: LBL-19105

uc-11 “.é\

»

E Lawrence Berkeley Laboratory
UNIVERSITY OF CALIFORNIA RECE vepD

. r, LAWRENCE

EARTH SCIENCES DE]VTST’TO%N
5 1985

LIBRARY AND
DCCUMENTS SECTION

FINITE ELEMENT ANALYSIS OF LAMINAR/TURBULENT FLOW
IN POROUS AND FRACTURED MEDIA

D. Elsworth, N. Sitar and R.E. Goodman

January 1985 [ : R
;

TWO-WEEK LOAN COPY

This is a Library Circulating Copy 1
which may be borrowed for two weeks

— e —m

.;'

Go)pl— 17

Prepared for the U.S. Department of Energy under Contract DE-AC03-76SF00098



DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California. .



&)

FINITE ELEMENT ANALYSIS OF
LAMINAR/TURBULENT FLOW IN

POROUS AND FRACTURED MEDIA

by

Derek Elsworth
Nicholas Sitar
Richard E. Goodman

Lawrence Berkeley Laboratory
University of California
Berkeley, California 94720

January, 1985



&

ACKNOWLEDGMENT

Financial support for this research was provided by the American
Electric Power Corporation and the Earth Sciences Division of the
Lawrence Berkeley Laborétory, through U.S. Department of Energy Contract

No. DE-AC03-76SF00098.

(1)



1. INTRODUCTION
2. HYDRAULIC CHARACTERISTICS OF FLUID FLOW
2.1 Fissure Flow
" 2.1.1 Linear Flow
2.1.2 Nonlinear Flow
2.2 Nonlinear Flow in Rockfill
3. NUMERICAL FORMULATION FOR NONLINEAR FLOW
3.1 Governing Differential Equations
3.2 The Finite Element Method
4, VALIDATION STUDIES
5. REFERENCES
APPENDIX 1 - Subroutine organization
APPENDIX 2 - NONLIN and user's manual
APPENDIX 3 - Listing of NONLIN
APPENDIX 4 - Listing of data for axisymmetric
fissure flow example
APPENDIX 5 - Listing of data for axisymmetric

TABLE OF CONTENTS

rockfill flow example

Page

O UTww

13
13
16

18

23

&



L 2l

2.3

3-1'

4.1

4,2

h.3
b,y

LIST OF FIGURES

The geometry of a single fissure (after Louis, 1969)
Hydraulic flow regions

Variation in dimensionless conductivity with hydraﬁlic
gradient

Flow domain for a plane fracture

Validation of numerical solution’against analytical
results for laminar and turbulent flow

Variation of discharge as a function of driving head
for a well intersecting a single horizontal fissure

Head loss along a tapered fissure

Head versus radial distance from well for unconfined
flow in rockfill

(iii)

Page

10
11

14

19

20

20

21



2.1
2.2

2.3

3.1

LIST OF TABLES

Equivalent hydraulic conductivities (Louis, .1969)
Equivalent hydraulic conductivities (Louis, 1969)
Representative values of the coefficients required

to characterise rockfill hydraulic conductivity
(Leps, 1973)

Summary of the solution method for steady state
laminar/turbulent flow in fissure networks_

(iv)

Page

10

12

17



1. INTRODUCTION

The rational design of structures involving rock, requires
ability to predict changes in the hydrologic regime caused by construc-
tion and 6peration of engineered‘structures. Such predictions will only
be valid if realistic flow 1éws are used to cha;acterise the behaviour
at all flow velocities of interest. If high velocities are probablé,
then these flow laws must encompass_turbulent conditions.

The effect of turbulenf flow under boundary conditions of
constant head pfoduces_pore pressures in excess of those produced by
Darcian flow. This effect has been shown to have a detrimental effect
on structures (Goodman and Elsworth, 1984) where increased pore pres-
sures provide excess destabilising forces. Conversely,vthe existence of
a nonlinear flow relationship linking discharge and potential gradient
is a@ useful asset when attempting to reduce the ambiguity of pump tests
in rock masses (Elsworth, 1984a).

This report synthesises existing'characterisations of nonlinear
laminar/turbulent flow in rock fissures and rockfill into a coherent
numerical form. In this form, nonlinear flow laws have to be introduced

into the finite element method to solve the resulting nonlinear diffe-

rential equations.



2. HYDRAULIC CHARACTERISTICS OF FLUID FLOW

For application to poroué media flow with low flow velocities
throughout the domain, a linear Darcian relationship is usually adequate
to define the conductive characteristics. In this form, the driving
total head gradient is related to discharge by a coefficient of perme-
ability hydraulic conductivity. For Darcian flow, the hydraulic conduc-
tivity is constant, irrespective of the driving gradient or velocity of
flow., For nonlinear flow, this is no longer the case. The conductivity
tensor is a function of potential gradient which, in turn, relates
directly to the macroscopic flow velocity.

For the cases of nonlinear flow considered in this context, the
relationships for irrotational potential flow may be identified symboli-

cally as

{q}
{q}

[T1{V¢} Linear flow (2.01)

[T(V$)1{V¢} Nonlinear flow (2.02)

where q is a vector containing discharge terms, V¢ is a vector contain-
ing gradient terms and T is a transmissivity tensor. The terms within
the transmissivity tensor, T, for the two above expressions are only
equivalent over the linear, laminar range of flow velocities.

Typical applications for nonlinear flow theory include charac-
terisation of flow in rock fissure networks, coarse gravels and rockfill
structures. These materials have a relatively open structure with large
voids. The voids present zones of extremely high conductivity that are
capable of returning high flow velocities under relatively modest poten-
tial gradients. The individual parameters necessary to describe flow in
fissure networks and rockfill structures will be treated separately

herein.



2.1.  Fissure Flow

For tractable analysis of fractured rock masses, the conducti-

.vity of the matrix material is commonly ignored in formulation of the

problem. This simplification is reasonable for steady state analysis

since the ratios of matrix to fissure conductivities are commonly low.

2.1.1. Linear flow

Analytical treatment of fissure flow is possible if the conduit

is idealised as two parallel plates. This analogy is relatively consis-

. tent for saturated, laminar, incompressible flow where fluid transmisF

sion within the wall rock is negligible. Wall roughness must be slight
in relation tovtheumean fissute_aperture. The parallel plate analogy

yields the transmissivity of a fissure as

. 3 ,
T &5 (2._03)

where T = transmissivity,_g = gravitational acceleration, b = mean

fissure aperture and. v = fluiq kinematicvviscosity. Much experimental

work hasvbeenVCOmpleted,to}increase the fidelity'of this relationship

for fissures with significant wail_rpughness.' However, for the work

presented here,'the character;sation_studies»performed by Louis (1969)

are utilised_withqut{quification.

‘ The gepwgtry‘of a single, plgne section of fissure is illus-
trated in Figure,ZJ, From experimental studies using simulétedvrock
fissure profiles;.it was_possible to formulate the conductivity terms
for non tapéring_f;owvwithin the laminar regime. The characterisations
ahe a function of the fissure felative roughness (k/2b) where k repre-

sents the wall double amplitude roughness.
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FIGURE 2.1 The geometry of a single fissure. (after Louis, 1969)

RANGE OF VALIDITY HYDRAULIC CONDUCTIVITY (LT 1)
' 2
0 < k/2b < 0.033 8gb<
. 12v
‘ gb2
0.033 < k/2b < 0.5
: : 12v(1+8.8(k/2b)3/2)

TABLE 2.1 Equivalent hydraulic conductivities (Louis, 1969)
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The relationships documented in Table 2.1 have been validated
against recently availablé data (Iwai, 1976). For more-detailed treat-
ment of this aspect, the interested reader is refefred to Elsworth

(1984b).

2.1.2 Nonlinear flow

The nonlinearity inferred in this context is that discharge
rate is no longer a unique function of hydraulic gradient. The trans-
missivity tensor for the fissure is consequently a nonlinear function of

gradient and may be expressed symbolically as
fql = [T(V$)1{Ve¢}

The nonlinearity results from the mixed interference of iner-
tial and kinetic effects, both of which may be substantial for high

velocity flow.

Inertial effects result from spatial accelerations within the

flow domain., 'Acceletations result from flow convergence aﬁd may be
ehvisaged to occur adjééent to well bores or-in fissures'taperingvin the
dihection of flow. This effect is not exhibited in plane, non-tapering
flow situations.

The severity of inertial effects may be quantified by recourse
to the dimensionless inertialrldss factor (n). This parameter (Iwai,

1976) is defined as

_ |v 8v/3x1|
n:
|‘85¢75X1|

and may be evaluated for any given flow configuration. It has been

(2.04)

found that inertial effects are only of significance if the inertial



factor (n) is in excess of 0.5, If h’values are maintained below this

threshold, inertial effects may be neglected.

Kinetic effects result from head losses at increased flow

velocities being dependent on velocity head in addition to the potential
head. For low velocity flows, tﬁe kinetic heéd is small in_comparison
with potential head‘and may be neglected. However, for flow in fissure
systems, kinetic losses may account for a significant portion of the
total loéses. |

In addition to kinetic losses, turbulent flow may be manifest
at increased flow velocities. The onset of turbulence may be indexed by
recourse to the critical Reynolds number. For flow in rock fissures,

‘the Reynolds number may be defined as,

Ry = 22V (2.05)
\%

where v = velocity, b = mean fissure aperture and v = fluid kinematic
viscosity. For rock fissures, the critical Reynolds number commonly
lies between 100 and 2300 depending on joint wall relative roughness.

In testing the hydraulic conductivity of fissures it is not
possible to separate the effects of kinetic and turbulent loss explicit-
ly since both effects may be manifest simultaneously and to varying
degrees. A nonlinéar criterion may be identified to describe this
phenomenon. Neglecting first the effect of turbulence, the form of .this
relationship may be deduced from consideration of the summed head losses
for a real fluid. The head loss (hL) may be stated according to the

Bernoulli equation as

2
p v =
A(,Y_‘;] + 0z + A(.zz] Ahy (2.06)

iy



where P = pressure, Y, = unit weight of fluid, z = elevation head, v =
velocity and g-= gravitational acceleration. Considering total head to

be equal to ¢ = (.;i... + Z) then
W

Ay 1 AVE) _ ang

—_t = __ = 2.0
AL AL  2g AL . ( n

and L = an arbitrary unit length in the direction of flow. Assuming
first that the velocity may be deduced from Darcy's law neglecting

velocity effects, Darcy's law may be stated as

2o _ v | '
¥ (2.08)

where K = hydraulic conductivity. On substitution into (2.07)

v 1 Ah ‘
2 L

— + Alv = _2 , 2.09

K AL2g (v AL ( )

Thus head loss per unit length is a function of both velocity and
velocity to the second power; K is an experimentally deduced coeffi-
cient.

