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1. INTRODUCTION' 

The rational design of structures invol v,ing rock, requires 

abil i ty to predict changes in the hydrologic regime caused by construc

tion and operation of engineered structures. Such predictions will only 

be valid if realistic flow laws are used to characterise the behaviour 

at all flow velocities of interest. If high velocities are probable, 

then these flow laws must encompass turbulent conditions. 

The effect of turbulent flow under boundary c~nditions of 

constant head produces 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, the 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 (El sworth, 1984 a). 

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 porous media flow with low flow velocities 

throughout the domain, a linear Darcian relationship is usually adequate 

to def ine the conducti ve characteristics. In this form, the dri v ing 

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} 

[T]{V$} Linear flow 

[T(V$)]{V$} Nonlinear flow 

(2.01 ) 

(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 transmissi vi ty 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 rockfi 11 structures wi 11 be treated separa te ly 

herein. 
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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 reasonab Ie :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 ideal ised as two parallel plates. This analogy is relatively consis-

tent for saturated, laminar, incompressible flow where fluid transmis-

sion within ,the wall rock is negligible. Wall roughness must be slight 

in relation to the ,mean fissure aperture. The parallel plate analogy 

yields the transmissivity of a fissure as 

(2.03) 

where T = tran~missivity, g = gravitational acceleration, b = mean 

fissure aperture and. v = fluid kinematic viscosity. Much experimental 

work has been completed to ,increase the fidel i ty of this relationship 

for fissures wi th significant wa'llroughness. However, for the work 

presented here, the characteri,sation studies performed by Louis (1969) 
'. / .. 

are utilised without modification. , 

The g.eometry of a single, plane section of fissure is illus-

trated in Figu.re2.1,. From experimental studies using simulated rock 

fissure profiles, it was possible to formulate the conductivity terms 

for non tapering f low wi thin the laminar regime. The characterisations 

are a function of the fissure relative roughness (k/2b) where k repre-

sents the wall double amplitude roughness. 

3 



• i' 

Flow lines 

FIGURE 2.1 The geometry of a single fissure. (after Louis, 1969) 

RANGE OF VALIDITY HYDRAULIC CONDUCTIVITY (LT-1) 

o < k/2b < 0.033 gb2 
12v 

0.033 < k/2b < 0.5 gb2 

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 available data (Iwai, 1976). For more· detailed treat-

ment of this aspect, the interested reader is referred 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 ~or the fissure is consequently a nonlinear function of 

gradient and may be expressed symbolically as 

The nonlinearity results from the mixed interference of iner-

tial and kinetic effects, both of which may be substantial for high 

veloci ty flow. 

Inertial effects result from spatial accelerations within the 

flow domain. Accelerations result from flow convergence and may be 

envisaged to occur adjacent to well bores 01" in fissures tapering in the 

direction 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 inertial loss factor (n). This parameter (Iwai, 

1976) is defined as 

n 
! v dV;aX 1 ! 

!-gdcp/dXi I (2.04) 

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

found that inertial effects are only of significance if the inertial 

5 



factor (n) is in excess of 0.5. 
, 

If n 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, the kinetic head 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 losses. 

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 cri tical Reynolds number. For flow in rock fissures, 

the Reynolds number may be defined as, 

(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 simul taneously and to varying 

degrees. A nonlinear 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 (h L) may be stated according to the 

Bernoull i equation as 

(p ) A(V2) !::,. _ +!::,.z + Ll 

Yw 2g 
(2.06) 
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where P = pressure, Yw = unit weight of fluid, z = elevation head, v = 

velocity and g.= gravitational acceleration. Considering·total head to 

be equal to cp = ~ + z) then 
w 

6CP 1 6(v2 ) _ 6hL 
6L + 6L 2g - 6L 

(2.07) 

and L = an arb i trary uni t 1 ength in the direct ion of f low. Assuming 

first that the velocity may be deduced from Darcy's law neglecting 

velocity effects, Darcy's law may be stated as 

(2.08) 

where K hydraulic conductivity. On substitution into (2.07) 

(2.09 ) 

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 a polynominal expression to 

describe the velocity dependent gradient (Vcp) as 

Vcp = av + bv2 (2.10) 

where a and b are constants and v is the flow velocity in the direction 

of maximum gradient. Constants a and b are determined experimentally 

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

7 



are only applicable over a given range of flow velocities, outside 

which, revised parameters must be substituted. For low velocity 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 between hydraulic gradient and flow velo

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

(2.11) 

where c is a proportionality constant and m is an exponent ranging 

between 1 and 2. The magnitudes of both c 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 (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 fissure relative roughness 

to delineate the transition from laminar to turbulent flow. The empiri

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

8 



of validity of'these parameters as a function of the two dimensionless 

parameters of relative roughness (k/2b) and Reynolds 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 gradient for a number of 

representative fissure apertures. 

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

Laminar v KL\7</> \7</> =~ 
KL 

(2.13) 

Turbulent v = KT(\7</» 1 12 \7</> = v2 
(2.14) 

K2 T 

The Missbach relationship 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 function of velocity as 

in the Forchheimer relationship. The Missbach relationship is analogous 

to the Forchheimer relationship where the coefficients a and b may be 

substi tuted as 

Laminar a = 1 b 0 (2.15) 
KL 

Turbulent a = 0 b 1 (2.16) 
~ 
KT 

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 at gradients of engineering significance. Unlike 

9 



HYDRAULIC ZONE HYDRAULIC CONDUCTIVITY EXPONENT 
(LT-1) (0) 

1 gb2 
12v 

1.0 

2 U....!.- ~ b3]4/7 
b .079 v 

4/7 

3 4 g1/2 log[~]b1/2 
k/Dtt 

1/2 

4 gb2 

12v(1+S.S(k/Dh)3/2) 
1.0 

5 4 g1/2 log[ 1.9 ]b1/2 
~k/Dh' 

1/2 

N.B. ~ - 2b 

TABLE 2.2 Equivalent hydraulic conductivities 

o. 

LOG (k/2b) 

Rel.tlft 0 01 
~n • 1 

5 

2 3 

0.OO1'----1~OO~O:-oo&-~10..LOO-O--1-00~OOO 

LOG ~ 
CReynolas Nunber) 

FIGURE 2.2 Hydraulic -flow regions 
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FIGURE 2.3 Variation in dimensionless conductivity with hydraulic 
gradient 

fissure flow, it is reas'onable to assume that flow in rockfill will 

always be turbulent. Characterisations of the conductivity of rockfills 

of different porosity are available in the literature (Leps, 1973). The 

relationship between bulk flow velocity and driving gradient may be 

gi ven as 

(2.17) 

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

length and W = a constant of dimensions L1/2T-T relating to the angula-

1 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 mO. 5 WmO. 5 
(in) (in) (inO•5) ( in/sec) 

0.75 0.09 0.30 10 
2 0.24 0.49 16 
6 O~75 0.87 28 
8 0.96 0.98 32 

24 3.11 1. 76 58 
48 6.43 2~54 84 

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

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

tionships previously reported for fissure flow. 

1 2 
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3. NUMERICAL FORMULATION FOR NONLINEAR FLOW 

To solve problem geometries not amenable to analytical treat

ment, it is necessary to formulate the problem of nonlinear fluid flow 

for numerical solution. Presently available domain methods are extreme

ly powerful and enable solution of complex geometries wi th mul tip Ie 

porous media interfaces. The finite element (FEM) and finite difference 

(FDM) methods are both in wide use, but because the finite element 

technique more easily handles complicated geometries, only it is addres

sed here. For treatment of non 1 inear flu id flow by the fini te d iffe

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 

be used to represent the cross sectional or plan projection of a rock

fi 11 aquifer. 

Flow is assumed incompressible and restricted to within the 

plane of analysis (X1, X2)· Total heads are considered throughout the 

analysis. 

A constitutive relation is combined with continuity constraints 

to produce the governing differential equation as follows: 

Constitutive relation -

v 

where v flow velocity 

total head (z + p/Yw) (j> 

K nonlinear hydraulic conductivity 

1 3 
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K,a conductance term and exponent (Louis, 1969, Leps, 1973) 

v~s maximum gradient within the plane of analysis 

V linear differential operator (3/3x 1, 3/3x2) 

Continuity condition 

o (3.02) 

where Q accumulatio'n rate of fluid per unit volume and T identifies 
the matrix transpose. 

For a domain wi thin which fissure aperture may be expected to 

vary in a stepwise manner, the continuity condition may be restated as: 

o (3.03 ) 

Combining the constitutive relation (3.01) with continuity 

yields 

o (3.04 ) 

Subject to the boundary conditions prescribed for the domain 

prescribed head 

v = prescribed flux 

The flux normal to the boundary = v = VTn where n is a vector 

of direction cosines representing th,e unit outward normal to the system. 

The boundary conditions must similarly satisfy continuity. Therefore, 

in general i ty 

(3.05 ) 

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

problem of turbulent flow where both are nonlinear in ~. 

1 5 



3.2 The Finite Element Method 

The governing differential equations stated previously may be 

combined with the appropriate boundary conditions and integrated by 

parts to yield 

J b~QdQ -
Q 

J b~qdr 

rq 
o (3.06 ) 

where ~ is an unknown function varying within the domain, Q is the 

internal flux and q is the externally applied flux on the boundary rq• 

For the Galerkin formulation where the trial function used is 

~ rNi~i and ~ = Ni , the boundary value problem reduces to: 

[J bVTNiKVNjdQJ~ -
Q 

J bNiQdn -
Q 

where K is given in equation (3.01). 

o 

The leftmost identity comprises a geometric conductance matrix 

where all terms are known physical properties of the domain excepqng 

V~s in K. The resul ting set of equations are therefore nonlinear for 

the case of turbulent flow where a ~ 1. 

Solution 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 direct itera-

tive solution is invoked, the iterations being purely expiicit in time. 

The f ini te element code di scussed in this document ut 111ses 

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 



'fABLE 3.1 

Summary of the solution method for steady state laminar/turbulent 

flow in fissure networks 

1. Define input. Geometry, element apertures (b), boundary condi

tions and convergence tolerance. 

2. Form initial conductance matrix for laminar flow: 

9. co !.t 
3. Rearrange for boundary conditions 

-1 
4. Solve system for.t : .t co! 9. 

