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ABSTRACT

YEH, 6. T. and D. S. WARD. 1979. FEMWATER: A finite-element
Model of water flow through saturated-unsaturated porous
media. ORNL-5567. Oak Ridge National Laboratory,

Oak Ridge, Tennessee. 162 pp.
Upon examining the “Nater Movement Through Saturated-Unsaturated
Porous Media: A Finite-Element Galerkin Model," it was felt that the
mode] should be modified and expanded. The modification is made in

calculating the flow field in a manner consistent with the finite

) element approach, in evaluating the moisture-content increasing rate

within the region of interest, and in nulilerically computing the

nonlinear terms. With these modifications, the flow field is continuous
everywhere in the flow regime, including elemént boundari}es and nodal
points, and the mass loss through boundaries is much reduced. Expansion
is made to include four additional numerical schemes which would be |
more appropriate for many situations. Also, to save computer storage;

all arrays pertaining ‘to the boundary condition information are
compressed to smaller dimension, and to ease the treatment of different
probliens, all arrays are variably dimens'ioned in all subroutines. This |
report is intended to document these efforts. In addition, in the
derivation of finite-element equations, matrix component répresentation

is used, which is beliaved more readable than the matrix representation .
in its entirety. Two identical sample problems are simulated to show

the difference between the original and revised models. ‘
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I. INTRODUCTION

To study the transport of dissolved constituents in a subsurface
flow system, the velocity field therein must be determined first. A
finite-element Galerkin model has been developed to obtain the flow
field (Reeves and Duguid 1975‘. The continuity equation of water mass
governing the distribution of pressure head is solved by the Gzierkin
finite-element method subject to appropriate boundary and initial
conditions. The flow field is then computed with Darcy’s law by taking
the derivatives of the calculated pressure field. Inherent in that
approach, however, is the resulting discontinuity in the velocity at
element boundaries and nodal points, which unfortunately leads to a
violation of the conservation of mass in a local sense. When the
spatial distribution of the velocity is significant in the region,
inputting this discontinuous flow field to the contaminant transport
computation could conceivably produce a large error. This report
describes a method to overcome this problem, this is, soiving Darcy’'s
law for the velocity field at nodal points by the finite-element method
rather than by taking the derivatives of the pressure field. This
approach is consistent with the spirit of finite-element methods, and
yields, of course, continuous velocity over the whole region of
interest, including element boundaries ard nodal points. An alternative
method is to evaluate the velocity at the Gaussian points of an element
rather than at the nodal points from the pressure field with Durcy's
law ' (Segol 1976, Huyakorn and Pinder 1977). Because only the velocity

at Gaussian points are needed in tne pollutant transport computations if



CRRL-55¢/ 2

the Galerkin finite element is used therein, this method circumvents the
need to calculate the velocity at nodal points. However, if the
upstream weighting function is used in the pollutant transport
formulation, continuous velocity field at nodal points is regquired to
compute the optimum weighting factors. Under such circumstances, the
alternative approach is not applicable, and the proposed method must be
used. |
" In the development of the moisture transport model, the
time-marching is dealt with by either the Crank-Nicolson
central-difference or the backward-difference methods. The mass matrix
(the matrix associated with the time derivative) as derived from the
finite-element discretization in space is used without any
modification. However, in many situations, the mid-difference in the
time-marching would yield better results than either the central or
backward-difference if the con?sistem: mass matrix is used (Gureghian et
al. 1978). The mid-difference‘: option is, therefore, incorporated ino
the revised computer code.
Referring to the mass matrix, it appears as & unit matrix if the
spatial discretization is done with the finite-difference method, By
suitable scaling, the mass mat‘rix may be reduced to a finite-difference
equivalent if it is lumped (Clough 1971). The lumping of the mass
matrix in many situations results in a better-behaved global matrix
than that from no Jumping, in barticular, if it is vLsed along wiih the
central or backward-difference. time-marching. Thus, the 1umping ‘option

of the mass matrix is included in the revised code. r
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I1. MATHEMATICAL STATEMENTS

The original work (Reeves and Duguid 1975) is followed very
closely in the following statements of the problem. However, in the
derivation of finite-element approximations, matrix component
fepresentatim is used rather than the matrix itself. This component

representation is believed more readable.

1. Governing Equations

The governing equations to describe the pressure field in a
two-dimensional subsurface system are obtainad from the principle of

conservation of mass and Darcy’'s law. This can be written in the form:

L(h) = F 5 ah [ax ‘Ku g:: Xz az) (sz ax K22 az)] Q=0, (1)
where
Fega+po+ . (1a)
and
H=h+2z , (1b)

in which h is the pressure head; 6 is the moisture content; n is the
effective porosity; o' and g' are the modified coefficient‘s of

compressibility of the medium and water, respectively; K e sz,

sz, and Kz are the hydraulic conductivity tensor components, X

and z are the horizontal and vertica] coordinates, respective!y; t is
the time; Q is the artificial recharbe or withdrawal; and L is an

[ |
[ !
i
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operator. In general, Eq. (1) is nonlinear as both the soil
properties, F, and hydraulic conductivity, K, are functions of the
pressure head.

The initial condition of Eq. (1) is assumed to be known as:

= ho(x,2) inR , (2)

where ho' is a known function of spatial coordinates, x and z. R is a
region bounded by the curve B(x,z) (Fig. 1). The function, hy» may

be obtained by simulating the steady state version of Eq. (1) with
‘time-invariant boundary conditions. Three types of boundary conditions
are considered in the problem. In the first type (Dirichlet) boundary

the pressure head is prescribed:
= hl(x’z’t) on B], » (3)

where 81 is a portion of B, and h1 is a known function of time and

(x,z) on By- In the secord type (Neumann) boundary the flux is

prescribed as:

i

ah .. 3h oh,, oh ‘
[(Kxx ax YReg a7t Keg) ot (sz x kgt Kzz) ¢ "z] |

‘ (4)
‘ = qz onB ,
where n, and n; are the directional cosines of the outward unit ‘
vector normal to the B2 portion of the curve B. The third type is
the vériable in the sense that either the Dirichlet o the Neumann

- conditions may prevail,
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h = h3(x,z,t) on B3 , (5)

or

ah oh ah dh _
'[}Kxx ax Kz az tKe) o Ky Koz t K "z] = 43» (6)

where h3 and qy are two known functipns of time and (x,z) on the
B, portion of B. The boundaries;—Bl, B,, B3, and the impervious
boundary, B,, constitute the entire boundary, B(x,z) = 0. Initially
Eq. (5) is applied to tkre boundary B3 when the exact boundary
conditions cannot in general be predicted a priori. Such a case would
arise at the ground surfacé where either ponding (Dirichlet) or :
infiltration (Neumann) conditions could prevail (Segol 1976). This can
only be determined .in the cyclic process}of solving Eq. (1).

After Eq. (1) is solved for the pressure head, h [subject to
initial and boundary conditions, Eqs. (2) through (6)], the velocity

components are then obtained by,

. ah ., oh
Vx - (Kxx X * Kz ozt sz) ’
and h, h (7)
. ah ah
Vz " (sz ox * K, az * K, ) .

The important modification to the original work lies in the numerical

treatment of Eq. (7). Expansioh is made to provide optional numerical |

methods for solving Eqs. (1) through (6).




7 ORNL-5567

" 2. Finite -Element Approximations

Equations (1) through (6) are solved by the Galerkin finife-e]ement
method. Numerical procgdures for this method have been fully addressed
(Reeves and Duguid 1975), thus the theoretical basis of the method will
not be repeated, only the numerical procedures are summaried. The
region of interest is subdivided into an assemblage of smaller

 subdomains called elements. The quadrilateral bilinear element is
'uséd. Following the standard procedure of the Galerkin finite-element
method, approximate formulation of the pressure head h will be |

obtained. Thus, let the variable h be approximated in an element e by:
= 3 hi(t) N , (8)

where Nj and hj are the base function of e\eﬁent e and the
amplitude of h, respectively, at nodal point j. Upon the substitution
of Eq. (8) into Eq. (1) and application of the ortﬁbgonalify theorem,

R/‘ Ny L(h) R =0, §=1,2,3,4 , (9)
e

one obtains the following element matrix equation for element e:

[mi3] {ps} + [su]{h_i} +{og}+{asy =0, (10)

where Re is the region of the element e, dR is the differential area,

[
and the temporal derivatiye of the head, h1 is given below:

Chy e (11)
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The matrix equation coefficients are defined as:

Mij; = S NjFN; R, (12)
Re
oN. oN. oN au. :
- f [ ) _J. _j. o —l }
Sij R gax (Kxx ax + sz az )+ 57 9z (sz 9X zz az

e (13)

W Ny -
Di . 3sz 5;—-+ Kzz 37 -Q} R , énd (14)
Qi = J NfQZ dB +. J N‘i o Q3 @ , (15)

: Bez Be3

in which Be2 and Be3 are the boundaries of the element e,
- coinciding with the global boundaries 82 and B3, respectively. The
first term in Eq. (15) ap.-ars only for those elements having one or
more sides on L, and the integration is carried only over B,.
Similarly, the second term in that equation appears only for those
elements having one or more sides on 83. and boundary condition Eq. (6)
rather than (5) is prevailing.

In the original work (Reeves and Duguid 1975), the velocity
components in Eq. (7) were approximated as

N N

Keg 320 My = Kyg

= - Ky 3% * Kz 32

Vy
and (16)

oN N

V. = . (K __1+ _i)h

4 T ZX X ZZ 0z ZZ
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This formulation results in a velocity field which is not continuous at
element boundaries and nodal points if the variation cof the pressure
head is other than linear or constant. The alternative approach would

be to apply the Galerkin technique to Eq. (7), thus one obtains

[$ig] {ves} = ot

and ' (17)

fsis] {pas} - o

where
Sij = S NjNjR | (18)
Re
N, oN.
= - 3 —a
Dxi Rf Ni 3Kxxax hj + sz 9z hj + sz} R (19)
e
and
N N '
Xy Ay { ;
Dzi R/'"i isz ax hj + Kzz a9z hj * Kzz & . (20)
e

Referring to the element mass matrix (the matrix associated with
the time-derivative term) in Eq. (10), one may recall that this is a
unit matrix if the finite-difference formulation is adopted in spatial
discretization. Hence, by proper scaling, the mass matrix can be
reduced to the finite-difference equivalent by lumping (Clough 1971).

In many 6ccasions, the lumped mass matrix would result in better

| § §
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solution, in particular, if it is used in conjunction with the central
or backward-difference time marching (Gureghian et al. 1978). Under
such circumstances, it is preferred to the consistent mass matrix (mass
matrix without lumping). Therefore, an option is provided for the
lumping of matrix "ij' More explicitly, Hij will be 1umped

according to

. ‘
"ii = X fFlliNj'cR (no summation aver i) , (21)
j=1 R
e
and
Mij =0if i#j . (22)

3. Time-Marching Methods

An important advantage in finite-element approximation over the
finite-difference approximation is the inherent ability to handle
comp’lex'boundaries and obtain the normal derivatives therein. In the
time dimension, surh advantages are not evident. Thus, the
finite-difference m« ds are typically used in the approxiﬁation of
the time derivative. Three time-marching methods are adopted in the
present water flow model. In the first one, the central or

Crank-Nicolson formulation may be written as:

[MU] ({hj}t . AL - {hj}t)/At + &[§ij]({hj}t . AL+ {hj}t) N

{or} + {u} =0, (23)
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where {Hij}’ {Sij}' {Di}, and {Qi} are evaluated at (t + At/2).
In the second method the backward difference formulation may be written

as:

["ij]({hj}t SRR AR *[Sij] {hj}t ratt {Di} + {oi}= 0 , (22)

where [ni j]" [Sij]' {Di }, and {Qi} are evaluated at t + At. In the
third optional method, the values of the unknown variables assumed to
vary linearly with time dering the time interval, At. In this

mid-difference method, the recurrence formula is writien as:

(Z[Hij]/At + [Sij]){hj} e AL2 " -A—i [Mij]{hj}t + {oi} + {qi} =0 (25)
and

{hj}t +At = Z{hj}t +At/2 - {hj}t s (25a)

where [n”] . [51 j], {ni}, and {Qi} are all evalvated at t + At/2.
This option has been shown superior to the centrai or backward-
difference formulation, if the mass matrix is not lumped (Gureghian
et al. 1978). |

In summary, all element matrix equations presented in this section

can be written as:

[C‘J]{"J} - {R*} - {Qi} , (26)

where [c”] is the element coefficient lmatrix, {hj}is the unknown

vector to be found, and {Ri} is the elénent Yoad vector. Take, for

example, Eq. (24). [c”:’, {hj}, and {R1} represent the following:
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[ess] =[mis]rme + [si5] . (242)
{hj} - {hj}t +At > (24b)
and
frs} - (i) me) {mghe - {os} . | (24c)
respectively.

4. Ndaeri cal Integration

For a quadrilateral element with four corner nodes, a bilinear
polynomial base function for the i-th node may be written in terms of

local normalized cnordinates as:
Nj =% (1+£€5) (L+mg)  i=1.2,34 , (27)

where fi and n; are the local coordinates of the corner nodes,
which are numbered 1 to 4 progressing around the element in a
counterclockwise direction as shown in Fig. 2. The element is square
in the local coordinate system regardless of the shape of the
quadrilateral in the global coordinates. The global coordinates at any
point within the element e are given in terms of local coordinates by
the relatirnships

4

X s j§1 XJNJ

and (28)

Z= j%l ZJNJ ?
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where xj and zj are the global coordinates of the nodes and NJ. is

the shape function evaluated at the local coordinates, £ and 7. The
shape function, Nj, of the coordinate transformation is taken the
same as the basis function; hence, this eclement formulation is termed
isoparametric. The Jacobian for the transformation from global to the

Tocal coordinates is expressed as:

x 9z
13 = ‘
] - . (29)
ax dZ
K a1

Substitution of Eq. (28) into the determinant of this expression yields:

aN, N N N
3= vet [3] = (x; 52 * (g =5) - (2 a—g) . (x, 35) - (30)

" The integrals of Eqs. (12-14) and (18-19) over the area of the e-th
finite element may be written in local coordinates using the

determinant of the Jacobian to transform the elemental area:

11
Mij = { I]:NiFNj Jdndé , (31)
1 1 (N N N oN N oN
= — § i
S _{ _{ a7 K ax PR i) o Kuw K Ei)i

(32)
Jdgdn ,
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and
i =L Il * Kz -Of 3 . (33)
, 1 1
Sij = J J NiNj Jd&dn (34)
-1 -1
1 1 M aN.
* Ny f
Dxi .{ _{ "igxxx ax hj +sz oz hj +sz Jagdn ,  (35)
and
1 1 g aN N
.. o | i f
0,4 .{ -{ N K,y hj K, 33 hj + Kzz Jd&dn (36)

Integration of these equations is easily performed using 2 x 2 Gaussian

integration. A linear algebraic equation, Eq. (26), results since
{Qj} is a function of time only and the matrices, [n1 j] and [s”],

and the vector {Di} are evaluated for the previous iteration and time

step.

In order to evaluate [Sij]' {Di}’ {in}, and {Rzi}' expressions
for the spatial derivative of the interpolation function and weighting

function are necessary. The chain rule:

= []

S R

may be inverted to yield

Nl

(37)
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a
ex
=1
J -
a_
cz

using the definition of [J] in Eq. (29).

, (38)

When the top row of Eq. (38) is applied to the base function, N,
the following is obtained:

n [ m o M, oM

‘a?’ﬁ[‘ﬁ#’"a‘é“’j%"‘#] ’ ()
Similarily,

oN. N, oN. oN. oN .

%‘%'["‘fa‘%"?}"("j?&"‘ﬁ"]' (40)

Equations (39) and (40).(are in a form suitable for numerical
integration. The derivatives of N, with respect to £ and n can be
obtained by the partial derivation of Eq. (27).

5. Assembly of the Element Matrix

Equation (26) is evaluated for each element, and the direct stiff
method is adopted to assemble the terms to form a system of algebraic

equations as:

o - - - ) w

where [r”] is the global coefficient matrix and{Yi} is the global
load vector. The detailed discussion of the assembly of the element
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matrix into a global matrix has been presented (Desai and Abel 1972,
Reeves and Duguid 1975).

6. Application of Boundary Conditions
- Surfaces on which the Neumann-type boundary conditions, Egqs. (4)
or (6), are imposed yield pressure-independent entries in the element
column matrix {Qi}. These entries are evaluated by direct
application of substituting Eqs. (4) or (6) into Eq. (15) to yield
_ element normal fluxes. This is followed by assembling over all
boumdary elements having one or more sides on the boundaries 82 or
83 of B to yield a global column aatrix{Bi}. The results are
swstracted from the {X} to form {v.}.

At nodes where Dirichler boundary conditions are applied, an
identity equation is genérated for each node and included in the
matrices of Eq. (41). The detailed method of applying this type of
boundary conditions can be found elsewhere (Wang and Connor 1975).
Computationally, this is‘wdone as shom in Fig. 3. If the k-th variable
is prescribed, the k-th colum in the coefficient matrix, [Tij], is
stored. The k-th row anfl colum fn [T”] are set to zero and the
diagonal entry set equal :to one. The stored column matrix is
multiplied by the prescriped value of Y* and substracted from the
right-hand side of Eq. (41). This procedure effectfvely replaces the
k-th equation by the prescribed constraint. “

7. Solution of the Assembled Equations ‘

In solving the asseﬁﬂed equations expressed in Eq. (41), the

matrix [TU] is decomposed into the product of upper and Tower

i
1
|
|
|
|
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triangular matrices using the Crout-Dolittle method. The Tower
triangular matrix is used to modify the right-hand side {vi} for

back-substitutim into the upper triangular matrix to obtain a

:‘,.olutlon. If the matrix [T ] and the time step, At, do not

signf cantly change with time, the decomosltwn needs to be performed

: only once, and iteratvon is unnecessary. Typlcal'ly in the umsaturated

soﬂ-nmsture zone such a time-saving devu:e cannot be used and

~ decomposition. is necessary for each time step and each iterat.m.

8. Mass Balance i.ouputatim

The mass balance over the whole region of interest is obtained by

integrating Eq. :{1):

.1 N
S FxdR=7F d , (42)
‘R ~t g "

Y

where ° is the normal flux through the global boundary B(x,z) = 0
In fact, Fn denoteS:

= sh . oh eh 3h
Fa = [(ny x "zt Kt K ix PRt l(zz)"‘z]°(a3)

Having obtained the pressure-head field, h, one could integrate the
right- and left-hand sides of Eq. (42) independently. If the solution
for h is free o error, one would expect the equality of two
integrals. In the present report, the integral of the right-hand side

is broken into several components:

K
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Y
fp = B, Fat® > (a8)
Fy = J F.dB (45)
N BZ n ’
Fg= 5 F,d8 , (46)
3s
Fo= 5 F,d8 , and (47)
R
Fo= L Fem (48)
I BI n

where FD"FN' FS’ FR’ and FI represent the fluxes through the
“constant Dirichlet boundary, Bl; the constant Neumann boundary, BZ;
the seepage boundary, B3S; the rainfall-infiltration boundary, B3R;
and the impervious Neumann boundary, BI; respectively. On the other

hand, the integral on the left-hand side of Eq. (42),

Flw (49)

represents the volumetric increasing rate of the moisture content in the
region. In the model developed garlier (Reeves and Dugufd 1975), this

term was evaluated by

(50)

(S [=V]
ES
3

For exact solution, the net flux across the whole boundary,

B(x,z) = 0, defined by
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~ equation:
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Fret =Fp + FN + Fs + Fp + FT (51)

should satisfy the following equation
Fpet = Fy . (52)

In addition, FI should theoretically be equal to zero. However, in
any practical numerical simulation, Eq. (52) will not be satisfied and
FI will be non-zero. I(evertheless, the mass balance computation
should provide a means to check the numerical scheme and the

consistence in computer code.

9. Numerical Treatment of Nonlinear Terms

In computing the element matrices, nonlinear terms as function of

pressure head, h, are encountéred. Take for example, the following

Mij =1 NFRj R, (53)
Re

where F is, of course, a function of h, i.e., F = #(h).
Reeves and Duguid (1975) adopted the following approximation for F

as !

4
F(x,y) = 151 F1“1 &n (54)

where F is the value of F at nodal point i and was evaluated by Fy
s F(hi). This approach will yfeld large error when the variation of |

F with h s rapid unless the element size is set very small. A

1

consistent approach should be: ‘ ‘



4
F(x,y)= F (_21 hiN; (£,m)) . (55)
i=

In our revised mouel we have employed the approach shown in Eq. (55)
whenever nonlinear terms are encountered. It is worth noting that the
nodal values of h should be used to interpolate for the field values

of h. The field values of any other h-dependent variables may then be

. computed as a function of h. Nodal values of h-dependent variables,

cunwﬁed by the nodal values of h, cannot be used to interpolate for

the field values of such variables without risk of significant error.

10. Alternative Numerical Schemes

'Ifo conclude this chapter, Table 1 lists six alternative numerical
schemes used in this report. They are dependent on the method of time-
marching and the treatment of mass matrix. For example, scheme 1 uses

the céntral difference time-marching with no lumping on the mass matrix.

Table 1 Listing of alternative numerical schemes

!

Time-marching Mass matrix

Central Backward Mid-difference No lumping Lumping

X X

| X X

h N B W N e
>
>

v v st ), SR
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III. COMPUTER PROGRAM MODIFICATION AND EXPANSION

The overall program organization is shown in Fig. 4a and b. Except
for the name of subroutines, the original computer code (Reeves and
Duguid 1975) has been almost completely overhauled. The overhaul is
necessary to accomplish: (1) the application of the finite-element
method to the Darcy‘'s law, (2) the provision of six alternative
numerical schemes, (3) the modification of computing the volumetric
iintegral of the moisture-content changing rate, (4) the computation of
noﬁlineargtems, (5) the reduction of storage by compressing all arrays
of the boundary variables, and (6) the adoption of variable array in all
Subroutines.

A short main program is written to dimensionalize and initialize
all arrays and to specify the maximum dimension in each of the arrays.
The program is then passed to the subroutine, GW2DXZ, which was the main
program in the computer code developed earlier (Reeves and Duguid 1975).

Subroutine DATAIN has been substantially reduced by getting rid of
the duplication of codes that serve to read the steady state and
transient bouncary conditions. The compression of the arrays,
specifying seepage-rainfall, Dirichlet boundary, and surface source
term (or Neumann boundary) conditions, has been carried out also in the
subroutine DATAIN. The compression of boundary elements and nodes is
performed in the subroutine SURF.