Two flow laws have been proposed to relate flow velocity to
hydraulic gradient in a nonlinear manner. These relationships are
reported in recent literature (Volker (1969), Trollope (1971)). The
first of these is the_Forchheimer law using avpolynominal expression to

describe the velocity dependent gradient (V¢) as
Vp = av + bv? | (2.10)

where-a and b are constants and v is the flow velbcity in the direction
of maximum gradient. Constants’g_and b are determined experimentally

and are properties of the fluid and transmitting medium. The constants



are only applicable over a given range of flow velocities, outside
which, revised parameters must be substituted. For low velécity flows,
constant a is much larger than b and the expression reduces to the
normal Darcy law. -The validity of this relationship has been inferred
from both experimental results and from manipulation of the Navier-
Stokes equations.

A second relationship_bétween hydraulic gradient and flow velo-

city is the Missbach law in the form of a power function

Vo = cvlt (2.11)

where ¢ is a proportionality constant and m is an exponent ranging
between 1 and 2. The magnitudes of both ¢ and m vary with flow velocity
although both may be approximately constant over a given range. The
validity of the law has been confirmed for fissure flow in simulated
rock fractures by Louis (1969). These flow laws enable the conductance
of a fissure of known geometry to be determined uniquely as a function
of flow velocity. The Missbach law in equation (2.11) may be rewritten

as
v = -KV¢p2 (2.12)

where K represents the hydraulic conductivity of the fissure; a is equal
to unity for laminar flow and 1/2 for turbulent flow in a rough walled
fracture. Suitable values of K and the range of validity of the laminar
regime are obtained from the work of Louis (1969). Fissure conductivity
is a function of aperture and fissure wall relative roughness. A criti-
cal Reynolds number is ascribed for any given fiséure relative roughness
to delineate the transition from laminar to turbulent flow. The empiri-

cal results for the constants K and o are shown in Table 2.2. The range

n
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of validity of these parameters as a fuhctioﬁ df_the two dimensionless
parameters of relative roughness (k/2b) and Reynoldé number are shown in
Figure 2.2. The form of nonlinear conductivity is shown in Figure 2.3
as a function of gradient beyond a threshold gradieht fbr a nuﬁber of
representative fissure apeﬁtures.

The two phases of flow in the laminar and turbulent regime give

Laminar v = K V¢ V¢ = %_ (2.13)
: : L '
| 1/2 v2
Turbulent v = Kp(V¢) Vo = ~ (2.14)
” .
T

The Missbach_relétionship implies that flow is linear until’the onset of
turbulence. Beyond this threshold, the effect of kinetic head in con-
tributing to total head loss is considered. The implication of this is
that head loss due to velocity effects is only considered beyond the
turbulent threshold rather than as a continuous funétion of velocity as
iﬁ the Forchheimer relationship. The Missbach relationship is analogous
to the Forchheimer relationship where the coefficients a and b may be

substituted as

Laminar a=1 b =0 (2.15)
KL, -
Turbulent a =0 b = _1 2.16
en E_z ( _ )
T

Throughout this work, the Missbach flow law is used to characterise the
full flow regime. This is the form in which the only authoritative

experimental data on the subject is reported (Louis, 1969).

2.2 Nonlinear Flow in Rockfill

The large open voids in rockfill can yield flow velocities in

the turbulent regime atvgradients of engineering significance. Unlike



EXPONENT

HYDRAULIC ZONE HYDRAULIC CONDUCTIVITY
(Lr™h) (a)
2
b ®
1 %5; 1.0
1.8 2 p31¥/7 W,
2 3{.079 v ] 7
4 g1/2 10p[ 3:Tp1/2 1/2
3 g 8[E75;]
2
y 8b 1.0
12v(1+8.8(k/Dy,)3/2) :
N.B. D = 2b

TABLE 2.2 Equivalent hydraulic conductivities
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FIGURE 2.3 Variation in dimensionless conductivity with hydraulic
gradient
fissure flow, it is reasonable to assume that flow in rockfill will
always be turbulent. Characterisations of the conductivity of rockfills
of differenp porosity are available in the literature (Leps, 1973). The
relationship between bulk flow velocity and dri&ing gradient may be

given as
v = nWm0-5(v¢)0.54 (2.17)

where n = rockfill porosity, m = mean hydraulic radius in dimensions of

length and W = a constant of dimensions L'/2T-T relating to the angula-

1"



rity of the constituent rock particles. These parameters may be tabu-

lated for a reasonable range of mean rock sizes (Leps, 1973).

ROCK SIZE m m0+5 wm0-+5
(in) (in) (in0+5) (in/sec)
0.75 - 0.09 0.30 10
2 . 0.24 0.49 16
6 0.75 0.87 28
8 0.96 0.98 32

24 3.1 1.76 58
L8 6.43 2.54 . 84

TABLE 2.3 Representative values of the coefficients required to charac-
" terise rockfill hydraulic conductivity (after Leps, 1973).

Equation (2.17) may be used similarly to the nonlinear rela-

tionships previously reported for fissure flow.

12



3. NU&ERICAL FORMULATION FOR NONLINEAR FLOW

To solve problém geometries not amenable to analytical treat-
ment, it is necessary to formulate the problem of nonlinear fluid flow
for numerical solution. Présently available domain methods are extreme-
1y powerful and enable solution of complex geometries with multiple
porous media interfaces., The finite element (FEM) and finite difference
(FDM) methods are both in widé use, but because the finite element
technique more easily handles complicaied geometries, only it is addres-
sed here. For treatment of nonlinear fluid flow by the finite diffe-

rence method, the interested reader is referred to Elsworth (1984b).

3.1 Governing Differential Equations

In the following, specific treatment will be limited to flow
within a two dimensional fissure as shown in Figure 3.1. This two
dimensional geometry is, however, entirely general and may equally well
bevused to represént the cross sectional or plan projection of a rock-
fill aquifer.

Flow is assumed incompressible and restricted to within the
plane of analysis (x1, xg)- Total heads are considered throughout the
analysis. |

A constitutive relation is combined with continuity constrainﬁs

to produce the governing differential equation as follows:

Constitutive relation -

v = KV¢ (3.01)

" where v = flow velocity

total head (z + p/Yw)

<
]

=
I

nonlinear hydraulic conductivity = K‘(V<1>S)°"‘1

13
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K,a = conductance term and exponent (Louis, 1969, Leps, 1973)
V¢S = maxXximum gradient within the plane of analysis
V = linear differential operator (8/8x1, 3/9%5)

Continuity condition
vy -q=0 = (3.02)
where Q = accumulation rate of fluid per unit volume and T identifies
the matrix transpose.

For a domain within which fissure aperture may be expected to

vary in a stepwise manner, the continuity condition may be restated as:
-bVlv - bQ = 0 (3.03)

Combining the constitutive relation (3.01) with continuity

yields
vTbKVé - bQ = 0 (3.04)

Subject to the boundary conditions prescribed for the domain

prescribed head

©
[

= ¢ on T, r)

prescribed flux

<|
"

bv on T

bvn q

The flux normal to the boundary = v =Vin wheren is a vector
of direction cosines representing the unit outward normal to the system.
The boundary conditions must similarly satisfy continuity. Therefore,

in generality
(0kV9)T - bV = 0 (3.05)

The two relationships (3.04) and (3.05) completely define the

problem of turbulent flow where both are nonlinear in ¢.

15



3.2 The Finite Element ﬁethod

The governing differentiai equations stated previously may be
combined with the appropriate boundary conditions and integrated by
parts to yield

S bvTEKVeda - S bEQdR - S bEqdl = O (3.06)
Q Q r ,

q
where £ is an unknown function varying within the domain, Q is the
internal flux and q is the externally applied flux on the boundary Fq.
For the Galerkin formulation where the trial function used is

¢ = ZNi¢i and £ = N the boundary value problem heduces to:

i»
Ls bVTNiEYdeQ]¢ -~ J bN;Qd@ - [ DbN;jqdr =0 (3.07)

Q Q Pq ’

where K is given in equation (3501).‘

The leftmost identity comprises a geometric conductance matrix.
where all terms are known physical properties ef the domain excepting
V¢S in K. The resulting set of equations are therefore nonlinear for
the case of turbulent flow where o # 1.

Selution of equation 3.07 requires that the flow domain is
discretised into a number of elements. Iterative manipulation of the
resulting set of equations is required to obtain an elemental conduc-
tivity tensor compatible with the local flow velocity. A’qirect itera-
tive solution is invoked, the iterations being purely explicit in time.

The finite element code discussedvin this document utilises
linear functional variation of total head. Quadrilateral or.triangular
elements may be used to discretise the domain of interest. The step by
step procedure involved in the solution of a single problem is given in>

Table 3.1.

16



TABLE 3.1

Summary of the solution method for steady state laminar/turbulent

7.
8.

flow in fissure networks

pefine input. Geometry, element apertures (b), boundary condi-
tions and convergence tolerance. -
Form initial conductance matrix for laminar flow:
ga=T¢
Rearrange for boundary conditions
Solve system for ¢ : ¢ = gfl q .
From potential distribution (¢), reevaluate gradiént dependant
conductivities and reassemble conductance matrix:
q=T(¢)
Solve for potential(¢) unknowns

Repeat steps 5 and 6 until convergence tolerance is met
Output solution and stop

TABLE

AL -
3.1 Summary of the solution method for steady state laminar/
turbulent flow in fissure networks.

17




HT VALIDATION STUDIES

The coding reported in this work has been validated against a
number of analytical solutions. These solutions are applicabie to
fissure flow and flow in rockfill subject to axisymmetric flow condi-
~tions.

For the case of a horizontal fissure drained by a singlevwell,
the analytical solution has been developed by Amadei (j983) and is
reported in Elsworth (1984b). Comparison of the numerical model with
the analytical result is included in Figure 4.1 for an axisymmetric mesh
containing 100 radial elements. Excellent agreemeﬁt is exhibited
between the two solutions for two different fissure apertures. The
solutiqn paths taken in the numerical work for both constant head and
constant discharge boundary conditions are shown in Figure 4.2, The
final discharges and heads are shown to be identical, regardless of fhe
solution paths taken.

‘For fissure flow, the head distribution resulting from flow in
a tapéring‘fissure is shown in Figure 4.3. Representing the tapering
fissure numerically by a series of constant aperture elements is shown
to be entirely adequate for conditions of minor taperf

Finally, for axisymmetric flow in an unéonfined rockfill reser-
voir, the results of analytical and numerical solution are‘presented in
Figure 4.4. Once again, 100 radial elements were Qsed to discretise the
axisymmetric flow domain.

Analytically, the variation in head over the axisymmetric

flow domain may be shown to be equivalent to

(hB-h8
h(r) = [ (hi-hg) . (pY-rg) + hg ]1/8

Y_Y
(rfra)

18
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0.75
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NUMERICAL RESULTS _0 25
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D TURBULENT p. .04in

FIGURE 4.1 Validation of numerical solution against analytical results
for laminar and turbulent flow - axisymmetric case.
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FIGURE 4.2 Variation of discharge as a function of driving head for
well intersecting a single horizontal fissure.
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FIGURE 4.3 Head loss aiong a tapered fissure. Numerical and analytical
results. ’
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FIGURE 4.8 Head versus radial distance from well for unconfined flow in
rockfill.
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where h and r refer to total heads and radii from the well center and
subscripts w and e refer to the wellbore and external boundaries, res-
pectively. The coefficients B and Y are functions of the exponent qa,

which for rockfill is equal to 0.54.

