBOUNDARY CONDITION SET, i5,7(lx,lh.),III) 

135 format (lh1,31h ••• NODES ON EACH FRACTURE ••• ,/) 
190 format (lhO,27(lh.),II,27h Normal stop at end of data) 
191 format (lhO,24h •••••• ERROR STOP •••••• ) 
192 format (lhO,31(lh.),II,31h Incomplete data set from FMC3D) 
193 format (lhO,24h •••••• ERROR STOP •••••• ,111, 

1 41h •••••• MAXIMUM DIMENSIONS EXCEEDED •••••• ) 
194 format (lhO,23h number of fractures, is, 



c 

c 

c 
c 
c 

1 I6h exceeds maximum,i5,//, 
2 I9h or number of nodes, i5, 
3 I6h exceeds maximum,i5) 
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198 format (1hO,17h number of nodes,i5,12h on fracture,i5, 
1 I6h exceeds maximum,i5) 

200 format (3f10.4) 

end 

c *** ROUND-OFF FUNCTION 
c 

c 

function iround{a,nplace) 
aplace=a*10.**nplace 
iround=nint(aplace) 
return 
end 
SUBROUTINE BNDCON(new) 

c *.* If boundary condition option ibcc =1 : 
c **. subroutine bndcon reads boundary conditions in the form of flow 
c *** direction and delta phi, for one, two, or three directions, 
c .** and calculates head values for all boundary nodes. Flow 
c ••• directions are determined by the value of ndir(i), i=1,3: 
c... ndir(i) = 1 flow in x direction from side 1 to 3, 
c... ndir(i) = 2 flow in y direction from side 5 to 6, 
c-.** - ndir{i) = 3 flow in z direction from side 2 to 4. 
c ••• The value of head on the inflow side is delta phi and on the 
c •• * outflow side head is zero. The direction of flow can be reversed 
c *** by using a negative value of delta phi. 
c 
c ••• If ibbc = 2: head values are read in for each flow region 
c ••• boundary plane and head values set for nodes intersecting 
c ••• those planes. Up to three sets of head values can be set. 
c 

c 

c 
c 

include 'maxdim.blkd/I ist' 
include 'comflr.blkd/I ist' 
include 'comnod.blkd/list' 
include 'comhed.blkd/list' 

dimension hd(2) 
character.55 btype(2)/ 

l' Constant average gradient for directional 
2' Set head values at each boundary plane 

permeabi I ity', 
'/ 

c.·. Read boundary condition option and flow directions, 
c ••• set the number of flow directions. 
c 

if (new .Ie. 0) go to 7 
5 read (1,110,end=93) ibcc 

if (ibcc .gt. 2) go to 95 
read (1,120,end=93) (ndir(i),i=1,3) 
maxd=O 
if (ndir{l) .ne. 0) maxd=1 
if (ndir{2) .ne. 0) maxd=2 
if (ndir(3) .ne. 0) maxd=3 
if (maxd .eq. 0) go to 97 



.. 
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7 write (3,200) btype(ibcc),maxd 
c 
c ••• Zero keyh array, if keyh(nn)=O then node nn IS not a boundary node. 

do 10 nn=1,nnode 
10 keyh(nn)=O 

c 
go to (15,65),ibcc 

c 
c * •• Read delta phis . 

c 

c 

c 

c 

15 if (new .gt. 0) read (1,130,end=93) (delphi (i), i=1,3) 
write (3,210) 

do 60 k=1,maxd 
jk=k 
nin =iside(ndir(k),1) 
nout=iside(ndir(k),2) 
dmesh=2.0.frcoef(nout,4) 
write (3,220) k,nin,nout,delphi(k) 

do 50 nn=1,nnode 
if (node2(nn,2) .gt. 0) go to 50 

np=-3 
do 30 npt=1,2 
np=np+3 
hd(npt)=O. 
ns=nside(nn,npt) 
if (ns .eq. nout) go to 30 
if (ns .ne. nin) go to 20 
hd(npt)=delphi(k) 
go to 30 

c ••• Compute head for a point on a wedge shaped boundary. 
20 d=O.O 

c 

c 

do 25 i=1,3 
25 d=d + frcoef(nout,i).nodel(nn,i+np) 

d=abs(d + frcoef(nout,4» 
hd(npt)=(d.delphi (k»/dmesh 

30 continue 

c· •• Average heads at endpoints 1 and 2 and key location of head of 
c ••• node nn. If the node has one boundary endpoint and one interior 
c ••• endpoint then half the boundary endpoint head is stored for fil lAB. 

head(jk)=(hd(1)+hd(2».0.5 

c 

c 
c 

c 
c 

go to (35,40,40),k 
35 keyh(nn)=jk 
40 jk=jk+maxd 
50 continue 

60 continue 

go to 90 

c •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
c 
c 
c ••• Read head values for each boundary plane in maxd directions. 



c 

c 

c 
c 

c 

c 
c 
c 
c 

c 

c 
c 
c 
c 
c 

c 

c 

c 

c 
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65 if (new .gt. 0) read (l,160,end=93) 
1 «seth(i,j), i=l,6),j=l,maxd) 
write (3,230) 
write (3,240) (j, (seth(i ,j), i=l,6) ,j=l,maxd) 
do 80 k=l,maxd 
jk=k 
do 7S nn=l,nnode 
if (node2(nn,2) .gt. 0) go to 7S 

ns=nside(nn,l) 
head(jk)=seth(ns,k) 

••• Key location of head for node nn. 
go to (70,72,72),k 

70 keyh(nn)=jk 
72 jk=jk+maxd 
7S continue 

80 continue 

90 nhead=jk-maxd 
write (3,180) nhead,maxh 
if (nhead .gt. maxh) go to 98 
new=new-l 

return 

••• Write error messages 

93 write (3,140) 
write (3·,135) 
stop 

95 write (3,140) 
write (3,145) 
stop 

97 write (3,140) 
write (3,150) 
stop 

98 write (3,140) 
write (3,170) 
stop 

110 format (lOx, is) 
120 format (10x,3i5). 
130 format (10x,3f10.4) 

and stop the program. 

135 format (36h incomplete boundary condition input) 
140 format (lhO,36h ••• ERROR STOP **. subroutine BNDeON) 
145 format (12h ibcc .gt. 2) 
150 format (30h no flow directions were input) 
160 format (10x,6f10.4) 
170 format (45h number of head values exceeds dimension maxh) 



c 

c 
c 

c 
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180 format (lhO,8h nhead =, i5,10h, maxh =, i5,/) 
200 format (lhO,28h ••• BOUNDARY CONDITIONS ••• ,//,a55,lh,,/, 

1 20h flow is computed in,i2,12h directions.,/) 
210 format (lh ,36h flow inflow outflow delta,/, 

1 36h direction side side phi,/) 
220 format (i6,ill,i9,fll.4) 
230 format (lh ,35h flow heads at boundary planes,/, 

1 Ilh direction,4x,lhl,9x,lh2,9x,lh3,9x,lh4,9x,lh5,9x,lh6,/) 
240 format (i7,lx,6flO.4) 

end 

subroutine cgsolv(ib,ier,mnode) 

c solves a-x=bmm for a symmetric definite positive matrix 
c by the conjugate gradient method. 
c 

c 

c 

include 'maxdim.blkd' 
include 'commat.blkd' 

parameter (prec=1.Oe-8) 

c i nit i a lise a r ray s 
c 

c 

ier=O 
rtrold=O. 
do i=l,mnode 

res(i)=bmm(i, ib) 
k=ifirst(i) 
do whi le(k.gt.O) 

res (i )=res (i) -a (k) -0.5 
k=irnext(k) 

enddo 
k=ifirst(i) 
k=icnext(k) 
do whi.le(k.gt.O) 

res (i) =res (i) -a (k) -0.5 
k=icnext(k) 

enddo 
search (i )=res (i) 
bmm(i, ib)=0.5 
rtrold=rtrold+res(i)*res(i) 

enddo 

c begin iterations 
c 

do iter=l,lOOO 
c 
c compute new asearch 
c 

do i=l,mnode 
asearch(i)=O. 
k=ifirst(i) 
do whi le(k.gt.O) 

j = i co I (k) 
asearch(i)=asearch(i)+a(k)*search(j) 
k=irnext(k) 

enddo 
k=ifirst(i) 



c 
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k=icnext(k) 
do whi le(k.gt.O) 

j:irow(k) 
asearch(i)=asearch(i)+a(k).search(j) 
k=icnext(k) 

enddo 
enddo 

c compute alpha 
c 

c 

alden=<>. 
do i=l,mnode 

alden=alden+search(i).asearch(i) 
enddo 

alpha=rtrold/alden 

c compute new bmm , res and rtr and error 
c 

c 
c 
c 

rtr=<>. 
flagpr=O 
error=O. 
do i=l,mnode 

as=alpha.search(i) 
bmm(i,ib)=bmm(i, ib)+as 
res (i) =res (i) -a I pha.asearch (i) 
rtr=rtr+res(i).res(i) 
error=error+as*as 
if(abs(as).gt.prec)flagpr:l 

enddo 

if precision attained, return 

error:sqrt(error)/mnode 
c if(error.le.prec)return 

c 

c 

if(flagpr.eq.O)return 

beta=rt.r/rtrold 
rtrold=rtr 
do i=l,mnode 

search(i):res(i)+beta*search(i) 
enddo 

enddo 

c if precision could not be reached, write 
c error message 
c 

c 
c 

c 
c 
c 

write(3,100)error 
ier=l 
return 

100 formate' precision reached after 1000 iterations'/ 
, , of cgsolv is only' ,g10.4) 
end 

SUBROUTINE FORMG(mn,nf,nt,scrptF,G,pkb,wkarea) 

include 'maxdim.blkd' 



c 

c 
c 

c 

dimension scrptF(mn,mn),G(mn,mn) 
dimension scrptG(maxn,maxn) 
dimension wkarea(l) 

n=nt+l 

169 

c ••• add a column and a row of ones to scrptF 
c 

c 

do i=I,nt 
scrptF(i ,n)=l. 
scrptF(n, i)=l. 

enddo 
scrptF(n,n)=O. 

c take average of scrptf(i,j) and scrptf(j, i), to 
c get rid of numerical error in shape factor calculation. 
c 

c 

do i=I,nt-l 
do j=i+l,nt 

scrptf(i,j)=(scrptf(i,j)+scrptf(j,i))/2. 
scrptf(j,i)=scrptf(i,j) 

enddo 
enddo 

c ... Invert scrptF to get scrptG. 
c 

c 

idgt=O 
call LINV2F(scrptF,n,maxn,scrptG,idgt,wkarea, ier) 
if (ier .eq. 129 .or. ier .eq. 131)then 

write (3,100) ier,nf 
stop 

endif 

c ••• multiply by fracture transmissivity, pkb, to get G. 
c 

c 

c 
c 

c 

c 

c 

do i=l,nt 
do j= i ,nt 

g(i ,j)= pkb .(scrptg(i,j)+scrptg(j,i»)/2. 
g (j , i) =g ( i ,j ) 

enddo 
enddo 

return 

100 format (lhO,34h ••• matrix inversion error, ier =, is, 
1 10h, fracture,i5,/,23h •••• ERROR STOP •••• , 
2 17h subroutine FORMG) 

end 

SUBROUTINE fulfi I (mn,G) 

c ••• This subroutine fi I Is the array a with the non zero elements 
c ••• of the global mass balance matrix and parts of the solution 
c ••• vector BMM. The head array contains the non-zero elements 
c ••• of the boundary condition vector. Arrays head and BMM contain 
c ••• values for flow in one, two, or three directions depending on 



