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ABSTRACT

YEH, G. T., and D. S. WARD. 1981. FEMWASTE: A finite-
element model of waste transport through saturated-
unsaturated porous media. ORNL-5601. OQak Ridge
National Laboratory, Oak Ridge, Tennessee. 148 pp.

A two-dimensional transient model for the transport of dissolved
constituents through porous media originally developed at QOak Ridge
National Laboratory (ORNL) has been expanded and modified. Transport
mechanisms include: convection, hydrodynamic dispersion, chemical
sorption, and first-order decay. Implementation of quadrilateral
iso-parametric fin..2 elements, bilinear spatial interpolation,
asymmetric weighting functions, several time-marching techniques, and
Gaussian elimination are employed in the numerical formulation. A
comparative example is included to demonstrate the difference between
the new and original models. Results from 12 alternative numerical
schemes of the new model are compared. The waste transport model is
compatible with the water flow model developed at ORNL for predicting

convective Darcy velocities in porous media which may be partially

saturated.
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I. INTRODUCTION

The transport of a dissolved constituent by ground water through
sorbing porous media is controlled by carrier fluid advection,
hydrodynamic dispersion, molecular diffusion, chemical reactions, and
sorption on the media and decay. Mathematical equations to describe
these phenomena have been formulated for various physical and chemical
sroperties by many investigators. Reeves and Duguid (1975) and Duguid
and Reeves (1976) have provided full background information concerning
transport equation development and Galerkin finite-element techniques.
Emphasis here will be placed upon modification and expansion to their
original work.

Motivation for this work was three-fold. First, we believed that
modification to the original material transport code (Duguid and Reeves
1976 ) was necessary for the definition of solute sorption processes by
incorporating a moisture-dependent retardation factor. Second, the
computation of waste flux requires the application of the
finite-element method in such a way that mass balance over the whole
region can be preserved. Changes in the way properties for a given
element are computed were needed to achieve this objective. Third, in
attempts to increase model applicability and improve overall accuracy,
several numerical solution schemes were incorporated. Employing
asymmetric weighting func.ions in the spatial discretization (Huyakorn
and Nilkuku 1979, Heinrich et al., 1977), the new program overcomes the
problem of numerical oscillation associated with advectively dominated

flow. This is an essential aspect in the application of the model to
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field situations in which the scale length of dispersivities is small
relative to the spatial discretization (Ergatoudis et al. 1968,

Finlayson 1972, Zienkiewicz 1977).
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II. MATHEMATICAL STATEMENTS

Except for modifications and expansions (Sections 2, 4, 6, 11, 12,
13, and part of Section 5), the original work (Duguid and Reeves 1976)
is followed very closely in the following statements of the problem.
However, in the derivation of finite-element approximation, matrix
component representation is used rather than the matrix in its
entirety. This component representation is believed to be more readily

understood.

1. Governing Equations and Initial and Boundary Conditions

The governing equations to describe the distribution of a
poflutant constituent in a two~-dimensional subsurface porous system i3
obtained from the law of mass balance. This can be written in the form

(Duguid and Reeves 1976):

8V.c 8V_c
- 3 - Sh o xT 27
L(c) = a,(ec + 02) 4+ (8¢ + ps)o 5%t ( st 52 )
9 4, ac ac J ac : oC

- [5§'(30xx 5% T 90y Bz) * 57 (esz 5%t 0, 53)] (1)

+ A(6c +ps) - M,

where 8 is the moisture content; ¢ is the concentration ot dissolved
constituent in the water; p is fhe bulk density of the solid; s is the
concentration of the constitutent that is adsorbed on the solid; o' is
the modified coefficient of compressibility of the medium; h is
pressure head of the water; Dxx’ sz’ sz, and DZZ are the

dispersion coefficient tensor components; VX and VZ are the Darcian

veloc ity components in the x- and z-directions, respectively; A is the
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decay constant; M is the artificial source; x and z are the horizontal
and vertical coordinates, respectively; t is the time; and L is an
operator.

Equation (1) expresses the mass balance in an initially small bulk
volume. The first term represents the rate of change of total mass
(including dissolved and adsorbed) in the element volume. The second
term is the mass change due to the change of the bulk volume under
pressure., The third and fourth terms represent the mass fluxes out and
into the volume by advection and dispersion, respectively. The  ifth
term is the mass change due to decay while the last term is the
artificial input or withdrawal. Variables, 9, h, VX, and Vz’ in
Eg. (1) can be obtained from the hydrodynamics of subsurface flow
system (Reeves and Duguid 1975, Yeh and Ward 1980). The dispersion
coefficient tensor may be related to flow field and media properties as

(Bear 1972):

2
8D0gx = atV + (a3 -~ ay)Vg /V + Dy T, (2a)
80yxz = 6Dzx = (aL - ar)VyVz/V s (2b)
and
2
8Dz = a7V + (aL - am)Vz /V + Dq T, (2c)

2 2

where V —\/;; + Vz ;a7 and a are the transverse and

longitudinal dispersivities, respectively; T is the tortuosity; and
Dm js the molecular diffusion coefficient. The decay constant, x, is
a property of the constituent and pando ' are the properties of the

porous media under consideration. The independent variables include:

x, Z, and t. Thus, there are two dependent unknowns, ¢ and s, in
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Egq. (1) to be determined. An additional equation is reguired to
completely define the system. It is assumed that the adsorption of the
constituent by the solid is to occur at a rapid rate (i.e., a fast
exchange reaction) such that the dissolved material is in equilibrium
with the material adsorbed by the solid. This is expressed by the

linear equation:
s = Kqc (3)

where K, js the distribution coefficient. Substituting Eq. (3) into

Eq. (1), one obtains:

aV.c  aV.c
- e 3¢ X 25y |2 ac 3¢
L(c) = Ry =% + (53 + 577) [ax(euxx 5% T 0y 37)
(4)
2 E..‘L:_ _B_C_ ;-..Q ! é-b- - =
* 3z (esz X * eDzz azﬂ ¥ (Bt o eRd ot * AeRd)C M=0,
where
pKd
Ry =1+ —5 (5)
is the retardation factor, which is a measure of the delay of the
breakthrough of the dissolved constituent.
The initial condition of Eq. {4) is assumed to be known as:
c = co(x,2) at t =0 and (x,z) inR , (5)

where ¢ is a given function of spatial coordinates, x and z; R is a
region bounded by the curve, B(x,z) = 0, as shown in Fig. 1. This ¢,

may also be obtained by simulating the steady version of Egq. (4) with
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Fig. 1.

Spatial boundaries of flow region, R.
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steady boundary conditions and ground-water flow field. Three types of

boundary conditions may “2 specified depending on the physical
constraint. The first one is the Dirichlet boundaries on which the

concentration is prescribed:
c = c1{x,z,t) on B ,

where B1 is a portion of B, and Cq is a given function of time and

(v.z) on B The second one is the Neumann boundaries on which the

1-
normal gradient of the concentration is prescribed:
- 3¢ L gp  2€ . - (ep 2 €
(erx T Dz 3z ch)ﬁx ( Do ox t 0y oz Vzc)nz

= qz(x,z,t) + (VxnX + Vznz)c on B

(3]

where n, and n, are the directional cosines of the outward unit
vector normal to the 82 portion of the curve B; qz(x,z,t) is the
given function of time, t, and (x,z) on BZ' The right-hand side of
Eq. (8) is zero when it is applied to impervious boundaries on which
both qz(x,z,t) and the normal velocity, (Vxnx + Vznz), are

equal to zero. If it is applied to the flow-through boundaries with

outflows from the region, it becomes a concentration-dependent boundary

condition and qz(x,z,t) is normally set to zero. When it is applied
to the flow-through boundaries with inflows into the region, it

degenerates into a third type (Cauchy) boundary condition:

- £ £
(Dxxe 3X * sz ¢ ch)n

- at 2 _
~ (D og=+ Dzze ( Vzc)n

X ZX 73X 0Z z

= q3(x,z,t)  on By

(9)
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where dq is a given function of time and points (x,z) on 83 portion
of B. The boundaries, Bl’ BZ’ B3, “1d the imp vious boundary

BI consititute the whole boundary B(x,z) = 0 as shown in Fig., 1.

2. Distribution Coefficient and Retardation Factor

The transport mechanisms included in this report are chemical
sorption, first-order decay, advection (convection), and hydrodynamic
dispersion. Tne mitigation of the dissolved waste in the water is

accomplished through chemical sorption and the first-order decay. The
advection is only to move the waste to where it should be.

Hydrodynamic dispersion spreads the waste over a wide region with
respect to its mean position of advection. These two last mechanisms
do not contribute anything directly toward reducing the total amount of
waste dissolved in the water but they do affect the concentration
distribution. Thus, proper formulation of the chemical sorption by
soil matrix is vital tc the study of the mitigation and transport of
dissolved waste. As stated in the Tast section, this process is
assumed to be characterized by the distribution coefficient, Kd’ and
retardation factor, Rd. Hence, the problem is to appropriately
formulate Kd and Rd as a function of flow dynamics. Duguid and

Reeves assumed that Kd is directly proportional to the moisture
content, 6(Reeves and Duguid 1975). This assumption yields unrealistic
transport in the unsaturated zone after extended simulation periods.

In the absence of competing ions, Ky s a function of the soil and

the constituent. The absence of water does not necessarily imply the

distribution coefficient is small. The dependence of Kd on the
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moisture content is very complicated but also not unique and varies
with the type of soils and constituent involved (Kokotov and Popova
1962, and Prokhorov and Chaai 1963). Several investigators have simply
assumed that Kd is independent of moisture content (Van Genuchten et
al. 1977, Van Genuchten and Pinder 1978). A moisture-independent Kd
yields a more realistic concentration distribution in the unsaturated
zone for soils we have studied. Therefore, this assumption is adopted
here. Figure 2 shows the differences in formulating Ky and Rd

between the original model (Duguid and Reeves 1976) and the present
work.

Perhaps it is worthwhile to deviate here to discuss the effect of
the moisture content on the waste'transport. When the moisture content
is extremely unsaturated, it may be imagined that not all the soil
grains are effectively participating the absorption of a constituent.
Recall in the derivation of Eq. (1), ps represents the total amount of
constituent absorbed in the soil matrix per unit bulk volume. Thus for
extreme unsaturation, ps should be replaced by PaS where Pa is
defined as the "effective" or "absorbable" bulk density and may depend
on the moisture content. Physically, fg represents the density of
the effective soil matrix that participates in absorption. This
definition of the effective density is very similar to the definition
of effective or drainable porosity used in the ground-water movement
study. The effective porosity physically represents that portion of

the pore space usable in transporting water flow (Eagleson 1870). From
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Fig. 2. Comparison of (a) the distribution coefficient,
Kd, and (b) retardation factor, Ry, as
formulated in the original model ? ~~~~~ ) and the
present model( ).
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this discussion, it is obvious that one should use a
moisture-dependent Pa in Eq. (1) to replace p under general

conditions:
p o= p (10)

However, it is noted that in Eq. (1), the bulk density in all terms
comes;together with the absorbed concentration, s. Thus, to assume a
mo isture-dependent distribution coefficient is mathematically
indistinguishabie from assuming a moisture~dependent effective bulk
density, although Physical implications are different. A moisture
dependent effective bulk density is much easier to conceptualize. In
fact, one would imagine that pe/p as function of 6 would be equal to
1 Tong before the soil is completely saturated as shown in Fig. 3.
There will exist a critical moisture content,d o below which not all
the soil grains are effective in absorbing. This critical SC
warrants further research. This report will deal with the case of
8> 8, only, since this is eguivalent to the assumption that Kd is
independent of moisture content and yields plausible concentration

distribution in the unsaturated zone for our case study.

3. Finite-Element Approximations

Equations (4) through (10) will be integrated in the spatial
dimensions by the weighted-residual method in conjunction with finite
elements. Because the formulation and use of the finite~element
weighted-residual method has been well addressed (Huebner 1975), the
theoretical basis of the method will not be repeated here. Only the

numerical procedures are summarized in the following. The region of
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Fig. 3. Sketch of possible dependence of effictive bulk density on the
moisture content.
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interest is subdivided into an assemblage of smaller sub-domains called
elements. Following the procedure of finite-element weighted-residual
method, and employing quadrilateral bilinear elements for spatial
discretization, approximate formulation of the concentration
distribution, ¢, will be obtained. Thus, let the variable, ¢, be

approximated in an element, e, by:

o
He

o>
i
Mas

. cj(t) Ny (11)

fl

J

where Nj and cj are the base functions (interpolating functions) of
element, e, and the magnitude of c, respectively, at nodal point, j. Upon
substituting Eq. (11) into Eg. (5) and applying the weighted-residual

equation,

Wi-L(c) R =0, i =1,2,3,4 , (12)
Re

one obtains the following element n.irix equation for element e:

[Mij} {Ej} + [Sij]{cj} . {Di} : {Qi} -0 (13)

where wi is the weighting function of nodal point i; dR is an

differential area within element e; Re is the region of element e;

and

The element mass matrix, [Mij]’ is given by the following equation:

Mij = Jg OWiRgNj dR (15)
e
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The element Stiff matrix, [Sij], is defined by

M. oN. 3N.\ OW. N, aN.
= —1 —J _ 3} 1 o —
Sij Jg X (%Dxx X * 6sz oz >+ oz (%sz X * 9Dz’z 3z )

e
(16)
- (‘é}‘— VXNJ ey VZNJ) + wj(—?{f o eRd 5’{" + A Rd)NJ ar
The element column matrices, ;Dig and gQig, are given by the
/
following equations,
D5 = [ -HiM dR (17)
Re
and
- o 9C ac .
Qi Jg w1 3( CDxx 5 X QDXZ 3z ch)nx ¥
e
(18)

in which Be is the boundary of the element e, and n,anan_ are
directional cosines. Equation (18) applies to only those elements
having one or more sides on either 82 or B3, For all interior
elements, Qi's are set equal to 0 hecause they would cancel each
other when the global matrix is obtained by assembling the element

matrix. The incorporation of Qi will be addressed later.

4, Mass Lumping QOption

Referring to the element mass matrix, {ﬁ }, one may note that

iJ
this is a unit matrix if the finite-difference formulation is adopted
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in the spatial discretization. Hence by proper scaling, the matrix can
be reduced to the finite-difference equivalent by lumping (Clough
1971). In many cases, the lumped-mass matrix would result in better
solution, 1in particular, if it is used in conjunction with the central-
or backward-difference time marching (Gureghian et al.,submitted).
Under such circumstances, it is preferred to the consistent mass matrix
(mass matrix without Tumping). Therefore, an option is provided in
this report for the lumping of mass matrix, [hii}‘ More explicitly,

[Mii] will be Tumped according to

4
Mis =20 f oWy RgNj dR (19)
.j=]. Re

and
Mij =0ifi£75 , (20)

where Re is the ragion of element e, and no summation is taken over i

in Eq. (19).

5. Time-Marching Methods

Two most important advantages in finite-element approximation over
the finite-difference approximation are the intrinsic abilities to
handle the complex boundaries and the normal derivatives therein., In
the time dimension, none of these advantages is evident. Thus,
finite-difference methods are normally used in approximating the time

derivative and in marching the solution. Two time-marching methods
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were adopted in the material transport model (Duguid and Reeves 1976).

The first one is the central or Crank-Nicolson formulation:

1
[Mij](gcjgtﬂ\t - ;ngt)“\t ty oo [Sij]( Cj}tmt ¥ ;ijt)
fofelafe
vhere [Mij]’ [Sij]’ 3Di" and gQiE are evaluated at time,
t + At/2. The second method is the backward-difference formulation,
[Mij](;cjstﬂt - ;ngt)/At + [Sij] %ngum + 3 Di$ + gﬂi $= 0, (22)

where [Mij]’ [Sij]’ gDiE, and ;Qi} are evaluated at time,

(21)

t + At. A third optional time marching is also provided in this
report. In this method, the values of unknowns are assumed to vary
linearly with time in the time interval, At. It is thus called the

mid-difference method and the recurrence formulae are:

(Z[Miﬂ/“ * [Sij]){cj}tmt/z -5 [Mij]écj§t + 391 i + %Qi{ =0 (23)

and
;CJ §t+£\t = chjétﬂ\t/Z - gcj it . (23a)

where [Mij]’ [sij]’ {Di}’ and-{Qi }are all evaluated at time,

t + At/2. This option has been shown superior to the central or
backward-difference formulation, if the mass matrix is not lumped
(Gureghian et al. 1979). The element matrix equations, Eq. (21), (22),

and (23), may be written as:

bl fof. e
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where [tij] is the element coefficient matrix, gcj§ is the unknown
vector to be found, and 3R1§ is the element load vector. Take, for

example, Eq. (21), [Cij]’ %cj%, and ;Rjg represent the following:
[c..] . [M--]/At + 1 [s] . (21a)
ij 1] 2 iJ
ol s

and

gij = [Mij] icjst/m: +%. .[sij]gcj}t - 3015 , (21¢)

respectively,

6. Base and Upstream Weightine Functions

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

Tocal normalized coordinates as:

=
]
P

o (1 + ;) » (1 # nyn)  i=1,2,3,4 (25)

where Ei 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. 4.

When the advection terms in Eq. (5) are as important as the
dispersion terms, it is sometimes advantageous to use a weighting
function different from the base function. For example, upstream
weighting functions have been shown to be adequate (Huyakorn and Pinder

1977). In this report two options are provided: one is the Galerkin
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Fig. 4. A typical finite-element in global and local coordinates.
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finite-element option and the other is the upwind weighting
finite-element option. The function, wi, for the former will be set

equal to the base function, Ni’ i.e.,
Wi = Nj, i=1,2,3,4 . (26)

The weighting function for the later case has been derived elsewhere

(Huyakorn and Pinder 1977, Huyakorn and Nilkuha 1974) and will be used

here:
"y =—%—§[(1+n 38, ©38,-2) + 4] [(1+g )(3cqE-30-2) + 4] ,
W, = 1 [1+n)(381 -38-2) + 4] [(1+g)(—3olg+3al+2)J : -
27
Wy = 15 [ (1+n)(-38 + 381+2)] [(1+E)(—30c2£+302+2)] ,
w4 %:5 [(1+n)( 382 +382+2)j, [1+£)(3c12c:—-3a2»2) + 4} R

where Qps Ops 51, and 82 are the weighting factors assigned to
the sides 12, 43, 23, and 14, respectively, of the element, e, as shown

in Fig. 4, The exact solution to the original differential equation

can be obtained at the nodal points if (Christie et al. 1976)

o = coth{gb] 2D . (28)

where a may denote Gy, O, 81, or 82; and u, L, and D are the
corresponding velocity component, length, and dispersion component,
respectively, along the corresponding side (Fig. 5). Figure 6 shows
the optimal values of o as a function of the Peclet number, ul/D

(Kantorovich and Krylov 1964). It should be noted that o in Egq. (28)
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Fig. 5. Location and direction of upwind weighting functions along the
edge of a transformed element.
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Fig. 6. Optimal values of the upwind weighting parameter for different
: values of Peclet number.
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was derived for steady transport. For the transient transport,
dimensional analysis would yield the dependence of a on uAt/L as well
as uL/D (Zienkiewicz and Parekh 1970). The relationship between a and
two dimensionless parameters, uAT/L and ul/D, has to be a further topic

of research.

7. Numerical Integration

In the local coordinate system the element is square 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 relationship:

and (29)

z = E: Zij .
j=1
where xj and zj are the global coordinates of the nodes, and Nj,
which depends on the local coordinates £ and n is the shape function.
The shape function, Nj’ of the coordinate transformation is taken the
same as the base functions; hence, this element formulation is termed

isoparametric. The Jacobian for the transformation from global to the

local coordinates is expressed as:

ax  az
3 o

[J] . (30)
ax oz
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Substitution of Eg. (29) into the determinant of this expression yields:

aN. aN oN . aN
3 = Det [J] = (xy 520+ (2 -a—n—k) Sz gD e (g 5N . (D)

The integrals of Eq. (15), (16), and (17) over the area of the e-th
finite element may now be written in local coordinates using the

determinant of the Jacobian to transform the elemental area:

1 1
Mij = :i/ :{ WiRqBNj Jgédn (32)
11§, N, 9N, W . oN . oN
= 1 J i L - -
Sij :{ﬁ :{‘ aX (erx ax * ggxz 3z )+ 3z (gsz X * eDzz 3z )
(33)
oW, oW . -
i i 30 ¢ dh -
- (‘é'x“ sV ta e Vz)Nj * “1( =gt R4 Ix +A8 Rdmj Jdédn
and
1 1
Di = f /- WM Jd&dn . (34)
-1 -1

Integration of these equations is easily performed using 2 x 2 Gaussian
integration. A linear algebraic equation, Eq. (24); results since
{cj} is a function of time only and the matrices, [Mij] and [Sij]’
and the vector {Di} are evaluated from the output of ground-water
hydrodynamics. |

In order to evaluate [Sij]’ expressions for the spatial

derivative of the interpolation function and weignting function are

necessary. The chain rule
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J_ 3_
3& 3 X
- [ :
p) 9,
an 3z

. N .
3 8z 3z
X an 95
. 1
\ ) =3
3. Bx  dx
32 “an 3E
. B

using the definition of [J] in Eq. (30).

9
an

\.

When the top row of Eq. (36) is applied to the base function,

Ni’ the following is obtained:
E.‘ili::l (Z' aN.) L 1__ (z J—i) -
X J J on & J d¢&
Similarly,
35:!1 (Z_ %—) . .?..‘f‘j.- (z _a_..N.‘.i) L]
X J j on 9 j 9%

Finally, applying the bottom row of Eq. (36) to N,

obtains the following expressions:

oN oN. oN. oN .
i_1 ] 1 Jy .
37 “J"[(Xj ) T sg - (X )

(35)
|
Vo, (36)
«
(37)
(38)
(39)
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and
al. aN. . IN. oW,
i_ 1 . i . 1
e “J[("j ) s g o ] (40)

Equations (37) through (40) are in a form suitable for numerical
integration. The derivatives of W. and N, with respect to £ and n
can be obtained by the partial differentiation of Eqs. (25) and (27),

respectively.

8. Assembly of Element Matrix

Equation (24) is evaluated for each element, and the direct stiff

method is adopted to zssemble them to form a system of algebraic

el oo

ij] is the global coefficient matrix and §Y1€ is the global

load vector. The detailed discussion of the assembly of ““e element

equations as:

where [T

matrix into a global matrix has been presented (Desai and Abel 1972,

Duguid and Reeves 1976).