Thus g = 1*a
-~ |
and Y = 971
: a

In assembling this solution, it is assumed that the Dupuit-
Forchheimer assumption may be invoked. The results presented in Figure
4.4 show excellent agreement between the analytical and numerical solu-
tions.

It is concluded that the numerical.formulation, proposed and
developed herein, is capable of modelling mixed laminar/turbulent flow

in fissure systems and porous media.
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SUBROUTINE ) .' PURPOSE it

APPENDIX 1 SUBROUTINE'ORGANISATION _ JAURAM 2UHEST BIJEOE S XIGHREDIA
The coding reported in this document cbnsists of twelve slave

subroutines coordinated by a main master subroutihers) ThETHARNE REARGT

:the.component zsubroutines~andytheiri respectiver tasksiaréssummariigadiin

clamsmin owd pAae zavmeald doov Yo adqtowden Lamolensewmib seqrdd

the following: A0 qadodel  Lzeuudounde [[IDbov Isn

disoweld .0 :vd bsgolsvad
33 U wvd Hosh sovwed

veladasd slnotilsl o ydisvavinl

YMAIN Sets the dimension of the blank common array and defines

input (IN) and output (IOUT) logical operator numbers.

FLOW Reads the problem description and assigns storage within the
blank common. Controls the direct iteration sequerfCHfETIESY
turbulent flow analysis.

noidgiaoesd msugoad I.SA

CENTR Acts as the main calling subroutine«forlthe«program. Cills
input subroutine, controls generdtiochiofl thegelementalf and
global conductivity matrices and arranges solution of equa-

tions.

INPUT Responsible for reading and generating input data as appro-
priate.

ELEM Coordinates generation of elemental conductance matrices

making appropriate tansformations for fissure in three dimen-
sional space. ’

QUAD Assembles the elemental conductivity matrix.

QUADS Assembles the elemental conductivity matrix by isoparametric
formulation. )

TRIAG - Evaluates geometric properties of triangular elements using

Cramer's rule.
SOLVE Equation solution package using Gaussian elimination.

STDM Evaluates the geometric components of the conductivity matrix
for isoparametric formulation.

NLIN , Evaluates the gradient dependent hydraulic conductivity ten-
sor for each element under applied nodal heads.

TFORM Transforms an arbitrarily oriented fissure element in three
dimensional space to two dimensional space.

RFORM Re~transforms the two dimensional finite element to true
three dimensional space.



APPENDIX 2 NONLIN USER'S MANUAL

PROGRAM INDENTIFICATION

NONLIN: Analysis of nonlinear (laminar/turbulent) potential flow in
three dimensional networks of rock fissures and two dimensio-
nal rockfill structures. October, 1984,

Developed by: D. Elsworth .
Source deck by: N. Sitar .
' University of California, Berkele

CONTENTS
A2.1 Program Description
A2.2 Program Capacity

A2.3 Program Input Data



A2.j Program Description

NONLIN models steady state flow of three dimensional‘networks

«

of rock fissﬁres and two dimensional plane and axisymmetric rockfill
struétures. Boundary and iﬁternal conditiohs of constant flux or head
may be'prescribed.- Sﬁlutions to linear and nonlinear flow problems are
possible wiph the coding as currently develobed. The nonlinearity
refers to a gradient dependent hydraulic conductivitf for each element
within the mesh.

The present version contains ﬁwo dimensional elements with a

linear shape function. Formulations for both isoparametric and direct

evaluation of the geometric conductivity matrices are included.

A2.2 Program Capacity

A blank common of dimehsion n is supplied to éllow variable
dimensioningcﬂ‘alllarrays to fa;ilitate dynamic storage alloﬁation
techniques. The maximum size for n attempted on the IBM 3081 comprised
62,000 locations. Under this allocation, a total of 900 elements and
975 nodes were accommodated.

A minimum value of n for any situation is given by

n.= 13 + T1¥NUMNP + 9¥NUMEL + 4*NUMAT + NUMAT¥IBAN

where

NUMNP = Maximum number 6f nodal points

NUMEL = Maximum number of elements

NUMAT = Maximum number of materials (Equal to NUMEL for turbulent flow)
IBAN = Maximum semi bandwidth



A2.3 Program Input Data

The following sections describe the necessary sequence of cards

which define a given structure to be analysed.

I. PROBLEM IDENTIFICATION CARD (2014) - One card
Columns Variable Descriptibn

1-80 - Problem title

II. PROBLEM SIZE CARD (10I5) - One card

‘S

Columns Variable , Description
1-5 NUMNP Total number of nodal points in structure
6-10 NUMEL Total number of elements in structure
11-15 NC Total number of constant head nodes
16~20 NC Total number of point flux nodes
21-25 NUMAT Total number of material types
26-30 ICHK Check for type of flow '
0 = Unconfined flow within a horlzontal
section
1 = Confined flow within a horizontal
' section or within arbitrarily
inclined fissures
2 = Flow within a vertical section
31-35 ILIST - Dummy parameter for printed output
0 = No listing of input data
1 = Listing of input data
36-40 NINT Order of Gaussian integration
0 = Non-isoparametric quadrilaterals
and triangular elements
2 = Isoparametric quadrilaterals
41-45 IRAD Flow geometry
' 0 = Plane flow
: 1 = Axisymmetric flow
46-50 IFLOW Flow law type
0 = Linear flow
1 = Nonlihear fissure flow 7
2 = Nonlinear rockfill flow -



III. NODAL POINT DATA (2I5, 3F10.0)

Columns Variable Description
1-5 - N Node number J
6-10 INC Increment for nodal point' generation
11-20 X X coordinate of node
21-30 Y Y coordinate of node
31-40 Z Z coordinate of node

NB. System of coordinates use a right hand cartesian system; The
" program has the capability of incrementing between specified nodes.
If INC is left blank it is set equal to unity.

IV. NODAL HEAD DATA (I5, F10.0) NC cards

Columns Variable Description
1-5 ' N Node number
6-15 HEAD Head prescribed at node N

NB. There must be NC card supplied with this option.

V. NODAL POINT FLUX (I5, F10.0) NF cards

Columns Variable Description
1-5 - N Node number
6-15 ~ FLUX Flux prescribed at node N

NB1. Positive values signify recharge into the system.
' "~ Negative values signify discharge out of the system.

NB2. There must be NF card supplied with this option.



VI. ELEMENT DATA (6I5, 2F10.0, I5)

Columns Variable Description

1-5 M Element number

6-10 IND Node number of Ith node of the element
11-15 JND Node number of Jth node of the element
16-20 KND Node number of Kth node of the element
21-25 LND Node number of Lth node of the element
26-30 MND Material number for the element
41-50 - Q Distributed flux for the element
51-55 INC Increment for node generation of each
’ element

NB1. For triangular elements, LND=KND and this should be set as input.
NB2. MND may left blank to zero if only one material type is present.

NB3. Nodes must always be given in counterclockwise order with respect
to the global system.

NB4. Where elements are generated, the material number is also incre-
mented if NUMAT = NUMEL.
VII. MATERIAL PROPERTIES (15, 2F10.0)

Columns Variable Description

1-5 N Material number
6-10 CON2 Value of fissure aperture (b) for

fissure flow
Value of effective conductivity
(nWm3/2) for rockfill. See Table 2.3.

NB1. Where NUMAT = NUMEL, the program will increment between specified
elements.

VIII. TURBULENT FLOW DATA (I5, 2F10.0, E10.0) One card

Columns Variable Description
1-5 ITURBM Maximum number of iterations for
" "nonlinear flow analysis.
6-15 GRAV Acceleration due to gravity
. 16-25 Z0 Fissure absolute roughness (k)
' , (Tables 2.1 and 2.2)
26-35 RNU Fluid kinematic viscosity (v)

(Tables 2.1 and 2.2)

IX. BLANK CARD - One card
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€ o%0% L 1
C

c STEADY STATE GALERKIN FINITE ELEMENT SOLUTION

4

¢

¢

4 ° o e
€ & N. SITAR UCB FEB. 1983 VERSION °
€ © 0. ELSNORTH UPDATE FOR LAMINAR/TURBULENT FLOW L
C e IN FRACTURED MEDIA (3D) s
P .
c -l

'3

C 900898882088 8ES

4 INPUT DATA

C 890000008 00R0

C

€C'1. IDENTIFICATION CARD  (20A4)

C C™W. 1-80 == ANY CHARACTERS

C

C 2. PROBLEM SIZE INFORMATION  (1015)

4 coL. 1-5 NUMNP-NUMBER OF NODAL POINTS

C 6~-10 NUMEL-NUMBER OF ELEMENTS

c 11-15 NC-NUMBER OF CONSTANT HEAD NODES

< 16-20 NF-NUMBER OF PDINT FLUX NDOES

< 21-25 NUMAT=NUMAT OF MATERIAL TYPES

c 26=30 ICHK-CHECK FOR TYPE OF FLOM

c O=UNCONFINED FLOW

c 1=CONFINED FLOW

C 2eVERTICAL SECTION

[ 4 31-35 ILIST=-DUMMY PARAME TER

C 0=NO LISTING OF INPUT DATA

' 1=LISTING OF INPUT DATA

s 36-40 NINT-ORDER OF GAUSSIAN INTEGRATION

'3 Os 4CST QUADRILATERALS AND TRIANGLES
C 2= ISOPARAMETRIC ELEMENTS

c 41-45 IRAD-FLOW GEOME TRY

C O= NON AXISYMMETRIC FLDW

C 1= AXISYMMEIRIC FLOW

c 46-50 IFLOW-FLOW TYPE

C OsL INEAR FLOMW

[ 4 1=NONLENEAR FISSURE FLODW

C 2«NONL INEAR ROCKFILL FLODM

c

€ 3. NODAL POINT DATA  (215,3F10.0)

c * PROGRAM WILL GENERATE DAYA BETWEEN SPECIFIED NODES ¢
c & JCDE MUST BE CONSTANT DURING DATA GENERATION ®

c @ INC MAY BE LEFT BLANK IF EQUAL TO UNITY &

c COL. 1-5 N-NODE NUMBER

c 6-10 INC-INCREMENT FOR NODE GENERATION

c 11-20 X=X COORDINATE OF NOOE

C 21-30 Y-Y COORDINATE OF NOPE (VERVICAL FOR ICHK=2)
4 31-40 2-2Z COORDINATE OF NODE

C

C 4. NODAL HEAD DATA (15,F10.0)

(ol e N o N el o N e N N N N N o N N o N e N e N e N N N o N o N e E N N N N o N R N N o R oY o N e N o Yo N a Y a Y a X a X ala ol a X a X2 X2l

cot.

1-5
6-15%

N-NODE NUMBER
HEAD AT NODE N

Se. POINT FLUX DATA (15,010.2)
& WILL NEED NF/S CARDS (OMIT 1F NF=0) ¢
¢ POSITIVE VALUES SIGNIFY RECHARGE INTQ SYSTEN @
® NEGATIVE VALUES SIGNIFY DISCHARGE OUT OF SYSTEM ®

coL.
coL.

