Department of Hydraulics and Catchment Hydroloagy,

Agricultural University, Wageningen, 1987

SWM II ~ NUMERICAL MODEL OF TWO-DIMENSIONAL FLOW

IN A VARIABLY SATURATED FOROUS MEDIUM

T. Vogel

Ing. Tomas Vogel
Research Institute for
Impr-ovement of Agricultural Soils
Prague, Czechoslovakia




ABRSTRACT

This report contains documentation of computer program SWM T1
designed +or numerical simulation of transient two~dimensional
flow in & variably saturated porous medium.

The program can be wused as a tonl for detailed analysis of
flow in the vicinity of various technical objiects (e.g.: drains,
irrigatiaon abjects, waste dumps, ...! or for simulation of water
regime  in so0i1ls under the natural atmospheric and groundwater
conditions, The program includes procedures for simulation  of

water uptake by plant roots.
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1. INTRODUCTION
1.1. FROGRAM DEVELOFMENT

The SWM II computer program is based on numerical model
developed by Shlomo P, Neuman (1973). Some subrouvtines of the
original program UNSATZ (Neuman et al., 1974) have been adopted
most of them being more or less altered. The main program has
been completely rewritten.

The program SWM I claims to be, in comparison with UNSATZ,
mare readable (which is motivated by the aim to facilitate
possible future changes and extensions), easier to handle (namely
because of clear inpubt and output arrangement), and faster in the
performance relatively Lo one iteration (unnecessary

conmunications between internal and external memories have been

avoirded). The list of maior differences follows:

1. The restart feature necessary in UNSATZ for implementation
of time variable parameters, namely parameters of
atmospheric bhoundary conditions and the wvalue of time
incremant, has been done away. Time dependent parameters of
bhourndary conditions are read by SWM IT from separate  input
file at prescribed times. The time increment i

adtomatically adiusted by the program.

3

. The root zone, treated in UNBATZ as a system of vertical
one-dimensional nodal columns, is in SWM 11 defined as two-
dimensional region without any restrictions on the shape of
both the root zone itself and elements of which it is
set up. The modified version of the method of Feddes et al.
(1978 is wused Ffor the sink term. The method is a

generalized two-dimensional analogy of the technigque
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introduced in cone~dimensional program SWATRE (Feddes et al.,

1278, Belmans et al., 1983).

3. Instead of providing tables for description of material
hydraulic characteristics, analytical eupressions are
introduced such that only the parameters of these

expressions are needed to describe fully the material
properties. Additional way of coping with space variability
of material bydraulic properties is introduced by defining
three scaling factors assaciated with moisture content,
pressure head and hydraulic conductivity. This pravides a
simple fool for generation of variable material properties

from either deterministic or stochastic space law.

4. Mass balance and internal flux data, missing in UNSATZ, are

computed at prescribed times.

Sa Well analysis option included in UNSATZ is not provided.

Those passages of the documentation af program UNSATZ2
{(Neuman, 1974, Davis and Neuman, 1983), which remain valid for
program SWM 11, were adopted in almost unchanged form to pravide
a potential user of SWM II with all necessary information in  one

reference manual.

1.2. OVERVIEW OF FROBRAM CAFARILITIES

The program is intended for the analysis of flow in
unsaturated, partially satuwrated. or saturated pdrous media.
SWM II can handle floaw regions delineated by irregular boundaries

and composed of nonuniform soils having arbhitrary degree of local
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anisotropy. Flow can occur in the vertical plane, in the
horizaontal plane, or in a three-dimensional region exhibiting
raddioal symmestry about a  vertical  auxis, In addition to
conventional prescribed head and flux boundaries, the program can
also deal with boundaries controlled by atmospheric .cunditions.
Time variable boundary conditions can be prescribed at specified,
not necessarily equidistant, times, Water uptake by plants is
computed in a manner that.accuunts for both soil and éthSpharic

conditions.

1.Z. COMFUTER EQUIFMENT RECQUIREMENTS

The program SWM II is intended for use on ATARI ST 1040
microcomputer. Since the program is written in ANSI  standard
FORTRAN-77, modifications required to allow execution on other
computers should be minimal. Computer memory and offline storage

are functions of problem size (for details see Chapter 4.).




2. THEORY

2.1. GOVERNING ECUATION

Consider a situation involving two-dimensional isothermal
Darcian +flow of water in a partially saturated rigid porous
medium. Assuming that the role of the air phase is insignificant,
the water flow can be described by the modified form of Richards’

equation:

dea ah A ah -3 ah -

[
oo mae = emee LR L Ky =— + Ky —— + Eugd ¥ o+ (2.1}
dh At ax ax 3z
3 a ah a 4dh A
+ - { I{ I: K-u -+ "{gg — + Kgg] } e S
32 ax P T4

where hix.z.t) is the pressure head [L]1, @ is the volumetric
moisture content, ¥ 1s the hydraulic conductivity {L/T], S is the
gink term [1/T], x and =z are spatial coordinates (C[L) (z2-
coardinate i1is assumed to be vertically upward), and t is time
iT1. The hydranlic properties of porous medium are expressed by
the pair of hydraulic characteristics ¥(h) and &(h). The
derivative d&/dh is refered to as a specific moisture capaciﬁy,

Cth)., The hydraulic conductivity is given by:
K = Kthyx,z) Ka Hlh,,2) = Ka(x,.2) Felhgo,2) (2.9

where K is the hydraulic conductivity tensor, Ky is the relative
hydraulic conductivity function {(assumed to e direction
independent), ke is the reference value of saturated hydraulic
conductivity, and Ka is a dimensionless tensor which describes

conductivity anisotropy relatively to the value of Ka,.

Y
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2.2 SINK TERM

The sink term, &5, is the volume of water removed per unit

time from a unit volume of soil due to plant transpiration.
Feddes et al., (1978) defined the sink term, 5. as:
S(h) = ath) G+« (2.7

where o{h) is the prescribed dimensionless function of so0il water
pressuwre head ( o € <0,1> ), and 8* is an intensity ﬁf the
patential transpiration aemand [t/T] in the root zone. The assumption
that the potential transpiration demand is equally distributed

avelr the two-dimensional rectangular root zone leads tod
G¥ = e L+ T* (2.4)

where T* is the potential transpiration rate [L/T), L. is the
depth [p] of the root zone, L, is the width [L] of the root zone,
and L+ iz the length [L] of the snil surface associated with
transpiration (if L=k, then {(2.4) reduces to S*=T*/ g ) =

Following generalisation of equation (2.4) can be introduced
for a non—uniform distribution of potential transpiration demand

in an irregulary shaped root zone:
8% = Bix,z) Ly T* (Z2.39)

where RB((,2) is the normalized distribution function {1/L=2] which

describes the space variations of the potential extraction
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Figure 2.1. Space distribution of transpiration demand in the
raot zone as described by function R(x,2) and the
assumed shape of reduction function «{h).
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intensity, 8%, in the root zone. The normalization procedure is

defined by:

(2.6)

" y ode

=
=
171

I )

Blx,2) = 3% Ce,3) 7/

& - =

Clam
where O is the region occupied by the root zone, and B3°{(x,z) is

an arbitrary prescribed distribution function. It is abvious that

fidu,2) normalised by (2.4) fulfils the following condition:

l’l
v B,z dn =1 (2.7)
J
9
and thus for 5* the condition holds that:
r o
- 8% do o= T* (2.8
Lr ¥
e

Finally the intensity of actual transpiration demand (Z2.3) can be

written in the forms:

Sth,x,2) = al(h,X,z) B(xy2) by T* (2.9)
and actual transpiration rate is given by:
rr r
T=—— 1| §di=T" | alh,x,2) Bi{x,z) da (2.1
L+ J

T Elpy




2.2, INITIAL AND BOUNDARY CONDITIONS

Initial condition

To solve Eg. 2.1 it is necessary to know the initial

distribution of pressure head within the flow region R
hix,2,0) = halx,z) for (x,z) = o (2.11)
where hg is & prescribed function of x and =z.

Boundary conditions

The basic boundary conditions, which describe system—
independent interactions on the boundary of the flow region, are

gpecified pressure head (Dirichlet type) boundary condition:

hix,z.t) = wlu,z. k) for (x.2) € I'p (2.12)

and specified flux {(Neumann type} boundary condition:

Ve Vu + Ve Y = —9x,2,t) for (k,z2) € Ny (2.13

where ' and 'y are the appropriate parts of the boundary, v and
2 are prescribed functions of i, r and t, Ve and v, are
camponents  of an outward unit vector normal to the boundary M,

vy and vy are components of Darcian velocity defined as:

a ah a ah o
Vau = =K { Fen == + Kee ~—— + Euu?
ax 3z
(2.14)
a gh a Jh Py
va = —K ( H:I:n -+ Kzg -— l'{gs)
ax az

In addition to the basic types of boundary conditions. the
flow region may be bounded by the system-dependent boundary

conditions for which the a priori specification is not possible.



On the boundaries that correspond to soil-air interfaces and are
thus exposed to atmospheric conditions, the potential flux is
controlled by external conditions while the actual flux depends
on antecedent soil moisture conditions. On  these boundaries,
conditions may change from prescribed flux to prescribed head
type. In the absence of surface ponding, the sclution is obtained
by minimizing the absolute value of the flux (while maintaining
the appropriate sign) subiject to the following requirements

(Neuman =t al., 1974);:

Ve Ve t Ve Y | 1 E® (2.13)
and

h € < ha , O > (2.186)

where E* is the maximum potential rate of infiltration or
evaporation under the prevailing atmospheric conditions, h is the
actual surface pressure head, and ha is the minimum pressure head
allowed under the prevailing soil conditions (determined from the
equilibrium conditions between spil water and atmeospheric Qater
vapor).  When either énd point in (2.16) is reached, a prescribed
head boundary conditions is used to calculate the actual swrface
flu., Methods of calculating E* and ha on the basizs of
atmospheric data have been discussed by Feddes et al. (1974},
Another type of a system—dependent boundary condition that
ig considered is the seepage face. In this case the length of the
spepage face is unknown a priori. Along & seepage face, water
leaves the saturated part of the flow region into the atmosphere
and the pressure head is thus uniformly egqual to zerno

(atmospheric).




2.4. SOIL HYDRAULIC FROFERTIES

Analvytical expressions for_spil hydraulic characteristics

Instead af providing tables that describe the soil hydraulic
characteristics of each material, analvtical expressions are used
such that only the parameters of these expressions are needed to
describe fully soil hydraulic characteristics.

Modified wvan Genuchten’™s (19280) closed form approach based
on capillary model of Mualem (19764) is used to fit experimentally
determined water retention data and to predict the relative
hydraunlic conductivity (Vogel and Cislzsrovia 1288). Both hydrauwlic
characteristice are determined by a set of 2 parameters, O, Og,

Oy Gmy Oy Ny, Ka, Kn, and B.:

Gih) = 64 + (B,~8,) [ 1 + (-eh)™ 1™ for b < he (2.17)
gth) = Gg for h * he
Eih) = KEp K- (8(h)) for h £ he (2.18)
E{h) = K, + (h-h.) (K.*I"{k)/(hg"hh) for h = (hk,hg)
K{h) = Ku for h : he
where
8 Fia.)-F(a ) Flse
Fel@) = ( wwme 272 [ e 1 ——— (2.19)
A, F(R.)—-F(8,) [
8 - 9.
F(B) == [ 1 — ( =—————— yrsm Im {2.20)
By — B

8= (0 -~ 6.

~
fax]
o

i
?

Bltz ‘E’l: - er-)/(es - 9.-—)

and where 9 and 9 denote residual and saturated moisture




content, respectively, Ka is the saturated hydraulic
conductivity. Tao increase flexibility of used analyltical
expressions and to allow a non-zero air-entry value, he,

parameters 6, and 8= are replaced by the parameters €,:16, and
Omifly in the fitting process. Fhysical meaning of 8. and €, as
measurable gquantities, is preserved. The measured value of
unsaturated bydraulic conductivity, HFHeike (Corresponding to  the
moisture content 8, 1i6g) .is used instead of Kse to obtain the
desired K (g) from predicted E,-"(e), To Fulfil the original
definition of K.(, as K.(€) = () /Ke, the expression for
K.*(e) is multiplied by K./Ke which leads to the eqguation (2.19).

If Qu=Br, Om=0,.=0m, and Ku=Ke then esquations (2.17)-(2,20)

reduce to the original van LGenuchten’s model (1980):

Oh) = @ + (Be~B.) [ 1 + (~ahd" =™ for h <« Q (2.2
O{h) = O for h = O
Kih) = Ka K.{(8{h)) for h < @ (Z2.22)
Kih) = KEs for h z O

where
(@) = @822 [ | - (1 ~ @*7™ ym 2 (2.27)

Van Genuchten (1980) developed a nonlinear least-sguares curve-
fitting procedure to estimate the parameters 6., e %, and n
from measured @(h)-—data. A later version of this model (RETC)Y
al lows the expressions (2,21) and (2.23) to be fitted

simultaneously to obtserved water retention and conductivity data.

»
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Scaling Sonil Hydraulic Froperities

The purpose of scaling is to simplify the description of
space variation of soil hydraulic properties. It ig assumed that
a set of scale factors, relating the 5011 hydranlic
characteristics, @lh) and Kh), at any location to bydraulic
characterigtics of reference material, can be used tao approximate
the réal spatial variability of a given area. The technique is
based on similar media concept introduced by Miller and Miller
(1956) Ffor porous media which differ only in the scale aof their
internal geometry. The concept was extended by Simmons et al,
(1979) on materials which differ in morphological properties but
show “scale similar® soil hydracvlic characteristics.

For the purposes of npumerical modelling, three scaling
factors are introduced here. This allows to define the linear
model of space variability of soil hydraulic properties in  the

forms

Fo(h)

#

G: K* (h™) (2«

it

(h) e v om [ O (™) —  @,.%]

WEEr € Oy e and de are mutually independent space variahle
scaling factors, EK*(h*) and @*(h*) are space invariant hydraulic

characteristics of reference material.




3. NUMERICAL APFROACH

.10 GPACE AND TIME DISCRETIZATION

Space discretization

To abtain & solution to Eq. (2.1) subject to appropriate
initial and boundary conditions, the Galerkin Ffinite element
method with linear basis functions is used. Since the Galerkin
approximation process is standard and has alfeady been covered
el sewhere {(Neuman, 1975), only the basic assumptions and results
of the method are repeated here.

The Fflow region 12 divided into network of triangular
elements. The corners of these elements are taken to be nadal
points. The dependent variable, pressure head function hi{x,z,t),
is approximated by a function h*{x,z,.t) defined as:

~
ho@yszet) = I Panln,z) hal(t) (Z. 1)

rywe 3,

where ¢ are piecewise linear basis functions satisfying the
candition @ (KmyZm) =6nmy Snm is Kronecker delta (Sam=1 if m=n,
and dnm=0 if m#N), hs are the unknown coefficients which
represent solution aof (2.1) at nodal points, and N is the total
number of nodal points. |

By applying Galerkin finite element procedure, one obtains
syatem of time—dependent ordinary differential equations with
non-linear coefficients:

~ dhm

~N
LAnm + EFom ——— = Gn — Bn =~ Dp N=1,2,...4N (Z.2a)
=} el dt

where, for a vertical cross-section described by the coordinates

#» and =@
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Anm = £ === K [ Fuxbmba + Koe (Cabntbucn) + KeaGntm]d (I.2b)
= Afe
® ) A
Bn = I —= K ( Eeebn + Eeecn) (3.2c)
e o
# Am _
Fam = £ ===~ ( IC + Cn )} dnm (3. 2d)
= 12
B = ~( Padn + Pada)d (3.Ze)
* Am -
Dn = E ———— ( 38w + S5, ) (3. 26)
L B

and where

by = 24 - 2 Cyg = M = Mg
by = 2 — = Cas = My = My
by = ¢4 — = Cw = By = ¥
Ag = Ckb_‘ - C_’b..; Yy /2
K= ( Ko + Ky + K )/3
E = (L4 + C4 + Cy ¥/32
g = ( 8 + Sy + S8, »/Z
=1 for plane flow
® = 2n » for axisymmetric flow, w = { g + ¥a + My M/
M = Ln/2
- -+ for plane flow
A= La/2
An = b WA + 220a)/3

- - + for axisymmetric flow
bm WlHa + 2x,)/3

>
]
n

In the above equations, the subscraipts 1, 3 ,and kb represent the

three carners of the triangle element, E, Agp 1s the area  of

element E. The values of E} c, and S are average hydraulic

i
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conductivity, moisture capacity and root zone exraction intensity
—_ -+

over the element E, 9, and 9. are velocities [L/T] of flow across

the boundary sides of £lements connected to boundary node n, L:
and L: are lengths of appropriate boundary segments, x: and H:
arg n-tcoordinates of bhoundary nodes contiguous with node n. It is
assumed that the velocities, T, are uniform over the boundary

segments. The coamponents of vector O, are zero at all internal

nodes which do not act as sources or sinks.

When deriving Equations (I.2), two fpllowing important
assumptions have been used (Neuman, 1973} in addition to those
involved in Galerkin finite element approach. First, the time
derivatives of the nodal values of pressure head in Eq. (3.2) are
weighted according to:

dbn

—mew o= (F
dt =

cth r
C == P dsr ) 7 (T i
dt il

C ¢n do ) (5.3

ey

J
Slge

EI

where x is the domain of element E. This equivalent to the «o-
called mass—-lumping process improves the convergence of the
meéhud. Second, within each element, E. the anisotropy tensor,
Ka, is assumed to be constant while the hydraulic conductivity
function, Klth.x,2), specific moisture capacity, Ch,u,2), and
roct  extraction intensity S(h,x.2), are assumed to vary, at a

given instant of time, linearly according to:

it

=
b "":(ha. ,Xg,Zg) tb., (H;Z)

4 =

[ ST

i

=
L Clhe o3y 024) g Gtez) for (x,z) £ g (Z2.4)
immi

Céx,2)

- 3

S(xez) = T S(ha %a,2s) @alx,2)
A el




where i stands for the corners of element E. The advantage of
this approach is that no numeric integration i1is needed for

evaluation of coefficients in Eq. (3.2).

Time discretization

Integration of Eq. (2.2) is achieved by discretizing the
time domain into a sequence of finite intervals and replacing the
time derivatives by finite differences. An i1mplicit (backward
difference) scheme is applied for both saturated and unsaturated

conditions:

[ an ™ Fﬁm
L0 Armit )+ ——— 1 hatty) = ¥ ——— Pt awa) *0n (E3) =BL (b 40 ~-D, (L)
m==1 at, meiat
N=1,20-..,N (3.9)

The specific moisture capacity term Fom is evaluated at hal$ the

time step using time averaged values of pressure head:

hn = [ halty) = hattg.a) 3/2 (%, 6)
This leads to less oscillations and generally a faster
convergence.

3.2. SOLUTION STRATEGY

Iterative process

Due to the nonlinear nature of Eq. (Z.5), an iterative
process oust  be used at each time level to obtain solution of
J3.9). For each iteration a system of linearized algebraic

equations is derived from (2.3) and, after incorporation of

boundary conditions, solved uwsing bBaussian elimination. The




coefficients an Fg. (2.9 are then re-evaluated  amngd Yhe  new
euabions are aganne sol ved. Thas process e repaated  upbil A
satisfactory degree of convergence is obtained for  the time
level (t.e., uwuntil the ahsplute change in pressure heads between
two successive iterations becomes less than the given wvalue of
pressure head tolerance)., First estimate {(zero iteration) of
unknown pressuwre heads at any time level, Necessary for
evaluation of the coefficients in Eq. (F.3), is thaiﬂed using

final pressure head values from the previous time level.

Time control

Three different time discretizations are introduced:

1. Time discretization associated with numerical solution.

IT. Time discretization associated with specification of
toundary conditions.,

I1I. Time discretization associated with output print of nodal
point, water balance, and flux information,.

The Discretizations Il. and 11I. are mutually independent, with

generally variable time increments determined via input data. The

Discretization 1. starts with prescribed initial time increment,

2t.  The time increment is then avtomatically adiusted abt  esach

time level according to following rules (Mls, 1982):

1. The Discretization T. must coincide with Discretiztions IT.
amd 111,
2: At. '5':' (‘ﬁtm.{n, Atm-u ) []

e I+ a number of iterations, necessary at any time level to
meet converqgence criterion, 1is less than or equal to 3, the
time increment, At, is increased by multiplying by a chozen
constant *1 (usually 1.1 - 1.5). If the number of iterations
is qgreater than or equal to 7, At is decreased by
multiplying by another constant <1 (usually Q0.3 — 0,9).

4, If the number of iterations at any time level hecomes

greater than prescribed maximum number (usually 10~ 203,
the iterative process is canceled, time increment 1is wset

35
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equal to  At/10, and iterations start again from the
heginning.

Treatment of the pressure head bpundary condition

Finite element equations corresponding to nodes at  which
pressure bead is prescribed can, in principle, be sliminated from
consideration. Hawever, from a pragramming standpoint it is more
convenient to replace such eguations by the dummy exspression

{Neuman, 1974):

~N

Lok

where Snm 15 Kronecker delta, bhe is the prescribed value of
pressure head at node n. The values of he in all other equations
are set equal to he and the respective entries of left-hand-side
matriyx are added to the right-hand-side vector and replaced by
Zercoes in order to preserve matrix symmetry. ﬁftef splving for
all pressure heads, the value of G, can be calculated explicitly

from the original finite element equation for node n.

Flux boundary condition

At nodes along prescribed flux boundaries, the values of Q,
are computed according ta Eqg. (Z.2e). Internal nodes that act as
Neumann type souwrces or sinks have values of 8, equal to the

kriown fluid generation or extraction rate.

Treatment of atmospheric boundary conditions and seepage faces

Atmospheric boundaries are simulated by applying either
prescribed head or prescribed flux boundary conditions depending
oy whietther or tnot g, (2.1 and (7L 1H) are sal ost e (Nevimaun,

1974) . If Eq. (2.16) is not satisfied, node n becomes &




presceybed head boundary. T4 v ing any stage of the computations
£q. (2.1%) 1s not. satisfied, 1aey The calculated flux enceeds
the specified potential flux, the node is assigned a flux  eqgual
to the potential value and is again treated as a prescribed flux
boundary.

All nodes expected to be a part of a seepage face during any
stage of computations must be identified a priori. During each
iteration, the saturated part of potential seepage face is
treasted as a prescribed pressure head boundary with h=0, At the
samea Lime, Lhe uansaturated part is treated as a prescribed 41w
boundary with G20, The length of each part 1is continually
adjusted (Neuman, 1974) durig the iterative process until all
calculated values of 1 a&along the saturated part and all
calculated values of h along the unsaturated part are negative,
indicating, that water is leaving the porous medium through the

saturated part of the boundary, and through this part only.

Vater balance compatation

Water bLalance computations are performed separately for each
zpecified subregion of the flow region at prescribed print-times.
The watsr balance information for each subregion consists of

fallowing items.

1. The actual volume of water in each subregion is given by:
Vs T Pel 8, + 0, + 0, /T .8
-

where 85, ©&,, and &. are moisture contents evaluated at corner
rnodes of element E. The summation is taken over all elements

within the subregion.

2. The actual rate of inflow/outflow to/from the subregion is




Jivern by:

0=L¥ ( Viaw — Vera )/740E Z.9)
| 3

where Voew and Veia are volumes of water in the subregion

computed at actual and previous time level, respectivelvy.

The_element velocity computsation

The Darcian wvelocity components are computed during
numerical simulation at selected print-times. x— and z-components
of the velocities are calculated for each triangular element or

subelement according to:

—— 1 » » " (=]
Vae = =K [ ===  pahy + T4hs + Tehe ) + Koy 1
20
(5.10)
—_ 1 x = = -~
Ve = —K [ == ( 7ehy + Pabiy + by ) + Kz 3
2R
where:
E] (o] [
Ter = Koube -+ SO
= (2] A
T = Hnubn + K.gcn

Treatment of water uptake by plant roots

The set of nodes, n, for which the distribution +unction,
By discribing the space variation of potential root extraction
intensityy, 8%., is greater than zero, is treated as the ront
zone. The root extraction intensity is assumed to vary linearly
within each element which allows the root extraction term D, to
he approximated by Eq. (3.24), The wvalues of actual root

extraction intensity 8, are evaluated using Eq. (2.%9). The total

2]
!
{2
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cate af bransprration per unit surface area 1s given by

i _
T = ~— T » AeS (Z. 14

Ly =

the summation is taken over all elements within the flow region.

Interpolation technigue for material hydradlic properties

For each defined material an internal table. of hydraulic
conductivity, Hih), and specitic moisture capacity, Ch), are
generated from a specified set of material parameters at the
heginning of numerical simulation., The values of K, and T, are
evaluated at prascribed presswre heads b generated within a
specified interval (hramis hraem). The generation iz performed so
that:

1o ihawa! — log thet = gconst. (. 12)

During any iteration, the values of hydraulic characteristics,
Eih) and Cth), are computed using interpolation in the tahles. If
an  argument h exceeds prescribed interval (hramiy hHraw~n), the
tiydraulic characteristice are evaluated directly fwithout
interpolationd. The wused interpolation technigque is about 7 times
faster than direct evaluation of material functions in the whole
range of pressure heads (the amount of saved computing time

depends on choren model of material characteristics).

Linplementat ion of hydraulic conductivity anisotropy

Since the tensor of hydraulic conductivity anisotropy, Ka,
i assuned Lo be symnetric, it is possible to define at any point

nf porous medium the local system of coordinates for which the

matriz of tensor Ka is diagonal (with zeroes everywhere except of

diagnonal). The diagonal values of Ka are then refered to as a



principal components of tensor K,, and the local coordinate aves
are told to be put into principal directions of tensor K.

In the program, the anisotropy is described such, that the
orientation of the local principal directions may wvary {rom
element to element. The principal components, K?; and sz,
taoge ther with an angle, A between principal direction
sssociated with KT; and x-axis of global coordinate system, are
specified for each element. At the start of numerical simulation,
the transformation of each locally determined tensor K. is

performed to the glaobal system of coordinates, (a2}, using the

transformation rule:

= N L]

Fuw = COS3y Ky, + i Ny o
(=] o] (-3

Fza = 8in%y Fai: + cOS?Yy Kus (.1
~ (=] [

Fuz = ( Kii— Kz=) sine cosw
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4, FROELEM DEFINITION
4.1. CONSTRUCTION OF FINITE ELEMENT MESH

The mesh is constructed by dividing the flow region into
quadrilateral and/or triangular elements the shapes of which are
defined by the coordinates of the nodes that form their corners.

The element dimensions should be small parallel to diections
along which large hydraulic gradients are eupected to occur. More
o  leass equidimensional elements are recommended to decrease
numerical error. GOuadrilaterals are automatically divided by the
program into  triangles which are then treated as subelements.
Triangular slements may also be used subject to the following
restrictions.

*Transver se lines® (Neuman, 1974 Fformed by el ement
boundaries must transect the mesh along the general direction of
its shorter dimension. These transverse lines must be continuous
and non-intersecting, but they need not be straight. The nodes
are numhered sequentially from 1 to NumNF (total number of nodes)
procesding uwp along each transverse line in the same direction.
Elements are numbered in a similar manner. The maximum number of
nodes in any one transverse line, 1J, is used to determine the
effective size of the finite element matrix (i.e., 1its band). To
minimize memory requirsments, IJ should be as small as possible,

N  additional restrictions due to the root zone definition
Are Necessary.

To model axisymmetric three-dimensional flow systems, the
vertical axis must coincide with, or be to the left of, the

leftmost boundary of the mesh.



4.2. CODING MATERIALS AND SUBREGIONS
Materials

An integer code, beginning with 1 and ending with NMAT (the
total number of materials), is assigned to each material within
the flow region. The appropriate material code is then assigned
to egach nadal point N,

Interior material interfaces do not coincide with alement
boundaries. When corner nodes of any one element are assigned
different material npumbers then material properties of this
element are averaged by finite element algorithm. BQ that way
material interfaces are ’'softened’.

Fowr each material a set of parameters of hydrauﬁc
characteristics must be specified. This sef includes saturated
hydraulic conductivity, saturated moisture content, residual
moisture content and parameters which determine shape of the
water retention curve and the relative conductivity function. For
each element, the principal components of conductivity anisotropy
tensor must be specified toge ther with an angle between local
and global coordinate system.

An  additional way of changing material properties is
introduced by defining three scaling factors associated with
moisture content,. pressure head and hydraulic conductivity. The
scaling factors are assigned to each nodal point N in the flow

region.

Subreqgions

The water balance is computed separately for specified
subtregions. These subregions may or may not correspond with

diferent material regions. Similarily to material coding an
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integer code, beginning with 1 and ending with NLay (the total
numher of subregions), is assigned to each subregion within the
flow region. The appropriate material code is then assigned to

@#ach element in the flow region.

4.3. CODING BOUNDARY CONDITIONS

For each node, N, a boundary code, Kode(N), must be
provided. I¥f node N is to have a prescribed pressure head
during a time step (Dirichlet boundary condition), FEode(N} must
be set positive during that time step. If the vaelumetric rate of
water entering or leaving the system at node N is prescribed
during a time step (Neumann boundary condition?, Kode(N} amust be

set negative or zero,.

Constant boundarv conditian

The values of constant boundary conditions are specified for
particular node, N, by initial setting of pressure head, P{N), in
the ¢ase of Dirichlet boundary condition, or initial amount of
recharge/discharge, G{N), in the case of Neuman boundary
condition., The wuse of the variables kode(N), G{(N) and F{(N) for

the various node types is summarized in following table.

G




TABLE 4.1. Initial setting of variables Kode(N), G{(N) and PN}
when the constant boundary conditions are applied.

S P R TR O P SR D 9 s M M T i Y i L A O ST A O S VS R SV LR WL S AT L S S e S0 Bon ik b e A BE4PY LA LI PO Lo e e St Ak s WAL PR AR et i P e P S i e

Node Type Kode (N) CLEN) F (N)
Internal; not sink/source Q Q.0 Initial VMalue
Internaly sink/source 1 Q.0 Prescribed

(Dirichlet condition)

Internal; sink/source -1 Frescribed Initial Value
{Neumanr condition)

Impermeable Boundary O Q.0 Initial Value
Specified Head Boundary 1 Q.0 Prescribed
Specified Flux Boundary -1 Frescribed Initial Value

o e e e L 4l B e o e e b e e b e U A A P i e e e e ko Sl e A Y o L U o i ke ke S 4H4LD LS v b Pt ey i AR 51y Sty L) S LS i i M e Yo $O P pnst

Variable Boundary conditions

Three kinds of variable boundary conditions cam be imposed

on the systems

i.'Atmospheric’ boundary condition ..vesnecacssvrens Hode(N) = 34

2. Variable pressure head boundary condition ....... Kode(N) = +3

il
1

3. Variable flux boundary condition c.ieciseseraases. Kode(N}

FEach of these conditions can be specified for any part of the
bmundary, but it is not possibie to specify more then one
boundary condition af each kind. Initial setting of wvariables
Kode(N), G and F(N) is described in following table.

TARLE 4.2. Initial setting of variables Hode(N), G(N) and F({N)
when the variable boundary conditions are applied.

e i Ly S A Y $4981 W Y e R AL SR A PR i B M S YO M g Rofr S i Vi et P S MY PO $TET TS e S e e e i e et e . o e S . e P GBS et e e e e WO AR AR RS e St M

Node Type FKode (N) G(N) F (M)

Atmospheric Boundary . 0.0 Initial value
Variable Head Boundary +3 0.0 Initial Value
Variable Flux Boundary -3 Q.0 Initial Value
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When atmaospheric boundary condition is specified
(Faode{N)=x4), the time sequences of precipitation, Frec, and
evaporation, S5pil, wmust be supplied via input file ATMOSFH. IN.
The potential surface flux is then expressed as rAtm=rSpil-~Frec.
Actual surface flux is determined by the program. Two limiting
values of surface pressure head must be also provided: hCrits,
specifying maximum allowed pressure head at the surface (usually
3.3, and hCritaA, specifying minimum allowed surface pressure
head (defined from equilibrium conditions between soil water and
atmospheric vapor). The value of Fode (N) is switched
automatically by the program +$rom -4 to +4 when either of
limiting points is reached. The following table summarizes the
wee of variables rAtm, hCrits and hCritA during program execution
(Width(NY denotes the lenght of the boundary segment associated
with node N,

TARBELE 4.7, Determination of variables kode(N), G(N) and F(N)
if the atmaspheric boundary condition is applied.

o e et T e v Y e et o TS e TR e S T A R A T AR T M A L e o P S S o T o S} e T ey T e A = Tt T W T WY ST TR T e 3% RS PN YV Fiad A M M i e i

Fode (M) GH{N) F (N) Event
~4 -Width (N) ¥rAtm Unknown rAtm=rsoil-Frec
+4 Unknown hCritA Evaporation capacity

is excesdsd

+4 Unknown hCrits Infiltration capacity
is exceeded
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When variable head or flux boundary condition is specified
for certain part of the boundary (Kaode(N) = % 3}, the input file
QTMOSPH.IN must containe prescribed time sequences of pressure
head, ht, or flux, rt, to be imposed on this part of boundary.
The wvalues of bt or rt are assigned to particular nodes in

specified times according to following table.




TABLE 4.4. Determination of variables Kode(N), G(N) and P (N)
if the varisble head or flux boundary condition
is applied.
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Noade Type Kode (N) adnNg P IND
Variable Head Boundary +3 Unknown ht
Variable Flux Boundary -2 —Width (N) ¥rt Linknown

Water uptake by plant roots

Within the root =zone the rate of water removed from the
system by plants is calculated by the program via the D-term 1in
the Ffinite element equations. Therefore, the value of Kode (i)
must be set equal to 0 for all nodes in this region. WYalues of
potential transpiration, rRoot, must be specified in predefined
times wvia input Ffile ATMOSPH. IN, Actual transpiration is
calculated by the program.  The sink term parameters are taken
from separate input file SINK,IN. The values of function Beta (N}
which describes the space variations of the potential extraction
intensity must be sapecified for each node in the Flow region
(see description of input B1nck E in Chapter 5.). The part of the

flow region for which Beta(M) >0 is then treated as a root zane.

Bottom Flux - Bottom Mead Relationship q(h)

When the q{h)!-relationship is available the spefial case of
variable flux boundary condition, (Kode(N) = - T), can be used.
This case is indicated by setting the logical variable QGWLF from
input file ATMOSFH. IN egqual to .TRUE. . The value of discharge
@{N}), which is assigned to to the node N, is determined by the

program as G(N)=-Width(N)Xg(h) where h is set equal to actual




value of pressure head PN and gqih) 1s given by:
qfh) = —Agh exp( Bgh h-GWLOL! ) (4.1)

The parameters of function g(h), Agh and BEgh, must be also
specified in the file ATMDOSFH.IN togeather with zero groundwater

level GWLOL (usually equal to z—coordinate of soil surftace).

Seepace faces

Initial setting of variables Eode(N), G(N) and F{N) Ffor
any seepage face node is described in following table. All
potential seepage faces must be identified before commencing the
numerical simulation by giving a list of nodes within each

seepage face (see input Block D).

TABLE 4.5. Initial setting of variables Kode(N), &M and F(N)
for seepage faces.

i s v it 19998 S e . A % W e L et ATt S A AL Lty L M et M AR O Wb e AL N VRS S WAL W AN A M el B M ke e S S it A s s L G A8 it WA ASY LSS AT R i i i e b

Seepage Face +2 0.0 0.0
(iritially saturated)

Seepage Face -2 0.0 Initial Value
c{initially unsaturated)

4.4 DETERMINING MEMORY REGQUIREMENTS

The parameter statement (second statement in the program) is
used to define the problem dimensions. All main arrays are
dimensioned wvia adjiustable array declarators. This makes it
possible to change the problem dimensions without rewritting
declarations and recompiling all program subroutines. Different
problems can be investigated by changing the problem dimensions

in the parameter statement of the main program and attaching the
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previously compiled subroutines prior to execution.

the problem

fallows.

dimensions

The list of

defined by the parameter statement

TABLE 4.6. List of the problem dimensions.

e e e e e e e e e e e e e e e e o e b o e e o o e e B b e e e e e ke o e i SRS PHRE b ke e O SO SO AL o A O S84 B Ll Aok A0S NS SO S i L i SR

Dimension
Mame

MumNFD
NumELD
MBandD
NumBFD
NSeepD
NumSFD
NMatD

NTabD

Description

Max. number of nodes in finit slement mesh.

Max. number
Max. number
Max . number
Max . number
Max. number
Max . number

Max. nrumber

of

of

of

of

of

of

af

elenents in finite element mesh.
nodes 1n any transverse line + 2.
boundary nodes for which Eode (M) 30
seepage faces.

nodes in any one seepage face.
materials.

items in the table of hydraulic

characteristics generated by the program for each

material.
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5. INFUT DATA

Input to program SWM IT is divided into four input files.
Each dinput file consists of one or more input blocks dentified
by letters from A to I. These blocks must be arranged as 0l lows:

SELECTOR. IN

A. Basic Information

B. Material Information

C. Time Information

D. Seepage Information

GRID. IN

E. Nodal Information

F. Element Information

G. Boundary Geometric Information

ATMOSFH. IN
H. aAtmospheric Information

SINK.IN

I. Sink Information
Following are tables describing the data required for sach input
bleck., All data are read using list—directed formatting (free
format). To Ffacilitate orientation within each input block the
comment lines are supplied. The content of these lines is ignored
when the program is performed. The comment lines may be left
blank but not omitted. All input files are supposed to be placed
in the folder SWMII.IN.

All input data must be specified in consistent set of units

in bhoth ltength and time.



BLOCKE. A ~ Basic Information
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Recard Type Symbol Description
I:;_____":__m__:____"m“_gg;;;;;,z:;;;?m_wwm“wm_mmmMmm_mw_muqﬁ e
3 Char Hed Heading.

4 - - Comment line.

9 Char Linit lLength wunit (g2.g. "cm*).

b Char TUnit Time unit (e.g. "min’),.

b - - Comment line.

7 Int kKat Type of flow system being analyred.

O if horizontal plane flow
1 if avisymmetric flow
2 if vertical plane +low

3 - - Comment line.

9 Int Max It Maximum number of iterations allowed in
any time step (usually 10 - 203,

9 Real Tol Maximum desired absolute change [L3 in
the values of pressure head, h, between
two successive iterations in any time
step {(recommended value is 1 mm).

10 - - Comment line.

11 log CheckF Set this logical variable equal to .true.
if the grid input data are to be printed
for checking.

11 log ShortF ctrue. if printing of time—-level
information on gach time level is to be
suppressed and the information printed
only in specified print times.

.false. i+ this information iss to be
printed on each time level,.

11 log FluxfF true. it printing of detailed element
flux information and discharge/recharge
information is requested.

11 log AtmInF Strue., if atmospheric control data are
supplied via input file ATMOSPH. IN .
false. if the file ATMOEFH.IN is not
provided (i.e., in the case, of time
independent boundary conditions).

11 lag SeepF Set this logical variable equal to . true.
if any seepage face is defined.
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BLOCE B - Material Information
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1,2 -

3 - Int
3 Int
3 Real
= Real
3 Int
4 -

9 Real
5 Real
5 Real
5 Feal
b Real
] Real
b Real
b Real
b Real

NL_ay

hTabl

hTabM

MFar

Far(l.mM)
FPar (2,M}
Far (3, M}
Far (4,M)
Far{(5,M)
Far (&6, M)
Far (7,M)
Far (8, M)
Far(?,M)

Comment lines.

The materials are
number, MatNum,

Number of materials.
identified by material
specified in Block E.

Number of subregions in which the water
balance is computed separately. The
subregions are identified by subregion
number, LayNum, specifisd in Block F.

Absolute value of the lower limit [L]Y of
the pressure head interval in which
internal table of hydraulic
characteristics is generated for each
material (hTabl must be greater tham 0,.0;
recommended value is 0.001 cm).

Absolute value of the upper limil [LY of
the pressure head interval (e.g. 1000
cm). If abs. value of pressure head is
out of the interval <htabl, hTabNXx, then
appraopriate values of hydraulic
characteristics are computed directly
(without interpolation in the table).

Number of parameters specified for each
material fi.ee., 9 in the case of the
modified van Genuchten®s model).

Comment line.

Farameter 6. of material M.
FParameter Sa. of material M.
Parameter 6. of material M.
Farameter 6, of material M.
Parameter o« of material M [1/03.
Farameter n of material M,
Faramater Ko of material M I[L/T1.
Farameter K, of material M [L/T1].
FParameter o, of material M.

The same record as above must be providead
for each material M (from 1 to NMat),.

kbt S bt bl SAARL S b b Wb oot e e e ol e e e e o o i fan o M e TR T o S ke e e e e . o o S o e S e o it A S PR Semge i Tt TP P #1H Thli fri i iy B A
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BLOCKE € ~ Time Information

Record Type

Description

e . . . e i S e o i e Mt ks S o S YA oS S ot gt S ing OO A W T WL i s AT TS AL M Aokt B B b e e e TS A b ML A lh v i s b ke it it b s b ol bk ek s e e

1,2 -

s

3 Real
= Real
3 Real
%1 Real
3 Real
= Int
4 —

9 Real
o] Real
b Real

ot

dtMin

dtMax

DMul

DMul 2

ML

TFrint(l)
TPrint ()

Comment lines.