S. From potent·ial distribution (cit}, reevaluate gradient dependant 

conductivities and reassemble conductance matrix: 

9. co '1' (1) 

6. Solve for potential(t) unknowns 

7. Repeat steps 5 and 6 until convergence tolerance is met 

8. OUtput solution and stop 

,,",,, -
TABLE 3.1 Summary of the solution method for steady state laminar/ 

turbulent flow in fissure networks. 

17 



4. VALIDATION STUDIES 

The coding reported in this work has been validated against a 

number of analytical solutions. These solutions are applicable to 

fissure flow and flow in rockfill subject to axisymmetric flow condi-

tions. 

For the case of a horizontal fissure drained by a single well, 

the analytical solution has been developed by Amadei (1983) and is 

reported in EI sworth (1984 b). Compari son of the numer ical mode 1 wi th 

the analytical result is included in Figure 4.1 for an axisymmetric mesh 

containing 100 radial elements. Excellent agreement is exhibited 

between the two solutions for two different fissure apertures. The 

solution 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 the 

solution paths taken. 

For fissure flow, the head distribution resulting from flow in 

a tapering 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 taper. 

Finally, for axisymmetric flow in an unconfined rockfill reser-

voir, the results of analytical and numerical solution are presented in 

Figure 4.4. Once again, 100 radial elements were used to discretise the 

axisymmetric flow domain. 

Analytically, the variation in head over the axisymmetric 

flow domain may be shown to be equivalent to 

h(r) 

1 8 



100 ;ELEMENTS - AXISYMMETRIC 

k/Dh co O~l Dh=2b 

---- ANALYTICAL RESULTS 

NUMERICAL RESULTS 
• tAMINAR SOLUTION 
o TURBULENT b= .02in 
a TURBULENT b= .04in 

0.75 

0.50 

0.25 

L-____ ~ ____ ~ ____ ~ ____ ~ ____ ~O 

o 0.2 0.4 0.6 0.8 1.0 

FIGURE ~.1 Validation of numerical solution against analytical results 
for laminar and turbulent flow - axisymmetric case. 
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TURBULENT SOLUTION 
LMUCAR SOLUTION 

LAMINAR 
• 5 ITERATIONS. 100 ELT 
• 10 ITERATIONS. 100 ELl 
Ie 10 ITERATIONS. 300 ELl 

~--~~----~----------~o o 0.25 0.5 0.75 . 1.0. 
Ah/~x 

FIGURE ~.2 Variation of discharge as a function of driving head for a 
well intersecting a single horizontal fissure. 

,,=-==:::0::=:::::--------,1.0 

o 

1(/2b • .125 (inlet) 

NO. OF CONSTANT APERTURE 
SEGMENTS 

62 
D5 
o 10 

- ANALYTICAL SOLUTION 

0.2 D ... 
all 

0.6 0.8 

0.8 

head (hll) 

O.2~ 

o 
1.0 

FIGURE ~.3 Head loss along a tapered fissure. Numerical and analytical 
results. 

20 



r-----===:;:::::;:=::~,.,l.O 

0.8 
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FIGURE 4._ Head versus radial distance from well for unconfined flow in 
rockflll. 
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where h and I" refer to total heads and radii from the well center and 

subscripts wand e refer to the wellbore and external boundaries, res-

pecti vely. The coefficients a and Yare functions of the exponent a, 

which for rockfi 11 is equal to 0.54. 

Thus a = 1+0. --
a 

Y 0.-1 
--and 

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. 

22 
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APPENDIX 1 SUBROUTINE ORGANISATION 

The coding reported in this document consists of twelve slave 

subroutines coordinated by a main master subroutFI\ne"I'A.J.'fn:eni:a:ef.fitU1tci.\e'S'JlioI' 

;th e.1 (c.P1np onen t s .suq rqUlMnes: "la:nd'1:th.9.·d,:r,'.£ :re'spe,c.t.Lv.e1 task s1. ,ar.esisu mmar ilsB.GMCiLfl 
;!6fismlb owJ D~6 e3~0ee!1 ~DO~ 10 a~~owjen Isnolensmlb ee~dj 

the following: 

SUBROUTINE 

MAIN 

FLOW 

CENTR 

INPUT 

ELEM 

QUAD 

QUADS 

TRIAG . 

SOLVE 

STDM 

NLIN 

TFORM 

RFORM 

PURPOSE 
riJ'10H813.0 :yd beqoIsveG 

~6j12 ~M =yd ~o9b 9D~uo2 
yg[6~~g8 ,sln~o11Is~ 10 yjls'19vlnU 

Sets the dimension of the blank common array and defines 
input (IN) and output (lOUT) logical operator numbers. 

Reads the problem description and assigns storage within the 
blank common. Controls the direct iteration sequeri:e1iJ'fig'l';it.or 
turbulent flow analysis. 

noljq11DB9G mB'18o~q r.SA 
Acts as the main calling subroutiJ.neDf;qn:Jtl1:e'iRr,o~ram. C~Ll.Sis 

input subroutine, controls genenC'Lt(io:hJC9'fl: tn,e-se'Fementa If anfd 
global conductivity matrices and arranges solution of equa
tions. 

Responsible for reading and generating input data as appro
priate. 

Coordinates generation of elemental conductance matrices 
making appropriate tansformations for fissure in three dimen
sional space. 

Assembles the elemental conductivity matrix. 

Assembles the elemental conductivity matrix by isoparametric 
formulation. 

Evaluates geometric properties of triangular elements using 
Cramer's ru I e. 

Equation solution package using Gaussian elimination. 

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

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

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

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



APPENDIX 2 NORLIN USER'S MANUAL 

PROGRAM INDKNTIFICATION 

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 
N ~ Sitar Source deck by: 
University of California, Berkeley 

CONTENTS 
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A2.1 Program Description 

NONLIN models steady state flow of three dimensional networks 

of rock fissures and two dimensional plane and axisymmetric rockfill 

structures. Boundary and internal conditions of constant flux or head 

may be prescribed. Solutions to linear and nonlinear flow problems are 

possible with the coding as currently developed. The nonlinearity 

refers to a gradient dependent hydraulic conductivity for each element 

withiri the mesh. 

The present version contains two dimensional elements with a 

1 inear shape function. Formulations for both isoparametric and direct 

evaluation of the geometric conductivity matrices are included. 

A2.2 Program Capacity 

A blank common of dimension n is supplied to allow variable 

dimensioning of all arrays to facilitate dynamic storage allocation 

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. 

where 

NUMNP 

NUMEL 

NUMAT 

I BAN 

A minimum value of n for any situation is given by 

n = 13 + 11*NUMNP + 9*NUMEL + 4*NUMAT + NUMAT*IBAN 

Maximum number of nodal points 

Maximum number of elements 

Maximum number of materials (Equal to NUMEL for turbulent flow) 

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 Description 

1-80 Problem title 

II. PROBLEM SIZE CARD (1015) - One card 

Columns Variable 

1-5 NUMNP 
6-10 NUMEL 

11-15 NC 
16-20 NC 
21-25 NUMAT 
26-30 ICHK 

31-35 ILIST 

36-40 NINT 

41-45 IRAD 

46-50 IFLOW 

Description 

Total number of nodal points in structure 
Total number of elements in structure 
Total number of constant head nodes 
Total number of point flux nodes 
Total number of material types 
Check for type of flow 
o Unconfined flow within a horizontal 

section 
Confined flow within a horizontal 
section or within arbitrarily 
inclined fissures 

2 = Flow within a vertical section 
Dummy parameter for printed output 
o = No listing of input data 
1 = Listing of input data 

Order of Gaussian integration 
o Non-isoparametric quadrilaterals 

and triangular elements 
2 Isoparametric quadrilaterals 

Flow geometry 
o = Plane flow 
1 = Axisymmetric flow 

Flow law type 
o Linear flow 
1 Nonlihear fissure flow 
2 Nonlinear rockfill flow 



III. NODAL POINT DATA (215, 3F10.0) 

Columns Variable Description 

1-5 ·N Node number 
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 (15, F10.0) NC cards 

Columns 

1-5 
6-15 

Variable 

N 
HEAD 

Description 

Node number 
Head prescribed at node N 

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

V. NODAL POINT FLUX (15, F10.0) NF cards 

Columns 

1-5 
6-15 

Variable 

N 
FLUX 

Description 

Node number 
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 (615, 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 

1-5 
6-10 

Variable 

N 
CON2 

Description 

Material number 
Value of fissure aperture (b) for 
fissure flow 

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

NB1. Where NUMAT 
elements. 

NUMEL, the program will increment between specified 

VIII. TURBULENT FLOW DATA (15, 2F10.0, E10.0) One card 

Columns 

1-5 

6-15 
16-25 

26-35 

Variable 

ITURBM 

GRAV 
ZO 

RNU 

IX. BLANK CARD - One card 

Description 

Maximum number of iterations for 
nonlinear flow analysis. 

Acceleration due to gravity 
Fissure absolute roughness (k) 

(Tables 2.1 and 2.2) 
Fluid kinematic viscosity (v) 

(Tables 2.1 and 2.2) 
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APPENDIX 3 - LISTING OF NONLIN 



c ..................................................................... . 
c 
c 
c 
( 

c 
( 

C 
( 
( 

C 
C 
C 
C 
C 
C 
C 

STEAD' STATE CALERKIN FINITE ELEMENT SOLUTION 

......................................................... 
• • 
• N. SITAR UCB FEB. 1983 VERSION • 
• O. ELSWORTH UPDATE FOR LAMINAR/TURBULENT FLOW • 
• IN FRACTURED "EOIA (3D' • • • ......................................................... ............... 

INPUT DATA ............... 
C ·1. 
( 

IDENTIFICATION CARD C20A'" 
C~. 1-80 -- ANY CHARACTERS 

C 
( 2. 
t 
t 
t 
t 
( 
( 
( 

t 
( 

C 
t 
t 
t 
( 
( 
( 
( 
( 

t 
( 

t 
t 
C 
t 3. 
C 
( 

t 
t 
C 
t 
C 
t 
t 
t ". 

PROBLEM 
COL. 

