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Abstract

This report describes a stochastic discrete fracture (SODF)
modelling package that simulates ground-water flow and mass transport
in fracture systems. The program NETWRK generates two-dimensional
fracture networks with a Monte Carlo method based on the statistics of
field data on fracture geometry, 1.e., fracture orientation, trace
length, aperture, and density. The program APEGEN can be used to
generate supplementary aperture distributions for the fracture network
generated by NETWRK. A third program, NETFLO, computes the
steady-state fluid flow through the fracture network generated by
NETWRK and APEGEN. NETFLO also computes the statistics of selected
parameters in every ten-degree range of direction, including the total
length of fracture segments, the total flow velocity, and the total
flow rate. The latter directional parameters are used by the program
NETRANS to compute the transit time of particles over an arbitrary
distance using a second-level stochastic process.

Résumé

Le rapport décrit un progiciel de modélisation de fractures
discretes stochastiques (FDS) qui simule 1'écoulement de 1'eau
souterraine et 1le transfert des contaminants dans des réseaux de
fractures. Le programme NETWRK génére des réseaux de fractures
bidimensionnels a 1'aide d'une méthode de Monte Carlo basée sur des
valeurs recueillies sur le terrain des paramétres statistiques de
configuration des fractures, c'est-a-dire 1'orientation, la Tlongueur
des traces, 1'ouverture et la densité des fractures. Le programme
APEGEN permet de générer des distributions d'ouvertures
supplémentaires pour le réseau de fractures généré par le programme
NETWRK. Un troisieme programme, NETFLO, calcule 1'écoulement fluide
en régime permanent dans le réseau de fractures généré par NETWRK et
APEGEN. 1I1 calcule aussi certains parametres statistiques dans chaque
intervalle de direction de dix degrés, notamment la longueur totale de
segments de fractures, la vitesse d'écoulement totale et le débit
total. Ces derniers parametres directionnels sont utilisés par le
programme NETRANS pour calculer le temps de transit des particules sur
une distance arbitraire a 1'aide d'une méthode stochastique de
deuxiéme niveau.
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CHAPTER 1

Introduction

Hydrogeology in industrialized countries has witnessed a shift
in interest during the last decade from ground-water quantity issues to
ground-water quality and contaminant transport problems. Ffor example,
in the subject of ground-water flow into underground excavations, the
focus of hydrogeological investigations was, in the past, essentially
the total volume of water flowing into an excavation (e.g., Fawcett et
al., 1984). Similarly, 1in ground-water resource evaluation and in
hydrocarbon reservoir engineering, the main concern has generally been
the yield of geological formations. Hence, 1in these conventional
engineering geology problems, the hydraulic parameters of interest have
been principally the bulk permeability and storativity, since these
parameters determine the available fluid flux and fluid volume under a
given hydraulic gradient. Hydrogeological models that have been
developed for the study of such problems in fractured rocks include
models based on the continuum approach (Snow, 1969; Duguid and Lee,
1977) and models of discrete fractures (Wittke, 1970). The
contribution of vregular arrays of finite-size fractures to the
permeability of a rock mass has been 1investigated with discrete
fracture models (Huskey and Crawford, 1967; Prats, 1972; Asfari and
Witherspoon, 1973). The discrete fracture approach has also been used
to analyze the effect of distributed fracture conductances (Parsons,
1966) and distributed fracture sizes (Caldwell, 1972) on the
permeability tensor of jointed rocks. Finally, the important effect of
stress on fluid flow through fractures has been demonstrated 1in the
field and in the laboratory, and coupled stress-flow numerical models
have been used (Gale, 1977; Noorishad et al., 1982).

Currently, much effort is devoted to the study of existing and
potential contaminant migration from toxic waste disposal sites and
radioactive waste repositories, particularly in fractured rock. Even
though the permeability of a fractured rock mass 1is an important
parameter in contaminant hydrogeology, other hydraulic parameters such
as effective fracture porosity (Gale and Rouleau, 1984) and fluid
velocity may be more important because they enable one to directly
characterize the rate of migration of dissolved contaminants in ground
water.

Clearly, the estimation of porosity and fluid velocity in
fractured rocks requires a detailed description of the geometry of the
fracture system. 1In general, rock fractures are grouped in sets on the
basis of their orientation. Within a fracture set we observe
variability in fracture orientation, spacing, and size. These
distributed parameters must be characterized statistically (Baecher,
1983; Rouleau and Gale, 1985). '



Similarly, a stochastic  approach is appropriate for
incorporating these geometric parameters in numerical models of
fracture networks (Conrad and Jacquin, 1973; Bridges, 1975; Veneziano,
1978; Hudson and Priest, 1979; Baczynski, 1980; LaPointe and Hudson,
19895). Stochastic discrete fracture (SDF) models including a
fluid-flow component have been developed first in two-dimensional
domains (Hudson and LaPointe, 1980; Long et al., 1982; Robinson,
1982a; Samaniego and Priest, 1984; Andersson et al., 1984), and more
recently with three-dimensional fracture networks (Dershowitz et al.,
1985; Long et al., 1985). The movement of solutes through SDF
networks of orthogonal fractures of distributed size and semi-random
location has also been investigated (Schwartz et al., 1983). Many of
these references and others are further discussed in the appropriate
part of the text.

Parametric studies, without reference to a particular field
site, can findicate the theoretical relative effect of the various
fracture-geometry parameters on selected dependent variables such as
the total flow rate (Long et al., 1982), the flow velocity, or the
distribution of particlie transit times (Smith and Schwartz, 1984).
However, site-specific numerical simulations using real field data
impose particular constraints on a study. Site-specific simulations
require both detailed and accurate field data. Also, it is clear that
realistic comparisons between field data and numerical model results
can be made only if there 1is consistency in parameter definitions in
the data and in the model.

The rationale for the SDF approach in a site-specific study
was discussed by Gale and Rouleau (1984) within the framework of a
detailed hydrogeological characterization of a waste repository in
fractured rock with negligible matrix permeability. Rouleau and Gale
(1987) reported an SDF simulation study of ground-water flow into an
experimental drift excavated in the fractured granite at Stripa, Sweden.

This report documents the two programs used by Rouleau and
Gale (1987), NETWRK and NETFLO, and two other related programs, APEGEN
and NETRANS. The program NETWRK uses a Monte Carlo approach to
generate two-dimensional discrete fracture networks based on the
statistics of the main fracture-geometry parameters: fracture density,
orientation, trace length, and aperture. The program APEGEN can then
be used to generate different aperture distributions using the same
fracture network geometry generated by NETWRK. The program NETFLO
computes the steady-state fluid flow in the generated network, subject
to specific boundary conditions; it also computes cumulative values of
a number of flow parameters in each ten-degree range of direction.
These latter directional flow parameters can then be wused by the
program NETRANS, which again uses a Monte Carlo approach to compute the
transit time of particles over an arbitrary distance (Rouleau, 1987).

I have adopted a modular approach for the development of the
programs. This makes the package more flexible in case of further
additions or modifications. Also, it is possible to analyze the
results of one of the programs before running another program on the
same network realization.



The programs have been designed for site-specific
applications. For instance, the input data on fracture geometry can be
measured directly in the field (Rouleau and Gale, 1985). In other SDF
simulation programs, the number of fractures has generally been used as
one of the input parameters (Long et al., 1982; Robinson, 1982a;
Schwartz et al., 1983; Samaniego and Priest, 1984; Smith and Schwarz,
1984). Here we replace the number of fractures by fracture density
(total length of fracture traces per unit surface area) as an input
parameter because borehole data generally provide a relatively good
estimate of this latter parameter, independently of fracture size.

Other particularities of this SDF simulation package 1include
the optimization of the node numbering, the linear array storage of the
node conductance matrix, and the second-level stochastic process
invoked for the particle transport.



CHAPTER 2

Stochastic Simulation of Fracture Systems:
Programs NETWRK and APEGEN

2.1 Introduction

During the 1last decade, a number of workers have used
numerical techniques to simulate fracture systems in rock masses.
Conrad and Jacquin (1973) proposed the generation of two-dimensional
(2D) line patterns to study the geometry and the size distribution of
rock blocks. Hudson and Priest (1979) presented a three-dimensional
(3D) approach to the same problem. Bridges (1975) proposed a 3D model
based on random discs in space in combination with 2D fracture trace
plots to "convey a mental 1image of fracture patterns." Veneziano
(1978) presented another 3D model based on Poisson polygons on random
planes. Veneziano's model included the generation of random infinite
planes in space. He then used random lines in each one of the planes
to define convex polygons, some of which represented discontinuous
fractures. The same author discussed possible applications of this
model 1in assessing the mechanical properties of a rock mass. In an
effort at modelling the spatial variability of fracturing, Baczynski
" (1980) generated 2D line patterns aimed at reproducing, for a given
fracture set, the 1log-normal spacing distribution observed in the
field. La Pointe and Hudson (1985) also presented numerically
generated 2D 1line patterns using various types of distributions for
line orientation and line length. More recently, Long et al. (1982),
Robinson (1982b), and Samaniego and Priest (1984) presented the
results of 2D random 1line network generations combined with the
numerical calculation of steady-state fluid-flow parameters (see
Chap. 3). Using a numerical approach based on the percolation theory
developed in the field of theoretical physics, Robinson (1982a) found
critical densities for 20 random fracture networks below which no
continuous flowpath exists in a fracture system.

The 1line network generation code NETWRK presented in this
chapter uses a Monte Carlo method to generate a pattern of 1lines of
distributed lengths and orientations in a fashion similar to the last
four studies mentioned above. In these models, each 1line represents
the trace of a fracture that cuts a slice of rock one unit: in
thickness. The l1ines in NETWRK are generated one set at a time, using
separate distribution parameters for each set for the lengths and the
orientations. Fracture apertures are also selected from a given
distribution and assigned to each l1ine. Output files are thus created
that are directly usable by other programs, for instance, to calculate
flow in 2D fracture networks.

A 20 model constitutes a first step in the numerical
simulation of discrete fracture networks. Such a model can be used to



evaluate the effects of fractures on the mechanical or the flow
properties of a rock mass. Even though a 3D model could give a more
realistic representation of a fracture system, no numerical 3D model is
available yet for large systems (i.e., thousands) of discrete fractures
distributed in size and orientation. Moreover, a 3D model would
require considerably more computer storage and computing time than a 2D
model for the same number of fractures simulated.

2.2 Program NETWRK: Main Program and Input Data

The structure of program NETWRK is shown in Figure 2.1. This
program executes the following sequence of operations (Fig. 2.2): (1)
reading of input data, (2) generation of a 1line pattern, (3)
computation of spacing values (optional), (4) location of all the
neffective" intersections 1in the network (i.e., those intersections
that are part of a continuous flow path), (5) generation of a plotting
file (optional), and (6) definition of the "elements" (i.e., every line
segment between two consecutive effective intersections) and recording
of the node numbers that identify each element.

_________ Genun Rl TERM ]
*®

&
yZ7id CHOPXY
7 AN
[crorc_Jf=5
RECBDR CIRBDR
| circL2 [+
“ Ve
\J| snooe [p7
M OR — . CALL
A f=={ o | = e
|
N == s ]|
o ] EFFINT H._—__:” OUTPTH ]]
o]

=] etoer  [fe=d] ourere ]

Figure 2.1. Structure of program NETWRK.



START

MAXFRA, MAXINT, MAXELTw— declared size of arraysrelated to
lines, to intersections and to elements respectively

READ:

+ NSET: number of fracture sets

- ISP: code for spacing data generation

+ PLTSIZ: size of plot

+ IGEOM: code for-geometry of model

« XMINO, YMAXO, XMAXO, YMINO: outer rectangular boundaries of model

+ XMINI, YMAXI, XMAXI, YMINI: inner rectangular boundaries of model
(last two series of data required even for circular model)

Are
rectangular boundaries
properly entered ?

NO

Error message

ABORT

I NBO < number of flow boundaries J

1
READ:
- coordinates and shape of each flow boundary
- {I8C(1), I=1,...,NBQ): type of flow condition

Print:
+ Boundary data
« Line network data

READ:

« DENS(1): density of set 1

- Type and parameters of distributions of trace length, orientation
and apertgre

(I=1, ... ,NSET

Generate a random line pattern
(subroutine GENLIN)

Generate spacing data with R
perpendicular sampling lines 9
(subroutine SPCNG2)

1
Y

Locate all the line intersections
(subroutine INTERS)

¥

+ Determine the effective intersections (or nodes)
- Create a file of node data
(subroutines EFFINT and OUTPTI)

-1

Generate spacing data with
randomly oriented sampling
lines (subroutine SPCNGT)

YES

Generate a plotting file
(subroutine PLOTFR)

|

. Define the elements and their node incidence

. Create a file of element data: length,
orientation, fracture setand node incidence SToe

. Create a file of element aperture data
( subroutines ELTDEF and OQUTPT2)

Figure 2.2. Flowchart of the main program in NETWRK.

Input data for the program are primarily of two types: (1)
data describing the geometry of the fracture pattern and (2) data
related to the boundary geometry (shape and coordinates). The fracture
pattern i1s defined by the density of each fracture set (DENS [L-‘])
and the type and the parameters of the distribution of fracture trace




lengths, orientations, and apertures for each fracture set. NETWRK can
handle two types of model geometry: rectangular models and circular
models (Fig. 2.3; see also Appendix D). In a circular model, only one
quadrant of a complete annulus 1s represented, defined by two
concentric circles and two radial l1ines. Each model needs both an
outer boundary and an inner boundary. The lines of the network are
generated over the entire model inside the outer boundaries. The inner
boundaries are used to trim the network on all the sides, and they are
the only boundaries considered in the program NETFLO (Chap. 3). The
buffer margin between the inner and the outer boundaries eliminates
most of the edge effect that a generated line network acquires by the
fractures being systematically less dense near the boundaries.

(A) RECTANGULAR MODEL (B) CIRCULAR MODEL
OUTER BOUNDARIES
T ,// (TSI
[ ~ - :
. : ~ |
r—-—H————_—_-—_-—_ = —_ = h] | \ I
) | INNER { N |
! ! BOUNDARIES ! \\ !
| N o
E| e "\ \ |
=| | | \ !
: : : \
| ( F~ \l
| 1 | ~N
I | | \
| | l Vo ‘
x(m) x(m)

Figure 2.3. Model geometry: (A) rectangular model,
(B) circular model.

2.3 Line Pattern Generation

The generation of the 1line pattern 1is carried out by the
subroutine GENLIN (Fig. 2.4). In this step, the computer first
calculates the surface area of the model inside the inner boundaries.
The 1line pattern 1is then generated one set at a time. The desired
total 1length (DESLEN) for the 1lines 1is calculated as well as an
estimate of the number of 1lines to be generated (ESTNFR). The
variables DESLEN and ESTNFR are used as control parameters in the line
generation process. The value of ESTNFR is set at a specified factor
COEF (an input parameter typically between 2 and 5) times the initial
estimate of the number of 1lines based on mean trace length and the
value of DESLEN. This value of ESTNFR is greater than what is
generally needed, but it ensures that the desired fracture density will



be reached in all network realizations. In some cases, the extra lines
that are generated just compensate for a high proportion of short

traces appearing at the

beginning of the trace length generation

process, and for a high number of traces located in the margin between

the outer and the inner bou

ndary as explained below.

ENTER

« AREA - surface area of model
+ L =2ero (intersection counter)

« CUTY(J,I) — zero {extremity 1 of Yine (J,I) does not
cut a bndr.), 1 {it cuts a no-flow bndr.) or 2 (it cuts
a fixed-head bndr.)

- CUT2(J,1), same as CUT1{J,I) for extremity 2

* SUMLE = cumulative length of lines
(subroutines CIRBDR for IGEOM=2, RECBDR for IGEOM=1)

e — e — —— —— —— 1=1,...,NSET
l « DESLEN=—DENS{1) x AREA
l « ESTNFR -——estimated number of lines
| « SUMLE (total length of lines) - zero
I ESTNFR < MAXFRA M0
l
| Genérate ESTNFR random values for:
+ XC and YC (coordinates of line centre)

| - TRACE (Tine length) ABORT
' * TH (1ine angle)
| J=1,...,ESTNFR _________..__‘
: H

© Make sure TH is not within 0.5° of 0° or of 90° 1f set ] is abutting,
| + XV1(J,1),...,Y2(J,1) —coordinates of both cut dead extremity 1
f extremities of line (J,I) and attach 1t at

-+ Make sure Y1{J,1) > v2(J,I} extremity 2

- + TH(J,1) ~—tan (TH(J,I1)} (subroutine TERM)

l * Trim line pattern along boundaries

SUMLE > DESLEN o

NFRAC(I) =—— number of lines

Error message

in set [

1

Print:
Summary statistics of set [

Figure 2.4.

Flowchart of subroutine GENLIN.

Next, a fixed number ESTNFR of random points are generated

inside the outer boundary,

each one corresponding to the centre of a



line (XC, YC). Then the subroutine generates the same number of (1)
1ine lengths (TRACE, in metres), using either a single-value or a
log-normal distribution; and (2) 1line orientations (TH, in degrees),
using either a single-value or a normal distribution. The elements of
the arrays XC, YC, TRACE, and TH are used concurrently later in the
program to calculate the coordinates of both extremities of each line
(X1, Y1 and X2, Y2).

Concerning the computation of the 1line extremities, two
procedures are taken to facilitate the operations in other
subroutines. First, all line angles within 0.5 degree from 0.0, 90.0,
180.0, or 270.0 are set to either -0.5, +0.5, 89.5, or 90.5. For the
lines sub-parallel to the x-axis (Fig. 2.3), this procedure ensures
that no indeterminate value will occur in the definition of the line
elements (Sec. 2.7). [Indeed, the elements along a line are defined
after sorting (by increasing y-value) all the intersections along that
line. 1In the case of lines sub-parallel to the y-axis (Fig. 2.3), this
same procedure puts an upper limit to the value of the tangent of the
1ine angles. It thus prevents floating point errors, particularly in
the computation of the 1line intersections (Sec. 2.5). The second
procedure simply ensures that extremity 1 (i.e., X1, Y1) is the
extremity with the higher y-value. This convention makes the
programming easier, in particular for the line trimming along the inner
boundaries, which is briefly described below.

At this point, subroutine TERM 1is optionally called (if a
value of 1 is given to the input parameter ITERM) to abut the fractures
of the set being generated against fractures of previously generated
sets. This procedure is intended to simulate more realistically
natural systems that are often made of abutting fractures. Subroutine
TERM cuts the end segment above the highest (with respect to the
y-axis) intersection along a fracture; it then attaches this segment at
the lower end of .the same fracture so that the total Tlength of the
fracture stays the same. In this manner, only one end of a given
fracture is abutting. Also the fractures of a given set can abut only
on fractures of the sets that were generated previously. Obviously,
fractures of set 1 cannot abut on other fractures. An example of this
abutment procedure is given in realization 992 described in Appendix F.

The 1line pattern is trimmed along the inner boundaries by
either subroutine RECBDR for a rectangular model, or subroutine CIRBOR
for a circular model. These two subroutines, and other ancillary
subprograms called by them, reject any 1line completely outside the
inner boundaries, cut all the lines crossing an inner boundary, compute
a corrected length for these lines, and compute the new coordinates of
the trimmed extremities. Every intersection of a 1ine and an finner
boundary is also defined as a boundary node. The coordinates of each
node are recorded in the arrays XORD and YORD, while the array 1B
jdentifies the boundary on which a node is located. Subroutines RECBDR
and CIRBDR also sum up progressively for each set the total length
(SUMLE) of the 1line segments inside the inner boundaries. These
subroutines return execution to the 1line generator GENLIN when the
variable SUMLE reaches the desired total length (DESLEN) for that set.
The number of lines considered for each set is then recorded in NFRAC.



2.4 Generation of Spacing Data

As can be seen in the flowchart of the main program (Fig.
2.2), after the 1line generation step for all the sets, the code
provides the option of generating a spacing data file. The number of
spacing values generated for each fracture set is arbitrarily set at
150. Spacing is defined here as the distance between two consecutive
intersections of a sampling 1line with fractures of the same set
multiplied by the cosine of the angle between the sampling line and the
pole of the average plane for that set. The user is given the choice
between two subroutines for spacing data generation depending on the
type of sampling process that is desired. The subprogram SPCNG) uses
only sampling lines perpendicular to the average direction of a set.
SPCNG2 wuses sampling 1lines randomly oriented in the plane of the
model. The statistical analysis of the generated spacing data can be
used for comparison with the field spacing data (e.g., Rouleau and
Gale, 1985).

2.5 Line Intersections

After all the 1ines have been generated, the main program
calls the subroutines INTERS and EFFINT to locate all the effective
line intersections in the network.

The point of intersection between two 1ines in a plane, when
one point and the orientation are known for each 1line, can be
calculated using simple trigonometric relationships. To calculate the
ordinate first, one can use:

A

tan TH(1) x tan TH(2)

Y1(1) Y1(2)
Yan TH(2) - tan TH(1) (1)

T tan TH(1) ~ tan TH(2)

YI - XT(1) + X1(2) x

where YI is the ordinate of the intersection point, X1 (1 and 2) and Y1
(1 and 2) are the coordinates of a known point on lines 1 and 2 (e.g.,
extremity 1 of the lines on the network), and TH (1 and 2) is the angle
between the 1lines (1 and 2) and the x-axis. The abscissa of the
intersection point, XI, can then be calculated using the relationship:

YI - Y1(1)
XU = eyt XV (2.2)

The subroutine INTERS (Fig. 2.5) consists basically of four
nested DO-loops. For each individual line, the computer scans all the
other lines in the network, but measures are taken to ensure that the
intersection between the same two 1ines is sought only once. First,
the ordinate (YI) of a possible intersection between two 1lines is
computed using Equation 2.1. If this value of YI 1is within the range
of both lines in the y-direction, then the intersection does exist and
its abscissa is computed using (2.2). The arrays XORD and YORD record
the 1intersection coordinates. The number of the 1lines forming an
intersection are recorded in the arrays INC1 and INC2. '

10



Y1 - Ordinate of intersection between

lines (J,1) and (J4,11)

Are
orientations
distributed ?

Y1 < Y2(J,1)
.OR.
Y1 > Y1(J,1)

IBEG =~ I *

Y1 < ¥2(33,11)
.OR.
Y1 > Y1(J3,11)

s L-—=1#

« YORD(L) = YI

» XORD(L) - abscissa of intersection
between the two lines

< INCT(L,V) =1

+ INCY(L,2) = J

+ INC2{L,1) - II

« INC2{L,2) — JJ

(INC1, INC2: 1line incidence arrays)

| —— — -e— — —— — — — — — - — —— ——— — —

< 11=18EG,...,NSET >.

JBEG — J+1 **
NUMINT L (tota) number of intersections)
JBEG = 1%
JBEG < NFRAC(II)
Error message
J ABORT

<

* [BEG: starting point of second level of DO-loop over line sets.

** JBEG: starting point of second level of 00-loop over lines.

Figure 2.5. Flowchart of subroutine INTERS.

After subroutine INTERS has returned the execution to the main
program, the subroutine EFFINT is called to tag most of the
non-effective intersections, 1.e., those intersections not located
along a continuous flowpath between two fixed-head boundaries. These
non-effective intersections are identified by tagging systematically
all intersections where one of the intersecting lines has only this one
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intersection. Effective fintersections are also called nodes in the
text. One must remember, however, that not necessarily all the
non-effective intersections are tagged with this procedure. [Indeed,
isolated closed-loops formed by three or more intersections are
sometimes present in a network, in which case our procedure does not
tag any of these intersections as non-effective.

2.6 Generation of a Plotting File

At this stage, subroutine PLOTFR is called (unless the input
parameter PLTSIZ is set to a negative value) to create a plotting file
for drawing of the line network with a digital plotter. The resulting
plot shows all the boundaries and the line pattern after trimming along
the 1inner boundaries. The effective intersections are identified by a
small circle. The 1line numbers and the intersection numbers are also
shown on a plot with fewer than 200 effective intersections, if the
value of the input parameter IPRT is greater than 1.

2.7 Determining the Line Elements

The last step in the program NETWRK is carried out by the
subroutine ELTDEF (Fig. 2.6). In three nested DO-loops, the subroutine
ELTOEF first identifies all the effective intersections on any given
Tine using the 1line incidence arrays INC1 and INC2. After ordering
these intersections by fincreasing y-value, all the sub-segments thus
defined are identified and their intersection incidence recorded in the
arrays NOD1 and NOD2. During the same process, the subroutine ELTDEF
assigns a random "fracture aperture" to every 1line, from either a
single-value or a log-normal distribution according to the 1input
parameters. ELTDEF also eliminates the dead-end segments, which
comprise both complete lines and line extremities, after recording the
total length and total "volume" for each set. The subroutine ELTDEF is
repeated for each different aperture distribution for a particular line
network realization.

2.8 A Simple Example

Figure 2.7 shows a 1line network generated by the program
NETWRK. For this simple example, single values have been used for line
lengths and orientations and for fracture apertures. Note also that
the value of the input parameter IPRT was one; therefore, the Tine and
intersection numbers are not written on the computer plot for
Figure 2.7. Morever, the line termination control parameter ITERM was
set to zero for both sets; so no 1line abuts on other lines. A
selection of the information contained in the output for this example
is given 1in Table 2.1. Other items optionally provided in output, but
not shown in Table 2.1, include (1) a 1ist of all the 1lines in each
set, with their length, their orientation, and the coordinates of their
extremities; (2) a 1ist of all the intersections with their coordinates
and the numbers of the intersecting lines; and (3) a 1list of all the
elements with the node incidence numbers, the numbers of the lines they
belong to, their 1length, and their corresponding fracture aperture.
Appendix B gives a 1ist of the different output files and Appendix
provides more detailed examples.
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The simple example of Figure 2.7 already points out an
interesting aspect of a network of discontinuous fractures: for the
same fracture density, the proportion of dead fracture segments is
higher for a set with shorter fractures (75% for set 2 in this example)
than for a set with longer fractures (34% for set 1).

« EFFLE(1), EFFVO(I) ~—zero (total length and
total volume of effective segments)

+ DEADLE(I), DEADVO(I) -——zero (idem for dead
segments)

(1=1,...,NSET)

+ NUMELT —1 (element counter)

+ NUMNPT «——total number of effective

intersections

< I=1,...,NSET >. _____ 1|
I
|
|

¥

Generate NFRAC(I) random values for APER
(fracture aperture)

¥

<::7 J=1, ... ,NFRAC(I) j>>.. _____ J ,
M=1 NUMNPT ————
eees >._ -
|

INCT1(M,2)£d YES
LAND.
INC2(M,2)#J

— — — FROM NEXT PAGE

ML — 1 (counter for effective
intersections on this line)

INC1{M,1)#1 .OR. INCI(M,2)#J
LAND.
INC2(M,1)#1 .OR. INC2(M,2)AJ

|
« INTER{ML) =— M (record of correspondence |
between general. and local intersection I
numbers) o
« YINT(ML) =- YORD(M)
+ ML =ML+
¥

NINTFR <—ML-1 (number of effective
intersections on this line)

- DEADLE(1) ——DEADLE(I) + length of line (J,1) NO YES
+ DEADVO(1) —DEADVO(I) + (DEADLE(I) x APER(J)) - T0 NEXT PAGE
. 7/

Figure 2.6. Flowchart of subroutine ELTODEF.
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FROM PREVIOUS
PAGE

Order the intersections on this line
by increasing YINT value

NO

- DEADLE(I) - DEADLE(I) +
length of first segment from
lower end of line (J,1)

+ DEADVO(I) = DEADVO(I) +
(DEADLE(I) x APER(J))

[

YES NO

< M2,...,NINTFR —_———

+ DEADLE(I) = DEADLE(I) +
length of first segment from
higher end of line (J,1)

+ DEADVO(1) = DEADVO(I) +
(DEADLE(1) x APER(J))

+ NODV(NUMELT) = INTER(M-1)

» NOD2 (NUMELT) =- INTER(M)

(NOD1,NOD2: node incidence arrays)

- W(NUMELT) — APER(J,I)

« ELLEN(NUMELT) = [ (XORD(INTER(M))
~XORD(INTER(M-1)))2 + {YINT(M)-YINT(M-1))2]}/2

e

TO PREVIOUS PAGE w=———

eCreate a file of element data: length, orientation,
fracture set and node incidence

sCreate a file of fracture aperture data

{subroutine OUTPT2)

Error message

Print:
Porosity data

RETURN

Figure 2.6. Continued.

2.9 Generation of Supplementary Aperture Distributions: Program APEGEN

Within the subroutine ELTDEF (Sec. 2.7), distributed aperture
values are generated and an aperture value 1is assigned to each
generated fracture. A second program, APEGEN (Fig. 2.8), can also be
used to generate different aperture values. The program APEGEN allows
the same generated network to be used as many times as desired and with
different aperture distribution parameters.
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REALIZATION 18

w \
E
Y
~
=
&g
—.:-1.00 1.00 3.00 5. 00 1.00 9.00 11.00 13,00 15. 00
X-RXIS
INPUT PARAMETERS
SET | SET 2
DENSITY (m™") 0.5 0.5
ORIENTATION (*d) 20 120
TRACE LENGTH (m) 8 4
APERTURE (m) 20210 ® 20x10°®

Figure 2.7. A simple line network generated by NETWRK.

Table 2.1. Selected Results for Line Network of Figure 2.7

Total number of intersections (NUMINT): 97

Number of effective intersections (NUMNPT): 76

Number of elements (NUMELT): 108
Set 1 Set 2

DESLEN (m) 112.5 112.5

SUMLE (m) 114.8 113.8

NFRAC 18 39

EFFLE (m) 76.4 28.4

DEADLE (m) 38.4 85.5

EFFVO (m°) 1.5%107 5.7x107"

DEADVO (m°) 7.7%107* 1.7x1073
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An additional benefit of APEGEN is that different elements
along the same fractures are given different aperture values. Finally,
with only minor additions, APEGEN could compute aperture values that

are functions of the orientation or the 1location of the fracture
elements. :

( START )

MAXELT, MAXNOD=wdeclared size of arrays
related to elements and to nodes

READ:

*I0R: code for utilization of orientation data
*NSET: number of fracture sets

*NUMNPT: number of nodes

*NUMELT: number of elements

*Parameters of aperture distributions

i

READ:

*Node coordinates

*flement data: length, initial aperture, node incidence,
set incidence, two orientation parameters

(subroutine INPT3)

10R = ZERO YES

Generate an entire array of
Calculate for each element: aperture values based on
edirection cosines read-in distribution parameters
ecoordinates of centre point (subroutine APARR)

Statements could be added here
to generate aperture values
dependent on element orientation
and location.

Create a new file of element
147 aperture data

(subroutine OUTPT3)

STOP

Fiqure 2.8. Flowchart of the main program in APEGEN.
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2.10 Conclusion

Program NETWRK 1s a numerical tool that can be used in a
number of applications. By itself, 1t provides information on the
topology of a fracture system (e.g., degree of 1interconnection, ratio
of effective to total porosity, and spacing distribution). NETWRK can
be used in conjunction with other computer programs to evaluate the
mechanical behaviour of a fractured rock mass or to compute the
parameters of fluid flow through a fracture network. The following
chapter describes the program NETFLO, which computes the steady-state
fluid-flow parameters through a fracture network generated by NETWRK,
given specific boundary conditions.
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CHAPTER 3

Numerical Simulation of Fluid Flow in a
Two-dimensional Discrete Fracture
Network: Program NETFLO

3.1 Introduction

This chapter presents the numerical model NETFLO, which
simulates the flow of fluid in discrete fracture networks 1like those
generated by the program NETWRK (Chap. 2). The program NETFLO has been
developed to evaluate the role of fracture geometry in determining the
ground-water flow properties of rock masses with a low-permeability
matrix.

Previous studies have proposed a variety of techniques to
simulate fluid flow in discrete fractures. 01los (1963) constructed a
physical model formed by PVC pipes 1interconnected at right angles to
study the ground-water flow characteristics of a fracture system.
Huskey and Crawford (1967) described an electric analog model
consisting of an electrolyte bath and copper strips simulating
fractures. Wittke (1970) used another electric analog composed of many
electrical resistors arranged in networks. Caldwell (1972) used a
third type of electric analog consisting of conducting paper with
perforations to simulate impermeable rock blocks. Caldwell's technique
is the inverse 1image of a technique described by Marcus and Evenson
(1961) to simulate the effect of regular arrangements of thin
impermeable layers in a permeable matrix. Hudson and LaPointe (1980)
proposed an electric analog model consisting. of a printed circuit that
was a replica of a computer-generated random Jjoint trace pattern.
Numerical methods also developed for electric resistance network
problems have been adapted to study fluid flow in fracture networks
(Parsons, 1966; and Louis, 1969). Castillo et al. (1972) used a
combination of an iterative solution and a direct solution to solve the
steady-state flow problem in fracture networks of regular geometry.
With this 1latter approach, it 1is possible to consider non-linear
problems introduced by fracture roughness and turbulent flow.

The finite element method has been used by Wittke (1970) to
solve a steady-state, three-dimensional fluid-fiow problem through a
network of continuous fractures in an impermeable matrix. Wilson and
Witherspoon (1970) developed a two-dimensional finite element model to
solve the same fluid-flow problem through a fracture network of
arbitrary geometry. Wilson and Witherspoon's code is efficient 1in
computing time, but not in 1its use of computer memory, since it
requires the storage of a complete square matrix of order N, N being
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the number of nodes. They presented examples of fully connected
networks of regular geometry. Asfari and Witherspoon (1973) presented
the results of another finite element program applied to completely
non-connected regular patterns of short fractures 1in a permeable
matrix. Long et al. (1982) adapted Wilson and Witherspoon's code to
randomly generated two-dimensional networks of discontinuous fractures
in an impermeable matrix. Also working on random networks, Robinson
(1982b) used a direct solution (Gaussian elimination) to solve the
steady-state flow problem, while Samaniego and Priest (1984) tried two
different methods: an iterative method (relaxation) and a direct method

(bi-factorization). More recently, numerical models have been
developed to simulate steady-state fluid flow in three-dimensional
fracture networks. Dershowitz et al. (1985) used a finite-element

approach; Long et al. (1985) adopted a mixed analytical-numerical
technique based on line sources (sink); while Shapiro and Andersson

(1985) formulated a boundary-element approach. In theory, a
three-dimensional (3D) model of flow in a fracture system is more
realistic than a two-dimensional (20) model. Unfortunately, no

suitable 3D model is available yet that would simulate flow in networks
of the order of thousands of fracture intersections. Also, using the
same size of computer memory and similar software, one can simulate a
much larger fracture system in a 2D model than with a 3D model.

The two-dimensional fracture flow theory used here is very
similar to the theory of fluid flow in pipe networks. This similarity
was used by 01los (1963) in physical models. A considerable amount of
literature is devoted to the numerical solution of flow in pipe
networks carrying, for instance, water, natural gas, or petroleum
products (Mah and Shacham, 1978). Typically a pipe network problem has
a predetermined general structure and numerical methods are used for
sensitivity analysis and design optimization. Since the same probliem
structure is repeated many times during a study, it is profitable to
optimize right at the beginning the structure of the matrices to be
solved numerically. Linear theory and graph theory methods are
commonly used for these types of pipe network analysis (Kesavan and
Chandrashekar, 1972; Isaacs and Mills, 1980).

The numerical model presented here is two-dimensional, and the
rock matrix is assumed impermeable. A node conductance matrix is first
set up by applying the mass balance constraint to each node in the
network (i.e., the sum of flow rates at any free node must equal
zero). Since this computer code 1is intended to be applied to actual
field problems, it must simulate the fractures in a slice of rock large
enough to be considered statistically homogeneous with respect to the
fracture system. Moreover, the random fracture generation process
produces a numerical matrix that is very dispersed in structure. By
renumbering systematically all the nodes and by using a
variable-bandwidth storage scheme, the code presented here reduces
considerably the computer storage requirement for a Tlarge sparse
matrix. A direct method of solution based on the Choleski algorithm 1is
then used to solve the set of equations in a manner that is efficient
in computing time.
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3.2 Model Formulation

For steady-state Tlaminar flow of an fincompressible, viscous
fluid between two smooth parallel plates, the analytical solution of
the Navier-Stokes equation yields the following relationship for volume
flow rate per unit width (e.g., Huitt, 1956):

Wy

q=_]u

3
5 (3.1)

1

where W is the plate separation [L], Yy is the weight density of the
fluid [F/L3], wuw is the dynamic viscosity [FT/L2], x is the
distance along the plates [L], and ¢ 1is the hydraulic head [L]. 1In
the solution of network flow problems, it is often convenient to define
the conductance of the fluid conduit of length & as:

gk & it (3.2)

1.e., the 'hydrau11c conductivity multiplied by the cross-section and
divided by the length.

5
:*————————HXED-HEAD BOUNDARES———————“':

Figure 3.1. Fracture network consisting of five
connected segments.

Using Figure 3.1 as an example, the flow rate at node 1 1is
expressed by:

ea(eo-07) = -qq (3.3)

In this convention, flow into the system is positive and flow out is
negative. For the 1internal node 2, the mass balance constraint
requires that the sum of flow rates into and out of that node equals
zero:

ey(®1-0,) + €,(03-0,) + €4(9,-@,) = 0 " (3.4)
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Written in matrix form, the equations (3.3) and (3.4) for the complete
system of Figure 3.1 give:

noges 2 ] 2 3 4 5
1 L €, 0 0 0 2 q;
2 -e, (ea+eb+ed) -€, -€4 0 5 0
3 0 -8, (eb+ec) -€. 0| x Pyl = 0 {(3.9)
4 0 —ed —ec (ec+ed+ea) —ee ®y 0
5 0 0 0 —ee ee g q5

The numerous methods of simultaneously solving systems of
equations 1like (3.5) can be divided in direct methods and iterative
methods (e.g., Jennings, 1977). Direct methods are generally faster
but require 1larger computer memory than iterative methods. For
instance, Wilson and Witherspoon (1970) used a matrix reordering scheme
by which all the wunknowns (e.g., @5, @3, ®4, 47, and Qqs
in Equation 3.5) are put in the same vector and then solved all at once
with a direct method. Their code requires the complete storage of the
square matrix.

In the code NETFLO, the matrix and vectors of Equation 3.5 are
rearranged and partitioned according to the degree of freedom of the
nodes:

nodes » 2 3 4 1 5
‘L ( R ~N e ~N
2 (ea+eb+ed) -e, -€4 : -e, 0 ) 0
3 —eb (eb+ec) -ec : 0 0 ®q 0
4 -ed —eC (ec+ed+ee): 0 —ee X 0y | = 0 {(3.6)
] T e T T T T T T T 1T e T T T o 0. as
e, 0 0 : e, 0 ¢] q,
5 0 0 -
ee b0 ee/ g \q5
This matrix equation can be summarized by
fee . Brcl %] |%
E e {*le |0 (3.1
cf cc c C|
This corresponds to two matrix equations:
Egpop + Efcoc = Qf (3.8)
and
Ecrdr + Eccde = Qc (3.9)
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Equation 3.8 can be used to compute the unknown head values (¢f),
whereas (3.9) can give the flow rate at the boundary nodes (Qc). The
approach taken in program NETFLO is to compute the head at all the free
nodes using (3.8) and then to compute the flow rate in all the segments
individually using Equation 3.1. Rearranging (3.8) gives:

Effof = Qf - Efcdc = Qf' (3.10)

After setup of the augmented flux vector Qgf', program NETFLO solves
for ¢¢ using the Choleski algorithm (e.g., Jennings, 1977, p. 107).

3.3 Program NETFLO

The program NETFLO has been written to execute the
mathematical operations described in the preceding section. The
structure of this program is shown in Figure 3.2. Sequentially, NETFLO
(Fig. 3.3) (1) reads in the boundary conditions and the 1line network
data generated by NETWRK, (2) defines the boundary condition for every
boundary node, (3) renumbers all the nodes to reduce the bandwidth of
matrix E and determines the codes for matrix condensation and storage,
(4) solves for unknown head values, and (5) computes the flow rate 1in
every segment, the total flow at every boundary, and the cumulative
flow parameters in every ten-degree range of direction.

—CALL

-« ——-— RETURN
e — — — I BOUND I
[« — SETUP
e — — — OPSTOR

—={orrow ]

M =——"]| DECOMP
A
e — — — —] SOLPHI e — FORW
|
N L — BACK

—— FLOCAL

OuUTPT4

_——_I__ |MXMNAS ”
ROSE
i MARK

Figure 3.2. Structure of program NETFLO.
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START
JAP=1, ... ,NAPER —_—————

MAXELT, MAXNOD, MAXFRE =- declared size of . Setup node conductance matrix A :
arrays related to elements, to total » Solve for head value (PHI) at each free
nodes and to free nodes respectively node using the Choleski algorithm '
MAXA - declared size of node conductance (subroutine SOLPHI) I
. matrix (A) to be solved |
MAXCON =~ MAXNOD-MAXFRE
VISC = fluid viscosity |
NAPER = number of diff. aperture distributions l
) |
READ: Calculate: I
» NSET: number of fracture sets . ;
- IGEOM: code for mode] geometry Flow rate and velocity in each elcment l
«Total flow rate at each boundary _____J
j, *Directional flow parameters
| NBO = number of flow bouhdaries l (subroutine FLOCAL)
Y
READ:
- boundary geometry
- boundary condition (IBC(I)) and hydraulic -smp
- head
(1=1,...,NBO)
READ:

NUMNPT: number of nodes
NUMELT: number of elements

READ node data:

+ XORD(M), YORD(M): coordinates
+ IB(M): boundary incidence
(M=1,.. . ,NUMNPT)

(subroutine INPT1)

READ element data:

+ NOD1{N), NOD2(N): node incidence
+ W{N): fracture aperture

- ELLEN(N)}: element length
(N=1,...,NUMELT)

{subroutine INPTI)

¥

Define the boundary condition (PHI) for all
the nodes located on a boundary
(subroutine BOUND)

|

- Optimize the node numbering
- Define the matrix condensation codes
{subroutine OPSTOR)

Figure 3.3. Flowchart of the main program in NETFLO.