The subroutines VELT and Q4D have been rewritten. VELT in the
revised model is used to sum over the element matrix [513], and
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Fig. 4. (a) Subroutine chart of the computer code, (b) Nonlinearity and rainfall-seepage iteration
loops in FECWATER computer code.
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element load vectors {Dxi} and {Dzi}' to form a global system of
algebraic equations governing the velocity components, Vx and VZ,
respectively. The subroutine subsequently calls BANSOL to yield the
solution. Q4D is called by VELT to evaluate the element matrix
[si'j] and element 10ad vectors {Dxi} and {Dzi}' The computed
continuous velocity is then returned to the calling subroutine GW2DXZ
through the argument. This velocity field is then passed to the .
subroutine BCPREP to evaluate the Darcy's flux across the
seepage-rainfall surface to ascertain the changing boundary .
conditions. BCPREP and SFLOW no longer call Q4S to calculate the
velocity at the Gaussi.: point on the element boundary for obtaining
the flux across the boundary surfaces. Instead, the velocity at
Gaussian points is computed from the velocity field at nodal points by
interpolation according to the principle of the finite-element method.
The subroutine ASSEMBL was modified to incorporate the
mid-difference options and a new subroutine BASE was programmed to
evaluate the basfs functions at Gaussian point. The subroutine BASE
was called by the subroutines, Q4, 3D, and Q4TH. The options of
Tumping or no-lumping were decided in the subroutine Q4. Subroutine BC
is the one with jeast change. it is altered only to accommodate the
variable arrays. The standard subroutine, BANSOL, remains intact.
Subroutines SFLOW and Q4TH were changed to compute the new way of
evaluating the volumetric integral of moisture-content changing rate.
It will be seen that the new method better preserves the conservation

of mass. Subrcutines PRINTT and STORE are modified for better display
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on printout and selectively storing the dynamic variables and
additional information of boundary elements and nodes on Disk Unit 2.
To store the information of boundary elements and nodes eliminates the
need for the subroutine SURF in the new waste transport model (Yeh and
Ward 1979).
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IV. RESULTS

Two sample problems are made to compare the results from the
original model (Reeves and Duguid 1975) and the revised model. The
first example is the seepage pond problem described in ORNL-4928 (Duguid
and Reeves 1976). The second one is the Freeze's transient problem
reported in ORNL-4927 (Reeves and Dugeid 1975). In addition, results
by all six alternative mnumerical schemes are compared in both examples.

1. Seepage Pond Problem

A seepage pond is assumed to situate entirel) in the unsaturated
zone above the water table. This pond provides a source of water which
infiltrates into the subsurface aquifers. After the water reaches the
water table, it flows toward a stream \Fig. 5). It is further assumed
that the system is composed of a highly permeable sand with soil
properties showmn in Fig. 6. For the finite-element computation, the
entire region is discretized by 595 nodal points and 528 elements
(Fig. 5). Seven nodal points on the stream-soil interface are
designated as Dirichlet nodes (Fig. 5). Seven nodal points on the
bottom of the seepage pond, namely, nodal point nos. 152, 164, 172, 180,
188, 196, and 207, are considered as constant Neuman flux points and
are assigned a constant infiltration rate of 4.0 x 1074 cm/sec. The
top sides of all elements on the sloping surface, except the two
elements immediately to the right of the seepage pond, are considered
the seepage-rainfall boundary surface. In other words, the nodal points

T Ay
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Fig. 5. Spatial discretization of the seepage pond problem.
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on this surface are either Dirichlet or Neumann points with the
infiltration rate equal %0 the excess rairfall rate.

Figures 7a-d show the Darcy's velocity vector plot and the
distribution of pressure head, total head, and moisture content as
simulated by the original model (Reeves and Duguid 1975). Figures 8a-d
depict those simulated by the present revised model. It is seen that
tw models yield almost identical results in pressure head, total head,
and moisture content. However, the velocity field computed by the
original code shows the discontinuity at every nodal point as can be
seen from,,,’!{ié. 7a, which illustrates the nonumique velocity vector at
all nodal points. The severity of the discontinuity depends on the
Yocation ranging from several hundred percent to negligible. This
discontinuity is completely eliminated with the revised model as can be
seen from Fig. 8a. Figure 8aA shows the unique velocity vector at al“l
nodal points. Table 2 shows the comparison of the computed Darcy's
velocity components simulated by the original and the revised models,
respectively, for three selective nodal points. These three sample
points are taken randomly from computer output to illustrate the
difference when two codes are used. It is seen that at nodal point |
no. 2, the vertical velocity component as computed from element no. 2
§s about 2.58 times that computed from element no. 1. The values of
the horfzontal coaponent, V,» at nodal point no. 179 as computed from
element nos. 159 and 160 are about 1.41 times those computed from
element nos. 152 and 153; while the values of the vertical i:ouponent,“

Vz, at the same point :as computed from element nos. 153 and 160 are '

about 4.69 times those computed from element nos. 152 and 159. At nodal

1
|
i
§
}
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|
1
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§
}
|
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Fig. 7. Flow variables of seepage pond as simulated by Reeves and Duguid model:
vector plot, (b) distribution of pressure head, (c) distribution of total head,

(d) distribution of moisture content.
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Table 2. Comparison of velocity components simulated by the original

and revised codes, respectively, at selected points

Original code

Revised code

Node no. Element no. (cmvé"l) (cmvg‘l) (cmvz‘l) (cmvg-l)
1 2.336-8  -2.53E-8  1.24E-8  -4.44E-8

2 2 2.33-8  -6.54E-8  1.24E-8  -4.44E-8
152 2.26E-5  -9.15E-5  3.03E-5  -2.94E-4

153 2.266-5  -4.31E-8  3.03E-5  -2.94E-4

o 159 3.31E-5  -9.15E-5  3.03E-5  -2.94E-4
160 3.316-5  -4.31E-8  3.03E-5  -2.94E-4

521 6.28E-5  1.85E-4  1.23E-5  1.84E-4

587 522 6.286-5  2.36E-4  1.23(-5  1.84€-4
528 7.80€-10  1.856-4  1.23E-5  1.84E-4

point no. 587, the vertical velocity component, Vz, as computed from

element no. 522 is about 1.27 times that computed from element nos. 521

and 528. On the other hand, results from the revised model show that

the values of velocity components are identical at the same point,

which is the case one should expect.

output with numerical scheme no. 2.

Fig. 8 is the plot of computer

Since the steady state solution is

sought, numerical scheme nos. 1, 3, 4, 5, and 6 yield identical results

as expected.
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2. Freeze Transient Problem

A very small laboratory-sized watershed measuring 6 x 3 m was
presented by Freeze (1972) to test his finite-difference computer
code. The same watershed was also used by Reeves and Duguid (1975) to
debug and test their finite-element model. This watershed is again

.employed in the present report to compare our revised finite-element
model with the Reeves and Duguid's original model (1975).

The flow system is shown in Fig. 9. It is composed of highly
permeable sand, the unsaturated properties of which were shown in
Fig. 6. To obtain initial conditions, pressure-head values were
prescribed along the stream channel, part of the slope, and the upper
plateau. Taking all other boundaries to be impermeable, a steady state
solution was determined which was the initial condition for the
transient calculation. |
» Using Freeze's transient boundary condition (Fig. 9b) and Reeves
and Duguid’'s finite-element discretization #2 (Fig. 9c), selected
results obtained by the original and revised models are presented in
Figs. 10 and 11, respectively. Again, almos* identical pressure head,
total head, and moisture-content distributions are obtained. However,
the original model again displays the discontinuity of velocity vector
at all nodal points, while our revised model has completely eliminated
this inconsistency. Furthermore, Table 3 shows that the mass balance
has not been satisfied by the original model. At the end of about a
3-hr simulation time, the total net mass through all boundaries §s only

. about 76.2% of the mass accumulated in the media as computed by
. numerical scheme 1 of the original code. In other words, a 23.8% of
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Fig. 10. Flow variables at time equal to 2.96 hr of Freeze's transient
problem as simulated by Reeves and Duguid model: (a) velocity
vector plot, (b) distribution of pressure head, (c¢) distribu-
tion of total head, (d) distribution of moisture content
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Table 3. Comparison of percentage of mass loss of Freeze's transient
problem as simulated by the original and revised mudel

Code/Schemes 1 2 3 4 5 6
0ld 23.8 29.7 N/A2 N/A N/A N/A
Revised 2.2 -3.6 8.9 3.0 -3.2 -3.3

aN/A = not available.

mass has not been accounted for, i.e., has been lost through
boundaries. Reeves and Duguid (1975) speculated that this large loss
of mass might be eliminated by adding the triangular elements.

However, without using triangular elements, our revised model only

‘yields 2.2% of miss loss by eliminating the discontinuity of the

velocity and by using a new method to evaluate a moisture-increasing
rate in the region. An even larger mass loss of 29.7% is obtained by
numerical scheme 2 of the original model. The revised model on the
other hand renders a é.ﬁ% ~f mass gain. Thus, the error of mass
balance (positive for: loss, negative for gain) by the revised model is
much smaller than thai by the original model.

Table 3 also shows the percentage of mass loss by all alternative
numerical schemes. It fs noted that the central difference standard
Galerkin scheme in the revised model yields the best results. This is
not surprising since the water transport equation does not contain
advection (convection) terms. Figures 12 through 14 show the plots of
flow variables as simulated by numerical scheme 1 of the revised model

at time equal to 0.00:hr, 0.46 hr, and 1.85 hr, raspectively. They
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show that the experimental watershed has been first gradually drained
and then progressively wetted by the rainfall. Computer outputs on
flow variables by all other alternative schemes show that comparable
values are obtained at long simulation times.
To conclude this chapter, we state that the revised model

(1) yields a continuous velocity field, (2) reduces mass loss through
boundaries to as sméll as possible, and (3) proyvi‘des four additional
alternative numerical schemes, all of which are operational and render

comparable results.
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VI. GLOSSARY OF NOTATIONS

doundary line
Segments of boundary line

Global column'matrix, the assembly of element
column matrix, {Qi}

Element matrix whose component C;j is defined
by Eq. (24a)

An element column matrix whose component D; is
defined by Eq. (14)

An element column matrix, whose component Dyj
is defined by Eq. (19)

An element colum matrix, whose component D,;
is defined by Eq. (20)

Reference to the e-th element
Generalized storage coefficient
Pressure head

Approximate pressure head
Pressure head column matrix
Time derivative of {hj}

Initial pressure head

Prescribed pressure head at Dirichlet boundary
nodes

Prescribed pressure head at the rainfall-seepage
boundary nodes

Total head

Determinant of [J)

Jacobian matrix for the e-th element

Tensor components of the hydraulic conductivity

Differential operator
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Element mass matrix, whose component Mij is
defined by Eq. (12)

Porosity

Directional cosine with the x-axis of a boundary

line

Directional cosine with the y-azis of a boundary

Tine

Basis functions

Prescribed fluxes on the Newman boundary segment

Prescribed fluxes on the rainfall-seepage
boundary segment

Withdrawal rate

An element column matrix, whose component Q;
is defined by Eq. (15)

A region
An element region
A column matrix defined by Eq. (24c)

The element stiff matrix, whose component Sij
is defined by Eq. (13)

The element stiff matrix, whose component 5{3
is defined by Eq. (18) |
Time

Time step

i

Global coefficient matrix

Darcy velocity component in the x-direction

Darcy velocity component in the z-directioﬁ

\

Global coordinate in the horizontal direction

The global x-coordinate of nodal points, i hnd J

Global column matrix
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Global coordinate in the vertical direction
The global/z-coordinate of nodal points, i and j

Modified coefficient of compressibility of the
med um

Modified coefficient of compressibility of water

—

Moisture content
Local coordinate in the horizontal direction
Local £-coordinate of the point i

Local coordinate in the vertical coordinate

Local n-coordinate of the nodal point, i




Pr T APEENTER T

49

APPENDIX A
DATA INPUT GUIDE

ORNL-5567

e e SN .



) "m

Data Set 1 -

51 ORN' -5567

APPENDIX A:
DATA INPUT GUIDE

General Information Card.

This card is uscd to identify the job and to indicate if the diagnostic
output is required. Only one card is required.

Card 1
NPROB
TITLE
IBUG

ICHNG

Data Set 2 -

Format (15, 9A2, 1X, 211)
Problem Number
Array for the title of the problems

An integer indicating if the diagnostic information of

_iteration is to be line-printed, = 0 no, = 1 yes

An integer indicating if the
boundary-condition-changing information is to be
line-printed, = 0 no, = 1 yes

Basic Integer Parameters

Only two cards are requifed per problem.

Card 1
NNP
NEL
NMAT
NCM

NTI
©KSS

Ksp

NSPPM

NSTR

Format (16 I 5)

Number of nodal points
Number of elements

Number of different materials

Number of elements with material properties to be
corrected

Number of time increments

Steady state control; 0 = steady state solution,
1 = transient solution

Soil property control; 0 = analytical function,
1 = tabular data

Number of points in tabular soil property definition,
or number of soil property parameters to describe the
analytical function

Auxilary storage control; 0 = no storage, 1 = output
stored (disk or tape)
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KcP Conductivity control; O = conductivity input,
1 = permeability input

KGRAV Gravity control; O = gravity term included, 1 =
omission of gravity term

NSTRT Number of logical records to be read from auxilary
storage for restarting calculation; 0 = no restart

MAXIT Maximum number of iterations per time step

MAXCY Maximum number of cycles for rainfall - seepage
boundary condition adjustments

NMPPM Number of material parameter per material

Card 2 Format (16 Z 5)

ILUMP Matrix lumping control; 0 = no lumping, 1 = matrix
Tumped

IMID Mid-difference time derivative control;
0 = Crank-Nicolson or backward difference,
1l =mi d-difference

Data Set 3 - Basic Real Parameters

Two cards are required for each problem

Card 1 Format (8 F 10.0)

DELT Time increment

CHNG Multiplier for increasing time increment

DELMAX Maximum value of DELT

TMAX Value of maximum simulation time

F'E Angle between coordinate axes and principal directions
of conductivity tensor in degrees

TOLA Steady-state convergence criteria

TOLB Transient-state convérgence criteria

RHO Density of water |

Card 2 Fomat (8 F 10.0)

GRAV Acceleration of gravity
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YISC Dynamic viscosity of water ~ -
W Time derivative weighting; 0.5 = Crank-Nicolson,

1.0 = backward
Data Set 4 - Output Control

Two group of cards are required. One group is for printer output
control and the other for auxilary storage output control. The number
of cards in each group is determined by the number of time increments,
NTI, i.e., No. of Cards, NGD = (NTI + 1)/80 + 1

Card Group 1 Format (80 I 1)
KPRD Printer control for steady-state and initial
conditions; 0 = No printout, 1 = FLON, FRATE, TFLOW
. only, 2 = above (0) plus H, 3 = above (2) plus HT,
‘ 4 = above (3) plus TH, 5 = above (4) plus VX, VZ
KPR(1) | Printer control for transient selection similar to KPRO

KPR(NTI) ) as a function of time index ITM

i

Card Group 2 Format (80 I 1)

KDSKO ! Auxilary storage control; 0 = no auxilary storage,
‘ 1 = yes
KDSK(1) Auxilary storage control for transient solution similar
KDSK(NTI) | to KDSKO as a function of time index ITM
Data S& 5‘- Material Properties

A total of NMAT groups of cards are required. One group for each
material. The number of cards in each group depends on NMPPM, i.e.,
the No. of cards, NOCD = (NMPPM)/8 + 1

Card Groule

PROP(J,1) : Modified coefficient of compressibility of media, J
PROP(J,2) . Modified coefficient of compressibility of water
PROP(J,3) Porosity of porous media, J

PROP(J,4) gomponent of conductivity in the x-direction for media,
PROP(J,5) Component of conductivity in the z-direction for media,

‘ J
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Data Set 6 - Analytical Soil Parameters

Input cards for this data set are needed if and only if KSP = 0. Twc
sets of cards are required, one for the moisture-content parameters and
the other for the conductivity (permeability) parameters. Each set of

cards consist of NMAT groups of cards, one group for each material.
The number of cards in each group is determined by the number of soil
property parameters per material, NSPPM. NOCD = (NSPPM/8) + 1

Card Set 1 This set of cards is for THPROP(I,J)

Card Group 1 Format (8 F 10.0)

THPROP(1,1) Analytical moisture content parameter 1 of material 1
THPROP (1,2) Analytical moisture content parameter 2 of material 1

-
. -

THPROP(1,NSPPM) Analytical moisture content parameter NSPPM of
material 1 '
NOCD cards are required for this Card Group

Card Group 2 Format (8 F 10.0)
THPROP (2,1) Analytical moisture content parameter of material 2
THPROP (2,2) Analytical moisture content parameter of material 2

THPROP (2,NSPPM) Analytical moisture content parameter NSPPM of
‘ material 2

NOCD cards are required for this Card Group

. I

Card Group NMAT FORMAT (8F10.0)

Pl

Totai‘ number of cards = NMAT * NOCD
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Card Set 2: This set of cards is for ARPROP(I,J)

Card Group 1 Format (3F10.0) = for material l
ACPROP(1,1) Analytical conductivity parameter 1 of material 1
AXPROP(1,2) Analytical conductivity parameter 2 of material 1

AKPROP(1 ,NSPPM) Analytical conductivity parameter NSPPM of material 1.
NOCD cards are required for this Card Group

Card Group 2 Format (8F10.0) = for material 2
AKPROP (2,1) Analytical conductivity parameter 1 of material 2

AKPROP(2,2) Analytical conductivity parameter 2 of material 2

AKPROP(2 ,NSPPM) Analytical conductivity parameter NSPPM of material 2
NOCD cards are required for this Card Group

|
i
-

i
-

Card Group NMAT Format (8F10.0) for material NMAT

Total number of cards = NMAT * NOCD |
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Soil properties in Tabular Form

Input cards for this data set are needed if and only if KSP # 0. Four
sets of cards are required, one for pressure, HPFROP, one for water

content, THPROP,

one for conductivity (permeability), AKPROP, and one

for water capacity, CAPROP. Each set of cards consist of NMAT groups
of cards, one group for =ach material. The number of cards in each
group is determined by the mmber of soil property data permit per

material, NSPPM.

Card Set 1:

Card Group 1
HPROP(1,1)
HPROP (1,2)

HPROP (1,NSPPM)

Card Group 2
HPROP(2,1)
HPROP (2,2)

HPROP (2 ,NSPPM)

Card Group NMAT

NOCD = (NSPPM/8) + 1
This set of cards is for HPROP(I,J)

Format (8F10.0)
1st point of the tabular pressure for material 1

2nd point of the tabular preésure for material 1

NSPPM-th point of the tabular pressure for material
1. NOCD cards are required for this Card Group
Format (8F10.0)

1st point of the tabular pressure for material 2

2nd point of the tabular pressure for material 2

NSPPM-th point of the tabular pressure for material
2. NOCD cards are required for this Card Group

Format (8F10.0)

Total number of cards for this card set = NMAT # NOCD

-
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Card Set 2: This set of cards is for THPROP(I,J)
Card Group 1 Format (8F10.0)
THPROP(1,1) 1st point of the tabular moisture-content for
material 1
THPROP(1,2) 2nd point of the tabular moisture-content for
material 1

THPROP(1,NSPPM) NSPPM-th point of the tabular moisture-content for
material 1. NOCD cards are required for this Card
Group

" Card Group 2 Format (8F10.0)

THPROP(2,1) 1st point of the tabular moisture-content for
’ material 2
THPROP(2,2) 2nd point of the tabular moisture-content for

material 2

THPROP(2,NSPPM) NSPPM-th point of the tabular moisture-content for
gaterial 2. NOCD cards are required for this Card
roup

Card Group NMAT Format (8F10.0)

Total number of cards for this card set = NMAT * NOCH
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Card Set 3: This set of cards is for AKPROP(I,J)

Card Group 1 Format (8F10.0)
AKPROP(1,1) 1st tabular value of conductivity for material 1

AKPROP(1,2) 2nd tabular value of'conduCLivity for material 1

AKPROP(1 ,NSPPM) NSPPM-th tabular value of conductivity for material 1.
NOCD cards are required for this Card Group

Card Group 2 Format (8F10.0)
AKPROP(2,1) 1st tabular value of conductivity for material 2

AKPROP (2,2) 2nd tabular value of conductivity for material 2

AKPROP(2 ,NSPPM) NSPPM-th tabular value of conductivity for
material 2. NOCD cards are required for this Card
Group

Card Group NMAT Format (8F10.0)

Tota) number of cards for this card set = NMAT # NOCD
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Card Set 4: This set of cards is for CAPROP(I,J)
Card Group 1 Format (8F10.0)
CAPROP(1,1) 1st tabular value of water capacity for material 1
CAPROP (1,2) 2nd tabular value of water capacity for material 1

CAPROP(1,NSPPM) NSPPM-th tabular value of conductivity for material 1.
NOCD cards are required for this Card Group

Card Group 2 Format (8F10.0)
CAPROP(2,1) 1st tabular value of water capacity for material 2
CAPROP(2,2) 2nd tabular value of water capacity for material 2

CAPROP(2,NSPPM) NSPPM-th tabular value of water capacity for

material 2. NOCD cards are required for this Card
Group

Card Group NMAT Format (8F10.0)

Total number of cards for this card set = NMiT # NOCD
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Cata Set 8 - Nodal Point Coordinates

Usually one card per node is needed, i.e., a total of NNP cards.
However, if some nodes fall on a straight line and are equidistant,

data for only the first and last points of this data set are needed.

Intermediate nodal positions are automatically generated by linear
incerpolation.

Card 1 Format (15, 2F10.3)

NJ Node number

X{(NJ) X-coordinate of node NJ
Z(NJ) Z-coordinate of node NJ
Card 2 Format (12, 2F10.3)
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Data Set 9 - Element incidences.

Usually one card per element is needed, i.e., a total of NEL cards.
However, for a rectangular blocks of elements, it is only necessary to
specify the first element, the width and length of the block. The
subseauent elements to the first one in the block will be generated
automatically.

Card 1 Format (16I5)

MI Element number

1E(MI,1) Node numbers of element MI beginning with
IE(MI,2) lower left and progressing around element
IE(MI,3) « in counter clockwise direction

IE(MI,A) \

IE(MI,S) Material type of element MI

MODL Number of elements in width of a block
NLAY Number of elements in length of a block

Card 2 Format (1615)
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Data Set 10 - Material Corrections

Usually, one card is required per material change. However, in those -
cases where numbers of the affected elements range from a lTower limit
of MI to an upper limit of MK with an increment MINC, automatic
correction may be used. Fields MK and MINC are ieft blank if the
automat ic-generation facility is not used.

Card 1 Format (1615)

MI Material correction element number

MTYP Type of material correction element

M Upper 1imit of automatic correction

MINC Element Increment of automatic correction (MK = 0,

MINC = O for no automatically generated correction)

Card 2 Format (1615)
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Data Set 11 - Initial or heinatial Pressure Head

The data set is necessary only if NSTRT = 0. In the most general case,
one card per node is required, i.e., a total of NNT cards. Frequently,
however, groups of neighboring nodal points NJ have indentical values
H(NJ). A1l gaps will be filled with value at lower bound of the gap.

Card 1 Format (I5, 5X, F10.0)
NJ Node number

H(NJ) Initial head for node NJ
Card 2 Format (I5, 5X, F10.0)
NJ Node number

H(NJ) Initial head for node NJ
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Data Set 12 - Steady State Integer Parameters

Une card is required for one problem. It is needed if and only
if KSS = 0.

Card 1 Format (1615)

NBC Number of constant Dirichlet nodes

NST Number of element-sides with Neumann conditions
NRFPR Number of rainfall profiles

NRFPAR Number of parameters in each rainfall profile
NRSEL Number of rainfall-seepage elements

NR SN Number of rainfall-seepage nodes
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Data Set 13 - Steady State Rainfall Profiles

These cards are necessary if and only if the number of rainfall-seepage
nodes, RSN >0 and the nu iber of rainfall profiles NRFPR > 0. If
MRSN > 0 and RRFPR = 0, a rainfall rate of zero is assumed.

