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INTRODUCT ION

The steady flow of water beneath the floor of a large barrage
develops non-uniform pressures which cannot be accurately predicted by
a two-dimensional analysis. In order to obtain predictive information
for design the analysis must be completely three-dimensional and be able
to include the various geologic factors encountered at most barrage
sites. Some of these are stratification, lenses of highly pervious or
impervious material, and material anisotropy.

In this report we present the necessary theory and discuss the
development of a three-dimensional finite element computer program for
the determination of fluid pressures and flows in a porous solid governed
by a generalized Darcy law.

An elementary three-dimensional analysis is included to
indicate the type of analytical capabilities possible with this computer

program,



GENERAL THEORY

In this report the flow of liquids in a saturated porous solid
is considered. The flows are specified by a generalized Darcy law

expressed by [1]:
9 = - Ky (P23 - Fy) i,j=1,2,3 (2.1)

where q; is the flow rate in the i-direction; p is the liquid pressure;
Fj is the body force component in the j-direction; and Kij is a
symmetric, second rank tensor [2], which describes the local permeability
of the solid. In this section cartesian tensor notation is employed
(e.g. see [3]). Accordingly, a comma followed by a subscript denotes
partial differentiation with respect to the subscript and a repeated
index implies summation over the range of the subscript.

The body forces are usually restricted to gravity effects such
that

F. =0 g,
i~ P9

and p is the fluid mass density, gj the component of acceleration in the
j-direction.
Every solid possesses three orthogonal directions for which

the local permeability tensor assumes the form (2)

M<I 0 0
Kis () = 0 K O (2.2)
0 0 Kyp )




The y-directions are called the principle material directions. The loca]
values of the permeability tensor are obtained from the principle values
by a coordinate transformation. For example, in two cartesian reference
frames X and Yy where Xs is a global reference frame and Ys is the

principal material frame, we have
X, = a5 Yy (2.3)

where ajk is an orthonormal transformation matrix of the directijon

cosines. Then if dn, (y) are the flow rates in the principal directions

we have
4% 7 qp 9y (2.4)
also
X .

% .33 J o o, ) 9p. (2.5)

Byk axj ayk J axj
and

~ -1 i

P = (ay)7 Fy o= %k (2.6)

G T A Ky W ey (2 (0 (2.7)

and hence
Kig = ag Kyeoagy
defines the transformation equation from one reference frame to

another,



The steady flow of fluids through the porous solid is defined

by the solution to the continuity equation

(oa;); = 0 (2.9)

along with suitable boundary conditions. Substitution of the

constitutive equation (2.1) into (2.9) yields

- ( K'lJ P ( psj - FJ ) ),1 = 0 (2-]0)

For an isotropic material the permeability tensor is independent of

direction and may then be expressed in terms of a single parameter

Kij = 61j K (2.11)
where
1 1=
§.. =
1]
0 i#]

Hence, (2.10) reduces to

“leKlpi-F)), =0 (2.12)

By expressing the pressure gradient and body force by a potential

¢,1 = p,i - F, (2.13)

and assuming a homogeneous material, (2.12) reduces to a Laplace
equation

¢, 11 = V- ¢ = 0 (2.14)



Methods of potential theory may be used to solve some boundary
value problems. However for arbitrary domains and/or non-homogeneous
or stratified solids solutions become intractable. It is then desirable
to consider numerical solutions.

In two-dimensional flows it has been traditional to obtain
solutions to (2.14) by sketching flow nets [4] or by solving the finite
difference model to (2.14). Finite element solutions have also been
obtained and shown to be superior numerical solutions as compared to
either of the other above cited methods [5,6]. A variational theorem
whose Euler equation is (2.12) and whose natural and rigid boundary
conditions coincide with the flow problem forms a solid basis for

constructing a finite element model.



A VARIATIONAL THEOREM FOR FLUID FLOW IN POROUS SOLIDS

In this report the fluid pressure is chosen as the independent
variable instead of the classical potential defined by (2.13). Fluid
pressure along free boundaries can easily be computed or is zero. Along
sealed boundaries the flow normal to the boundary 1is known to be zero
(in some instances in finite element model refinements known boundary
flow rates may be prescribed).

A variational theorem for fluid flow in porous solids governed

by a Darcy law is given by

J (p) =;_-f PPl Ky (psj - 2F; ) dv
v

(3.1)
+ ﬁ pPg;nypds
S

q

where in addition to previously defined quantities n; are direction
cosines of the outward normal to the boundary with the i-direction,

51 are prescribed boundary flow rates (note éi n; = an )

and Sq is that portion of the boundary on which flow rates are

prescribed.

Proof of the variational theorem is obtained by setting

§Jd (p) = 0 (3.2)
Accordingly

§J (p) =

(3.3)



Use of the divergence theorem yields

§dJd(p) =~ f (Sp(pK]-j(p,j—Fj)),idV
v
(3.4)

))nidS

+ ¢ 5P0(51+K1~j(P,J~Fj
S

q

The variational theorem is proved since the Euler equation is seen to
coincide with (2.12) and the boundary conditions stipulate flows
prescribed by (2.1) on Sq and pressures on the boundary conjugate to Sq.
Consequently (3.1) is the equivalent variational formulation to the flow
problem discussed in Section 2.

The construction of a finite element algorithm from (3.1) and
the development of a three-dimensional finite element permeability matrix
and flow vector are discussed in Appendix B. A users manual for the
computer program (FLPM3D) 1is contained in Appendix A and a listing of
the program appears in Appendix D. 1In order to illustrate the use of
this program in connection with three-dimensional flow under barrages a

sample problem is included in Appendix C.
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APPENDIX A
USER MANUAL FOR COMPUTER PROGRAM FLPM3D



PROGRAM FOR THREE-DIMENSION FLOW OF INCOMPRESSIBLE FLUID
IN ORTHOTROPICALLY PERMEABLE POROUS MEDIA

IDENTIFICATION

FLPM3D - Programmed June 1969 in FORTRAN IV for the CDC 6400.
DESCRIPTION

A finite element procedure is used to solve a generalized
Darcy's Law for flow of an incompressible fluid in a three dimensional

domian. The approximate solution consists of:

1) Nodal point fluid pressures

2) Components of flow (velocity) at element centroids. (nodal
point components are optional)

fhe forcing 'function' of the formulation consists of specified nodal
point flows and boundary surface flows. The unknowns are nodal point
pressures. The governing equations are termed 'media permeability
equations.' The residual vector is evaluated from the solution and
given with the output as a partial check on accuracy.

The core storage requirements of the program are separated
into fixed and variable parts with the fixed portion consisting of
instructions, non-subscripted variables and those arrays which are not
dependent on the size of an individual problem. The variable portion
is controlled by the array A which appears in the blank COMMON state-
ment of the main program. The variable MTOT which also appears in the
main program is assigned the value of the dimension of A. In the
program listing of Appendix D, MTOT has been set to 12,000. This device

serves the following purposes:
- Al -



1) The capacity of the program is altered by repunching the

following two statements of the main program
COMMON A (12000)
MTOT = 12000

2) When data input to blank COMMON has been processed and no
Tonger needed it is overwritten to conserve storage.

3) Storage requirements are computed and assigned during
execution. In this way only the amount of storage needed for the
particular problem being analysed need be reserved. In addition to
allowing greater flexibility to the size of problem which can be handled,
considerable savings are encountered in the solution of linear equations.
In addition, options are included in the program which require no
storage if not used.

The complete set of equations is divided into blocks of
equations. The number of equations in a block is optimized during
execution and depends on the value of MTOT and on the particular problem
(in particular on the half-bandwidth). Since temporary storage units
are used in the solution of equations the number of time consuming READ,
WRITE, BACKSPACE and REWIND statements is decreased when:

a) Half-bandwidth is decreased

b) MTOT is increased

The program consists of two equation solving subroutines called
GAUSST and GAUSS2. GAUSS1 applies when the number of equations in a
btock is greater than or equal to the half-bandwidth. The program

causes the following quantities to be printed:

- A2 -



a) Total number of equations (equal to number of nodal points)
b) Half-bandwidth MM
For a given element ND = JMAX - JMIN + ]
where
JMAX = numerically largest nodal point for that element
JMIN = numerically smallest nodal point for that element
The value of MM is the largest value that occurs when
evaluated for all elements
c) Number of equations per block
d) Number of blocks

e) The name of the subroutine used to solve equations

GAUSST is considerably more economical than GAUSS2. GAUSS2
allows the solution of very large systems. The equation solver that will
be used for a given problem can be anticipated. (See SIZE LIMITATIONS,
page A-15).

The region to be analysed is divided into elements with eight
nodes. The most general admissible element has faces which are
hyperboTlic paraboloids, (figure 1). Let (X, Y, Z) be a right hand

cartesian.

FIG. I. ADMISSIBLE FINITE ELEMENTS
- A3 -



coordinate frame. The complete geometry of an element is specified by

eight interpolation functions and the global coordinates of the nodes.,

i.e X X hi(r, s, t) X. i=1...8

1

-
i

z hi(r, s, t) Yi

I = % hi(r, s, t) Zi

where
X, ¥, Z are global coordinates of an arbitrary point in the
element
X:s Yis Z.  are global coordinates of the nodes

h.(r, s, t) are the same interpolation functions used in the
derivation of the element permeability matrix
(see Appendix B).
The interpolation functions map the finite element onto a cube with
- sides two units in length (figure 2). A scheme for ordering the nodal
point numbers is required to match corresponding interpolation functions

and global nodal coordinates.