1-5
6~15

6. FELEMENT DATA
® PROGRAM WILL GENERATE OMMITVED ELEMENTS @
& WND MUST BE CONSTANT DURING DATA GENERATION *
% INC SET TO UNITY IF BLANK ©& :
9¢8 NOOES MUST BE GIVEN IN COUNTERCLOCKWISE ORDER soe
t

coL.

1-5
6-10

N=-NODE NUMBER
DUMMY-FLUX AT THE NODE N

(615,2F10.0,15)

M-ELEMENT NUMBER
IND-NODE NUMBER OF ITH NOOE OF ELEMENT

11=1% JND-NODE NUMBER OF JTN NODE OF ELEVENT
16=20 KND-NODE NUMBER OF XTM NOOE OF ELEMENT
21-25 LND-NODE NUMBER OF LTH NODE OF ELEMENTY

83 SET KND=LND FOR TRIANGULAR ELEMENTS 3%

26=30 MND-MATERIAL NUMBER

o8 CAN BE BLANK OR 2ERO FOR MATERIAL M1 o8

31-40 ALPHA-ANGLE BETWEEN PRINCIPAL CONDUCTIVITY

DIRECTION AND X AXIS

41-50 Q-DISTRIBUTED FLUX
5155 INC~INCREMENT FOR NODE GENERATION

7. MNATERIAL PROPERTIES DATA  (15,2F10.0)
¢ WILL NEED NUMAT CARDS ¢

cot.

1-5
6-1%

N-MATERIAL NUMBER
CON1=VALUE OF MAXIMUM CONDUCTIVITY

16~25 CON2-VALUE OF MININUM CONDUCTIVITY

®6 FOR TURBULENT OPTION NUMAT = NUMEL
o8 CON] = SET BLANK

68 CON2 - FISSURE APERTURE

%8 INCREMENTED BETWEEN ELEMENTS

s38¢

8. TURBULENT FLON DATA (I5,2F10.0,1€10.0)
® WILL NEED L CARD *
¢ INSERT BLANK CARD FOR NO TURBULENT FLOW ¢

coL

1-5
6~15
16-25
26-3%

I1TURBM=-MAXIMUM NUMBER OF ITERATIONS
GRAV  ~GRAVITATIONAL ACCELERATION
10 =FISSURE ABSOLUTE ROUGHNESS
RNU  =KINEMATIC VISCOSITY

IMPLICIT REAL®8(A-H,0-2)
COMMON $(60000)

COMMON/10/ IN,10UT
COMMON/FRAC/XT(4),YT(4),11(4)
NSCH=60000

© IN=S



600
601

cne 06

[a Kol

& W N

(o N o NaXaXy

10VUT=6

CALL FLOW(S,NSCM)
WRITE(I0UT»600)

FORMAY (° °,///,' %0088
WRITE (I0UT,601)
FORMAT (°1°)

STOP

END

END OF PROBLEM haadddd ]

SUBROUTINE FLOW (S.NSCM)
THIS SUBROUTINE READS THE PROBLEM DESCRIPTION AND ASSIGNS STORAGE

INPLICIT REAL®*8(A-H,0-2)

DIMENSION S(1)

COMMON/10/ IN,10UT

COMMON/CONSY1/ TITLE(20) ,NUMNP  NUMEL o NCoNFoNUMAT s ICHK ILIST 4N INT
COMMON/TURB/J TURB , 1TURBM ;GRAY ;RNU ¢ ARCUGH ¢ IRAD 4 1 FLDN
COMMON/FRAC/XT(4) YT (4),11(4)

READ (IN,500) TITLE

READ (INs501) NUMNP, NUMEL ,NC o NF yNUMAT o TCHK s ILEISToNINT, IRAD, IFLOW
MR1TE (10UT,600) VITLE

IF (ICHK=1) 1,2,3

WREITE llOUYpbll)

G0 70

NRITE (1007.612)

GO 10 ¢

WRITE (I0UT,613)

G0 10 &

CONTINVE

IF(IRAD.EQ.1) WRITE(JOUT,616)

IF(IFLON.EQe1) WRITE(IOUT617)

IF(IFLON.EQ.2) WRITE(IOUT,618)

WRITE (I0UT,601) NUMNP JNC,NF ¢NUMEL s NUMAT, NINT

* §F (NINT.EQ.O0) WRITE (IOUT,61¢)

IF (NINT.GT.0) WRITE {10UT 615}

ASSIGN STORAGE LOCATION

L01=1
L02=L01 +2SNUNNP
LO3 =L 02 ¢2ONUNNP

" LO4 =L03 $2ONUMNNP

LOS=LOG $NUMEL
L06=L05 $NUMEL
LO7=LO6*NUMEL
LO8=LOTeNUMEL
LO9=LOB+2ONUMAT
L10=L09+2ONUMAT

[aXaNaXaRa¥a

c

L11=L10¢29NUMEL
L12sL11¢2NUMEL
L13=0 12 423NUNNP
L14sL13¢28NUNNP
L1S=L16 *NUMEL
L163L15+NUNNP

CALL CENTRAL CONTROL ROUTINE

ITURS = O
100 CONTINVE

CALL CENTR (SCLO1)+S(LO2)sSCLO3)sSILCS)S(LOS)S(LOG)S(LOT),
] S(L08),SE(LO9),SIL10),S(L11),5(L12),S(L13),S(LL14),S(L1S),
& SIL16),NSCH,L16)

IF(ITURB.LT.ITURBM) GO TO 100

C‘Il'lllllllll'lllllll.ll"llll.lll.Olllllll'l.lllllll!ll"llllll
C

C
[

500 FORMAT (20As)
501 FORMAY (1015)
600 FORMAT (°1°,° °*,20A4,///7)

601 FORMATY (7/77+°

®, NUMBER OF NODES®*s17X.15,

/" *»'NUMBER OF CONSTANT HEAD NODES*,3X,13,
/e® %o°NUMBER OF NODES WITH FLUX®p7Xe15s -
/9° ®o*NUMBER OF ELEMENTS®,14X,15,

7o %5 'NUMBER OF MATERIALS®,13X,15,

/s® *o°0RDER OF INTEGRATION®912X,15¢7/77)

X N N ¥ ]

611 FORMAT (°* * "..“ UNCONF INED FLOW IN A HDRI!ONYIL PLANE ““.')
612 FORMAT (°* ¢ '00‘.‘ CONFINED FLOW $s%¢e*)

613 FORMAT (*

. "’000 VERTICAL CROSSECTION “‘.")

614 FORMAT (° . »?%  ACST QUADRILATERAL ELEMENTS ¢°)

615 FORMAT (° . 9% LINEAR ISOPARAMETRIC QUADRILATERALS ®°)
616 FORMAT (* °* “‘00 AXISYMMETRIC FLON REGIME osos*)

617 FORMAT (° ‘.'ttcc FISSURE FLOW PROBLEM %898°)

618 FORMAT (°

[aXaNa¥s)

,08680 NONLINEAR FLOW IN ROCKFILL ®9%se)
RETURN
END

200 0PVB 00

SUQROU'lNE CENVR(X.Y-Z-INO.JND.KND.LND.CDNI.

CON2 s ALPHA Qo XRoHEAD ¢MNDs ICOE o SSoNSCH,L15)
l"PLlCl' REAL®B(A-H,0-2)
COMMON/Z1I0/ IN,IDUT
COMMON/CONSTL/ TITLE(20) o NUMNP , NUMEL o NCoNFoNUMAT o ICHKo ILISToNINT
COMMON/TURBZTTURB 5§ TURBM , GRAV R NU,AROUGH » IRAD » I FLOW
COMMON/FRAC/ZXT(8),YT(4),01(4)
DIMENSION X€1),Y(1),281),INO(L1),JINDC1),KND(L),LNO(1),CONLLL),



3 CON2¢ 1) JALPHA(1),001) o XR{1) JHEAD(1) ,MND(L ),
[ SSUNUMNP,.1) »ICDE(1)

REWIND 1 :

REMIND 2

READ NODE COJRDINATES AND ELEMENT OATA GENERATING THE MISSING VALUE

SEANORNONONNRUINUNNERAENIRNVANIRERNRENRNEEIENENsNEsOeRENRORRNRNRIR
. IFCITURB.NE.O) 60 TO 100

CALL INPUT (XoVs2yIND»JIND,KND,LND,MND,CON1,CON2,Q,XR,ALPHA,
HEAD,ICDE)

[ B o Y o N X X o N o X o)

[ 4
100 CONTINVE
IFCITURBM.EQ.O) GO TO 300

c ,
CALL NLINUX,Y 424 INDyJINDoKNDoLND ¢CON15CON24XR)
00 200 I=1,NUMNP
READ (2) XR(I)

200 CONTINUE

300 CONTINUE

C
CORNREBNIRONRERINE IR INIER RSNV RO RARRRERNNNENGRARRRINNNEN OIS

c
C DEVERMINED BAND WIDYH
[

18AN=0

DO & I=}1,NUMEL
IF (IABSCINDCI)=JND(I)).GE.IBAN) IBAN=IABSUINDLI)~JND(]))e) :

IF C(IABSUIND(I)-KND(11).GEIBAN) 1BANSIABS{IND(I)-KND(I))¢L
IF (IABSUINDUL)-LND(I)).CE.IBAN) IBAN=IABSC{IND(I)-LND(I))o)
IF CIABS(INDCI)-KND(I)).GE.IBAN) 1BAN=IABS(IND(1)=-KND(3))e1
IF {IABSC(UNDC(I)-LND(I)).GELIBAN) IBAN=IABSIINO(II-LND{1D)®)
IF (BABS(KNDC(I)-LND(1)).CE.IBAN) JDAN=JABSIKND{ 1)~LND(1))+])
L] CONTINUE

L16=L1542CNUNNPS]1BAN
IF (NSCH-L106) 1,2,2

1 LOM=L16-NSCN
WRITE(IOUT,600) LOM
STOP

2 CONTINVE

[4
c v b A 4 LA 44
c ’
C CENERATE STIFFNESS MATRICES
c

00 9 JJ=1,1BAN

00 9 31s1,NUKNP

$$411,JJ)=0.000
9 CONTINUE
C

+ 3

CALL ELEMUX,Y 2, IND,JIND,XND LND ({nN|
. . SS.NSC”.L;Q) ’ ’ . DoCONl.CDNZ.llPNAuo.lRoN(ADa

C ALTER STIFFNESS 1O ACCOUNT FQR CONSTANT NE
AD VALUES INCLUDIN
g ALTERING OF EQUATIONS, QUTPUT EQUATIONS FOR CONSTANT ugg; :Dz:g

?2 20 K=1,NUNNP
(ICOEI(X).EQ.0) GO TO 2
WRITE (1) SS(K,1) °
D0 19 L=2,I8AN
JL=KeL~]
IF (JL.GT.NUNNP) GO 7O 18
WRITE (1) SS{K,L)
18 JKsK-L+)
IF (JK.LT.1) GO ¥O 19
WRITE (1) SStUK,L)
19 ‘CONTINUVE
20 CONT INVE