9. Application of Boundary Conditions

Surfaces on which third-type boundary conditions, £q. (9), are
imposed, of course, yield concentration-independent entries in the
element column matrix 3Qi£‘ These entries are evaluated by the
direct application of substituting Eq. (9) into Eg. (17) to yield

element normal fluxes. This is then followed by assembling overall



ORNL-5601 26

boundary elements having one or more sides on the boundaries B3 of B

to yield a global column matrix

B.é. The results are then
subtracted from the gxig to form §Y1%~

Surfaces on which the Neumann boundary conditions are imposed are
either the flow-through boundaries with outflows from the region or the
impervious boundaries. For the latter case, the entries {Bi} are
zero and no boundary conditions have to be applied. For the former
case, the corresponding entries in {81} are then linear functions of
the unknown concentration. Such terms must therefore be incorporated
into the [Tij] matrix in Eq. (41). Substituting Eq. (8) with

Gy = 0 into Eg. (17), one obtains:

wnere

Eij = é/Nj + (Vxng + Vznz) < Nj dB . (43)
e

For the backward-difference and mid-difference time-marching
algorithm, [Eij] after assembly over all boundary elements of 82 is
added to the matrix [fij]' For the central-difference time-marching
algorithm, one-half of [Eij] after assembly over boundary elements is
added to the matrix [Tij] while the other half is multiplied by
3Cj$ of the previous time and then substracted from Xig'

At nodes where Dirichlet boundary conditions are applied, an
identity equation is generated for each node and included in the

matrices of Eq. (41). The detailed method of applying this type of

boundary condition can be found elsewhere (Wang and Connor 1975).
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10. Solution of the Assembled Eguations

The Gaussian elimination algorithm is used to solve the matrix

equation, Eg. (41).

11. Mass Balance Computation

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

integrating Eq. (1):

JNELS 5
[ ot Fopkg e T AL e opkye

R
(44)
. I 3h _ - ,
+ o' (0+ Py Kd) 5T c] dR = E{}n dB
where Fn is the total flux (advective and dispersive fluxes) through
the global boundary, B(x,z) = 0. In fact, Fn denotes:
. 3C ,op 2 _
Fo = {(enxx ax +Jsz 0z VXC) Ny
(45)

g SC ac | .
* (Gsz X eDzz 3z Vzc) nz]

Having obtained the concentration field, ¢, one could integrate the

right- and Jeft-hand sides of Eq. (44) independently. If the solution

for ¢ is free of 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:

Fy = BJandB . (46)
1
Fy = é/’FndB , (47)

3
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Fg = JFndB , and (48)
B
)

Fp=J/Fd (49)
B1

where FD, FN, FO’ and FI represent the flux through the

prescribed Dirichlet boundary, 81, the Neumann-degenerated Cauchy
boundary with prescribed total flux, 83, the Neumann boundary with
flow going out, BZ’ and the impervious boundary, BI’ respectively.

On the other hand, the left-hand side of Eq. (44) is divided into four

terms,

Fy :Rj?.-g-% R, (50)
FA:RJQ KySe R, (51)
FLo= Fi/x( 9+ p Kglc R, and (52)
FS:E{/@' (60 Ky) bR (53)

where Fw, FA, FL, and FS denote the rate change in the region
due to the dissolved concentration in the water, the absorbed
concentration by the solid, the decay, and the concentration change by
the compression of the soil matrix, respectively.

For an exact solution, the net influx across the whole houndary,

B(x,z) = 0, defined by

Fret = (Fp ¥ Fy + Fg + Fp) (54)
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should be equal to the total volumetric increase, FV, defined by

+F, +F

Fy =Pyt Fp v F + Fg

In addition, FI should theoretically be equal to zero. However, in
any practical simulation, Fnet will not be equal to FV, and FI

will be non-zero. Nevertheless, the mass balance computation should
provide the means to check the numerical scheme and the consistency 1in

the computer code.

12. Computation of Total Waste Flux

The waste flux at any point in the region is due to two
mechanisms, advection and dispersion. After the concentration field is
obtained and knowing the Darcy's velocity field, the flux components in

the x~ and z-direction, respectively, FX and FZ may be obtained by

- 3¢ 3c .
Fo = - B0 ax 00, 370 * @ (5¢
and
= (sl .?.9. _@E g
Fp = - (Usz x T 904, Bz) *Ve (57)
Duguid and Reeves (1976) numericaily evaluate Eqs. (56) and (57) by
_ 5 N 3 aN 4
Fy = - 3( Dyx 3% * %Pyz T37) - VxNi% ¢ (58)
and
o aNj 6 oN 5
Yz 77 g(esz T Dzz'-§E) oV Ngr ey (59)

This formulation would result in the discontinuity of waste flux at

nodal points and element boundaries. In the new model, it is proposed
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that an alternative approach be made by applying the finite-element

technique to Eqs. (56) and (57). Thus, one chtains for an element e:
[S%j]; Fx’js ‘"‘";iné (60)
and
S ;szézszié , (61)

where

s].j =§/w1.Nj dR (62)
e
SNJ- BNJ-
in = - ﬁ/W_' erx *B_X- + erz "‘é‘i‘ - VXNJ (i] dR , and (63)
e
oN. oN.
- ) _J
R, wai 00, 5 + 8D, % - VN, ; G R (64)
]

In Egs. (60) and (61), F_. and ij are the values of Fx and FZ,

xJ
respectively, at the nodal point j. This approach yields the

continuous flux field,

and

for all elements in the region of interest. It is an approach

consistent with the finite-element spirit.

13, Alternative Numerical Schemes

Depending on the type of weighting functions (Galerkin or upstream

weighting), the methods of time marching (Crank-Nicolson, or
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backward-difference, or mid-difference), and the treatment of mass
matrix (lumping or no-lumping), there are 12 optional finite-element
numerical schemes in the present work as shown in Table 1. Schemes 1
and 2 were reported by Duguid and Reeves (1976). Schemes 3 through 12

are the expanded ones investigated by several authors,



Table 1. Optional finite element schemes
Time-marching methods Weighting function Mass matrix lumping
Schemes Crank-Nicolson Backward Mid-difference Galerkin | Upstream No Yes
1 X X X
2 X X X
3 X X X
& X X X
5 X X X
6 X X X
7 X X X
8 X X X
9 X X X
10 X X X
11 X X X
»12 X X X

109S-7INYO
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[IT. COMPUTER PROGRAM MODIFICATION AND EXPANSION

The overall program organization is shown in Figs. 7 and 8.

Except for the names of subroutines, the original computer code (Duguid
and Reeves 1976) has been almost completely overhauled. The overhaul
is necessary to accomplish: (1) the theoretical modification in
formulating moisture-dependent retardation factor, Rd, (2) the
application of finite-element method to compute the dispersive part of
the total material flux (advective and dispersive), (3) the provision
of 12 alternative numerical schemes, (4) the reduction of storage by
compressing all arrays containing boundary variables, and (5) the
adoption of variable arrays in all subroutines.

A short main program is written to dimensionalize and initialize
all arrays and to specify the maximum dimension in any of the arrays.
The program is then passed to subroutine GM2DXZ, which was the main
program in the computer code developed earlier (Duguid and Reeves 1976).

Considerable additions and changes have been made to the
subroutine DATAIN. The purpose is to compress the arrays that specify
Dirichlet boundary, surface source term (or Neumann boundary), and the
mixed boundary conditions. DATAIN is no longer to call subroutine SURF
to determine the information of boundary elements and nodes. Instead,
having been determined in the water flow code (Yeh and Ward 1930), they
are read in via disk unit 1.

Two new subroutines, AFABTA and SHAPE, are made. AFABTA is to
computes the weighting parameters, Qs Do, By and By- SHAPE
evaluates the base and weighting functions at the Gaussian integration

point.
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DATAIN

STORE

34
ORNL-DOWG 79-13256
MAIN FLUX Q4D SHAPE
—— SOLVE
l PR)NTT}———»——— GM2DXZ
SFLOW Q4R SHAPE
AFABTA
ASEMBL Q4 SHAPE
BC Qasp SHAPE
SOLVE

Fig. 7.

Subroutine chart of waste

transport program.
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TIME LOOP

PREPARE MOISTURE VARIABLES

ASEMBL Q4 SHAPE
BC Q45P SHAPE
SOLVE
[
I
|
!
[
®

[y

719. 8. Subroutine chart for the time-iteration loop.
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The subroutines FLUX and Q4D have been rewritten. FLUX in the new
model is used to sum over the element matrix {%'1j]' Subroutine FLUX
subsequently calls the subroutine SOLVE to yield the solution for ij
and sz by the Gaussian elimination method. Q4D is called upon by
FLUX to evaluate the element matrix [S'ij} and the Toad vectors
[%xi] and {ézi}‘ The total flux field is returned to calling
subroutine GM2DXZ through the arguments of FLUX. This flux is then
passed to the subroutine SFLOW to compute various surface fluxes via
various types of bou .iaries. Thus SFLOW no longer has to call Q4S,
which is eliminated in the present model.

The theoretical modification of the model is performed in the
subroutines, ASEMBL ana Q4. Associated with the theoretical revision,
the materials dissolved in the water and adsorbed by the soil matrix
have to be reevaluated. This is accomplished through subroutines,
SFLOW and Q4R.

On the alternative numerical schemes, the lumping option is
determined in the subroutine, Q4. The upstream weighting option is
provided in subroutine SHAPE. To evaluate the base and weighting
functions, AFABTA must be called at the beginning of each time step.
Finally, the time-marching alternatives are acccompiished in the
subroutines ASEMBL and GM2DXZ.

Subroutines PRINTT and STORE are modified for better display of
printout and selectively storing the output on logical unit 2. The

standard subroutine, SOLVE, remains intact.
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IV. RESULTS

The sample problem of transport from a seepage pond reported by
Duguid and Reeves (1976) is used to compare the simulation by the
original computer codes (Reeves and Duguid 1975, Duguid and Reeves
1976) with that by the new waste transport code coupled with the
revised water-flow code {Yeh and Ward 1980). The seepage pond is
assumed to be situated near a stream as shown in Fig. 9. The system is
composed of a highly permeablie sand with soil properties shown in

Fig. 10. A flux of 4.0 X 1074 en’ em™2 1

sec” ™, directed vertically
downward from bottom of the pond, provides the only driving force for
moving the contaminant toward the stream.

Prior to the simulation of waste transport, hydrodynamic variables
are required and computed by flow models to yield pressure
distribution. Flow patterns are then derived either by simply taking
the derijvatives of potential (Reeves and Duguid 1975) or by applying
the finite-element technique to Darcy's law (Yeh and Ward 1980 ). These
flow variables are Darcy's velocity, pressure head, total head, and
moisture content, which provide the essential input to the waste
transport, and are shown in Figs. 11 and 12. Figure 11 displays the
results by the originz. water movement model (Reeves and Duguid 1975)
while Fig. 12 describes the results »sing the revised water flow model
(Yeh and Ward 1980). It is interesting to note that flow field is not

unique as simulated by the original model (Fig. 11)., This deficiency

is eliminated by the revised model (Fig. 12)(Yeh and Ward 1980 ).
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Figures 13a and 13b show the contaminant concentration
distributions, which were obtained by applying the original and the new
models, respectively. The distribution coefficient, Kd = 100 cm3/g
was used. Longitudinal and transverse dispersivities were taken from
Pinder's (1973) study of chromium transport in Long Island, New York:
a = 21.3 m ana ar = 4.27 m. It is seen from Fig. 13a that the
waste travels as fast in the unsaturated zone as in the saturated
zone. This overprediction of concentration distribution from the
original model in the unsaturated zone resulted from the unrealistic
formulation of a moisture-dependent distribution coefficient, Kd’ and
a noncontinuous flow field. Figure 13b indicates that a more‘blausib]e
result was obtained by using the assumption included in present model.

As an academic interest, Figs. 1l4a and 14b depict two other
concentration distributions. Figure 14a was obtained by the old
material transport model using the flow field obtained hy the revised
water flow program. Figure 14b was obtained by the new waste transport
model using the flow field obtained by the old water movement program.
Comparing Fig. 14a with Fig. 13a or Fig. 14b with Fig. 13b, it is seen
that the noncontinous velocity field contributes partially to the
overprediction of concentration in the unsaturated zone, but the
assumption concerning the distribution coefficient is the most
important.

Table 2 shows the comparison of mass balance as predicted by the
original and new models, respectively, at the end of the 19.34-year

simulation time. The total net mass through all boundaries is only
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(g)

(5)

Fig. 13. Normalized concentration distribution for a dissolved
constituent with a distribution coefficient of 100 mi/g
computed with (a) original models (b) new models.
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Fig. 14. Concentration distribution for a dissolved constituent with a

distribution coefficient of 100 ml/g computed with

(a) original material transport model with flow variables
from revised water flow model, (b) new waste transport model
with flow variables from original water movement model.




Table 2. Comparison of percentage of mass-balance error as simulated by alternative numerical schemes of the
original and new models, respectively

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

Model
01d

17 .66 17.02 N/AQ N/A N/A N/A N/A N/A N/A N/A N/A N/A
mode]
New

-1.08 -2.16  -0.81 4,06 2.44 -1 -3 1.30 2.81 -1.08 -0.83 2.44 4.06
model

3Not applicable

77

109S~IN¥0
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about 82.34% of the mass accumulated in the media by numerical scheme 1
of the original model. In other words, 17.66% of the mass has not been
accounted for (i.e., has been lost through the boundaries.) On the
other hand, numerical scheme 1 of the new model shows a 1.08% mass gain
(- 1.08% of mass loss). For rnumerical scheme 2, the original and new
models render a 17.02% of mass loss and 2.16% of mass gain,
respectively. Regardless of the mass gain or mass loss, the error in
mass balance by the new model is much smaller than that by the old
model. Figures 15 and 16 illustrate the comparison of mass balance
rate history as simulated by the original and new (present) madels with
numerical schemes 1 and 2, respectively. A positive value means mass
loss while a negative value indicate iass gain. They show that the
mass-balance-rate error by the criginal model 1is large and, after
initial decrease, increasing with time. On the other hand, the
mass-balance-rate error as simulated by the new model is relatively
small and decreasing with time.

Table 2 also shows the percentage of mass-balance error by all
alternative nur--ical schemes. Because an analytical solution for the
concentration distribution for this type of problem is not available,
the comparison of concentration distribution as simulated by
alternative schemes with that by analytical solution is not possible.
Therefore, the percentage of mass-balance error is used as a criterion
to ascertain the superiority of one method over the other. From this
point of view, it is seen that numerical schemes 3 and 10 give the best
results for the example problem. At any rate, al' 12 schemes of the

new model are considered acceptable.
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Fig. 15, Comparison of mass-balance-rate error history as
simulated by numerical scheme 1 of the original and
new models, respectively.
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Fig. 16. Comparison of mass-balance-rate error history as
simulated by numerical scheme 1 of the original and
new models, respectively.

20



49 ORNL-5601

Figs. (17a) through (17d) show the plots of the concentration
distribution as simulated by numerical scheme 1 at time equal to 1.01,
7.67, 14.3, and 19.3 years, respectively. They demonstrate how the
pollutant is spreading away from the source with time. Figs. 18
through 28 show the concentration distribution by all other alternative
numerical schemes. They show that the variation is no more than 10%
among them at long simulation times . We consider those results are
comparable.

To.recapitu1ate, the modified model has accomplished the
following: (1) overprediction of movement rate of contaminant in the
unsaturated zone is eliminated, (2) the error of mass balance is
significantly reduced, (3) a continuous waste flux field, including the
nodal points and element boundaries, is produced, and (4) 10 additional
alternative numerical schemes, all of which are ¢ “rational and render

comparable results, are provided.
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ORNL DWG 79-150814

(&) TIME = 7.87 yr

(d) TIME =19.34 yr

Fig. 17. Concentration distribution as simulated by numerical
scheme 1 of the new model at time equal to (a) 1.01,
(b) 7.67, (c) 14.35, and (d) 19.34 years, respectively.
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ORNL DWG T79-18077

(¢) TIME =144.35yr

(d) TIME = 19.34 yr

Fig. 18. Concentration distribution as simulated by numerical
scheme 2 of the new model at time equal to (a) 1.01,
(b) 7.67, (c) 14.35, and (d) 19.34 years, respectively.
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ORNL DWG 79— 15078

(@) TIME =1.04 yr

(&) TIME = 7.67 yr

AC/Co= 1,08z

(d) TIME = 19.34 yr

Fig. 19. Concentration distribution as simulated by numerical
scheme 3 of the new model at time equal to (a) 1.01,
(b) 7.67, (c) 14.35, and (d) 19.24 years, respectively.



53 ORNL-5601

ORNL DWG 79-15079

(¢) TIME =1.04 yr

() TIME = 7.67 yr

C/Co?‘i.O

(d) TIME = 19.34 yr

Fig. 20. Concentration distribution as simulated by numerical
scheme 4 ~° the new model at time equail to (a) 1.01,
(fb) 7.67, (c) 14.35, and (d) 19.34 years,
respectively.
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ORNL DWG 79-19080

(g) TIME = 4.04 yr

(b) TIME = 7.67 yr

C/Co= 1.0

Fig. 21. Concentration distribution as simulated by numerical
scheme 5 of the new model at time equal to (a) 1.01,
(b) 7.67, (c) 14.35, and (d) 19.34 years, respectively.
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ORNL DWG T9-15082

(@) TIME = 1,04 yr

1C/Co=1.0C

(£) TIME = 7.67 yr

(d) TIME =19.34 yr

Fig. 22. Concentration distribution as simulated by numerical
scheme 6 of the new model at time equal to {a) 1.01,
(b) 7.67, (c) 14.35, and (d) 19.34 years, respectively.
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ORNL DWG T72-13083

(g) TIME = (.04 yr

(6) TIME = 7.67 yr

C/Co= 1.0

() TIME = 19.34 yr

Fig. 23. Concentration distribution as simulated by numerical
scheme 7 of the new model at time equal to (a) 1.01,
(b) 7.67, (c) 14.35, and (d) 19.34 years, respectively.
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ORNL DWG 79-18084

(o) TIME =404 yr

(d) TIME = 19.34 yr
0.2

Fig. 24. Concentration distribution as simulated by numerical
scheme 8 of the new model at time equal to {(a) 1.01,
(b) 7.67, {c) 14.35, and (d) 19.34 years, respectively.
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ORNL DWG 72-158085

{(g) TIME =4.04 yr

C/Co=1.0

() TIME = 12.34 yr

Concentration distribution as simulated by numerical
scneme 9 of the new model at time equal to (a) 1.01,
(b) 7.67, (c) 14.35, and (d) 19.34 years, respectively.

Fig. 25.
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ORNL DWG 79-13086

{g) TIME =101 yr

(6) TIME = 7.67 yr

1C/Co=1.04

(¢) TIME =14.35 yr

(d) TIME =19.34 yr

Fig. 26 Concentration distribution as simulated by numerical
scheme 10 of the new model at time equal to (a) 1.01,
(b) 7.67, (c) 14.235, and (d) 19.34 years, respectively.
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ORMNL DWG 73 -~15C87

(g) TIME =4.04 yr

(&) TIME = 7.67 yr

(c) TIME =144.35yr

(&) TIME =19.34 yr

Fig. 27. Concentration distribution as simulated by numerical
scheme 11 of the new model at time equal to (a) 1.01,
(b) 7.67, (c) 14.35, and (d) 19.34 years, respectively.
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ORNL DWG 79-18088

(£) TIME = 7.67 yr

1C/Co=1.0]

(¢) TIME =14.35yr

1C/Co=1.0f

i

(d) TIME = 19.34\O '

Fig. 28. Concentration distribution as simulated by numerical
scheme 12 of the new model at time equal to (a) 1.01,
(b) 7.67, (c¢) 14.35, and (d) 19.34 years, respectively.
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V. NOTATIONS

Longitudinal dispersivity (L)

Transverse dispersivity (L)

Domain boundary with Dirichlet conditions
Domain boundary with Neumann conditions
Domain boundary with Cauchy conditions
Concentration of the dissolved constituent (M/L3)
Time derivative of the concentration (M/1.3T)
Molecular . ifusion coefficient (L2/T)
Element load vector from source term
Element matrix resulting Cauchy-type boundary conditions
Fluid pressure head (L)

Determinant of [J]

Jacobian matrix-

Saturated distribution coefficient
Unsaturated distribution coefficient = Kyq
An operator

Artificial source or sink

ETement mass matrix

Base functions

An element column vector defined by Eq. 18
Retardation factor

Region of element e

An element column vector defined by Eq. 2lc

Element stiffness matrix
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Solid-phase concentration of adsorbed constituent (M/M)
Time (T)

Global coefficient matrix

Volume of the system (L3)

Darcy velocity components in x and z directions (L/T)
Magnitude of Darcy velocity (L/T)

Weighting function

Lateral ccordinate (L)

Glcbal coordinates of the nodes of the r-th element

Assembled load vector containing boundary fluxes and
time-integration components

Vertical coordinate (L)

Global coordinates of the nodes of the r-th element
Upwind weighting parameter, i = 1 or 2

Modified coefficient of compressibility of the medium
Upwind weighting parameter, i = 1 or 2

Time increment (T)

Moisture content (L3/L3)

Radinactive decay constant (1/T)

Local coordinate

Bulk density of the medium (M/L3)

Tortuosity

Local coordinate
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APPENDIX A
DATA INPUT GUIDE
Data Set 1 -~ Problem Identification. FORMAT(I5,9A8)
One card is required per job.
Card Variable Column Format Definition
1 NPROB 1-5 15 Problem number
TITLE 6-77 9A8 Array for the title of the

problem
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Data Set 2 - Integer Control Parameters. FORMAT(1615)
One card is needed per Jjob
Card Variable Column Format Definition
1 NNP 1-5 I5 Number of nodal points
NEL 6-10 I5 Number of elements
NMAT 11-15 15 Number of materials
NCM 16-20 b) Number of elements with
corrected material
properties
NTI 21~75 I5 Number of time increments
NBC 26-30 I5 Number of Dirichlet nodes
NST 31-35 I5 Number of surface term
element-sides with Cauchy
(mixed) boundary condition
NRSEL 36-40 I5 Number of rainfall-seepage
element-sides. Either
Neumann or Cauchy boundary
conditions can be applied
depending on if the flow is
out from or into the region.
KVI 41-45 I5 Flow field input control,
1 = steady-state flow,
2 = transient-state flow
field
KSTR 46-50 I5 Auxilary storage control;
0 = no storage, 1 = stored
on unit 2
KSS 51-55 I5 Steady state control;
0 = steady state solution,
1 = transient state
solution
APPM 56 -60 I5 Number of material

properties per material
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Data Set 2 (continued)
Card Variable Co lumn Format Definition
IWET 61-65 i5 Weighting function control;
0 = Galerkin, 1 = upstream
weighting
ILuMp 66-70 15 Matrix lumping control,
0 = no lumping, 1 = lumping
IMID 71-75 I5 Mid-difference contr-
0 = not mid-differenc .,
1 = yes
Data Set 3 - Basic Real Parameters. FORMAT(8F10.0)

One card per problem is required.