N8 NG
|
|
\p N4 ]
| e
N S — S
/
Ve
7
7
NI
~ N3

FIG, 2. MAPPED REGION
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On the mapped region a right hand cartesian natural coordinate system
(r, s, t) is selected arbitrarily. The equations of the six faces are

r=+«1,s==21,¢t=1=x1,

Face Equation
1 r= +]
2 r= -1
3 s = +1
4 s = -1
5 t = +]
6 t = -1

Once the orientation of the (r, s, t) system is selected the nodal

point sequence N1, N2---N8 must be as shown in figure 2. The nodes

are numbered in pairs from the t = -1 face to the t = +] face progressing
around the t axis by the right hand screw rule. The first pair of nodes
55 determined by the intersection of the r = +] and s = -1 faces. To
recapitulate: (1) The arbitrary element is mapped onto a cube; (2) Three
faces of the cube are chosen arbitrarily to define the (r, s, t)
coordinates; (3) Once the (r, s, t) system is chosen the face numbers 1
to 6 are defined as above and the eight nodal point numbers N1, N2---N8

have a natural ordering which must be as shown in figure 2.

- A5 -



INPUT

The following sequence of punched cards numerically defines

the media to be analysed:

A)

START CARD (72H)

The characters FLPM3D must be punched in columns 1 to 6 of the
first card for each problem. (There is no limit to the number of
different problems). The remainder of the Hollerith field may
contain information to be printed as titles on the output. If an
error in the input data is detected by the program the current
problem is dropped and a search for the next FLPM3D card is
1nitiated.

CONTROL CARDS (915/4F10.0)

First Card

Columns

1 - 5 NP - Number of nodal points

6 - 10 NE - Number of elements

1T - 15 NM - Number of different 'media’ (maximum = 50)
16 - 20 NF - Number of distributed boundary flow cards

21 25 ND - Number of sets of reference direction numbers

26 - 30 NL - Number of loading cases (maximum = 3)
31 - 35 NV - Element velocity option
36 - 40 NB - Limit on allowable half-bandwidth

41 - 45 NS - Number of temporary element storage blocks

- A6 -



Second Card

Columns
1 - 10 AX - Global X component of gravitational acceleration
1T - 20 AY - Global Y component of gravitational acceleration
21 - 30 AZ - Global Z component of gravitational acceleration
31 - 40 UW - Unit weight of fluid in media

By a 'media‘ is meant a unique set of principal permeability
components of the generalized permeability tensor. These components are

defined by Darcy's Law

{q} = - [K] ( {grad p} + {F} )

where

{q} = fluid velocity vector

i

{grad p} pressure gradient vector

{F} = body force vector per unit volume due to gravitational

acceleration

[K] = components of permeability tensor

Since principal components are input, the components of [K] must be
transformed to components relative to the global basis. Direction
numbers are input for this purpose (see section E).

If NV = 0, flows are derived from the pressure field at the
centroid of each element and output. If NV = 1 the flows are also
evaluated at element nodal points and averaged with adjacent elements.
It is to be noted that for NV = 1 increased storage is required as well
as a substantial increase in computation time.

ND is a safety device. If the upper 1imit on the half-
bandwidth is exceeded by any element, execution of that problem is

- A7 -



terminated. Since the program contains an equation solver that will
handle very large systems an error on an element card resulting in an
erroneously high half-bandwidth could prove to be costly if this device
is not used.

Since elements are very often similar, considerable savings
can be realized by utilizing the same element permeabi]ity matrix for
all of'its similar elements. For this reason it is possible to specify
up to three temporary storage regions in which common e]ement properties
are stored for reference by other elements (see (J) ). It is to be
noted that storage is reserved dn]y for the number of blocks specified

by WS.

C)  LOADING CASES CONTROL CARD (215)

One card is required for each Toading case.

Columns

T - 5 NPL - Number of specified non-zero nodal flows for
this loading case '

6 - 10 NEL - Number of element faces with distributed normal
flows for this loading case

D)  PRINCIPAL PERMEABILITY COMPONENTS (15,3F10.0)

One card is required for each unique set of components.

Columns
1- 5N - Identification
6 - 15 KI
16 - 25 KII Principal permeability components where
26 - 35 KIII I, II, III are right hand cartesian axes.

- A8 -



E) DIRECTION NUMBERS (I5,6F10,0)

One card is required for each unique set. These numbers are used
to compute basis transformations between global and principal

permeability axes.

Columns
1 - 5 N - Identification
6 - 15 Pl
| Direction Numbers for
16 - 25 Pp2 I Axis
26 - 35 P3J
36 - 45 Q1
Direction Numbers for
46 - 55 Q2 IT Axis
56 - 65 Q3
I z
\
\
\
\
\\
\ 9y
O Ve Y
7
/
/
/P
/
/
/
X /
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Let P and Q be points on the I and LI axes respectively. Let global
coordinates of P be X(P), Y(P) and Z(P) with a similar notation for

points 0 and Q. Then

P1 = X(P) - Xx(0)
P2 = Y(P) - Y(0)
P3 = Z(P) - Z(0)
Q1 = X(Q) - x(0)
Q2 = Y(Q) - v(0)
Q3 = Z(Q) - z(0)

Note that these numbers are not unique but serve to uniquely specify the
I and II axes. The direction cosines for the III axes are obtained in

the program by forming a vector (cross) product.
F)  NODAL POINT CARDS (315,4F10.0,15)

Columns

1 5 NI

Nodal point identification number
6 - 10 K - Nodal point data generation option
11 - 15 KD - Boundary condition code

16 - 25 X - Global X coordinate of NI

26 - 35 Y - Global Y coordinate of NI

36 - 45 7 - Global 7 coordinate of NI

46 - 55 P - Value of pressure boundary condition if KD = 1,
otherwise blank

5 - 60 L - Boundary value generation parameter

The value of KD is:
0 if nodal flow is specified

1 if nodal pressure is specified
- A10 -




Pressure boundary conditions must be the same for each loading
case.
If a series of nodal points occur on a straight 1ine only the

first and last nodal point of the series need be input if:

1) each nodal point in the series is obtained from the
previous by adding a fixed constant. The data generation option K is

the value of this constant.

2) If the value of L is

KD is set to zero for each generated node

u
L=
o
]

- P is set to zero for each generated node if
KD = 1 on input card

b) 1 - KD is set equal to that of the first node 1in
' the series

- P is set equal to that of first node in
series for each generated node if KD = 1

c) 2 - KD for each generated node is set equal to
that of first node in series

- P for each generated node is interpolated
linearly between end nodes if KD = 1

Note that it is not necessary to input the nodal cards in numerical
sequence (i.e. order of increasing nodal point numbers). Suppose
nodal point data cards for nodes NI and NJ are input in succession.
If the numerical quantitly NJ - NI is -

a) positive: nodal point data will be generated for nodes

NT + K, NI + 2K,...... Nd - K
b) negative: no noda]_point generation

This option is illustrated in the examples given with this report.

- A1l -



NON-ZERO NODAL FLOW BOUNDARY CONDITIONS.(IS,F]0.0)

One set of cards is required for each Toading case. The number of
cards must be equal to NPL in (C). If NPL is zero for a particular

case no cards are input for that Toading.

Columns

1 - 5 NI - Nodal point identification number
6 - 15 Q - Non-zero specified nodal flow (positive flow
if fluid is added to node, otherwise negative)

SURFACE BOUNDARY FLOW TYPES (I15,4F10.0)

One card is required for each unique distribution of normal flow

through an element surface.

DISTRIBUTED FLOW
NORMAL TO
ELEMENT SURFACE

Columns
T - 5 N - Identification number

6 - 15 QI - Magnitude of outward norma] flow at node NI

16 - 25 QJ - Magnitude of outward normal flow at node NJ

26 - 35 QK - Magnitude of outward normal flow at node NK

36 - 45 QL - Magnitude of outward normal flow at node NL

- A12 -



Note that nodes NI, NJ, NK, N1 must be ordered by right hand
screw rule about the outward normal. Specifying four magnitudes allows
a bilinear variation in normal flow. Equivalent nodal flows are
evaluated by the program using numerical integration. Specifying nodal
flows rather than surface distributions is computationally more

economical.

I)  SURFACE FLOW LOADING CASES (415)
One card is required for each element face in each Toading
condition that has surface flow. The number of cards must agree
with NEL given in (C).
Columns
T - 5 L - Loan case number (1, 2 or 3)
6 - 10 NE - Element identification number
11

15 NF - Face identification number (a number from 1 to 6
as described previously)

16 - 20 N - Identification number of loading type in (H)
above

J)  ELEMENT CARDS (1814)

Columns
1 - 4 NE - Element identification number
5- 8 M _W
9 -12 N2 -
13 -16 N3 -

Element nodal point numbers in sequence

17 - 20 N4 - ¢ discussed previously

21 - 24 N5 -
25 - 28 N6 -
29 - 32 N7 -

33 - 36 N8 -/
- A13 -




37
41

45

49

53

57

61
65
69

40
44

48

52

56

60

64
68
72

ND

GET

STORE

Il

12

I3
J1
J2

Media identification number

Identification number of applicable direction
numbers. If left blank the principal axes of
permeability are taken to be coincident with
global X, Y, Z axes

The element permeability matrix for this
element will be obtained from storage block
identified by the number GET

The computed permeability matrix for this
element will be stored in storage block
identified by the number STORE for reference
by elements input later whose GET is equal to
this STORE

Increment factor for 1 dimensional element
generation

Increment factor for 2 dimensional element
generation

Increment factor for 3 dimensional element
Number of elements in a row when I2 #0

Number of elements in a plane when I3 # 0

IT, I2, I3, J1 and J2 are used to generate rows, planes and three-

dimensional arrays of similar elements. Two elements are similar if

1) one element can be obtained from the other by translations

2)

(no rotations) along the global axes;

the nodal point sequence N1, N2....... N8 is preserved under the

above transtation;

the element numbers of the generated sequence form an

arithmetic progression with an increment of unity;

- A14 -



FIG. 3 ELEMENT
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4) the media and direction number identifications as well as the
value of GET for each generated element are identical. If

both GET and STORE are specified on an element data card then

the STORE applies to the input element while the GET applies to

the generated elements.