SIZE INFOR"ATION C1015, 
1-5 NUMNP-NUNBER OF NODAL POINTS 
6-10 NUMEL-NUMBER OF ELEMENTS 
11-15 NC-NUMBER OF CONSTANT HEAD NODES 
16-Z0 NF-NUMBER OF POINT FLUX NODES 
ZI-Z5 NUNAT-NUMAT OF "ATERIAL TYPES 
Z6-30 ICHK-CHECK FOR TYPE OF FLOW 

O-UNCONFINED FLOW 
l a CDNFINED FLOW 
Z-VERTICAL SECTION 

31-35 ILIST-DUMMY PARAMETER 
O-NO LISTING OF INPUT DATA 
I-LISTING OF INPUT DATA 

36-40 NINT-ORDER OF GAUSSIAN INTECRATI~ 
0- 4CST QUADRILATERALS AND TRIANGLES 
Z- ISOPARAMETRIC ELEMENTS 

41-45 IRAO-FLOW GEOHETR' 
0- NON AXISYMMETRIC FLOW 
1- AXISYMMETRIC FLOM 

46-50 IFLOW-FLOW TYPE 
OaLlNEAR FLOM 
I-NONLINEAR FISSURE FLOW 
Z-NONLINEAR ROCKFlll FLOW 

NODAL POINT' DATA (ZI5.3FI0.0' 
• PROGRAM WILL GENERATE DATA BETWEEN SPECIFIED NODES • 
• ICDE MUST BE CONSTANT DURING DATA 'ENERATION • 
• INC MAY BE lEFT BLANK IF EOUAL TO UNITY • 

COL. 1-5 N-NOoE NUMBER 
6-10 INC-INCREMENT FOR NODE GENERATION 
11-Z0 X-X .CooRDINATE OF NODE 
21-30 Y-Y COORDINATE OF NODE IVERTlCAl FOR ICHK-Z' 
31-40 I-Z COORDINATE OF NODE 

NODAl HEAD DaTA Cl5.FlO.0' 

C 
C 
( 

C 5. 
C 
C 
C 
C 
C 
C 
C 6. 
C 
C 
C 
C 
C 
C 
C 
t 
C 
C 
C 
( 
( 

C 
C 
C 
C 
C 
C 7. 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 8. 
C 
C 
C 
C 
C 
C 
C 

COL. 1-5 
6-15 

N-NOOE NUMBER 
HUD AT NODE N 

POINT FLUX DATA 115.010.2' 
• WILL NEED NFI5 (ARDS (O"IT IF ~-O' • 
• POSITIVE VALUES SICNIFY RECHARGE INTO SYSTEM. 
• NEGATIVE VALUES SIGNIFY DISCHARGE OUT 

COL. 1-5 N-NODE NUMBER 
OF SYSTEM • 

COL. 6-15 DUMMY-FLUX AT THE NODE N 

ELEMENT DATA (615.2FI0.0.15, 
• PROGRAM MILL GENERATE OMMITTED ELEMENTS. 
• MND MUST BE CONSTANT DURING DATA GENERATION • 
• INC SET TO UNITY IF BLANK. 
••• NODES MUST BE CIVEN IN COUNTERCLOCKWISE ORDER ... 
• 

COL. 1-5 M-ELEMENT NUMBER 
6-10 IND-NODE NUMBER OF ITH NODE OF ELEMENT 
11-15 JND-NODE NUMBER OF JTM NODE OF ·ELE~NT 
16-20 KND-NODE NUMBER OF KTH NODE OF ELEMENT 
21-Z5 LND-NODE NU"BER OF LTH NODE OF ELEMENT 

.. SET KNO-LND FOR TRIANGULAR ELEMENTS .. 
Z6-30 MND-MATERIAL NUM8ER 

eo (AN 8E BLANK OR IERO FOR MATERIAL .1 •• 
31-40 ALPHA-ANCLE BETWEEN PRINCIPAL CONDUCTIVI'Y 

DIRECTION AND X AXIS 
41-50 Q-OISTRIBUTED FLUX 
51-55 INC-INCREMENT FOR NODE GENERATION 

"ATERIAL PR3PERTJES DATA 115.ZFI0.0' 
• WILL NEED NUMAT CARDS. 

COL. 1-5 N-MATERIAl NUMBER 
6-15 CONI-VALUE OF MAXIMUN CONDUCTIVITY 
16-Z5 CONZ-VAlUE OF MINIMUM CONOUCTIVITY 

.. FOR TURBULENT OPTION NUMAT - NUMEL .. 
eo CONI - SET BLANK 
eo CONZ - FISSURE APERTURE 
.. INCREMENTED BETWEEN ELEMENTS 

TURBULENT FLOW DATA 115.ZFI0.0.1EI0.0' 
• WILL NEED 1 CARD • 
• INSERT BLANK CARD FOR NO TURBULENT FLOW • 

COL 1-5 ITURBM-MAXIMUM NUMBER OF ITERATIONS 
6-15 GRAV -GRAVITATIONAL ACCELERATION 
16-Z5 10 -FISSURE ABSOLUTE ROUGHNESS 
Z6-35 RNU -KINE"ATIC VISCOSITY 

.. .. .. 

C .................................................................... . 
IMPLICIT REAL.eIA-H.O-Z' 
COMMON 5160000' 
COMMON/IOI IN.IOUT 
CO"MON/FRAC/XTI4,.'TI4'.11(4, 
NSCM-60000 
IN-5 

.... It" 



600 

601 

C 
C 

C 
C 
C 

( 

C 
C 

1 

Z 

3 

• 

C 
C 
C 
C 
( 

IOUT-6 
CAll FLOWIS.NSCM' 
WRITEUOUT.600' 

" 

FORMAT I' ·.111.· ..... 
WRITE IIOUT.601' 
FORMAT 1'1" 
STOP 
END 

SUBROUTINE FLOW IS.NSCM' 

.. 

END OF PROBLEM -... , 

THIS SUBROUTINE READS THE PROBLEM DESCRIPTION AND ASSIGNS STORAGE 

IMPLICIT REAL.8IA-H.0-l' 
DIMENSION 511' 
COMMON/IOI IN.IOUT 
COMMON/CONST11 TITLEIZO'.NUMNP.NUMEL.NC.NF.NUMAT.ICHK.ILIST.NI~T 
COHMON/TUR8/ITURB.ITURBM.GRAV.RNU.AROUGH.IRAD.IFLOW 
COMMONlFRAt/XTI,J.YTC".11C" 
................................................................. 
READ CIN.500' TITLE 
READ CIN.501' NUMNPINUMEL.NC.NF.NUMAT.ICHK.ILIST.NINT.IRAD.IFLDW 
WRITE CIOUT.600' TITLE 
IF CICHK-l' I.Z.3 
WRITE IIOUT.611' 
GO TO , 
wRITE IIOUT.612' 
GO TO , 
WRITE IIOUT.613' 
GO TO , 
CONTINUE 
IFCIRAD.EQ.I' WRITEIIOUT.616J 
IFCIFlOW.EQ.I' WRITEIIOUT.61TJ 
IFIIFLOW.EQ.Z' WRITEIIOUT.618' 
WRITE CI0UT.601' NUMNP.NC.NF.NUMEL.NUMAT.NINT 
IF CNINT.EQ.DJ WRITE IloUT.61"· 
IF CHINT.GT.OJ WRITE CloUT.615' 

................................................................. 
ASSIGN STORAGE LOCATION 

L01-l 
LOZ-LOI+ZONUMNP 
L03-l0Z+ZONUMNP 
LO'-l03+ZONUMNP 
L05-LO'+NUMEL 
L06-L05+NUMEl 
LOT-L06+NUMEl 
L08-LOT+HUMEL 
L09-l08+ZONUMAT 
UO-L09+Z.NUMA T 

C 
( 

LU-UO+2·NUMEl 
LIZ -UI +ZONUMEL 
L13-UZ+ZOHUMNP 
U' -U3 +Z.NUMNP 
Ll5 -U' +NUMEL 
L16-U5+NUHNP 

0- , 

C (ALL CENTRAL CONTROL ROUTINE 
C 
C 
C ••••••••••••••••••••••••••••• , •••••••••••••••••••••••••••••••••• 

nUR8 - 0 
100 CONT INUE 

C 
CALL CENTR ISILOI,.SCLOZJ.SIL03J.SILC'J.SIL05J.SCL06,.SCL07,. 

& SCL08J.SCL09J.SCLIOJ.SCLIIJ.SCLIZJ.SCLI3J.SCLI4,.SCLI5'. 
& SILI6J.NSCM.LI6J 

C 
IFCITURB.LT.ITUR8MJ GO TO 100 

C •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
C 
C 
C 

500 
501 
600 
601 

C 
C 

CZOA.' 
1I015J 
1'1".' ·.20A'.IIII' 
1///1.' ·.·NUMBER OF ~DES·.11X.15, 

I.' ','NUMBER OF CONSTANT HEAD NOOES',3X.15. 
I.' ','NUMBER OF NODES WITH FLUX·,Tl,15. 
I.' ·.·NUMBER OF ELEMENTS·.1.l.15. 
I.' ·.·NUMBER OF MATERIALS·.13X.15. 
I.' ·.·ORDER OF INTEGRATION·.12X.15.111' 

C' •••••••• UNCONFINED FLOW IN A HORIZONTAL PLANE ...... , 
•••••••••• CONFINED FLOW •••••• , 
I' •••••••• VERTICAL CROSSECTION ...... , 
I" •••• 'CST QUADRILATERAL ELEMENTS •• , 
C' •••• LINEAR ISOPARAMETRIC QUADRILATERALS •• , 
C' ....... AXISYMMETRIC FLOW REGIME ..... , 
I' ....... FISSURE FLOW PR08LEM ..... , 
C' ••••••• NONLINEAR FLOW IN ROCKFILL ..... , 

C· .. • .. •••• 
C 

SUBROUTINE CENTRIX.Y.l.INO.JND.KND.LHD.CONI. 
& CONZ.ALPHA.O.XR.HEAO.MNO.ICDE.SS.NSCM.L15, 

IMPLICIT REAl.8CA-H.0-ZJ 
COMMON/IOI IN.IOUT 
CoMMoN/CONST11 TITLEIZOJ.NUMNP.NUNEL.NC.NF.NUMAT.ICHK.ILIST.NINT 
COM"ON/TURB/ITURB,ITURBM.GRAV.RNU.AROUCH,IRAO,lfLDW 
COMMON/FRAC/XTC'J.Y1C",11C" . 
DIMENSION lCl'.YCIJ,ZI1',INDCI',JNDCI'.KNDCl,.LNOI1"CONlI1', 



, CONZel,.ALPHAel,.Q(l'.XRC1'.HEADel,.MNDel" 
& SSeNUMNP.l,.ICDEel' 

REMIND 1 
REMIND Z 

C 
C .................................................................. . 
C 
C READ NODE COlRDINA1ES AND ELEMENT DATA 'ENERATING THE HISSING VALUE 
C 
C 
C •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

IFeITURB.NE.O' '0 TO 100 
C 

CALL INPUT cx.r.Z.INO.JNO.KNO.LNO.NND.CON1.CONZ.Q.XR.ALPHA. 
, HEAO.ICOEJ 

C 
100 CONTINUE 

IF(ITURBM.EQ.O' '0 TO )00 
c. 
C. 