3.3.1 Preliminary Operations

Since NETFLO 1s applied to large problems in terms of number
of fractures and number of intersections, the computer storage
requirement becomes a critical factor. For that reason, a maximum size
is defined in declaration statements in the main program for all the
variables requiring a large array. Also, the same maximum values are
assigned to the variables MAXELT, MAXNOD, MAXFRE, and MAXA, which are
passed on to the various subroutines by a COMMON statement. This
system allows an easy adjustment of the array size when needed.
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NETFLO reads in first the data concerning the boundary
geometry and flow conditions. With respect to fluid flow, a boundary
can be specified as either a no-flow boundary (IBC=0) or a fixed-head
boundary (IBC>0). Then NETFLO reads in the intersection (or node) data
generated by NETWRK, i.e., the fintersection coordinates (XORD, VYORD)
and the boundary incidence (IB) for all the intersections of a line
with a boundary. Finally, the element data are read in. These are
simply the node incidence (NOD1 and NOD2), and the 1length, the
orientation, and the aperture of each element.

+ IDIFF < maximum bandwidth in initial node
numbering
+ JMEM(M) = number of nodes connected to node M
o MEMJT(4x(M-1) +1 to +4) = number of the
nodes connected to node M {maximum 4)
Me1, ... NUMNPT)
subroutine SETUP)

Pr}g;;F . LC(I)(«Szero
) i « KDIAG(1) =1
« (JMEM(M), M=1,...,NUMNPT) + M6 - IB(NEWNOD( 1))

« (MEMJIT(M), M=1,...,4 x NUMNPT)

NO
* NEWNOD(M) < 01d node number corresponding
to new node M 1BC(M6)
* NODNUM(M) < new node number corresponding >zero
to old node M
(M=1, ..., NUMNPT) 7Es
{subroutine OPTNUM)
L) -1
< M= 2,..., NUMNPT ><-——|
¥ I
FROM NEXT
’ PAGE
- M7 = IB(NEWNOD(M))
+ K = zero
IBC (M7)
> zero
NO
K=
LC(M) = LC(M-1) + K TO NEXT

Figure 3.4. Flowchart of subroutine OPSTOR.
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FROM PREVIOUS PAGE

M7 = zero

IBC(M7)
>zero

- NREL < JMEM (NEWNOD{M))
- MINREL =~ NODNUM(MEMIT(NEWNOD(M) x 4 -3))

NREL =1

.< M o= 2, NREL) YES

- M2 ~ NEWNOD(M) x 4 - 4 + M1
< M8 = NODNUM(MEMIT(M2))

M3 - M - LC(M)

' NO KDIAG(M3) = KDIAG(M3-1) + 1
| I
l YES
L KDIAG(M3) = KDIAG(M3-1) + (M-MINREL)
———  MIMEL — M8 Z(LC(M) - LC(MINREL)) + 1

T0 PREVIOUS PAGE <——~<:>\_

rNA *KDIAG(NF J

Error message

Fiqure 3.4. Continued.

The first computational step in NETFLO is to assign the exact
value of head (PHI) to every node located on a fixed-head boundary.
This step is carried out by subroutine BOUND, which considers whether
the head is constant along a boundary (IBC=1), 1linearly varying
(IBC=2), or logarithmically varying (IBC=3).

In order to apply NETFLO to problems that include a 1large
number of fractures, two measures are taken to increase the storage
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efficiency of this program: node renumbering and variable-bandwidth,
one-dimensional array storage of the main flow matrix. This
optimization step 1is carried out mainly by the subroutine OPSTOR
(Fig. 3.4).

Because of the random process used for line network generation
(Chap. 2), the node numbers are essentially randomly distributed in the
model. In this initial numbering, two connected nodes can have a large
difference 1in node numbers, which would produce a non-banded, very
dispersed flow matrix A. For that reason, OPSTOR renumbers
systematically all the nodes in the model, reducing considerably the
bandwidth of the matrix A that is set up in a subsequent step. The
node renumbering scheme is carried out by two subroutines, SETUP and
OPTNUM, based on a code written by Collins (1973). Modifications have
been added to Collins' code to make it applicable to cases of two or
more unconnected but continuous flowpaths. In these cases, separate
and unconnected pathways can carry the fluid from one model boundary to
the other.

OPSTOR (Fig. 3.4) also determines the value of the entries in
the arrays LC and KDIAG, both of which are used later in addressing the
entries of the various arrays used in the flow calculations. LC is
used essentially for matrix partitioning: the value of LC(I) is the
number of constrained nodes that have an index smaller than or equal to
1. In the example of Figure 3.1, the values of LC for the
corresponding node number (index) are:

LC(1) = LC(2) = LC(3) = LC(4) = 1 and LC(5) = 2

_ KDIAG contains the address of the diagonal entries in matrix A
computed in a subsequent step. A is a symmetric, diagonally dominant
matrix corresponding to the submatrix Egg of Equation 3.7. It s
stored in a variable-bandwidth, one-dimensional array (see Jennings,
1977, p. 97). Figure 3.5 shows a 6 x 6 symmetric matrix that
i1lustrates the variable bandwidth storage method. If we store only
the Tower triangular matrix of Figure 3.5, the number of elements to be
kept in memory for the six rows are 1, 1, 2, 1, 5, and 4 respectively.
This matrix can be stored in the one-dimensional array A:

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

A = 0 la 0 a (3.11)

tayy1ap,123; 33318125, 0 agq ag, agglag, ag, 66 |
In order to interpret the array 3.11, the address of the six diagonal

elements is specified in the integer array:
KDIAG = {1 2 4 5 10 14} (3.12)

Variable-bandwidth storage is suitable for matrix A since,
even after the node renumbering carried out previously, the irregular
structure of the 1ine pattern produces many re-entrants in the
resulting band matrix. A regular band storage scheme would require the
storage of more zero elements. At the other extreme, the complete
elimination of all the zero elements can also be done, for instance, by
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Figure 3.5. A symmetric variable-bandwidth matrix.

using two integer arrays of element addresses. The complete packing of
array A, however, necessitates a more complex computer code, and
moreover, it may not offer a considerable saving in memory storage
because of the extra address array required.

3.3.2 PFluid-flow Calculations

In the following steps, the program NETFLO (Fig. 3.3) sets up
the arrays for fluid-flow computation using the storage scheme defined
previously, and solves the system for the unknown head values. Both
operations are executed by the subroutine SOLPHI (fFig. 3.6).

The value of the expression y/12u (see Equation 3.1) is
assigned to the constant FLUID at the beginning of the subroutine.
Then for each fracture segment, the element conductance E 1s computed
according to Equation 3.2 as:

ey = Wy x FLUID/R (3.13)
where N is the element index, W 1is the fracture aperture, and % is
the element length. Clearly, each one of the two nodes connected by
the element N is either of free type (unknown head) or of constrained
type (fixed head). 1If at least one of the nodes is of free type, the
value of e is entered in the appropriate location in array A. Ffor a
constrained node, e is multiplied by the corresponding head value, ang
the result 1is entered directly into the augmented flux vector (Qf
in Equation 3.10). This latter vector is stored in the array PHI.
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The matrix system is then solved for all the unknown head
values using three short subroutines (DECOMP, FORW, and BACK) adapted
from Jennings (1977). DECOMP executes a Choleski decomposition of the
matrix A (see Jennings, 1977, p. 107). FORW and BACK execute,
respectively, a forward substitution and a back substitution in the
system of equations. The array PHI is used again to store the solution
in each one of these last two operations. This multiple use of the
array PHI represents a significant saving in computer memory.

ENTER

IB(NOD2(N))

= zero

FLUID = weight d?nsity/(IZ x VISC)
(-1

] 1BCO(2) = 1BC{IB(NOD2(N))) I

1=1,...,NUMNPT >
< - INEW(2) = NODNUM(NOD2(N))

I + XJ = XORD{NOD2(N))
* YJ - YORD(NOD2(N))
M11 <« IB{NEWNOD(I)) ¥

E(N) = W(N)3 x FLUID / [(xJ-XI)2+(YJ-y1)2]1/2
(element conductance)

IBCO(1) = zero YES

LAND,
18C0(2) = zero

NO

IBC(M1Y)

= zero
NO

PHIC(LC(I)) = PHI(NEWNOD(I))

(bi

l PHI( I)o—zero I=1

T N =1, NOMELT ><-—FR0M NEXT PAGE
T

1BCO(1) = zero
.OR.
1BCO(2) = zero

YES

1B2 -1

+ II - maximum of INEW{1) and INEW(2)
+ JJ = minimum of INEW(1) and INEW(2)

I [BCO(1) - zero 4]

NO

IB{NOD(N))
= zero

18C0(1)
>zero

18CO(1) = IBC(IB(NODT(N)))
DU N

+ INEW(1) = NODNUM{(NOD1(N))
+ XI = XORD{NOD1(N))

* YI = YORD(NOD1(N))
« I1BCO(2) - zero TO NEXT PAGE

M4 = KDIAG(INEW(I) - LC(INEW(I)))
< A(M8) = E(N) + A{Ma)

Figure 3.6. Flowchart of subroutine SOLPHI.
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FROM PREVIOUS PAGE

!

« M5 - KDIAG(II-LC(IL)) - (II-3J) +
(LC(II) - LC(J4d))
« A(M5) = E(N)
« Determine which one is the "free" node
- M6 = INEW(free) - LC{INEW(free)) + Execute ;db7§k subst]tuhgn to solve for
- M7 = LC(INEW(free)) ] E;IJ in [] 1T 0x] = [y]
- PHI(M6) = E(N) x PHIC(M7) + PHI{M6) (Subm:t?zeugggg)[x]

TO PREVIOUS
PAGE

1
|
|
I
|

1
MM = 1, NUMNPT S

M < NUMNPT - MM+
M10 = IB{NEWNOD(M))

Print (optional):
- Matrix A
- Vectors PHI and PHIC

Execute_3 Chos]esh decomposition on matrix A
A= [£d /2%
(subroutine DECOMP)

-~~~ """

1
- Execute a q?sward-substitution to solve for
{y] in [£d'/2][y] = pHI*
- PHI = solution [y]
{subroutine FORW) _ ] PRI(M) = PHIC(LC(M)) ]
- L
*f: Jower triangular matrix Reorder the nodes in the initial numbering
d: diagonal matrix 1 -

Print:

(IB(M), PHI(M), M=1,...,NUMNPT)

RETURN

Figure 3.6. Continued.

After completing the head calculations, SOLPHI renumbers all
the nodes in their initial numbering, so that the results can be more
easily interpreted. 1In a final step before returning the execution to
the main program, SOLPHI prints out the head value for each-node.

At this stage, the subroutine FLOCAL (Fig. 3.7) takes over to
compute the flow rate (FR), the flow velocity (VEL), and the Reynold
number (RE) in every fracture segment using the following relationships:

FRy = ey X (PHInode 1 - PHInode 2) (3.14)

VELy = FRy/Wy (3.15)
and

REN = |FRy/ul (3.16)
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ENTER

=1, NUMELT —_———
M2(1) - NOD(N) |
M2(2) < NOD2(N) |
FR = (PHI{M2{1)} - PHI{M2(2))) x I Create a file of the total values of element
(element conductance, E(N)} parameters in every ten-degree range of
VEL ~ FR/W(N) | direction
RE = ABS(FR/VISC) ' (subroutine QUTPT4)

| Print:
IB(M2(1))
= zero

»Total flow at the boundaries
elList and rose-diagram of directional
parameters.

(subroutines CUTPT4 and ROSE)

RETURN

—————

L—‘i Add FR to IFR for boundary 1B(M2(1)) ]

!

Make additions to cumulative values of element
length, volume, flow velocity and flow rate in
every ten-degree range of direction.

L_: ———————— e e e e

Figure 3.7. Flowchart of subroutine FLOCAL.

In the subprogram ELTDEF of NETWRK, the elements are defined in such a
way that for any element the node number 1 has the lower y-value. In
this convention, the flow rate calculated by (3.14) is positive in the
direction of 1increasing y and negative otherwise, the direction with
respect to x being immaterial. During these flow calculations, the
cumulative flow rate is computed for all the elements with an extremity
on a boundary. At the end of the flow calculations, the total flow
rate is printed out for each boundary individually.

The subroutine FLOCAL also computes the total value of a
number of variables in each ten-degree range of direction. The main
directional variables computed in FLOCAL are the sum of (1) the element
length 1y, (2) the surface area of fractures (Wy x 1y), (3) the
element permeabilities defined as wﬁ x 1y, and (4) the fluid
velocities VELy and flow rates FRy. In addition, the products of
velocity and other parameters are also computed in every ten-degree
range of direction. These products are used in the program NETRANS on
an experimental basis to compute different weighted average velocities
using different weighting factors (Sec. 4.2.2).
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3.4 Program Verification and Accuracy Evaluation

In order to verify the results of the program NETFLO, a simple
model has been used, constituted of two vertical fractures 10 m Jong
that are 1inked together by a set of nine horizontal fractures 1 m apart
(Fig. 3.8). Hydraulic heads of 0 and 100 m are imposed on the bottom
and the top boundaries respectively. The theoretical flow rate in each
one of the fractures can easily be computed using the cubic law for
fluid flow between two smooth parallel plates (Equation 3.1). In these
calculations, the values selected for fluid weight density (y) and
dynamic viscosity (u) are 9.800 x 103 N/m3 and 1.002 x 10-3
Pa.s respectively. Assuming an apertufe of 10 um for all of the
fractures, the flow rate in each one of the vertical fractures fis
-8.1503659 x 10-9 m3/s at eight digits accuracy. The minus sign
means downward flow.

HEAD = 100 m

10 2-+20 422
NODE NUMBERS 718 15=21
/8"16\
BEFORE AND AFTER 8—+16 16—-19
RENUMBERING
9-+14 1717
10—+12 18—+15
€ 5--10 613
e
11-+-8 19-11
12—+5 20—~9
13+3 21-6
14—=2 22—-4
0 1—-1 37
0 Mm[lﬁ 10
HEAD = 0
Figure 3.8. Fracture system used for evaluating the

accuracy of the program NETFLO.

Before solving the fluid-flow problem depicted in Figure 3.8,
the program NETFLO must first rearrange the node numbering in order to
minimize the bandwidth of the node conductance matrix (Equation 3.5).
The node numbers before and after renumbering are given 1in Figure 3.8.
The initial numbering has purposely been made inefficient; it would
yield a bandwidth of 19 (i.e., 22-3). Renumbering executed by the
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subroutine OPTNUM, which is called by the subroutine OPSTOR, reduces
the bandwidth to 4, resulting in a considerable economy 1in memory
requirement.

A flow rate value has been computed by program NETFLO for
each one of the fracture segments between two consecutive nodes in
Figure 3.8. The computed values in the vertical segments vary between
-8.1501810 and -8.1506499 x 10-9 m3/s. Therefore, for this
simple model, the maximum absolute error on flow rate 1is about
3 x 10'135m3/s, corresponding to a relative error of about
3.5 x 10-°.

Since the aperture is uniform in each fracture and therefore
the constitutive flow law (Equation 3.1) is 1linear, the numerical
calculations should theoretically give the exact solution. In fact,
the small numerical error that is observed is not a "discretization®
error of the type most commonly encountered in numerical analysis.
Instead, the observed error is the result of a number of round-off
errors generated because the memories of all computing machines are
finite and only a fixed number of digits (usually between 7 and 12) can
be retained after each arithmetic operation.

Thus any irrational number and all numbers with more
significant digits than can be retained that occur in a sequence of
calculations must be approximated by rounded values. Detailed analysis
of accumulated round-off error in the final results of numerical
calculations 1s generally difficult because the magnitude and the sign
of the error in each operation 1is unpredictable, particularly in a
stochastically generated system. Even though probabilistic models can
be applied to the propagation of rounding errors (Henrici, 1962), the
simple empirical approach described in the following paragraphs
suffices for the purpose of evaluating the accuracy of the results from
the program NETFLO.

In order to evaluate the importance of the accumulated
round-off error produced by program NETFLO for 1larger systems, the
number of nodes (NN) between fixed-head boundaries in Figure 3.8 has
been increased successively to 20, 50, and 100. The resulting errors
in head and flow rate calculations are shown in Figure 3.9. For an
unknown reason, the error in hydraulic head is always positive for NN =
10, 20, and 100, and always negative for NN = 50. It 1is also
interesting to note that at each vertical distance, the error in one
vertical fracture s, in general, slightly different from the error in
the other vertical fracture; as a consequence there is a- very.small
flow in each of the horizontal fractures, which should not be. These
discrepancies, however, are relatively small and cannot be shown in
Figure 3.9. The most important implication of Fiqure 3.9 is that,
contrary to a discretization error, a round-off error is 1increased by
increasing the number of nodes in a model.

Obviously, a model with a more complex geometry than the
system of Figure 3.8 would produce error distributions that are 1less
smooth than the curves of Figure 3.9. Even if it 1is strictly
applicable only to the simple model of Figure 3.8, Figure 3.9
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indicates, nevertheless, that the error in flow rate 1is maximal near a
fixed-head boundary because of the steeper slope for the error in
hydraulic head there. Moreover, the error in flow rate is of opposite
sign at the inflow and at the outflow boundaries. Therefore a simple
verification of the difference in flow rates or mass balance between
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the inflow and the outflow can provide a conservative evaluation of the
accuracy of the results for a particular model. Figure 3.10 indicates
that a considerable increase in mass balance error results from an
increase in the number of nodes. Figure 3.10 also shows that for a
particular number of nodes in the system of Figure 3.8, a different
fracture aperture yields a different relative mass balance error.
However, this difference in relative error due to fracture aperture is
relatively small and, moreover, it is not systematically in the same
direction (i.e., a 1larger aperture can give either a Jlarger or a
smaller error). In a rough approximation, by extrapolating the trend
of Figure 3.10, one can estimate that the relative mass balance error
would be of the order of 10% for a flowpath containing between 200 and
500 nodes between the fixed-head boundaries.

It is worth pointing out that the cumulative round-off error
depends both on the computer hardware and on the software. For
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Figure 3.10. Relative error on mass balance as a
function of number of nodes between
fixed-head boundaries for the system of
Figure 3.8.
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instance, a different solution technique as well as a different
computer system would produce cumulative errors that are different from
the ones obtained in this study. Nevertheless, one can presume that
the distribution of errors in a simple system like the one depicted in
Figure 3.8 would be very similar to what is shown in Figure 3.9, even
though the actual values would be different. No comparison has been
made in this study between different solution techniques and different
computer systems.

Since the round-off error is due to the limited size of memory
reserved for a number after each arithmetic operation, an obvious
corrective measure is to increase the size of the memory reserved for a
few selected variables. The program NETFLO with DOUBLE PRECISION
specified for the variables used in solving the fluid-flow problem
produces a relative mass balance error of the order of 10-6 for ail
the model sizes represented in Figure 3.10. Considering this
considerable improvement, DOUBLE PRECISION should be specified for
selected arrays (particularly arrays A and PHI) when a computing
machine with 32-bit words is used. Generally, 60-bit machines like the
CYBER series do not require DOUBLE PRECISION variables. :

3.5 Conclusion

The program NETFLO has been designed to be used jointly with
the program NETWRK described in Chapter 2. The code fis relatively fast
and simple, and it can handle problems containing more than 3500
elements without exceeding 1 megabyte in computer storage even with
DOUBLE PRECISION specified for selected variables. For these large
networks, the computing time for nine complete flow calculations
(corresponding to nine different aperture distributions) is in the
order of 120 CPU seconds on an IBM 4341 machine. Therefore, the
program NETFLO is considered as a reasonable compromise between code
simplicity, on one side, and efficiency in computing time and memory
storage, on the other side.
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CHAPTER 4

Stochastic Simulation of Particle Transport in a
Fracture Network: Program NETRANS

4.1 Introduction

The movement of solute through fracture networks in rock has
been 1investigated with physical models and with numerical models.
Krizek et al. (1973) (see also Castillo, 1972) simulated the solute
dispersion 1in a numerical model of continuous fractures, using an
approximate concentration function at each node. This concentration
function could assume either no-mixing or complete mixing at the
nodes. Their assumptions were partly based on the results of physical
experiments on node mixing and on dispersion in a single fracture
(Krizek et al., 1972; see also Socias et al., 1979). Laboratory
experiments on mixing at fracture intersections were also reported by
Wilson and Witherspoon (1976).

Hull (1985) reported another series of physical experiments
investigating the solute mixing at nodes and the dispersion in single
fractures. He also described two types of physical models of fracture
networks for dispersion studies: (1) rectangular networks of continuous
openings in an 1impermeable matrix of plexiglass (see also Hull and
Kuslow, 1982) and (2) a dual-porosity model of a rectangular network of
discontinuous openings in a porous polyethylene material. As part of
the same project, Miller (1983) developed a marker-particle model that
simulates the solute dispersion in simple networks of discontinuous
fractures and that accounts for flow in the matrix.

Schwartz et al. (1983) used stochastic tracking of particles
to simulate solute dispersion in orthogonal networks of fractures of
distributed size and semi-random location. A numerical transport model
presented by Endo et al. (1984) considers the detailed movement of
fluid within streamtubes through fracture networks. Finally, Robinson
(1984) developed computing algorithms for both a mass-lumping approach
and a particle-following approach.

The numerical model NETRANS presented here is different from
the models mentioned above. It uses a second-level stochastic process
based on statistics of directional parameters computed in the program
NETFLO (Chap. 3) to follow particles in a virtual network of arbitrary
size (Rouleau, 1987). This latter approach has some similarities with
the approximation of the unit hydrograph of a surface drainage basin by
assuming flow through random channel networks (e.g., Troutman and
Karlinger, 1985).
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4.2 Program NETRANS

Program NETRANS (Figs. 4.1 and 4.2) uses the average value
computed for each ten-degree range of direction for the three
parameters: flow rate, flow velocity, and segment (or element)
length. NETRANS follows a number of particles, one at a time, through
a virtual fracture network. At each step (or virtual node) in the
tracking of a particle, the flow direction is determined stochastically
by the relative importance of the average flow rate in each ten-degree
range of direction. After the flow direction is selected, the particle
is moved a distance equal to the average segment 1length in that
direction. The particle velocity is equal to a weighted average
velocity (see Sec. 4.2.2), also in that direction. At the end of each
step, the new coordinates of the particles, as well as the incremented
time, are recorded. The tracking of a particle is stopped after a
specified distance has been reached.

In the present version of NETRANS, the distance a particle
moves in a given step 1is simply the mean of the length of all the
elements with the flow in the corresponding direction. Further
developments of the program could include the stochastic determination
of the displacement distance 1in a manner similar to the flow
direction. The determination of the flow direction itself and of the
flow velocity merits further explanations.

4.2.1 Determining the Flow Direction

At the end of execution of the program NETFLO (Sec. 3.3.2),
one of the directional parameters recorded is the cumulative value of
flow rate over all the elements in every ten-degree range of direction
(DFR). The program NETRANS computes the ratio of each one of these
cumulative directional flow rates over the sum of the flow rates in all

e — — — 1| OuUTPTS

A e——4| MXMNAS
| TTIMER T
V— =
i
[« — ]| HISTGR

—» CALL

<—— —RETURN

Figure 4.1. Structure of program NETRANS.
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| START )

Read: .
TRAVDIS: distance the particles must travel
NPART: number of particles

NAPERe—number of aperture distributions

’__-...____—< JAP= 1,...,NAPER >

Read:
Directional parameters computed in
subr. FLOCAL of NETFLO

Create the array IDIR(100) with subdivisions
proportional to directional flow rates.

e Compute stochastically the transit time of
rarticles through a virtual network

e

®Print a cumulative histogram of particle
arrival times
(subroutines TTIMER and HSTGR)

Figure 4.2, Flowchart of the main program in NETRANS.

directions. The resulting ratio values (RDFR) are then used to
subdivide the range [0,100]: each subdivision is given a value of a
direction index IDIR (between 1 and 36); the size of each subdivision
is proportional to the value of RDFR for the corresponding direction
range (Fig. 4.3). Subsequently, the subroutine TTIMER (Fig. 4.4) uses
the array IDIR, jointly with random numbers uniformly distributed in
the range [0,100], to determine the direction of flow at each step of
the particle tracking.
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Print a cumulative histogram of particle
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(subroutine HSTGR)

(: RETURN :)

Figure 4.4. Flowchart of subroutine TTIMER.
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4.2.2 Determining the Average Flow Velocity in Every Direction

The simple average directional velocity is not necessarily the
velocity the solute particle moves on average in a given direction.
Presumably this latter average particle velocity is also affected by
the flow rate in the elements and by the element lengths. For that
reason I have tried a number of different weighting factors to compute
weighted average directional velocities. Comparisons of the resulting
distributions of transit times of stochastic particles through the
sample network of Figure 4.5, with the deterministic results of transit
time assuming plug flow, are given in Figure 4.6 for four different
weighting factors for the average directional velocity. A weighting
factor of one is applied by calculating the cumulative value of the
simple flow velocity for all the elements in a direction range, and
dividing that cumulative velocity by the number of elements in that
direction range. The three other weighting factors considered are the
element length (1), the flow velocity itself (v), and the product of
the element length and the flow velocity in that element (1 x v).

By comparing the 50% mass arrival time on the curves for the
four weighting factors considered (Fig. 4.6), it is apparent that the
factor that gives the most accurate results is the product (1 x v).
Clearly, everything else being equal, a higher flow velocity in a
fracture segment means a proportionally higher flow rate, and therefore
a higher probability that a particle is travelling at that velocity.
Also, the 1longer a fracture segment, the more influence the flow
parameters of this segment have on the overall particle displacements.

1 i

25 1 ]
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Figure 4.5. Fracture system used for NETRANS
verification. (The aperture of all the
fractures is 5 .um.)
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Figure 4.6, Comparison of deterministic plug flow
and the stochastic transit time of
particles with different weighting
factors for the flow velocity.

A more comprehensive analysis of possible weighting factors should
include the element aperture and flow rate, and their product with the
element length.

4.2.3 Number of Particles Required

Figure 4.6 also shows the results of a trial run with 500
particles instead of 50. The curve for 500 particles 1is not
significantly different from the curve for 50, indicating that 50
particles are enough to obtain a good estimate of transit times.

4.3 Conclusion

In 1its present version, the program NETRANS can be used to
estimate the average transit time of particles over any distance in a
fracture network. The distance travelled by the particles can be much
larger than the size of the original fracture network generated by the
program NETWRK and considered by the fluid-flow program NETFLO.
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Obviously a number of simplifying assumptions are implicitly
included in the program NETRANS, and these Timitations must be
considered when interpreting the results. For instance, we assume an
impermeable matrix and we neglect dispersion within each fracture.
Also Figure 4.6 shows that the shape of the particle breakthrough
curves 1s significantly different (much less dispersion) from the shape
of the deterministic plug-flow breakthrough. This lack-of-fit
indicates that the present version of NETRANS cannot approximate the
shape of solute breakthrough  curves in  fracture networks.
Modifications to the program NETRANS that could improve the realism of
the simulated breakthrough curves include the replacement of the
average value by distributed values for the segment length and for the
weighted flow velocity in every direction range.

The program NETRANS in its present version can be applied only
to rectangular models. Attempts to develop other subroutines to be
used with circular models were faced with the problem of particles that
never reach the inner circular boundary in the case of converging flow.
Indeed, for many particles, the virtual pathway went beside the inner
boundary and missed it completely. The case of diverging flow is
easier to handle, and this could be done with minor modifications to
the program; for instance, by expressing the travelled distance in
terms of radial coordinates.
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CHAPTER 5

General Conclusion

The stochastic discrete fracture (SDF) model presented here is
a practical tool to incorporate the statistical geometry of a fracture
system in the investigation of ground-water flow and mass transport in
fractured rock masses. The fracture-geometry parameters of interest
are the fracture densities and the distributions of fracture
orientations, sizes, and apertures.

The computer programs NETWRK, APEGEN, NETFLO, and NETRANS have
been developed using a modular approach. Their execution sequence must
correspond to the order of presentation in this report. Each program,
however, is executed individually, and its results can be consulted
before executing another program. This modular structure gives more
flexibility to the package. Also, the programs were designed to
provide a reasonable compromise between memory storage, computing time,
and code complexity. Those factors make this SDF package suitable for
site-specific simulations.
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APPENDIX A

List of the Main Variables Used in the Programs
NETWRK (NW), APEGEN (AP), NETFLO (NF),

and NETRANS (NT)

A.1 List of Input Parameters

AAP(I) and BAP(I) (NW,AP):

ALE(I) and BLE(I) (NW):

APDSTR(I) (NW, AP):

ATH(I) and BTH(I) (NW):

ATHP(I) and BTHP(I) (NW):

first and second parameters of the
distribution of apertures for fracture
set I. For APDSTR=1, AAP is the aperture
value and BAP is not used. For APDSTR=2,
AAP and BAP are respectively the mean and
the standard deviation of the (natural)
log-transformed aperture. Note that the
aperture is expressed in metres; (m).

first and second parameters of the
distribution of trace lengths for the
fracture set 1. For LDSTR=1, ALE is the
trace 1length and BLE 1is not used. for
LDSTR=2, ALE and BLE are respectively the
mean and the standard deviation of the
(natural) log-transformed trace length
values; (m).

type of distribution for apertures of
fracture set 1: (1) single-valued
variable, (2) 1log-normal distribution;
see AAP and BAP.

first and second parameters of the
distribution of trace angles within the
simulation plane for fracture set I. For
THDSTR=1, ATH is the angle value and BTH
is not used. For THDSTR=2, ATH and BTH
are respectively the mean and the
standard deviation of the angle values.
ATH(I) should be within the range
0°-180°. Angles are expressed counter-
clockwise from the positive x-axis; see
Figure D.1; (degree).

first and second parameters of the
distribution of angles between the
simulation plane and the fractures of set
I; ATHP(I) should be within the range
0°-180°. Angles are expressed as

53



BAP(I) (NW, AP):
BLE(I) (NW):
BTH(I) (NW):
BTHP(I) (NW):

COEF (NW):

DAAP (NW,AP):

DENS(I) (NW):

HDB(I) and HDE(I) (NF):

IBC(I) (NW,NF):

IGEOM (NW,NF,NT):

IOR (AP):

measured within the simulated rock slice,
on the right-hand side of the fracture
trace while 1looking in the direction
ATH(I); see Figure D.1; (degree). For
THDSTR=1, ATHP is the angle value and
BTHP 4s not used. For THDSTR=2, ATHP and
BTHP are respectively the mean and the
standard deviation of the angle values.

see AAP(I).
see ALE(I).
see ATH(I).
see ATHP(I).

coefficient used to multiply a
preliminary estimated number of fractures
in a set, in order to get a value of
ESTNFR (see subroutine GENLIN) Tlarge
enough for most realizations; typically
COEF should be in the range 2.0 to 6.0.

increment between different values of the
aperture distribution parameter AAP.

density of fracture set I, defined as the
surface area of fractures per unit volume
of rock; (m-1).

input value of hydraulic head at the
beginning and at the end point
respectively, of the boundary segment 1I;
moving clockwise along the boundary; not
used for the no-flow boundaries; -see
Figure D.3; (m).

code for the boundary condition for flow
along the boundary segment I; (0) no-flow
bndr., (1) constant head along the bndr.,
(2) 1inearly decreasing head along the
bndr., (3) logarithmically decreasing
head along the bndr.; in the latter case,
the bndr. must not cross a zero axis; see
Figure D.3. :

code for the general geometry of the
model; (1) for a rectangular model, (2)
for a circular model; see Figure D.3.

code for the aperture generation mode;

(0) 1f no wuse s to be made of
orientation data, (1) if the orientation
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IPRT (NW,AP,NF NT):

ISHAP(I) (NW,NF):

ISP (NW):

ITERM (I) (NW):

LDSTR(I) (NW):

MPART(10) (NW):

NAAP (NW,AP,NF,NT):

NAP (NW,AP, NF,NT):

NMAP (NT):

NPART (NT):

is to be considered; the second option is
not operational yet.

code for the level of information desired
in the output files; possible values are
1, 2, and 3, with increasing level of
detail (see Table B.2). Also, the
fracture and the node numbers are not
written on the computer plot with
IPRT = 1.

code for the shape of the boundary
segment I; (0) when its length is zero,
(1) for a 1linear segment, (2) for a
circular segment; see Figure D.3.

code for the type of sampling for spacing
values between traces of fractures of the
same set; (0) if no sampling is desired,
(1) for sampling along lines
perpendicular to the mean orientation of
the traces (subroutine SPCNG1), (2) for
sampling along randomly oriented 1lines
(subroutine SPCNG2).

termination mode for fracture set I; (0)
free extremities, (1) extremity one
(1.e., higher y-value) 1is abutting on
fractures of any set with index <I;
ITERM(1) cannot equal 1.

type of distribution of trace lengths for
the fracture set I; (1) for a
single-valued variable, (2) for a
log-normal distribution; see ALE and BLE.

array of particle numbers for which a
detailed record of the track is desired;
there are NMAP such particles.

number of different values of AAP to be
used in the aperture generation.

number of aperture distributions to be
generated with the same distribution
parameters.

number of particles for which a detailed
record of the track 1s desired (see
MPART).

number of particles to be tracked
(generally 50).
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NSET (NW,AP,NF):

PLTSIZ (NW):

R(I) (NW):

SEED (NW,AP):

THDSTR(I) (NW):

TRAVDIS (NT):

XB(I) and YB(I) (NW,NF):

XMAXI, XMINI, YMAXI
YMINI (NW):

XMAXO, XMINGC, YMAXO
and YMINO (NW):

YB(I) (NW,NF):
YMAXI and YMINI (NW):

YMAXO and YMINO (NW):

A.2. List of Parameters Used

A(MAXA) (NF):

ACTLEN (NW):

number of fracture sets; maximum = 5.

length (in inches) of the longer axis of
the plot to be generated; if PLTSIZ < O,
no plot is made.

radius of the boundary segment I; it is
used only for circular segment, J.e.,
with ISHAP(I)=2; see Figure D.3; (m).

seed number for the random number
generation routines; double precision
number in the range 1 to 2147483647.

type of distribution of angles for the
fracture set I; (1) for a single-valued
variable, (2) for a normal distribution;
see ATH, BTH, ATHP, and BTHP.

distance a particle must travel to make
it through the system (m); its value does
not have to be the same as the size of
the model for the generated network.

coordinates of the beginning of the
boundary segment I, moving clockwise
along the boundaries; (m).

inner boundaries of the rectangular model;
see Figure D.3; (m).

outer boundaries of the rectangular model;
required even for a circular geometry
model; see Figure D.3; (m).

see XB(I).

see XMAXI.

see XMAXO.
Internally

submatrix of the node conductance matrix;
it contains information only on elements
that are free at both ends; A 1is
symmetric and uses a variable-bandwidth
storage scheme (see KDIAG).

actual total 1length of the set ’being

generated at the end of the generation
process; (m).
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AP(J) (NW):

CUMX and CUMY (NT):
CUMT (NT):

CUT1(J,I) and CUT2(J,I)
(NW) :

DEADLE(I) (NW):

DEADVO(I) (NW):
DEGRE(J) (NW):
DEGREP(J) (NW):

DESLEN (NW):

DFR(K) (NF, NT):

DK(K) (NF):.

DLE(K) (NF, NT):

DLE180O(K) (NF):

aperture of fracture J in the set being
processed; (m).

cumulative travelled distance in x- or
y-direction respectively for the particle
being traced; (m).

cumulative travel time for the particle
being traced; (s).

record of whether or not extremity 1 and 2
respectively of 1line (J,I) intersects a
boundary (bndr.) and a bndr. of what
type: (0) does not cut a bndr., (1) cuts
a no-flow bndr., (2) cuts a fixed-head
bndr.

total length of dead segments in fracture
set I; (m).

total "volume" (i.e., length x aperture x
1) of dead segments in fracture set I;
(m3).

trace angle within the simulation plane
of fracture J in the set being processed;
same convention as for ATH(I); (degree).

angle between the simulation plane and
fracture J in the set being processed;
same convention as for ATHP(I); (degree).

desired total length of fracture traces
for the set being processed; (m).

sum of flow rates in the elements within
the range of direction K, with K=1 to 36;
(m3/s)

sum of (non-directed) element ‘“perme-
abilities" in the direction K, with K=l
to 18; the permeability of an element fis
defined as the aperture squared, weighted
by the element length, i.e., We X
ELLEN; (m3).

sum of (directed) element lengths (ELLEN)
in the range of direction. K, with K=1
to 36; (m).

sum of (non-directed) element Tlengths

(ELLEN) in the range of direction K, with
K=1 to 18; (m).
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DLM(K) (NT):

DLVEL(K) (NF,NT):

DLVEL2(K) (NF,NT):

DPOR(K) (NF):

DVEL(K) (NF,NT):

DVM(K) (NT):

DWTVM(K) (NT):

E(N) (NF):

EFF(L) (NW):

EFFLE(I) (NW):

EFFVO(I) (NW):

mean length of (directed) elements in the
range of direction K, with K=1 to 36; (m).

sum of the products ELLEN x VEL for all
the elements in the range of direction K,
with K=1 to 36; (mé/s). DLVEL is used
as the sum of the weighting factors in
the computation of the weighted average
directional velocity DWTVM(K).

sum of the weighted flow velocities in
the elements within the range of
direction K, with K=1 to 36. The
weighted flow velocity in an element is
defined as the product (ELLEN x VEL) x
VEL; (m3/s2).

sum of (non-directed) element
“porosities" in the range of direction K,
with K=1 to 18; the porosity of an
element is defined as the product ELLEN x
W; (m2).

sum of the flow velocities 1in the
elements within the range of direction K,
with K=1 to 36; (m/s).

mean flow velocity (unweighted) 1in all
the elements within the range of
direction K, with K=1 to 36; (m/s).

weighted average flow velocity in all the
elements within the range of direction K,
with K=1 to 36; (m/s). The weighting
factor for the velocity in each element
is the product ELLEN x VEL (see DLVEL).

conductance of element N, defined as the
element conductivity x (cross-section/
length), 1.e., (W2 x FLUID) x [(W «x
1)/ELLEN]; (m&/s).

