Computer source code for one-dimensional simulation of preferential
solute transport in the vadose zone

***************************************************************)

(* Program : PrefFl ow *
(* Purpose : Simulation of preferential flow of water and so- *
* | utes through the vadose zone using a piecew se *
I i near approximation of the hydraulic conducti- *
vity as a function of water content to identify *
pore groups in which water noves at distinct *
vel ocities. *)
( )
(* Interface: input *)
( out put *
outfilel *
infilel *
outfile2 *
(* Date : 05/27/ 1991, Last nodification 07/04/1996 *
(* Version : 1.00 *
(* Authors : Bart Nijssen, Frank Stagnitti and *
* Tammop S. Steenhui s *
(* Source . Turbo Pascal *

*

*
*
*
*
*
*
*
*
*
*

*
(***************************************************************)

PROGRAM Pr ef Fl ow (i nput,output,infilel,outfilel,outfile2);

USES
Dos, Crt, Graph;
CONST
MaxPor eG oups = 8; { maxi mum nunber of poregroups }
MaxNodes = 650; { maxi mum nunber of nodes
TYPE
Cut O f Poi nts ARRAY[ 0. . MaxPor eG oups] OF REAL;

Por eG oups
Travel Di st ance
Mass

ARRAY[ 1. . MaxPor eGr oups] OF REAL;
ARRAY[ 1. . MaxPor eG oups] OF LONG NT;
RECORD

Water : REAL;

Sol ute : REAL;
END;

Transport Matri x
ARRAY[ 1. . MaxPor eGr oups, 1. . Maxnodes] OF Mass;

CimtePtr = "dimmte;
Cdimte = RECORD
Real Time : REAL;
Rai nfall : REAL;
Concent : REAL;
Real Evap : REAL;
Nx t . dimatebtr;
END;



VAR

al pha

travel nodes

al phakappa,
fraction,

ni,

n2,

np,
numnber of nodes

del t ax,

i nitconcentration,

i tnDi sture,

mest ep,

[
I
t
time

m

porematri x

infilel,
outfilel,
outfil e2

weat her anchor

graphdri ver,
gr aphnode
key

n
engt hof experi nent,
i
i

{ mxing coefficient
Por eG oups;
{ nunber of nodes that water and
{ solutes in a poregroup nove du-
{ ring one big timestep
Travel D st ance;
{ paraneter for power or exponen-
tia
fraction that the gradient of the
conductivity curve is increased
from one poregroup to the next
counters for witing to outfilel

nunber of poregroups
total nunber of nodes in colum

{
{
{
{
{
{
{
{ distance between two nodes
{ initial concentration of soi
{ nmoisture
{ initial noisture content
{ total length of experinent
{ length of one tinestep
{ time el apsed since beginning of
{ experinent
REAL;
{ reduced noisture contents
Cut O f Poi nt s;
matrix containing records with
wat er and solute content for
each node for each poregroup
trix;
il e containing weat her data
ile containing noisture profile
ata at different tines
ile containg outflow vol ume per
i mest ep

Transport Ma
f
f
d
f
t

pointer to first elenent of the
[inked list of climate events
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| NTEGER
{ dummy for KeyPressed }
CHAR;
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(* Procedure: OpenFiles *
(* Purpose : Open different files containing the input and *)
* out put *
(* Interface: infilel - var *)
(* outfilel - var *)
(* outfile2 - var *)
(***************************************************************)

PROCEDURE OpenFil es(VAR infilel,
outfilel,
outfile2 TEXT) ;
VAR
filenane { name of out- and infiles }
string[12];

BEA N {openfil es}
CrScr;
WRI TELN (' Nanme of inputfile containing rainfall data, ',

"evaporation data and');

WRITE ('concentration data: ');
READLN (fil enan®e);
ASSIGN (infilel,filenane);
VWRI TELN
VWRI TELN
WRITE (' Name of outputfile containing noisture profile: ');
READLN (fil enan®e);
ASSIGN (outfilel,filenane);
WRI TELN
VWRI TELN
WRITE (' Nanme of outputfile containing outflow volume : ');
READLN (fil enane);
ASSIGN (outfile2,filenane);
REVWRI TE (outfile2);
WRI TELN