CALL NLINeX,r,Z,INO,JNO,KNO,LNO.CON1.CONZ.XR' 

C 

00 200 1-IoNUNNP 
READ (2' XU J) 

ZOO CONTINUE 
300 CONTINUE 

C •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
C 
C DETERNINED BAND WI01" 
C 

" 
I 

2 
C 

IllNaO 
00 " l-l,NUHEL 
IF ellBSeINDel'-JNOel".GE.IBINJ 
IF eIABSeINOel,-KNOeIJJ.GE.IIIN' 
IF ellBSeINOel,-LNOCI".GE.IIIN' 
IF eIABSeJNOeIJ-KNDCI,'.GE.IBIN' 
IF ~IAISeJHOe.'-lNOel".GE.IBAN' 
IF eIAISIKNOII'-LNOel".GE.IIAN, 
CONTJNUE 
l16-L1S+ZONU"NP·IIIN 
IF (NSCN-l16J 1.Z,2 
LOW-L16-NSC" 
MRITE(IOU1.600' LON 
STOP 
CONnNUE 

IBAN-IABSCINOel'-JNOCI"+l 
IBAN-llBSCINOel,-«NOI.J'+l 
IBlN-llBSCJNOCJ'-LNDCI"+1 
IBlNa llBSeJNDeJ'-KNDCJ"+l 
IllNaIABSeJND(IJ-LNDCIJJ+1 
IBlN-IABSeKND(I'-LNDC1'J+1 

C ..................................................................... . 
C 
C 'ENERlTE STIFFNESS "ITRICES 
C 

9 
C 

00 9 JJ-l.IUN 
00 9 II-I.HU"NP 
sse II.JJJ -0. ODD 
CONTINUE 

II 

C 

CALL ELE"eX.T.Z.INO.JNO.KNO.lNO.NNO.CON1.CONZ.ALPHA.O.XR.H£AD. 
, SS.NSCH.Ll"J 

C 
C ALTER STIFFNESS TO ACCOUNT FOR CONST'NT HEAD VALUES INCLUDING THE 
C ALTERI~G OF EQUATIONS. OUTPUT EQUATIONS FOR CONSTANT HEAD HOOES C 

18 

19 
20 
C 
C 
C 

6 

1 
8 
C 

DO 20 K-l.~UHNP 
If eICOEeKJ.EQ.OJ GO TO 20 
WRITE II' SSeK.l' 
00 19 LaZ.IBlN 
JlaK+L-l 
If IJL.GT.NUNNP, GO TO 18 
WRITE II' SSeK.L, 
JKaK-l+I 
IF IJK.LT.l' GO TO 19 
WRITE (1' SS(JK.LJ 

-CONTINUE 
CONTINUE 

DO • "-I.HU .. NP 
IF (ICOEIK,.EQ.O, GO TO 8 
X.IKJ-HuOIK' 
SS(K.U al.0DO 
00 7 l-Z.IBAN 
JLaK+l-l 
IF (JL.GT.NUNNP' GO TO 6 
XRCJl'-XRCJL'-SSfK.l,oXRfK' 
SSCK.LI-O.OOO 
JK-K-L+I 
IF (JK.lT.1J GO TO 1 
XRCJK'-XRfJK'-SSCJK.l'.XRIK, 
SSfJK.l'-O.OOO 
CONTINUE 
CONTINUE 

C ..................................................................... . 
C 
C SOLVE EQUATIONS BT GlUSSllN ELININATloN 
C 
C 

C 
C 

CALL SOLVE (SS.XR.18AN' 

C ..................................................................... . C 
C OUTPUT OF SOLUTION 
C 

10 
11 

IF (ICHK.GT.O' GO TO 11 
DO 10 1I-1.NU"NP 
XRCll'-OSQRT(XR(I." 
CONTINUE 
IF eICHK.NE.Z' GO TO lZ 

r It-=: 



oj 

WRITE II OUT .603) 
DO U 1I-1.NUMNP 
PHEAO-IRIII'-YIII) 

" 

1. WRITE IIOUT.60" II.XRIII'.YIII,.PHEAO , ...................................................... . 
12 IFIITURB.EO.I.OR.JTURB.EO.JTURBM) GO TO 21 

GO TO 13 
t •••••••••••••••••••••••••••••• • ••• ••••••••••••••••••• •• 21 MRITE IIOUT.601. 

WRItE IIOUT.60Z) IM.IRIM'.M-I.N~NP) 
IFIITURBN.EO.O. GO TO 13 
IFIITURI.EO.ITURBM, WRITEIIOUT.608) 
IFIITURI.EO.ITUR8M) WRITEIIOUT.60Z' IM.tONIIM).M-I,N~EL' 
IFCITURB.EO.ITURBM' WRITECIOUT.609' 
IFIITURB.EO.ITURBM, WRITECIOUT,60Z' CM,tONZCN'.M-l,NUMEl' 

13 CONTINUE 
( 
( tOMPUTE THE FLUX AT tON STANT HEAD NODES 
t 

REWIND 1 
t •••••••••••••••••••••••••••••••••••••••••••••• ••••• ••• 

. IFIITURI.EO.I.OR.ITURB.EO.ITUR&M' CO TO Z2 
RETURN 

t •••••••••••••••••••••••••••••••••••••••••••••••• ••• ••• 
22 IALlN-O.OO 

BALOU-O.OO 
WRITE IIOUT,605' 
HZ - 1.000 
00 17 1t-1,NU"NP 
IF CI(OElltl.EO.O' CO TO 17 
READ C1' TE"P 
IF II(HIt.EO.O' HZ - IRlk' 
FlUX-XRlk,oTEMP.H2 
00 16 L-Z,IBAN 
Jl-I(+l-l 
IF IJl.GT.NUMNP' GD TO 15 
READ IU iE"P 
IF II(HIt.EO.O' HZ - IRIJl' 
FlUl-FLUI+XRIJl,·TEMP.HZ 

15 JI(-It-l.1 
IF IJIt.lT.l' GO TO 16 
READ II' TEMP 
IF II(HIt.EO.O' HZ - XRCJIt' 
FlUI-FlUX·XRIJIt,.TEMP.H2 

16 'ONTINUE 
IF IFLUI.LT.O.OO' BALOU-8ALOU+FLUX 
IF IFLUX.Gr.o.oo, BALIN-8ALIN+FLUI 
WRI1E IIOU1,606' k,FLUX 

17 CONTINUE 
T8AL-8ALOU+BALIN 
WRI1E IIOUT,607' BALIN.8ALDU.T8AL 

600 FORNAT I' '.'ARRAY STORACE TOO SMALL 8Y ·,15.ZX.·WOROS', 
601 FORMAT C'I·.'PRD8LEM SOLUTION·.I.· ••• ................ ·.11. 

, • • .·NOOE N~8ER '.81. 'STEADY STATE HEAD '.11' 
60Z FORMAT I' ·.5115.21.012.5.5X'./' 

603 

60. 
605 

606 
601 

608 

609 

t 
t 

FORMAT , , , 
FORMAT 
FORMAT , , 
FORMAT 
FORMAT , 
FORMAT , , 
FORMAT , , 
RETURN 
END 

;>- • 

C'I·.·PR08LEM SOlUTION - VERTICAL SECTION·.I.· '. 
·•••••••• ••••••••• •• •• • ••• ···········.11.· '. 'NODE NUMBER·.5X.'TOT'L HEAO·.81.·ELEV. HEAO·.IX. 

·PRESS. HEAO·.II' 
I' ·.16.10 •• 31010.3.8X" 
C'I·.'FLUX AT CONSTANT HEAD NOOES·.I.' '. 

·••• •• • .................. ·.··.11.· '. 
'NOOE NUM8ER·.81.·FLUX·.II' 

I' ·.16.10X.012.5' 
C/.· ·.·TOTAl FLUX IN-·.EIO.3.5X.·TOTAl FLUX OUT-·,ElO." 
51.·MASS 8ALANCE liN - DUT'-·,ElO.3' 

1'1'.' FINAL ELEMENTAL TRANSMISSIVITIF.S·.I· '.' .......... . 
·.~ ..................... ·.II.· ·.·ELEMENT NUM8ER·.IX. 

·TRANSMISSIVITY·.II' 
1'1'.' FINAL ELEMENTAL VELOCITIES '.1' '.' ........... . ................. '.11.' ·.·ELEMENT NUMBER·.81. 

·VELOCITY·.II, 

C ......... . 
C 

C 
C , 

t 
C 
C 

SU8ROUTINE INPUTIX.Y.l.INO.JND.ItND.LNO.MND,CONI.CONZ.G.IR. 
,. ALPHA.HEAO.ICOE' 

THIS SUBROUTINE READS AND GENERATes NODAL AND ELEMENT DATA 

IMPLICIT REAL.8IA-H.0-l' 
COMMON/IOI IN. lOUT 
COMMONICONSTlI T ITLEC ZO, .NUMNP.NUMEL.NC.NF,NUMAT .ICIflC.ILlST.NUT 
COMMON/TURB/ITUR8.ITUR8N.GRAV.RNU.lROUGH.IRAO.IFLDW 
COMMON/FRAC/XTC ••• YTI".IIC" 
DIMENSION 111'.Yll,.lll'.INOll,.JNOC1,.ItNOC1'.lNDC1,.MNOC1'. 