00 8 K=1,NUMNP
IF (ICOE(K).EQ.0) GO TO 8
AR(K )=HEAD(K )
$S(K,1)=1.000
00 7 L=2,18AN
JUeKeL-1
IF (XL.GT.NUNNP) GO 10 &
KR(JL)"R(JL)‘SS(K'l)’XR(K)
6 SS(K4L)=0.000
JKsK=p e}
IF L.LT.1) 60 10 7
=XR(JK)=SS(JK,L)®
SS(JK,L) 0,000 sLISRRIK)
CONTINUE
CONTINUE

E

L A4 )

SOLVE EQUATIONS BY GAUSSIAN ELIMINATION

CALL SOLVE (SS,XR.1BAN)

LR

o9e

OO0 en OO0

OUTPUT OF SOLUTION

IF (ICHK.GT.0) GO T0 11
gg‘:?,ll-loNUHNP
=0SQRT(XR(1
10 CONTINUVE thn
1 IF (1CHK.NE.2) GO 10 12



NRITE (10UT,603) N
DO 14 11=3,NUMNP
PHEAD=XR(11)=-Y (11}
14 NRITE (I0UT,604) II,XR(IID,Y(11),PHEAD
CIVURUNRIRNAERINAUERaUNIEaaaees RNl i dsandnnessnenItoent
12 IFCITURB.EQ.1.0R.JTURB.EQ.ITURBN) GO TO 21
¢0 70 13
C'll'.lll'.llllllllll"l"lll!l.l'llllllll'l'llllll'll'l
21 WRITE €10UT,601)
WRITE (I0UY,602) (MyXR(M)oM=1,NUMNP)
IFC(1TURBN.EQ.0) GD YO 13
IFCITURB.EC.1 TURBN) WRITE(10UT,0608)
IFCITURB.EQ. ITURBM) WRITE(IOUV »602) (M,CONL(M),M=],NUMEL)
IFCITURB.EG.ITURBM) WRITE(I0UT,609)
JFUITURB.EQ.ITURBM) WRITE(IOUT,602) (MoCON2(M) sM=]1,NMEL)
13 CONTINUE

[
C COMPUTE THE FLUX AT CONSTANT HEAD NODES
[4

RENIND 1
C""."'"".“"'.".""""""'l"."'.""""'l'
IF(ITURB.EQ.2.0R.ITURB.EQ.ITUREM) GO TO 22
RETURN
CONMRIENERANINUBIRETNVRINEN NN UOSUIRRACRRIRNRININ OIS
22 BALIN=0.00 "
BALOU=0.DO
WRITE (10UT,605)
H2 = 1.000
00 17 K=1,NUNNP
IF (I1CDE(K).EQ.0) GO TO &7
READ (1) TVEwP
IF (ICHK.EQ.0) H2 = XR(K)
FLUX=XR (K) STEMPOH2
00 16 L=2,1BAN .
A=KeL=1 J
IF (JL.GT.NUNNP) GO TO 15
READ (1) TewpP
IF (ICHK.EQ.0) H2 = XR(JL)
. FLUXSFLUX4XR{ JL)STEMPSH2
15 JKsK=-Le1
IF (JK.LV.1) GO TO 16
READ (1) TEMP .
IF (ICHK.EQ.0) M2 = XR(JK) .
FLUXSFLUXSXR{JK)STEMPOH2 :
16 CONTINUE -
IF (FLUK.LT.0.00) BALOU=BALOUFLUX
IF (FLUX.GT.0.00) BALIN=BALIN®FLUX
WRITE (I0UT,606) KoFLUX
17 CONT INVE
TBAL=BALOU+BAL IN
WRITE (IDUT.607) BALIN,BALOU,TBAL
600 FORMAT {° °*,*ARRAY STORAGE TOD SMALL 8Y *,15,2X,°WORDS®)
601 FURH‘T (°1*,°PROBLEM SOLUTION®,/,° °,*o0e0000800808888°,//,
* 9,°NODE NUMBER®,8Xy*STEADY STATE HEAD®*y/7)
602 FORNI' [ '05(15'21 012.5,5X3,/)

603  FORMAT (°1°, 'PRDBLEN SOLUTION = VERTICAL SECTION®,/,° ¢,

ess0se8 27,0 t
'NODE NUMBER *,5X, *YOTAL HEAD®,8X, °ELEV. NEAD'.OI.
*PRESSe HEAD®,//)

A K ]

604  FORMAT (°* *,16,10X,3(010.3,8X))
605  FORMAT (°1°, 'FLUX AT CONSTANT HEAD NODES'-I-' %

XY/ 'u

'NODE NUMBER®,8X, *FLUX"®,//)

606 FORMAT (* °,16,10X,012.5)
607  FORMAT (/,° *,*TOTAL FLUX IN=*,E10.3,5Xs*TOTAL FLUX OUT=*E10.3,

1 SXo *MASS BALANCE (IN - OUT)=*,E10.3)
608  FORMAT (°1°,° FINAL ELEMENTAL TRANSMISSIVITVIES®,/° *,° Seso88s0e’,
t . $4774% *'ELEMENT NUMBER®,8X,
3 *TRANSMISSIVITY®,//) )
609 FORMAT (°1°,* FINAL ELEMENTAL VELDCITIES *,/° °*,° osesssssee’,
'} eS80 S00S0B00SIVS 0, /7, O SELEMENT NUMBER®,8X,
i SYELOCITY*,//)
RETURN ' :
END
C
C
C osudd0g0en
[
SUBROUTINE INPUT(XeYoZoINDyJNDO,KNO,LND,MND,CONL,CON2,Q, XR,
¢ t ALPHA ,HEAD,ICDE)
g THIS SUBROUTINE READS AND GENERATES NODAL AND ELEMENT DATA
IMPLICIT REAL®8(A-H,0-2)
COMMON/10/ IN,I0UT
COMMON/CONSTL/ TITLE(20) yNUMNP s NUMEL ¢ NCoNF yNUMAT JCHX o ILIST NINT
COMMON/TURB/ZITURB o I TURBM ,GRAV,RNU, ARDUGH, IRAD IFLOH
COMMON/FRAC/ZXT(4),YT(8),11(68)
DIMENSION XE1),Y(1)oZ(2),IND(1),IND(L),KNDEL),LNDCL),MND(L),
c t CON1¢1)oCON2(1),0€(1)9 XR(1),ALPHACL) 4HEAD(1),1COE(2)
C ] L
C
g READ ANO PRINT NOQODAL POINT DATA
L=} . )
READ (IN,500) "'lNCnX(N)rY(N)'I‘N)
1 READ (IN,500) NoINCX(N),Y{N)oZ(N)
IFCINC.EQ.0) INC = 1
L=L¢INC
c IF(L.GT.N) L = N
g CHECK FOR NEED TO INTERNALLY GENERATE NODAL POINT DAYA
IF (N-L) 5982
2 LMlst~INC
DUM=DFLOAT(N-LM])
DUM =DUNZDFLOATY (INC)
DX=(X{(N)=-X{LN1))/7DUN
OY={Y(N)}=Y(LN1))/7DUR



oM Ve

~
(-]

21

DZ=(2(N)~-Z(LN1))/70UN
DM« (HEAD(N)-HEAD(LM]1))/0UN
LMisL=INC

XEL) =X(LM]1)4DX
Y(L)=Y(LM])eDY
(L)=Z (LML) #D2Z
JCOEIL)=ICDE(LML)
HEAD(L)sHEADILM])+DH
LsL¢INC

IF (N=L) 5,4,3

IF (NUMNP=N) 5,6,1
WRIYE (I0UT,600) N
STOP

READ IN HEAD BOUNDARY CONDITIONS

CONTINUE

00 20 I=1,NUNNP
1C0£(1) = O
IF(NC.EQ.0) GO TOD 21
00 21 1=1,NC
READ(IN,504) N,DUMMY
1CDEIN) = 1

HEAD(N) = DUMMY
CONTINUVE

[
C READ IN POINT FLUX

C
30

3
a2

~NOOaN

23
24

D0 30 I=).NUMNP

XR(1)=0,000

IF (NF.EQ.0) GO TO 32

00 31 I=1,NF

READ (IN,503) N,OUMMY

KR(N)=0UMNY

IF (ILIST.LE.O) GO TO 7

WR1TE (10UT,601)

WRITE (I0UT,.602) (H.X(H)oY(NloI(H).lR(Hl.N-l.NUHNP)
WRITE (10UT,606)

DO 22 1=1,NUMNP

1F (ICOE(1).EQ.1) WRITE (IJOUT,607) 1.HEAD(I)
CONTINUE

ADJUST RIGHTHAND SIDE IN CASE OF UNCONFINED FLOW

IF (ICHK.GT.0) €O TO 24
00 .23 Is1,NUNNP

HEAC (1) =HEAD(1)oHEAD(})
XR(1)=2.0008XR(1)

CONT INUE

CONTINUE

C
C WRITE TO TaAPE 2
<

D0 120 I=1,NUMNP
WRITE (2) XR(1)

120 CONTINUE
REWIND 2

READ AND PRINT ELEMECNT DATA

14 CONTINUE

® O o000

N=O
READ (IN,501) N.lND(N).JND(N).KND(N)oLND(N,.NND(H).ALPNI(N).O(N).

« INC
IFCINC.EQ.0) INC = 1
N=N+1

CHECK FOR NEED TD INTERNALLY GENERATE ELEMENTAL OATA

[z KaXa X

IF (MNO(M).EQ.0) MND{NM}=l
IF (N.EQ.M) GO TO 10
NM1=N-1
INOUN)=INDINM1)}¢INC
JND(N)=JINDI{NM1)+INC
KND (N)=KND (NM1 )¢ INC
LND(N)=LNDINM1)}#+INC
MND (N) =MND(NM1}
QIN)=sQ{NM1)
ALPHA(N)=ALPHA (NM1)
IFCNUMAT.EQ.NUMEL) MNDIN} = MND(NM1) 4 1
[

C
60 10 9
10 IF (NUMEL=M) 11,300,8
11 WRITE (10UT,603) M
s10P

[4
€ READ IN MATERIAL PROPERTIES

[
CHERESINNNIdtiaie g nigauisaeunuIenisansseisesininitsinesisen
300 IFI{NUMAT.NE.NUMEL) GO TO 12
N=20
52 READ(IN,502) M,CON1(M).CON2(M)
lF(CONl(N).E0.0-ODO) CON1(M)=1,000
S1 N =N ¢
- IF(N. EO-H) 60 10 50
Nl = N -1
CON1{(N) = CON1{NM1)
CON2(N) = CON2iNn1)
60 10 51
50 IFINUMAT=M) 100,100,52
12 READ (INs502) (J,CON1(J)oCON2(JY,I=1,NUNAT)
100 CONTINUE

15 CONTINUE

IF (ILIST.LE.O) GO 10 13
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SUBROUTINE ELEM (X,Y,Z,INDyJNDsKND,LND,MND,CON1,CON2,ALPHA Qs XR,
[ 3 HEAD s SSoNSCM,.L 14)
C
C THIS SUBROUTINE GENERATES ELEMENTY STIFFNESS MATRICES AND GLOBAL STIF
(4

INPLICIT REAL®8 (A-H,0-2)

COMMON/ IOZIN,IOUT -
COMMON/CONSTL/TITLE (200 ,NUMNP sNUMEL sNC NF e NUNAT s ICHK o IL I ST« NINT
COMMON/ TURB/ 1 TURB o ITURBM s GRAV RNUSARDUGH» IRAD» IFLOW
COMMON/FRAC/ZXT(4),YT(8),51(08)

OEMENSION XU1)oY(1),Z(1),ENDCL) +JND(1) KND{1),LND(1),¥ND(1 ),

] CON1U1DoCON2(L) oALPHA(1),Q(1),XREL),HEADIL),
13 SSINUMNP 1) »5Q(5,5),R(3,3)

1ST0P=0 .