5) the surface boundary flow loadings must be identical for

similar elements.

When such a sequence occurs only the first element need by
input. That element whose identification number is equal to the number
of elements must always be input.

The use of I1, I2, I3, J1 and J2 is illustrated by the

following example (figure 3).

NE N1 N2 N3 N4 N5 N6 N7 N8

1 5 6 21 22 17 18 1 2

2 9 10 25 26 21 22 5 6 IT =4
3 13 14 29 30 25 26 9 10 12 =8
4 21 22 37 38 33 34 17 18
9 45 46 61 62 57 58 41 42
I3 = -39

10 6 7 22 23 18 19 2 3

a) Elements 1,2,3 form a row. The nodal point numbers of element 2
are obtained by adding 4 to each nodal point number of element 1.
Element 3 is obtained similarly from element 2. Hence the value
of IT is 4. This applies to each set of 3 elements (1,2,3),

(4,5,6)..... (25,26,27).

- Al6 -



c)

Element 4 in the second row is obtained from element 3 in the
first row by an increment factor of 8. Similarly element 7 is
obtained from element 6. Hence value of 12 is 8 and since
there are 3 elements per row the value of J2 is 3. This

applies to each of the sets (3,4), (6,7), (9,10),....(24,25)

Element 10 in the second plane is obtained from element 9 in
the first plane by an increment factor of -39. Element 19 is
obtained similarly from element 18. Hence value of I3 is -39,

Since there are 9 elements per plane the value of J3 is 9.

Consequently the 27 elements can be generated by inputing element 1 only

(If element 27 is the last element in the media, it must also be input)

as follows:

- NE

N2 | N3 [ N4 | N5 | N6 | N7 | N8 | IT I2 | I3 {4J2 | J3

27

47

48 | 63 | 64 | 59 | 60 | 44

As an illustration of two-dimensional generation elements 17 through 18

can be generated from element 10 as follows:

NE

N1

N2 | N3 | N4 | N5 | N6 | N7 | N8 | I1 | I2 | 13 | J2 | J3

10

- A17 -



As an illustration of oneédimensiona1 generation elements 11 and 12 can
be generated from element 10, elements 14 and 15 from 13, and elements 17

and 18 from 16 as follows:

NE | NI | N2 | N3 | N& | N5 | N6 | N7 N8 | 11 | 12 | 13 | 92 | J3

10 6 7122123118119 2 3 4

13 122 | 23 138/39] 34| 35 18 | 19 4

16 | 38 | 39 | 54 | 55 | 50 | 57 34 | 35 4

"WEDGE" ELEMENTS

These elements are admissible and are useful for approximating
irregular boundaries and for mesh gradation. Note that whenever a
mesh contains one or more of these elements the velocity option

parameter (NV on CONTROL CARD) must be zero (0).

|

l

!

!

|

) E—
/

/ Y
/
/ /

K)  STOP card
Normal termination will result if the word STOP is punched in

columns 1 to 4 on a sparate card following the last problem data.
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SIZE LIMITATIONS

(a) NP*(5 + NL ) + 6*ND + 4*NEL + 99*NS + 4*NF < MTOT

NP = Number of nodal points

NL = Number of load cases

ND = Number of sets of direction numbers

NS = Number of temporary element storage blocks

NEL = Total number of element faces with distributed
normal surface flows for all loading cases

NF = Number of distributed boundary flow cards

(b) The number of rows of equations in a block is evaluated by the

following logic using integer arithmetic.

NC = MM + NL

NCT = NC + 1

NRZ = (MTOT - NL*NP)/NC]
NR = NR2/2

IF  (NR2.GE.NP) NR = Np
IF  (NR.LT.MM) GO T@ 60

ITYPE = 1
G@ T@ 70
60 ITYPE = 2

70 NSET = (NP - 1)/NR + 1

where
MM = Half bandwidth
NR = Number of equations per block
NSET = Number of blocks
GAUSST will be called if ITYPE

i
—

GAUSS2 will be called if ITYPE

il
~N
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If ITYPE = 1 and NSET = 1 then N4 = NR*NC1 + NL*NP Otherwise
N4 = NR*(2*NC + 1) + NL*NP

Three additional size limitations are

i) N& < MTOT
ii) NR*NC > NP
iii) NR > 2

Actually ii) was imposed to allow for more efficient coding and

hence does not result strictly from limitations on core storage.

The above four restrictions are checked by the program. Execution is

terminated if any are violated.

CHANGING ALLOWABLE CAPACITY

Changing the overall capacity of the program has already been
described. The only other limitation is on the number of different media
(described as 50 herein). This limitation can be altered by changing the
50 1in the following COMMON assignment in the 3 subroutines in which it
occurs. |

COMMON / MATARG /

1 UWT,ACCG,E(50,3)

TEMPORARY STORAGE UNITS

Logical units are assigned for temporary storage in the main

program by the statements

NTAPET = 1
NTAPEZ = 2
etc.

- A20 -



The number of temporary storage units required depends on the

equation solver used and on the number of loading cases.

Number of Equation

Loading Cases Solver

1 GAUSSI
GAUSS2
2 GAUSSI
GAUSS2
3 GAUSSI
GAUSS2

Storage Units

NTAPE2, NTAPE3,
NTAPE2, NTAPE3,

NTAPE2, NTAPE3,
NTAPEZ2, NTAPE3,

NTAPE2, NTAPE3,
NTAPEZ, NTAPE3,

NTAPET is required for all cases.
and 6 are the printer READ and WRITE units.

SUBROUTINE CPTIME

NTAPE4
NTAPE4, NTAPE5

NTAPE4, NTAPES
NTAPE4, NTAPE5

NTAPE4, NTAPE5, NTAPE6
NTAPE4, NTAPE5, NTAPE6

Note that Togical units 5

This subroutine calls the library routine SECOND(T) which

returns the elapsed central processor time in seconds from the beginning

of the job. Subroutine CPTIME is called six times by subroutine FPCALL.

The values returned by these calls are used to evaluate the time log

printed with the output.
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APPENDIX B

DERIVATION OF FINITE ELEMENT PERMEABILITY
MATRIX AND FLOW VECTOR FOR
THREE-DIMENSIONAL FLOW IN POROUS MEDIA




The functional defining Darcy flow in a porous solid was given

in Section 3 as:

1
v

+ Jpﬁi n; pds , (B.1)
¢ ,

where:

p is the fluid pressure

is the local (engineering) permeability tensor
F. is a body force
9;  are prescribed boundary flows

are djrection cosines of the outward normal to the
boundary surfaces
o is the mass density of the fluid

v is the volume occupied by the solid

S is that portion of the boundary surface for which
flows are prescribed.

Application of the finite element method divides the volume into
subregions (elements); the boundary surface is then defined by the

surface of the elements.

where M s the total number of elements

In using the finite element method to obtain approximate solutions from
(B.1) we require p to be a continuous function and possess piecewise

continuous first derivatives. In this report we take the three-dimensional

- B] -



finite elements as shown in Fig. A.1. Each element is defined by 8
corner nodes and the interior region (global coordinates x, y, z) lies

within

where r, s, t are natural coordinates as shown in Fig. A.2. The mapping

between the global and natural coordinates is given by (A. 1) where

hi (ry s, t) = (1 +r 'Ri) (1 % S - Si) 1+t - Ti) (B.3)
where:

Ry = <1, 01,1, 10, -1, -1, -1, -1 »

S; o= <=, 21,0, 0,0, 1, -1, -1 >

T. = <=1,1, -1,1, -1, 1, -1, 1 >

Since (A.1) produces a continuous mapping of the interior
region of V, a continuous distribution of fluid pressure is also given
by

8
p= % h, P, (B.4)

where Pi are the nodal values of the pressure.

The element permeability matrix and flow vector for each

element are derived from

U, () = 1 j o < 0P > [0] (0P} -2 {F)) av

AVm

(B.5)
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where:

<DP > = <« 9p  9p P >

X’ 3y’ 23z
-

{F}' = < FX , EY s P>

r— b

K K K

XX Xy Xz

[0} - v Ny Kz

_sz Kyz Kz;_

pressure gradients

body forces

Tocal permeabilities

in global

coordinates

Using (B.4) the pressure gradient vector can be expressed in terms of the

nodal pressures as

{DP} = [B] {P} (B.6)
where
r -
oX X aX
(8] = | °m o ohg (8.7)
dy dy oy
| 9z oz 3z ]
.
{P}' = < P] P2 P8 >
Now
Uy (P) = S < P> [QKI (P} - < p > (g} (B.8)
where
[ok] = f o [81" [D] [8] av (8.9)

Vi
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BaAEYE S

and

{qr =
v

m

J o [81" [D] {F} dv

(B.10)

The elements of [B] are obtained by use of the chain rule for

differentiation.
Accordingly,
/
\
where
[J] =
N\
and
’
[R D] =

Q
1]‘”

Qo
m’”

Qo
rf-lQ)

[eBX Ko
[ P

—

|
|

@
=

(o]
-
N

1 |

Q
><|°)

|o

N

Qo
N

|

Q2
wn

Q
~N

|

Q2
+
—

- B4 -

Q
N

[H D]

7
.
oo

Z8J

(B.11)

(B.12)

(B.13)



The pressure gradient vector may now be expressed as
P} = [oT [WD] (P} = [B] (P} (8.14)

The determinant of [J] is the jacobian, XJAC, for each point

(r,s,t) in the natural coordinate frame. By making a change in

coordinates to the natural reference frame for (B.9) and (B.10) the

integrals become

( ) XJAC dr ds dt

_———e | =
—_—— | —

(B.15)

which can be accurately evaluated numerically using Gaussian formulae

repeatedly in the three directions.
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APPENDIX C

EXAMPLE PROBLEM

FLOW UNDER A BARRAGE
SUPPORTED ON VARIABLE MEDIA FOUNDATION




1.0 Problem Statement

A simplified prablem of flow under a barrage supported on a
two-media foundation and a finite element idealization is described in

figures C-1 to C-5.