, CDNICl' .CONZ(1' .OCH. UIl' .ALPHA( It .HEAOU"I CDEU, 

............................................................ 
CRUD AND PRINT NODAL POINT DATA 
C 

1 

( 

L-1 . 
READ IIN.500' N.INC.XIN,.YCN,.ZCN' 
READ IIN.500' N.INC.XCN,.YIN,.ZCN' 
IFCINC.EO.O) INC - 1 
L-l·INC 
IFCL.GT.N' L - N 

C tHECIt FOR NEED TO INTERNALLY GENE~ATE NODAL POINT DATA 
C 

IF CN-ll 5 ••• 2 
Z LMl-L-INC 

OUM-DFLOATIN-lMlt 
OUMaDUM/OFLDATCINC) 
DX-(XCN'-XILMIJ'/DUM 
OY-CYCN'-YILM1)'/DUM 



OZ-IZ(N'-lILMI"/OUM 
DH-(HEADIN,-HEAOILMI"/OUM 

3 LMl-L-INC 
XCLJ -XCLMU+Dl 
YIU-Y(LMU+O' 
ZlL ,-lILMU+OZ 
ICDEIL'-ICOEllMl' 
HEAOIl'-HEAOIL.,l'+OH 
L-L+INC 
IF IN-LJ 5.'.3 

, IF (NUMNP ... , 5.6.1 
5 WRITE lI0Ul.600' N 

STOP 
C 
C REAO IN HEAD BOUNDARY CONDITIONS 
C 
6 

20 

21 
C 

CONTINUE 
DO 20 l-l.NUMNP 
ICOUO - 0 
IFINC.EO.O' GO TO 21 
DO 21 1-1.NC 
READIIN.sO" N.DUMM' 
ICDECN' - 1 
HEADIN' - DUMM' 
CONTINUE 

C READ IN POINT FLUl 
C 

3D 

31 
32 

22 
t 
C 
C 
7 

23 
2' 
t 

DO 30 I-I.NUMNP 
lRI.,-O.OOO 
IF CNF.EO.O' GO TO 32 
DO 31 1-1.NF 
READ IIN.503' N.DUHH' 
lRIN'-DU""' 
IF CllIST.LE.O' GO TO 1 
WRITE IIOUT.60l' 
WRITE CIOUT.602' IM.XCM,.YIM'.llH,.XRIH,.M-1.NUMNP, 
WRITE IIOUT.606' 
DO 22 l-loNUHNP 
IF IICDEII,.EG.l' WRITE CIOUT.601, I.HEAOCI' 
CONTINUE 

AOJUST RIGHTHANO S'IOE IN CASE OF UNCONFINED FLOW 

IF IICHl.GT.O' GO TO 2' 
DO 23 1-1.NUHNP 
HEArfl'-HEAOII'·HEADCI' 
XRCI'-2.000·XRII' 
CONTINUE 
CONTINUE 

C ~RITE TO TAPE 2 
C 

DO 120 l-l.NUMNP 
WRITE 12' KRII' 

... 

120 CONTINUE 
REWIND 2 

C 
C ........... ••••••••••••• ..... ••••••• .. ••••••••••••••• .. •••• ........... . 
C 
C READ AND PRINT ELEM[NT DATA 
C 

I' CONTJNUE 
C 

8 
N-O 
READ IIN.501' M.INDIM'.JNOIM,.KNDCM,.LNIIIH'.MNDIM,.ALPHAIM,.OIM'. 

.INC 
IFIINC.EO.O' INC - 1 
N-N+l 9 

C 
C CHECK FOR NEED TO INTERNALLY GENERATE ELEMENTAL DATA 
C 

IF IMNOIH,.EO.O' MNDIM'-1 
IF IN.EO.M' GO TO 10 
NHI-H-l 
INOIN,-INDINM1'.INC 
JNOCN'-JNDCNM1'.INC 
KNOCN,-KNOINM1,·INC 
LNOIN'-LNDCNH1'+INC 
MNDCN,-MNDINMlJ 
OlN'-OINMII 
ALPHAIN,-AlPHAINM1' 
IFINUMAT.EQ.NUMEL' MNOIN' • MNOINM1' • 1 

C 

C 
15 CONTJNUE 

GO TO 'I 
10 IF CNUMEL-M, 11.100.8 
11 WRITE IIOUT.603' M 

STOP 
C 
C READ IN MATERIAL PROPERTIES 
C 

C ••••••••••••••••••••••••• •••••••••••••••••••••••••••• •••••••• JOO IFINUMAT.NE.NUHEL' GO TO 12 
N - 0 

52 REAOCIN.502, M.CON11M,.CON2C"' 
IFICON11M,.EQ.0.ODO' CON11M'-1.0DO 

51 H - N • 1 
IFIN.EO.M' GO TO 50 
NMI - N - 1 
CONlIN' - CONICN"l' 
tON2CN, - CDN2CNM1' 
GO TO 51 

50 IFCNU"AT-M' 100.100.52 
12 REAO IIN.s02' IJ.tONIIJ,.CON2IJJ.I-I.NU .. AT, 

t 
C 

100 CONTINUE 

IF IILIST.LE.O' GO TO 13 

.... III 
'-



<T 

"C ......... . 
C 

SUBROUTINE ELEH CX.Y.Z.IND.JND.KND.LND.~ND.CON1.CON2.ALPHA.Q.XR. 
I HEAO.SS.NSCH.LI4' 

C 
C "THIS SUBROOTINE G£NERUES ELEHENT STIFFNESS MATRICES AND GLOBAL STiF 
t 

C 

IMPLICIT REAL.B CA-H.O-Z' 
COM"ON/IO/IN.IOUT 
COHMON/CONST1/T1TLECZO'.NUHNP.NUHEL.NC.NF.NU"AT.ICH~.ILIST.NINT 
tONNOH/TURB/ITURB.ITURBM.GRAV.RNU.AROUGH.IRAO.IFLOW 
tONNON/FRAC/XTC4'.YT(4'.11(4' 
DIMENSION XC1,.YCl,.lCIJ.INOC1J.JNO(IJ.KNO(I'.LNDC1'.MNOC1J. 

I CONICIJ.CONZC1J.ALPHAC1,.QC1'.XRC1'.HEADCll. 
I SSCNUNNP.l,.SQC5.5,.RC3.3' 

ISTOP,O 
10LSTP'O 

C ..................................................................... . 
t 
t 00 ONCE FOR EACH ELENENT 
C 

DO 17,LL·I.NUNEL 
C 
C ROTATE CONDUCTIVITIES TO UNIVERSAL COORDINATE SYSTEN 
C 

I'HNDCLL) 
C.t •••••• • ••••• , •• , •••••••••• , •••••••••• , ••••••••••••• , ••• , ••• 

Cl - CONI CI' 
C2 - CON2(1I 
IFCIFLOW.CT.O' CZ - CONICI' 
PX-Cl.(DtOSCALPHACLL""Z.OOO'+CZOOSINCALPHACLL"OOZ.ODO 
PY.Cl·CDSINCALPHACLLI'''Z.ODO'+CZ.DCOSCALPHACLL''''2.0DO 
PXY-CCI-C2'.DCOSCALPHACLL".DSINCALPHACLL'J 

C ••••••••••••••••••••••• , •••••• ", ••• " ••••••••••••••••• , •••••• 
I-INOCLL) 
J-JNOCLL) 
1t-ItNDCLL' 
L-LHDCLLJ 

t 
t TRANSFORM PLANE ELEMENT TO LOCAL X-Y COORDINATE SYSTEM 
t 

CALL TFORHCI.J.It.L.X.Y.l' 
C 
C OETERNINE THE ELENENT TYPE AND ELEMENT SHAPE 
t "IF NINT-O 4tST QUADRILATERAL DR TRIANGLE IS ASSUMED 
C 

NODES·, 
IF CNINT.GT.O' GO TO ZO 
IF CItNOCLL,.EQ.LNOCLLI' GO TO 2 

C 
C GENERATE THE CORRESPONDING STIFFNESS "ATRICES 
t 
C 

CALL QUAD CLL.I.J.It.L.X.Y.PX.PY.PXy.SQ.AREATO.ISTOPI 

~, e 

WRITE CIOUT.604' 
WRITE ClOUT .605' CN .INDCNI .JNOCH' .KNDCNI .LNDtN"MND(NIoOCN" 

ALPHACHJ.N-l.NUNELI 
WRITE CI OUTo 610 , 
WRITE CIOUT.6l1' CM.CONICM'.CONZtM,.M-l.NUMATI 

13 CONTINUE 
IF CICHIt.GT.OI CO TO 26 
00 25 l-l.NUHEl 
QC 1J-2.000.QC II 

25 CONTINUE 
26 CONTINUE . 
t, •••••••••••••••••••••••••••••••• • •••••• ,···.······· ••••••••••••• 
C-----REAO TURBULENT FLOW PARAMETERS ----------

READ(IN.520' ITURBM.GRAV.AROUGH.RNU 
WRITECIOUT.620, ITURBN.GRAV.RNU.AROUGH 
ITURB - 0 

C-----~-----------~---------------------------520 FORMAT(15.2FIO.0.IEIO.0' 
620 FORMATC·l·.· TUReULENT FLOW ANALYSIS '.1 

.' --------------------------------------------", 

.' MAXIHUM NO. OF ITERATIONS '.11./ 

.' GRAVITATIONAL ACCELERATION '.010.5.1 

.' .INEMATIC vlStOSITY '.010.5.1 

.' FISSURE ABSOLUTE ROUGHNESS '.010.5./1 
C--------------------------------------------, ....... ", ................................... ",.",.", .... ", ..... ", 
500 FORNAT C215.3Fl0.0' 
501 FOR HAT C615.2FIO.2.151 
502 FOR"AT CI5.ZFIO.0, 
50l FORNAT CI5.Dl0.2' 
504 FORNA"T Cl5.FlO.01 
600 FOR"AT C' ·.·ERROR IN NODAL DATA AT NOOE·.2X.15.1.· ·.·CHECIt THE 

I REST OF THE INPUT DATA FOR SIMILAR ERRORS" 
601 FORMAT C·l·.·NOOAL POINT OATA·.I.· ••• ................ ·.11. 