The number of cards required will depend on both NRFPR and NR-PAR, the
number of parameters within each profile. NRFPR sets of cards are
required. Each set consists of two groups of cards, one for the
rainfall occurring time and the other for the rainfall rate. The
number of cards in each group, NOCD = NRFPAR/8 + 1

Card Set 1: This set of cards if for rainfall profile 1

Card Group 1 Format (8F10.0)

TRF(1,1) Ist point of time-occurring value for rainfall
profile 1

TRF(1,2) 2nd point of time-occurring value for rainfall
profile 1

TRF (1,NRFPAR) NRFPAR-th point of time-occurring value for rainfall
profile 1. NOCD cards are required for this Card Group

Card Group 2 Format (8F10.0)

RF(1,1) 1st point of time-occurring value for rainfall
profile 1

RF(1,2) 2nd point of time-occurring value for rainfall
profile 1

RF (1 ,NRFPAR) NRFPAR-th point of time-occurring value for rainfall
‘ profile 1. NOCD cards are required for this Card Group
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Card Set 2:

Card Group 1
TRF(2,1)

TRF(2,2)

TRF (2 ,MRFPAR)

Card Group 2
RF(2,1)

RF (2,2)

RF (2 ,NRFPAR)

Card Set NRFPR:

66

This set of cards is for rainfall-profile 2

Formzt (2-10.0)

1st point of time-occurring value for rainfall
profiie 2

2nd point of time-occurring value for rainfall
profile 2

MRFPAR-th point of time-occurring value for rainfall
profile 2. NOCD cards are required for this Card Group
Format (8F10.0)

1st point of time-occurring value for rainfall
profile 2

2nd point of time-occurring valse for rainfall
profile 2

#RFPAR-th point of time-occurring value for rainfall
profile 2. NOCD cards are required for this Card Group

This set of cards is for rainfall-profile NRFPR

Total number of cards for this data set = NRFPR * (2 * NOCD)
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Data Set 14 - Steady-State Rainfall types and Ponding Depth

Card input is required if and only if NRSN > 0. Typically, one card is
required per rainfall - see page node.

Card I Format (315, 5X, 2F10.0)

NI Node number of rainfall-seepage node

IRFTYP(NII) Rainfall-type parameter used to identify the rainfall
profile to be used at node NI

NPINC(NII) Automatic generation increment

HCON(NiI) Ponding depth at node NI

Note: NII is the compressed index for node number NI. If NPINC # O,
automatic generation mechanism will be made. If the card immediately
preceeding is for node, NJ, then nodes NJ + NPINC, NJ + 2 * NPINC, ...,
NK will be given rainfall type IRFTYP(NJ) and ponding depth HCON(NJ),
where NK is the largest integer in the above sequence that is less than
the current nodal value NI.

J

Data Set 15 - Steady-state Rainfal’-seepage Surface Elements

As in the previous two data set, ‘nput is necessary if and only if

RSN > 0. Typically one card is required for each side of each element
on which the rainfall-seepage bouhdary condition is applied. However,
atomatic generation may be made similar to data set 14.

Card MP Format (1€15)

M SE(MP) Element rumber of MP-th side

IS(MP,1) Global node number of the first node of MP-th side
IS(MP,2) Global node numbér of the second node of MP-th side

KINC Automatic generation increments for NRSE and IS




ORNL-5567 68

Data Set 16 - Steady¥state Dirichlet Pressure-type Boundary
conditions

Input cards are required for this data set if and only if NBC > 0.
Normally, one card is required for each node with Dirichlet boundary
condition. However, automatic generation may be made, if applicable,
similar to data set 14.

Card NPP Format (2I5, 2F10.0)

NN(NPP) Global node number of NPP-th Dirichlet node

NPINC Automatic generation increment

BB(NPP) Specified pressure head at NPP-th Dirichlet node
Data Set 17 - Steady-state Neumann flux-type Boundary Condition

Input cards for this set of data are required if and only if NST > 0.
Usually a number of cards equal to NST must be used. However,
automatic generation may be made, if applicable, similar to Data Set 15

Card MPP Format (315, 5X, 2F10.0)

NI First global node number of MPP-th element-side with
Neumann flux-type Boundary condition

NJ Second global node number of MPP-th element-side with
Neumann flux-type Boundary condition

KINC Automatic generation increment for NI and NJ

El Dot product of flux at NI with outwardly directed unit

vector normal to the element side MPP

£d Dot product of flux at NJ with outwardly directed unit
vector normal to the element <ide MPP

Data Set 18, Data Set 19, Data Set 20, Data Set 21, Data Set 22, and
Data Set 23 are for transient simulation and are identical to Data
Sets 12-17. Those data inputs are necessary only if NTI >0. "If
NTI = 0, there will be no transient calculation, and transient-state
boundary conditions are not necessary

Note: If KSS = 0 and NTI = 0, only steady-state solution is desired.
If KSS = 0 and NTI > 0, both steady-state solution and transient-state
simulation are desired and the steady-state solution is used as the
initial condition of transient simulation. If K3C =1 and NTI > 0,
only transient solution is desired and the initi2i condition for the
transient simulation must be inputed. The case of KSS = 1 and NTI = 0
is physically not possible and should be avoided.
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Appendix B (continued)

251 12%500.000 205Q.¢CO CARD
292 12500.000 2100.000 CARD
292 13000.300 0.0 CARD
294 13000.000 2706 000 CARI
295 13000.000 $70.000 CARD
295 13000.00¢C £5C.CCO CARD
297 13000.000 1140.000 CARD
298 13000.000 1210.000 SARO
299 13000.00C 13C0,000 cARD
300 13000.000 1400.000 EARD
301 13000.000 1510.C0O CARD
302 13000.000 1620.,000 CARD
303 13000.000 1670.000 CARD
304 13000.000 17204000 CARD
305 13250.000 0.0 CARD
306 13250.000 250. 000 CAR)D
307 132%50.000 530. 000 CARD
308 12250.000 770.000 CARD
309 13250.000 1030.000 CARY
310 132%0.00C 1120.000 CARD
311 12250.00C 1200.0¢C0 CAR)
312 132250.000 13€0.000 CARD
313 132250.000 1372.00Q0 CARD
314 132250,000 1450.0¢C0 CARD
318 13250.000 1500.000 CARD
316 132250.00C 1550.CCO CARD
317 13500.000 0.0 CARD
318 13%00.000 220.000 CARD
319 13%500.000 460. 000 CAR)
320 13500.000 700. 000 CARD
321 13500.00¢C $2GC. 000 CARD
322 13%00.000 1010.000 CARD
323 13%00.000 1100.Q00 CARD
324 13%500.000 1180.000 CARD
325 13500.000 1250.000 CARD
326 13500.000 130C.0€C0O CARD
327 13500.000 1350.000 CARD
328 13%500.000 14C0.000 CARD
329 13750.000 0.0 CARD
330 13750.000 200.000 CARD
331 13750.00¢ 440.000 CARD
332 13750.000 650.000 CARD
333 13750.000 83C. 000 CARD
334 137504000 91 0. 000 CARD
335 13750.000 1000.000 CARD
336 13750.000 1083.000 CARD
337 13750000 11404000 CARD
338 13750.039C 1200.000 CARD
339 12750.000 12504600 CARD
340 13750.000 1300.000 CARD
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Appendix B (continued)
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Appendix B (continued)

CARD GROUP $ ELEMENT INCIDENCE DEFINITION

11

12

CARD GROUP 10 MATERIAL CORRECTIONS ARE NOTU REQJIRED

CARD GROUP 11 CARD INPUT FOR INITIAL CONDITICNS

1 1 13 14 2 1
132 145 157 15& 146 1
139 1%81 163 164 1852 1
140 157 16 166 158 1
178 197 20 210 1s8 1
$16 S69 Sel 582 8§70 1
S&g2 STS SET7 588 576 1
€23 Sél 58S S90 Se2 1
528 586 5S4 S$S Sé&v 1
—————— SINCE NCM = O

1 Qe
565 Q.

- em=—==- CARD GROUP 12 STEADY
7 (] ] 29 29
—-e———ee CARD GROUP 13 STEADY

—————- SINCE NRPFR = 0
————ee= CARD GROLP 14 STEADY
244 0.

580 12 O

————=-= CARD GROUP 15 STEADY
218 244 25¢ e

STATE

STATE

STATE

STATE

INTEGER PARAMETERS

RAINFALL PRIFI. ES ARE NOT R=ZJJIRED

RAINFALL TYPES AND 20ONDING J2IPTH

RAINFALL-SEEPAGE SJRFACE E.Z4ENT~SIDZS

CARD
CARD
CARD
CARD
CARD

CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD

CARD
CARD

CARD

CARD
CARD

CARD

oo
o000

“~oNm=~

Lo e X o X X Yo T R0
) 0t 0ot bt 0t s gt 4ma 0=
oVe~NeANdWN

623

62C
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—-—e=== CARD GROLP 16 STEADY STATE DIRICHLET

$79
578
ST?
s76
5€8
€87
€95

122
196

————=—— FINIALLY A BLANK CARD TO END THE JOB

1€4
204

0.0

NN s e s
- LY -1
[-X-XY-Y-)
DR
00000

CARD GROUP 17

Q
1

STEADY STATE NEUMANN FLUX BOJJNDARY CONDITLIONS

-8+ E~4
-Qe E—-4

Appendix B (continued)

~4.E-4
-4+E—4

-TYPE BOJNDARY CINJITIINS

CARD
CARD

CARD
CARD
CAROD
CARD
CARD
CARD
CARD

CARD
CARD

CARD

636
637

638

o8
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APPENDIX C
LISTING OF FORTRAN IV SOURCE PROGRAM

THIS COMPUTER COCZ 1€ CONTAINED IN THE FOLLOWING REPORT:

YEHs Ge Te AND De Se¢ WAPDs 1979. "FEMWATER: A FINITE-ELEMENT 4JDE.
OF WATER FLOW THRCUGH SATURATED-UNSATURATEC POROUS MEDIAY“, JRN.-5567,
OAK RIDGE NATIONAL LABORAYORY, OAK RIDGEs, TN 37230

A SLIGHTLY UPDATED VERSION IS CCNTAINED IN FECHATER (ORNL/Td¢~==--)

FOR ANY QUE STION, PLEASE CCNTACT DRe Go To YEH AT (515) 574-7285
ADDITIONAL REFERENCES IS:

REEVESs Me AND Je¢ DUGUIDs 1975 “WATER MNMOVEMENT THROJUGH SATJRATZD-
UNSATURATED POROUS MEDIA: A GALERKIN FINITE ELEMENT MODEL",

ORNL A4927. OAK RIDGE NATIONAL LABORATORY, OAK RIDGEs
TENNESSEE 37€30

———=——= MAIN PROGRAM

IMPLICIT REAL#8(2-H.0-2)
REAL®*4 PMAT. THPAR JAKPAR + SUBHD

DIMENSION X(SSE) +2(5951)+1E(528,.5)

DIMENSION C(5S55416€) +R(S595) +H(S9S) HP(S95) +HN(S595) s HT (S95)
> TH{ S28¢4)+DTH(S2E844) +VX(595) 4 VZ(595) »

> AKX(E28+4) ¢AKZ(S5284+4) +NPCNV(595)

OIMENSION OLB(195),DCOSXB{199) 4DCOSZ2BL199) (BFLX(200),BFLXP(2)0),
> NBE(195),15B(155.:4).NPB(200)

DIMENSION DL{SS) »OCOSX{99) ,DCOS2(99) o DIYFLX(10D),FLX{(100),
> RSFLX(1C0) +HCCN{100) ¢+ NRSE(99) sIS(99+4) »NPRS(130),NPCON(10DJ,
> NPFLX(100)IRFTYP(100) s TRF(3420) ¢RF(3,20)+RFALL(3)

DIMENSION RP(30)+NPST{30), BB(40)«NN(40)

DIMENSION PROP(3:+5) « THPROP (3 +S52) ¢+ AKPROP(3+52) 4+ HPROP( 35 52) »
> CAPROP(J,£2)

DIMENSION PMAT(3+5) e AKPAR(3 ¢8) +THPAR(3,8)
DIMENSION KPR(S500) »KDSK(S500)

DIMENSION SUBHD(E+3) oFRATE (10),FLOW(10),TFLDN(10)
COMMON /GEQOM/ SNFE,CSFE +NNP,NEL.+1IBAND

E XXX XX EXILFIFIFRRIIZIEIZIT I3 333 3333333333230 %
PP IPIIIEPIIIPIPIPIIIIIPEPIIPIIRIPIIIIIIIPIIIIPP

=8 9= Jueg =0 D) =g (g (g Qg 3=@ =0 Pl D=6 Puf D= D= e =0 Pug Pueg D=6 Pud Pueg =0 050 g P Dot Pnf Duef D D=t Pt pug Pt Dug D= D=l P Dt Pug D= Pug P D) Pug g Puql Pug D=0
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NN RNNANRDRI AN = 0t 1t 1t s 00 2 g 10 it s 0 S i e = 2 QO O 000 000000000000
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Appendix C {continued)

COMMON /CNTRL/ NTYI MAXCY MAXITNSTRTsKSTR4KPRIsKDSKIsK5Ss<5?

COMMON /TCTLNE~- TCLALTOLB
COMMON /PARAM/ DELT (CHNG JDEL MAX » TMAX

COMMON /BRSND/ NBEL +NBNsNRSEL +NRSN s NRFPRy NRFPAR

COMMON /7BCST/ ABC+NST(NSTN
COMMON /PTLZ/Z NMAT NMPPM NSPPM
COMMON /GPT/ ILUMF,,IMID

DATA MAXEL ¢MA XNP s *FAXHBP /528 595,16/
DATA MAXBEL MAXBAF /199 ,200/

DATA MXR SEL « MXRSNP s MXRF PR e MXRPAR /799010003,22/7

DATA MXSTELMXSTAF+MAXBCN /729 430,40/

DATA MAXMAT JMXSPPF, MXMPPMes NTHPPM, NAKPPM/ 3,52¢548.3/

DATA NAXNTI /S00/

DATA PMAT/4H oAH ALP 4H 14H B.sAHET AP, 4H ¢ &H [}
> 4H POR ¢ &H WM oH KX +4H &N 047 KZ o484 /
OATA THPAR/4H o8H THI J4H o4 e4H TH2,8H s 4H »
> 4H HO s4H o 8H o8H Al 4H A H saH A2,4H X 1,
> 4H Rl.8H s 8H &H R2 +4H O H saH CodH 4
DATA AKPAR/4H & H Bl +4H ' &H s H B2+9H s 1888 H
DATA SUBHD/AHINPU AHT INAHITIAGHL COs4HNDIT4HIONS s 26 4H

D> QHSTEA¢AHD Y= SqAHTATE ¢4!{ INI +4HTIAL»8H CONsaHDITIV4HONS ,» 8&

> &H /

wew—==e= INITIATE ARRAYS FOR NODAL POINTS

100

DO 100 NP=1 4MAXNF

b3

P

zz5%666

Vﬂmﬂ':v
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~077T
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0

==——===" INITYATE ARRAYS FOR ELEMENTS

120

DO 150 MP=1..AXEL
DO 120 14::1e5
IECNMF +(Q) =0

/

I IFIITIIIFZIIIIIZIIIFIIXIIIRIFIFIEIIZIIFIRIR R TR E IR T 3

PP IEEIEIPIIDPIFIIEIII>PIIIPF P EIPIEIPPIIPIIIIIDEIIPPIPDD>

Lot abniaiaisiniaiebniaialaialadals Lol E o L Y e Y L o i e Y oy oy
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GO WU WUWWWWWNDNDONDORNDN
NOOARPPWUANN==~ OO0V ORONNORN
oo ohoumonouocmononmonmoon
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Appendix C (continued)

00 140 IQ=1,.4
TH(MP +IGC)=0.0
140 DYH(MP 41Q)=0.0

150 CONTINLE

—=——==== INITIATE ARRAYS FOR BOUNDARY ELEMENTS

00 200 MP=1,MAXBEL
DLB(MP)=0.0
DCOSXB (MP) =040
DCOSZBI(MP)=0.0

——————— INI YIATE ARRAYS FOR BTUNDARY HNODAL PQINTS

DD 220 NP=1 s MA XBNF
BFLX(NP)=Q.0
BFLXP(NP) =Q. 0

250 NPB(NP)=0

DO 300 MP=]MXRSEL
DL(MP)=J60
DCOSX(MP)=(0.0
DCOSZ(MP)=0.0
NRSE{MP)=Q
DO 3N0 IQG=] .4

IS(MP,1CQ)=0
300 CONTY]I NUE

—~—=—==~ INITIATE ARRAYS FOR RAINFALL-SEEPAGE BOJNDARY NOOA.

DO 350 NP=) JMXRSKF
DCYFLX(NP)=C.0
FILX(INP)=0.0
RSFLX(NP)=0.0
HCON(NP)=0.0
NPRS(NP)=Q
NPCON(NP) =0
NPFLX(NP)=0

3s0 IRFYYP(NP) =0

EXEZXIZIZXZEIZTEXIITZIIZTEIZXEIZIEZIZIXZZZEEZZIEIXTTZIZEIEX
PIIIPIPIPIPIIPIPIIIIIPIPIIIIIIIIPIIIFIIPIPDPIPIFPIIIIIIIP
5 5t et ot 0 Dl 0= G 0t g 0 00 oo ol D= O g S0 I Bt g g D $6 0 O Dt 0 ot St 00 T D=0 Bt et 00 =t =t 00 0= D4 g 220 00 St 10 04 $ug 4 0t
2222222222222 2222 2222222222222 222L22Z2L22T22LZT22ZZZT2ZLZ

uuguuuuuu
SpUULINN==O
oo uroon

550

L6

£955-NY0



(412T21s] annn nn

oanno

nonn N

Nnonn

Appendix C (continued}

£9S5-INY0

————eee INITIATE ARRAYS FOR RAINFALL ! NFORMATION ;:3
DO 360 1=1,.MXRFFR 768
RFALL{1)=Q.Q 770
DO 360 J=] (MXRPAR 778
TRF(I1¢J)=0.0 780
2¢0 RF(1:J)=0.0 783
790
798
~—mewee INIT. TE ARRAYS FOR SURFACCE TERM POINT FLJX ggg
DC S00 NP=]1,MxSTANF aio
NPSY(NP)=Q s
$so00 RP(NP)=0.0 820
250
<+=m—=—= INITIATE ARRAYS FOR OIRICHLENT BOUNDARY CONDITVIONS gzg
00 S10 NP=1,MAXBCA 8
BBtNP)=0.0 8
s10 NN(NP)=O

26

m=weee= [INITIATE ARRAYS FOR MATERIAL PROPERTIES
D0 &30 I=1 ,MAXMATY
D0 €10 J=1 NXMFPM
610 PROP(1+J)=2040

DO 630 Jml JMXSFPM
THPROP(] +4)=0.0
AKPROP(1+J)=0.0
HPROP(I +J)=0,0

630 CAPROP(I 2J)=0.0

6%0 CONTINLE

m—eeee= [NITIATE ARRAYS FOR FLOJ THROUGH VARIOUS TYPES JF 30JNDARIES

00 700 1=1,10
FRATE(1)=0.0
FLOW(I)=0.0

700 IFLOW(1I)=0.0

OGOOHUNN-FOOWODGQiOaEGO

QUIOUQUoOBOAcRONOUCUOGROUIONORO MO G

BN~

———— PASS THE PROGFAM TO GW20X2Z

CALL GW2DXZ(X9ZslEs CoR ¢HoMHP JHWsHT s THoDTHoVX ¢/ Zo AKX s AKZoe NPCNY o
> DLB ¢DCOSXAB+DCCSIBWBFLX +BFLXPNBE, ISB.NPBs DL ,DCOSX, DCOS 2,

Z2Z2ZZ2222Z22T22T2Z2L2L2Z222Z222222222222Z222 22222222222

9=t 04 gt 76 0= 0=1 ug P4 3ot ©€ 0} 94 -4 Pt P€ D0 ug Dud Do D0 F% Dug 12 Duh ooy g Do ug 8 0t o P ng D=8 (it ug St P 18 S 0= D Ong) Bg =0 Dug Put D0 pug
.-
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~ Appendix C (continued)

> DCYFLX.FL!-R?LX.HCON hﬂSEoIS-NPRSoNPC(NoNPFL‘o IRFTYP+TIFeIF
> 88e NN+ PROP-I’H’!JP.
> AKPRCP.HPROP.CAPROP. NAXEL-NAXNP.NAXHBP- NAKBEL.MAKSNP. MXISEa»
> MXRSNP « MXRFPR ¢ MXRPAR o MXSTELs MXSTNP, MAXBCN,

> NAWT.H!H’PN.NXSI’PN.NTHPPN.NAKPPN' MAXNT I, FRATZE. FLO#TF.OW,y
> PMAT(AKPAR ¢ THPAR ¢ SUBHD ¢ KPR ¢ KDSK)

“STOP

END

ZEEXIEIEZZ
b 2 P o3 3 35 3]
520 054 =4 14 0ud D4 g ot 0
ZZZZZZIZZZ
0 0 4 1t 0un (et gut gut b
000000000
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Appendix C (continued)

SUBROUTINE GW2D0XZ(XoeZ s1Es CosRoHoHP sHW e HT 4 THe DTHoVX sV Z o AKK ¢ A
NPCNV, DLB.DCOSXB.DCOSZBoBFLX.BFLXP.NBEolSB.NPB. DL+ DCJS
DCOSZ+OCYFLXFLX RSFLX JHCON +NRSE, ISes NPRSNPCONy NPF. X IRFTY
REJRFALL, RPsNP3T¢ BBsNN, PRJPo
AKPROP s HPROP sCAPROP ¢y MAXEL ¢ MAX NP, MAXHEPs MAXBEL ¢+ MAXBNP, \X
MR SNP + N XRFPR s MXRPAR 4 NXSTELes MXSTNP, MAX3CN
HAXNAT o R XMPPMN s NX EPPM ¢ NTHPPM s NAKPP My MAXNT I, FRATE. FLI# . TF.OW,
PUA TLAKPAR +» THPAR ¢ SUBHD + KPR 4KDSK)

IMPLICIT REALAE(A-H,0-2)
REAL 84 PMA T, THPAR sAKPAR s SUBHD

OIMENSION TITLE(S)
DIMENSION X{MAXNP) +Z(MNAXNP) + IECMAXEL +S)

DIMENSION C(MAXNP yMAXHBP) s R{MAXNP) +H( MAXNP) « HP{ MAXNP ) s HW( MAXNP ),
> HTCMAXNP) + THUMAXEL 44 ) ¢sDTH (MAXEL o4 ) VX ( MAXNP) ¢ VZI(MNAXNP)»
> AKX{MAXEL s4) +AKZ{MAXEL s4) « NPCNV (NAXNP)

DINENSION DLB(MAXBEL) ¢OCOSXB(MAXBEL) + DCOSZBINAX BEL ) o BFLX( MAX3NP),
> BFL XP{MAXEBNP) NBE( MAXBEL) +I SBIMAXBEL +4 ) ¢ NPBIMAXBNP)

DIMENSION OL{NXRSEL) +ODCCSX(MXRSEL) +OCOSZ{MXRSEL ), DCY
> FLXIMXRENP) sRSFL X{ MXRSNP) sHCCTN( MX RSNP)  NRSE(MXRSEL)
> NPRS(MXRENP) +NPCON(MXRSNP) ¢ NPFLX{ MXRSNP) s IRFTYP(MXR
> TREF(MXRFPR M XRPAR) +RF ( KXRFPR +MXRP AR} + RFALL(UXRFPR)

DIMENSION RP{MXSTAP) ¢NPSTIMXSTNP) o BBUNAXBCN) « NN(MAXSCN)

OIMENSION PROP(MAXMAT MXMPEMN) sTHPRCOP( MAXMAT » MXSPPM ),
> AKPROP(UAXMAT.NX‘PPN)oHPROP(NAXNAT.HXSPPN).CAPRDP(‘AKNAT.!KSPP!)