END {openfil es};
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(* Procedure: FindPoreG oups *)
(* Purpose : Calculates the npisture contents (nmp) and the *
* acconpanyi ng hydraulic conductivities (kp) de- *
* l[imting the different poregroups (p). This is *
* done by way of a piece wise |linear approximtion *
* of the hydraulic conductivity curve. *
* Interface: al pha - var *
* travel nodes - var *
(* al phakappa - var *)
(* fraction - var *)
(* np - var *)
(* nunber of nodes - var *
* del t ax - var *
* initconcentration - var *
* i ni moi sture - var *
* | engt hof experi ment - var *
* ti mestep - var *
* m - var *
* outfilel - var *
* *
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PROCEDURE Fi ndPor eG oups( VAR al pha . PoreG oups;
VAR travel nodes . Travel Di st ance;
VAR al phakappa,
fraction,
npy
nunber of nodes : LONG NT;
VAR del t ax,
i nitconcentration,
i ni tmoi sture,
| engt hof experi nent,

ti mestep . REAL;
VAR m : CQut O f Points;
VAR outfilel . TEXT);
TYPE
Cut O f Poi nt sP = ARRAY[ 0. . MaxPor eGr oups] OF REAL;
Por eG oupsP = ARRAY[ 1. . MaxPor eG oups] OF REAL;
VAR
macr onet hod { indicator for nethod to be used }
{ in dealing with macropores }
LONG NT;
col umml engt h, { length of colum or profile }
kf, { satuated hydraulic conductivity }
ks, { saturated hydraulic conductivity }
t het af , { satuated noi sture content }
t het am { moisture content including extra }
{ macropore }
thetar, { residual noisture content }
t het as { saturated noisture content }

s
=



functiontype { indicator for power or exponen- }
{ tial, true in case of power }
BOOLEAN
changei nput { indicates whether user wants to }
{ change i nput
. CHAR;
k { normalized hydraulic conductivity}
: Cut O f Poi nt sP;
% { velocities of poregroups }
. PoreG oupsP;

***********************************************************)

(* Procedure: Screenlinl *
(* Purpose : Asks the user to decide whether a power *
* or an exponential function needs to be used *
* as approxi mation for the hydraulic conducti- *
* vity. Prompts the user for the governing pa- *
* rameters. *
(* Interface: al pha - var *)
(* al phakappa - var *)
(* fraction - var *)
* macr onet hod - var *
* np - var *
* col umml engt h - var *)
* initconcentration - var *
(* i nitrmoisture - var *
* kf - var *
(* ks - var *)
(* | engt hof experi ment - var *)
(* t het af - var *)
* t het ar - var *
* t het ar - var *
* t het as - var *
* real ti mestep - var *
* functiontype - var *
* *
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PROCEDURE Scr eenl n1( VAR al pha . Por eG oups;
VAR al phakappa,
fraction,
macr onet hod,
np : LONG NT;

VAR col umml engt h,

i nitconcentration,

i nitnmoisture,

kf,

ks,

| engt hof experi ment ,

t het af ,

t het am

t hetar,

t het as,

realtimestep : REAL;
VAR functiontype : BOOLEAN);



VAR

m xdeci si on, { indicator for type of mixing }
typeof f uncti on { indicator for function type }
: CHAR;
p { counter for poregroups }
LONG NT;

BEA N {screeninl}
drsScr;
WRITELN ('In the Preferential Flow Mddel there are ',
"three different ways to deal with');
WRI TELN (' macro-pores:');

WRI TELN (* - Method 1. No macro-pores, the ',
"conductivity curve is approximted by a');

WRI TELN (' pi ecewi se |inear conductivity ',
‘curve, tangent to the original');

WRI TELN (' conductivity curve');

WRI TELN (" - Method 2: A macro-pore included within ',
"the measured conductivity.');

WRI TELN (' In this case the satuated ',
"moi sture content and conductivity');