Card Variable Column Format Definition
1 DELT 1-10 F10.0 Initial time step size, (T)

CHNG 11-20 F10.0 Multiplies for increasing
time step size

DELMAX 21-30 F10.0 Maximum time step size
allowed, (T)

TMAX 1-40 F10.0 Value of maximum simulation
time, (T)

W 41-50 F10.0 Time derivative weighting;

0.5 = for Crank-~-Nicolson,
1.0 = for backward
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Data Set 4 - Printer Output Control. FORMAT(8011)

The number of cards depends on the number of time
increments, NTI. Total number of cards = (NTI + 1)/80 + 1

Card Variable Column Format Definition

1 KPRO 1 I1 Printer control for
steady-state and initial
conditions; 0 = print
nothing, 1 = print flow
rate, 2 = also
concentration, 3 = also
material flux,

KPR(1) 2 Il
KPR(2) 3 I1 Similar to KPRO but as a
function of time index ITM
KPR (1TM) ' I1

Data Set 4A - Auxiliary storage control. FORMAT(80I1)

Total number of cards reguired is same as Data Set 4

Card Variable Column Format Definition

1 KDSKO 1 I1 Auxiliary storage cont. ol
for steady-state and
initial conditions, 0 = no
auxiliary storage,

1 = storage on Unit 1

KDSK (1) ? 12

Similar to KDSKO as a
. function of time index ITM
KDSK(NTI)
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Data Set 5 - Material Properties. FORMAT(8F10.0)

A total of NMAT groups of cards are required, one group
for each material. The number of cards in each group
depends on NMPPM

Card Variable Column Format Definition
Group J  PROP(J,1) 1-10 F10.0 Distribution coefficient
for material J, (L3/M)
PROP(J,2) 11-20 F10.0 Bulk density for material
J, (M/L3)
PROP(J,3) 21-30 F10.0 Longitudinal dispersivity
for material J, (L)
PROP(J,4) 31-40 F10.0 Transverse dispersivity for
material J, (L)
PROP(J,5) 41-50 F10.0 Decay constant in material
J, (1-1)
PROP(J,56) 51-60 F10.0 Porosity for material J
PROP(J,7) 61-70 F10.0 Modified coefficient of
compressibility of media J,
{(Lt-1y

PROP (J,NMPPM)
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Data Set 6 - Geometrical Data

This data set is read in via Logical Unit 1.

It includes

the nodal-point and element definitions and boundary-side

information.

No card is required.

One should refer to

the sequence number DATA 335 to DATA 360 of the subroutine

DATAIN in APPENDIX C

REWIND 1
READ(1) (TITLEM(I),I 1,9),NPROBM NNP ,NEL ,NBN,NBEL ,NTIM
READ(1) (X(NP),NP=1,NNP), (Z(NP),NP=1 NNP) ((IE(M IQ) M=1,NEL),
IQ= 1,4), (DLB(M),M=1,NBEL) (DCOSXB(M),M=1,NBEL),(DCOSZB(M),
M=1,NBEL), NBE(M),le,NBEL) ((ISB(M,1Q),M=1,NBEL),1Q=1,4),
(NPB( P),NP=1,  NBN)
Data Set 7 - Material Correction. FORMAT(1615)
This data set is required only if NCM 0. Normally, one
card is required per material change. However, in those

cases where number of the affec
Tower 1imit of MI to an upper 1
increment of MINC,

ted elements ranged from a
imit of MK with an

automatic correction may be used.

Fields MK and MINC are left blank if the automatic
generation facility is not used.

Card Variable Column Format Definition
I MI 1-5 15 Material correction element
number
MTYP 6-10 15 Type of material correction
element MI
MK 11-15 15 Upper limit of automatic
correction
MINC 16-20 15 Element Increment of

automatic correction

(MK = 0, MINC = 0 for no
automatically generated
correction)
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Data Set 8 -~ Initial Conditions. FORMAT(I5,5X, F10.0)

In the most general case there is one card per node, i.e.,
a total of NNP cards are needed. Frequently, however,
groups of neighboring nodal points NJ have identical
values R(NJ). If a gap is recognized in the input sequence
of nodal numbers, the initial concentration are assumed to
be identical to the concentration at the lower bound of

the gap.
Card Variable Column Format Definition
NJ NJ 1-5 15 Node number
RP(NJ) 11-20 F10.0 Initial concentration for

Node NJ

Data Set 9 - Dirichlet Bounda: s Conditions. FORMAT(215,F10.0)

This data set is required only if NBC > 0. If automatic
generation is not used (NPINC = 0), NBC cards are
required. If NPINC > 0, automatic generation proceeds in
the same manner as Data Set 8

Card Variable Column Format Definition
NPN NPN 1-5 15 Dirichlet Node number
NPINC 6-10 I5 Automatic generation

increment to NPN

BB 11-20 F10.0 Dirichlet concentration at
node NPN
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Data Set 10 - Cauchy Boundary Condition.

76

FORMAT (315,5X.2F10.0)

This data set is required only if NST > 0. If KINC =0,
automatic generation will not be performed and NST cards
are required. Etach NST card represents an
element-boundary side. If KINC > 0, then automatic

generation will he made,

Card Variable Column Format Definition
MPP NI 1-5 I5 Cauchy flux node number at
one end of an
element-boundary side
NJ 6-10 15 Cauchy flux node number at
other end of an
element-~boundary side
KINC 11-15 I5 Automatic generation
increment for NI and NJ
£l 21-30 F10.0 Oot product of flux at NI

EdJ

31-40 F10.0

with outwardly directed
unit vector normal to
element-boundary side (NI,
NJ)

Similar to EI
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Data Set 11 - Neumann Boundary Condition. FORMAT(1615)

This data set is required only if NRSEL > 0. The data
set actually contains the rainfall-seepage
element-boundary sides. 1If the flow is directed out from
the region, the side is a Neumann boundary with
concentration dependent condition and is applied as such
If the flow is directed into the region, the side is a
Cauchy boundary with total flux equal to zero and thus
the application of boundary condition is not necessary.
This is why this data set is termed Neumann boundary
condition data. Typically, one card is required for each
element-boundary side. However, if KINC > 0, automatic
generation may be made.

Card Variable Column Format Definition
MPP MNRSE(MP) 1-5 I5 Element number of the
element-boundary side MP
IS(MP,1) 6-10 I5 First node number of the
element-boundary side, MP
IS(MP,2) 11-15 I5 Second node number of the
element~boundary side MP
KINC 16-20 I5 Automatic generation

increment for NRSE and IS



ORNL-5601 78

Data Set 12 - Initial Flow Variable.

This data set is read in via Logical Unit 1. The
variables include the time, TIMEM, pressure head, H,
moisture-content, TH, and Darcy's velocity components, VX
and VZ. One is referred to the sequence number GM2D 390
and GM2D 395 in the subroutine GMZ2DXZ of APPENDIX C.

READ(1) TIMEM,

(H(N N ) (HT(NP),NP=1,NNP}, ((TH(M,IQ),
M=1, NEL),IQ=1,4),( ),

P),NP=1,
VX(NP),NP=1,NNP), (VZ(NP),NP=1,NNP)

Data Set 13 - Transient Flow Variables

Tnis data set is required only if KVI = 2. It is read

via Logical Unit 1. The variables included in this data
is the same as Data Set 12. It is also read in the same
manner. One is referred to the sequence number GM2D 650
and GM2D 665 in the subroutine GM2DXZ of the APPENDIX C.
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APPENDIX B
SAMPLE INPUT OF THE SEEPAGE POND PROBLEM
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APPENDIX B
SAMPLE INPUT OF THE SEEPAGE POND PROBLEM

————— DATA SET 1: PROBLEM IDENTIFICATION
1273 WASTE TRANSPORT FROM SEEPAGE POND INTO THE AQUIFER

—————— DATA SEY 2: INTEGER CONTROL PARAMETERS
595 6528 1 0 250 7 0 38 1 1 1 9 0 o

------ DATA SET 3: BASIC REAL NUMRERS
00. *3 5256000, 630720000+ 0.5

m—=——eas DATA SET 4: PRINTER QUTPUT CONTROL
1 1
2 1
1

2

—=——=——= DATA SET 4AT AUXILIARY STORAGE CUTPUT CONTROL

1 1
t i

- Dokt

------ DATA SEY S: MATERIAL PROPERTIES
00. 175 2130. 427 Oe 3 Oe Oe

————=== DATA SET 6: GEOMETRICAL DATA IS INPUT VIA LOGICAL UNIT 1
------- DATA SET 7: MATERIAL CORRECTION IS NOT REQUIRED SINCE NCM=0

—————— DATA SET B8: INITIAL COMDITIONS

CARD 001
CARD 002
CARD 003

CARD .©
CARD 0O
CARD O
CARD 9O

CARD 0
CARD D
CARD O
CARD 0O

CARD 912
CARD 2513

CARD 014

18

T09G-TINY0



APPENDIX B {continued)

ANON

AOONOOOOAN

AOANONAOOOON

—————— DATA SET 9: DIRICHLEY BOUNDARY CONDITIONS

152 0 1.,

164 0 1.

204 S 1.

——a—e——— DATA SET 10: CAUCHY BOUNDARY CONDITIONS ARE MNOYT NEEDED
—————— SINCE NST=0

—-—————— DATA SET 11: NEUMANN BOUNDARY CONDITIONS
18 208 220

515 568 5890 1

51 579 580 9

514 578 579 o]

513 S577 &78 3

s12 S76 S7T7 0

522 576 588 4]

522 587 588 0

528 S87 595 0

—~————— DATA SET 12! INITIAL FLOW VARIABLES ARE READ IN VIA LOGICAL UNIT 1

—————— DATA SEY 13! YRANSIENT FLOW VARTABLES ARE READ IN VIA L OGICAL UNIT §

—————— FINALLY A BLANK CARC TO END THE J0R

THCO021 STOP ke

CARD

CARD
CARD
CARD

CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD

CARD

[~ X = Yo
— b
DN

028

1095-TNY0

8
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APPENDIX C
LISTING OF FORTRAN IV SOURCE PROGRAM






OAAOOANCANNNNAOANONGONON

(2}

APPENDIX C
LISTING OF FORTRAN IV SOURCE PROGRAM

THIS COMPUTER CODE IS CONTAINED IN THE FOLLOWING REPORYT:

YEHy Ge Te ANDO O« Se WARD. 1979. ™FEMWASTE: A FINITE-ELEMENT
MOGEL OF WASTE TRANSPORTYT THROUGH SATURATED-UNSATURATED POROUS MEDIAM™
ORNL~-5601+ OAK RIDGE NATIONAL LABURATORY., 0OAK RIOGE, TN 37830

A SLIGHTLY UPDATED VERSION IS CONTAINED IN "FECWASTE: USER'S MANUAL
OF A FINITE ELEMENY CODE FOR SIMULATING WASTE TRANSPORY YHROUGH
SATURATED-UNSATURATED DOROUS MEOTA, ORKNL/TM ————#

FOR ANY QUESTION. PLEASE CONTACT DR. G. To YEH AT (615) S7a-7285

ADDIYIONAL REFERENCES [S:

DUGUIDs Jo AMD M, REEVES, 1978, "MATERIAL TRANSPORT THROUGH
SATURATED-UNSATURATED POROUS MEDIAI A GALERKIN FINITE ELEMENT MODEL",
ORNL 4928, DAK RIOGE MATIONAL LABORATORY ., COAK RIDGE, TENESSEE 37830

MAIN PROGRAM

IMPLICTIY REAL*8{A-H0-2)
REAL®4 PMAT

DIMEMNSION X{5S8}+Z2{5G65}
DIMENSION C{595.27}),R(S
DIMEMSION FX(SS5}.FZ(59

s 107 28,45
055 JRPIS9S) WETAB(S528.4)
5)
DIMENSION VX{S5GS5) s VXP (S35 + VZ{ 595} ,VZP{595) +H{595} . HP{(595},
> DHIS93)4HT{SS5).TH(S28,4) s THP{528+4) ,DTH{528,4)

DIMENSION DLB{199),DCOSXB(1S9) ,DCOSZBILI9T) BFLX(200)8FLXP{200),
> NBE(1S9):15B{199,4) NPB(200)

DIMENS ION DLL99)0COSX{B9) . DCOSZ{99} s NRSE(SS) »IS{FS 4}, NPRS{100)
DIMENS TON NON{30),88(30) +MPST(40).0P(40)

DIMENSICN PMAT(3,9)+PROP(3,9)

DIMENS ION KPR(500),KDSK(500)

DIMENSION FRATE(LG) yFLOWELO) ,TFLOWILO}

COMMON /GEOM/ SNFE,CSFE NNP,NEL, IBAND

TOMMON SBNDY/ NBEL cNBNIMRSEL JMRSN NBC , MSTH n T

LOMMON JCONTRL Y NTI.NSTR2KSTRIKPRO KDSKOs KES, KV1
COMMON /PARMYZ DELT »CHHMGsDELMAX ¢ TMAX

COMMON /MTL / HNMAT ,NMPPHM, NCRK

COMMON /WET/ APHAL»APHA2BETRI ,8ETAZy IWET» ILURP,IMID

MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN

MAIN

MAIN
MAIN
MATIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN

"MAIN

MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
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APPEI.

[aXnlaNei

lalele]

[a¥aTeYa RN e

{continued)

DATA MAXNPSMAXEL M
DATA MAXWAT  MXMPDN
DATA MAXBEL , MAXBNF
DATA MXRSEL » MXRSNP
DATA MXSTNBP,MAXBCN

DATA PMAT/Z4H +4
> &M AL +8H o &H
> 4HPOR .4H v &H
> 4 TAU,aH 7/

=== INITIATE ARRAY
DO 100 NP=1,MAXNP

X{NPI=0.0
ZINP}I=0,0
RINP)I=0.0
RP(NPI=D40
VX{NPI=0.0
VXP{NP)=0.0
VZ{NP}I=0,.0
VZP{NP}=0e 0
H{NP }=0.0
HP{NP3I=0,:0
DHINP)I=0.0
HT{NP}=0a0
FX{NP}=0.0
FZ{NP)=0 .0
DO 100 IB=1.MAXEBYW
100 Ci{NP,181=040

T MAKXM
1.9/
1964200,
39,100/
De¢307/

KDy 4H
28H Ay
2H8HALP

7595 5284274500/

844 + GHRHOB, 4 H * 4t .
4 H 24 H L+s4HAMBD 4HA 4 H
s G oA H W4H AM.aH o4+
POINTS

————=—== INITIATE ARRAYS FOR ELEMENTS

OO0 1S5S0 MP=1,MAXEL

DO 120 1Q=1.+5
1290 IE(MPLIG)=0

D0 140 1Q=1,43
TH{MP s XIQ)=04¢
THP{MP , 12 )=0
YWETAB(mMP, 1Q)

140 DTH{MP. 1G)=0

150 CONTYTINUE

0
O«0
¢

~—————— INITIATE ARRAYS FOR BUOUNDARY ELEMENTS

MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN

25S
260
265
270
275
2890
288
290
295
300
30S
310
315
320
325
330
33s
340
3485
350
35S
360
365
370
375
380
385
3990
39S
300
405
410
415
420

430
435
4490
34435
450
4S5
450
8465
4740
475
43890
485
490
495
500
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APPENDIX C (continued)

(aXelaXe)

[a¥ale s

[2XaTeTs) [a¥aTuls)

aAnaon

DO 200 ¥P=}1,MAXBEL
DLB{MP)I=0.0
DCOSXBIMP }=0.0
DCOSIB(MPYI=0.0

NBE(MP)}=0
DO 200 1Q=1,4
1SB(MP.1Q)=0
200 CONT INUE
———=—=== INITIATE ARRAYS FOR BOUNDARY NODAL POINTS

DD 250 NP=1,MAXBNP
BFLX (NP }=0.0
BFLXP{NP}=0.0

250 NPI{NP)=0

—====—- INITIATE ARRAYS FOR INFLUX-OUTFLUX BOUKNDARY ELEMENTS

00 300 MP=},MURSEL
DLI{MP)=0.0
DCOSX{MPYI=0,.0
DCOSZEMP 1=0,0
NRSE(MP )} =0
0C 300 1a=1,

IS(MP 4 1G)
300 CORTINUE

I
=0

------- INITYATE ARRAYS FOR INFLUX=OUTFLUX BOUNDARY NODAL POINTS

DO 350 NP=1,MXRSNP
350 NERS{NP)}=0

—m=m—e—e INITIATE ARRAYS FOR SURFACCE TERM BOLMT FLUX

DO 500 NP=1l,MXSINP
NPSTI{NP) =0
500 BP{NPI=0.0

------- INETIATE ARRAYS FOR OIRICHLENT BOULDARY CUNOIT IUNS

DO 510 NP=1+MAXBCN
BBI{NP)=0.0
810 MNPN(NP)=0

MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
#AIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN

MAIN

MAIN
MAIN
MAIN
MAINM
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
HMATN
MAIN
MAIN
MAIN
MATN
MAIN
MAIN
MATHN
MATN
BAATN
L2
MaTH
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APPENDIX C (continued)

[a¥aXa X8l

[aXalals]

VvVVVv

DO

INITIAYE ARRAYS FOR MATERIAL PROPERTIES

650 I=1,MAAMAT

DO 610 U=1,MXMDDM
PROPLT,21=0.,0

CONT INUE

INITIATE ARRAYS FOR FLOW THROUGH VARIDUS TYPES OF BUOUNDARIES

700 I=1,10

FRATE{I)=0.0
FLOW({XI=040
TFLOW{I)=040

INTYIATE ARRAYS FOR PRINT ANMD WRIYE OUN DISK CONTROL
BO00 NP=14MAUNTI

KPR{MP j=D
KDSK{NP}=0

PASS THE PROGRAM YO GM2DXZ

CALL GM2DXZ{X+sZ+sIE+WETAB g CoRoRP s VN s VX F sV ZaVZP o H e NP s OHoHT o THe THP
DTHeFXeFZy DLB+DCOSHBIDCOSZIB I NBEISB,NPB,BFLX+BFLXPs DL s DCOSK,
DCDSZ ¢ NRSE s ISs NPRS 4 NPN BB s NPST v DP s KPR ¢XDSKFRATE« FLOW,TFLOW,

DMA Ty PRCP ¢ MAXMNP o MAXEL s MAXBYW ¢ MAXBNP » MAXBEL o« MXRSMNP» MXRASEL s MXSTNP»
MAXBCNGMAXNT I, MAXMAT MXHP PN

SYOPR

END

MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MATN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
RAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN

75S

838
844¢

91%
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APPENDIX C (continued)

annn

anao

SUBROUT INE GM2DXZ(X+Z+IE+WETAB CosRSRPy VX 3 VXP ,VZ 4 VZP y HoHP , DHy HT,
> THs THP s DTHFXFZ , DLB+DCOSXB,DCOSZBINBE, ISByNPB, BFLX +BFLXP DL,
> DCDSX.DCOSZ;NRSE.!SoNPRS-NPN’BB‘NPST¢DP;KPR;KDSKoFRATE.FLUW.TFLDH

> ;PMATgPRDp-MAXNP.MAXEL-MAXBWyMAXBNP.MAXBEL-MXRSNP,MXRSEL-MXSTNP,
> MAXBCONsMAXNTI ¢ MAXMAT sMXMDOM)

IMPLICIT REAL¥8{A~H,0-7)

REAL %4

PMAY

DIMENSION TITLE(S)
DIMENS ION X{(MAXNP) s Z{MAXND} » IE(MAXEL +5)

OIMENS ION C(MAXNP,MAXBW) sR{MAXNP) y RP{MAXNP) s WETAB(MAXEL, 4 )
DIMENSION FX{MAXNP ) FZ(MAXNP)

DIMENS ION VX{MAXNP) 3 VXPUMAXNPY s VZINAXNE )} o, VZP{ MAXNP) o H (MAXND },
> HPIMAXNP]) ,DHIMAXNPY s HT( MAXNP) s TH{MAXEL 43 ) s THP{MAXEL s &) 4
> DTH(MAXEL,4)

DIMENSYON DLB(MAXBEL) sDCOSXBIMAXBEL ) ,DCOSZB{MAXBEL) s BFLX { MAXBNP),
> BFLXPIMAXBNP o NBE(MAXBELY + I SBIMAXBEL 44 )y NPR{ MAXBNP)

DIMENS ION DL (MXRSEL )} «DCOSX{MXRSEL} sDCOSZI{ MXRSEL) » HMRSE (MXRSEL ) »
> IS{MXPSEL+4) NPRS{MXRSNP}

DIMENS ICN MPN(MAXBCN) +BB{MAXBCN) s NPST{MXSTNP)} +DP { MXSTNP)

DIMENS 10 ﬁMAT(MAXMAT,MXHPPM);PROP(HAXNAT.MX&PPM)
CIMENS ION KPR(MAXNTI) (KDSK(MAXNTY)

DIMENS TON FRATECIO0)«FLOW{10) .TFLOW(10D)

COMMON
COMMON
COMMON
COMMON
COMMON
COMMON

/GEOM/ SNFE,CSFE.NNP NEL, IBAND

ZBNDY/ NBEL » NBNsNRSEL JNRSN, NBC + RKSTN, NST
ZCONTRL/ NTIsNSTR<KSTRKPRO ,KDSKO4KSS 4 KvE
/PARM/ DELTCHNGsDELMAX 4 TMAX

ZMTL / HMAYT JNMOPMy NCM

ZRET/ APHAL APHA2 BETAL,BETAZ2, IWETLILUMP,IMID

INPUT PROBLEM XIDENTIFICATION AND DESCRIPTION
10 READ 10CO00,NPROBW{TITLE( TS I=1,9)

IF (NPROBJWE.O} GO TO 250

PRINT 10100 /NPRUOBo(TITLE(L),1=1,9)

READ AND PRINY INPUY DATA

KQUuT=0
KD1G=0

GM2D
GM2D
GM2D
GM2D
GM2D
GM2D
GMZ2D
GM2D
GM2D
GM 2D
GM2D
GM2D
GM2D
GM2D
GM 2D
GM2D
GM2D
GM2D
GM2D
GM2D

GM2D
GM2D
GM 20
GM2D
GM 2D
GM 2D
GM2D
GM2D
GM 2D
GM2D
GM2D
GM2D
GM2D

GM2D
GM2D
GM2D
GM 20D
GM2D
GM2D
GMN2D
GM2D
GM2D
GM20
GM 2D
GM2D
GM2D
GM2D
GM2D

005
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APPENDIX C (continued)

oOAn N

O OO0

CALL DATAINI{X +Z+IE+DLB+DCOSXB, DCUSZBINBE, (SBoNPB,DL +DCOSX,DCOSZ,
> NRSEs ISeMNPRSyNPNs B3¢ NPST 4D ,RP ¢ PMAT, PROP ¢ KPR 4KDSK o MAXNP  MAXEL »
> MAXBNP MAXBEL « MXRSNP JMXRSEL yMXSTND g MAXBC N, MAX MAT ¢ MXMPPM , MAXNT T,
> MAXDIFWeISTCFR)

IF {ISTOPGTY-0} GO TO 240
CCMPUTE BAND-WIDTH VARIADLES

ITHALFB=MAXDIF
IBAMND=2%JHALFB+ ]
IHBRP=IRALFE+1

IF (IBANHDGTMAXBW) GO TO 230

PREPARE INIYTIAL VARIABLES
TIME=0.