2.0 Graphical Results

Pressure distributions along base of barrage obtained from

computer program are plotted in figures C-6 and G-7.

3.0 Input Data

Pages (-8 to C-12 is a listing of data cards.

4.0 Computer Output

Computer output for the example problem begins on page C-13.



N S

~— 9 .
ELEVATION
MEDIA |
IMPERMEABLE (ISOTROPIC
///////3// o4 K= 100
/ 4
/
/
/
MEDIA 2 - // /
(ISOTROPIC y
K=10) p / | 6
/
/
/
//
//
/ i

ST T

PLAN

FLUD UNIT WEIGHT ———— .0
GRAVITATIONAL ACCELERATION — 1.0

FIG. C-I FLOW UNDER A TWO-MEDIA BARRAGE
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1" WEDGE 1
ELEMENTS

FIG. C-2 FINITE ELEMENT IDEALIZATION



127 175 223 271 319 367 4039 45

ST
T BT
ST A7 I
ST
Srnsssshd ).

454
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44| 92| 140| 88| 236] 284| 332! 37| 46 /
417 /
48 /
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49 426 /
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FIG. C-3 NODAL POINT IDENTIFICATION
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Ki= Kg= Kg®

100

131 12l 106 /86 6l / 3l

//
o

€)
136 | 131 |21 | 106] 86| 6 | 3 | 1
136 [132 | 123|109 | 90 {66 | 37 | 7
138 | 133 [ 125 |12 |94 |7 |43 | 13
139 | 134 {127 | 15 | 98 | 76 | 48 | 19
140 | 135 [ 129 {8 | 102 | &1 | 55 | 25
FIG. C-4 ELEMENT

IDENTIFICATION- MEDIA |
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Ki= Kp= Kg= 10

ol o
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\&P
196 |

\ A
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220
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1 2
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£55
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FIG. C-5 ELEMENT IDENTIFICATION — MEDIA 2
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FLPM3D EXAMPLE
PROBLEM
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PRESSURE

X

FIG. C-6 PRESSURE ON BASE OF BARRAGE

- C6 -



20

PRESSURE

o)

FIG. C-7 PRESSURE ON BASE OF BARRAG
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NUMBER OF NODaAL POINTS ee000000%00000000c06a0
NUMBER OF ELEMENTS eoee00p0e0oe0Coeaenpono@oCo®
NUMBER OF MATERIALS cceccoc0o0c0c000so00c0od
NUMBER OF SURFACE FLOW TYPES 22%0006000020000¢0
NUMBER OF SETS OF DIRECTION RATIOS ccccoescos
NUMBER OF LOADING CASES evoeecoe®9Pcroopnoc@ontel
eLEMENT VELOCITY OPTION 0e000e0%000c000@p0a0
t IMIT ON ALLOWABLE HALF BAND WIDTH ceccsaesocs
NUMBER OF ELEMENT STORAGE BLOCKS ceco00089000
FONSTANT ACCELERATION IN X DIRECTION osococeo
FONSTANT ACCELERATION IN Y DIRECTION 0000000
FONSTANT ACCELERATION IN Z DIRECTION cococsoe
ACCELERATION DUE 7O GRAVITY scevccccccccccoe
ONIT WEIGHT OF FLUID 000900000090 00DQCORQ00 0

W &
O

-1 D =2 D D N O 1 O

f

3
et [t (et DD ¢
® ® ® o ©

[ =31 X~}

DD |
O3 !
D2 |
0o |

I QAD CASE P0000°002000000000000090000000000G00
NUMBER OF NODES WITH PRESCRIBED FLOW cocecoceao |
NUMBER OF ELEMENT FACES WITH

PRESCRIBED SURFACE FLOWS ccoceo0ceccccscsccas

Dbmaf

b=
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FI PM3D  FLOW UNDER DAM_SUPPORTED ON TWO MEDLA FOUNDATION
- MAaTERIAL . PRINCIPaL PERMEABILITIES
TYPF

S . 15 S I71..
1 : «10000E+02 «100Q00E<Q2 °1000QE*Q2
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CF1 PM3D

NONRE

O R RO QW s

FLOW UNDER DaM SUPPORTED ON TWO MEDIA FOUNDATION

® ©® © @ 3

fiwn Blow Bl Bl ¥

=]
]

0o

GLOBAL COORDINATES

Y

0o .
1.00000
2000000
300000
4000000
5906000
0o
1000009

2806000,”

3@0ﬂ000
4906000
5000000

3900000
4000000
500ﬂ000
Qo
1@00000
200“000
3906000
000000
5@0”000
0o
1.0000¢
2@00000
3,00000
4@00000
5.00000
0o
l.onooo
200@000
3000000
QQQQOOO
5.00000
0o
1@0ﬂ000
2o0ﬂ000
3300000
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4.0
400

v &
)
OO

50,00

® ©

e
CODOoOOOD O
OO D IO KD IO ID IO 1D 1D 1D 101D

OO0 DI OIS IO I OIS

G‘O*Q‘G\UIUTU!U!

PRESCRIBED
PRESSURES

20.00000

21.00000

22,00000
23.00000
24.00000
25,00000
20.00000
21,00000

22.00000

23, OOOOO
24900000
25 00000
20.00000
21,00000
22,00000
23.00000
24 00000
25 00000
20,00000
21.00000
22 00000
23.00000
24 00000
25.00000
20.,00000

21, 0000@
22.00000

23.00000
26, 00000
25.,00000
20.00000

21,00000

22. 00000
€3.00000
26.00000
25.00000
20,00000
21.00000

22, 00000

23,00000



FI PM3D  FLOW UNDER DAM SUPPORTED ON TWO MEDIA FOUNDATION
GLOBAL COORDINATES PRESCRIBED

No-E X \ z . PRESSURES
41 e 4000000 6.00000 24.00000
42 Do . ... 5.00000 6.00n000 25,00000
4" 1.00000 0o _ ' 00 " 20.00000
4o 1.00000 1,00000 0o

48 1.00000 2400000 0o

4e 1.00000 3400000 0o

47 1.00000 6900000 0o

QQ 1°QQQQQ 5000000 00 . SE_ NI SN g
40 1.00000 0e 1.00000  — 20.00000
57 1.00000 1600000 1.00000

51 1.00000 2:00000 1.00000

5> 1.00000 3.00000 IQOOQQQ

52 1.00000 4000000 1.00000

Sa 1.00000 5000000 1,00000
5% 1.00000 Qo . "2.00000 " 20.00000
56 1.00000 100000 2.00000

57 1.00000 2000000 2.00000

58 1.00000 3500000 2000000

859 1.00000 4@00000 EGOOQQQ

6" 1.00000 5400000 200000 e
47 1.00000 0o 3,00000  20.,00000
62 1.00000 1.00000 3.00000

67 1.00000 2400000 3.00000

64 1.00000 3.00000 3.,00000

6 1.00000 4500000 3.00000

64 1.00000 5.00000 3.00000 L
67 1.00000 0o 4400000 €0.00000
6e 1.00000 1.00000 4.00000

60 1.00000 2000000 4400000

7" 1.00000 3.00000 4000000

77 1.00000 4000000 4200000

72 1.00000 5000000 4000000 . .-
7 1.00000 0o 5.00000 20.00000
74 1.00000 1,00000 5200000

7 laQQQQQ 2900000 SOOOQQQ

7a 1.00000 3,00000 5000000

77 1,00000 4000000 5.00000

7R 1.00000 5000000 5.00000 L
70 1.00000 Qs 6,00000 20,00000
8- 1.00000 1.00000 6,00n00
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FIPM30  FLOW UNDER DAM SUPPORTED ON TWO MEDIA FOUNDATiON

GLOBAL COORDINATES PRESCRIBED

NORE X Yo z ... PRESSURES
RY 1.00000 2,00000 6.00000

82 1.00000 3.00000 6.00n00

82 1.00000 4900000 600000

8a 1.00000 5.00000 6.00000 .
8= 150000 0o +30000 20.00000
84 1:50000 1.00000 50000

87 1.50000 2:00000 250000

8R 1.50000 3000000  ,50000

89 150000 4200000 230000

9’ 1:50000 5.00000 250000 . .
9 2:00000 0o | 0o 20.00000
92 2200000 1200000 0o

92 2000000 2000000 Oe

94 2.00000 3200000 0o

9= 2200000 4900000 0o

9e 2.00000 5.00000 0o . L
97 2000000 0e 1.00000 20.00000
9 20.00000 100000 loOOQQQ