Initial time increment &t [TI.
Abmaem TTI.

Atmasn [T3.

I number of necessary iterations in  the
end of any time step is less than or
equal to I then At is multiplied by
dimensionless number DMul > 1.0 (usually
DMul should not esceed 1.3).

I+ the number of iterations is greater or
gqual to 7 then at is multiplied by DMul?Z
£ 1.0 (recomnended value is 0,.373).

Number of specified print-times in  which
detailed pressure head, moisture, flux,
and water balance information is printed,.

Comment line.

ist aspecified print-time [TJ.
1st specified print-time [T,

TPrint (MFL) Last specified print-time [TJ.
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HMOCHE D -~ Seepaqge Face Information

Block D may be omitted if logical variable SeepF (Block A)

is sel equal

KODE(N) =

to .false.

. On each seepage face, I, the nodes with

X2 are numbered locally in sequence from J=1 to

J=NEF (1), starting from the saturated side of the seepage face,

Thus, each

noce on

a seepage face is identified by a local

nuambzer, J, and a global number, NP{I,J).

L LA o T 04 Lt et AL i By SO L gt i A R4 $him ey AL IR ks WA ke bk et Py s Mot b i eend o b Bl iy ey el shiat fma sy A el raars @ S e e toes sk e ( sowie v g g iy by sty e R B

1,2 -
3 Int
4 —
5 Int
b’ Int
o Int
& -
7 Int
7 Int
7 Int
8 -
I Int
@ Int
¢ Int

NEF (1)
MSF (2

NSF (NSeep )

FodeS (1)
KodeS {(2)

Comment lines.

Number of seepage faces expected to
develop.

Comment line.

Number of nodes on the 1st seepage face.
Number of nodes an the 2Znd seepage face.

Number of nodes on the last seepage face.
Comment line.

Set this variable equal to -1,
Set this variable equal tao -1.

FodeS (NSeep) Set this variable squal to -1,

MECY, 1)

MF (3, 2)

Caomment Jine.

Sequential global number (N} of 15t
node on first seepage face.

Sequential global number (N) of 2nd
node on first seepaqe face.

NF({(1,M5F(1}) Sequential global number (N} of last

node on first seepage face.

The same record as ahove must be provided
for each seepage fare,

5]
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BLOCK. E — Nodal Information

A et st S LA M fra M P TS APYS VIR Y SHAS PETE M) AR M 3P 4T $TETR UPY SR ey RS v e e Al W LY St SR Y Ly i ey et S S Tt b A Tre? St B4 S P e e i 2 AR T LA LS W S S e

1,2 -

3z Int
=3 Int
= Int
3 Int
4 _—

95 - Int
= Int
S Real
5 Real
5] Real
] Real
ot} Int
= Real
] Real

NumNF

NumEl

N

FKode (1}

X (N)

ALY

F1iM)

Q)

MatNum (N}

Beta {M)

Axz (N)

Comment lines.
Mumber of nodal points.

Number of elements (quadrilaterals and/or
triangles).

Max imum nuwnher of nodes in any transverse
line.

Number of boundary nodes  for which
Faode{(N) is not equal ta 0.

Comment line.
=N {(nodal point number).

Code specifying type of houndary
condition .applying to the nodal point.
Legal wvalues include O,*1,32, %3, and -4
(see Section 4).

w—coordinate (L1 aof the nodal point. This
must be the horizontal coomrdinate.

z-coordinate [L.13 of the neodal point. This
must be the vertical coordinate in
problems involving wvertical planar or
axigymmetric flow. In the axisymmetric
case, =z must coincide with the wvertical
axis of symmetry.

Initial wvalue of presswe head [L.] at
the nodal poeint.

Frescribed rechargesdischarge [L#/T]1 at
the nodal point, negative out of the
syatem (in axisymmetric case [L3/T1). If
the wvalue of QN is not prescribed set
G{N) equal to zero.

Number of material whose hydraulic
properties are assigned to the node.

MNodal value af the function which
describes space distribution of potential
transpiration demand in the root zone. If
node N i not inside the root zone set
Beta(N) sgqual to zero.

The nodal value of dimensionless scaling
factor asscciated with pressure head.

{for continuation see next page)
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BLOCE E (continued)

b Feal HBuz (M) The nodal value of the scaling factor
associated with hydraulic conductivity.

= Real Daxz (M) The nodal wvalue of the scaling Ffactor
associated with moisture content.

In general, one record as that above is
required for each nodal point, starting
with N=1 and continuing in sequence up ko
N=NumMNF. Some records may be skipped for
certain nodes subldect to the following
conditions.
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Consider two nodes, NI and N2, along a transverse line such that
N2 is greater than Ni+1. Then only the data for nodes N1 énd N2
need be specified provided that all of the following conditions
are met simultaneously:

1. All nodes along the transverse line between node NI and N2 lieg
agual distances apart along a straight line.

2. The values of F1(N), Reta(M), Axz(N), Exz (M), and Duz (N} vary
linearly between node M1 and NZ2.

3. The values of Fode(MY, GQ{M) and MatMNum (M)
Far M o= NI, MI+t,...,M2~1 are the same.



BLOCK F - Element_Information

Fecord Type Symbol Description

1,2 - - Comment lines.

> Int E = (element number)

3 Int KX A(E, 1) Global number of corner node i,

3 Int KX(E,2) Global number of corner node 3.

= Int KX{E, D) Global number of corne- node k.

F Int KX(E, &) Global number of corner node 1. Indexes
i, d. ky and 1, refer Lo the corner nodes
of the element taken in a counter-
clockwise direction.

[

™ Rezl Angle(E) Angle in degrees between Ky, and the

coordinate axis assigned to the element.
(2]

= Real ConAll(E) First principal camponent, Ki, , of the
dimensionless tensor Ka which describes
anisotropy of hydraulic conductivity
assigned to the slement.

A
> Real ComnAIZE) Second principal component, K.
E Int LayMum(E} Subregion number assigned to the s=lement.

In general, one record is required for
each element, starting with E=1 and
continuing in  sequence up to  E=NumEl.
Some  records may bhe skipped for  certain
elenents subiect to the 01 1 owi ng
conditions.

Consider two elements, E1 and E2, between two given transverse
limes such that E2 is greater than El. Then only the data for
element El need be specified (data for elements El+1 through EZ
may be omitted) provided that all of the following conditions are
mat simultaneously:

1. All elements between El and EZ are quadrilaterals, including
Et and EZ2.

2. All elements, El,...,E2, are assigned the same values of
Anglel(E), ConAll(E), ConA33(E), and LayNumiE).




BLOCE - Boundary Geometric Infarmation

Record Type Symbol Description

1.2 - - Comment lines.

3 Int EXRBO1Y Global number of 1st of the set of
sequaentially numbhered boundary nodes
for which FKode(MN) is not equal to
Tera.

! Int EXB(2) As above for Znd boundary node.

Z Int EXB (NumBP) As above for the last boundary node.

4 - - Comment line.

3 Real Widthil) Width of the boundary [LY associated
with boundary nade FKEXE(1), Width{N}
includes hal+ the boundary length of
each el ement i the immadiate
vicinity of the node EXBON) which is
asskgned the kind of bouwndary
conditian gpecified by Kaode(M). In
the rase of arxisymmetric f1low,
Width (N} is the area of boundary
strip [L=]1 which node N represents).

5 Real MWidth (2 fs above for node KXB(2).

b Real Width (MumBF) As above for node EXB{(NumBF).

& - - Comment line.

7 FReal rien Length associated with transpiration

(length of =o0il surface LY ar, in the
case of axisymimetric flow, surface area
(L=1)., For problems without transpiration
set this variable esqual rero.



BLOCE H — &tmospheric Information

Block W is not read if logical variable AtmInF (Block A is

set egqual to

false. .

AL Lith ek i WA S L R ALY il (i S R A AL W b4 ke S TV LS PR S48 ek e e e ik MR iy ht ey ek mesn rees mere Bl i i Hheie ey s s ok® I e i e e e e oS AL MY bl Ahens s e e e b

o

10

11

-,-
tJ

.0g

L.y

Real

Real

Real

Real

Feal

Real

Real

Real

Real

Real

Duminy

qEWLF

GWLLOL

Agh

Bagh

tIinit

Maz Al

RCrits

tatmii)

Frec(i)

r8oil (1) -

rRoot (i)

Comment lines.

Set this variable egual to .true, i¥f
water extraction from the rogt rfone is
defined.

Set this variable equal to .false. .
Set this variable equal to .true. if the

discharge—-groundwater level relationship
aqi{BWL) is applied as bottom boundary

"econdition.

Comment line.

The value of z-coordinate [L]Y for which
GWL=0 (fusually z2-coordinate of zoil
surface). I+ OGWL is not specified set
GWL Ol =0,

The value of parameter a in the g(GWL)-
relationship (set = O if gGWLF =.false.).

The value of parameter b in the g{GWL)~
trelationship (set = 0 if qGULF =.false.).

Comment line.
Starting time L7T) of the simulation.
Mumbier of atmaspheric data records.
Comment line.

Maximum allowed pressure head at the soil
surface [LI3.

Comment line.

Time Ffor which the i—-th tmospheric data
record is provided {T].

Frecipitation L[LST] (in absolute value).

Fotential soil evaporation rate [L/T1Y (in
absolute value). :

Fotential transpiration [L/TI (in
absolute value) .

(for continuation see next page)

10




BLOCYK H (continued)
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13 Feal hOritA(i) Absolute value of minimum allowed
pressure head at the soil surface [L].

13 Real +t(i) Bottom flux L[L/T1 or other time variable
prescribed Fluue boundary candition
(positive out of the system) indicalted by
Kode (N)=-32 (gt equal tao O if "o
Fode (N)=-~3 bourdary condition is
specified).

173 Real nht (i) Groundwater level [L1 (usually negative)
or other time variable prescribed head
houndar v condition indicated by
Fode (M) =+3 (set equal to O if no
FKade (N) =+3 houndary condition is

specified),

The number of atmospheric-data records
is MaxAl. (i = 1,2,...sMaxAl)
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BLOCE I — Sink

Information

Block I

set equal to

false., .

is not read if logical variable SinkF {(Block H) is

it M e A o MO e et T M O oy - T = St = T S W P SR et Lt e o el S TR S AL i et e e e My Y S M RS S L STy A M i e e Sy e G G Sy T e e S fhins S e

1,2 -~

S Real
= Real
= Real
3 Real
4 Real
3 Real
4 —

5 Real
jor] Real
S5 Real

F2H

FOptm(1)

FPOptm ()

Comment lines.

The wvalue of pressure head [L] below
which roaots start to extract water from
the apil (starting point}.

The wvalue of pressure head [L] below
which the roots cannot extract water
aptimally anymore, +or potential
transpiration rate equal to r2H (limiting
point).

As above, but for potential transpiration
rate equal to r2l.

The value of pressuwre head [LL1 below
which no water uptake by roots is
possible (wilting point).
CL/T], usually 0.5 cm/day.
CL/7TY, usually 0.1 cm/day.
Comment line.
The value of pressuwre head L] below
which roots start to extract water

optimally for material number 1.

As ahove, for material number 2.

FOptm (NMat) As above, for material number NMat.
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&. OUTFUT DATA

The program output consists of 12 output files which are

o

organized inta 3 groups:

T-level information
H_MEAN, OUT
Y_MEAN.OUT
CUmM_E DUT
RUM_INF.OUT

F~level information
H. OuT
TH. GUT
Q. OUT
VZ.0UT
VY. ouT
BOUMDARY . OUT
BALANCE. OUT
A~level information
A_LEVEL.OUT
In addition, some of the input data are printed to the File
CHECK.OUT. This file contains a complete description of the
finite element mesh, the boundary node of each node, and the
hiydranlie characteristics of each material (finite element mesh
data are printed only if logical variable CheckF in input Block A

is set equal to .TRUE.). All ocutput files are directed to the

folder SWMIY.OUT.

T-level information

This group of output files contains information which is
printed at the end of each time step (printing cam be suppressed
by setting logical variable ShortF from input Bleck A equal to
L TRUE., the information is then printed only at selected print-

times). Following data are printed to particular files:




H_MEAN.OQUT (mean pressure heads)

hAtm:

hRoot s

hEodel:

hEodetls:

hSeep:

V_MEAN. QUT

At me

rRoot:

vAtm:

vRoot:

vEodel:

vEodel:

vBeepn:

CUM_G. OUT

Mean value of pressure head caloculated over a set
of nodal peoints which  are  assigned FEode(n)=i4
(i.e., along part of the boundary controled by
atmospheric conditions).

Mean wvalue of pressure head over the region for
which Beta(n)>Q (i.e., within the root zonel.

Mean value of pressure head calculated over a set
of nodzl points which are assigned HKode(n)=33

(i.e., along part of the boundary on which
groundwater level, bottom flu:, or other time
variable pressure  head or/and  fluux boundary

conditions are imposed).

Mezan value of pressuwre head calcuwlated over a  set
of nodal points which are assigned Kode(n)=%i
{t.e., along part of the boundary on which time
independent pressure head or/and +Flux boundary
conditions are imposed).

Mzan value of pressure head calculated over a set
of nodal points which are assigned Fode(n)=i2
{(i.2., along seepage faces).

(mean fluxes, positive out of the system)

Fotential surface flux along the atmospheric
houndary {Kodei(n)=%4).

Potenti&l transpiration.

Mean value of actual surface Fflux along the
atmospheric boundary (RKode(n)=14).

Actual transpiration.

Mezan wvalue of bottom or ancother boundary fluy
along part of the boundary on which groundwater
level bottom Fflux, or other time variahle
pressure head or/and flux boundary conditions are
imposed (FKode(n)=i3).

Mearn wvalue of boundary flux along part of the
boundary on which time independent pressure head
or/and flux  houndary conditions are imposed
(Kode(n)=%x1).

Mean wvalue of boundary flux along seepage faces
{(Hode(n}=22).

(mean cumulative fluxes per unit of particular
gart of a boundary as described above for mean
flunes, positive out of the system)




FUM_INF.OUT (time and iteration itnformation)

TLeval: Time—-level

Times Simular time associated with the bLime-level
it at

Iter: Mumber of iterations

ItCums Cumulative number of iterations

Real time: Computation time spent on the simulation

F-level information

This information is printed only at prescribed print-times.

Fallowing cutput files are supplied:

H.OUT { Modal values of pressure head )

TH. QT ( Nodal values of moisture content )

G. OUT { Discharge/recharge from/to the system assigned
to the boundary nodes or  internal sink/sowce
nodes)

vZ.ouT ( Element values of z-components of Darcian

vielocity wvector)

VX. ouT ( Element values of x-components of Darcian
veloacity vector?)

BROUNDARY . DUT { This +File contains information about each
boundary node, iy for which Kode (n} 0,
including: discharge/recharge, (Q(n), boundary
flux, wvin), pressure head, hin), and moisture
content a(n) )

BALANMCE.DUT ( This file contains the volume of water inside,
and inflow/outflow to/from, ezach specified
subregion, {ogeather with mean pressure head
aver the subregion )

A-level information

This information is printed at each time associated with
zpecification of time variahle boundary conditions. A-level

information is directed to the output file A_LEVEL.QUT. Following




data are printed.

CuamGAaF:

CumBRF:

CumBA:

CumBrR:

CumlZ:

hAtms:

hRoot s

hkodeZ:

Mean cumulative potential surface flux per unit of
the atmeospheric boundary {(Kodei{n)=%4),

Mean cumulative potential transpiration.

Mzan cumulative value of actual surface flun per
unit of the atmospheric boundary (Kode(n)=14),

Mean cumulative value of actual transpiration,

Mean cumulative wvalue of bottom or another
boundary +flux per unit of the boundary on which
groundwater level, bottom flux, or other time
variable presswe  head or/and  fluax boundary
conditions are imposed (Kode(n)=13).

Mean value of pressure head calculated over a set
of nodal points which are assigned Kode(n)=%4,

Mean wvalue of pressure head over the region for
which Reta{in) >0 (i.e.. within the root zone).

Mean value of pressure head calculated over a set
of nodal points which are assigned FHode(n)=23,




7. EXAMPILE FROBLEMS
7.1. EXAMFLE PROBLEM #@ - COLUMNM TEST

This example iz based on data from laboratory experiments as
presented by Skaggs et al. (1970), Since the same example is used
by Davis and MNeuman (19B3) as a test problem for program UNSATZ
it may serve for comparison between SWM ITI and UNSAT2 codes.

A graphicsl representation of the soil column and the finite
element mesh used in the numerical simulation are presented in
Figure 7.1, The retention curve and relative hydrauwlic
conductivity function of sand mix material are presented in
Figure 7.2. Initially the sand was assumed to be dry having a
pressure head of —150 cm. The scil hydraulic pgroperties were
assumad to be homogenous and isotropic with a saturated hydraulic
coanductivity of 0.200722 cm/sec. One—-dimensional vertical flow
occurs due to infiltration at the soil surface from the ponded
water. The bottom of the column was left open and the sides of
the column were impervious.

Tables 7.1. and 7.2. provide an entire listing of the input
data. Nodes 1 and 2 at the soil surface have been assigned a
Fode (M) value of 1 indicating that these two nodes bave a
prescribed pressure bead which is equal to the depth of ponded
wabar (G735 cm). Nodes 111 and 112 at the column bottom have been
specified as  FadeiN)=-2 indicating that they lie on an
unsatwrated portion of the boundary that may becoms a seespags
tace during later stages of the computations., For the remaining
nodes, values for Foded(M) and flus, BN, were set eqgual to zero.
This indicates that flow does nobt ocow either inta or out of Lthe

system of thesze nodes,
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Fifure 7.2.
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The simulation was executed for 5400 seconds which
corresponds  to the length of the experiment. The infiltration
rates and cumulative infiltration rates resulting Ffrom the
column simulation are presented in Figwe 7.3, Alsoc shown on the
figure are the results of UNSATZ simularion {(Davis and MNeuman
1987 .

Tabulation of the pressure head profiles Ffeom Lhe BWH 1T
simulation for time intervals of &0, GO0, 1800, 2700, 3&00, and
H400 seconds 1is shown in Table 7ol Moizture content,
recharge/discharge, and Darcian flux profiles at  the end of
simulation are tabulated in Table 7.4., 72Dy anrd Tt
respectively. Mean boundary pressuwre heads, mean boundary fluxes,
and mean cumulative boundary fluxes are tabulated in Tables 7.7..
7.8., and 7.9. The information about changes of the Lime
increment, number of iteraticons necessary on selected time levels
ta reach the convergence, and computation time which was spent on

simulation presents Table 7.10.



Figure 7.75.
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TABLE 7.1. Input Data for Example Problem &1, Input File *SELETTOR.IN'.

£3¢ BLOCK A: BASIC INFORMATICN SIttrntsSestsntfesixeeissessinssiteensisy

Heading
* Example problen #1 - Column Tast’

LWrit  TUnit (indicated units are abligatory for all input data)
‘en’ 'sec’

Kat |d:horizontal plane, liaxisymmetric vertical flow, Zivertical plane)
2

Maxit  Tol {mazimum nuaber of iterations and p. head tolerance)
20 .10

CheckF ShortF FlexF  AteInF  SeepF
f t t f t

$3% PLOCK B: WATERTAL INFORMATION BXRRSssstisxslRaissittsfansissirsnssess
NMat  MLay  hTabl hTabMN HPar

1 1 L0010 200, °
thr ths tha tha Alfa n Ks Kk thi

020 350 .02 S350 L0410 1.984 000722 000693 .IB7S
131 BLOCK C: TINE INFORMATION SRRseysgetbitagactsasasstsanxssresatniss
dt diMin  dtMax  DMul  DMul2 MPL

L .o b, 1.1 W33 b

TPrinttdh, TPrintt2), ..., TPrint (WPL) {print-time array!

&0 00 1800 2700 3400 5400
$4% BLOCK D SEEPAGE INFORMATION (enly if SeepF =.true.) XIRRIRERSRNLERK

NSeep (nusber of seepage fares)
i

NSP{f}, NGP(2},.......,NSP{NSeep) (nueber of nodes in each s.4,)
2

Kode51!),Kode52},...,KodeSINSeep) ¢set all elements of this array =-1)
-1
NPCE, 13, NPCE,2), ... WP LT, NSPEGY) (nodal number array of i-th s.%.}
i 112
183 END OF INPUT FILE "SELECTOR.IN® SRSR8RfRRssaneasissatsasaerasstsany

7-b




TABLE 7.2, Input Data for Example Problem ¥, Input File *GRIL.IN'.

131 BLOCK T: NODAL INFORMATION SERSSIRsassassiasseitarsoasassssassesasti
NuahP NuaEl 1J  NumbBP :

Mz i 2 |
N Kode X 1 Pl g N Betz Axz Bxz Dxz
1 1 0.00 é1.00 0.75 0.00E+00 1 ¢.00 1.00 1.00 1.00
2 1,00  61.00 0.75 O0.00E400 1 0.00 1.00 .00 1.00
I 0 0,00 60.75 -150.00 0,00E+00 ! 0.00 1.00 1,00 f.00
4 0 1.00 60,75 -150.00 O,00E+00 { 0,00 1,00 1.00 1.00
5 0 0,00 60,50 -150,00 0,00E+00 1 0,00 1.00 1,00 1.00
& 0 1.0¢ 6050 -150,00 Q,Q0E«00 1 Q.00 1,00 (.00 1.00
7 0 0.00 60,25 -150,00 0.00E+00 1 0.00 1,00 1.80 1.00
g8 0 1.00 A0.25 -150,00 O.00E+00 1 .00 1,00 1.00 1.00
g 0 0,00 50,00 -150,00 O,00E400 1 0.00 1,00 1,00 1,00
10 0 1.00 60,00 -150,00 O.00E400 1 0.00 1,00 1,00 1.00
t1 0 0.00 59.50 -150.00 O.00E+00 1 0.00 1.00 1.00 1.00
12 0 1,00 59.50 -~150.00 O.00E+00 1 0.00¢ 1.00 1.00 1.00
130 0,00 99,00 -150.00 0,00E4+00 ! 0,00 1,00 }.00 1.00
4 0 1,00 59.00 -150.00 O,00E400 1 0.00 1.00 1.00 1.00
15 0 0.00 58.00 -150.00 O.00E400 { 0.00 1,00 1.00 1.00
16 0 1.00 58,00 -150.00 O.00E+00 | ©0.00 .00 .00 1.00
{7 0 0,00 57.00 -150.00 ©,00E+00 1 0,00 1.00 1,00 1.00
9 0 .00 57,00 -130,00 Q.00EX00 1 Q.00 1,00 1,00 1.00
19 ¢ 0.00 Sh00 -150.00 O.00E400 1 0,00 1.00 1.00 1.00
20 0 1,06 500 -130.00 O0,00E+00 1 0,00 1.00 1,00 1,00
21 0 0,00 9500 -150.00 0.00E+00 1 0,00 1,00 1,00 1,00
22 ¢ 1,00 55,00 -136.00 O0.00E+00 1 0.00 1,00 1,00 1,00
270 0.00 94,00 -150.00 O0.00E400 1 0,00 1,00 1.00 1,00
N 0 1,00 954,00 -150.00 O0.00E+00 1 0.00 1.00 1.00 1.00
23 0 0,00 53,00 -150.00 O0.00E400 1 0.00 1.00 1.00 1.00
2 ¢ 1.0 53.00  -150.00 0.00E400 1 0.00 1.00 1,00 1.00
21 0 0,00 52,00 -150.00 OQ,00E+00 1 0,00 1,00 1.00 1.00
28 0 1,00 52,00 -150,00 CO.00E+00 1 0,00 1,00 1,00 1.00
X o0 000 51,00 -~150.00 O0.00E+00 1 0,00 1,00 1,00 1.00
0 ¢ 1,00 51,00 -150.00 Q,00E400 { 0,00 1,00 1,00 (.00
06 0,00 50.00  -150.00 O0.00E+00 1 0,00 1,00 1,00 1.00
3Z 0 1,00 50,00 -150,00 O0,00E+00 1 0,00 1,00 1,00 .00
I 6 000 49.00 -130,00 O.00E+00 1 0.00 1.00 1.00 1,00
M 0 1,00 49,00 -150.00 O0.00E+00 ! 0.00 1.00 1.00 1.00
N0 0.00 48.00 -130.00 O.00E+00 1 0.00 1.00 1.00 1.00
I 0 1.00 48.00 -150.00 O0.00E+00 { 0.00 1.00 1.00 1.00
370 000 47.00  -150.00 0.00E+00 § 0,00 1.00 1,00 .00
3 0 1,00 47,00 -150.00 O,00E+00 1 0,00 1.00 1,00 1.00
¥ 0 0,00 4600 -150.00 0,00E+00 T 0,00 1,00 1.00 1.00
40 0 1,00 45,00 -150,00 0.00E+00 ! Q.00 1.00 1.00 1.00
A 0 0,00 4500 -150.00 O0.00E¢00 1 0,00 1,00 1,00 .00
42 0 1,00 45,00 -150.00 O,00E+00 i 0.00 1,00 1.00 .00
43 0 0,00 44,00 -150.00 O.00E¢00 { 0,00 1,00 1.00 1,00
44 0 1,00 44,00 -150.00 O0.00E¢00 1 0,00 1.00 1.00 1.00
45 0 0,00 43,00 -130.00 0.00E+00 1 0,00 1,00 1.00 {.00
4 0 1,00 43,00 -150.00 O.00E+00 1 0.00 1.00 1,00 1.00
47 0 0,00 42,00 -150.00 0,006+00 1 0.00 1.00 1.00 1.00
48 0 1,00 42,00 -550.00 O0,00E¢00 { 0,00 1,00 1.00 1.00
49 0 0,00 41,00 -130.00 0.00E+00 1 0.00 1,00 1.00 1.00
0 0  L.00 41,00 -150.00 O0,00E+00 1 0,00 1.00 1.00 1,00
5 0 0.00 40.00 -150.00 O0.00E+00 1 0,00 1,00 1,00 1,00
52 0 1,00 #0.00 -150.00 CQ.O00E+00 1 0.00 1.00 1.00 1.00



TABLE 7.2, Input Data for Example Probles #1, Input File 'GRID,IN'.

{Continuation}
53 0 0.00 39.00 -150.00 O.00E+00 1 0.00 1,00 1,00 1,00
54 0 100 39.00 -150.00 O0,00E+00 1 0.00 1.00 1,00 1.00
5 0 0.00 3B.00 -150.00 O0.00E¢00 1 0,00 t.00 1.00 1.00
5 0 1,00 I8,00 -150.00 0.00E#D) {1 0,00 1.00 1,00 1.00
57 0  0.00 37.00 -150.00 0.00E¢00 ! 0,00 1.00 1,00 1.00
3% 0 1,00 37.00 -150,00 O0,00E+00 1 0.00 (.00 1,00 1.00
9 0 000 3600 ~-150.00 0.Q00E+00 1 0.00 1.00 1.00 1.00
&0 0 1,00 3600 -150.00 0,00E400 1 0.00 1,00 1,00 1.00
81 0 .00 35,00 -150,00 D.COE#00 1 0,00 [.00 1,00 1,00
62 0 1,00 35,00 -15C.00 O,00E#00 | .00 1.00 1,00 1,00
63 0 0,00 34,00 150,00 0.00E400 [ 0.00 1.00 1.00 1.00
&4 0 1.00 34,00 -150.00 O0.Q0E400 ! 0.00 1.00 1.00 1,00
B3 0 ¢.00 33,00 -150.00 O,00E+00 1 0.00 1.00 1,00 1.00
66 0 1,00 33,00 -150.00 0.00E400 1 0,00 1.00 1.00 1.00
87 0 0,00 32,00 -130,00 O0.00E+00 1 0,00 1,00 1,00 1.00
68 0 1,00 32,00 -130.60 0.00E400 1 0,00 1.00 1,00 1.00
69 ¢ 0,00 31.00 -150.00 O0.00E400 ! 0.00 1.00 1.00 1.00
70 ¢ Leo 3500 -190.00 0.00E400 3 0.00 1.00 1.00 1.00
1 06  0.00 30,00 -150.00 O0,00E+00 1 0,00 1.00 f.00 1,00
72 0 1,00 30.00 -150,00 O,00E+09 1 0.00 1.00 £.00 1.00
73 0 000 29,00 -150.00 0.00E+00 1 0,00 1.00 1,00 t.00
% 0 1,00 29,00 -150.00 O.00E+00 Y 0.00 1.00 1.00 1.0¢
7 0 0,00 28.00 -150.00 O.00E+00 1 0.00 1.00 1.00 1.00
7 00 1,00 2B.00 -150.00 0.00E+0D0 1 0,00 (.00 1.00 1.00
70 0,00 27,00 -150.00 O,00E+00 1 90.00 1,00 1.00 1.00
7 8 1,00 27,00 -130.00 ©O,00E+00 1 0,00 1,00 1.00 1,00
79 0 0.00 2600 ~-150.00 O.0CE+#00 1 0.00 1,00 1,00 1,00
80 0 1,00 26,00 -150.00 O0.00E400 § 0,00 1,00 1.00 t.00
81 ¢ 0.0¢ 25.00 -130.00 O.00E+00 1 0,00 1.00 .00 1.00
82 0 1.00 25.00 -130.00 O.00E400 1 0,00 1.00 1.00 1,00
83 0 0.00 24,00 -130.00 0.00E400 § 0.00 1.00 1,00 1.00
84 0 1.00 24,00 -150.00 O0.00E+00 1 0.00 1.00 1.00 1,00
85 0 0.00 23,00 -130.00 O.00E+00 1 0,00 1.00 1.00 1.00
8 0 1.00 2300 -150.00 O.00E+00 1 0.00 1.00 1.00 1.00
87 & 0,00 22,00 -150.00 0,00E400 1 0,00 1.00 1.00 1.00
88 0 1.00 22,00 -150.00 O.00E+00 1 0.00 1.00 1.00 1.00
89 0 0.00 21.00 -150.00 O0.COE$00 § 0.00 1.0 1.00 1.00
9 0 f.00 21,00 -130.00 O.00E4DD 1 €.00 1.00 L1.00 1.00
9 0 6,00 20,00 -150.00 O0.00E4D0 1 0.00 .00 1,00 1.00
2 0 1.9 20,00 -150.00 0.00E¢00 1 0.00 1.00 1,00 1.00
93 ¢ 0.00 18,00 -150.00 O0.00E+00¢ { 0.00 1,00 1.00 1.00
94 0 L.00 18,00 -150.00 O0.00E+00 1 0.00 1.00 1.00 1,00 .
95 0 0.00 1500 ~150.00 O0.Q0E400 I 0,00 1.00 1,00 1.00
% 0 1,00 16,00 -150,00 O0.Q06+00 1 0,00 1.00 1.00 1.00
97 0 0.00 14,00 -150,00 0.00£+00 1 0.00 1.00 1.00 1.00
%8 0 1,00 14,00 -150,00 O,00E+00 1 0.00 !.00 1.00 1.00
9% 0  0.00 12.00 150,00 0.00E+00 1 0,00 (.00 1.00 1.00
100 0o 1,00 12.00 -150,00 O.00E+00 1 .00 1.00 1.00 [.00
101 0 0,00 30.00 -1350,00 O0,00E+00 1 0.00 J.00 1.00 1.00
02 0 1,00 10,00 -130,00 O.00E+00 1 0.00 1.00 1,00 1.00
193 0 0.00 8.00 -1530,00 O0,00E+00 1 6,00 1.00 1.00 1.00
104 0 (.00 8.00 -150.00 O0.00E+0C 1 0.00 1.00 1.00 1.0D
103 0 0,00 4.00 -150.00 0,00E40% 1 0,00 1,00 1,00 1.00
106 0 1,00 6.00 -150,00 0.00E#00 1 0.00 1,00 1,00 1.00
107 0 0.00 4,00 -150.00 O0.00E+00 ! 0.00 [.00 1.00 1,00
108 ¢ 1,00 4,00 -~150.00 0.00E«D0 1 0.00 .00 1.00 1.00




109
110
111
112

E

83 ~3 0~ LA b A By —

0
0
-2

-
i

o B G S

9
11
13
15
17
19
2
P
2
rij
2%
H
3
33
37
39
41
43
45
4
49
b))
3
35
7
39
81
&3
63
87
69
!
n
15
77
79
fn
83
83
a7
89
91
93
93
97

0.00

1.00

0.00
1.00
¥53 BLOCK F: ELEMENT INFORMATION SSXfstadseisbetadrbindrseriitinnitinit

]

3

3

7

9
11
13
5]
17
19
a
3
25
27
29
K
i
35
37
39
41
LM
45
47
§°
)|
i3
55
57
59
&l
63
85
&7
&9
"
73
73
7
79
8l
g2
A
B7
B9
|
23
73
97

k
Il
&
g

0

12

14

1

18

20

Py,

2

2%

28

30

2

3

36

38

80

2

m

T

8

50

52

54

56

8

60

62

&4

b6

68

70

72

7

7%

78

80

g2

81

86

88

20

92

2%

%

%8

99 160
99 101 102 100

2.00
2.00
0.00
0.00

- R |

8
10
12
14
ié
18
20
22
24
26
28
30
32
34
3
38
40
32
H
b
48
0
82
54
L
58
b0
82
b4
bb
68
70
72
74
76
78
80
a2
B4
8
i
90
2
94
9%
98

TABLE 7

Angle
0.00
0.00
0.00
0.00
0.00
.00
0.00
(.00
0.00
0.00
0.00
0,00
0.00
0.00
0.00
0.00
.00
0.00
0.00
0.00
.00
.00
.00
0.00
0.00
0. 00
0.00
0.00
0.00
0,00
0.00
0.00
0.00
0.00
0.00
0.00
0,00
.00
0.00
.00
0.0¢
.00
0.00
0.00
0.00
0.00
0.00
0.00
.00
0.00

.2, Input Data for Example Probles ¥1, Input File "GRID.IN,
(Continuation)

-150.00 0.00E+00 1 0.00 1.00 1.00 1.00
-150.00 0.GOE+00 1 0.00 L.O0 1.00 1.00
-150.00 0.00E400 ! 0.00 t.00 1.00 1.00
-150.00 0.00E+00 { 0.00 1.00 1.00 1.00

Confl1 ConA33 LayNua
.00 1.00 1

1.0 £.00
1,00 1.00
1.00
.00

—
- ®
—

- -
=] =
L]

- . -
= - B~ R R e e - e - B B e B B R R i P R R i B B~ I — = B S — B~ N3
-

DO o 00 00 0D 0 D0 00 D00 DD DD D D D DS DD O

-
- a =

- »
L= = B S B Wl B e B ]

et e bk et b ek b b b e sk s b Gk b pem bk e Pk b e b en b bk el et e e e B R s e pie el b s ek R ek b ek ea e
- - = s e s e . . - a2 % = » = % @& 2 % = 5 e = .« » = ow - % o= M
Bt Bl ek e i ek i peh b G e tmE s ek RS el Peh d S S PR et A e b el b el b ek e peh  fmh i ek b e deh et ek Gk b fmed
- « %« e = - = =2 = & ® “ & A % = s * = e = « = s @ " = s = = ®= @
e ek ek b Rk bl ek e b bk bk bk b b el bR bl bk bk et BerE bk beh bamh bem e bk e Gk Gk Bem h bk bem badk Bem bme Bk ek e bbb ek b ek e B et e

[N — i = = -]




TABLE 7.2. Input Data for Example Problea #1, Input File *GRID.IN’,

{Continuation)
91 101 103 104 102 0.00 1,00 1,00 1
92 103 105 106 104 0,00 1,00 1,00 1
53 105 107 10B 106 0,00 1.00 1,00 1
54 107 109 110 108 0,00 1.00 1,00 ¢
5 107 111 112 110 0.00 1.00 1,00

115 BLOCK ©: BOUWDARY GEOMETRIC INFORMATION SEESRBSesstestssisisassiessy

KiB(1),KXB(2),, .., KXB(NuaBP) {kgundary node tuaber array}
1 2 1831 112

Width{1],Widthi2),. .., Nidth (NuabP) (width array}
0.5 0,30 0.50 0.50

rlen {length of the surfacel
1.00

338 END OF INPUT FILE *SRID,IN BESESSRREEREXSSLATNTLRARIRTAIANLALLALTILE
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TABLE 7.3. Qutput Data, Exasple Problea #f, Dutput File "H,QUT",

Example probles #1 - Column Test

Prograa SwM I1

Date: 26. §.1988 Time: 15140

Tine independent boundary conditions
Vertical plane flow, V = L1

Units; L =ce , T = sec

Tine 382 60.0000 331

n xn) zind hinl hintt) ...
1 0.0 b0 0.8 0.8
3 0.0 80.7 -1.7 -1.7
3 0.0 80.5 -4,2 -4,2
7 0.0 40,2 -4.6 -5.7

9 6.0 60.0 -9.0 -3
i 60 393 -13.7 -14,3
13 0.0 5%.0 -19.1 -20.1
15 0.0 360 -4.6 -40.7
17 0.¢ 5.0 -129.3 1243
19 0.0 560 -150.0  -149.9
41 6.6 550 -150.0  -150.0
yA 0.0 540 -150.0 -150.0
¥ 0.0 50 -130.0 -150.0

27 6.0 520 -150.0 -150.0
29 0.¢ 5LO0  -156.0  -150.0
5} 0.0 50,0 -150.0  -190.0
3 0.0 49,0 -130,0 -150.90
38 0.6 4.0 -150.0 -130.9
7 0.0 4.0 -150.0 -130.0
39 0.6 450 -150.0  -150.9
L] 0.6 45,0 -130.0 -150.0
LxS 0.0 44,0  -130.0 -130.0
43 0.0 450 -150.0 -130.0
47 0.0 42,0 -150.0 -150.0
49 0,0 4.0 -150.0 -150.0
5 ¢.0 40,0 -130.0  -150.0
33 6,0 390 -150.0 -150.0
55 6.0 380 -150.¢ -130.0
57 6.0 30 -150.0 -t50.0
k) 6.0 360 -150.0  -130.0
b1 6.0 35,0 -150.0 -130.0
63 0.0 340 -150.0 -150.0
63 0.0 330 -150.0 -150.0
87 0.0 3.0 -150.0 -~§{30.0
69 6.0 310 -130.0 -150.0
n 6.0 3.0 -150.0 -130,0

3 0.0 29.0 -150.0 -130.0
" 6.0 280 ~-150.0 -150.0
17 60 27,0 -150.0 -150.0
1 0.0 26,0 -150.0  -150.0
2 0.0 25,0 -150.0 -150.0
83 0.0 2.0 -150.0 -150.0
83 0.¢ 2.0 -150.0  -150.0
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TABLE 7.3. Gutput Data, Exasple Problem #1, Gutput File *H.QUT".
(Continuation)

7 0.0 220 -150.0 -150.0
89 6.0 21,0 -150.0 -136.0
kj! 0.0 20,0 -150.¢ -150.0
kM 0.0 18.0 -150.0  -150,0
95 0.6 160 -150.0 -~150,0
97 0.0 14,0 -150.0 -150.0
99 0.0 12.0 -150.0  -~150.0

101 9.0 10,0 -150.0  -150.0
103 0.0 8.0 -150.0  -150.0
103 9.0 6,0  -130.0  -1530.0
107 0.0 4.0 . -156.9  -150.9
109 0.0 2.0 -150,0  -150.0
111 0.0 0.0 -150,0 -150.0

Tine 338 900.0000 $3%

n xin) zin} hin) hintt) ..,
| 0.0 51,0 0.8 0.8
3 0.0 0.7 0.2 0.2
5 0.0 40.5 -0.3 -0.3
7 0.0  40.2 -0.8 -0.8
9 0.0 0.0 -1.3 ~1.3

1 0.0 39.5 -2.4 -2.4
13 0.0 59.0 =3.4 -3.4

15 0-0 SBI‘O -515 -515
17 0.0 57.0 -1.6 -1.b
19 0.0 560 -9.7 -9.7

21 0.0 55-0 _llns _1113

B 0.0 540 -13.8 -13.8
o] 6.0 330 -15.7 -15.8
27 0.0 3520 -17.9 -17.9
29 0.0 510 -20.7 -20.7
3 0.0 50,0 -24.8 -.9
33 0,0 49,0 -3.9 =321
35 0.0 48,0 ~47.2 -41.0
3 0.0 47,0 ~94.8 -89.2
3% 0.0 A0 -147.9  -18
4 0.0 45.0 -150.0 -130.0
4 0.0 440 -150.0  -150.0
45 0.0 4.4 -150.0 -150.0
4 0.0 #2.0 -150.0 -150.0
49 0.¢ 4.0 -150.¢  -150.0
51 0.6 40,0 -130.0  -150.0
b5} 0.0 39.0 -130.0 -1530.0
bH 0.0 3.0 -130.0 -150.0
37 0.¢ 3¢ -150.0 -150.0
9 0.6 360 -156.0 -150.0
61 0.6 354 -150.0  -150.0
63 0.0 340 -150.0  -150.0
63 0.¢ 330 -150.0 -150.0
b7 0.6 32,0 -150.0  -150.0
49 6.0 3ILo -150,0 -150.0
! 0.0 30.0 -150.0 -150.0
n 6.0 29.0  -130.0  -130.0
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TABLE 7.3, Output Data, Example Problea #1, Qutput File *H.OUT'.