READ INITIAL VELOCITIESs PRESSURES, AND WAYER CONTENYS, IF NECESSARY

DO 20 WM=1,NEL
MTYP=TE(M,5}
POR=DPROPI{MTYP,6)
DG 20 1Q=1,48

THi{M, 1Q)=POR
29 CONTINUE

o MNPY 9 {{THI{Ms IG)s M=},

60 READ{I) TIMEM{(HINPI NP=1,NNP} +{HT{NP} NP=1
Pl oNP=1 4 NNP}

N
> MNEL)s I0=148) o (VX{MNP) NP1 ,NNP) s {VZI{N

DO 95 NP=]1,MNNP
VXP{NP)=VX{NP}
95 VZP (NP)=VZ{NP)

CALL AFABTA{X+Z+IEsHETAB s VX VXPSVZ,VZP, PROP, MAXNP,MAXEL,
> MAXMAT ,MXMPPM, MNEL, W}

PRINY 10600

KLINE=Q

DO 3100 MP=3§,NEL,2
NJIMN=MP
NIMX=MINO{ MP+1 4NEL)
PRINT 10700¢ (NJ+s{WETABINIZIQ}+1Q=1 448) ¢ NI=NIMN, NIMX)
KLINE=KLINE+1
IF{MOD(XLINE S0} «EQe0) PRINT 10600

100 CONTINUE

CALL FLUX{X4ZsIEHETAB +C oF XoFZ sRPs VX s VZ 2PROP 4 MAXNP 4 MAXEL , MAXBYW »
> MAXMATMXMPPM)

GM2D
GM2D
GM20
GM2D
GM2D
GM2D
GM2D
GM2D
GM2D
GM20
GM2D
GM2D
GM2D
GM2D
GM2D
GM2D
GM2D
GM20D
GM2D
HM20
GM2D
GM2D
GM2D
GM2D
GM2D
GM2D
GM2D
GM2D
GM2D
GM2D
GM2D
GM2D
GM2D
GM2D
GM2D
GM2D
GM2D
GM2D
GM2D
GM2D
GM2D
GM20D
GM2D
GM2D
GM2D
GM20
GM2D
GM2D
GM20D
GM2D

255

455
450

500
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APPENDIX C (continued)

a] OO0

[aXaTa]

OO

(2]

aOnn

CALL SFLGW(X;Z,IE.HETAB‘RD'FXsFZ;TH.PROPgDLB;DCGSXB.DCOSZB.NBEg
> lSB-NPBsBFLXoBFLXD,NPRS-NPSToNPNyFQhTE.FLOWqTFLOU.MAXNP'MAXELs
> MAXBNP-MAXBEL'MXRSNPsMXRSEL.MXSTNP.MAXBCN.MAXMAT.MXMPPM.DELT.DH)

PRINT INITIAL VARIABLES

CALL PRIN?T(RP;FXoFZgFRATE.FLON;TFLOwaTIME-DELT‘KPROoKUUT'KDIG’
> MAXNP NNP, IBAND)

IF(KSTREQel «ANDs KDSKO.EQ.1) CALL STORE(Xe ZHIERP FXH4FZ,TITLE,
> NPROBsNNP s NEL ¢ NTT s MAXNS JMAXEL o TIME)

PERFORM YRANSIENTY-STATE CALCULATION

TIME=DELT
Wi=Ww
W2=1,-%

READ TIME-DEPENDENT VELOCITIES, AS REQUIRED

DO 220 1TM=1,NTY
DO 110 NP=1,NNP
VXPINP}=VX{NP)
VZPINPI=VZ{ND)
110 HP{NP )=MH({NP)
DO 130 M=1,NEL
CO 130 10=1.4
130 THR (M, IQ)=TH{M, 1Q)
IF(KVISNEL2) GO TO 170

READ(1) TIMEM, {H{NP) ,NP=t 2 HNFEY » {HT (KP) 4 NP=1 sNNPJ o ( {TH (Ms IQ)» M=

> LoNEL) 2 10=194) s (YXINP) yNP=1 ¢ NNP) , I VZINP) ,NP=1 , NNP)

ASSEMBLE COEFFICIENY MATRICES A, B, AND C; AMD CONSTRUCT
LOAD VECTOR R

{70 DO 180 NP=]1,KNP
180 DH(NP )= {H{NP)-HP{NP) } /DELT
D0 200 M=1,NEL
D0 200 1QG=%,4

200 DYH(M»IQ)I=(TH(M,XIQ)}~THP(M,1Q) ) /DELT

IF{KVIsNE.2)} GO TO 201
CALL AFABYA(X+2Z,IE.WETAB . YX,VXP,VZ,VZP, PROP, MAXHNP, MAX EL

> MAXMAT s MXMPBEM, NEL, W)
201 CALL ASEMBL(XoZoIEaWETABuC;R.RP»VXoVXPaVZgVZPoTH’THP.DH’DTHc
> PROP+ Wy MAXNP s MAXEL s MAXBW « MAX NAT o MXMPPM)

GM2D
GM2D
GM2D
GM2D
GM2D
GM2D
GM 2D
GM2D
GM2D
GM2D
GM2D
GM2D
GM2D
GM2D
GM2D
GM20
GM2D
GM2D
GM2D
GM2D
GM2D
GM2D
GM2D
GM2D
GM2D
GM2D
GM2D
GM2D
GM2D
GM 2D
GM2D

GM2D
GM2D
GM2D
GM2D
GM2D
GM2D
GM2D
GM2D
GM2D
GM2D
GM2D
GM2D
GM2D
GM2D
GM2D
GM2D
GM2D
GM20

16
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APPENDIX C (continued)

[aXel

000 00N

[a¥alnl

ana [aTaTeYa]

anon

APPLY BOUNDARY CONDITYIONS

CALL BC{X3sZsIEJWETABJCsRsRP VX VXPsVZ,VZP, NPN,BB,NPSY , DP,
> DL y DCOSXs DCUSZ 4 NRSE s ISs We MAXNP, MAXEL ¢ MAXBW,MAXBCN, MXSTNP,
> MXRESEL)
TRIANGULARIZE C MATRIX

CALL SOLVE{1+CeRNNPyIHALFB s MAXNP, MAXBW)
BACK SUBSTITUTE

CALL SOLVE{2.CeR NNP, IHALFB ¢ MAXNP, MAXBY)

IF{ IMID.EQ.O} GO YO 208
DO 205 NP=1MNP
205 R{NP)=2.0DOXR{ NPI-RP{NP)
00 206 NPP=1.NBC
NI=NPNINPP)
205 R{NT1)=BB(NPP)
208 CONTINUE

CALCULATE MATERYIAL FLUX FXI{NPJ AND FZ{NP)

CALL FLUX({XeZoIELHETAB . CoFXsFZy R4VX,4VZs PROP, BAXNP , MAXEL,
MAXBW, MAXMAT . MXMPPM )

DETERMINE BOUNDARY FLOWS
CALL SFLOW(XsZoIESWETAB R oFXoFZ o THs PROP»DLE sDCOSXBDCOSZA, NBE,

> ISByNPB o BFLXsBFLXPs NPRSs NPST ¢sNON2FRATE, FLOW s TEL OW s MAXNP , MAXEL o
> MA?SNP.MAXBEL«MXRSMﬂ.MXRSEL,MXSTNP:MAXBCN.MAXMAToKXMPPM;DELT-
> OH

PRINT VARIABLES AY CURRENY TIME STEP

CALL PRINTTIReFXF ZsFRATE s FLOYs TFLOW e TIMEZDELT o KERIITM) » KOUT,
> KD TG MAXNP ¢ NNP, [ BAND )

IF{KSTREQsl oANDs KDSK{TTM}eEGe1l) CALL STORE(XsZs IE4,ReFXeFZs
1 VITLESNPROB,NNPe NEL oNTI s MAXNP s MAXEL, TIME)

PREPARE FOR NMEXY TIME STEP

IF {KSS.EQ.0) GO YO 10

IF (TIMELGTTMAX? GO TO 10
DELT=DELT4{1,+CHNG)
DELT=DMINI(OELY ,DELMAX}
TIME=TIMESDELY

GM2D 755
GM2D 760
GM2D 76S
GM2D 770
GM2D 775
GM2D 7840
GM2D 785
GM2D 790
GM2D 795
GM2D 800
GM2D 805
GM2D 810
GMZ2D 81S
GM2D 820
GM2D 82¢<
GM2D 830
GM2D 835
GM2D 840
GM2D 845
GM2D 850
GM2D 8SS
GM2D 8560
GM2D 865
GM2D 87¢
GM2D 875
GM2D 880
GM2D 885
GM20 8990
GM2D 895
GM2D 9900
GM2D 905
GM2D 910
GM2D 915
GM2D 920
GM2D 925
GM2D 930
GM2D 935S
GM2D 949
GM20 945
GM2D 95¢
GM2D 955
GM2D 960
GM20 965
GM2D $97¢
GM2D 975
GM2D 98¢
GM2D 985
GM2D 990
GM2D 998
GM2D1000
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APPENDIX C {continued)

DO 210 NP=1 ,NNP

210 RP{(NPI=R{NP}
220 CONT INUE
GC YO 110

230 PRINT 10400, IBAND, MAXBW
240 PRINT 10500, ISTOP
250 RETURN

10000 FORMAT(IS,9A8)
10100 FORMAT(/8H1PROBLEMsIS+3Hee +9AB/)
10200 FORMAT(EF10.0)
10300 FORMAT(/7//3SHIERROR IN VELOCITY INPUT AT ELEMENT, IS5///)
10400 FORMAT(////712H BANDWIDTH =,14,25H EXCEEDS MAX. ALLOWABLE =,14///)
10500 FORMAT(IHO+4X,'ISTORP = ¢,15)
10600 FORMAT(1H1.*TABLE OF WEIGHTING FACTORS OF EVERY ELEMENTS'//)
10700 gogMAT(lH s IS+4E12.4,5X+15+4E12.4)
N

00000 OTOOOOOOR
ORNARAOUNLEWOUNN~O
nomomomoumoamoiom
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APPENDIX C {continuad)

[aTalaXa¥elataReTele)

(g

SUBROUY INE DATAIN{X+Z,IE+DLB,DCOSXB,DCOSZB,NBEL{SBsNPE,DL, DCOSX,
> DCOSZ sNRSE G ISeNPRSoNPNBBNPSTDP+sRP,PMAT 3 PROP, KPR KDSK s MAXNP,
> MAXEL s MAXBNP s MAXBEL  MXRSNP ¢ MXRSEL s MXSTNP s MAX BCNys MAXMAT 4 MXMPPM,

> MAXNTI

FUNCTION O
PERTAINING
INITIAL CO
TRANSPORTYE

IMPLICE
REAL *4

DIMENST

DIMENSION DLEB(MAXBEL )} ,OCOUSXBIMAXBEL} +DCOSZB{MAXBEL } s NEE{MAXBEL )y

> 1SB{MA

DIMENST
> IS{MXR

DIMENSI
DIMENSIE

sMAXDIF .4 ISYOR)

F SUBROUTINE--TD READ, PRINT, AND CHECK VARIABLES

TO SIMULATION TIME, GEOMETRY OF THE SYSTEM, BOUNDARY-
NDITIONS, AND PROPERTIES OF BOTH THE MATERIAL BEING

D AND THE POROUS MEDTI A.

T REAL%E {(A-H.0-2Z)
PVAT

ON X{MAXNP) sZ{MAXNP I IE{MAXEL S}

XBEL « 41 s NPB{ MA XBNP)

CN DL MXRSEL ) +DCOSKI{MXRSELY yDTUSZIMXRSEL) s NRSE {MXRSEL ) »
SELe 8} s MNPRS{MXRSNP)

ON NPN{HMAXBCN} «BB{MAXBCN) 4DP{MXSTNP) s NPST { MXSTNP)
ON RP{MAXMP) 4 PMAT{MAXNMA T, MXMPPM}: s PROP{MA- WAT o MXMP PM}

DIMENSTON KPR{MAXNTY ) oKD SK{MAXNTI}

DIMENST

COMMON
COMMON
COMMON
COMMON
COMMON
COMMDN

ISTOP=9

READ 10Q00¢NNP I NEL,NMAT,NCMaNT I, NOC s NSToNRSEL 4KV Y s KSTRyKSS, NMPPM,

1 TWET. 1
READ 11
READ 11
READ 11
IF(TMAX

PRINT 10000+ NNP 4NEL o NMAToNCMoNTE o NBC oNSTsNRSEL 4KV I s KSTRsKSS s DELT

> CHNG, D
PRINT 1
PRINT 1
PRINT 1

ON TITLER(D)

/GEOM/ SNFELCSFEJMNPINEL, T BAND

/BNDY/ NBEL 4NBN NRSEL (NRSNy NBC s NSTNGNST
JCONTRLYZ MTIJMSTRKSTRKPRO + KDSKO+KSSeKVE
JPARM/ DELT,CHMG DELMAX, TMAX

ZETL/ NMATYMMPPA o NCM

/RET/ APHA 1, APHA2BETAL ¢BETAZ2s [WETVSILUMP,IMID

LUMP, IMID

000y DELToCHMG »DELMAX, TMAK 4%
LOO0KPRO{KPR{ITM) I TM=1 3NTT}
100y, KDSEKOo{KDSK{ ITH) oI TM=1 4NTT)
ol Eele 0} TMAX=1,0ESO

ELMAX, TMAX ¥

Q001 THWETLILUMPLIMID

0100

1200+ KPRO {KPR{ITM) e T TM=1 4NT 1)

DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
CATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA

QOOOS
VDO ~N~
SGMO Mo

DI NI DI N I\ oo o bt ot ot dni Juke ol (o (ot it i ol ok ok o ot ik ek et ()
NErOOVVOONNOONNLSUUNNR=OOY
ogomofioomooiemonmamomood
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APPENDIX € (continued)

[eYelsTa]

aTaXe ke

(e XaTals)

RE
100

110
120

RE
I¥

130

140

150

Mo

PRINY 10100
PRINT 11200+ KDSKO,(KDSKEITM) I TH=1 ,NTT}

AD AND PRINT MATERIAL PROPERTIFES

IF (NMPPMJLE.CG)Y GO YD 12¢
PRINT lOZOO;((PMAT(In}):I:l.B)aJ=l » NMPPM)
DO 110 I=1,NMAT

READ 11000,(PROP(T.J)s4=1,MMPPM)

PRINT 11300+¥,(PROP(T 44}, I=1,NMPDM)
CONY INUE

AD NODAL-POINY AND ELEMENT DATA FROM AUXYLIARY STORAGE AND PRIMT,

NECESSARY
REWIND 1t
READ( 1) (TITLEMLI ) 1=1,9); NPROBMyNMP, NEL s NBMs NBEL, NTIM
READ{(1) (X(NP)-NP=19NNP).(Z(NP)¢ND=19NNF)v((lE(MgIQ)oM=1:NEL); IQ=
> l.&).(DLB(M)’M=1;NBEL)’(DCGSXB(M)oM=laNBEL)'(DCDSZE(M)9M21oNBEL)o
> (NBE(M)’leyNBEL)§(([SB(M.IG)!le1N8€L)9IQ:194)i(NPE(NP)Qszli
> NBNMN)
PRINT 10300
KLINE=~}
DO 130 NP=1 NNP
KLINE=KLINE+}
IF(MOD(KLINE S0} o EQe O o ANDe KLIMESGESL ) PRINT 10300
PRINT 11S00,NP,X{NP),Z (NP}
PRINT 10400
KLINE=~-1
MAXD1IF=0
DO 1S5S0 M=1,NEL
IE{M,5)=1
MNO=0
DO 140 10=1,3
Il = (G + 1§
DC 140 JQ=1Gl.a
ND. = JABSUIE(M.IQ}-IE{M,3Q)}
MND = MAXJI{NDyMND)
MEXDIF = MAXOIND+MAXDIF)
KLINE=KLINE+L
IF(MOD(KLINE+350) vEQa0 oANDe KLINELGE«l} PRINT 10400
PRINT 11600, Mo(IE(Mol) sl =1,5),MND
CONT INUE
DIFY MATERIAL TYPES FOR SELECTED ELEMENTS, IF NECESSARY

IF (NCM.LELO) GO TO 370

DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
OATA
DATA
DATA
BDATA
BATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA

DATA

DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA

285

500

86
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APPENDIX C (continued)

on0

aANO

PRINY 10S00
L=90

340 READ 10900y MIMTYD MK MINC

1E(M,5) = MTYP

PRINT 11700s MILIE{MI 5}

L =L 41

IF (MKa.LESMY) GO TO 360

IF {(MINC.LELO) MINC = 1

M1 = MI + MINC

D0 350 MJI=M], MK ,MINC
IE(MIeS) = MTYP

PRINYT 11700, MJ,IE(MI,5)
1

350 L =L +
360 IF (LLTeNCM) GO TO 340

CHECK MATERIAL TYPES FOR EACH ELEMENT

370 DO 380 M=1,NEL
MTYP=TE(M,5)

IF (MTYPGT2LeAND«MTYPLLEJNMAT) GO TO 380

PRINT 14100.,M
ISTCP=1STOP+1
380 CONT INUE

READ INIVTIAL CONDITIONS

IF {ISTOP.EQ.0) GO TO 390

PRINT 13€0041STOP

390 NI=9Q
NJ=0

400 IF (MNJSECNNP) GO TO 2390
READ 11800eNJIsRPINJI)

410 NI=NI+y
IF {NI.GYei)} GO TO 420
IF {NJEGo1} GO YO 420
PRINT 13500.NJ
ISTOP=1STOP+1
GO TO &29

420 IF {(NJJEQ.NI) GO YO 400
IF (NJ.GTeNI) GO TD 430
PRINY 13%500,NJ
ISTOP=1SYOP+1
GO YO 820

430 RPINII=RP{NI~1)
G0 TO 41¢

440 CONTIMUE
DO 450 NP=1,NSTN
450 DPINPI=0.
IF (NBC.EQe0} GO YO 550

DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
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APPENDIX C {continued)

e XsXalsl

[aXaTs}

AN

READ CONSTANT-CONCENTRATION DIRICHLET CONDITIG 3 BBI(NPP)} TO BE

APPLIED AT NODES NPN{NPP)

NPP=0
460 IF (NPPLEQ.NBC) GO YO 520
IF (NPPLLT.NBC) GO TO 470
PRINT 12500,NBC
1STOP=1STOP+1
GO TO €20 )
470 READ 11900sNI1,NPINC,BBY
IF (NPINCsGT40) GO TO 490
480 NPP=NPP+1}
NPNINPP J=NT
BB(NPP )=BB1
GO TO 4¢0
A90 IF (NPP.GT.0) GO TO S00
ISTOP=1STOP+1
PRINY 13900
S00 NJI=NPNINPP}+NPINC
BBJ=BB{NPP)
NK=NT—-1
DO S10 NP=NJ, NKoNPINC
NPP=NPP+1
NPN(NDPP)=NP
510 BEB{(NPP)}=BBJ
GO YO 4¢€o
520 PRINT 10600
DO 530 NPP=1,NBC

530 PRINT 12000,NPN(NPP),BBINPP}
APPLY DIRICHLEY BOUNDARY SPECIFICAYIONS TO THE INITIAL CONDITIONS

DO 540 NPP=1,NBC
NP=NBEN{NPP)
540 RP(NP)=BBI KPP}
8550 IF (NST.LE.C) GO YO 65¢

READ SURF&CE-TERM FLUXES EI AND EJ TO BE APPLIED AT BOUMDARY

NODES NI AND NJs RESPECTIVELY

NPP=Q
MP=0
PRINY 10700
S60 IF (MPJEQ.NST)Y GO YO 610
READ 12100:NI yNJJRKINCLEI (EJ
IF (KINC.GT.0) GO TO €80
570 MPz=MP+1i
DX=X{NT)=-X(NJ)
DZ=Z{(NI1)-Z(NJ)

DATA 755
DATA 760
DATA 765
DATA 770
DATA 775
DATA 780
DATA 785
DATA 790
DATA 795
DATA 800
DAYA 805
DATA 810
DAYA 818
DATA 820
DATA 825
DATA 830
DATA 835
DATA 840
DATA 84S
DATA 850
DATA 85%
DATA 860
DATA 865
DATA 870
DATA 875
DATA 880
DATA 885
DATA 890
DATA 895
DATA 900
DATA 905
DATA 910
DATA 915
DATA 920
DATA 928
DATA 930
DATA 935
DATA 940
DATA 945
DATA 9S0
DATA 955
DATA 960
DATA 965
DATA 970
DATA 978
DATA 980
DATA 985
DATA 990
DATA 995
DATA 1000