VRI TELN (' need to be known');

WRI TELN (' - Method 3: Add a nmacro-pore on top of the ',
‘range of the measured');

VRI TELN (' hydraul i c conductivity. In ',
"this case the noisture');

WRI TELN (' content including the macro-',

'pore needs to be known.');

VWRI TELN,;
WRITE ('Method to be used (1, 2 or 3): ');
READLN (rmacronet hod) ;
VWRI TELN,;
REPEAT
BEA N {repeat}

CrScr;

WRITE (' Power function (P) or Exponential ',

"function (E): ');

READLN (typeoffunction);

VWRI TELN,;
END {repeat};

UNTIL ((typeoffunction ="'P') OR
(typeof function = '"p') OR
(typeoffunction = "E') OR
(typeoffunction = 'e'));

IF ((typeoffunction ="'P') OR

(typeoffunction = "p')) THEN

BEG N {if}
WRITE (' Constant (1/n) for power function: ');
functiontype : = TRUE;
END {if}
ELSE
BEA N { el se}
WRITE (' Constant (kappa) for exponential ',
"function: ');
functiontype : = FALSE;
END {el se};
READLN (al phakappa);
VWRI TELN,;
WRITE ('Fraction that gradi ent changes fromone ',
'poregroup to the next: ');
READLN (fraction);
VWRI TELN,;
WRI TE (' Number of poregroups: ');
READLN (np);



VWRI TELN,;
WRITE ('Initial concentration of water resident in ',
"the soil: ");
READLN (initconcentration);
WRI TELN,;
WRITE ('Initial noisture content: ');
READLN (i nitnoisture);
WRI TELN,;
WRITE (' Saturated hydraulic conductivity (ks): ');
READLN (ks);
WRI TELN,;
WRITE (' Residual npisture content: ');
READLN (thetar);
WRI TELN,;
WRITE (' Saturated noisture content: ');
READLN (thetas);
VWRI TELN,;
| F macronet hod = 2 THEN
BEG N {if}
WRITE (' Satuated hydraulic conductivity: ');
READLN (kf);
VWRI TELN,;
WRITE (' Satuated noisture content: ');
READLN (thetaf);
VWRI TELN,;
END {if}
ELSE | F macronet hod = 3 THEN
BEA N {else if}
WRITE ('Extra noisture content due to nacro-',
"pore: ');
READLN (thetam;
WRI TELN,;
END {else if};
WRITE ('Length of colum or profile: ');
READLN (col umml engt h) ;
VWRI TELN,;
WRITE ('Length of tinmestep: ');
READLN (realtinestep);
VWRI TELN,;
WRITE ('Total length of experinent: ');
READLN (| engt hof experi nent);
VWRI TELN,;
REPEAT
BEA N {repeat}
drsScr;
WRITE (' Equal anmpount of m xing per poregroup (Y/N): ');
READLN (mi xdeci sion);
WRI TELN,;
END {repeat};

UNTIL ((mxdecision ="'Y') OR
(m xdecision = 'y') OR
(m xdecision = "N ) OR

(m xdecision = 'n"));

IF ((mxdecision = "'Y') OR
(m xdecision = 'y')) THEN

BEG N {if}
WRITE (' Anpbunt of m xing per poregroup (0 - 1): ');
READLN (al pha[1]);
VRl TELN;
FORp :=1 TO np DO
al pha[p] := al pha[1];
END {if}
ELSE
BEA N { el se}



FORp :=1 TO np DO
BEA N {for}
WRI TE (" Amount of m xing for poregroup ',p:1,
" (0 - 1) ),
READLN (al pha[ pl);
WRI TELN,;
END {for};
END {el se};
END {screeninl};