IOLSTP=0 .

C
[4
C
C DD ONCE FOR EACH ELEMENT
€
D0 17-LL=1,NUMEL
C
C

ROTATE CONDUCTIVITIES TO UNIVERSAL COORDINATE SYSYEM
C

. IsMND(LL)
CEVOETRUNARNSEINENNR NN NARUNRANNEIRAANNGNISEOSINNEINIRIREN RIS
Cl = CONL(I) ‘
€2 = CON2(1)
IF(IFLOW.GY.0)  C2 = CONLC(I)
PX=C18(DCOSCALPHA(LL) )282,000)#C29DSINIALPHA(LL))®$2,000
PY=CLO{OSINIALPHALLL))%92,.0D0)4+C22DCOSIALPHA(LL)) 2,000
PXY=(C1-C2)eDCOS(ALPHA(LL))ISDSINCALPHA(LL)) i
CRENRIGRONGERIARRNINLANERNEANARRGIVECNRNNCQVICANNINRONBINNIES
- I=IND{LL)
J=JNDILL)
X=KND(LL)
LsLND(LL)

TRANSFORM PLANE ELEMENT TQ LOCAL X~Y COORDINATE SYSTEM
CALL TFORM{I o JdsKoloXoY¥,2)

DETERMINE THE ELEMENT TYPE AND ELEMENT SHAPE
1F NINT=0 4CST QUADRILATERAL OR TRIANGLE 1S ASSUMED

COOOMN 006

NODE S=¢
IF (NINT.GT.0) GO TO 20
1F (KND{LL).EQ.LNO(LL)) GO 1O 2

GENERATE THE CORRESPONDING STIFFNESS MATRICES

(o X aNal sl

CALL QUAD (LLoT4JsKeLsXsYsP X PY,PXY,SQ,AREATO, ISTOP)

WRITE (I0UT,604)
WRITE (I0OUT,605) (N, INDIND o JNDIN) JKNDIN) ,LND(N) ,MNDIN)+Q(N),
- ALPHA(IN) 4N=1,NUNEL)
WRITE (10UT,.610)
MRITE (IOUT,611) (M,CONI(M),CON2(M) M=1,NUNAT)
13 CONTINVE
IF (ICHK.GT.0) GO TD 26
DO 25 1s=1,NUNMEL
Q(1)=2.000%Q(1)
25 CONTINUVE
26 CONT INUE
C"'.'.""'.""'..""l'.".""'.".".""""."'.'l""""'
C=====READ TURBULENT FLOW PARAMETERS ==v~vcc-e-
READ(IN,520} ITURBM,GRAV,AROUGH ,RNU
WRITE(IDUT620) ITURBM,GRAYRNU 4ARDUGH
ITURE = O
c s - covcocvecsees
520 FORMAT(15,2F10.0,1€10.0)
620 FORMAT(®1°%,°* TURBULENT FLOWN ANALYSIS */

.? “/
. MAXIMUM ND. OF QTERATIONS 174/
. GRAVITATIONAL ACCELERATION *D010.5,/
? KINEMATEIC vISCOSITY *4D10.5+/
.? FISSURE ABSOLUTE ROUGHNESS ‘oDIO.S'/,
C -

Clll'lllllll'.'llll'llllllllll"ll"lIIlllllll’lll'll'l'lll'llll"

500 FORMAT (215,3F10.0)

501 FORMAT (615,2F10.2,15)

502 FORMAT (15,2F10.0)

503 FORMAT (15,010.2)

504 FORMAT (15,F10.0)

600 FORMAY (* °,°ERROR IN NODAL DATA AT NODE®+2Xs 15,/,% °o*CHECK THE

] REST OF THE INPUT DATA FOR SIMILAR ERRORS')
601 FORMAT (°1°, °NODAL PDINT DATA®,/,* *)° Yot/
[ 3 ® 9,9NODE NUMBER®*»8X,°X COORDINAIE'.OK.'Y COORDINATE®,

SX.'I COORDINATE® 9%, *POINT FLUX®4//)

602 FORMAT (° *42%,15,7X,F15.3,5XsF15.3+5X,F15.3,5X,015.3)
603 FORMAT (°1°,°ERROR IN ELEMENY INPUT AT ELEMENT®,15,/+° °»
SCHECK THME RESY OF THE INPUY OATA FOR DTHER ERRORS*)
FORMAT (*1°,°ELEMENT DATA®,/," *,°906804880800°,//,% %, "ELEMENT?,

. . NUNBER'.BX.'NP!'.sl.'NPJ'.5!.'NPK'.5X.'NPL'.SK.
SMATERIAL NO.*,8X,°FLUX® 29X+ *CONDUCTIVITY ANGLE *,///)
FORMAT (* *33X,15,12X,15,3X,15,3X, l§.3!.!5.7l.l5.l°l.0!0 3.2!.
F15.1)
FORMAT (°1°,°CONSTANT HEADS®,/,° *,°0¢20000008980008°,//,
* *,ONODE NO.*eBXs*HEAD®¢//)
607 FORMAT (* *,15,54,F12,3) .
610 FORMAT (*1°,SMATERIAL PROPERTIES®,/,? *,°4 88°,//,

604

605
606

” [ J - » [ ]

3 ® °,*MATERIAL NUHBER'.BX.'CONDUCI]VXTY 1%6X,
& 'CONDUCYIVI!V 2%9/7/7)
611 FORMAY (°* *,4X,15,13X,015.8,5X,015.8)
RETURN '
END
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30

18

ane

20

c
C ADD

W w & W

IF (1STOP.EQ.0) GO 10 3
I0LSTP=]

1ST0P=0

WRITE (J0UT,600) LL

60 VO 17

TRIANGULAR ELEMENTS

NODES=3

X1=x{1)

XJ=X(J)

AK=XIK)

Yi=v{1)

YJ=Y(J)

YK=Y{K)

KK=0

CALL TRIAGILL oKKoPXoPYPXY o XEoXJo XK oY1 oYJoYKoAREA2,
1F (1STOP.EQ.0) GO 1O 30
10LSTP=1

1S10P=0

MRITE (10UY,600) LL

GO 70 17
AREATO=AREA2¢,.5D0

DO 18 11=1,3

00 18 JJ=1,3

SO (11.4J)=R111,JJ)

" CONTINUE

DO ¢ Ils=l,6
$Q(4,11)20.00
SQ(11,4)=0.00
CONTINVE

G0 10 3

JSOPARAMETRIC ELEMENT

CALL QUADS (LLeIoJsK eLoPXoPYPXY XY XRoQsSQs ISTOP)
IF (1ST10P.EQ.O0) GO YO 3 :

10LSTP=1

1ST10P=0

MRITE(IOUT,600) LL

¢0 10 17

T0 CONDENSED GLOBAL STIFFNESS MATRIX

FNODE=DFLOAY (NODES)
00 16 11=1,NDDES
GO TO (5+6+7+8),11
Nel :

GO 10 9

Ny

G0 70 9

N=K

G0 10 9

N=L
00 15 JJ=1,NOOES

R,ISTOP)

10
11
12
13

OO

[ J

O OO
-~

600

[aXzXalal

(2R 2N a X )

ano

GO TO (10,11,12413),JJ
M=]

60 T0 14

Ned

GO 70 14

M=K

GO T0 14

MsL

KL=M=N+1

IF (XL.LE.O) GO TO0 15
SSINKL)=SSIN,KL)*SQ(I1,Jd)
CONTINVE

CONTRIBUTION BY DISRIBUTED FLUX = 4CST AND TRIANGULAR ELTS ONLY

IF (NINT.GT.0) GO 10 16
ARCNI=XR(N)*(QULL )SAREATO)/FNODE
CONTINUE

RETURN ELEMENT TO GLOBAL COOROINATES X-¥-1
CALL RFORMEIJeKoloeX,Y)

CONT INUE

oSTOP IF THERE IS ERROR IN ELEMENT OR NODAL OATAS
IF (10LSTP.EQ.1) STOP

RETURN

:03"!1 (* *,°ERROR IN ELEMENT NUMBER °*,15)

N

902558580

SUBROUTINE QUADILLsTsJsKslsXoYePXoPYoPXY, SQeAREATD, ISTOP)
© JMPLICIT REAL®*8 (A-H,0-2)

COMMON/10/1N, IOUT

COMMON/CONST1/TITLE (20) NUMNP JNUMEL yNC JNF (NUMAT , ICHK o ILISToNINT

COMMON/ TURB/TTURB » 1 TURBM  GRAV9RNU s ARGUGH» IRAD» TFLOW
DIMENSION X€1),¥(1),R(3,3)+5Q(5,5)

D0 7 I1=1,5

00 7 JJ=1,%

SQ(11,J4)20.000

CONTINUE

LOCATE CENTROID

XX=0.000

Y¥=0.000
XX=s(X(I)eX(J)+X(KI*X(LD)®.2500
YYe(Y(I)eV(JDeY{KIOY{L))®, 2500
AREATO=0.00D0

DETERMINE ELEMENT STIFFNESS MATRIX FOR QUADRILATERAL ELEMENT

00 1 KK=1,¢
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GO TO (2¢39445) KK
Al=X(1)
XJ=2(J}
Yis¥(1l)
YJ=Y(J)
60 T0 6
X1sX{J)
XJ=X(K)
Yi=Y(J)
YJ=¥{K)
GC 10 6
X1=X{K}
XJ=X(L)
Yi=V(K) -
YJsY(L)
60 10 o
X1=X{(L)
XJ=X(1)
Yisv{L)

. YJ=Y{I)
CONTINVE

CALL TRIAG (LL.KK.PloPY.'PxY.Xl.IJ.XX.VI-YJ."-AREAZ.R.ISTDP) !