L6
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APPENDIX C {continued)

571

572

573

574

575

576

578

580

§90

EL=DSART{OXADX4DZ%DZ}

IF(MP.GYal1) GO TO S71

NOP=NPP+1

NPST{NPP)=NI{

NI I=NPP

NPP=NPP+1

NPST{NPPR)I=NJ

NJJ=nNPP

GO TO 578

00 572 I=1.NPP
T1J=NPST( 1)
IF{14.EQeNI} GO TO
CONTINUE

NPP=NPP+1

NPST(NPP)I=NT

NIT=NPO

GO TO S57a

NII=1

DO S7TS5 J=1.NPP
TJ=NPSY({J}
IF{1JeFEQaNI) GO TO
CONTINUE

NPP=NPP+{

NPST{NPP}=NJ

NJJ=NPP

GO TO 578

NSJ=J

573

S76

DPR{NTII=OP(NTTI+EI*EL /3 0+EJXEL/660
DPINJJI=DOP{NJIJIITEIREL /6 O+EIXEL /3,0

EK=EJ

PRINT 12200sNINJISJEILEY

GO TO S$690

IF (MP.GT.0) GO TO 590

ISTOP=1ISTOP+1
PRINT 14000
NPINC=TABS{NJ-NY)

NPMIN=MAXO{NPST{NPP ) 4NPST{NPP-1))

NPMAX=MINO(NI,NJI)—1

DO 600 NK=NPRIN NPMAX ¢NPINC

NL=NK4+NPINC

PRINT 12200 4NKNL JEK$EK

MP=MP+1
DX=X(NKI-X{NL}
DZ=Z{NK}~Z{NL}

EL=DSGCRT{DX4DX+DZ%DZ)
IF{MP.GT-1} GO TO 591

NPP=NPP+1
NPST(NPP }=NK
NKK=NEP
NPP=NPP+1

DATA100S5
DATA 1010
DATA101S
DATA1020
DATAL102S
DATA1030
DATA1035
DATA 10490
DATA 1045
DATA1050
DATA105S
DATA 1060
DATA 1065
DATA1070
DATA107S

DATA 1230
DATA1235
DATA1240
DATA1245
DATA 1250

T095-INY¥0
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APPENDIX € (continued)

anoaon

591

S92

563

594

595

5956
598

600
610

READ NUMBERS OF ELEMENTS AND SIDES TO WHICH OPEN BOUKDARU CONDITIONS

NBESTINPPY=NL

NLL =NPP

GO 10 598

DO 582 K=1,NPP
KL=NPST({K)

IF(KLLEQ.NK) GO TO 593

CONTINUE
NE oNPP 4 |
M5 T (NPP ) =NK
NKK=NFP
GO TO S35
NKK=K
00 S95 L=1,NPP
KL=NPST({L)

IF(KL«EG.NL) GO TO 596

CONTINUE
NPP=NPP4 ¢
NPSTINPP ) =NL
NLL =NPP
GO TO S98
NLL =L

DPUNKKI=DP(NKK)+EKEEL /2,0
DP{NLL)I=OP{NLL)+EXSEL /24,0

CONTINUE
NSTN=NPP

ARE TO BE APPLIED

650

660

670

671

672

IF(NRSEL «LEL0) GO TO 820
NPP=O
MpPi=g
IF(MPI EQ.NRSELY GO TO 710
READ 10S00MI¢ISE,I524,KINC
IF (KINCWGT.0) GO TO &8¢
MPI=MP I+
NRSE{MP] }=MTY
IS(MPY , 1)=151
IS{MP1,2)=182
IF(MPIGYTel) GO TO 671
NPP=NPD 4L
NPRS{NPPR)=ISt
NPP=NPP+1
NPRS(NPPR }=152
GO YO €78
DO 672 I=1 NPP
I J=NPRS(I)
IFLIJEQulSt) GO TO 673
CONTINUE
HPP=NPP+1

DATA12SS
DATA1260
DATA1265
DATA1270
DATA1275
DATA L1280
DATA 1285

DATA135Q
DATA1355
DATA1360
DATA 1365
DATA1370
DATA1375
DATA13890
DATA 1385
DATA 1390
DATA 1395
DATA1400
DATA140S
DATA1410
DATA 1815
OATA 1420
DATA1425
DATAL1430
DATA 1435
DATA 1440
DATA 1445
DATALI450
DATAL455
DATAL460
DATA146S5
DATA1470
DATA 1475
DATA 1480
DATA148%
DATA 1490
OATA 1495
DATA1S500

66
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APPENDIX C

673
674

675

676
678
6380

690

691

692
593
693

695

696

{continued)

NRRS(NPP)=1S1
GO TO £74
CONT INUE
D8O 675 J=1.NPP
1 J=NPRS(J}
IF{ 1J+EQeNJ) GO TO 676
CONTINUE
NPP=NPP+1
NPRS{NPP)=1S2
GD YO 678
CONY INUE
CONTINUE
GO TO 566¢C
IF (MPI14GTa0) GO TO 69¢
ISTOP=1STOP+1
PRINT 13700
NPINC=IS{MPI,,2)-1S{(MP1,1)
MINC=TABS(NPINC)I~1
MJI=NRSE(MPI j¢MINC
MK=MT-1
DO 700 M=MJsMKsMINC
MPJI=MP1Y
MPI=MPTI+1

?(MPJ;Z)
S{MPIs1)+NPINC
)

)

GO TO 69t

NPP=NPP+]

NPRS {NPP)=NK

NPP=NPP+ 1

NPRS {NPP}=NL

GO 70 698

DD 692 K=1.NPP
KL=MNPRS{K)
IF{KL.EQeHK) GO TO 6593
CONTINUE

NPP=NPP+1

NPRS {NPP )=NK

G0 TO 694

CONTINUE

DO €95 L={+NPP
KL=NPRS{L )
IFIKL.EGeNL) GT YO 6595
CTONTINUE

NPP=NPP+1

NPRS(NPPI=NL

G0 TO £G8
CONT INUE

DATA1S54S
DATA1550
DATA155S
DATA 1560
DATA1565
DATA 1570
DATA157S
DATA1580
DATA1585
DATA1590
DATA1595
DATA1600
DATAL160E
DATA161¢C
DATA161S
DATA1620
DATA 1€25
DATA 1630
DATA 1635
DATA 1640
DATA1645

DATA16890
DATA 1685
DATA 1690
DATA1695
DATA L1700
DATA L1705
DATAL1710
DATA1718
DATA1720
DATA172S5
DATA1730
DATAL1735
DATA1740
DATA 1745
DATA1750

T09S-INY0
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APPENDIX C (continued)

698 CONTIMNUE
700 CONTINUE
GO 1O €70
710 NRSN=NPP
PRINTY 10800
DO 720 MP=1,NRSEL
M=NRSE(MP)

720 PRINT 11600sMIS(MP4L ) IS{MP,2)
DETERMINE DIRECTION COSINES DCOSX(MP)

OPEN BOUNDARY SIDES

DO 810 MPI=1,NRSEL
MI=NRSE(MPI)
D0 800 MPJ=1,NBEL
MISNBEIMP J)

[aXslaXs)

IF (MJJNELMI) GO YO 800
IF (ISBIMPJIs1)eEQsIS(MPI1)}eANDISBIMPY,2) EQuIS{MPI,2)) GO

TC 780

IF (I1SBUMPI 1) -EQISIMPT 42} e ANDWLISBI{NPJI+2) sEQaIS{MPIL1)) GO

YO 780
GO YO 800
780 DG 790 J=
790 IS(mp
DL{MPI )=
DCOSX{MP
DCOSZ (MP
GO YO 810
800 CONT INUE
I1STOP=1STOP+1
PRINT 13800,.M1
810 CONTINUE

1s
1+J
DLBIMPRY)
)=
)=

820 IF(ISTOP.EQ.0) GO YO 830

PRINT 13600, 1STOP
830 RETURN

C

10000 FORMAT({3ISHOINPUY TASLE 1..
40H NUMBER OF NODAL POINTS.
40H NUMBER OF ELEMENTS.
40H NUMBER OF DIFFERENT MATERIALS

4
:zlSB(MPJoJ)
M
OCasSxB{ NP )
DCOsSZBI( MBS}

40H NUMBER
40H NUMBER
40H NUMBER
A0H NUMBER
40H NUMBER

VVVVVVVVVVVVYY

CORRECTION MATERIALS.
TIME INCREMENTS o » o
BOUNDARY CONDITIONS o
SURFACE TERMS s » o »
SEEPAGE SURFACE TERMS
*
L]
L]

AQH VELOCITY INPUT CONMTROL: o o o
40H AUXILIARY STORAGE CONTROL o »
H0H STEADY-STATE CONTROLs o o » »
AO0H TIME INCREMEMYs o o o s = o o a
40H MULTIPLIER FOR INCREASING DELT.

Ld

& % © 8 § 4 &2 & ¢ B

BASIC PARAMETERS

* 9 00 & B B ¥ O & O

AND DCOSZ(MP) FOR THE

/S BX,
e IS/ SX,
s [S7 SX,
«s IS/ SX,
v IS/ SX,
515/ SX,
s 3 IS5/ SXo
29157 55X,
+sI5/7 5X,
e I57 SX,
0s 157 SX,
+915/7 SX,
«sFlO 467 55X,
esFlQe6/ 5%,

DATAL?7SS
DATA1760
DATAL76S
DATA1770
DATALTTS
DATAL780
DATAL1785

WNN e O

124
>
~
>
-
o % N Yo Yo 33 0s-Fo Ko -Xe 4
oo oot

DATA1

ate &

o
>
~
>
@
[+
t

DATA 1870
DATA1875
DATA1880
DATA188%
DATA 1890
DATA 1895
DATA 1900
DATA190S
DATA191Q
DATA 1915
DATA 1920
DATA192S
DATA 1930
DATA193S
DATA 1940
DATA 1945
DATA 1950
DATA195S
DATA 1960
DATA 1965
DATA1970
DATA197S
DATA 1980
DATA 19885
DATA1990
DATA 1995
DATA 2000
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APPENGI:  {continued)

> 40H MAXIMUM VALUE

S DELT . . e e o o e ¢ oeD10.4/ 55X,
> 40H MAXIMUM YALUE F TIME o o o o o o o o 8D10a87 SX,
> 40H YIME-INTEGRAT] N PARAMEYERe @ o o o o 03F10.61

iGGUui FORMAY{1IH +5X,
> A0H UPSTREAM WEIG:. ING IMOT< ATORs IWETe o e9215/ 5Xa
> 40H LUMPING INDICH ORe ILUMFG o e o o o e 295/ S5X,
> 40H TIME-DIFFERENMC INDICATOR, IMID o o o e9(5)

$000 FORMAT (/76X e 14HOUTE JT CONTROLY

POL00 FORMAT{IEHLIINPUT T/ iLE 2e0 MLTERIAL PROPERTIES// 9H MAT. NDeos 94
> 3A4))

10500 FORMAT(34HLINPUY T/ LE 3ee NUDAL POINT DATA // 7X3HNODE, 8Xs 1HX,
> 138X, 1HZ)

1U%00 FORMAT{34H1INPUT V. iILE 8+ ELEMENT DATA 77 11X,
> 31HGLOBAL INDICES F ELEMENT NODES/7?XsTHELEMENT, 3X.1H1 e7Xe1H2,
> TXe1H3 e TXy tHAe €Xo & {MATERIAL 46Xy 10HNODE DIFF. )

10500 FORMAT(//52H COCRRECIIONS TO MAYERIAL TYYPES FOR SELECTED ELEMENTS/)

10600 FORMAT (44H1 IMPUT TABLE Ss.e BOUNDARY CONDITIONS OF FORM, SH R=BB//
> 6H NODE.TXe2HBB/Y

10700 FORMAT({I2HLINPUY TA3ZLE Hee SURFACE TERMS 4 20H E=£1 AT NDODE NI, E=
> 13HEJ AT NODE NJI//3Xe2HNT 9 IX ¢2HNU sEX 4 2HE T s 13X 2HE 4/}

10800 FORMAT(A4H]I INPUT TABLE 7Tee SEEPAGE-SURFACE INFORMATZION//SX
> 14HELEMENT NODE 1.2X+6HNODE 2}

10600 FORMAT{1€(5)

131000 FORMAT{BF10,01}

9000 FORMAT{////36H CHECK BOUNDARY CONDITIONS, MAXIMUM=,I5///)

3300 FORMAT(////30H ERROR IN NODAL-POINT CARD NDes» 15///)

13400 FORMAT(////726H ERROR IMN ELEMENT CARD NGes I5/7/)

13300 FORMAY(////36H ERROR IN INITIAL-CONDITION CARD NO.s 1S///)

13500 FORMAT(////785H ASSEMBLY AND SGLUTION WILL NOY BE PERFORMED.sIS»
> 19M FATAL CARD ERRORS///}

13700 FORMAY (////38H ERROR IN FIRSYT TRAMSIENT~SURFACE CARO///)

13800 FORMAT{////44AH ERROR IN TRANSIENY-SURFACE CARD FOR ELEMENT, IS5///)

13900 FOR?AT(////QQH ERROR IN FIRST R=8BB TYPE BOUNDARY—CONDITIOGN CARD //
> 7

14000 FORMAY(////33H ERROR IN FIRSYT SURFACE~TERM CARD///}

14100 FORMATY(////740H ERROR IN MATERIAL YTYPE CODE FOR ELEMENT ,15///7)

END

11100 FORMAT{E011)

11200 FORMAT{10X,10111)}
§11300 FORMAT{(8,9D012.4)
11200 FORMAT{I%,2F103)
11500 FORMAT(110+,2D1544)
11500 FORMAT(110,418.,110,1135)
11700 FORMAT(Y10,32X,110)
11800 FORMAT{IS:5XeF10.0
11900 FORMAT(215,F1040)
12000 FORMAT(IS,D15,.,4)

12100 FORMAT{3Y1S,5%X,2F10.0}
12200 FORMAT{21S,2(1PD1S.4})
12

L}

DATA2035
DATA 2040
DATA204S
DATA2050
DATA2055
DATA 2060
DATA2065
DATA2070
DATA207¢S
DATA2080

DATA 2155
DATA2160
DATA216S
DATA2179
DATA217¢S
DATA2180
DATA2185
DATA2190
DATA 2195
DATA2200
DATA 2205
DATAZ22190
DATAZ2215
DATAZ2290
DATA2225
DATA 2230
DATAZ223S
DATAZ2240
DATA 2245

¢01
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APPENDIX C (continued)

(sl eTalalg

SUBROUTINE AFABTA{X»Z ,IE.WETAS,
> MAXMAT ,MXMPPM, NEL,

)

VX s VXP s VZ s VZP

PROP

MAX NP, MAXEL o

FUNCTION OF THE SUBROUTINE-TO CALCULATE THE WEIGHTING FACTORS
ON FOUR S1IDES OF EACH OF THE ELEMENTS

100

IMPLICIT REAL*E (A-H,0-2)

DIMENSTON X{MAXNP) Z{MAXNP) , IE(MAXEL+5) ¢WETAB(MAXEL 34 )
DIMENS TON VX{ MAXNPY o VXP{MAXND) (VZ(MAXNP), VZP{ MAXNP)

DIMENS ION PROP(MAXMAT MXKRPPEM)

DIMENSION APHA{A4}.,BETA{A4),MDIM(4)

Wi=w
WZ2=1.0-W

IF{KSS,EQ.0) GO YO 106¢

wi=t,0

W2=20,0

CONT INUE

DO 500 W¥=1,NEL
MTYR=IE(M, S}
AL=PROP{MTYP, 3)
AT=PROP(MTYP ,4)
AM=PROPI[MTYP,8)
TAU=PRUOP(MTYP 9}

DD=TAUXAM
Mi=TE(M,1)
M2=TE(WM,2)
M3=TE(M,3)
MA=TE(M,4)
A=Z(M2)-Z(M1)
B=X( M2 )-X(M1}
BETA(L)I=DATANZ(A,8)
A=Z(M3)~Z{Mm2}
B=X(M3)-X{M2)
BETA{2)=DATANZ{A,3)
A=Z{M3)}-Z(M4)
B=X{M3)-Xx(Ha})
BEYA(3)=DATANZ2{S&.8}
A=Z(HMa)-Z (Mt
B=X(Ma )R .
BETA(A)=DATANZ{AL8]}
MDIM(1 )I=M1

MO IM{ZI=M2

MDIM{ 3)=M3
MOIMEa)=NA

DO 200 J=1.4

AFAB
AFAB
AFAB
AFAB
AFAB
AFAB
AFAB
AFAD
AFAB
AFAB
AFAB
AFAB
AFAB
AFAB
AFAB
AFAB
AFAB
AFAB

_AFAB

AFAB
AFAB
AFAB
AFAB
AFAB
AFAB
AFAB
AFAB
AFAB
AFAB
AFAB
AFAB
AFAB
AFAB
AFAB
AFAB
AFAD
AFAB
AFAB
AFAB
AFAB
AFAB
AFAB
LFADB
AFAB
AFAB
AFAB
=“FAB
“FAB

FAB

FAB

0
095
10

O3 NI RS NI I D 500 500 oo 1t ook ot ot s 4ot 08 1o (ot 1ok it (0 ot b 4ot o
NN rmOROQRONNOOARE B WUWNN-O
MOMOUICOUICHMHoNORONIOUIOMAOIONIQNC

230

€01
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APPENDIX C (continued)

200

210
300

400

500

Ja=J

Jap=Ja+1

IF{(JQ.EQea) JGP=}

M1=MDIM{J)

IF(2-3) 20042004210

M2=MD IM{J4+1)

GO YO 300

M2=MDIM(1)

CONT ENUE
ALENG=DSORT{{ X{M2}-X{ M1} I%*2¢+{Z2{M2}~-ZE ML) ) %%2)
CBETA=DCUS{BETYA{J))
SBETA=DSINI(BETA(JY)

VEX=0e SE({VXIMIIEVXIM2) J 2L+ {VXP{M] )+VAP{M2)) %y2
VZZ=0e SEx{{YZIML1I+VZ{M2IIIWIH{VZP{MIIIVZP(M2]}) %y2
VAL=YXXRCBETASVIZESBETA
VV=DSQRT{VXXEYXXEVIZIAVYZZ)

VVi=1,0/VV

OLL=(ALEVXXEYXX 4+ ATHVZZ3VZ2Z)&VYV]I + DD

DLT={ AL-AT)IXVYXXNSVZZRVYV]

DTT={ALRXVYZZ2VIZ 4+ ATHYXXFVAXIRVVI 4+ DD
DAL=DABS{DLL*CBETAXCBETA+2. 0D I*CBEVAXSBETAXDLT+DTT#SBETAXSBEY A)
VEL=VAL®ALENG

DISP=2,08DAL

APHA (I )I=1.0/DTANH{VEL/DISP)- DISP/VEL
IF(APHA{I )L Ta0ec0) APHALJI=0.O

CONT INUE

[y

WETABI{M.1)=APHA({S)
WETAB(M.2)=APHA(2)
WETAB(N:3¥=APHA(3
WETABI{M 4 )=APNHALSG
CONT INUE

RETURN

END

AFAB
AFAB
AFAB
AFAB
AFAB
AFAD
AFAB
AFAB
AFAB
AFAB
AFAB
AFAB
AFAB
AFAB
AFAB
AFAB
AFAB
AFAB
AFAB
AFAB
AFAB
AFAB
AFAB
AFAB
AFAB
AFAB
AFAB
AFAB
AFAB
AFAB
AFAB
AFAB
AFAB

1095~ "IN¥0

v01



APPENDIX C {continued)

[a BN eXaXaXe!

ann

[aXeNalel

SUBROUTINE FLUXIX+ZsIEJWETAB, C,FX.FZ, ReVXsVZ,PROP,

> MAXNP.MAXEL-MAXBH'MAXMAT.MXMPPM)

FUNCTION OF SUBROUTINE TO COMPUTE DARCY MATERIAL FLUX FX AND F2Z,
RESPECY IVELY

IMPLICIT REAL*E{A-MH,0-2)

DIMENS ION X(MAXNP)-Z(MAXNP)-IE(MAXEL.S)-NETAB(MAXEL;Q)
DIMENS ION C(MAXNP.MAXBN).FX(MAXNP)vFZ(NAXNP)

D IMENSION P(MAXNP).VX(MAXNP)'VI(MAXNP)'PROP(MAXMAT.MXMPPM)
DIMENSION QB(Q;Q!.RQ(Q)oXQ(Q)-ZQ(Q).CRQ(#).VXQ(4).VZG(4)

COMMON /GEOM/ SNFE JCSFE ,NNP NEL, IBAND
COMMON /WET, APHAL.APHA2 ,BETA1,BETA2, IWET, ILUMP,INID

INITIALIZE THE FLUX FX(NP) AND FZ(NP)

100

DC 100 NP=1,NNP
FX{(NP)}=0.0
FZINP)=0.0

COMPUTE THE FLUX COMPONENTS 8Y APPLYING THE FINITE ELEMENT METHOD

TO

110

120

THE DISPERSION TERMS

IHALFB={ IBAND-1}/2
IHBP=THALFB+1
DO 300 IXZ=1,2
DO 110 NP=1,NNP
DO 110 IBxi,IBAND
CINP s IB)=0.0
DO 180 M=t ,NEL
APHAI=WETAB(M,1)
APHAZ=WETAB(M,3)
BETAI=WETAB(M,2)
BETAZ=WETAB(M,4)
MIYP=IE(M,5)
AL=PROP (MTYP ,3)
AY=PROP(MTYP ,4)
AM=PROP(MTYP, 8)
TAU=PROP(MTYR, 9)
DD=AMXRTAY
00 120 10=1,.,4
NP=XE(M: 1D
XQEIQywrs
Zo(1Q)=
CRQ(IG)
vxXaf 1qQ)
vZafiaq)
CONTINUE

)
NP )
LENB)

=R(1Q)
=YX {NP)
=VZ{NP)

FLUX
FLUX
FLUX
FLUX

FLUX
FLUX
FLUX
FLU X
FLUX
FLUX
FLUX
FLUX
FLUX
FLUX
FLUX
FLUX
FLUX
FLUX

FLUX

FLUX
FLUX
FLUX
FLUX
FLUX
FLUX
FLUX
FLUX
FLUX
FLUX
FLUX

FLUX
FLUX
FLUX
FLUX
FLUX

ELUX
FLUX
FLUX
FLUX
FLUX
FLUX
FLUX
FLUX
FLUX
FLUX
FLUX
FLUX

FOPO PO NI ) N30t b 108 pub ot ot Ik 0 oot (ot ot 00 196 050 P Dot s ot DO ot
NN QOOOBRNNOONREIWWNNN =OO
aoroomaiconoc oo naio
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APPENDIX C (continued}

AOAND NN

[aala!