"effectiveness" of intersection L
logical variable taking value (.TRUE.) if
the intersection L can contribute t
flow, and (.FALSE.) if it cannot.

total length of ‘“effective" segments in
fracture set I; (m).

total "volume" (i.e., ELLEN x AP x 1) of

"effective" segments 1in fracture set I,
(m3).
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ELLEN(N) (NW,AP,NF):

ELOR(N) (NW,AP,NF):

ELORP(N) (NW,AP):

ESTNFR (NW):

FLUID (NF):

FR (NF):

I (NW,AP):

I (NW,NF,NT):

IAAP (NW,AP):

IAP (NW,AP):

IB(M) (NW,NF):

IBCT (NT):

IDIFF (NF):
IDIR(J) (NT):

INCI(L,1) (NW):

INC1(L,2) (NW):

length of element N; (m).

angle of the element N within the
simulation plane; same convention as for
ATH(I).

angle between the simulation plane and
the element N; same convention as for
ATHP(I).

estimated number of fractures required
for the set being processed.

constant equals to the weight density
[F/L3] divided by (12 x the dynamic
viscosity [FT/L2]); (m-1 s-1).

flow rate in the element being
considered; positive in the direction of
increasing y, because of the convention
used to define the elements in subroutine
ELTDEF of the program NETWRK; (m3/s).

index for the fracture sets; equivalent
to JSET.

also index for the boundary segments for
the uniform random numbers R (NT).

counter of the number of different values
of the distribution parameter AAP.

counter of the number of'rea112ations of
aperture distributions with the same
value of AAP.

code for the location of node M; (0) for
an internal node, (1) to (8) mean that
the node 1is located on the corresponding
boundary segment.

boundary condition for boundary segment
1; equals to IBC(1).

bandwidth of matrix A.

direction (1 to 36) that a particle shall
take for the ~corresponding value of
random J (maximum J equals 100).

first fracture set incidence of node L.
first fracture incidence of node L; note
that this fracture belongs to the set
INCTI(L,1).
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INC2(L,7) (NW):

INC2(L,2) (NW):

ISET(N) (NW,AP,NF):

J (NW):

JO (NW):

JAP (NF):

JFRA and JJIFRA (NW):

JMEM(M) (NF):

JOINT(MAXNOD) (NF):

JSET (NW):

JT(2xMAXELT) (NF):

K (NF,NT):

KDIAG (MAXFRE) (NF):

L (NW):

LC(MAXNGD) (NF):

second fracture set incidence of node L.

second fracture incidence of node L; note
that this fracture belongs to the set
INC2(L,1); note also that INC2(L,]1 and 2)
- 0 for the nodes 1located on the
boundaries.

fracture set that contains the element N.

index for the fracture number; equivalent
to JFRA.

number of fractures totally in the buffer
margin (X1(J,1)=999.) encountered thus
far in the set being processed.

counter for the number of realizations of
aperture distributions; the value of JAP
is within the range 1 to (NAP x NAAP).

index for the fracture number; equivalent
to J (in subroutine CIRBDR).

number of nodes related to node M
(1 < IJMEM(M) < 4).

work array used in the node renumbering
subroutine OPTNUM (see also NEWJT).

index for the fracture set; equivalent
to 1.

single array equivalent to the two arrays
NOD1 (MAXELT) and NOD2 (MAXELT) attached
one at the end of the other; JT is used
in SETUP and in OPTNUM only.

index for the range of direction; the
value of K is between 1 and 18 or between
1 and 36 (degree + 10). K refers to
the range of direction from 10(K-1) to
10K.

secondary array required for the
variable-bandwith storage of A; it gives
the address of all the diagonal elements
in the submatrix A.

index for the fracture intersections;
equivalent to LINT.

condensation code used in partitioning

the head and the node conductance
matrices; LC(I) specifies the number of

60



LINT (NW):
M (NW,NF):

MAXA (NF):

MAXCON (NF):
MAXELT (NW,AP,NF):
MAXFRA (NW):
MAXFRE (NF):

MAXINT (NW):

MAXNOD (AP,NF):

MEMIT(4(M-1)+1 to 4(M-1)+4)
(NF):

MEND (NW):

N (NW,AP,NF):

NAPER (NF,NT):
NBN (NW):

NBO (NW,NF):

constrained nodes that have an index
smaller than or equal to I.

index for the fracture intersections;
equivalent to L.

index for the nodes, or ‘“effective"
intersections.

maximum number of entries in the matrix A.

maximum number of constrained nodes
(i.e., with specified head) for which
memory space is provided (MAXCON =
MAXNOD-MAXFRE).

maximum number of elements for which
memory space is provided.

maximum number of fractures for which
memory space is provided for a fracture
set.

maximum number of free nodes (i.e., with
non-specified head) for which memory
space is provided.

maximum number of intersections for which
memory space is provided.

maximum number of nodes (or ‘effective"
intersections) for which memory space is
provided.

node numbers of the nodes related to node
M: their number varies between 1 and 4
(see JMEM); the total dimension of MEMJT
is 4 x MAXNOD.

record of which extremity (either 1 or 2)
is being trimmed in the fracture trace
being processed; it is used only in the
subroutines CHOPXY, CHOPC and BNODE.

index for the elements.

total number of different realizations of
aperture distribution; NAPER=NAP x NAAP.

number of nodes located on a boundary for
the fracture set being processed.

number of different boundary segments in
the model, NBO is 6 for a circular model
and 8 for a rectangular model.
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ND1 and ND2 (AP):

NEWJT(MAXNGD) (NF):

NEWNOD(M) (NF):

NFRAC(I) (NW):

NODT(N) & NOD2(N) (NW,AP,NF):
NODNUM(M) (NF):

NSEG(K) (NF,NT):

NT (NT):
NUMELT (NW,AP,NF):
NUMINT (NW):

NUMNPT (NW,AP,NF):

P(N) (AP):

PHI(M) (NF):

PHIC(MAXCON) (NF):
Q(N) (AP):
R(N) (AP):

R(100) (NT):

number of the first node and of the
second node of the element being
processed (see NOD1 and NOD2).

work array used in the node renumbering
subroutine OPTNUM (see also JOINT).

after node renumbering, it specifies the
old node number corresponding to the new
node M (see NODNUM).

number of fractures in the set I at the
end of the generation process.

number of the first node (lower y-value)
and the second node (higher y-value) of
the element N (see also JT).

after node renumbering, it specifies the
new node number corresponding to the old
node M (see NEWNOD).

number of elements in the range of
direction K, with K=1 to 36.

index for the particle being tracked.
number of elements in the model.

total number of fracture intersections in
the model, including the intersections of

fractures with boundaries.

number of nodes, or *effective"
intersections, in the model.

first direction cosine of element N; see
also Q(N) and R(N); the conventions are
given in Figure D.2.

hydraulic head value at node M; (m). In
subroutine SOLPHI, PHI 9s used as a work
array to store various vectors.

vector of constrained (i.e., specified)
hydraulic head values.

second direction cosine of element N; see
also P(N) and R(N).

third direction cosine of element N; see
also P(N) and Q(N).

array of uniformly distributed random
numbers.
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RDFR(K) (NT):

RF (AP):

SPGR (NF):

SUMLE (NW):

TANTH(J,I) (NW):

TH(J,I) (NW):

THP(J,I) (NW):

THR (AP):

TIM(NT) (NT):

TRACE(J) (NW):

TRAV(NT) (NT):

VEL (NF):

VISC (NF):

W(N) (NW,AP,NF):
X1(3,1), Y1(J,I) (NW):

ratio of the sum of flow rate 1in the
range of direction K, 1.e., DFR(K), over
the total sum of flow rates in all the
directions.

radial coordinate of the centre point of
the element being processed, from the
centre (0,0) of the model; (m).

weight density of the fluid; (N/m3).

sum of the lengths of the fracture traces
generated thus far for the set being
processed.

equivalent to TH(J,I).

trace angle of fracture J 1in set I,
within the simulation plane; same
convention as for ATH(I); it is expressed
as the tangent 1in most of the program
NETWRK and in radiants in the output.

angle between the simulation plane and
fracture J in set I; same convention as
for ATHP(I).

angular coordinate of the centre point of
the element being processed; same
convention

as for ATH(I).

total travel time for the particle NT to
go through the specified distance TRAVDIS

(s).

trace length of fracture J in the set
being processed; (m).

cumulative absolute distance travelled by
particle NT; (m).

fluid velocity in the element being
considered; positive in the direction of
increasing y, like FR; (m/s).

dynamic viscosity of the fluid;
(kg/(m.s)).

aperture (width) of element N; (m).
coordinates of extremity 1 (lower y

value) of fracture J in set I; (m). Note
that X1(J,I) = 999.0 if the fracture
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X2(J3,1), Y2(3,I) (NW):

X1E,Y1E and X2E,Y2E (AP):
XC(J) and YC(J) (NW):

XORD(L, or M) and YORD
(L or M) (NW,AP,NF):

XTRAV(NT) and YTRAV(NT) (NT):

Y1(J3,1) (NW):

Y2(3,I) (NW):

Y1E and Y2E (AP):

YC(J) (NW):

YORD(L or M) (NW,AP,NF):

YTRAV(NT) (NT):

(3,I) 1s entirely within the buffer
margin. :

coordinates of extremity 2 (higher 'y
value) of fracture J in set I; (m).

coordinates of the extremities 1 (lower y
value) and 2 (higher y value) of the
element being processed; (m).

coordinates of the centre point of the
trace of fracture J in the set being
processed; (m).

coordinates of the intersection L or of
the node M; (m).

total distance travelled by particle NT
in the x-direction and in the
y-direction; (m).

see X1(J,I).

see X2(J,I).

see X1E. '

see XC(J).

see XORD (L or M).

see XTRAV(NT).
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Input/Output Files

APPENDIX B

Table B.1. List of A1l the Input/Output Files

Unit no. Mnemonic name Description
1 INP1 General input data.
2 SUMNET Summary information on the generated
1ine network, on fracture apertures
(from the program NETWRK) and on
porosity.
2+ SUMNET A1l the above plus information on
individual fracture traces. :
3 SPACNG] Spacing data generated by the subroutine
SPCNGT.
4 SPCNG2 Spacing data generated by the subroutine
SPCNG2.
5 NODES Unformatted file containing node data.
6 ELEM Unformatted file containing element data.
) APER1 Unformatted file containing aperture
data generated by the program NETWRK.
15 NODFO Formatted equivalent of the file No. 5.
16 ELEFO Formatted equivalent of the file No. 6.
17 APEFO1 Formatted equivalent of the file No. 7.
21 INP2 Input data on aperture distribution for
the program APEGEN.
22 APER2 Unformatted file containing aperture

data generated by the program APEGEN.
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Table B8.1. Continued
Unit no. Mnemonic name Description
23 APEF02 Formatted equivalent of the file No. 22.
31 SUMFLO Summary of the flow calculations,
including the directional parameters.
31+ SUMFLO The above plus rose diagrams of flow
rates. ‘
31++ . SUMFLO The above plus rose diégrams of all the
directional parameters.
32 DIRPAR Unformatted file of directional
: parameters.
33 " FLOALL Results of flow calculations for all the
elements.
34 FLOMAT Detailed information on node renumbering
and on flow matrices.
- 4] TRANSIT Statistics and plots of transit times. _
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Table B.2.

Input Files and Options of Output Files for Each Program

Qutput
Program Input unit no. IPRT Unit no.
NETWRK* 1 1 2,3,4,5,6,1
2 or3 2+,3,4,5,6,7,
15,116,117
APEGEN 21,5,6,1 1 22
2 or3 22,23
NETFLO 1,5,6,7** 1 3,32
2 31+,32,33
3 31++,32,33,34
NETRANS 1,32 1, or 2, or 3 4]

* NETWRK also generates a plotting file if the input parameter PLTSIZ
is positive.

** In NETFLO, the input unit 7 must corre
7 from NETWRK (APER1) or the output un
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APPENDIX C

Format of Input Data

C.1. General Input File (Unit 1)

Record 1
- Columns 1 to 80: TITLE (20A4).

Record 2: general information.

- Columns 1 to 5: NSET (I5).

- Columns 6 to 10: ISP (15).

- Columns 11 to 15: 'COEF (F5.0).
- Columns 16 to 20: SEED (F5.0).
- Columns 21 to 25: PLTSIZ (F5.0).
- Columns 26 to 30: IGEOM (I5).

- Columns 31 to 35: NAP (15).

- Columns 36 to 40: NAAP (15).

- Columns 41 to 50: DAAP (F10.0).
- Columns 51 to 55: IPRT (15).

- Columns 56 to 60: NPART (15).

- Columns 61 to 65: TRAVDIS (F5.0).
- Columns 66 to 68: NMAP (13).

Record 3: location of the rectangular boundaries. These are
required even for circular model.

- Columns 1 to 40: XMINO, YMAXO, XMAXO,
YMINO, XMINI, YMAXI,

XMAXI, YMINI (8F5.0).

(in that clockwise order)

Record 4 and following: other information on model boundaries.

One record for each on the NBO boundaries: for a rectangular
model there are 8 boundaries, for a circular model there are b
boundaries (I = 1 to NBO). :

- Columns 1 to 5: ISHAP(I) (15).

- Columns 6 to 10: R(I) (F5.0).
- Columns 11 to 15: XB(I) (F5.0).
- Columns 16 to 20: YB(I) (F5.0).
- Columns 21 to 25: [IBC(I) (15).

- Columns 26 to 30: HDB(I) (F5.0).
- Columns 31 to 35: HDE(I) (F5.0).
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Following records: first series of information on the fracture

network. One record for each one of the NSET fracture sets (I =
to NSET).

- Columns 1 to 10: DENS(I) (F10.0).
- Columns 11 to 15: LDSTR(I) (15).
- Columns 16 to 20: THDSTR(I) (I5).
- Columns 21 to 25: APDSTR(I) (I5).
- Columns 26 to 30: ITERM(I) (I5).

Following records: parameters of the statistical distributions for
the fracture network. One record for each one of the NSET fracture

sets (I = 1 to NSET).

- Columns 1 to 10: ALE(I) (F10.0).
- Columns 11 to 20: BLE(I) (F10.0).
- Columns 21 to 30: ATHP(I) (F10.0).
- Columns 31 to 40: BTHP(I) (F10.0).
- Columns 41 to 50: ATH(I) (F10.0).
- Columns 51 to 60: BTH(I) (F10.0).
- Columns 61 to 70: AAP(I) (F10.0).
-~ Columns 71 to 80: BAP(I) (F10.0).

Last record:

array of NMAP particle numbers for which the detailed trajectory is

to be printed (I = 1 to NMAP)

- Columns 1 to 30: MPART(I) (1013).

C.2 Supplementary Input File for the Program APEGEN (Unit 21)
Record 1

- Columns 1 to 80: TITLE (20A4).
(It is suggested to make this title
similar to the title on the general
input file, and to add an identification
for the aperture generation run.)

Record 2: general information.

- Columns 1 to 5: IPRT (I5).

- Columns 6 to 10: APDSTR (I5).

-~ Columns 11 to 15: NAP (15).

- Columns 16 to 20: NAAP (15).

- Columns 21 to 30: DAAP (F10.0).
- Columns 31 to 35: SEED (F5.0).
- Columns 36 to 40: NSET (I5).

- Columns 41 to 45: 1IOR (I5).
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Record 3 and the following: parameters of aperture distributions.
One record for each one of the NSET fracture sets (I = 1 to NSET).

- Columns 1 to 10: AAP(I) (F10.0).
- Columns 11 to 20: BAP(I) (F10.0).
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Conventions for Angles,

Boundary Geometry

D.1 Conventions for Angles

Figure D.1 explains

APPENDIX D

Directions, and

the convention used to express the angles

within the simulation plane (ATH, TH, and ELOR) and the angles from the
simulation plane (ATHP, THP, and ELORP).

LEGEND

SIMULATION PLANE

ANGLE WITHIN THE
_/ SIMULATION PLANE (ATH)

ANGLE FROM THE
«= SIMULATION PLANE (ATHP)

4

ORIENTATION DATA

FRACTURE

HWN =

Figure D.1.

ATH ATHP
{degrees) {degrees)
20 135
20 45
170 45
170 135

Conventions for angles.

D.2 Conventions for the Direction Cosines Computed in the Program APEGEN

The program APEGEN offers the possibility of generating aperture

values that are functions of

the fracture orientation (Sec. 2.9). Ffor

that purpose, APEGEN computes the direction cosines of every fracture
segment (or flow element) using the conventions shown in Figure D.2.
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X3

4 FRACTURE NORMAL

’
o . s E—x;

FRACTURE TRACE A c
ATH-90°
G F- _X - r
Xy . c
OA
° q c E
LEGEND
% &
PLANE XY SIMULATION PLANE, PARALLEL TO x, xg
ATH ANGLE WITHIN THE SIMULATION PLANE
ATHP ANGLE FROM THE SIMULATION PLANE

Figure D.2. Conventions for the direction cosines
computed in the program APEGEN.

The angles TH and THP of the fracture in Figure D.2 correspond
to the angles ATH and ATHP respectively in Figure D.1, and to the angles
ELOR and ELORP for the fracture segments in the program APEGEN.

In Figure D.2, 0OC 1is the unit vector normal to the fracture
plane. The three direction cosines are defined as:

p = cos GOC = 0G
g = cos EOC = OE = BC
r = cos AOC = OA = CF

Now, we must expresé p, 49, v in terms of the angles TH and THP.
From Figure D.2, p is simply cos THP. Also, we know that:

sin BGC = BC/GC

and
sin GOC = GC
Then g = BC = GC sin BGC = sin GOC.sin BGC
g = sin THP.sin(90-(TH-90)) .
g = sin THP.sin(180-TH)
g = sin THP.sin TH

80



We also know that:

sin CGF = CF/GC

Then r = CF = GC sin CGF = sin GOC.sin CGF
r = sin THP.sin (TH-90)
r = -sin THP.cos TH
In summary:
p = cos THP »
q = sin THP.sin TH
r = -sin THP.cos TH.

D.3. Conventions and Limitations on Boundary Geometry

1. Every non-circular side of a model may be divided in two segments,
each one having a different type of boundary condition.

2. Flow boundaries are numbered clockwise, starting with the vertical
‘boundary on the Jleft- hand side of a model (Fig. D.3). A
rectangular model must have 8 flow boundaries, a circular model
must have 6. In a rectangular model, flow-boundary numbers 1, 3,
5, and 7 must always be present (i.e., ISHAP(I) > 0).
Flow-boundary numbers 2, 4, 6, and 8 may have a zero length (i.e.,
ISHAP(I)=0). In a circular model, the compulsory flow-boundaries
are numbers 1, 3, 4, and 6; the optional boundaries are 2 and 5.
Note that if the flow-boundary I has zero length (i.e.,
ISHAP(I)=0), the flow boundary numbered I-1 must apply to the
entire length of the side of the model where it is located.

{A) RECTANGULAR MODEL (B) CIRCULAR MODEL

OUTER BOUNDARIES

! / \ T
® O) | !
" ¢ " * INNER o \\® :
! ! BOUNDARIES : \\ !
| | | \ |
| , ® |
_ I | [ \
® 4 \“. \ |
| | | \!
¢ :C) M \
® | BN |
___________________ Py L e @

* * @ BECERENC)

x(m) — x{m)
@ HYDRAULIC BOUNDARY NUMBER
Figure D.3. Numbering of the flow boundaries: (A)

rectangular model, (B) circular model.
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The input mean orientation (ATH) should be within the range 0° to
180°. : A

A1l rectangular boundaries (i.e., XMAXI...etc., and XMAXO...etc.)
must be included in input data even for a circular model.

A circular boundary must correspond to the upper right quadrant of
a circle and be centred at the point (XMINI, YMINI).

The present version of NETRANS can be used only for rectangular
models.
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APPENDIX E

Array Dimensioning

The following four pages reproduce the beginning of the four
programs (NETWRK, APEGEN, NETFLO, and NETRANS) and of the subroutine
TTIMER in NETRANS. Arrows indicate the statements where changes may be
made if array redimensioning is desired. Note that the program NETRANS
(and the subroutine TTIMER) should not require any change in array
dimensions (see Sec. 4.2.3). If one wishes to change the maximum
number of particles, however, the value of MAXNPRT must be changed in
the main program (NETRANS), as well as the dimension of the following
arrays in the subroutine TTIMER: XTRAV, YTRAV, TIM, NSTEP, and TRAV.
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PPOCRAM NITWRK

EIEZZZEEEESRARAEESEAS SR SRR AR RS SR NERESE R R R RN EALRS RSN SRRRsal SRS

PROGRAM TO GENERATE A TWO-DIMENSIONAL NETWORK OF FINITE LINE SEGMENTS
AND TO COMPUTE SEVERAL STATISTICS ON THE GENERATED LINE NETWOPK,
(wRITTEN BY A. ROULEAU, 1983, UPDATE BY A. ROULEAU, JAN. 1936)

IZZ EET RSB EE R EREEREEXEZ RSS2 RS R Rl R ddRRasR ARl RSN

e NaRaXaNeRaRa ke

cOU=LE PRECISION SEED,PI,PAD
INTEGER THDSTR,APDSTR

[a Nal

DIMENSION NSET = & » AND MAXFRA = 1(C0 S am—
DIMENSION THP(100,4) -—
SIMENSICN X1(13C2,60,Y1¢12C,4),X2(120,4) 7

*Y2(10C,4),THLICC,4)»TANTH(1CO,4) —e
INTEGER CUT1(100,4),CUT2C100,4) —

on

DIMENSION MAXFRA = 100 -
DIMENSION XCC(100),YC(100),TRACEC100),DEGRECI100)/ e
#DEZGREPCI0D),APERC100) -—

C DIMENSION HAkINT=150; 2*MAXINT=300 (SEE DATA STATENMENT) *-———
DIMENSION XORD(150),YORD(150) s
INTEGER INC1(150,2),INC2(150,2), <+

*I18(150) ———

LOGICAL EFF(150)

A —

DIMENSION MAXELT = 200 -— A
DIMENSION ELOR(200),ELORP (200),W(200),ELLENC200) *—
INTEGER NOD1(200),NOD2(200),ISET(200) -—

aNal

COMMON /AREATA/ XMINO,YMAXO,XMAXO,YMINO

COMMON /AREAIB/ XMINI,YMAXI XMAXI,YMINI,IGEOM

COMMON /AREA2/ NSET,MAXFRASMAXINT,MAXELT/NUMINT,NUMNPT NUMELT,
*NOINT,IPRY

COMMON /AREA3A/ SEED,PI,RAD,COEF

COMMON /ZAREA3B/ TITLE(Z2D)

COMMON /JAREAL/ ATHUS5),BTH(S),LTHP(5),ZTHP(S),THOSTR(S) NFRAC(S)
COMMON /AREASZ DENSCS),ALE(S5) »3LE(S),LDSTR(5),ITERM(S)

COMMON /AREAG/ AAP(5),BAP(S5),APDSTR(S5)DAAP,NAAP,IAAP,NAP,IAP
COMMON /AREA7/ R(BI,XB(2),YB(3),ISHAP(S),I8C(2)

()

EQUIVALENCE (TH,TANTH) ,(DEGRE,APER) ,(TRACE,EFF,NOD1)
EQUIVALENCE (IB,NOD2),(w,XC)

C

C DIMENSION MAXINT=150 (2+#MAXINT=300) <+
DATA 187150+07,INC27300+0/ ————

C

C ASSIGN VALUES TO SOME CONSTANTS
MAXFRA=100
MAXINT=150
MAXELT=200
PI=3.1415926536
RAD=PI/180.

I
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F2lG7A% APIGIN

C'0'...'."'.'tt&ﬁii.’tt.'.itﬁt'tﬁ.ttﬁD'titt't'iti.fiﬁﬁ..ﬁt't'ttttttt'ﬁt

VY OV YOV Y (Y O

(g)

[aNal (g}

(a N al

[g V]

PROGPLM APEICEN GENZRA

T FRACTUPE APERTURE VALUES FOR THE FRACTURE
NETWOPK GENERATED BY T

PROGRAM NETWRK

[+
X
m

wIITTEN 2Y A, FCJLZAU, DECEM3ER 19647 UPDATI 3Y A. POULEAU
AND R. MACLEOD, JUNE 1935.

I ZZEXEEEEEENNEZEAEISEAEEAE RS AR SR NS RR RS Al R R ARl ER SRR RSl RERSs NS

INTESER &PDSTR.

DOUBLE PRECISION SEED

COMMON /AREAT/ TITLE(ZD)

COMMON /AREA2/ NUMNPT,NUMELT,IPRT

COMMON 7 AREA3Z AAP(S5),8AP(S5),SEED,APDSTR,NSET
CTMVIN /Jh2284/ CLAP,NAAP,NAP, AL, IAP

DIMENSION MAXELT=230 *-——————

INTEGER NOD1(200),NOD2(200),1SET(200) <+

DIMENSICN w(200),wwWw(20C),ELLENC200),ELOR(200),ELORP(200) =+

DIMEINSION P(200),Q€200),R(200) -—
DIMENSION MAXNOD=150 -

DIMENSICN XORD(150),YORD(150) --——r—
CONSTANTS

MAXELT=200 -

MAXNOD=150 -

READ(21,3) TITLE

FORMAT(20A4)
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PPNGOAY NITFLD
cttilﬁﬁ"."it.tl"iﬁxQﬁﬂi.ﬁt'.it.."ttt"‘ﬁ"f!.."i'.'ﬁ.ﬁ‘.&.ﬁ..iiit'

:
C Th: PROGRE™ “FTFLGC 17 A NUMZIFICAL C7Df TWAT SOLVES THE STEADY-
C STATE EQUATIONS FQR FLUID FLCw IN THE NETWORK OF FRPACTURES GENERATED
{ %Y THE PROSGFAY NETWFY
C : ’
C WRITTEN B8Y A. R0ULSAU, 1983, UPDATZ 3Y A. ROULZAU AND ©C. LENTZ »
¢ APRIL 1985.
c
:t'.*t'ﬁtﬁttt.titttfﬁtt.'ﬁttt‘ﬁiﬁti.t‘it*t'.i0ﬁtt'ttk...ﬁOiitititﬁ’t't'
¢
COMMON JAREAZ/ MAXNOD/ MAXELT/NUMNPT, NUMELT,NCANF,NALMAXA,
*MAXCONSMAXFREZIPRT,JAP
COMMON /AREAL/ XB(8),YB(3),HDB(8),HDE(B), ISHAP(B),IBC(B),IGEOM,NBO
CO¥¥ON LOEBS/ MEXYZL 2, MAXNTG L, IDIFF
COMMON /AREAES TITLE(2D)
COMMON JAREASRS VISCsSPGR
c
€ DIMENSION = MAXELT = 200 -—
INTEGER NOD1(20C),NCD2(2J0),IDUMMY(200) -—
DIMENSION W(200),EC200),ELLENC2CO),ELOR(200) *——
c
C DIMENSION = MAXELZ = 2 = MAXELT = 4CO0 B ———
INTEGER JT(400) -—
¢
C DIMENSION = MAXNOD = 15C -— :
INTEGER IBC150),LCC150),JMEMCT15C) ,NODNUMC150) ,NEWNOD(150), <+——
*JOINT(150) ,NEWITC150) -—
DIMENSION XORD(150),YORD(150),PHI(150) <*+——
LOGICAL REOR(150) —
¢
C DIMENSION = MAXNO4 = & * MAXNOD = 600 <+
INTEGER MEMJT(600) -—
¢
C CIMENSION = MAXFRE = 110  +——
INTEGER KDIAG(110) ——
¢
C DIMENSION = MAXCCN = MAXNOD - MAYFR: = 150-110=40 —+—r—m—
DIMENSION PHIC(4C) -—
c
C DIMENSION = MAXA = 200C e
DIMINSION A(2307) -—
¢

MAXELT ¢ 1 = 200 + 1 = 201 -
EQUIVALENCE (JTC1),NOD1), (JT(201),NDD2)D -
EQUIVALENCE (ELCR,IDUMMY)

o

C

C CONSTANTS

C
MAXELT = 20C -
MAXNOD = 150 -
MAXA = 2000 I E—
MAXFRE = 110 -—
MAXCON =

MAXNOD-MAXFRE
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DIIIEAY NITRENS
Ctt'ﬁ-'titt.'t..tﬁi‘t'i'.ti"i'Q'ttﬁ'tﬁtt.i.t"'t*tttﬁ*ttii.tﬁi.t..iﬁti

C PRCGRAY TO SIMULATE STCIAASTICALLY THE MIGRATION OF PAFTICLES
C THROUGH A FRACTUPRPE NETWORK SASED ON STATISTICS OF TKE DIPECTIONAL
2 PARAMETERS
C
C wRITTEN BY A, ROULEAY AND D. LENTZI, 16247 UPDATE 4Y A ROULEAU, JANUARY
C
ctittt’wttt’ﬁ“itii'&ttttittﬁf.ttbtt.'tﬁfi&titﬁ'*ttt*.ttﬁtttttttt*t't*t
CCOMMON JARZAT/ COSTH(3IS), SINTH(IS),DL™M(35),LWTVY(30),RDFR(2L),
+XLEN,YLEN,TRAVDIS,IDIR(IDJ) MPART(10),1IBC1,IPRT,JAP
COMMON/AREAZ2/TITLE
DIMENSICON DVEL(36),DFR{32),DLEC36),DLVEL(36),DLVEL2(36),NSEG(30S)
CHARACTER TITLE(2D)24,FMT(5)+2D
SATA (FMTCIY I=1,507% €20/ 10030 (6D 1213, (e (/) 12130,
LRGSR IRDES RIPAN G RIS DN IS Y/
YAXNPRT=5C ——
d
:."' "t.tttft.t.tl".tt't'ntto'fﬁtottﬁaﬁtt’ntttt#t'v"." P IR B TR 2N 2 B 2 4
C
< SUSROUJUTING TTIMIR COMPUTIL STOUU=ASTICALLY THS TrANSIT TIME OF
I PARTICLES TARA~ROUGH THE NETwlsx USING TRI STATISTICS CF ThE
c IRECTIONAL PARAMETERS (RECTANGULGR M2DEL)
gﬁ"ti'ﬁiﬁtttttttfﬁt'ﬁtttittﬁﬁt'ktttt"tttﬁt"ttt.tttt"ttttt.t"ttft

SUSDUTINE TTIMERINPART, M)

COMMON FAREAT/ COSTHCIA),SINTHLZI2),0L™(3A),DwTVM(35),ROFR(38),
+XLENPZYLEN,TRAVIIS,AIDIRCIZI) 4 ¥PAST(ID), 2201, IPOT, JAP
COVYIONIARZAZ2/TITLE

DIMENSION RC100),XTRAV(5D),YTRAV(53),TIM(SC) -
*,NSTEP(S53),TRAV(50) -

DOUsLE PRECISION DSEED

CHARACTER TITLE(20)*4,3CD1#22
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APPENDIX F

Sample Runs

This appendix reproduces the input files and portions of the
output files for three sample runs of the four programs NETWRK, APEGEN,
NETFLO, and NETRANS. The first sample run (realization 990) shows a
rectangular model without abutting fractures. Realization 991 uses the
circular geometry. Realization 992 shows a rectangular model again,
but this time with abutting fractures in sets 2, 3, and 4.

F.1 A Rectangular Model Without Abutting Fractures: Rea]ization 990

NO-FLOW BOUNDARY

HEAD =6m FLOW HEAD =2 m
U ———
DIRECTION

NO-FLOW BOUNDARY

Figure F.1.  Boundary conditions for realization 990.
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‘990 SAMPLE AUN

4 1 2.0
-1.0 11.C 11.0
1 D0
J
1 Jal
8]
1 1J.0
0
1 13.3
0
D60 2
JadD 2
0.80 2
1.00C 2
1.4
1.2
1.C
0.3
1 13 &4

File

OF SOF PaCk.

990 . 25.

-1-0 G-:l

0.3 1

3 10.0 3

10.0 1

Je? n

2 1

2 1

2 1

2 1
Je32
0.30
Ja30
Qe3%0

File

R990=1 FIRST SET OF APER,

2 2 1
«13.,0
-12.0
'1100
=-10.0

3
0.8
0.8
0.8
0.8

-INP 1 —

unit 1

RECTANGULAR MODEL

1 1 1
10.3 10.0 J-:}

5.0

2.0

3

0

2
15.0 1C.0
5.0 10.0
12549 10.GC
165.5 10.5
INP2 —

2 56 100. 3

145.3 1C.0
125.8C 16.0
§5.C 1C.0
15.C 1C.0

unit 21

DATA FOR SAMPLE RUN ON RECT. MODEL
0.5 990, 4

94

0

£.008005
0.CJ300¢
0.302005
0.0309005

~ A
Vew

C.:

Jec



REALIZATION 990

o o
S - s)
~-1.30 $.3C 1.20 2.2C 3.cC 4.C0 %.C0 5.C0 7.00 £.0C 3.0C i2.CC i1..3C
- { N { i ) " " pat
o ©
=3 &
0] Lo
o o
o =3
LN For
© o
o 153
w7 [
=3 =3
=3 S
w7 b
=3 o
=3 ©
o 18
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< ©v
'
>
© =3
=3 <)
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=3 ©
=3 53
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© ©
153 o
2] L
~ ~
o o
& o
© ©
) o
© Fo
=3 =3
123 &
- — —~ T r r T N T o
-1.30 8.C% i.2C 2.8¢ 3.C0 4.8 S.C0 65.C0 7.C0 £.0C 3.00 13.CC i1.20
X-AXI1S

Figure F.2.

Computer plot for realization 990.

numbers smaller 1in size refer to
nodes, the larger numbers refer to
fractures but without indication
which fractures set; these numbers

not printed when NUMNPT>200 or IPRT =
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File SUMNET —

unit 2

P99 SAMPLE PUN DOF SDF PACK, 1 RECTANGULAR MODEL

FILE: SUMNET.UO2

INPUT BCUNCARY DATA

NUMBER SHAPE RADIUS X8 Ys 1IBC

1 1 «0C «C00 «CCO 1
4 0 «CC «C00 «000 0
3 1 ofC «C00 10.00C0 0
4 c «CO «C0O0 « 000 0
5 1 N 10.000 10,.0C0 1
6 0 o 0C « 000 « 000 o
7 1 .CC I0.00C 0000 0
8 o oD « Q00 «GCC 0

INPUT DATA FOR FRACTURE NETWORK
FRACTURE SET 1 1 2
DENSITY «4C0 * 600
DISTRIBUTION TYPE
FOR TRACE LENGTH 1 2 2
FOP ORIENTATION 3 2
DISTRIBUTION PARAMETERS

FOR TRACE LENGTH

At l.40 1.20

3 ! «80 80
FOR QRIENTATICON WITHIN SIMULATION PLANE

A3 165,00 _125000

g8 1 16.0C 10.0C
FOR ORIENTATIOM FROM SIMULATION PLANE '

A1 1%.4C .80

3 ¢ 10,00 ) 10,00

FRACTURES OF SET 1

NUMRER
GNRTD ACTUAL LENGTH ANGLE X1
1 2543 163,437 « 000
2 l.644 168.,08¢ B804
3 3.CR4 167.057 969,000
4 520 155,608 « (00
L Tel6C 160,473 « 909

96

+ 800

NN

1.00
«8C

65,00
" 1Ge0C

125.00
10.00

Yl

Te965
6,060

691
4,934
4.372

1.000

«80
80

15,00
10.00

165.00
10.00

X2

2437
24673
-, 788

o481
T.640

Y2

Te240
5.720

«000
4,716
1.932



File SUMNET — unit 2 (continued)

SUMMARY OF FRACTURE SET 1

DENSITY JF FRACTURING «1G35 L/L%*2

THECRETICAL MEAN TRACE LENGTH 5.5865

SURFACE AREA DF THF MODEL 1Gd.C00C

DESIRED TOTAL LENGTH FOR THE SET 10.3528

ACTUAL TOTAL LENGTH FOR THE SET 11.8748

ESTIMATED NUMBER OF FRACTURES 5

ACTUAL NUMRER 0OF FRACTURES GENERATED 5

NUMBER OF FRACTURES TNTALLY IN THE BUFFER MARGIN 1
NUMBER CF INTEPSECTIONS WITH A BOUNDARY 2

FRACTURES OF SET 2
NUMBER
GNRTD ACTUAL LENGTH ANGLE Xl Yl X2
1 2.027 127.667 «C00 4,140 1.239
2 1,135 128,303 3.206 + 994 3,909
3 e 657 122,213 8.897 9.389 9,248
4 445819 124,604 + 000 9.967 24623
5 +139 132.405 1.009 103 1.103
6 10,676 132,051 24337 84760 9.488
7 1.525 109,211 84691 9.627 S.192
8 371 144,857 9.%533 3,386 1¢.000
9 1.483 123.618 6.2%9 1,235 7.080
10 l.888 131.471 8.730 9.293 1C.000
11 84161 122,922 «CJ0 6.850 4.435
12 8.970 107,750 7265 84640 10.000
13 1.370 121,505 e166 7735 «882
14 4,529 129,33¢ 5756 ¢.189 8.690
13 3.582 123.€07 4.923 10.000 6.838
16 l.46% 117.205 T+362 6e493 8.032
17 5«980 111.680 3,101 B.776 5310
SUMMARY OJF FRACTURE SET 2
DENSITY OF FRACTURING 5438 L/L%*%2
THEORETICAL MEAN TRACE LENGTH 4,5722
SURFACE AREA COF THE MODEL 100.0000
DESIRED TOTAL LENGTH FOR THE SET 54,3785
ACTUAL TOTAL LENGTH FOR THE SET 38,8479
ESTIMATED NUMPER 0OF FRACTURES 35
ACTUAL NUMBE® QOF FRACTURES GENERATED 17
NUMBER OF FRACTURES TOTALLY IN THE BUFFER MARGIN 0
NUMBER OF INTERSECTIONS WITH A BOUNDARY 10
FRACTURES OF SET 3
NUMRER
GNRTD ACTUAL LENGTH ANGLE X1 Yl b

Y2

24535
«103
8.833
64165
«000
«833
8,187
3,938
« 000
7.878
2000
097
6e367
2,609
7.021
5190
-3.219



File SUMNET — unit 2 (end)
APERTURE ANC PCROSITY DATA
INPUT DATA FOR APERTURE CISTRIBUTIONS IAAPs=
FRACTURE SET 1 1_ 2 3 4
DISTRIBUTION TYPE ¢ 1l P 1 1
OISTRIBUTION PARAMETERS
At 5.N0E=06 S.C0E-06 5.00E-06 5.00E-006
B 3 «0C «00 «00 «00
NUMBER OF ELEMEMNTS (NUMELT) 1 116
SUMMARY GF POROSITY DATA IAAPs 1l IAPs 1
SET LENGTH VOLUME
EFFECTIVE DEAD EFFECTIVE DEAD
1 Rel 7 3.81 4,03E-0% 1.9CE~C?
2 26,18 19.67 1.96E-04 9,83E-0%
3 31.5%8 37.66 1.,58E~-04 1.8B8E-04
(AR LA AL L ) /177 END OF LIST /7177

sk dh Rk ks

//// ENC OF LIST /7117

98

1



File SPACING1 — unit 3

R99D SAMPLE RUN CF SDF PACK, t RECTANGULAR MODEL
FILE: SPACINGi.UQ3

FRACTURE SET 1

NUMB NTEN LINE XP Ye FRACT SPACING
1 1 ? «25 1.19 2 1.08
2 1 7 «25 1.19 5 1,00
3 2 4 1.77 4.76 5 lel4
4 2 8 1.81 4,13 5 1.15
5 4 6 1,13 9.6LG L) 1.89
[ 5 7 1,39 4,62 2 1.10
7 S 7 1.39 4,82 5 «99
8 5 8 3,11 9,81 2 l1.12
9 5 8 S 3,11 9.81 5 98

10 5 9 1.97 9.8% 2 1.02
11 -] 4 3.23 9.66 2 1.12
12 -] 4 3,03 Qe 6 5 «98
13 ¢ ¢ 1.83 Q.¢7 2 1.03
15 7 4 1.78 8e67 2 1.02
16 7 5 1.36 8453 4 193
17 8 1 o0 2e82 & 1,91
18 9 $ 2.97 T.99 s 1.17
19 9 6 24G6 9.93 2 1.02
20 9 8 «88 7.76 4 1.96
21 9 10 «90 4,73 2 1,01
22 1¢ 2 Y.L 2.89 2 1.08
23 1c 2 ob b 2459 b 1.00
24 190 10 1. 40 9.16 4 1.91
25 12 8 36 96 2 1,09
26 12 g 34 96 5 99
27 13 1 1,39 4494 2 1.0¢
28 13 1 1.39 6,94 5 99
29 13 2 99 1,31 5 1.15
30 14 6 «30 l.68 2 1,07
31 14 6 30 1.88 5 1.00
32 14 g Wbl 552 4 1.92
33 14 1c 95 2427 2 1.11
34 14 1¢ e85 2427 5 98
b : 5 11 2.97 2 1.02
36 15 7 90 4.15% 2 107
37 13 7 «90 4,15 5 1.0
38 15 8 3.12 " §.32 5 1.15
39 15 9 1.47 3.G5% £ 1.15
40 1* 1c 2.73 7.£8 b 1.1
41 16 1c 1.12 5¢25 2 1.00
42 17 4 0B 084 2 1.08
43 17 4 «98 ol 5 1.00
&4 18 1 Y. 034 2 1.12
45 18 1 LY. 034 5 «98
44 18 3 o8 Se06 4 1.89
&7 18 8 2.89 9.01 2 le12
48 18 8 2.89 9.01 5 «98
49 1le 9 1,44 2436 5 l1.16
50 21 1 1.97 Teb7 2 1.08

- . et c
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File NODFO

R990 SAMPLE RUN OF SDF PACK.
FILEt NOOFO.Ul®

RECTANGULAR MODEL

INTERSECTION CATA

NUMBER OF INTERSECTIOCNS

EFFECTIVE
NON=-FEFFECTIVE
MAYINTs=

FILE CINTAINS 3

«00000C
10.6C000¢
2.131146
24459313
6293326
20237254
5.782113
0226592
40222935
T¢965372
44350513
3.928728
6.402271
4,374787
34394752
6.1%8(089
3.3732813
4,540642

XORC(AUMMPT )

INCI(MAYINTY S 2)
INC(MAYINT,2),

«(060GG
+C6C000
2.206637
351168
9.654153
9.991733
7.¢8629¢
«G11057
«946643
©.1398¢5%
2,516386
3.901424
5.457792
3.301105
.122788
4.566385
2.856854
3.595138
5211 ¢%
000600

W WA N =N
W AN =N

84 (NUMNPT)
34 (NOINT)

13¢

FORMAT(L1.Fl ot)
YORD(NUMMPT )y FOEMAT(ICFI &)
IS(NUMNPTY,

FORMAT(2:412)

«00000¢C
10000000
%.5901044%
2022156
2.036488
8.820281
6.656292
5.084364
«376193
9.966771
« 716647
2.6T4133
7.035881
3.704830
3.,782347
74332004
64320194
2.945079
219 %81
¢ 00 0O

N WM N
NN N

FORMAT(2015)
FORMAT(E(ID)

10.LC0CLO
106.,0C00C0
3.803644
3.713952
24107275
8.425710
5.958018
9.,301488
5.874889
3.057648
5361823
3.322403
Te234345
3.595501
5.014971
8.406950
6.389703
8,208392
531000
(VI VR I VI ¢

WA W

NwNNNDW

« 3L U00C

+0C0000
1.454607
3,168090
4.365382
9.699223
6.074981
8.331626

6.850134
3.303467
4.173992
7.839501

«107912
1.036575
8226892
4.867289

00000
¢Goooo

NNNNNNW
WwwNmhw

unit

1G.6C 0000
10.,00060600
3.057432
7.852433
34276245
9.30929¢
3.337118
2.,025632

+096961
5270401
3.592925
20646322
1790057
242540695
8.182250
3.343619

0o000C0O
00000

Wwwmhw
Wwwn W

15

18.9000G0¢
+000000
2354742
4.893169
1,614642
9.850472
3.478614
24475746

¢136448
2.854183

3.680333

5.927036
4.356360

564080
T.826324
4.732300

60000
0000

WNwWMNN W
WWwwmMNnN &

«360COC
1.737363
0666739
3,399670
0176458
T.9606618
4.483662
5277655

8.953638
Te448657
3.276172
74582766
64577598
60442603
5.298179
2.016731

00Co00O
4

—wwnNnNn >
wWhwNenNn

«0¢ 2000
1.818023

+521605
9.013976
3.542914
B.462836
4.977173
3.075242

24830361
4,042244
30464179
1.35%8607
1.378192
4.898988
4,0356776
1.206047

00o0co0oO
1

WeswMnN P
MNNwN N

15.280000
74337093
«836477
5.285862
1.914441
84263844
1.867637
3.972881

1.537404
2041434
3.056294
5.491686
3.893328
3.129221
34305444
3,814117

0o0coo0

Ow W N
ONWNNM

0
(+
N
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File ELEFO unit

ROGO SAMPLF RUM
FILES ELEFCLUYS

OF SDF PACK, 1t RECTANGULAR MODEL

ELEMENT DATA

NMBEP 0F ELEMENTS 1 116 (MUMELT)
FILE CONTAINS 1
NOD1 (NUMELT), FORMAT(201%)
NOC2(NUMELT), FORMAT(20I5)
ISET(NUMELT), FORMAT(SCI2)
ELLEN(NUMELT)» FOFMAT(1P10E10.3)
ELCR(NUMELT), FORMAT(1P10E1C.3)

Lot

FLORP (NUNELT), FORMAT(1P10£10.3)
18 20C 23 24 26 22 21 19 36 28 29 27 31 33 18 32 39 36 41 40
37 34 38 4 4% 49 46 51 44 43 50 19 47 48 6 52 57 55 56 53
59 56 60 62 63 65 69 68 34 67 31 35 52 8 20 36 60 70 43 9
72 71 37T 15 %4 55 16 A4 22 TT 38 39 56 42 40 61 45 718 19 46
264 B8C 81 12 83 28 B2 25 57T 73 B84 4B 14 T4 79 49 15 71 29 82
17 72 83 30 76 T6 51 26 80 69 41 62 15 59 84 81

1 23 24 26 22 21 19 2% 28 29 21 2 33 18 32 3 36 41 40 37
36 38 3% 42 45 46 51 44 43 50 19 47 48 5 52 57 55 56 53 59
54 58 62 61 65 64 68 34 67 66 35 66 T 32 36 60 53 43 21 72
71 27 73 %4 T4 1C 44 22 1T 38 67 56 42 11 61 63 T8 23 46 24
80 8) 68 83 28 82 2% . AT 13 84 64 33 74 58 49 78 71 29 82 50
72 83 30 70 76 51 26 86 69 41 62 15 359 16 65 17

111111112222 22222222222222222222222222222222222222

3333333233333333333333333333333333333 3333466466446

& & 4 4 & & & &L & &4 &AL G AL G

1.813E406 1.856E40C 1.9C2E+00 7,927E-C1 9.,052E~01 8,009E-02 3.331E-01 3.866E-01 2,778E-01 2.375E-01

2.731E-01 5.R05E=01 7.698E=01 5,013E-01 2,441E+400 6,184E=01 1,734E+00 2,328E+00 1.504E+00 5.863E~01

1e761E+00 40692E=01 3,45TE=01 44229E=01 1.513E+00 4,90TE-01 1.912E+00 2,392E~01 1,302E=01 2.246E-01

10 7TT4F=01 3.742E=01 2,646E+00 3,24TE=01 2.712E-02 4+634E=01 4,961E=01 1,279E+00 1.,604E+00 1.172E+00

1,218E-01 1.490FE+00 1.858F400 2,058E+00 1.067E+00 2,147E~01 1,336E+00 2.084E+00 6,370E=01 3¢830E-01

10602F 40 3.822F=01 1.597E-02 6,144F~01 7.946E-01 6,344E~01 8,560E=~01 4.336E-01 2.431E-01 2.871€-02
5.596E=01 34327E=-C1 443726-01 1,751E-01 1,630E+00 5.B842E-01 2.648E=01 3,216E=01 8.734E-01 2.996E+00
2.56CE=01 9.435F=01 1.102E+00 1.105E+0G 8,309E=-01 1.464E+00 2.116E+00 7.286E=01 6.1T6E~01 1.621E+00
5.260E~01 7.684F~01 8,011E=01 5,703E=C1l 4.405E~01 4,244E=01 7,701E=01 2,426E~01 2.13BE=D1 2.047E+00
2.153E=01 1.902E4LC 60991E~01 1,334E400 4,983E~01 1.849E+00 2,371E~01 3,087E=01 4,448E~01 1,013E+00

161366-02 3,756E=C1 4,7356=01 1,C61F+00 1¢625E-01 2,1TTE~01 8.43BE-01 9.418E-01 1.G33E+00 1,354E+00

Boe13RE~6] 1.2B1F4G0 1o3%CE=01 1.%81E+C0 2.009E~01 1,758E+0N
163.437  160.073 160,073 160,073 160,073 160,073 160,073  160.073  127.667 127.667
127.657  127.667 1244604 124.604 124.604  124.604 132,051 132,051 132,051 132,051
132,051 132,651 132,051 144,857 122,922 122,922 122,922 122.922 122.922 122.922

- .etcoc
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File

R990 SAMPLE RUN OF SDF PACK,
FILEs APEFO01.U17

NUMB ER OF
NUMBER OF

FILE CONTAINS

5. 00CE~-06
5.00CE~06
SQUCCE-OO
5.CC0E~-06
5.0C3E=00
5.00CE-C6
5.000E~C¢C
%.000E~006
5.GC0E~06
5.000E=06
5.C0CE~D6
5.000E~-0¢

ELEMENTS
ODIFF.