***********************************************************)

(* Procedure: PowerFunctionl *)
(* Purpose : Piece-wi se |inear approximtion of the hy- *
* draulic conductivity curve as represented by *
* a power function *
* Interface: k - var *
* m - var *
* ks *
* t het ar *)
(* t het as *)
* al phakappa *)
* fraction *
* *
* np *
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PROCEDURE Power Functionl( VAR k . Cut O f Poi nt sP;
VAR m : Cut O f Poi nt s;
ks,
t het ar,
thetas : REAL;
al phakappa,
fraction,
np : LONG NT) ;
VAR
al pha, { power (1/n)
i mdl, { intermediate result in cal- }
i md2, { culations
i md3
REAL ;
p { counter for poregroups }
LONG NT;
BEA N {power functionl}
al pha : = aI phakappa;
nfnp] :=
k[np] := 1
i mdl = LN(fractlon),
i md2 = (1 - alpha)/(alpha * (1 - fraction)) *
(EXP( al pha/(alp a-1 *imdl) - 1);
i md3 = (1 - alpha)/(1 - fraction) *
(EXP( al pha/(al pha - 1) * indl) - fraction);

FOR p ::2TOnp1
BEA N (* for*)

: /[ (alpha - 1) * indl);
* al pha/(al pha - 1) *

=,
5
o
N
*
T
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°To
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N

1] := (al pha - 1)/al pha *
E_XP((2 - np)/(alpha - 1) * inmdl);



k[ O]
FOR
FOR

p =
k[ p]
p =

nip] :=
END { powerfunctionl};

0

= ks * K[p];
TO np DO
.= (thetas - thetar) * n{p] + thetar;

2 TO np DO
0
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(* Procedure:

(
(

(
(
(

*
*
*
*
*
*
*
*
*
*
*
*
*

PROCEDURE Power Functi on2( VAR k

VAR

(* Purpose
*

al pha,

i mdo,
i mdl,
i m2,
i md3,
i md4,
i md5,
i M6,
s,

I nterface:

Power Functi on2 *)
Pi ece-w se |inear approximtion of the hy- *)
draulic conductivity curve as represented by *)
a power function, where a nmacro-pore is in- *)
cluded within the nmeasured conductivity range*)
k - var *)
m - var *
kf *
ks *
t het af *
t het ar *
t het as *)
al phakappa *
fraction *
np *

*
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Cut O f Poi nt sP;

VAR m : Cut O f Poi nt s;
kf,
ks,
t het af ,
thet ar,
thetas : REAL;
al phakappa,
fraction,
np : LONGQ NT) ;
{ power (1/n) }
{ Internediate result in cal- }
{ cul ations }
{ scal ed saturated noisture }
{ content }
{ internediate result in cal- }
{ culating n }
REAL ;
{ nunber that shows the rela- }
{ tion between the gradients }
{ of the fastest and the next }
{ to fastest poregroups }
{ counter for poregroups }
LONG NT;

BEA N { power function2}
al pha :

ks
ns

al phakappa;
ks/ kf;
t het as/t het af ;



k[np] := ks;
nfnp] := ms;
= (ks - 1)/ ((ms - 1)
IF g < (1/fraction) THEN
BEG N {if}
WRI TEL

* al pha * fraction);

MRITELN'('hb sol ution possible for this conbination',
of input paraneters');

END {|f}
;= TRUNC(q) ;
IF n <> g THEN
n:=n+ 1,
i nd0 = LN(fraction);
i mdl = EXP(al pha/ (al pha - 1)* ind0);
i md2 = LN((ks-1)/(ms-1));
i md3 = EXP(-al pha/ (al pha - 1) * LN(al pha));
i md4 = (1 - alpha)/(1 - fraction) * (indl - 1) *
EXP(1/ (al pha - 1) * inmd2) * inmd3;
i md5 = (1 - alpha) * ((imdl - 1)/(1 - fraction) + 1) *
EXP(al pha/ (al pha - 1) * inmd2);
FORp := 2 TO np-2 DO
BEG N (*for*)
Mp]:=imﬁ;)9@b(n+np—(p-fD)MaHma- 1)
i mdO0) ;
i nd6 P = 1/ (al pha * EXP((n + np - (p + 1)) * ind0));
k[p] := imd5 * EXP(al pha/(al pha - 1) * LN(ind6));
END (*for*)
imd4 ;= EXP(n * i nd0) ;
imd5 ;= Eﬁg(alpha/(alpha 1) * (LN(1/ (al pha * ind4)) +
i md2));
nnp-1] := (%% - ks -(1 - alpha) * (nms - 1) * inmd5)/
((imd4 - 1) * (ks - 1));
k[np-1] := ((ms - ks)/(ms - 1) - imd4 * (1 - alpha) *
imd5)/ (1 - ind4);
mM1l] := (alpha - 1) * EXP(l/(aIpha - 1) * imd2) * imd3 *
EXP(-(n + np - 3)/(alpha - 1) * ind0);
k[1] := 0;
o] := 0;
k[0] := O;