J 70 

c ••• maxd. nj and nl are local node numbers, J and are 
c .** corresponding global node numbers. 
c 

c 

c 

include 'maxdim.blkd/list' 
include 'comnod.blkd/list' 
include 'comhed.blkd/list' 
include 'comfnd.blkd/list' 
include 'commat.blkd/list' 

dimension G(mn,mn) 

c fill the diagonal elements 
c 

c 

do nj=l,nt 
j=ngnn(nj) 
if(ifirst(j).eq.O)then 

nterm::nterm+l 
if i rst (j) =nterm 
if (node2(j,2) .ge. O)then 

a(nterm)=g(nj,nj) 
else 
a(nterm)=1.0 
do ib=l,maxd 

khj=keyh(j)+ib-l 
bmm(j,ib)=head(khj) 

enddo 
endif 

. rnext (nterm) =0 
cnext(nterm)=0 
row (nterm}=j 
co I (nterm)=j 
rlast(j)=nterm 
clast(j)::nterm 

e seif(node2(j,2).ge.0)then 
firsj=ifirst(j) 

a (i f i rsj) =a (i f i rsj) +g (nj , nj) 
endif' 

enddo 

c fill non-diagonal elements 
c 

c 
c 
c 

do nj=l,nt-l 
j=ngnn(nj) 
do ni=nj+l,nt 

i=ngnn(ni) 
if(node2(j,2) .ge.0.and.node2(i,2).ge.0)then 

i and j interior nodes: fi II a 

nterm=nterm+l 
a(nterm)=g(nj,ni) 
last=irlast(j) 
irnext(last)=nterm 
last=iclast(i) 
icnext(last)=nterm 
icol (nterm)=i 
irow(nterm)=j 
irlast(j)=nterm 
i c I ast( i )=nterm 
irnext(nterm)=O 



c 
c 
c 

c 
c 

c 
c 
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icnext(nterm)=O 

else 
if(node2(j,2}*node2(i,2).le.O}then 

i or j interior node: fi I I bmm 

if(node2(j,2} .ge.O)then 
i i=i 
jj=j 

else 
II=J 
j j=i 

endif 
do ib=1,maxd 

khii=keyh(ii)+ib-1 
bmm(jj, ib)=bmm(jj, ib)-g(nj ,ni)*head(khi i) 

enddo . 
endif 

endif 
enddo 

enddo 
return 
end 

SUBROUTINE INTEGFN (mn,i,ninteg,calphx,cbetax, 
1 yl1,yl2,p,scrptF) 

c *** This subroutine approximates integration of FN and FI over 
c *** the nodes on fracture nf when node i is a non-radial node. 
c 
c 

c 

c 
c 

include 'maxdim.blkd/list' 
parameter (zerock=O.000005) 
parameter (pi4co=-O.0795774715,ylnmin=1.0000001) 
include ~comfnd.blkd/list' 

dimension scrptF(mn,mn) 

c *** Compute terms independent of node J. 
c 

c 

r I i =r I (i) 
coef=p i 4co/r Ii 
yI12=2.0*yll 
yI22=2.0.yI2 
y Ilsq=y l1*y 11 
yI2sq=yI2*yI2 
p2=2.0*p 
psq=p*p 
a2=rad i uSHad ius 
a4=a2*a2 
a22=2.0.a2 
asqp2=a22*p 
y2my12=yI22-yI12 
fiterm=yll.log(yllsq+psq)-yI2*log(yI2sq+psq)+ 

1 p2*(atan(yll/p)-atan(yI2/p» 
fi2=fiterm + y2my12*(log(a2)+1.O) 
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c 
c ••• Calculate head shape function SFN for node on itself. 
c 

r I i sq=r I i H I i 
if (bm(i) .gt. 0.) go to 10 

c 
c ••• Compute SFN for boundary node on itself. 
c 

c 

SFNii=(log(rl isq)-3.0).rli.ninteg 
go to 15 

c ••• Compute SFN for interior node on itself. 
c 

c 
c 

10 bmi sq=bm( i) .bm(i) 
bl inv=rl i/bm(i) 
blsq=bmisq/rl isq 
SFNi i=((1.0-blsq).log(rlisq+bmisq)+blsq.log(bmisq)-3.0+ 

1 (4.0/blinv).atan(blinv».rli.ninteg 

c ••• Begin loop on nodes j=l,nt. 
c 

c 

c 

15 do 60 j=l,nt 

SFN=O.O 
SFI=O.O 
SFO=O.O 
nin~ninteg 
ij=l 
i f (j . ne . i) go to 20 

c ••• Set parameters when J = I. 

c 

c 

ij=2 
SFN=SFNi i 
xjn=p 
ylp=yll . 
ytnin=rli/ninteg 
go to 25 

c ••• Rotate endpoints of node j to local x'y' system of node I. 

c 

c 

c 

20 xlp= calphx.xl(j)+cbetax.yl(j) 
ylp= calphx.y1(j)-cbetax.x1(j) 
x2p= calphx.x2(j)+cbetax.y2(j) 
y2p= calphx.y2(j)-cbetax.x2(j) 

go to (22,21,21),ntype(j) 
21 xlnin=(x2p-xlp)/ninteg 

ylnin=(y2p-ylp)/ninteg 
go to 25 

c ••• Node j is a point source. 
c 

c 

22 nin=l 
xlnin=O.O 
ylnin=O.O 

c ••• Calculate head shape functions for node i and approximate 
c •• * integrating that function over the length of node j. 
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c 
25 do 50 n=l/nin 

c 
c *** Determine integration intervals for SFN and SF!. 
c 

c 

yjn=ylp+(n-0.5)*ylnin 
go to (27/40)/ij 

27 xjn=xlp+(n-0.5)*xlnin 

c *** Compute SFN for node j on node I, J .ne. I. 

c 

c 

c 
c 

c 

30 yllmy=yll-yjn 
yI2my=yI2-yjn 
yllmys=yllmy*yllmy 
yI2mys=yI2my*yI2my 
abxmp=abs(xjn-p) 
xmpsq=abxmp*abxmp 
abxmp2=2.0*abxmp 
if (abxmp .gt. zerock) go to 35 
abxmp2=0.0 
abxmp=O.OOl 
if (yllmys .gt. zerock) go to 32 
Y Illilys=y I nmi n 
y Ilmy=O.O 
go to 35 

32 if (yl2mys .gt. zerock) go to 35 
yl2mys=ylnmin 
yI2my=0.0 

35 SFN=SFN+yI2my*log(xmpsq+yI2mys)+abxmp2*atan(yI2my/abxmp) 
1 -yllmy*log(xmpsq+yllmys)-abxmp2*atan(yllmy/abxmp) 
2 -y2my12 

c *** Compute SF! for node J on node I, J .eq. or .ne. I. 

c 

c 

c 

c 
c 

40 ysq=yjO*yjn 
gamma=xjn*xjn+ysq 
if (gamma .It. zerock) go to 46 
alpha=psq*gamma-asqp2*xjn+a4 
beta :-a22*yjn 
bet2g=0.5*beta/gamma 
q=abs(p2*gamma-a22*xjn) 
if (q .gt. zerock) go to 42 
qog=O.O 
q=O.OOl 
go to 44 

42 qog=q/gamma 

44 omegal=gamma*yllsq+beta*yll+alpha 
omega2=gamma*yI2sq+beta*yI2+alpha 
if (omegal . It. zerock) omegal=ylnmin 
if (omega2 .It. zerock) omega2=ylnmin 

SF!= SF! + fiterm + 
1 (yI2+bet2g) * log(omega2) +qog*atan«gamma*y 122+beta)/q) 
2 -(yll+bet2g)*log(omegal)-qog*atan«gamma*yI12+beta)/q) 



go to 49 
c 
c 
c *** Compute SFI for x and y equal zero. 
c 

c 
c 

46 SFI=SFI + fi2 

c compute SFO 
c 

c 

c 

49 rOsq=xjn*xjn+yjn*yjn 
if(rOsq.lt.zerock)rOsq=ylnmin 
SFO=SFO+log(rOsq) 

50 continue 
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c ••• 
c ••• 

Store (SFN 
Note, this 

+ SFI) for node j on node i in scrptF(j,i). 
is the transpose of scritp F. 

c 

c 
c 

scrptF(j,i)=(SFN+SFI-SFO.rli)*coef/nin 

c ••• End loop on node j. 
60 continue 

c 
return 

c 
end 
SUBROUTINE INTEGFP(mn,i,ninteg,xii,yii,scrptF) 

c 
c 
c ••• This subroutine integrates FN and FI over the nodes on fracture 
c ••• nf when node i is a point source. 
c 

include'maxdim.blkd/list' 
parameter (zerock=0.000005) 
parameter (pi4co=-0.0795774715,alnmin=I.000000I) 
include 'comfnd.blkd/list' 

c 

c 
c 

c 

dimension scrptF(mn,mn) 

coef=pi4co 

c *.* Begin loop on nodes j=I,nt. 
c 

c 

c 

do 60 j=I,nt 

if (j . eq. i) go to 15 
SFN=O.O 
SFI=O.O 
SFO=O.O 
nin=ninteg 
go to (22,21,21),ntype(j) 

c *** Calculate head shape functions SFN for node 
c *** SFI for image of node i on itself when j=i. 
c 

15 nin=1 
bmi=alnmin 

on itself and 



c 

c 

if (bm(i) .gt. 0) bmi=bm(i) 
SFN=log(bmi.bmi) 
gimgsq::i:(x1(i)-xi i) .. 2+(y1(i)-yi i) .. 2 
xylsq=x1(i).x1(i)+y1(i).y1(i) 
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if (gimgsq . It. zerock) gimgsq=alnmin 
if (xylsq .It. zerock) xylsq=alnmin 
SFI=log(gimgsq) 
SFC>::log(xylsq) 
go to 55 

21 xlnin=(x2(j)-x1(j»/ninteg 
ylnin=(y2(j)-y1(j»/ninteg 
go to 25 

c *.* Node j is a point source. 
c 

c 

22 nin=1 
xlnin=O.O 
ylnin=O.O 

c .** Calculate head shape functions for node i and approximate 
c * •• integrating that function over the length of node j. 
c 

25 do 50 n=1,nin 
c 
c ••• Determine integration intervals for SFN and SFI. 
c 

c 

xjn=x1(j)+(n-0.5).xlnin 
yjn=y1(j)+(n-0.5).ylnin 

c ••• Compute SFN and SFI for node j on node i, J .ne. I. 