OIMENSION FRATE(10) +FLOW(10) +TFLOW(10)

O IMENSION PNAT(3-MXNPPN)oAKPAR(S.NAKPPN).THPAR(S-NTHPPN)
OIMENSION SUBHD(8,3)

D IMENSIOA KFR(NA!FTI).KDSK(NAXNT!)

COMMON /GEOM/ SNFE.CSFE sNNPNEL1IBAND

COMMON /CNTRLYZ NII+MAXCY s MAXIT4NSTRT s KSTRe KPRO 9 KDSKI e KSSe 82
COMMON /TOTLNS/ TCLA.TOLE

COMNON /PARAMZ DELT yCHNG +DEL NAX 4 TMAX

COMMON /BRSNDv/ NBEL .NBNsNRSEL « NRSN +NRF PR NRFPAR

COMMON /BCST/ ABCNST.NSTN

COMMON ZHTLZ NNAT (NRPPNoNSPPNM

COMMON /70PT/ JLUMF.IMID

<Z

Xe

34 TRF,
THPRI,
RS Ear

.

VvVvVvVYvYvVvyv

PROBLEM IDENTIFICATION AND DESCRIPTION
10 READ 100CC'NPROBs (TITLE(]I) oI=1,+9) 41BUG,ICHNG

00000000
PUERON=~QO
ovomonon

045

RPPEEVN O OVOOBNNOCANS PULUWNNS=00YO
CUONMONONONONONONMONORORONOROVOAOUS
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Appendix C (continued)

IF (NPROB.LE.Q) GC TO 270
PRINT 101004NPROB ( TITLE(I) oI=1,9)

READ AND PRINT INPLY OATA

XKOUT=0
KSS=1

CALL DATAIN(XsZeXEs HoeHTsTHVXeVZe OLB,DCOSXByDCOSZI+NBE,
ISBoNPBe DL DCCEXDCOSZ HCONNRSE 9IS ¢ANPRSe NPCONy NPFL Xe IRFTY 3,

TRF oRF o RP+NPST ¢ BOBe¢NN

PROP ¢ THPROP s AKPRCP yHPROPCAPROP, MAXEL .NAXNP. MAXHBP

MAXBEL cMAXBNP ¢ MXR SEL » MXR SNP s MXRF PR ¢ MXRPA

MAXSTEL s MXSTNP ¢ MAXECN, NAXMT."XNPP"."XSPPN. NT HPPMs NAKPI M,

MAXNTI+ PMAT JAKPAR ¢ THPARy KPR oKDSK, ISTOPMAXDIF W T IME,
TITLE .NPROB)

KDIG=NSTRY
IF (ISTOP«GT«0) GC TO 270

CONPUTE BANOD=WIDTH VARIABLES
IHALFB=MAXDIF
IBANO=20 JHALFB+1
IHERP=IHALFB+1)
IF (IHBP .GT.MAXHEB®=) GO TO 260
PREPARE INITVTIAL VARIABLES

CALL SPROP(.Es HoeTHDTH sAKX ¢AKZ+ PROPs THPROPs AKPROP, HPROF
CAPROP ¢ MAXEL ¢ MAXNP, MAXMAT ¢ MXMPPMe MXSPPMs NE.o¢(3?)

CALL VELTIXeZeIE s CoHoMHT sVXoVZAKX ¢AKZs MAXEL s MAXNPy MAXHBP)

LA AATAATAV

KFLO o=}
CALL SFLOW(XeZeIE: .MoeVYXsVZe OLBDCOSXBE+DCOSZBy BFLXe BFLX2515D
> NDE oNPB e NPRS, NPSTeNNy FRATEFLOW TFLON s MAXNP, MAXE'.

> NAXBEL s MAXBNP ¢ MXRSNP,
> PROP¢MAXNAT(NXNPFM)
PRINT INITIAL VARIABLES
KO IAG=0
CALL PRINTT(VXeVZ MHHT oTHe NPBBFLXe NPRS,RSFLXesNPCONeNPFLX,

> FRATE+FLOWLTFLOW,:, MAXNPoMAXEL+ MAXBNP+MXRSNPs NNPJNELs NBNe NRSN,

> TINEDEL ToSUBHD(1,1) +IBAND o KPRD oKOUT s KDIAGy»—=1)

MXSTNP ¢ MAXBCNKFLOWs DEL T+ DT Hy s H2,

2oL PPPUUHULGWUWULWUEWWGWLUWWEEENNODNNNNANDN
SUUNN= =000 JOBNNCORAAS P UWNN= =00V ORRNNRGO
OVOROVLOUMONONOMONMOARONOUNOROMSACRO O NNOROM
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Appendix C (continued)

IF(KSTR<EQel oANDe KSSeEQel +ANDe NSTRTEQed «ANDese <CDS<0.E2s1)

F
CALL STORE( X2 +1Es HoHT THeVXeVZ,DLB.DCOSXB, DCOS ZB« NBE,I5B, V28,
TITLE ¢ TIME MAXNP ¢MAXEL s MAXBNP s MAX BEL ¢« NPROBoNNP ¢ NEL.s NBNsVBE_, NT I
NPCONJNPFLXsMXRENP +NRSN( NSTRT)

IF (KSSeNE.0) GC YO 130
PERFORN STEADY~STATE CALCULATION

IF (NRSN.EQe.Q) GO TO 30

DO 20 NPP=) AREN

NPCON {NPP) asNPR S( NPP)

20 NPFL X(N2P) =0

NCHG»— ]

>
>
>

CALL BCPREPLIE, HVXeVZ e DLIDCOSKeDCOS2ZsOCYFLX s FLX2RSF L Xy
) > HCONGNRSE+IS+NPRSINPCONINPFLX JRFTYPTRFRF, RFALLY MAXEL,d4AXN?,
> MR SEL.MXRSNP ¢MXRF PR ¢MXRPAR s TIME (NCHG)

30 DO 40 NP=3 NP
40 HP (NP }aH(NP)

NIT=OQ
KDIG=KD1IG+1
IF(IBUG.NE«O) FRINT 10400,KDIG.TIMEDELT
ITERATION LOOP ON THE SEEPAGE~RAINFALL BOUNDARY CONDITIONS BEGINS
DO 100 ICY=m1l MAXCY
DO SO0 NP=ml (NAE
so HCNR)aHP(NP)
ITERATION LOOP ON THE NON—-LINEAR EGQUATION BEGINS
JFCIBUGNE «0) PRINT 10401
DO 80 IT=a] NAXNIT
NI T=NI T+1
EVALUATE SOIL PROPERTIES FOR PREVIUUS ITERATE

CALL SPROP(IEs HeTHDTHiAKXsAKZ+ PROP, THPRDP¢AKPRO?, H3303,
> CAPROP ¢ MAXEL +MAXNP, MAX MAT s MXMPPM, UX5PPMs NE. s ¢3?)

ASSEMBLE STEADY-=STATE COEFFICIENT MATRICES As Bs AND C¢ AND CONITRICT
LOAD VECTOR R

CALL ASENBLIXeZ¢IEs CoReHoHP ¢TH OTHe AKX ¢ AL 2Z¢s PROP,

NOMOAOMOMOMOUON

AOARLARAARBRARAN
~NNOORAPPLUWNN-~Q

QOGO OOOGORANKN
2URUNN==QO OO0
ouounouoroouo
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Appendix C (continued)

> BAXNP o MAXEL JMAXHBP » MAXMAT ¢ MXMPEMy KSSe#, DE_T)
APPLY STEADY-=STATE BCUNDARY CONDITIONS

CALL BC(CoRy FLXJHCONJNPCONs NPFLXs RPyNP3T, B8 IN,
> MAXNP JMAXHBP ¢ MXRSNP+ NXSTNP ¢ MAXBCNe KSS)

TRIANGUWLAR]I 2E STEADY-=STATE C MATRIX

CALL BAANSOL (] +C oR¢NNPIHBP, MAX NP¢ MAXHBP)
BACK=SUBSTI TUTE FCR STEADY=-STATE SOLUTION

CALL BANSOL {2 ¢C +RoNNP+ 1HBP s MAX NP ¢ MAXHBP)
OBTAIN MAXIMLM RELATIVE DEVIATICN FROM PREVIOUS ITERATE

NPP=(

RDe=]1,

RES==%,

- - - -DO €0 NPa}l ANP ~ - - - -

RESNP=DABS(R (NP)-H( NP) )
ﬂEkD“xl(RES.RESNP)
I (HINP)sNELDO.DO) m-DNXS(RD.DABS(RESNP’H(NP)))
IF (RESNP.LE.TOLA) GO TO 6
NPRPaNPPe L

APCNVINPF) =aNP
€0 CONTINUE
UPDATE PRESSLRE WITH CURRENT ITERATE
NNC VN=NPP
OC 70 NP=m1 JNNP
70 HINP) =R (NP}

ESCAPE FROM ITERATICAN LOQP IF THE MAXIMUM RESIDJAL IS
SUFFICIENTLY SMALL

IF CIBUGONE «O) PRINT 10200sNIT,RESIRDINNCVYN
JF 11T«EQGel) GO YC 80
IF (RES.LT.YOLA) GO TO 90

80 CONTINUE

END OF ITERATION LOCF ON THE NONO-LINEAR EQATION

PRINT NONCONVERGIAG NODES

IF(IBLGQEQQO) GO TO 90
PRINT 1050
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Appendix C (continued)

PRINT 10600, (APCNVINPP) ¢NPP=1 NNCVN)

PRINY RAINFALL-SEEPAGE B« C, CHANGL INFORMATION

s0

>
946

IF{ICHNG.EC.0) GO TD 95
IF(NRSNJEQ.0) GO TO 9%
PRINTY 10402
DO 94 IRSNal JARSN
NP=NPRS(IRSN)
PRINT 10403 JJRSN'NPNPCCN(IRSN) dHCON(IRSN)e NPF_ XISV,
FLXCIRSN) OCYFLX(IRSN)
CONTINVE

CALCULATE FLOW RATES

1
>

>
>

100

CALL SPROP(IE¢ HoeTHoDTHJAKX sAKZ s PRCP:THPROP¢ AKPRUPs HPRJ 2,
CAPROP , MAXEL ¢ MAXNP ¢ MAXMAT  MXPPPMMXSPPM, NELK3P)

CALL VELY(XeZolEs CoHoHT ¢ VX VZe AKX ¢ AKZ: MAXELs MAXNP o MAXHI? )
IF (NRSN.EG.0G) GO TO 110

CALL BCPREP(IE, HoVXoeV2Ze DL DCOSX+sDCOSZoOCYFLX)F_XoRSFLX,
HCONJNRSE s IS o NPRS ¢ NPCONJNPELX s IRFTYP,TRE,AFyIFALLe MAXE.,
MAXNP ¢ NMXRSEL JMXRSNP MXRFPR¢MXRPARe: TIME, NCHG)

IF (NCHG.EQ.0) GO TO 110

CONTINUE

END OF ITERATION LCCF ON THE SEEPAGE~RALNFALL BOJNDARY CONDITIJINS

110 KFLOWa=1
CALL SFLOW(XeZeIEe THeVXoVZe DOLBDCOSXB.DCOSZB, BFLXe BFLX?,123,

>

> MAXBELcMAXBNP, MXRSNP,

NBE NP8, NPRS, NPST NNy FRATE +FLOWTFLOW » MAXNP, MAXE.,

MXSTNP s MAXBCN KFLDW s DELT ¢ DY He e H?

> PROPMAXMAT  RXMPPN)
DO 120 1=}

-]
FLOW( I )=0,
4-30e

FRATE(7)=0.
FLON( 7?)=0,

PRINT STEAOY-STATE VARIABLES

CALL PRINYTI(VXeVZ sHoHTsTHe NPB,BFLX,; NPRS:RSFLX s NPCINs NPF_X,
> FRATEFLOW L TFLCHs MAXNP MAXELy MAXBNP o MXRSNPy NNPoNELs N BMe VRSN,
> TIMEDEL T SUBHD(1+2) ¢+IBAND ¢ KPRO +KQUT ¢ KDIAGs0)

1005
1010
1018
1020
10298
1030
1035
1040
1048
10990
1088
1060
1068
1070
1078
1080
1088
1090
1098
1100
1108
GwW201110
Gw201118
Gwani1120
Gwa201129S
GwW201130
GW201138
GW201140
GW2D1148
GwW2D1180
GW201188
GW201160
Gw2n1168
GW201170
Gwa2d1178
GWa2D1180
GWz201188%
GW201190
Gw201198
GwW201200
GW201208
GW201210
Gwa201218
Gwa01220
Gw20122%
Gw201230
GwW201238
GW201240
GW2D1 2438
Gw201250
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CALL ODATAINIX ¢2¢IEe MoHT qTHVXoVZy OLB,DCOSXB8yDCOSZBINBE,
> I1SBoeNPBs DL DCLEXDCOSZHCCNINRSE I SoNPRSINPCONSNPFL X IRFTY P,
> TREJRF, RPyNPST, BBeNN,
> PROP s THPROP s AKPRCP s HPRCP+CAPROP ¢ MAX EL ¢ MAXNP ¢ UAXHBP o
> MAXBEL (MAXBNP: MXRSEL s MXRSNP s MXRF PRy MXRPAR,
> MXSTEL MASTNP, MAXBCNe MAXMAT MXMPPM o MXS PPM o NT HPP M NAKP> Y,
> MAXNTI ¢ PMAT AKPAR ¢ THPARy KPRoKDSKe ISTOPMAXDIF, ¥, TINE,
c > TITLE .NPROB)
c KSS= ]
E PERFORM TRANSIENT=-STAYE CALCULATICN
130 IF (NRSN.EQ.0) GG TG 160
c IF {(NSTRT.GT.0) GC TO 150
DO 140 NPP=] (NRSA
NPCON(NPP) =NPRSL NPP)
—c -140- - NPFFLX(NPP)=0O - -
1250 NCHG»—1}
CALL OCPREP(IE, HoVXeVZ Xe DCOSZoOCYFLXe FLXoRASFL X,
> HCONNRSE ¢1 SoNPR S ¢ NPCCN TYPTRF, RFy RFA_L,
c > MXR SEL MXRSNP NXRFPR » +sNCHG)
160 TINEmTIMNESDELY
Wlmy
L < 3 What ]
KFLOw=]
<
E BEGIN THE TIME-MARCHING LOCP
c DO 2%0 I Th=] (K71
DO 170 NPml onNAFP
c 170 HP (NP} aH{NP)
NI T=0
KD1G=KDiIGe 1

o X
>em

Qel

oANDe KDSKO.EQGel) CALL STCRE(X,
VXeVZ OLB,DCOSXB OCOSZBINBE, IS8, NP
XBNP.NAXBE%.NPROBQNRPQNELoNBNoNBEL.
(NTI<EG.0) GO TO 10

{,
E READ TRANSIENT BCULNDARY CONDITICNS

ZelEs
oVTIN.
NT I,

Appendix C (continued)

EeTINEJHAXN?,
NPCONs NI F_ X,

WAXE. ¢ 1AXND,
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C
g BEGIN_THE ITERATION LDOP ON THE SEEPAGE~RAINF AL. BO0JNDIARY CONDIT IINS

nnan annNn non

Nnoon

A NN Hnn

IF(IBUGJNE .0) PRINT 10400 .KDIGs TIMEDELT

DO 230 ICY=l 4FAXCY
IFLIBUGNELO) PRINT 10401

00 180 NP=l NNP
HUW(NP) sHP( NP)

BEGIN THE ITERATION LOOP ON THE NON-L INEAR EQUAT IIN

DO 210 17T=m) MAX1TY
Al TaNI Tel

EVALUATE SOIL PROPERTYIES FCR PREVIOUS ITERATE

>

ASSE

VEC

>

CALL SPROP(IE MW THDTHeAKXsAK2, PROP, THPRJP¢ AK>RJ3,
CALL SPRCP(IE sHe THeDTHAKX sAKZs PROP, THPRIP ¢ AKIRI?,

HPROF sCAPROP ¢ MAXEL s MAX NP ¢ MAX MAT o MXN PP MXSPPMe NELs (S52)
sgLS COEFFICIENY MATRICES A, B¢ AND C, AND CONSTRJICT LOAD

CALL ASENBL(Xe2+1Es CoReHoHPsTHDTHe AX X+ AXZy PRIP,
MA XNP MAXEL ¢ MAXHBP ¢4 NAXMAT s MXMPPM, XSS:W.DELT)

APPLY BOUNDARY CONDITIONS

>

CALL BC(CoRy FLXHCCNJNPCONe NPFLXys RPyNPST, BB¢IN,
MAXNP  MAXHEBP « MXRSNP  MXSTNPMAXBCH, <58)

TRIANGULARIZE C MATRIX

CALL BARSOL(1sCosRNNPIHBP, MAX NP+ MAKHBP )

BACK~SUBSTI TLTE

CALL BANSOL(2¢CsRWNNPIHBP, MAX NP, MAXHDP)

OBTAIN MAXIMUM RELATIVE DEVIATICN FROM PREVIOUS ITERATE

NPPaQ

RDe=},

RESa~=l.

00 190 NEa] (NNP
RESNPaDABS(R(NP) ~H(NP) }
RE SuDMA X1 (RESRESNP)
IF (HINP) «NELD.DO
I1F (RESNP.LE.TOLE

RD« JABS (RESNP/ZH(NP) )

Gowa

QOQOOO
f¥Xxdxx
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n
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Appendix C (continued)

NPRaNFP+1
NPCNVY(NPP) =P
190 CCNTINVE
ANC YNaNFF
UPDATE PRESSLRE B1ITH CURRENT ITERATE
D0 200 NPa] NNP
HINP) =R (NP)
200 HU(NP)aWN]l SHINP) +W2SHP( NP)

ESCAPE FROM ITERATICAN LOOP IF THE NAXIMUNM RESIDJAL 1S
SUFF ICTENTLY SMALL

IFCIBUGeNE«O) PRINT 10200 ¢NIT4RESIRDNNCYN
IF (1 1e€QeleAND¢ITMN,EGQel) GO TO 210
IF (RES.LT.TOLB) GO TO 220
210 CONTINUE
END THE ITERATION LCCP ON THE NON-LINEAR EQUATION
IFJ1BUG.EQ.0) GO YO 220
PRINT NONCONVERGING NODES

PRINT 1080¢C
PRINT 10600:({ NPCNVINPP) NPPu] s NNCVN)

PRINT RAINFALL-SEEPAGE BOUNDARY CONDITION CHANGE INFORWAT 1OV
220 9 IF{ICHNGG.EG.0) GO TO 225

IF(NRSN.EQ.0) GO YO 228

PRINT 10402

OC 224 IRSA=l (NRSN
NPaNPRS{IRSN)

PRINT 10403 ,IRSNeNP APCON(IRSN)sHCONCIRIN)e NPFLX(II5N),

> FLXCIRSA) OCYFLX(IRSN)
224 CONTINLE

CALCUWATE FLOW RATES

22¢ CALL SPROPI(IE, HsTHDTHIAKXsAKZe PROP: THPRIP, AKPROY, H3302,
> CAPROP ¢MAXEL » MAX NP s MAX MAT o MX MPPMy MXSPPMo NEL »KS?)

CALL VELVI{XZsIEs CoHoHT VX VZi AKX AKZ, MAXEL ) MAXN?,YAX HB?)

IF (NRSNeEC.0) GO TO 240

CALL BCPREP(IEs HeVXoV2s DLJDCOSX ¢DCOSZeDCYFLX s FLXs RSF. Xo

QOO0
(3.3 %
LY
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Appendix C (continued)

HCCNJNRSE 4+ 1S s NPRS oNPCONoNPFLX ¢ IRFTYP TRF¢RF ¢ IFALLs WMAXEL
MAXNP ¢ MXRSEL+MXRSNP ( MXRF PR «MXRPARs T IMEJNCHG)
IF (NCHGeEQ.0} GO TO 240

CONTINUE

END THE ITERATICN LCCP ON THE SEEPAGE-RAINFALL 30JNDARY CONDITIJINS

240
243

244
2483

> MAXBEL ¢MAXBNPs MXRSNP
> PROP ¢MA XMAT MANPPM)

IF(IMID.EQ.0) GO TC 248
DO 243 I=m1 «NNP
H(1)m3, 0008H(T) = HPLID

Du 244 1m) NBC
NIaNN(1)

HiNT)=RBLL)
CALL SFLOUW(X4Z+lEs THVX4VZ OLBODCASKB,DCA528,BFLX,BFLA?, 153,
> NBE «NPBs NPRS, NPST NN, FRATE«FLOW,TFLON, MAXNPIMAXE..