I • ·."NODE HUHBER·.8X.·X COOROINATE·.8X.·Y COORDINATE'. 
I 8X.·Z tOORDINATE·.9X.·POINT FLUX·.II' 

602 FORM.T C' ·.2l.15.1X.FI5.3.5X.F15.3.5X.F15.3.5X.015.l1 
603 FORHAT C·I·.·ERROR IN ELEHENT INPUT AT ELEKENT·.15.1.· '. 

I" 'CHEtlt THE REST OF THE INPUT DATA FOR OTHEIl ERIlDltS·' 
604 FORMAT C·l·.·ELEMENT DATA·.I.· ••• ............ ·.11.· ·.·ELENENT·. 

I • NUMBER' .8X. 'NPI·.5X.'NPJ· .5X.·NPK·.5X.·NPl·.~Il. 
I 'MATERIAL NO.·.BX.·FLUX·.9X.'CONOUCTIVITY ANGLE·.III' 

605 FORHAT C' ·.3X.15.12X.15,3X.15.3X.15.3'.15.1X.15.10X.OI0.3.2X. 
I F15.l' " 

606 FORMAT C'I·.'COMSTANT HEADS·.I.· ••• .............. ·.11. 
I • ·.'NODE NO.·.BX.·MEAD·.II' 

601 FORMAT I" ·.lS.5l.F12.n " 
610 FORMAT 1"1'.·MATERUL PROPERTlES·.I.· ••• ..................... 11. 

I • ·.·MATERIAL NUMBER·.Sl.·tONDUCTIVITY 1·.6X. 
I 'tONDUCTIVITY Z·./I, 

611 FORMAT C' ·.4X.15.13X.015.8.5X.015.8' 
RETURN 

C 
t 

END 



IF IISTOP.EO.O) GO 10 3 
IUL51P-1 
IS10P-0 
WRIIE IIOU1,600' LL 
GO TO 17 

t 
t lRIANGULAR ELEMEN1S 
t 

2 NOOfS-' 
XI-XU' 
lJ-XCJ, 
lUt-Xllt' 
n-YII' 
YJ-YlJ' 
YK-YlU 
KK-O 
tALL TRIAGILL,ItIt,PX,Py,PXy,XI.XJ.XK.YI,YJ,Yk,AREA2,R,ISTOP' 
IF IISTOP.EO.O' GO TO 30 
IOLS1P-1 
1510P-0 
WRIIE IIOUT.600' LL 
GO 10 17 

30 AREA10-AREAZ·.500 
DO 18 11-1.3 
DO 18 .1.1-1,3 

. SO III ..... ,-RIII.JJ' 
18 tONlINUE 

DO 4 II-It' 
501,.1 .. -0.00 
SOl 11.4,-0.00 

, tONTINUE 
GO 10 J 

C 
t ISOPARAME1RIC ELEMENT 
C . 

20 CALL OUADS ILL.I • .I.K.L.PX.PY.PXY.X.Y,XR,O.SO.ISTOP) 
IF IIS10P.EO.0' GO TO 3 
IOLSTP-l 
I 510P-0 
WRIIEIIOUT,600) LL 
GO TO 17 

C 
C ADO 10 CONDENSED GLOBAL STIFFNESS MATRIX 
C 

3 

5 

FNOOE-OFLOATINODES' 
00 16 lI-l.NOOE5 
GO TO C5.6.7.8'.11 
N-I 
GO TO 9 

" N-J 

7 

" 9 

GO 10 9 
N-It 
GO TO 9 
N-L 
DO IS JJ-l.NODES 

.f. ., 

GO 10 110.11,12.1" • .1.1 
10 H-I 

GO TO 14 
11 M-J 

GO 10 U 
12 M-It 

GO TO 14 
13 H-L 
U ItL-M-N+l 

IF IltL.LE.O, GO TO 15 
SS(N,ltL)-SSCN.ltL'+SOIII.JJ' 

15 CONlINUE 
C 

! 

C CONTRIBUTION 8Y DISRIBUTED FLUX - 'CST AND TRIANGULaR ELTS ONLY 
C 

IF (NINT.GT.O' GO 10 16 
XRtH,-XRIN'+IOILL'.AREATO"FNODE 

16 CONlrNUE 
C 
C RETURN ELEMENT TO GL08AL COORDINaTES X-Y-Z 
C 

caLL RFORMII.J.It.L.X.f, 
C 
17 CONTINUE 
C oSTOP IF THERE IS ERROR IN ELEMEHT OR NODAL OAIA. 

C 
C 

IF II0LSTP.EQ.l' SlOP 
REJURN 

600 FORMAT I' ·.'ERROR IN ELEMEHT NUMBER '.15' 
END 

C ........ .. 
C 

SUBROUTINE QuaOCLL.I.J.It.L,X,Y.PX.PY.PXY.SO.AREaTO.ISTOP' 
IMPLICIT REaLOS IA-H,O-Z' 
COMMON/IO/IN.IOUT 
COHMON/CONSTl/TITLEI20"NUMNP,NUMEL,NC,NF.NUMAT,ICHIt.ILIST.HINT 
COMMON/TURB/ITURS.ITUR8M,GRaV.RHU,aROUGH.IRAO,IFLOW 
DIMENSION Xll"Yll',RC3,",50C5,5' 
DO 7 11-1.5 
DO 7 JJ-1,5 
SOC 11 • .1.1'-0.000 

7 CONTINUE 
C 
C LOCATE CENTROID 
C 

C 

XX-O.ooo 
YY-O.OOO 
XX-CXII'+XIJ)+XIIt'+XIL"O.2S00 
n-nn '+YlJ'+YCK)+YCL)' •• 2500 
aREA TO-O.ODO 

C DETERMINE ELEME~T STIFFNESS MAIRI. FOR ouaDRILATERAL ELEMENT 
C 

DO 1 KIt-104 

("" <: 



Z 

3 

• 

S 

6 
C· 
C 

C 
C 
C 

C 

GO TO CZ",',SI,KK 
II-XC I) 
U-UJI 
n-YCII 
U-YCJI 
GO TO 6 
II-XCJI 
XJ-XCK) 
n-YCJ' 
YJ-YCK) 
GO TO 6 
XI-UK) 
XJ-XCLJ 
n-YCK) -
YJ-YILJ 
GO TO (> 

X1-UU 
U-XI., 
n-YCLI 
YJ-YC ., 
CONTINUE 

.f 

CALL TRUG Cll .KK ,Pl.PY,PlY ,XI .XJ,Il, YJ .YJ.n .AREAZ ,R,ISTOP' 

RETURN IF INPUT DATA ERROR 

IF CISTOP.EO.l' GO TO 1 

C 'ENERATE QUADRILATERAL STIFFNESS HATRIX 
C 

KN-KK·l 
IF CKK.EO •• , KH-1 
SOCKK.KK'-SOlKK.KK,.RC1,l' 
SQCKK.KH,-SQCKK,KN,.RC1.2' 
SOlKK,S'-SOlKK,S,.RC1,3' 
SOlKH.KK'-SQCKN,KK,.PC2.1' 
SOCKN,KN'-SOCKH.KN,·RC2,2' 
S~IKN.S'-SOCKN,S'.RC2.3' 
SOCS.KI'-SOCS.KK'.RC3,I' 
salS.KH'-SOC5,KN,.RC,.21 
SQIS.5'-SOCS.S,.RC3,3' 
AREATO-AREATO·AREAZ·.5DO 

1 CONTINUE 
C 

IF CISTOP.EO.ll RETURN 
C 
C ELININATE CENTER POINT 
C 

DO a II-I.' 
DO a JJ-1.' 
FACT-SOCJJ,5'/SOC5,5' 
SOCII.JJ'-SOCII.JJ'-SOCII.5,.FACT 

8 CONTINUE 
C 

C 
C 

RETURN 
END 

i.- !1 

C· .. ••••• .. C 

C 

C . 

SU8ROUTINE 'RIAG Cll,KK,PX,Py,PXy,XI,lJ,XK,YI,YJ,YI,AREAZ,R,ISTOP' 
IHPLICIT REAL.8 CA-H,O-l' 
COHHONlIO/IN,IOUT 
COHHON/CONSTl/TITLECZO"NUHNP,NUHEl,NC,NF,NUN,T,ICHK,1LIST,NI"T 
CONHON/TUR8/ITUR8,ITUR8N,GRAV,RNU,AROUG",IRAD,IFLOM 
CONHON/FRAC/lTC.,.YTC.,.llC" 
DINENSION RC3.". AI". al" 

ACU-YJ-YI 
ACl,-n-Y1 
AU,-n-YJ 
8U,-XK-lJ 
81Z '-X1-111 
8U'-U-X1 

C CALCULATE DETERMINANT - ZOAREA OF TRIANGLE 
C 

C 
C 
C 

C 
C 

C 

AREAZ-e,,'OACZ'-8CZ'OAC" 

CHECK FOR INPUT DATA ERRORS . . 

IF CAREAZ.lE.O.DO' GO TO Z 

U-PX/c 2.0DO.AREU' 
8K-PY/CZ.ODO·AREA2' 
CK-PlY/CZ.OOO.AREA2, 

C -ElENENTAl STIFFNESS "ATRIX- CRt 
C 

DO 1 1-1.3 
DO 1 J-1.3 -? 
Rll.J'-AK.ACI,.AlJI.81.al"oBIJ,.CKoCAll,.aIJ'+ACJ,oBIII' 

1 CONTINUE 
RETURN 

2 ISTOP-l 

C 
C 

RETURN 
END 

C ........ •• 
C 

SUBROUTINE SOLVE CSS.XR,18ANI 
lNPllCIT REAlo8 CA-H.O-l' 
CONNON/IO/IN.IOUT 
CONNON/CONSTl/TITlECZOI,NUNNP.NUHEL.NC.NF.NUN.T.ICHK.lllST.NIN' 
CONNON/TUR8/.TUR8.ITUR8N.GRAV.RNU.AROUGH.IRAD.IFLOM 
CO~NON/FRAC/l'C".YTC",11C". 
DINENSION SSCNUNNP.1,.lRCl. 



C 
c ••••••••••••• •••••• 

.AO - 1.000 
C ••••••••••••••• • ••• 

OI1,U- Pll 
011,2)- PlY 
OC2.U-PllY 

C 
C 
C 

1 

C' 
C 
C 
C 

C 
C 
C 

2 

3 

• 5 ,. 