90 2000000 2400000 1.00000

0~ 2000000 3.00000 1.00000 ﬁ

n 2:00000 4000000 1.00000

las 2,00000 5:00000 1.00000 o
1nn 2:00000 0o . 2.00000 20.00000
loa 2.00000 1.00000 2.00000

lng 2.00000 2000000 2.00000

loe 2200000 300000 2000000

ln7 2:00000 4000000 2000000

losa 2.00000 5.00000 2.00000 N .
lno 2.00000 0o 3.00000 20,00000
117 2.00000 1000000 3.00000

111 2.00000 2000000 3.00000

112 2400000 3000000 3.00000

112 2:00000 4200000 3:00000

114 2.00000 5000000 3:00000 L
11w 2.00000 0e 4200000 20.00000
11 2000000 1200000 4400000

117 2.00000 2000000 4200000

lir 2200000 3400000 4000000

110 2000000 4000000 400000

12 2.00000 5.00000 400000
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GLOBAL COORDINATES PRESCRIBED
ND -E X ... Y z . .. PRESSURES _
123 2:00000 Qo _ . 5:00000 20.00000
122 2200000 1400000 3600000
1722 200000 2000000 500000
124 2000000 3000000 5.00000
175 2.00000 %900000 5:00000
124 2000000 5.00000 5.00000 .
177 2200000 0o _ 6000000 20.00000
12p 2000000 100000 6200000 S
124 2.00000 2000000 600000
13; 2400000 3900009 6.00000
13 2000000 4900000 6200000
13> 2.00000 5000000 6.00000
133 2.50000 Qo. . . 1.50000
134 2.50000 1200000 1.50000
13= 2:50000 2.00000 “1e50p00 T o
13/ 2.50000 300000 150000
137 2250000 4400000 1.50000
13a 2+50000 5.00000 1.50n00
139 3.00000 0o 0.
le- 3.00000 1000000 0. B .
ley 3.00000 2000000 e
142 3.00000 3.00000 0o
149 3@99@99 @@QQOOO 0o
l4a 3.00000 5000000 0o ...
las 3200000 Qo ., 1.00000
14 3.00000 1200000 1.00000
la7 3,00000 2.00000 1.00000
l4n 3.00000 3,00000 1.00000
lsa 3.00000 4.00000 1.00000
15~ 3:00000 5.00000 1.00000
153 3.00000 0o 2,00000
152 3200000 1.00000 2000000
152 3:00000 2:00000 2.00000
154 3.00000 3.00000 2.00000
155 3.00000 4200000 2000000
154 3.00000 5.00000 2000000
157 3.00000 0o 3.00000
158 3.00000 100000 3.00000
150 3.00000 2¢00000 3.00n00
le-~ 3.00000 3,00000 3.00n00
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NONE
la1
162
1l
l6a
los
la.
l67
169
la0
17°
171
172
174
174
17«
17.
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170
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189
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184
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18a
180
lo-
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19>
194
l94
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19n
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2nr
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GLOBAL COORDINATES

Y—- Y .
4000000
5.00000
0o
1006000
2000000
3@00000
4@00000

5@0@000

O0e

loOﬂOOQ
2@0000@
3000000
4000009

'5@0ﬂ000

0
1.00000
2«09000
3000000
Qeonooo
5@00000
0@_
1a06000
2@00000
3@0ﬁ000
QeQQOOQ
5000000
0o .,
leOﬂOOO
2@0ﬂ000
3e 00000
4o 0ﬁ000
5@0ﬂ000
0o
100ﬂ000
2@09000
BGQQOOQ
4999009
500000
0o
1@0ﬂ000
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FI PM3D  FLOW UNDER DAM SUPPORTED ON TWO MEDIA FOUNDATION

GLOBAL COORDINATES PRESCRIBEN

NO- E X . Y. z ... PRESSURES
2ni 400000 2000000 2.00000
2n> 4200000 3000000 2000000
2n2 4200000 4s00000 2000000
ena 4200000 5.00000 2.00000
2ns 4200000 0o | 3.00000
2ne 4900000 1.00000 3.00000
2n7 4200000 2000000 3.00000
20n 4200000 3000000 ~3.00000
209 4200000 4200000 3.00000
2y- 4500000 5,00000 3,00000
21y 4.00000 0s 4000000
21> 4.00000 1,00000 4,00000
217 4200000 2.00000 4,00000
214 4200000 3,00000 4.00000
21& 4.00000 4000000 4.00000
214 4.00000 5.,00000 4.00000
217 4.00000 Qe 5.00000
21% 4$.00000 100000 5400000
210 4.00000 2000000 5.00000
2z - 4200000 3200000 5:00000
221 4OQQQQQ 499@000 SaOOQQQ
22> 4,00000 5,00000 5.00000
271 4.00000 0o . 6.00000
22¢ 4,00000 1.00000 6.00000
27% %+00000 2,00000 6.00000
22 4.00000 3000000 6200000
227 4200000 4,00000 6.00000
22n 4.00000 5.00000 6.00000
229 4,50000 0o . 3.30000
23 4.50000 100009 3.50400
231 4.50000 2.00000 3.50000
23> 4.50000 3.00000 3.50000
23 4,50000 4900000 3.50000
234 4.50000 5.00000 3.50000
23x 5.00000 0 0o

23a 5.00000 100000 0o

237 5.00000 2000000 0o

23a 5.00000 3.00000 0,

230 5.00000 4200000 0o

24 5.00000 5,00000 0o
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Y
4@0ﬂ000
5@0ﬂ000
0o
1000000
2@00000
3@06000
4@0000@
5000000
0o _
1@00000
2®0ﬂ000
309000@
40006000
500000
Qo _
1000000
2@9@000
3000000
6.00000
5.00000
Qe
1@00000
2@0ﬂ000
3000009
éeOﬂOOO
5@00000
0o . .
1009000
2@09000
3@09000
4@00000
5@0ﬂ000
0e . _

1. QnOOO
290ﬂ000
3@00000
4@06000
5@06000
0o _
1.00000
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FIPM3D  FLOW UNDER DAM SUPPORTED ON TWO MEDIA FOUNDATION

GLOBAL COORDINATES PRESCRIBEDN
NonE X___ .. Y . . z . PRESSURES
323 6.00000 2000000 600000
322 6.00000 3000000 6.00000
3213 6.00000 4000000 6.00000
374 6.00000 500000 6.00000
K15 6.50000 Qo ., . SeSQQQQ
324 6050000 1000000 5.50000
327 650000 2000000 5450000
328 6.50000 3000000 5050000 i
320 6.50000 4000000 5650000
33° 6.50000 500000 5:50a00 .
33y 700000 0 . . 0o 0o
33> 700000 100000 0e
332 700000 2000000 0e
331& TOQQQQQ 3009009 Oo
338 700000 4000000 0e
33¢ T.00000 500000 Qe _,. .
337 700000 0 . 1.00000 0o
330 7.00000 1.00000 1.00n00
330 7.00000 2000000 1.00000
36 7200000 3.00000 1.00000
361 T.00000 4000000 1.00000
34> 700000 5.00000 1.00000 .
349 7400000 0o 2,00000 0o
344 700000 le00000 2000000
345 7200000 2000000 2000000
36e 7.00000 3.00000 2.00000
347 7400000 4000000 2.00000
36n 700000 500000 2000000 .
340 7.QQQQQ 0@_‘ BQOOQQQ o
35° 7.00000 1.00000 3.00000
353 7200000 2000000 3.00000
352 7.00000 300000 3,00000
357 700000 4000000 3.00000
354 7.99999 590(‘)000 3000990 .
35% 700000 0o 4400000 0a
35¢ 7.00000 1000000 4500000
357 7.00000 2600000 4.00000
350 700000 3.00000 4200000
380 7000000 4200000 4000000
36 7000000 500”000 4n00ﬂ00
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360
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37>
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¥

Qe . |
1@9@009
2000000
3099000
40@@00@
500000

5000000
De.. .
IQQQOOQ
2909000
3.0000¢0
4¢00000
S¢00000
0s .
1203000
2@90009
3.00000
400000
5¢00000
0o . .
100000
EQQQOOQ
3000000
4200000
5.00000
0o .
1.00000
2000000
3@0000@
QOQQOOQ
5.00000
0o ‘
100@009
2000000
300000
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GLOBAL COORDINATES PRESCRIBED

NONE X . ... Y. . z .. PRESSURES
401 800000 4000000 4.00000
40> 8500000 5600000 4000000 B
4n=2 8.00000 Qe __ 5.00000 Ne
404 800000 1.00000 5.00000
405 8:00000 2000000 5.00000
4n, 8.00000 3200000 5000000
4n7 8.00000 4000000 5.,00000
4na 8600000 5000000 5000000 o
4na 800000 0o 6.00000 fa
417 8500000 1.00000 6400000
4y 8.00000 2000000 6.00000
41> 8400000 3.00000 6000000
412 8,00000 4000000 6200000