{Continuation}
™ 0.0 28,0 -150.0 -190.0
77 0.0 27,0 -156.0 -130.0
79 0.0 260 -150,0 -150.0
81 g0 230 -150.0  -150.0
a3 00 24,0 -150.0  -130,0
85 a0 230 -150.0 -150.0
0.0

87 . 2.0 -150.0  -130.0
89 9 21,0 -150.0 -130.0
) 0.¢ 20,0 -150.0 -130.0
73 0.0 180 -150.0  -150.0
95 0.0 160 -150.0  -130.0
97 4.0 140 -150.0  -130.0
i} 0.0 12.0 -150.0  -150.0
10 0.6 10.0 -150.0  -150.0
103 0.0 8.0 -150.0  -150.0
105 0.0 6.0 -130.0 -150.0
107 0.0 5,0 -150.0 -130.0
109 0.9 2.0 -150.0 -150.0
11 0.0 0.0 -145.8 -14%.8

Time 138 1800.000C 43

n x(n) zin) hin} hintl) ...
i 0.0 b0 0.8 0.8
3 0.0 60,7 0.4 0.4
5 6.0  60.5 0.1 0.1
7 0.0 40,2 -0.3 -0.3
9 0.0 60,0 -0.5 -0.5
11 0.0 99.5 -1.3 -1.3

13 0.0 5%.0 -2.0 -2.0
15 0.0 38.0 -4 -1.4
17 0.0 97.0 -4.8 -4.8

lq 0-0 56-0 -8.1 '6-1
2 0.0 55.0 -5 ~1.5
23 9.0 54,0 -8.9 -8.9

Yo 0.0 5.0 -10.3 -10.3
27 0.0 5.0 ~11.6 -11.8
29 0.0 510 -12.9 -12.9
1| 0.0 §0.0 -14.2 -14.2
33 ¢.0  49.0 -155 -15,5
35 0.2 48.0 -16.8 -16.8
3 0.0 470 -18.3 -18.3
i? 0.0 440 -20.1 -20.2

4 0.0 45.0 -20.7 <22.7
LN 0.0 440 -26.2 -26.3
£ 6.0  4%L0 =319 -39
a7 g0 2.0 -§2.2 -42.4
49 0,0 810 -67.6 -45.9

5l a0 80,0 1317 -125.1
53 0.0 390 -149.7 -149.5
55 0.0 38.¢ -130.0 -130.0
97 6.0 37.0 -150.0 -150.0
39 0.0 360 1300 -150,0
()} ¢.0 350 -150,0 -130.0

13




TABLE 7.3, Output Data, Exasple Probles #1, Output File *H.OUT".
(Continuation)

63 0.0 340 -150.0 -150.0
63 0.0 30 -150.0  -130,0
67 0.0 32.0 -150.0  -150.0
69 0.0 3.0 -150,0 -150.0
n 0.0 .0 -150,0  -150.,0
73 0.0 2%.0 -150.0  -130,0
75 0.0 28,0 -150.0  -150.0
7 0.0 27.0 -130.0  -150.0
79 0.0 280 -150.0  -150.0
81 4.9  25.0  -15¢.0  -150.0

M 6.6 24.¢ -150.0 -130.0
85 .0 230 -150.0  -150.0
87 0.0 220 -150.0  -150.0
89 0.0 210 -150.0  -130.0C
k! 0.0 200 -130,0 -130.0
% ¢.0 18.0 -130.0 -150.0
95 0.9 160 -130.0  -150.0
97 0.0 180 -150.0 -150.0
99 0.0 120 -130.0 -150.0
101 ¢.0 16,0 -150.0  -130.0
103 0.0 B.¢ -~130.0  -130.,0
105 0.0 6.0 -130.0  -130.,0
107 0.0 4.0 -150.0  -150,0
109 0.0 2.0 -150.0  -150.0
i1 0.0 0.0 -18%9.6  -18%.7

Tine ¥3%  2700.0001 ¥ty

R xin}  Zn) hin} hintd) ..,
i 0.0 41,0 0.8 0.8
3 0.0  40.7 0.5 0.3
3 0.0 40,5 0.2 0.2
7 0.0 &0.2 0.0 0.0
9 6.0 40,0 -0.3 -0.3
11 0.0 39.5 -0.8 -0.8
i3 0.0 59.0 -i.4 -1.4
13 0.0 98,0 -2.4 -2.4

17 0.0 9§10 -1.3 =35
19 4.0 560 -hb -4.8
2 60 5L -57 -3.7
3 0.0 540 -b.7 ~6.1
25 8.0 33.0 -1.8 -7.8
27 8.0 320 -0.9 -8.9
il 0.0 510 -9.¢% -9.9
3 0.0  50.0 -11.0 -11.0
33 0.0 49,0 -12.0 -12.0
35 0.0 48.0 -13.0 -13.0
37 &0 410 -14.0 -14.0
39 0.0 460 -15.0 -15.0
a 5.9 459 -15.9 -15.9
£3 0.0 8.0 -16.9 -17.0
15 0.0 4.0 -18.1 -18.1
L) 0.0 42,0 -1%.5 -19.3
L)) 0.0 4190 -21.3 -21.3
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TABLE 7.3, Output Data, Exasple Probles #1, Output File "H.OUT’,
(Continuation)

51 0.¢ 40,0 -2%.7 ~20.7
32 0.0 9.0 -26.9 -27.0
k5] 0.0 380 -31.9 -32.0
i 0.0 30 -40.3 -40.4
39 0.0 350 -58.2 -37.8
61 0,0 350 -108,8  -102,6
83 0.0 340 -148,5 -147.1
63 0.9 339 -150.0  -150.0
67 ¢.0 320 -150.0 -130.0
69 0.0 3.0 -150.0  -130.0
Al 0.0 3.0 -150.0 -130.0
73 0.0  29.0 -150.0 -150.0

13 0.0 280 -150.0 -150.0
77 6.0 27.0 -150.0  -150.0
79 0.0 260 -150.0 -150.0
81 6.0 I5.¢ -150.0  -130.0
B3 0.0 240 -130.0  -150.0
4 0.0 23.0 -150.0  -130.0
87 0.0 22,0 -150.0  -150.0
89 6,0 2,0 -150.0 -130.0
91 0.0 2.0 -130.0  -150.0
a 0,0 18,0 -i30.0  -150.0
93 0.0 10 -§30.¢ -130.0
97 0.6 14,0 -150.¢ -130.0
99 0.0 12,0 -150.0  -150.0
{41 0.0 10,0 -150.0  -130.0
103 0.0 8.0 -150.0 -150.0
t05 0.0 6.0 -130.0  -150.0
107 0.0 8,0 -150.0 -150.0
107 0.0 2.¢ -150.0 -150.0
411 8.0 0.0  -149.4  -149.3

Tise 333 3500.0001 0%

n wln)  zim) hin} hin+l} ...
1 0.0  Bt.0 0.8 0.8
3 0.0 60.7 0.5 0.9
3 0.0 40,3 0,3 0.2
7 0.0 60,2 0.1 0.1
9 0.0 80.0 -0.1 -0.1
11 0.0 399 ~0,8 ~0.b
13 0.0 9.0 -1.0 -1,0
15 0.0 3B,0 -1.% -1.9
17 0.0 57.¢ -2.8 -2.8
19 0.0 Gb.0 =17 -1.7
21 0.0 55.0 -4, 4 -4.6
2 0.0 540 -5.% -5.5
25 0.0 53.0 -b.4 -b.4
Fe 0.0 §2.0 -7.3 -7.3
il 0.0 510 -8.1 -8.1
H 0.0 50.0 -3.0 -%.0
1B 0.0 49.0 -9.% -9.9

33 0.0 48,0 -10.7 =107
37 0.0 47,0 -11.6 -1Lé
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TABLE 7.3, Dutput Data, Exasple Problea #1, Output File *H,0UT',
{Continuation)

39 0.0 4.0 ~12.4 ~12.4
41 0.0 45.0 -13.3 -13.3
XS 0.0 4.0 -14.1 -14.1
45 0.0 4.0 -14.9 -14.9
7 0.0 42,0 -15.7 -15.7
9 0.6 410 ~16.3 ~16.3
)| 0.0 40.0 -17.4 -17.4
M 0.0 39.0 -18.4 -18.4
53 0.0 38.0 -19,4 -1%.6
57 0.6 3.0 -21.1 -21.1
59 0.0 340 ~23.1 -23.1
61 0.0 35,0 -25.7 -25.7
63 0.0 340 -29.4 -2%.3
85 0.0 3390 ~35.0 -35.2
&7 0.0 32.0 ~45.1 -435.2
89 0.0 3.0 -47.8 -b6.7
71 0,6 300 -125.9 -119.2
73 0.0 9.0 -84 1834
73 0.¢ 280 -150.0 -150.0
I 0.¢ 20,0 -150.0 -150.0
79 0.0 280 -150.0 -150.0
81 .0 23,0 -150,0 -130.0
83 5,0 240 -150.0  -150.0
85 6.0 2.0 -150.0  -150.0
87 0.9 2.0 -130.0 -130,0
iy 0.0 2.0 -130.0  -150.0
9 0.0 20,0 -130.0 -150.0
] 0.0 18.0 -150.0  -150.0
95 6.0 160 -130.0 -190.0
97 6.9 140 -150.0 -130.0
99 0.0 12,0 -150.¢  -150.0
10! 0.0 10,0 -f30.0  -150.0

103 0.0 8.0 -150.¢ -136.0
105 2.0 4.0  -150.0  -150.0
107 0.0 4.0 -150.0 -150.0
109 6.0 2,0 -149.9  -149.9
11 0.0 6.0 -149.3 -149.4

Tine 333 5600,0002 158

n x(n) z(n) hin) hint) ...
i 0.0 61.0 0.8 0.8
3 0,0  80.7 0.6 0.6
3 0.0  40.3 0.4 0.4
7 8.0 80,2 0.2 0.2
e 6.0 80,0 0.1 0.1
1 0,0 99.5 -0.3 -0.3
13 0.0 59.0 -0.é -0.6
13 0.0  58.0 -1.3 -1.3
i7 0.0 57.0 -1.9 -1.9
19 0.0 36,0 R -2,b
H 0.0 53.0 -3.3 -3.3
YA 0.0 54,0 -4,0 -4,0
o] 0.0 .0 -4,7 -4,7
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TABLE 7.3. Output Data, Example Probles #1, Output File *H.OLT',

(Continuation}
re 0.0 52.0 -5.4 -5.4
29 6.0 51.0 -6.0 -5.0
H 6.0 90,0 ~-5.7 -b.7
13 .0 49.0 -1.4 -7.4
35 0.0 480 -8.1 -B.1
1) 0.0 470 -8.7 -8.7
39 0.0 46.0 -9.4 -9.4
4 6.9 45.0 -10.1 -10.1
43 0.0 4.0 -10,7 -{0.7
] 0.0 4.0 -11.4 -11.4
8 0.0 42,0 -12.0 -12.0
49 0.0 41.0 -12.6 -12.6
9 6.0 §0.0 -13.3 -13.3
3 0.0 39.0 -13.9 -13.9
35 0.0 380 -14,5 -14.5
97 0.0 370 -13.1 -15.1
59 0.0 380 -15.7 -15.7
#1 0.0 350 -16.3 -16.3
63 0.0 340 -16.9 -16.%
&5 0.0 330 -17.4 -17.6
87 0.0 2.0 -18.4 -18.4
9 0.0 .0 -19.32 -19,3
b3 0.0 30.0 -20,5 -20.5
73 0.0 29.0 -21.9 -21.9
75 0.0 28.0 -7 -23.8

7 2.0 27,0 -26.1 -2h.9
1 0.0 25.0 -29.3 -29.3
81 0.0 250 -34.0 <340
81 0.0 240 -31.5 -41.7
83 0.0 2%L0 -56.3 -98.2
87 0.0 22,0 -94.2 =90.0
a9 0.0 2.0 -185.0 -141,7
1 0.0 20,0 -149.9  -149.9
93 0.0 8.0 -130.0¢ -150.9
95 0.0 160 -150.0  -150.0
97 6. 140 -130.0  -150.0
b4l 0.0 120 -150.0  -150.0
10t 6.0 10.0 -130.0 -150.0
103 0.9 g.0 -150.0 -150.0
105 0.0 60  -130.0  -130.0
10?7 0.0 L0 -150.0  -150,0
109 0.0 2,0 -149.9 -149.%
m 0.¢ 0.0 -145.0  -149.1
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TABLE 7.4. Output at the End of Sisulation, Example Probles #1, Dutput File *TH,ONT’,

Time 38 5400.0002 $1¢
n o uln) zind thin) thintt) .,

1 0.6 610 0.350 ¢.350
3 0.0 80.7 0,330 0,350
5 0.0 80.5 0.330 0,350
7 0.6 60.2 ¢. 350 6,350
9 0.0 80,0 0,350 0,350
i1 6.0 59.5 0.350 0.350
13 0.0 3%.0 0.350 0,350
15 0.0 358.0 0.349 0.349
17 0.0 57.0 0.349 0.349
19 0.0 55.0 0.348 0.348
2 0.0 55.0 0.346 0.346
23 0.0 354.0 0.343 0.343
28 90,0 530 0.343 0,343
27 0.6 5290 0.34i 0.341
29 0.0 5190 0.1%9 0.139
i 5.0 500 0,338 0.33b
33 0.0 49,0 0.334 0.334
35 0.6 #8.9 0.331 0.33
37 0.6 47.0 0.328 0.3
39 0.0 450 0.325 0.32%
L} 0.0 450 0.322 0.322
43 0.0 840 0.218 0.318
13 0.0 430 0.315 0.315
L)) 6.0 4290 0.312 0.312
8 0.0 4.0 0.308 0,308
81 0.0 40,0 0.303 0,303
53 0.0 39.0 0.302 0.302
35 0.0 38.0 0.298 0.298
57 0.0 3.0 0.293 0.295
9 0.0 350 0.292 0.292
6 0.0 330 0.288 0.288
63 0.0 4.0 0.283 0.285
63 6.0 330 0.281 0.281
87 0.0 320 0,276 0.276
&9 6.0 3.0 0.2 e
! 0.6 30.0 0.264 0,254
3 0.0 299 0.236 0.25
7 0.0 28,0 0.247 0.247
n 6.0 27,0 0.233 0.234
k) 0.6 26,0 0.219 0.219
Bt 0.0 25.0 0.199 0,198
a3 0.0 240 0.1 0.171
85 0.0 23.0 0.132 0.132
87 0.0 22.0 0.077 0,08t

89 0.0 2.0 0.043 0.047
9 0.0 20.0 0.043 0.043
2 0.¢ 18,0 0.043 0.043
93 0.0 160 0.043 0.043
97 0.0 14D 0,043 0.043
99 0.¢ 120 0.043 0. 043
101 0.0 1.0 0,083 0,043
103 0.0 8.0 0,043 0.043
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TABLE 7.4, Dutput at the End of Simulation, Exasple Probles #1, Output File 'TH.OUT,
(Continuation)

105 0.0 6.0 0.043 0,043
107 0.0 4.0 0,043 0.083

109 0.0 2.9 0,043 0.043
111 0.0 0.0 0.04% 0.044

TABLE 7.5. Output at the End of Sisulation, Exasple Problem #1; Dutput File ’4.0UT’,

Time $3F  5400,0002 13¢
n o x(n) zint ftn} Gintl) ...
0.0 61,0 Q.60E-03 0.60E-03

1

3 0.0 0.7 0,00E+00 0.00E+00
5 0.0 60.5 0,00E+00 0.00E¢00
7

0.0 60,2 0.00E400 Q.00E+00
9 0.0 40,0 0,00E¢00 0O, 00E+00
it 0.0 5%9.9 0.00E400 0.00E+00
13 0.¢  59.¢ 0,00E+0D 0.00E+00
15 0.0 58.0 0.00E400 O0.00E+00
17 0.0 37.0 C.00E+C0 ©.00E+00
19 0.0 56,0 0.00E+00 O.00E+00
2 0.0  55.0 O0.00E+0C 0.00E+00
3 0,0 54,0 0.00E+00 0.0GE+00
2 0.0 510 0,00E+00 O.00E+00
27 0.0 G20 0,00E+00 0.00E+0D
29 0.0 51.0 O0.00E+00 0.00E+00
i 0.0 50,0 O0.00E+00 0.00E+0D
33 0.0 49,0 0,00E400 0.00E+00
33 0.0 48,0 (,00E+00 0.00E+00
37 0.0 47,0 0,00E+00 0,00E+00
39 0.0 45,0 0.00E+00 0.00E+00
4 0.0 45,0 0.00E+00 0,00E+00
3 0.0 44,0 0.00E+00 0.00E+00
4 0.0 43.0 0.00E+00 0.00E+00
47 0.0 42.0 0.00E+00 0.00E+00

4 6.9 .0 0.00E+00 0.00E+00
o 0.0 40.0 0,00E+00 0.Q0E+0C
5% 6.0 39.0 0.00E+00 0.00E+00
55 0.0 38,0 0,00E+00 0,00E+0Q
57 0.0  37.0 0.00E+Q0 0,00E+00
59 0.0 350 0,00E+00 0.00E+O0
61 0.0  35.0 0,00E+00 0,00E+00
43 0.0 34,0 0,00E+00 0,00E+00
65 6.0 3.0 O0.00E+00 ©.00E+0G
47 0.0 320 0.00E400 O.00E+00
&% 0.¢ 1.0 0.00E400 Q,00E400
" 0.0 30.0 0,00E+00 0,00E+00
73 0.0 29.0 C.00E+00 O,00E+00
75 0.0 28,0 0.00E+00 0,00£400
77 0.0 27.0 0.00E+00 0.00E¢00
79 0.0 26,0 0,00E+00 0.00E+00
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TABLE 7.5, Dutput at the End of Simulation, Exawple Probles #1, Dutput File ’8.00T7,
{Continuation}

81 9.0 250 0.00E+00 0,00E+00
83 0.0 24,0 0.00E+00 0,00E+00
Bl 0.0 230 O.00E+00 9,00E+00
87 0.¢ 22,0 0.00E+00 0,00E+00
89 0.0 200 0.00E+00 0.00E+00
9 0.0  20.0 0.00E400 0.00E+00
93 0,0 18,0 0.00E+00 0.00E+00
95 0.0 16,0 0.00E+00 0.00E+00
97 0.0 14,0 0.00E+00 0,00E+Q0
99 0.0 12,0 0.00E+00 ©,00E+00
101 0.0 10,0 0.00£400 0,00E+00

103 0.0 8.0 0,00E+00 0.,00E+00
105 0.0 6.0 0.00E+00 (.00E#00
107 0.0 4.0 0.00E+00 0,00E+00
109 0.0 2,6 0.00E+00 0.00E+00
i 0.0 0.0 0,00E#00 0.00E+00

TABLE 7.b. Output at the End of Simulation, Example Problem &1, Dutput File *VI.OUT’,

Time $t¢  5400,0002 141

x(e) zig} vzle) vzletl) ..,

0,5 60,9 -0.12E-02
0.5  60.6 -0.12E-02
0.5  &0.8 -0,12E-02
0.5  40.1 -0.12E-02
0.5 59,7 -0.12E-02

a0 O3 =~ > N b= i B3 e

0.3 59.2 -0.,126-02

0.5 58,9 -0,126-02

0,5 57,5 -0.126-02

0.5 96,5 -0.126-02
10 0.3 55.5 -0.12E-02
it 0.3  54.5 -0.12€-02
12 0.5 535 -0.12E-02
13 0.5 32,5 -0.12E-02
14 0.3 51.5 -0.126-02
15 0.5 50.5 -0.12€-02
16 0.5 49,5 -0.12E-02
17 0.5  48.5 -0.126-62
18 0.3 47,5 -0.12E-02
19 0.5 46,3 -0,12E-02
20 0.5  45.5 -0,12E-02
A 0.5 44,5 -0,12E-02
22 0.5 43.5 -0,126-02
23 0.3 42,5 -0.17%-02
2 0.3 41,5 -0.11E-02
25 4.5 40,3 -0.11E-02
26 0.5 3%.5 -0.1E-02
27 ¢.5 385 -0.)1E-02
28 0.5 3.5 -0.11E-02
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TABLE 7.4. Dutput at the End of Simulation, Exasple Probles #1, Dutput File "VI.OUT’,

(Continuatien)
29 0.5 2895 -0.11E-02
30 0.5  35.5 -0.11€-02
K 0.5 345 -0,116-02
32 6.3 335 -0.11E-02
33 0.5  32.5 -0.10£-02
b1 0.5 3.5 -0.10E-02
b 0.5 30,9 -0.106-02
3b 0.5  29.9 -0.98E-03
¥ 0.5 28.5 -0.94E-03
38 0.3 27.5 -0,90E-02
39 0.5  26.5 -0.BIE-0F
40 0,% 25,9 -0.77E-03
4) 0.5 24,5 -0.66E-03
42 0.5 23.5 -0.52E-03
a3 0.5 22,5 -0,31E-02
4 0.5  21.5 -0.42¢-04
45 0.5  20.9 -0.7SE-0b
4 0.5  19.0 -0,BBE-07
87 0.5  17.0 -0.BAE-07
48 0.5 15,0 -0.84E-07
19 0.5 13.0 -0,B4E-07
50 0.5 11,0 -0,B4E-07
a1 0.5 9.0 -0.84E-07
592 0.5 7.0 -0.B4E-07
53 0.3 3.0 -0.84E-07
54 0.3 3.0 -0,80£-07
9% 0.5 1.0 -0.52¢-07
TABLE 7.7, Dutput Data, Example Probles #1, Output File "H_MEAN.QUT".
Time hata hRoat hKoded h¥odet hSeep t-level
m i I fL] L] L}

£0,0000 0.0 0.0 0.0 0.8 -150.0 bb
900. 0000 0.9 0.0 ¢.0 0.8 -149.8 157
1800,0000 0.0 0.0 0.0 0.8 -149.4 203
2700, 0001 0.0 0.0 0.0 0.8 -149.5 237
3600.0001 0.0 0.0 0.0 0.8 -149.3 2b8
5400, 0002 0.0 0.0 0.0 0.8 -149.1 A
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Tine rits
mn (wm

&0, 0000
900.0000

1800, 0000 0. 000E

2760, 0001

3400. 0001 0.000E

5400. 0007

0. 000E+00
0.000E+00

0. D00E+00

0. 000E+00

TABLE 7.8,

rRoot
[L/T2

Butput Data,

vits
I/

0, 000E+0C 0., 000E+00
0.000E+00 Q.000E+00

+00  0.000E+00 0. 000E+00

0.000E+00 0, 000E+00

+00  0.000E+00 0. 000E+00

TABLE 7,9. Output Data,

0.000E+00 0, QOOE+00

Tine CunlaP Cua@RP CuabA
in [ i L]
60,0000 0,000E+00 0.900E+00 0, 000E+00

200, 0600 0. 000F
1802, 0000 0. 000E

27000001
35600, 0001

5400, 0002 0.000E

TLevel

bb
157
203
237
268
n

Real time [ainl

Time

0. 600E+02
0, 200E+03
0. 100E+04
0.270E+04
0. 350E+04
0. 540E+04

0. 000E+00
0. 900E+00

+00 0.000E+00 0.0D00E+00
+00  0.000E+00 0. 000EH0D

0.000E+00  0.000E+00
0. 00CE+90 0. Q00E+00

+00  0.000E+00 0, 000E+00

Exanple Problea #1, Dutput File *V_MEAN.DUT’,

yRoot  vKodel vKodel vSeep t-level
T Im [L/m (LTl

0.000E+00 0.000E+00 -0.783E-2 0.000E+00 6h
0.000E+00 0.000E+00 -0.223E-02 Q.00CE+00 137
0. 000E+0C 0. 00CE+00 -0.171E-02 0. 00QE+00 203
0,000E+00  0.000E+00 -0.149E-02 €. 000E+G0 237
0.000E+00  0.000E+00 -0.135E-02 0. 000E+00 248
0.000E+00 0.000E+00 -0.121E-02 0. 000E+00 N

Exasple Problea B1, Output File *CUM O.0UT".

CungR Cuad3 Cuslll Cun@5 t-level
fL) (] [L] [L]

0.000E+00  0,000E+00 -0,812E+00 0. 000E+0) b
0.000E+00 0. 000E+00 -0.358E+01 0. 000E+00 137
0,000E+00  0.000E+00 -0.331E+01 0. 00CE+00 203
0.000E+00  0.000E+00 -0.673E+01  0.G00E+00 23
0.000E+00 0.000E+00 -0.BOIE+G! 0. Q00E+00 268
0.000E+00 0, GOOE+0D -0, 103E+02 0. OOOE+00 n

TABLE 7.10. Dutput Data, Example Prohles #1, Dutput File *RUN_INF.QUT’.

dt Tter ItCue

0. 275E+01
0. 154E+02
0. 2198402
0.284E+02
0. 290402
0.337E+02

264
408
182
928
§ [052
§ 1263

- s P e

B6. 06666064941 4064
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7.2, EXAMFLE PROBLEM #2 - GRASS FIELD PROBRLEM

The atmospheric and groundwater level data Ffrom Hupselse
Beelk watershed were used to simulate water movement in one-
dimensional enil profile. Calculations were performed over the
period of April 1 to September 30 of the fairly dry vear 1982,
The results of computations are compared with those obtained
using simulation model of the water balance SWATRE (Feddes et
al., 1978, Belmans et al., 1987).

The s0il profile (see Figure 7.4.) consists of two layers,
an A-borizon of 40 cm thickness and BC-horizon extending to a
depth of 200 cm. The depth of the root zone is 20 cm. The mean
scaled hydraulic functions used to characterize the s011
properities of ach layer (Hopmans and Stricker, 1987, Cislerova
1987) are presented on Figure 7.5.

As a boundary conditions for the top of the system, actual
precipitation and potential transpiration intensities of a grass
crop were incorporated as day’s totals spred unifarmly over day
intervals., As a bottom bouwndary condition, the bottom Flwe —
groundwater level relationship gh) was used (see Ef. 4.1.).
Initially, the groundwater level was set at 95 cm below the soil
surface. The initial moistuwre profile was taken to be in
enqulibriun with the groundwater level.

The anput  values of actual precipitation  and  potenlial
transpiration are presented in Figure 7.é4. . The cumdati e
valies of caloculated actual transpiration and comot at e
discharge from the bottom of the soil profile are shown in Figure
7.7 « The variation of mean pressure head at the soil surface
and within the root zone during simul ated seasone are presented

in Figure 7.8. - Variations of the calculated groundwater table



http://Hupse1.se

with time are shown in Figure 7.9. « A complete print of input
data is provided in Tables 7.11. through 7.14. . Selected output

data are tabelated in Tables 7.15. through 7.18. .
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Figure 7.4. Flow system and finite element mesh for EBEdample
Froblem #2.




Figure 7.5,
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Figure 7.7.
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TABLE 7.11, Input Data fur Exanple Problen 82, Input File *SELECTOR.IN’.

11t BLOCK A: DASIC INFORMATION SXTSLARERLRRISSARLRRLRLNILINIILINRLLLAILL

Heading
' Exaaple Probles ¥2 - Grass Field Problen (Hupselse Beek 1982)°

LUnit  Tunjt {indicated units are ohligatory for all input datal
!c.? ldayi

Kat (0:horizontal plane, l:azisyemetric vertical flow, 2:vertical planel
2

Maxit Tol (maxisus nusber of iterations and p, head tolerance)
20 .10 :

CheckfF ShortF FlusF  AtsinfF  SeepF
{ t t t f

$4% BLOCK B: MATERIAL INFORMATION $ERSRSSssrstissssssssisressssassassan
NMat  NLay  hTabl hTabN NPar
2 2 001 1000, 9
the ths tha tha Alfa n Ks Kk thk
L0001 399 L000f L399 L0174 1,3757 9.75 29.7% 399
01 L33 0000 L339 L0139 1.4024 45,34 45,34 339
B82 BLOCK C: TIME INFORMATION SERSRRSXEsissestssastassssssestsasestaigy
dt dtMin  dtMax It} IMul2  MPL
02 le-it 0,30 1.3 3 7
TPrint{1),TPrint(2),...,TPrint {MPL) (print-tine array)
91 120 151 181 212 243 273
$43 END OF INPUT FILE *SELECTOR.IN® SSUBSHRSsRassessesassastessosivsesy

TABLE 7.12. Input Data #or Example Froblem 42, Input File "SINK.IN'.

£33 BLOCK I: SINK INFORMATION SERRINEROSEEBOXsxussssenssitasssagisnssys
PO P2H P2t P3 r2q r2t

-10, =200, -B0Q. -B0OO. 0.5 0.1

POpteil),POptai2},... POptmilMat)

-5, -2

155 END OF INPUT FILE *SINK.IN' SURpRsassasistisritininnsnsaasassanssent

TABLE 7.13. Input Data for Exaaple Prohles #2, Input File ’ATMQSPK,IN'.

$13 BLOCK H: ATHOSPHERIC INFORMATION #2XsXSESSRfasstsssssssssassessesn
117 Hupselse Beek 1982 peeftatiieipiiteititipsdtotibidt]s
R e sditatdstitatiNttsdettattstitiatateiedititiebesdititiestitiness
SinkF  Dumay qBRLF

t f t

BWLOL  Agh Bgh (if qbMLF=f then Agh=Bgh=0!
3¢ - 1687 -02678

tInit  MaxAl {MaxAL = nuaber of atmospheric data-records)
90, 183

hCrit$ (sax. allowed pressere head at the soil surface)
1e30
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TABLE 7.13. Input Data for Example Probles 42, Input File "ATNOSPH.IN®.

(continued)

thte Prec rSoil rRoot hCrith rt ht
N 0 0 0.15 1000000 0 0
g2 0,07 0 0.18 1000000 0 0
93 0.02 0 0.13 1000000 0 0
94 0 ¢ 0.2 1000000 0 0
23 0 0 0.28 1000000 0 ¢
% 0.07 0 0.18 1000000 0 0
97 0.29 0 0.08 1000000 0 0
79 0.44 ¢ 0,14 1000000 0 0
99 0.2 0 ¢.11 1000000 @ 0
100 0.29 0 0,11 1000000 0 0
101 0.72 o ¢.11 1000000 0 0
102 0.49 0 0.11 1000000 ¢ 0
103 0,01 ¢ 0.16 1000000 0 0
104 ] 0 0.17 10060100 ¢ 0
105 0 0 0,22 1000000 0 0
106 0 0 0.2t 1000000 ] 0
107 ¢ ¢ 0.23 1060000 0 0
108 0 i} 0.23 1000000 | 0
109 0 0 0.24 1000000 0 0
H 0 0 0.18 1000000 0 0
111 ¢ Q 0.15 1000000 0 0
112 0 0 2.1% 1000000 0 0
113 .01 0 0.15 1000000 ] 0
14 0.01 ) 9,22 1000000 0 0
115 ] | 0.23 1000000 { 0
131 0.02 ¢ 0.2 1000000 0 0
117 i} 0 0,17 1000000 9 0
118 0.02 0 0.14 1000000 0 ]
119 .26 0 0.1% 1000000 0 ¢
120 0.24 & 0.1t 1000000 0 ]
121 0.51 0 0,08 1000900 0 ¢
122 9 ¢ 0.21 1600000 9 0
123 0.19 9 0.14 1000000 0 0
124 0.17 0 0.21 1000000 0 0
123 0.78 0 0,07 1000000 0 0
126 1.18 0 0.1 1000000 0 0
17 0.48 ¢ 0.1 1000000 ¢ 0
128 0 0 0.16 1000000 0 0
129 0 ¢ 0.26 1000000 0 0
130 0 ¢ 0,26 1000000 ] 0
13 0 ] 0,25 1000000 ¢ 0
132 0 ] 0,31 1000000 0 0
132 0 0 0,75 1000000 ] 0
134 0 9 0,41 1000000 0 0
133 0 0 0.39 1000000 ¢ 0
134 ] 0 0.4 1000000 0 b
137 0.1% 0 0.17 1000000 0 0
138 0.26 0 0.25 1000000 0 0
139 0.0! i 0.29 1000000 0 ¢
140 0.2 0 0.1% 1000000 ] 0
11| 0 0 0.1 1000000 0 0
142 0.25 0 0.12 1000000 0 0
143 3 0 0.22 1000000 0 0
144 0,07 0 2.19 1000000 0 0
145 ] )] 0.27 1000000 0 0
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TABLE 7.13. Input Data for Exampie Problen 32, Input File *ATMOSPH.IN’.

[continued}
135 ] 0 0.44 1000000 0 0
147 0.29 0 39 1000000 0 |
148 0.0 0 0.23 1000000 0 0
149 ¢ ¢ 0.3t 1000000 0 0
150 (U i\ 0.42 1000000 0 0
13 f 0 0.43 1000000 0 0
s2 0 O 5.4 1000000 9 ]
133 0 0 0,46 1000000 0 ¢
154 0 ¢ 0,42 1900000 ! 0
155 0 0 0.28 1000000 0 ¢
136 O 0 0,48 1000000 0 0
157 1.07 0 0.29 1000000 0 ¢
158 001 ] 0,38 1006000 ] 0
139 0 0 ¢.36 1000000 0 0
140 ¢ ¢ 0.3 1000000 0 0
161 0 0 ¢.34 1000000 ] o
1482 4.22 0 0,18 1000000 0 0
163 0.3 0 ¢.26 1000000 0 ¢
164 0,45 0 5,12 1000000 0 0
(1.9} 0.01 ] 0.23 1000000 0 0
154 ¢ 9 0.2 1002000 0 0
167 0.8 0 0.08 1000000 ¢ 0
168 0 0 2,23 1000000 0 0
169 0.19 0 ¢.153 1000000 ¢ 0
170 0.78 fy 0.1 1000000 0 0
171 0,01 0 0.26 1000000 0 0
172 0 0 5,2 1000000 ¢ 0
173 1.54 0 0.2 1000000 ¢ 0
174 0.18 0 0,21 1000000 0 0
175 0,27 0 0.1 1000000 ¢ 0
174 0.02 0 0.3 1000000 0 0
177 0.565 0 0.37 1000000 ¢ 0
178 0.12 & #.21 1000000 0 0
179 0.82 0 0.2 1000000 0 0
180 0.42 4 0.17 1000000 0 i}
181 H 0 0.29 1000000 0 0
182 0.04 0 0.24 1000000 0 0
183 0.01 0 0,37 1000000 0 0
184 0.44 0 0.11 1000000 0 0
185 ¢.02 0 0.26 1000000 i} 0
186 2,09 ] ¢33 1000000 0 0
187 0.01 9 8.21 1000000 0 ]
158 9 1t 0.34 1000000 0 0
1689 0 0 0.41 1000000 0 0
190 ¢ ¢ 0.31 1000000 ] 0
N 0 0 0.3 1000000 0 0
192 0 ¢ 0.37 1000000 0 0
193 0.01 0 0.45 1000000 0 0
194 0 0 0.47 1000000 0 0
195 0 0 0.48 1000000 0 0
154 .24 0 9.36 1000000 0 0
197 0.01 ] 0.32 1008000 0 0
198 ¢ 0 0.38 1000000 0 0
199 Q 0 .47 1000000 0 0
200 0 0 0.3 1000000 ] 0
a0 ¢ 0 0.35 1000000 0 ¢
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TRBLE 7.13. Input Data for Ezample Problem #2, Inmput File 'ATMOSPH.IN'.