COMPUTE THE ELEMENT MATRIX GB1{1 Gs QY AND QG{IQ}

CALL O#D(ﬂBoRO'XQ.ZQ'VX01VZQ.CRQcDD.AL-AT.SNFE.CSFE.IXZ)

ASSEMBLE QB(1Q,JQ) INYD THE GLOBAL MATRIX C{NP,IB) AND
FORM THE LOAD VECTOR FX{NP) TR FZINP)

00 140 1Q=1,4
NI=TE{(M.1Q)

Do 120 JO=

»

18=NJ-NI Bp
CINILIBI=C{NI,IB)}+OB{1Q,IQ)
130 CONTINUE

IF{IXZ.EQe2) GND TO 135
EX{NTI=FX{NI}+RGUIQ)

G0 YO 140
135 FZ(NIJ=FZ{NI)+RQ{IQ)
140 CONTINUE
i80 CONTINUE

SOLVE THE MATRIX EGUATION CX=8

IF{ IXZ+EGe2) GO TO 200
CALL SOLVE(i'C'FXgNNPoIHALFS-MAXNP'MAXBW)
CALL SOLVE(Z-C.FX.NNP.IHALFB.MAXNPoMAXBw)
GO YO 300
200 CALL SOLVE(IoC-FZ.NNP-!HALFB.MAXNPgMAXBW)
CALL SOLVE(Z.C.FZ.NNP.!HALFB.MAXNP,MAXBW)
300 CONTINUE
RETURN
END

FLUX
FLUX
FLUX
FLUX
FLUX
FLUX
FLUX
FLUX
FLUX
FLUX
FLUX
FLUX
FLLUX
FLUX
FLUX
FLUX
FrLuXx
FLUX
FLUX
FLUX
FLUX
FLUX
FLUX
FLUX
FLUX
FLUX
FLUX
FLUX
FLUX
FLUX
FLUX
FLUX
FLUX
FLUX
FLUX
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APPENDIX C (continued)

(aXslalels!

anon

OO OO0

(aXelalalsl

SUBROUTINE QA40(QGBsRAsXDe2Qe ¥YXQ+aVZQsCRA DD ALLAT, SNFELCSFES IND)

FUNCTION OF SUBROUTINE-TO EVALUATE THE MATRIX QUADRATURE OVER THE
AREA OF ONE ELEMENT.s THESE INTEGRALS ARISE THROUGH THE
APPL ICATION OF THE GALERKIN INTEGRATION SCHEME

IMPLICIT REAL*8 (A-H,0-2)

REAL*B N{4&)

DIMENSION GB(4,3)}sRQ(8), XQ(4)+ZQ(2) sCRQ(4) 4 VXTQ(4),
ODIMENSION S{4)sT04).W{a) sONX{4),ONZ(4)DWX(4) +DWZ(
DIMENSION PJUAB(2:2)Y,DNSS(4),ONTT(4) sDWSS(4) ,OWTT(4

vZc(s)
?)

DATA P / 0.S5S7725026918G6628 /» S / ~1+400400;: 1004004+ 1o0D+00,~
> 10D400 /s T /7 —1.004004—-1.00¢00, 100400, 1.0D4+00 /

INITIALIZE MATRICES QB(1G.JQ) AND QQ(IQ)

DO 160 I1G=1,4
RQ(1G)=0.0
DO 100 JG=1,4
100 GB{I1Q+JQ)=0.0

SUMMATION OF THE INTEGRAND OVER THE GAUSSIAN PUINTS
DO 400 KG=1,4

DETERMINE LOCAL CQOORDINATE (SS,TY) OF
GAUSS—-INTEGRATION POINT KG

S5S=P*%xS(KG)
TY=P%xT(KG)

CALCULATE YHE VALUES OF BASIS FUMCTIONS, N{IQ). AND WEIGHTING

W{IQ) AND THEIR DERIVATIVES WITH RESPECTIVE TO X AND Z, RESPECTIVELY
AT THE GAUSSIAN POINT K&

CALL SHAPE (N sWDNSSONTT+DWSSDWTTHS5S,TT)
DB 110 I=1,2
OO 110 J=1,.,2
110 PIAB(T+41=0.0
DO 120 I=1,4

PIAB{L+1)=PJAB(L1.1)}4+ZQ(I)*DNTT(Y)
PIAB( 14 2)=PJAB(1,2}~ZQ(T)IXDNSS(I)
PJAB(2,1)=PJAB(2,1)-XQUI)*DNTT(I)

120 PIABL 2. 2)=PUAB( 2.2} +XG{1)%DNSS(T)
DJAC=PIAB(2,2)1%PJAB{1,1)-PIAB(1,2) %x03AB(2,1)
DJACI=1.0/DJAC
DO 130 I=1,2

DO 130 J=1,2
130 PJAB( I, J)=PJAB (14,0} *DJYACT

G4D

Q4D
QaD

Q4D
aabD
Qab
Qab
Q4D
Q4D
Q4D
QaD
Q4D
Q4D
4D
Q4D
Q4D
Q4ab
Q4D
Q40D
Q4D
Q4D

Q4D
Q40
Q40
Q4D
Q4D
QAD
Q4D
Q4D
Q4D

Qad
Q4D
Qabd
Q4D
Qabd
Q4D
Q4ab
Qab
QAD
Q4D
Qa0
Qab
QAD
Q4D
Q4D
QAD

098
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APPENDIX C (continued)

OO

[aTaXaIa]

140

DG 140 1=i,4

ONX(I)=DNSS(I)*PJAR(1,1)+DNTT{IY%®PJAB(]1,2)
ONZ(I)=ONSS{I)*PJAB(2,1)+DNTT(I) *PJAB(2,2)
OWX{ 1)=DWSS{I ) %P JAB(1,1)+DWTT{I ) *PIABY 7}
DWZ{ I)=DuSS( T} *PIAB(2,11408TT (1) xPJAB{. .2}

INTERPOLATE WITH THE BASIS FUNCTIONS N{(IQ) TO OBTAIN VALUES OF
VELDCITY COMPONENTS VXK AND VZK AT GAUSSIAN POINT

150

VXK=040

VZK=0.0

DO 150 1Q=1,4
VXK=VXK4+VXQ{TQ) *N{YQY
VZK=VZK+VZQG{1Q) *N(TQ)

CONTINUE

VEK=DSORT{ VXK *VXK+VZKEVZK)

VKI=140/VK

AKXK={AL *VXKAVXK+ATRVZKEVZK) *YKI + DD
AKZK=(ALXVZKAVZK+ATAVXKAVXK) *YKI + DD
AKKXZK=(AL—-AT ) RVX KEVZKEV K]

ACCUMULATE THE SUMS TO OBTAIN YHE MATRIX INTEGRALS GB{IQ.JQ}
AND QQ{1IQ)}

200

300
400

>

RETY
END

DO 300 1G=1,4
D0 300 J0=1,4

AB(IQ,JG)=0B(IGJQ) +WI{IQ)AN{JQIXDJIACT
IF{IND.EQ.2) GO TO 200
ROCIQ)I=RA(IQI-W{TQ)*CRE(JIQ) * { AKXKEDNX{ I U} + AKX ZKXDNZ{ JC) )=
DJAC + W{IQI*CRQ{JQ) HVYXKEN(IGI*DIAC
GD YO 200
RA{IQ)I=RA(IQ)-W{IQI*CRA{IQI* { AKX ZKHZDNK{ JOI+AKZKXONZ( I QY )%
DJAC + W{IQIRCRQ(IQ)HVZIKEN{IQ)XDIAC

CONT INUE
CONTINUE
URN

Q4D
Q4D
Q4D
Q4D
Q4D
G4D
QAD
Qad
QAaD
Q4D
Q4D
G4aD
Q4D
Q4D
Q4D
Q4D
Q4D
Q4D
Q4D
Q4D
Q4D
Q4D
Q4D
Q4D
Q4D
Q4D
Q4D

Q4D
Q4D
Q4D
Q4D
Q4D
Q40
G 4D
Q4D
Q4D
Q4D
Q4D

2585
260
265
270
275
2890
289
290
295
300
30S
310
318
320
328
330
335
340
345
350
358
360
368
370
37S
3890
385
3990
398
400
405
410
415
420
4285
430
435
4490
445
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APPENDIX C (continued)

NOANOOOO

[¢]

a0

[a¥eTe!

OO

SUBRDUTINE ASEMBLIX+Z+IE+WETABICsRIRPI VX VXPVZ4eVZP o THsTHP, DHyDTH,

> PRQOP,

Wy MAXNP s MAXEL s MAXB We MAXMAT s MXMPPM)

FUNCTION OF SUBROUTINE-~—T0O ASSEMBLE THE GLOBAL COEFFICIENT MATRIX

C{(NP,.IB)
AND GB(IQ

IMPLIC
REAL *8

D IMENS
D IMENS
> VZ(MA
> DTH(M

DIMENS
> DTHQL

COMMON
COMMON
COMMON
COMMON

ASE)LOAD VECTOR R({NP) FROM THE ELEMENT MATRICES QA{1IQ,JQ)
* .

IT REAL*E {A-H,0-2Z)
KD+ LAMBDA

T0N XIMAXNP)Y 22 (MAXNP Y, IE(MAXEL S} +WETAB{MAXEL +4)

ION CUMAXNP MAXBW) ,RIMAXNP) RP{MAXNPE) s VX (MAXNP) 4 VXP (MAXNP),
XNP) s VZPUMAXNP ) s TH{MAXEL 48) s THP { MAXEL 8 ) +DH{MAXNP) ,

AXEL s 4) e PROPIMAXMAT , MXMPPM)

ION QA{A444)QB(A8), VXQUA) V2ZALA) oXG14) +Z0(4).DHQ{A),
4}+THQ( 4)

/GEOM/ SNFE CSFE 4NNPJNEL, IBAND -
JCONTRLZ NTI ¢sNSTR+KSTRKPRO s KDSKD+KSSeK VI
/PARM/ DELT,CHNG.DELMAX,TMAX

FMET/ APMHALAPHAZ2,BETA1.,BETA2, IWEY,ILUMP,IMID

IHALFB=( IBAND-1)/2

1H8P=1

DELT 1=
wi=w
W2zt e—
IF (KS
DELTI=
wWil=1l.
W2=0.

HALFB &1
1 «/DELT
w

SsNEe 0} GO TO 1O
O

INITIALIZE MATRICES C(NP,.IB) AND R{NP}

10 DO 20
RN
Do
20

COMPUTE ™

D0 SO
APH
APH
BET

NP =1, NNP

Pi1=0. {
20 IB=1,1BAND

C{NP,TIB)=0.0

ATRICES GA(IQ.JQ) AND GB{IQsJQ) FOR EACH ELEMENT M

M=1,NEL

AL=WETAB(M,1)
R2=WETAB(M.3)
Al=WETAB(M,2)

ASEM
ASEM
ASEM
ASEM
ASEM

ASEM
ASEM
ASEM

ASEM

ASEM
ASEM
ASEM
ASEM
ASEM
ASEM
ASEM
ASEM
ASEM

ASEM -

ASEM
ASEM
ASEM
ASEM
ASEM
ASEM
ASEM
ASEM
ASEM
ASEM
ASEM
ASEM
ASEM
ASEM
ASEM
ASEM
ASEM
ASEM
ASEM

“ASEM

ASEM
ASEM
ASEM
ASEM
ASEM
ASEM
ASEM
ASEM
ASEM
ASE™M

0990

[~ 2]
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motiomamototomaoUichhoicmomomon
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APPENDIX C (continued)

g}

annnnn

30

>

BETA2=WETAB(M,4)
MTYP=TE(M,E)
KD=PROP{MTYP ,1)
RHOB=PROP{MTYP,2)
AL=PROP(MTYP ,3)
AT=PROP(MTYP,4)
LAMBDA=PROP{MTYP,5}
POR=PROPI(MTYL,6)
ALP=PROP{MTYP,7)
AM=PROP(MTYP,8)
TAU=PROP(MTYP,9)

NP=IE(M,1Q)
XCG(IQ)=X{NP}
ZG{1Q)=ZINP)
DHQ{IQ)=DH{NP)
THQ{IQ)=THI(M, IQIXWI+THP{ My, I1Q} %w2
DTHQ{ IQI=DTH{M,1Q)
VXQ{IQI=YX{NP)IXHI+VXP{NP}I%¥W2
VZG(IQI=VZINP ) *@1+VZPINPjx W2
CONTYINUE
CALL QA{QACBeXTeZQyVXQIVIZITTHG, DT HQeDHQ« KD o RHDOB, AlLy AT »

LAMBDASPORIALP +AM,TA)

ASSEMBLE QA(IQ,JQ) AND GB{(IG,JQ) INTO THE GLOBAL MATRIX
C{NP,IB} = Wi%B 4 A/DELY AND FORM THE tLOAD VECTUR

R{NP )

= (A/CELY — %W2%B)%RP. MATRIX € IS ASYMMETRIC DUE TO

THE ADVECTION TERM,

40

41

IF(IMID.EQ-1) GO YO 41
IF{IMIDEQs 1) GO TO 41
DO 40 IC=1,4
NI=IE(M,1GQ}
O 40 JG=1,4
NI=TE(M, Q)
QALIQ.,J0" GA(TIQ. 3G *¥DELTE
RINII=R{. 1+ {QA{TIQ,JOI-W2*QB{IGs30Q) I %RP{NJ}
IB=NJ-NI+IHBDP
CINTI8)=C{NT.IB}+QA{IQ.JRI+WLRQAB{IQ, Q)
CONTINUE
GO Y0 50

DO 43 I0=1.48
NI=TE{M,1Q}
00 43 JG@=1+4
NJ=IE{M,JQ)
QALIQsJGI=2,.0D00%QA{IQ,JQ) *DELTI
RINII=RINI) + QA(IQ,.JIQI*RP{NJI)
IB=NJ-NI+1HBE

ASEM
ASEM
ASEM
ASEM
ASEM
ASEM
ASEM
ASEM
ASEM
ASEM
ASEM
ASEM
ASEM
ASEM
ASEM
ASEM
ASEM
ASEM
ASEM
ASEM
ASEM
ASEM
ASEM
ASEM
ASEM
ASEM
ASEM
ASEM
ASEM
ASEM
ASEM
ASEM
ASEM
ASEM
ASEM
ASEM
ASEM
ASEM
ASEM
ASEM
ASEM
ASEM
ASEM
ASEM
ASEM
ASEM
ASEM
ASEM
ASEM
ASEM

255
2690
265
270
275
280
288
290
295
300
305
3190
315
320
325
3390
33¢
340
345
350
35S
360
3685
370
37S
380
385
390
395
400
405
410
415
420
425
430
435
440
44S
450
455
460
465
47¢C
475
480
385
490
495
500
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APPENDIX C (continued)

CINTLIBI=C{NI,IB) + QA(IG,JQ) + QB{I1G.,JQ) ASEM

43 CONTINUE ASEM
SO CONTINUE ASEM
RETURN ASEM
END ASEM

mutado
NN e O
mouow

111
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APPENDIX C (continued)

[aXslslalaKe]

8]

[g]

OO O O (a0 O

NOAO NN

SUBROUYINE CG4(0A,QB+X0eZ0yVXQeVZ0eTHQ, OTHQDHGQ» KDy RHOB. AL s AT,
> LAMBDALPORVALP+AM, TAU)

FUNCTION OF SUBROUTINE——TO EVALUATE THE MATRIX GUADRATURES QA{IQ.JQ)
AND QB{IQ+JQ) OVER THE AREA OF ONE ELEMENT.

IMPLICIT REAL*E (A-H,0-~Z)
REAL %8 N{4),NNyKDsLAMEDA

DIMENS ION W{8)+ONX{4)sONZ{4) 0WX(4)}+DWZ{4)
DIMENSION PJAB{2,2)sDNSS{4),DNTY(4),DWSS(a
DIMENSION GA{(4,48),0B(48,4),VXQ(4),YZ0(4),XQ
> DTHGQ(4)sTHOL S)

DIMENSION S{4),7T(4)

P eDWTT(4)
(4] :2Q0(6 ) 4DHQ(4Y,
COMMON /WET/ ADHALlJAPHAZ2 +8ETA1,BETA2, INET, ILUMPLIMID

DATA P / 0.5772€0269189626 /4y S / —1.0D400, 1400400, 10D+00, —
> 1.0D400 /9 T / =14 C0D+00s~1400400s 1o00400, 1.00+00 /

DD=AMSTAU
INITIAL IZE MATRICES GQA{IQ,JQ) AND QB{IQ, JQ)
DO 10 IG=1.4

DO 10 JG=1,4
QALIQ, M)
10 QB{IQ.JQ)

AREA=0,0D0

Qa0
0.0

D0 40 KG=1+4

DETERMINE THE LOCAL COORDIMATES (SSe¥T) AND EVALUATE THE JACOBIAN AT
EACH GAUSS—INTEGRATION PQOINT KG

SS
TT

PES{KG}
P2T{KG)

CALCULATE VALUES OF BASIS AND WEIGHTING FUNCTIONS N{IG) AND W{I10}
AND THEIR DERIVATIVES DWX DNX AND DWZ DNZ WITH RESPECT TO X AND 2Z,
RESPECTIVELYs AT THE GAUSS POINT XKG

CALL SHAPE{N W sDNSS+sDNTT s DWSS+OWTTeS5SeTT)

COMPUYTE THE INVERSE TRANSFORMAYION MATRIX leE. THE INVERSE JACOBIAN:
PJAB(1,13={DZ/DY)I/DIAC, PIABL142)=—(DZ2/0S)I/DJAC.

QOO D
WRNN =0
omosmon

03¢
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APPENDIX C (continued)

sXalsl

[alakel

OaNa0n

PJAB(2, 11=-(OX/0T}/DJAC, PIAB(2.2)=(DX/DS}I/DIAC,
OJAC IS THE DETERMINANT OF THE JACOBIAN

DO 11 I=1,2
DO 11 J=1,2
PIAB(I+J)=0.0
11 CONT INUE

DO 1€ I=1.4

PJAB(L 41 )=PJAB(L141) + ZQUI)AONTTY (1)
PJUAB(1+2)=PJAB(1,2) — ZQI{I)IXDNSS(IL}
PJAB(2+1)=PJAB(2,1) — XQ(I)*ONTT(I)
PIABC 24 2)=PIABC2,2) + XA(I)I*DNSS(I)

16 CONT INUE
COMPUTE THE DETERMINANTY OF THE JACOBIAN

WHERE

DJIAC=PJIAB(2,2)1%PJAB(1,1) — PIAB{(1.,2)%PJAB(2,1}

DJACI=1.000/DJAC
AREA=AREA ¢+ DIAC

DO 17 fI=1,2
D0 17 J=1,.2
17 PIAB(L +J}=PJAB(I» I} ¥DJACT

DO t1e I=t,4

ONX{TI=PIAB(1,1 )%ONSS(I)} + PJAB{1.2}#DNTT(I)
ONZ{IY=PJAB(2, 1 ) %ONSS{I)} + PJIABL2,2)*%DNTT(I)}
OWX{T)=PUAB{1,1}*DWSS(I) + PJAB(1,2)*DWTT(1)
18 DWZ{1)=PJUAB( 2,1 )Y2DWSS(1) + PJUABI{2,2)%DWTT( I}

INTERPOLATE WITH THE BASIS~INTERPOLATION FUNCTIONS N(IQ) TC OBTAIN

THE ADVECTIVE VELOCITY AY EACH GAUSS INTEGRATION POINT

DHK=C0.

THK=0.