5. 0C0E-06
5.C0CE=~GO
5¢0CCE=CS
5.C00E=-06
5.(LCCE~-CS
5.CC0E-06
S.C0CE~CO
5« 00CE~CS
SOCOCE-Ob
5.000E~( ¢
5.C0CE=-CE
5« CCCE~-CG

KERERRRRRAR
EEEEEERRERR

VAL.
NUMBER QOF REALIZATIONS FOR EACH VAL,

APEFO1 —

RECTANGULAR MODEL

FRACTURE APERTURES

2 .000E~00
5«0COE~06
5.CCUE=06
5+ 000E-06
5000E=J6
5.CCCE~06
5.000E=D6
5.000E-06
5eL00E=Q6
BeOCOE=06
2.CCOE=06
£.000E-0¢

116 (NUMELT)
FOR FIRST PARAM (AAP) 1

OF

5.000E~Co
5.000E=C6
5.00CE=~CH
5.C00E~0CS
5.0005‘06
5.000E~06
5.CO0E~0Q6
5.000E-06
5.000E=06
500005-06
5.CCCE~QG
9. 0C0E~CH

AAP 1

5.000E=~06
5.000E-06
5+00CE~06
5.000E-06
2. 000E~00
%.000E=00
5.00CE~06
5¢000E=~06
5.000E-06
2« 000E=06
£.006CE=00
5.000E-06

/7/7 END OF LISY /7117
/717 END OF LIST /7117

unit

1 (NAAP)

1 (NAP)

t NAAP®NAP ARRAYS W(NUMELT), FORMAT(1P10E10.3)

5.000E~06
5.000E-006
5.000E=D6
5.000E=-06
5.000E~-06
5.000E=06
5.000E-06
5.000E-06
5.0005-06
5.000E-06
5.000E-0¢
5.000E=-06

17

5.000E=0¢
5.000E-06
5.000E=06
5.000E~06
5.00CE-08
5.000E~06
5.000E~00
5.000€E-06
5.000E=06
5.000E-06
£.000E~-08

5.000E-06
5.000E~06
5.000E=06
5.000E-06
5.000E-06
35.000E=-06
5.000E-06
5.000E=06
5.000E~06
5.000E~GO
500005‘06

5.00CE~-DB
5.000E~06
5.C0GE=06
5.000E-06
5.,000E=06
5.000E=-06
5.000E-06
5.000E~-06
5.,000E=06
5.000E-06
5.000E-06

5.000E-06
5.000E~06
5000E=06
5.000E=-06
5.C00E~-06
5.000E~-06
5.000E-06
5.000E=~06
5¢000E=06
5.00CE=~06
5.,000E-06



€0t

RIQu:=1 FIRST SFET DF

FILE

APEFN2.U23

File APEFO2

APER,

DATA FOR SAMPLE RUN NN RECT,.

FRACTURE APERTURES

NUMBER OF ELEMENTS 1
DISTRIBUTION. TYPE 1

FRACTURE SET 1

DISTRIBUTION PARAMETERS

>, W
> W
PRy
Fynge
oW

1.72¢E~-06
8.109E~06
1.325€E-05
1.91%E~06
5.322E=0¢
2+590E~05
4,313E~-05
1.3084E~05
1.‘1‘5-05
1.458F=C2
8.896E~05
2.5T72E=05

A3

S W e
W e
& W -
&, W
rwWN

T+523E~C6
Te618E-0C6
44516E~06
1.194E-05
5.74%E~-006
1.493E~05
7.731E-0¢
1.519E~05
‘0918[’G6
3,C11F~C5
6.721F—05
4,230E-05

116 (NUMELT)

2

1

INPUT DATA FOR APERTURE DISTRIBUTIONS

2

MODEL

IAAP» 1

unit

~1.30E401 ~1,20E+01 =1.10E+01 -1.00E+Q1

S WN
LS wWwnN
Ss0N
SN
rwn

2.515E=-06
1,782E-0¢
£.818E-06
1.,469E~05
5.090F=06
4.256E-06
1l.462E-05
2¢143E-05
4.021E=06
3.233€-0)
9.277E-05
1.320E~0%

«80

S wWwnN
wnN
wnmn
w N
w N
wN
wnN

1.2?28E~-C6
9.C02E=-CH
9.216E~06
4,938E~-C6
1.272E~0%
2.C56E=05
5.176E~06
1,485E-03
I.SZQE-CS
3.12%E~03
5.282E-0Q5
3.044E=-05

80

ARRAY ISET, FORMAT(50I2)

wn
[ )

wnN

ARRAY WWy FORMAT(1P10E10.3)

2¢350E-06
2+603E-06
1.063E-05
1.,086E-053
3.,250E-05
3.502E~-05
2.201E-05
€+136E=06
2.656€E-05
9.171E-05
4,236E-05

8.677E~05

+80

wN
wN
w N
w N
wnN
[V
w N
w N

3.985E-07
1.,817E=05
2.053E-06
53.76CE=006
3.372E=06
8.458E-06
1,064E=05
24164E-05
9.868E-06
T¢124E=06
7+810E-05
3.,222E~05

«80

wnN
wN

3.890E~06
7.023E=06
6. 752E~06
4+ 494E~006
5.441E~05
24299E-05
1.250E-05
3.612E~=05
8.824E~=D0
3.541£~05%
1.609&‘0*

IAPs 1

wnN
wn
wrn
w N
wmN
w N

9.165E-07
24228E~05
1030‘5-05
1.027E~03
3.988E~06
6.069E=06
4.324E~D6
24459€=05
3¢273E~05
1,354E-05
2eT49E=D4

o, n
&, N
s N
s N
s N
,N

200065‘06
3,259E=06
1.868E~006
2.059E-083
204632E-05
3,106E-05
1.,096E~-05
3.176E=05
2198E~05
4.352E-0Y
3.715€~05

»,N
,nN
&, N

9.368E=06
1,517€~05
1.790E-06
4.277E-06
5.011E-06
5+392€E-05
1.167€E~05
1e93CGE-D5
1.103E-05
24865E=05
3.626E-05

- e tc



0L

File SUMFILO -—

unit 31

R99C SAMPLE PUN OF SCF PACK., t RECTANGULAR MODEL

FILEs SUMFLC.UIL

QUTPUT FROM SUBRJUTINE BOUND

TOTAL NUMBER DOF NODES

NUMBER OF FREF NODES
NUMBER COF CONSTRAINED NODES

BDRY NO I18C BEG END
1 1 «000 10,00
2 ¢ «CCC ofCC
3 C « 000 10.,0C0
4 ¢ 20Y «GCO
5 1 000 « 000
¢ ¢ GO «000
7 0 «000 «0GO
8 ¢ « 00 «L 00

OQUTPUT FROM SETUP

INITIAL IDIFF= T

NUTPUT FROM OPTNUP

FINAL IDIFFs= 10

RESLLTS FROM OPSTOR

SIZF 0OF MATRIX A (NB)1 409

84 (NUMNPT)
67 (NF)
17 (NC)

YGRADIENT!?

«000
+000
«000
«+000
«000
«000
«000
«000



File SUMFLO — unit 31 (continued)

SELECTED RESULTS NF FLOW CALCULATIONS FOR SEGMENTS LOCATED AT A BOUNDARY

S0t

BDRY «NDO ELEMONO WIDTH(M) LENGTH(M) VELOCITY(M/SEC) FLOW RATE(M*%3/SEC)
1 -1 $.0000000E~CO 1.8125744E+00 =2.3578586E~06 1.1789293E-11
1 12 £.0G00000E=06 5.8052746E-01 =2,6959696E-06 1.3479848E-11
1 1¢ 5«00C0000E=CO 6.1836823E-01 =T+7480072E~07 3,8740036E~-12
5 24 5.0C000CG0E=06 4,2294354E-01  =4,4645305E-06 -2,2322653E-11
b 24 5,0C0G00CE~CE 3.2467384E-01 - =5,2352579E~06 2,6176290E~-11
5 35 5.C000000E=-06 247117867E-02 ~3.0076542E~07 -1.5038271E-12
3 Lk | 2+ UC00000E=~CE 1.5966943E~-02 5.1081266E=07 " «245540633E-12
1 54 5.0000000E~06 6+1440259E-01 T7.7980165E=07 3,8990083E-12
1 6t 5.00G60C00E=~06 248708182E-02 1.9295495E=06 9.6477475E=12
5 (1] S CKAVCNIOE=CO 5.6420596E~01 2.8T731184E-06 =1.4365592E-11
5 T4 . 0LOC0GOE=CO 1.1049289E+00 1, T089283E~06 =8.,5446415E-12
b ge 3.,0000000E~06 5.7034958E~01 3.3441906E-06 1.6720953E-11
5 89 %5.0000000E=-06 2.1376720€-01 1,7972861E~06 -8.9864306E=~12
5 93 5.C0000C0E~CH 65+9906866E=01 =7.0903772€E-06 -3,5451886E~-11
1 97 5.C000000E~06 2.37104C6E-01 4,6448044E-06 243224422E~11
i 1c1 5.0000C00E~-CO 1,137%387E-02 4,86906241E=06 2.4348120E~-11
3 114 5.0000000CE=-0¢ 1,5813977E+00 7.8861186E-06 =3.9430593E-11



—
o
(=2

TOTAL FLOW ALONG

BDRY NG

D NN LW

DIRECTION
(DEGR/10)

VDWW WN I

SUMMARY OF FLOW CALCULATIONS FOR JAPs

File SUMFLO —

THE BOUNDARIES

FLOW (Me%3/SEC)

1433159¢08603E~10
+0CO0COCCOOE +0C
«G0000CO0OCE+OC
«CCCOGUOCGCE+QD
-1,33159€686C3E-10
«C0LOOCCCOCE+CO
+0000CCOCOCE +00
«OCCCOCCCCLE+DC

DIRECTYIONAL POPROSITY

LENGTH
M)

2.01E~01
1.42E+01
2.35E+C0O

+CNE+QCO
4.95E+00
Te31E 400
F13E+00
1.22E+0}

+O0E+C(

+00E+00
6+66E+0G
&4, 44F +00
1.8%E+01
8. T3E+O0
4,23E-01

«OCE+00
LolCTE+UL
3.79E+00

(- «>FLOW OUT)

AND PERMEABILITY

POROSITY
(Me+2)

1.C0E=Q6
7.10E-05
1.17E-05

«COE+00
2.4TE~(S
2.66F~C3
4o5¢E~05
6.10E-C5

+CNE+CGO

«00E+CO
31,33E=-C8
2622F~(5
9.“65-05
4.36E-05
2411E=06

«00E+0C

4,03E-0%

1.90E=-0C3

unit 31

PERMEABILITY

(M*23)

5.02E~12
3.55E~-10
5.87E-11

«00E+0QO0
102‘5‘10
1.33E~10
2.28E~10
3.05E~10

«COE+(O

«00E+CO
1.67TE=10
1,11E-10
4.T73E-10
2.18E~10
1,06E~11

+CUOE+GO
202E~10
9.48E~11

(continued)

1



Lot

DIRECTION
(DEGR/10C)

O® WS WN -

File SUMFLO —

OTHEP DIRECTIONAL PARAMETERS

NSEG

-

WD Mg NSIPRDDOINNDODAOAODANARODOCOODODOOOO T WDOMMMNIPOTNN O

(1)VELOC
(M/5)

Be35E-07
1021E'0‘
3.91E=-0¢
oCOESGD
4,11E~0"%
le 76E-05
2.52E-05
2¢93E=05
«NOE+OO
«COE+0Q
T«41E-GS
+0CE+GQU
«00E+00
+00E+00
oCOE+OG
OCESOC
+O0E+D0
«COE+DO
«0CE+QO
«00E+00
«CCE+OU
+00E+00
«QCE+CU
1.23E-06
+00E+00
1.43E=0¢
«COF+00
«00E+00
1.405’05
9¢58E=06
Tel&E=-05
3.58E~03
h.46E=-NE
«00E +0C
4,t2E-05
1-3°E'05

(Z)FL.RA
{Mx%3/S)

4.18E-12
6.03€-10
1e96E~-11
oNCE4GC
2.06F-1C
8.80E-11
1.26E~10
1.47E~10
«0CE+Q0
«ODE+CO
3.71E~11
oCCGE+CO
«ONE+00
+00E+00
+COE+CO
+COF+CC
+UCE+(C
+0CE+CO
«COE+CO
+00E+CO
oOCE+CC
«00E+Q0C
«00E+CO
6.13E-12
«00E+00
Tel13E~-12
«0OF+C0O
«COE+0OU
7T.01E-11
40795'11
3.57€E~-10
1+479E~10
2623F~-11
+J0E+0C
2.31E~-10
6.49E~-11

unit 31

(3)LENGTH(3)X(1)
(M)
2:01E~01 1.68€E-07
1.42E+401 9.,68E=-05
2:35E400 D.,56E=0¢
+OCE+00 «OCE+0C
4.,9%F+00 2.71€E-05%
3,85E+00 1.32E-05
9.13E400 2,24E=03
1.,08E+01 2.,90E=0%
«GuE+00 +0QE+00
«0CE+QO0 «00E+00
2.7T9E+00 B,.,00E-06
+COE+00 «00E+00
«00E+00 «00E+00
«00E+00 «00E+00
+00E+00 «QCE+(O
«00E+00 +00E+00
«00E+CO +QOE+UC
«00E+00 «00E+00
«00E+00 «00E+00
«UOE+00 +0CE+00
+O0E+00 «0CE+00
«00E+00 «00E+00
«GOE+Q0 +00E+00
1.46E+00 1.79E=06
«00E+00 +00E+00
1e39E+00 9.,1CE~07
+O00E+QO +00E+00
+00E+00 +00E+00
3.87E+00 1.64E-05
&.44E+00 B8.98E=06
1.89E+01 5,6%E~-05
BeTIE+O0 4,52E-05
4423E-01 1.89E~06
«0OE+00 «00E+00
B8.07E+00 4.,29E-05
3,79E+00 1.42E-05

(continued)

(3)X(1)*%*2

1,40E-13
T468E=10
1,40E~11
+0GE+0OC
1.,75E~10
5«28E=11
8.94E~11
1,28E-10
«00E+00
+00E+00
2036E-11
+00E+00
«00E+00
+00E+00
«0OO0E+00
+00E+00
+00E+00
+00E+00
«00E+00
+OUE+00
«00E+00
«00E+00
+00E+00
2+20E=12
+00E+00
9.69E~-13
«00E+00
«00E+00
7.935-11
2.6GE=-11
2.10E-10
2.60E~10
8.43E-12
«00E+00
2:67E=10
6431E~-11
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File SUMFILO — uni+t 31 (end)>

ROSE OF FLOW RATES (M#*%x3/5)

[ ] [ ] [
[ ]
*
*
T .
T - *
' T *
* o
*
=
%
O% = .
* %
* *
* *
x®
1 R
s
[ ]
3
*4 o
*
[ [ ]
[ )
//1/ END OF LIST 771/
/777 END OF LISY 771/
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ROSE OF FLOV RATES (Me+3/8)

90°

11 10 9 8
ARRAY 7/
INDICES yar

AAAAA

180° "'.",4’ Py 0"

L]
270°

Figure F.3. Rose diagram of file SUMFLO completed by
hand.
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oLt

RGO SAMPLE RUM

File FLOALL -—

OF SOF

FILEs FLOALL.U23

NUMBER

O SWN e

PACK,

t RECTANGULAR MODEL

RESULTS OF FLOW CALCULATIONS, JAP= 1

HEAD AT NODAL POINTS

FORMAT(3(I I8(1) PHI(I)))
1 6.C0UCGOCE+OC 2 1 6.0000000E+400
1 6.,C0000COE+OC 6 5 2400000C0E+00
1 6.00C0000E+00 10 % 2.0000000E+00
5  2.000C0CCE+I0 14 5 2.00000C0E+0C
1 6.CCCO0CCE+QC 18 0 5.79023527E+00
0 %.3714728E+00 22 G  5.3368393E+00
0 5.55¢0360E+00 26 0 5,0E79165E+00
0 5.8683799E+(C0 30 0 5.,7652460E+00
0 5.69393%5GBE+C0 36 C 4.,7639931E+00
3 4.,1468182F+00 38 0 4,.,8908655E+00
0 3.,7675485E+00 4?2 C 2.0926704E+00
0 4.73079C4E+OC 46 0 4.8996332E+400
0 4.B8320554E+00 50 0 5.4697596E+00
0 2.,8035567E+00 54 0 2.6033181£+00
O 2.0188556FE+00 38 i 244127811E+C0
G 3.P3897T7%F+0C 62 0 3.36819204E+00
0 3.99118U7E+0C 66 C 4.9198695E+00
0 4.4793778E+00 70 0 5.4206777E+00
¢ 4.,1225256E+0C T4 0 2.2432608E+00
0 5.12¢009T7E+00 78 C 4.5692202E+00
G 4 B420CTTE+OC 82 C  5.7392669E+00

FLOW IN ELEMENTS, JAPs= 1

WIDTH(M) LENGTH(M) VELOC (M/SEC)
56000CCCCE=CE 1.812%T744E+00 =2.,3578588E-06
5. 000GO0CE=CE 1.85639%¢E+(0 ~8.6036011E-06
56000CCCCE~N6  1.90208CTE+QOC ~4.5633917E-06

5+000CCCUE=LO
5+40000000E~CE
EeOBGOCE(E~L S

T¢9373426E~C1
9.0519125€~01
B .:GADAEBERE~C2

=5,5752250LE=-06
=5.60326B84E~06
~8+81198639E=96

unit 33

’
w
000000 COEOCOCO0OO0ONH AWM

FLoRATE(M*#*3/SEC) REYNOLD NO,

=1.1789293E~11
-4.3018006E~11
-2.2616958E~11
=2.7676125E~-11
~2.8016342E-13
-4,4059819E-11

6.0000000E+00
2+0000000E+00
2.0000000E+00
6+ 0000Q00E +00

5.4793321E+400

4.4644T7461E4+00
5.9231895€+00
3.4560384E+00
4,960T7461E+00
2.7432078E+00
5.3978811E+00
5.5464532E+00
5¢3127774E400
2.0823763E+0C
2.6120303E+00
3.,9270029E+00
4.,8789011E+00
5¢9459499E+00
2.6516954E+00
4.,862232TE+00
5.9063916E+00

1.1765762E-08
4.2932141E~08
2427TT1416E-08
2470820484E~C8
24 79060421Ek~08
4.3971876E-08

4 5 2.0000000E+00
8 1 6.0000000€+00
12 1 6,0000000E+00
16 5 2.0000000E+00
20 0 3.,6608947E+00
24 0 4.8707362E+00
28 0 5.8299749E+00
32 0 5.9764863E+00
36 0 3.32333946E+00
40 0 3.9735566E+00
44 0 5.3634930E+00
48 0 5.9165804E+00
52 0 2,0004003E+00
56 0 2.4264833E+00
60 0 3,1499411€+00
64 0 3.9952934E+00
68 0 4.7210369E+00
72 0 5.9972814E+00
76 0 3.3716782E+00
80 0 4.8356400E+00
84 0 3.9994167E+00
DIRECTION TRANSIT TIME
1.63436080E+402 T7.6873750E+05
1.6007307E+02 2.1576961E+05
1.6007307E+02 4.1681294E+05
1.6007307E+02 1,4235811E+05
1.60073CTE+02 1.6154701E+05
1.6607307E+02 9,0882679E+03

. et c



File TRANSIT — unit 41

R990 SAMPLE RUN OF SDF PACK, ¢ RECTANGULAR MODEL

LLL

DOoOWwNN

30

32
5

FILE 1 TRANSIT,.U41
AUXILIARY DIRECTIONAL PARAMETERS FOR JAPs 1
DIRECTIONM RDFR oL M DWTVHM

1 1,8BE=-C3 2,01€~C1 B.35E~-07 19 +OCE+00 «COE+0O «0CE+C(

> 2,72E-01 T.47E=01 7.93E-06 20 CGUESDO  JCUE+G0  oOCE+CH

3 BeB83E~03 117400 2.52E=0C6 21 «00FE+00  .0CF+CO +O0CGE+0OC

4 +00E+00 +0CE+CO +00E+00 22 «CCE+0Q «OCGE+OQ +O0E+OC

5 9s2BE~(2 5.5CE~01 b.48E=-0C 23 «0CE+00 «00E+00 «00E+0C

6 3.97E=02 ¢,42E-01 3,99E-0¢ 24 2eTTE=D3 1,46E4¢C0 1,23E=-0¢

7 5,69E~02 T.61E-01 3,98E-06 25 «00E+00  ,00E+00 +OOE+0C

8 6.62E=02 Q,82F=01 4.42E-06 26 3.22E~03 6,92E-C1 1.CH6E-06

9 +00E+CO +«OCE+00 +0CE+QC 27 «0OE+00O «CCE+OD +BLE+QO
10 +OLE#NC «00E+00 +00E+00 28 «00E+0C +DCQE+00 +0CE+00
11 1.67E=02 9.31E=-01 2.95E-06 29 3.16E-02 7.74E-01 4.83E-06
12 «0CE+00 «00E+CO +00E+OC 30 2416E=02 1,11€400 3,CCGE=-0¢C
13 CCOE40L  JLCE+CO  .OOE+0GC 31 1.61E-01 8.60E-01 3.72E=06
14 (COF4C0  LOGE+00  LODE+0C 3z B.CBE-D2 1.2564(C 5.T76E-06
15 (00E+00  JOCE+00  .OCE+GC 33 1.01F=02 4.236=01 4.46E-06
16 COCE+0C  oOCE+GO  +OCE+00 34 c00E+00  .OCE+00  +OOE+GO
18 DCESCC  JOCE40U  o+DOE+OC 36 2.093E=02 1,26E40C &.45E=-06

ARRAY IDIR '
FORMATI 10(J IDIR(J))

1 2 2 2 3 2 4 2 5 2 6 2 L4 2 8 2 9 2
11 2 iz 2 13 2 14 2 135 2 16 2 17 2 18 2 19 2
21 2 22 2 23 2 24 2 23 2 26 2 27 2 28 3 29 5
31 5 32 5 33 ) 34 5 33 5 36 5 37 5 38 6 39 6
41 6 42 4 43 L4 44 7 45 7 46 7 47 7 48 8 49 8
51 8 52 8 53 8 54 8 55 11 56 11 57 29 58 29 59 29
¢1 30 ¢z 31 ¢3 31 ¢4 3] 65 31 66 131 67 31 68 31 69 31
71 31 72 31 73 31 764 31 75 31 7¢ 31 17 31 78 32 79 32
81 32 82 132 83 32 84 132 85 32 86 33 87 135 88 35 89 135
91 35 92 3% 93 3% 94 35 95 135 96 35 9T 3¢ 98 3% 99 3%

STIZE NF CGENFRATED NETWORK
X=LFNGTHs= 10.C000 (M)
Y=LENGTH= 10,0000 (M)

PARTICLES MUST TRAVEL 100,00 (M) IN THE X DIRECTION



File TRANSIT —

STATISTICS CF ALL PARTICLES FOR JAPs

z
-

™ O D~ S W

XTRAV (M)

l1.GCE+C2
1.CCE+02
1.00E+402
le.C0E+N2
1.,C0E+02
1.CLE+02
1,CO0E+02
1.00E+02
1.,00E+02
1.,CCE+n2
1.CCE+02
1.CCE+02
1,0CE+C2
1,00E+02
1.C6CE+N2
1.C0E+02
1.,0CE+02
1,00E+02
1.00E4C2
1.,00E+02
1.CCE+C2
1.00E+02
1.G0E+02
1.00E+02
1.00E+402
1.0CE+02
1.CCF+02
1.C0F+02
1.00E+02
1.00E402
1.,00E+C2
J.CO0E¢C2
1.00E+02
Y.CCE+C2
1.,0CE+02
1.CCE+C2
l.G0EN?
1eNCE+C2
1.0C0E+02
1.0CE+02
1.CCE+02
1,C0E+02
1.0CE+u2
1.005+0?
1.0CE+02
1,00E+02
l1.CCE+0D2
1.0CE4C2
1.C0E+C2
1,0GE+Q2

unit 41

(continued)

BASIC OESCRIPTIVE STATISTICS OF ABS.TRAV.OIST.» TRAV(M)

NUMBER CF
DATA POINTS

jo14]

MEAN

1.434E402

112

1
YTRAV(M) TRAV(M) TIME(S) NSTEP
4.3BE+L0  1444E+02 2,95E+07 169
«3438E400 1.,49E402 3,12E+0G7 174
4¢8TE+OC 1,48E+02 2.99E+07 176
§.91E+C0 1.51E+402 3.17E+07 177
=%.B8F+00 1.45E+02 2.91E+07 173
~1.39E+01 1.38FE+02 2.68E+07 164
=B843CE+00 1.51E+02 3.14E+07 178
GeBlE4CO 1.40E+02 2.74E+07 17
FeOL1ECCGL  1493E+02 3.13E+07 181
=1.49E401 1,37E+402 2.74E+07 1%6
=1.17E+G1 1.52E+02 3,16E+07 17°
=1e9%5E+C0 1.41E+02 2.7TE+07 166
8432E=C1 1.3TE+02 2.59E+07 164
4,92E+C0 1.3TE+Q2 2.57E+07 164
203BE+CGL  1o44E+02 2,.50E+07 171
1e4AE+0]1  1.47E+02 2.93E+07 178
=4 T4E+Q00 1.47E+02 2.95E+07 lé68
=94,15E+00 1,45E+02 2,89E+07 167
=3,264E400 1.,42E+402 2.,84E+07 167
«2:31E+00 1.45E+02 2,90E+07 176
£e34E+0C 1.50E+02 3.,03E+07 184
«Te%57E=01 1.,43E+02 2.78BE+07 171
b GCE+CDO  1.46E+02 2.97E+07 172
‘;,355#00 1.96E+02 2.,90E+C7 174
=2.066E400 1.41E+02 2,77E+07 163
=2,43E46G0 1.45E+402 2.,98E+0G7 170
~4,82E+0C0 1,41E+02 2.81E+07 166
=2eGFTE+CO 143BE+02 2.68E+0Q7 164
~1.61E+40]1 1.,44E+402 2.,90E+07 171
Sel19E+4C0 1,48E+02 2,94E+07 177
4,20E=-C1 1.42E+02 2.TBE+J7 168
249%5E+00C 1.,42E+02 2.78E+C? 166
4,2%E+00 1.43E+02 2.7TE+07 168
=1s43E4+0] 1.41E+02 2.78E+07 165
1e48E+0C 1.,42E+02 2.,B0E+CY 17¢
2e4SE+UC  1433E¢02 2.50E+407 158
“1e34E+01 1.35E+402 2.61E+07 15¢
=3,90E-0U1 1.41E¢C2 2,85%E+07 172
=1.21E4+01 1.43E+02 2.88E+07 166
=4e3TE+00 1.42E+02 2.87E+07 163
=4,58E+400 1,43E+02 2.,91€E+C7 171
=Q,28E=C1 1.,46E+02 3,01E+07 173
=1e2CE+01 1,45E+C2 3,09E+07 167
=1.18E+01 1.390E+02 2.82E+07 162
=5.5%E+00 1.41E+02 2.84E+07 165
=1454E40]1 1.,47€E+02 3,05%5E+C7 168
1.C0E+01 1.43E¢02 2,8l1E+07 173
=BeQEE+CC 1.43E¢02 2,82E+07 170
~3,68E+00 1,49F+02 3,01E+07 174
TeBBE4C0 1440E+02 2,T9E+(07 175
STANDARD
DEVIATION MAXIMUM MINIMUM
4.390E+00 1.528E+02 1.328E+02



gLl

File TRANSIT — unit 41

FREQUENCY DIAGRAMS OF TRANSIT TIME (S)

BASIC DESCRIPTIVE STATISTICS OF TRANSIT TIME (S)

(end)

NUMBER (QOIF STANDARD
DATA POINTS ME AN NDEVIAT1ON MAXIMUM MINIMUM
50 2.8T72E+07 1.519E+06 3.,173E+07 2.501E+07
MIDDLE FREQ CuUM REL RELATIVE FREQUENCY CUMULATIVE FREQUENCY DIAGRAM
INTERV FRFQ DIAGRAM
2.52E4C7 1 2 1% 1%
2e585E+CT o 2 1 1%
2.59E+07 2 6 1## 1*%%
2.62E407 1 8 1* 15054
2.65E¢07 e e 1 1esux
2.69E+C7 2 12 1*» 1%k
2.T2E+N7 0 12 1 1k ses
2. TBECT 5 22 1%k LRI IR T LY
2.T9E+CT 6 34 SRR EZ L L, LI TIT 2RI I L
2.82E+C7 4 42 1ee%% 1555006 sb e ReRE Rk RKES
2485E4C7 4 5c 1¢exe LS SE SR SRR S ESERE RSP ESE RS
2.89E+¢7 L) (X 1%¥%%% 154 SR RSN AR RN RERERERREERES
2.92E+4C7 5 70 1%%k%% LERE SRR SRR R RE AR AR R ARRERE RS RRRE
Ce95EH(T 3 T¢ 1%%x% 152220 R AR R AR R RE AR AR B AR ESEB AR SRR ES
2.99E+C7 2 8c 1%x 120004 RARRARES AR AE RS AR E RS RS RE RN AR IR AR
3.02E+CT 3 Bé 1ese 1904508080t R AR R ARSREE AR RE AL RS
3.GOE+07 1 8e 1+ 165200240 R R RRRR SR KRR SRR AR S SRR AR RA B RN S
A,09E+CT 1 9¢C 1% 1HEE AR RRS R EERR RN AR ARG RE R IR RRRE AR AR RN kS
3.12E+07 3 96 1%%% LESRAR AR EE R Ra bR At Rk kAR AR RERRERbbRb R bR RR bbb b bR
3.16E+07 1 98 1% L1E+ 426 R R 0R AR AR R SR AR RRRR AR RS F RS AR R AR SO RS RS R4
3,19E+4C7 1 160 1# 150 SRR LRSS SRR RA RS SR RR AR NERIBRRE bR ESb RS0S40
LARAR LA AL L /7// END OF LISY 72/7171/

2RI RS EL S

//// END OF LIST 7/11



F.2 A Rectangular Model With Abutting Fractures: Realization 992

A1l input data are the same as realization 990, except for the
value of ITERM;-which is 1 for the fracture sets 2, 3, and 4.

File INP1 — uni+t 1

“392 SAMPLE QUN OF S0F PACK. : REZCTANG. MCDEL WITH AJUTMENT

4 1 3.0 9793. 25. 1 1 1 2 53 130. 9
=1.0 11.0 11.23 =1.0 0.0 10.0 12.C 0.0
1 9.0 0.0 1 5.0
3
1 Je 1040 0
J _
1 10.3 10.9 1 2.3
o
1 13.9 3o9 2
g
048 2 2 1 0
040 2 2 1 1
.3C Z 2 1 1
1.3C 2 2 1 1
1.4 C.22 15.9 10.C 1465.3C 10.3 0.203305 Ced
1.2 Ca30 95.0 10.0 125.8 10.0 24002335 0.2
1.8 C. 80 125.9 1C.0 65.0 1C,0 2.002395 Gat
Cal .33 165, 10.0 15.3 16.5 92.0032005 Je
113 44
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Y-AXIS

REALIZATION 992

©-1.00 1.00 3.00 5.00 7.00 9.00 1.0
© ! L | I I 1 | ! ! ! | 8
o o
o — O
o o
(e} (e}
o - — O
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o o
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[k — O
) ”
O o
O — O
(@] o
o (&)
. T T 1 T T T T T T T T n

-1.00 1.00 3.00 5.00 7.00 9.00 11.00

X-AXIS
Figure F.4, Computer plot for realization 992; see

Figure F.2 for meaning of the numbers.
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£.3 A Circular Model: Realization 991

HEAD =6m

NO-FLOW
BOUNDARY

HEAD =2 m

NO-FLOW BOUNDARY

Figure F.5. Boundary conditions for realization 991.
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File INP1 — wunit 1

S991 SAMPLE 2UN OF 5DF PACK. : CIRCULAR MODEL
4 2 4.0 971. 10. 2 1 1 2
=1.9 11.2 1.0 -1.0 0.0 10.0 12.¢ 0.0
1 3.0 2.5 )
0
2 10.0 3.3 10.3 1 6.2
1 138 0.9 ¥
Y
2 2.3 2.5 0.3 1 2.0
Detd 2 2 1 Q
Je6d 2 2 1 d
2.29 2 2 1 3
1.038 2 2 1 3J
1.4 3.33 15.0 10.0 165.3 1C.0 D0.290035
1.2 J.20 $5.0 10.0 125.0 1C.0 ©C.000005
1.0 J.30 125.9 12.9 55.3 1.0 0.0C03935
0.3 5.9 165.5 13.3 152 1.0 3.9000235

File INP2 — unit 21

R991=1 FIRST SET OF APER. DATA FOR SAMPLE RUN ON CIRC. MODEL

2 2 1 3 0.5 991, 4 0
-13,0 J.8
"‘1200 0.8
-11.0 0.8
=100 0.8

17



REALIZATION 991

o o
c?AIACO C.20 i.20 2.20 3.00 4.20 5.¢C0 6.00 7.00 5.CC 3.00 13.0C II?GO
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X-AXI1S

Figure F.6.