C 

C 
C 
C 
C 

7 

01l.2'-PY 

CALCULATE ELEMENT STIFFNESS 

00 1 JJ-I,!; 
DO 1 11'105 
SQC 11,.1.1,-0.000 
DO 6 LX·l.NINT 
RJ-llGCLll,NINTI 
DO 6 LY'I,NINT 
SI'"GCL Y ,NINTI 

EVALUATE DERIVATIVES C8' AND DETERMINANT OET 

CALL STO" CLL,I,J.K,L.RI.SI ••• y.XR.Q.8.0ET,ISTOP,RAO' 

AOO CONTRIBUTIONS TO THE ELEMENT STIFFNESS 

IF ClSTOP.EO.U RETURN 
WT'MGTCLX,NINTJOWGTCLy,NINT'OOEToRAO 
00 5 .1.1-1,. 
00 2 KI('1,2 
OUKK'·O.DO 
00 2 U-lt2 
08CKK'-08CKKJ+OCKK,LKJ 0 5CLK,JJ' 
CONTINUE 
DO • 11'.1.1,' 
STI FF -0.000 
DO 3 lI('I,2 
STIFF-STIFF+BCLK,IIJoCBCLKJ 
CONTINUE 
SQIII,.lJ)-SQCII,JJJ+ST1FFOWT 
CONTINUE 
CONTINUE 
CONTINUE 
00 1 ",,'1,' 
00 1 II-I,. 
SOCJ.I,II'·SOCII,JJJ 
CONTINUE 
RETURN 
END 

SU8ROUTINE STOM,LL,I,J,K,L,RI,SI.X,y,XR,Q,8,OET,ISTOP,RAOJ 

THIS SUBROUTINE EVALUATES THE OISPLACEMENT "ATRIX 8 AT A POtNT 
CR,SJ FOR A QUADRILATERAL ELEMENT 

-. 

C 
C RE~UCTION 
C 

1 

2 

3 
C 

00 3 N·I.NUMNP 
00 2 M'2,IBAN 
IF CSSCN,M'.EQ.O.OOO, GO TO 2 
C-SSCN.M'/SSCN.l' 
I-N+M-l 
IF CI.GT.NUMNP' GO TO 2 
.1·0 
00 1 K·M .IBAN 
.1'.1+1 
IF CSSCN,K'.NE.O.OOO, SSII,J'-SSCI.J'-COSSCN.K' 
SSCN,M"C 
llRCI,-IlRCI'-SSCN,M,OXRCN' 
CONTINUE 
llRCM"IlRCN'/SSCN,I' 
CONTINUE 

C 6ACK SUBSTITUTION 
C 

N-NU"NP 
4 00 5 K-2,16AN 

L-N+K-l 
IF CL.GT.NUMNP' GO TO 6 

5 IF CSSCN,K'.NE.O.OOOJ ~CN'·X.CN'-SSCN,KJOXRCLJ 
6 H'N-1 

IF CN.GT.O' GO TO • 
RETURN 
END 
SUBROUTINE QUAOS CLL,I,J,K,L,PX,PY.PllY.X.Y,XR.Q.SQ,ISTOP' 

C 
C THIS SUBROUTINE CREATES THE ISOPARAMETRIC ELEMENT STIFFNESS "ATRII 
C 

C 

IMPLICIT REAL08 'A-H,O-l' 
COMMON IIO/IN,IOUT 
COMMON ICONSTlIT ITLE'C20, .NUMNP.NUMEL,NC.NF,"""n ,ICHK.ILlST .NINT 
COMMON/TUR8/1TUR8.ITUR8",GRAV.RNU,AROUGH.IRAO.IFLOW 
COMMON/FRAC/XT,.),YTC.,,11'" 
DIMENSION XCIJ,Y'I"lRC1',Oll,.SQI5.5',OI2.2'.812"',I'C',.,. 

& WGT""',08C., 

C "ATRll XG CONTAINS THE GAUSS-LEGENDRE INTERPOLATION POINTS 
C 

OATA XG/0.000,O.000,O.000.0.000,-.511350269189600, 
& .517350269189600, 0.000, 0.000,-.11'596669241500. 
, 0.000, .77'596669241500, 0.000. -.8611363115941500. 
& -.3399810.3584900, .3399810.358.900 •• 86113631159.15001 

C 
C MATRll WGT STORES INTEGR.TION WEIGHTING FACTORS 
C 

DATA WGT/ 2.00, 0.00, 0.00, 0.00, 1.00, 1.00. 0.00, 0.00, 
, .555555555555600 •• 888888888888900, .55555555555'600, 0.00, 
& .3.185_845131500, .65214515.862500, .6521.515.862500. 
, .3.18548.51315001 

I" c 



C 
C 
C 

C 
C 
C 
C 
C 

C 
C 
C 

C 
C 
C 

z 
C 
C 
C 

C 
C 
C 

3 

6 

IMPLICIT REALOe IA-H.O-Z. 
COMMON /IO/IN.IOUl 
COHMON /CONSTI/TITLEI20 •• NUMNP.NUHEl.NC.NF.NUMA1.NINT.ICHl.ILIST 
COHHON/1UR8/ITUR8.ITURBH.GRAV.RNU.AROUGH.IRAD.IFlOW 
COMMON/FRAC/lTI".YTI,'.1114' 
DIHENSION XI U .YllI .XRCl' .QIlIo 8(2.4' .XJU.2 hXJIC2 .2),PI 2 •••• HI., 
RP-l.000+RJ 
SP-l.000+S1 
RM-l.0DO-RI 
SIt-l.0DD-SI 

"INTERPOLATION FUNCTIONS 

Hll'-0.2~00~P05P 
HI2.·0.25000.MOSP 
HI3._0.25000.MOSM 
HI.,·0.Z5OO0.POSH 

NATURAL COORDINATE DERIVATIVES OF THE INTERPOlATION FU~CTION 

1. WITH RESPECT TO P. 

Pll.l,·0.25000SP 
PI1.2.·-PU.l' 
PI1.3I--.Z5000 5M 
PIl.4,--PU.3' 

2. WITH RESPECT TO S 

PU .1I-.25DOORP 
PU .2J.0.2~DOORM 
PIZ.3,·-PI2.21 
PI2 ••• ·-PI2.1I 

EVALUATE THE JACOBIAN AT POINT IR.S' 

DO 2 11·1.Z 
XJIII.I'.PIII.1,OXII,+PIII.2,OXIJ,+PIII.3,OXIK,+PIII.4'OXIl' 
XJIII.Z'.PIII.1,OYII'+PIII.Z,OYIJ'+PIII.3,OYII('+PIII •• '.YIL' 
CON Tlnl E 

COMPUTE THE DETERHINANT OF THE JACOBIAN AT IR.S' 

DET.XJU.uoXJU .2.-XJI 2.UOXJI 1.Z. 
IF IDET.GT.0.00000001' GO TO 3 
WRITE IIOUT.600' Ll 
ISTOP·1 
RETURN 

COMPUTE THE INVERSE OF THE JACOBIAN 

OUH-1.000/0E T 
XJll1.1,·XJ(Z.2'.OUM 
XJlll.2.·XJl1.2 •• DU~ 
XJIIZ.I,-XJI2.1'.OUH 

~: () 

XJIIZ.21-XJIZ.2 •• DU~ 
C 
C EVALUATE GLOBAL DERIVATIVE OPERATOR 8 
C 

00 4 KI(-l •• 
eu .1(1(. -0.000 
BU .KK, ·0.000 
DO 4 11·1.2 
Bl1.KK,·XJII1.II,OPIII.KK.+BI1.KK' 
8IZ.KK'·XJIIZ.II,OPIII.KKI+8IZ.KK' 

4 CONTINUE 
C 
C ADO DISTRIBUTED FLUX TERMS 
C 

DO 10 II· ... 
GO TO 15.6.7.B). II 

5 N.I 
GO TO 9 

6 N-J 
GO TO 9 

7 ".1( 
GO TO 9 

8 "-L 
9 XRIN •• XRIN,+QILL,OHIII'.DET 
10 CONTINUE 

C ••••••••••••••••••••••••••••••••••••••••••••••••• ,., 
C COMPUTE RADIUS AT POINT IR.S' 

IFIIRAD.NE.l'RETURN 
RAO • HIl,Olll' + HIZ,oXIJJ + Hll,OXIK, + HI.' •• ILI 

C •••• ", •• , •••• , ••••••••••••••••••• , •• ,.,.,., •••••••• 
600 FORMAT I' ........ ERROR- ZERO DETERHINANT IN ELT.·.16' 

nTURN . 
END 

C •••••• , •••• , •••••••••••••• , •• , ••••••••• , ••••••••••••••••••••• ,., 

C----------------------------------------SU8ROUliNE NLINIX.,.Z.II.JJ.KK.Ll.CONl.CON2.PHI' 
(---------------------------------------$---------------
C-----GENERALISEO SUBROUTINE FOR NON lAHINAR FLUID FLOW 
C IN A HORIZONTAL FISSURE - FINITE ELEMENT VERSION 
C FOR QUADRILATERAL AND TRIANGUlAR FINITE ELEMENTS 
C-------------------------------------------------------C DEREK ElSWO_TH - JULY 1983 
c-------------------------------------------------------
C NUHEL -"MAlIMUM NUMBER OF ELEMENTS 
C '."Z - NODAL COORDINATES 
C II.JJ.KK.LL - LOCAL NODAL NUMBERING ICOUNTERCLOCKNISE' 
C PHI· - NODAL POTENTIAL 
C CONI - ELEMENT HYDRAULIC CONDUCTIYIT' 
C CONZ - ELEMENT FISSURE APERT~E 

C-------~------------------------------------------IMPLICIT REALOB IA-H.O-l' 
CDMMON/IO/IN.IOUT 
COMMOH/CONST1/TI'LEI201.NUMNP.NUHEl.NC.NF,NUNAT.ICHK.ILIST,NINT 
COMNON'TURB/lTURB.ITURBM.GRAY.RNU.AROUGH,lRAD.IFlOW 
CONMON/FRAC/XTI4,.,TI4,.lll., 