c 

c 

c 

rnsq=(xjn-x1(i» •• 2+(yjn-y1(i».*2 
risq=(xjn-xi i)*.2+(yjn-yi i) •• 2 
rOsq=xjn.xjn+yjn.yjn 
if (rnsq .It. zerock) rnsq=alnmin 
if (risq .It. zerock) risq=alnmin 
if (rOsq .It. zerock) rOsq=alnmin 
SFN=SFN + log(rnsq) 
SFI=SFI + log(risq) 
SFO=SFO + log(rOsq) 

50 continue 

c ••• Store (SFN + SFI) for node j on node i in scrptF(j,i). 
c ••• Note, this is the transpose of script F. 
c 

c 
c 

55 scrptF(j,i)=(SFN + SFI -SFO).coef/nin 

c.·. End loop on node J. 
60 cont i nue . 

c 
return 

c 
end 
SUBROUTINE INTEGFR(mn, i,ninteg,calphx,cbetax,xI1,xI2,scrptF) 

c 
c 
c ••• This subroutine integrates FN and FI over the nodes on fracture 



c ••• nf when node 
c 
c 

is a radial node. 

include 'maxdim.blkd/list' 
parameter (zerock=O.000005) 
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parameter (pi4co=-0.0795774715,xlnmin=1.0000001) 
include 'comfnd.blkd/list' 

c 
dimension scrptF(mn,mn) 

c 
c 
c ••• Compute terms independent of node j. 
c 

c 
c 

r I i=r I (i) 
coef=pi4co/rl i 
xl1sq=xlhxl1 
xI2sq=xI2*X12 
xI12=2.0.xI1 
xI22=2.0.xI2 
a2=radius.radius 
a4=a2.a2 
fiterm=-xI2.log(xI2sq) 
if (iround(xll,4) .eq.O) go to 5 
fiterm=fiterm+xll.log(xI1sq) 

5 fi2=fiterm+(xI2-xI1).(log(a4)+2.0) 

c ••• Calculate head shape function SFN for node on itself. 
c 

r I i sq=r I i H I i 
if (bm(l) . gt. 0.) go to 10 

c 
c ••• Compute SFN for boundary node on itself. 
c 

c 

SFNii=(log(rlisq)-3.0).rli.ninteg 
go to 15 

c ••• Compute SFN for interior node on itself. 
c 

c 
c 

10 bmisq=bm(i).bm(i) 
b lin v = r I i / bm ( i ) 
b I sq=bm i sq/ r I i sq 
SFNii=«1.0-blsq).log(rlisq+bmisq)+blsq.log(bmisq)-3;0+ 

1 (4.0/bl inv).atan(blinv».rli.ninteg 

c ••• Begin loop on nodes j=l,nt. 
c 

c 

c 

15 do 60 j=l,nt 

SFN=O.O 
SFI=O.O 
SFO=O.O 
nin=ninteg 
i j=1 
if (j .ne. i) go to 20 

c··· Set parameters when J=I . 
c 

ij=2 



c 

SFN:SFNi i 
xlp:xll 
xlnin:rli/ninteg 
ysq::O.O 
aby2:0.0 
aby=O.OOl 
ny0=2 
go to 25 
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c *** Transform endpoints of node j to local x'y' system of node I. 

c 

c 

c 

20 xlp: calphx*xl(j)+cbetax*y1(j) 
y1p:-cbetax*x1(j)+calphx.y1(j) 
x2p: calphx*x2(j)+cbetax*y2(j) 
y2p=-cbetax*x2(j)+calphx*y2(j) 
go to (22,21,21),ntype(j) 

21 xlnin=(x2p-xlp)/ninteg 
ylnin:(y2p-ylp)/ninteg 
go to 25 

c *.* Node j is a point source. 
c 

c 

22 nin:l 
xlnin:O.O 
ylnin=O.O 

c ••• Calculate head shape functions for node i and approximate 
c ••• integrating that function over the length of node j. 
c 

25 do 50 n:1,nin 
c 
c ••• Determine integration intervals for SFN and SF!. 
c 

c 

c 
c 
C 

c 

c 

xjn=xlp+(n-0.5).xlnin 
go to (27,40), ij 

27 yjn:y1p+~n-0.5).ylnin 
ysq:y j"*y j n 
aby=abs(yjn) 
aby2=2.0.aby 
nyO:l 
if (aby .gt. zerock) go to 30 
aby2=0.0 
aby:O.OOl 
nyO=2 

--- Compute SFN for node J on node i, J .ne. 

30 xllmx=xll-xjn 
xI2mx=xI2-xjn 
xllmxs=xllmx.xllmx 
xI2mxs=xI2mx.xI2mx 
go to (34,32),nyO 

32 if (xllmxs .It. zerock) xllmxs=xlnmin 
if (xl2mxs .It. zerock) xl2mxs=xlnmin 

I. 

34 SFN=SFN+xI2mx*log(xI2mxs+ysq)-xI22+aby2*atan(xI2mx/aby) 
1 -xllmx-log(xllmxs+ysq)+xI12-aby2-atan(xllmx/aby) 
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c 
c ••• Compute SFI for node J on node i, j .eq. or .ne. I. 

C 

c 

c 

c 

c 

c 

40 asqx=a2.xjn 
asqy=a2.aby 
asqx2=2.0.asqx 
xsqysq=xjn.xjn+ysq 
go to (44,42),nyO 

42 if (xsqysq .It. zerock) go to 46 

44 asqxxy=asqx/xsqysq 
asqyxy=a2*aby2/xsqysq _ 
omegal=a4-xll*asqx2+xllsq.xsqysq 
omega2=a4-xI2*asqx2+xI2sq*xsqysq 
if (omegal .It. zerock) omegal=xlnmin 
if (omega2 .It. zerock) omega2=xlnmin 
xlltan=(xsqysq*xll-asqx)/asqy 
x 12tan=(xsqysq*x12-asqx)/asqy 

SFI=SFI+f i term 
1 +(xI2-asqxxy).log(omega2)+asqyxy.atan(xI2tan) 
2 -(xll-asqxxy).log(omegal)-asqyxy*atan(xlltan) 

go to 49 

c ••• Compute SFI for x and y equal zero. 
c 

46 SFI=SFI +f i 2 
c 

-. c compute SFO 
c 

c 

c 

49 rOsq=xjn*xjn+aby.aby 
if(rOsq.lt.zerock)rOsq=xlnmin 
SFO=SFO+log(rOsq) 

50 continue 

c ••• Store (SFN + SFI) for node j on node i in scrptF(j,i). 
c ••• Note, this is the transpose of script F. 
c 

c 
c 
c 

scrptF(j, i)=(SFN+SFI-SFO.rl i).coef/nin 

c··· End loop on node J. 
60 continue 

c 

c 

c 
c 

return 

end 
SUBROUTINE NRADIAL(mn, i,ninteg,scrptF) 

c * •• This subroutine generates the rotation from the local 
c **. system of fracture nf to the x'y' system of the non-radial 
c •• * node i such that the positive x'-axis is perpendicular 
c **. to the I ine containing the node and the y'-axis IS 

c **. paral lei to the node. 
c **. The integration subroutine INTEGFN is cal led to compute 
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c *** script F for al I nodes on fracture nf w.r.t. node I. 

C 
C 

c 

c 
c 

include 'maxdim.blkd/I ist' 
include 'comfnd.blkd/I ist' 

dimension scrptF(mn,mn) 

c * •• The equation of the line connecting (x1,y1) and (x2,y2), in 
c *** normal form, is: x cos(alpha) + y cos (beta) - p = 0, where 
c *** p is the positive distance from (0,0) to the line. 
c 

c 

c 
c 

p=y1(i)*x2(i)-y2(i)*x1(i) 
xyl=rl(i) 
if (p .It. 0.) xyl=-xyl 
p=p/xyl 

calphx=(y1(i)-y2(i»/xyl 
cbetax=(x2(i)-x1(i»/xyl 

c *** Rotate the endpoints of node i to the x'y' system. 
c *** This condenses to x1p = p, x2p = p, and: 
c 

c 

y1p=calphx*y1(i)-cbetax*x1(i) 
y2p=calphx*y2(i)-cbetax*x2(i) 

c *** Set y11, the lower I imit of integration, and y12, the 
c *** upper limit. 
c 

c 
c 

y11= min(y1p,y2p) 
y12= max(y1p,y2p) 

c *** Cal I subroutine INTEGFN to compute scrptF(j, i), j=1,nt. 
c 

c 

c 

c 
c 
c * •• 
c * •• 
c *.* 
c 
c 

c 

c 
c 

cal I INTEGFN(mn,i,ninteg,calphx,cbetax,yI1,yI2,p,scrptF) 

return 

end 
SUBROUTINE POINT(mn, i,ninteg,scrptF) 

This subroutine computes the coordinates of the image of node i 
when i is a point source and calls the integration subroutine 
INTEGFP to compute script F for al I other nodes on fracture nf. 

include 'maxdim.blkd/list' 
include 'comfnd.blkd/list' 

dimension scrptF(mn,mn) 

asqdd=radius*radius/(xl(i)*xl(i)+yl(i)*yl(i» 
xi i=asqdd*x1(i) 
yi i=asqdd*yl(i) 



c 

c 

c 

c 
c 
c ••• 
c ••• 
c ••• 
c ••• 
c 
c 

c 

c 

c 
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cal I INTEGFP(mn, i,ninteg,xi i,yii,scrptF) 

return 

end 
SUBROUTINE RADIAL(mn,i,ninteg,scrptF) 

This subroutine generates the rotation from the local system 
of fracture nf to the x'y'system of the radial node i and 
calls the integration subroutine INTEGFR to compute scrptF 
for all other nodes on fracture nf . 

include 'maxdim.blkd/list' 
include 'comfnd.blkd/list' 

dimension scrptF(mn,mn) 
dimension g(2),x(2),y(2) 

x(l)=x1(i) 
x (2)=x2 (i) 
y(l)=yl(i) 
y (2)=y2( i) 

c ••• Compute distances between (0,0) and (xl,yl) and between 
c ••• (0,0) and (x2,y2). 
c 

c 
c ••• Determine which endpoint is closest to (0,0) and call it kl. 
c 

c 

kl=l 
if (g(2) .It. g(l» kl=2 
k2=3-k1 . 

c ••• Use endpoint k2 to determine rotation to x'y' system, thus 
c ••• the positive x' axis goes from (0,0) to (x(k2),y(k2». 
c 

c 

calphx=x(k2)/g(k2) 
cbetax=y(k2)/g(k2) 

c ••• Determine endpoints of node i In x'y' coordinate system: 
c ••• xiI = x'(kl), the lower limit of integrationj 
c ••• xl2 = x'(k2), the upper limit of integration. 
c 

c 

xll=g(kl) 
x 12=g(k2) 

c •• * Adjust sign of xiI. 
c 

if «x(I).x(2)+y(1).y(2» .It. 0.0) xll=-xll 
c 
c •• * Cal I subroutine INTEGFR to compute scrptF(j,i), j=l,nt. 
c 

cal I INTEGFR(mn,i,ninteg,calphx,cbetax,xll,xI2,scrptF) 
c 

return 



c 

c 

c 
c 
c 
c 
c 
c 
c 

c 
c 
c 

c 
c 

c 

••• 
••• 
••• 

50 

••• 
60 

c· •• 
70 

c 
c 

200 
210 
220 
230 
235 
240 
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end 