Computer plot for realization 991;
Figure F.2 for meaning of the numbers.
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Appendix G
Program Listings



APPENDIX G

Program Listings

G.1 Listing of the Program NETWRK
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NETWRX

PROGIAM NETWRK

(R R R R R L Ry Ry N R R R R R R T

PROGRAM TO GENERATE A TWO-DIMEINSIONAL NETWORK OF FINITE LINE SEGMENTS
AND TO COMPUTE SEVERAL STATISTICS ON THE GENEQATED LINE NETWORK.
(WRITTEN 3Y A. ROULEAU, 19837 UPDATE 8Y A. ROULEAU, JAN. 1936)

LA S AL A SEERAEEAAE RS RR R REERTEE R R ESE IR E B R S g g g g g Y

YOO O

DOUsSLE PRECISION SEED,PI,RAD
INTEGER THDSTR,APDSTR

[}

C DIMENSION NSET = 4 , AND MAXFRA = 1(C0
CIMENSION THP(1D3,4)
DIMENSION X1(100,8),Y1(12C,4),X2¢100,4),
*Y2(100,4),THC10C,4), TANTH(1C0,4)
INTEGER CUT1(10C,4),CuT2(120,4)

C DIMENSION MAXFRA = 100
PIMENSION XC(100),YCC(I00),TRACE(T00),DEGRECTIOO),
*DZGREP(100),APERCI1OD)

C DIMENSION MAXINT=150, 2+«MAXINT=300 (SEZ DATA STATEMENT)
CIMENSION XORD(15D),YORD(150)
INTEGER INCT1(153,2),INC2C150,2),
*13(150)
LIGICAL cFfF(150)

o

C DIMEZINSION MAXELT = 200
DIMENSICN ELCR(200),ELOR2(203),w(200),ELLENC2DD)
INTEGER NODT1(20C)I,NOD2(2I0),ISET(20Q)

©

COMMON /ZAREATA/ XMIND,YMAXO,XMAXO,YMIND

COMMON /AREA13/ XMINI,YMAXI,XMAXI,YMINI,IGEOM

COMMON /AREA2/ NSET,MAXFOA,MAXINT,MAXELT,NUMINT,NUMNPT ,NUMELT,
*NOINT,IPRT

COMMON /AREA3A/ SEED,PI,RAD,COEF

COMMON /AREA33/ TITLE(CR0)

COMMON /AREA4L/ ATHILS5),B8TH(S),ATHP(5),3THP(S),THDSTR(S),NFRAC(S)
COMMON /ARZAS/ DENSC(5),ALE(5) »3LEC(5),LDSTR(S),ITERM(S)

COMMON JAREAC/ AAP(S),BAP(S5),APDSTR(S) ,DAAP,NAAP,IAAP,NAP,IAP
COMMON /AREA7/ R(3),XB(3),¥YB(3),ISHAP(3),1I8C(3)

€

EQUIVALENCE (TH,TANTH) »(DESRZ,APER) S (TRACELEFF,NODY)
SQUIVALENCE (IB,NOD2),(w/,XC)

¢

C DIMZINSION MAXINT=150 (2+«MAXINT=330)
DATA I37150%0Q07,INC2/7300%Q7/

3
C ASSIGN VALUES TO SOME CONSTANTS
MAXFRA=100
MAXINT=150
MAXELT=200
PI=3.1415926535%
RAD=PI/130.
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OO i

o
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NETWRK

READ IN DATA

READ(1,3) TITLE
3 FORMAT(2GAS)

READ(1 ,SINSET,ISP,COEF,SEED,PLTSIZ,IGEOM/ NAPANAAP,DAAP,IPRT
5 FORMAT(2IS,3FS.Cr3I5,F12.0,15)

READ(C1,7) XMINO,YMAXO, XMAXO,YMINO, XMINI,YMAXI, XMAXI,YMINI
7 FORMAT(BF5.0)

CHECK FOR MIXED UP RECTANGULAR S0OUNDARIES
TF(XMINT .GT, XMINO .AND. XMAXI .LT. XMAXO .AND. YMINI .GT. YMINO
*,AND. YMAXI .LT. YMAXQ) GO T 19
WRITE(2,3)
3 FORMAT(//,*12ax ERROR IN INPUT DATA: MIXED RECTANGULAR 3CUNDARIES")
STOP )

19 IFCIGEOM .EQ. 1) N30=3
IF(IGEOM .E£Q. 2) N80=¢£
READ(T1,22)CISHAP(I)»R(ID,X3(CI),Y3(1),1I8C(I),1=1,NBO)
22 FORMAT(IS,3F5.0,15)
READ(T1,25)C(DENSCI)SLDSTRCID,THDSTR(CIDAPDSTR(ID,ITERM(I),I=1,NSET)
25 FORMAT(F10.C/,4I5)
READ(1,29) C(ALECI),BLE(I)ATHP(I1),BTHP(I),
*ATH(I)»BTH(I) »AAPCI),BAPLI),I=1,NSET)
29 FORMAT(EBF10.C)
WRITE(2,34) TITLE

4 FOPMAT(*1",/,1X,20A6,7,° FILE: SUMNET.UQ2")

PRINT CUT SOUNDARY DATA

WRITE(2,70)
70 FORMAT(//7+,1CX,*INPUT BOUNDARY DATA',//,® NUMBER SHAPE RADIUS ',
*5X,*X3%,3%X,%Y8%,2X,*%13C", /)
WRITE(2,71)( 1, ISHAPCI) ,R(I),X3(1),Y¥B(I),1I3C(I),I=1,NBO)
71 FORMAT(IS,I7,F3.2,2F10.3,14)

PRINT INPUT DATA FOR FRACTURE NETWORK

WwRITEZ(2,80)(TI,I=1,NSET)
30 FORMAT(//7/7,1C0X,*INPUT DATA FOR FRACTURE NETWCORK',//,' FRACTURE ',
**SET :',T25,5110)
WRITZ(2,35)C0ENS(I),I=1,N5ET)
85 FORMAT(/" DENSITY :',T25,5F10.377)
WRITE(2,87) C(ITERM(I),I=1,NSET)
37 FORMAT(/,' TERMINATION MODE :',725,5110)
WRITZ(2,95)(LD3TR(I),I=1,NSET)
95 FORMAT(/7"* DISTRIBUTION TYYPE',/,* FOR TRACS LENGTH :*,
*T25,5110,7)
WRITE(2,100)(THDSTR(I),I=1,NSET)
100 FOoRMaAT(* FCR ORIENTATION :',T25,5110)

WRITE(2,108) (ALE(I),1=1,N3ET)

108 FORMAT(/® DISTRIBUTION FARAMETERS®,//,* FOR TRACE LENGTH',/,10X,
**'A :',T25,5F10.2)
WRITE(2,110) (BLECI), I=1,NSET)

110 FORMAT(10X,*8 :*',T25,5F10.2)
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e N aNaNe)

[aNale Nl

NZITWRK

wRITE(2,112) (ATH(I),I=1,NSET)

112 FOAMAT(/,' FOR ORIENTATION WITHIN SIMULATION PLANE',/,10X~,
%4 ', T25,5F10.2)
WRITE(2,115) (BTHC(I), I=1,NSET)

115 FORMAT(IOX,'B :*,T25,5F10.2)
WRITE(2,117) (ATHP(I),I=1,NSET)

117 FORMAT(/,* FOR OPIENTATION FROM SIMULATION PLANE®*,/7,10x,
*VA ', T725,5F15.2)
WRITE(Z2,119) (2THP(I),I=1,NSET)

119 FORIMATLIIX,®B :'»T25,5F10.2)

GENERATE THE FRACTURE TRACES.

CALL GENLINUX1,Y1,%X2,Y2,%XCoYC,TRACE,DEGRE,DEGREP,
«TH,THP,18,XORD,YORD,INCT1,CUTT,CUT2)

IFCISP-1) 130,125,126

SAMPLE THZ LINE NETWORK FOR SPACING VALUES.
125 CALL SPCNGICTANTH,X1,Y1,22,Y2)
G0 10 130
126 CALL S3PCNG2C(TANTH,X1,Y1,X2,Y2)
LOCATE ALL THE INTERSECTIONS.

130 CALL INTERSCTANTH,X1,Y1,X2,Y2,INC1,INC2,X0RD,YORD,IB)

FIND OUT THE ZFFECTIVENESS OF EVERY INTESRSECTION.
CALL SFFINT(X1,INC1,INC2,EFF,XIRD,YORD,I)

IF(PLISIZ 4LTe C.0) GO TO 140

MAKE A PLOT OF THE FRACTURE NITWORK.

CALL PLOTFR(PLTSIZ,TANTH,X1,Y1,X2,Y2,X0RD,YORD)

DEFINE THZ ELEMENTS.

140 CALL ELTDCF(X1IY1lXZIYZIINC11IVCZIXOPDIYONDIAP:PtCUT1ICUTzl
*TH,THP,ELOR,ELORP,ELLEN,W,NOD1,NOD2,ISET)

35TOP
END
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TH: 3U3RA0UTINE GENLIN GENERATES THE LINE TRACES FOR ALL THE
FRACTURE S5ETS, GNE SET AFTER THE JTHER. GENLIN CALLS THE SUSROUTINES
RZCZ2DR AND (CIRZDR.

SUBROUTINE GENLIN(XT1,Y1,X2,Y2,XC,YC,TRACE,DESRELDEGREP,
*TH,THP, I3, XORD,YORD,INCTI,CUTT,CUT2)

DOUBLE PRECISION SEED,PI,RAD

INTEGER ESTNFR,THDSTR

COMMON JAREATA/Z XMINC,YMAXO,XMAXO,YMIND

COMMON /AREATZ/ XMINI,YMAXI,XMAXI,YMINI,IGZOM

COMMON /JAREAZ/ NSET,MAXF2A,MAXINT, MAXELT NUMINT,NUMNPT,NUMELT,
«NOINT,IPRT

COMMON /AREA3AZ SEEDSPI,RAD,COEF

COMMON /AREAL/S ATH(S),3TH(S5),ATHP{5),BTHP(S5),THDSTR(S),
*NFRACC(S)

COMMON /AREAS/ DENS(5),ALE(S)»3LE(S),LDSTR(S5),ITERM(S)
COMMON 7AREA77 R(3),XB(3),YB(8),ISHAP(8),123C(3)

COMMON /AREAS/ DESLEN,SUMLE,ESTNFR

COMMON FAREA15/ JSET,JFRA,JO,NBN,ISL(2)

COMMON /8REAT6/ LINT

INTEGED? IS(MAXINT),INCT(MAXINT,2)

INTEGER CUTT1(MAXFRA,NSET), CUT2{MAXFRA,NSET)

DIMINSION TH(MAXFRA,SNSET) ,THP(MAKFRA,NSET),

*X1 (MAXFRA,NSET), YT (MAXFRALNSET)  X2(MAXFRA,NSET), Y2Z(MAXFRA,NSET)
DIMENSION XC(MAXFRA),YC(MAXFRA) ,TRACE(MAXFRA),DEGRE(MAXFRA),
*DEGREP(MAXFRA)

DIMENSION XORD(MAXINT) YORD(MAXINT)

COMPUTE SURFACE ARER OF MODEL

IFCIGEIM .S2d. 1) THEN .
AREA=(XMAXT=XMINI)#(YMAXI-YMINI)

ZLSE
RO=R(3)
RI=R(e)
AREA=PI*(RC=RI)*(RO+RI) /4.

END IF

LINT=0
00 223 JSET=1,NSET

CALCULATEZ DESSIRED TOTAL TRACE LENGTH (DESLEN) AND ESTIMATED NUMSER OF
TRACES (ESTNFR) FCOR THE SET.

I=JSET

AT=ATHP(I)*RAD

DENSCI)Y=DENSC(I)*SINCAT)

DESLEN = DENSU(I) ~ AREA

IFCLD3TR(I) .EG. 2) GO TO 16

AMEAN=ALE(T)

60 TO 13
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GENLIN

16 AMEAN = EXPCALE(I)+ BLE(I)#*BLE(I)*C.5)
13 ESTNFR = (DESLEN/AMEAN) + COEF
IFCESTNFR JLT. MAXFRA) GO TO 24
WRITE(2,20) ESTNFR,I,MAXFRA
20 FORMAT(®1exx+ ERROR .CONCERNING MAXFRA whwienwnwe',//,
** ESTNFR = ',I4,° FOR SET *,I4,'. THIS IS MORE THAN THE MAXIMUM®
*/,°FOR WHICH MEMORY SPACS I3 AVAILA3LE, I.E. ',I4s,° (MAXFRA)'

*,/* DECREASE COEF OR INCREASE THE VALUE OF MAXFRA IN THE PROGRAM®)

STOP
24 IFCIPRT .EG. 1)GO TO 256
WRITE(2,25) 1
25 FORMAT(//7/7,10X»*FRACTURES OF SET',14,/74X,"NUMBER",/,
20 GNRTD ACTUALY, 4X,"LENGTH®,S5X,"ANGLE",6X,"X1',8X,"Y1*,8X,"X2"%,
«3X,°¥2%, 1)

GENERATE FRACTURE CENTERS.

26 CALL GGUBS(SEED,ESTNFR,XC)
CALL GGUBS(SEED,ESTNFR,YC)

GENERATE FRACTURE TRACE LEINGTHS .

IF(LOSTR(I) .EQ. 2) GO TO 30
DO 27 J=1,ESTNFR
27 TRACE(J) = ALE(I)
30 TO 45
30 CALL GGONLG(SEED,ESTNFR,ALE(I),BLE(I),TRACE)

GENZRATE FRACTURE ORIENTATIONS .

4S TFCTHDSTR(I) .EQ@. 2) GO TO 55
20 52 J=1,ESTNFR
THP(J,I) = A1
52 DEGRE(J)I= ATH(I)
G0 TO 50
55 CALL GGNML(SEED,ESTNFR,DEGRE)
CALL GGNML(SEED,ESTNFR,DEGREP)
00 58 J=1,ESTNFR
THP(J,I)= (DEGREP(JI*BTHP(I) ¢+ ATHP(I))I*RAD
S8 DEGRE(J)= DEGRE(J)I*BTH(I) + ATH(I)

COMPUTE COORDINATES OF EXTREMITIES OF ALL FRACTURES IN SET I.

60 20 73 J = 1,ESTNFR
THL=DEGRE(J)

TO AVOID SINGULARITY AND EVZNTUAL DIVISION 8Y J., MAKE SURE THL IS
NOT EXACTLY =-90.0,0.0,90.0,180.0 0P 270.0.
IFC(THL .GE. 0.50 <AND. THL JLE. 179.50) .0R. (THL .LE. -C.50)
* ,0R. (THL .GE. 180.53)) GO TO 42
IFC(THL .LEe Ca5 <AND. THL .GE. 0.0) .OR,

* (THL JLE. 180.5 .AND. THL .GE. 183.0)) THEN
THL=0.5
ELSE IF((THL o.LE. Q0.0 «AND. THL «GE. -0.5) .0OR.
* (THL .LE. 130.0 .AND. THL .GE. 179.5)) THEN
THL==0.5
END IF
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G0 TO 63
62 IFCCTHL .LE. 39.5 .AND. THL .GE. =89.5) .0R.
* (THL .GE. 90.5 AND. THL .LE. 269.5)) 50 TO &3
IFC{THL .GEs 8945 AND. THL .LE. 90.3) .OR,
* (THL .GE. 269.5 AND. THL JLE. 270.0)) THEN
THL=%9.5
ELSE IF((THL .GE. 90.0 .AND. THL .LE. 90.5) .0OR.
* (THL +GE. =900 .AND. THL .LE. =89.5)) THEN
THL=90.5
END IF

53 THL=THL*RAD
XCJ = XCC(JI*xXMAXO ¢ (1-XC(J))*XMINO
YCJ = YC(JI*YMAXO + (1-=YC(J)I*YMINO
TRL=TRACE(J)

DY = TRL*SIN(THL) * 0.5
OX = TRL*COS(THL) « 0.5
X1L = XCJ + DX
Y1L = YCJ4 + DY
X2L = XCJ4 = DX
Y2L = YCJ - DY
o
C TO SIMPLIFY COMPUTATIONS, MAKE SURE Y2 IS LT Y1,
C
IF(Y2L .LT. YIL) GO TO 65
X3= X1L
¥Y3= Y1L
X1L = X2L
YL = v2L
X2L = X3
yaL = v3
o

C ARZ THE FRACTURES OF THIS SET ASUTTING ON FRACTURES OF CTHER SETS ?
55 WRITE(2,555)I,ITERM(I)
555 FORMAT(® 3EFQRE TERM: I, ITERM(I):',21I5)
IF C(ITERM(I) .E%. 1) THEN
CALL TERMCJISETTHLAXTL YL, X2L, V2L, TH, X1,Y1,X2,Y2)
END IF :

CONVERT THE VALUE OF THL FROM ANGLE TO TANGENT AND ENTER VALUES IN
CORQESPONDING ARRAY,

[a el el e

THOJ,I)=TANCTHL)
X10J,T)=X1L
Y1, 1)=2Y10
X2, 1)=X2L
Y2@J,1)=Y2L

70 CONTINUE

CHECK FOR ANY CF THE EXTREMITIES GOING QUTSIDE THE MODEL BOUNDARIES
AND MAKZ ADJUSTMEMT FOR THE TRACE LENGTH AND FQR THE COORDINATES
OF THE CHOPPED OUT EXTREMITY.

a2l aNa¥alal

N3Nz

SUMLE=D.

JO=0

IFCIGEOM .EQ@. 2)GO TO 30

CALL RECSDRUX1,Y1,X2,Y2,TRACE,TH,DEGRE,IB,XORD,YORD, INCT,
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*CUT1,CUT2)
60 TO 90

80 CALL CIRBDRUX1,Y1,X2,Y2,TRACE,TH,DEGRE,IB,XORD,YORD,INCT,
*CUTT1,CUT2)

o
C PRINT SUMMARY OF FRACTURE SET I.
¢
90 IF{SUMLE .GT. DESLEN) GO 70 180
WRITE(2,175) DESLEN,SUMLE,ESTNFR
175 FORMAT(//,%1 %%+« ERROR IN SUBROUTINE GENLIN *xxxt,//,
" cSTIMATED NUMBER OF FRACTURES IS TOO SMALL*,77.,
*% INCREASE THE VALUE OF COEF.',//.,
*10X,°DESLEN = *,F10e4,® SUMLE = *,F10.4,% ESTNFR = *,14)
3TOP
130 ACTLEN = SUMLE
NFRAC(I) = JFRA :
WRITS(2,214) 1, DENSCI),AMEAN,AREA,DESLEN,ACTLENLESTNFR,NFRAC(I),
xJC o NBN
214 FORMAT(/777777,20Xs*SUMMARY OF FRACTURE SET?, 14,
* 17+,2X,"DENSITY OF FRACTURING ", F10.4," L/L*%2',/
* #2X, THEORETICAL MEAN TRACE LENGTH',F10.4,/
* »2Xs"SURFACE AREA COF THS MODEL',F10.4,/
* s2X,"DESIRED TOTAL LENGTH FOR THE SET',F10.4,/
* +2X,*ACTUAL TOTAL LENGTH FOR THE SET ',F10.4,/
* s2X,YESTIMATED NUMBER OF FRACTURES',I14,/
* +2X,ACTUAL NUMBER OF FRACTURES GENERATED ',I14./
* +2Xs*NUMBER OF FRACTURES TOTALLY IN THE BUFFER MARGIN ',I4,/
* 22X, NUMBER OF INTERSECTIONS WwITH A BOUNDARY',I4)
2230 CONTINUE
¢
RETURN
END
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SUBROUTINE TERM(JSET,THLAXTL,YT1L,X2L,Y2L,TANTH,/X1,Y1,X2,Y2)

¢
C R R AN N AR AR E NIk AR AR R R R AR R AR AR AT RN AR R RN A ARk h kR RNk R A
C
C THIS SUSROUTINE ENSURES THAT THE EXTREMITY 1 (HIGHER Y~-VALUE) ALWAYS
¢ TERMINATES ON ANCTHMER FRACTURE, I[F THE FRACTURE DOES INTERSECT
C ANOTHER FRACTURE.
C
C Atk AN AN R RN AR AR R IR RRR KA NI N AR AR A R RN RN AR RR RN N AA AN R R R A AL
C
COMMON /AREAZ/ NSET,MAXFRA, MAXINT,MAXELT/NUMINT, NUMNPT,NUMELT,
*NJOINT,IPRT
COMMON /AREAGL/ ATHCS) »3TH(S),ATHP(5),B8THP(S5),THDSTR(S),NFRAC(S)
COMMON /AREAS/ DENS(5),ALE(S),3LE(S),LDSTR(S),ITERM(S)
DIMENSION TANTHCMAXFRASNSET) A XT(MAXFRA,NSET),YT(MAXFRA,NSET),
*X2(MAXFRA,NSET),Y2(MAXFRA,NSET)
C
WRITE(2,5)JSETXTL,YTIL,X2LNY2L
S FORMAT(® OLD: JSET, X1LAY1L,X2L,Y2L:'/,1I5,4F10.2)
IF (JSET .EQ. 1) THEN
WRITE(2,10)
1¢C FORMAT(//77,"% wxxx WARNING wxwsx?,/,
«% FRACTURE SET 1 CANNOT HAVE ABUTTING FRACTURES, *»/,
*% T.E., ITERM(1)=1 IS NOT PERMITTED.',///)
RETURN
END IF
C FIND ALL INTEARSECTIONS OF THE FRACTURE CONSIDERED WITH THE
C FRACTURES OF THE SETS ALREADY GENERATED. THIS SECTION IS SIMILAR
C TO A PQORTION OF SUBROUTINE INTERS.
C

TANT=1/TAN(THL)
YMAX=0.
D0 110 I=1,J45€ET-1
NFRACI=NFRACC(I)
D0 13C J=1,NFRACI
TAN2=1/TANTH(J, D)
C COMPUTE INTERSECTION ORDINATE YI AND CHECK FOR YI INSIDE THE RANGE
C FOR 50TH FRACTURES.
IF ((TANT-TAN2) .t5Q. 9.0) TAN1=TANZ2+0.030901
YI=COYIL#TANT)=(Y1(J,IDATAN)=XTL+XT1(J,1)) /7 (TANI-TAN2)
IF (YI .L7. Y2L .0R. YI .GT. Y1L) GO TO 100
IF (YD JLT. Y2(Jr,I) oORe YI .GT. Y1(J,ID)) GO TO 13C
CHECK FOR LARGEST Y-VALUE OF INTERSECTION
IF (Y] .GE. YMAX) YMAX=YI

(@)

C
100 CONTINUE
110 CONTINUE
IF(YMAX .LE. 0O.) RETURN
C
£ CUT EXTREMITY 1
XMAX=(YMAX-YIL)+TANT + X1L
DY=Y1L-YMAX
IX=XKTL-XMAKX
Y1L=YMAX+(.0CO01
X1L=XMAX+0.3C001»TANT
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THE SUBROUTINE RECSBDR, FOR RECTANGULAR BOUNDARIES, CHECKS FOR ANY LINE
EXTREMITY GOING CUTSIDE THE MODEL BOUNDARIES AND MAKES ADJUSTMENT FOR
TRACE LENGTH AND FOR THE COORDINATES OF THE CHOPPED OQUT EXTREMITYY(IES)
RECBDR CALLS THE SUBROUTINES CHOPXY AND 8NCDE.

VI OO

SU3ROUTINE RECBDR(X1,Y1,X2,Y2,TRACE,TH,DEGRE,I3,X0RD,YORD,INC,
*CUT1,CUT2)

INTEGER ESTNFR,CUTL(2)

LOGICAL ELIM

COMMON /AREA137 XMINI,YMAXI,XMAXI,YMINI,IGEOM

COMMON /AREA2/ NSET,MAXFRA,MAXINT,MAXELT,NUMINT, NUMNPT ,NUMELT,
*NOINT,IPRT

COMMON /AREA7/ R(8),XB(8),YB(8),ISHAP(8),I3C(3)

COMMON /AREAG/ DESLEN,SUMLE,ESTNFR

COMMON /ARREA12/ XTL,Y1LAX2L,Y2L,TRL,THL,CUTL

COMMON /AREA157 JSET,JFRA,JC,NBN,13L(2)

COMMON /AREA16/ LINT

INTEGER IS(MAXINT)I,INCI(MAXINT,2)

INTEGER CUTT (MAXFRASNSET) ,CUT2(MAXFRA,NSET)

DIMENSION X1 (MAXFRASNSET) ,YT(MAXFRALNSET)»X2(MAXFRA,NSET),
*xY 2(MAXFRASNSET), TH(MAXFRA,NSET)

DIMENSION DEGRE(MAXFRA),TRACE(MAXFRA)

DIMENSION XORD(MAXINT),YORD(MAXINT)

EQUIVALENCE (LINT,L),CJISET,I),(JFRALJ)

DO 170 JFRA=T,ESTNFR

ELIM=,FALSE.
cUTL(1)=0
cuTL(2)=0
X1L=x1¢J-1)
Y1L=Y14J, 1)
x2L=x2W, 1)
yaiL=y2WU .10
TRL=TRACE(J)
THL=THWI, 1)
IF(Y2L .GE. YMAXI .OR. YIL .LE. YMINIDGO TO 190
C
C CASES OF INTERSECTIGN WITH A Y-SOUNDRARY
IF(YIL .LE. YMAXI)GO TO 80
C CASE OF INTERSECTION WITH UPPER BOUNDARQY
CALL CHOPXY(1,2,YMAXI)
C
IFCISHAPLL) .EQ. 0) THEN
13L€1)=3
ELSE
IF(XTIL oLE. XE(A)) THEN
I3L(1)=3
EL3E
13L(1)=4
END IF
END IF
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C
8§J IF(Y2L .GE. YMINI)GC TO 25
C CASE OF INTERSECTION WITH LOWER BOUNDARY
CALL CHOPXY(2,2,YMINI)
IFCISHAP(B) .EQ. O) -THEN
I3L(2)=7
ELSc
IFCX2L +LE. XB(8)) THEN
I3L()=8
ELSE
I13L(2)=7?
END IF
EIND IF

85 IF(THL «LE. G.Q0)GGC TO 105

(g}

CASE X2L +LT. X1L (I.E. THL IS POSITIVE)
ITF(X2L .GE. XMAXI .OR. XTL .LE. XMINI)GO TO 159
IF(XTL .LE. XMAXI)GO TO 100

C CASE OF INTERSECTION WITH RIGHT S3QUNDARY

CALL CHOPXY(1,1,XMAXI)

IFCISHAP(A) .EQ. 0) THEN

IBL(1)=S
ELSE
IFCYIL JLE. YBC6)) THEN
I3LC1)=6
ELSE
I3L(1)=5
END IF
END IF

[}

¢
100 IF(X2L «GE. XMINIXGO TO 1635
C CASE OF INTERSECTION WITH LEFT BOUNDARY
CALL CHOPXY(2,1,XMINI)
IFCISHAP(2) .EGQ. 0) THEN
I8L(2)=1
ELSE
IF(Y2L .LE. YB(Z2)) THEN
I8L(2)=1
ELSE
I20(2)=2
END IF
END IFf

30 TO 165

€ CASE X2iL .6T. XTL (I.E. THL IS NEGATIVE)
105 I[FIX2L JLE. XMINI QORa X1L .GE. XMAXI)IGO TO 1630
IF{XTL .GE. XMINI)GO TO 115
C CASEt OF INTERSECTION WITH LEFT BQUNDARY
CALL CHCPXY(1,1,XMINI)
IFCISHAP(Z) .EQ. O) THEN
I8L(1)=1
ELSE
IFCYIL JLE. YB(2)) THEN
183L(1) =1
ZLSE

132



RECADR

15L(1)=2
END IF
END IF

115 IF({X2L .LE. XMAXI)IGO TO 165
C CASE OF INTERSECTION WITH RIGHT SOUNDARY
CALL CHOPXY(2,1,XMAXI)
IFCISHAP(S) .EQ. 0) THEN
I3L(2)=5
ELSE
IFCY2L oLE. YBE(L)) THEN
I8L(2)=¢
ELSE
I3L(2)=9
END IF
END IF

G0 TO 165

16C ELIM=.TRUE.
X1L=997.
40=J0+1
165 IF(IPQRT .EQ. 1)GO TQO 167
WRITE(2,166)J,TRL,DEGRECII XTL,YTILAX2L,Y2L
166 FORMAT(I12,2X,5F10.3)
167 x10,1)=x1L
IFCELIM) (0 TO 170

¢
C REENTER VALUES IN CORRESPONDING ARRAYS.
SUMLE=JUMLE+TRL
Y1 (i, I0=Y1L
X2CJr,I)=X2L
Y2€J,1)=Y2L
TRACE(J)=TRL
¢
C CEFINE 3OUNDARY NODEC(S)
0 158 MoND=1,2
IFCCUTL(MEND) .EQ. 1) THEN
CALL SNODE(MEND,IB,XORD,YORD,INCT)
END IF
168 CONTINUE

CUT1W,Id)=CUuTL(1)
CUT2CJ,1)=CUTL(2)
IF(SUMLE .GE. DESLENIGO TC 200
173 CONTINUE
220 RETURN
END
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THE SUBROUTINE CIRBCR, FOR CIRCULAR 30UNDARIES, CHECKS FOR ANY LINE
EXTREMITY GOING CUTSIDE THE MODEL BOUNDARIES AND MAKES ADJUSTMENT
FOR TRACE LENGTH AND FOR THE CCORDINATES OF THE CHOPPED CUT
EXTOZMITY(IES). CIRSDR CALLS THE SUBROUTINES CIRCLZ2, CHOPXY, CHOPC
AND BNDODE.

LOCAL VARIABLES (IN CIRBDR AND CIRCLZ2)

CIRCLY : LOGICAL STATEMENT FUNCTION THAT TAKES VALUE .TRUE. IF A GIVEN
POINT IS OUTSIDE A GIVEN CIRCLE.
INTCT & INTCZ2 :
LOGICAL VARTIA3BLES THAT TAKE VALUE .TRUE. IF A GIVEN LINE
INTERSECTS A GIVEN CIRCLE (TWO POSSIBLE INTERSECTIONS).
QUTCT & 0oUTC2 = _
LOGICAL VARIABLES WHOSE VALUE IS ASSIGNED 3Y THE STATEMENT
FUNCTION CIRCL1, FOR EXTREMITIES 1 & 2 QESPECTIVELY OF A
GIVEN LINE.
SEPAR : LOGICAL VARIABLE THAT TAKES VALUE .TRUE. IF A LINE IS CUT IN
Tw0 SEGMENT3 INSIDE THE MODEL ITSELF BY THE INNER CIRCLE.
XCENT & YCENT :
COORDINATES OF THE CENTER OF THE CIRCLES FORMING A 30UNDARY.
XC1, YC1 & XC2, YC2 :
COORDINATES OF THE INTERSECTICN(S) OF A LINE AND A CIRCLE
(POSSISILITY OF TWC INTERSECTIONS).

N aNakakakakaRaXaEekaEeNaReEaEaNaRaEs e Na N o Na N o el

SUSROUTINE CIRBDR(X1,Y1,X2,Y2,TRALE,TH,DEGRE,IB,XORD,YORD,INCT,
*CUT1,CUT2)

INTEGER ESTNFR,CUTL(2),CUTEMP

LOGICAL OUTC1,0UTC2,INTCTI,INTC2,CIRCLT,SEPAR,ELIM

COMMON /AREAIB/J XMINI,YPAXI,XMAXI,YMINI,IGEO™

COMMON 7AREAZ2/ NSET/MAXFRALMAXINT, MAXELT, NUMINT, NUMNPT,NUMELT,
*NOINT,IPRT

COMMON /AREA7/ R(B),X3(8),Y3(8),ISHAP(8),I3C(83)

COMMON /AREA9/ DESLEN,SUMLE,ESTNFR

COMMON 7AREAT127 XT1LAYV1LAX2L,Y2L,TRLATHL,CUTL

COMMON /AREAT4/ XCENT,YCENT

COMMON /AREA1S5/ JSET,JFRA,JOLNIN,IBL(2)

COMMON JAREA16/7 LINT

INTEGER IB(MAXINT),INCT(MAXINT,2)

INTEGER CUTT1(MAXFRA/NSET),CUT2(MAXFRA,NSET)

DIMENSION XT(MAXFRA,NSET),YT(MAXFRA/NSET) X2(MAXFRA,NSET),
*Y2 (MAXFRASNSET), TH(MAXFRA,NSET)

DIMENSION DEGRE(MAXFRA),TRACE(MAXFRA)

DIMENSION XORD(MAXINT),YORD{(MAXINT)

SQUIVALENCE (LINT L), CJSET, 1), (JFRALII)

CIRCLT IS A STATEMENT FUNCTION THAT FINDS OUT IF A POINT IS OUTSIDE
A GIVEN CIRCLE OR NOT.
CIRCLIIXG,Y4,R2I=CAX4=XMINI)I#%x2 + (Y4~YMINI)**2) .GE. R2

YOO

la Rl

INITIALIZE OR SET THE VALUE OF SOMEZ VARTIASLES.
XCENT=XMINI
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YCENT=YMINI
J=0
J4=0
RI2=R(B6) *u2
ROZ2=R(3)ne?2

15 SEPAR=.FALSE.
J=J+1
Ji=JJ+1
ELIM=.FAL3E.
CuUTL(1)=0
CUTL(2)=0
X1L=X1(J33,1)
YIL=Y104J,1)
X2L=X2¢J4,1)
Y2L=Y2(JJ4,1)
TRL=TRACE(JJ)
THL=TH(JJ,I)

FIND OUY IFf POINTS ARE OQUTSIDE QUTER CIRCLE
OUTCI=CTIRCLT(XIL,YIL,RO2)
OUTC2=CIRCLYI(X2L,Y2L,R02) .

CASE BOTH POINTS ARE INSIDE QUTER CIRCLE
IFC(NOT. OUTCT .AND. .NOT. OUTC2)G0 TO 30

LOCATE INTERSECTION(S) WITH QOUTER CIRCLE
CALL CIRCL2CRO2,INTCT1,INTC2,XCT1,YC1,XC2,YCR)
IF(CUTCT .AND. QUTC2) THEN

CASE B0TH POINTS ARE OUTSIDE OUTER CIRCLE

IFC.NOTe INTCT JANDL NOT. INTCZ) THEN
30 TG 16¢C
ELSE
CALL CHOPCC(I,XC1,YCT)
I3L(1)=3
CALL CHOPC(2,XC2,YC2)
I3L(2)=3
END IF
ELSE
CASES ONE POINT IN AND ONE POINT OUT OUTSIDE CIRCLE
IFCOUTC1) THEN
CALL CHOPC(1,xC1,YC1)
I18L(1)=3
ELSE
CALL CHOPC(2,XC2,YC2)
I8L(2)=3
END IF
END IF

CHECK FOR INTERSECTION WwITH LOWER BOUNDARY

CASZ OF LINE TOTALLY IN 3Q0TTOM MARGIN
30 IFCY1L .LE. YMINI)IGO TO 160
IFCY2L .LE. YMINI) THEN
CASE OF LINE OVERLAPPING LOWER SOUNDARY
CALL CHOPXY(2,2,YMINI)
IFCISHAP(S) LEQ. Q) THEN
13L(2)=4

135



YO OO

(4]

(@}

CIRABDR

ELSE
IF(X2L -LE. XB8(5)) THEN
I3L(2)=5
ELSE
I8L(2) =4
END IF
END IF
END IF

CHECK FOR INTERSECTION WITH LZFT BOUNDARY

CASE OF LINE TOTALLY IN LEFT MARGIN
TFO(XIL -LE. XMINI .AND. X2L .LE. XMINI)GO TO 140
CASE OF LINE TOTALLY TO THE RIGHT OF LEFT ZOUNDARY
IFCXTL .GEa XMINI .AND. X2L .GZ. XMINIDIGO TO 42
CASES OF LINE OVERLAPPING LEFT SOUNDARY
TF(XIL LE. XMINI) THEN
CALL CHOPXY(1,1,XMINI)
IFCISHAP(2) .EQ. Q) THEN
I183LC1)=1 )
ELSE
IFCYIL «LE. YB(2)) THEN
I3L(1)=1
ELSE
18L(1)=2
END IF
END IF
E£LSE
CALL CHOPXY(2,1,XMINI)
IFCISHAP(2) .£Q. 0) TH:EN
I18L(2)=1
ELSE
IFC(Y2L .
13L(2)
ILSE
[sL(2)=2
END IF
END IF
IND IF

LE. Y3(2)) THEN
=1

FIND OUT IF POINTS ARE OUTSIDE INNER CIRCLE.
(N.B. LINES ARE NOw LIMITED TO FIRST GUADRANT)
43 QUTCI=CIRCLI(XIL,YIL,RIZ),
OUTC2=CIRCLT(X2L,Y2L,RI2)
CASES 30TH POINTS INSIDE OR 30TH POINTS QUTSIDE INNER CIRCLE
IF(.NOT., OUTC1 .AND. «NCT. OUTC¢Z) THEN
50 TO 160
ELSE
IF(OUTCT .AND. OUTC2 .AND. THL «GEe J.3)G0 TO 165
ZIND IFf

LOCATE INTERSECTION WITH INNER CIRCLE
CALL CIRCL2C(RIZ,INTCI1,INTC2,XC1,¥YC1,XC2,YC2)
IF(OUTCT1 JAND. CUTC2) THEN
CASE 30TH POINTS OUTSIDE INNER CIRCLE
IFC.NOT. INTC1) THEN
GO TO 185
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ELSE
60 10 50
END IF
END IFf

C CASES ONE POINT IN AND THE OTHER OQUT INNER CIRCLE

[a W aNal

IF(OUTCT) THEN
CALL CHOPC(2Z2,XC1,YC1)
IBL(2)=6

ELSE
CALL CHOPC(1.,XC2,YC2)
IgL(1)=6

END IF

GO TO 165

CASE OF 30TH POINTS OUTSIDE INNER CIRCLE AND EXISTENCE OF INTERSECTION
WITH THIS CIRCLE (I.E. LINE SEPARATED IN TwWwDO SEGMENTS).

50 SEPAR=.TRUE.

¢
55

XTEMP=X2L
YTEMP=Y2L
CUTEMP=CUTL(2)
IBTEMP=ISL(2)

Sx2L=x¢1

YZL=yC1
CUTL(2) =1
I3L(2)=6

G0 TO &0

CONTINUE

¢ (N.3. THE ENTRIES ORIGINALLY IN LOCATION JJ ARE WRITTEN OVER 3Y THE
C ENTRIES REZLATED TO THE SECOND SEGMENT OF LINE J)

¢0
160
165

1466
170

SEPAR=,.FALSE.
JJ=Ji+i
X1L=xc2
YyiLsycez
X2L=XTEMP
Y2L=YTEMP
CUTL(2)=CUTEMP
i3L(2)=I3TEMP
tuTL(1) =1
IsL(1)=6

TRL=SARTLIXTL=X2L)*#2 + (YIL=-Y2L)**2)
G0 TO 165

ELIM=.TRUE,

X1L=99%.

JO=J0O#+1

IFC(IPRT .EC. 1)GO TOQ 17¢C

WRITEC2,168) J,dFRALTRL,DEGRECIIZXIL,YTILAX2LPY 2L
FORMAT(2I6,2X,6F10.3)

X1¢(Jd,1)=X1L

IFCELIM) GO TO 190

C REZNTER VALUES IN CCRRESPONDING ARRAYS.

SUMLE=SUMLE+TRL
Y1¢(JJ,1)=Y1L
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X2(Jdr1)=X2L
Y2(Jdr13=Y2L
TRACE(JJ)=TRL
TH(JI,I)=THL

CEFINE SOUNDARY NODES.

189

190

20 130 MEND=1,2
TFCCUTL(MEND) .EQ. 1) THEN
CALL BNODE(MEND,IS,XORD,YORD,INC1)
END IF
CONTINUE

CUTICII,IdI=CUTL(1)
CUT2CIJ,1)=CUTL(2)

IF(SUMLE .GE. DESLEN)GQ TO 200
IF(SEPAR)IGO TO S5

IF(JJ .LT. ESTNFRIGO TO 15

RETURN
END
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THZ SUBROUTINE CIRCLZ2, USED FCOR CIRCULAR BOUNDARIES, CHECKS IF
INTERSECTION(S) CF A LINE AND A CIRCLE EXIST WITHIN THE RANGE OF THE
FINITE LINE, AND CALCULATES THE COORDINATES OF THIS (THESE)
INTERSECTIONCS). CIRCLZ FINDS THE SCLUTIONS OF A QUADRATIC EQUATION O
THE FORM : AwXawx2 & 3xX ¢+ C = I,

LOCAL VARIABLES

VALUE OF 8 & € IN THE QUADRATIC EQUATION
VALUE OF THE DISCRIMINANT, I.E. Bww2=4#A%C, IN THE SOLUTION
FOURAC : VALUE OF THE EXPRESSION 4*Ae«(C, ’
OF THE QUADRATIC EQUATION. .
: VALUE OF 1/THCJ,I) FOR FRACTURE J IN SET I.
TWOA : VALUE OF THE EXPRESSION 2%A
YOTAN : VALUE OF Y1(WJ,I)/TH(J,I) FCOR FRACTURE J IN SET I.

<
—
w
[a)
x
T

SUBROUTINE CIRCL2(R2,INTCI,INTC2,X1,Y1,X2,Y2)

INTEGER CUTL{(2)

LOGICAL INTC1,INTC2

COMMON JAREA127 XTLAYTL,X2LAY2L,TRL,THL,CUTL
COMMON /AREA14/ XCENT,YCENT

INTC1=_FALSE.

INTC2=.FALSE.

OTAN=ST/THL

TWOA=242*0TAN®OTAN

YOTAN=YIL*OTAN
B=240TANY(XTL-YOTAN-XCENT)=2+YCENT
32=3#8
C=2«YOTAN*F(XCENT=XIL) = 2#«X IL*XCENT+XTIL*XIL+XCENT*XCENT
A+YCENTAYCENT+YOTAN®YOTAN=R2
FOURAC=2*TWOAWC

DISCR=92-FOURAC

IF(DISCR +LE. 0.0)60 TO 200
DISCR=SGRT(DISCR)

COMPUTE THE COORDINATES OF THE FIRST INTERSECTION AND CHECK IF WITHIN
THE RANGE OF THE FINITE LINE.
Y1=(-834DISCR)/TWOA
IF(Y1 .GE. Y1L .OR. Y1 .LE. Y2L)GO TO 50
X1=X1L+*OTAN*(Y1-Y1L)
INTC1=.TRUE.
G
DO THE SAME FOR SECOND INTERSECTION
50 ¥Y2=(=-3-DISCR)/Tw0A
IF(Y2 .GE. YTL .OR. Y2 .LE. Y2L)GO TO 230
X2=X1L+OTAN* (Y 2-Y1L)
INTC2=.TRUE.

233 RETURN
ZND
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C
C THE SUBROUTINE 3NODE IS CALLED 8Y THE SU3BROUTINES WCBDR OR CIRADR
€ TO SET THE VALUE OF NBN AND OF THE INTERSZCTION NUMBER (L), AND TO
C RECORD THE COORDINATES AND INCIDENCE OF INTERSECTION L.
C
SUSRQUTINE BNODE(MEND, I3, XORD,YORDSFINCT)
C
INTEGER CUTL(2)
COMMON /JAREARZ/ NSET,MAXFRA,MAXINT, MAXELT, NUMINT,NUMNPT ,NUMELT,
*NOINT,IPRT
COMMON JAREAT?/ R(E),XBC(B)Y,YB(3),ISHAP(3),IBC(3)
COMMON /AREAT2/ XT1L,Y1L,X2L,Y2L,TRL,THL,CUTL
COMMON /JAREAT1S/ JSET,JFRA,JO,N3NL,IBL(2)
COMMON Z7AREATSHZ LINT
DIMENSION XORD(MAXINT),YORD(MAXINT)
INTEGZ R INCT(MAXINT,2),I3(MAXINT)
SQUIVALENCE (LINT,L)

IFCISCCIZLAMEND)) .GT. O) CUTL(MEND)=2

L=L+1
N3N=NGN+1
IF(MEND .EQ. 1) THEN

XL=X1L

YL=Y1L
£LSE

XL=x2t

YL=Y2L
END IF
XORDC(L)=XL
YORD(L)=YL
INCIC(L,T1)=JSET
INCICL,2)=dFPA
IB{L)=IBL(MEND)

RETURN
END
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THE SU3ROUTINE CHOPC IS CALLED 2BY THE SUIROUTINE CIRBDR TO COMPUTE
THZ CORRECTED LENGTH AND THE NSW COCRDINATES OF THE CHOPPED OUT
SXTREMITY OF A LINE GOING ACR0SS A CIRCULAR SOUNDARY.