{continued)
paid 0 4 .34 1000600 0 ]
203 0 ] 0.26 1000000 Y 0
yill ] 9 0,29 1000000 0 0
205 0 ¢ 0.24 1000000 0 0
208 ] 0 8,25 1000000 0 0
207 0.01 ¢ 0.21 1000000 0 0
208 0.07 0 0.24 1000000 9 0
209 0.05 0 0.33 1000000 0 0
210 0 9 0.48 1000000 0 0
211 q 0 0.56 1000000 0 0
212 0 0 0.65 1000000 0 ]
213 0 0 0.22 1000000 ] 0
214 9 0 0.58 1000000 0 ¢
215 d ¢ 0.39 1000000 ] 0
216 0.01 0 0.38 1000000 0 1}
247 0.52 0 0.05 1000000 0 0
218 0 ] 0.32 1000000 0 9
219 0.08 9 0.15 1000000 0 0
220 0 0 ¢.21 1000000 0 ¢
P¥s| 0.2 0 0.09 1000000 0 ]
222 9.1 ] .32 1000000 0 1}
222 0 0 8,32 10600060 ] ¢
Erdd 0 0 0.36 1000000 0 9
225 0.02 0 0.26 1000000 ) 0
224 0.31 0 0.27 1000000 0 0
227 0.93 0 0.11 1000000 0 0
228 ] 8 0.27 1000000 0 0
e 0.97 0 0.22 1000000 0 0
230 0,78 0 2,24 1000000 0 0
pad! 0 @ 0.3 1000000 0 ¢
32 0.2% Q 0,33 1000000 9 0
27 0.08 Y 0.2 1000000 ¢ ¢
pis] 0.05 ¢ 0.15 1000000 0 0
235 0,08 0 0.14 10006000 0 0
236 8.19 ! 0,21 1000000 0 0
37 0.07 ¢ 8.2 1000000 0 0
38 0.53 0 0.06 1000000 0 0
29 .2 0 0.18 1000000 0 ¢
244 0.48 & 0,13 10000060 ] ]
pLo| 0 0 0.23 1000060 ] 0
242 0 0 3 1000000 0 0
247 0,05 ¢ 0.17 1000000 0 0
24 0.1t 0 0.15 1000000 0 0
e 0.14 0 0.23 1000000 0 0
245 0 0 0.2% 1000000 0 0
M7 ¢ 0 0.31 1000000 ] 0
248 0.02 0 ¢.18 1000000 0 0
249 0.04 0 0.08 1000000 0 0
250 ] ] 0,12 1000009 0 0
251 0 Q 0.2 1000060 0 0
222 0 0 0.2 1000000 0 0
2% 0 ¢ ¢.22 1000000 0 ¢
254 0 0 0.8 1000000 0 0
235 0 ¢ 0.14 1000000 0 0
256 0 0 0,13 1000900 ¢ 0
257 0 ] 0.1% 1000000 ¢ 0
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TABLE 7.17. Input Data for Example Probles 02, Input File ’ATMOSPH, IN°,

(continued)
259 0 0 0.2 1000200 0 ¢
53¢ 0 0 0.14 1009000 0 0
240 0 ¢ 0.19 1000000 9 0
261 ] ¢ 0.14 1000000 0 ¢
262 U} 0 9.2 1000000 0 0
262 0,35 0 0.2F 1000000 ¢ ]
264 .92 0 0.16 1000000 0 0
263 0 ¢ 0.2 1000000 0 0
264 ¢ 0 0,19 1000000 0 0
247 ¢ f 0,18 1000000 0 0
248 ¢ 0 0,18 1000000 0 0
289 0.53 0 0,69 1000000 0 0
70 0.07 0 0,23 1000000 0 0
71 0 0 0.17 1000000 ¢ 0
72 0 O .22 1000000 0 0
273 1.04 0 0 1000000 \ {

Itt END OF INPUT FILE *ATMOSPH. IN 3XSIRRRXIRALXALLATLITLELLNTNNLENINLN

TABLE 7.14. Input Data for Example Probles 82, Input File *6RID.IN'.

f31 BLOCK Z: NODAL INFORMATION TIBUSSsadyisssssisassssssssssssassainsiss
NushP  NueEl 1J NuaBf

(=

0,00 200,006  -25.00 0.00E+00
§.00 200,00  -25.00 O.00E+D0
0.00 190,00  -15.00 0.00E+00
£.00 190,00  -153.00 0.00E+00
0.00 180.¢0 -5.00 0.00E+00
1.00 180.00 -5.00  0.00E+00
¢.00 170,00 3,00 Q.00E+00
1.00 170,00 3.00 0.00E%00
0.00 160,00 1500 0.00E+00
100 140,00 15.00 0.00E+00

1.00 1.00 1.00
1.60 1.¢0 1.00
0.00 1.00 1,00
¢.00 1,90 1.00
0.00 1.00 1.00
6,00 1.00 t.00
8,00 1.00 1,00
0.00 1.00 1.00
0.00 1.09 1.00
.00 1.00 1.00

- .
L =~ — ]

86 12 2 4

N Kode X I P1 a M Beta Asxz Bxz D:
1 -4 0,00 230,00 53,00 O0.00E400 { 0,00 1.00 1.00 1.00
2 -4 1,00 230,00 -55.00 0.00E400 1 0,00 1,00 1.00 1.00
300 0,00 229,00 54,00 0,00E+00 1 0,00 1.00 1,00 1.00
4 1,00 229,00  -54,00 C.00E+00 1 (.00 1.00 1.00 1.00
5 0.00 228.00  -53.00 O0.00E+00 1 1.00 1.00 1.00 1.00
b 1.00 278.00  -5I,00 O.00E+00 1 1.00 1.08 1.00 .00
7 0.00 226,00 -51.00 0.00E400 1| 1,080 1,00 1,00 1.00
a8 1,00 226,00  -21.00 (.00E+00 { 1.00 1,00 1.00 1.00
¢ 0.00 224,00 -49.00 0.C0R+00 1 1,90 1,00 1,00 1.00
10 1,06 224,00  -49.00 O.00E+00 1 1.00 1,00 1.00 .00
11 0,00 220,00  -45.00 0.00E400 1 1.00 (.00 1,00 1.00
12 1.06 220,00  -45.00 O.00E+00 1 1,00 1{.00 1.00 1.00
I 0.00 215,00  -40.00 0.00E+00 1 1,00 1.0 1,00 1,00
14 1,00 2i5.06  -40.00 O.00E+0D ! f.00 1.00 1.00 1.00
3 0.60 210,00  -35,00 0,00E400 1 1,00 1,00 (.00 1.00
1.0 212,00  -35,00 O,00E€¢00 ! .00 1.00 1,00 1,00
17 0.00 205,00  -16.00 O,00E+G0 1 1,00 1,00 1.00 1.00
18 1,00 205.00  <30.00 O.00E4#00 1 1.00 1,00 1.00 1,0
1 1.0
i 1.00

H 1.0

i 1.0

2 1.0

2 1.0
2 1.00
2 1.00
2 1.00
2 1.00

—
o
D D S DS O DD DD oD 0D R DO SR DD
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TABLE 7.14, Input Data for Exasple Problem #2, Input File *GRID,IN',

{continued)
22 0 0.00 150,00 25,00 0.00E400 2 0.00 1.00 1,00 1.00
3 0 100 130,00 29.00 0.00E400 2 0.00 1.00 1.00 1.00
0 0.00 140,00 35,00 0006400 2 0.00 1.00 1.00 1.00
32 0 100 140,00 35.00 0.00E400 2 0.00 L.00 1.00 1.00
30 0.00 130,00 43,00 0.00E+00 2 0,00 1.00 1,00 1.00
B o6 1,00 130,00 45.00 0.00E+00 2 0,00 1.00 1,00 1,00
3% 0 0,00 120,00 55,00 0.006400 2 0,00 1,00 1,00 {.00
B0 100 120,00 95.00 0.00E+00 2 0,00 1.00 1,00 1.0
3700 0,00 110,90 85,07 000400 2 0,00 1,00 1,00 1.00
W0 L6 116,00 65.00 0,00E+00 2 0,00 1,00 1.00 1.00
9 0 0.0 100,00 75.00 0.00E400 2 0,00 1.00 1,00 1.00
& 0 1,00 100.00 75.00 0.00E¢00 2 0.00 1.00 1,00 (.00
4 0 0,00 90,00 85,00 Q.00E+00 2 ¢.00 1.00 1.00 .00
2 ¢ 1,00 0.0 85.00 0.00E#+00 2 0,60 1.00 1.00 1.00
2 0 0,00 B80.00 93.00 0,00E¢00 2 0.00 1.00 1.00 1.00
4 0 L0990 90,00 99.00 0.00B+00 2 0.00 1.00 1,00 1.00
45 0 0,00 70,00 105,00 ¢.00E+00 2 0,00 1.00 1.00 1.00
4 0 1,00 70.00 105,00 OQ,00E+00 2 .00 1.00 1,00 1.00
47 0 0.00 80,00 115,00 O0.G0E+00 2 0.00 1.00 1.00 1.00
48 0 1.00 40,00  115.00 0.00E+00 2 0.00 1.00 1.00 1.00
9 0 0,00 50,00  125.00 O0.00E400 2 0.00 1.00 1.00 1.00
0 0 1,00 956,00 125,060 0.00E+00 2 0.00 1.00 1,00 1.00
510 0,00 4,00 135,00 O0.00E+00 2 0,00 1.00 1.00 t.00
32 0 1,00 40,00 135.00 O,00E+00 2 0,00 1.00 1.00 1.00
800 0,00 30,00 145.00 0.00E400 2 0.00 1,00 (.00 1,00
54 0 1,00 30,00 185,00 O.00E+00 2 0.00 1.06 1.00 1.00
S50 0,00 20,00 155,00 0.00E400 2 0.00 1,00 1,00 1,00
S6 0 1,00 20,00  135.00 Q.00E+00 Z 0,00 1,00 1.00 1.00
70 6,00 10,00 185,00 0.00E400 2 0.00 1,00 1.00 1.00
58 0 100 10,00 165,00 CQ.00EHDG 2 0,00 1,00 1.00 L.0C
90 600 G000 170,00 0.00E+00 2 0,00 1.00 1,00 1,00
40 0 1,00 500 170,00 0,008+00 2 Q.00 1.00 .00 1.00
41 0 000 2,00 173,00 0.00E409 2 0,00 1,00 1.00 1,00
$2 0 1,00 .00 17,00 Q.00E+00 2 0,00 1,00 1.0C 1.00
57 D 0,00 100 174,00 0.00E400 2 0,00 1,00 1,00 1.900
0 1.00 1.00 174,00 0.00E400 2 0.00 1.00 1,00 1.00
85 <3 00 A.00  175.00 O0.00E+00 2 0,00 1.00 1.00 1.00
b6 -3 1,80 0,00 £75.00 0.00E400 2 0.00 1,00 1.00 1.00

131 BLOCK F: ELEMENT INFORMATION E3SEBsasiisassstasratsasaasiasassnaeisn
i k1 Angle ConAll ConA33 LayNum
1 3 2 000 00 1.00 1
IS o8& 4 000 1,00 .00
7
9

—
< L™

3 2 & 0,00 100 1,00
7 B 0080 1,00 1.00
9 1t 12 10 000 1,00 1,00
1 13 14 12 000 1.00 1.00
3018 te 14 000 1,00 1,00
S 17 18 16 000 100 1.00
17 19 20 18 000 1.00 1.00
1921 22 20 006 1.00 1
O M 22 000 1,00
T2 W 000 100 .
25 27028 26 0.00 1.00 1,
|
1
1

—
O . O~ O B g 3 e TR

—
~a
"3
~
2

— -
Ln B oy
[ ]
-3 ~-d
=]
=3

o 000 1.00
2 3 0.00 1.90
4032 0600 1.00

P PRI P R P R PO e e e b e bt e e

e
o~
el
—
L)
e
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TABLE 7.14, Input Data for Exasple Problea #2, Input File 'GRID.IN’,
{continued)

17 33 38 3 3 000 100 100 2
18 35 77 I8 I 0.00 L.00 1.00 2
19 37 3% 40 38 0,00 100 1.00 2
20 39 41 42 40 0,00 1.00 1,00 2
2141 43 44 42 000 00 100 2
22 47 45 46 4 0,00 1.00 1.00 2
23 045 47 48 4 000 100 1,00 2
24 47 49 50 48 0.00 OO 1.00 2
25 49 51 §2 50 000 100 100 2
2 5 53 54 82 0.00 LOO 100 2
27 53 535 56 54 0.00 L.00 100 2
28 35 57 58 56 0.00 1.00 f.00 2
9 %57 39 40 38 0,00 1.00 1,00 2
3 37 8! 62 & 0.00 1,00 1.00 2
361 83 64 62 000 L0000 2
32 63 85 &b b4 0,00 1,00 1,00 2

113 BLOCK 6: BOUNDARY GEOMETRIC INFORMATION BR3¥stysaxsissstitiissinisse

KYBt1), KXB{2),...,KXB{NuaEP) {boundary node number array)
! 2 65 b4

Widthit), Width!2),,..,Nidth(NuaBP) {width array)
0,30 0,50 0,50 0.50

rien (Length associated with transpiration)
1,00

138 END OF INPUT FILE *GRID.IN' SRRstisxrsisssssaneaseseaiosaitsassein
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TABLE 7.15, Output Data for Example Problea #2, Output File ’A_LEVEL.OUT'.

Example Problea ¥2 - frass Field Probtem (Hupselse Beek 1982}

Progran SWM 11

Date; 2. 5.1988 Time: 14:49
Time dependent boundary conditions
Yertical plane flow, V = L8L

Units: L =co , T = day
Tine CunBAP Cuaf@iRP Cungh CuagR Cunl3 hita hRoot h¥ode3 A-lavel
m (& ] L] [{ ) ) [L] ful
F1.0000 0.000E+00 0,160E+00 0,000E400 0,160E+00 0,388BE-01 -38.3 =37.7 171.8 i
92.0000 -0,700E-01 ¢.340E400 -0,700E-01 0.340E+00 0, 743E-01 -59.5 -39.9 1469.3 2
93, 000¢ -0.900E-01 0.470E+00 -0,900E-01 0,470E+00 O, 10BE+00 -52.4 -42.1 162.3 3
94,0000 -0,900E-0t 0,470E+00 -0,900E-01 0,570E400 0,139E400 ~46.4 -45.6 164.3 §
95,0000 -0,900E-01 0,950E+00 -0,900E-01 O0.950E+00 ., 148E+00 -1.3 -50.1 140.3 3
95,0000 -0, 160E+00 (1138401 -0,1506400 0.113E+01 0, {94E+00 -1.2 -51.7 157.% b
97,0000 -0.850E400 0,321E+01 -0, 450E+00 0, 121E+01 0,219E+00 ~h3.6 -48.2 158.9 7
98,0000 -0,8990E+00 ©,133E+¢1 -0,.B0E+00 0, 135E+01 0,244E+00 -57.8 -4.1 162.1 8
99.0000 -0, 109€+01 0, ]46E+01 -0, 109E+01 0. 186E+01 (.272E+00 -40.9 -43.8 164,90 9
100,0000 -0.13BE+01 0. 157€+01 -0.138E+01 O.1S7€E+01 0.301E+00 -57.8 -4{.6 168.0 10
101.0000 -0.170E401 0, 148E40] -0, 170E401 0.14BE+01 0.331E+00 -533.1 -=38.% 168.4 11
102.0000 -0, 219E+01 0. 179E401 -0,219E+01 0.179E+01 0.3HAE+00 -48.8 =339 173.7 12
§03.0000 -0.220E401 0.195E+0! -0.220E401 0,195E+01 0.401E+00 -57.1 -34.9 172.4 13
104, 0000 -0, 220E+0) 0,212E+0) -0,220E+01 0,212E+01 0, 437E+00 -40.8 -40,2 16%.4 14
103, 0000 -0.220E¢01 0,234E+01 -0,220E+#01 (0, 234E+01  0.471E+00 -64.8 -44,0 165.8 15
106.0000 -0,220E+01 0, 253E+01 -0,220E+01 0,255E+01 O0.501E+00 -68.4 -47.% 162.3 16
107.0000 -0,220E+01 0,278E+01 -~0,220E+C1 0.27BE+0f 0,329E+00 -12.2 -51.2 159.1 17
108,0000 -0.220E+0] 0,301E401 -0.2206+M  0,301E+01 0, 354E+D) -75.0 -54,7 155.9 18
109,0000 -0, 2206401 0, 325E+01 -0, 220E+01 0.325E+01 0.577E+00 -719.7 -58.2 152.7 19
10,0000 -0.220E401  0.343E+01 -0.220E+01 0.343E4G1 0.599E+00 -82.1 -40,7 150.1 20
111.0000 -0, 220E+01 0,358E+0) -0, 220E+01 0.358E4+01 0.618E+00 -84.1 -62.7 148.¢ 21
112.0000 -0.220E+01  0,377E+01 -0,220E+01 O0.377E401 0. 837E+00 -87.0 ~43.4 145.7 22
113.0000 -0, 221E401  0.392E401 -0.221E+01 0,392E401 0, 5SSE+00 -88.4 -87.2 182.8 b
114,0000 -0.222E401  0.413E+401 -0,222E401 0.414E+01  0.872E+00 -H.? =101 141.5 M
115.0000 ~0.2226401 0.4F37E+01 -0.222E401 0.437E+01 0.4B8BE+00 -95.6 -73.3 139.1 29
116.0000 ~0,224E+01 0,457E+01 -0.224E401 0.357E+0% 0,TO3E+00 -95.9 -15.3 136.9 26
1170000 -0, 2245401  0.474E+01 -0.224E+01 0.474E+01 0,717E+00 -9%.6 -77.4 135.0 27
118.0000 -0.226E+GF  0,488F+01 -0.225E+01 0.4B8E+01 0,730E+00 -99.7 -78.4 133.4 28
19,0000 -0,252E+01 0.501E+0) -0, 252E+01 O0.501E+01 O, 743E+00 -84.8 -74.3 132.8 29
120.0000 -0, 274E+01 0,512E+40) ~0.2756E+01 90,512E40f 0.735E+00 -84,2 -12.0 133.3 30
121,0000 -, JI7E+01 0.320E+01 -0, 337E+01  0.520E+01 0,748E+00 -48.2 -53.3 136.1 A
122,0000 -0,337E+01  0.541E+01 -0,337E+01 0.341E40% 0.781E+00 -89.1 -7¢.4 137.3 32
122.0000 -0.356E+01 (0, 555E+01 -0,336E+01 0.355E+01 0.796E+00 -84,3 -69.7 137.3 3
124.0000 -0.373E+01 0,576E+01 -0,373€+01 0.378E+0f 0,B10E+00 -83.8 -70.7 137.2 34
125.0000 -0.451E+01 0, SBIE+0) -0, 451E+01 0.383E+01 0.B24E+00 -62.0 -58.2 140,64 I35
126.0000 -0.569E+01 0.593E+401 -0.549E+401 0,.593E+01 9.BIFE+D0 -48.2 -43.3 151.4 36
127.0000 -0,637E+01  0.503E+01 -0.637E401  0.803E+01 0.860E4+00 -5t.2 -40,7 162.9 37
128.0000 -0.5637E40%  0,4619E+0) -0.437E+01 0.419E+0f 0.BBBE+00 -85.1 -45.1 163.9 18
129.0000 -0.637E401 0. 44SE+01 -0, 6ITE+0L  0.645£+01 0.917EHOO -70.6 -4%.4 160,48 39
130.0000 -0.637E40) 0.471E+01 -0,637€+01 0.4T1E+0Y 0.943E+00 -74.9 -33.6 157.0 40
131.0000 -0,5837E+01 0,496E+01 -0, 637E+01 0,8696E+01 0.967E+00 -78.8 =513 153.6 41
1320000 -0.437E+01 0,727E401 -0.437E+01  0.727E401 0,989€+400 -81.8 -41.8 149.8 42
133,0000 -0,637E401 0.7h2E+01 -0.H3TE+01 0.752E+G1 0.101E+01 -89.4 -56.9 143.9 43
134,0000 -0.437E401 0.803E+01 -0.437E+01 0.803E+01 0, 103E+01 -98.1 -72.7 141.4 i
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TABLE 7.15. Dutput Data for Exaaple Probles 82, Qutput File *A_LEVEL.OUT.

135, 0000 -0,437E+¢1
136, 0000 -0, 637E+01
£37.0000 -0.638E+01
138.0000 -0.682E+01
139.6000 -0,5683E+01
140, 0000 -0, 703E+D4
141.0000 -0, 703E+01
142,0000 -0, 72BE+0}
143, 0000 -0,74BE+01
144, 0000 -0.735E+01
1450000 -0.755E+01
146, 0000 ~C. 7S5E+04
147.0000 ~0,784E+40)
148, 0000 -0.785E+01
149.0060 -0,783E+01
1500000 -0, 783E+01
1531.0600 -0.785E+01
152. 0000 -¢. 785E+01
153, 0600 -0, 795401
154.0000 -0, 785E+01
133, 0000 -0.785E+401
136.0000 -0, 783E+01
157.0000 -6.892E+01
138. 0000 -0,B93E+01
139.0000 -0.893E+01
160.0000 -0, B93E+01
161.0000 -0.093E+01
162,0000 -0.915E+01
163.0000 -0,945E+01
164.0000 -0, 101E+02
165.0000 -0,101E+02
§66,0000 -0, 1HE+02
167.0000 ~0.109E+02
168, 0000 ~0.109E+02
169.0000 -0, 111E+02
~ 170.0000 -0, 119E+02
171.0000 -0, 119E402
172, 0000 -0, 119E+02
175.0000 -0. 135€+02
174,0000 -0.136E+02
175.0000 -0, 139E+02
176, 0000 -0, 139E+02
177.0000 -0, 145E+02
1780000 -0, 147E+02
179.0060 -0, 155E+02
180,0000 -0, 161E+0Z
1B1.0000 -0, 141E+02
182.0000 -0.151E+02
183.0000 ~0.162E+02
184, 0000 ~0, 166E+02
185.0000 -0, 164E402
186, 0000 -0, 167E+02
187.0000 -0. 1A7E+02
168, 0000 -¢,147E+02
189.0000 -0.167E+02
190.0000 -0.147E+02

0.842E+01 -0.637E+01
0.8B2E+01 -0.437E401
0,899E+01 -0.455E+01
0.924E+01 -0, 4682E401
0.933E+01 -0,683E+01
0.958E+01 -0, 703E+0)
0.984E+01 -0, TO3E+0L
0.996E+01 -0, 72BE+01
0. 102E+02 -0.748E+01
0 104E+02 -0, TTSE+D!
0,106E402 -0, TS5E+01
0. 111E+02 -0.755E+01
0. 1156402 -0, 784E+01
0. 117402 -0.785E+01
0.120E+02 -0,783E+01
0. 1246402 ~0,705E+0!
0. 1296402 ~0,783E+01
0, 133E+02 -0, 7B5E+1
0. 137E402 -0, 195E+01
0. 141E+92 -0.785E+01
0, 144E+02 -0.7B5E+01
0, 149e+02 -0, 783E+01
0, 1516402 -0.992E401
0.155€+02 -0.893E+01
0.159€402 -0.833E+01
0.162E+02 ~0,893E+01
0. 145E402 -0,893E+01
0. 167E402 -0, H15E+0}
0, 149E+02 -0, 943E401
0. 171E+02 -0, 101E+02
0,173E+02 -0.101E+402
0.175E#02 -0, 101E+02
0.176E+02 -0, 109E+02
0.{7BE+02 -0, 109E+02
0.180E402 -0.111E+02
0. 181E+02 -0, 119E+02
0.183E+02 -0.119E+02
0.185€+02 -0.119E+02
0, 1BTE+02 0. 1356402
0. 190E+02 -0.1346E+02
0. 1926402 -0, 139E+02
0.195E+02 -0.139E+02
0.199E+02 -0, 145E+02
0.201E+0Z -0.147E+02
8, 203E+02 -0, 155E+02
0. 2056402 -0, 151E+02
0, 207E+02 -0, 141E+02
0.210E+02 -0,151E+07
0.214E402 -0, 162402
0.215E+02 -0.166E+02
0. 217E+02 -, 1A4E+02
0.220E+02 -0,147E+02
0,223E+402 -0, 167E402
0, 226E402 ~0, 14TEHO2
0.230E+02 -0. L67E+02
0, 2356402 -0, 147€+02

{cantinued)

0.842E401
0. BB2E+01
0.899E401
0,924E401
0,953E+01
0. 958E+04
0.984E+01
0. 994E+0}
0. 1026402
0. 104E+02
0, 108E+02
0.111E+02
0.113£402
0.117E+02 0. 119E+0L
0.120E402 0.120E+01
0.124E407 0. 120E+0]
01296402 0. 121E+H
0.133E402 0,122E+01
0.137E+02 0.122E+01
0.141E402 0, 123E+01
0.149E402  0.124E401
0.199E402 0. 124E+01
0. 1526402 ©.125E+01
0.155E+02 0. 1256401
0.159E402 Q,125E+01
0.1462E402 0, 126E+0]
0, 1656402 0, 124E+01
0.16TEXGZ 0,127E+01
0. 170E+02 9.127E401
0.171E+02 0. 127E+0]
0.173E402 0.12BE+01
0.175E+07 0. 128E+01
0. 176E+02  0.128E+01
0.178E+02 0.129E+01
0. 180E+02 0.129E+01
0.1B1E+02 0. 130E+01
0.183E+02 0.130E+01
0.185E4+02 0.130E+01
0.187E402 0.131E401
0.190E+02 (. 131E+01
0. 1926402 0. 132E+01
0.195E+02 0.132E+01
0.199€402 0. 133E+02
0.201E+02 0, 133E+01
0.203E+02 0. 134E401
0.203E+02 O, 1J4E+Q]
0.207E+02 0.135E+01
0.210E+02 0,135E+01
0.214E402 0.134E401
0.215E+402 0.137E+01
0. 217E402  0,1376408
0.220E+02 0.13BE+01
0.223E+02 0.138E+01
0.22bE402 (. 139E+01
0.230E+02 0.139E+01
0.235E+02 0, 140E+01

0.104E+01
0. 1068401
0. 107E+01
0.108E+)!
0. 109E+04
0.110E+01
0. 1126401
0. 113E+0L
0. 114E+01
0.115E+01
0. 1146E401
0. 117€+01
0.11BE+(1

7-38

-102,0
-108.1

-9

-89.7
~104.1

-74.2
-104.5

-91.4

-92.8
-100.4
-110.5
-121.8
-104.9
-118.9
-127.2
-137.8
-147.4
-135.1
-185.7
-174.1
-174.9
-10%.3

-82.9
-131.2
-149.7
-161.0
-172.3
-141.3
-109.4

-99.4
~130.4
-143.8

-83.4
-122.9
-117.0

-80.9
-112.2
-132.1

-57.3

-94.9

-99.3
-121.7

-89.4
~110.8

-76.9

-14.5
-108.2
-118.7
-133.7

-99.1
-1235.1
-131.4
~13%.1
-150.2
-162.9
-179.9

-71.9
-83.2
~79.2
-71.5
-83.2
-80.4
-83.7
-19.7
-86.2
-83.0
-588.5
-96.6
-91.9
-97.0
-102.3
-109.9
-117.0
-122.7
-130.5
-136.6
-137.8
-145.8
-108.4
~116.4
-126.9
~133.9
-141.6
-133.1
-11%.4
-107.5
-117.1
-123.3
-100.4
-111.0
-111.6
-93.8
-104.9
-114.7
-78.0
-90.%
-93.0
-106.2
-91.6
-102,0
-81.9
-B1.7
“94.7
-102.1
~1l.é
-98.8
-105.9
-112.4
-113.8
-122,
-132.0
-143.4

137.5
133.6
13t.4
130.4
129.0
128.0
122.2
126.8
128.7
126.2
124.9
122.3
119.7
117.9
115.9
113.4
10.3
107.6
104.4
1017
98.9
¥6.3
9.1
93.2
92.3
1.1
89.4
BA. 1
87.0
Bb. 6
85.8
B&.8
86.9
B.6
8.2
B9.1
9.3
9t.2
92.2
95.4
97.%
98.9
99.1
99.5
100.4
103.1
108.3
105.4
105.0
104.4
104.0
103.1
102.0
100.4
98.4

9.1

43
]
8
48
49
0
3
52
33
54
hh}
Bl
a7
8
39
60
LH
62
63
54
63
bb
87
48
69
10
I}
n
n
n
3
Th
17
b
79
B0
Bt
B2
83
84

86
8
28
89
90
b} |
922
93
L
95
%
97
98
99
100




TABLE 7.15. Output Data for Example Frobles #2, Dutput File *A_LEVEL,OUT’,

191.0000 -0, 167E+(2
192.0000 -0.167E+02
193.0000 -0, 167E+02
194.0000 -0, 167E+02
195,0000 -0. 167E+02
194.0000 -0, 169E+02
197.0000 -0, 189E402
198.0000 -0. 169E+02
19%.0000 -0.169E+02
200.0000 -0, 169E+02
201, 0000 -0.169E+02
202.0000 -0, 169E+02
203, 0000 -0, {49E+02
208, 5000 -0, 159E+02
205.0000 -0, 1498402
206.0000 -0, 169E+02
207,000 -C.1£9E+02
2089000 -0, 170E+02
209, 0000 -0.171E+02
210.0000 -0.171E+02
211.0000 -0, 171E+02
212.0000 -0,171E+02
213, 0000 -0.171E+02
214.0000 -0.171E+02
215, 0000 -0.171E+02
216.0000 -0.171E+02
217.0000 -0, 176€+02
218.0000 -0.174E+02
219, 0000 -0, 177E+02
220.0000 ~0.177E+92
221, 0000 -0.179E+02
222.0000 -0, 180E+02
223.0000 -0, 180E+02
224.0000 -0, 180E+02
2350000 -0.180€+02
226.0900 -0,183E+02
227.0000 -0, 192E+02
228.0000 -0.192E+02
229, 0000 -0,202E402
230, 0000 -0, 210E402
231, 0000 -0, 210E+02
232.0000 -6.212€+02
233.0000 -0, H3E+02
234,0000 -¢, 214E+02
233,0000 -0.215E+02
236, 0000 -0,217E402
237.0000 -0, 217E+02
238,0000 -0, 223E+02
239.0000 -0 225E+02
240,0000 -0,225E+02
241.,0000 -0,225E+02
242,0000 -0.225E+02
243, 0000 -0, 226E+02
244, 0000 -0,227E402
245. 0000 -0.229E402
246,0000 -0.229E402

0.238E+02 -0.157E+02
0.242E402 -0, 167E+(2
0. 244E402 -0. 167E402
0.251E+02 -0, 1678402
0. 236E+02 ~0. 16TE+2
0.260E402 -0, 169€+02
0. 2636402 -0.169E+02
0. 267E402 -0.1469E+02
0.271E+02 -0.165E402
0.274E+402 -0, 169E+02
0.27TE+02 ~0.169E4+02
0.201E+02 -0.169E402
0.2B3E+02 -0, {49E+02
0.286E+02 -0, 169E+02
0.289E402 -0, 169E+02
0.291E402 -0, 169E+02
0. 2936402 -0, 169E+02
0.294E+02 -6, 170E+02
0.299E402 -0, 171E+02
0.304E+02 -0,171E+02
0,309E+02 -0, 1716402
0.315E402 ~0,171E+02
0. J1BE02 -0.171E+02
0,324E+02 -0.171E402
0.330E+02 -0.1TEE+02
0.334E+02 -0.171E+02
0, 334E+02 -0.178E+02
0.337E462 -0.174E+02
0.339E402 -0, 177E+02
0.341E402 -0.177E402
0.342E402 -0.179E402
0.345E402 -0, 1BOE+02
0.348E+02 -0.180E+02
0.352E+02 -0, 1BOE+02
0.334E+02 -0.180E+02
0,337E+02 -0, 183E+(2
0.338E+02 -0, 192E+02
0. 361E+02 -0. 192E402
0.363E402 -0, 202E402
0.366E+02 -0.210E+02
0. 269E402 ~0.210E402
9,372€+02 -0.2126+02
0,374E+02 -0.243E402
0.275E+02 -0.214E402
0,377E+02 -0.215E+02
0.379E402 -0.217E402
0.381E+02 -0, 21TE+02
0.381E+02 -0.223E+02
0. 383E+02 -0.225E+02
0.385E402 -0,225E402
0, 3878402 -0, 225E+02
0.390E+02 -9, 225E+402
0.391E+02 -0.226E402
0.393E+02 -0, 2276402
0, 395E+02 -0.229E402
0.397E+02 -0,229E+02

(continued)

0.238E+02
0,242E+02
0.246E+02
0. 251E+02
0. 256E402
0. 2608402
0.263E+02
0.2467E+02
6. 27TIE+0?
0.274E+02
. 277E+02
0.281E+02
0.283E402
0.286E+02
¢.289E402
0.291£402
0.293E+02
0.294E4+02
0.299£+02
0.304E402
¢ I09E+02
0.316E402
G.31BE402
0, J24E402
0.329E+02
0.333E02
0.334€+02
0. 3376402
0. 33BE+02
0,341E+02
0.J41E+02
0.345E402
0, 34BE+02
0, 351E+02
0. 3346402
0.357E+02
0. 358E+02
0,3481E402
0, 363E+402
0, J63E+02
0. 368E+02
0,3718+02
0.373E+02
0.375E+02
0.2746E+02
0, 378E+02
0, 380E+02
0.381E+02
0. 3836402
0.384E+02
0. 386E+02
¢, J89E+02
0.391E+02
0. 392E402
0, 195E+02
0. 397F+02

0. 180E+01
0. 141E+01
0. 141E+01
0. 182E+01
0. 142E+01
0. 1426401
0.143E+01
0. 143E+01
0. 143E+01
0. 144E+01
0. 144E+01
9. 1M4E+01
0. 144E+04
0. 144E+01
0. 145E+0!
0, 143E+01
0. 145E+01
0. 145E+0)
0. 143E+01
0.138E+0!
0. 184E+01

0. 144E401

0. 145E4+01
0, 146E+01
0. 146E+01
0. 146E+01
0. 147E+01
0. 147E+01
0.1476401
0. 147E+01
0. 1476401
0. 147E+01
G, 147E+01
0, J47E+01
0. 147€+01
0. 1476401
0. 147£+01
0, 148E+0!
0, 14RE+01
0. H4BE+01
0. 148E+01
0. 14BE+1
0, 148E+03
0. 14BE+01
0. 148E+0)
0, H4BE+01
0. 148E+01
0.148E+01
0, 148E+01
0, t4BE+01
0, 149E+01
0. 149E+01
0. 149€401
0. 149€+01
0. 149€+0]
0. 1496401

7-39

-184.4
-192.5
-204.2
-221.2
-238.7
~183.2
-214.3
-231.7
-280,2
-84
-268.2
-278.4
-281.5
-287.0
~268.3
-290.4
~284.6
-258.4
-264.4
-307.8
-J36.3
-426.6
-443.8
-509.9
-999.8
~539.2
-219.%
-338.8
-340.3
-379.8
-263.5
-279.4
-137.4
-38.5
-38b.1
-241.9
-116.8
-203.6

-99.0

-9%.3
-191.2
-141.2
-183.2
-1714,7
-177.4
-1865.1
-183.2
-123.3
-141.2
-158.7
-183.7
-209.1
-206.2
-194.8
-183.4
-253.0

-146.3
-152.3
-168.7
=172,
~182.9
-172.4
-175.8
~184,0
-193.1
-198,5
-205.3
=212.1
=217
-217.%
-21%.1
=221.3
-220.6
-17.1
-222.9
-243.2
=278
-9
-108.7
-347.4
~393.5
-411.3
-303.2
-307.5
-295.2
-2%h.8
-266.9
-26%.7
~263.1
-32.4
-308.8
-284.3
~204.2
-208.7
~164.8
-137.8
-152.4
-158.8
~185.9
~i71.3
-175.1
-175.7
-181,7
-157.7
-157.4
-161.3
-174.4
-190.3
-195.1
-192.9
-193.9
205,35

101
102
103

103
10b
107
108
109
110
itt
12
113
14
13
i1b
17
118
19
120
121
122
123
124
123
126
127
128
129
t30
13
132

b
134
135
136
137
138
139
140
141
142
143
144
143
144
147
148
149
130
13
152
153
134
155
136




TABLE 7.15. Output Data for Example Probles #2, Output File "A_LEVEL.OUT’,

2470000 -0.229E+02
242.0000 -0,229€+02
249.0000 -0.229E+02
250.0000 -0, 229E+02
281.0000 -0, 229E+02
257.0000 -0, 229E+02
253.0000 ~0,229E+02
254.0000 -0,229E402
255, 0000 -0,229E402
236.0000 -0,229E+02
257.0000 -0.229E+02
258, 0000 -0.229E+02
239,0000 -0, 229E+02
260, 0000 -0,229E+02
201,0000 -0,229E+02
262.0000 -0,229E402
263.0000 -0,233E+02
264, 0000 -0, 238E+02
265.0000 -0, 238E+02
266. 0000 -0, 238E+07
2670000 -0,23BE+02
268.0000 -0.238E+02
269.0000 -0.243€+02
2700000 -0, 244E+02
271.0000 -0, 248E+02
272.0000 -0, 244E+02
273.0000 -0, 254E+02

0.401E+02 -0,229€402
0. 4026402 -0, 229€4(2
0.403E+02 0. 229E+02
0. 404E402 -0, 229E402
0, 406E+02 -0, 229E+02
0. 40BE+02 -0, 229E402
0.411E+02 -0, 229E+02
0, 4126402 -0, 225€402
0. 414E+02 -0.229E402
0. M%ER02 -0, 229E+02
0.416E402 -0.229E+(2
0.418E402 -0, 229E+(2
0,420E+02 -0.229E+02
0.4228+02 -0, 229E+02
0.423E+02 -0,229E402
0.425E402 ~0,229E+02
0.427E+02 -0.233E+02
0.429€+(2 -0, 238E402
0.431E+02 -0,238E+02
0,433E+02 -0, 238402
0, 435E+02 -0.238E402
0.437E402 -0,238E+02
0.43BE+02 -0.243€+02
0. 480E+02 -0, 244E+(2
0.442E402 -0.244E402
0,444E402 -0, 284E+(2
0. 444E+07 -0, 294E+02

(continued)

0.400E+02 0. 149E+01
0, 8026402 0, 149801
0.403E+07 0, 149E+01
0.404E402 0. 549E+0]
0.406E+07 0, 149E+01
0.40BE+02 (. 149E+0!
0, 41064027 0. 149E+01
0.412E402 0, 149E40]
0.413E+02 0. 149E+01
0. 41%E+02 0, 150E+01
§.416E402 0. 150E+01
0.418E+02 0.150E+01
0.419E+02 0. 150E+01
0,421E+02 0.150E+01
0.423E402 0, 130E+(1
0.425E402 0, 130E+01
0.427€+02 0. 150E401
0. 4296402 0.150E+01
0.431E402 0. 150E+01
0.433E+02 0. 130E+0}
0. 4346402 0, 150E+0!]
0.436E+02 0.150E+01
0.437E402 0. 150E+01
0. 439E+02 0.150E+04
0.441E402 0, 150E+01
0. 4436402 0. 150E+01
0,443E+02 0, 1S0E+01

T-40

2891

~254.9
-246.3
-239.5
~212.4
-283.3
-300,0
-310.5
-318.9
-39.3
-323.4
-334.3
-339.t
-I89.2
-383.7
-383.1
~214.8
-154.8
-231.4
~9.2
-218.7
~295.0
-133.4
~208.1
-241.1
~264.7
-100.7

=221.3
-226.5
~223.2
-226.0
-134,5
-242,7
252,

-2%e.2
-260.8
~2b2.6
-265.3
=213
-275.4
-282.5
-284.7
-292.8
-268.5
-229.8
-234.1
=242.1
~230.1
~258.2
-218.9
=222.3
-229.49
=241,3
-14.4

r3

Q-DOOH:Q

) B3

157
158
159
{60
161
162
163
b4
145
166
167
168
169
17
171
172
173
174
175
176
1
178
184
180
181
182
183




Timg [T]

91,0000
Area IV}
Voluee (V1
Inflow CY/TY
hMean (L]

120, 0000
Area VD
Volume [V)
InFlow EV/T]
h¥ean L)

151.0000
firez [V]
Valume (V1
InFlow {V/T]
hiean [L1

18,0000
Area V]
Voluae [V
InFlow [V/T)
hiean [L]

2120000
Area V]
Volume IV
InFlew [V/T)
hMean L}

243, 0000
Area [V]
Voluse [V]
InFlom [V/T)
h¥ean [L)

273.0000
Area [V)
Volume (V1
InFlow [V/T]
nMean (L]

TABLE 7.15. Qutput Data for Example Problea #2, Output File *BALANCE.OUT'.

Total

1 2
0. 230E+03  0.300E+02 0, 200E+03
0.787E402  0.109E402 0, 4683E+02
-0, 1998400 -0, 115E+00 -0, 841E-08
-42.7 2.4

1 2
0,230E+03  0,300£402 0, 200E403
0.738E402 0.935E+01 0,664E402
0.117E+00 0.591E-01 9,382E-0f

-11.2 R0

1 2
0.230E+03  0,300E+02 0, 200E+03
0, 7276402 0.824E+01 0,445E402

-0, 4376400 0. 148E+00 -0, 2936400

-122.5 1.3

i 2
0.230E403 Q.J00E+02 0, 200E403
0.729E402 0.8B0E+01 0.541E+02

-0,284E400 -0,356E400 0.717E-01
-90.4 3

t 2
0. 230E+03  0.300E+02 0, 200E4+03
0.6308402 05976401 0,5T0EH02
-0.4636E+00 ~0, J04E+00 -0, 3326400
-321.4 32,2

1 2
0.230E+03  0.300E+02 0, 200E+03
0.610E402 0.717E+01 0.338E+02

-0.802€-01 -0.291E-01 -9, 511E-01

-198.2 -14.2

1 2
0,23CE+03  0.300£+02 0,200E+03
0.585E+02 0.770E+0t 9,508E402
0.103E+0! 0.988£+00 0.438E-01

-174.4 -94.1

Sub-region nomber ...
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TABLE 7.17. Dutput Data for Example Probles %2, Dutput File "H.OUT’.

Time 811 91.0000 831

" xn)  2(n} hin} hintl) ...
H 0.0 230.0 -58.13 -58.3
3 0.0 229.¢ -§1.3 -57.3
5 0.0 228.0 -35.3 -54.3
? 0.0 226.0 -54.3 -94.3

9 0.0 224.0 -32.3 -52.3
1 0.0 220.0 -48,3 -48.3
13 0.0 2159 -43,2 -43.2
13 6.0 2100 -38.2 -38.2

17 0.0 205.0 -3 -3t
19 o0 2000  -28.1  -70.1
2 0.6 1960 -18.1  -18.1

3 0.0 1800 -8.1 -8.1
25 0.0 170.0 1.9 1.9
27 0.0 180.0 11,9 11,9
2% 0.0 150.0 21.9 21.9
31 0.0 140.0 31.9 3.9
3I0.00 130.0 41,9 81,9
35 0.0 120.0 51,9 51,9
37 0.0 110.0 81,9 61.9
3 0.0 100.0 71.9 71.9
4 0.0 90.0 81.9 Bt.9
800 80,0 91.8 91,8
5 0.0 70.0  101.8  101.8
87 0.0 0.0 111.8 111.8
% 0,0 S0.0 12,8 121.8
51 0.0 40,0 13,8 1318
55 0.0 30,0 1418 1418
55 0.0 200 154,88  15..8
7 060 10,0 141.8  161.8
5% 0.0 5.0 1668 16,8
B 0.0 2.0 49.8  149.8
63 0.0 1.0 170.B  70.8
& 0.0 0.0 7.8 1718

Tise 182 120.0000 ¥4
nxinl  zin} hin) hintl) ...

| 0.0 230.0 -84.2 -84.2
3 5.0 209 -B3.9 -89
6] 0.0 2280 -83.5 -83.5
7 0.0 226.0 -82.7 -82.7
9 0.0 4.0 -8t.8 -81.8
11 9.0 220.0 ~79.8 -79.8
t3 0.0 23.0 -~76.8 -74.8
13 0.0 210.0 ~73.4 -73.4
17 0.0 205.0 -69.6 -b9.b
19 0.0 200.0 -§5.4 -63.4
21 0.0 190.0 ~3b. 4 -56.4
23 0.0 180.0 ~48.4 -4b.6
23 0.0 170.0 ~3b.6 ~36.6
ri 0.0 180.0 ~26.7 -26.7




TABLE 7.17. Output Data for Exasple Problem #2, Sutput File "H,QUY’.
{continued)

29 0.0 130.0 -14,7 ~16.7
31 8.0 140,0 -b.7 -b.7
33 0.0 1300 3.3 3.3
33 6.0 120.0 13.3 13.3
37 0.0 110,0 23.3 23.3.
39 0.0 100.0 3353 3353
1 0.0  90.0 43.3 43.3
43 0.0 B0.O i3 8.3
43 0.0 70.0 63.3 63.3
a7 6.0  40.0 73.3 783
49 2,0 50,0 8.3 81.3
5t 0.0 40.0 93.3 93.3
a3 0.0 3.0 103.3 103.3
85 0.0 200 113,3 113.3
by 0.0 10,0 123.3 123.3
59 3.0 5.0 128.3 128.3
b1 0.0 2.0 131.3 131.3
63 0.0 1.0 132.3 132.3
85 0.0 0.0 133.3 133.3

Tine 313 1510000 t1¢
n o xin) z(m hin} kintl) ...

1 0.0 230.0 -147.4 -147.4
3 0,0 229.0 -146.4  -14b.4
§ 0.0 228.0 -145.5  -145.4
7 0.0 226.0 -143.94  -143.4
9 0.0 2240 -141.¢  -141.0
t1 0.0 2200 136 -1YN.G

10.0 100.5 100.5
3.0 105.3 10,3

13 0.0 215.¢ -127.7 1207
13 0.0 2t0.0 -119.0  -119.0
17 0.0 205.¢ -10%.9  -109.9
19 0.0 200.0 -100.5  -100.%
2t 0.0 190.0 -82.8 -82.8

3 0.0 180.0 -71.0 -71.0
23 0.0 170.0 -60.3 -60.3
27 0.0 160.0 -49.8 -4%.8
2 0.0 150.0 -31%.6 -39.6
3t 0.0 140.0 -29.5 -29.5
33 0.0 130.0 -19.4 -19.4
33 0.0 120.0 -9.4 -9.4
37 0.0 110.0 0.6 0.6
39 0.0 100.0 0.4 10.5
41 0.0 90,0 20.4 20,8
13 0.0 80,0 30.6 30.4
45 0.0 70.0 40.4 40.6
47 0.0 80.0 30.4 50.4
49 0.0 50,0 50,5 60.5
) 0.0 4.0 70.5 70.5
53 0.0 0.0 80.5 B0.9
ik 0.0 0.0 90.95 80.5

4.0
0.0
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TABLE 7.17. Dutput Data for Example Problem #2, Dutput File 'H.0UT’.