SUBROUTINE READ2(ndata) 

This subroutine reads all run identification, flow region 
parameters, fracture characteristics, and nodal arrays 
written by FMG3D from unit 2 . 

include 'maxdim.blkd/list' 
include 'comfrc.blkd/list' 
include 'comflr.blkd/list' 
include 'comidt.blkd/list' 
include 'comnod.blkd/list' 

read (2,200,end=60) iray,idate 
read (2,210,end=70) (ititle(i),i=1,40) 
read (2,220,end=70) xmesh,ymesh,zmesh 
read (2,230,end=70) rophi,rothe 
read (2,235,end=70) 
read (2,240,end=70) «frcoef(i,j),j=1,4),i=l,6) 
read (2,250,end=70) nfrac 
read (2,235,end=70) 
read (2,260,end=70) «fracl(i,j),j=l,8), 

'coefp(i,l),coefp(i,2),coefp(i,3),coefp(i,4),i=l,nfrac) 
read (2,250,end=70) nnode 
read (2,252,end=70) nseg,nsegb 
read (2,235,end=70) 
read (2,290,end=70) «nodel(i,j),j=l,6),i=l,nnode) 
read (2,235,end=70) 
read (2,300,end=70) «nside(i,j),j=l,2),i=1,nnode) 
read (2,235,end=70) 
read (2,300,end=70) «node2(i,j),j=l,2),i=l,nnode) 
read (2,305,end=70) node3(l) 
read (2,3l0,end=70) (node3(i),i=2,node3(l» 
read (2,235,end=70) 
read (2,300,end=70) «nkey(i,j),j=l,2), i=l,nfrac) 
nnfrac=nfrac 
ndata=l 
return 

Flag normal end of data. 
ndata=2 
return 

Flag irregular end of data. 
ndata=3 
return 

format (a7,5x,a9) 
format (20a4) 
format (3(10x,f10.4» 
format (2(10x, flO.4» 
format (lOx) 
format (4f10.4) 



c 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

c 

c 

c 
c 
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250 format (lOx, is) 
252 format (2(10x,i5» 
260 format (7f10.4,e12.4,4e12.4) 
290 format (6f10.4) 
300 format (5(3x,2iS» 
305 format (9x,iS,8x) 
310 format (15i5) 

••• 
••• 
••• 
••• 
••• 
••• 
••• 
••• 

end 
SUBROUTINE ROFRAC(nf,rogomu,pkb) 

This subroutine constructs the rotation matrix and trans­
lation coordinates for moving from the global to the 
local system of fracture nf. AI I nodes on the fracture 
are t·ransformed to the loca I system and numbered from 1 to 
nt. Array ngnn stores the corresponding global node number . 
The length, width, and type of each node are also determined . 
Fracture transmissivity, permeabi lity • aperture, is 
computed in cgs or mks units . 

include'maxdim.blkd/list' 
parameter (rlmin=0.005,pmin=O.005,bmin=0.OO005) 
parameter (pi180=0.01745329) 

include 'comfrc.blkd/list' 
include 'comnod.blkd/list' 
include 'comfnd.blkd/list' 
character.9 typen (3) /' po i nt ',' rad i a I ' , 'nonr~d i a I' / 
character.13 bndw/' boundary'/ 

dimension rot(3,3) 

c ••• Compute fracture transmissivity, permeability. aperture. 
c 

pkb=rogomu * frac1(nf,4) •• 3 
c 
c ••• Form rotation matrix. 
c 

phi=frac1(nf,1).pi180 
theta=frac1(nf,2).pi180 
rot(l,l)= cos(phi)*cos(theta) 
rot(l,2)=-cos(phi)*sin(theta) 
rot(l,3)=-sin(phi) 
rot(2,1)= sin(theta) 
rot(2,2)= cos (theta) 
rot(2,3)=0. 

c rot(3,1)=coefp(nf,1) 
c rot(3,2)=coefp(nf,2) 
c rot(3,3)=coefp(nf,3) 
c 
c 
c··. Set fracture center for coordinate translation and set radius. 
c 

xc=fracl (nf ,5) 
yc=fracl (nf ,6) 
zc=frac1 (nf, 7) 
radius=frac1(nf,3) 



c 

c 
c 
c 
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write (3,100) nf,radius,frac1(nf,4),pkb 

c *** Identification numbers of nodes on fracture nf are stored in 
c *** locations n1 to n2 of catalog node3. Rotate the endpoints 
c **. of the nodes and translate them to local fracture system and 
c *** store by local numbering system, j=1,nt where nt=n2-n1+1. 
c **. Store global node numbers in ngnn(j), j=1,nt. 
c 

c 

c 

nt=nkey(nf,1) 
jf (nt .gt. maxn) return 
n1=nkey(nf,2) 
n2=n1+nt-1 

j~ 
istore=O 
do 50 n=n1,n2 
j=j+1 
nn=node3(n) 
ngnn(j)=nn 

c *** Transform endpoints of node nn 
c 

c 

c 

xcn=node1(nn,1)-xc 
ycn=node1(nn,2)-yc 
zcn=node1(nn,3)-zc 
x1(j)=rot(1,1)*xcn+rot(1,2)*ycn+rot(1,3)*zcn 
y1(j)=rot(2,l)*xcn+rot(2,2)*ycn+rot(2,3)*zcn 

xcn=nodel(nn,4)-xc 
ycn=nodel(nn,5)-yc 
zcn=node1(nn,6)-zc 
x2(j)=rot(1,1).xcn+rot(l,2)*ycn+rot(1,3)*zcn 
y2(j)=rot(2,l).xcn+rot(2,2)*ycn+rot(2,3)*zcn 

c .~. Compute the length of node j, rl(j), and determine which type 
c ••• of node it is, point, radial, or non-radial. 
c 

c 

c 

20 rl(j)=sqrt«x2(j)-xl(j»**2 + (y2(j)-yl(j».*2) 
if (rl (j) .gt. rlmin) go to 25 
ntype(j)=1 
go to 30 

25 p=xl(j).y2(j)-x2(j).yl(j) 
p=abs(p/rl(j» 
ntype(j)=3 
if (p .It. pmin) ntype(j)=2 

c ••• Compute the width of node nn in the plane of fracture nf and 
c ••• store one half of the width in bm(j). 
c 

c 

30 if (node2(nn,l) .eq. nf) nj=node2(nn,2) 
if (node2(nn,2) .eq. nf) nj=node2(nn,l) 
if (nj .gt. 0) go to 35 

c ••• Node nn is a boundary node. (Flag for later use by 
c.·. subroutine storeG). 
c 



c 

bm(j)=-1.0 
istore=l 
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wr i te (3,120) j, nn, r I (j) , bndw, typen (ntype (j» 
go to 50 

c ••• Node nn is the intersection of fractures nf and nJ. 
c 

c 

c 
c 

c 

c 

c 
c 
c 
c 
c 
c 
c 
c 

c 

c 

c 
c 

35 cthesq=O.O 
do 40 k=l,3 

40 cthesq=ctnesq +coefp(nf,k).coefp(nj,k) 
cthesq=cthesq.cthesq 
bm(j)=O.S.sqrt(frac1(nj,4) •• 2/(1.0-cthesq» 
write (3,125) j,nn,rl(j),bm(j),typen(ntype(j» 
if (bm (j) .1 t. bmi n) bm(j )=-1.0 

50 continue 

return 

100 format (lhO,//,18h Nodes on fracture,iS,//,9h radius,f10.4, 
1I3h- aperture,e13.4,/,17h transmissivity,eI3.4,//, 
2 13h node number,6x,4hnode,Sx,8h1/2 node,6x,4hnode,/, 
314h local global,4x,6hlength,6x,Shwidtn,7x,4htype,/) 

120 format (i4,i8,f12.4,a13,3x,a9) 
125 format (i4, i8,f12.4,e13.4,3x,a9) 

••• .*. ••• 
*.* 

end 
SUBROUTINE SFlUX(Gstore,mdir,fluxb) 

For each fracture that intersects one or more flow 
region boundary planes, this subroutine uses head 
values and the stored G matrix to compute flux for 
each node on the fracture. 

include ·'maxdim.blkd/I ist' 
include 'comnod.blkd/list' 

common /aandb/ a(nonz),hd(maxnod,3),fluxn(maxnod,3) 

dimension ngnn(maxn),Gstore(I),h(maxn,3),q(maxn,3), 
, g(maxn,maxn) 
dimension sumQ(3),fluxb(6,3),fluxt(3) 
character.l isp(7)/' ','1','2','3','4','5','6'/ 
character*4 hdfx(3,2)/3*'head',3.'flux'/ 
character*11 direct(3)/'direction l','direction 2', 

1 ' direct i on 3' / 

c ~*. Zero flux arrays. 
c 

do m=I,mdir 
fluxt(m)=O.O 
do is=I,6 

fluxb(is,m)=O.O 
enddo 

do nn=I,nnode 
fluxn(nn,m)=O.O 



c 

c 

enddo 
enddo 

write (3,100) 
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c ••• For each fracture in turn, set up local node numbering 
c ••• system and fill hand G matrices. 
c 

c 

c 

c 

c 

c 

k=O 
10 k=k+l 

nf=Gstore(k) 
if (nf .gt. maxfrc) go to 50 
write (3,110) nf,(direct(m),m=1,mdir) 
wr i te (3,115) ((hdfx (m, 1), hdfx (m,2» ,m=1 ,mdi r) 

nt=nkey(nf,1) 
nl=nkey(nf,2) 
n2=n1+nt-1 

i=O 
do n=n1,n2 

i=i+l 
nn=node3(n) 
ngnn (i )=nn 

do m=l,mdir 
h(i ,m)=hd(nn,m) 

enddo 

do j=i ,nt 
k=k+l 
G(j, i)=Gstore(k) 
9 ( i , j ) =g (j , i ) 

enddo 
enddo 

c ••• Multipl~ heads by G matrix to get flux, Q, for each node. 
c ••• Store Q in fluxn array by global node number and 
c ••• sum flux on boundary planes in array fluxb. 
c 

c 
c 

do i=l,nt 
nn=ngnn (i) 
is=-node2(nn,2) 
isn=1 
do m=l,mdir 

Q(i ,m)=O.O 
do j=1,nt 

Q(i ,m)=Q(i ,m)+G(i ,j).h(j ,m) 
enddo 

fluxn(nn,m)=fluxn(nn,m)+Q(i,m) 
if (is.gt.O)then 

fluxb(is,m)=fluxb(is,m)+Q(i,m) 
isn=is+1 

endif 
enddo 

w rite (3, 120) i, n n, i sp ( i s n) , ( (h (i , m), Q ( i , m» , m= 1 , md i r) 
enddo 

c ••• Sum flux on fracture nf; the sum should be zero. 