NXSTNP s MAXBCNyKFLIOW ¢ DELY o OT He 4y HP

PRINT VARIABLES AT EACH TIME STEP

CALL PRINTTIVXeVZ sH oHTsTHe NPB sBFLXs NPRSsR3FLXe NPCONe NPF_X,o

> FRATEFLOW TEFLON s MAXNP 4MAXELs MAXBNP MXRSN?, NNPoNELes NBNs VRSNV,

> TIMEDELTeSUBHD(143) ¢IBANDKFR(ITM) ¢ KOUT oKDOIAGITM)
>lF(KS“oE°o 1 oANDKDSK(ITM)GEQel) CALL STORE(Xo Zo[EsHoHTo T

He ¢ Xoa V2o
OLB ¢DCOSXBDCCSZB  NBE o ISBNPByTITLE TIME: MAXNPy CAXELy MAXENI,
:gx'ggl,-lNPROB oNNP ¢NEL NBN oNODEL NT1 ¢ NPCONNPF_X o UXRSN? ¢ NISNY

PREPARE FOR NEXT TIME STEP

IF ( VIME«GT«TMAX) GO TO 10
DELT=DELT#({1.+CHNG)
DELT=DMINI (DEL Y DELMAX)
TIME=TIMESODELY

CONTINLE

END OF TIME=MARCHING LOQP

GO TO 10
260 PRINT 10300.1HBP «MAXHBP
270 RETURN

0000 FORMAT(1IS+8A 0.1
0100 FORMAT(/78H1PROB

1)
15 43Hee +9A8/)
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Appendix C (continued)

10200 FORMATIS X110 :3XeE12¢4,,3X:E124,15X+110)
10300 FDRMA‘ 2272061 HALF-BANDWIDTH=PLUS—CNE =414,
> 25H ENCEEDS MAXe ALLOWABLE =,14)
10400 FOR"AT(IHIo32“'0'...."‘....“‘.".‘..“.‘..“‘..“..‘.‘l..ﬁl"
(Y- EX 2T XR2IERIRXL R ER R XL RRESRRRRIR IR RERRLYNRRIRRINENEIER ISR Y]
> 5H‘.‘../’Il7" DIAGNOSTIC TABLE 16 ¢12Hee AT TIME =¢1PD12e 4
> DELTY = 1PO124841H))
10401 FORNAT(IIIJOH TABLE OF 1 TERATIVE PARAMETERS/’/ 5X,
ITERATION s 7XoEHRE SIDVUAL s6X +OHDEVIATICN(8X o
mm. NCN—-CONV. NODES)
10402 FoR“‘T(/IQ‘H TJABLE OF RAINFALL-SEEPAGE B. Co lNFDR"A'!ON.’ oK
IRSN NPRS(IRSN) NPCCAN(IRS N) HCON(NPRS) NPF_X(1I38V)
) FLX‘NPRS’ DCYFLX(NPRS))
10403 FORMATCIHN oX10+113¢115+:E1364,,1154,E13.34E18.3)
10200 FORMAT(//30H TABLE CF NCAN=CONVERGI NG NODES)
10800 Egg"AT(ItSIOZOIS))

Gw202288
Gw2D 22680
Gw2D22es
GWan 2270
Gwan227s
GW202280
GW202288
GwWa2D 2290
GW2D2299%
GW202300
GW202308
GwW202310
GW202318
Gw202320
Gwana32s
GwW202330
GwW20233S
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Appendix C (continued)

SEBROUTINE DATAIN(X sZo1Es MHoHT sTHyVXeV2, DLB, DCOSXHy OCOSZByN3E
D> ISBNPBs DL DCCSXsDCOSZoHCONGNRSE 1S+ NPRSNPCONSNPFL Xy IRFTY D,
> TRF +RF RPsNPST+ BB NNy
> PROP . THPROP ¢ AKPRCP HPROP,CAPROP ¢ MAXEL s MAXNP s MAXHB?,
> MAXBEL sMAXBNP ¢ MXRSEL y MXRSNP ¢NXRF PRy MXRPAR,
> MXSTEL MXSTNP ¢ MAXBCN,; MAXMAT s MXMPPM ( MXSPPN¢ NI HPPMy NACPOM,
> MAXNTI« PMAT AKPAR ¢sTHPARs KPRKDSKe, ISTOPMAXDIF.WeTIME,
>TITLE +NPROB)

VARIABLES
5TEMs ITS SO1
?:EADY-ST AT E

FUNCTION OF SUBROUTINE~--TO READ+ PRINT., AND CHEC
PERTAINING TC SIMULATION TIME, GECMETRY OF THE 3
PPOPERTIES, BOUNDARY-INITIAL CONDITIONS FCR BOTH
TRANSIENT CASESes AND NUMERICAL CCNVERGENCE CRITE

K
v -

AND
R

IMPLICIT REALSE(A-H,0-2)
REAL#®4 PMA T, THPAR sAKPAR

DIMENSION TITLE(S)
OIHENSION X({MAXNF) +sZ(MAXNP) ¢ JE(MAXEL+S)

DIMENSICGi H{MAXNP) sHTUNAXNRP) ¢ THUMAXEL +8) VX(MAXNP) o VZ(MAXN3)

DIMENSION DLBIMAXBEL) sDCOSXB(MAXBEL) +DCOS ZB(MAXBEL ) s NBE(WAXJIE. ),
> ISB{HAXBEL ¢4 ¢ NPE( MAXBNP) '

DIMENSION DL{MXRSEL) s DCOSX{MXRSEL) +DCOSZ(MXRSEL ) HCIN(MXISN?) ,
> NRSE(MXRSEL ) oI S{MXRSEL +4) +sNPRS (MXRSNP) ¢ NPCON(MXRSNP )+
> NPFLX{MXRSNP) JIRFTYP{MXRSIIP) s TRF { MXRF PR, MXRPAR) ¢
> RF{MIRFPRMXRPAR)

DIMENSION RP{MXSTAP) s NPST(NXSTNP) » BB( MAXBCN) s NN(MAXBCN)
OIMENSION PROP(MRAXMAT sMXMPEMN) ¢THPROP ( MAXMAT ¢ MXSPPM)
> AKPROP(MAXMAT , NX SPPU) HPROP (MAX MAT ¢ MXSFPM), CAPROP (4 AXMAT s UX3P24)

DIMENSIUON PMAT(3 (MXNPPM) s AKPAR(3 NAKPPM) s THPAR( 3¢ NTHPPMY)
DIMENSION KPRIMAXATI) KDSK{MAXNTI)

COMMON /GEONM/ SNFECSFE s ANP,NELs IBAND

COMMON /CNTRL/ NTIMAXCYoMAXIT4NSTRTsKSTRsKPROKDSKI s KSSy £S5?
COMMON /TOTLNSE/ TCLALTOLE

COMMON /PARAM/ DELT +CHNG ¢DELMAX o TMAX

COMMON /BRSEND/ NBEL +NBN +NRSEL ¢NRSNs NRFPRe NRFPAR

COMMON /BCST/ ABC oNSTINSTN

CCMMON /7NTL/ NMAT NMPPMNSPPM

COMMON /CPT/ ILUNMP.IMID ‘

IF (KSS.EQ.0) GO YO S0

.\'.i\)n..u—-—l-.—ﬂ———nnul—ﬂ-;-.--—n—c
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Appendix C (continued)

1STOP=0

READ 12000¢NNPJNEL s NMAT 4 NCMoNT]I ¢KSS ¢ KSPINSPPMy S STReCCPyKGRAV,
> NETRTeMAXI TsMAXCY oNMPPM

READ 120C€C. ILLNPIMID

READ 12300+ DELT,CHNG +DELMAX s TMAXsFETOLA»TQOLBe RHOsGRAV sV IS0 ¥
READ 121 00+KPRO(KPR(ITM) »ITN=]l ,NTI)

NEAD 12100y KDSKO o{ XDSK(ITM) oITM=1 oNT 1)

IF(TMAXeLE« 0+ 0) TMAX=]1.,0E50
PRINT 10000 sNNP WEL sNMAToNCMoNT1 oKSS s KSPNSPPMeKSTRe KCP 2 C GRAV »

> NSTRTsMAXITeMAXCY
PRINTY 10CC1+ ILUMP,INID

PRINT 10100.DELTCHNGsDELMAX yTMAX+FEsTCLA:TOL By RHOeGRAV o/ ISCe W
PRINT 10200

PRINT 12200:.KPRO¢ (KPRUITM) sITM=1,NTI)

PRINT 10201

PRINT 12200¢ KDSKO: (KDSKCITM) o ITM=1sNTI)

PI1=3.141862¢

FE=FEsP1/180,

SNFE=DSIN(FE)

CSFE=DCOS(FE)

IF (KGRAV<eEQel) SNFE=0Q.
IF (KGRAVeEQe1l) CSFE=0.

READ AND PRINT MATERIAL PRCPERTIES

70 IF (NMPPN.LE.J) GC TO 90
IF (NMAT.LELQ) GC TC 90
PRINT 103000' (PNAT(I eJ) 21321 43) ¢ J=] s NMPPM)
DO 80 I=1.N
READ 12300 .(PRCPU »J) 1 J=1 JNNPFM)
a0 PRINT 128001 s(PROP(I ¢J) o J=1  NMPPM)
90 IF (KSP.EQe1l) GO 10 120

SOIL PROPERTIES ARE YO BE REPRESENTED BY ANALYTIC FJNCTIONS

READ AND PRINT MOISTURE-CONTENT PARAMETERS

IF (NSPPM.EQ.Q) GC TO 200
PRINT 10800+ (CTHPAR(I o J) ¢I=113) ¢ J=1+NSPFN)
00 100 I=1.NMAY
READ 12300« ( THPROP(I +J) s =1 +NSPRN)
PRINT 12700¢ I +( THPROP(I +J) ¢ J=1 ¢+ NSPPN)
100 CONTINUE

SO ID LIS GG GGG GG 0 G GO G W GGG W W NN RN R DR
PLUUANN>=OO0OVORONNOOCRAPIPUWUPNFE=OOYDBONNOON
VOUMOMONMOUVOLOUNONMOUMOAOUONMOUIOMORONORONONOW
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Appendix C (continued)

-READ AND PRINT CCNOLCTIVITY PARAMETERS

PRINT 106000 (AKFAR(I sJ) +I=1¢3)¢J=1eNSFFM)
DO 110 I=l.NMAY
READ 12300+ (AKPROPUI ¢J) ¢ 4=1.NSPPM)
PRINT 12700, 1.AKPROP(]I 4J) +J=1 +NSPRPN)
110 CONTINLE
GO TO 24Q¢C
120 IF (NSPPM.EQ.0) GC TO 2900

SOIL PROPERTIES ARE 10 BE GIVEN IN TABULAR FORM

READ PRESSURES

D0 13) I=14NMAT
READ 12300+ (HPROP (I sJ) 5 Jial s NSPFM)
130 CONTINLE

READ WA TER CONTENTS

D0 140 I=1l.NMA
READ 12300
140 CONTINLE

READ CONDUCTIVITIES CR PERMEABILITIES

DO 1S5S0 I=1.NMAT
READ 12300« (AKPROP(I +J) oJ=1+NSPPM)
180 CONTINLE

READ WATER CAPACITIES

DO 160 I=1.NMAT
READ 12300+ (CAPROP(I 3J) ¢J=1+NSPPN)
160 CONTINLE
PRINT 10400
D0 170 I=1+NMATY
PRINT 12600+1+ (HPROPL{L +J) +THPROP(I +J} s AKPROP(19J)s CAPRD?>{14J),
> Ju=l s NSPPN)
170 CONTINVE
IF (KCP.EQ.0) GO YO 200

CONVERY FROM PERMEABILITY TO CONDUCTIVITY IF NECE3SARY

DO 190 I=1.NMAT
PXCF=REQO®GRAV/ V]I SC
PROP (1 +4)=PROP (1 +4 ) *PKCF
PROP(1+5)=PRCF (I +5) *PKCF

T
(THPROP (X 2 J) o J=8 ¢ NS PPM)
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Appendix C (continued)

DO 180 J=1 NSPFM

180 AKPROP(I s J) SAKPRCP (1 + J) #PKCF
190 CONTINLE
READ AND PRINT NODAL-PCINT DATA

200 NlI=] )
210 READ 12800 NJX{NJ) 2Z2T(NJ)
IF (NJ=NI1) 220,2%20.,230
220 PRINT 18100, NJ
PRINT 12500s ANJeX(NJ) 5Z(NJ)
ISTOP=] STCP+1
GO YO 210
230 DF=NJ+1-N1
OX={ X(NJ)=X{NI-1))/DF
DZ=(ZI(NJII)I=Z(NI~-1))/DF
€40 CUONTYINUE
XONI )I=X{NI-2)+DX
ZUNI )=Z(NI—-1)¢DZ
2%0 NI=NI+1
IF (NJ=NI) 26C,2%50.,240
260 IF (NILENNP) GC TO 210
PRINT 10700
KLINE=Q

DO 265 NI1al o NNP,&
NJNN=N]
NINX=MINOCNI+3 JNNP)
PRINT 129004 (NJoX{NJ) «Z(NJ) ¢ NJ=NIMN¢ NIMX )
KLINE=KLINE+]
265 IF (MOD(KLINE 50)¢EQ.0) PRINT 10700

READ AND PRINT ELEMENT DATA
ALSO COMPUTE MAXIMUM NODAL DIFFERENCE FOR EACH ELEMENT
PRINT t08400

M = O
270 READ 120000 MIJ(IE(NI 01) 93 =1 45) ¢ MODL s NLAY
NTYP=IE(M] +S)
MND = 0
00 280 1Q=1,3
JO1l = IQ ¢+
00 280 JO=]
J=IE(ML,JQ))

AXDIF)}

ZE~
$9%

280 MAXDIF =

DATAL
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Appendix C (continued)
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Appendix C (continued)

IDENTIFY BOUNDARY ELEMENTS AND COMPUTE DIRECTIUN COSINES OF
BOUNDARY SI1DES

S00 CALL SURF(XeZ+IE+ DLB,OCOSXBDCOSZB,NBE,1SB,NPB,
> MAXNP+MAXEL+s NAXBEL ¢ MAXBNP)
IF(KSS.EQ.1) GO TC SOS
NRSN=Q

READ STEADY STATE CR TRANSIENT PARAMETERS
805 READ 12000:NBC ¢NST.NRFPR (NKFPARs NRSEL « NRSN
PRINT 11C00sNBCNSToNRFPRsNRFPAR sNRSEL ¢+ NRSN

READ AND PRINT STEADY STATE QR TRANSIENT RAINFALL-SEEPAGE INFJR AT,
S$70 IF (NRSN.EQG.0) GO TO 800
STEADY STATE CR TRANSIENT RAINFALL PROFILES

IF (NRFPR.EQ.0) GC TO 590
PRINT 11400
00 S80 1m1.NRFPR .
READ 123004C TRF(I ¢J) s J=1 s NRFPAR)
READ 12300 ,(RF (I +J) ¢ Jul +NRFFAR)
PRINT 11500.1
DO 880 J=] +NRFFAR
360 PRINT 12€00+(TRF(I+J) sRF(1,4J))

STEADY STATE JR TRAMNSIENY RAINFALL TYPES AND PONDING DEPTH
€90 CONTINUE
NPP=

Q
610 IF (NPP.EQ.NRSN) GO YO 670
IF (NPP.LI.NREN) GO TO 620
PRINT L14E8CO+NRSEN
1S 0P=]l STOP+1
GO TO 670
620 READ 134Q00.NIITYF(NPINCHCGNI
IF (NPINC.GTeQ) GC TO 640
630 NPP=NPP+1
NPRS(NPP) =NI
IRFTYP(NPP) =1 TYP
HCON{ NPP ) =HCCNI
GO TO 610
€40 IF (NPP.GT.0) GO TO 650
ISTOP=] STOP+1
PRINT 1S580¢

o
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620

660
Lw70

680

STEADY STATE OR TRAANSLIENT RAINFALL-SEEPAGE ELENINT SJRFACLE INFJUIMAT.

T00

710

720

30
740

730

Appendix C (continued)

NJ=NPRS{NPP)
JTYP=IRF 1YP (N )

NK=NI-1

D0 660 NPaNJAKJAFINC
NPPaNPP+ ).
NPRS(NPP) aNP
IRFTYP(NPP)=JTYP
HCONCNPP) =HRCONJ

GO TO 630

PRINT 11€00

00 680 NPP=m) NRSH
NP=NPRE(NPP)
PRINT 13S00NFJRFTYPINPP) HCONINPP)

MPI=Q

IF (MP] +EQ.NRSEL) GO
READ 12000.MI 151,15
IF (KINCeGTe0) GC T
NPImNPI+ 1

NR SE (MPI )=MI
I1S(MPL+1)=2S1
lSlIPlo!)!lsz

GO 9@

IF (UloG?-O) GO Y0 720

NKaMI-1
00 730 IllJ MK NINC
MP JuM
IPI'NPIO 1

S(HFJ+1 ) ¢NPINC
S(NPJ ,2)+NPINC

GO TO 0
PRINTY 117200
DO 7350 MP=m) oNR‘EL
N=NR SE (NP
PRINT lSOOOoM.!S(NP:Un!S(NP.&)

ODETERMINE DIRECTICN COSI?ES FOR STEADY STATE OR TRANSIENT
RAINFALL-SEEPAGE SURFACE

DA

o
=4
o ot = ol o o ot o ol f = g = = =l

QOQ
»>r>
>PPPIIIIPIIPIIPPIIPIIIPIIPIIIPPIPIPIIPIIPIIPIPIIIPPIIIIID

Q0000000000000 00
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> T0 764
>
GO YO 780
760 00 770 J=) 4
70 IS(MPI ¢+ J)=nlISBINPJ J)
DL (MPI)=DLB (MPJ)
OCOSX({ NP1 )=DCOSXB (MNP J)
DCOSZ(MPI )=DCOSZB(NPJ)
GO YO 70
780 CONTINGE
ISTOP=I STYOR+1
PRINT 14S0Q.M1
790 CONTINLE
800 DO 810 NP=1 ,MNAXBCHA
210 RP(NP)=O,.
IF {(NBC.EQ.0) GC TO 900

00 790 MPl=m] A
L3 1

Appendix C (continued)

aNR SE (NP

x
5
g
§.

IF (MJeNE.MI) GO TO 78

o
IF C(ISBCMPJel ) eEQeIS(MPI 41)e AND1ISBIMPI2)eEQeIS(M2Iv2)) GI
lqo(%a(ﬂpdll JeEQQIS(MPL ¢2)e ANDQ ISB(MPJY,2)+EQeIS(NM2T1)) GI

READ STEADY STATE OR TRANSIENT BOUNDARY CONOITIONS OF THE FIRW H=83

e20

830
940

avro
aao

NPP= 0
IF CNPPJECQNBC) GC TO 880
1F (NPP-L}.NOgé GC TO &30

NPINC ,881
) GC TO aso

GO YO 860

PRINT 1

NJaNN{NPP) ¢NPINC

8BJ=BB(NPP)

NK=NE=1

D0 870 NPaNJshK NFINC
NPP=NPP+ L
NN(NPP ) =NP
BE(NPP)=BB J

60 TO 8a40

PRINT 11100

DATA200
OATA 201
DATA 201
DATA202
DATA202
DATA203
OATA 203
DATA 204
DATA204
DATA20%
DATA20S
DATA206
DATA2006
DATAR207
DATA 207
ODATA208
DATA 208
DATA 209

A209

A

A

ey lo1-1-1-1-1-1- 7]
124333333339
B P o P

OAT

P2 22 03 2 232 32D PSS DD PP )Y

Q
>
g At A d

OAT
OAT

>
CUROUNOAOCNOUOCNONOUOUNONONOROCUONONONOROAONOROURCRONOUCN
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€ READ STEADY STATE OR TRANSIENT SURFACE-TERM POINT FLJXES
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910

sa20

Appendix C (continued)

D0 890 NPP=] (ABC
PRINTY l3200.Nh(NP°).BB(NPP)
IF (NST.LE.O0) GO 70 1000

C TO 960
oKINC 4E1 €4
C TO 930

(1191

1eNJoE]L JEJ

IF(MPGT C TC 921

NPPaNPP+ |

NPSTI(NPP) mN]

Nll‘NPP

P PPu NP

NPST(NPP).NJ

NJJaNPPR

GO TO s2a¢

00 922 l-l.NPP
I JumNPS
lF(lJcEQ.N!’ GC T0 923
CONTIN

NPPaNPPS |

NPST(NPP):NI

NI 1=NPP

GO TO %24

Nlls]

00 928 Ja) NPP
1J=NPST(J)
IFt1J.EQeNJ) GC YO 926
CONTINULE

NePmNPP¢ 1

NPST(NPP)'NJ

NJ JuNPP

GO TO s2¢

926 NJJ=J

929

930

RPINIII=RPINIII¢EICEL /3 0+EJREL/6.0
2:£:JJ)'GP(NJJ)*EI‘EL/G.O#EJ‘EL/J.O
GO TO 910

IF (MP:sGT40) GC YC 940

ISTOPal STOP+1

PRINT 15700

DAT
DAT

WHUEWWEWEWEHWHONNNRONDNNN

o
>
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NPMI NuMA X 0(
NP MA XaMI NO(

00

941

942

943

944

948
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Appendix C {continued)

P} +NPSTI(NPP-1)})
MAX ¢ NPI NC

nilv
-

K oNLoEK JEK

L
L
:N#DZ‘DZ)
GC TO 941

NPP=NPP+1

NP ST(NPP) =NL

NLL=NPP

GG TO S48

D0 942 K=] (NPP
KLaNPST(K)
IF (KL.EG.NK) GO TO 943
CONTINLVE

NPPENPP+ 1

NPST{NPP) aNK

NKKuNPE

GO TO Sa4

NKK =K

DO 942 L#1 .NPF
KL=NPST (L)
IFLRL.EQNL) GO TO 940
CONTINUE

NPP®NPP+1

NPSY(NPP) aNL

NLL=NPP

GO TO S48

NLL=L

RP (NKK ) =RP (AKK) ¢EKSEL/2 <0

RP(NLL)IBRP(NLL)+EKSEL/2.0

CONTINLE

0 920

GO ¥
S€0 NSTN=NPP

APPLY STEADY STATE CR TRANSIENT DIRICHLEY BOUNDARY CONOITIONS T2

INITIAL CONDITIONS

1000 IF
00

1010

1020 1F

(NBC <EG.0) GO T0 1020
1010 NPP=) (NBC

NPaNN {NPP)
HUNP) aBB | NPP)

¢ 1STOP.EQ.0) GC TO 1030

S LUNN =

OCROVROROMROMROVOUOMROVNOROROMONROVOROROUROROMOROUROUOUOUVON

DAY
OAT

DAT
DAT

N=eQOOORBINGRORNR

DAY
OAT

OAT
OAT

DAT
OAT

DAY

ﬁlﬂiaﬂﬁlﬂﬂﬂﬂdOOOOOOOOOOOOO03000OOUOGGGGGGUG?OGOGGUGO
WRN==0O0YVBBNNOOAAPIWW

NAURNNRRNARNRNRNNRRRUNRNOUBNNRNNONRRNANNRONANNDONNNRRNNOARRONNONNN

A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
DATA
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A

2]

-
FL 3

Sy




PRINTY 1Se040,

Appendix C (continued)

L1 SICP

C REAL STEADY SYATE Cﬁ TRANSIENT NATURAL-=DRAINAGE ELEMENS

g SURFACE INFORMAT

c 1030 CONTINUE
PRINT 20000¢ NBA(NPB(1) oI=1NBN)

PRINT 221000¢ NBEL(NBE(I)+1=1,NBEL)

IF(NRSNNE.0) PRINT 22000¢ NRSN, (NPRS(1),I=1l,NRSN)

EEC(NRSELJNEL Q) PRINTY 23000¢ NRSEL:(NRSE(1I),1a1,NRSE.)