FOR p := 2 TO np DO

k[p] :=_kf * K[p];

FORp :=1 TO np DO

mMp] := (thetaf - thetar)

END { power function2};

* nfp] + thetar;
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(* Procedure: PowerFuncti

(* Purpose
*

*
*
*
*
*
*
(*
*
*
*
*
*
*

on3

ductivity curve

Interface: k
m
ks
t het am
t het ar
t het as
al phakappa
fraction
np

- var
- var

Pi ece-wi se |inear approximtion of the hy-
draulic conductivity curve as represented by
a power function with an extra macro-pore
added on top of the neasured hydraulic con-

*

*
*
*
*
*
*
*
*
*
*
*
*
*
*
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PROCEDURE Power Functi on3( VAR k . Cut O f Poi nt sP;

VAR m : CQut O f Points;

ks,

t het am

thet ar,

thetas : REAL;

al phakappa,

fraction,

np : LONGQ NT) ;
VAR

p { counter for poregroups
LONG NT;

{ The piecew se |inear approximation of the conductivity
{ curve is calculated using powerfunctionl. After the
{ values for 0 Up U np-1 have been cal cul ated, one
{ poregroup is added whose gradient is f tinmes as steep as
{ that of the previous poregroup. So:
{
{ mnp) = m(np-1) + thetam (or thetas + thetam
{
{ k(np-1)-k(np-2)
{ k(np) =f * ----nccooonn * (m(np)-n(np-1)) + k(np-1)
{ m(np- 1) - m(np- 2)

BEA N { power functi on3}

p:=np- 1

Power Functi onl (k, mks, thetar,thetas, al phakappa,

fraction,p);
ni np] nf np-1] + thetam
k[ np] fraction * (k[np-1] - k[np-2])/(n]np-1] -
nnp-2]) * (ninp] - ninp-1]) + k[np-1];

END {powerfunction3};
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(* Procedure: Exponential Function *
(* Purpose : Piece-wi se |inear approximtion of the hy- *
* draulic conductivity curve as represented by *
* an exponential function *
* Interface: k - var *
* m - var *
* ks *
* t het ar *
* t het as *
* al phakappa *
* fraction *
* n *
(***********************************************************

(
(
(

PROCEDURE Exponenti al Functi on( VAR k : Cut O f Poi nt sP;
VAR m : Cut O f Poi nts;

ks,
thetar,
thetas : REAL;
al phakappa,
fraction,
np : LONGQ NT) ;

VAR

i md1, { internediate result in cal-

e e e

)
)

)
)
)

)

}
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i nd2, { culations
kappa { constant for exponentia
. REAL;
p { counter for poregroups
LONG NT;

{ The hydraulic conductivity curve is approxi nated by
{
{ kappa* (m 1) - kappa
{ e - e
{ K(m) = ---mmmmmmee e -
{ - kappa
{ - e
{ where
{ k(m) = normalized conductivity
{ = K( )/Ks
{ m = reduced noi sture content
{ =
{ kappa = constant for exponentia
{
{ "fraction' is the fraction that the gradient of the con-
{ ductivity curve is increased fromone poregroup to the
{ next. Then the limting values for the tangent lines are
{
{ f
{ (p - np) * In(f) + kappa - 1 - ------- * In(f)
{ (1 - 1)
[ MP) = -
{ kappa
{
E f(p-np+1) I n(f)
{ (f -1
{ k(p) = ------mmmmemmes
{ - kappa
{ - e
{
{ where
{ p=2 ...., np-1
{ f = 'fraction'
{
{ I'n addition:
{
{ k(0) =0, m0) =0
{ - kappa
{ e
{ -1+ (2-np)*In(f) + kappa + -------
% (2-np)
{ K(1) =0, mM1l) = ----mmmmmm oo
{ kappa
% k(np) =1, m(np) =1
{ Finally the real hydraaulic conductivities as cal cul ated:
{
% k(p) := ks * k(p)
{ and the real npisture contents as:
{
{ mp) := (thetas - thetar) * n(p) + thetar