c 

c 

c 

c 

c 
c 

c 
c 
c 

c 

c 
c 

do m=l,mdir 
sumQ(m)=O.O 
do i=l,nt 

sumQ(m)=sumQ(m)+Q(i,m) 
enddo 

enddo 

write (3,130) (sumQ(m),m=l,mdir) 

go to 10 
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50 write (3,140) (direct(m),m=l,mdir) 
write (3,145) «hdfx(m,1),hdfx(m,2»,m=1,mdir) 
do 51 nn=l,nnode 
is=-node2(nn,2) 
if (is .Ie. 0) is=O 

51 write (3,150) nn,isp(is+1),«hd(nn,m),fluxn(nn,m», 
1 m=l,mdir). 
write (3,160) (direct(m),m=l,mdir) 
do 54 is=1,6 
do 52 im=l,mdir 

52 fluxt(im)=fluxt(im)+fluxb(is,im) 
54 write (3,170) is,(fluxb(is,m),m=l,mdir) 

write (3,180) (fluxt(m),m=l,mdir) 

90 return 

100 format (lh1,22h ••• FLUX AND HEAD ••• ,11, 
1 49h FLUX THROUGH EACH FRACTURE AND HEAD AT EACH NODE) 

110 format (lhO,9h Fracture,i5,11,20h node number side, 
1 7x,a11,2(13x,a11» 

115 format (lh ,24h local global no. ,6(a4,8x» 
120 format ~4,i8,6x,al,3(fl0.4,e14.4» 
130 format (lhO,14h Sum of fluxes,5x,3e24.4) 
140 format (1hO,45h TOTAL FLUX THROUGH EACH NODE AND HEAD VALUES,II, 

1 12h node side,7x,a11,2(13x,a11» 
145 format (lh ,16h no. no. ,6(a4,8x» 
150 format (i4,6x,a1,3(f10.4,e14.4» 
160 format (lhO,39h TOTAL FLUX THROUGH EACH BOUNDARY PLANE,II, 

1 5h side,4x,3(a11,3x» 
170 format (i4,2x,3e14.4) 
180 format (6hOtotal,3e14.4) 

end 
SUBROUTINE STOREG(maxfrc,maxn,nf,nt,G,Gstore,k) 

c ••• This subroutine stores G matrices for fractures that 
c ••• intersect one or more flow region boundary planes. 
c 
c 

c 
c 

dimension G(maxn,maxn),Gstore(l) 

k=k+1 
Gstore(k)=nf 



c 

c 

c 

do 20 j=l,nt 
do 20 i=j,nt 

k=k+l 
Cstore(k)=G(i,j) 

20 continue 
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c ••• Flag last entry for subroutine SFLUX. 
Cstore(k+l) = maxfrc + 10 

c 
return 

c 
end 
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APPENDIXE 

Program DIMES Organization and Arrays 
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Table E-1. Description of DIMES Program Variables 

Variable Description How Value is Assigned 

- answer Answer to questions on the screen Read from keyboard in DIMES 

delta Angle measured from cen ter of Set in DIMES 
fracture between the two endpoints of a 
segment on the fracture 

dgene Scaling factor for the small orientation box Computed in INIPLOT 

dmax Scaling factor for the main plot; maxImum Com pu ted in INIPLOT 
distance between a point on a disc and the center 
of the plot 

dplan Perpendicular distance from origin to plane of Computed in DIMES 
a fracture 

idot Counter for the number of dotted line Set and updated in DIMES 
segments already processed and DRAW 

ilast Number of the last segment processed Set and updated in DIMES 

iopen Code for status of file DIMES.lNP Set in RDA TA and 
= 0 file is closed DIMES 
= 1 file is opened 

iplotc Code for next plot: Set in DIMES from 
= 0 change cubes in subregion value of answer 
= 1 keep same su bregion 

iplotv Code for next plot Set in DIMES from 
= 0 change viewphi,viewthe and npol value of answer 
= 1 keep same viewphi,viewthe and npol 

lSeg Number of the segment currently Set and used in many 
processed parts of program 

ivoid Number of the last entry in the Set and updated 
segments arrays which has been in DIMES 
voided (segment completely hidden) 

maxcub Maximum number of cubes Set in parameter 
maxcub = maxord**3, used for statement in 
dimensioning arrays DIMES 

maxfr Maximum number of discs, used Set in parameter 
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for dimensioning arrays statement in DIMES 

maxord Maximum value for the cube division Set in parameter 
parameter iord, used for dimensioning statement in DIMES 
arrays 

maxseg Maximum number of plot segments, used Set in parameter 
for dimensioning arrays statement in DIMES 

ndot Number of segments to be plotted in Computed in DIMES 
dotted lines 

nflow Number of current flow region Interactive mode: 
set and updated 
in DIMES from value 
of answer 

Batch mode: 
updated in RDATA 
from value of chap 

nfrac Number of fractures, then number Read in RDATA, then 
of discs updated in RDATA 

Dseg Size of the useful part of Set in rdata, updated 
of the segment arrays (number in DIMES, INIPLOT 
of segments may be smaller 
due to voids in arrays) 

rad Radius of current fracture ifr Set in DIMES 
rad = frac(3,ifr) 

tl,t2 Roots of the equation for the Computed in DIMES 
intersection of segment iseg and 
curren t ellipse, parametered on 
the line supporting segment iseg, 
t1 < t2 
tl or t2 = 0: in tersection 
on first endpoint of segment iseg 
tl or t2 = 1: intersection on second 
endpoint of segment iseg 

vlewang Intermediate angle value for calculation Set in DIMES 
of array viewmat 

xaper x coordinate of vector normal to the Computed in DIMES 
current fracture and with length equal 
to the rescaled aperture. 

xnorm x coordinate of normal to current Computed in DIMES 
fracture 



xl,x2 

yaper 

ynorm 

yl,y2 

zaper 

znorm 
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x coordinates of endpoints of current 
segment 
xl = end(l,iseg) 
x2 = end(2,iseg) 

y coordinate of vector normal to the current 
fracture and with length equal to 
the rescaled aperture. 

z coordinate of normal to current 
fracture 

y coordinates of endpoints of current 
segment 
yl = end(3,iseg) 
y2 = end( 4,iseg) 

z coordinate of vector normal to the current 
fracture and with length equal to the 
rescaled aperture. 

z coordinate for normal to current 
fracture 

zl,z2 z coordinates of endpoints of current 
segment 
zl = end(5,iseg) 
z2 = end)6,iseg) 

Set in DIMES 

Computed in DIMES 

Computed in DIMES 

Set in DIMES 

Computed in DIMES 

Set in DIMES 
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Table E-2. Description of DIMES Program Arrays 

Variable Description 

index(maxfrc) Reference index for fracture numbers used in DIMES instead of 
permitting fractures when they are sorted, ifr = 1,nfrac 
index(ifr) = entry number in fracture arrays of disc in 

position ifr after the sorting 

inew(maxfrc) Reference index for fracture numbers when the fractures are reor­
dered in sequence in RDA TA. Used to reset the array 
ifin t,ifr=l ,nfrac 
inew(ifr) = new number of fracture numbered ifr in the input file. 

inext(O:maxseg-l) Key to arrays end and ifint: number of next entry in these 
arrays. Set and updated in DIMES. 
iseg = O,nseg 
inext(iseg) = if entry iseg contains a segment, number of 

next segment 
if entry iseg is void (hidden segment), number 
of next void entry. 

lplot(maxcub) Selection code for cubes, set up and-used in subroutine RDATA, 
iC=I,ncub 
lplot(ic) = 1 fractures in cube ic will be plotted 
lplot(ic)' 0 fractures in cube ic will not be plotted 

matrix{3,3) Local name of a rotation matrix when used or computed by sub­
routine ROTATE, or ROTFRAC or computed by ROTMAT. 

romat(3,3) Flow region rotation matrix, computed in ROTMAT and used 
in INIPLOT 

trig(4,maxfrc) sines and cosines of the fracture orientation angles </J and 0, set in 
subroutine RDATA, and in DIMES, updated in subroutine ROT­
FRAC 

viewmat(3,3) 

xbox(24,2) 

ifr = 1,nfrac 
trig( 1 ,ifr) = cos( </J) 
trig(2,ifr) = sin( </J) 
trig(3,ifr) = cos( 0) 
trig( 4,ifr) = sin( 0) 

Viewpoint rotation matrix, computed in ROTMAT 

x coordinates of the endpoints of the segments making up the 
"orientation box" plot, i = 1,24 
if i < 12, segment in generation region 
if i > 12, segmen t on flow region. 



xyz(3) 

ybox(24,2) 

zbox(24,2)r 
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Coordinates array used each time a point or vector needs to be 
rotated. Used in most subroutines. 

y coordinates of the endpoints of the segments making up the 
"orien tation box" plot. 

z coordinates of the endpoints of the segments making up the 
"orientation box" plot. 
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Table E-3. DIM:ES Subroutine Outline 

DIMES RDATA 

ROTMAT 

INIPLOT BOXES ROTATE 

ROTMAT 

ROTATE 

BOXES ROTATE 

ROTFRAC ROTATE 

ROTATE 

DRAW [DISPLA System Su broutines] 

.J 
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Table E-4. Description of DIMES Subroutines 

Subroutine Description 

BOXES Rotates, scales and translates the small plot of generation region 
or flow region, depending on parameter k (k=O generation 
region -k=l flow region. 