IE(NSTNE«O) PRINY 260000+ NSToNSTNo(NPST(I)eImloeNSTN)
c IFC(NBCNE«O) PRIANT 270CNe NBC:(NN(I) I=1lNBC)

RE TURN

¢

10000 FORMATL ISHOINPUY TABLE lee BASIC PARAMETERS 77 3Xe
> Q0N NUMBER OF NTDAL PCINTSe ¢ ¢ o o o o ¢ 09137 39X,
> Q0H NUMBER OF ELEMENTS: o o e o o o o018/ 88X
> 40H NUMBER OF DIFFERENT "ATERIALS e o o o 03137 8X,
> 40N NUMOER OF CORRECTION MATERIALSe o o ¢ 091387 SX,
> 40M NUMBER OF YIME lNCRENENTs e s s o o o o9l8/7 8X,
> 40H STEADY-STATE l.Ce CCONTR e o o o o o o913/ X,
> 40H SOIL-PROPERTY CONTROL ¢ o @ o ¢ o ¢ o o915/ SX,
> 40N NUMBER OF SCIL PARAMETERS o ¢ ¢ o o o 92137 8X,
> 40H AUXILIARY STORAGE CONTROL o ¢ o ¢ o« o 9IS/ SX,
> 40H CONDLCYIVITY-PERMEABILITY CONTROL o o ¢0187 3X,
> Q0H GRAVITY CCNTROL o ¢ ¢ ¢ ¢ o ¢ ¢ ¢ » o o018/ 3X,
> 40N RESTARTY PARAME TER e o« o o o o 00187 SX,s
> A0 MAXIMNUM 1TERATIONS PER CYCLE. e o o ¢ 00157 8X,
> Q0H MAXIMUM CYCLES PER TIME STEPs o o ¢ o ¢918)

10001 FORMAT( LN 4N,
> 40H LUMPING INDICATORy ILUNMPe o s o o o o os 157 93X,
> 40H TIME-DIFPFERENCE INDICATORQ l"lD e o o ¢013)

10100 FORMAT(S X400 TINE INCREMEN o o 0o 0 0o o o eeFlI8/ SXo
> 40t MULTIPLIER FCR lNCﬁ!ASlNG DEL". e o o ¢eF1067 SX»
> Q0H MAXIMUM VALLE OF DELT ¢ o ¢ o o ¢ o o ¢eD10s8/7 8X,
> A0H MAXIMUM VALLE OF TIME « o e o o ¢9D10,87 88X,
> 40H DEGREES OF PRIN-AXIS I?CLIMTIONO e o eoFl10s67 SX,
> 40H STEADY-STATE TOLERANCE: ¢ o o s ¢ s o osFl10.6/7 SX,
> 40N TRANSIENT STATE TOLERANCE cccvcvcsscoceceesFl0.6/ 3SX,
> Q0N ODENSITY OF BATER: ¢ ¢ ¢ ¢ o ¢ o o ¢ o +Fl0e67 S5Xo
> A0H ACCELERATION O' GRAVI"Y e 6 ¢ o o o o oeFl0.3/7 8X»
> 40H VISCOSITY OF WATER e o o o o o 0:F10.6/7 SXo
> 40H Tl“!’l"‘EGﬂAYION PARA!TER. e o o o o 0sF1D06)

10200 FORMAT( /7€ X9 L 4HOLTPUT CCNTROL)

10201 FORMAT( /776Xl SHD]I X OUTFUT CONTROL)

MTERIAL PROPERTIES/Z7 9H WAT e Ndee 9

10300 FORMAT(JIGHLINPUT TABLE 2..
> 3A4))

Q0P IVOUD00VUUUO0UOC00U2000C0DUC0CC0ODD0
1439323333333 $333333333333333%9%%3%4%3 37
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Appendix C (continued)

> I3Xo SHEJI/)

Q
>
-4
> pr p> >

13400 FORMAT($3HI!NFLT TABLE 3Jee¢e SOIL-PROPERTIES INTERPOLATION VA_JES// DATA 300
> MATe NOo ¢ 9X+s8HPRESSURE o1 3X o1 OHMOISTURE CONTENT o 80X OATA3O1
Qi\.ONDUC'I’l VITY/PERMEABILITY 6Xs]l AHWATER CAPACITY) DATA 301
10800 I'ORMAT( SAHLINPLTY IABLE Jee MOISTURE=CONTENT PARAMETERSZ/ DATA 302
Te NOe ¢8€3A4) ) NATAJO02
lOOOO)FO?NAT(COH\!NPuT 1ABLE Q@se CONDUCTIVITY PARANETERS// 9H 4AT. N, g:;:ggg
10700 FORHAT(SEHIINPVI’ TABLE S. NODAL. POINYT DATA/Z72X, DATAJIOS
QHNODE ¢ 1 OX o1 HX 10X o1 HZ ¢4X o4 HNODE e 10X o 1HX s 1IX e 1HZ o &% ¢ AHNIDE, DATA 306
> 10Xo IHX 9 10X ¢ IHZ ¢4 X o4 HNGDE o1 QX o1 HK 210X ¢ L HZ/ DATAIOS
D 2THEGGS B EE S0 A0S0 SPR VPR OO ENE IR L 27HONG SRR O RN G RO B E RN GEE R OB R &, DATA 3OS
DIN2THOC 0SS 0200008000000 008 SRR, IX  2THEVOEE QG QECHEEEIRRREREER RN DA;:ggg

>0/) DA
10800 FoanAttavﬂlxNPut TABLE Gee ELEMENT DATA// 1liX, DATAIO?
3INGLOBAL INDICES OF ELEMENT NOOESITx.THELEMENt.SX.tHl ?Xeli2e ODATA3O?
TXe JH3 9 7Xo IHA 182 BHMATERI AL 44X ¢ 9HNODE DIN ™. DATA 308
10900 FOR’IAT (64X CORRECTIONS YO MATERIAL TYPES AN) CLASSES FQO SE.ECTED DATA 308
ELEMENTS) DATA309
11000 FORNAT(QSHIINPUT TABLE 7ee STEADY-STATE B.Ce PARAMETERS// 5K, DATA 309
A0H NUMBER OF BCULNDARY CONDITIONS ¢ o ¢ ¢ «0[IS57 SX, DATA 10
> QOH NUMBER OF SLRFACE TERMS ¢ o ¢ ¢ o o o 09157 85X, DATA 3O
> A0 NUNMBER OF RAINFALL PROFILES ¢ o ¢ o o 9157 SX, DATA 311
> 40H NUMBER OF RAINFALL PARAMETERS ¢ o« o o ..ls/ SXe OATA 311
- - f> 40H NUMBER OF RAINFALL-SEEPAGE ELEMENTS . 2157 SX, DATA 312
> 40H NUMBER OF RAINFALL-SEEPAGE NODESe ¢ o ¢913) DATA 312
11100 FDRNAY(GEHI!NPUY TABLE 8e¢ STEADY-=STATE BOUNDARY CONDITIINS IF DATA 313
> 9HFORM H=BB//6H NODE7X +2HBB) DATA313
11200 FORMAT(QSH!!NPL? TABLE D«e STEADY-STATE SURFACE TERWYS, DATA 3l S
331 E=E] AT NODE N1, EafEJ AT NODE NJ/Z/78X.2HNI, SXoZHNJo lQXodrlElo DAT g{;
315
316

CROROCUOUOUOROUONORONONONCNOUNCNOLOVORONOROROMORQOURON

11300 FORMAT(AJHIINPUT TABLE 10«c¢ TRANSIENT BeCe. PARAMETERS//Z 53X, DAT
> 40H NUMBER CF BCUNDARY CUNDITIONS ¢ o o o o9IS7 8Xo DAT
> .u“l NUMBER OF SLRFACE TERMS ¢ ¢ ¢ ¢ ¢ o o 0I5/ SX, DATA3LO
> 40H NUMBER OF RAINFALL PROFILES ¢ ¢ o o ¢ o015/ SX» DATA3L7
> 40N NUMBER QF RAINFALL PARAMETERS ¢ « o ¢ o137 38X, DATA3L?
> A0H NUMBER OF RAINFALL-SEEPAGE ELEMENTS o o913/ 3X, OATA31S
> A0H NUMBER QF RAINFALL-SEEPAGE NODESe ¢ o ¢+13) DATA31S
1400 FNMAT(S!HUNPLT T‘B € 1lee RAINFALL DATA) DATA 3O
l.oo FORMAT(/78MH PROFILE +IS/70X ANTIMNE + 11 X4 HRATE) DATAJL S
11600 FOR“A“S‘““NP‘J‘ TABLE 12¢¢ RAINFALL DISTRIBJTIDON AND 2DNDINGZ/ DATAI20
> * SHNODE 463 ¢ SHTYPE ¢S X » SHOE PTH) DATA 320
11700 FDR.*'( SAHLINPLT TABLE 136 RA('FALL"'SEEPAGE SJRFACE INFIRWAT IJ2N// DATA 321
> SXeTHELEMENT :2X «OHNODE 1 s2X 6HNODE 2) DATA 321
11701 FO.MAT(SAHLIINPLY TABLE 13A¢ NATURAL DRAINAGE SJRFACE INFIRMAT ION// DATA 322
SXo THELEMENT ¢ 21 6 HNODE 1 42X 6HNODE 2) DATA 322
114800 FOR'AT(SQH‘!NPLT TJABLE 14¢¢ BOUNDARY CONDITIONS OF FORM HaBgr/ DATA 323
> 6H NODE 7X,2HB8) DATA 323
11900 FOMAT(J\HUNPUT TABLE 18See SURFACE TERNS, DATA 24
33 EsEl AT NODE NI, E=EJ AT NODE NJ// SH NISH NJos8Xe cHEIL, DATA 324
) 12X+ 2ME J¢) DATA 328
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FORMATL Z37H
FORMA T 7 /77/743H
FORMATL///7/734H
FORMAT(//7/7/728H
FORMATI(///72/30H
FORMAT( /s /7/26H
FORMAT( 7//7/738H
FORMAT( /7777491

> N
00 FORMAT(////748H
Q0 FORMATY(//7/7/48H
00 FORMATL///7/33H
00 FORMATL///7/748H A
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Appendix C (continued)

* X

e
-d

?25-4))

020113 eIX oIS 2011 ¢303XXe1I3,20113)

o O
-

HECK BOUNDARY CONDITICNSe MAXIMJUM =, I5//7)

YOO MANY RAINFALL-SEEPAGE NODESe: MAXIMUM 3,12///)
ERROR IN SURFACE CARD FOR ELEMENT,18///7)
EXECUTION HALTED BECAUSE OF,15,13H FATA. ERR1S///)

ERROR
ERROR
ERROR
ERROR

ERRUR
ERROR
ERROR

A L
“222 zZZ22

NODAL-POINT CARD NOe,s IS//77)

ELEMENT CARD NO«s187//7)

INITIAL-CONDITICN CARD NO«, IS/// )

FIRST H=8BB TYPE BOUNDARY~CONOITIIN CARD 7/

FIRST RAINFALL-TYPE-PONOING-DEPTAH CARDr//)
FIRSYT RAINFALL-SEEPAGE ELEMENT CARDrr7/)
FIRST SURFACE-TERM CARD///)

AND SOLUTION WILL NOV BE PERFORMEDss1S.

ASSEMBL
> 1M FATAL CARD ERRORS///)
0 FORMAT{/7///40H ERROR IN MATERIAL TYPE CODE FOR ELEMENT, 13//7)
0 FORMAT(1H1+5X s 'CHECK ALL BCUNDARY NODAL AND E'EMENT INFOQHATIDV'//
BCUNDARY NODES =? (15/3%

THEY ARE LISTED BELOW:'/(SX.1015))
21000 FORI&T(!HO.CX.'TD\AL NUMNBER OF BOUNDARY ELEMENTS =',15/3%,
EY ARE LISTED BELOW:*/{SX.,1015))

22000 FORIAT(IHQ.QX.‘YGY&L NUMBER OF RAINFALL-SEEPAGE BOJNOJARY NJJIES =°,
> 18/8Xe "THEY ARE LISTED BELOW:*/{5X,1015%))

23000 FORMATLING 14X, *TCTAL NUMBER OF RA]NFALL*SEEPAGE BOJNOARY E.IdENT =
> %4IB/SXe ‘THEY ARE LISTED BELCW: '/ (5X,101I5))

26000 FORMAT(IHO.4X, 'TOTAL NUMBER OF SURFACE TERM BOJNDARY E.EQENIS =t,
> 15/8Xe *TOTAL NUMBER SURFACE TERM BCUNDARY NODES "015/510
> *THERY ARE LSITED BELOW:'/(S5X,101S5))

2700 FORMAT(1HO.4X . "TUTAL NUMBER OF DIRICHLET NODES =¢,15/8X,
E;DHEY ARE LISTED BELOW:*/(SX.1018))
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Appendix C (continued)

SUBROUTINE SURF(XsZ+1Ees DLBsDCOSXB+sDCOSZB.NBE, 158, NP8,
> MAXNPsMAXELs NMAXBEL +MAXBNP)

FUNCTION OF SULBRCOLTINE——TO IDENTIFY BOUNDING SIDES THRIJJGH THE ARRAY
ISB(MP44)s TO CALCULATE THEIR LENGTHS OLB(MP)s AND TO DETERWINL THE
DIRECTION COSINES DCCSX{MP) AND DCOSZ(MP) OF THE O.'TFAROLY DIREITZD

UNIT NORMAL VECTOR FCR EACH BOUNDARY ELEMENT NBE(MF)e.

IMPLICIT REAL#28(A-H,0-2)

DIMENSION X(MAXNF)+s Z(MAXNP) s IE(MAXEL,S)
NDIMENSION DLB(MAXBEL) +DCOSXB{MAXBEL) ,DCOSZB(MAXDEL )}y NBE(WAXJIEL ),
> 1SB(MA XBEL +4) o NPE{ MAXBNP)

COMMON /GEQM/ SNFECSFE ¢NNPsNEL.IBAND
COMMON /BRSND/ NUEL +NBNNRSEL +NRSN+NRFPR, NRFPAR

FIND SURFACE SIDES BY LOCATINS NCNOUPLICATED SIDES

NBEL=0
NBN=Q
DO 40 MI=1.NEL
DO 30 10=1 .4
JQ1=1Qe1
IF (1Q<EQe4) I0G1=1
DO 2C MJ=1 NEL
IF (NMJUGEGeMNI) GC TN 20
DO 10 JQ=1 .4
JQ1=JG+1l
IF (JQ.EQea) JQLl =1
IF (JIE(MI sIQIeEQeIE(MNIJQ)eANDCIE(HILIQL1)EQeIE(HdJ,

> Jal}) GO YO 30 !
IF (IE(MI1Q)eEQJE(MIsJAL)cANDSIE(MIs1AL)eETIZ(MI,
> JQ)) GO TQ 30
10 CONTINUE
20 CONTINUE

NI=JEC(MIIQ)
NJ=JE(NMIIC1)

JSBI(NBEL ¢2)=NJ
ISB(NBEL +3)=1Q
ISBUNBEL s4)=] Q1
IFI(NBEL.GT«1) GO YQ 28
NBNaNBN+1

NPB(NBN)=NI

SURF

SUWN N ==O

0
0
0
0
0
0
o
1%
04
1%
0
0
o
0
0
(]
o
0
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
2
2
2
2
2
2
2
2
2
2
2
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(aYals)

(3]s

26
27
28

29
30
40

NBN=NBN¢+]

NPB(NBN)=NJ

DO 2€& 1=1 ¢NBN
1J=NPB(1)
IF(IJ.EGeNI) GC TO 27
CONYINLE

NBN=NBN+]

NPB(NBN)=NI

1J=NPB(J)
IF(1JeEGeNJ) GC TC 29
CONTINVUE

NBN=NON¢+1

NPB(NBN)=NJ

CONTINUE

CONTINAE

CONTI NUE

Appendix C (continued)

CALCULATE SIDE LENGTHS AND DIRECTICN COSINES

70

DO 70 MP=1.NBEL
M=NBE (MP)
NI=1SB(MP,.1)
NJ=I SB(MP+2)

W ar s

BETA=DATAN
DCOSXBLMP) =
DCOSZB (MP) =—
CONTINLE

NYPe

DX *DX+DZ®D2Z)

255
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Appendix C (continued)

SUBROUTINE VELT{XsZIEs CoHoHT oVXeVZ4AKX+AKZs MAXELs MAXNI y 4AKHBE? )
FUNCTION OF SUBROUTINE TO COMPUTE DARCY VELOCITY vX AND VZ
IMPLICIY REALSE(A=H,0~2)
OIMENSION X(MAXNP) +Z{MAXNP) o1
DIMENSION C(MAXNPsMAXHBP) o H{ MAX
> AKX{MAXEL ¢4) s AKZ(MAXEL ¢4)

DIMENSION QQ(4+4) sRQ(A) ¢XALA) 42Q(8 ) JHTG(4) sAKXQ(4 ), A<ZQA(S)

EC(MAX EL+5)
NP) +HT (MAXNP) s YX{MAXNP) s VZ(HAXNP ) 4

COMMON /GEGM/ SNFE,CSFE ,I.NP.sNEL+IBAND

1FALFB=({ JBAND-1) 22
IHBP =1HALFB+1

INITIAZE THE DARCY VELOCITY VXINR) ANO VZ(NP)
OO0 100 NP=1,.ANP
VX(NP)=Q.0

1086 VZ{(NP)=0.0

CALCULATE THE TOTAL HEAD HT(NP)

00 140S NP=1 NNP
108 HTINPIE=H(NP)=X(NP)®SNFE+Z{NP) *CSFE

COMPUTE DARCY VELOCITIES BY APPLYING FINITE ELEMENT MEIHOD TOQ JARCY
EQUATIONSe IXZ=1 FCR COMPUTING VXo 1XZ=2 FOR CONPJTING VZ.

00 300 1lxZ=1,2
INITIALIZE MATRIX CC(NP,IB)

DO 110 NP=1.NNP
DO 110 IB=1,.,IHBP
110 CI(NP «1B)=0.0

COMPUTE THE ELEMENT MATRIX 0G(I10,JQ) AND RO(IQ)
00 180 W=1.NEL

D0 120 1GQ=1,4
NP=1E(N.10)
XQC¢I1Q)=X{NP)
ZQC1Q)=Z(NP)

HTQ( IQI=RTINP)
AKXGC(ICI=AKX{MLIGC)

0000000000000
COANPIWUNNE—=O
touvouonmouononm
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120

ASSEMBLE QG(1QsJQ) INTO THE GLOBAL MATRIX CUNP.IB) AND

Appendix C (continued)

AKZQ(IQ)=AKZ(M,,IC)
CALL QAD(QQsRQ ¢XCQ +Z0s AKXQs AK20CoHT Qs SNFE sCSFE, IXZ)

FORM THE LOAD VECTOR VX{(NP) OR VZ(NP)

130

135
140

1€e0

DO 140 1I0=1,.4

NI=IE(M.1Q)

DO 130 Ja=1,4

NJ=IE(M,JQ)

IF(NJ.LT«NI} GO TC 130
18=NJ=N1+1
CI(NI,.IB)=C(NI,.IB)+QQ(I0Q:JQ)
CONTINUE

IF(IXZeCQe2) GO TC 135
VX(NI)=VX{NI)+RQ(1Q)
GO TO 140
VZI(NI)=VZ(NI)+RQ(1Q)
CONTINUVE

CONTINUE

SOLVE THE MATRIX EQLATION CX=B

200
300

IF(I1X2.€EQ«2) GO TC 200

CA.L BANSCLC1+CoVXsNNP,IHBP ¢ MAX NP ¢ MAX HBP)
ESL%033§§CL(2oCoVXoNNPoIHBP.NAXhP.NAXHBP)
CALL BANSOL(1+sCoVZiNNPsIHBP ¢ MAX NPy MAXHBR)
gsh#laaESOleoC-VZ.NNP-!HOP.NAXNP.MAXHBP)

RE TURN
END
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Appendix C (continued)
SUBROUTINE Q4D (QQ+RQ¢XQe2ZQ +sAKXGsAKZA+HT Qs SNFE, C5FEs IND)

FUNCTION OF SUBROUTINE=TO EVALUATE THE MATRIX QUADRATJRE JVER THE
AREA OF ONE ELEMENTe TMESE INTEGRALS ARISE THROJGH THE
APPLICATION OF THE GALERKIN INTEGRATION SCHEME

INPLICIT REAL®B (A-H,0-2)

REAL %8 N(&)

DIMENSION QQ(4+4) JROC4) o+ XQ(4) 420(8) +HTA(A) sAKXQ(4 ) ACZA(S)
ODIMENSION S(4) +T(A) ONX(4) ONZ(S&)

DIMENSION PJAB(202) +ONSS(4) +DNTT W)

DATA P /7 . S77350269189626 /74 S /7 =1¢0D400+s 100400y 102%423,~
3> 1¢0D¢00 s T /7 =1e0D4#004=1<004¢00, 10D+00,s 120400 /

INITIALIZE NATRICES €Qa(XG,JQ) AND RQ(IQ)
00 100 1Qa=1,4
l;g(la)alho

100 Ja=1.4
100 QQ(IQ+JQ)=0.0

SUMMATION OF THE INTEGRAND OVER THE GAUSSIAN PJOINTS

D0 480 KG=1,.,4

DETERMINE LOCAL COCROINATE (SS.TT) OF
GAUSS-INTEGRATION PCINT KG

SS=P#S(KG)
TT=P AT(KG)

CALCULATE VALUES OF THE BASIS FUNCTIONS N(IQ) AND THEIR DERIVATIVES

ONX( 1Q) AND DNZ(IG) WITH RESPECT TO X AND Z, RESPECTIVELY. AT
THE GAUSS PUOINT KG

CALL BASE(NIONSSDNTTSS.TT)

0O 11 1=1,2
00 11 J=1,

11 PJAO(I-J)’O-O
DO 12 I=] .4

PJAB(11)=PJABCL+1)+2ZQ(I)EONTT(I)
PJAB(1+2)=PJABC] +2)~ZQ(I)*ONSS(1)
PJIAB(2+1)3PJAB(2+1)-XQ(I)*DNTT(I)

OOOOO:OOOOOOO
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Appendix C (continued)

12 PJAB(2:2)aPJAB(2,+2)+XAC(I)*®DNSS (1)
DJAC+PJAB(2+2)8P JAB(1 41 )=PJAB(1,2)*PJIAB(241)
DJACI=1.0/DJAC

00 13 J=l,2
13 PJABR(I « J)I=PJAB(T s J) #DJACI
D0 14 I=},4

ONX(I)=DNSS(I ) IPJAB(1<1)+DNIT(I)*PJIAB(L,2)

14 ONZ(I)=DNSS(IICPJIAB(2.:1)+DNTT (1)SPJIAB(2,2)
AKXK=Q.0
AKZK=0.,0

ACCUMULATE THE SLMS TO OBTAIN THE MATRIX INTEGRALS QQ(IG.JQ)
AND RGQ(1Q)

00 150 1GQ=1,4
AR IKmAK XK+AKXQ(IQ) ®NCIQ)
150 AKZK=AKZKSAKZIQC(IQ)EN(IQ)

QQ(IQ.JO)‘GO(IO.JQ)* NCIG) $N(JQ) #0 JAC
IF(IND.EQ.2) GO 200
28(%0)‘%0(10)-AKXK1N(!Q)Q(HTO(JQ)‘DNX(JO))‘DJAC

200 RQ{IQ)I=RG(IQ) -AKZKEN(IQ)®(HTC(JQ)HDNZ(JQ))I®DJIAC

300 CONTINUE

400 CONTINUE
RETURN
END
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Appendix C {continued)

SUBROUTINE SPRCPUIE. HeyTHsDOTHoAKX s AKZ+PROP THPROP, ACPRIP, 2313,
> CAPROPe MAXEL ¢ MAXNP» MAXMAY s MXMPPM, MXSPPM, NEL¢XS?P)

FUNCTION OF SUBROULTINE==TO CALCULATE SOIL PROPERTIFESe L<Es THE
WATER CONTENTSE TH(M,1Q) ¢ WATER CAPACITIES OTH(Me1Q)y AND
PRINCIPAL VALUES CF THE CONDUCTIVITY TENSOR AKX (MsIQ) AND ACZ(d,1I2).