DTHK=04

VYXK=0a

VIK=G0,

DO 20 IG=1.+4
DHK=DHK+N{ Q) *DHAK(
THK=THK+N(1Q Y *THQ(
DTHK=DTHK&N(IQ ) *DT
VXK=ZVAK+N(1Q) 2V XQL

20 VZK=VIKEN{IQ) AVZIGI(]

VK=DSAQRT( VXK AVAK+ VZIK®V
VKI=1./VK

A=DIACE{ THK4RHOB*KD )
DXX=0JACH ( (ALXVXKEVXK+ATRVZKAVZK) *VKI+DD)}

£ll
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APPENDIX C (continued)

[aXaXaXalal

DZZ=DJAC*((AL*VZK*VZK+AT*VXK*VXK)tVKI*DD)
OXZ=DJAC®(AL-AT ) ®VXKFIVZKAXVKI
C=DJAC*(DTHK&ALP*(THK!RHDB*KD)*DHK+LAMBDA*(THK+RHOB*KD))
VXK=VXK*DJIAC

VZK=VZK®DJAC

ACCUMULATE THE SUMS TO EVALUATE THE MATRIX INTEGRALS GA(Id,JQ)
AND QB{1Q,JQ)

30

>
40

S0

51
52

D0 30 1Q=1,4
DO 30 JA=1.+4

WN=W(IQ)*N(JGQ) "~
DWXDNX=DWX( IQ)*DNX{ JQ)
ODWZONZ=DWZ( YQ)XDONZ{JQ}
DWXN=DWX(T1Q}AN{ JQ)
DWZN=DWZ{EQ I *N( JQ)
OWZONX=DWZ{ X Q) *¥DNX{JG}
DWXDNZ=DWX({ 1GI*DNZL{ JQ)
QA(I0,JOY=GA(TIQ.+JQY+A%WN
OB(!QqJQ)=GB(IQ.JQ)#DWXDNX$BXX#DXZ*(DWXDNZ¥DWZDNX)+DZZ*
DRZIDMZ + C#H¥WN - (VXKEDWXNEVZKEDWZIND
CONT INUE
IF{ILUMPNE.O) GO YO SO
RETURN
CONY INUE
D0 52 I=1+4
SUM=0e90
DO S2 J=i.46
SYUN=SUM+QA{ T+ 3}
QA{I+J3=0.0
QA{T+1)=SUM
CONTINUE
RETURN
END

1095-INY0
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APPENDIX € (continued)

annon

SUBROUT INE SHAPE(N+W.DONSS,DNTT ,DONSS,DWY Ty SSeTT)

FUNCTION OF THE SUBROUTINE-TO COMPUYE THE VALUES OF BASIS FUNCTIONS
AND WEIGHTING FUNCTIONS IN LOCAL COORD INATES

100

200

IMPL ICIT REAL *8 (A-H,0-2)
REAL %8 wN(4)}

DIMENSION DNSS(4),DNTT!
COMMON /WET/ APHAL, AP

SM=1 ,0~-85

53 sDWSSEAYsDWTT(4) s wW(4)
£ »BETAL +BETAZ2s IWET JILUMP,IHMID

NC1)=0425%SMXTM
N(2)=0.25%SP*TM

N(3)=0.25%5P% 1P
NE4)=0e25K5SM TP
DNSS(1)=~0,25%TM
DNSS(2)20.25%TH
DNSS(3)=0.25%TP
DNSS(4)}==-0,25%7p
DNTT(1)==0,25%SM
DNTT(2)=~0,25%SP
DNTT(3)=0,25%5P

DNTT{4)=0.25¢«5M
IF{IWET.EQ.0) GO T3 100

w(1)=0i0$25¥tTP*(3.0*BE7A2*(—TM)~2.0)+4.0)*(SP*(B.O*APHAI#(wSM)-
2.0)%8.0)

M(2)=0.0E2S¥{ TPA( Jo ORBETAL KL ~THM} =24} +4,0) ISP & (3.0 *APHAL ESM+200) )
WI3)=0,0625%(TP#( 3 OSBETAL*KTMF2. 01 ) #( SFA{ 32 O APHA2ASME207 )
¥(8)=0.0625¢{TP*(3.0XBETAZATME2,0) ) $(SP#( 3y OkAPHALE (~SM) ~2 0} +4 40 )
DWSS(1)=0s125%(TPH( 34 OXBETA2K(~TM)-2,0) $8,0) % (30 0k APHALE SE~1.0)

DWSS(2)=-041252(TP2({ 3. 0%BETAL¥(-TM)~2,0)+4.0)%(3,0%APHALXSS~1,0}
OWSS(3)=<0e12E%(TOX{IOXBETALETM 2,03 *¥( 3. 0%APHA2%XSS~140)
DWSS(4)=0.125%(TPH( 3. 00BETA2A2TM+2.0) ) %X (3. 0OXAPHA2 XS5-140)
OWTT(13=0.1252( SP%{ 3. 0APHAL &(=SM) =2, 0)+4,0) % (3. 0%BETA2%TT~1.0)
DUTY(2)=0125%(SP4{ 3, 0#APHAL ASHM+2.0)) #( 2, 0*BETAL 2T T =1 40)

DUTT(3) 201282 (SPR( 3, 0KAPHAZESM+2,0} )2 (3, 0%BETAL*TT~1.0)
DWTT(8)=-0,125%(SPE{ 3, 0KAPHAZK(~SM) =2 .0) 440} %{30%BETA2XTT =1.0}
RETURN

DO 200 I=1,4

will=N(1)}

DWSSL II=DNSS{ )
DWYT(I)=DNTT(I)
RETURN

END

SHAP
SHAP
SHAP
SHAP
SHAP
SHAP
SHAP
SHAP
SHAP
SHAP
SHAP
SHAP
SHAP
SHAP
SHAP
SHAP
SHAP
SHAP

'SHAP

SHAP
SHAP
SHAP
SHAP
SHAP
SHAP
SHAP
SHAP
SHAP
SHAP
SHAP
SHAP
SHAP
SHAP
SHAP
SHAP
SHAR
SHAP

SHAP

SHAP
SHAP
SHAP
SHAP
SHAP
SHAP
SHAP
SHAP

SHAP
SHAP
SHAP
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APPENDIX C (continued)

SUBROUTINE BC{XeZoIE+HETABWC sRIRP VX VXPsVZeVIPsNPN,BB, NPST,,DP, B8C 00S
> DLy DCOSKeDCOSZINRSEs1Se Wy MAXNPsNAXEL MAXBW MAXBCN:MXSTNP, ac 010
> MXRSEL) BC 01S
C BC 020
C 8C 02S
C FUNCTION OF SUBROUTINE—-~T0O APPLY CONSTANT—-CONCENTRATION DIRICHLET BC 03¢
C CONDITIONS AND BOTH CONSTANT AND TRANSIENT NEUMANN SURFACE BC 03s
C  BOUNDARY CONDITIONS, B8C 0a0
C B8C 045
IMPL ICIY REAL®E {A-H,0-2) ac 050
REAL&8 KD 8¢ 055
< BC 060
DIMENSION X{MAXNP) Z{ MAXNP ) ¢ IE{MAXEL s5) +WETABIMAXEL 94} 8C 065
DIMENS ION C{MAXNP,MAXBW) R{MAXNP) JRP{ MAXNP) VX {MAXNP} sVXP{MAXNP), BC 079
> VZ{MAXNP) VZP{MAXNP)» NPN(MAXBCN) , EB{MAXBCN} s NPSTI(MXSTNP), BC 07s
> DP{MXSTNP), DLIMXRSEL)YDCOSX{MXRSEL) +OCOSZ{MXRSEL ) 4t NRSE{MXRSEL }, 8c 080
> IS(MXRSEL,4) 8C 08S
BC g90
DIMENSION KQ{2)+VXQ{ 2D oVZA{A) s XQ{A) +ZA{A) DFLKXQ(24+21} 8C 0958
8C 100
COMMON /GEOM/ SNFESFE«NNPsNEL,IBAND B8C 108
COMMON /BNDY/ NBEL s NBMN NRSEL NRSNy NBCaNSTNWNST 8C it¢
COMMON /CONTRL/ NYJ eNSTR yKSTRoKPRD e KUSKOeK5Se KV =104 its
COMMON /PARM/Z DEL T CHNGDELMAX « TMAX BC 120
COMMON /WET/ APHALLAPHAZ2 ,BETAL BETAZ2, IWET.ILUMP,IMID Bg lgg
C 8 1
IHALFB=( IBAND-~1)/2 BC 138
I HBP=THALFEB+1 8C 148
C 8cC 145
€ APPLY CONSTANT-CONCENTRATION DIRICHLET EBCQUNDARY CONDITIONS gg 122
C
IF {(NBC++EQ,0} GT YO t¢0 B8C 160
D0 90 NPP=1 ,NBC BC 185
C 8C 170
C  MODIFY ROW NPM{NPP}) OF MATRIX C{(NP,18) 8C 175
C BC 180
NI=NBEN{NPP) 8C 189
DO 16 IB=1,18BAND B8C 190
i0 C{NIsIB)=0.0 BC 195
C{NI,IHBPI=1,0 BC 200
RI{NI I=BB(NPP) BC 205
C 8c 210
C WMDDIFY LOAD VECYUOR R{NP} FOR NON-ZERQO BB{NPP} 8C 215
C 8C 220
IF {BB{NPP).EQ.0,083 GO YO S0 8 22
DO 20 18=1,1HALFS8 8C 230
NJ=NI-1B BC 3S
IF (NJ.LTel1) GO YO 340 8C 240
JB=1IHBP+IB BC 245

20 R{NJI=RINII-BBINPPISC{ NI, JIB) 8 250

T095-7INY0
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APPENDIX C (continued)

[aXelal

(aTaXa g

30

40

DO 40 1B=1,1HALFB
NJ=NI+IB
IF (NJLGT.NNP) GO TO 50
JB=1HBP~-18
RINJI=R(NJI=-BB(NPPIXRC(NJI,JIB)

ZERD COLUMN NPN({NPP) OF MATRIX C(NP,IB)

50

€0
70

80
90

100

DO 60 IB=1,IHALFB
NJ=NI~1ID
IF (NJ«LT.1} GO YO 70
JEB=IHBP+IB
C{NJ+JB)I=0.0

DO 80 IB=1+IHALFSB
NJ=NI+IB
IF (NJ+GTNNP) GO TO G0
JE=1HBP-I8
C{(NJ,JB)=0.0

CONT INUE

IF{NRSELJLE.O0) GO YO 140

ENTER SEEPAGE TERMS IN MAYRIX C(NP.IB)

110

120

Wl=w

W2zt oW

IF (KS5S.NE.0O) GO TO 110

Wi=1,.

W2=0s.

DO 130 MP=1,NREEL
=NRSE(MP]
APHA1=WETAB(M,1
APHAZ=WETAB(M,3
BETAI=NETAB(M,2
BETAZ=WETAB(M. 4
NI=1S(MP,1)

n
z

OO TNV

-~ i
Qe e
wwlfHEHEZEN

2 b Y o bt
QON

o

OARARZ

J
¢
]
1)

m~em S~

N
o
Y L T T )

<
b
0

PRRIFYXP{NP) kW2
YEWLFVZPINP) &wW2

BN m T T
P dalal LIS
PP e

ro4 o

NXZZO» oUW
oW

vZa(
CONTINUE

CALL Q&SP{DFLXQsKQ+DL{MP} ;OCOSX(MP) 4DCOSZIMP) s XG+ZB4VXTAs VZQ)
I1B=1HBP

(11
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APPENDIX € |

[aXeTa TN}

ued)

125
13¢
140 1IF

JB=IHBPH(NJ-NI
IF{IMIDeNE.O) <
C{nTIsIBY)=C{NT,:

CINTLJBI=CINI,.
R{NTI )I=R(NI)-w2:
GO YO 123
CINI«IB)=CINT,
CINTI+JIB)=C{NI,
JB=IHBP

I18= YHBP+(NI-NJ
IF(IMIDaNEQ) G
CiNJ+JBI=CINIs v
CINJISIBI=C(NJI, ]
R{NJI=RINS}-w2%
GG YO 130
Ci{NJ+sJBI=CI{NIo i
CINJSIB)=CINJ, I
CONTINUE

{NSTWLED) GO Tu

OFLXQ{2,1)

TD 123

FAYYLRDYEL {1
WL RDFL L gt
FLXA{1 4 JxR TI4DFLXGIL2)%RP{NJ})
io% DFLX o{
r 4 DFL X

TG 125

JEWLRDFLXQ
1 +WERDFLXG
I34DFLXG{242}2RP (NI}

) % DFLXQY
) & DFLXQY

L
L]

NN 3 o oa

1640

MODIFY LOAD VECTOR FOR SURFACE YTERMS OF THE FORM DR/ DN=C

ol
159

160 RET
ENMD

150 NPP=1,NSTN
NP=NPST{NPP)

RINPI=R{NP}+DP(NPP)

URN

505

565
570

665

T09S-"INY0

811



APPENDIX C (continued)

SUBROUT INE QQSP(DFLXQoKQoDLsDCOSXQ.DCOSZOoXQ.ZO;VXG'VZQ)

C
C
C FUNCTION OFSUMmUTNE--ﬂ)EVMAMTETHE SEEPAGE=-FLUX INTEGRALS
g ALONG THE BOUNDARY { INE EXTENDING FROM NODE LQ YO NUODE MQ,
C
IMMJCKTREMJE(ﬂ*HJFZ)
c REAL %8 N(4)
D”ENSXmQW(Q)d”“("ﬂmz‘4%mﬂx“”.DWZ“”
DIMENS ION PJAB(Z.Z).DNSS(A),DNTT(A)’DUSS(Q).DWTT(4)
DIMENSIWQS(‘iQ)ﬂ1494)vDFL”M2‘2)'KQHNQSSA(Z)DTYA(EM
> XQ(Q)nZQ(“)'AKXQ(Q)oAKZQ(Q)tVXQ(‘)-VZQ(4)
C
DATA S/OoDOq*.5773500vO-DOv—laDO'.5773500’0.DOo‘.DO;OoDO, 0.D0y
> loDOoOQDO'“-5773500.“!000'0-00'-5773500o0-00/9 T/704D06~1eD0,0sD0,
> -.5773500,*loDO:O.DO;‘Q5773500’OoDO;OQUOy + 5773500600051 D0,
> .S773ﬂﬂh0.005h00,0-00/
C . . ’
C INITIALIZE NODAL COHPDNENTS(FlLYMEXNTEGRAL
C
DO 10 JQ=1,2
DO 19 tQ=1,2
10 DFLXGCIC»JCG)=D0
C
C DETERMINE (LOCAL COORDINATES OF QHES-INTEGRAT“%iPUxNTS KG
C
LG=KQ(1)
MO=KQ( 2)
SSA(1)=SCLGWMQ}
TTA(L)=T{LQ,MG)
SSA(2)=5{MGQ.LQ)
TTA(2)=T(MQ,LQ)
DO 40 KG=t1,2
S8 = SSAIKG)
TT = TTA(KG)
C
C CALCULATE VALUES QF BASIS AND WEIGHTING FURCTIONS N{IG) AND W(
Lof AND THEIR DERIVATIVES DwX DNX AND DwZ DNZ WITH RESPECT TO X AN
C RESPECYIVELY, AT THE GAUSS BOINT KG
C
CALL SHMAPE({(WM s HoOMNSSONT T DWSS,DWTT, 85,7T7T)
C
<
C COMPUTE THE INVERSE THAMEFORMATION MATRI A [efe THE INVERSE JACOBT AN
C PIAB(L 1 )=(0E/DY 5 703A, pJAB(le}*ﬂﬁZiﬂS}/DJACm
C PIAB(2, 1 == {OXK /0T D340, pJAeiE:Z)*(DK/ﬁS}f&J&Cq WriERE
C DIAC IS THE DETEAM iMAnT OF THE JaC0BY AN
C

Q4asp
Q4spP
Q4sP
Q4a5p
Q45P
Q45P
Q4SP
Q4sp

Q4spP.

Q4sP
Q4spP
Q4s5p
G4s5P
QasSP
Qasp
Q45P
Q4spP
Qasp
Qa4sp
Qasp
Q4ASP
Qa5pP
Q4s5P
Qasp
Qasp
QaspP
Q4SP
Qasp
Q4Asp
Q4sp
aasp
Qasp
Q45P
Q4sp
Q4aspP
GASP
a4sp
Qasp
Qasp
Qasep
qa4ase
a4sp
Q4s5p
aa5p
Q4sp
Q4spP
Gzsp
Qa3
asasp
a4s

00

WN=eOGAROOR~NNIARRLPLPUGNIN =S
gouvcUomoomoationonoionoLroym

DAY PO RO NI ND 0ot 290 i ot oo 1ot I8 1ot s b B0 17 ot b b st ot b ot vt
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APPENDIX C (continued)

[a¥aXalsl

(o]

annan

lsXalals]

it

15

DO 11 I=t1,.,2
DO 11 J=1.2
PIABI(I4+J)=0.0
CONT INUE
DD 1€ I=1,4
PIJAB(L 1 )=PIABCL 1) + ZQ(IDIADNTT{I}
PJAB(1,2)=PJAB(1+2) - ZQUI)ADONSS{I)
PIAB( 2,1 )=PUAB(2,1) ~ XOQ(I}*DNYT(])
PIAB(2+2)=PJABL2.2) + XQ{I)*DNSS{I)
CONTINUE

COMPUTE THE DETERMINANY OF THE JACOBIAN

17

18

DJIAC=PIAB(2,2)F¥PJABLL +1) — PIAB{1,2)%PJAB{2.1)
DJACI=1.0D00/DJAC

DO &7 I=1lec
00 17 J=1,.2
PJAB(I »J)=PJIAB(IL.J}xDJIACI

DO 18 I=1.4
ONX{I)=PJIAB{ 1,1 )3DNSS{I} 4+ PJIAB(1,23%DNTY(1)
ONZ{YI=PJAB{ 2,1 )%DNSS{IY ¢+ PJIAB(2.2)%DNTY(1)
DUWX{II=PJIABL(1,1)}%DWSS{I) + PUAB{123%DWTT(I)
OWZ{1)1=PIAB(2,8 I %DWSS(T) + PIAB{2,2}2DWTT(I}

INTERPGLATE WITH FUNCYIONS N{IG)s ONX{IQ}s» DNZ(IQ) TO
VALUES OF DARLY VELOCITIES VXQGP AND VZQP

20

VEK=0e

VIK=0e

00 20 1G=1,4
VXK= VXK+YXG{IQYy *N{YG)
VIK=VIK+VZQ(IQ)*N(IC)

EVALUATE THE NORWMAL DARCY VELOCIYY AT THE GAUSS POINT
THE INTEGRAL SUMS

30
40

VNK=VXKEDCOSXQ+VIKADCOSZQ
IF{VNKLEeOe D) GO TO 490
D0 20 JQ=1,2
MO=XQ{ JQ)
DO 30 1G=1.2
LG=KAG{I1G}
DELXQ{IQ¢JQI=DFLAQ{IQ, Q) +W(L G %VNKENIMG)
CONTINUE

D0 50 JG=1.2

OBTAIN

AND ACTCUMULATE

a4sP
QaspP
GQAaSP
Q4SP
QasP
Q4aSP
Q4asP
Q4spP
a4spP
Ggasp
Q4spP
Q4sP
QA4sSP
a4spP
QASP
QASP
Q4spP
QasP
Q4sSP
Ga4sP
14SP
Q4SP
Q45P
Q4asp
QaseP
Q4SP
QAaSP
Q4sP
Q4sp
Q4SP
Q4 sSpP
Q45pP
Q45SP
Q4asP
Qa4s5pP
Q4sp
Qasp
Q4 5P
Q4sSP
Q45P
Q4SpP
QasP
Q4sp
Q4SP
Q4sP
QASP
Q4SP
G 4sSP
Q4SP
Q4aspP

258

445
450

50¢
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APPENDIX C (continued)

DO S0 IQ=1,2
S0 DFLXQ(IQ+JQ)=e SADLADFLXQ(IQ»JQ)
RETURN
END

Qasp
Q4spP
Q4sSP
QaAsSP

i

aaag
o
onowm

121
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APPENGIX C {continued)

A ONONAOO

AN 000 O

SUBROU

TIME SOLVE{XKKK¢CoRoNNPTHALFBE s MAXNP s MAKEW)

FUNCTION OF SUBRDUTINE-—TD SOLVE THE MATRIX EQUATION CX = R,
PETURNING THE SOLUTICN X IN R, IT IS ASSUMED THAT THE ARRAY C{NP,IB)
CONTAINS THE FULL BAND OF AN ASYMMETRIC MATRIX.

iF

IMPLIC
DIMENS
IHB8P=1
KKK =

IF KKK

IF (KK

17T REAL®B{A~-H,0-2}
ION C{MAXNP, MAXBW) sR{MAXNP}
HALFE+1

1, THEN TRIANGULARIZE YHE BAND MATRIX C{(NP,IB}. BUT
2y THEN SIMPLY SOLVE WITH THE RIGHT~-HAND SIDE RINP)

KeEQ2% GO YO SO

TRIANGULARIZE MATRIX CINP,IB}

10
20

NU=NNP

Do 290
e1Y
NJ=
ig=
NK=
DO

CON
NR=NU+
NU=NNP
NK=NNP
DO 40

PIV

NJ=

I8=

0o

- IFALFB

MNI=1eNU

OTI=1e/C{NI,IHBP}

NI+l

I1HBP

NI+IMALFD

10 NL=MJeAK

18=18-1

==C{NL, IB)XPIVOTI

C{NL,IBI=A

JB=18+1

KB=IB4+IHALFD

LB=1HEP- 1B

DO 10 MB=JB,KB
NB=L B+MB
CINL«MBISC{NL MBI +AXC{NTJNBD)

TINUE

1

-1

MI=NR, NU

OTI=Ye /C{NI,IHBP)
NEi+1

1+8pP

20 NL=NJ 2 NK
I18=18-1
A=—C{HNLoIB}X*PIVOTL
C{NL+IB)=A

JE=1B+1

SULV
SOLYV
SOLV
SOLV
SOLV
SCLV
SOLV
SOoLv
SOL.V
SOLV
sSOLV
SOLvY
SOL vV
SOLvY
SOLV
SOLV
SoLvV
SOLv
SGLV
SOLV
sOLvV
SOL YV
SOLV
SOLV
SOLV
S0L vV
SOL vV
SOLV
SV
SOLV
SOLV
50LV
SOLV
SCLV
SOLYV
SOLvV
SOLYV
SOLV
SOLV
SOLYvV
soLy
SOLY
SOLV
SOLvV

sSoLv
soLv
sSoLv
SOLY
SOLY

00S

OO0 OCOVOOOCOQ
QOTDNNOOGU &L WUWNN e
gonomononoioonocuo

FRLUWUNN~OO

PIIND IS 10 PO DD o0t s 4ot 0 o o et it ok b o s frch o o ol it P
N> OOV LOONNGOOU
mouoioyicooomotionootiaone
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APPENDIX C {continued)

[aXaTsg]

(a2 1Al

30
40

KB=1B8+1HALFSB

LB=1HBP~-1IE8

CO 30 MB=JB.X8
NB<L B+MB

CUNL +MB)=CINL MB}+AXC (NI ,NB)

CONTINUE
RETURN

MODIFY LOAD VECTOR R{NP]}

50 NU=NNP+1
IBAND=2%IHALFE+1
DO 70 NI=2, IHBP

60
70

80
90

18=
NJ=
SUM
Bo

PN

I8=1
NL=THBP+1Y
DO 90 NI=NL,NNP

NJ=
SUM
o198}

RN

IFBP-NI+1

1

=0 .0

60 IB=18,IHALFS

SUM=SUMH+CINT » JBIEXR {NJ)
NJ=NJ+1
TI=RONT 1+ 5SUM

NI-IHBP 41

=0,0

80 JB=18, IHALFB
SUM=SUMAC(NI , JB }ER{NJ)
NJ=NJ+1

T)=R{NI)+SUM

BACK SOLVE

120

R{NNPI=R(NNP) /CINNP, THBP )
Do 110 1B=2, IHBP

NI=
NJ=
MB=
SUM
Do

Do

NU=-IB

NI

IHALFB+IB

=040

100 JB=NL +MB

NJI=NJI+t
SUM=SUMAC{NI , JB} 2R (N J)
I3I={R(NE)=SUM} 7CINI s THEP)

=0+0

120 JB=NL MB

NJ=NJS+1
SUM=SUMSCINI» JB I R(NJ)

SOLV
soLv

SOLV
SOLvV
SOLY
sSoLv
saLv
sSOLvV
saLv
saLv
soLv
SOL Y

SOLvV
SOoL vV
sSQLv
saL v

SOLv
saLv

A
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APPENDIX C (continued)

130 RINII={R{NII-SUM) /C{NT ,IHED)
RETURN
END

SOLYV 5905
SOLV 510
SOLV 518

1095-INY0
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APPENDIX C (continued)

aoOnoOan

g

n

AN N

SUBROUTINE SFLOW(XvZ2sIEWETABRFXsFZ,TH: PROP,DLB,DCOSXB, 0CAS5ZB,

> NBEIISBINPRBFLX,AFLXPs NBRSNPST NPNFRATE ,FLOW » TEFLOW, MAXNP,
> MAXEL-M?XBNP.MAXBEL.MXRSNP;MXRSELgNXSTNP.MAXECN'MAXHAT:MXMPPM'
> DELT,0H

FUNCTION OF SUBROUTINE-~TO COMPUTE BOUNDARY FLUXES, FLOW RATES,

INCREMENTAL FLOWS CCCURRING DURING TIME OELT, TOTAL FLOWS SINCE
TIME Z2EROD, AND THE CHANGE IN MOISTURE CONTENT FOR THE ENTIRE
SYSTEM DURING TIME DELT.