SUBROUTINE CHOPCU(MEND,XI,YI)

INTEGER CUTL(2)
COMMON 7AREA12/ X1L,Y1L,X2L,Y2L,TRL,THL,CUTL

CUTL(MEND) =1
IF(MEND .EQ. 1) THEN

X=X1L

Y=Y1L
ELSE

X=X2L

Y=vY2L
IND IF
DIFLE=SQRTL(X~XI)*a24(Y=-YI)*x2)
TAL=TRL-DIFLE

IF(MEND .EQ. 1) THEN
X1L=x1
YiL=vy:
ELSE
x2L=x1
YoL=YI
END IF

RETUAN
END
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THE SUSRCUTINE CHOPXY IS CALLED BY TME SUBROUTINES RECBDR OR CIRBOR
TO COMPUTE THE CORRECTED LENGTH AND THE NEW COORDINATES OF THE
CHCPPED=OUT EXTREMITY OF A LINE GOING ACROSS A MODEL BOUNDARY.

LOCAL VARIABLES
IXy : KEY DESIGNING WHICH AXIS THE CONSIDERED BOUNDARY IS CROSSING

1, FOR A BOUNDARY CROSSING THE X—=AXIS,
2, FOR A BOUNDARY CROSSING THE Y-=AXIS.

OOV OO OO OO

SUSROUTINE CHOPXY(MEND,IXY,EXTR)

(g}

INTEGER CUTL(2)
COMMON /AREA127 X1L,YT1LAX2LA,Y2L,TRLATHL,CUTL

CUTLIMEND) =1

IF(MEND .EQ. 1) THEN
X=x1L
Y=Y1L

ELSE
X=X2L
Y=vY2L

END IF

IFCIXY .EQ. 1) THEN
DIFX=X=EXTR
X=EXTR
DIFY=DIFX*THL
Y=Y=-DIFY

ELSE
DIFY=Y=-EXTR
Y=EXTR
DIFX=DIFY/THL
X=X=DIFX

END IF

TRL=TRL-SQART(DIFX*DIFX+DIFY*DIFY)

IF(MEND .EG. 1) THEN
X=X
Yie=y
ELSE
X2L=X
yar=y
END IF
RETURN
END
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LOCAL VARTA3LES (FOR SPCNG1 % 5PCNG2)

CORR : CORRIEZCTION FACTOR ACCOUNTING FOR RELATIVE ORIENTATION DF MODEL
PLANE (ALSO SAMPLING LINE IN SPCNG2) AND FRACTURE SET BEING
SAMPLED.

IL : COUNTING INCEX FOR SAMPLING LINE.

INT : INDEX FOR COUNTING THE INTERSECTIONS ON THE CURRENT SAMPLING

LINE WITH THE CURRENT FRACTURE 3ET.

IRCINT) < PERMUTATION MADE ON YINT(CINT) 3Y SU3ROUTINE VSRTR.
JFRACCINT) : FRACTURE NUMBER IN THE SET SEING SAMPLED, CORQESPONDING
' TO THE INTERSECTION INT ON THE CURRENT SAMPLING LINCE.

MAXIL : MAXIMUM NUMBER OF INTERSECTIONS OF A SAMPLING LINE wITH

FRACTURES OF THE SAM:Z SET.
NSP : NUMS3ER OF SPACING VALUES GENERATED THUS FAR FOR THE FRACTURE
SET BEING SAMPLED ( NSP(I) FOR SET I IN SPCNG2).

NTEN : NUMBER OF TIMES 10 SAMPLING LINES HAVE REEN GENERATED ( FOR
THE CURRENT FRACTURE SET IN SPCNGT ).

SPACCNSP) : SPACING VALUE.

TANLIN = TANGENT OF THE ANGLE OF THE CURRENT SAMPLING LINE.

XINTCOINT) & YINTCINT) : COORDINATES OF INTERSECTICN INT ON THE

CURRENT SAMPLING LINE ( WITH THE CURRENT FRACTURE SET IN
SPCNG2)
XPCIL) &% YP(IL) : COORDINATES OF THE POINT USED TO GENERATE THE
SAMPLING LINE IL.

t..ﬁttt.i'tt'itﬁ*tt*t'*tti*tﬁttﬁ**kttitktitt*t**ﬁ*wititiﬁ'tﬁtﬁt*i*tit

THE SUBROUTINE SPCNGT1 COMPUTS 150 SPACING VALUES FOR EACH FRACTURE
SZT. THE SAMPLING LINES ARE <ITHIN THE SIMULATION PLANE. THEY ARE
PERPENDICULAR TO THE AVERAGE ORIENTATION OF THE LINES OF INTERSECTION
OF THE FRACTURES OF THE SET 3EING SAMPLED.

SUBROUTINE SPCNGT(TANTH,X1,Y1,X2,Y2)

DOUBLE PRECISION SEED,PI,RAD

INTESER THDSTR

COMMON JAREA1B/ XMINI,YMAXI,XMAXI,YMINI,IGEOM

COMMON /AREAZ/ NS:T:MAXFQA,MAXINT:ﬂAX:LT,NUHIVT;NUMNDTtNUH:LT:
*NOINT,IPRT
, COMMON /AREA3A/ SEED,PI,RAD,COE:F

COMMON /AREAZBs TITLE(2D)

COMMON /AREAL/ ATH(5),BTH(S),ATHP(S),BTHP(3),THDSTR(S),NFRAC(S)

DIMENSTION TANTH(MAXFRA,NSET), XT(MAXFRA,NSET),YT1(MAXFRA,NSET),
*X2(MAXFRALNSET),Y2(MAXFRA,NSET)

DIMENSION XPU10),YP(ID), XINT(7O), YINT(7D),JFRAC(70),IR(7D)

CATA MAXIL/T7G/

WRITE(3I,1Q0) TITLE

FORMATC(®*1*,/7,1X,20A46,/,% FILS: SPACING1.UQ3*)
DO 250 I=1,NSET

A=ATHP(I) = RAD

CORR=SINCA)
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THSL = ATH(I) + 90.0C
C
C MAXE SURE THAT SAMPLING LINE IS NOT SUB-PARALLEL TO X—=AXIS
IFCCTHSL «GEe 0401 JAND. THSL .LE. 179.99) .OR. (THSL .LE.
* ,0Rs (THSL 4GEa 183C.501))G0 YO 15
THSL=0.01
15 THSL=THSL#*RAD"
TANLIN = 1 /7 TAN(THSL)
NFRR = NFRAC(I)
NSP =
NTEN = 1
dRITE(3,20) 1 .
20 FORMAT(//77¢,% FRACTURE SET *,14,77,% NUM3*,® NTEN',® LINE
“GXs'XPY,0X YR, 3K, FRACT Y, SPACING',/)

GENERATE 10 RANDOM PQOINTS IN THE MODEL.

Cr Yy O

30 CALL GGU3S(SEED,1D,XP)
CALL GGUBS(SEZD,10,YP)
DC 190 IL=1,10
XPCIL) = XPCIL)*XMAXI + (1-XP(IL))«XMINI
YPC(IL) YP(IL)I*AYMAXT ¢ (1-YP(IL))*YMINI
INT =1
59 150 J=1,NFRA
IF(X1(J,1) LGE. 999.3) GO TO 15C
TANFR = 1 / TANTH(J,I)

[}

COvPUTEZ INTERSECTION ORDINATE YI, AND CHECK FQOR YI INSIDE THE
FOR THE FRACTURE (J-I).

Y Y Y O

YI = ((Y1(J,ID)*TANFR) = (YPCILDIATANLIN) = X1(J,1) + XP(IL)
* / (TANFR = TANLIN)
IFCYI oLT. Y2(J,I) LOR. YT 5T, Y1QJ,ID) ) GO TO 152

COMPUTE INTERSECTION ABSCISSA AND PUT THE COOROINATES IN XINT(
& YINT(LJ) APRAYS.

e N a¥e A

XI = (YI-Y1(J,I)) = TANFR + Xx1(J,1)
XINTCINTY) = XxI
YINTCINTY) = YI
JFRACCINT) = J
IRCINT)I=INT
INT = INTH)
IFCINY JLE. MAXIL) 6O TO 150
WRITE(2,145) INT,NTEN,IL,I

165 FORMAT(////," %x+»» ERRQR IN SUSROUTINE SPCNGiwewxn',/, .
** THERES ARE AT LEZAST *,I4,' INTERSECTIONS ON SAMPLING LINE
*I4,% «10 +*,14,% OF SET ',I4,/,% INCREASE THE VALUE OF MAX
*, " AND THE DIMENSION OF XINT, YINT, JFRAC AND I2')
sSTQP .

150 CONTINUE

INT = INT-1
IFCINT oLEe 1) GO TO 199

C

C ORDER THE INTERSECTIONS 3Y INCOEASING Y VALUES.

C
CALL VSRTR(YINT,INT,IR)
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160

165

D0 146G M1=1,INT
JTEMP=JFRAC(MYT)
JFRAC(MI)=JFRACCIRIMI))
JFRAC(IR(MTI))=JTEMP

DO 1465 M1=1,INT
XTZ¥P=XINT(M])
XINT(®1I=XINT(IR(™1))
XINTC(IR(M1))I=XTEMP

CALCULATE SPACING BETWEEN CONSECUTIVE INTERSECTIONS.

173
175
199

195

DO 175 ISP=2,1INT

DX = XINTCISP) = XINT(ISP-1)

DY = YINTCISP) =~ YINT(IS®-1)

SPAC = SQRT(DX*DX + DY#DY) « (ORR
WRITE(3,170) NSP,NTEN,IL,XPCIL), YPCIL)  JFRACCISP),SPAC
FORMAT(3I5,2F8.2,1I5,F130.2)

NSP = NSP+1

CONTINUE

IF(NSP=151) 190,250,250

CONTINUE

IF(NSP=-151) 195,250,25C

NTEN = NTEN+1

GO0 1O 30

CONTINUES

RETURN

END
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THE SUSBRQUTINE SPCNG2 COMPUTES 150 SPACING VALUES FOR EACH FRACTURE
SET. THE SAMPLING LINES ARE RANDOMLY ORIENTED WITHIN THE SIMULATION
PLANE, '

SUBROUTINE SPONG2(TANTH,X1,Y1,X2,Y2)

DOUBLE PRECISION SEED,PI,RAD

INTEGER THDSTR

COMMON /AREAT1S/ XMINI,YMAXI,XMAXI,YMINI,IGEOM

COMMON JAREAZ2/ NSET,MAXFRASMAXINT, MAXELT,NUMINT, NUMNPT ,NUMELT,
*NOINT,IPRT

COMMON JAREA3A/ SEED,PI,RAD,COEF

COMMON /AREA33/ TITLE(20)

COMMON /AREASL7 ATH(5),B8TH(S),ATHP(S),3THP(S5),THDSTR(S),NFRAC(S)
DIMENSION TANTH(MAXFRA/NSETI XT(MAXFRA/SNSET) YTI(MAXFRALNSET),
*X2(MAXFRALNSET), Y2 (MAXFRA,NSET)

DIMENSION XP(10),YP(10),THSL(10),NSP(5)

DIMENSION XINT(70),YINT(70),JFRAC(7OI,IR(?7D)

DATA MAXIL/7C//NSP/S5%1/

WRITE(L,10) TITLE

10 FORMAY('I *,7,1%,20A4,7,% FILE: SPACINGZ2.UD4GY)

¢

[ NaXal

¥

C

©

NTEN = 1

WRITE(4,20)
20 FORMAT(/r/71," NTEN',' LINE',4X,"XP',6X,'YP"'," ORIENTATION *,
*'  SET',3X,CANGLE',3X,'NUMB *,'FRACT',® SPACING',/)

GENEZRATE 10 2ANDOM PCINTS AND 10 RANDOM ORIENTATIONS.

30 CALL GGUBS(SEED,10,XP)
CALL SGUBS(SEED,10,YP)
CALL GGUAS(SEED,10,THSL)

00 303 IL=1,10

XPIL = XPCIL)*XMAXI + (1-XP(IL))*XMINI
YPIL = YPUIL)*YMAXI + (1-YP(IL))*YMINI
TH=THSL(IL)~13C.

MAKE SURE THAT SAMPLING LINE IS NOT SUB=PARALLEL TOD X-AXIS
IFC(TH .GE. QuD1 LAND. TH LLE. 179.99) .OR. (TH .LE. -0.01)
*,0R. (TH .GE. 120.01)) GO TO 35
TH=C.01
35 TH=TH#*RAD
TANLIN=T/TAN(TH)

D0 253 I=1,NSET
IF(NSP(I) .GE. 150)GC TO 250
INT = 1
NFRA = NFRAC(I)
ANGLE = ABSCTHSL(IL)=ATH(I))
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A1=ANGLE*RAD

A2=ATHP(I) «~ PRAD

CORR = SINCRT1) + SINCA2)

DO 150 J=1,NFRA

IF(X1CJ,1) .GE. 999.0) GO TO 150
TANFR = 1 7 TANTH(J,I)
XX1=X1¢J, 1)

YY1=Y1(J,I)

COMPUTE INTERPSECTION ORDINATE YI, AND CHECK FOR YI INSICE THE RANGE
FOR THE FRACTURE (J,1).

YI = (C(yv1 *TANFR) = (YPIL #TANLIN) - XxXx1 + XPIL )
* 4 (TANFR = TANLIN)
IFCYI LT. Y2CJ,1) JOR. YI .GT. YY1 ) 60 TO 150

COMPUTE INTERSECTION ASSCISSA AND PUT THE COORDINATES IN XINT(40)
£ YINT(40) ARRAYS.

XI = (vi-vvil ) x TANFR + XX1
XINTCINTY) = X1
YINTCINT) = YI
JFRACCINT) = J
IRCINT)=INT
INT = INTH#Y
IFCINT JLE. MAXIL) GO TO 150
WRITE(2,145) INT,I,NTEN,IL
145 FOPMAT(////,* »*x%x CRROR IN SUIRQUTINE SPLNG2x%x»xt,/,
** THERE ARE AT LEAST *,14,% INTERSECTIONS WITH FRACTURES OF SET !
*,14,% ON SAMPLING LINE *,164,° »10 +*,14,7/,° INCREASE THE VALUE OF
*MAXIL AND THE DIMENSION OF XINT, YINT, JFRAC AND IR")
STOP
150 CONTINUE
INT = INT-]
TFCINT JLE. 1) GO TO 250

JRDER THE INTERSECTIONS 3Y INCREASING Y VALUES.

CALL V3RTR(YINT,INT,IR)

DO 150 M1=1,INT

JTEMP=JFRAC(MT)

JFRAC(MTI)=JFRACCIR(MY))
160 JFRAC(CIR(M1))=JTEMP

DO 155 M1=1,INT

XTEMP=XINT(M1)

XINT(MI)=XINT(IR(M1))
165 XINTCIR(MTI))I=XTEMP

CALCULATE SPACING BETWEEN CONSECUTIVE INTERSECTIONS.

00 175 18P=2,INT
DX = XINT(ISP) = XINT(ISP-1)
DY = YINTCISP) = YINT(ISP-1)
SPAC = (ORR * SQART(DX=DX + DY®XDY)
WRITEC4,170) NTEN,IL,XPIL,YPIL,THSLCIL),I,ANGLELNSP(I),
*JFRAC(ISP),SPAC
170 FORMATC(2I5,2F8.2,F8e17,3X015,3XrFS5a122X0,15,15,F10.2)
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175 wsP(l) NSPLIXH

250 CONTINUE

CHECK IF ALL NSP(I) ARE .GE. 150
DO 240 I=1,N3ET
260 IF(NSP(I) .LT. 150)G0 TC 300
G0 TO 350 '
320 CONTINUE
NTEN = NTEIN®1
GO T0 30
350 RETURN
"~ END
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THEZ SUSROUTINE INTERS FINDS ALL THE INTEASECTIONS (QOR NODES) 3CSTWEEN
THZ LINE SZGMENTS, COMPUTE THE COORDINATES OF THESE NODES AND RECORD
THEIR INCIDENCE.

SUSROUTINE INTERSCTANTH,X1,Y1,X2,Y2,INCT1,INC2,X2RD,YORD,1IB)

INTEGER THDSTR

COMMON /AREATR/ XMINI,YMAXI, XMAXI,YMINI,IGEOM

COMMON JAREA2/ NSET,MAXFIA,MAXINT MAXELT» NUMINT, NUMNPT ,NUMELT,
*NOINT,IPRT

COMMON /JAREAL/ ATH(S5),BTH(5),ATHP(5),3THP(5),THDSTR(S)
*,NFRAC(S)

COMMON /AREA1%/ LINT

DIMENSION TANTHCMAXFRA,NSET), XT(MAXFRA/NSET),Y1(MAXFRA,NSET),
*X2(MAXFRASNSET), Y2(MAXFRA,NSET) ‘

DIMEINSION XORD(MAXINT),YORD(MAXINT)

INTEGER INC1(MAXINT,2),INC2(MAXINT,2),I3(MAXINT)

EQUIVALENCE (LINT,L)

NeRB. SOUNDARY NODES HAVE ALRZIADY HEEN DEFINED IN SUZROUTINE GENLIN AND
THE OTHER SUBROUTINES CALLED 3Y GENLIN.

DO 200 I=1,NSET
NFRACT = NFRACCI)
IF(THDSTR(I) .E3. 2) GO TO §
1366 = I# _
IFCIBES .GTe NSETIGO TO 200
50 TO 9
£5 = 1
35 J=1,NFRACT
IFCX1C¢J,1) .3E. 999.9) G0 TO 195
X1L=x1J,1)
Y1L=Y1¢J, D)
X2L=%X2¢J, D)
Y2L=Y2(4, D)
TANT=1/TANTHC(J, 1)

3 I3
3 00 1

CHECK ALL THZ LINES IN THE NETWORK FQOR ANY POSSIBLE INTERSECTION WITH
LINE (J,1)e

DO 133 II=I3EG,NSZIT
NFRACZ = NFRAC(II)
IFCIT .GT. I) GO TO 24
JAEG = I+
IF(J3ES JLE. NFRACZ) GO TO 25
GO TO 138
b J3ES = 1
25 DO 135 JJ=JBEG,NFRAC2
IF(X1CJI,IT) JGEL 979.9) GO TO 185
TAN2 = 1 7 TANTHQIJ,IID)
IFCAISCTANT=TANZ) LLE. 120E-8)6G0 TO 185

COMPUTEZ INTERSECTION ORDINATE (YI) , AND CHECK FOR YI INSIDE THE
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FOR BOTH FRACTURES.

YI = € (YIL*TANT)=(YT1 Q3 J,TIT)«TAN2)=XIL+X1CJJ,11) )

* / (TAN1 = TAN2)

IFCYI LT. Y2L .O0R. YI .GT. Y1L) GO TO 185

IFCYT LTe Y2CJJ 11D

«0Ra YI LG6T. Y1C(JJ,TI)) GO TO 185

COMPUTE INTERSECTION ABSCISSA (XI).

XI = (YI=Y1L) *

TAN1

+ X1L

PUT THE INTERSECTION COORDINATES INTO THE XORD & YORD ARRAYS.,
AND RECORD THE INCIDENCE OF THIS INTERSECTION.

185
188
195
200

PAVE.)

210

L=t +1
XORD(L)
YORD(L)
INCTCL,T)
INCT1(L,2)
INC2(L, 1)
INC2(L,2)
CONTINUE
CONTINUE
CONTINUE
CONTINUE
NUMINT = {

o ou
oo i< x

[ ]
LSS o I SRy
—

IFONUMINT L T. MAXINT) 50 TO 210
WRITE(2,206) NUMINT,MAXINT
FORMAT(®1x#ax ERROR CONCERNING MAXINT wxxew®,//,

** THERE ARE ',14,°

*/,"AVALILABLE FOR
sSTOP

RETURN

END

'II‘I.

INTE

RSECTIONS
(MAXINT)?®)
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THZ
INTERSECTION AND

SUBROUTINE EFFINT DETERMINES THE FLOW-EFFECTIVENESS OF EVERY

IN THE ARRAY NOEFF.

II

RECORD THE APPROPAIATE VALUE (I.E. 0O OR 1)

LOCAL VARIASZLES

NUM3EZR OF ITEAATIONS OF THE COMPLETZ LCOP OVER ALL THE FRACTURES
INTER @ NUMSBER OF THT LAST EFFSCTIVE INTERSECTION FOUND ON A FRACTURE
NOINT : SuUM OF ALL THE NON-EFFECTIVE INTERSECTIONS AFTER THE PREVIOUS

ITERATION.

NOINT2 : SUM OF ALL THE NON-SFFECTIVE INTERSECTIONS AT THE END OF
CURRENT ITERATION.

12

BESINNING OF

SUSROUTINE EFFINT(X1,INC1,INC2,EFF,XORD,YORD,I3)

INTEGER THDSTR

COMMON /AREATB/ XMINI,YMAXI,XMAXI,YMINI,IGEOM
COMMON /AREA2/ NSET,MAXFRALMAXINT, MAXELT,NUMINT,NUMNPT NUMELT,

*NOINT,IPRTY

COMMON /AREA4L/ ATH(S),BTH(5),ATHP(5),BTHP(5),THDSTR(S),

*NFRAC(S5)

COMMON JAREA7/ R(8),XB(E),YB(3),ISHAP(8),IBC(3)
DIMENSION XV (MAXFRA,NSET),XORD(MAXINT),YORD(MAXINT)
INTEGER INCYI(MAXINT,2),INC2C(MAXINT,2),I3(MAXINT)

LOGICAL EFF(MAXINT),E

11=1
NOINT=0

C INITIALIZEZ EFF ARRAY.

00 10 LL=1,NUMINT

FL

IF C(I3(LL) .EQ. D) THEN

EFF(LL)=.TRUE.
ELSE

IFCI3C(IadLL)) .E€Q.
EFF(LL)=.FALSE.
EL

20N,

c

EFF(LL)=.TRUE.
END IF

END IF

CONTINUE

20 50 190 I=1,NstT

COUNT THE NUMBER OF

NFRA = NFRAC(I)
DO 75 J=1,NFRA
IF{X1(J,1I) .GE.

UNTIL m=3,

M o= 1
DO 40 LL=1,NUMINT
IFCINCT(LLA2) oNE. Y

3 NESTED DO~

0) THEN

LO0”S (SST3 > FRACTURES > INTERSECTIONS ).

939.0) G0 TO 95

ZFFECTIVE INTERSECTIONS (M) ON FRACTURE (J,1),

«AND. INC2(LL,2) .NE. J) GO TO 40
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IF(M «2Q@. 3) GO TO 95

TFC.NOT. EFFC(LL))IGO TO 42

IFCCINCTICLLAY) JEQ@e I JAND. INCTIC(LL,2) .E5Q. J)

*.0R. (INC2(LL,1) £Q. I JAND. INC2(LL,2) <EG. J)) THEN
INTER=LL
MzM4+

END IF

43 CONTINUE
IF(™ JNZ. 2) G0 TO 95

ASSIGN THE VALUE JFALSE. IN ARRAY EFF FOR AN INTERSECTION THAT IS
HYDRAULICALLY INEFFECTIVE, I E. WHEN THE CONSIDERED INTERSZCTION
IS THE ONLY INTERSECTION WITH EFF=.TRUE. FOR ANY ONE OF THE TwO
INTERSECTING FRACTURES.

LL = INTER
EFFC(LL)=.FALSE,
95 CONTINUE
100 CONTINUE

SUM UP THE NOEFFf ARRAY AND CHECK FOR INCREASE WITH RESPECT 719
PREVIOUS I[TERATICN,

NOINTZ2 = 0
DO 110 LL=1,NUMINT
110 IFC.NOT. EFF(LL)) NOINT2=NOINT2+1
IF(NOINT LEQ. NOINT2)G0 TO 140
120 NOINT = NCINTZ
IT = I1+1
G0 T2 20
1645 WRITE(2,145) II,NOINT
145 FORMAT(///,* AFTER ITERATION ',I13,%" OF COMPLETE LOOPING OVER ALL
*THE FRACTURES,'s" THE TOTAL NUMZER OF NON-EFFECTIVE INTERSZCTIONS
#IS FOUND TO &E ',1I4)

RZAQRANGE THE INTERSECTIONS ARRAYS, PLACING THE EFFECTIVE
INTERSECTIONS FIRST,

M=1

DO 250 LL=1,NUMINT
IF(.NOT. EFF(LLIIGO TO 2590
IF(M _EQ. LL) GO TO 240
13L = IB(LL)

XL = XJRD(LL)

YL = YORD(LL)

IT1L = INCT(LL,T)
I12L = INCY(LL,2)
129L = INC2(LL,1)
I22L = INC2(LL,2)

EFL = TFF(LL)

I3(LL) = I3(M)
XORD(LL) = XCRD(M)
YORD{LL) = YORD(M)
INCI(LL,1) = INCT(M,1)
INCTCLL,2) INC1(M,2)
INC2(LL,1) INC2(M.1)
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INC2(LLA2) = INC2(M,2)
TFF(LLY = EFF(M)
I3(M) = IBL
X0RD(M) = XL
YORD(M) = YL
INCY(M,1) = I11L
INCI(M,2) = I12L
INC2(M,1) = I21L
INC2(M,2) = 122L
EFF(M) = EF

240 M = M+

250 CONTINUE
NUMNPT = M-1

PRINT OUT INTERSECTION DATA.
CALL OUTPTI(XORD,YORD,IB,INCT1,INC2)
RETURN
SND
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THE SUBRCUTINE CUTPTT CREATES 30TH A FORMATTED AND AN UNFORHATTED
File CONTAINING THE INTERSECTION DATA,

SUBROUTINE QUTPT1(XORD,YORD,IB,INCT1,INC2)

COMMON /AREAZ2/ NSET,MAXFRA,MAXINT,MAXELT,NUMINT,NUMNPT,NUMELT,
*NOINT,IPRT ’
COMMON /AREA3BZ TITLEC(2D)
DIMENSION XORD(NUMNPT),YORD (NUYNPT)
INTEGER INCT (MAXINT,2),INC2C(MAXINT,2),IB(NUMNPT)
(N.8s INCT AND INC2 MAVE TWC COLUMNS : FIRST COLUMN CONTAINS
FRACTURE SET NUMBER, SECOND ONE THE FRACTURE NUMS3ER,
STORAGE IS 3Y COLUMN)

WRITE(S) NUMNPT,MAXINT
WRITE(5) XORD

WRITE(S) YORL

WRITE(S) I8

WRITE(5) INC1

WRITE(S5) INC2

WRITE(2,10) NUMINT,NUMNPT

10 FORMAT(///,' TCTAL NUM3ER2 OF INTERSECTIONS (NUMINT) :',15,/7,
«' NUM2EPR OF EFFECTIVE INTERSECTIONS (NUMNPT) :°',15)
IFCIPRT .EQ. 1)G0 TO 10C

~RITE(15,18) TITLE
FORMAT(*1®,7,1Xs2CA4,7," FILE: NODFO.UTSY)
WRITE(15,23) NUMNPT,NOINT,MAXINT

SC FORMATYC(/ /71,25, " INTERSECTION DATAY, /7, NUMBER QF INTZRSECTIONS',
*/10X,"SFFECTIVE 2°,730,15,° (NUMNPT) ", 7,10X,*NON-EFFECTIVE :',T30,
«I15,°* (NOINT) ', /7,100, " MAXINT=",T30,15, I/, FILe CONTAINS :°,/
*10X,"XORD(NUMNPT), FORMATC(IOF10.5)',/,10X,"YORD(NUMNPT), FORMAT(13
*F10.6),/7,10X,"I3(NUMNPT), FORMAT(S5012)',7,10X, " INCII{MAXINT,2), *
*, P FORMAT(20IS) s/ ,10X, " INC2(NAXINT,2), FORMAT(20IS)®)
WRITE(15,25) XORD
WRITE(15,25) YORD

25 FORMAT(ICF10.6)
“RITZ(15,30) Is

30 FORMAT(SCI2)
wRITS(15,35) INCH
dRITE(15,35) INC2

35 FORPMAT(Z3IS)

100 RETURN
END
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THZ SU3IPOUTING PLOTFR CRZIATES A PLOT OF THE LINE NETQOQK-
SUSQUTINE PLOTFR(PLTSIZ,TANTH,X1,Y1,X2,Y2,X0RD,YORD)

INTEGER THDSTR

COMMON JAREATA/ XMINO,YMAXO,XMAXO,YMINO

COMMON /AREAT3/ XMINI,YMAXI,XMAXI,YMINI,IGEOM

COMMON /APEA2/ NSET,MAXFRA,MAXINT,MAXELT,NUMINT, NUMNPT,NUMELT,
#NOINT,IPRT

COMMON /AREA3B/ TITLE(C20)

COMMON JAREAL/ ATH(S),3TH(5),ATHP(S5),B8THP(S5),THDSTR(S),
*NFRAC(S)

COMMON /AREA7/ R(8),XB(3),YR(B),ISHAP(3),I3C(8)
DIMENSION TANTH(MAXFRASNSET),X1(MAXFRA,NSET),

Y1 (MAXFRA,NSET) , X2(MAXFRA,NSET) ,Y2(MAXFRA,NSET)
DIMENSION XORDCMAXINT) ,YORD(MAXINT)

CHARACTER Z#3

INITIALIZE AND SCALE THE PLOT.

WRITE(Z,S) TITLE(1)
S FORMAT(14A4)
READ(Z,7) RNUM
7 FORMAT(IX,F3.3)

XLEN = (XMAXC-XMINO)
YLEN = (YMAXC=YMINO)
FCTR = (PLTSIZ~3.)/7/ XLEN

DELTAY = 1.0
XOR=24 2 = XMINO®FCTR
YOR=2,) = YMINO#FLTR

CALL PLOTS(0,0,99)
CALL PLOT(XOR,YOR,-3)
CALL FACTOR(FCTR)

XTITLE (XMAXQO*XMINO)*0.5 = C.15*PLTSIZ/FCTR

YTITLE YMAXDO + D.05+PLTSIZ/FCTR

SIIE = 0.025«PLTSIZ/FCTR

CALL SYMBOL(XTITLE,YTITLE,SIZE,*REALIZATION *,0.03,12)
CALL NUMSER(999.0,999.0,SIZE,RNUM,G.0/-1)

Hu

DRAW THE ZXTERNAL 30UNDARIES.
CALL AXISCXMINC,YMINO,"X=AXIS",~6/,XLEN,Q.O,XMINO,DELTAV)
CALL AXIS(XMAXO,YMINO,6H s=1,YLIN,90.3,YMINO,DELTAV)
CALL AXIS(XMINO,YMING,'Y-AXIS',6s,YLEN, 90.0,YMINO,DELTAV)
CALL AXIS(XMINO,YMAXO,6H sCsXLEN,CD/XMIND,DELTAV)
DRAW THE TINTERNAL SOUNDARIES.

IFCIGZOM LEQ. 1) THEN

155



a

PLOTFR

CALL PLOT(XMINI,YMINI,3)

CALL PLOTU(XMAXI,YMINI,2)

CALL PLOT(XMAXI,YMAXI,2)

CALL PLOT(XMINI,YMAXI,2)

CALL PLOT(XMINI,YMINI,2)
SLSE

wRITE(2,25)

25 FORMAT(®1 wxseewx AVERTISSEMENT DE PLOTFR wewwsan',/y,

*  'LA SCUS-RCUTINE CIRCL N''E
* "L Z3 LIMITES CIRCULAIRES NE
X=xX8(1)
Y=Y8(1)
CALL PLOT(X,Y,3)
X=x3(3)
Y=y3(3)
CALL PLOT(X,Y,2)
RADIUS=R(3)

XISTE PAS A L*''y3ac :*,
SCNT PAS TRACEES',//)

CALL CIRCLU(X,Y,90.,0.,RADIUS,RADIUS,D.S)

X=xe (4)
Y=Y3(4)
CALL PLCT(X,Y,3)
X=X8(¢)
Y=Y3(5)
CALL PLOT(X,Y,2)
RADIUS=R(6&)
CALL CIRCL(X,Y,J.,90.,RADIU
END IF

DRAW ALL THE LINE SEZGMENTS (AND,

O L £
O 1y v e

[T BN %, N V]
- U Wi

29

N —a
it

— W e

I O=--ro

NFRACCI)
20 90 J=1,NFRA

IF(X1CJ,I) JGE. 999.) GO T
XXt = x1¢d-,1)
YYtY = Y1(J,1)
Xx2 = x2¢J.1)
Yy = Y2¢J,1)

CALL PLOTU(XX1,YY1,3)
caLL PLOT(XX2,YY2,2)
IF{NUMNPT .GT7. 200 .0R. IPRT

RJ = FLOAT(J)

X = ( (XXT1+xXX2)%3.5)

Y = { (YY1#YY2)+0.5) - SIZ:t

IFCASS(TANTHWI,I)) LT, 1)

CALL SYMBOL(X,Y,SIZZ,M2551,

60 TO 4C

CALL SYMSOL(X,Y,SIZE,MESSZ,
&3 CALL NUM3ER(999.0,99%9.2,512

90 CONTINUE
100 CONTINUE

S,RADIUS,D.5)

OPTIONNALLY, WRITE DOWN THEIR

0 %0

«23. 1)GO TO 0

50 YO 30
Jelr,=1)

0.Cr=1)
E,RIL,Q.0,=1)
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CIRCLE (AND, OPTIONNALLY, WRITE THE
INTERSECTIONS, CR NODES.

209

MESS 1

SIiz 0«15 7 FCTR

DO 2230 K=1,NUMNPT

RNUM = K

X = XO0RD(X)

Y = YORO(K)

CALL SYM=OL(X,Y,SIZE,ME55,0.0,-1)
IF(NUMNPT .GT. 200 +O0R. IPRT LEQ.

XN
YN

X ¢+ SIIE
Y ¢ SILE

NUMBER) OF THE

1)60 TO 2892

CALL NUMS3ER(XN,YN,SIZEZ,RNUM,0.0,-1)

CONTINUE

ENDX = XMAXO+2.
ENDY=~YOR/FCTR

CALL PLOT(ENDX,0.00,999)
RETURN

END
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THE SUBROUTINE ZLTDEF DEIFINEZES THE EZLIMENTS IN ALL THE FRACTURES
“ITH MORE THAN ONE EFFECTIVE INTERSECTIONS.

LOCAL VARIA3LES

APER(J) : APERTURE OF FRACTURE J IN THE SET BEING PROCESSED.
INTER(M) : NUMBER OF THE INTERSECTION (GENERAL NUMBERING)
CORRESPONDING TO INTERSECTION M IN THE CURRENTLY
PROCESSED FRACTURE.
MAXEFF : MAXIMUM NUMBER OF EFFECTIVE INTERSECTIONS ON A SINGLE
FRACTURE
ML : COUNTZR FOR FLOW-EFFECTIVE INTERSECTIONS ON LINE CURRENTLY
PROCESSED.
NINTFR ; MNUM3ER OF EFFECTIVE INTERSECTIONS ON THE CURRENTLY
PROCESSSED FRACTURE. .

SUBROUTINE ELTDEF(X1,Y1,X2,Y2,INC1,INC2,XORD,YORD,APER,CUTT,CUT2,
*TH,THP,ELOR,ELORP,ELLEN,W4-NODT1,NOD2,ISET)

DOUALE PRECISION SEED,PI,RAD
INTEGE? APDSTR,THDSTR

COMMON /AREA1B/ XMINI,YMAXI,XMAXI,YMINI,IGEOM

COMMON /AREAZ/ NSET,MAXFRA,MAXINT, MAXELT,NUMINT,NUMNPT,NUMELT,
*NOINT,IPRT

COMMON /AREA3A/ SEED,PI,RAD,COEF

COMMON ZAREAL/ ATH(S),3TH(S),ATHP(S5),BTHP(S),THDSTR(S),
*NFRAC(S) '

COMMON /AREAE&/ AAP(5),B8A2(5),APDSTR(S),DAAP,NAAP, TAAP,NAP, JAP

DIMENSION EFFLE(S), EFFVC(S),DEADLE(S),DEADVO(S)

DIMENSION YINT(I20),INTER(10D)

INTESZR CUTT(MAXFRALNSET) ,CUT2(MAXFRA,NSET)

DIMENSION TH(MAXFRASNSET) ,THP(MAXFRA,NSET)

DIMENSION XVT(MAXFRA,SNSET), Y1(MAXFRALNSET), X2(MAXFRA,NSET),
*Y2 (MAXFRASNSET)

DIMENSION APER(MAXFRA)

DIMENSION XORD(MAXINT),YORD(MAXINT)

INTEGEZR INCT(MAXINT,2),INC2(MAXINT,2)

DIMENSION ELLEN(MAXELT), W (MAXELT),ELOR(MAXELT) ,ELORP(MAXELT)
INTEGER NODT (MAXELT), NOD2(MAXELT),ISET(MAXELT)

DATA MAXEFFr1007

RADI = 1./RAD
DC 350 IAAP=1,NAAP
IF(IAAP EQ. 1)GO TO 12
DO 10 I=1,NSET
10 AAP(I)=AAP(I)+DAAP

"PRINT OUY INPUT APERTURE DATA
12 WRITE(2,14) IAAP,(I, I=1,NSET)
14 FORMAT('1°,//7,10X,"APERTURE AND POROSITY DATA',
*[10177117,13X,INPUT DATA FOR APERTURE DISTRIBUTIONS®, 10X,
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x* ITAAP=",14,//,* FRACTURE SET :',T25,5110,77)
WRITE(2,16) (APDSTR(ID, I=1,N3ZT)

15 FORMAT(/® DISTRISUTION TYPZ :°',T725,511])
WRITE(2,18) (AAP(I), I=1,NSET)

13 FORMAT(/® DISTRISUTION PARAMETZRS',/,10X,"A :*',T725,1°25210.2)

WRITE(2,20) (3AP(I), I=1,N3ET)
20 FORMAT{1OX,'2 =*,T25,5F10.2)

DO 33J IAP=1,NAP
DO 22 I=1,5
EFFLE(I)=0.0
EFFVO(IN=0.0
DEADLE(I)=(.D
DEADVC(I)=0.D
22 CONTINUE
NUMELT=1

DO 230 I=1,NSET
NFRA = NFRAC(ID)

GINERATE FRACTURE APEATURES.

IF(APDSTR(I) .Ea. 2) GO TO 25
00 24 J=1,NFRA
24 APER(J) = AAP(I)
50 TD 3¢
25 CALL GGNLG(SEED,NFRA,AAP(ID,AAP(I)I,APER)

30 00 1935 J=1,NFRA
IF(X1(J,I) oGEa 999.02) G2 TO 195
APJ = APER(J)

MAKZ A& LIST OF ALL THE EFFECTIVE INTERSECTIONS ON €°ACTURE (I,4).