108.5
109.5
116.3

181,0000 1%

zin)

230.0
229.0
228.0
26.0
4.0
20,0
215.0
210.0
205.0
200,0
190,0
180.¢
£70,0
160,0
150.0
140.0
130.0
120,
1100
100.0
90.0
80.0
70.0
60,0
50,0
0.0
30.0
20.0
10.0
5.0

L=
L - B -

hin)

-108,2
-107.2
~106.4
-104.8
-103.3
-100.7
-91.7
-93.0
~32.2
-89.2
~B2.5
-13.5
-b4.0
-54.3
-44.3
-34.4
~24.7
-14.7
-4.7
3.3
15,3
253
35.3
45.3
95,3
63,3
75.3
8i.3
95.3
160.3
103.3
104.3
105.3

212,0000 312

z(n)

30,0
22%.0
228.0
226.0
4.0
220.0
215.0
210,0

hin)

-426.3
-426.7
-428.4
-429.3
-425.8
-406.9
-347.4
-He7

108.3
0%.5
110.5

hintl) ...

-108,2
-107.2
~106.4
-104.8
-103.7
~100.7
-37.7
-953.0
-92.2
-B89.2
-82.5
-13.4
-b4.0
-54.3
-44.5
-34.4
-24.7
-14.7
-4.7
3.3
15,3
25.3
353
45,3
35,3
5.3
75.3
85.3
95.3
106.3
103.3
104.3
103.3

hintt) ..,

-426,7
-426.6
-428.2
-429.3
-425,7
-405.9
-347.4
-H9.7

{continved)

7-44




TABLE 7.17. Output Data far Exasple Problea 82, Qutput File 'M.OUT".

(continued)
17 0.0 205.0 - -211.8 -271.8
19 0.0 200,0 -228.3 -228.4
s | 0.0 190.0  -146.7  -14b.8
3 0.0 1B0.0 -144.1  -1M4.1
2 0,0 179.0 -128.4 -12B.4
27 0.e 1600 -114,7 14,7
29 6.0 130.0 -102.2 -102.2
3 0.0  140.0 -90.5 -90.3
B 6.0 130.0 -71%.4 -79.4
33 0.0 120.0 -48.7 -68.7
37 6.0 110.0 -38.3 -58.3
39 0.0 100.0 -1 -48.1
4 0.0 90.0 -37.9 -3.9
3 0.0 80,0 -17.%9 -27.%9
45 9.0 70.0 -17.9 -17.9
L) 0.0 400 -1.8 -7.8
49 0.0 50,0 2.2 .2
51 0.0 40,0 12.2 12.2
33 0.0  30.0 22,2 22.2
b 0.0 200 32.2 32.2
57 0.0 10,0 42,2 42,2
59 0.0 5.0 41.2 41.2
EH 0.0 2.0 50.2 50.2
b3 0.0 1.0 3t.2 5.2
43 0.0 0.0 52,2 32.2

Tiee 131 2430000 118
n xin}  2in} hin} hintt) ...

1 0.0 230.0 -206.2 -206.2
3 0.¢ 229.0  -206.4  -206.4
3 0.0 228.0 -204,5  -204.5
7 0.6 22,0  -206,7 -208.7
9 0.0 224,0 -206.3  ~206.%5
1 0.0 2200 -205.1  -205.1
13 0.0 2150 -20i.8 -201.8
15 0.0 20,0 -197,0 -192.0
17 0.¢ 2030 -190.9  -190.9
19 6.0 2000 -183,7 -183.7
A 0.0 190.0 -152,7  -187.7
KA 0.0 180.0  -135.7  -185.7
25 0.0 170.0 -184.B  -144,8
7 0.0 160.0 -134.3  -134,3
bl 6.0 150.0 -124.0 -124.0
A 0.0 140,06 -113.9 1139
33 0.0 130.0 -103.8 -103.8
35 0.0 120.0 -93.8 -13.8
by 0.0 110.0 -83.7 -83.7
39 0.0 100.0 -13.7 -7
L 0.0 %0.0 -63.7 -63.7
0.0 B0 -53.7 -53.7

8.0 70.0 -43.7 -43.7

47 0.0 40,0 -3%.7 =337
0.0 50.0 =237 -2%.7
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TABLE 7.17. Qutput Data for Exzsple Problem #7, Qutput File "H.OUT’,

(continued)
k1] 4.0 4.0 -13.7 -13.7
93 0,0 30,0 -3.7 =3.7
] 0.0  20.0° 8.3 6.3
b1 0,0 10,0 16.3 16,3
39 0.0 5.0 1.3 N.3
1 0.0 2.0 24,3 4.3
63 0.0 1.0 25.3 5.3
&5 0.0 0.0 26.3 28,3
Time thd  273,0000 381

nxuinl  zin} hin} hin+l} ...
1 0.0  230.0 -100.7  -100.7
3 0.0 2290 -103.9 -103.9
b 0.0 2280 -107.4 -107.4
7 0.0 2260 -114.9  -]14.9
9 0.0 2240 -123.2 -143.2
il 0.0 220.0 -142.1 -142,1
13 0.0 U530  -167.7  -181.7
15 6.0 20,0 -1%0.2  -190.1
17 6.0 -203.0 2040 -204.0
19 0.0 2000  -208.% -208.1
21 0.0 190,0 -196.0 -194.0
3 .0 180,0 -182.6 -i82.4
25 0.¢ 1700  -170.0  -170.0
27 0.0 1400 -187.7  -157.7
29 0.6 1500 -145.8  -145.8
i 0.0 140,0 -134.3 -134.3
3 0.0 1300 -123.! -12%.1
] 0.0 1200 -U112.3 -112.3
37 6.0 110,60  -10t.6  -101.6
bt 0.0 100,90 -91.2 -91.2
41 0.0 90,0 -80.9 -80.9
43 0.0 80,0 -70.7 10,7
45 0.0 70.0 -40,3 -560,5
7 0.0 80,0 -50.5 -50.5
49 0.0 50.9 -40.4 -40.4
L | 0.0 #0,0 -30.4 -30.4
53 0.0 30.0 -20.4 -20.4
95 0.0 20,0 -10.4 -10.4
7 ¢.0 10,0 -0.4 -0.4
59 0.0 3.0 4.6 4,6
&1 6.0 2.0 1.6 1.6
63 0.0 1.0 8.6 8.6
Y] .9 0.0 9.4 9.6
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TABLE 7.18. Dutput Data for Exasple Probles #2, Output File “RUN_INF.OUT',

Tlevel Time dt Iter [tCum
1 0,910E+02 O 173E+00 2 A
70 0, 120E403 0. 500640C 3 194

132 0.151E+03  0.500E+00 3 329
202 0.181E+03  Q.500E%00 I 579
254 0.212E+03  O,500E400 4 773

356 0,243E403  0.300E400 2 1122
1337 0.273E403  O.147E#00 5 1381

Real tise [min] 52.5066646603088374

[al}



7.3. EXAMFPLE FROBLEM #3 — INFILTRATION TEST

Upper part of the sail profile from Example Froblem #2 was
wsed for numerical simulation of single ring pmﬁded infiltration
experiment. The flaow system and finite element mesh are shown in
figure 7.10. .

The axisymmetric quasi-three-dimensional program option was
employed for analysis of unsaturated water +Flow during the
infiltration. Calculations were performed over the period of &
hours. As an initial condition, the pressure head profile from
the beginning of June 82 obtained in example problem #2 was used.
All sides af the flow region were set impervious except of small
partion of the surface boundary on which constant zero pressure
head bhoundary condition was imposed indicating the ponded surface
inside the infiltration ring. The groundwater table was Ffixed
during the simulation at approximately constant level of 120 cm
under the surface. Influence of the root zone extraction was

neglected.

The advancement of wetting front during the infiltration is
shaown in Figure 7.11. . Fressure heads and moisture contents at
the surface boundary at the end of simulation are presented in
Figure 7.12. . Dependence of the bhoundary Darcian velocity inside
the infiltration ring on the distance frém the symmetry axis i1s
presented in Figure 7.13. . Infiltration rate and cumyilative
infiltration rate as functions of time are shown in Figure 7.14..

Complete print of input data is provided in Tables 7.19. and
7.20, . Partial print of output data is presented in Tables 7.21.
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Figure 7.10. Flow system and finite element mesh for Example
Froblem #3X,
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Figure 7.12.
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Figure 7.1%. The course of boundary darcian velocity inside the
tnfiltration ring (of radius equal to 18 cm) as
function of distance from the symmetry auis, Example
Froblem #3.

7-52




-8.1

v [en/mind

8.0 t Iminl 368

-15

I [eml

8. t Inin] 368

Figure 7.14. Mean infiltration rate, v, and cumulative
infiltration rate, I, averaged over the infiltration
ring area, Example FProblem #3.
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TABLE 7.19. Input Data for Exasple Probles #3, Input File *SELECTOR.IN",

£14 BLOCK A: BASIC INFORMATION ®2RURSUBERLERTRRSRILILLNLRLANLARLATILASLLS

Heading
* Exasple probles #3 - Infiltration Test ’

Linit  Tnit {indicated units are obligatory for all input data)
‘e’ pin’

Kat {0:horizontal plane, L:axisymmetric vertical flow, 2:vertical plane)
1

MaxIt  Tol {maximum nusber of iterations and p. head tolerance)
.10
CheckF ShortF Fluxf  AtalnF SeepF
f t t f f
§84 BLOCK B: MATERIAL INFORMATION SRSESTRRSsRusscssastaasstsnsitsassasst
NMat  Niay  hTshl hTabN  NPar
2 2 000 200, 9
thr ths tha the Alfa n Ks Kk thk
L0001 L399 L0001 L399 L0174 13757 L0207 L0200 .I99
D001 339 000t L339 L0139 1,8024 L0315 L0313 L339

131 BLOCK C: TINE INFORWATION SSRasvsistuustsasrnsseasstaastassasstseee
dt dtMin diMax  DMul IMel2  MPL
.01 001 30, .33 .3 10
TPrint (1}, TPrinti2),..., TPrint {NPL)

15 10 30 &0 £20 1BO 240 300 340

11t END OF INPUT FILE "SELECTOR.IN' $8Rf3pssssimsssssansangassassassning

{print-time array)

TABLE 7.20. Input Data for Example Probles 83, Input File 'GRID.IN',

¥1e BLOCK E: NODAL INFORMATION SE3sassfsasatitisysstivsrssasssantintsy

NualP  Nuafl IJ NunBP
80 382 19 40
¥ Kode X I Fi a M Beta Ayz Bxz D2
11 0,00 230,00 0,00 0.00E+00 t 0.00 t.00 1.00 1.00
2 0 0.00 228.00 -145.50 O0.Q0E+00 ! 0.00 1.00 (.00 £.00
300 4,00 226,00 -143.40 O.00FE+00 Y 0,00 1.00 1.00 1.Q0
4 0 0.00 224.00 ~141.00 0.00E+00 1 0.00 1,00 1.00 t1.00
S 0 6.00 220,00 -135.50 O.00E+00 ! 0.00 1,00 1.00 1.00
5 0 0.00 215,00 -3127.70 O0.00E+0D 1 0,00 1.00 1.00 .00
700 000 210,00 -119.00 O0.00E400 1 0,00 1.00 1.00 1.00
g 0 0,00 205,00 ~-109.90 0.00E400 1 0.00 (.00 1.00 1,00
g 0 0,00 200.00 -100,30 O0.00E400 1 0.00 1,00 (.00 1.00
10 0 0,00 £90.00 -B2.80 0.00E+00 1 0.00 1,00 1.00 1.00
110 0,00 180,00  -71,00 O.00E400 2 0,00 1,00 1,00 1,00
12 0 0,00 170,00  -80.3C¢ O.00E400 2 0.00 1.00 1,00 1.00
1T 0 0.00 140,00  -49.80 0.00E¢00 2 0,00 1.00 1.00 1.00
4 ¢ 0.00 150.00 -39.460 Q.00E«Q0 2 0,00 L.00 1.00 1.00
15 0 0.00 140,00  -29.50 O0,00E+00 2 0.00 1.00 1.00 1.00
1 0 0,00 130,00 -19.40 C,00E+00 2 0.00 1.00 1,00 1,00
170 000 120,00 ~9.40 0.00E+00 2 0.00 1.00 1.00 1.00
18 0 0,00 110.09 0.60 0.00E¢00 2 0.00 1.00 1.00 1.00
19 0 .00 100.00 10,40 0,008400 2 0.00 1,00 1.00 1,00
20 1 5.00 230,00 0.00 0.00E+00 1 0.00 1.00 1.00 1.00
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2
2
3
n
25
y!)
3
8
29
30
H
32
3
3
13
3h
k74
38
39
0
8
42
53
T
a5
8
a7
18
29
50
51
52
53
54
55
b
37
58
59
b0
&1
82
83
84
&5
b6
87

89
70
7

”
i

[
74
75
76

DD O DS O D DO DO DO OO D DO O O 0RO OO o0 O D000 DO DN DS Do Do DD

3.00
5.00
5.00
5.00
c.00
5,00
5.00
5.00
5.00
3.00
5.00
9.00
5.00
5.00
3.00
5.00
5.00
3.00
10.00
10.00
1¢.00
10,00
16.00
10.00
10.00
10.00
16.00
10.00
10,00
10.00
16.00
10.00
10.00
10.00
10.00
10,00
10,90
14.00
14,00
14.00
14,00
14.00
14,00
14,00
14.00
14.00
14.00
14.00
15,20
14.00
14,00
14.00
14.00
12.00
14.00
18,00

TABLE 7.20. Input Data for Example Problem #3, Input File "GRID.IN'.

128.00
226,00
124,90
220,00
215,00
210.00
205,00
200.00
190,00
180.00
170.00
160.09
150.00
140.00
130.00
120.00
110,00
100.00
230,00
228,00
226,900
225,00
220.00
215.00
218,00
203.00
200,00
190,00
18¢.00
170,00
160.90
150.00
180,90
130,00
120,00
110,00
100.09
230,00
228.00
226,00
224,00
220.00
215,00
210.00
201,00
200,00
190,00
180,00
17¢.00
160.00
150.00
140,00
130.00
120.00
£10.00
100.00

~145.50
-143.40
-141.00
135,40
-127.70
~11%.00
-109.90
=100.50
-B2.80
-11.00
-60.30
-49.80
=39.60
-29.50
-19.40
~3.40
0.60
10.40
0.00
~143.50
-143.40
-141.00
~135.80
-127.70
-119.00
-109.50
-109.50
-82.80
=71.00
-60.30
-49.80
-3%.50
-29.50
-19.40
-9.40
0.60
10,40
0,00
-142.50
-141.80
-141.00
~135. 80
-127.70
-119.00
-109.90
-100.50
-82.80
-71.00
-60.30
-49,80
-19.40
-29.50
~19.40
-9.40
0.40
10.40

0,00E+00
0. COE+00
0. 00E+00
0, 00E+00
0.00E+00
0. 00E+00
0. 00E+00
0. 00E+00
0, 00E+00
(. 00E+00
0,00E+00
0. 00E+00
0,00E+00
0, 00E+00
0. 00E+00
0.00E+00
0. 00E+00
0. 00E+00
0.00E+00
0. 00E+00
{.00E+00
0. 00E+00
0, 00E+00
0. 00E+00
9.00E+00
0. 00E+00
0.00E+00
0. 00E+00
0. 00E+00
0.00E+00
0, 00E400
0, 00E+00
0. 00E+00
0. 00E+00
0. 00E+00
0. 00E+00
0. 02E+00
0. 00E+00
0. 00E+00
0.00E+00
0.00E+00
0. 00E+00
0. 008400
0. 00E+00
0, 00E+00
0, 00E+D0
0.008400
0. 00E+00
(. 00E+00
0.00E+00
¢, 005400
0,00E+00
0. 00E+00
0. 00E+00
0.00E+00
0.00E+00

RpI PRI PRI R P R A B e R i et e s e e e ma B BRI PRI R BRI P PRI R RS e e e s e et e o s BRI R PRI R PRI P R PO e A s s e b ea e e

fcontinued)
0.00 1,00 1,00
0.00 1.00 1,00
%.00 1,00 1,00
0.00 1,00 1,00
0.00 1,00 1,00
0,00 £.00 1.00
0.00 1,00 1.00
0.00 1.00 1.00
0,00 1,00 1.00
¢.00 1,00 1,00
0.00 1,00 1,00
0.00 1.00 1.00
0.00 .00 1,00
0.00 1,00 1.00
0.00 1.00 1.00
0.00 1.00 1,00
0.00 1.00 1.00
0.00 £.00 1,00
0.00 1.00 .00
0,00 1.00 1.00
0.00 1.00 .00
0.00 1.00 1,00
0.00 .00 1,00
0.00 1.00 1.00
6,00 t.,00 1,00
¢.00 1,00 1,00
0.00 t.00 1.00
0.00 1.00 1.00
0.00 1.00 1.00
0.00 1.00 .00
0.00 1.00 1.00
0,00 1,00 1.00
0.00 1,00 1.00
0,00 1,00 1.00
0,00 1,00 1,00
0.00 £.00 1,00
0,00 1.00 t.00
0.00 1.00 .00
0.00 1.00 1,00
0.00 1,00 1.00
0,00 1,00 1.0
.00 1.00 1.00
0.00 1,00 1.00
0.00 1.00 1,00
0,00 1.00 1.00
0.0¢ 1.00 1.00
0,00 1.00 1,00
0.00 1.00 1,00
¢.00 1,00 1.00
0.00 1.00 1.00
0,00 1.00 1.00
0.00 1.00 1.00
0.00 1,00 1,00
0.00 1,00 1,00
6.00 1.00 1.00
0.00 1.00 1,00
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TABLE 7,20, Input Data for Exaaple Probles W3, Input File "GRID.IN’.

{continued}

771 17,00 230,00 0,00 0,00E+00 1 0,00 1.00 1.00 1.00
78 0 17.00 220,00 -i45.50 O.00Ee00 1 0.00 1.00 1.00 .00
79 0 17,00 226,00 -143.40 0,00E+00 1 0,00 1.00 1,00 1.00
B0 0 17.00 224,00 -141,00 O0.00E+00 1 0.00 1,00 1.00 1.00
8 0 17.00 220,00 -135.60 O.00E+00 1 0,00 1.00 1.90 1,90
82 0 17.00 215.00 -127.70 0.00E+00 1 0,00 L.00 1,00 1.00
830 17,00 210,00 -119.00 0,00E+00 ! 90,00 1.00 1.00 1.00
8§ ¢ 17.00 205,00 -109.20 0.00E+00 { 0.00 1.00 .00 1.00

S 0 17,00 200,00 -100.50 G.00E+00 ! 0,00 1.00 £.00 1.00
B6 ¢ $7.00 190.00  -B2.80 O,00E+00 { 0,00 L.00 1.00 1.00
87 0 17,00 180,00  -71,00 O.00E+00 2 0.00 1,00 1.00 1.00
88 ¢ 17.00 170,00  -50,3¢ O0,00E+00 2 0,00 1.00 1,00 1,00
g2 0 17,00 140.00  -49.80 0.00E+00 2 0.00 1.00 1.00 1.00
90 0 17,00 130.00  -39.40 O0.00E#00 2 0.00 1.00 .00 1.00
9t ¢ {7.00 !40.00  -29.50 O0.00E+00 2 9,00 1.00 1.00 1,00
92 0 17.00 130.00  -19.40 O.Q0E+00 2 0.00 1.00 1.00 1.00
97 0 17,00 120.00 -9.40 0.00E+00 2 0.00 1.00 1,00 1.00
949 0 17,60 110.00 0.50 0.00E+00 2 0.00 1.00 1.00 1.00
95 8 17.00 100.00 10,60 0.00E+00 2 0.00 1.00 1,00 1,00
96 0 {9.00 230,00 -147.40 O0.00E+00 1 0.00 .00 {.00 1.00
97 0 19,00 278,00 -145.50 0.00E4Q0 1t 0,00 1,00 1,00 1.00
8 8 19.00 226,00 -143.40 O0.00E+00 1 0,00 1.0 {.0¢ 1.00
99 0 19,080 224,00  -141.00 O0,00E400 1 0,00 1.00 1,90 1,00
100 0 19.04 220,00 -1353.40 0.20€+00 1 ¢.00 1.00 1.00 1.00
10 0 o000 215,00 -127.70 O0.00E+00 1 .00 1,00 1,00 .00
102 0 19,00 210,00 -119.00 O.00E+0C 1 0,00 1.00 1,00 1.00
103 0 19,40 205,00 -109.90 O,00E400 1 0.00 L0 1.00 1.00
104 0 19,00 200.0¢ -104,50 O.00E400 1 0.00 1,00 1.00 1,00
05 0 19,00 190,00  -B2.B0 O0.00E+00 1 0,00 100 1.00 1.00
106 0 9,00 180,00 -71,00 O.00E400 2 0.00 1.00 (.00 1,00
107 0 19.00 170,00 -40.30 0.00E400 2 0.00 1.00 1,00 1.00
108 0 19,00 tA0.00  -49.80 C.O00E+00 2 0.00 1,00 1.0¢ 1,00
109 0 19.00 150,00  -39.40 O.00E+00 2 0.00 1.00 1,00 I.00
110 0 19,00 180,00  -29.50 O,00E+00 2 0.00 1,00 1,00 1.09
1t ¢ 19,00 130,00  -19.40 O0.00E+00 2 0,00 1.00 1.00 1.00
12 0 19,00 120.00 ~9.4¢ 0.00E+00 2 0,00 1,00 1.00 1.00
11300 19,00 110,00 0.560 0.00E+00.2 0.00 1,00 1.00 1.00
He 0 19,00 100.00 §0.60 0.00E+00 2 0,00 1.00 1,00 1.00
1S 0 21,00 230.00 -147.40 O0.006+00 1 0.00 L.00 1.00 1.00
116 0 21,00 228,00 -145.90 O0.00E+00 1 0.00 1,00 1.00 1,00
117 0 21,00 226,00 -143.40 O0.00E+00 1 0.00 1,00 1,00 1,00
118 0 21,00 224,00 -141.00 OQ.00E+00 1 0,00 1.00 1.00 1,00
He & M.00 220.00 -135.40 0.00E400 1 0,00 1,060 1.00 1.00
120 0 20,00 215,00 -127.70 O.00E+00 1 0,00 1.00 1,00 1,00
120 0 21,00 210,00 -119.00 0.00E+00 t 0,00 1.00 1.00 1.00
122 ¢ 21,00 206,00 -109.90 O,00E+00 1 0,00 1.00 1.00 1,00
12300 21,00 200,00 -106.50 O.00E+00 1 0,00 1.00 1,00 .00
128 ¢ 21,00 190.00  -82.80 O0.00E+00 1§ ¢.00 1.00 1,00 1.00
125 0 21,00 180,00  -71,00 O,00E4+00 2 0,00 1.00 1.00 1,00
12600 21,00 170,00  -80.30 O.00E+00 2 0,00 L.00 .00 .00
127 ¢ 21.00 140.00  -49.80 O.00E+00 2 0.00 1.00 1,00 1.00
128 0 21,00 150,06  -29.40 O.COE+00 2 0.00 1.00 1,00 1.00
129 0 20,00 140,00  -29.50 G.00E+D0 2 0.00 1.00 1.00 1,00
$3¢ 0 21,00 130,00  -19.40 C,00E+00 2 0,00 1.00 1.00 1.00
1700 .00 120,00 -9.40 0,00E¢00 2 0,00 1.00 1.00 1,00
132 0 21,00 110,00 0.60 0.00E400 2 0,00 1,00 1.00 1.00
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TAPLE 7.20. Input Data for Example Problee 43, Input File 'GRID.IN’,

tcantinved)

30 21,00 100,00 10.60 0,00E400 2 0,00 1,00 1,00 1.00
134 0 .00 230,00 -147.40G O.00E+00 1 C.00 1.00 1,00 1.00
175 0 23,00 228,00 145,50 O0,00E+00 1t 0,00 1.00 1.00 1.00
136 0 2%eh 220,00 -14%,80 O0.00E40C 1 0.00 1,00 1,00 1.00
1270 25,00 224,00 -1&1,00 G.00E+00 1 0,00 1,00 1,00 1.00
138 ¢ 23.00 220,00 -135.60 0.00E+00 | 0,00 1.00 1.00 1.00
139 0 23,00 215,00 -127.70 9,00E400 1 0,00 1.00 1,00 1.00
140 0 23,00 210,00 -119.00 O0.00E¢00 1 0,00 1.00 .00 1.00
141 0 2,60 203,00  -109,90 O,00E400 1 0,00 1.00 1.00 1.00
182 0 Z23.00 200.00 -100.S0 O0.00E+00 1 0.00 1.00 1.00 1,00
430 23,00 (90,00  -B2.80 Q.00E4+00 1 0,00 1,00 1.00 1,00
144 0 23,00 180,00 71,00 O.00E+DOD 2 0,00 f.00 1,00 1.00
130 23,00 170,00 -40.30 0.00R400 2 0,00 1.00 1.00 1.00
19 ©¢ 23,00 (480,00  -49,80 0,00E+00 2 .00 1.00 1.0 1.00
40 .0 (0.0 -37.40 0L00E400 2 0.00 1,00 1,00 £.00
148 0 ZT.00 140,00 -29,30 O,00E+00 2 0.00 1,00 1,00 (.00
149 ¢ 23,00 130,00 19,40 O0.00E+00 2 0,00 .00 1.00 1.00
130 0 2500 120,00 -9.40 Q,00E#00 2 0,00 {.00 1.00 1.00
191 0 23,09 110,00 0,40 0.OCE+00 2 2,00 1,00 1,00 1.00
152 0 23,00 100,00 10.60 0,00E+00 2 0,00 1,00 1.00 1.00
193 8 25,00 230,00 147,40 O0,00E+00 1 0.00 1.00 .00 £.00
154 0 26,00 228,00 -145,50 OQ.00E+00 t 0.00 1.00 1,00 1.00
185 0 26,00 226,00 -143.30 0.00E+00 1 0.00 L.00 1,00 1.00
196 0 Zb.00 224,00 -{41.00 O.00E400 1 0,00 1.00 1,00 1.00
137 0 26,90 220,90 ~135.40 O0.00E+G60 1 0.00 (.00 1.00 1.00
158 0 24,00 215,00 ~-127.7¢ O.00E+00 1 ©.00 1.00 1.00 1.00
199 0 26,00 210,90 -112,00 O0.00E+00 ! 0,00 1,00 1,00 1,00
166 0 26,00 205.00  -109.90 G,00E+00 1 0.00 1.00 1.00 1.00
16t & 26,90 200,00  -100.30 O0.00E+00 1 0,00 1,00 1.00 1.00
162 0 26,00 190,00  -B2,80 O0.00£+00 1 0.00 1,00 1.00 {.00
1463 0 26,00 180,00 71,00 G.00E+00 2 0.00 [.00 1.00 1.00
168 0 25,00 170.00  -p0.30 O0.Q0E+00 2 0.00 1.00 1.00 1.0
145 0 26,00 140.00  -4°.B0 O.00E#00 2 Q.00 1.00 1,00 1.00
166 © 26,00 150,00  -39.80 O.00E+00 2 0.00 1.00 1.00 1.00
187 0 25,00 140.00 -D3.50 OQOE+00 2 0.00 1.00 1,00 1.00
188 0 26,00 13C.0C  -19.40 O,COE#OC 2 (.00 1,00 1,00 1.00
169 9 28,00 120,90 ~7.40 0.00E400 2 0,00 1,00 1.90 l.00
17¢ 0 26,00 114.00 €,50 0.00E400 2 0,00 1.00 1.00 1.00
im0 28,00 100,90 10,40 0.00E400 2 9,00 1,00 1,00 .00
172 3 30,00 230.00  -147.40 0.00E¢0C ! 0,00 1,00 1,00 1.00
177 0 10,00 228,00 -14%,5% O,00E+00 1 000 1,00 1,00 {.00
174 0 I0.00 224,00 -142.40 O,00E+90 1 0,00 1,00 1.00 1,00
179 0% 10000 224,00 -141,00 O0.00E400 1 0,00 1.00 1.00 t.00
174 0 30,00 220,00 135,40 Q,00E400 1 0,00 1.00 1,00 1,00
1770 30,00 5,00 -327.70 O,00E+00 1 0.00 f.00 1,00 1.00
178 0 30,00 210,00 -112.00 0.00E400 1 0.00 1.00 1.00 1.00
179 0 20,00 205,00 -109,%0 0.00E400 1 0.00 1,00 1,00 1,00
180 4 70,00 Zo0.00  -100.50 0.00E400 1 0.00 1,00 1,00 1.00
181 O 3000 190,00  -B2.BO 0.00E+00 1 0,00 1,00 .00 1.00
182 0 30,00 180.00  -71.00 O.00E#00 2 0.00 1,00 1,00 1.00
183 0 30.60 170,00 50,30 O.00E+00 2 0.00 1.00 1,00 1.00
184 0 0,00 180,00  -49,80 O0.O0E+00 2 0.00 1.00 f.00 1,00
185 ¢ 30,00 150,00  ~39,80 O.00E+G0 2 0.00 1.00 1,00 1.00
185 0 30.00 180,00  -29.50 O0,00E+00 2 0.00 [.00 1.00 1.0C
197 0 0.00 130,00 -19.40 O,00E400 2 0.00 1.00 1.00 1.00
188 0 30.0¢ 120.00 -9.%0 0.00E+00 2 0,00 I.00 1.00 1,00
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30.00
30,00
35,00
500

350
35.00
35,00
15.00
35,00
15.00
35,00
35.00
15.00
35.00
35,00
35.00
I5.06
35.00
35.00
35.00
35.00
41.00
41,00
41.00
41,00
41.00
41.00
41.00
41,00
41.00
41.09
41,00
41,00
41,00
41.00
41.00
41.00
41,00
41,00
41.00
48.00
48.00
48,00
48.0¢
48.00
48,90
48.00
48.00
48,90
48.0¢
48,00
48.00
48.490
48,00
48.00
48.00

TABLE 7.20, Input Data for Example Problem 3, Input File "BRID.IN’,

119,00
100.00
230,00
228.00
226,90
224,00
220,00
215.00
210,00
205.00
200,00
19¢.00
180.00
170.00
150.00
150.00
140,00
126,00
120,00
110,00
100,90
230,00
228,00
226.00
224,00
20.%0
215.90
210.00
205,00
200.00
199.00
180.00
170,90
160,00
130,00
140,00
130,00
120,00
110,00
10¢. 00
230,00
228,00
226,00
228,00
220.00
215,00
210,00
205, 00
200,00
196,00
180.04
170,00
150,00
15¢.00
146,00
130.00

0.40
10. 460
-147.40
-145.50
-143,40
-141,00
-135.40
-127.70
-119.08
-109,90
-199.5¢
-82.80
-1.00
-40,30
-4%.80
-19,60
-22.%90
-19.40
-%.40
(.40
16,60
-147.40
-145,50
-143.40
-141.00
-135.40
-127.70
-119.00
-109.90
-100.50
-82.80
-1.00
-50.30
-49.80
-39, 60
-29.50
-19.40
-9.40
0.40
10.60
-147,40
-145.50
-143,40
-141.00
~135.60
-127.1
-119.00
-109.90
-100,50
-§2.80
-71.00
-60.30
-49.80
-39.40
-29.50
-19.40

0, 00E+00
0. 00E+00
5, 00E+00
9. 00E+00
¢, JOE+00
0, 00E+00
0. 00E+00
0. 00E+00
4. 00E+00
0. D0E+00
{0, 00E+00
0. 00E+00
¢, D0E+00
0. 00E+00
0.00E+00
r, 00E+0D
9, 00E+00
0. 00E+00
§,00E+00
0.00E+00
0. 00E+00
0. 00E+00
0. 00E+00
01, QOE+00
0, J0E+0G
0. 00E+00
0. 0)E+00
0. 00E+00
0.00E+60
{1. DOE400
0, G0E+00
(0. 00E+00
9. 00E+00
. 00E+00
0,00E+0¢
0. Q0E+00
9. 00E+00
(1. 00E+00
0. HOE+(0
0, 00E+00
0. 00E+00
0, 00E+00
(¢, 00E+00
¢, 00E+00
0. 00E+00
0.00E+00
0.00E+00
0. 00E+00
0.00E+00
0. 00E+00
0,90£+00
0. 00E+00
0. 00E+00
0. 00E+(0
0.00E+00
0. 00E+00

PRI P R R B m b bt v b e bk e s e B B PRI R R B3 R R D e ma s e e R e 2 BY RS RJ R R RI R R R e e b e b e bt ek e e B3 RD

{cont 1nued)
0.00 1.00 1,00
G.00 3.00 1,00
0.00 1.00 1,00
0.00 1.00 1.00
0,00 1.00 1,00
0.00 1.00 1,00
.00 1,00 1.00
¢.00 1.00 1.00
0.00 1.00 1.00
6,00 $.00 3.00
0.00 1,00 1,00
0.00 t.00 1,00
0.00 .00 1.00
0.00 1.00 1.00
0.00 1.00 1.00
.00 1.00 1.00
0.00 1.00 1,00
0.00 1,00 1.00
0.00 1.00 t.00
0.00 100 1,00
.00 1.00 1.00
0.00 1.00 1.00
0.00 1.00 1.00
6,00 L.00 5.0
0.00 1.00 1.00
0.00 1.00 1,00
0.00 100 1.00
0.0¢ 1.00 L.00
0.00 1,00 1.00
0.0 1.00 1.00
0.00 1.00 1.00
0.00 1.00 1.00
0.00 1.00 1.00
0.00 1.00 1.00
0.0¢ 1.00 1.00
0.00 1.00 1.00
0.00 1.00 1.00
0.00 1,00 1.00
0.0 1.00 1.00
0.00 1.00 1.00
0.00 1.00 1,00
0.00 1,00 1,00
0.00 1,00 1.00
0.00 1,00 1.00
¢.00 1,00 1.00
0,00 .00 1.00
0.00 1,00 1.00
0.00 1.00 1.00
6,00 1,00 1.00
0.00 £.00 1.00
0.00 1,00 1,00
0.00 1,00 t.00
0.00 1,00 1.00
¢.00 1.00 1.00
0.00 1.00 1.00

1 1.00

0.00

4
=
(=}
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TABLE 7.2, Input Data for Example Probles #3, Input File "GRID,IN',

Icontinued)
M5 & 48,00 120,00 -9.40 0,00E+00 Z 0,00 1.00 1.00 1.00
245 0 3B.00 110,00 0.50 0.00E+00 2 0,00 1.00 1,00 L.00
247 0 48,00 100,90 10,60 0,00E+00 2 0.00 1,00 1.00 1.00
243 0 56,00 230,00 -147.40 O.00E+00 1 0.00 1,00 1.00 1,00
249 0 Ge.00 228,00 -145.%0 0.00E400 1 0,00 1,00 1.0D 1,00
290 0 Sh.00 226,00  -142.40 0.00E400 1 0,00 1.00 1.0 1,00
281 0 56,00 224,00 -141.90 0.00Ee00 1 0,00 1,00 1.00 1.00
252 0 56,00 220,00 -1315.40 O.00E+00 t 0.00 1.00 1,00 1.00
%% 00 56,00 5,00 -127.70 0.00E+00 1 0.00 1.00 1,00 1.00
2% 0 56,00 210,00 -119.00 0.00E400 1 0,00 1,00 .00 1,00
255 0 56,00 205.00 -10%.90 O.00E+00 1 000 1.00 t.00 1.00
256 0 96,06 200.00 -100,50 O0.00E+00 [ 0.00 1,00 1.00 1.00
27 ¢ 54,00 190,00  -82.8¢ O0,00E+00 1 0,00 1.00 1,00 1,00
258 0 5600 1B0,00  -71.00 O.00E+00 2 0.00 1.00 1.00 1.00
299 0 5A.00 170,00 40,30 O0.00E400 2 0.00 1,00 1.00 1.00
260 0 56,00 160,00  -49.80 O0.00E+00 2 0.00 1.00 1.00 1.00
281 0 5h.00 150,00  -39.40 O0.00E+00 2 0,00 1,00 1,00 1.00
%2 0 5500 140.00  -29,50 Q.00E+00 2 0,00 1.00 1,00 .00
263 0 55,00 130,00  -19.40 O.00E+00 2 0,00 1,00 1,00 f,00
268 0 5600 120.00 -9.40 O0.00E«00 2 0,00 1.00 1.00 1.00
25 0 34,00 t10.00 0.40 0,00E400 2 0.00 1,00 1,00 1.00
266 0 5h.00 100.00 10.40 0.00E400 2 0,00 1.00 1.00 1,00
267 0 A5.00 230.00  -147.40 O.00E+00 1 6.00 1,00 1.00 1.00
268 0 £5.00 228.00 -145.50 O.00E+00 | 0.00 1.00 1.00 1,00
26 0 b5.00 226,00 -143,40 0,00E400 1 6,00 1.00 1.00 1.00
270 0 $5.00 224,00 -141,00 O.00E400 1 0.00 1,00 1.00 1.00
2710 B5.00 220,00 -135.60 C.00E4+00 t 0.00 1,00 1.00 1.00
272 0 85,00 215,00  -127.70 O.00E4+00 1 0,00 1,00 1.00 1,00
770 85,00 210,00  -119,00 G.00E+00 1 0.00 1.00 1.00 1.0
274 0 45,00 205.0¢ -109.90 O0.00E+00 1 0.00 1.00 1,00 1.00
275 0 45,00 200.00 ~100,5¢ (.00E+00 1 0,00 1,00 1.00 t.00
276 0 85,00 190,00 -B2,80 O0.00E+00 I 0,00 1,00 1.00 1,00
2770 45.00 180,00 71,00 0.00E4+00 2 0.00 1.00 1.00 1.00
278 ¢ A5.00 170.06  -80.30 O0.00E+00 2 0.00 1.00 1.00 1.00
279 0 45.00 140.00  -49.80 0.00E+00 2 0.00 1,00 1.00 1.00
280 0 A5.00 150,00  -39.40 O,00E+00 2 0,00 1,00 1.00 1,00
281 0 55,00 140,00  -29.50 0,00E400 2 0.0¢ 1,80 1.00 1.00
282 ¢ 45,00 130,00  -19.40 O0.C0E+00 2 0,00 $.00 1.00 1,00
8% 0 45.00 120,00 -9.40 0,00E400 2 0,00 1.00 1.00 1,00
204 B5.00 110.00 0,40 C.00E+00 2 0,00 1,00 1.00 1,00
285 0 &5.00 10000 10.60 0,006400 2 ¢.00 1,00 1,00 1.00
206 0 75.00 230.00 -147.40 O.00E+00 1 0.00 1,00 1,00 1.00
87 4 75.00 278B.00 -145.50 0,00E«00 1 0,00 1,00 1,00 .00
80 0 73.00 226,00 -141,40 O,00E+00 1 0,00 1.00 1.00 {.00
289 0 75,00 22400 -141,00 O.00E+00 1t 0,00 1,00 1,00 1.00
90 0 75.00 220.00 -135.460 O,00E400 1 Q.00 1.00 1,00 1,40
2?0 7500 NL.06 -127.70 0.00E+D0 1 £.00 1,00 1.00 1.00
292 ¢ 700 210,60 -119,00 O.00E+00 3 0,00 1.00 1.00 1.00
293 0 TLO00 205,00 -109.90 0.00E4+00 1 0.00 1.00 1,00 1.00
294 ¢ TE00 200,00 -100.50 O.00E+00 1 0.00 1.00 1.00 (.00
295 0 75,00 190.00  -B2.80 O0.00E00 1 0,00 1,00 1,00 1,00
29 0 75,00 180,00  -71.00 O0.00E+00 2 O.00 1.00 1.00 1.00
297 ¢ 75,00 170,00  -40.30 0.00E+00 2 0,00 1.00 1,00 1,00
29 0 75.00 160,00  -49.80 0,00E+00 2 0.00 1.00 1.00 1.00
259 ¢ 75.00 150,00 -39.460 O,00Ev00 2 0,00 1.00 1.00 .00
30¢ 0 75,00 140,00  -29.50 O.00E+00 2 0,00 1,00 1,00 1,00
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TABLE 7.20. Input Data for Example Probies 83, Input File *GRID.IN',

{continued)
ot 0 75.00 130,00  -12,40 0,00E+00 2 0.00 1.0 1.00 1.900
302 0 7500 120,00 -9.40 O0,00E+00 2 0,00 1.00 1.00 1.00
302 0 7500 110.00 0.80 (,00E+00 2 £.00 1.0¢ 1.00 1.00
o4 0 73,00 100,00 16,60 0,00E4¢00 2 0,00 [.00 1.00 1.00
305 0 BA00 230.00 -147.40 0.00E+00 1 .00 1.00 {.00 1.00
306 0 BA.OC 228,00 -145.50 0.00E+00 1 0.00 1.00 1.00 1.00
W70 Bh.OD 226.00 -143.40 0.00E400 1 0,00 1,00 L.00 1.00
08 ¢ 8500 224,00 -141,00 O0.006+0C ! 0.00 1.00 1.00 1.00
09 0 BAOD 220.00 -135.40 0.90E4+00 1 0,00 1,00 1.00 1.00
310 0 B8s,00 215,00 -127.70 O.00E+00 1 0,00 1,00 1.00 1,00
310 BA0O 210.00  -119.00 0.00E+00 1 0.00 1,00 1.00 1.00
312 0 Bs.00 205.00 -109.90 O.00E+00 1 0.00 1.00 1,00 1.00
M3 0 Bb.00 200,00 -100.50 0.00E+00 1 0,00 1,00 1,00 1.00
34 0 86,00 190,00  -82,80 O.00E+00 1 0,00 1,00 1,00 1,00
N3 0 BhOO 180,00 -71.00 0.00E+D0 2 0,00 1,00 1.00 .00
M 0 8500 176,00  -60.30 O0.00E¢00 2 0.00 1.00 1.00 1.00
370 BA,00 160.00 -49.80 0.00E+00 2 8,00 1,00 1.00 1.00
B 0 85.00 150,00  -39.60 OQ.00E+00 2 0.00 1.00 1.00 1,00
T 0 8400 140,00  -29.50 0.00E+00 2 0.00 1.00 L1.00 1.00
320 ¢ B&OD 130.00 -19.40 Q.00E+00 2 0.00 1.00 1.00 1.00
321 0 Bh.CD 120.00 -%.40 0,00E+00 2 0.00 1,00 1.00 1.00
322 ¢ 8600 110.00 0.60 0,00E+00 2 0.00 {.00 1.00 1,00
323 0 B&.0O 100,00 10,40 0,00E+00 2 0.00 1.00 1,00 (.00
I ¢ 98,00 230.00 -147.40 O.00E+00 1 0.00 1.00 1.00 1.00
329 0 98,00 22B.00 -145.50 0.00E+00 1 0.00 1,00 1.00 1.00
326 0 98.00 226,00 -143,40 O.00E+00 1 0.00 .00 1,00 1.00
327 0 98,00 224,00 -141,00 0,00E¢00 1 0,00 1,00 1.00 1.00
328 0 98,00 220,00 -135.40 O.00E#00 1 0,00 1,00 1,00 1,00
2% 0 98,00 215.00 ~127.70 0.00E400 1 0.00 1.00 1,00 1.00
33 6 98,00 210.00 -119.00 O.00E+00 1 0.00 1.00 1.00 1.00
330 9E.O0 205.00 -109.90 0.00E400 1 0.00 1.00 1.00 1.00
332 0 98.00 200.00 -100.50 O.00E+00 I 0.00 1.00 1.00 1,00
33 0 98,00 190.00 -82,80 0.00E+00 t 0.00 1.00 1,00 1,00
3™ ¢ 98.00 180.00 -71.00 0.00E+00 2 0.00 1.00 1.00 1.00
33 0 98.00 170.00  -40,30 0Q.00E+00 2 0,00 1.0¢ 1,00 L,00
33 ¢ 98,00 160,00  -49.80 O,00E+00 2 0.00 1,00 1.00 1,00
337 0 98,00 150,00  -39.40 O,00E400 2 0,00 1,00 1,00 1.00
338 ¢ 98,00 140,00  -29,30 O.00E+00 2 0,00 .00 1.00 1.00
329 0 98,00 130.00  -19.40 0,00E+00 2 0,00 1.00 1.00 1,00
340 0 98.00 120,00 -0.40 0,00E+00 2 0,00 5,00 1.00 1.00
Ja1 0 98,00 110,00 0.60 ¢.00E400 2 0,00 1,00 1,00 1.00
342 0 98,00 100,00 10,60 O0,00E40C 2 0.00 1.00 1.00 1,00
M0 1,00 230,00  -147,.40 0,00E+00 1 0.00 1.00 1,00 Q.00
344 0 111.00 229,00 -145,50 O.00E+00 1 0,00 1,00 1.00 1.00
SO0 111,00 226,00 -143,4D O0,00E+00 1 0.00 1.00 1,00 1.00
346 0 111.00 274,00 -141.00 O.00E+00 1 0.00 1.00 1.00 1.00
347 0 111,00 220,00 -135.40 O.00E+0C 1 000 1.00 1.00 1.00
M8 0 115,00 215.00 -127.70 O.00E+00 1 0.00 1.00 £.00 1.00
90 111,00 210.00 -119.00 O.00E+00 1 0,00 t.00 1.00 1,00
[0 0 111.00 205.00 -{6%.90 0.00E+00 1 0.00 1,00 1.00 1.00
[0 11,00 200,00 -100.350 O0.00E«00 i 0.00 1.00 1.00 1.00
352 0 111,00 190,00  -82,80 O0.00E400 1 0,00 1.00 £.00 .00
30 11100 180.00 -71,00 0,00E400 2 0,00 1.00 1,00 1,00
354 0 {11.00 170,00  -40.30 0.00E+00 2 0,00 (.00 1.00 1.00
355 0 111,00 140.00  -49.80 O0.00E+00 2 0,00 {.00 :.00 1.00
Jab 0 11100 150.00 -19.60 0,00E400 2 0,00 1.0¢ 1.00 1.00
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TABLE 7.20. Input Data for Example Problem ¥2, Input File *GRID.IN'.