DRAW 

lNIPLOT 

RDATA 

ROTATE 

ROTFRAC 

ROTMAT 

given: end(6,nseg),xgene,xmesh,ygene,ymesh, 
zgene,zmesh,viewmat(3,3),dgene,dmax 

returns: xbox(i,2),ybox(i,2),zbox(i,2) 
i = 12k+1, 12k+12 

Draws the plot either on screen or in a plot file. 

given: ititlel(20),ititle2(20),dmax,ndot,end(6,nseg), 
inext(O:nseg),xbox(24,2),ybox(24,2),zbox(24,2) 

draws a plot 
uses the DISPLA software 

Initializes plot parameters: scaling, orientation box. 

given: xmesh,ymesh,zmesh,xgene,ygene,zgene,radmax, 
apmax,frac(7 ,nfrac ),rophi,rothe 

returns: dmax,dgene,xbox(24,2),ybox(24,2),zbox(24,2), 
modified frac(7,nfrac),end(6,nseg) and nseg 

uses subroutines: BOXES ROTATE ROTMAT 

Reads and rearranges the data from input files and/or keyboard. 

reads: ititlel(20),ititle2(20),xgene,ygene,zgene, 
xmesh,ymesh,zmesh,rophi,rothe,nfrac,nint, 
nou t,iord,apmax,radmax,numfrc(ncu b ),numinc( ncu b), 
ifrok( ncu b+ 1), viewphi, viewthe,n pol,ixl ,ix2,iyl, 
iy2,izl ,iz2,frac(7 ,nfrac ),end(6,nint+nou t), 
ifin t(2,nint+nou t) 

returns: ncuh,ndot,trig(4,nfrac), modified nfrac,frac, 
end,ifint 

Rotates a vector or point according to a specified matrix. 

given: xyz(3),matrix(3,3) 
returns: modified xyz 

Rotates a fracture ifrac: computes the new sines and cosines of 
the fracture orientation angles after rotation according to a 
specified matrix. 

given: ifrac,matrix(3,3),trig(4,ifrac) 
returns: modified trig 

Compu tes a rotation matrix for specified rotation angles. 

given: phi, theta 
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APPENDIXF 

Listing of Program DIMES 
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include fi Ie for DIMES: 

fi Ie COMMON.DIM 
parameter (maxfr=lOOO,maxseg=70000,maxord=6, 

, maxcub=maxord**3) 
common/boxes/xbox(24,2),ybox(24,2),zbox(24,2), 

, xgene,ygene,zgene,dgene 
common/dimen/nfrac,nint,nseg 
common/fract/frac(9,maxfr+l) 
dimension trig(9,maxfr) 
equivalence (frac(8,1),trig(1,1» 
common/ngraph/nflow,iopen,iplotc,iplotv,lplot(maxcub) 
real*4 end(9,maxseg) 
integer*4 ifint(9,maxseg),inext(9,O:maxseg-l) 
common/plot/end,ndot 
equivalence (end(l,l),ifint(l,l),inext(l,O» 
common/roflo/rophi,rothe 
common/roview/viewphi,viewthe,viewmat(3,3),npol 
common/size/xmesh,ymesh,zmesh,apmax,radmax,dmax 
integer*4 ititlel(20),ititle2(20) 
common/titl/ititlel,ititle2 

r 



~ 

c 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

c 
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program dimes 

plotting program for fmg3d. written feb-may 1986 by db 

input data is in fi les dimesnn.dat and is: 

* centers, radii, and orientation angles 
of al I fractures; 

* endpoints of all intersections. 

program control is given at keyboard (interactive runs) or In 
file dimes.inp (batch runs), and is: 

* view angles, number of segments defining each fracture 
disc; 

* selection of bloc subregions to be displayed. 
* output device 

include 'common.dim' 
dimension xyz(3) 
integer index(maxfr),answer 
nflow:l 
iopen=O 
iplotc=O 
iplotv=O 

c read data from input files and screen. 
c 

c 

c 

10 cal I rdata 

viewang=90.-viewphi 
delta=6.28318/float(npol) 

c compute viewpoint rotation matrix 
c 

cal I rotmat(viewang,viewthe,viewmat) 
c 
c initialise plot parameters 
c 

cal I iniplot 
c 
c loop over intersections: rotate endpoints 
c according to viewpoint. 
c 

c 

do iseg=1,nseg 
do j=1,2 

xyz(1)=end(j, iseg) 
xyz(2)=end(j+2, iseg) 
xyz(3)=end(j+4, iseg) 
cal I rotate(xyz,viewmat) 
end(j, iseg)=xyz(1) 
end(j+2, iseg)=xyz(2) 
end(j+4, iseg)=xyz(3) 
ifint(j+6, iseg)=1+(ifint(j+6, iseg)-1).2 

enddo 
enddo 

c first loop over the fractures: rotating them 



2.02. 

c according to viewpoint and dividing them 
c into segments. 
c 

do ifr=1,nfrac-1,2 
c 
c compute the sines and cosines of the normal to fracture 
c , ifrac after rotation by [matrix]. 
c 

call rotfrac(ifr,viewmat) 
c 
c compute new center coordinates 
c 

c 

xyz(1)=frac(5,ifr) 
xyz(2)=frac(6,ifr) 
xyz(3)~frac(7,ifr) 
call rotate(xyz,viewmat) 
frac(5,ifr)=xyz(1) 
frac(6, ifr)=xyz(2) 
frac(7,ifr)=xyz(3) 

c divide fractures in two discs to give perspective 
c 

c 

c 

c 
c 
c 

xaper:trig(2, ifr).trig(3, ifr).frac(4, ifr) 
yaper=-trig(2,ifr)*trig(4,ifr)*frac(4,ifr) 
zaper=trig(l, ifr).frac(4,ifr) 

if(zaper.lt.O.)then 
xaper=-xaper 
yaper=-yaper 
zaper=-zaper 

endif 

ifr1=ifr+1 
frac(5,ifr1)=frac(S,ifr)-xaper 
frac(6,ifrl)=frac(6, fr)-yaper 
frac(7,ifrl)=frac(7, fr)-zaper 
frac(3~ifrl)=frac(3, fr) 
trig(l,ifrl)=trig(l, fr) 
trig(2,ifrl)=trig(2, fr) 
trig(3,ifrl)=trig(3, fr) 
trig(4,ifrl)=trig(4, fr) 
do iplus=O,1 

divide circle into segments. 

rad=frac(3, ifr) 
ifplus=ifr+iplus 
do ipol=O,npol-l 

nseg=nseg+1 
ifint(7,nseg)=ifplus 
ifint(8,nseg)=O 
a=rad*cos(delta.ipol) 
b=rad*sin(delta*ipol) 
c=a*trig(1, ifr) 
end{l,nseg)=frac(5, ifr)+c*trig(3,ifr) 

+b*trig(4, ifr)-iplus*xaper 
end{3,nseg)=frac(6, ifr)-c.trig(4,ifr) 

+b*trig(3, ifr)-iplus*yaper 
end(5,nseg)=frac(7,ifr)-a*trig(2,ifr)-iplus*zaper 
if (ipol.gt.O)then 



c 
c 
c 
c 
c 

c 

end(2,nseg-1)=end(1,nseg) 
end(4,nseg-1)=end(3,nseg) 
end(6,nseg-1)=end(5,nseg) 

endif 
enddo 

end(2,nseg)=end(1,nseg-npol+1) 
end(4,nseg)=end(3,nseg-npol+1) 
end(6,nseg)=end(5,nseg-npol+1) 

203 

initialize index, and put into the aperture array 
frac(4,ifr) the parameter used for ordering the fractures 
(the aperture is not used any more). 

index(ifplus)=ifplus 
frac(4, ifplus)=(frac(7, ifplus)+dmax).abs(trig(1,ifplus» 

.frac(3, ifplus).frac(3, ifplus) 

enddo 
enddo 

c second loop over the fractures: ordering index 
c according to frac(4,ifr). 
c 

c 

j1=2 
i2=nfrac 
do while (i2.ge.j1) 

j2=i2 
i 0=1 
i1=O 
i2=0 
do 20 j = j 1 , j 2 

I nJ = index (j ) 
i nj 1= index (j -1) 
if (frac(4,inj1).ge.frac(4,inj» go to 20 
index (j)= i nj 1 
index(j-1)=inj 
i2=j-1 
i1=i1+iO.i2 
iO=O 

20 continue 
j 1=maxO( i 1,2) 

enddo 

c initialise inext 
c 

c 

do iseg=0,maxseg-1 
inext(9,iseg)=iseg+1 

enddo 

c third loop over the fractures: 
chiding 
c 

ivoid=-1 
inext(9,nseg)=-1 
do ifr=l,nfrac 

i frac= index (i fr) 
if(trig(l, ifrac). le.le-5)goto 40 
rad=frac(3, ifrac) 
xnorm=trig(2, ifrac).trig(3,ifrac) 
ynorm=-trig(2,ifrac).trig(4,ifrac) 



c 
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znorm=trig(1,ifrac) 
dplan=-xnorm-frac(5, ifrac)-ynorm*frac(6, ifrac) 

-znorm-frac(7, ifrac) 
idot=1 
iseg=inext(9,0) 
ilast=O 

c loop over the segments not already hiden. 
c 

c 

c 
c 
c 
c 

c 
c 
c 

c 
c 
c 

c 
c 

do while (iseg.gt.O) 

x1=end (1, i seg) 
x2=end (2 J i seg) 
y1=end (3, i seg) 
y2=end (4, i seg) 
z1=end (5, i seg) 
z2=end (6, i seg) 

is segment part of fracture i ifrac or of intersection 
on fracture i ifrac? 

if(ifint(7,iseg).eq. ifrac.or. 
ifint(8,iseg).eq.ifrac)goto 30 

is segment close to ellipse? 

xlen=x2-x1 
y len=y2-yl 
s1en=sqrt(xlen*xlen+ylen.ylen) 
dismin=rad+slen/2. 
xdist=(xl+x2)/2.-frac(5,ifrac) 
ydist=(yl+y2)/2.-frac(6,ifrac) 
d2=xdist.xdist+ydist.ydist 
if(d2.ge.dismin.dismin)goto 30 

divide segments intersecting fracture plane 

zplanl=-(dplan+xnorm*xl+ynorm*yl)/znorm 
zplan2=-(dplan+xnorm*x2+ynorm*y2)/znorm 

dzl=z1-zplanl 
dz2=z2-zplan2 
if(dzl.ge.0 .. and.dz2.ge.0.)goto 30 
if(dzl*dz2.lt.0.)then 

ddz=dz2-dzl 
if(dzl.ge.O.)then 

xl=(xl*dz2-x2-dzl)/ddz 
yl=(y1*dz2-y2*dzl)/ddz 
zl=(z1.dz2-z2-dzl)/ddz 
end(2, iseg)=x1 
end (4, i seg)=y1 
end (6, i seg) =z1 

else 
x2=(xl*dz2-x2*dzl)/ddz 
y2=(y1*dz2-y2*dzl)/ddz 
z2=(zl*dz2-z2*dzl)/ddz 
end(1,iseg)=x2 
end (3, i seg) =y2 
end(5,iseg)=z2 



c 
c 
c 
c 

c 

c 

c 

c 

c 
c 
c 

endif 
if (i vo i d. It. 0) then 

nseg::nseg+l 
inext(9,nseg)::ivoid 
ivoid::nseg 

endif 
if(idot.le.ndot)ndot::ndot+l 
idot::idot+l 
next::inext(9,iseg) 
inext(9,iseg)::iv.oid 
i last:: i seg 
iseg::ivoid 
ivoid::inext(9,iseg) 
inext(9,iseg)::next 
do i::7,8 

205 

ifint(i,iseg)::ifint(i,i last) 
enddo 

endif 

segment under fracture plane and close to ellipse. 
compute segment-ellipse intersection(s). 