ML=1

0 43 M=1,NUMNPT

TFCINCI(M,2) JNE. J JAND. INC2(M,2) .NE. J) GO TO 60

IFCCINCI(M,1) JNE. I .OR. INCT(M,2) .NE. J) JAND,.

o (INC2(M,1) oNEe I .OR. INC2(M,2) .NE. JI)IGO TG o0

INTER(ML) = M :

YINTOML) = YCRD(M)

ML = ML+1

IF(ML .LE. MAXEFF) &0 TC 60

ARITE(2,55) ML,J,I
S5 FORMAT(*"fxxwe+ FRRACR IN SU3ROUTINE ELTDEF *anxx®,//,

«% THERE ARE AT LEAST *,I4,% EFFECTIVE INTERSSCTIONS ON FRACTURE

2,16+% OF SET ,14,7," INCRTASE THE VALUZ OF MAXIFF AND THE ',

«*DIMENSION OF YINT,INTER AND NUM')

STOP
6J CONTINUE

NINTFR = ML-1

IF(NINTFP .GT. 1) G0 TO 55

ADD THE LENGTH AND VOLUME OF FRACTURES WITH LESS THAN TwWO
EFFICTIVES INTERSSCTIONS TO THE VALUE OF DEADLE(I) AND DEADVO(ID).
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IXL=X1€J,I1)=X2¢J, 1)
DYL=Y1CJ,ID)-Y2(J,1)
DEADL=3QRT(DXL*#DXL+DYL~DYL)
DEADLECI) = DEADLE(I) + DZADL
DEADVO(I) = CEADVO(I) ¢ DSADL#AP)
50 T0 155

QORDER THE INTZRSECTIONS 3Y INCREASING Y VALUZ,

o

65 CALL VSRTROYINT,NINTFR,INTZR)

ADD THE LINJTH AND THE VOLUME OF DZAD END SEGMENT(5) OF FRACTURE
(I,3) TGO THE VALUE OF DEADLE(I) AND DEADVO(I). '

s N aNalal

IFCCUTIC(IAPI) LT, 2) THEN
IT=INTER(NINTFR)’
DX=X1(J,1)-X0RD(IT)
DY=Y1(J,I)-YORD(IT)
DLE=SQRT(DX*DX+DY=*DY)
DEADLE(I)=CZADLE(I)*OLE
DEADVOC(CI)=CcADVO(I)¢DLE~APY
END IF
IF(CUT2CJ,I) JLT. 2) THEN
I2=INTER(Y)
DX=X2(J,I1)=X0RD(I2)
DY=Y2(J,I)=YORD(I2)
DLE=SQRT(DXADX+DYDY)
DEADLE(CI)=DEADLECTI)+DLE
DEADVOC(ID=DZADVOC(I)+DLEARY
IND . IF
C
C DEFINE AS AN ELEMENT EVERY SEGMENT BETWEEN TWO CONSECUTIVE NODES.
C
103 DGO 150 M=2,NINTFR
M1 = M-
DY=YINT(M)=YINT(M1)
IF(DY .GT. 2.000001)60 TC Y10
WRITEC2,105) T,4/,M1,YINT(M1), M, YINT(M)
105 FORMAT(*1',///,* #~#xx JOR ABANDONED DUE TO ELEMENT PRACTICALLY®
¥, "PARALLEL TO X=-AXIS',//," SET',13.,%; FRACTURE', IS5,/
*2(' INTEZRSECTION',I13,', Y=",T25,F19.7,7))
379P
¢
110 XL=SAATC((XORDCINTER(M))=XORD(INTER(MI)))*=*x2 + OY4DY)
SFFLECI)=CSFFLE(I) XL
EFFVO(I)I=EFFVOUI) *XL*APRP)

NODT(NUMELT) =INTER(M=-1)
NMODZUNUMELT)Y=INTER(M)
ELLEN(NUMELT) =XL

wW{NUMZLT)=APJ

ISET(NYMELT) =T ‘

THL = ATAN(TH(J,TI)) * RADI
IF{THL oLE< 0.3) THL=130.+THL
ELOR(NUMELT)=THL

ZLCRPINUMELT)I=THP(J,T)
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NUMELT=NUMELT+1
15C CONTINUE

195 CONTINUE
200 CONTINuUE
NUMELT = NUMELT-1
IF(NUMZLT .LT. MAXELT)IGO TO 204
WRITE(2,202) NUMSLT,MAXELT
202 FORMAT(®1««#« SRROP CONCEANING MAXELT #«#',//,' THERE ARE ‘.14,
«%* ELEMENTS AND THERE 1S MIMORY SPACE AVAILABLE FOR *,I4»
x* (MAXELT)®)
STOP

PRINT OUT :LEMENT DATA
204 CALL OUTPT2(NOD1,NOD2,ISST,ELLEN,w,ELOR,ELORP)

PRINT QUT POROSITY DATA,

WRITEC2,215) IAAP,IAP

215 FORMAT(////1CX,"SUMMARY OF PQROSITY DATA‘:SX:'IAAP='1I4,SX:'IAP='

%, 16,77,5Xs"SET 10X, "LENGTH®

*, 246X, VOLUME* , 7,2 (11X, "EFFECTIVE ' »0X,"DEAD*) /)

WRITE(2,220) ClosEFFLECI),DEADLECIDLEFFVOCID),DZADVO(I),I=1,NSET)
220 FORMAT(S5X,I3,IP2F11.2,10X,1P2E1C.2)

300 CONTINUE

350 CONTINUE
RETURN
END
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THE SUBROUTINE QUTPT2 (CREATES TWO PAIRS OF FILZS 2 ONE PAIR CONTAINING
THE ELEMENT INCIDENCES AND LENGTH, THE SECOND THE FRACTURE APERTURES.
EACH PAIR CONSISTS OF ONE FCRMATTIZID AND ONE UNFORMATTED FILE.

SUBROUTINE OUTPT2(NODT,NOD2,ISZT,ELLEN,W,ELORLELORP)

COMMON /AREAZ/ NSET,MAXFRA,MAXINT,MAXELT,NUMINT,NUMNPT,NUMELT,
*NOINT, IPRT

COMMON /AREA3S/ TITLE(20)

COMMON /AREAL/S AAP(S5),3AP(5),APDSTR(5),DAAP,NAAP,IAAP,NAP, AP
DIMENSIGN ELLEN(NUMELT) d (NUMELT), ELOR(NUMELT),ELORP(NUMELT)
INTEGER NODT(NUMELT)I,NODZ(NUMELT),ISET (NUMELT)

IF(IAAP .GT. 1 .OR. IAP .GT. 1360 TO 105
wRITE(2,15) NUMELT
15 FORMAT(/,' NUMBER OF ELEMENTS (NUMELT) :°',IS5)
WRITEZ(A) NUMELT
WRITE(6) NOD1
ARITZ(4) NODZ
WRITE(3) ELLEN
ARITE(S) ISET
WRITE(S) ELOR
wRITE(S) ELORP
WRITEC(?) NUMELT,NAAP,NAP
IF(IPRT .EQ. 1)G0 TO 105

WRAITE(10,57) TITLE,NUMELT

52 FORMAT("1*,/7,1%X,20A%4,7," FILE: ELEFC.U1S',
/711,25, ELEMENT DATA',// ,"NUMBER OF ELEMENTS :°?
*,T30,15,% (NUMELT)',/7/7," FILE CONTAINS ', /7,10X,"NODT(NUMELTY, *,
«*FOAMAT(20IS) ,7,10X, " NOD2(NUMELT), FORMAT(20IS) ",/
* 10X, ISET(NUMELT), FORMAT(SCI2)',/,
* 10X, "CLLENC(NUMELT), FORMAT(I1P1GE10.3),7,
*1OX,"CLOR(NUMELT), FORMAT(IP10E10.3)*,/,
*10X,ELORPINUMELT), FOPMATCIPIDEIO.3)Y)
WRITE(16,60) NOD1
ARITE(16,60) NOD2

60 FOAMAT(201I9)
WRITE(16,62) ISET

62 FCOAMAT(S212)
WRITE(15,70) ELLEN

70 FCRMAT(1P10E10.3)
WRITE(16,75) ELOR
wRITE(16,75) ELCRP

75 FORMAT(ICF10.3)

WRITEC17,100) TITLE,NUMELT,NAAP,NAP

1008 FORMAT('1',/,1X,20A4,/," FILE: APEFO1.U1I7*,

+/71,25X,FRACTURE APERTURES',//," NUMBER OF *,

*CELEMENTS 2°,T30,15," (NUMELT)',7,* NUMBER OF DIFF. VAL. FOR ',
*YFIRST PARAM (AAP) :',T53,15," (NAAP)',/," NUMBER OF *.,
»"REALIZATIONS FOR EACH VAL. OF AAP :',TS53,15,° (NAP)',//,
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«' FILE CONTAINS : NAAPSNAP ARRAYS W(NUMEILT), FORMAT(1P10E10.3)")
105 WRITE(?7) W

IFC(IPRT LEQ. 1)G0 TO 150

WRITE(17,130) W
132 FORMAT(1P10£10.3)

150 RETUR™N
END
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G.2 Listing of the Program APEGEN
APEGEN

PROGRAM APEZGEN
R e s R R Y N 222323 T

PRIGRAM APEGEN GENERAT

£S FRACTURE APERTURE VALUES FOR THE FRACTURE
NETWORX GENERATED 8Y THE

PROGRAM NETWRK

wRITTEN BY A, RCULEAU, DECEMB3ER 1784, UPDATEZ 3Y A. ROULEAU
AND R. MACLEQD, JUNE 1935.

VOOV YOY O

e R R R R R R R N R R I I T T I I T T I I
INTEGER APDSTR
DOU2LE PRAEZCISION SEED
COMMON /AREAT/ TITLE(2D)
COMMON /AREA2/ NUMNPT,NUMELT,IPRT
COMMON 7AREAZ/ AAP(5),5AP(5),SEED,APDSTRANSET
COMMON JARSA4L/ DAAP,NAAP,NAP,IAAP,IAP

C DIMENSION MAXZLT=220

INTEGE? NOD1(2C0),NOD2(200),ISET(200)

DIMENSICN W(200),WwWw(200),ELLENC200),ELOR(200),ELORP(20D)
DI%EINSION P(200),2(200),R(200)

C DIMENSION MAXNOD=150
DIMENSICN XORD(150),Y0RD(150)

¢
C CONSTANTS
MAXELT=2]0
MAXNOD=150
C
READ(21,3) TITLE
3 FORMAT(2D4A4)
c

C READ GENERAL INPUT DATA

READ(21,5) IPRT,APDSTR,NAP,NAAP,DAAP,SEED,NSET,IOR
5 FORMAT(4IS,F10.0,F5.0,213)

READ(21,3) (RAP(I),BAP(I),I=1,NSET)

g FORMAT(2F10.0C)
C
C READ NETZA03K DATA
READ(5) NUMNPT
AEAD(4) NUMELT
CALL INPT3(XCRD,YORD,NOD1,NOD2,ISET,ELLEN,ELORSELORP, W)
IFCIJR .EQ. C) GO TI 603
C
C WAITHIN THE FCOLLOWING DO=LOCP (DC 50C) » FOR EACH ELEMENT, THE
C COORDINATES OF THE CENTERPOINT IS DETERMINED AND THE ORIENTATION
C IS COMPUTED IN TERMS OF THE DIRECTION COSINES P,Q,2.
C THESZ RESULTS ARE NOT USED IN THE PRESENT VERSION, BUT THtY
C WwOULD BE USEFUL FOR INSTANCE TO DETERMINE APERTURE AS A FUNCTION
C OF FRACTURE ORIENTATION AND LOCATION.
o
C LOOP QVER ALL THE ELZIMENTS
DO 503 N=1,NUMELT
o

C COMPUTE DIRECTICN COSINES
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THNSEZLOR(N)

THPN=ELCRP(N)

ASIN=SIN(THPN)

P(N)I=COS{THPN)

AINI=ASIN*STIN(THN)

REN)==ASIN#CCS(THN)
C CHECK ON DIRECTICN COSINES

PN=P (N)

AIN=I(N)

AN=R(N)

PZ=PN*PN

32=AN*QN

REI=RN®RN

TOT=P24Q2+R2

WRITE(E, %) N,TOT

SQMINE THE COCRDINATES OF THE ELEMEINTS
ST END POINTS
ND1=NODT(N)
ND2=N0DZ2(N)
X1E=X0RD(NDT)
Y1E=YORD(NDT)
X2E=X0RDIND2)
Y2E=YORD(NDZ2)
T THEN CENTZIRPOINT

XCE = (X1:2+4X22)72.0

YCE = (Y1E#Y2E)/2.0
C NOW IN CYLINDRICAL COORDINATES
TANR=YCE/XCE
THR=ATANCTANR)
RF=YCE/SINCTHR)

c
C DET
c FfI

C

C MODIFY SXISTING APZATURE VALUE w(N) QR C(CREZATz A NEwW ONE

¢

C (NO OPERATION IS DON:Z HERE IN THE PRIESEZINT VERSION COF APEGEN)
c

S

ce CONTINUE

STOP
C
£ CREATE AN SNTIRE ARRAY OF NEW APERTURES.
C
553 CALL APARR(wW,WW,ISET)
C
3TOP
£END
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SUARCUTINE INPT3 IS CALLED B8Y APEGEN-MAIN TO READ IN THE NODE
COORDINATE DATA (UNIT 9), THE ELEMENT INCIDENCE DATA _(UNIT 10)
AND THE INITIAL FRACTURE APERTURE DATA (UNIT 11).

[EE AR R R A AN AR R R RE SR X222 R R LSRR R RN EERE TR I E IR P G PR R P R gy

P OOy OOV

SUBROUTINE INPT3I(XORD,YORD,NOD1,NOD2,ISET,ELLEN,ELORSELCRP W)
COMMON /7ARZAZ2/ NUMNPT,NUMELT,IPRT

DIMENSION XORD(NUMNPT) ,YORD(NUMNPT)

DIMENSION ELLEN(NUMELT),W (NUMELT)

INTEZGER NODY(NUMELT),NODZ(NUMELT),ISET(NUMELT)

READ(S5) XORD
PEAD(5) YORD

oy

READ(6) NOD1
PEAD(S) NODZ
READ(S) ELLEN
READ(6) TSET
READ(o0) EILOR
READ(S) ELORP

cy

READ(?7) DUMMY
PEAD(T) W

RETURN
END
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o
C SU3ROQUTINE APARR CREATES AN ENTIRE ARRAY OF NEW APZRTURE VALUES.
C
R R R L R S e S R et
¢

SUBROUTINEZ APARR(W,wW,ISET)

COMMON /ARZAT1/ TITLE(2D)

COMMON /ARZA2/ NUMNPT,NUMELT,IPRT

COMMON 7AREA3Ys AAP(S5),3AP(5),SEED,APDSTRANSET

COMMON /AREAL/ DAAP,NAAP,NAP,IAAP,]AP

INTEGER APDSTR

INTEGER ISSTUINUMELT)

DOUBLE PRECISION SEED

DIMENSTON WINUMELT), dW (NUMELT)

WRITE(23,5) TITLELNUMELT,APDSTR
5 FORMAT(IX,2CA4,7," FILE : APEFQOZ.U23%,71711,
+t25X,"FRACTURE APERTURES',//,5X,*NUMBER OF ELEMENTS : *,T30,1S,
+* (NUMZLT)',/,5X,*DISTRIZBUTION TYPE : *,T730,15)
DO 350 IAAP=1,NAAP
IFCIAA? .EQ. 1) GO0 TO 12
DO 13 T=1,NSET

10 QRAP(I)=AAP(I)+DAAP

-

12 DO I00 IAP=1,NAP

C

C PRINT QUT INPUT APERTURE DATA

WRITE(23,14) [AAP,IAP,(I,I=1,NSET)

14 FORMAT(//77,1CXs"INPUT DATA FOR APERTURE DISTRISBUTIONS',10X.,
+'1aAP=", 14, IAP=',14,/7," FRACTURE SET :',725,511C,/7)
wRITE(22,18) (AAP(I),I=1,NSET) .

13 FORMAT(/,"' DISTRIBUTION PARAMETERS",7,10X,*A 2',T725,1P5£10.2)

WRITE(23,20) (BAP(I), 1=1,NSET)

FORMAT(10X,%3 :',T725,5F10.2)

O

GENERATE APERTURE VALUES

Y Y OY NV

IF (APDSTR +EQ. 2) GO TQ 25
DO 264 N=1,NUMELT .

Wd(N) = AAPCISET(ND)

GO TO 30

DO 23 I=1,NSET

CALL GONLG(SEED,NUMELT,AAP(I),3AP(I), W)
D0 283 N=1,NUMELT

IFCISET(N) LEQ. I) wWWwiN)=W(N)

A"
&

n
w

on

(% ]

CALL OQUTPT3I(WWsISET)

CONTINUE

(¥
[en}

CONTINUE

(o IV N o BIVYIN & BIVORY o 2N V)
(@]
(@]

RETURN
END
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OO OO

SUBRCUTINE OUTPT3I WRITES QUT A NEW FILE OF APERTURS VALUES
IN UNIT 22 (AND 23).

ﬁ'kitﬁt*ﬁt*ttﬁtikiﬁt'ti*ttt*t.*ﬁﬁt*t‘titt**t'iﬁ*tﬁ*t'*i"t*itkﬁitttit*'k

SUBROUTINE QUTPT3I(wWwsISET)

COMMON JAREAT/ TITLE(2D)

COMMON /AREA2/ NUMNPT,NUMELT,IPRT
COMMON /JAREA4/ DAAP,NAAP,NAP,IAAP,IAP
DIMENSICON dw (NUMELT)

INTESER? ISET(NUMELT)

IF (IAAP .GT. 1 4CR. IAP .GT. 1) GO TO 105

WRITE(22) NUMELT,NAAP,NAP
WRITE(22) Ww

IF (IPRT .€EQd. 1) GO TO 1359

WRITE(23,122)

FORMAT(//,20%X,*ARRAY ISET, FORMAT(SCIZ2)*,/7)
MRITE(23,124) ISET

FORMAT(SJI2)

WRITE(23,123)

FORMAT(//,2CX/,"ARRAY WW, FORMAT(1P10E10.3)%,77)
ARITZ(23,130) Ww

FORMAT(1P10E£10.3)

RETURN
END
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G.3 Lisfing of the Program NETFLO

NETFLO

PROG2A

Ld

NETFLO

R A SRR R RS R E RS R R R N R R R R R e Y L R 22 222222

APRIL 1985

s NeNaNeNaNale ol alal

THZ PROGRAM NETFLO IS A NUMZRICAL CCDE THAT SOLVES TME STEADY-
STATE EQUATIONS FOR FLUID FLCw IN THE NETWORK OF FRACTURES GENERATED
4Y THE PROGRAM NETWRX FORTRAN,

WRITTEN BY A. ROULEAU, 1983, UPDATZ 3Y A, ROULZAU AND D. LENTIZ,

I AA R SEREE AR SRR S SRR R R R R R R R 2 R R R R R EE R EREYEE R TR R TR TR R I R R I

COMMON JAREAZ2/ MAXNOD A MAXELT/ NUMNPT , NUMELT/NC,NF,NALMAXA,
*MAXCON/MAXFRELIPRT,JAP

COMMCN /AREAL/ X3(8),YB8(3),HDB(B8),HDE(3),ISHAP(B),I3C(8),IGEOM,NBO
COMMON /AREAS/ MAXELZ2,MAXNOL,IDIFF

COMMON /ZAREAG/ TITLE(C2ZD)

COMMON 7AREAB/s VISC,SPGR

©y O

DIMENSION

MAXELT = 200

INTEGER NODV1(200),NOD2(230),IDUMMY (200)
JIMENSION w(200),EC200),SLLENC2CD),ELORC200)

C DIMENSION
INTEGE

C DIMENSION
INTESE

?

R

MAXELZ = 2 + MAXELT = 4CJ
JTC4CT)

MAXNOD = 15C
I8C153),LCC15D),IMEMCTISC)  NODNUMCT1533) ,NEWNOD(153),

*JOINT(150),NELJTCTI50)
DIMENSION XCROC15C),YORD(150),PHIC150)

LOGICA

(o}

ODIMENSION
3

INTEGE

O

DIMENSION
INTEGE

(g}

DIMENSION

L
R

2

REJR (IS

MAXNGL = & * MAXNOD = 40D
MEMJT(600) .

MAXFRE = 110
XDIAGC110Q)

MAXCCN = MAXNOD = MAXFRE = 150-110=40

DIMENSION PHIC(40)

(]

C DIMENSION

MAXA = 2000

DIMENSICN A(2000)

200 + 1 = 201

EQUIVALINCE (JTC(1),NOD1),(JT(201),45N002)
SQUIVALENCE (ZLOR,IDUMMY)

¢

C YAXELT + 1

¢

C CONSTANTS

C
MAXELT
MAXNOD
MAXA =
MAXFRE
MAXCON

[ TR AR T T}

200
153
360
110
MAXNOD=MAXFRE

169



(@]

[a el [aNeNalal [N eXn] aNn]

[a e

YOy

(]

NETFLD

MAXEL2=2*MAXELT
MAXNOL=4+MAXNDD
VISC=1.302/71C00.
SPGR=98(03J.

AEAD(1,3) TITLE
3 FOAMAT(Z2CAS)
REA0 IN THE 2OUNCARY CONDITIONS.

READ(1,5) IGECM/NAP,NAAP,IPRT
S FORMAT(Z25X,315,10X,15,7)
TFCIGEOM JEQR. 1INBO=3
IFC(IGEOM JEQ. 2)IN30=6
READ(T,7) (ISHAP(IN,X3(I),YBCID,IBC(I),HDOBCI),HDECI),I=1,NBO)
7 FORMAT(IS,S5X,2F5.0,15,2F5.3) '

READ IN THE NETWCRK DATA
READ(S) ANUMNPT
PEAD(S) DUMMY
READ(7) NUMELT,NAAP,NAP
CALL INPTI1(XORD,YORD,I3,NODV1,NOD2,ELLEN,N,ELORLIDUYMY)
DEFINE THE ZOUNDARY CONDITICN FCP ALL THE NODES LOCATED ON A 30UNDARY
CALL 33UND(IE,PHI,XORD,YORD)

CPTIMIIE THE NODE NUMBERING AND DEFINZ THE CONDENSATION CODE FOR
SPARSE MATRIX STCRAGE,

CALL OPSTORCIZ,LC/KOIAGAUTA,IMZM, MEMYT/NODNUMANEWNODFJOINT/NEWIT)

SET UP THE MATPICEZS USING THT NODAL FLOW ZIUATIONS, AND SOLVE FOR THE
UNKNCAN HEAD VALUES (PHI) USING THE CHOLEZSYI ALGORITHM,

NAPZR=NAP«NAAD
DG 202 JapP=1,442¢9
IFQIAP .22, 1)50 TO 30
CALL INPT2(wW)
30 CALL SOLPHICIB,LC,KDIAG,NODI1,NOD2/,XORD,YORD,PHILPHIC  Wrhs
*E,NODNUM/NEWNOD,REQR,ELLEN)

CALCULATE FLOW IN ZACH SLEMENT AND TOTAL FLOW THROUGH THE MODEL.
CALL FLCCAL(NOD1,NOD2,WoELLEN,ELPHIL,IB,ELOR)
200 CONTINUE

STOP
END
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THE SUSRQUTINE INPT1 READS IN THE LINE NETWRK ANO FRACTURE APERTURE
C DATA F20M UNFORMATTED FILES CREIATED 3Y NETWRK.

SUBROUTINE INPTI(XORD,YCRD,I3,NCDT1,NOD2,ELLEN,W,ELOR,IDUMMY)

COMMON /AREARZ2/ MAXNOD,MAXELT,NUMNPT ,NUMELT ,NC,NF,NA,MAXA,
*MAXCON/MAXFRESIPRT,JAP

DIMENSION XORD(NUMNPTY),YORD(NUMNPT)

INTEGER I3(NUMNPT)

DIMENSION ELLENCNUMELT) W {(NUMELT),ZLCR(NUMELT)

INTEGER NODYT(NUMELT),NOD2 (NUMELT),IDUMMY (NUMELT)

READ(S) XORD
READ(5) YORD
READ(5) 18

READ(5) NOD1
PEAD(6) NODZ
READ(®) ELLEN
READC(S) IDUMMY
READ(S) £LOR

ENTRY INPTZ2(W)
DPEAD(?)

RETUPN
END

17
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30UND
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HZ 30UNDARY CONDITIONS FOR ALL THE NODES

THE SUSROUTINE 3CUND DEFINES T
S OF THE FLOW MODEL.

LOCATED ON THE BCUNDARIZ
LOCAL VARIABLES

BEGCL) : ORDINATE (ABSCISSA) OF BEGINNING POINT OF 30UNDARY L, IF
THIS BOUNDARY IS PARALLEL TO Y=-AXIS (TO X=AXIS).
END(L) : SAME AS 3E2G(L) FOR EIND POINT. ,
GRAD(L) : IF IBC(L)=2, HEAD GRADIENT ALONG 30UNDARY L
IF I8C(L)=3, HEAD DIFF. / DIFF. IN LOG OF THE EXTREM., POINT

SUBRCUTINE BOUND(I3,PHI,XJRD,YIRD)

COMMON /AREA2/ MAXNOD, MAXELT, NUMNPT,NUMELT,NC,NF,NA,MAKA,
*MAXCON,¥AXFRE,IPRT, JAP

COMMON /ARZAL/ X3(B8),YB(3),HD3(8),HDE(B),ISHAP(8),IBC(B),IGECM,NRD
COMMON 7AREZAGY TITLE(2D)

INTEGER I8(MAXNCD)

DIMENSION XORD(MAXNOD),YORD(MAXNOD),PHI(MAXNOD)

DIMENSIGN 3EG(8),END(3),GRAD(S)

DETEQMINE END POINT (ENDC ) ) FOR ZACH 3IO0UNDARY

IFCISHAP(Z) .S3. C) THEN
END (1) =YB(3)

ELSE
END(1)=Y3(Q)
END(2)=Y3(3)

END IF

IFCIGECM .23. 1)G0 TO 10

IF CIRCULAR BQUNDARIES

IFCISHAAP(S) EQ. J) THEN
ENDLA) =X (¢)

ELSE
END(4)=X2(5)
END(5)=X3(¢)

END IF

G0 TO 20C

1C TFCISHAP(4) .Ea. T) THEN
END(3)=X3(5)
ELSE
END(3) =XE(4)
END (4)=X3(5)
IND IF
IFCISHAP(S) .EQ. THEN
END(5)=Y3(7) |
ELSE
END(5)=Ya(e)
END (o) =Y23(7)
END IF
IFCISHAP(B) LEQ. 0) THEN
END(7)=Xx8(1)

O
~
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ELSE
END(7)=XB(8)
END(3)=X8(1)

chdD IF

CALCULATE VALUE CF CONSTANTS 2EG( ) aND GRAD( ) FOR EACH BOUNDARY
FOR WHICH I3C=2 OR 3, ’

ey ey O

20 D0 SO L=1,N&C
»1=18C(L)
IF(MT .LT. 2) G0 TO 50
DHD=HDE(L)~HD3(L)
IFCIGEO™ .EQ. 2)G0 TO 25
C RECTANGULAR AOUNDARIES
IFCL CEQ. 1 J0Ra L 2Z9. 2 L0R. L £Q. 5 .0R. L .EQ. 6) THEN
REGL(L)=Y3(L)
ELSE
3G(L)=X8B (L)
END IF
60 TO 3C
C CIRCULAR BOUNDARIES
25 IF(L .2Q. 1 .0Re L <£Qa. 2) THEN
SEG(LY=Y3(L) ’
ELSE
FEG(L) =X3(L)
IND IF

© 30 SLE=END(L)~-BZG(L)
IF{MT .2ZQ. 2) THEN
GRAD(L)=DKD/DLE
St '
GQAD(L)=OHDIALOG(END(L)/BEu(L))
END IF
SO CONTINUE

L

rn

DETZAMINE 4EAD VALUZ FOR EACH NODE LOCATZD ON A 30UNDARY FOR WHICH
Iec =1,

) 2 07 3.

o~ n

s N a X Xa)
G

NC=0
20 100 M=1,NUMNPT
I8M=18(M)
IFCI8M .za. C)&0 TO 109
M1=I3C(I3M)
IF(¥Y .£GQ. J)GC TO 100
IF(MY JEQ. 1) THEN
PHI(M)=HDS5 (IBM)
ILse’
C ASSI3N VALUE FOR XORY
IFCIGEOM .2Q. 1) THEN
IFCIBM LEQ. 1 J0R. I3¥ _£3,2.0R.I3M.E2.5.02.13M.5Q.6) THEN
X0RY=YCRD(M)
ELSE
XORY=XCRD(™)
END IF
ELSE
IFCIAM JEQ. 1 .OR. 1238 .EQ. 2) THEN
XORY=YCRD(M)

173



3Q0UND

ELSE
XCRY=XCRD(M)
END TF
END [F

IF(M1 .EQ. 2) THEN
PHI(M)=HDB(IBM) + GRAD(I3M)*(XORY=3EG(I3M))
ELSE
PHI(M)=HD3(IBM) + GAAD(IBM)~ALOG(XORY/3EG(I3M))
END IF
END IF
NC=NC+1
100 CONTINUE
NE=NUMNPT=NC

PRINT OUT SOUNDARY DATA

(aNalal

wRITE(31,200) TITLE
290 FORMAT(*1°,/,1X,2044,/," FILE: SUMFLO.U31",
+777,10X,'0UTPUT FROM SUERQUTINE 30UND',//)
WRITE(3I1,340)INUMNPT,/NF,NC
340 FORMAT(//,10X,*TOTAL NUM3ER OF NODES',T40,15," (NUMNPT)',/,
*10Xs"NUMIER OF FREE NODES',T40,15,° (NF)*,/,
*10X,"NUMSER GF CONSTRAINSD NODES*,T40,1I5," (NCY',/71)
C
C PRINT QUT CONSTANTS FOR EACH BOUNDARY
WRITE(31,350)
352 FORMAT(' 3DR’Y NO I8C',7X,"35G",10X,"END ,BX,* " GRADIENT'"*,/)
4RITEC31,355) (L,IBCCL),IES(L)FEND(L),GRAD(L), L=1,NB0)
355 FORMAT(217,3F13.3) .
IF(NF L.LE. MAXFRE LAND. NC .LE. MAXCON)GO TO 370

c .

WRITE(31,365)NF,MAXFRE/NC,MAXCON
365 FORMAT('1Tx+*+ ERROR CONCEANING MAXFRE OR MAXCON #wsw',//,* THERE A

*RE ",IS," FRE:S NODES, AND MAXFRE IS',15,//,' THERE ARE ',14,° CONS
«TRAINED NCDES, AND MAXCON IS ',14)
5TOP

370 RETURN
END
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THE SUBROUTINE OPSTOR ORYTIMIZES THS NODE NUM3ERING AND DEFINES THE
CONDEZNSATION CODES FOR MATRIX STORAGE.
CPSTOR CALLS THE SUBROUTINES SETUP AND OPTNUM,

YOO

SUSROUTINE OPSTOR(IZ,LC/XDIAG,JIT,IMEM, MEMIT , NODNUM/ NEWNCD,JCINT,
*NEWJIT)

COMMON /AREAZ2/ MAXNOD, MAXELT/NUMNPT,NUMELT,NC,NF,NA,MAXA,
*MAXCONSMAXFRELIPRT,JAP

COMMON /AREAL/ X3(8),YB3(3),HMDB(2),HDE(8),ISHAP(B),IBC(R),IGECOM,NBD
COMMON /AREASZ? MAXEL2,MAXNO&L,IDIFF

COMMON /JAREAS/ TITLE(20)

INTEGER KDIAG(MAXFRE)

INTEGZR IB{MAXNOD),LCC(MAXNOD) ,JT(MAXELZ2),

*JMEM(MAXNOD) L MEMJT(MAXNCL ), NODNUMIMAXNOD) /NEWNOD (MAXNOD) »
«JOINT(MAXNOD) S NEWIJT(MAXNOD)

Oy

DEFINE THE TOPOLCGY OF THE ORIGINAL NODE NUMBERING.

CALL SETUPCJT,IMEM, MEMNJT)

(&)

PRINT CUY THE DATA CONCERNING THE INITIAL NODE NUMBERING.
wRITE(31,20) IDIFF

20 FORMAT(//7,10X,*CUTPUT FROM SETUP®*,//,* INITIAL IDIFF=',I15,7)
IFCIPRPT .LT. 3)G0 TO 38

ARITE(34,22) TITLELIDIFF
22 FORMAT(®* 1%,/ ,1X,20A4,/," FILE: FLOMAT.U34LY,

+/,3X,*OUTPUT FROM SETUP',/," INITIAL IDIFF=',15,7)
WRITE(34,24)

24 FORMATCIOX,® FORMAT(6(I JTCINY)p1 1)
WRITE(24,28)C1,dT(I), I=71,MAXELZ)

245 FORMAT(5(5X,215))
WRITE(34,28) (I ,IMEM(I),I=1,NUMNPT)

23 FORMAT(/177,10X,"FORMAT(S(I JMEM(INII 77,60 215/,5X))
WRITE(34,33) ‘
33 FORMAT(///,1CX,"FORMAT(] 4 NCDES RELATED TO NODE I, I.E. MEMYTL

*ox(I=1) +1 TO +4))*,/)
00 37 I=1,NUMNPT
I4=4=(1-1)
WRITE(34,3¢)I,MEMITCILHT) MEMYT(TIL#2),MEMIT(IL43),MEMIT(TSLH*4)
3 FoORMAT( I15,2X241I5,5X)
37 CONTINUE

oo

RENUMIAER THE NODES IN ORDER TO MINIMIZE THE 3ANDWIDTH JF THE MATRIX A

«

33 CALL OPTNUMCJT,JMEM,MEMJIT ,NODNUM,NEWNOD,JOINT,NEWIT)

DEFINE THZ CONDENSATION CODE (LC) FOR MATRIX PARTITIONING, AND
DETERMINE THE VALUES IN THE XDIAG ARRAY FOR STORAGE OF SUBMATRIX A.

aNalNalal

LC(1)=0
MA=T3(NEWNOD (1))
XDIAG{1)=1
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IF(M6 .EQ. 0)GO TO SO

IFCIBC(MO) .6T. 0)LC(1)=1
50 DO 100 M=2,NUMNPT

MS=NEWNOD (M)

M7=1B(4S)

(@]

C CALCULATE LC(M)
K=0
IF(M7 .£Q. 0)GO.TO 53
IF(IBC(M?).5T. CIK=1
53 LC(MI=LC(M=1)+K
LCA=LC(M)
IF(M7 .EQ. G)GO TO 54
IFCIBC(M?).GT. C)GO TO 120

CALCULATE KDIAG FOR NODE M, IF ™M IS A FREE NODE.
FIRST, FIND WHICH ONE OF THE NODES RELATED TO NODE M HAS THE MINIMUM
INDEX.
5S4 NREL=JMEM(M3)
MINREL=NCONUMIMEMIT(MS»4 - 3) )
IF(NREL .EGQe 1)G0 TC 60
DO 55 M1=2,NREL
M2=MSw4=4¢M]
MRA=NODNUM(MEMJT(M2))
IF(MINREL .GT. M3)IMINREL=MS
55 CONTINUE
60 M3=M=LIM v
C M3 INDICATZS THE LCCATICN OF NODE M ON THE DIAGONAL OF THE SUBMATRIX
C OF FRZE NODES (A).
IF(M3 .LT. 2)G0 TO 100
IF(MINREL LT, M)GO TO 23
KDIAG(M3)=XDIAG(U3I=1)+1
G0 T2 100
BO XDIAG(M3I)=KOTAG(M3I=1) ¢+ (M-MINREL)-(LCM-LC(MINREL))*1
100 CONTINUE
TF(LC{NUMNPT) LEQ. NC)GD TO 1025
WRIITZ(31,103) LOCOINUMNPTI A NG )
103 FORMAT(®1*exx ERROR CONCZRNING CONSTRAINED NODES wxxxt®, s/,
*% LCINUMNPT)=®,14," NC=*,14)
STOP
105 CONTINUE

YOO

NA=KDIAGUNF)

PRINT OUT LC AND KDIAG ARRAYS
APITEC(31,106)HA
10¢ FORMAT(///7,1GX,"QESULTS FROM OPSTGORY,//," SILE OF MATRIX A (NA):®,
*«17) .
IFC(IPRT .LT. 380 TC 120

«)

WRITE(34,108)
108 FORMATC(//7,10X,*CONDENSATION CO0Dz (LC), FORMAT(o(I LC(I)))*,/)
ARITE(3L,1C9) (I,LCCI),I=1,NUMNPT)
109 FORMAT(6(2IS5,5X))
WRITE(36,112)
112 FORMAT(//,1CX,*YARIASILE 3IANDWIOTH STORAGE CODE (KDIAG), FORMAT(6(I
* KDIAG(IN))Yrs1)
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WRITE(34,115)

({rKDIAG(I);I=1oNF)

115 FORMAT(5(217,3X))
120 IF(NA .LE. MAXA)IGO TO 149

WRITE(31,130)INA,MAXA

130 FORMAT("1xwnn

ERROR CONCERNING MAXA kaxxx',//,*

+ A (NA) SHOULD BE ',13,' , 3UT MAXA IS *,I3)

STOP
14C RETURN
END

177
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THE SUBROUTINE SETUP GENERATES A LIST SHOWING THE RELATIONSHIP THE
NODES HAVE WITH ZACH OTHER, AND COMPUTES THE ORIGINAL MATRIX BAND-
WIDTH (ADAPTED FROM COLLINS, 1973)

SUBROUTINE SETUP(IT,IMEM,¥=MJT)

COMMON /ARZA2/ MAXNOD,MAXELT,NODZS,LMENTS,NCANF,NA,MAXA,
*MAXCON,MAXFRELIPRT,JAP

COMMON /FAREAS/ MAXEL2,MAXNOGL,IDIFF

INTEGZR JTUMAXEL2),JMEM(MAXNOD) ,MEMIT(MAXNDSL)

IDIFF=0
D2 10 J=1,NCDES
10 JMEM(J) =D
DO 40 J=1,LMENTS
DO 50 I=1,2
INTISJTCMAXELT*(I-1)+J)
JSUB=CJINTI=T1)*4
DO 40 1I=1,2
IF(IILEa.I)GCTO4D
JIT=IT(MAXELT*(ITI-1)+J)
IF(IIT.EQ.0)GOTCSD
MEMI=JMEM(JNTI)
IF(MEMT1.53.0)GOTO30
DO 20 Ill=1,M:EM1
IF(MEMITCISUBHTIII) uEd.4dTIS0TO4D
20 CONTINUE
30 JMEMUINTIDISJMEMCINTI) ¢1
MEMITCISUS+IMEMIINTI)I=JJT
IFCIABSCINTI=JJIT)GT . IDIFF)IDIFF=IABSCINTI=JIT)
4C CONTINUE
SC CONTINUE
60 CONTINUE
RETUAN
END
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THE SURRAQUTINE CPTNUM RENUMIERS THE NODES IN ORDER TO MINIMIZE
THE BANDWIDTH OF THE MATRIX (AODIFIED FROM COLLINS, 1973).

SUBROUTINE OPTNUMCJIT,IMEM, MEMIT,NODNUM/NEWNOD,JOINT,NEWJT)
COMMON /AREAZ2/ MAXNOD, MAXELT,NODESS,LMENTS,NC/NF,NA,MAXA,
*MAXCON,MAXFRE,IPRT,JAP

COMMON /AREAS/ MAXELZ2,MAXNOG,IDIFF

INTEGER JOINT(MAXNOD), NESJJT(MAXNOD)

INTEGER JT(MAXEL2),JMEMIMAXNOD) S MEMIJT(MAXNDOL) ,NODNUMIMAXNDD) »
ANEWNOD(MAXNCD)

IDIFFI=I0IFF
MINMAX=IDIFF
DO 60 IK=1,NCDES
DO 20 J=1,NODES
JOINT(J)=0
20 NEWJT(J)=0
wax=0
I1=1
NEWJT(1)=1K
JOINT(IK)=1
K=1
30 Ke=JMEM(NEWIT(I))
IF(K4.EQ.0)GOTO4S
JSUB=(NEWJT(I)=1)~4
D0 40 JJI=1,K4
KS=MEMJIT(JSUB+IJ)
TFCJOINTUIKS) .GT.Q)GOTO4LT
K=K+1
NEWJT(X)=KS
JCINT(KS) =K
IDIFF=TIARS(I-K)
IF(IDICF.GE.MINMAX)GOTOOD
IFCIDIFF.GT.MAXIMAX=IDIFF
40 CONTINUE
IF(K.EQ.NODES)GOTOSC
IF(K.GT.I)GOTOLS

IN CASE OF A DISCONNECTED NETWORK ...

D0 42 J=1,NODES
IFCJOINT(J).EQ.D)ISOTO43
@2 CONTINUE
30 TO 45
43 K=K+
NEWJT(K)=J
JOINT(J) =K

45 1=1#1

GOTC3d
SO MINMAX=MAX
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C
DO 55 J=1,NODES
NZWNOD(JI=NEWJTWI) .
55 NODNUMGJI=JOINT(J)
60 CONTINUE
C
IFCIDIFF JLT. IDIFF1) GO TO 35
¢
C IN (ASE WHERC NO RENUMBERING IS ReQUIRED
00 70 M=1,NODES
NEWNOD(M) =M
?3G NODNUM(M) =M
C PRINT QUT THI FINAL NODE NUMBERING
C
3s wRITE(31,90) IDIFF
90 FORMAT(/r77,10X,"0UTPUT FROM OPTNUM®, /7, FINAL IDIFF=',15,71)
IF(IPRYT .LT. 3)GO0 TO 15C '
c .
wRITZ(34,105)
105 FORMAT(/777,10%X,*FINAL NODE RENUMBERING',/7,
*TOX,*FORMAT(S(I <==NEWNOD ==>NODNUM)I)I*,//)
WRITE(34,112) (I, NEWNOD(I),NODNUM(I) , I=1,NODES)
112 FORMAT(5(3IS,5x))
o
150 RETURN
END
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THE SUZROUTINE SCLPHI CALCULATIS THE VALUES IN THZ SU3ZMATRICES
A AND PHIC, AND SOLVES THE SYSTEM FOR THE UNKNOWN VALUES OF PHI
USING THE C(HOLESKY METHOD.