{continued)
39T 0 160 130.00 29,50 0,00E400 2 0,00 1,00 1.00 1.00
W0 10 13.000 -19.40 O0.00E400 2 0,00 1,00 1.00 1,00
50 11100 120,00 -0.40 0.00E¢00 2 0.00 1.00 1.60 1.00
30 0 111,00 110,00 0.60 0.00E400 2 0.00 1,00 1.00 1.00
B0 111,00 100,00 10,40 0,00E+00 2 0.00 .00 1.00 1.00
32 0 $25.00 230.00 -147.40 O0.00E+00 1 0,00 1,00 1.00 1,00
363 0 125,00 228,00 -145,50 O0.00E+00 1 0.00 1.00 1.00 1,00
364 0 125,00 276,00 -143.40 O.00E#00 1 0.00 1.00 1.00 1.00
355 D 125,00 224.00 143,00 O0,00E+00 1 0,00 4,00 1.00 1,00
366 0 125,00 220.00 ~-135.40 O0,Q0E+00 I 0,00 {.00 1.00 1.00
7 9 125,00 215.00 -127.70 0.00E+D0 1 0.00 1.00 1.00 1,00
8 0 125,00 210,00 -11%9.00 C.00E+00 1 ©0.00 1,00 1.00 1.00
369 0 125.00 205.00 -109.9¢ 0,00E+00 1 0.00 1,00 1.00 1.00
I 0 125,00 200,00 -100.50 O0.00E+00 1 0,00 1.00 1,00 1.00
I8 125,00 190.00  -B2.80 O0.00E400 1 0.00 f.00 1.00 1.00
372 0 125.006 1B0.00  -71.00 O.00E+00 2 0.00 1.00 1,00 1.00
3730 125,00 170,00  -48.30 0.00E+00 2 0.00 1,00 1.00 1.00
378 0 175,00 140,00 -49.80 C,00E+00 2 0,00 1,00 1.00 1.00
S0 125,00 150.00  -39.60 O0.00E400 2 0,00 1,00 1,00 1.00
376 0 125,00 140,00 29,50 O.00E+00 2 0,00 1.00 1.00 1.00
I8 125,00 130,00 -19.40 0.00E4D0 2 0,00 1,00 1.90 1.90
378 0 125,00 12C.00 -0.40 0, 00E400 2 0,00 1,00 .00 1.00
e 0 125.60 110,84 .60 0.00E400 2 0,00 1,00 1,00 1.00
380 0 125.00 100,00 10,60 0,00E+00 2 0,00 1.00 1,00 1,00

131 BLOCY F: ELEMENT INFORMATION SARfessesassitissnssssansiasnsstsasang

E i j k 1 Angle Conhtl ConAST LayNum
1 24 m 1 000 1,00 100 1
212 7 600 1,00 100 1
I 4027027 03 400 100 1,00 )
4 5 M 2 4 .06 .00 .00 |
T+ M 5 0,09 1,00 LOO )
6 7 % 2 & 000 1,00 L.00 1
T8 2 % 7 000 1,00 LOO )
§ © 8 27 B 000 .00 1,00 1
F 10 29 28 9 0,00 1.00 1.00 |
fo 11 3¢ 20 t0 0.0 1,00 (1,00 2
112 31 30 11 000 100 Lo 2
12 12 32 31 12 0.0 f.00 1,00 2
I3 14 33 32 13 0.00 100 100 2
14 15 3 33 4 000 1,00 100 2
T3 M1 000 1,00 100 2
16 17 3 35 16 0,00 1,00 1,00 2
17 18 37 3 17 0,00 100 1,00 2
ig 19 3B 37 18 200 1,00 1,00 2
1% 2t 40 39 20 000 1,00 100
20 22 41 40 1 000 1,00 00 |
0242 41 22 0,00 100 1,00 1
? 24 43 42 27 0,00 1.0 100 o
2202 45 53 24 0,00 Lo0 1,00 1
24 26 45 4% 25 000 L0000 1,00
25027 4 45 % 000 100 100
26 78 47 & 27 0.00 1,00 1,00 1
27 1% 48 47 28 0,00 100 1,00 1
28 0 49 4B 29 0.00 00 1,00 2
350 49 3 200 L 1,00 2
30032051 50 031 000 1,00 100 2
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3
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35
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1
39
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2
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15
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ki
2
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4
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g8
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101 100
8y 102 101
107 102
85 104 103
105 104
87 106 103
107 196
89 108 107
90 109 108
91 110 109
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TABLE 7.20. Input Data for Exaaple Problea 33, Input File ’GRID.IN’,
{continued)

0.00
0.00
.00
0.900
0.00
.00
0.00
0.00
4.00
0.00
0.00
0.00
6.00
0.00
0.00
0.00
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.00
0.00
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0.00
6.0¢
0.00
0,00
0.00
0,00
0,00
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TABLE 7.20. Input Data for Example Problea 83, Input File *HRID.IN’.
{continued)

87 2111 M 000 09
88 91 12110 92 000 LO0
g 94 113 {12 93 0,00 .09
9 95 118 117 9 0,00 1,00
g1 9T 116 115 % 000 1.0D
92 98 117 116 97 0,00 1,00
97 99 UB 117 98 ¢.00 1,00
94 100 {19 118 99 4.0 100
95 101 120 119 100 0.00 1.0
96 102 121 120 101 000 L.00
97 103 122 121 102 0.00 L0
98 104 123 122 103 0.00 L.00
99 109 124 123 104 0,00 1,00
100 105 125 124 105 0.00 1.0D
101 107 126 125 106 0.00 1.00
102 108 127 126 107 0,00 1,00
103 109 128 127 108  0.00 1,00
104 110 425 128 109 ©0.00 1.00
105 111 130 129 110 0,060  1.00
106 112 131 130 131 0,00 1,00
107 113 132 131 112 0.00  1.90
108 114 133 132 113 0.00 1.00
102 116 135 1348 115 C.0D 100
110 117 136 135 116 0.80 1.0
131138 137 136 117 0,00  1.00
112 119 138 127 118 0,00 1.00
112 120 139 138 119 0.00 1.09

O DO oD o Do D

cooc oo S - o o = = =
EEESEEEEESEEESESCSESSSEE22EEESZEES3ES232sEsE28s8EsEeSsSE=8885g2E=EESE

ke e ek P a P e W s b g B ey b e R gy b e e e BeR g P ek R pe P e bt g el e Bk en P e MR e Wb e b ey R el B s e e et b e L S
el T e s . s s T - . bt Pl . - -
PRI I PRI FD I P e o et = b = e = e B R P RO PRI R R R RS ma bt pa = g b e b g B3 R P RA PRI R R R R e e e bk e e s e e BT R R R

114 121 146 132 120 0,00 1,00 1.0
115 122 141 140 21 0,00 1,00 1.0
116 123 142 141 122 0.0¢ 1.00 1.0
17 124 183 142123 0.00 1,00 f.0H
118 125 184 143 124 0,00 1,00 1.0
119 126 145 144 125 0,00 1,00 1.0
120 £37 146 143 126 0,00 1,00 0
21 128 147 136127 0.0 1,00 1.0
122 129 148 147 128 ©,00 1.00 o
27130 149 148129 0.00 1,00 1.0
124 131 150 149 130 0,00  L.00 ¢
128 132 151 150 131 0.00 L0010
126 132 152 151 132 0.00 1.0 0
127 135 154 153 134 0.0 1,90 1,0
128 {36 155 154 135 .00 1.2 0
129 137 156 155 136 0.00 1.9 1.0
130 138 157 156 137 ¢.00 1.00 L.0
121 129 158 157 138 0.00 1.00 1.0
132 140 139 138 13° 0.00  1.00 0
137 131 160 1539 140 0,00 {00 0
124 142 161 160 141 €00 1,00 0
175 183 162 1ol 142 0.00  1.00 0
136 144 160 162 147 0,00 1.00 0
137 145 [&4 153 144 .06 1,00 0
138 146 165 164 143 0,00 1.0 0
139 147 166 163 146 0,00 1,00 Y
140 188 167 166 187 0.00 1.00 n
141 149 166 167 148 9.00  1.6C g
142 150 169 166 149 0,00 1,00 0
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TABLE 7.20, Input Data for Exaaple Problem 33, Input File *GRID.IN’,
{continued)

143 151 170 169 150 0.00
PM 152 AT L7015 000

-

.
(== = N~ B

-
= =]
" e

145 154 173 172 153 ¢.00 0 1.
186 135 174 172154 0.00 0 L
147 156 175 174 155 0.00 ¢ 1,
148 157 176 175 156 0,00 0 1.

1a% 138 177 176 157 0,00
150 159 178 177 158 0.00
151 160 179 178 159 0,00
152 161 180 179 180 0,00
133 142 t8] 180 141 0.00
154 143 182 181 162  6.00
159 154 183 1B2 163 0.0
136 165 184 187 1p4  0.00
137 166 183 1B 145 0.00
138 167 186 185 166 0.00
159 168 187 1B6 167  0.00
160 169 18D 187 168  0.00
161 170 189 188 149 Q.09
162 171 180 1B% 170 0.00
162 173 192 191 172 0,00
164 174 193 {92 173 0.00
165 175 194 193 174 0.09
166 176 195 194 175 G.00
167 177 19¢ 195 176 0.00
168 178 197 196 177 0.00

-
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=

= I =4
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4
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oy o
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S S L T e e S T T T T T PP A
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— e s bmh smm M gk bt b bt pr PR ek S i Mt ek S gk bk ek G ga bt s b et bt s bt i — et b b b e e ke bt e b e k= e R e B e b s s e = s
- - - M M - = - . " .
A R P S P PRI R R P e e e et e bt i s e BRI A PRI A BRI R FY RO P e b e Bt s P ok b e B RS R ORI ORI A3 B R B e ek es e e eh pam s e ] D

9

0

0

0

0

0

9

0

0

0

0

0

9

0
149 179 198 197 178 0.0 g 00
170 180 199 198 179 0,00 0 00
171 1BY 200 199 180 0.C0 9 00
172 182 201 200 181 0.00 1.0 00
175 183 202 201 182 0.8 1.0 00
§74 184 203 202 183  0.00 1.0 .00
175 183 204 203 184 0,00 1.0 0
176 1B 20% 204 185 0.00 1.0 00
177 187 206 205 185 0,00 1.0 00
178 1B8 207 206 187 0,00 1.0 00
17% 189 z08 207 188 0.00 1.0 00
180 190 209 208 187 0.00 1.0 06
18t 192 21 210 191 0.00 1.0 00
182 193 12 215 192 0.00 1,9 00
183 194 213 212 193 0,00 1.0 .00
184 195 214 217 194 0.0 9 0
185 194 213 214 195 .00 0 00
186 197 216 215 194  0.00 0 00
187 198 217 216 197 000 1.0 00
1BB 199 218 217 198 0.00 1.0 N
189 206 219 218 199 0.00 1.00 1.00
190 201 220 219 200 .00 1.00 1.00
191 202 221 220201 .00 1,00 1.00
192 203 222 21 207 0,00 0 1.00
197 204 223 222 201 0,00 1,00 1,00
194 205 774 227 M4 0.00 0 1.0
195 206 225 224 203 0.00  1.00 20 -
196 207 226 220 206 €00 1,00 1,00
197 208 227 226 207 0.00 1.00  1.00
198 20% 226 227 208 0,00 L.00  1.00
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TABLE 7.20. lnput Data for Example Problea k3, Input File 'GRID.IN',

teontinued!
199 211 239 229 210 0,00 t.00 1,00 1
200 212 231 230 211 0,00 1.00 1,00 %
200 13 23231 202 400 1000 1,00 o
202 214 233 212 117 000 100 1,00
203 215 234 233 214 4,00 1,00 1,00 i
204 216 235 234 215 0,00 1,00 1,00 1
205 247 230 235 26 000 1,00 1,00 4
206 218 237 23 217 000 1.0 100 1
200219238 237 218 000 Lom 1,00 |
208 220 239 238 2t9 000 1,00 1,00 2
209 221 240 239 220 0,00 l,00 1,00 2
200 222 241 240 221 0,00 1.00 1,00 2
1223242241 222 0,00 1,00 100 2
212224 247 242 223 0.00 1,00 1.00 2
03225244 243 224 000 1,00 1,00 2
214 226 245 244 225 0.00 1,00 1,00 2
215 227 246 243 226 0,00 1,00 L.o0 2
26 220 247 2446 227 0,00 1,00 1,00 2
217 230 249 248 229 0.00  t.00 100 1
218 231 250 249 230 0.00 1,00 1,00 1
219 232 251 250 23t 0,0¢ 1.00 1,00 |
220 233 252 251 232 0.00 1,00 1.00 |
R 23 2[/BI 600 1,00 100 )
22235204253 234 0,00 1,00 1,00 ot
223 736 255 254 235 0,00 1.00 1,00
224 237 25 255 236 0,00 1,00 1,00 1
225238 297 256 237 0,00 1,00 1,00 )
226 239 238 257 238 Q.00 1,00 1,00 2
227 280 259 258 23¢9 0,00 1,00 L0 2
278 241 240 209 240 000 1,00 1,00 2
229 42 261 250 241 0,00 1,06 1,00 2
230 247 262 261 242 000 1,00 L0002
231 244 263 262 243 0.00 1,00 100 2
232 245 268 263 244 0,90 1,00 L.00 2
233 245 265 T4 245 .00 1,00 1,00 2
234 247 266 265 296 0,00 1,00 .00 2
235 249 268 267 248 0.0 100 1,00 1
236 250 267 268 249 0,00 {.00 1.00
237 250 270 267 230 4.0 1.00 1,00 |
238 292 271 270 25t 0,00 .00 1.00 1
239 293 272 271 282 000 1,09 1,00 |
240 754 273 272 251 000 1,00 100 )
41 5527473254 90,00 100 1,00 1
202056 275 278 255 Q.00 1000 1,00
I3 M T3 000 100 100 1
244 258 277 2 057 0000 1,00 1,00 2
243 259 278 777 258 0,00 1.0 100 2
246 260 279 278 259 0,00 {00 .00 2
247 261 280 279 260  0.00 1.0 .00 2
248 262 281 280 251 0,00 100 1,00 2
249 283 282 26! 262 0.00 1.00 1,00 2
250 764 2BI 782 267 0,00 1,00 1,00 2
251 258 284 287 264 000 1,00 1,00 2
252 266 280 204 265 0,00 1,00 (.00 2
257 250 287 286 267 0,00 1,00 1,00 1
204 269 298 287 26 0,00 1,00 1,00 |
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TABLE 7.20, Input Data for Exasple Probles 43, Input File "GRID.IN'.
{cont inyed}

95 770 299 288 269 .00 100

Lo
256 271 290 289 2720 0,00 1,00 1.00 1
W2 R 000 100 1,00 |
BB 27T W29 7T .00 100 100 1
09274 292 292 273 000 100 1,00
260273294 291 774 0,00 1,00 1,00
261 774 295 294 225 000 1.00 1,00 1}
202277 19% M5 276 000 100 1,00 2
263 278 297 295 277 000 L0000 1,00 2
268 279298272 278 0,06 1,00 .00 2
263 269 299 298 279 .00  L.00  1.00 2
266 281 300 299 286 0.00 1,00 t,00 2
267 282 301 100 281 0,00 100 1,00 2
268 287 302 301 282 0.00 1,00 1,00 2
269 284 303 302 283 000 L.OO 1,00 2
270 285 304 307 284 0,00 1.0¢ 1.00 2
271 287 306 305 286 0.00 1.0 1,00
272 268 307 306 287 0.00 1.00 1,00 1
273 289 Jog 307 288 0.00  1.00 1,00 1
274 290 109 308 289 0.00 1.00 1.00 I
275291 310 309 290 600 1.00 1.00 1t
276 292 3t 310291 0.00 t.00 1,00
277 193 342 31 29 0,00 L0000 1
278 294 T13 312 293 0.00 1,00 1,00 1
79295 314 312 294 0.00 1,00 100 1
280 296 315 314 295 0.0¢ 1.00 1,00 2
/297 ST/ 000 .00 0O 2
282 298 17 M6 297 0,00 1,00 1,00 2
283 299 318 117 298 0.00 1,00 100 2
284 300 319 I18 299 0,06 1.00 1,00 2
285 301 320 319 300 0,00 1.0 100 2
286 302 321 320 300 0,00 1.00 .00 2
287 303 322 321 302 0.00 1,00 1,00 2
288 304 323 322 303 o.00 1,00 1.00 2
289 306 325 324 305 0.00 1.00 100 1
290 307 326 325 306 0.00 1,00 1.0 1}
291 308 327 326 307 0.06 1,00 1,00 i
292 309 328 327 308 0.00 1.00 1.00 |
293 310 329 328 309 0.00 (.00 1,00 |
294 111 330 329 310 0,00 1.00 1,00
295 312 331 330 31t .00 100 300
296 313 332 311 112 0,00 1,00 1,00 1
297 314 333 332 313 0.00 1,00 1,00 1
298 315 334 33 314 000 1,00 100 2
299 3th 335 334 315 .00 100 00 2
300 317 336 335 J&  0.00 1,06 1,00 2
301 318 337 [ 317 000 1,00 100 2
302 319 238 337 318 Q.00 1,00 1,00 2
I3 339 B3 0,00 100 1,00 2
304 321 340 339 320 0.00 100 1.00 2
305 322 341 340 371 0.00 100 100 2
306 323 342 31312 000 1,00 100 2
307 325 344 34314 0.00 1,00 1.0
308 326 745 I44 325 0,00 1,00 1,00 1
300 327 345 345 326 0,00 1,00 .00 )
310 328 347 346 327 .00 1,00 1,00 1
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TABLE 7.20. Input Data for Exasple Problem &3, Iaput File 'GRID.IN'.
(conl 1nved)

318 329 348 347 328 0.00 1,00 1,00
12 I30 34% 346 722 0,00 1.00 100
M3 320350 349 336 000 100 1,00
314 332 351 350 33 6.00 1,00 1,00
315 337 332 39t 332 0.00 1,00 LLO0
316 334 337 252 133 0.0 1.0 1,00
217 335 384 152 33 000t 100
318 336 355 354 335 0,00 1.00 L.00
319 737 356 355 336 0000 o0 LLDO
320 738 357 3% 337 o000 100 1,00
321 379 3158 357 338 0000 1,000 1,00
322 280 359 MR XY 600 L0000
I3 14 360 359 240 0,00 100 10D
324 242 T61 J60 XM 000 L0000 1,08
325 348 383 352 343 000 1.0D 100

o

326 345 34 363 344 0,00 100 1,06
J07 346 345 364 345 0.00 100 L.

328 I47 3bb 365 386 0.00  E.GO0 1.00
329 348 347 366 347 0,00 1.0 1,00
330 349 3B ZA7 348 0.0C 100 1.00
331 330 369 368 349 0,00 1.02 1,00
332251 370 349 350 0,00 100 1.00
JFIIII0ELO0.00 1,00 1,00
4 IDI I I 0.00 0 L.00 1.00
33 37T 2T 0.0 L00 tL00
J36 356 374 373 354 000 1,00 1,00
7SI/ IS 000 1,00 100
338 357 376 373 356 0.00 1,00 1,00
339 3538 377 376 357 0.00 100 OO
340 3159 378 377 338 000 160 1,00

341340 379 178 359 0.00 100 LL00
342 61 380 379 %60 0,00 L0000 1,00
118 BLOCK &: BOUNDARY GEOMETRIC INFORMATION S¥Ryssseifpisssrtaisnpaisiss

o=
=]
P A2 R A P RS P R P e s pa = pa et e et e PRI BRI B2 R B PRI P B B e s e e e

KXB(1}, KXB{2),... KXB{NunBP} {boundary nade number array}
! 20 39 o8 77 %% 13
134 153 172 194 210 229 248
287 285 305 3 343 362 19
38 LY} 76 9% 114 133 152
171 190 209 29 97 264 285
304 13 42 Ist 380
Widthi1y, Width(2),..,,Width(NuaBP) {width array)

26,18 157,08 2TLI? 300.55 261.80  238.7h  Zh3.B9
366,52 57910 857,66 1221.04  148B.09 2277.456  3008.41
36%9.77  4970,01 623B.17 772310 944365 5292.55 26.18
157.08  273.32 306,55 261,80 23676 263.8% 34,52
S79.10 837,66 1221.04 14B8.09 2277.b& 300B.41  3899.77
497001  6238.17  TI23.10  RA43.45  5292.59
rlep (surface area)
49087.50
$¥% END OF INPUT FILE “GRID.IN' SEREEBERSXOLABEataspsnassassassessssiisy

1-87




TABLE 7.21, Output Data for Example Probles 83, Output File 'V_MEAK,QUY’,

Evanple probles #3 - Infiltration Test

Progran SWN 11

Dates 3. 5.1988  TYime: 11:56

Tiee independent boundary conditicns
Auisyometric flow, V = LLSL

Units: L=ce | T = nmin

Tise rits rfaot vhtn
48] tLm LYl [L/TY

1.0000 0.000E+00 ©0.000E+00 0, 000E+00
3.0000 0,000E+00 0,000E+00 0,000E+00
10,0000 0,000E+00 0.000E400 0,000E+00
30,0000 0.C00E+00 0.000E+00 10,C00E+00
60,0000 0.000E+00 0.000E+00 0.0D0E+00
120.0000 0.000E+00 0.000E4C0 0,000E+00
180.0000 0.000E+00 0.000E+00 0.000E+00
280.9008  0.000E+00  0.000E+00 0, CODE+00
300,0000 0.000E+00 Q,000E400 0.000E+0D
360.0000  0.000E+00 0.CGO0E+0C 0.000E+00

vRoot
IL/71

0.000E+00
0.000E+00
0.000E+00
0. 000E+00
0. 000E+00
0. 000E+50
0. D00E+00
0. Q00E+00
0. 000E+00
0. 000E+00

vkode3 vKodel
wm Lm

0.000E+00 -0.129E+00
0.000E+60 -0,475E-01
0.000E+00 -0, 543€-01
0.000E+00 -0.399E-01
0. 000E+00 -0.346E-01
0.000E+00 -0.310E-01
0.000E+00 -0, 296E-01
0.000E+00 -0.2B9E-01
0. 000E+00 -0,283€-01
0.000E+C0 -0, 283E-01

vhesp
L

0. 00NE+O8
(1. O00E+0D
0. 000E+00
0.000E+00
0.000E+00
0. 00JE+00
0.000£+00
(. 000E+00
0,000£+09
0. G0OE+(0

t-level

14
30

ks
e

a2

n
-

72
18
82
83
0

TABLE 7.22. Output Data for Example Probies #Z, Output File "CUN 8.0UT°.

Tine CusfApP CundRP Cuadh
m Il ] fL1]

1.0000 0.000E+00 0.000E+00 0.000E400
3.0000 0.000E+00 0.000E£Q0 0.000E+00
10,0000 ¢.000E+00 0.000E400 0,000E+00
30,0000 0.000E+00 0.000E+00 0, COOE+00
60,0000 0.000E+00 0,000E+00 9,000E+00
120,000 0.000E+00 0.000E+00 .000E+00
180,0000 0.000E+00 0,000E40C 0, 000E+(0
240.0000  0.000E¢00 (,Q00E¢00 0. 000E+(Q
300.0000 0.000E400 0.000E+00 0.000E400
360.0000 0.000E+00 0.000E+00 0, 000E+00

CumBR
1

0. 000E+00
0. 000E+00
0.000E+00
0. 000E+00
0. 000E+00
0.C0CE+00
0. 000E+00
{*, 000E+00
8.000E400
0. 000E+00

Cund3 Cus®
[L] [L]

0.000E400 ~(.248E+00
0, 000E+00 -0.5HBE+CC
0, 0006400 -0,503E+00
0.G00E+00 -0, 1776401
0,000E400 -0,287E+01
0. 000E+00 -0, 480E+01
0, 000E400 -0, 581E+01
0. 000E+00 -0, B3LE+0]
0. 000E400 -0, 101E+02
G, GOOE+00 -0, 11BE+O2

7-48

CundS
{1

0. QONE+O)
. 000E+00
6, 000E400
0.000E+00
0.000E400
0. 000E+00
0.000E+00
. 000E +00
5., 000E+00
0, G00E+0

t-level

14
30
38
52
b2
72
78
82
8
90




TRBLE 7.23. Output at the End of Simulation for Exanple Probles #3, Output File *BOUNDARY.OUT’.

Time:  340.0000

i noox z Code g v h th
vl [L/n

it 1 0.0 230.0 0,3326+00 -0, 203E-01 0.0 0,399
2 20 5.0 50,0 4. 321E+01 -0,205E-01 0.0 0.3%9
3 3 10.0 230.0 0.570E+01 -0.209E-01 0.0 0.399
4 38 4.0 230.0 9.717E+0t -0.239E-0t 0.0 6399
3077 1.0 0.0 (-, 1226407 0. 4b6E-01 0.0 0.399
5 9% 19.0 230.9 0,000E+00  0.000£+00 -6.3 0.3M4
7 113 21,0 230.0 0, 000E+00 0, 000E+00 -13.1 0,386
8 134 23.0 230.% Q. 000E+08  0.000E+00 -19.6 0.377
9 153 260 0.0 0. G00E+00 0. 00CE+00 -29.5 0,164
1¢ 1712 30.0 230.0 H,000E+00 ¢, 000E+00 -44.2 0,345
1t 19 350 23000 0,000€+00 0, 000E+00 -67.4 0,320

12 210 4.0 230,0
13 22%  48.0 230.0
14 248 5.0 230.0
15 267  85.0 230.0
te 286 75.0 230.0
17 305 860 230.0
18 324 98.0 230.0
19 343 110 230.0
20 362 15,0 230.0

0.060E+00  0.000E+GD -102.8 0.290
0. 000E+00  0.000E+00 -134.3 0,269
0,000E+00  0.000E400 -143,7 0,264
0. 000E+08 0. 000E+00 -145.0 0.263
0,000E+00  0,000E+00 -143.1 0.263
0.000E+00 0. 000E+00 -143,1 0.263
0,000E+60  0.000E+00 -145.1 0.263
0.000E+00 0. 000E+00 -145.1 0.263
0,000E+00 0. 000E+00 -135.2  0.283

2 1% 0.0 100.0 0.000E+00 0. O0DE+H0Q 9.9 0.33%
238 5.0 160.0 5,000E400  0.000E+00 9.9 0.339
25 16,8 160.0 0,000E+00 0, DODE+G 9.9 0.319
4 % 140 100.0 0, 000E+00 0. 000E+09 9.9 0.33%
9% 17,0 100.0 0. 000E€00 0. 00OE+00 9.9 0.319
2% 14 19.0 100,0 0.000E+00  0.000E+00 9.9 ¢339
27 133 210 100.0 0.000E+00 (. Q00E#00 9.% 6.339
28 182 2.0 100.0 0.000E+00 0. 000E+00 9.9 0.339
29 171 26,0 100.0 0.000E+00  G.000E+00 9.9 0.3139
300190 30,0 100.0 0.000E+00 0. 000E+00 9.9 0.33%
3209 350 100.0 0. 000E400 0. 000E+00 0.339
32 N8 41,0 100.0 0.000E+00 0,000E+00 0.33%
I3 247 480 100,0 0.000E+00 0. 000E400 .9 0,339
34 266 36,0 1000

35 265 5.0 100.0 0. 000E+04 0, 000E+00 0.33¢9

[

9.9

2.9

2.9
0.000E400 0.Q00E+00 9.9 0.339

9.9

9.9

9.9

[T = B = I = AR B = I = B = R o i o - i L B N — . = B = - I — - R~ - R

36 304 7.0 100.0 0. 000E+00 0. 000E400 0.339
37 33 86.0 100.9 0.D00E+0D (1, 000E+00 9 0,339
8 342 98,0 100.9 0.000E+00  0.000E+00 9.9 0.33%
39 31 111.0 100.0 0.000E+00 0, 000E€00 9.9 04339
40 380 125.9 106.0 0.000E+00  0.000E+00 2.9 0.3

7-4%




TABLE 7.24. flutput Data for Example Probles 83, Output File "BALANCE.OUT’.

Tise [T] Tatal Sub-region nusber ...

1.0000 1 2
Area [V] 0.538E+07 0.196E4+07 ©,442E+07
Volume EV] 9. 190E+07 0.551E+06 0, 135E+07
InFlow [V/T]  0,131E+0T 0.140E+03 -0.827E+D1
hMean fL] -117.4 -34.9

5. 0000 1 2
frea [V 0.438E+07 0,196E407 0,442E407
Volume (V) 0. 1F1E+O7 0.502E«06 0.130E+D7
InFlaw [V/T)  0,683E402 0.749E402 -0,815E+01
hMean TL1 -117.2 -39

10,0000 ] 2
Area (V] 0,638E+07 0.194E+07 0, MA2E+07
Volume (Y] 0. 141E+07  0.552E406  0.135R407
InFlow [Y/11 0.562E402 0.642E+02 -0, BOFE+D]
hitean (L2 “117.9 -}.9

30,0000 1 2
Area [V] 0.638E+07 0, |94E+07 0,442E+07
Voluse [V] 0.191E+07 0. 553E+06 0. 135E+07
InFlow (V/T)  0.408E+02 0.485E+02 -0,796E401
h#ean {13 -116.4 -35.0

60.0000 1 2
Arez [V 0.538E4+07  0.1%6E+07 0, 4426407
Volume (V] 0.191£+07 0.554E+06 0. 133E407
InFlou [V/T] 0, J49E402 0.4276+02 -0, TBOE+0]
hMean 1L} -115.9 -3%.0

120.008¢ 1 2
Area (V] 0.43BE+07 0.198E+07 0.442E+07
Voiume [V] 0,191E+07 0,5357E+06 0, 135E«07
InFiow [V/T1  0,3I3E+02 0,3BBE+02 -0, 745E+01
hHlean [L] -114.1 -1

180. 0090 1 2
Ares (VY1 0.6IBE407  0,194E407 0, 4426407
Voluse [V 0.191E+07 0,359E+04 0.135E+07
Inflow [V/TY 0.I00E402 O, I59E+07 -C,480E+01
hMean [L] -112.% -33.2

240. 0000 1 Z
frea [V] 0.538E407  0.194E+07 0, 4428407
Yoluse (Y3 0 191E+07  0.561E+06 O, 135E407
InFlow [V/TT  0,293E+02 0,351E<02 -0.SBIE+0L
hMean fL] -111.7 -33.3

360, 0000 ! 2
frea V] 0.4638E407 0.198E+07 0, 4420407
Yolume (V1 0, 1916407 G, 5636404 0,173E407
TnFlow TV/T]  0,290E+02 0.334E+02 -0,4358+0)
hMean (L} -110,% -35.4




340, 06000
Area [V
Volume V]
InFiou [V/T)
hMean (L)
Tise 113

n x(n}

| (V)]

11 0.0

il 5.0
A S0
41 10.0
51 10.0
6l 14,0
bl 14,0
81 17.¢
21 17,8
104 19.0
i 19.0
121 2t.0
13t 21,1
144 2%
151 27.0
161 26,0
1A 26,0
18¢ 30.¢
191 350
201 Ta.0
21 41,0
21 AL
3l 48.0
241 48.0
250 5.0
oy g6.0
7t 55.0
281 850
s 75.0
301 75,0
kS8 86.0
321 BL0
&S 98.0
4 988
35 i
8 111.e
1250

TABLE 7.24. Output Data for Example Problen #3, Gutput File *BALANCE.OUT’.

0,438E+07
0,192E407
0. 286E407

TABLE 7,25, Dutput at the Beqinning of Sieulation for Exaeple Probles #3, Dutpet File *H.OUT’.

t

2

0. 1966407 0, 447E407
0.5656+04 0.135E+07
0.Z13E+07 -0.267E401

-108.9

1.0000 s33

zin} hin}
700 0.¢
18,0 -1.4
228.0 -15.&
170.0 -46.3
2260 -110.3
140,90 -47.8
2.0 -140,7
150,80 -1.4
20,0 -135.4
149,0 -29.%
215.0  -127.7
130,60 -19.4
210,00 -£19,0
128,48 -2.4
2050 -ipee
1.0 1Y)
00,0 -100,5
106, ¢ 10.4
190.¢ -82.8
2260 -147.4
180,0¢ -1,
228.0  -145.%
170,90 -60.3
2260 -143.4
160.0¢ -49.8
2240 -14t100
150.0 ~39.4
200 1354
140,0 -29.5
29,9 -127.7
13¢,0 -19.4
2100 -119.0
120.0 -2.4
250 -159.9
110,0 0.6
200,0  -100,5
100,60 10,4
190.0 -B2.8

35,3

hindl) ...

-17.0
-60.3
-107.2
-49.8
-140.5
-19.4
-135.6
-29.5
-127.7
-19.4
-119,0
-9.4
-109,9
0.4
-168.3
10.4
-62.8
~147.4
-M.0
-145.5
-60.3
-14%.4
-§4.8
-181.9
-19.6
-1359.4
-29.3
-121.7
-19.4
-119.0
-9.4
-109.9
0.5
-100.5
10.4
-§2.8
-147.4
-0

-112.3
-49.8
~140,8
-39.4
-135.6
-29.5
-121.7
-19.4
-119.0
9.4
-109,9%
0.6
~100.5
10,4
-82.8
-147,4
-11.0
-145,3
=603
-143.4
-49.8
-181.0
-3%6
-13%.6
-2%.5
-121.7
-19.4
-119.0
-9.4
-109,9
0.6
-100,5
10,6
-82.8
-147.4
=710
-145.5
~b0.3

{continued)

-1

-135.6
~2%.3
-127.7
~19.4
-119.0
9.4
-109.9
0.6
-100.5
19.6
-82.8
-136.8
-71.0
-145.5
-60.3
-141.4
-49.9
-141.0
-394
-135.4
=299
-121.7
-19.4
-119.90
-9.4
-109.9
0.6
-100.5
10.4
-82.8
-147.4
-7L.0
-145.9
-80.3
-143.4
-49.§
-141.90
-3%.6

-121.7
-19.4
-119.0
-9.4
-109.9
0.6
-100.5
10.4
-B2.8
=353
-71.0
-144.9
-60.3
-143.4
-49.8
-141.0
-39.8
-135.4
-19.5
-127.7
-19.4
-119.0
-9.4
-109.9
0.6
-100.3
10,4
-B2.8
-147.4
-71.0
-145.58
-60.3
~143.4
-49.D
-14§.0
-3%.4
-133.6
-29.3

-119.0
-9.4
-109.9
0.6
-100.5
10.6
-82.8
0.0
-11.0
-115.9
50,3
-143.4
-49,8
-141.90
-19.8
-135.4
-29.5
-127.7
-19.4
-119.0
-%.4
~109.9%
0.6
-100,5%
10.6
-B2.8
-147.4
-7.0
-1453.5
-60.3
-143.4
-49.8
-141,0
-31%.4
-135.6
-1.5
-121.7
-19.4

-10%.9
4.6
-100.5
19.4
-82.8
0.0
=71.0
~2.1
-60,3
-182,7
-49.8
-14t,0
-39.6
-135.6
-29.5
-121.7
-19.4
-112.¢
-9.4
-109.9
0.6
-100.5
10.4
-82.8
-147.4
-7.0
-145.5
-40.3
-142.4
-49.8
-141.0
-39.6
-13%b
-29.3
-121.7
-19.4
~119.0
-2.4



fime

Eh|
A
M
41
ot
&1
!

a1

%1
101
m
121
131
141
151
16
t
18¢
191
201
211
741
31
281
2%
264
M
281
291
el
L
3N

Ty
21

ALH
33
361

m

n

xin}

WA LA O S
.
> S o

10,0
10,0
14.0
14,0
17.9
7.0
19,0
19.0
4.0
21.0
23.0
5.0
26.0
26,90
30.0
35.0
35,4
1.9
1.0
48.0
48,0
36,9
56.¢
3.0
3.0
75.0
750
86.¢
85,0
98.2
98.0
11
1.0
128.0

TABLE 7.26. Cutput at the End of Sisulation for Example Probles #3, Output File 'H.OUT'.

340,0000 st

zin)

230.¢0
180.0
228.¢
170.0
2%6.0
160.9
224,0
150,0
220.0
180.0
5.0
130.0
210,10
120.9
205.0
10,9
200.0
100.0
190.0
2100
180.0
228,0
170.0
2.0
160.0
224,09
156,90
220.0
180,
5.
13,0
2102
120.0
205.0
110,90
200.0
100.9
1940

hin) hinti} ...