4V 800000 5.00000 6.00n00 N
41= 9.00000 0o = 0. 0o .
416 9000000 1,00000 0o 1.00000
417 9.00000 200000 0. 2.00000
41n 9200000 3000000 0. 3.00000
410 900000 4200000 0. 4.,00000
47’ 9.00000 500000 0o, _. 8.00000
425 9.00000 0s . 1.00000 . ..
422 9200000 1200000  1.00p00 1.00000
4?71 9.00000 2000000 1.00000 2.00000
424 9.00000 3.00000 1.00000 3.00000
42% 9,00000 4200000 1.00000 4,00000
4Pe 9200000 5000000 1.00000 500000
4?7 9.00000 Qe . 200000 fo ..
4?0 9.00000 100000 200000 1.00000
4?0 900000 2200000 2000000 2.,00000
43- 9.00000 3.00000 2.00000 3.00000
4133 9.00000 4200000 2:00000 4.00000
43> 9.00000 5¢00000 2.00000 5.00000
433 9.00000 0o _ 3.00000 0o ..
411‘ QOQQOQQ 1000000 3000990 130000@
43c 9.00000 2000000 3.00000 2.00000
43¢ 9.00000 3.00000 3.00000 3.00000
437 9.00000 4000000 3.00000 6.00000
43p 9.,00000 5.00000 3.00000 5.00000
430 9.00000 Qe 400000 0o .
44 9.00000 1.00000 4.00n00 1,00000
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Yv.‘_ -
2000000
3000000
4200000
500000
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100000
2¢00000
309900@
4000000
500000
0o
1000000
20200000
3009009
4000000
500000
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FI PM3D  FLOW UNDER DAM SUPPORTED ON TWO MEDIA FOUNDATION
LNAD CASE 1

NODE _PRESSURE
1 a20000E¢02
2 021000E¢02
3 .22009E¢02
4 0230005¢02
5 eZQQQQE*OE
6 g25099E¢02
7 e200n0E*02
8 «2100QE+02
Q .22000E+02

1o 023000E*02

11 eZQQQQE¢02

12 925000E¢02

13 a20000E¢02

14 921000E¢02

15 aZEQQQE¢nZ

16 023999E¢02

17 «24000E+02

18 .25099E¢02

19 s20000E+ (2

25 e?lQQQE*OE

21 922Q0QE¢02

ee ZBQQQE¢02

23 .24009E¢n2

24 o25000E¢02

2% +20000E+02

26 a21)OQE¢0?

27 eZEOQQE¢02

28 923090E¢02

29 ¢24000E¢02

30 025000E¢02

31 020000E°02

32 oElWQQE@OZ

33 022000E¢02

34 o23090E¢»92

35 0 24000E+N2

3o 025n09E¢92

37 «20000E¢ (2

38 a21000E+02

39 .22000E¢02

4 w23099E¢QZ

41 n24400E¢02

42 e25090E¢02

43 °200(_)0E¢92

44 «14672E+02

45 «11462E402

406 010408E¢02

47 c10044E+02

48 09956 0E¢01

49 0200005¢n?

50 2 17230E+02
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Fi PM3D FLOW UNDER DAM SUPPORTED ON TWO MEDIA FOUNDAfﬁQN
I NAU CASE

NUDE PRESSURF
51 915675E¢02
52 ,153?3E¢02
53 e154?3E¢02
5¢ ,154§1E¢02
55 520000E¢02
56 o1828¢EM2
57 91738@E¢02
58 017377E¢02
59 3176¢9E602
60 o177@65@02
61 020000E¢02
62 0188%8E¢02
63 .183%5E¢n2
64 .18533E¢n2
65 »18903E¢92
66 o‘90¢9E$02
67 a200005@92
68 019253E¢02
69 e19009E¢02
75 ,19303E¢02
71 g197?6E¢n2
72 919889E¢ﬂ2
73 020000E¢02
T4 ¢19596E¢n2
75 o19574EM2
76 ﬁ199?45¢x2
T7 .20386E¢02
748 .205%7E002
79 o20000E¢02
80 .20332E¢02
81 e2U404E¢02
82 e2NT91Een2
83 0212€2E¢02
86 0214P6E¢ﬂ2
85 ,20000E¢02
86 e13386E¢02
87 310597E¢02
88 .95690E¢01
89 .91475E¢n1
9t .90445E¢01
91 e200005@02
92 .11935E¢02
93 .94384E+nl
94 983193E¢01
95 978645E°nl
96 »774?5E¢nl
97 920900E¢ o4
98 912005E602
99 .99945E¢nl
100 «89630E+01
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FIPM3D  FLOW UNDER DAM SUPPORTED ON TWO MEDIA FOUNDATION
LAAD CASE 1

NODE PRESSURE
701 085432E¢01
102 0B42T6E+N]
103 @20000E¢02
104 ,14113E¢n2
$05 e12756E¢n2
106 «12232E+02
TO7 s12077E+02

. 108 °IZOSSEME
109 ,20000E¢02
110 015488E¢02
711 «14519E+ 02
12 914239E¢n2
713 «14278E+02
14 .142%2E¢n2
115 o20000E+02
116 016449E+02
517 e15763E¢r,2
v18 a15634E¢02
719 .15701E¢02
bR «15751E+02
y2l e200005«'02
722 @17219E¢02
723 e16777E¢n2
724 3167a1E¢"2
125 2 16850E+02
126 016912E¢02
127 oaoooomoa
y28 9181¢1E¢w2
729 017749E¢n2
130 .177%1E¢n2
131 517873E¢02
v3e 6179?9E¢"2
133 012597E¢n2
7346 a10609E¢02
V35 090308E¢01
v 36 9835Q2E¢r1
137 oBOETIEMI
“38 o79415E¢ﬁ1
v39 095113E¢”1
140 690663E¢ol
141 97¢434E¢w1
742 «66622E+ 11
143 962983E¢W1
144 0619%2E¢r1
145 .98909Een1
146 9951?8E¢ﬂl
147 aRIGQSEML
148 2 T4333E+ 0]
149 .71104E¢01
159 o T0194Ee (]
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FI PM3D  FLOW UNDER DAM SUPPORTED ON TWO MEDIA FOUNDATION
LnAD CASE 1

NODE PRESSURF
151 a91308E¢01
52 <89689E+01
753 «82632E+01
154 e78017&01
155 - 75868E+71
756 975232E¢n1
757 0115?9E$”2
758 '011338E¢n2
159 °105¢1Ee02
160 0102?96-:402
761 510194E¢02
162 e101795@02

763 q12996E¢n2
164 a12844E¢m2
165 6122%0E¢Q2
166 .12n315¢n2
167 .12057E¢q2
168 a12()76E¢02
769 614107E¢na
170 914012E¢n2
771 s 13567E¢~2
;72 913470E¢02
773 ol3¢90Ee02
74 e13512E¢n2
775 915]71E¢02
776 15019E¢02
=77 9146%7E¢02
178 a14552&:2
779 s 14675E022
180 ,]46¢0E¢n2
781 078&94E¢n1
Y82 cTT455E+ 0]
?83 07@647E¢ﬁ1
184 °72589E¢n1
785 371691E¢ﬂ1
186 @714$3E¢r1
187 @60473E¢nl
788 0SBSnTEML
789 554865E¢n1
195 e5127%@01
191 e&gsﬂéE@nl
792 a48984E¢nl
793 967198E¢nl
194 065546E¢11
195 @625¢6E¢nl
796 e59439€¢ﬂ1
197 05799QE¢01
198 9575%5E¢ﬁl
199 069138EM1
200 968179E¢01
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Fi PM3D FLOW UNDER DAM SUPPORTED ON TWO MEDIA”FOUNDAILQN_W
LnAD CASE 1
NODE PRESSURE
201 06629éE&01
202 3646¢3E¢01
203 663863E¢nl
204 963658E¢nl
205 967675E¢nl
206 c6T560E+01
207 e67577E¢n1
~08 .67662E¢nl
999 a679ﬂ7E¢01
bl) eéSOPQEﬁnl
211 e88000E«~»01
12 a877?4E¢nl
~13 687685E¢m1
214 0879§6E¢01
215 aBBSQOEML
216 «B8R7TE+ 1
217 eln287E¢02
»18 °10269E¢02
719 010290E¢’02
Y- 0103Q5E¢02
221 0194?9E¢02
o222 a10%65%:@02
223 e114?4E¢n2
=24 a11475E¢02
225 114%2E¢02
226 a11521E¢n2
227 o‘lé‘hE¢02
228 e116¢8E®02
229 e58890&01
239 m596¢3EMI
231 06138WE¢01
232 e6331nE¢01
233 9646%7E¢n1
-3¢ 965131E¢n1
235% e3729¢E¢w1
~36 e 37398E+n 1
-37 037677E¢01
»38 37887E¢nl
239 QBSGQBE&OL
24 . 9381135601
41 9451¢8E¢01
42 454«4E¢nl
243 a458€7E¢n1
o244 a4639‘¢E¢! 1
=45 o46716E~s’01
246 9468a85¢01
247 o49319E¢nl
48 «49863E¢0]
749 950972E¢01
250 052214E+n1
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Fi PM30 FLOW UNDER DaM SUPPORTED ON TwO MEDIA FOUNDATION

LnAD CASE
NODE PRESSURE
251 953ﬁ17E¢01
=52 953308E¢n1
=53 9509¢3E¢n1
254 .51894E¢~1
555 0539§6E¢nl
256 ,56217E¢ 1
=57 @57712E¢nl
258 a5823¢E¢n1
=59 950678E¢nl
261 052281E¢nl
261 eSS6n3E¢nl
262 059268E¢n1
263 e61610E¢01
266 962415E¢01
265 06T273E+ 0]
2606 268B94Een]
=67 9722?2E¢r1
=68 0757%8E¢ﬁ1
269 978n69E¢nl
27 °78891E¢01
71 m79686E¢r
572 980950E¢ﬂ1 -
273 084315E¢ﬁ1
~Te 3878n2E¢01
275 @90109E¢01
276 @90917E¢01
s77 °¢1792E¢f1
>78 344188E6ﬁ1
~79" a50767Eenl
281 .561§0E¢01
281 9594?7E¢ﬂ1
=82 06ﬁ5§3E¢nl
283 0188n9E¢01
284 @20646E¢nl
=85 @2452154«1
286 027536E¢w1
-87 n29465E$31
>88 630132E¢01
289 327172E¢n1
299 928399E¢01
291 +32891E+11
292 0360795¢nl
293 ,381?6E¢v1
294 038831E¢“1
295 9312&8E¢01
296 032910E¢01
297 e38395E¢ﬁ1
998 e$2016E¢01
299 oé%éanéol
200 «45275E+n1
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F1 PM3D FLOW UNDER DAM SUPPORTED ON TWO MEDIA FOUNDATION
L.nAD CASE 1