SOLPHI CALLS THE SUBROUTINES DECOMP, FORW AND 3ACK.

s NaNaRa Rl al

SUBROUTINE SCLPHI(CIB,LC,XDIAG,NOD1,NOD2,XORD,YORD,PHILPHIC,W,A,
*EsNOONUM/NEWNOD,REOR,ELLEN)

COMMON /AREA2/ MAXNOD,MAXELT,NUMNPT,NUMELT,NC/NF/NALMAXA,
«MAXCON,MAXFRE,IPRT,JAP ,

COMMON /7AREAG/ XB(8),YS(3),HOB(3),HDE(S),ISHAP(3),IB8C(8),IGEOM,NRD
COMMON /AREAS/ TITLE(20)

COMMON JAREAB/ VISC,SPGR

INTEGER KDTAG(MAXFRE)

INTEGER IS(MAXNOD),LCU(MAXNOD),NCONUM(MAXNOD) .,
*NEWNOD{MAXNOD) /NODT(MAXELT),NOD2(MAXELT)

DIMENSICN XORD(MAXNOD),YORD(MAXNOD), PHI(MAXNOD)

DIMENSICN E(MAKELTI S ELLEN(MAXELT) W (MAXELT)

DIMENSICN IBCC(I),INEW(2)

DIMENSION PHIC(MAXCON)

DIMENSICN A(MAXA)

LOGICAL REQR(MAXNOD)

C CONSTANTS
FLUID=3PGR/(12+VISC)

C CLEAR ARPAY A
DO 5 I=1,MAXA
S A(I)=C.0
IF(JAP .GT. 1360 TO 13

SET UP CONSTRAINED HEAD VECTOR (PHIC)
DO 10 I=1,NUMNPT

MO=NZWNOD(I)
MI1=12(M9)
IF(411 .52. ©)G0 TO 1C
IFCI3C(MTIY) .€Q. 0)GO TO 10
PRIC(LC(I))=PHI(MI)

10 CONTINJE

»

o

CLEAR ARRAY PHI
13 00 15 I=1,NF
15 PHI(I)=0.0

CALCULATE THE COEFFICIENT OF PHI FOR ZACH ELEMENT AND SET UP THE
SUBMATRIX A (FOR TOTALLY FREZ ZLEMENTS).

YO OO

DO 250 N=1,NUMELT

oo

CALCULATZ COEFFICIENT E FOR TLEMENT N
I0OLD=NODT(N)
18C0=123CI0LD)
£18¢0(1)=C
IFCI30 .€3. CIGO TO 18
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18

20

[3C2(1)=I5CC180)
INEw(1)=NODNUMCIOLD)

IOLD=NODZ2(N)
[30=18(1I0LD)

- 13C0€2)=]

IF(IBD .c2Q. 0230 TO 20
I12€0(2)=18C(I30)
INEW(2)=NODNUMCICLD)

ECN)=(W(N)**x3)#FLUID / ELLENIN)

ASSIGN THE VALUE C, OR 1, OR 2, TO 132,
NODES AR’E CONSTRAINED, RESPECTIVELY.

TFCIRCC(1) .EQ. O AND. I3CC(2) .EG.
IF(I3C0(1) .EQ. O .OR. ICO(2) .EQ.

5

30
35

182=2
0 TO 35
132=1
G0 TD 35
16230
CONTINUE

IF 2 NODE.

0)60 TC 39
J)G0 TO 25

1 NODE, CR 30TH

INSZRT € INTO THE GLOBAL COSFFICIENT SUBMATRICES A OR AC.

IT=MAXQOCINEW (1), INEW(2))
JI=MINIC(INEW(I),INEW(2))

SUBMATRIX A : LINZAP ARRAY AND VARTA3LE BANDWIOTH STORAGE.

140

1460

165

154

20 143 I=1,2

IFCI3CC(I) GT. 0)GO TO 14D
Me=KDIAGCINEW(I)=-LC(INEW(I)))
A(MA)=E(N)+A(M4)

CONTINUE

LF(I32-1)1603,170,250C

M5=XOIAGCII-LCCII)) = (I1-0J) + (LCCIL)=-LC(JI))

[F("5 LT. 1)G0 TO 145
A(MS)==E(N)

GO0 TO 25¢C
ARITS(31,166)M5

FCRWAT(*txexs ERPOR IN MATRIX &

sTOoP

kubkahhand 74"

M5 = ',T1¢6,° (22723 0)

AUGMENTED FLUX VECTOR (I.E. ZINTRIES OF NODE CONDUCTANCE MATRIX FQOR
PARTIALLY CONSTRAINED ELEMENTS MULTIPLIED BY CORRESPONDING ENTRIES

CF

VECTOR PHIC )

PREVICUSLY.

173

19C

252

20 190 1=1,2

IF(ISCO(I) «GT. 3)GO TO 199
MO=INEWC(I)-LCCINEWC(I))
II=IA3S(1=3)

M7=LCCINEWCII))

CCNTINUE

AC=E(N) .
PHI(MO)=AC®PHIC(M7) + PKI(M¢)
CONTINYZ

STORED IN VECTOP PHI,

182
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IF(IPRT LT. 3)30 TO 333
PRINT QUT THE MATRICES TO 3E SOLVED

WRITE(34,295) JAP
295 FORMAT(////77,"1 MATRICES 4, 2 (STORED IN ARRAY PHI), AND PHIC, 5
*ORE DECOMPOSITICON',SX,%JAP=",14,11/7,
*SX,YMATRIX A*,8X,*FORMAT(5(I ACINIY',27)
dRITE(34,301) (1,ACI),I=1,0NR)
301 FORMAT(S(4X,13,1PET13.3))

F

m

WRITE(34,313)JAP

313 FORMAT{/7/779X,*VECTOR **®'*, STCRED IN ARRAY PHI®*,1CX,"FORMAT(S(I
* PHICI))),5X,'JRP=4,14,1/7)
WRITE(34,316) (I,PHI(I),I=1,NF)

316 FORMAT(S5(IS,1PET12.3))

WRITEC(34,318) JAP

313 FORMAT(///O9X,*'VECTOR PHIC', 10X, "FORMAT(S(] PHICCI)))*,5X,"JAP=",
*14,/7)
WRITE(34,321) (IL,PHIC(I),I=1,NC)

321 FORMAT(S(IS,1PE12.3))

CHOLESKI DZCOMPOSITION.
330 CALL DECOMP(A,KDIAG)

SOLVE FOR PHI, IN T40D STEPS:FORWARD=-SU3STITUTION AND SACKSUBSTITUTION
CALL FORwW(A,XKDIAG,PHI)

CALL 3ACK(A,KDIAG,PHI)
EXPAND HEAD VECTCR

DO 400 M™M=1,NUMNPT
M=NUMNPT~¥M+1
M1J=I3(NEWNDOD(M))
IF(M10 .EQ. C)GO TO 340
IF(I8C(M10) .6T. 0)GO TO 350
342 K==M=L C(™)
PHI(M)=PHI(K)
G0 TO 400
352 PHI(MY=PHICC(LC(M))
500 CONTINUE

REOQORDE® 9HI ARRAY IN INITIAL NODZ OJRDER.

DO 410 M=1,NUMNPT

410 REOR(¥)=.FALSE,

DO 450 M=1,NUMNPT
IF(REO(MIIGC TO 450
PHIM=PHI(M)
MA=NEWNOD (M)

420 PHIMA=PHI(MA)
REOR(MA)=,TRUE.
PHI(MA)=PHIM
MASNEWNOD (MA)
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IF(REOR(MA)IIGO TO 459
PHIM=PHIMA
GO TO 426
450 CONTINUE
¢ .
IFCIPRYT LLT. 2)G0 TO 509
c .
C PRINT THE RESULTS OF FLOW CALCULATICN.
WRITE(33,470) TITLE,JAP
475G FORMAT('1*,/,1X,20A4,/," FILE: FLOALL..U33®,
+//7,10X,RESULTS OF FLOW CALCULATIONS, JAP=Y, 14,117
*10X,*HEAD AT NODAL POINTS', 7/,
10X, FORMAT(Z(I I8C1) PSHICINIY,12)
WRITZ(33,430)(M,IB(M),PHI(M), M=1,NUMNPT)
480 FORMAT(G(IS,I4,1PE15.7,3X))
500 RETURN
END
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C THE SUBROQUTINE DECOMP OPERATSS A CHOLESKI DECOMPQOSITION ON A
€ VARIABLE 3ANDWIDTH STORAGE MATRIX (FROM JENNINGS, 1977)

~
[

SUBROUTINE DECOMP(A,KDIAS)

COMMON /AREAZ2/ NAXNOD'NAX‘LT;NU”NPT'NUMELT:NCINFrNA'”AXA'
*MAXCON,MAXFREZIPRT,JAP

INTEGER KDIAG(MAXFRE)

DIMENSION A(NMAXA)

C
AC1)=SIARTC(ACT))
DO 1 I=2,NF
KI=xDIAG(I)~-1
L=KDTAS(I=1)-KI+1
D0 2 J=L,1I
X=A(KI*J)
XJ=KDIAG(J)=~J
IF(J Q. 1)G0 1O 2
LBAR=KDIAG(I=1)~-KJ+1
L3AR=MAXG(L,LZAR)
IF(LBAR EQ. J)S0 TO 2
Jd=d-1
DO 3 K=L3AR,JJ
T X=X=A(KI+K)*A{KJ+K)
2 A(KI+J)=X/A(KI+J)
IF(X .LE. J.C) THEN
WRITZ(31,2C) 1,X
20 FORMAT(77/77," nwxsex GAINING wwaewxn?, /7% IN SUIRQUTINE DECOMP, AT
*» I=',15.,%, X WAS 2',1P215.3,/," THE SIGN OF X HAS ZEEN CHANGED TO
* ALLOW SaQRT(X) TO S&E COM°UTED.")
X==X
END IF
1 A(KI+TI)=5QRT(X)
C
PEZTURN
END
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C
C THZ SUBROUTINE FCRW £XECUTE3 A FORWARD SUBSTITUYION IN WHICH TH:
€ VECTOR 3 IS OVERWRITTEN 3Y THS SOLUTION Y OF THE MATRIX EQUATION
C LY=2 (FROM JENNINGS, 1977).
¢ .
SU3RQUTINE FCRW(A,XKDIAG, =)
COMMCN /ARESA2/ MAXNOD »MAXZL T, NUMNPT,NUMELT,NC,NF,NA,MAXA,
*MAXCON,MAXFREL,IPRT,JAP
INTEGER KDIAG(MAXFRE)
DIMENSION ACMAXA),B(MAXNDD)

3(1)=3(1)7A(1)

DO & I=2,NF
KI=KDIAG(I)~]
L=XDIAG(I-1)~KI+1
X=8(I)

IF(L .EQ. I)GO TO 4
II1=1-1

00 5 J=L,1I1
X=X=A(KI+J)=*B(J)

& B(IdY=X/A(KI+])

(v

€

RETURN
END
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THE SUBROUTINE BACLK EXECUTES A 3ACKSU3STITUTION IN WHICH THE VECTOR
Y, STORED IN 3, IS OVERMRITYEN 3Y THE SOLUTION X OF THE MATRIX
EQUATION LC(TRANSP)«X=Y (FROM JENNINGS, 1977).

SUBRQOUTINE BACK(A,KDIAG,3)

COMMON JAREAZ/ MAXNOD,MAXZLT, NUMNPT,NUMELT,NC,NF,NA,MAXA,
*MAXCON/MAXFRE,IPPT,JAP

INTEGER KDIAG(MAXFRE)

DIMENSION A(MAXA),S(MAXNOD)

DO 6 IT=2,NF
I=NF#2-1IT7
KI=XDIAG(I)~-1I
X=3(I1)/A(KI+I)
8(I)=X
L=KDTAG(I=1)-XI+1
IF(L .Z¢. I)GO TO 6
I1=1-1
DO 7 X=L,II
7 8(K)=5(K)~X*A(KI+K)
6 CONTINUE
3¢1)=3(1)/A(1)

RETURN
END
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THE SU3ROUTINE FLOCAL CALCULATES.TﬂE FLOW IN EACH ELEMENT,
THE TOTAL FLOW THROUGH THE “ODEL AND THE DIRECTIONAL
PARAMETERS

VOO

SUBRQUTINE FLOCAL(NODI ,NOD2,WrELLENLELPHILIB,ELOR)
COMMON JAREAZ2/ MAXNOD,MAXELT,NUMNPT,NUMELT,NCANF,NA,MAXA,
*MAXCONLSMAXFREZIPRT,JAP
COMMON ZAREAL/ XB(B),YB(Z),HD3(3),HDE(BY,ISHAP(3),15C(3),1GEOM,N3D
COMMON JAREAB/ VISC,SPGH .
COMMON /ARZAS/ DVEL(38),DFR(30),OLEC3IO),DLVEL(36),DLVELZ2(36),
+DPCR{T13),DK(18),DLET1SD(13),NSEG{(36)
INTEGER IBUNUMNPT)
INTEGER NODY (NUMELT),NOD2(NUMELT)
DIMENSION M2(2),DINOUT(3)
DIMENSION WO{NUMELT) P ELLEN(NUMILT), E(NUMELT) ,ELORINUMELT)
DIMENSION PHI(NUMNPTY)
C
C CLEAR ARRAYS
DO 15 I=1,N8C
15 DINOUT(I)=0.C
D0 20 1=1,36
DVEL(I)=0.C
DFR(I1)=0,C
DLE(I)=0.0
DLVEL(I)=0.0
DLVEL2(I)=C.0
NSEG(T)=0
20 CONTINUE
DO 24 1=1,18
DPOR(IN=0.3
DX(I)=J.0
OLET130(I)=0.C
24 CONTINUE
C
C PRINT HEADINGS ON DETAILED OUTPUT FILES
IF(IPRT .LT. 2)GO TO 43 )
WRITE(3Z,45) JAP

45 FORMAT(///,1CX,*FLOW IN ZLEMENTS, JAP=',14,
£77,% NUMBER',IX,"WIDTH(M) ', 68X, " LENGTH(M) ', aX,*VELDOC (M/52C) ",
+* FL.RATE(M=#3/SEC) REYNCOLD NO. DIRECTION TRANSIT TIME',/)
48 WRITZ(31,50)
S3 FORMAT(*1*,/,10X,*SELECTZD RESULTS OF FLOW CALCULATIONS®,10X.,
x% FOR SEGMENTS LOCATED AT & 30UNDARY',//,' 3DRYLNO ELEMLNO
* WIDTH(M) LENGTH (M) VELOCTITY(M/SEC) FLOW RA

*TE(Mex3/SECY 1Y)
DO 130 N=1,NUMELT
C
C CALCULATE FLOW RATE,VELOCITY AND REYNODLD NUMBER IN EACH ELEMENT
M2(1)=NODT(N)
M2(2)=NCD2{N)
THN=ELOPR(N)
WN=w(N)
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53
55

58

69

ELLENN=ELLEN(N)
FR=E(N)*(PHI(M2(1))=PHI("2(2)))
VEL=FR/WN
RE=A3S(FasrVvISC)
TRTIM=ABS(ELLENN/VEL)
IFCIPRT LY. 2)GO TO S5
WRITZ(3I3,53IN,WN,ELLENNAVIL/FR,RELTHN,TRTIM
FORMAT(IS,1P7215.7)
DO 60 I=1,2
M3I=I3(M2(1))
IF(M3 .2Q. 0)G0 TO 4¢C
M1=13C(M3)
IF(MT .EQ. J)GO TO 59
FR1=FR
IF(I .5Q. 2) FRI==FR
WRITZ(31,55) M3, N ,wWN,ZLLINNSVEL,FRT
FORMAT(2(1IS,5X),1P4E20.7)
DINOUT(M3I)=DINOUT(M3) + FR1
CONTINUE

¢ COMPUTE DIRECTIONAL POROS. 3% PtRM, (0-13) DEGREES)

IDIR=INT(THN/10.) + 1
CPCRCIDIRI=DPORCIDIR) + WN*#ELLENN
DKCIDIR)=DK(IDIR) + WN*wNCELLENN
DLET13CCIDIR) =DLETBOCIDIR) + ELLENN

C COMPUTE OTHER DIRECTIONAL PARAMETERS (0-360 DEGREES)

¢

C

100

IF(FR LE. 0.0) THN=THN+130.
IDIR=INT(THN/10.) +1

AVEL=ABS(VEL)

AFR=A3S(FR)
DVELCIDIA)=DVELC(IDIR)#+AVZIL
DFRCIDIR)=DFRCIDIR)+AFR
DLECIDIR)=DLECIDIR)#ELLENN
DLVELCIDIR)=DLVEL(IDIR)*ZLLENN®AVEL
DLVEL2CIDIR)=DLVEL2CIDIR) + ELLENN®AVEL*AVEL
NSEGCIDIR)=NSEG(IDIR) +1

CONTINUE

PRINT SUMMARY QUTPUT FILES

CALL QUTPT4(DINOUT)
RETURN
END
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SUSROUTINE OUTPT4A(DINOUT)
C THIS SUBROUTINE PRINTS OUT A& SUMMARY OF FLOW CALCULATIONS
C AND VALUES OF DIRECTIONAL PA&2 AMETERS
c
COMMON /AREA2/ MAXNOD,MAXELT,NUMNPT,NUMELT,NC,NF,NA,MAXA,
*MAXCON,MAXFRE,IPRT,JAP
COMMON /AREA4L/ XB(B8),Y83(:),HDOB(3),HDE(B),ISHAP(B),IBC(8),IGEOM,NRO
COMMON /AREAS/ DVEL(36),2FR(36),DLE(36),DLVEL(36),DLVEL2(3%),
+DPORC18),0K(13),DLE1BOCT ), NSEG(36)
DIMENSION DINOUT(3)
CHARACTER 3CD#25

C PRINT SUMMARY OF FLOW CALCULATIONS
WRITE(31,110) JaAP )
112 FORMAT('"1',20X, SUMMARY JF FLOW CALCULATIONS FOR JAP=',I4,
*//1/+" TCYAL FLOW ALONG THE BOUNDARIES'.,//,
«*' BDRY NO',S5X,"FLOW (M#+3/SEC) (= =>FLOW OUT)I*77)
WRITE(31,115) (I,DINDUT(I), I=1,NBO)
115 FORMAT(IS,1PE20.10)
IFCIGEO™ _EQ. 1) GO YO 125
DELTAFR=DINOUT(3)+DINCUT(®)
AVGFR=(DINOUT(3)~DINCUT(5))/2.0
EORFR=DELTAFR/AVGFR
WRITE(31,117) DELTAFR,AVIFR,EORFR
117 FORMAT(/,2X-*DIFFERENCE IN FLOW RATE BETWEEN UP AND DOWNSTREAM®,
#/,164X, Y 30UNDARTIES 3 AND 7 *,/,10X,*DELTACFL.RAY*,11X,
*PAVG(FLLRAY',7X,*RELATIVE ZRROR(FL.RAY',/,5X»
*3(8X,1P1£12.3))

8

C PRINT DIRECTIONAL PARAMETERS

125 WRITE(31,126)

12¢ FORMAT(//7/,1CX,"DIRECTICHAL PORCSITY AND PERMEASILITY',//,
+* DIRECTION LENGTH POROSITY PERMEABILITY® ./,
+* (D25R/10) ‘ (M) (Max2) (M*«3)%,77)

WRITZ(31,128) (1,D0LEN1B8C(I),DPOR(II,DK(I),I=1,18)
123 FORMAT(IS,5X,1P3E15.2)

WRITE(31,130)
13¢C FORMAT(*1°*,1CX,"OTHER DI?ZCTICNAL PARAMETERS',//,

** DIRECTION NSEG (1IVELOC (2)FL.RA (3)LENGTH®,
#TUIX(T) (3IX(1)*n20,/, :
** (PEGR/1Q) fL10X, 0 (M7 2D (Mew3/S)*,TX P (M) ,110)

WRITE(31,135) (I NSEGCI),2VELC(I),DFR(I),DLE(I),
*DLVELCI) ,DLVELZ2(TI),I=1,32)
135 FORMAT(IS,5X,110,1P5E10.7)
WRITE(32) OVEL,DLVEL,DLVIL2,DFRA,DLESNSES
C
C CONSTRUCT ROSE DIAGRAMS
IF(IPRT=2) 150,140,138
133 BCO=*VELOCITIES (M/5)°
CALL ROSE(DVEL.3CD)
BCD="SEGMENT LENGTHS (M)°*
CALL ROSE(DLE,BCD)
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140

150

QCD=*LENGTH X VELOC*##2"
CALL ROSE(DLVEL2,8CD)
BCD='FLOW RATES (Mx«3/S)°
CALL ROSE(DFR,8CD)
CONTINUE

RETURN

END
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c *
¢ THIS SUBRQUTINE PRINTS & R0SE DIAGRAM FOR A DIRECTIONAL *
C PARAMETER o
c *

[ Ry ey S R R R A T T T T T T T T ™ ™
SUBROUTINE RCSE(RZ2,8CO1)
DIMENSICN R(36),R2(36),COSTHL35),SINTH(36)
CHARACTER LPLOT(B80,584)%1,3CD1#24,N1*1,N2#1,N3»1
COMMON 7AREA1T27 LPLOT
NY=ze 0
N2='Q°
N3=Val
COUNT=D.0
IBRANCH=1
DO 10 J=1,64
0 5 I=1,79,2
LPLOT(I,J)=* ?
LPLOT(I#1,J)=* ¢
5 CONTINUE
10 CONTINUE

oo

COMPUTE THE ARRAYS COSTH() AND SINTHCQ)
00 20 I=1,36
IDEG=1+10C
FOEG=FLOAT(IDEG)-C.S
COSTH{(I)=COSD(FDEG)
SINTH(I)=SIND(FDERQ)
20 CONTINUE

«©

wRITZ(31,25) 3(D1
25 FORMAT(*1',/,°T',/,20X,%R03E 0OF *,A,1)
CALL MXMNAS(R2,36,RMAX,R¥MIN,AVG,SIGMA,25)

¢
o DRAW A CIRCLEZ wITH A MARK ZVERY 10 DEGREES
D0 33 I=1,36
33 CALL MARK(COSTHCII*.95,SINTH(I)#*.55,N1)
o
o SCALE ARRAYS

D0 190 I=1,3¢
RCII=R2(I)/(RMAX*1.05)
IF(RCI)LLT.L01) R(ID=.D
IFCRCID.GT.0e1) COUNT=COUNTH+1.D

100 CONTINUE

(e N e

FOR COUNT LESS THAN 3 USE LOG VALUES
TF(COUNT.LT.3.) I3RANCH=2
00 300 I=1,3¢
IF(R(I)LLT.D.02) GOTO 32D
IF(I.E£3.1) THEN
€1=1.0
$1=0.0
ZLSE
C1=COSTH(I-1)
ST1=SINTH(I-1)
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ENDIF
GOT0(150,160) I3RANCH

150 X1=R(I)+C1
Y1=R(I)*S1
X2=R(I)*COSTH(I)
Y2=R(I)*SINTH(I)
G0TO 200

160 X1=(C1+«LOG10C(RCII«100)) /2.0
Y1=(S1+«L0G10CR(I)*100)) /2.0
X2=(COSTH(II*LOG10CR(I) «103))/2.0
Y2=(SINTH(I)*LOG10CR(I)*100))/2.0

DRAW A LINE BETWEEN THE TwO POINTS
200 CALL MARK(X1,Y1,N3)
CALL MARK(X2,Y2,N3)
DX=(X1-%X2)75.0
DY=CY1=-Y2)75.0
RINC=0.0
225 RINC=RINC*+1
XM=X2+DX*RINC
YM=Y2+DY*RINC
CALL MARK(XM,YM,N3)
IF(RINC.LT.4.0) GOTO 225
300 CONTINUE
CALL MARK(Q./,3rN2)
IF(IORANCHLEG.2) THEN
WRITE(31,40)
490 FORMAT(20X,*ROSE OF LGS VALUES',/)
ENDIF -
D0 400 J=64,1,-1
WRITE(31,80) (LPLOT(I,J),1=1,30)
53 FCAMAT(1X,80A1) _
40C CONTINUE
RETURN
END
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¢
C
¢
o

THIS SUBROUTINE CALCULATES THE MAXIMUM,MINIMUM,AVERAGZ AND

STANDARD DEVIATION FOR A SET OF DATA

*
*
[ 4
*
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C

SUBROUTINE MXMNASCARRAY,NUM,XMAX,XMIN,TAVG,SIGMA,L)
DIMENSION ARRAY(NUM)

€ INITIALIZEZ VARIABLES

100

dRITE(L,6)
6 FORMAT(23X,*SASIC DESCRIPTIVE STATISTICS',/7,5X,"NUMSER OF°,
*15XK,*STANDARC®*,/,4LXs*DAT2 POINTS MZ AN DEVIATION',
*LX,MAXIMUNM MINIMUM', /)

TTOTAL=ARRAY (1)
T2TOTAL=ARRAY(1)*ARRAY (1)
XMAX=ARRAY (1)
XMIN=ARRAY (1)
ARNUM=FLOAT(NUM)
DO 100 I=2,NUM
IFCARRAY(ID.LTL.XMIN) XMIN=ARRAY(I)
IFCARRAY(I).GT.XMAX) XMAX=ARRAY(I)
TTOTAL=TTOTAL+ARRAY(I)
T2TOTAL=T2TOTAL+*ARRAY(ID*ARRAY(I)
CONTINUE
TAVG=TTOTAL/RNUM
T2AVG=T2TOTAL/RNUM
SIGMA=30RT(T2AVG-(TAVG*TAaVG))
IF(L.GTL0) THEN

WRITECL,7) NUM,TAVG,SIGMA,XMAX,XMIN
FORMAT(7X 14 ,4X,4C1PET1.3,1X) 07 1)
ENDIF

RETURN

END
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MARK
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THE SUSROUTINE “ARK INSERTS A MARK INTO THE LOCATION (X,Y).
THE MARK USED IS THAT DEFINZID 3Y THE CHARACTER NHo NOTE THAT
BOTH X AND Y “UST 30OTH SE IN THE RANGE OF -1 TO +1.

SUBROUTINE MARK(X,Y,NH)
COMMON/AREAT12/ LPLOT
CHARACTER NH*1,LPLOT(80,54)+1

SCALE X AND Y
IX=INT((X*40)+40.5)
IVSINT((y*32)+32.5)
IFCIXLT.1) IX=1
IFCIY.LT.1) IX=1
LPLOT(IX,IY)=NH
RETURN
END

195



G.4 Listing of the Program NETRANS
NETRANS

PROGRAM NETRANS

Crrnthh ks b A Arhbbrh bbb dhan A EZE RS EEE AR RS R SRS RSN N ERRRNEEERER ]

PRCGRAM TO SIMULATE STOCHASTICALLY THE MIGRATION OF PARTICLES
THROUGH A FRACTURE NETWORK =A32D ON STATISTICS OF THE DIRECTIONAL
PARAMETERS )

A
pARE ]

¢
c
C
C
¢
C WRITTEN 8Y A. ROULEAU AND D. LENTZ, 19B84; UPDATE 3Y A.ROULEAU, JANUARY 193s.
C

C

P I I N N s T P T
COMMON /AREAT/ COSTH(3I5),S5INTH(25),DLM(38),DWTVM(34),RDFR(36),
+XLEN,YLEN,TRAVDIS,IDIR(IDI)  MPART(10),I3CT1,IPRT,JAP
COMMON/AREAZ2/TITLE )
DIMENSION DVEL(36),DFR{32),DLECISI,OLVEL(IS)ADLVEL2(36)/NSEG(3%)
CHARACTER TITLE(23) 44, FMT(5)*20
DATA (FMT(I),I=1,5)/7°C2C/),1Q03) 2 e/, 1013, (/) A101I3) 0,

*C (30101, (100790150
MAXNPRT=5J

C READ IN INPUT DATA
READ(T,S5)TITLE
S FORMAT(20A4)
WRITE(41,6) TITLE
6 FORMATC( 1,7 ,1%X,2084,7,* FILE : TRAN3IT.USGT?")
READ(1,10) NSET,IGEOM,NAP,NAAP,IPRT,NPART,TRAVDIS, NMAP
10 FORMAT(IS5,20%X,315,10X,153,15,F5.C,13)
NAPER=NAP=NAAP
IF(IGEQOM .2Q. 2) THEN
WARITEC(4T1,12)

12 FORMAYC(///,* mxxx  SCRIY | wasxwn?,//,10X,
+ STHIS VERSION OF NETRANS 0023 NOT APPLY TO CIRCULAR GZOMET2YY)
STOP
INDIF

IF(NPART.GT.MAXNPRT) THEN
4RITZ(41,15) NPART,MAXN?3T
15 FORMAT(®*1* , 10X, #2«EQR0R AT INPUT STAGE*»»',//,13X,
+ YNPART=',IS5,' » THIS I35 LA3ER THAN MAXNPRT=',I5)
STOP
ENDIF
READ(1,20) XMINI,YMAXI, X4AXI,YMINT
20 FORMAT(20X,4F5.0)
XLEN=XMAXI~-XNMINI
YLEN=YMAXI-YMINI
READ(1,40) IBCY
4) FORMAT(2CX,IS5,7(1))
IF(NMAP.ST.0) THEN
READCTI,FMT(NSET))I(MPART(I),I=1,NMAP)
ENDIF
DO 70 I=1,36
IDEG=I~1C"
FOEG=FLOAT(IDEG)-5.0
COSTH(I)=COSD(FDESJ)
SINTH(TI)=SIND(FDEG)
70 CONTINUE
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C READ IN DIRECTIONAL PARAMETERS
DC 400 JAP=1,NAPER
READ(32) DVELs,DLVEL,DLVEL2,DFR,DLESNSEG
C
C COMPUTE AUXILIARY STATISTICS OF DIRZCTIONAL PARAMETERS
SUMFR=J.9
DO SO I=1,38
5C SUMFR=SUMFR+DFR(I)
IF(SUMFR.SG.D.0)THEN
WRITE(LT,58)
56 FOIMATC/77,1X,*3UMFR=0.0 2 ERROR PRO3A3LY IN INPUT %,
+ *DIRECTIONAL PARAMETZRS?') : -
STOP
ENDIF
DO 860 I=1,30
IF(NSEGCI).EQ.O) THEN
RDFR(I)=0.0
DLM(1)=0.0
ELSE
RDFR(ID=DFR(I)/SUMFR
DLM(I)=DLE(II/NSEG(T)
DATYM(I)=DLVELZ2(I) / DLVEL(ID)
ENDIF
60 CCNTINUE
C
¢ COMPUTE IDIR(J), THE DIREZICTION (1 TGO 36) A PARTICLE SHALL
C TAKE FOR COPRZSPCNDING VALUZ OF 2ANDOM J (1 TO 100)
20 71 1=1,100
71 IDIR(I)=D
Ir=1
DC 198 I=1,3%
IF (RDFR(IJLELCADD5) 50TO 139
R1J30=DFR(I)*10C.0
IR103=NINT(R100)
IREIND=IR+IR1JD-1
IFCIREND.GTL100) IREND=100
- DO 30 J=IR,IREND
92 CIDIR(IDI=T
IR=IREND*T -
100 CONTINUE

€ PRINT QUT PARTICLE TRANSIT PARAMZITERS
CALL OUTPTS

C COMPUTE TRANSIT TIME OF PARTICLZS THROUGH THE NETWORK
CALL TTIMER(NPART,NMAP)
400 CONTINUE
5TOP
END
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C AL ESAAS AL RERARE SRR R R RN R Y2222 2320 I TS

SUBROUTINE CLTPTS

€ THIS SUBROUTINE PRINTS OUT INFORMATIONS ON PARTICLE TRANSIT
C PARAMETERS,

10
290

39

COMMON /AREAT/ COSTH(35),SINTH(3I6) ,DLM(36),DWTVM(35),RDFA(30),
*XLEN,YLENSTRAVDIS,IDIRCISOI,MPART(I0),IBCT1,IPRT,JAP
CHARACTER 3(D1+#4

WRITE(41,10) JAP

FORMAT(///7,1CX/*AUXILIARY DIQECTIONAL PARAMETERS FO® JAP=',I4)
dRITS(41,2Q0)

FORMAT(/, 11X, "DIRECTION ' »5X,"RDFR ,7X,'DLM ', 7X,"DaTVYM*, /)
WRITE(41,30) (1,RDFRCID,OLMCII,DOWTYMCI),I=1,35)
FORMAT(ZX,I5,5X,1P3E1).2)

WRITE(41,40)

FCRMAT(////,1CX, " ARRAY IDIP*,/,10X,*FORMAT: 10(Jd IDIRCII)I, /)
WRAITECL1,50) (I IDIRCGID), J=1,100)

FORMAT(10(3X,2(€14)))

IFCIACT .td. 1) THEN
3C01=" x °*
ELSE
g¢pt=* y °*
SNDIF
WRITEC(L1,60) XLEN,YLEN,TRAVDIS,2(D1
FORMAT(//,10X,*SIZE OF GSNERATED NETWORK =2',/7,15X,*X=-LENGTH="',
*F10.4,% (M) /215K Y =LENGTH=»F10.4," (M)°,7/,5X,
+'PARTICLES MUST TRAVEL *,F6.2,% (M) IN THE ",A4,*' DIRZCTION')

RPETURN
END
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C
C SUBROUTINE TTIMER COMPUTTZS STOCHASTICALLY THE TPANSIT
£ PARTICLES THROUGH THE NETWOAK USINC THE STATISTICS OF THE
C DIRSCTIONAL PARAMETERS (RECTANGULAR MODEL)

C

c

Q't'itﬁik*ttt'ti*tl'ii*t***ﬁ*t‘t*iﬁ*tQttt*itifi*il*ﬁﬁ*i'iiii

5U330UTINE TTIMER(NPART,NM)

I ZEE R X NS &4

TIiME OF

Axkhk ki ks

COMMON /AREAY/ COSTH(35),SINTH(36) ,DLM(36),DWTVM(35), ROFR(36),

+XLENSYLEN,TRAVDIS,IDIR(CIID) A MPART(10),13C1,IPRT,JAP
COYMON/AREAZ2/TITLE

DIMENSION RC1350),XTRAV(S5D),YTRAV(S5D),TIM(5C)
*,NSTEO(50),TRAV(S5Q)

DOUSLE PRECISION DSEED

CHARACTER TITLE(2D)*4,3C01%22

NR=100

0SEED=1.D0

ICOUNT=1

NTEST=0

NMAP=NM

1F(NMAP.GT.0) THEN
WRITZ(41,20)

o
(&)

* . STEP'lel'CUMX'IGXI'CUNY'IOXI'CUMT'I/)
ENDIF
C
¢ COMPUTS TRAVEL TIME FQOR NPART PAaRTICLES
20 150 NT=1,NPART
CudMx=Ca3d
cumy=C,0
cu*T=0.0
CuML=C.0
NSTE2(NT)=C
IFIN®AP . GT.3) THEN
IF(NTLEQ.MPARTC(ICOUNT)) THEN
TCOUNT=ICOUNT#
IFCICOUNTLGTNMAP) THEN
NMAP =0
ENDIF
NTEST=NT
WRIT=E(41,35) NT
35 FORMAT(/ 13X, "PARTICLE NUMZZIR Y14t s)
ENDIF
ENDIF
25 CALL GGUBS(DSEED,NR,R)
Do 72 I=1,100

FORMAT(//,5X,*TRACKING OF SCLICTED PARTICLES',//7,6Xs

£ DETERMINE DIRECTION CORRESPONDING TO THEI RANDOM NUMIER R(I)

R100=2(1)+«100.0
I2100=INT(R10Q) *+1
JOIR=IDIR(IRIGO)

C COMPUTE TRAVELLED DISTANCE AND TRAVEL TIME
DL=DLMCGJCIR)
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DX=DL*#COSTH(JDIR)
DY=DL*SINTH(JDIR)
ODT=DL/DWTVX(JDIR)
CUMX=CUMX+DX
LUAY=CUMY+DY
CUMT =CUMT +DT
CuML=CuML*DL
IFINTLEQLNTEST) THEN
NSTP=I+NSTEP(NT) 1D
APITECLY,45) NSTP,CUMX,CUMY,CUMT
45 FORMAT(7X,L3,3X,1P2212.2)
ENDIF
C
€ CHECK IF TRAVELLED DISTANCE G5REATER THAN TRAVDIS
IF(IBCT.EJ.1) THEN
IFCABS(CUMX) e GEL.TRAVDIS)ITHEN
GOTO 120
INDIF
£LS:
IFCABSCCUMY).GE.TRAVDIS)THEN
GOT0 120
ENDIF
ENODIF
99 CONTINUE
NITZIPINTI=NSTEPINT)+)
50T0 25

c
C TRIM THE TRAVELLEID PATH AT LIMIT OF SYSTEM
125 IFCI2CT JEG. 1) THEN
XOJT=ARS (CUMX)=TRAYDTIS
XOLUT=STSN(XOUT,CUMX)
DOUT=XJUT/COSTHCJDIR)
YOUT=DOUT#*3INTH(JDIR)
ELSE _
YOUT=43S(CUMY)-TRAVDLS
YOUT=SIGNCYCUT,CUMY)
DOUT=YOUT/SINTHCIDIR)
XOUT=DOUT*CCSTH(IDIR)
ENDIF
XT2AV(NT)=CUMX=XOUT
YT2aV(NT)=CUMY-YOUT
TRAVINT)=CUML-DOUT
TIM(NT)=CUMT=COUT/OWTVM(JDIR)
NSTEP(NT)=NSTEP(NT)«100+:
159 CONTINUE ‘
C
C PRINT STATISTICS OF ALL PARTICLES
WRITE(41,251) Jap
201 FORMAT('1',/,10X,*STATISTICS OF ALL PARTICLES FOR JAP=',14,/7/
*oSXKsUNT 10X, XTRAV(M)  YTRAV(¥)  TRAVIM)  TIME(3)*,SX,
+INSTEPY, /)
WATTECA1,252) (1 XTRAVCI) A YTRAVCI) TRAV(ID ,TIMCI) SNSTEPCI),
«I=1,NP40T) '
202 FORMAT(2X,I5,3X,1P4E10.2,2X,14)

CCMPUTE AASIC STATISTICS AND MAKE FREQUENCY DIAGRAMS OF RESULTS
20D1=*335.TAV,. DIST.,TRAV(M)"®

oy
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CALL M:xzv‘-'AS(TQAVINPARYIXMAXIXMINITAVGISIG”AI-’Q‘ ,3C01)
5001 ="TRANSIT TIME (SO

CALL HSTGR(TI%M,NPART,BCD1)

RETURN -

SND
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C
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1%

SUBRCUTINE HSTGRCARRAY,NUY,TT)

THIS SUBROUTINE PLOTS MORIZCNTAL-2AR FREQUENCY HISTOGRAMS OF THE
THE A4RRAY ARRAY.

(RN aN el

DIMENSION ARRAY(NUM),FREA(21)
CHARACTZR T1#22,A(101) 1

o

CALCULATEZ 3ASTIC STATISTICS AND PAIINT HEADINGS
4ITEC41,5) 11

S FORMAT("1*,15X,*FREQUENCY DIAGRAMS OF ‘LAL/)
CALL MYMNAS(ARRAY,NUM,XMAX,XMIN,TAVG,SIGMA,&1,TT)
WRITE(41,10)

10 FORMAT(/,1X,"MIDDLE FRZQ (UM REL',13X,*"RELATIVE®,
*% FREQUENCY DIAGRAM',24X, 'CUMULATIVE FREQUENCY',
+' DIAGRAM',/,1X, INTERV ', 99X, "FREQ',Y)

(]

RANGE=XMAX=XMIN
XINT=RANGE/2(.0
Y€=50.0
=1 :
C1=53.0/FLOAT(NUM)
00 53 1=1,21

5O FRE3(I)=0.0

DISPATCH ENTRIES INTO APPROPRIATE RANGE
D0 150 I=1,NUM
VAR=ARRAY(I)
N=INT((VAR=XMIN)/XINT)+1
FRZQIN)=FREG(N)*+1.3
150 CONTINUE
50 300 I=1.,21
X=XMINEXINT*(FLOAT(I)=.5)
LY=NINT(FREQ(I))
YC=YC+FREQ(I)*(
LYC=NINT(YO)

()

C
C CREATE PRINTING ARRAY
D3 250 IT=1,101
ITEST=NINT(FREQ(I)*C1)
IFCITLGTLSI)ITEST=(LYC+ST)
TFCIT.LELITEST) THEN
A(IT)="w*
=
a(rry=¢ ¢
ENDIF
250 CONTINUE
¢
C PRINT DIAGRAMS
A(S1)Y="1"?
WRITZ(461,225) X, LY, (LYSHLYC),(A(YI),I=1,101)
225 FORMATCIX,TIPER. A IX I3,1Xs15,3%k,%1',1014)
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300 CONTINUE
RZTUAN
END
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¢
¢
¢
C
C

¢

€ IN
130

5

THIS SUSRCOUTINE CALCULATES THE MAXIMUM,MINIMUM,AVERAGE

STANDARD DIVIATION FOR A 3SET OF DATA

SUBROUTINE MXMNAS(ARRAY ,NUM/XMAX,XMINL,TAVG,SIGMALL,T1)
"DIMENSION ARPRAY(NUM™)
CHARACTER T1#22

ITIALIZc VARIAZLES

TTOTAL=AR2RAY (1)

T2TOTAL=ARRAY(1)*ARRAY (1)

XMAX=ARRAY(1)

XMIN=ARRAY (1)

AINUMSFLOATINUM)

DO 130 I=2,Num
IFCARRAY(I)LLT.XMIN) XMIN=ARRAY(I)
IFCARRAY(I).GT AMAX) XMAX=ARRAY(]I)
TTOTAL=TTCTAL+ARRAY(])
T2TOTAL=T2TOTAL+ARRAY(I)*ARRAY(])

CONTINUE

TAVG=TTOTAL/RNUM

T2AVG=T2TOTAL/ANUM

SIGMA=SQOT(T2AVG-(TAVI*TAVG))

IF(LGTL0) THEN

WRITE(L,S) T1

FORMAT(/,1X%X,*3ASIC DESCRIPTIVE STATISTICS OF ",A./,

+SX,"NUMZER OF",15X,"STANDARD®,7,4K,"DATA POINTS MEAN',

X, DEVIATIONT 44X, "MAXIVYM MINIMUMY,/)
WRITECL,7) NUM,TAVG,SIGMA,XMAX, XMIN
FORMATI(7X, T4, 4X,4(1P211.2,1X))

SNDIF
RETURA
eND
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