xcen::frac(5,ifrac)*trig(3,ifrac) 
-frac(6,ifrac)*trig(4,ifrac) 

ycen::frac(5,ifrac)*trig(4,ifrac) 
+frac(6,ifrac)*trig(3,ifrac) 

xpl::xl*trig(3,ifrac)-yl*trig(4,ifrac)-xcen 
xpl::xpl/trig(l,ifrac) 
ypl::xl*trig(4,ifrac)+yl*trig(3,ifrac)-ycen 
xp2::x2*trig(3,ifrac)-y2*trig(4,ifrac)-xcen 
xp2::xp2/trig(l,ifrac) 
yp2::x2*trig(4,ifrac)+y2*trig(3,ifrac)-ycen 

a=(xp2-xpl)* (xp2-xpl)+(yp2-ypl)* (yp2-ypl) 
b::xpl* (xp2-xpl)+ypl* (yp2-ypl) 
b=2.*b 
c::x~l*xpl+ypl*ypl-rad*rad 

delt::b*b-4.*a*c 
if(delt.le.O.)goto 30 

root::sqrt(delt) 
tl::-(b+root)/(2*a) 
if(tl.ge.l.)goto 30 
t2::(-b+root)/(2-a) 
if(t2.le.0.)goto 30 

i f (tl. Ie. 0 . ) then 
if(t2.ge.l.)then 

segment completely hidden 

inext(9, i last)::inext(9, iseg) 
if(iseg.eq.nseg)then 

nseg::nseg-l 
else 

inext(9,iseg)::ivoid 
ivoid::iseg 

endif 
i seg:: i last 



c 
c 
c 

c 
c 
c 

c 
c 
c 

c 
c 
c 
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if(idot.le.ndot)ndot=ndot-1 
idot=idot-1 

else 

first endpoint hidden 

x1=x1+(x2-x1)*t2 
y1=y1+ (y2-yl) *t2 
zl=zl+(z2-z1)*t2 

endif 
else 

i f (t2 . ge . 1 . ) then 

.econd endpoint hidden 

x2=x1+ (x2-x1) *t1 
y2=y1+ (y2-y1) *t1 
z2=zl+(z2-z1)*t1 

else 

middle of segment hidden 

end (1, i seg) =x1 
end(2,iseg)=x1+(x2-x1)*t1 
end(3,iseg)=y1 
end(4, i seg)=y1+ (y2-y1) *t1 
end (5, i seg) =zl 
end(6, iseg)=zl+(z2-z1)*tl 
xl=x1+ (x2-xl) *t2 
yl:y1+(y2-yl)*t2 
zl=zl+(z2-z1)*t2 
if(ivoid.lt.O)then 

nseg=nseg+1 
inext(9,nseg)=ivoid 
ivoid=nseg 

endif 
next=inext(9,iseg) 
inext(9,iseg)=ivoid 
i last=iseg 
i seg=i void 
ivoid=inext(9, iseg) 
inext(9,iseg)=next 
if(idot.le.ndot)ndot=ndot+1 
idot=idot+1 
do i=7,8 

ifint(i,iseg)=ifint(i,ilast) 
enddo 

endif 
endif 

store new coordinates of segment if modified 

30 if(iseg.ne. ilast)then 
end(l,iseg)=xl 
end(2,iseg)=x2 
end(3,iseg)=yl 
end (4, i seg) =y2 
end(S,iseg)=zl 
end(6,iseg)=z2 

endif 



c 

i last=iseg 
iseg=inext(9,iseg) 
i dot: i dot+ 1 

enddo 
40 continue 

enddo 
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c draw plot 
c 

50 ca II draw 
c 
c ask for new plot? 
c 

c 
c 
c 

c 

write(6,6001) 
6001 formate' do you want to change the subregion to plot?', 

, , (y/n)',S) 
read(5,5001,end=10)answer 
if(answer.eq.'y'.or.answer.eq.'Y')then 

iplotc=O 
else 

iplotc=l 
endif 

write(6,6002) 
6002 formate do you want to change the vi ewpo i nt? (y In) , , S) 

read(5, 5001) answer 
5001 format(a1) 

if (answer. eq. 'y' .or .answer .eq. 'Y ')then 
iplotv::() 

else 
iplotv=l 

endif 
write(6,6003) 

6003 formate' do you want to change the flow region '/ 
, , (stop if last flow region) ? (yin) ',S) 
read(5,5001,end=10)answer 
if(answer.eq.'y' .or.answer.eq.'Y')then 

nflow=nflow+1 
else . 

if(iplotc.eq.1.and. iplotv.eq.1)goto 50 
endif 

goto 10 
end 

subroutine boxes(k) 

c compute smal I plot of generation region and flow region 
c 

c 

include 'common.dim' 
dimension xyz(3) 

kk=12*k 
do i=l,12 

do j=l,2 
xyz(1)=end(j,nseg+i)*(1.+(xgene/xmesh-1.)*float(1-k» 
xyz(2)=end(j+2,nseg+i)*(1.+(ygene/ymesh-1.)*float(1-k)) 
xyz(3)=end(j+4,nseg+i)*(1.+(zgene/zmesh-1.)*float(1-k)) 
cal I rotate(xyz,viewmat) 
xbox(kk+i,j)=(xyz(1)/dgene+4.5)*dma x/3.5 



c 
c 

c 
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ybox(kk+i,j)=(xyz(2)/dgene-2.5)*dmax/3.5 
enddo 

end do 
return 
end 

subroutine draw 

c draws the plot 
c 

c 

c 

include 'common.dim' 
dimension xaray(2),yaray(2) 

ca II nomi n8 
ca II nobrdr 
ca11 area2d(7.,lO.) 
call thkfrm(O.03) 
ca II frame 
call messag(ititlel,60,O.3,9.5) 
call messag(ititle2,60,O.3,9.) 
xorig=-dmax 
yorig=-dmax*5.5/3.5 
xstp=dmax/10. 
ystp=dmax/10. 
xmax=dmax 
ymax=dmax*4.5/3.5 
call graf(xorig,xstp,xmax,yorig,ystp,ymax) 
iseg=inext(9,O) 
if(ndot.ne.O)then 

idot=l 
ca II dot 

endif 
do while (iseg.gt.O) 

c rotate to have correct plot on screen 
c 

c 
c 

xaray(1)=end(3,iseg) 
xaray(2)=end(4,iseg) 
yaray(l)=-end(l,iseg) 
yaray(2)=-end(2,iseg) 
call curve(xaray,yaray,2,O) 
if(idot.eq.ndot)cal I reset('dot') 
iseg=inext(9, iseg) 
idot=idot+l 

enddo 

c draw frame around small boxes 
c 

c 

call thkcrv(O.03) 
xaray(l)=-dmax 
xaray(2)=-dmax*1.S/3.S 
yaray(l)=-dmax 
yaray(2)=-dmax 
call curve(xaray,yaray,2,O) 
xaray(1)=xaray(2) 
yaray(1)=-dmax*S.S/3.S 
cal I curve(xaray,yaray,2,O) 
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c draw boxes 
c 

c 
c 
c 

c 

cal I thkcrv(0.02) 
do ibox=l,12 

xaray(l)=ybox(ibox,l) 
xaray(2)=ybox(ibox,2) 
yaray(l)=-xbox(ibox,l) 
yaray(2)=-xbox(ibox,2) 
call curve(xaray,yaray,2,O) 

enddo 
call reset('thkcrv') 
do ibox=13,24 

xaray(l)=ybox(ibox,l) 
xaray(2)=ybox(ibox,2) 
yaray(l)=-xbox(ibox,l) 
yaray(2)=-xbox(ibox,2) 
call curve(xaray,yaray,2,0) 

enddo 
ca I I endp I (0) 
return 
end 

subroutine iniplot 

c initialise plot parameters 
c 

c 

c 

include 'common.dim' 
dimension romat(3,3),romatl(3,3),xyz(3), 

dmax=xmesh*xmesh+ymesh*ymesh+zmesh.zmesh 
dmax=sqrt(dmax/4.)+radmax 

dgene=xgene*xgene+ygene*ygene+zgene*zgene 
dgene=sqrt(dgene/4.)+radmax 

c dgene=3.S*dgenejdmax 
c 

c 

thicmin=0.003.dmax 
thicmax=O.OOa*dmax 
do ifrac=l,nfrac-l,2 

frac(4, ifrac)=thicmin+(thicmax-thicmin) 
*frac(4,ifrac)japmax 

enddo 

c compute box endpoints 
c 

c 

x=xmeshj2. 
y=ymesh/2. 
z=zmesh/2. 

end(l,nseg+l)=x 
end(3,nseg+l)=-y 
end(S,nseg+l)=-z 
end (1, nseg+2) =x 
end(3,nseg+2)=y 
end(S,nseg+2)=-z 
end (1, nseg+3) =x 
end(3,nseg+3)=y 
end(S,nseg+3)=z 



c 

c 

c 

end(1,nseg+4)=x 
end(3,nseg+4)=-y 
end(S,nseg+4)=z 
end(l,nseg+S)=x 
end(3,nseg+S)=-y 
end(S,nseg+S)=-z 
end(1,nseg+6)=-x 
end(3,nseg+6)=-y 
end(5,nseg+6)=-z 
end(1,nseg+7)=-x 
end(3,nseg+7)=y 
end(S,nseg+7)=-z 
end(l,nseg+8)=-x 
end(3,nseg+8)=y 
end(5,nseg+8)=z 
end(l,nseg+9)=-x 
end(3,nseg+9)=-y 
end(S,nseg+9)=z 
end(1,nseg+10)=-x 
end(3,nseg+10)=-y 
end(5,nseg+10)=-z 

do iseg=nseg+l,nseg+9 
end(2,iseg)=end(l,iseg+l) 
end(4, i seg)=end (3, iseg+l) 
end(6, iseg)=end(5, iseg+l) 

end do 

end(l,nseg+10)=x 
end(2,nseg+10)=-x 
end(3,nseg+l0)=y 
end(4,nseg+10)=y 
end(S,nseg+10)=-z 
end(6,nseg+10)=-z 
end(l,nseg+ll)=x 
end(2,nseg+ll)=-x 
end(3,ns~g+11)=y 
end(4,nseg+ll)=y 
end(S,nseg+ll)=z 
end(6,nseg+1l)=z 
end(1,nseg+12)=x 
end(2,nseg+12)=-x 
end(3,nseg+12)=-y 
end(4,nseg+12)=-y 
end(S,nseg+12)=z 
end(6,nseg+12)=z 
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c generation region 
c 

c 
c 

end(l,nseg+S)=end(l,nseg+S)+radmax*xmesh/xgene 
end(4,nseg+6)=end(4,nseg+6)+radmax*ymesh/ygene 
end(S,nseg+9)=end(S,nseg+9)+radmax*zmesh/zgene 
ca I I boxes (0) 
end(l,nseg+S)=end(l,nseg+S)+radmax*(l.-xmesh/xgene) 
end(4,nseg+6)=end(4,nseg+6)+radmax*(1.-ymesh/ygene) 
end(S,nseg+9)=end(S,nseg+9)+radmax*(1.-zmesh/zgene) 

c rotate box according to rophi and rothe 
c 
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c compute flowregion rotation matrix 
c 

c 

the=-rothe 
cal I rotmat(rophi,the,romat1) 
do i=l,3 

do j=l,3 
romat(i,j)=romat1(j,i) 

enddo 
enddo 

c loop over box segments: rotate endpoints 
c according to romat. 
c 

c 

do iseg=nseg+1,nseg+12 
do j=1,2 

xyz(l)=end(j,iseg) 
xyz(2)=end(j+2,iseg) 
xyz(3)=end(j+4,iseg) 
cal I rotate(xyz,romat) 
end(j,iseg)=xyz(l) 
end(j+2, iseg)=xyz(2) 
end(j+4,iseg)=xyz(3) 
ifint(j+6,iseg)=0 

enddo 
enddo 

c flow region 
c 

c 

c 
c 
c 

C 

C 

C 

ca II boxes (1) 

nseg=nseg+12 
return 
end 

SUBROUTINE NOMIN8 

10 WRITE (6,20) 
20 FORMAT(' ENTER DEVICE TYPE INDEX # (1 THRU 7) . .... ',1, 

1 lOX,' 1 = tek4010 5 = imagen 'I, 
2 lOX,' 2 = tek4014 6 = talaris 'I, 
2 lOX,' 3 = tek4105 7 = zeta 'I, 
3 lOX,' 4 = Peters hp plotter 'I) 