INPLICIT REALOB(A-H 0~2)

OIMENSION IEC(MAXEL ¢S) o HIMAXNP) ¢ TH{MAXEL 084) o OTH(MAXE. 1 4)
> AKX(MAXEL 28) sAKZ (NAXEL o4)

DIMENSION PROP(MARMAT o MXMPPM) +THPROP { MAXMAY  MXSPPMY ),
> AKPROP(MAXMA T MXSPPM) sHPRGP (NAXMAT « NXS PPM )
> CAPROP(MAXMATY « M xSP PN)

COMMON /NTL/Z NNAT .NMPPMsNSPPN

————meee THe DTH/DHs AKXs AND AKZ ARE OBTAINED BY TABLE

IF(KSP.EQ,Q) GO TC 80
D0 70 M=} NEL
NTP=IE(M.S)
SATKX=PROPINTYF . 4)
SATKZafEROP{MTYF,S)
DO 60 Q=] &
NPaJE(M,10Q)
HNPaH( NP)
i: {HN’QGT.HPROP("TVP.‘)) G0 T0O 10
=
JUag
A=mQ,
GO 10 80
10 IF (HNPLTHPROPINTYP,NSPPM)) GO TO 2)
JLaNEPP M
JUm)
A=C,
GO 70 S0
20 DO 30 J=2 NSPPM
JUnYJ

IF (HPRGF(MTYPsJ) «GTHNP) GO T( 40
30 CONTINLE
40 JLaju—-1

Ax{ HNP~HPROP(MTYP 4 JL) ) /(HPROP (MTY P4 JU) ~HPROP (UTYPeJ L))
S0 TH(!.IG)-THFROP(NTVPoJL)OAt(THPROP(MTVP|JJ)-THPROP‘?:;

24J.
DTH(N1Q)I=CAPROPINTYP  JLY+AR(CAPROP(MTYPs JJ )=C APRO> I;oJ

00000000000 00000000
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Appendix C (continued)

US&FCT-AKPROP(NTYP.JL)OA‘(AKPROP(HTYP.JJ)-AKPROP(MTY’.J.))
AKX M Q) =SATKXIUSKFCY

AKZ(M,IQ) mSATKZSUSKFCT

€0 CONTINLE

70 CONTINUE

RE TURN

—————== THes DYH/DHe AKXe AND AKZ ARE OBTAINED 8¢ ANALYTLCAL FO3d4
———=-== THE READER MULST SUPPLY THE FUNCTIONAL FORM OF FKX, FCZ, AND
—e——e-= FTH BELOW

_ 80 DO 95 Mmi.NEL -
MTYPaIE(M.S)
SATKX=PROP(MTYP+4)
SATKZaPROP(MTYF,S)

———weee WCR® THPRGP(MTYP,1) =0 065, 0,050 FOR TWO SAMPLE MATEIUVA.S
——meeee WCSETHPRGF(MTYP 42)=04364 ¢ 0381 FOR TWO SAMPLE WATERIA.S
—em———— RN=THPROP(MTYP:3)=1.092217+ 1+546937 FOR TW0 SAYPLE WATEIIA.
————e—— ALPHETHPRCF(MTYP4) 20109+ 0.0021066 FOR TH0O SAMPLE MAVERIA.S

WCRaTHPROP (MTYP,.1)
WC S=ETHPROP (MTYP,2)
RN=THPROP{(MTYP ,3)
ALPHaTHPRCF(MNTYP &)
RM=1,CD00=-1.000/RN
00 90 1G=] .4
NP=IE(M Q)
HNPaKH( NP)
HNPs=HNP

—e=—eee SATURATED CCNDI TION

IF (HNP+GTe0.0) GO TO 88
TH(MsIQ)aWCE
OTH(M:IQ)=0.000

AKX (MeIQ)=SATKX
AKZ{(MIQ)=SATKZ

GO 10 Sso

== UNSATULRA TED CASE

€S THHIQ=RCR+ (RCS=WCRI 7 (1 cODO+( ALPHSHNP) SSRN)IS & RN
TH{M,1Q)=THFL Q
RWCa( THMI Q=WCR) /7( wCS—WCR)
TERM=(1.0=RUC08(1.,0/7RN) ) *¢RAM
RK=DSORTI(RUC) ¢{1. 0~-TERM)# (1. -TERM)
AKR(MIQ)I=SATKX *RK
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Appendix € (continued)

OTHI(M s IQ) mALPHE{RN=1 +0) STERNSRWCH#(1 I/ RM)

s0 CONTINLE
$3 CONTINUE

RE TURN

€END
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Appendix C (continued)

SUBROUTINE BCPREP(IEs H VX VZe DL, Cosx. COSZosDCYFLX ¢ FL X, RSF Xe
> HCON.NRSE IS eNPREINPCONINPELXJIRFTYP TR/ RFyRFALLe MAXE. ¢ 41AXN?,
> MXRSEL s MIXRSNP MXRF PR MXRPAR e TIME (NCHG)
FUNCTION OF SUBROUTINE==TO PREPARE BOUNDARY CONOITIONS PFOR T HE
RAINFALL-SEEPAGE NODES. IF THE PRESSURE H(NP) BECOMES GREATER [ HAN
THE PUDDLING DEPTH HCON(NP)e THEN THE RAINFALL RATE [S GREATER
THAN THAT WHICH CAN B8E ABSCROBED BY THE SOIL AND EITHER INWARD F.UX
CONTINUVES AT A RECUCED RATE OR SEEPAGE, OUTWARD F._.JXs BEGIN3 .
IN EITHER EVENT THE BOUNDARY CONDITION IS CHANGED TO THE
JONSTANTY PUDDLING DEPTH MCON(NP)e ON THE QTHER HAND, 3HOJLD THE
INTERIOR DARCY FLUX DCYFLX(NP) BECOME GREATER THAN CAN BE MAINTAINED
BY THE EXTERNAL FLUX, A CHANGE TO A FLUX BOUNDARY CONDITIDN 13

EFFECTED.

IMPLICIT REAL?E (A—H,0-2)
DIMENSION IEC(MAXEL ¢S) sH{MAXNP) ¢ VX( MAXNP) s VZINAXNP)
DIMENSION OLC(MXRSEL) ¢ DCOSX(MXRSEL) +DCOSZ{MXRSEL )s DCYFLR(4XA342),

> FLXCMXRSNP) sRSFL X{ MXRSNP) +HCCN( MXRSNP) ¢ NRSE(MXRSEL)
> ISCMXRSEL ¢4 ) NPRE(MXRSNP) «NPCON(MXRSNP) ¢ NPFLX (MXRSNP ) 4

> IRFTYP{NXRSNP) ¢ TRF ( MXRFPR ¢ MXRPAR) +RF (MXRF PR, MXRPAR) s RFALL(WXRF23)

COMMON /GEQWM/ SNFE,CSFE JANPJNELLIBAND
CCMMON /BRSND/ NBEL +NBNoNRSEL s NRSN ¢« NRFPRe NRFPAR

CALCULATE THE RAINFALL RFALL(1) FROM EACH PROFILE

IF (NRFPR.EQ.0) GC TO 40
DO 30 I=1.NRFPR
D0 20 J=2 .NRFPAR
as %;ﬂ;loloJ—l)oLEoT!EoAPO.I’IMEoL!-I’RF(l-J)) Ga TO 0
10 REALL(I)SRE(I o J=1)¢(TIMNE~TRF(I+J=1))0(RF(L:J)=RF(I,J=1))/
> (W(la-ﬂ-“iF(l v4=11)

20
30 CONTI NLE

DETERMINE THE NORMAL RAINFALLS PFLX(NP) AND OARCY FLUXES DCY¥.X(N?2)
FOR EACH RAINFALL-SEEPAGE NODAL FOINTY

40 DO 30 NP=1 ¢NRSEN
FLXINP)=O,
S0 DCWL X(NP)=0.
00 70 MP=1 NRSEL

LD L L LT L lad el atatetedmietrtntrtetvietetotrotnt - o-0°0- - Lo 3- 0 0 - L 0-2-1-1-1- 13- - Y-
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Appendix C (continued)

2

(8

y

~
poigieg-$-4 4

C) P mis
iy

62 D0 €8 J=m}

L 3
NITYPaIRF IYP(NII)
NJTYPaIRFIYP(NJJ)
RFNI=Q.

REFNJ= Q.

IF (NITYP.GT.0) RENI=RFALL(NITYP)

IF (NJTYP¢GT«0) RFNJSRFALLINJTY P)
OBTAIN RAINFALL RATES RFNI AND RFNJ AT POIANTS NI AND NJ NIRNA. 12
THE SIDE SUBTENDED BY THESE POINTS

NTYP=IE(M,LS)

PROJ==DCOSX{Mr-)OSNFEFDCOSZ{NP) #CSFE

RENI==RF N ¢PRCJ

RENJ==RFNJIPRCY
CALC ULATE RAINFALL PFLUX PASSING THROUGH SIDE (NloN J) AND DIvIdc IV
INTO TWO PARTS FLXCNI AND PLX(NJ)e PERFCRM A SIMILAR JPERATION T
OBTAIN DARCY FLUXES DCYFLX(NI) AND DCYFLX(MJ)

FLXINIII®FLXI(NII)#RENISDLINP)I/I O+RENJSD_(MP)/ 64D
FLA(NJI)SFLX(NJIS)+RENIGOL (MP) /76 s O+RFENJEDL(NP)/34)

CONPUTE THE FLUX THRCUGH POINT NI USING THE WHOLE BOJNDARY _ENGIH
AND THE FLUX THROUGH POINT NJ USING THE WHOLE BOUNDARY SIDE LENGTH

FNIm{ VI{NI)GOCCSX{MP)+VZ(NLI)SDCOSZ(MP))SDL (MP)
ENJR{VRINJIWDCCSX({MP)SVIINJIISDCOSZ(MP) )DL {NP)

OISTRIBUTE THE ABCVE FLUXES TO TWO END POINTS OF THE SIDE

DCYLX(N mDCYFLX(NII)SFNI/3.0+FNJ/6.0
ODCYFL X(N SDCYFLXI(NJIJ) ¢FNJI/ I 0 ¢+FNI/76.0

WWHEHWWENNRORNRNO NN
WNN= = O QO VRBNNORR
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Appendix C (continued)

70 CONTINLE

CHANGE TO FLUX OR CCASTANT=HEAD CONDITIONS, AS NECESSARYs AND 3)
INDICATE IN THE ARRAYS NPFLXINPR) AND NPCCN(NPP)

IF (NCHGeNE+(=1)) GO TC 80
NCHG=O
RE TURN
80 NCHG=O
0O 100 NPP=l NRSN

CHECK IF THE CHANGING FROM RAINFALL-FLUX (NEUMANN) CONDITION TJ
PONDING (OIRICHLETY) CONDITION IS NECESSARY

NPaNPF L X(NPP)
IF (NP.EQ.D) G

C TO 90
IF(HCCNINPP) «GE.H(NP)}) GO TO 100
NPCON{NPP) aNPFLX (NPP)
NPFL X(NPP)=0
NCHGENCHG+ !
GO YO 100

CHECK IF THE CHANGING FROM PONDING (OIRICHLEY) CONDITION TO
RAINFALL=FLUX (NEUMANN) CONDITION IS NECESSARY

$0 NPaNPCON(NPP)
IFCFL X(NPP) + LEOCYFLX(NPP)) GO TO 100
NPFL X(NPP) sANPCCNINPP)
NPCON (NPP) =9
NCHGEaNCHG* 1
100 CONTINLE
RE TURN
END

WWRNN ==
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Appendix C (continued)

SUBROUTINE ASENBL(X+Z+IEs CeReHoHP s THoDTHy AKX AKZ, 2RO,
> MAXNPoMANEL e MAXHBP s MAXMAT MXMPPM o KSSeW,DELT)

FUNCTION OF SUBRQUTINE——TO ASSEMBLE THE TOTAL COEFFI
CINP+IB8) ANC LOAD VECTOR R(NP) FRCM THE ELEMENT MATR
QB(1Q.JQ) s AND RGLIC).

CIENT MATRIX
ICES QA(TI2.42),

IMPLICIT REALSE(A-H,0-2Z)

DIMENSION X{MAXNP) ¢« Z(MAXNP) ¢ TIECMAXEL+5)

ODIMENSION C{MAXNP MAXHBP) +R{MAXNP) o H( MAXNP) s HP{MAXNP ) +
> THIMAXEL ¢ 4) OTHIMAXEL ¢8) s AKX (MAXEL o4 ) ¢ ARZ (MAXEL s &)

OIMENSION PROPINAXMAT ¢ MXMPFM )

DIMENSION QA(4:4) s0B(4,4)ROTA) s THA(A) ¢DTHOLH) o AKXQ( &3¢ ACZI( &)
> XQ(4)¢2Q(48) IEN(S)

COMMON /GEOQOM/ SHFE.CSFE +NNPNEL «IDBAND
CCMMON /CAPAR/ ALFBETAP sPOR+SINFE :COSFE
COMNON /70PT/ ILUMPRIMID

SINFE=SNFE
COSFEaCSFE
THALFBa({ IBAND~1) /2
IHBP=IHALFB4]

DELTI=l./DELY

ul=y

H2m] o=V

IF (KSS«eGT.0) GO YO 10
DELT1I=0.

Wimle

w2=0.

INITIALIZE MATRICES C{NP.IB) AND R(NP)
10 DO 20 NP=:l (NAP
R(NP)=0, 0
DO 20 1B=1,IHBP
20 Ci{NP+18)=Q.C
START TO ASSEMBLE QVER ALL ELEMENTS
D0 60 M=l NEL
COMPUTE MATRICES QA(IQ.JQ) s QB(IQ+JQ) » AND RQA(IQ) FOR E.EJYENT «

NTYPRIE(M8)

L rean
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Appendix € {continued)

131 ORNL-5567
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Appendix C (continued)

SUBROUTINE Q&(QA,QBsRQs THQ«DTHQ AKX Qs AKZQs XQy ZQ)

FUNCTION OF SUBROLTINE—TO EVALUATE THE MATRIX QUADRATJRES JVEI THE
AREA OF ONE ELEMENT CF WATER CONTENT AND CCMPRSSSIGBILITY QA(IQ,3Q)
AND OF CONDLCTIVITY QB(IQsJQ) AND RQfIQ)s THE LATTER ARISINSG F)¥ THE
GRAVITY TERM IN THE MDISTURE-FLOW EQUATION. THESE INTEGRALS ARISE

THROUGH APPLICATION CF THE GALERKIN INTEGRATION SCHEME.

IMPLICIY REAL#8 (A-H,0-2)
REAL 28 N(&)

COMMON /GQAPAR/ ALFBETAP +POR +SNFE,CSFE
COMMON /0PT/ ILULNF,IMID

DIMENSION QA(4¢4) :0B(4:4):RQA(A)+sTHQA(A) +OTHA(S) ACXQ( &)+ ACZ2(8),
> XQ(4).2G(4)

DIMENSION S{4) +T{4A) DONX(4) DNZ(4)

DIMENSION PJAB(2s2) +DNSS(4) sONTT (&)

DATA P / 0.577350269189626 /43 S /7 —140D400¢ 1 4004#00s 10024004 -
D 1«00400 /o T 7 =1.004009—10D0+00, 100400+ 1.0D#+00 7/

INITIALIZE MATRICES CA, QBs AND RQ

00 10 I0=1,4
RQX1Q)=0.
00 10 JG=) 4
QB (1Q,4Q)=0.,0
10 QA(IQ+JQ)=C.0

DO 40 KG=1.4
DETERMINE LOCAL COORDINATES (SS,TT) DF GAUSS~INTESRATIIN 30INT <6

SS = P3S(KG)
TT = PAT(KG)

CALCUWATE VALUES OF THE BASIS FUNCTIONS N(IQ) AND THEIR DERIVATIVES
ONX AND ONZ WeRel1 X AND Z, RESPECTIVELY:s AT THE GAJSS POINT XG

CALL BASEINONSSDONTT4SSTT)

DO 11 1I=1,2
DO 11 J=1,2
11 PJIAB(] ¢J)=0.0
- - 00 12 1I=1,.4
T T T T T TP IABLLe1)=PJUAB{1 41 )+ ZQCE)SDNTT(I)

0000000000000
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Appendix C (continued)

PJAB(1+¢2)3PJAB(142)-2Q(I)%DNSS(I)
PJAB(2,1)=PJAB(241)=-XQ(U)RDNTT (1)
PJIAB(2,2)=F JABI(2,2)¢XQ{I)ISDNSS( 1)

DJAC=PJAB(2:2) P JAB(121)-PJAB(1+2) %PJYAB(2,1)

DJACI=1.0/DJAC

DO 13 I=1,2
00 13 J=] .2

PJAB(I +J)=PJAB (I + J) ®DJAC]

DO 14 I=1,4
ONX(I)=DNSS(1)SPJIAB(1+1)+DNET(I)®PJAB(L,2)
DNZ(1)=DNSS{I)EPJAB(2+1)+DNTT(I)&®PIAB(2,2)

AKXQP =0+

AK2QPu0.

THQP=C.

D THGQP=0.

U??c}o EVALUATE THE MATRIX INTEGRALS QA(IQ.,J Q).
(4

DO 20 1G=1.4
AK XQP=AKXQP+AKX
AKZQP=AKZQF+AKZ
THAP=THOP+ THQ(1
011QP=D THAF+D TH
FHP=ALP* THCP /PCR+B
AKXQPEAKXQP 2D JAC
AKZQP=AKZQPSDJAC
FHP=FHP D JAC
00 30 10=1.4
RQ(IQI=RA(IQ)-DNX(IQ) *AKXQPESNFE+DNZ(IQ)EAKZQP&CSFE
DO 30 JQ=1 .4
QA(IQ+JG)=QAC(ICeJQ) +FHPENC IQ)IRN(IQ)
QB(1Q,JC)=QGB(IGCsJQ) +DONX (1 Q) XAKXCP&DNX(JQ) +
DNZ(IQ) 3AKZQP®DNZ(J Q)
CONTINLE

CONTINLE

.“ﬂ“v

afI1Q
a(I1aQ
Q) *N
Q(1Q
ETAP

IF(ILUMP.NE. Q) GC TC SO

RE TURN
CONTINUE
D0 52 Ix=1.4

SU"=°. c

DO S2 J=] .4
SUN=SLMECA(T,J)
QA(I+J)=0.0

QAtI«I)=SuUWN

CONTINLE

RE TURN

LWWWRUWWN RO
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Appendix C (continued)

SUBROUTINE BASE(NDNSS,DNTT.SSTT)
FUNCTION OF THE SLBRCUTINE-TO CCMPUTE THE VALUES OF BASIS FJINCIIOJNS

IMPLICIT REAL*2 (A-H.0-2)
REAL®8 N(W)

DIMENSION DNSS(A) ONTT(X)

N( 1)20.288SMS TN

N(2)=0.232SP&TNM

N(3)=0.250SP2 TP

N{A) =R, 252 MR TP

DHNSS(1)==0.25%TN
DNSS(2)=0.2501IM

ONSS(3)=0,25¢TP

DNSS(A)=~C.25¢TP
ONTT(1)==(Q.25%SHM
DNTT(2)==0e25¢SP
DNTT(3)=0.25#*SP

DNTT(A4)=0.25%EM

RE TURN

ENOD

090006000000
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Appendix C (continued)

SUBROUTINE BC(CsRs FLXJHCONsNPCONs NPFLXe RPyNPSTy BBeNN,
> MAXNP MAXHBP + MXRSNP s MXSTNP MAXBCN. KSS)

FUNCTION OF SUBRCUTINE——TO APPLY BOTH CONSTANT AND T IME-VARY ING
(RAINFALL-SEEPAGE) F'.UX=-TYPE NEUMANN AND PRESSJRE-TYPE DIRICH.CT
BOUNDARY CONDITICNS.

INPLICIT REAL®8(A~H,0-2)

DIMENSION C{MAXNF +MAXHBP) ¢ R{CMAXNP)
DIMENSION FLX(NXR.NP)nHCON(NXRSNP)oNPCON(MXRSNP)oNPFLX(NKRSi’)
OIMENSION RP(NXSTAP) « NPSTIMXSTNP) « BB ( MAXBCN) ¢ NN(MAXI3CN)

COMMON /GEQM/ SNFE,CSFE »NNPsNEL o IBAND
COMMON /BRSND/ NBEL +NBN+NRSEL . NRSN ¢ NRFPR, NRFPAR
COMMON /7BCST/ NDCoNST,NSTN

IHALFB={ IBAND-1)/s2
1HBP=IHALFB+1
IF (NBC.EGe.®) GO 1O 90
APPLY CONSTANT OIRICHLET BCUNDARY CONDITICNS
DO 80 NPP=1 4NBC
MODIFY LOAD VECTCR FCR NON-ZERO BB
NI=NN(NPP)
IF (BB(NPP).ECe0e0) GO TO 40

DO 10 16=].JHALFB
NJ=hNl-~1B

IF (NJeLTel) GO TO 20
JB=IB+1
10 RINJ)I=RINI)-BBINPPY $C{NJ4JB)
20 00 30 1B=x=1,1HALFE
NJ=AI+IB
IF (NJeGT.NNP) GO TO 40
JEO=IB4+1
30 RINJ)=R(NJ)-BB{ NPP) $C(N] +JB)

40 R{N1)=BB(NFPR)
ZERO COLUMN NN

DO S0 IB=1,IHALFB
NJ=NI-18
IF (NJeLTe1) GO TO 60
JE=1B8+1
50 C(NJ+JB)=0.0

900006000
PUWNNE=O
oMoUuoMrmo:
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Appendix C (continued)

MODIF Y ROW NN

60
70

DO 70 KB=1,.,IHEBP
C{Nl sXB)=0.0

CiNIsl)=1.C

CONTLINLE

MODIFY LOAD VECTOR FCR CONSTANT SURFACE TERMS OF THE FJRM 0DO/DisC

90

100
110

APPLY

IF
00

IF

DO

(NST<EGe0) GO TO 110
100 NPP‘!.N‘T

NPaNP ST{NP
R(NP).R(NP)-RF(NPP)
(NRSN.EQ.0) GC TO 210

DIRICHLEY TIME=VARIABLE (RAINFALL-SEEPAGE) CONDIT I1ONS
190 NPP={ (ARSH

MODIFY LOAD VECTCR FOR NON-ZERO HCON

120
130

140
180

NIaNPCON(INPP)
IF (N1<EQeQ) GC YO 190
IF (HCCN(NI)}.EQ.0.0) GO TC 150
00 120 IB=1,IHALFB
NJ=hl-18
IF (NJeLT.1) GO TO 130
J8=nlB+¢+]
RINJI=R(NJ)-HCON(NPP) $C(NJ,JB)
00 140 18=],lHALFB
NJ=aN1+18
IF (NJ.GT<NNP) GO TO 150
JB=18+1
RINJI=R(NJI=-HCONI{NPP)R®C (NI ,J8)
RUNI)=HCON(NPF)

ZERO COLUMN AMPCON

160

DO 160 1871 ,IHALFB
NJ=NI=-18
1F (NJoLTol) GO TC 17¢

JB=
C(NJ-JB)'O-O

MODIFY ROW NPCON

170
130

DO 180 KB=] (,1HBP
CUNIXB)m0.0
C(NI+1)=1,0

BONNOCORALPUUNN“ QO VVPBNNCOOO
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Appendix C (continued)

190 CONTINLE

APPLY NEUMANN TINME-~VARIABLE (RAINFALL-SEEPAGE) CONDITIINS

DO 200 NPP=1 NRSA
NP=NPFLX(NPP)
1F (NPEQes0) GC TO 200
R(NP)=R (NP )=-FLX{ NPP)
200 CONTINUVE
210 RE TURN
END

uuauauuuuuu
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Appendix C (continued)

SUBROUTINE BANSCL{KKK +C sReNNPoIHEP ¢ MAX NP ¢ MAXHBP )

FUNCTION OF SUBROLTINE—TO SOLVE THE MATRIX EQJATION CX = Ry
RETURNING THE SOLLTICN X IN Re IT IS ASSUMED THAT THE ARRAr
C(NP,1B) CONTAINS ONLY THE UPPER HALF BAND OF A SYMMETRIC MATR (K.