0.0 0.0 -0.1 -0.6
-b4.3 -3.2 -49.9 -40.1

0.0 -0.2 -0.9 <33
39,2 -49.9 -40.1 =30.1
-0.9 ~1.9 -5.0 -10.0
-50.0 -40.1 -30.1 -2,
-39 -1.h -13.2 -20.3

-40.1 =30.1 -20.1 =101
-10.% -1é.8 -%.2 -39

-30.1 -20.1 -10.1 0.1
-19.8 -27.4 ~31.4 ~E0.2
-20.1 -t0.1 0.1 9.9
-H.2 -41.5 ~54.3 -1
-t0.t -0.1 7.9 -19.4
-4, 2 -38.¢9 -T4.4 -59.2

0.1 9.9 -20.5 -29.0

-bb.6 -78.8 -69.7 ~80.2
1.9 -44.2 -42.4 -41.8
-78.9 -10.2 -60.3 -50.3

- -47.4 -65.8 -44.8 -64.3

=107 -40.3 -30.3 ~40.2
-161.2  -100.0 -99.2 -99.2
-60.7 -50.4 -40,2 ~36.1
-130.4 -i28.4 -I28.5 -1149.2
-56.4 -40.2 -30.1 -20.1

-39 -131.F -1 -LINB
-40.3 -1 -20.1 -16.1
-13.4 1248 -115,2 0 -10N.6
-10.2 P -10.1 -0.1
-124.7 -1 (10704 -99.1
-20.1 -10.1 -0.1 9.9
-116.3 -102.4 -79.1 -83.1
~10.1 ~0.1 9.8 -85
=107.4 -99.1 -83.1 i
0.1 2.9 -1451  -143.0
~99.0 830 -M.5% -40.9

L
==
]
-
.
L
ra
i
—
-
Ll
—
t
—
-
L=

-
e ]

-82,% -Tt.b -40.9 =313

-13.0
-10.1
-22.4
~%.1
=31
¢.9
-67.8
0.0
-68.1
-4.8
-3%.8
-13.0
-50.1
-19.1
-80.1
~30.1
~30.1
-49.0
~20.1
-78.2
-10.1
-99.4
-0.1
-98.2

2.9
-g%.0
-$145.¢
=715
-143.0
~50.9
~140.7
-50.3
-138.8
-40.3
-112,5
-39,
-104.7

-20.!

U
L]
-

1
(4]
~£
- - "
A R e g e Ly e O e G e B e L S Gl

¢ v F otk
Ld Py o= L)
IR I — R = . )
N « . -

4

U

1

] t] 1

. 1 — L b3
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TARLE 7.27. Output at the Und of Simulstion for Exaeple Probles 43, Output File 'TH.OUT,

Tise i3 TAC, 0000 13t
fi D S thin} thisst) ,,,

1 2.0 2300 0,I%9 0,159 0,799 © 0,199 0,397 0,393 0,386 6.375 U1 2,306
1" £.0 180,09 0.268 .27 5,287 2.299 £.312 9,324 0,334 0,339 0,339 0,399
N 500 208.0 0,390 0,790 0,299 ¢.3197 0.392 0.385 6.373 0,359 9.325 2,267
A S LI Y 0.274 5,287 .299 0.312 0.324 0,234 0,319 0330 0,399 0,399
41 1, 2260 4,399 0.709 ¢.393 0,390 0.381 0.269 0.354 0,322 0,287 0.276
510,00 10,0 0,287 £.29¢ 0,312 0.2 0.33 0.73 0.339 0.199 £;,399 0,398
Al 14,0 2280 0.2% 0,292 0,286 0,77 0.764 0. 748 0,320 0.264 0.27% 0.287
noo4e 150,08 0.29% 8,312 32 0234 9.339 0,139 0.3%9 0.398 ¢.396 1,393
81 17.¢ I20.0 0.389 0,381 0.71 0.338 0.342 M7 0.26b 4] §,287 0,799
1 140 8,012 0.324 0.334 0,319 0,339 0.394 9.393 0,192 6,390 0,383

wr o 1e.2 AL 0.377 0,387 0. 354 0,338 J1b 0.263 0.275 0.287 0.299 0312
1.0 1300 0,374 0.334 0,339 0,319 0.386 0.387 0,384 0.304 £.380 8,372
121 7.0 ALY 0.282 0,249 0.334 0,314 0.263 0.273 6.287 0,299 0,312 0,324
2 L) 1.0 0,234 4,339 0.339 0.377 6. 279 0.379 0.378 ¢.374 0,346 0. 356
4 22,0 250 0.342 S0 0,313 . 264 0.279 0.287 6.299 0.342 0.324 0,334
E12 BT S S L ML 0,329 0.339 0,364 0.354 £.367 0,346 0,383 0.336 0,346 2.383
161 6.0 200.0 0,321 . 0.2b4 0,275 0.287 0.299 0.312 0.324 9,124 0,339
17¢  DE0 1000 .39 0.343 t.347 {348 0.348 0.346 0.340 0.330 0.320 0,311

=
[

181 0 19000 0,309 0,283 0.274 0.287 0.299 0.12 0.324 0,334 0.339 0.33%
194 350 230 9.320 0,322 0,323 0,323 0.3 $.316 0.310 0,304 0,301 6,307

01 30 1809 0,263 0,274 0.287 0,299 0.312 0.324 0,334 0,339 0.339 0,290
2 40 228.0 6.291 0.292 4,292 0.293 0.2%2 0,291 0,292 0.2% 0.304 0,262
221 8L {70.0 0.274 0.286 0.299 0.212 324 0,334 0.339 0.13% 0.269 0.211
FATINE - +{ M] 0.272 0.273 0.275 9,279 0.283 0.288 0.293 0,306 0.262 0.2714
241 48,0 180.0 0.286 0,299 &,312 0,324 8,334 0.339 ¢.339 0,254 0,265 0,267
231 a0 27400 §.248 0.271 8.278 0.281 0.287 0.293 8.308 0,262 0.274 1.206
1 hG 150.0 0,299 0,312 0.324 0,338 0.339 0.339 0. 263 0,263 0.266 0,267
7 63,0 RGO £.2710 6,275 0,280 .285 0,293 9,303 0.262 0.274 0.28h 0.299
B/ S50 1400 0.312 0,22 0.334 0.339 0,119 0.262 0.265 0.266 0,267 0.270
Pt SRS B bR 2278 0.780 6,286 6,293 0.303 0,262 2274 0,284 0,299 9,312
e 130.0 0.324 0,23 0.339 0,379 0,263 0.26% 0.286 0.267 0.270 0,273
H Bs.0 218,90 9,280 0.204 0,293 6,303 0.262 0,274 0,285 0.299 ¢.312 0,324
M gaG 126,90 0,774 0,379 0,139 0,263 0,255 ¢, 268 ¢.287 0.270 0,273 0,280
Y980 5.0 0.285 0,293 0,205 0.262 0,274 0.286 0,299 0.312 32 2,334
Miooegs 10,0 0.23 0,370 0.263 0,2L5 0.268 0.267 0.270 0.273 0.280 0,286
Iooe 200,10 0,292 0,396 0.262  0.214 0,285 0.299 0,312 0.324 0.334 0,339
31 1tLe 100,90 0.319 0,263 £,265 0. 266 0.267 0,27¢ 0,275 0.28t 0,285 0,293
TTEOO12E 1900 0,308 0.262 0,274 {.286 0.299 0,712 0.324 0.334 0,379 0,339




Tise

t1
2
k3
LH
1
6l
71
81
a4
101
n
124
13
144
1=
161
17
181
153
201
211
22
i
rul
ot
261
mn
281
291
301
i
32
I
34

TABLE 7.28. Dutput at the End of Sisulation 4or Example Probles #3, Qutput File 'VX.DUT’,
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44,5
52.¢
az.0
£0.5
60,5
.0
80.%
20,3
22.0
?2.9
104,35
104,35
8.0
118.0

240.0000 102
g} viie)

229.0 -0, 25E-04
175.6 0,32E-04
225,00 0.21E-02
155.¢ 0.21E-04
217,35 0.80E-02
1350 0.74E-05
2075 0.26E-02
115.0 {.33E-05
192.0 0.78E-01
229,00, 16E-01
175.¢ 0.276-03
2215.0 0,88E-02
159,0 9,38E-04
7.9 0,47€-02
135,80 0,10E-04
207,59 0.21E-02
10 0.78E-05
193¢ 0.38E-D3
29,0 0.18E-02
175.0 9,B1E-04
6.0 0.5%E-02
195.0 0.16E-04
7.5 0.77E-04
135.¢ 0,57E~05
07,5 0,50E-05
1130 0.64E-05
1950 0,326-Cé
2290 0.57E-07
172,0 0,96E-04
225.0 0,70E-08
135.0 0.11E-03

vy {etl} .

0. 1BE-03
0.13E-04
0. 26E-02
¢,97E-05
€. 2E-02
0.47E-95
0. 18E-02
&, 53E-03
0.41E-03
0.13¢-0t
0.87E-04
. 70E-02
0. 18E-04
0. 35E-02
0. 49E-05
. 13602
0.82E~C3
0. 20E-03
0.18E-02
0, 43E-04
£, 95E-3
0.10E-04
0.37E-04
0. 54E-05
0.34E-05
§.BOE-05
0.12E-05
8.57€-07
0, 12E-05

0.50E-03 €.10E-02
0.71E-05 0.41E-05
0, 26E-02 0. 21E-(2
0.53E-05  0.33E-05
0.23E-02 0.14E-02
¢.45E-05 0,45E-03
0.78E-03 0,42E-03
0.29E-01 0.13E-01
0. 22E-03 0.86E-04
0.10E-C1 0.74E-02
0.38E-04 0,18E-0%
0.52E-02 0.37E-02
0.10E-04 0.B8E-03
0,23E~02 0, 16E-02
0,71E-05 0.77E-05
0.35E-03 0.29€-03
0202 0.33E-02
0. 13E-03 0. 40E-04
¢.18E-02 0.17E-02
0. 246-08 0. 14E-04
0.43E-03 0.33E-03
0.75E-03 0.43E-05
0.28E-04 0, 24E-04
0.72E-03 0.87E-~05
0.22E-05 0.48E-03
0.85E-06  0.BAE-04
0.24E-03 0, 26E-0G
0,57E-07 0.55E-07
0.14E-05 0. 16E-05

0.11E-02
0. 29E-03
0.15€-02
0,33E-05
72E-03

0.11E-04
0.70E-05
.87E-04
0. 26E-05
0.47€-07
0, 20E-05

0.24E-08 -0,.B1E-08 -0.23E-07 -0,39E-07

0.13E-05

7.5 -0,47E-07 -0.11E-04

1350 0. H4E-05

47,5 -0, 70E-04 -0, 11E-05 ~0.17E-03

115.0  0.29E-05

0. 188-05

0. 20E-05

0.16E-05 0.21E-03

0. JLE-05

~0.19E-06 -0.27E-06 -9,34E-04

0.28E-05 0, T5E-09

7-T4

0, 48E-0b

0,95E-02
0.23E-05
0.11E-02
0.30E-05
0.39E-03
0. 70E-02
0.82€-04
0.77€-02
0.17E-04
0.386-02
0.67E-(5
0. 17602
0, 71E-05
0.35€-03
0.51E-02
0,74E-04
0. J1E-02
0. 16E-04

z D1E-02

0.70E-0F
0.12E-03
¢, H1E-05
0.16E-04
0.1E-048
0. b2E-05
0.05E-06
0. 26E-G5
0. J5E-07
0. 27E-05
-0, J5E-07
0.47E-05
-0 17E-06
0,35E-04

-0.156~05 0.27E-00 0.15E-05

0.71E-02
0,.20E-05
0. 34E-03
0.126-02
0. 19E-03
0,74g-02
0. 35€-04
0.34E-02
0. 93E-05
0,27e-02
0.62E-05
0,73E-03
0, 74E-02
C.19€-03
%, 50E-C2
0.23E-04
0.27e-02
0. 10E-04
0,71E-03
0.81E-05
0. 54E-04
0,95E-04
0.19E-04
0. 1E-04
0.5tE-03
G, 77604
0, 28E-05
0.22-07
0,45E-05
-0, 58E-07
0. ME-07
0.84E-04
0.28E-0b
0, 126-03

0. 49E-03
D, 14E-03
0.30E-03
(. 20E-02
0,72E-04
0. 45E-02
0, 14E-04
0.3BE-(2
0, 59E-C5
9.1BE-02
0.,87E-03
0.39E-03
0. 74E-(2
0,82E-04
{0, 46E-02
0. 18E-04
0.21E-92
¢.73E-03
0. 80£-03
0.91E-05
0.47€-04
9,97E-04
0.18E-04
2. 10E-04
0.84E-03
0.63E-Ch
0, J4E-05
0, 13E-07
0.59E-05
0, 13E-04
0.3BE-07
8. 10E-03
0.13E-08
0.126-05

0.25E-0 0.13E-03
0.34E-03 0.12E-02
0.13E-03 ©.30E-04
0.42E-02 0, 85E-02
0,30E-04 0, 14E-04
Q,50E-02 0.37E-02
0. 87605 0. 55E-(%

0.27E-C2  §.18E-02
0,38E-05 C,52€-05
077E-03 0. 49E-03
e E-01 0. 10E-08
G, ME-07 4.B3E-04
0, 89E-02 0.82E-01
¢, I76-04 5. 19E-04
0.38E-02 0.29E-02
0, 10E-04  0.72E-0%
0.14E-02 0.83E-03
2.80E-05 0.88E-03
0.17E-03 0. UE-0D
0.38E-03 0,39E-03
0,438-04 0,26E-04
0.95E-04 0.91E-04
0.97E-05  0.71E-03
0.%0E-05 0.70E-0%
9,80E-05  0.43E-03
0,4B8E~06 2, 35E-04
0,34E-00  0.70E-05
0,29E-07  0,35E-0b
0,10E-67 0.87E-08
0.43E-06 0.BRE-04
0,28E-07 0.3BE-08
0.11E-05 0,12E-05
-1, 20E-04 -0.31E-0¢
0.13E-0%  0.15E-05
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111
12
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141
151
161
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201
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P
2
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251
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m
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M
344
M
321
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TABLE 7.29. Output at the End of Simulation for Exasple Problem #3, Output File 'VX,0UT°,
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J80,0000 34t
zle) vziel

229.0 -0.20E-01

vzlet!) .,

-0, 20E-01

-0.20E-0% -0, 1BE-01 -0, 14E-0f -0,11E-01

173.0 -0,33E-03 -0.196-03 -0.52E-04 -0,B4E-05 -0.42E-06 -0,47E-05

225,0 -0.19E-01
135.9 -0 44E-04
27,5 -0.12e-01
135.0 ¢.3BE-05
207.5 -0,56E-02
115,49 -0.65E-05
195.¢ -0.19E-02

-0, {7E-01
-0.31E-00
-0.87E-02
-0, 25E-0%
-0.42€-02
-0.30E-05
-0.74E-03

-0, 13E-01 -0.10E-01 -0,77E-02 -0.57E-02
0.138-05 -0, 36E-0% ~0.81E-05 -0.35E-05
-0, 86E-02 -0, 49€-02 -0,28E-02 -0.11E-02
-0.72E-05 -0.32E-05 -0.28E-01 -0.20E-0t
-0.22€-02 -0.89E-0% -0.34E-03 ~0.11E-03
-§.18E-01 -0.15E-01 -0.12E-01 -0.9BE-02
-0.28E-03 -0.B3E-04 -0,11£-04 0.96E-08

229.0 -C.52E-02 -0.77E-02 -0,80E-02 -0.74E-02 -0.64E-02 -0,53E-02

175.0 -0, 23E-03
25,0 -0,50E-02
1550 0.57€-07
217.5 -0.376-02
135.¢ 0.186-04
207.5 -0, 19E-02
115.0 -0.34E-05
1950 -0.21E-03
229,0 -0.59€-04
175,90 & 42E-04
225.0 -0.45E-04
195,0 0,64E-04
207.9 0.29e-04
135,06 0,32E-04
207.5 0.97E-04
15.0 0,27€-0%
195.0 0,13E-03
229,40 0.40E-05
175,60 @, 12E-07
225.0 0,21E-04
195,90 0.79€-04
A5 0.35€-04
1350 0.37€-04
200.% 0.10E-03
15,0 0.50E-05

-0, H4E-04
-0, 54E-02
0.17€-04
-, J4E-02
0.33E-03
-0.14-02
-0, 21E-05
-0.76E-04
-0, 14E-12
0, 462E-04
-0, 7BE-04
9.48E-08
0. 33E-04
0. 14E-04
0.11£-03
-0,57E-07
0. 13E-03
0.12E-04
0. 10E-03
0,34E-04
{.38E-04
0,78E-04
8. 17€-04
2,12€-03
0, 10€-05

-0.27€-05 0.13E-04 ©.10E-04 O.10E-0%
-6, 515-02 -0.44E-02 -0.36E-02 -~0,26E-02
0.126-04 0,206-05 -0,50E-0% -0,25E-05
-0, 28E-02 -0,21E-02 ~0.91E-02 -0.33E-03
-0, 4%E-05 -0,236-05 -0,33E-03 -0,95E-07
-0.54E-03 -0, 18E-03 -0.5BE-04 0.41E-05
=0, H4E-0T -0, 80E-03 -0, b6E-00 -0,99E-0
0.86E-05 0.36E-04 0.420-04 0.33€-04
~0,23E-03 -0.37E-07 ~0., 4BE-07 -0,46E-03
0.53E-04 0.426-04 0.25E-04 0,94E-05
-0,93E-¢4 -0.70E-04 -0.21E-04 0,33E-04
0.29e-04 ¢,12E-04 0,37E-06 -0.79E-04
0.79E-04 O.10E-05 0.13E-03 0.13E-03
0.18E-05 -0.3BE-06 0.36E-05 0.12E-04
0.13E-03 0.13E-03 C.12€-03 (.97E-04
0,40E-05 ©.12E-04 0,21E-04 0,34E-04
0,126-03 0.99€-04 0,79€-04 0,57E-04
0,21E-04 0.34E-04 0,55E-04 0,7BE-04
0.79E-04 0.57E-04 0.34€-04 0,17E-04
0.35E-04 0.78E-04 0.10E-03 0,12E-03
0.36E-08 0.17E-04 0.39€-00 ©.40E-06
0.106-03 0.12E-03 O0.13E-03 O0.13E-03
0.42E-03 0.58€-06 0.46E-05 0.13E-04
0.13E-03 0.12E-03 0.12E-03 0.10E-03

-0, 848-02 -0, 52E-02 -0.3TE-Q2
-0.89E-03 -0,39E-03 -0.21E-0t
-0.336-02 -0.14E-02 -0, 51E-03
=0, 22E-01 -0,20E-01 -0,1BE-01
-0.426-03 -0.14E-03 -0.32E-04
=0, 16E-01 -0, 12E-01 -0,93E-02 -0,73E-02
=0.20E-04 0.54E-0T 0,bH4E-05 -0.94E-Gh
-0.78E-62 -0.42E-02 -0.48E-02 -8,36E-02
0.B4E-05 0.12E-04 -0.59E-0S
-0.42E-02 -0.3tE-02 -0, 15E-02 -0, H1E-03
-0, 55E-08 -0, 27E-05 -0.19E-02
~0.12E-02 -0.49E-03 -0.18E-03 -0.45E-04
-0.79E-03 -0.21£-02 -0,29E-92
-0, 13E-03 -0,22E-04 0, 15E-04
-0,136-02 -0,20E-02 -0,24E-02 -0.23E-02
0.28E-04 0.27E-04 0,17E-04
~0,13£-02 -0,12€-02 -0,10E-02
0.21E-04 0,726-05 -0.22E-05 -0.17E-03
-0,35€-03 -0.20E-03 0,13E-03
-0.B1E-06 -0,126-05 -0.17€-04 -0,30E-04

0. 8E-04
-0.23E-06
0. 1HE-03
0,20E-04
0.77€-04
0.55E-04
0.35e-04
0. 10E-03
0.36E-03
0.13E-03
0.40E-05
0.12E-03
0. 21E-04
0, 80E-04

0. 11E-03
0,33E-0%
0.92E-04
0.326-04
0.59E-04
0.79E-04
0. 14€E-04
0.12€-03
0.30£-04
0. 136-03
0.126-04
0.10E-03
0. 35E-04
0.59E-04

0,94E-08
0, 10E-04
0.73E-04
0.32E-04
0.34E-04
0.99E-04
0.33E-03
0.13€-03
0. A0E-03
0. 126-03
0.21E-04
9, BOE-04
0,58E-04
0.37E-04

-0, 14E-02
-0, 20E-(1
-0, 176-03
-0, 15E-01
0. 13E-04

-0, 28E-05
-0, 40E-02

-0, 34E-02
4. 21E-04

0.50£-05
-6, 59E-03

0. 64E-04

0.BIE-04
6.15€-04
0. 32E-04
9,73E-04
0. 15E-04
9.126-03
0. 14E-04
0. 13E-03
0.12E-04
0. 10E-03
0.34E-04
0.38E-04
0.79E-04
0. 1BE-04




TABLE 7.30. Dutput Bata for Exzasple Problea 83, Output File 'RUN_INF.QUT’,

TLevel Tise dt Iter ItCum
14 0.190E40f  0,129E400 4 &7
30 0,500E+01  (.396E+00 3 10k
B 0.100E+02  0,494E400 3 138
57 C.J00E+02  O,245E+01 4 189
62 0.400E402  O.J8LE¢01 3 228
72 0. 120E¢03  0.727E401 4 285
78 0.180E+03 0,178E#02 5 288
82  0.240E+03  0.240E+02 5 304
85 0,J00E+03 0,300e402 8 319
90 0.360Et03  0.140E402 I 333

Real time [minl  $29,333333949:1619

7-1b




8. FROGFRAM ORGANIZATION AND LISTING

8.1. DESCRIFTION OF FPROGRAM UNITS

The program consists of a main program unit  and 32
gubprograms. The subprograms are organized into 6 source files
which are stored and compiled separately and then linked
toge ther with the main program to form executable program. The

list of souwrce files and subprograms and their short description

follows:
SWMIT.FOR (Main program unit)
INFUT2.FOR Baslnf, MatlIn, BenMat, TmiIn, Se=spln, Nodlnf,

Elemln, Geomln,AtmIn,SinkIn
EQUATIOZ.FOR Reset, Dirich, Solve, Shift, SetMat
TIMEZ.FOR TmCont, SetAtm, Fqgh
MATERIAZ.FOR FK, FC, FQ, FH
SINKZ.FOR SetSnk, FAlfa

QUTFRUTZ.FOR TLInf, ALINf, hOut, thOut, Q0ut, Flx0ut,
SubReg, Boulut

Main program wnit SWMII.FOR

This is the main execution uwnit of the program SWMIT. It
controls execution of the program and determines which optional
subroutines are necessary for a particular application. It also

checks for convergence and updates the pressure head array.

Sowce file INFUTZ.FOR

Subroutines included in this file are designed to read data
from different input blocks. Following table summarizes from
which input file and input block (described in Chapter %S.}) the

particul ar subroutine reads.



TARLE 8.1. Input Subroutines

Subroutine Input File Input Block

BasInf SELECTOR. IN A. BRasic Information

MatIn B. Material Information

Tmln C. Time Information

SeeplIn D. Beepage Information

NodIné GRID. IN E. Nodal Information

ElemIn F. Element Information

Geomln 6. Boundary Geometric Information
AtmiIn ATMDSFH. IN tHi. Atmospheric Information

Sinkln SINK., IN I. Sink Information

Souwrce file EQUATIOS. FOR

Subroutine Reset updates coefficients of governing matrix
equation and constructs the right hand side vector and the
effective matrix.

Subroutine Dirich modifies the effective matrix and right hand
side vector to properly account for prescribed pressue head
nodes.

Subroutine Solve solves the effective matrix by Caussilan
elimination. :

Subroutine 8hift changes the type of atmospheric or seepage face
boundary condition from Dirichlet type to Neumann type and vice
VErSa.

Subroutine SetMat interpolates intermediate values in the

material hydraulic characteristics tables in order to determine
the nodal values of K(h) and C(h).

Source file TIMEZ.FOR

Subroutine TmCont adijusts the current value of time increment at.
Subroutine SetAtm updates time variable boundary conditions.
Function Fqgh describes the groundwater level - discharge

relationship gfh). The function is called only from subroutine
Setftm.

Sowce file MATERIAZ. FOR

This Ffile includes functions FK, FC, F@B, and FH which




describe material hydrawlic characteristics F(h), C(h), ath), and

h{B}, respectively.

Sowce file SIMNED.FOR

This file includes subroutine Set8Bnk and function FAlfa. The
purpose of these subprograms is to calculate the actual intensity
of water edtraction in the root zone in response to water uwuptake

by plants.

"Source file DUTFUTZ. FOR

Subroutines included in this file are designed to print data
to different output files. Following table summarizes which

output files are filled by the particular subroutine.

TARLE B.2. Qutput Subroutines
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Subroutine Dutput File
TLINnF H_MEANM. QUT
V_MEAN. OUT
CuM_6. ouT
FUN_INF.QUT
hut H.DUT
thlut TH. QUT
(pln]WE4 Gl OuUT
FlxQOut Vz.ouT
VY. 0UT
Boulut ROUNDARY . OUT
SubReg RALANCE.OUT
AL Inf A_LEVEL.OUT
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8.2, PROBRAM LISTING

SEM 11 - Numsrical mode! of two-dimensional flow
in a variably saturated porous medius

Designed by T.Vogel  (1987)
Based on model UNSAT? (Neuman et al,,1974)

e pp N an W Ay M e W

" gy P b S e M e e

progras SWHMII

parameter (NuaNPD=500,
NuaF1D=500,
MBapdD=30,
NuaBPD=100,
NSeepd=2,
NunSPR=20,
NHatD=3,
NTabD=100)

double precision A,B Rtime
logizal SinkF,q6MWLF,Atalnf,5hortF,Seept,CheckF, FlusF
integer PLevel,Alevel,Tlevel

dimension A(NBandD,NuaNPD}, B{NuaNPD) ,Kode (NuaNPD}, B (NusNPD?,

' hiNew{NusMPD}, hTeap (HueNPD), hO1d (NusMPD}  ConSat (NHatD),

' hTab{NTahD},ConTab INTabD,NMatD},CanTab (NTabD NBatD)

' FiNumNPD} , Con(NuaNPD}, Cap {NustiPD) , X (NunNPD, Y (MunMPD},

' MatNum (NumNPD)  LayNum (NuahPDi, KX (NuaE 1D, 4)  KXE (NusBPD),

! Confizz (NuaELD) ,Confzz (No&E1D) , ConAxz {NumELD), TPrint (50),

! NP {NSeepD, NuzSPD! NSPINEeepD), KodeS (NSeepD},

! Width{NusBPD),EWidthid),

! Par{20,NHatD), Avz {NuahPD), Buz (NuaNPD}, Dxz (NuaNPD}, thr (NMatB),
! Sink {NueNED!,POpts (NW3tD), Bata (NuahPD) , DS (NuaNPD) ,Cual {20)

openi30, file="GHMIT, IN\Selector, IN?,
open (31, file="SWMIT, IN\Atsosph. IN?,
oper {32, file="SWMIL.IN\Grid.IN’,
open(33,file="SHNIL. IN\Gink, IN",

open (30, fiie="5NMII. OUT\Check.OUT,
cpen!7i, file="SWMII. OUT\v_Mean.OUT",
opeal?7, f1ie="SHNIT.DUT\h Mean.DUT',
open {78, file="SWAIL.OUT\Cun @.00T°,
open (72, file="SHMIT.DUTAA Level ,0UT’,
cpen!75, file="SRMIL, BUT\R, OUT",

open (74, file="SHMIT. DUT\EN.DUT",
apeni79,file="5uM11.0UT\Boundary. BUT’
open (B0, file=’ SNNIL. DUT\Bal ance, QUT*,
open {82, ¢ile="SWNIL, OUT\vx, OUT’,

open (81, file="SWNIL. OUT vz OUT",

data SinkF
' /.false.,.false., 0. 100, 0.
! Cumll ,Sink

L0, NusNPDRO. /

status="0LD")
status=’0LD’)
status="0L1’)
status="0LD’)
status="NEW")
status="NEW’)
status='NEN'}
status="NEN’)
st atus='NEW')
status="NEW'}
status="REW’}
yStatus="NEW')
status="NEW')
status="NEW’}
status="NEW'}

y 0y 1y

1

]

,GOWLF ,tInit,NTab,[tlus, lter,Tlevel,Alevel ,Plevel

1/
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call Baslaf (Kat,Marlt,Tol,AtelnF,ShortF,SeepF,Checkf,FlusF)
call NodInf (MusNF, NuaEl, [J,NuaBP, MBand,NushPD,Kode, @,

! hiew k01d,hTemp, ¥, ¥, HatNun,Beta, Axz,Buz, Dxz, CheckF)
tall Elenln (NunEl,NueElD,KX,LayNun, Confxx,ConAzz, Confaz, CheckF)
tall Gegnln {NuaNP,NuaBP,SNidth Width,Kode,K¥B,rien)

call Matin (KMatD,NMat,MLay,Par,hTab{1),hTabiNTab))

call 5enMat (NuaNF,NTab,NTabD,NMat,NMatD, thr,

! hiew, MatHun, Par,hTab, CunTab yCapTab,ConGat)

it (Atelnf) then

call Atain [GHLOL,SinkF,qBULF, tInit, t¥ax,Agh,Bgh, hCrits, HaxAL)
call SetAta (tAts,rTop,rRoot,hlritA,Width,KYE, NuaBP,

! Kode, hNew, 8, NushP, Aqh, Bgh, BWLOL, qBWLF)

endif

call Taln  {tInit,tMax, TAta, tOld, 4t,dtMay,DMul , DMel 2, dtMin,

! TPrint,t Dtﬂpt ntnlnF)

if (8inkF) then )

call SinkIn (NMat,NusEl, NusNP, NueElD,Kat,KX,x,y,

! PO,POpta, P2H,P2L,P3, r2H,r2L, Reta)

call BetSnk (NuahP,NuaNPD,NMatD,MatNus,hNew,rRoat,

! Sink, PO, POpte, P2, POL,PY,r2H,r 2L, Beta,rlen)

endif

if {Seeph)
'rall SsepIn (NSeepD,NusSPD,NSeep,NSP,NP,XodeS)

call date tf,i,iday)

call tise {ihours,mins,isers,i)
Riime=iday124,340. +ihourssbd, tainstisecs/a0,

closet it}
close(33)
open (70, #ile="SRMIL. OUT\Run_Inf.QUT*, status="NEW"}
cpen(74,¢ile="SWNI1, DUTAG, OUT", statpe="HEN’}

$ --- Beginning of time and iteration loop —-——- —-----—-

250 continue

~3

tall SetMat (NuaNF, NTab,NTabD,NMat ,NMatD hTab,ConTab, CapTah,
! hNew hOL1d, MatNum, Par, Eon sCap,ConSat,Arz,Bxz,Dxz)
tal} Reset (KDBE,A,B, a hNew, hﬂld F,Con,Cap, X, ¥, KX, NuaNP, NBand,

' NusEl, NuahPD,MBandD, NuaE 1D, KAT, dt,
! SinkF,Sink,DS,Beta,rLen,vHeaﬁR,hﬂeanR,
! ConAxx,Cankz2, Conde)

if (AteinF,or.SeepF)

trall Skift (NusNP,NumBP,NSeepD,NuaSPD,NSeep,NSP, NP, hNew, B, Kade,
! KodeS,rTop, Width,KX8,hCrith,kCritS,SeepF ,AtminF)
call DirichlA,B,KODE, hiew NIMHP, MBAND, NuaNPD, MBandD)

call Solve {f,B,NUMNF MAAND NueNPD,MBandD)

do 262 i=1,NushP

rewiil=Rii)
50 continge

1TER =1TER+t

tHCua=1tlun+]

1 Maxlt,le.l ) gato 440

if ( dt.le.dtMin } then
writel 8,8} ° 4t is equal to diMin’
goto 440

endit
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Test for convergence
i=0
110 centinue
j=i+f
Epslon = abs{hMew{i}-hTenp{i)}
if {Epsion.le,Tol .and. i.1t.NuaNP) goto 410
if {Epslon.gt.Tol .and. Iter.le.MaxIt) then
do 438 i=1,NuakP
hTempli}=hNew(i)
430 continge
gots 230
endif
if (Epslon.gt.TOL .and. Iter.gt.MaxIt) then
do 453 i=1,NunNP
hNew(i) =hDld!i)
hTeap (i}=h01d(i)
455 continue
Iters0
dt=amax](dt/10,dtMin)
a4 0pt=gt
t=tid+dt
gota 230
endi f

--- end of iteration lopp -=---------emroremccmommmmceem e e oo
4% continue

T-Level inforaation

call TLInf  (NusNP,MNusBP,Kode, &, hNew, Eund, Width, SHidth,KXB,

! t,dt, TLevel ShortF, TPrint{PLevel), Iter, ItCun,riop,
! rioat, vieanR hMeanT, hfleanR, hMeant, AtalnF, SinkF)

P-Level inforaation
if fahs{TPrint(PLevel}-t}.1t.0.0018dt} then
call HOut (hNew,X,¥ Nus¥P,t 13}
call thOut (NMatD,NumNP,t,I,Par,tiNew,X,Y,MatNun,thr,Axz, D2z}
it (FlusF) then
call 80ut ¢@,X,Y,NunNP,t,1J)
call FlxDut tNumNP, BueEl,NuaE1D,Confxx,Conhzz,Confz,
' hNew,X,¥,13,fon,KX,t)
endif
rall SubReg(MusEl,MusElD, HuaNP, RXatD,hiew,h0ld, ,y, MatNua,
! LayNus,Par,KX,Kat,t,dt,NLay,Plevel, thr,Axz,Dx2)
call Baulit¢NunNP, Nyuab?, NMatD,t, hiew, B, Width,Par, kY8, Kode,
' MalMua, X, ¥, thr,Axz,Bxz)
PLevel=Pleve]+!
endif

A-level inforpation
1f labs{t-tAtae},1e.0.0013dt .and, AtalaF) then
call ALInd ¢t,Cusf,b¥eanT hMeank,hieant, Alevel)
it {ALevel,lt. MaxAL} then
call SetAta (tAts,rTop,rRoot hiritA,Width,KXB,NupBP,
' Kode,hNew,&,NusNP,Agh,Bgh, GRLOL , qbRLF)
Aleval=Alevel +]
endif
endif
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L] Root extractiop
if (SinkF}
'ral]l SetSni {NuaMF,NumNPD,NMatD,Nattum,hNew rfoct,
! fink PO, POpte, PIN,PIL,PY,r2H, r2L,Beta,rlen)

¥ Pressure heads far new tine level
do 47¢ i=1,NuahP
hlg:it =hNew!i)
hTeap!it=hiewli)
270 continue

' Time gaverning
if (abs{t-tMaz).le.0.0014dt) then
tall dateli,i,iday}
rall timefihours,ains,isecs,i}
Rtime=idayt24, 860, +ihours¥40, teins+isecs/60. - Rtime
writa(70,¢)
write!?0,%) ’Real time Imin}’,Rtime
writel 1,3} ’Real time [ain)’,Riime
stop
endif
call TeCont (dt,DTMAX,Dt0pt, DMUL, DMul2, dtMin,
LITER, TPrint (PLevel), tAte,t,tHax)
Iter=0
TLavel=TLevel+!
kG1d=t
t=tidt
gote 250

b == zng of tiap logp =e--mmmsssossesemcnemonn s

end



t Sovrce file INPUTZLFOR fidiiiiitiiibiisadinatnininniiiinnniinn
subroutine BasInf {Kat,MaxIt,Tol,&talnF,ShortF,SeepF,CheckF,FluxF?

character¥72 Hed
charactertd LUnit,TUnit
Ingical CheckF,AtalnF,ShortF,SeepF,FluxF

dimensicn ItH11}
data IV /50,74,72,75,76,77,78,79,80,81,82/

read{30, »
reacg (30,1
read{30,1} Hed
read (30,1}
read{30,1) Lbnit,Tinit
read (30,1}
read{3t, 1} Kat
reag (3o, 1n
read{39,1) Maxlt,Tal
read¢30, 1) .
read (30,8} CheckF,ShortF,FluxF, AtalnF,5eepF
call time (ihours,ains,isecs,ihunds)
call daste {iyear,sonth,iday}
Rtime=1hgurs260, +ains+isers/60.
do 18 i=f, 1
¥ritellliii}, 1) Hed
writellgiy, o .
writetIlti}, #)'Program SWM [I°
writef1U41),150) iday,month,iyear,ihours,ming
if (AtalnF} then
write(IlUti),8) " Time dependent boundary conditions’
else
write(Il{i),8) Time independent boundary congitions’
padif
if (EAT,eq.0) writel(IU(i), 100}
if (kAT.eq.l} write(IU{1), 110)
if (KAT.eq.2) writellB(i), 120}
write(1U1), 0} *Units: L = " HURit,”, T = °,TUnit
10 cortinue
writefd, 1 "$48 ° Hed,’ HY
it (KAT.eq.0) writett, {00}
if (KAT.eq.1) writeds, 110}
if IXPT.eq.2) writeit, 120
writai(S0, 1400 NAYIT,TOL
190 foraat (7 Horizental plane tlow, V = LIL")
11¢ format ¢ Axisymeetric flow, ¥V = LELIL"!
120 format {* Vertical plame flow, ¥ = LIL")
140 foraat!/’ Mas. nusber of iteratiens °,14/
! * Pressure head talerance [L1’,FB.4/}
150 foraat i Dater *,i2,°.%,1i2,%.%,14,"  Times *,i2,'1%,i2)
return
end

eI bitesbidtniitusiistibtatistustutiittibaaiittobiotistindsdaditetsits




subrputine MatIn (NMatD, NMat,Niay,Par hTab! hTabN)

real ¥
dimension Par (20, NMatC!,bec)
data fe /1.,.99,.94,.85,.75, .45,, 50/

Imaz=7?
read 120, §1
read (3¢, #
read (30, 8} NMat,MLay,hTahl hTabN,NPar
hlabl=-amint( abs(hTabl} , ahsihTabN) }
hTabN=-anaxi: ahsthTabl) , abs(hTabN} }
read {3¢, 3}
uritelse,200)
4o 10 M=1, NMat
read (10, ¥ {Par (i,M},i=1,4Par)
write{50,210) M, Par{i,M,i=1,NPar)
10 continte
write(30,220)
go 50 M=t,¥Mat
write!50, §)
do 40 i=),Inax
hz FHIL De(id,Par{i,H) )
K= FXU h,Par{l,n )
{= FC{ h,Parti, M) )}
8= FA( h,Paril, i)
write{S0,270) W,Qe{il,d,5,C,K
40 continue
=0 continue
200 format{/’ MatMum, Paras. array:’/}
N0 fprmat (15, 8X, 4472, 16E12.T)

220 forpat {77 MatHus Ge 1 h C X’)
2%0 foreat!l5,BY,2F7.3,710.3,010.2,E12.3)

return

end

SRR RN iCedtatisitidtiantistyttutietidioeittintitiitistitisqitietis]




subroutine GenMat (NumNP,NTab,NTzbD,NMat,NMatd,thr,

! hNew, NatNua, Par  hTab,ConTab, CapTab, ConSat)
dimension hTabtNTab},%onTab (NTakD,NMatD),CapTab (NTahD, NNatD),

! hen (NusN® Mathun (MueNP) Par 120, MMat DY, ConSat thiMat ),

! thr (KNat)

hTak1=hTah(1}
hTabN=hTab {NTal)
if (hTab¥.n2,h7abi} then
dih=( 2log10(-kTabNl-alogl%i-hTabl} 37 {NTab-1)
do § i=i,NTak
alh=alpgi0(-hTak1}+(1-1)¥d1h
hTab!i}=-108%a]lh
S contirue
do 2C N=1,MMat
ConBat (M1=FY(0.0,Par (1,1))
thriM)=FR{-1a23;Par it ¥y
do 14 i=1,NTab
ConTabli, M=FKi5Tabrid, Par {1, A1)
Caplabti,M=FCinTah it Parti, M)}
i continue
20 continue
endi+
return
end

103 bi ettt iftsidiiiititnteinctepticititsaiiiactitsiistijsiss

subroutine TaIn (tlnit,tMax,tAte, t00d,dt,dtMax,DM.0, THa12, dtNin,
! TPrint, t,Dtopt, AtelnF!

iogizal AtalnF
dimensicr TPrint (S

read (30, 1

read (30, 1

read (36, §) dt,dtNin,dtMax, BMul, Ditul2, NPL

read (30, &)

read {30, O (TPript{i),i=1, NP}

Dtopt=dt

if t.not.Atalnf) then
tMax=TPrint (MPL}
tAta=tMax

endif ]

TPrint (MPL+1)=tMax

t01d=TInit

t=tInit+d?

retern

end

bEitiibasssbistiditecditiiotitiqtibeciitidlitasiseciitsiiistiseciipitites
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subroutine SeepIn {NSeepd,NukSFL,NSz2ep,NSF,KF,FodeSt
dimension NSF/NSeepl! ,NF INSeapD, HueSPD) ,KodeS (NSeepD!

read (30, §

readtid, 1)

read 20, 1) NSeep

readiit, 1)

read (30, ¥} INSP{i!,i=1,NSeep)

read{3d, §)

read(30, £ (XadeS!i),i=1 NSepp}

read (30, §)

do 20 T={ HSeep

read (30,1} (NP{I,d},d=E,M5P (1))

20 continue

return

end

L R T R R Pt T gt (et eiadaattdddiastititsqdy]
subrostine NodInf (HumM?,NumEl, ]2, NusBF,NBand,NuaNPD,tode,8,