RETURN IF INPUT DATA ERROR
1F (ISTOP.EQ.1) GD 70 1
GENERATE QUADRILATERAL STIFFNESS MATRIX

KMeKK+1

IF (KKoEQe#) KMsl

SQUKK KK)=SQIKK,KK)#R(1,2) -
SQIKK KM)=SQIKK,KMI+R(1,2)
SQUKK,5)=SQ(KK,5) 4R {1,3)
SQUKMKK)=SQ{KM KK IR (2,1)
SQUKMKM)=SO(KMKNISR(2,2)
SAUKM,5)=SQIKM,5) IR (2,3)
SQ U5 ,KK) =S5 4KK)*R(3,1)
SQC5,KMI=SQ(S , KM) SR (342)
S0(5,5)=50(5,5)+R(3,3)
AREATO=AREATO+AREA2%.500
_CONTINUE

1F- CISTOP.EQ.1) RETURN
ELININATE CENTER POINT

00 8 11=]1,4

00 8 JJ=1,¢

FACT=SQ{JJ,5)75Q1(5,5)
SQU11,3J)=S0U11,95)-SQ(11,5)%FACT
CONT INVE

(o Nl ol

a0 oMM o0

2 X2 X}

o~

[a Xz XX o)

RETURN
END

808808088

SUBROUT INE TRIAG (Ll-KK.PX.PY.PIV.Xl.lJ.XK.Yl.VJ.YlleEl?oRclS!OPl
IMPLICITY REAL®B (A-H,0-2)

COMMON/ 1071N 4 10UT
COMMONZCONST1/TITLE €20) NUMNP ¢NUMEL 4NCoNF yNUMAT o TCHK oIL I ST o NINT
COMMON/ TURB/ 1 TURB , 1 TURBM GRAV ;RNU, ARGUGH, IRAD, 1 FLOW
COMMON/FRACZAT{4) 4YT(4),11(4)

DIMENSION R(3+3), A(3), B8(3)

All)=YJ-YK
A{2)=YK~Y]
A(3)=YI-YJ
B(1)=XK=XJ
8(2)sX1-2K
8(3)=XJ-X1

CALCULATE DETERMINANT =~ 28AREA OF TRIANGLE '

AREA2=B(3)9a(2)-B{2)0A(3)
CHECK FOR INPUT DATA ERRORS
IF (AREA2.LE.0.00) GO TO 2
AK=PX/({2.0D0FAREA2) '

BK=PY/{2.0D0%AREA2)
CK=PXY/{2.000%AREA2)

‘ELEMENTAL STIFFNESS MATRIX= (R)

00 1 I=1,3

00 1 J=1,3 ' -?
R(IpJ)=AKSAL1)2A(J)*BKOB(1)SBIJ)*CKS(A(I)SBLI)¢ALI)®BI(ID))
CONTINVE

. RETURN

ISTOPs]
RETURN
END )

SEN05eS 0D

SUBROUT INE SOLVE (SS,XR,IBAN)

IMPLIC1T REAL®B (A-H,0-1)

COMMON/ 10/1N, 10UT
COMMON/CONSTL/TITLE (20) oNUMNP yNUMEL oNC oNF yNUMAT o ICHK o IL I ST 4 NINT
COMMON/ TURB/§ TURB o 1 TURBM 4GRAV ,RNU, AROUGH, TRAD o I FLOW
COMMON/FRAC/XT(8)oYT(4)s11(8).

DIMENSION SS(NUMNP,1)+XR(1)



(4

CransonuanadIsaInIm
RAD = 1.000

CONBENNNNANERININRES
0(1,1)= PX
0(1,2)= PXY
0(2,1)=PXY
D(2,2)=PY

CALCULATE ELEMENT STIFFNESS

(2 X 2Nl

00 1 JJ=1,5
00 1 11=1,5

1 $Qt11,J4)=0.000
DG 6 LX=1,NINT
RIsXG(LXJNINT)
D0 6 LYs1,NINT
ST=XG(LY,NINT)

EVALUATE DERIVATIVES (B) AND OE TERMINANT DET
CALL STDM (LUoToJsKsLoRIoSIsXoYsXRsQeB,0ET,I1STOP,RAD)
ADD CONTRIBUTIONS TO THE ELEMENT STIFFNESS

Calala s talaXa

IF (1STOP.EQ«1) RETURN
WT=MGT(LASNINT ISUGT (L Y,NINT)ODE TORAD
D0 5 JJI=1,4
DO 2 XK=}1,2
D0 2 LX=]1,2
DBUIKK) =DBIXK ) *DIKK LK )28 (LK JJ)
2 CONTINUE
00 & 11=JJ,¢
STIFF=0.000
00 3 LK=1,2
STIFF=STIFF+B(LK,11)2CB(LK)
CONT INUE
SQUI1,JJ)oSQUII,JJ)+STIFFSNT
CONT INVE
CONTINVE
CONTINUE
D0 7 JJ=1,4
00 7 II=1.¢
SQEJIJL11)=SQ(11,0d)
7 CONT INVE
RETURN
END

Cwne W

SUBROUTINE STOM{LL T oJseLsRI»SToKeYsXRsQeBoDEY, 1STOP4RAD)

THIS SUBRODUTINE EVALUATES THE DISPLACEMENT MATRIX B AT A POINT
(RsS) FOR A QUADRILATERAL ELEMENTY

(ol aNal o BN o ]

(2 X2kl

own & OOMW N

[2XaKal

(oo X o]

[a X aXal

REDUCTION

D0 3 N=]1,NUMNP

DO 2 M=2,1BAN

IF (SS(N:M).EQ.0.000) GO TD 2
CoSS{N,M)/SS(N,1)

I=Ne¢N-]

1F (1.GT.NUMNP) GO TO 2

J=0

00 1 Ks=M,IBAN

JeJol

IF (SS(N,K).NE.0.000) SSE14J)=SS(1,J)=COSS(N,K)
SS(NyM)=C
XR(I)=XR(ID=SS(N,M)XR(N)
CONTINUE

XR{N)=XR(N}/SS{N,1)

CONT INVE

BACK SUBSTITUTION

N=NUMNP

00 5 K=2,1BAN

LeN+K~-1

IF (L.GT.NUMNP) GO YO 6

IF (SS(N,K).NE.0.ODO) XR(N}=XRIN}=SS(N,K}SXR{L)

NaN=]

IF (N.GY.0) GO TO ¢

RETURN

END

SUBROUTINE QUADS (LL T oJsKoloPXoPYsPXYsXsY,XRpQySQ,1STOP)

THIS SUBROUTINE CREATES THE ISOPARAMETRIC ELEMENT STIFFNESS MATRIX

INPLICIT REAL®8 (A~H,0-2)

COMMON /710/IN,10UT

COMMON /CONSTL/TITLE (20) oNUNNP JNUMEL sNCo,NF oNUMAT  1CHKoBLTST NINT
COMMON/TURB/1TURBS , I TURBM ,GRAV 4RNU, ARDUGH, IRAD ¢ IFLON
COMMON/FRAC/XT(8),YT(4),11(4)

DIMENSION X41)oY(3)oXRI1D+Q(1)+SQUS5+5)4D(2,2),802,0),XG(4,4),
3 WGT (4,4),0B(4)

MATRIX XG CONTAINS THE GlUSS'LEGENDﬁE INTERPOLATION POINTS

DATA X6/0.0D0,0.000,0.0D00,0.,000,-.577350269169600,
+577350269189600, 0,000, 0.000,~.7745966692415D0,
0.000, .774596669241300, 0,000, -,8611363115941500,
~+339981043584900, .339981043584900,.8611363115941500/

MATRIX WGY STORES INTEGRATION WEIGHYING FACTORS
DATA WGV/ 2.00, 0.DO, 0.00, 0.00, 1.D0, 1.00, 0.D0, 0.DO,

[ ] +555555555555600, .8888888888889D0, .5555555555556D0, 0.00,
& «3478548451375D0, .652145154862500, .6521451548625D0,
[ 3 +347854845137500/



(2l aXal B o N ol al [aX 2Nl ﬂﬁf\_ﬂﬂ [aX 2l o}

[aXala)

IMPLICIY REAL®S (:-ﬂoﬁ'l)

MON /10/1IN,10U ' .
:g:NgN ;CDNSY;III?LE(20)-NUHNP.NUHEL.NC-NF.NUHA'erNl.lCHK.ILlS?
CDHNONI'URDII!URB.IIURBH.G?A:.RNU.ARDUG“.IRAD.IFLUH

MON/FRAC/ZXT{4),YT(4),110¢
g?:ESSION X(ll.V(;l.lﬂ(l)oﬂ(l)ob(l.‘)oXJ(ZnZlolJl(ZuZ)aP(ZoOl-N(Q)
RP=1.0D0¢R1}
$P=1.000¢S1
RM=1.000~-R1
$M=1,000-S1

. INTERPOLATION FUNCTIONS

H(1)*=0.25D0%RPOSP v
H12)=0.,25008RMOSP
H(3)=0.2500%RMSSH

‘H(4)=0,25D08RP2SH

NATURAL CODROINATE DERIVATIVES OF THE INTERPOLATION FUNCTION
1. WITH RESPECT TO P

P{1,1)=0.250005P
P(1,2)=-Pi(l,1)
Pl1,3)=-.25D095M
P(1,4)==P(1,3)

2. WITH RESPECT TO $

Pl2,1)=.25D02RP
P(2,2)20.25D0%RM
Pi2,3)=s-Pl2,2)
P(2,4)==P(2,1)

EVALUATE THE JACDBIAN AT POINT (R,S)

D0 2 Hi=1,2
P(11 1)SX(II4P(TE 200K (J)¢P(113)8KIK)IP(1T,8)0X(L)
:j::::;:-?(ll:l)"(l)’?(ll.Z)CY(J)0P(II.3)°Y(K)OP(II-Q).Y(L)

CONTICVE
COMPUTE Y“E DETERMINANT DF THE JACOBIAN AT (R,S)

DET=XJ(1,1)9XJ(2,2)-XJ(2+1)8XJ(1,2)
IF (DET.GT.0.00000001) GO 70 3
WR1TE (I0UT,600) LL

15T0P=]

RETURN

COMPUTE THE INVERSE OF THE JACOBIAN

DUM=1,000/DEY

XJ1(1,1)5XJ02,2)0DUN
XJI(1,2)=XJ(1,2)80U™
XJ2(2+1)=XJ(241)50UN

w e

XJ1(2,2)2XJ(242)50UM

[a Xz ¥l

EVALUATE GLOBAL DERIVATIVE OPERATOR B

00 & KK=1,4

8(1,XK)=0,000

B(2,KK)=0.0D0

DO & 11=]1,2

BUloKK)=XJI(L o I1)CPUITKK)*B(1oKK)

B(2KK)=XJI(2,13 )P (I KK }*B(2,KK)
L} CONTINUE

ADD DISTRIBUTED FLUX TERMS
00 10 II=1,4

G0 TO (5,6,7,8), 11
N=]

[aXaKa]

NeL
XRIN)=XRINJ*QCLLISH(II)SDETY
10 CONTINUE
CEBERRVEOVRNASUUIRERADONNANSIRORNTARRRUTINORINIIENSRS
[ COMPUTE RADIUS AT POINT (R,S)
IFU{IRADNE.1 IRETURN
RAD = H(1)3X(1) & H(2)8X(J) ¢ HE3)oX(K) ¢ H{e)OX(L)
CURRBONGRNEINEIBNRENIREENNNINNNR IR AR RIORIRRIIIS
600 FORMAT (°* *,°e¢s0% ERROR=- ZERD DETERMINANT IN ELT.®,16)
RETURN
END
20llllllll'i'l!ll"lll'0""'llll'lllﬂ'll'lllllll'll'lllll'lll'll

oe w & w
z
[ ]
b3

SUBROUT INE NLINEXsYeZoTl0oJJeKKoLLoCONE,CONZ,PHI)

w=ee=GENERAL ISED SUBROUTINE FOR NON LAMINAR FLUID FLOW
IN A HORIZONTAL FISSURE = FINITE ELEMENT VERSION
FOR QUADRILATERAL AND TRIANGULAR FINITE ELEMENTS