READ(5,30,end=25)MYDEV 
30 FORMAT(I2) 

IF(MYDEV.LE.0.OR.MYDEV.GT.7) GO TO 900 
IF(MYDEV.EQ. 1) cal I tekal I (4010,960,2,0,0) 
IF(MYDEV.EQ. 2) cal I tekal I (4014,960,2,0,0) 
IF(MYDEV.EQ. 3) cal I tk41(4105) 
IF(MYDEV.EQ. 4) CALL H7221T 
IF(MYDEV.EQ. 5) CALL IMAGEN 
IF(MYDEV.EQ. 6) CALL TALARS 
IF(MYDEV.EQ. 7) CALL PZETA 
RETURN 

25 ca I I ta lars 
return 

900 WRITE(6,898) 



C 

c 
c 
c 

c 
c 
c 

c 

898 FORMAT(' YOUR CHOICE IS NOT VALID') 
GO TO 10 

END 

subroutine rdata 
include 'common.dim' 
character.4 chap 
character.I1 file 
character.IO form 
parameter (pi180=0.0174S3292S) 
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dimension numfrc(maxcub),numinc(maxcub),ifrok(maxcub+l), 
i new (maxf r) 

10 write(fi le,20)nflow 
20 format('dimes', i2.2,' .dat') 

open(unit=1,file=file,status='old',readonly,err=60) 
read(1,1001)ititlel,ititle2 
read(l,1002)xgene,ygene,zgene 
read(l,1002)xmesh,ymesh,zmesh 
read(l,1002)rophi,rothe 
read(1,1003)nfrac,nint,nout 
read(1,1003)iord 
read(1,1002)apmax,radmax 
iord2:iord .. 2 
ncub=iordoqr3 
read(1,1004) (numfrc(ic), ic:l,ncub) 
read(1,1004) (numinc(ic), ic=l,ncub) 
read(1,1004) (ifrok(ic),ic=l,ncub+l) 

c read view angles and discretization from keyboard 
c 

c 

if(iplotv.eq.O)then 
write(6,6001) 

6001 formate' Enter view angles:'!!' phi ...... ',S) 
read(S,.,end:30)viewphi 
write(6,6002) 

6002 formate' theta .... ',S) 
read(S,.)viewthe 
write(6,6003) 

6003 formate!' Number of segments per disc ... ',S) 
read(S,.)npol 

endif 

c read on which cubes to draw the fractures 
c 

if(iplotc.eq.O)then 
write(6,6l00)iord,iord,iord,iord 

6100 formate!!' The generation region has been subdivided In 'I 
, ',2(i2,' by '),i2,' cubes.'I! 
, The subregion to be plotted is specified by the '! 
, first and last cube numbers in each direction'! 
, (between 1 and " i 2,' )' I 
, Enter ixl, ix2,iyl,iy2, izl, iz2 (free format)') 

read(S,.) ixl, ix2, iyl, iy2, izl, iz2 
endif 



" 

213 

goto 50 
c 
c read from input fi Ie if batch job 
c 

c 

30 continue 
if{iopen.eq.O)then 

open{unit=2,fi le='dimes. inp',status='old',readonly) 
iopen=l 

endif 
read {2, 1005,end=40) chap 
if{chap.eq.'flow'.or.chap.eq. 'FLOW')goto 45 
if{chap.eq.'view'.or.chap.eq.'VIEW')then 

read{2,1006,end=40)viewphi,viewthe,npol 
read{2,1005)chap 

endif 
read{2,1007)ix1,ix2,iy1,iy2,iz1,iz2 
goto 50 

40 close{unit=2) 
iopen=O 

45 nflow=nflow+1 
goto 10 

50 if{iplotc.eq.O)then 

c reinitialize 
c 

c 

c 

do i=l,ncub 
I pI ot{i )=0 

enddo 

do ix=ix1-1,ix2-1 
do iy=iy1-1, iy2-1 

do iz=iz1-1, iz2-1 
ic=ix+iy*iord+iz*iord2+1 
Iplot{ic)=l 

enddo 
enddo 

enddo-
endif 

c read characteristics of fractures and intersections 
c for each cube 
c 
c initialize 
c 

c 

c 
c 
c 

do ifr=l,nfrac 
frac{3, ifr)=O. 

enddo 
do ient=l,nout+nint 

if i nt{7, i ent)=O 
enddo 

n=nout 
do ic=l,ncub 

if{lplot(ic) .eq.l)then 

read in selected cubes 

read(1,1004)icub 
if(numfrc(ic) .ne.O)then 

do ifrac:1,numfrc{ic) 



c 
c 
c 

c 
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read(1,1008) i, (frac(k, i) ,k=1, 7) 
enddo 

if(ifrok(ic) .ne.ifrok(ic+l»then 
do iout=ifrok(ic),ifrok(ic+l)-1 

read(1,1009) i ,end(l, i) ,end(3, i) ,end(S, i), 
end(2,i),end(4,i),end(6,i), 
ifint(7,i),ifint(8,i) 

enddo 
endif 

do iint=1,numinc(ic) 
read(1,1009)i,end(1,i~n),end(3, i+n),end(S, i+n), 

end(2,i+n),end(4,i+n),end(6,i+n), 
ifint(7, i+n), ifint(S, i+n-) 

enddo 
endif 

else 

skip non selected cubes 

nlin=l+numfrc(ic)+ifrok(ic+l)-ifrok(ic)+numinc(ic) 
if(nlin.eq.1)then 

read(1,lOO4)icub 
else 

nl in1=nl in-1 
write(form,2000)nlin1 

2000 format('(',iS,'(/»') 
read(1,form) 

endif 
endif 

enddo 

c renumber fractures In sequence 
c 

i=O 
c=l. 
do ifr=1,nfrac 

if(frac(3,ifr).gt.0.)then 
i=i+1 
do k=1,7 

frac(k, i)=frac(k, ifr) 
enddo 

frac(3,ifr)=frac(3,ifr).c 
i new ( if r) = i 

else 
c=O. 

endif 
enddo 

nfrac=i 
write(6,6102)nfrac 

6102 formate' You have selected ',i6,' fractures ') 
do ifr=nfrac,1,-1 

i=2.ifr-1 
do k=1,7 

frac(k, i)=frac(k, ifr) 
enddo 

fl=frac(1,i).pi180 
f2=frac(2,i).pi180 
trig(1,i)=cos(f1) 
trig(2,i)=sin(fl) 
trig(3, i)=cos(f2) 
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trig(4, i)=sin(f2) 
enddo 

nfrac=2.nfrac 
c 

i=O 
do iout=1,nout 

if(ifint(7,iout).ne.0)then 
i=i+1 
do k=1,6 

end(k,i)=end(k,iout) 
enddo 

do k=7,8 
ifi=ifint(k,iout) 
if i nt (k, i) = i new (i f i) 

enddo 
endif 

enddo 
ndot=i 

c 
do iint=nout+1,nout+nint 

if(ifint(7,iint).ne.0)then 
i=i+1 
do k=1,6 

end (k, i )=end(k, i i nt) 
enddo 

do k=7,8 
ifi=ifint(k, i int) 
if(ifi .le.O)then 

ifint(k, i)=ifi 
else 

if i nt (k, i) = i new (i f i) 
endif 

enddo 
endif 

enddo 
nseg=i 
c I ose(urri t=1) 
return 

60 ca II donepl 
stop , end of last data fi Ie ' 

c 
1001 format(20a4) 
1002 format(7f10.4) 
1003 format (3 i 10) 
1004 format(10i6) 
1005 format(a4) 
1006 format(2f10.4, i10) 
1007 format(6 i 10) 
1008 format(i6,7e10.3) 
1009 format(i6,6f10.4,2i10) 

end 
t c 

c 
c 

subroutine rotate(xyz,matrix) 
c 
c compute [matrix].(xyz) 
c 

real'matrix(3,3),xyz(3),a(3) 
do i=1,3 



c 
c 
c 

c 

a(i)=O. 
do j=l,3 

a (i )=a (i) +matri x (i ,j) .xyz (j) 
enddo 

enddo 
do i=1,3 

xyz(i)=a(i) 
enddo 

return 
end 

subrbutine rotfrac(ifrac,matrix) 
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c compute the sines and cosines of the normal to fracture 
c I ifrac after rotation by [matrix]. 
c 

c 

include 'common.dim' 
real matrix(3,3),xyz(3) 

c vector normal to fracture 
c 

c 

xyz(1)=trig(2, ifrac).trig(3,ifrac) 
xyz(2)=~trig(2,ifrac).trig(4,ifrac) 
xyz(3)=trig(1,ifrac) 

c rotate vector 
c 

call rotate(xyz,matrix) 
c 
c compute sine and cosine of new phi and theta 
c 

c 
c 
c 

c 

if(xyz(3).lt.O.)then 
do i=1,3 

xyz (i)=-xyz (i) 
enddo 

endif 
trig(1,ifrac)=xyz(3) 
cmax=O.999999 
if(trig(l,ifrac).le.cmax)then 

trig(2,ifrac)=sqrt(1.-trig(l,ifrac).trig(1,ifrac» 
trig(3,ifrac)=xyz(1)/trig(2,ifrac) 
trig(4,ifrac)=-xyz(2)/trig(2,ifrac) 

else 
trig(2,ifrac)=O. 
trig(3, ifrac)=l. 
trig(4,ifrac)=O. 

endif 
return 
end 

subroutine rotmat(phi,theta,matrix) 

c compute rotation matrix for angles phi and theta 
c 

real matrix(3,3) 
parameter (pi180=O.0174532925) 



cphi=cos(phi*pi180) 
sphi=sin(phi*pi180) 
ctheta=cos(theta*pi180) 
stheta=sin(theta*pi180) 
matrix(l,l)=cphi*ctheta 
matrix(l,2)=cphi*stheta 
matrix(l,3)=-sphi 
matrix(2,l)=-stheta 
matrix(2,2)=ctheta 
matrix(2,3)=O. 
matrix(3,l)=sphi*ctheta 
matrix(3,2)=sphi*stheta 
matrix(3,3)=cphi 
return 
end 
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