NODE PRESSURE
201 0333%6E¢01
202 35338E601
203 «41688E+q]
204 046206E+01
205 o490645+n1
206 e50040E+01
207 ©36012E+01
?JB 036566E¢nl
209 0441?6E¢n1
alo o49697E¢n1 5
all 053162E¢ﬂ1
212 .54338E¢Ql
313 ©33572€+01
214 236129E+01
215 c46428E4Q1
2l6 a53247E¢nl
217 357417E¢n1
218 .588?5E¢n1
219 94477IE¢11
220 e50189E¢01
221 e59281E¢ﬂl
222 e65919&01
223 «6992TE+ 1
ﬁ2$ 0713n1E¢P1
125 o15262Ew~1
226 o31408Eml
227 0441%7E¢ﬂ1
228 oSZW?@E@ﬁl
229 057006E¢nl
239 A958710E¢01
?31 e
232 988879E¢00
233 e]5877E%n1
134 021364E¢ﬂl
235 025041E¢n1
236 026388F+n1
137 ")o
234 .16794E¢ 1
139 023931E¢ l
24 296?9E¢01
261 .33393E¢f1
242 Lo 34766E+ "1
143 Ne
244 204075¢01
245 o288%5E¢nl
246 935013E¢nl
247 a38995&'\1
248 0 60439E+01
49 fe .
25) 0e22369E€¢n1
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Fi'PM3D  FLOW UNDER DaM SUPPORTED ON TwO MEDIA FOUNDATION
1.nAD CASE
NODE PRESSURE
351 .31790E¢01
252 938587E¢ﬂ1
253 a¢2907E+n1
254 044659+ 11
255 Mo _
256 923§69E¢n
257 .34111E¢n1
258 ,a16§9E¢n1
259 0464nTEe )] ; |
:60 948090E¢01 ’ ‘ 1
161 “. . |
162 «2546TE®n]
263 .37384E¢m
~64 .a5768E¢ 1
265 .509?3E¢n1
266 e52749E+
267 e )
268 e29415E*‘1
169 .42983E¢w1
T 05193¢E¢n1
271 57468E¢n1
172 0594q4E¢ﬂl
273 T
274 ,33503E¢00
275 a126?7E+ 1
- aT6 .204?3E¢01
277 9267?4E¢n
176 0290095001
279
28 910711E¢01
281 .20104E¢nl
282 .28n33E¢rl
i83 034Q?7E¢P1 .
284 +36685E+n1 !
ﬂBS ;o
186 0125g3E¢01
287 923161E¢3l
288 931354E¢ﬂ1
28Y o37884E4n1
291 040169E+n1
291 de e
292 0 135853E+n]
293 °24871E+nl
194 ¢33450E+n]
- 1395 °40161E+0]
296 _e42502E+n1
'%97 00
298 914385E+nl
2199 o263‘;9E¢01
600 035336E+n1
- C42 -




FI PM30  FLOW UNDER DAM SUPPORTED ON TWO MEDLA FOUNDATION
LnAD CASE ) A

NODE PRESSURE
4Vl 042258E¢n1
402 044665E+n1
403 e e
404 QISTnéEtgl
405 02874TE+n
406 0381n2E+01
607 545229E+n1
408 047699E¢n1
409 ﬂe L. .
4ly 823050E¢ol
all .35936E¢“1
8 V- 945515E¢nl
413 =527n8E+01
416 «55200E+n1
415 Ce .. L
416 «10000E+01
417 +20000E+01
418 +30000E+01
419 «40000E+01
6an ,e50000E+01
lLZ]. e . PR
w22 °10000E+01
423 °20000E+n]
w24 e30000E+01
425 +40000E+01
426 .e50000E+n1
w27 Ne e .
428 -10000E+01
429 220000E+01)
w39 03QQQQE¢Q1
431 «40000E+01
632 .*D0000E%nl
/"33 ,‘ﬂ o A g
434 °100Q0E+Q]
435 220000E«0]
636 «30000E+n1
437 °40000E+0]
4348 *eSOOOOEG‘Ol
439 tie _ | .
64 210000E+Q1
44l «20000E+ Q]
442 «30000E+Q]
443 «40000E+01
644 ‘05()000E"'01
/t‘@b " a e a -
446 -10000E+01
667 «20000E+Ql
A‘@B a30000E"91
469 «4000QE+D]
&5 «50000E+01
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FIPM3D  FLOW UNDER DaM SUPPORTED ON TWO MEDIA FOUNDATION
| nAD CASE : 4

NODE PRESSURE
451 ao e aa .
452 «10000E¢01
453 «20000E+01
454 «30000E+01
455 °40000E%Q]
456 «50000E+01
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F1 PM30D FLOW UNDER DAM SUPPORTED ON TWO MEDIA FOUNDATION
L.nAD CASE 1
NNDE RESTOUAL
1 0o
4 0o
3 0o
4 0o
5 0o
6 0a
7 0o
8 T
9 0
10 0o
i1 0e
2 0.
K 0.
T4 0.
;5 Qn
16 0.
17 0.
18 0.
19 0.
20 0.
21 0.
22 0.
23 0.
24 0o
25 0.
26 0.
>7 0.
-8 0.
=9 0.
20 0.
al 0.
acl 0.
3 0.
‘4 0.
25 0.
26 0.
=7 0.
28 0.
29 0.
60 0.
4l 0.
ue 0. .
43 . 11369E=12
44 «85268E-12 .
45 2 78167E=12
46 216232E=]1
a7 2« 10090E=11
48 o 11084E=11
9 0o .
& 2« 17337E=11
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FI PM30 _FLOW UNDER DaM SUPPORTED ON TWO MEDIA FOUNDATiON
I nAD CASE 1
NNDE RESIDUAL
&1 013927Eﬁ11
&2 311937E@11
&3 85265E=12
eb gl3v?éE®i1
85 0o
6 a288¢8Ew11
a7 e31974E“11
58 0 19327E=11
g9 c16769E=11 N
e’ _s11546E=11
&l e . e -
el «189npE=11
&3 c27569E=11
&b 023448E=1]
&5 226006E=~11
&6 _e13252E=11
7 e
8 923377E°11
a9 c29761E=11
70 «22098E=11
=1 037659E=11
72 _e13287E=11
=3 Ne I
74 e33751E=11
%5 03 1985@11
76 «31051€E=11
77 03637°9E=11
°8 _o13571E=11
79 Ne . _
a9 a22808E-11
al «57554E=12
r2 511866E°11
a3 0945 ?EalZ
24 _m667Q1E“12
a5 No
26 ,]4239E-1ﬂ
al .1n687Emln
a8 094T86E=]]
79 299192E=1]
00 _e37517E=11
ﬁl 0o - ——
02 eZBﬂEZE“ll
o3 ”627853E“11
a4 =.51159E=12
05 0o .
06 =, 11369E=117
a7 . Qe
o8 ,11987Es1ﬂ
_89 =, 10616E=]10
10 =.18062E=10
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FIPM3D  FLOW UNDER DAM SUPPORTED ON TWO MEDIA FOUNDATION
LnAD CASE i
NNDE RESTDUAL
171 =215138E=]0
] *2 @7574&E"’11
1~3 0. . __
1°6 0156497E=11
15 092371E=13
1°6 084555E=12
1°7 «58265E=12
i°8 0994 76E=13
179 0.
170 025722E=11
141 ea2633E=13
172 =.17621E=11
763 .92371E-12
176 0 146566E=12
175 oa B
156 022169E=11
1577 =e97344E=12
178 =s13145E=11
179 =, 675/2E=12
120 =.43343E=12
121 0o o
122 «12861E=11
123 =.49738E=13
124 =233396E=12
195 =.29132€=]2
i26 =,32685E=712
177 Ga .
158 «78167E=13
129 ©:48317E=12
120 ©o13145E=171
121 =.1r871E=11
122 =e54712E=]2
723 055717E°1?
124 ,11394Ea1n
125 01094?Ealn
126 o561335&11
127 «51159E=]11
728 «37659E=11
119 n3922?E 11
Yai .27285E=]1
lal ©.11653E=]1]
742 ©.15916E=]1
143 021032E=11
144 +93792E=]2
145 e1819qE-11
166 =.32688E=]]
147 e1253¢Enln
748 =.286422E=11
149 =.39790E=]11
159 =, 19043E=11
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FIPM3D  FLOW UNDER DAM SUPPORTED ON TWO MEDIA FOUNDATION
ILnAD CASE