DEREK ELSHORTH = JULY 1983

NUMEL =~ MAXIMUM NUMBER OF ELEMENTS
KeYsZ =~ NODAL COORDINATES
- 1ledJeKKoLL = LOCAL NODAL NUMBERING (COUNTERCLOCKMISE)
PHI = NOOAL POTENTIAL
CON1 = ELEMENT HYORAULIC CONDUCTIVITY
cone = ELEMENT FISSURE APERTURE
IMPLICIT REAL®D (A-H,0-2)
COMMON/10/1IN,10UT

OO NON

COHNUNICONS'II'I'LE(ZO‘.NUNNP.NUNEL.NC.NF.NUNAV'lCHKolLlSYoNlﬁ

COMMON/TURB/ 1 TURB o J TURBM 4GRAY 4RNU ,ARQUGH o IRAD, 1IFLON
COMMON/FRAC/ZXT(4),YV{4),11(0)



DIMENSION X§20.¥0105Z (10,1001 0J(2)oKK(1)eblL (1) sPHIC1),CONLLL),
. CcOoN2())

ITURB = ITURS ¢ 1

G = GRAV

DKM = 0,000

DO 200 1=),NUMEL
C1 = CON1L1)

Nl = 11(D)

NS = JILT)

N = KK(E)

NL = LL(D)

CALL TFORMUNI ¢NJsNKoNLyXoYel}

IFINL.EQ.NK) GO TO 100

Ceer=~EVALUATE GRADIENTS OVER QUADRILATERAL ELEMENT

XIJ = XINJ)-R(N1) & X(NK)-X(NL)

XJIK = X(NKI=X(NJ) + XINL)=X(NI)

Y1J = YINJ)=Y(NI) ¢ Y(NK)=Y(NL)

YJK = YINK)=Y(NJ) ¢ Y(NL)=Y(NI)

DX = X1JeXiJ ¢ V1JsYlJ

DX = DSQRT(OX)

DY = XJKOSXJK ¢ YJIKOYJIK

0Y = DSQRT(DY)

GX = (PHI(NJ)~PHI(NI)4PHI(NK)-PHI{NLD)/DX
6Y = (PHLINK)}=PHI(NJI4PHI(NL)=PHI(NI))/OY
60 70 150

Co====EVALUATE GRADIENTS OVER TRIANGULAR ELEMENT
100 OT = X(NI)S(Y(NJI=YINK)I)=YINIIE(X(NJ)=X(NK]} )+

. (X (NJ)SYINK) =K ENKDOY(NJI))
GX = PHI(NII®(YINJ)=Y(NK))=Y(NI)SIPHI(NJ)=PHI(NK))?¢
. (PHICNJISYINK)=PHIINK)SY(NJS))

GY =<PHI(NI)®(X{NJ)=XINK) )+ XINI)S{PHI(NJ)-PHIINK]) ¢
. (PHI(NK)SXINJ)=PHI(NJ)EX(NK))

GX = 6X/01

GY = GY/07

150 GXY = (GXASGX4GYeGY)ee0,500

(eeemmescccsaccconanreascen

Ce====EVALUATE CONDUCTIVITY COEFFICIENTS ===-==

1FCIFLDW.NE.2) GO TD 180

Cee===ROCKFILL CONDUCTIVITY OPTION ==-=-=-==e

8 = CON2(I)
€ = ~0.44
1 = 1.0
¢0 Y0 800

180 CONYINUE
C-====FISSURE FLOW OPTION =~==ee=secscccemceo-
C-----APERTURE DEPENDENT TERM ——ee

21 = CON2(1)

ROUGH = ARDUGH/(2.0D0221)

Al = (2.0D08CON1{1)9GXY)/RNU

A2 = 1.00057(0.333D0+ROUGH/0.150~02)
A3 = 0.19001/RDUGH

A¢ = 0,384D032(0.1001 ¢ ,88D01SROUGH®0.15001)2(DLOGIOCA3))®¢2 .00

IF({ROUGH.LE.0.330-01) GO 71O 300
G0 10 600
C-====Z0NE 1 == LANINAR
300 CONTINUE
IF(ITURB.EQ.1) GO TO 350
1F(A1.67,0.,2300¢) GD TO 400
350 8 = 6921%21/(0.,120029RNU)
E = 0,000
G0 Y0 800
C=====I0NE 2 == TURBULENT ====
400 CONTINUE
IF(A1.GT.A2) GO 7O 500
8 = ((§6/.790-01)%(2.0D0/RNU)®30,2500¢71971221)%30,57100)/11
E = -0.42900
G0 10 800
Ce====IONE 3 -~ COMPLETELY ROUGH =====c=~=c=--=-
500 CONTINUE
Bl = .37001/ROUGH
B = DSQRY(G)*0.4D0120L0G1I0(BL)SDSART(Z1)
E = =0.%500
60 70 800
C-====I0NE & == LAMINAR -
600 CONTINUE
IF(ITURB.EQ.1) GO TOD 650
1F(AL.GT.A¢) GO TO 700
650 : s (G921021)/(12.000%RNUS(].000 ¢+ 8.8002ROUGH®21.500))
= 0.000
GO 10 800
Ce====I0NE 5 == TURBULENT
700 CONTINUE
Bl = 1.,900/R0OUGH
B2 = I1%6
8 = 4.00000SQRT(B2)*0L0G10(B1)
E = -0,500
800 CONTINUE
C=====EVALUATE GRADIENT DEPENDENT TERM ~==c===
IF(GXY.EQ.0.000) GO TO 830
IF(E.EQ.0.000) GO YO 820
GOME = GXYSSE
GO T0 840
830 GOME = 1.000
840 CONTINUE
CON1(I) = BOGDME®21
IFC(ITURB.EQ. ITURBM) CON2(1) = CONLI(I)®GXY/Z1

DK = DABS{CONL(1)-C1)
IF(DK.GT+DKM) DKM = DK

CALL RFORMINI oNJoNK  NL oXo¥)

c e T
‘200 CONTINUE
WRITE(IOUT,2000) I1TURB,DKM
2000 FORMAT(/,* AT JTERATION NUMBER *912,* DELTA T =%,012.5,//)
IF(OKM.LE.1.00-05) ITURB = [TURSBM



END
[
E'l'l'llll'lll'l!ll"l‘ll'll'lllllll'llﬁ.l'lll'l'llllll'lll"llll

SUBROUT INE RFORM(T4JsKoLyXyY)

C=====RETURN ORIGINAL COORDINATES TO ELEMENT ~eccecw-e
IMPLICIT REALS8 (A-N,0-2)
COMMON/IO/IN,,10UY
CDHNONICDNSTIITIFLEGZOl.NUHNP-NUNEL.NC.NF.MUHAquCHK.ILlSY.NINT
COMMON/TURB/ I TURB + 1 TURBM ; GRAV 4 RNU, AROUGH s IRAD o 1 FLON
COMMON/FRAC/XT(8),YT(4),11(4)
OINENSION X(11),Y(1)

C

X1} = x7(1)
X(J) = xT(2)
HK) = XT(3)
X(L) = XT(s)
Y1) = vy1(1)
Y(J) = Y1(2)
Y{K) = YT(3)
YIL) = YT(4)
RETURN

END

RETURN
END
CORINEEEN AR EANIRRaORAERTATausTRNesdeRRasuaisnaerancosseanranneeny

c
SUBROUTINE TFORMIT ¢ JoKoLoXeYeZ)

C~====T0 TRANSFORM ELEMENT FROM GLOBAL YD LOCAL CODRDIMATES
IMPLICIT REAL®B (A-H,0-7)

COMMON/I0/IN, 10UT
COMMONZCONST1/TITLE (200, NUMNP ,NUMEL 4NC JNF yNUMAT o TCHK . JLIST4NINT

COMMON/TURB/ZITURB + 1 TURBMoGRAV,RNU» ARDUGH, IRAD« IFLON
COMMON/FRAC/XT{4),YT(4),11(0)
DIMENSION X(1),Y(1},2(1)

11(3) = K
11(4) = L
C~====EVALUATE LOCAL COORDINATES ==-===-
XI1J = X{(J) - U1}
Y14 = Y(J) - YD)
14 = 20J) - 2(1)
DIJ = DSQRT(XIJOXIJ ¢ YIJsYIJ ¢ 21J921J)
DCOS1 = X1J4/701J
0C0s2 = Y1J/01J
0C0S3 = 2187014
Cee->~EXCHANGE STORAGE LOCATIONS -=---
XT(1) = X(I)

XT(2) = X(J)
XT(3) = X(K)}
XTta) = X(U)
Yr(1) = Y{I)
Yv(2) = Y(J)
YT{3) = Y(X)
YT(4) = Y{L)
C
X{1) = 0.000
Y(l) = 0.0D0
X{J4) = 014
Y(J) = 0.000
[
NN = &
IF(K.EQeL) NN = 3
[

DO 100 11=3,NN
IT = 11011)
XIJ = X(1T) = X7(1)
Y1J = Y(IT) - YT(1)
19 = 20N - 2N _
DIJ = DSQRT{XIJEXIJ ¢ YIJOYLJ ¢ 21J911J)
DCOS11 = X1J/01J
DCOS22 = Y1J/D1J
DCOS33 = Z1J/D1J .
COSA = DCOS1#DCOS11 ¢ DCOS29DCOS22 + DCOS3*DCOS3I
X(IT) = DIJOCOSA
YUIT) = DSQRT(DIJ®DIJ = X(IT)OX(IT))
100 CONTINUE
RETURN



APPENDIX 4 - LISTING OF DATA FOR AXISYMMETRIC FISSURE FLOW EXAMPLE

AXISYNMETRIC TESY EXAMPLE - RE/R1=100
[}

202 100 4 100 1 [} 1
1 2 1. =«3140
201 2 101.0 =31.7160
2 2 1. «3140
202 2 101.0 31.7140
1
2
201 1.00
202 1.00

1 1 3 4 2 1
100 199 201 202 200 100
1 1. 0.0060
100 0.0060
10 32. +006 «14E-006

~oN

an



APPENDIX 5 - LISTING OF DATA FOR AXISYMMETRIC ROCKFILL FLOW EXAMPLE

AXISYMMETRIC VEST EXAMPLE = RE/RI=100 ROCKFILL FLOW, CONFINED.

o 202 100 L] 100 1 0 [ 2
1 2 1. ~+3140
201 2 101.0 -=31.7140
2 2 1. +3140
202 2 101.0 31.7140
s 1
2
201 1.0
202 1.00 :
) 1 3 4 .2 1 2
100 199 201 202 200 100 2
1 1. 2.0
100 2.0

10 32, «006 «14E£-06
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