DIMENSION XII'.Y'1,.Z'1,.IIII'.JJCI'.KKCI,.LL,I'.PHIII,.CON1'1'. . CONZ(I' 
c--------------------------------------------

ITURB • ITURB • 1 
G • CRAY 
OKN • 0.000 
00 ZOO l·l.NUMfL 
CI • CONUIt 
NI • JIll' 
NJ • JJCIt 
NIt • KKCI' 
NL • Llilt 

c---------------------~----------------------CALL TFORMCNI.NJ.NK.NL.X.Y.I' 
c--------------------------------------------

. IFCNl.EQ.NK' GO TO 100 
C-----EVALUATE GRADIENTS OVER QUADRILATERAL ELEMENT 

IIJ • XCNJ,-XCNI' + X'NK'-XCNL' 
XJK • XCNK,-XCNJ' + XCNLt-XINI' 
YIJ • YCNJ'-YCNI' + YCNK,-Y(Nl' 
YJK • YCNK'-YCNJ' • Y,NL,-Y,NI' 
DX • IIJoXIJ + YIJoYIJ 
OX • OSQRT'OX' 
OY • XJKoXJK + YJKoYJK 
OY • OSORT'DY' 
GX • CPHIINJ,-PHllNlt+PHICNK,-PHICNL"/OX 
GY • CPHICNK,-PHIINJ,+PHIINL,-PHICNI"/OY 
GO TO 150 

C-----EVALUATE GRADIENTS OVER TRIANGULAR ELEMENT 
100 DT • XCNI,OCYCNJ'-YINK,t-YCNI,OCXCNJ,-XlNK"+ 

CXCNJ,OYCNK'-XINK,OYlNJ" 
CX • PHICNJ,oIYCNJ'-YCNK"-YINJ,OlPHICNJ,-PHICNK,'. 

CPHICNJ'OYCNK,-PHIINK,OYCNJ" 
GY .-PHI(NI,OIX(NJ'-XlNK,,+X(NI,OIPHICNJ'-PHIINK"+ 

CPHIINK,OXINJ,-PHJINJ,OXCNK,' 
CX • GX/OT 
GY • GY/DT 

c---------------------------------------------150 GXY • (exOGx+GyoGY'''0.500 

C---------------------------------------------C-----EVALUATE CONDUCTIVITY COEFFICIENTS -----
IFCIFLOW.NE.Z' GO TO 180 

C-----ROCKFILL CONDUCTIVITY OPTION ---------
I • CON2CI' 
E • -0.44 
II • 1.0 
GO TO, 100 

180 CONTINUE 
C-----FISSURE FLOW OPTION -------------------
(-----APERTURE DEPENDENT TER~ 

ZI • CONZII' 
ROUGH. AROUGH/CZ.OOOOll' 
Al • CZ.OOOOCONICJ,oGXY"RNU 
AZ • 1.OD05/CO.333DO+ROUGH/0.150-0Z1 
A3 • 0.19DOl/ROUGH 

'" 

A •• 0.38'D03010.IDOI + .88DOloRDUGH"0.15D01,0IDLOG10CA3"OOZ.DO 
IF(RDUGH.LE.0.33D-Ol' CD TO 300 
GO TO 600 

C-----ZONE 1 -- LAMINAR ------------------------
300 CONTINUE 

IFIITUR8.EQ.I' GO TO 350 
IFCA1.GT.0.Z3DO" GO TO .00 

350 I • GOZIOI1/CO.1ZDOzoRNU' 
E • 0.000 
GO TO 800 

C-----ZONE Z -- TURBUlENT ----------------------
400 CONT INUE 

IFIAI.CT.AZ' GO TO 500 
I • CCCGI.l9D-Ol,OCZ.ODO/RNU,"0.Z5000 Z10 11 0Zl'''0.5ll00'/Zl 
E • -0.4Z900 
CO TO 800 

C-----IONE 3 -- COMPLETELY ROUGH --------------
500 CONTINUE 

Bl •• 3l00l/ROUCH 
B • DSQRTCG,OO.400l0 0LOGlOCBl,OOSQRTCZI' 
E • -0.500 
GO TO 800 

C-----IONE 4 -- LAMINAR -------------------~---600 CONTINUE 
IF'ITURB.EO.l' GO TO 650 
IFCA1.CT.A" GO TO 700 

650 B • CGOI10Zl'/ClZ.OOOORNUOCl.OOO + 8.BDooROUGH"1.5DO" 
E • 0.000 
GO TO 800 

C-----IONE 5 -- TUR8UlENT ---------------------
700 CONTINUE 

81 • 1.900/ROUGH 
8Z • nOG 
I • 4.00000S0RTC8Z,OOlOGlO'II' 
E • -0.500 

800 CONTINUE 
C-----EVALUATE GRADIENT DEPENOENT TERM ------

IFCGXY.fQ.O.ODO' GO TO 830 
IFCE.EO.O.OOOt GO TO 830 
GDME • GXY"E 
GO TO 840 

130 GOME • 1.000 
840 CONTINUE 

CON1'1' • BOGDHEOII 
IF'ITURB.EO.ITUR8H' CONZCI' • eONICI,OGXY/ZI 

e----------------------------------------OK • OA8SleONlll'-CI' 
IFCDK.GT.OKM' DKM • OK e---------------------------.-------------
CALL RFORHCNI.NJ.NK.Nl.X.Y' 

c----------------------------------------'zoo CONTINUE 
WRITEIIOUT.lOOO' ITURI.DKM 

ZOOO FORMATC/,' AT ITERATION NUMBER ',Il,' DELTA T .·,OlZ.5,111 
IF(DKM.LE.l.OD-05' ITURB • ITUR8M 

.~) 
r-
\, 



• 

END 
C 
C •••••••••••• , •••••••• , ••••••••••••••• , •• , ••• ", ••• " •••••••• , ••• 
C 

SUBROUTINE ~FORMCI.J.K.L.X.Y' 
C-----RETURN ORIGINAL COORDINATES TO ELEMENT -------

C 

IMPLICIT REALOS IA-H.O-l' 
CO""ONI Ioil N.I OUT 
COMMON/CONSTl/TITlEIZO'.NUMNP.NUMEl.NC.NF.NUMAT.ICHK.ILIST.NINT 
COMMON/TURS/ITURS.ITURSM.GRAV.RNU.AROUGH.IRAD.IFLON 
COMMON/FRAC/XTf.'.VTC.,.IIC.' 
DIMENSION Xll'.YCI, 

XC II • X"lI 
XCJ' • XTl2' 
XCIO • nn, 
xcu • n .. , 
YI II • nil' 
YC J' • YTl2' 
VlIO • nn, 
YCU • nc., 
RETURN 
END 

RETURN 
END 

".' c: 

c •••••••••••••••••••• , •••••••••••• " ••••••••••••••• , •• f."'."""" 
C 

SUBROUTINE TFORMCI.J.K.l.X.f.Z) 
C-----TO TRANSFORM ELEMENT FRO" GLOBAL TO lOCAL CODRDINATES 

C 

IMPLICIT REALO! CA-H .O-l) 
COMMON/IO/IN.IOUT 
CONNON/CONST1/TITLEC20,.NUMNP.NUHEL.NC.NF.NUMAT.ICHK.ILIST.NINT 
COMMON/TUR8/ITURB.ITURBN.GRAV.RNU.AROUGH.IRAD.IFLON 
COMMON/FRAC/XTC.,.Y'C.'.II(.' 
DI"ENSION XCI,.YC1,.ZC1, 

11(3'·K 
n .. ' • L 

C-----EVALUATE LOCAL COORDINATES ------
XlJ • XCJ' - lUI) 
YIJ • fCJ) - YCI' 
IIJ • l(JI ~ llil 
DIJ • DSQRTCXIJoXIJ • YJJoYIJ • lIJOlIJ) 
DCOS1 • XlJ/DIJ 
DCOS2 • YlJ/DIJ 
DCOS] • lIJ/DIJ 

C-----EXCHANGE STORAGE LOCATIONS ----
XT(lI • XCI) 

C 

C 

C 

X·lt2' • XCJ' 
nu, • lICK' 
Xlt", • xeu 
YTU, • YCI) 
YH2' • YCJ' "U' · YCK' """·,,u 
XCU • 0.000 
YCI' • 0.000 
XCJ, • OIJ 
YCJ' • 0.000 

NN •• 
IFCK.EO.L, NN • ] 

DO 100 11-3.NN 
IT • HUH 
XIJ - XCIT' - XTfl' 
flJ • YfIT' - YTCI' 
IIJ • lCIT' - lU' 
OIJ • DSQRTfXIJ*XIJ • YIj*fIJ • lIJ*ZIJ' 
DCOSll • XIJ/DIJ 
DCOS22 • YlJ/DIJ 
DCOS3J • lIJ/DIJ 
COSA • DCOSIODCOSII • OCOS2*DCOS22 • OCOS3*OCOS33 
XCIT' • DIJ*COSA 
YCIT' • DSQRTCDIJOOIJ - XCIT,OX(IT" 

100 CONTINUE 
RETURN 



APPENDIX _ - LISTING OF DATA FOR AXISYMMETRIC FISSURE FLOW EXAMPLE 

AXISYMMETRIC TEST EU"PLE - REIRI-I00 
202 100 ~ 100 1 0 0 1 

1 2 1. -.3140 
201 2 101.0 -)1 .J140 

2 2 1. .3140 V 
202 2 101.0 31.11~0 

1 
2 

201 1.00 
202" 1.00 ,.. ,. 

1 1 3 ~ 2 1 2 
100 199 201 202 200 100 2 

1 1. 0.0060 
100 0.0060 

10 32. .006 .14E-Ob 



APPENDIX 5 - LISTING OF DATA FOR AXISYMMETRIC ROCKFILL FLOW EXAMPLE 

UJS'""HRJC lEST EXA"~lE - RE/RI-100 ROCKF III flOW, CONfINED. 
202 100 • 100 1 0 0 2 --:; 

1 2 1. -.3140 
201 2 101.0 -31.7140 

2 2 1. .31.0 
202 2 101.0 31.1UO 

r,. 1 
2 

201 1.CO 
202 1.00 

1 1 3 • 2 1 2 
100 199 201 202 200 100 2 

1 1. 2.0 
100 2.0 

10 32. .006 .lU-06 

'. 
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