IMPLICIT REALIZ(A-H,O-I)
DIMENSION C(MAXNF sMAXHBP) ¢ R{MAXNP)

IHALFB=IHBP=1
NNP 1 aNNP=1

IF KKK = 1¢ THEN TRIANGULARIZE THE BAND MATRIX C(NP.13}, B
IF KKK = 2, THEN SIMFLY SOLVE WITH THE NEW RIGHT-HAND 3IDE

IF (KKK<EC.2) GC TO S0
TRIANGULARIZE MATRIX C

NUsNNP=-1HALFB
00 20 NI=] NV
NJs=uNl=1
PIVOTI=1l./C(N]lsl)
DO 20 LB=2 ,I1HBP
A=C{NI.LB)epPI VOTI
NK=NJ+LD

00 10 KB=LEB.IHBP
JB=JB+1
] C{NKsJBI)=C (NK,JB)—=ASC(NI: KB)
] CINI W B)=A
NLaNU+]
DO 40 NI=AL NNP)
NJaNI=1
MBaNNP-=NJ
PIVOTI=le/CINIl)
DO A0 LB=2,MuB
A-C(NI-LB)‘PIVOYI
NK=RJ+LE

Q
00 39 JSCLB-NB
30 CUNK ¢JB)aC (NKsJB)—=ASC(NI+KB)
4 CU(NI+LB)=mA
RE TURN
MODIFY LOAD VECTOR R

SO0 NUsNNP-IHALFB

ur
WN)

1
2

8A

DO LD L Lo LU LD Lol ol e adatatbepadstot et rbetetotastrtnt -3 0o 0 0 0- 2 - X< 1- 1 - X-1- X - T - Y- T-¥ -}
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Appendix C (continued)

DO 60 Nl=ml N\
NJaN]=1
HLaR{NI )
RINIJ)mA/ZCIN] +1)
DO 60 LB=2,IHBPF

NKshJ+LB
60 RINKI=RINK)I=CI(NI . LB) $A

NL=NU4+1

DO 70 Nl=hL.ANP1
NJ=NI=-1
RB=aNNP=NJ
AsR{NI)
RINII=mA/C(NIL])
D0 70 LB=2.,MB

NK=AJ+LB
70 RUINK)aR(NK)-CINI ,LD) #A
BACK-~SOLVE

RINNPI=R (NNP) /CUINNP 1)
DD 80 IB=1l,IHALFB
NI=sNNP-1I8B
NJ=aNI =1
MB=1B8+¢1
00 80 KB=a2 ,MB
NK=ahJeKB
a0 RINI)=R(N]I)=C(N] +KB) *R(KK)
DO 90 IB=IHBP +NNF1
NI=aNNP-1B
NJaNI-=1
DO 90 KB=2 (1HBFP
NKaNJ+KB
90 RINII=RINII=C(NI+KB) SR (AK)
g
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Appendix C (continued)

SUBROUTINE SFLOW(XeZ+IEe THeVXsVZy DLByDCOSXBeDCOSZBs LXK ¢BF,. X7,
> ISBJNBE NPBe NPRS, NPST oNNe FRATEFLOW.TFLOd, MAX'NP, MAXEL,
MXSTNP ¢ MAXBCNsKFLON ¢ DEWLT o DT He Ay H?

> MAXBEL o MA XBNP ¢ MXRSNP
> PROP ¢MA ANAT s NXNPFN)

FUNCTION OF SUBROUTINE==TO COMPUTE BOUNDARY FLJXES, FLJIM 0
INCREMENTAL FLOWS OCCURRING OURING TIME DELT, TOTAL FLJI#S |
YIME ZERDy, AND THE CHANGE IN MOISTURE CONTENT FOR THE ENT
SYSTEM DURING TIME DELTe

IMPLICIY REAL#E(A-H.0-2)

DIMENSION X{MAXNF) ¢2{MAXNP) 41
OIMENSION TH(NMAXEL o) QVX(HAX:

“E
MENSION PROP(MAXMAT MXMPPN)
MENSION FRATE(10) «+#LOB(10) ,TFLOW (1

DIMENSION XxQ{e) 220G(4) ,THQ(A)
COMNON /GEQM/ SNFE,CSFE ¢NNP.NEL,IBAND

COMMON /BRSND/ NDEL +NBN +NRSEL +NRSN«NRFPRy NRFPAR
COMMON /7BCST/ NBC oNSTINSTN

NSION NPRS(MXRSNP) N
o

KKFLOW= O
CALCULATE NODAL FLCY RATES
D0 10 NP=] (NBN
BFLXP(NP)=BFLXINP)
10 BFLXA(NP)=O,
D0 J30 MP=] (NBEL
- - - NaNBE(MP) - -
NEI=l SB(MP,1)
NJ=] SB(NP2)

}
IFC(IJeNEaNI) GO TC 20
N I =]
GO 1C 22
20 CONTINWE
22 DO 28 Jm] NBN
I1JaNPB( J)

bbb il b

CrrCCrCrr e rrrrrerere
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Appendix C (continued)

IF(1J«NE«NJ)} GO TC 28
NJJuJ
GO 10 27

28 CONTINLE

27 CONTINLE

COMPUTE THE FLUX THRCUGH PCINT NI USING THE WHOLE BOJNDARY _EVeTH
AND THE FLUX THROUGH PCINT NJ USING THE WHOLE BOJNDARY SIDE LENGTH

FNIs(VYX(NI)SDCCIXBIMP)+V2(NI)S*DCOSZB(MP))sDLBI(MP)
FNJ=(VX(NJI) SDCCSXB(MPI+VZ(NJ) SOCOS ZB (MP) ) ¢DLB(MP)

OISTRIBUTE THE ABGCVE FLUXES TC TwO END POINTS OF THE SIDE

BFLXCNIT)ZBFLX(NITI)*ENL/3.04FNJ/6.0
BFLXINJIIIRBFLAINJII) *FNI/3 0+ NI /76,0

30 CONTINLE
IF {XKFLOWJEQ.Q) GC TO 60
D0 40 NP=] NBN

40 BFL XPINP)aBFLX{NP)
00 S0 1=m1,.6

S0 TELON(1) =0,
IF (KPLOWEQe (~1)) TFLOW(7)=O0.
IF (KFLOWEG.(-1)) QTH=Q,
IF(KFLOWEQe (—-1)) KKFLOW®-1
KFLOW=O

ODETERMINE FLOWS AND FLOW RATES THROUGH THE VARIOJS
IVPSS OF BOUNDARY ACDESe STARTING WITH THE
"NET FLOWS THROUGH ALL BOUNDARY NCDES.

DO 70 NP=] (NBM
SUM= SLNBFL XI{NP)
70 SUMP= SLNP¢BFLXF( NP)
FRATE( &) aSUM
FLOW{G)I=mo SO (SLHSSULNP) SDELY

CONSTANT DIRICHLET BCUNDARY NODES

FRATE(1)=0.
FLOW(1)=C.
IF (NBC.LE.O) GO 10 90
SUM=Q,
SUMP= Q.
DO 80 NPPa] (NBC
NP=aNN( NPP)
DO 78 ImlNBN

0042499194000 SRRReLesY
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Appendix C (continued)

1J=nPBL1)
IF(1JeNECNF) GO YC 78
Nitw=l
GO 10 7¢
1S CONTINLE
T¢ CONTINUE
SUM= SLMeEBFLX(NII)
a9 SUNP=a SLMNP+BFLXPINI1)
FRATYE(1)=SUNM
FLOW( 1)m o SO{SLNESUNP) #DELTY

CONSTANT NEUMANN BOLNDARY NODES

S0 FRATE(2)=0Q.
FLOW( 2)a0,
IF (NST.LE.O0) GO 70 110
SUM= 0.
SUMP =0,

b 4
v
]
r4
°
"
-l
)
r 4
~e Ve
v>

aNPB(1)
lFilJoNEoNP) GO TO 9%
=

$S CONTINLE

9¢ CONTI NUE
SUM= SUMSBFLX(NIL)
SUMP= SUNP+BFLXP(NII)

100
FRATE(2)aSLK

FLOW{2)m S0 SLME SLMP) ®DELT

C
g RAINFALL=-SEERAGE BOULNDARY NODES
110 FRATE(J3)=Q.

FLOW(I)s=C,

FRATE(4)=0,

FLOW(A)=O0,

SUMS=0,

SUMSP=O,

SUMR=0,

SUMRP=a(Q,

IF (NRSNJLE.O) GC TO 140
DO 130 NPP=]1 ¢NR SN

NEaNPR S(NPP)

DO 118 I=m] ¢NBN
1JanpBl 1)
IF(IJeNENP) GO TC 119
Nl I=m}

GO Y0 116

bR R R AR A R AR A AR
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Appendix C (continued)

CONTINUE
CONTIN
BFLXAO.SO(EFL!(NIR)OBFLXP(NII))
IF (BFLXALT«0,00) GC TO 120
SUMS= SUNS+BFLX(NIT)
SUMSP= SUMSP+BF LXA
GO TO 130
120 SUMR= SLMR+BFLX(INII)

SUMRPE SUMRP4+BF LXA

30 CONTINUE

FRATE(J3)=SLMS
FLOW(3)=SUMSP®DEL
FRATE(A)=SUMR
FLOW( 4)=SUMRPODELY

NUMER ICAL FLOW THROLGH UNSPECIFIED BOUNDARY NODES

140 SUM=Q,.
SUMP=a(,
00 1S5S0 I=}l,4
SUME SUM+FRATE(T)
150 SUMPs SLMPSFLOMNI )
FRATE(S)aFRATE(6)-SUM
FLOW(S)=FLOW(E)~-SLMP

C
g FINALLY, CALCULATE THE INCREASE IN THE INTEGRATED WATER CIONTENV!

QTHP=QTH
QTH= 0.

o -
-
L Y]

0onn

3? THQ(IQ)®(DTH(M,10)+THGQLIQ)PALI/POR+BETAP) S
160 CONTinbE n

CALL QOTH(QTHM (THQ¢XQeZQ}
17e _ ConTince

FLOW( T)=QTH
IF(KKFLOW.LT.0) FLOW(7)=0.0

p b bbb bRk
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Appendix C (continued)

SUBROUTINE Q4 TH(QTHM . THQ+XG» 2Q)

UNCTION OF SUBROUTIAE--TO EVALUATE THE WATER-CONTENT INTEGRA.
VER THE AREA OF CNE ELEMENT.

anonn

0O

IMPLICIT REAL®E (A-H,0-2)
REAL*8 N(s)

DIMENSION THQG(A) +S(4)+T(4) o+XQ(A) s2Z0()

DIMENSION PJAB(2+2) +DONSS(4) +ONTT(A)

DATA P 7/ 06577350269189626 /9 S /7 —1.0D0400¢ 1e0D¢309 1e00¢0J, -
> 1400400 /¢ T / =1,004009=140D0400s 1.0D400s 1I0+00 7/

QTHM=O,
DO 20 KG=1 .4

C
g DETERMINE LOCAL COORDINATES (SS,TT) OF GAUSS~INTEGRATION POINT (G

S$S = PIStKG)
TT = PIT(KG)

CALCULATE VALUES OF THE BASIS~INTERPOLATION FUNCTIONS v(1lQ)

0 onn

CALL BASE(NDNESONTTSS,TT)

00 11 I=}1,2
00 11 J=),2
PJAB(] ¢J)=0.0
DO _12 Isi.6 _

PJAB(1+1}mPJAB(L91)+2Q(1)SDNTT (1)
PJAB{1,2)=PJAB(1+2)-2Q(I)&DNSS(1)
PJAB(241)=PJAB(24+1)—-XQ(1)®DNTT (1)
PJAB(2¢2)aPJAB(2,+2)¢XQ(1)RDNSS(1)
DJAC=PJAB(24+2) P JAB(1+1)-PJAB (1 ,2)#PJAB(2, 1)

INTERPOLATE TO OBTAIMN THE WATER CONTENT THQP AT THE GAJSS PIINT <G

THOP=C.
00 10 1Q=] .4
THOP=THG 2+ THQ( X Q) ¢N(1 Q)

C
g ACCUMULATE THE SLM TC EVALUATE THE INTEGRAL

QTHM=Q THMe THGP 8D JAC
CONTINUE

RE TURN

END
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Appendix C (continued)

SUBROUTINE PRIPMTTY(VX ¢VZ HoHT «THe NPO+BFLXs NPR3 RSF_.X s NPZONW NPF_ Xe
> FRATE FLOW,TFLOWe MAXNP s MAXELs MAXBNP o MXRSNPes NNPsNELs NBNs NRSN,
> TIMEDELT:SUBHD IBANDs KPR oKOUT 4KDIAG,ITIM)

FUNCTION OF SUBROLTIAN ~—-TO OUTPUT FLOWSs, PRESSJRE HEAD3, TOraA.
HEADSs WATER CGCNTENTSs AND DARCY VELOCITIES AS SPECIFIED BY
PAPAMETER KPRe

IMPLICITY REAL#8(A-H.0-2)
REAL#®4 SLBHD

DIMENSION VX(MAXNF) ¢« VZ{ NAXNP) oH{MAXNP)  HT { MAXNP ),
DIME NSION NPB(NAXBNP)oBFLX(NAXBNP)oNPRS( RSNP) s R
> NPCON(MXARENP) s NPFLX (MXRSNP)

DIMENSION FRATE(1Q) «FLOW(10) .TFLOW(10)

DIMENSION SLBHD(8)

m-l

IF ({KDIAGeNE.O) GC TG 10
KDIAG=1
GO TO 30

PRINY DIAGNOSTIC FLCW INFORMATICN

10 KDIAG=KDIAGH+1
KOIA=KDIAG-1
IF(KPR.EQe0) RETLRN
" PRINT 10€00+ KDIAs TIME sDELT s (FRATE(I) +FLON(I) s TF.ON(I)e I=L,y 7)
IF (NRSN.EQ.Q) GC T} 30
DO 20 NPP=1+NRSN

NP=NPRS(NPP)
DO 1S I=1.NBN
1JaNPB(1)
IF{IJeNE«NP) GO TO 1§
NKK=]
GO T0 20
1S CONTINUE
20 R SFLX{NPP)=BFL X( NKK)
PRINT 10700
PRINT 101GQC«{RSFLX{ NPP) +NPP=1+NRSN)
PRINT 10101+ {NPCCAINPP) NPP=]1+NRSN)

INYV 10102+ (APFLXI(NPF) oNPP=14NRSN)
30 IF (KPR¢EGel) RETLRN

PRINT PRESSJRE HEADS
KOUT=KOUT+]

R
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Appendix C (continued)

KL INE=-1
PRINT 10200:K0OUT, TIME+DELT JIBAND JITI M, (SUBHD (1) ,I=1,8)
D0 &40 NI=ml NNP,
NJIMN=N]
NJIMNX=MINOC(NI+T 4NN’
KL INEakKL INE+1
IF(MODCKLINE+50)«
> OELT. I1BANDITIM
40 BRINTY [0000NL(H
IF (KPR JEQ«2) RETURN

PRINT TOTVAL HEADS

KOUT=KOUT+1
KL INE=-1
PRINT 10300sKOUT¢TIME JDELT+IBAND o ITIM, (SUBHO (L) I=1,8)
00 SO NIx=l +NNP,8
NJMN=NT
NIMX=MRINQINI ¢ 7 NNP)
KL INEaKLINE+1
IF(MODI(KLINE +50)«EQe QO ¢ANDe K
> DEL Te IBAND ITIMo({SUBHD(L) 41
50 PRINY 10000NT s{HTINI) NIaNIM
IF(KPR +EQc3) RETURN

PRINT WATER CONTENTS

KOUT=KOUT+ L
KL INE=-}
BRINT IOQDQQKOUTQTINEODELT'IBAND'lfl"v(SUBHD(!’Ol“ts’
0N 80 M=1,NEL
KL]NE'KL!NE“
IF(MODC(KL INEs S0)eEQe 0 «ANDs KLINELGE.L1)} PRINI 10400,KOUTsTIME,
> DELT. IBAND I TIM,(SUBHD(I) s 1=1,R)
NIMN=MN
NJMX=MINO(M+1 ¢ NEL)
60 PRINTY 10103s (MIoc (THIMIIQ) ¢ I1Q=1 +&) s MI=NIMNsNIMX)
IF (KPR«EQ«4) RETURN

PRINT DARCY VELOCITIES

0

GEel) PRINT 10300+K0OUTsTIME,
- )

NE «G
1+8)
NJ MX

KOUT=KOQUTS+ ¢
KU INE=-1
PRINT 10500+ KOUT, TIME JDELYJIBANDJITIM, (SUBHD(I)o1I=1,8)
DO 70 NP=] NNP &
KLINE=RLINE+]
ITF{MOODCKLINEsS50)2EQeQ oANDe KLINESGEel) PRINI 10500+KOUT+TIME,s
> DELTe IBANDJITIMG(SUBHO(L) o1=1,8)
N JMN=NP
NJIMX=MINO{NP+3,NNP)

PRIN
PRIN

PRIN

T4 )
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Appendix C (continued)

Te PRINT 11000s (NJs VXINJ) o VZINJY o NUSNINNg NINX)

c RE TURN
1000C FORMAT{17,8(1PD1%.4))
10100 FORMAT{ 8D1%2.4)
10101 FOR"AT“HO.'VALLE‘ OF NFCON‘/({8115))
10102 FORMAT(1HO, "VALUES OF NPFLX'/(8115))
10103 FORMAT{1IN .2(lx.!1.2X.lPDla.4.1PD\2.4.\P012.l.lPDlZ.G.ZK.))
10200 FORMAT(13HIOLTPLT TABLE o148 ¢27Hee PRESSURE HEADS AT TIME =,
> 1PD12e4oSH +(DELTY =41PD12¢4 15H) + {BAND WIODTH =+14,1H)96H IT =,

3 IS/Z1Xe BAGZL XeTH NODE 1 ¢S5X+36HPRESSURE HEAD OF NODES lel+®leeeslt?

Z)
10300 FORMAT(13HI10UTPUT TABLE 414 ¢24Hee TOTAL HEADS AT TIME =¢ 1PDI2a4,
> 9H J(DELTY =41P01264,15H) ¢ (BAND WIDTH =¢18¢1H)e6H IT =,15/71X,8A8
> ZiXe™ NODE 1s5XIAIHTOTAL HEAD OF NODES 1+s1+1lseeeel®+?/)
10400 FORMAT(13HIOLTPUY TABLE ¢I& s27Hee WATER CONTENTS AT TIME =,
> 1PD12449SH J(DELY 2,1PD12¢4+15H) s (BAND WIDTH =nel1401H)s6H IT =,
> IS/Z/Z1Xe BAA/3CXeSHNODES/Z2(17X o1H1 ¢11X o1 H2421XK o1 H3311Xe1HA6X)/
> 2(3Xe THELEMENT 12X
2 ACHEEE L4000 3020000 N0 AS 02 2R 2S00 00 RE G R R REE,2X ) /)

v

10500 FORMAT(LIHIOUTPUT TABLE ¢14 +29Hee DARCY VELOCITIES AT TIME =,
2 1PD12¢84sSH o(DELY =4,1PD12e48 o15H) s (BAND WIDVYH =24149LH)e6H I =,
> ls’llx.“‘lax.‘HNODE09X.2HVX09X02HVZoCXoQHNDDEO".ZHVK IXe2HVL»
> 4Xeo SHNDOE ¢ 9 X e2HVX 19X e2HVZ o4 X ¢4HNODE ¢ 9 X e 2HVX 4 ?X s 2HV Z/
> 2THES 0000000000 ORN SRR AR VBB (IX s 27 HRCURRES KR QEQ EE QG EER G EEE GO O,
23X 2THEF AL PR LV LLE SRS UV RSO CR R G, I 27T HOR RO G SO B RO ORGSR GRE R SRR DR

>8/)
-10600 FORMAT(1H1432H TABLE OF SYSTEM—FLOW PARAMETERSs2X¢7ATABLE: 1 4,

> 1&Heeo AT TIME =,1PD12¢4 ¢9H J(DELY = 1PD12.4,1H)//5%e
> 13H TYPE OF FLOW 3SXAHRATE o8Xe9HINCe FLOWI7X,10HTOTAL FLI4/ SX
> Q0H CONSTANT-PRESSURE=NQDE FLOW ¢ o o o o v03(E12:8,5X)/5X
> A0H CONSTANT-FLUX-NGCDE FLOW o« ¢ o o o o o 003(Elaoﬁvsx)’sx
> Q0H SEEPAGE ¢ ¢ ¢ o ¢ ¢ 0 o @ ¢ 9 0 ¢ o o 993(E124%+e5X)5X
> 40H RAINFALL. ¢« . e o o o o ¢ o o o o 003CEL12406,5X)/5X
> 4Q0H NUMERICAL LQ‘SES. e ¢ o o ¢ ¢ o o o o ¢93(EL12:64¢5X)/5X
> 40H NET FLOWe o o o . o o o o o 093(E1240¢5X)/5%
> A0H INCREASE IN VOLU"ETRIC lATER CONTENT. e93(E1266,5X))
Q700 FORMAT( /729H RAINFALL-SEEPAGE NODAL FLOWS)
3¢3%X9 15,2011 .3)

1000 EagNAt(lH oIS 201103 63Xe1985¢2D011:3,:,3%X,15,2011.
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Appendix C (continued)

SUBROUTINE STORE(XesZ sIEsHsHT ¢THoVX 4VZ,DLB,DCOSXBs DCOSZB,VBE, 158,
> NPBoTITLE ¢« TIME ¢ MAXNP yMAXEL s MAXBNP o MAX BEL. NPROB o+ NNPs NEL s YBNy VBE.»
> NTI s NPCONSNPFLXSMXRSNP sNRSNe+ NSTRT)

FUNCTION OF SUBROUTINE——TO STCRE PERTINENT QUANTITIES JON AUXI.LARY
DEVICE FOR FLTURE USE BY EITHER PLOTTING OR MATERI AL—-TRANSPIRT
CODES+« WHAY DEVICE IS TO BE USED MUST BE SPECIFIED BY APPRIPRIATE
JOB=CONTROL CARDS.

(e aTalaY2Yalalpl

IMPLICIY REALS8(A-H,0-2)

DIMENSION TITLE(S)
DIMENSION X(MAXNF) ¢ Z(MAXNP) s IE(MAXEL,S)
DIMENSION HEMAXNE) sHT( MAXNP) +VX( MAXNP) 4V2Z
OIMENSION DLB(MAXBEL) +DCOSXB (MAXBEL) +DC

> ISB(MA XBEL ¢ 4) +» NPB( NAXBNP)
DIMENIION NPCON(NXRSNP) o« NPFLX (NXRSNP)

DATA NPPROB/-1/

IF (NSTRT.GT«.0) GC YO 10

IF (NPPRUB.EQ.(-1)) REWIND .

IF (NPPROB.EQ.NPRCB) GO TO |0

WRITE(1) (TITLE(I)eIm1l,49) s NPRCBoNNPNELNBNs N
WRITE( CXCAFR) s NF=l o NNP) » (ZINP) sNPm]l ¢ NNP) L ( (
DLB(M) M=l s NBEL) o (DCOSXB( M) o M=1 +NBEL
BE(M) sM=1,NBEL) +( (1SB(M4I Q) ¢ M=]1 s NBEL
a:g“'NBN)

DUE TO CHANGES IN THE MATERIAL-TRANSPORT COOEy DARCY VE.OCITIEJ WAY
BE USED DIRECTLYs AND IT IS UNNECESSARY TO COMPJTE PORE WJANTITIES

10 WRITE(1) TIME «(H(NP) ¢ NP=]1 ¢NNP) ¢ (HT (NP) oNP=]1NNP)y ((TH(M,1Q) U=nl,

[2lalalsla]

2 NEL)sIQ=144) o (VX(NP) JNP=mL +NNP) o (VZI(NP) +NPul ¢« NNP) o
> (NPCONINP) JNPx=1+NRSN) s (NPFLX(NP) ¢« NPm1 { NRSN)
e
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