NODE RESTDUAL
1&1 aB?ESSE"ll
i&2 =e14637E=]n
123 =.13372E=11 ) B
1&@ .11092Eu1n
1&5 .1318@Ee1n
vaﬁ 3@&125-11
187 =e43363E=12
7=8 c14921E=12
7&9 =,13323E=11 N
1&0 .500935“ g
161 =.11973E=11
142 =.24869E=13
163 ©.14211E=13
Teé 051159E=12
145 =.86686E=12 o
‘ﬁ6 075318E"12
Ta7 =, 19898E=11
168 = 11369€=12
1%9 351‘369E-12
17” 059686E‘12
1“'1 083844E“12 - -
172 .17764Ew11
173 e{4;9238&»12
174 .16165E~12
775 =, 42633E=]2
176 «99476E=13
177 =.6537nE=12
178 - 83844E=12
779 =,13642E=11
YQD a32685E“]?
171 «21743E=11
182 «34106E=11
a3 039719Ew11
ED «24727E=11
1n5 042649nE=11
126 ,3n6955=11
1R7 =+39793E=]2
a8 ,88117E°12
189 = 68212E=12
100 =e31264E=12
191 =.88117E=]12
792 ,45475E912
yo3 =.34106E=12
104 =s42633E=12
ie5 =s13927E=11
o6 048317E=]12
107 =.44906E=]11
198 .162P0E311
199 ©.19327E=11
200 .187535«11
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'F1 PM3p FLOW UNDER DAM SUPPORTED ON TWO- MEDIA FOUMDATION DU

L.AAD CASE 1
NODE RESIDUAL
271 0« 13358E=]1
2-2 =s17053E=]1p
?‘3 063665E®ll - R
2 4 ©,32827E=11
25 062741E611
276 alézéaEalﬁ
2°7 aIZSS§Ewln
28 e1279nEw1n
2'9 =.12875E=1p S
250 =.50377E=11
2¢1 =e54001E=]2
272 612186E°]1
273 oSZSSnE-ﬂl?
254 a17337Ew11
275 011653E°11 e
??6 323ﬂ93Ea13
-7 e99é76E-13
278 1f161Em11
219 =.1737¢E=]1
220 =11798E=]1
221 =.17800E=]1
222 07212nEw12
?53 33979ﬁE512
254 =.11653E=11
225 ”084199E312
2296 .11759Ew11
257 =.11475E=1]
228 .2522&E-12
259 &33&?E»12
220 934319Ew11
221 o 17 161En11
222 c11795E=11
233 c54712E=12
??4 o]]@@PE”n]
225 =.25581E=12
236 01@211E811
237 368212E-12
248 93‘26¢E“1?
'?19 0341~ 6E°12
240 336948E°12
241 =.3979AE=] ig
?62 01@779E°1‘
243 a3r9BnEwM
244 0196115ﬂ11
245 aBSaagEali -
246 ”9881n7Eﬂl
247 @1989§E912
248 e3126@5—»12
?@9 aT36¢?EaﬁT
280 =,21885E=11]

- C57 -




FlPMBD FLow UNDER DAM SUPPORTED ON TWO MEDIA FOUNDATION
LAAD CASE
NNDE RESTDUAL
251 =, 29843E=]2
282 =71 054E=12
253 6852655“13w e S o
284 =.49170E=11
285 eZ?ZBSEwlv
286 e3@3%&11
287 e.1932“76«ﬁ;'ﬂ
78 =.19327E=11
289 =.34888E-1)
240 =.10374E=]10
2al =o11489E=17
2e2 e7311@3&»11
el elizlqﬁaln
P6b =.39293E=11
245 =.78160E=13
266 ‘ 9561336w12
?67 949738E31 3
268 @6ﬂ7515812
269 ©,579-9E=]12
270 =.67235E=12
271 022?37Ea12 o
272 aSTSSaE-wz
273 m68567@@1?
274 = 48672E=12
275 m65015Ea12
276 = 8526§Ea13
277 .19185Ew1?
298 m36238Ew12
279 «24158E=12
2R0 =.,18048E=]11
20l = 5@0015»12
2r2 ©.42633E=13
?QB 062528&"1?
24 =.11653E=11
285 = 17337€=1]
2R6 =e2r179E=]1
PR7 =oB85265E=12
288 =, 19895E=]2
2R9 =, 28422E=13 ) -
290 e]SDé@E”l!
?Ql @Qﬁ6@3EWll
292 =e30127E=11
203 @254376»11
?04 aéllﬂ?Ealg
295 @56843E312
16 ©.14211E=1]
207 =233 6E=11
268 @73896Em12
?a@ =.23022E=11
380 =.1279nE=11
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FI PM3D . FLOW UNDER DaM SUPPORTED ON TWO MEDIA FOUNDA AT10
LnAD CASE 1

NNDE RESTDUAL
3°1 =.85266E=]2
3-2 0 11084E=11
373 azsolleeni
34 ©044622E=11
3°5 =.48033E=]]
3‘6 ©211084E=11
37 «62528E=12
38 eeaalzﬁavz
3'9 ezssageanz
379 ~.21885E=11
371 a477485w11
312 ©e341-6E=12
373 - 27711Eal1
3174 =o5528nE=1]1
375 ©.T4891E=1]
376 ~@7r557E®n1
377 =17 9745m]n
378 w@@ 679E=11
379 =015277E=12
320 =o2M250E=12
3x1 =e41922E=]2
322 m36501%€a12
323 =.67257E=12
356 =.11369E=12
325 =e6"396E=]2
356 “a1577¢Em11
357 = 16271E=]]
328 w322q9aE-11
359 =.13927E=11
33 = 10090E=11
331 Ne

3?8 “a]7ﬂ53E@1?
3.3 = 14779E=11
334 =e2/ 179E=11
3?5 @968212E“12
326 =, 724 75E=712
327 0o .
328 =.1279°E=11
329 =025295E=11
340 “.24158E=12
341 m9213165ﬂl1
342 =, 46896E=12
343 Na

44 =.15916E=17
345 “.11653E=1]
346 =e26432E=17
347 =.15632F=12
348 =.243n1E=11
349 0o . -

?ﬁ{) “’e@SQT%ETZ
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“FIPM30  FLOW UNDER DAM SUPPORTED ON TWO MEDIA FOUNDATION
LLNnAD CASE

NNDE RESIDUAL
3e] .12221E~;1
3e2 gléannEall
33 =.38796E=11
364 =,27179E=11
385 Na - e
386 .2@7?7E~11
3:7 023874E“11
38 .2&727E~11
39 ,35385E=11 _ 3 e
3410 . 16200E=11
35‘1 Ne

362 ma76739E“12
3a3 ,79581E~12
3e6 «11937E=11
365 “05¢001Eﬂ1? -
346 = 10090E=11
367 0o

348 047ﬁ73E-13
369 =, 15765E=11
370 =.27178E=11
341 =a11133E=11
372 =.15157E=11
373 0o e -
374 =,39797E=12
375 © 14211E=12
376 g9521?Ew1?
377 o1563?Em}_1
378 _.B85265E=12
379 Do L
3al . B81n7E=12
3n1 021743E=11
382 85265E~1?
3a3 338867E=11
IRG _e2 179E=11
3ns M

3nb =.341" 6Ea1?
?QT a]7053E“’12
3R8 3?4]58E=1?
3a9 993792E«12
300 _e6537nE=12
3al Ne -
302 = 28422E=72
393 0o T6T739E=12
3al a2¢158E=12
395 @14566Cw11
. -‘306 mo‘$2633E‘”13
307 0a .
308 =e54001E=12
309 =, 17053E=12
é.l:‘o 0.
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FiPM3D  FLOW UNDER DaM SUPPORTED ON TwO MEDIA FOUNDATION

LNAD CASE 1

NNDE RESIDUAL
4-1 «27001E=12
éfa ?910090E=11
6-~3 0o _ _  __
664 022737E=]12
65 =s11369E=]2
4" 6 =.28422E=12
477 =254001E=]12
4.8 _036948E°12
4-9 0o _ . _. -
470 c17053E=12
Q’l ¢Q3QIQ§E312
@;2 06]131E012
433 248317E=12
64 =.28422E=13
415 N
476 e
417 G
418 Qo
419 Do
420 0o
42] 0o
422 0o
4>3 D
=6 Oe
45 fo
626 D
427 Ne
4>8 Oe
429 0o
A T)) 0.
42l De
422 Ne
423 Ne
624 Do
425 0o
&~06 0o
QQT Qo
478 0s
699 ‘i
4460 0.
46l 0o
462 Ne
443 Ue
644 0o
445 Na
!@46 Qn
4a 0o
448 0
449 0
‘S‘:O 00
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FI PM3D  FLOW UNDER DaM SUPPORTED ON TWO MEDIA FOUNDATION

I.nAD CASE

NNDE RESTDUAL
48] 0o

682 De

483 0a

684 0o

485 Qu

456 0a

- C62 -




F1 PM3D

TIME LOG
TTME IN FPIN = 1,768
TIME IN FPEL = 44400
TIME IN FPST = 140810
TTME IN GAUSS = 15,968
TIME IN FPRE = 60426

TnTAL TIME =

43,372

TIME PER NORE
TIME PER ELEMENT
TIME PER NORE
TIME PER NORE
TIME PER NORE

NOMBER OF EQUATIONS ©000000000000000000000008@ 456
HalLF BAND WIDTﬁ 0000000000000 0290000000000080 56
NHMBER OF EQUATIONS PER BLOCK 2000000000000 ¢00 39

NMIMBER OF BLOCKS 00000000000 00002%000000000060
FNUATION SOLVER 20006000

ILENGTH OF BLANK COMMON (MTOT)
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220000000920 0000 50

[=127) BER
[=EAVITVE

.88 0.

FLOW UNDER DaM SUPPORTED ON TWO MEDIA FOUNDATION
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-147€0i
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APPENDIX D

LISTING FOR COMPUTER PROGRAM FLPM3D
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