IMPL ICIT REAL%8 (A-H,0-2)
REAL*8 KDsLAMBDA

DIMENSIORN X{IMAXNP) 4 Z{MAXNP} , TE{MAXEL+5) sWETAB{MAXEL &)
DIMENS TON RUMAXNE) JFXIMAXNPY F Z{ MAXNP) OH{MAXND) s TH{MAXEL +4)
DIMENSION DLB(MAXBEL) +NCOSXB(MAXBEL ), DCOSZB{MAXBEL ) , BFLX (MAXEBNP),

> BFLXP(MAXBNP JsNBE(MAXBEL)Y . I SBIMAXBEL « 41+ NPE(MAX BNP)

DIMENS ION NPRS{MXRSNP} NPSTIMXSTNP} NPN{MAXBCN)
DIMENSION PROP (MAXMAT . MXMPPM)
DIMENS ICN FRATE(1Q0)»FLOW(10} + TFLOW(10)

DIMENSTION XG(a),2Q(4),RA{3),DHA{4) , THRQ{4) +THG(4)
COMMON /GEOM/ SNFESCSFE NNP JNEL,IBAND

COMMON /BNDY/ NEBEL+NBN:NRSEL NRSNJNBCosNSTNWNST

COMMON /WET/ APHALJAPHA2.:BETAL,BETA2, [WEYT,ILUMPL,IMID

DATA QR Q0+QGLIQGDH /0400040600040 000450000/

CALCULATE NODAL FLOW RATES

10

20
22

DO 10 NP=1,NBN
BFLXP(NP)=BFLXINP)
BFLX(NP)=0.

DO 30 MP=1,NBEL

M=NBE{MP)

NI=ISB(MP,1)

NJ=1SB{MP, 2}

D0 20 I=1,NBN
IJ=NPB(I)
IF(IJ+NEWNI) GO YO 20
NIf=1
GO YO 22
CONTINUE

DO Z2E J=1,NBN
1J=NPB( J)
IF(IJNE.NIY GO TO 25
NJJ3I=J

1O R0 T I\ T3 \) 406 190 1ow o 120 5k 100t Jouk ol ot Ir8 Ot ok Dot ot DR b Dot bt
RNV QQLOHENNIORAPPULUWRNN~OO

oocuocmomonmonaoiotiootmonndo

TA
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APPENDIX C (continued)

[aXeXaXeXals!

YN

OO

25
27

30

GO 7O 27

CONTINUE
CONTY INUE
FNI={FX{NT )}*DCOSXB{(MP)I+FZ(NI)I*DCOSZB{MP)) *xDLE(M
FNJI=(FX(NJI*DCOSXBIMDI+FZ (NJ) *DCOSZBI{MPI IXDLE(M
BELX(NIT)=BFLXINII)+FNI/3,04F NI/ 6D
BFLXINJII=BFLXI{NJIJII+FNI/I.D4FNI/ 6.0
CONTINUE

DETERMINE FLOWS AND FLOW RATES THRU THE VARIQUS
TYPES OF BCOUNDARY NODES, STARTING WITH THE
NET FLOWS THROUGH ALL SOUNDARY NODES

40

S=0.

SP=0.

DO 40 NP=1,NEN
S=S4+BFLX{NP)
SP=CSP+BFLXP{NP})

FRATE(S)=S

FLOW(S )=+5%{ S+ SPIKXDELT

CONSYANY DIRICHLET BOUNDARY NODES

45
45

SO

FRATE(1}3=0.

FLOW(1)=0,

IF {NBC.LE.0) GO TO 60
S=0.

SP=0.

00 S0 NPP=],NBC

NP=MPN{NPP}

DO 45 I=1,NBN
TI=MPB{ ()}
IF{IJ.NELNPY GO TO 45
NIY=1
GC YO &€
CONTINUE

CONTINUE

S=S+BFLX{NMITY

SP=SP+BFLXP{NYT})

FRATE(1)=S
FLOW(1)=eS%{S+SPY%XDELY

COMSTANT NEUMANMN BOUNDARY MODES

60

FRATE{(2)=0.

FLOW(2)=0.

IF (NST.LELO0} GO TO &9
5=0.

SP=0.

P)
P)

SFLOD
SFLO
SFLO
SFLO
SFLO
SFLO
SFLO
SFLO
SFLO
SFLO
SFLO
SFLO
SFLO
SFLO
SFLO
SFLO
SFLO
SFLO
SFLO
SFLO
SFLO
SFLO
SFLO
SFLO

SFLO
SFLO
SFLO
SFLO
SFLO
SFLD
SFLO
SFLOD
SFLOD
SFLO
SFLD
SFLO
SFLO
SFLO
SFLO
SFLO
SFLO
SFLO
SFLO
SFLO
SFLO
SFLC
SFLO
SFLO
SFLO

255
260
265
270
275
280
28S
290
295
300
308
310
315
320
325
330
338
340
34S
350
355
360
365
370
37s
380
3885
390
39S
400
403
310
415
420
429
430
435
440
4453
450
455
460
465
470
47S
480
485
490
495
S00
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APPENDIX C (continued)

laXaXe]

ann

anNoOnn

DO 70 NPP=1,NSTN

NP=NPST(NPP)

DO €S I=14NBN
13=NPB( 1)
IF(1J.NESNP} GO
NI1I=1
GG TO €6

65 CONTINUE
€6 CONT INUE

S=S4+BFLX(NII)

70 SP=SP+BFLXP(NIT)
FRATE(2)=%
FLOWL 2 )=+ 5%( S+SPISDEL

TO 6S

A

TRANSIENT SEEPAGE BOUNDARY HODES

80 FRATE(2)=0.
FLOW(3)=0.
IF(NRSELLEL0) GO YO
S=0e
SP=0e
DO 90 NPP=1,NRSN

NP=NPRSI{NPP)

DO BRE I=1.NBN
1J=NPB(1)
TF(1JNEJNP)Y GO
N1Y=1
GG YO g6

85 CONTINUE

86 CONTY INUE

S=S+BRFLX(NIT}

90 SP=SP+BFLXPINIT)
FRATE(2)=S
FLOW(3)= 5% (S+SPIRDEL

NUMERTCAL FLOW THRCUGH U

100 S5=0.
SP=0.
DO 110 1=1,3
S=S+FRATE( 1
110 SP=SPAFLOW{ i}
FRATE(&)}=FRATE{(S)-S
FLOW(4)=FLOW{S)-5P

CALCULATE THE INCREASES

FLUID AND THE SOLID PHASES AND DETYE

DECAY
QRP=QR

140

TO 85

1

NSPECIFIED BOUNDARY NODES

IN THE INTEGRATED MATERIAL CONTE
RMINE LOSSES DUE TO R

NTS FOR THE
ADIDACTIVE

SFL.O
SFLO
SFLO
SFLO
SFLO
SFLO
SFLD
SFLO
SFLO
SFLO
SFLO
SFLO

SFLO
SFL.O
SFLO

SFLO
SA.0
SFLO

'SFLO

SFLO
SFLO
SFALO

SFLO
SFLO
SFLO
SFLO
SFLO
SFLO
SFLO
SFLO
SFLO
SFLO
SFLO
SFLO
SFLO
SFLO
SFLO
SFLO
SFLO
SFLO
SFLD
SFLO
SFLO
SFL.O0
SFLO
SFLOG
SFLO
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APPENDIX € (continued)

[aXa)

120

130

140

QDP=QD
QLP=QL
GDHP=QDH
QR=0
GD=0.
aL=0.
QDH=0.0
00 130 M=1,NEL
APHAI=WETAB(M,1)
APHAZ=WETAB(M,3)
BETALI=WETAB(M,2)
BETAZ=WETAB{M,4)
MYYP=1E(M,5)
KO=PROPIMTYP,1)
RHOB=PROP{(MTYP 2}
LAMBDA=PROP(MTYP S5}
POR=PROP{MTYP,6}
ALP=PROPIMTYP, 7)Y
DO 120 YG=1.4
NP=TE{(M,1Q)
XQ{IQY=X{(NP)
ZQ{IQ)I=Z(NP)
DHQ{ 4 J=DH{NP}
THQ{IQCYI=TH(M,IG})
RA(IQI=R{NDP)
THRQUIQI=THQ{IQI*RC{ IG)

CALL CAR{QRM,UDM,QDHM o+ XUs ZQeRGsOHAs THRQ s THE,RHOB 4 KD
QR=QR+QRM
QD= QD +QDM*RHOB %KD
QLM=QRM+QDM
QL=QL+LAMBDAXGLN
QDH=QDH+AL PAQDHM
CONT INUE
FLOW{6)=QR-QRO
FRATE({€)=FLOW{&)/DELT
FLOW (7 )=QD-QDP
FRATE(7)=FLOW(7)/DELY
FRATE{B8)=,5%{GL+QLD)
FLOW(B)=DEL T#FRATE(S)
FRATE(S )=QDH
FLOW(O }=DEL TXFRATE{ 9)
D0 140 I=1,9
TFLOK(T)=YFLCW{ T} 4FLOW{ )
RETURN
END

SFLO
SFLO
SFLO
SFLO
SFLO
SFLO
SFLO
SFLO
SFLO
SFLO
SFLO
SFLO
SFLO
SFLOD
SFLO
SFLO
SFLO
SFLO
SFLO
SFLO
SFLOD
SFLO
SFLO
SFLO
SFLO
SFLO
SFLQO
SFLO
SFLO
SFLO
SFLO
SFLO
SFLO
SFLO
SFLO
SFLO
SFLO
SFLO
SFLO
SFLO
SFLO
SFLO
SFLO
SFLO
SFLO
SFLO
SFLO
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APPENDIX C (continued)

aNa noan o A 0A0GAN

a 00N

(alaXs}

SUBROUTINE QAR{ORMeQDOM+QDHM, XGsZQeRGsDHAsTHRA +THG ¢ RHGBsKD)

FUNCTION OF SUBROUTINE~-TO EVALUATE THE CONCENTRATION INTEGRAL
OVER YHE AREA OF (ONE ELEMENT,.

IMPLICIY REAL %8 (A-H,0~2Z)
REAL*8 N(4),KD

DIMENSION XQ(4),20(4),RQ{4),DHA(4) s THRG(4) ,THA(S)
DIMENSION S¢A),.T(a}

DIMENSION wW(a4)

DIMENSION PJAB(2,2) 2DNSS{A)ONTT(4) ,DWSS(4) ,OWTT(4)

DATA P / 0.577350269189626 /4 S / =1.00400, 1.0D4+00, 140D4+00,4~-
> 1.00400 /4 T / ~1.00400,~1.0D+00s 1.0D400, 1.0D+00 /

EVALUATE QUANTITIES FOR USE IN THE JACOBIAN DJAC, BELDW., NECESSARY
FOR TRANSFORMATION FROWM GLOBAL YO LOCAL COORDIMATES

URM=0,
QDM=040

QDHM =0 .. 0
D0 20 KG=1,4

DETERMINE LCOCAL COURDINATES (SS.TT) OF GAUSS-INTEGRATION POINT KG

SS PXxS(KG)
TT P*T(KG)

EVALUATE THE JACOSIAN DJAC

]

CALL SHAPE(N W DONSSsONTYYTDWSS,OWTT 155,77}

DO 11 I=1,2
Do 11 J=1,2
PJAB(I+d)=0,.0
1t CONTINUE
DO 1€ I=1,4

PJAB(1s1)=PJAB(1l+s1) + ZQCI)RONTT(I)
PIAB(1+2)=PJAB(1.2) - ZQ(I)XDONSS(I)
PJAB(2+1)=PJAB(2,1) = XQ(I)XDNTTI(I)
PJIAB(2,2)=PJAB{2+2) + XQUI)*DNSS(I)

16 CONT INUE
DJAC=PIABI 242)1%PJAB(1 ,1) — PUAB(1,2)%PIAB{241)

INTERPOLATE TO CETAIN THE CONCENTRATION RQP AT THE GAUSS PO INT KG
RAP=0Ce

085S

PUL~LNNR=OOVIRONNCOONRLIUNWNN~HGDO
otiomouououtiomouooioomotaoaonmo

PO TO RINI 0 I 1N 1N 017 1t 1t b s 1 7 #2250 o b 8 ko 0 ot o

N
(L ¥ 4
oM
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APPENDIX C (continued)

DHQP=0.0

THRQGP=0.0

THOP=040

DG 10 1Q=1.,4
FOP=RQP+RA{IQYAN{ XQ)
DHQP=DHOP+DHQA( TQ) %N(1Q)
THOP=THQP+THQ{ Y Q) %N{ Q)

i0 THROP=THRGP+THRQ{ I Q) AN(T Q)

C
C ACCUMULATE THE SUM YO EVALUATE THE INTEGRAL QRM
C

QRM=QRM+THRQP%®D JAC
QOM=QDM+RQPA*DJAC
QOHM=QUHM+ ( THAP *+RHOB %KD ) *DHQAP *RGPED JAC
20 CONTINUE
RETURN
END

T09S-INY0
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APPENDIX C (continued)

s alatalatsTa)

[a¥a1al

ano

ano

SUBROUTINE PRINTT(RFXsFZy FRATE FLOW,TFLOWs, TIME,DELT,KPR,KOUT,

> KDIGs MAXNP 4 MNP 4 IBAND)

FUNCTIOGN OF SUBROUTINE--TO QUTPUT FLOWS, CONCENTRATIONS,
FLUXES, WATER CONTENTS, DARCY VELOCITIES, PRESSURE HEADS,
TOTAL HEADS AS SPECIFIED BY THE PARAMETER KPRe.

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

DIMENSION R{MAXNP) , FX{MAXNP) F Z{ MAXNP)
DYMENSION FRATE(10},FLOW(10) ,TFLOW(10)
IMPLICIT REAL*¥E {(A-H,0-2)

IF (KPR.EQs0) RETURN

IF (KOUT.EQe.0) GD TO 10

PRINT DIAGNOSTIC FLOW INFORMATION

KDIG=KDIG+1

PRINT 10600+KDIGsTIMEDELY

PRINT 10500, (FRATE(T ) ,FLOW(L) ,TFLOW(I) sI=2.9}
10 IF (KPRJ.EQel} RETURN

PRINY CONCENYRATIONS

KOUT=KOUT+1
PRINY 10000,KOUT: TIME.DELT ,IBAND
KLINE==-1
DO 20 NI=1,HNP48
NJIMN=NY
NIMX=MINOINI+74NNP)
KLINE=KLINE+1

IF(MOD(KLINE.S50):EQe0 +ANDe KLINE«GE«1} PRINT 10000,K0UT,

> TIMELDELTs TBAND
20 PRINT 10100 +NI o{RINJI) ¢NI=NIMN,NIMX )
IF (KPR+EGQG.2) RETURN

PRINT MATERIAL FLUX

KOQUT=K0OUT+1
PRINT 10200,KOUTTIME DELT,IBAND
KU INE=~1
DO 30 NIzl .NNP,a
NJIMN=NT
NIMX=MINO(HNT+3 ,NND)
KLINE=KL INES ]

TF(MOD(KL INE+50) oEQs0 o ANDe KLINEGEel) PRINT 10200,KROUT,

> TIME,DEL T, IBAND

30 PRINT 10300 s{NJ,FXI{NJIFZINJI} +NI=NIMN,NIML)
RETURN

MATERIAL

PRIN
PRI N
PRIN
PRIN
PRIN
PRIN
PRIN

PRIN

PRIN
PRIN
PRIN
PRIN
PRIN
PRIN
PRIN
PRIN
PRIN
PRIN
PRIN

PRIN

PRIN
PRIN
PRIN
PRIN
PRIN
PRIN
PRIN
PRIN
PRIN

-PRIN

PRIN
PRIN
PRIN
PRIN
PRIN
PRIN
PRIN
PRIN
PRIN
PRIN
PRIN
PRIN
PRIN
PRIN
PRIN
PRIN
PRIN
PRIN
PRIN
PRIN

100

WRHN == OO VORI NNOONAPHUUNN =
omoucUicoUd oMo U ioo oMot

RO DI 1O N3 DI\ 95 90t s tmb sk b indh 0 fok Bu0 pust It St ot Bt Dot 1ob o o0
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" UPENDIX € (continued)

c

PRIN 25S

10000 FORMAT{12H10UTPUT YABLE .14 ,27Hee CONCENTRATIONS AT TIME =, PRIN 260
> 1PD12.84,GH 2 {DELT =41PD12+44+15H) +({BAND WIDTH =,14,1H)// PRIN 265

> TH NODE 145X, 2€HCONCENTRATION AY NODES 1+Y¥+1l seeesI47/) PRIN 270
10100 FORMAT(I7.8(1PD1S.4)) PRIN 275
10200 FORMAY( 13HIOUTPUTY TABLE.T4,26Hee MATERIAL FLUX AT TIME =, 1PD12.4, PRIN 280
> 9 J(DELT =, 1PD12,8415H) ,{BAND WIDTH =4144,1H)//1X, PRIN 285

> AHNODE ¢ GXy SHF X 49X ¢ 2HFZ ¢ BX 94 HNODE 19 Xo 2HFX ¢ OX s 2HF Z 46X ¢ SHNODE s 9X s PRIN 290

D 2HF Xe SXe2HF Z o EXeAHNDODE ¢ IX o 2HF X2 9X s 2HF Z/) PRIN 295
10300 FORMAT(A(1S+2E1143,5%X)) PRIN 300
10500 FORMAT{//SX+13H TYPE OF FLOW.3SX+4HRATE 48X 9HINC. FLOWST X PRIN 305
> 1OHTOTAL FLOW/SX:40H CONSTANT—CONCENTRAYICN NOOE FLOWe o o o9 3( PRIN 310

> E1244,5X)/5%X,80H CONSTANT—FLUX=NODE FLOW o o o o o o o «s3{E12e4, PRIN 315

> EX)/SXe40H SEEPAGE FLUX-NUODE FLOWe o o o o o o o 093{E124495X)Y/ PRIN 320

> SXeA0H NUMERICAL LOSSESe o ¢ o o 2 o ¢ o o o 003{E12e49s5X1/5X, PRIN 325%

> 40H NET FLOWe o o o o o o o o o o o o o o 33{E12e445%X)/5Xs PRIN 330

> 40H INCREASE 1IN MATERTIAL CONTENT {LIGQUID) ++3{E12e8,5X)/5X, PRIN 335

> 40H INCREASE IM MATERIAL CONTENT (SOLID}»s «a93{E12e445X)/5X, PRIN 340

> 40H RADIOCACTIVE LOSSES (LIQUID AND SOLID) 9 3{E12e64+45X)/5X, PRIN 345

> 40H INCREASE DUE YO COMP, 0OF SKELTON ss0ee¢ 23{E1264,5X)) PRIN 3590
10600 FORMAT (1H] o S2HAF S S X Rk R A AR AR KRR & R AX AR Rk dok R Xk ok Kok Sk S ke &k PRIN 35S
> GOHBSRRGRARR AR R TR R SRR R RIx R IR R Rk R R ARk kk Rl Rk kR KRRk Rk KKk AR kR KRR PRIN 360

> SHIKERA///18H SYSTEM-FLOW TABLEI4+:12Hese AT TIME =,1PD12.4, PRIN 365

> 9H +{DELT =41PD12+s4,1H)) PRIN 370

END PRIN 375

T095-"INY0
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APPENDIX C {continued)

SUBROUTINE STORE(X sZsIEsRIFXWFZeTITLEWNPROB,NNPSNEL+NTI, STOR

> MAXNP s MAXEL, YIME) STOR

C STOR
C STOR
C FUNCTION OF SUBROUTINE——TO STORE PERTINENT QUANTITIES ON AUXILIARY STOR
C DEVICE FOR FUTURE USEs, EeGe FOR PLOTTING. WHAT DEVICE IS TO BE STOR
C USED MUSTY BE SPECIFIED BY APPROPRIATE JOB-CONTROL CTARDS. STOR
C STOR
C STOR
IMPLICIT REAL*8 (A-H,0-2) STOR

C STOR
DIMENSION TITLE(9D) STOR
DIMENSION X{MAXNP) ¢y Z(MAXNP) 4 IE(MAXEL+5) +REMAXNPY FX(HAXNP) STOR

> FZ{WAXNP) STGR

C STOR
DATA NPPROB/-1/ STOR

STOR

IF (NPPROB.EG.{—~1}) REWIND 2 STOR

IF (NPPROBJEQ.NPROBY GO YO toO STOR
WRITE(2) (TITLE{I)sI=199) +NPROB JNNP JNEL ¢RTI STOR
WRITEC(Z) {(XINP} NP1 . NNPLL(ZINP) GNP =1 s NNPYH ({IE{MeIG)YsM=1 . NEL ), STOR

> 1G=1,4) STOR
NPPROB=NPRUB STOR

10 WRITE(2) TIME,(RINP}4NP=1 s NNP) o (FX(NPY +NP=1 (NNP) o (FZINP) 4 NP=1, NNP} STOR
RETURN STOR

END STOR

WV OO
oomono
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