! P,Fl hTenp, X, Y, NatNua, Beta, 8xz, Bxz, Dxz, CheckF)
lagical Checkf

dieension KODE!NuaNPD! O {NuaNPD),P1 (NusNPD!, X (NushPE},Y (NusHPD:
T P {NuaNPT:  hTeen (NualPD)  MatNum (NusNFD)  Beta INuahPD)
! Axz tHualPD) , Bz (MupNPD: , Dxz (NushPL}

read(32,1)

read(32, n)

read (32,1} MupNP, NuaEl, 17, NuaBP
read(32,1

MBand=[3+2

NFR=6

L=0

20 L=let
readiIZ, 2 N KOOE(NT X{N!, YONE PEOND  GONY, MatHum N} RetalN),
Phez (NY, BuziND, DaztR)
IF (N-1) 39,90,70

o0 write!t, 230} N
stop

7¢ PENO=N-L+1
DX=IX {13 -XINPRY) /TEND
D= (YiN:-Y INPEY ) /OEND
DP={F1 (N1 -F] INPRY) /OEMD
Dheta={RetalN!-Rets (HPR: ' /Teno
DA= Az (N -Ax 2 (NFF) ). Dang
NR= (B2 (M =Bay iNOF) Y Do
IE={Daz (M) -T2 (NPRY ) /Deac

AN HREY AR AR 1} ¢
YiLy=Y{l-114BY
PHiLa=Piet -1y 4DP
Beta’!:=fataft-11400eta
Az {li=3:r L -104DA
Bez(Ly=Buzit -1 +]R
DxziLy=Bazil-104D0
MatMumfl}=MatHuail-1
KODEIL)=kQDELL -1}
arLy=p(L-1}
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L=l+]
IF (L .LT. W} 6O 7D B0
20 NPR=N
IF {L .LT. MUMNP) GO TO 20

| do 105 N=f,NUNNP
PINi=PLIN)
hTemp (N3 =F1(N)
105 continee
1f (CheckFi then
urite(50,21M
gz 110 N=1,NUMNP
write(50, 2000 W KDREND XON Y (N, PLINY, GTN), HatNum(N),
' BetafMi,AxziN} Rez N, De2 (W)
110 continue
endif
200 format (2110,4E15.4,i10,8£7.3)
210 format {////24H NODAL POINT INFORNATION //10W KODE WO, &Y, 4HKDDE,
178, I8 R, 12X, 3HY, 1, 11X, 5H. P8I, 12¥, 1HG/)
230 format (' ERROR IN Nodln# AT N=",19)
return
end

biigiiRebtistidistitiadotiotiatittistitiqetiintiadiaiqditiiteidiitiftis

subroutine Elealn {NusEl,NueE1T, XX, LayNum,Confixx,Cenfzz,Confxz,
! LheckF}
lagical CheckF

dimension KX(MusflD,4),Confvy (NusEl),Confzz (NuaEl},Confxz (Nuskl),
! LayNum{HuaEL}
NUn=C
read(32,5)
read(32,%)
do 40 N=1,NUMEL
IF (NUM-N) 29,460,480
20 read(32, £INUM, (KX(NUM, 1Y, I=1,4},Condizz (Hum) , Confzx (Bus),
' Confizz (Nual,LayNueiNua)
IF (KXINUM,8) EQ, ©) KXINGM, 4'=KX(NUM,3)
IF (HUM ER. N) G0 TD 40
40 do 30 I=1,4
KX (N, 1h=KY IN-1, 1) +)
M continue
Lonhxz (NY=Canfxx (N-1}
ConAzz iN)=Condzz IN-1)
Confixz (N=Confxz (N-1)
LayNua (N) =LayMun (N-1}
&0 continue
AR=3,141592654/180,
do B0 N=1,NuaEl
Ang=ARIConAxz (N}
CRxx=Confxs {N)
CAzz=ConfizziN)
Confixz (M) =Chxu8cos tAngd Beas(Ang) + CAzz¥sinifng) tsin(fng)
Confzz (N)=CAxx3sin{Ang}¥sinifng) + CAzzicos(Angttcosifng)
Confxz (N1 =(CAxx-CAzz} tsin(Ang) $cos{Ang!
80 continue
1f (CheckF) then
write(5h,100)
do 20 l=},%unE!

g-1°




arite(50,1300 K, [KX(N,1),1=1,4},Condxz [N}, Canfixx (N) , Canfizz N},
* LayNua(N}
20 continue
endif -
100 format (///720H ELEMENT INFORMATION//' ELEMEMY CORNER N
"ODES CDonAzz  Cenfsx  Conkzz Layhue'/)
130 format {16,19,214,E14,3,2F2.3,i9)
return
end

tiRessiistebetitot i ietiistaftiRaidtqieattesittesiloetiiiiebeidifiosesl
subroutios Senelr {MumHF, Mum3F, SMidih,Width,Ycde,¥XB,rlen}
disersion KXB(MuaBPl MidthiNuaBPY SHidth(4) Vode(RualP:

read(72,1)
readtll, n
read {7, 1 (KXRLY =], NuaBF)
read!1z, 1
read {72, 10 (Hidthish a=) Noad)
raad (32,1
read (12,4} rlen
do 19 i=t,4

SWidthiit=0
continue
do 20 i=},kuadP

n=KX8{i}

j=izhsifpdein)}

if {3.2q.0) goto 290

SWidthij)=SWidtet i sli i
M0 continue

return

and

—
e

PR A ettt R e R atidittsoiiitiliettitssirastsitieiitbtital]

siroutine Aaln (GMLOL, BinkF,qGRLF, tinit, tMax Ak Bk, hOrits,
! MaxfAL)
logical 8inkF, qRMLF, DusayF

read ¢34,
read 31, 0
read (31, #
reagd 31, 1)
read i1, %0 EintF DumesF qONLF
read (21, D
read (31, 1) GWLNL, Aok, Rin
read 31, O
read 131, 1) tInit MaxAl
read 131, ©)
read (31, §) hirit5
read 31, 1)
do 10 i=1,%asAl-~1
rezd 21, 1}
{0 continue
read 131, 1) tMay
rewing 3!
do 20 i=1,12
read (1, t}




20 continue
return
end

LI ER T ERisRTTaRd et edtis e tEstintistiditiesititetsftatiatistsass

subroutine Sinkin (NuaMat,NusEl NuaMP NusElD,Kat XY, x,y,
! PO,Plpta, PZH, POL FX,r2H,r 2L, Bota)

dimension POptaiNugMat! Betai{NughP! KY(NuaE]D, 3} x (NughPl,y (HusNP)

read (33, %)
read(il, 1)
read!2%, #1 POP2H PIL,PI,r2H 7L
read(3l, 1)
read{1X, 80 (POptali},i=!, NunMal)
PO =-3%5(P0}
PIL=-abs(PIL}
P=-ahs {PZH)
F3 =-ans{Pl)
#¥ul=1
SReta=0
do 200 N=1,Muntl
i NUg=4 :
IF CxXin, 3 JED. KXIN,4)) NUS=]
do 120 K=1,NU5-2
1=K, 1
J=EX N, K41}
L=¥X {4,523
CI=x -3}
CK=X{3) =X (1}
BI=YIL}-¥{D)
Br=Y{I1-Y(J}
AE={CK3B)-CIIBK) /2
if (KAT.eq. 1) wiul=202, 18188 (XED+ID 4NN 1]
BetaE={Beta(l)4Beta () +Bata(L}}/3
SBeta=GBetatxMul SAESBetaE
120 continue
200 continue
do 210 i=1,NuahP
Betali)=Betal{) /SBeta
210 continue
return
end

‘ |lIII‘Il'lI'llllllI|I!|ll'lllllIlllllllll'llIllll.llll'll'lll‘ll'lllill
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f Source fite EQUATIO2.FOR 1iiiittiittiiy

subrovtire Feset !Knde,f,B,8,P,F1,F,Con,Cap, X, Y, KX, NualP ¥Band,
! NusEl  NuehPD MBandD, NusE1D, KAT,dt,

! 8inkf,Sink,08,Reta,rlen, vMeanf, hiMeank,

! Confixv ,Confizz,Confx2}

logical Sinkf
double precisien A,B

dimenzion A:MBandD, NuahPD}, B(NuaNPY , O (NushP) P (NusNP}, P1 (HushP),
' F(NusNP),Con (BualP) Lag INuahPl X {unliP), Y (NuRNP) ,

I KX(MueE1D, 5}, Confxy (NusE) Y, Confzz (NunE! ), Confxz (NunEl),

' Kote!MualP) E:3, 30, iloc (30, Biok (NuaP) D2 {4l  Beta (NusNP)

] Iritialisatien
sBul=1
vileank =%
kMeanR=0
AreaR =
do 40 I=t NuaghP
BT} =0,
Fily =t,
B5i{n =0,
2 do 3% J=t,MRand
Aid, =0,
N continue
a¢ continue

1 Loop an elements
da 700 N=f,Nust}
CONDI=Confxy (N
CONDI=Condzz IV
CONDX=Canixz (N}
Nus=4
if (KXIN, 3 eq. KON, 410 NUS=3

] Loap on subelements
de 120 ¥=1 NUIS-2
T=EXiN, 1)
J=KY (N, Kel}
LaXX N, 442)
ilocft)=t
iLart?) =kt
iloc{Ty=K+?
Cl=y (L -¥4J}
CI=§{fy-Y1
CK=x{1} =410
BI=Y (D) -YIL}
RI=¥ILY-YID)
BK=Y{I)-yiNn
AE= (CKIRI-C1H8K) /2
LapE=(Cap! 1) +Capldt+tagtl) /]
ConE={Contli+Con (1400 LI /3
if (KAT.equl} sMol=282 141AR{Y(T}+X A0 +XIL VY13
AMyl=MyliConE /4 /RE
BMul=3Mu]*Conk/2
Fiul=xMultAE/12
BetaE=(Reta(])+Betatli+Batatl)) /3
it {8inkF.and,BetaE.gt, &) then
SinkE={Sinki[}+8inkt T} #3inkiLD /]
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109
110
120

200

229

230

40

30

DS(1)=DSLI)+FRul 3 (338inkE+Sink¢I))
DS (5 =DS(J) +FBul 3 (34SinkE+Sink (J})
DSILY=DS 1L +FMul F (35 inkE+SinkIL))
PE=(PITI+P (DI 4PILY 343
vMeanR=vMeanR v Mui SAEXEInkE /rLen
hMeank=hMeanR+xMul SPESAE
preaR=AreaR+xiul 3AE
endif
FOI)=F (T} +FMul £ (38CapE+Lap (D))
Fid)=F [J)+FNul t{32CapE+Lap {3})
FIL)=F (L) +FMul ${T3CapE+lap (L))
it (KAT,ge.1) then
R{I}=R{1}+BMul # (CONDKHBT +CONDIILCT)
B{J)=R{J}+BMyl ¥ (CONDKRBI+CONDIRCT)
BiLY=BILY +BNul $ (CONDK #BK+CONDJSCK)
endit
EtL, 1Y=CONDTSBTBI+2, SCONDY 2RI 27) +CONDI 3010
€01,21=CONDISBIEBI+CONDKE(BIACI+CT 4RI +CONDIICTILE]
E(1,3)=CONDLABIARY +CONDK S {BTRCK+CTIRK) +CONBI 3L ECE
Ei2,N=E{1, D)
E12,2)=CONDI3BIBI 2, SCONDKIBIRCICONDISTINT]
E(2,3)=CONDI B ¥BY+CONDX S (RISCK+BKACT) +CONDIICISCK
E5,11=E(1,3)
E(3,20=E12,3)
E{3, 33=CONDISBKIRK 2, SCONDEARKACK +LONDI $TKICK
do 110 i=1,3
16=EX{N,ilactil)
do 100 j=i,3
JE=FLN, iLectjh)
iB=1G-jbt1
if {iB,ge.1! AtiB, jG}=AMiR, jB) + AMulIEL(i, D)
continue ’
continue
continue

continue
if {#reaR.gt.0.) hMeanf=hMeanR/AreaR

Determine boundary fluxes
do 240 N=1,NumNP
it (Kode(N},LT.1) GO TD 240
BH=B(N] + A{1,M08P(N) + DEOH
do 230 J=7,MBand
K=N-1+}
if ¥ LT, 1) goto 220
aN=0K + AT, KRN
E=f+-1
if (K ,G6T, NuohP) geto 230
gn=ay + A{J,NIIPLK)
continve
GiNy=0N
contipue

Cosplete construction of RHS vector and fors effective matrix
do 310 I=1,NualP

B(D=Q(1) - Bt} + FIDVAPL{T) /ot ~ DSIN)

Alf, =AY, 1) + FLIM/dt
continue

return
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end
P S it AR et a i Aot tatiatataitateietisatinbitietitfels
subroutiae Dirich fA,B,KODE,P, KUMNP, MBAND, NuaNPl, MBandD)

DOYBLE PRECISION A,B
DIMENSION AtNEandD, NumNFG}, BNUNRP)  KDDE (RUMNP) P CNUNNP)

DR 70 N=1,NUNNP
IF (KGPE(N) LLT. 1) 60 70 70
15 DD 40 M<?, HBAND
K=N-+1
IF (K3 39,30,20
W BOUISS-ALN, K IPIN)
BN K) =0,
30 Lahe-
1€ {NUNMP-L 50,49,40
B BILY=BIL)-A(N,N}EPIA)
SO A N0,
60 CONTIMUE
At NI=,
RN =P N}
70 CONTINUE
RETURK
END

bivisieibisieieniiatesnittiteidetiisbeiietittsotifetisiotistitatistifeeil
subrouting Satve [B,G,NUNHF, HPAKD NusHPD,WBandD)

DINENSION AINBandD WualPD), BINUKNP)
DOUBLE PRECISION A,B,C

L Reduction
B0 30 M = 1,800NP
DO 20 M=2, MRANE:
IF {A{M,N) LEQ.%.i GD 72 20
C = A% I /AL

T=NtN-1
IF (1 .67, NUKNPY GO TO 20
=4
DO 10 K = N, MBAND
NER RS
16 IF (A(KN) LBE, 0.1 A3, T) = AL3,T0 - CRALK,M
AN = C

BUIY = BOI) - A(N,NISB(N)
70 CONTINUE

BiN) = BeN)ZALLN)
30 CONTINUE

] Back substitution
M = NUMNP
40 BC 50 ¥ = 2,MBAND
L=aN+K-1
IF (L LGT, NUMNPG G TQ &0
S0OIF (ACK,MY (NE, 9. BIM)=ROMI-A(K, NIBIL)
feN=N-1
IF N (BT, O) 6O TO 40
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RETURM
END

LA 4R a2 eddRiaiidtiiiadistatiadianiadteqititifatidatetitititstitiits

subroutine Shift (KualP,NumB®,NSeepd,NuaSPD, NSeep, NSF,NP,P,8,Kode,
! KodeS,E1,Width,KXB, hCrith, horits, SeepF, Atalnf)
~ logical Seepf,AtaInF

gimension Kode{NuahP) , D{NumhP} , P {NuakiP}, Width (NusBP} ,XXB{NuaBP},
! NF {NSeepD, NunSPD) ,HSP {NSeepD? , XodeS {NCeepD)

) Modify conditions on seepage faces
if (SeepF) then
do 310 I=1,NSEEF
1CHECK=6
NS=NSP({1}
do 300 J=1,NS
N=KF L], 3}
if (KDDE(NY .ne, -2} goto 280
if (P{N} .1t, ©.) ICHECX=
i¥ (ICHECY .gt. 9 goto 200
KODE {N)=2
P(N) =0,
goto 300
280 if (KODE(N} .p2. 2} gato 300
if TICHECK .gt. O) goto 290
i (L 1Y, ©L JAND. KODESID) .1t & .or.
! (Q(H! .qt. 0. .ARD, KODES(I} .gt. &)} gote 300
290 KODE(N)=-2
gm=0,
{CHECK=1
300 continue
3¢ continue
endif

1 Modify potential surface {lux boundaries
it (Atalnf) then
do 380 1=1,NunBP
a=KXB{1)
K=Xadain}

¥ Critical surface pressure on ...
it {K.eq.d) then
if(abs(B(n}).gt.absi-E1RNidthtii}! .or. B{nid(-ED),I2.0} then
Kode{n)=-4
An1=-ETIHidthli}
endif
goto 380
endif

3 Surface flux on ...
if (K.eq.-4} then

if [P(n}.le.hCritA} then
Kodein)=4
Pla)=hCritA
gots 380

endif

if (P(n).ge.hErits) then
Kade(n)=4
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Pini=hLrits
endif
endif

380 continue
endi f
return
end
H it dsitiitaetastititiiotteiafinfeettitibeasqstisentintentetiqfitsstttis

subroutine SetMat (NuaNP,NTah MTahD,NNat,MNatD, hTab,ConTab,LapTab,

' hNew,h01d,MatNua, Par,Con, Cap, ConSat, Axz, Bxz, Drz)
disension hTahiNTab) ConTab(NTahD,NMath},Cap¥ab{NTabl NMatD),

! h¥ew (NusMP) k014 {NuaNP} , Mat Num {NusFP) , Par {20, NMat i)

! Can (NusPY , Cap (Nush®) , CanSat (NMat),

! Bxz (NuphP}, Bxz (NupNP) , Dz {NuaNP}

alhTbi=alogl0(-hTabil))
dth ={ aloglQ{-hTab(NTah})-alhThl }/(NTab-1}
do 10 i=1,NuahP
N=MatNusii}
Contil=ConSat (M} aBez i)
hMNw=hNew{i}/Az2{i}
if ( hNw.ge.hTab(NTab! .and. hMw. it RTab(l) } then
iTab=int{ { alogtd{-hNwi-alkThl t/dlh V4]
dhi=hTab{iTab+!)-hTab{iTab)
slope={ ConTabiiTab+!,H:-ConTah!iTah M) ) /dhi
Conii}=( ConTab(iTab, M +siopedihiw-hTab{iTab)) ) #Bxzii}
endi
if | hNu.ge,hTab(1} ,and. hiw.]1t.0
Po,or. bW, 1t hTab{NTab) ) Con{i!=F¥{hNw,Par {1, M) 0By (i)
Caplil=0
hMean=th¥ew (i) +h01d (511 /2/Axz 11}
it t hMean.ge.hTab(NTab) .and. hMean,lt.hTab{1} ) then
iTab=int! { aloglO{-hMean)-alhTh} }/dlh V41
ghi=hTah{iTab+1) -hTab{iTah)
slope=(CapYab(iTab+{, M) -CapTab(iTab,M}}/dni
Capfii={CapTabiiTah,M)+s)oped (hMean-hTah(iTab) ) 1 ¥Dsz{i}/Arz (i}
endif
if { hMean.ge.h¥ab(1) ,and. hMean.1t,{
b .gr, hMean,1t,hTab{NTab)Caplit=FC!hMean,Par 1,80 )4Dx2 1) /Axz (i)
10 continue
return
end

‘ I N N N N N N N N N NN NN NN NN
I N A N NN RN NN NN NN RN
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¥ Source file TIMEZLFOR [iiiidiifiitiiiininnaiianinisiiininiinnn

subroutire TaCont (dt,dtMax,dt{pt,DMul,DMul2,dtMir,
! ITER, tPrint,tAte,t, tHax)

tFix=anini(tPrint,tatn, tMax!

if (ITER.le.3.and, (tFix-t).ge. DMul3dtOpt)
'dtCpt=amini( dtMax,DMulsdtlpt )

it (ITER,ge. ]
'dtOpt=amaxi( dtKin,DMul2fdtpt

dt=aminit dtlpt,tFix-t )

dt=aginl( (tFix-t)/aniat E(tFix-t)/dt), dtMax )
return

end

iRy tee it iieeitbtesestdfiisiotartoatesciijbesdtitotitesisfijiisdot

subroutine SetAtm {tAts,rTop,rRoot,hCrith,Width,KYB, NunBP,

! Kode, P, 8, MuaNP, Agh, Bgh, GNLOL, qGHLF}

icgical qbWLF

dimension Wigth(NuaBP} KXB{NusBP),KBDE (NusNP1, P (NushP) 0 [(NualP)

read {(31,1) tAtm,Frec,rSoil,rRoot,hCritA, roNL 6L
Prec=abs{Prec}
rSoii=abs(rSoil}
rRogt=abs{rRoct}
herithA=-abshTritAd
hENL =6 +BHL.OL
rTop=rail-Prec
do 10 i=1,NumBP
n=KXB(i)
K=Kcde (n)
ift K.eg.4 .or. K.eq.-4 ! then
¥ode(n)=-4
Qtal=-Nidth(i}srTop
goto 10
endif
if (K.eg. 3) Pin)=hGUL
if (F.eq.-3) then
i¥ (qGHLF) then
Gin)=-Ridthii)WFghiPtn) -EWLIL, Agh, Bgh)
else
Bin)=-Width{i)srGuL
endif
endif
10 continue
return
end

PR iEt bt i Ry etaiatietitsabeibentobiabitiiasgiiintitesessiatfateatiets
real furction Fgh{GNL,Agh,Bgh)
Fgh=-fghtexp (Bghtabs (GHL})

raturnp
end

8-20




1t Source file MATERRAZ.FOR Jitiistiiniiiii
real function F¥ (h,Par?

taplicit real¥818-H,0-1)
real38 n,a,Ks, Kr, ik
real h,Par(9)

BPar=,%

PPar=2

Hr=-1=20

FF3r={

Br=Par (1)

Bs=Par (2}

QasPar {7)

On=Par {4)

Alfa=Parig:

n=Par ()

Ks=Par (7

Kk=Par {8}

dk=Par (%!

&=1-1/n
C1Bee=1/{Gn~Ga)
(:20ee=-0a/ (Gr-Ba)
Geer=C1eetdr + C2fes
Bees=C10ee38s + C20ee
Beek=Cl0eedBk + C20ee

if [Ba.1t.8r) Hr=-1/A1fat(Qeertt(-t/n)-1)28(1/n}
Hs=dainl! 0d0 , -1/Alfat(Beesdt{-{/n)-1}18k{1/R) )
Hk=dminl! Hs , -1/8l{atiBeeksX(-1/m)-1)23(1/n} )

if ( h.gt.Hr ,&nd, h.le.Hk ) then
B=ga+(Gn-Ba)r4t1+{-Al¢52h) %en} 42 {-n)
fee=C{Geptd + L2fee
it (Qeer.gt.0}

' FFir=¢ | - Geerifii/e! ‘ita
FFE ={ 1 - Gee 11!{/n) 'ila
FFA%=1 1 - Qeekts(1/m} Y34s
C1Be=1/t3s-Br}

C20e=-0r / (Qs-Br)
Ge = C10et@ + C2Be
dek= CiQedOk+ C20e

Kr=(Qe/dekit8Bgar & ( (FFOr-FFQ)/(FFAr-FFOK) ) 34PPar ¥ Kk/Ks

FK=KstKr
return

endif

I O hogt.Hk Land. h.1t. Hs ) then
Kr={1-Kk/Ks)/ {Hs-Hk}X (h-Hs) 41
FK=KsiKr

endif

if { h.ge.Hs ) FK=is

if { h.leHr § F¥=0,0

return

end

hie iRt tipttntittiettifetisitiftasistasittiatesteitefiotistatfettspets

real function FC {h,Par)

implicit real¥8(A-H,0-1)
realsB n,»
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rezi h,Par(9)

Hr=-1e20

Br=Par {1}

ds=Par(2)

Ba=Par {3}

fin=Par 4}

Al{a=Par(5)

n=Par {4}

a=1-1/n

ClQee=1/'0r-Da}

C20ee=-Ga/ {(Ba-al

Qeer=010eatlr + C?0e2

Bees=CiGerils + [20ee

if (Qa.1t.8r} Hr=-1/AYtfatiDearss!-t/m-1)0801/n}
Ho=dainlt 040 , -1/Alfat(Reesiti-1fa}-124841/0) }

if { hogt.Hr .and. h.lt.Hs } then
Cr={t+{-Alfashistn)xL(-a-1)
FC=(n-8a' satnd (Al fatin}d{-i} itin-12301
return

endi f

if (h.ge.Hs) FC=0,0

if th.le.Hr) FC=0,0

return

end

ESRRRA NI R LRSS RN R AR ORI E R NN RERRERRATICILLRNRLE ALY
real function FR (h,Par)

implicit ra2al$B(4-H,0-1)
realtB n,&
real h,Par(?

Hr=-1220

Gr=Par {1}

Qs=Par (2}

Ba=Par {3}

DasFar (4}

Rlfa=zPar (5:

n=Far {&)

n=t-]/n

C10e==1/1{0p-B3)

C28ee=-0a/ (Bn-0a)

Beer=CiQle2dBr + C2Qee

Gees=Ci0eetls + C20ee

if {8a,1t.8r) Hr=-1/B0fatiBeerst!i-1/m)-1258{1/n)
Hs=dainil 0d0 , ~t/Rifab{Beesssl-1/m)-1)R8(/n) !

if {hogt Hr Land. holtHs ) then
Qee=(i+{-flfathisin) tki{-n}
FO=Ba+(0s-0a) diee
return

endit

if (h,ge,Hs) FO=0s

if (h.le.Hr} FO=fr

return

end
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tasbitietiteesttentiitinteliohensiptocitiotetipjeitottiteetitciisdestit]
real function FH (Qe,Par)

iaplizi® realtB(A-H,0-1)
realtB n,n
real %e,Par(9)

Or=Par!!

Bs=Par i)

Ja=Par (1)

Ba=Par (4}
Alfa=Par(9)

r=Par (&)

a=i-1/n
§=0r+95-8r) 43¢
fee=(Q-Qa) / {Qn-0a}
Fl=-1/Afat{0cet2(-t/a'-1:80(!/n}
return

end
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t Source file SINK2.FOR [iitiiit!

subroutine SetSnk {NumMP,NuaNPD,NMatD,MatNum, hNew, TPot, Sink,
PO, POpta,P2H,P2L,PI, r2H,r2L, Beta, Length)

+
real Length

dimension MatNus{NuaMPD),hNew{NusNPD),POptaiNsatDh),
! Beta{NuaNPI) , Sink INuaNPD)
go 10 i=1,NuahP
if {Betali).gt.0.} then
H=MatNum{i!
Alfa=FAlfa{TPst, hNewii) PO, POptn (M), P2H, P2L,PT, r2H,r 2L}

Sink!/iY=A}tatBeta(i)tLengthsTPat
endi f

10 continue
return
end

11921810 3308840403¢d03083d080¢d0¢itddidtddsttittsdtstetitiitisitstdsil

real function FAlfa (TPot, h, PO, %1, P2H.P2L P3, r2R,r2L)

if (TPot.lt.r2L} PZePAL

if {TPot.gt.r2) P2=P2M

if ({TPot.ge.r2L).and, (TPot.le,r2H}}

'PR=P2H+ (r2H-TPot}/ [r2H-r2L) $P2L-P2H)

FAl$a=0.0

if {th,qgt. P2}, and. (h.1t,P2Y) FAl{a=(h-PI)/(F2-P
it t{h,ge.P2),and. (h.le.P1)} FAl4a=1.0

if (fh.gt.P1}.and, (h.1E,POY) FALfa={h-PHi /{P1-PQ)
return

end
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I Source file QUTAIRD.FOR 1i3iiitins

suhrout:ne TLInd tNuaNP,MusBF,¥ode,@,P,Cund, idth, SWidth, KXE,

! t,dt, TLevel ,ShortF, TPrint, Iter ItCun,rTop,

! rRoat, vMeank, hleanT, h¥eanR, hMeanb, AtalnF, SinkF
integer TiLevel

togical Shortf,Sinkf, Atalnf

dimenzizn G1NuaNP!, Kode (NunF1, Hidth{NumBP? ,SNidth (4} ,KXB{NuaBF},
! P (HushF)  Cup@ (00! hRean (4], vMean [4)

do G i=1,4%
vieanii}=0
hMean (i) =0
3 continue
CuaBi1Y=CunB({1}srTop $dt
Cuadtid)=lurdi12) +rRoot St
Cua@{17)=Cual 13} +vMeanRdt
do 10 §=1,NuaBP
n=XXB(i)
j=iabsiKodein}}
if (3.2q.0) gotc 19
KMean ! ji=hBean! i) +P{risRidth{i}/SNidth{j)
viean(iY=vaeanr: !-G{n! fSRidth{;)
it cantinue
do 20 j=!,4
Cusd ! =CusB{j) +vMean(;}tdt
20 continue
hMeanT=kMean(4)
hMzanG=hiean {3)
if (Tlevel.eq. 1) then
write(70,104)
writed?1,108)
writei??, 104)
writel72,107
endif
if { not.ShortF Lor. abs(TPrint-t}, 14,0004t } Lhen
arite(?!,110) t,rTop,rRoot, vMesn {4} vHeark \Mean i3}, vMean(l},
toyNean{2), Tlevel
writei77,120) t hMeantst nMeank,hMean (), hMean{l}, hiMean(d),
' Tlevel
writs(78, 130} t,Cum@(i1},Cund 12}, Cuali4},Cunlt1d),Cunl(3),
" CumB!1),Cualii2}, TLevel
write(70,180} TLevel,t,dt, Iter, [*Cus
endif
if (SinkF! then
write(s,130) t,iter, ItCua,Cual(4),Cun@(17),Cund(]),
! hMeanid), hMeank,hMean ()
else
if {AtalnF) then
write(t, 130} «,lter, ItCum,Cund(4),Cuad(1}),Cunl’?],
Y hMean{d) hPeantl} hMesn (3}
else
write(y, 150} t,1ter, [tCun, v¥ean{l) Cundtl), Cun@id),
Y hMean!l! hMean(2}

endi f
endi4
104 tormat!/!" Tlevel Tise dt Iter 1tCug’/f)
163 4oraat{’ A1l apan fluxes !v) are positive out of the region’//
y Tine rata rRont vAte vRoct  vKodel',
' vKodel vieep t-level'/

B-%




" (1] (L/Tl [L/m (L1 wm wm,

S wm [L/T1 1

106 format(// .
" Tine hAta hRoot h¥oded h¥odel ',
i hSzep t-level?/
1 m [Ll il [Ll n: -,
i Ien

107 format{® All cumulative mean specific amounts (CusQ) are’,
I* nositive cut of the region’//
' Tipe CunfiAP Cun@RP Cun@A CuaQR Cundly’,

" cuaBl Cuags t-tevel?s
I m L} [L] [L} [L] Iy,
H 48] [L1n

110 formatif12.4,7€11.3,i8}

120 formatiF12.4,5F1t,1,i8)

130 format{F12.4,7E€11.3,i8)

140 tormat{15,E12.3,£12.3,15,16)

150 fornat{F12.4,13,1&,1X,2601.3,3F7.00
return
eni

($1 P i atepbatattisitdtibentifestapsittantiteitheipesiitetitosipesissl
subroutine ALInf (f,CunQ kNeanT,hMeank,hMeant,Alevel)

integer Alevel
digension TunB(20)

if (Alevel,eq.l) write{72,1000
write(72,110) +,Cusf(11),CunDii2} ,CunBi4}, Cunllt 13}, Cuall(3],
'hMeanT,hMeanR, hNeang, ALevel

169 formatt® All cusulative eean specific ampunts (CumB} are’,
!” positive out of the region’//

I Tige CunlAF LunlRP CuaBA CumBR °,
' CusB3 hate hRoot hKode3 A-level*/
[ n (] (I Ll Ll T
1 [L3 in L] (L *n

110 forast(Fi2.4,5E11.3,3¢11.1,i8)
return
end

T ER R Rt a RNt a ANt It taiadisiagqatiiastatiaiqasdifisieitijsgtt
subroutine hOut {(hNew,X,Y,NusNP,t,1J)
dinension hNew (NuaNp!, X (NueNP),Y (NusNP)

writet75,900 t
k=
n=l
do 30 n=1, KushpP
k=k+t
if( k.eq.ain0(I3,10) .or. n.eg.NuaNP ) then
write(75,40) e,x!n),¢'n}, thRew( i}, j=a,n)
a=n+l
k=0
endi f
M continue
20 foreat (15,2F3.1,10F10. 1)
50 foraat(//* Time ¥0X' £12.4," s13*//
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! ' a xint  z2im) hin) hintl) ...

return
end

tiplersettafiteniotistestibtoteeristantitisjtatitenetptacianiatetiitiizn

sybroutine thOut (NMatD,MuaNP,t,13,Par hNew,¥,¥, MatNus,
! thr, Auz, Bxez)

dimension hNewiNusNp), X (NumNP) ¥ INualP}, Par (20,NMatD} , th(1b},
! MatNua {NuahP), thr (NHatD}, Axz (NumNP}, Dz (NushP)

write(76,300 t
k=0
p=]
do 3¢ n=1, NusNP
k=k+1
Ma=MatHumin}
thik)=thr (Ma)+Duz int¥{ FOUhNew(n} f8xz(n),Par (1, Ma))-thr(Ma) )
i#1 Foeq.ain0 13,100 ,or. n.eq.Nuah® ) then
writa(76,40) o, (m), (e}, (thij), §=1,K)
p=n+l
k=0
endif
30 continue
30 formatiIZ,2FR.1,10F12,3)
30 formatl//” Tiee 107, #12.4,° 13727
! * a xfnb oI thin} thintld) ,..°H
returr
end

13 eS et Ea ottt i totabieteiitatstiftiftattdtatattdititeiteitfsttd
subroutine 20ut .Y, Y, NuaNP, t,10)
dimension GQ{NumNP!, X{Mua¥P) ¥ {NushP)

write!?4,50) t
k=0
#=!
do 30 n=1,MushP
k=k+]
ifl k.23.8inCUId, 10} .or. n.eq NughP ) then
writel74,30) &, < i), yia), (B(3),j=a;n)
m=ntl
k=0
endi f
30 centinue
40 formak (15,279.1,10010. 2
w0 format{/!’ Time M1’ 112.4," s89°})/
N ' noxin)  zin) {(n} Q) .01
return
end

LI SRR RELis it bt ey pba At iatab e riattotitdttasiitittitiqtistiifitiel
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subroutine FlxBut (NuoNP,NuwEl,NusElD,Confxx,Confzz,Confxz,

! P, X, Y, 13, Cen, KK, b)

integer e

dimension KX(NuaE1D, &), P(NushP},Con{NunNP}, X (NuaNP) ¥ (NuahP},
! Confxx (NueE1) ,ConAzz (NuaEl},Conéxz (Nuakl),

! vXBuff (10}, vIBuf£¢10)

write{B1,100) ¢
write(82,105) t
ib=0
da 40 e=1,NusEl
iB=ib+1
CAxx=Confixx (e}
CAzz=Confzz{e}
ChAxz=ConAxzle)
NCorn=4
if (Kxte,3).eq.KX(e,4}) NCorn=3
it (iB.eq.1) then
iEB=e
18=0,
1B=9.
do 10 i=1,NCorn
KB=iB+X¢ KXte,i) }/NCorn
IB=1B+Y( KX{e,i) }/NCorn
10 cortinue
endif
Vx=0,
¥2=0,
da 20 n=i,NCorn-2
i=kxte, 1)
j=KXle,n+1)
k=KY (e, n+2)
vi=Yiji-yik)
93=Y k) -V(i}
vk=Y{il-Y{j}
wi=X(k)-x(j}
wi=X (i)=Y
wk=X(j)-%li)
CMean=z{Con(i}+Con{j}+Con(k))/3
Areas,Stinkivi-wjdvk)
A=1/hrea/l
Al=Chx:Bvi+lAnzdni
Ad=Chuxtvj+CAvzing
AK=Chuxtvk+CAnztwk
Yx=Yu-CHaant (AR (ATRR (i} +AIEP ) +AKEP(K) Y eCALD)
AT=CRyzivi+CAzztni
Ad=CRszdvjtCAzz NG
Ak=CRuztyk+CAzzEmk
Vz=Y7-Cleank{AB{ATIP (1) +AJRR{ ) +AKEP{K) } +LR22}
2 continue
yXBufé (i B)=¥x/ {NCorn-2}
yIButf (1B =Yz /) NCarn-2}
if { iB.eq.ein®{{IJ-1),18) .or, &.eq.NugEl ) then
write{B!, 110 iEB,«B,zB, [vIButfin) n=1,iB)
write(B2,110} iER,xB, 2R, {v¥Buff{n),n=1,iB)
iB=d
endi f
4 eatinge
100 format!/!” Time 0817 f12.4," sat'//
! ! g ufet zle) vilel yzietl}l ...0 N
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165 #argatt/f’ Tine N0,112.4,° 180°//

! ? e xle} zlel vile) viledl) L0
U formst!IT,2FBL 1, 10E10.D)

retura

end

LR eebetili bt biietideb i teitestiiqbetisstepitstistetistttititsth]

subrautine SubReg [Must),NuElD,NualP,NMatDd,hNew,h01d,x,y,MNathus,
! LayNus,Par,KY,Kat  t,dt NLay, Plevel ,thr, Axz, Dz
integer Plevel
digensicn hiew NunNP?, hD1d (NusNFY, < {NuaP}, v (NusNP)  HatNum (NughF),
' Lag¥un (NuaElY, Par (20, M2t D1 KX INuRELD, 4),
! Sub¥el (15),Sublhalt10) hMean(10), Area (10},
! thr {¥Mat0y, Az (NuaNP) , Dxz (NumNP)
#ful=]
Volupe=(
{hange=t
ATub=0
dis 190 i=! Nlay
Sukvel 1i1=0
Subfhz {!=h
hMezniil=0
Aragtil =N
177 captince
de 200 H=1,NugFl
tayslayMua(N)
Hos=4
IF (KXIN,T) (EQ, VXN, 8)) MUS=D
Jo 126 =i, N08-2
I=KY e 1)
J=EY 4 K+
L=KY N, e
®I=XatNua(D)
NI=ratNugis!
¥EeMatiaall)
Ll=iir-p)
=1
Ba=Y L ¥
LUERRRERS FN D
if VAT, aqu it xMul=RT 1RLARORCTH4X(TN 1LY}/
AE=: B R ICVRRI-DIREKY /2
hE=thMpw (1) +hiew (]} +hlewil)} /2
thi=thr (NU 4+ (FOhNew (T fAnz 1) Par (L HE ) -thr (NT 8B (1)
thi=thr (M) (FO{hKew!d) x24T} Par 11,800} -thr [NJ) 2 $Dxz 40}
trE=thr (MK)+IED(hNew (LY Mxz L) Par {1,800 -thr (8E) ) #0xz (L)
YNesE=AER (ERT+Eh]+EREN /3
hE= (RIS T hDI4LI) #1001 240 1 /T
thi=thr MDY H{FRINOT L FRuz (1) Par €1, 1)) -thr (7)) 8Dxz (1}
thi=thr (M35 1ETURDIA 0N TRey 1) Par (1, M0 ) -thr (N2)) 2Dz (D)
thK=thr!HK}+fF0!thdlL?!8:2!Ll,Par!l,HK))-thr(HKl)le:(L}
UD1AE=AEL LRI+t +ERK) /3
Yolune=Yaluse+YNewE
Change=Change+{YNenE-YOLJE} /dt
SubVo! {Lay)=BubVal (Lay) +¥NewE
SukCha fLay)=Sublhallay)+ (VNewE-vDIdE) /dt
hMearflayizhilean (Lay ! +hERAL
Arzaitay)sires(lay}+AE
126 continye
M coalinue
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do 217 Lay=1,May
hMean (Lay!=hNean(Lay} /ArealLay)
ATot=RTot+hreallay)
210 continue
if {PLevel.eq.i} write(B0,315)
writelB4,320) ¢, { i,i=t,NLay)
write(80,329) ATot, ¢ Arealil),i=],NLay!
writel80,330) Volune, (SubVal(i},i=t,NLay}
write{B0,780) Change, {SubChali),i=1,NLay}

write 83,330 { hMeanti),i=1,NLay)
T forratiSt Time [T) Total Sub-region nuaber ...}
0 formatil 12,4, 12¢, 10717,41)

322 formatt 7 brea IVY C,e11,3,10e11.T
130 format! ’ Volume IVY °,ell.3,10et1.3)
34C format! ’ InFlow [V/TT 7,e11.7,10e11.7)
I50 forast! ? hMean (LY 7, Mx,  10410.1)
returp
and

piERabeettitiieibasiibsa st ititisditetatieidtisdasapiatatsiisaseitsis)

sebroutine BouGuy (MustP,NumBP, NMatD,t,hMaw,8,Width,Par KXB,Xode,
! NatHum, X, Y, thr Axz,Buz)

dimenciod h¥ew [NugNP},3(NumhP} Width (NosBP),Par 120, NMatD),
! KXB{HuaBP!, Kode NunkP}, MatNus tNuaNP) , « {NusNP} , y{Nus¥P) ,
! thr {NMatD}, Auz {NueNP}, Dx2 [NuaNP)

write(79,:000 t

do 10 i=1,NuaBP
a=k1G{i:
MazMstNumin}
thethr (®ad+Dxz (n) 8! FB(hNewin) Par(i,Ma)} - thr(Ma) !
va-Qin}t/Widthii}
write{79,110} i,n,a(nd v{r} Kodein},Bin),v,hNewin}, th

10 continue
100 format!//® Time:’, $12.8//

A A :  Code ! v '
vtk th*/
" [V/11 [L/TY i}
110 format{2i5,27.1,15,2e11. 3,111, §0.3)
return
end
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