BEA N {exponenti al functi on}
kappa : = al phakappa;
ninp] :=1;

—
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k[np] := 1
imdl := LN(fraction);
imd2 = EXP(-kappa);
FOR p := 2 TO np-1 DO
BEA N {for}
np] := ((p- np) * indl + kappa - 1 - fraction/
(1 - fraction) * inmdl)/ kappa;
kK[p] := (EXP((p - np + 1) * indl) * indl/
(fraction - 1) - imd2)/(1 - inmd2);
END {for};
n1l] := (-1 + (2 - np) * indl + kappa +
i md2/ (EXP((2 - np) * indl)))/kappa;
k[1] := 0;
o] :=0;
k[0] := O;
FOR p := 2 TO np DO
k[p] := ks * Kk[p];
FORp := 0 TO np DO

.= (thetas - thetar)
END {exponenti al functi on};

* nfp] + thetar;

***********************************************************)

(* Procedure:
(* Purpose
*

Vel ocity

* ber of nodes that water

* in each large tinestep
(* Interface: k

*

*

*

( m
( travel nodes - var
( % - var
(* np

Cal cul ate the velocity with which water and
solutes in each poregroup nove and the num

and sol utes travel

*
*
*
*
*
*
*
*
*

*

)
)
)

(***********************************************************)

PROCEDURE Vel ocity ( k
m

VAR travel nodes : Travel D st ance;
VAR v . PoreG oupsP;
np LONG NT) ;
VAR
p { counter for poregroups
LONG NT;
{ The velocity in poregroup p (v[p]) is calcul ated
{ according to:
{
{ k[p] - k[p-1]
{ vip] = --------o---
{ nip] - nip-1]
{ where
{ k[p] and nmip] are calculated in either PowerFunction
{ or Exponenti al Functi on
% p=1 ..., np
{ The nunber of nodes that the water and solutes in each
{ poregroup travel is a nultiple of the velocity of the
{ slowest poregroup (p=2, since poregroup 1 is not noving
{ at all). This nmultiple depends on the fraction 'f' and
{ the macro-pore configuration and can be cal cul ated accor -
{ ding to:
{ v(p)
{ travel nodes = ----
{ v(2)

Cut O f Poi nt sP;
Cut O f Poi nt s;

e e e e e e e e e e e e e e
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BEA N {vel ocity}
FORp :=1 TO np DO
vipl = (k[p] - k[p-1])/(nip] - n{p-1]);
FORp :=1 TO np DO
travel nodes[p] := ROUND(v[p]/Vv[2]);
END {vel ocity};

LR R R R R R R R R R R R O R R I R R I R O

(* Procedure: Nodes

(* Purpose : Calculates the total nunber of nodes in the
*

columm or profile
* | nterface: nunberof nodes - var
* col umml engt h
(* ti mestep
* | owel ocity
* del t ax - var
*

( EEE R R R R R R R R R R R I R R R I O R I O R )

PROCEDURE Nodes( VAR nunber of nodes : LONG NT;
col umml engt h,

ti mestep,
| owel ocity . REAL;
VAR del t ax . REAL);
The di stance between 2 nodes (deltax), is given by:
deltax = lowelocity * tinmestep
wher e

poregroup 1 nove

Therefor the water in the poregroup 1, the "sl owest"
poregroup noves a di stance deltax during one tinestep
The total nunber of nodes is cal cul ated by:

col umml engt h
nunber of nodes = ------------

Lt Tt e Vo Vo P et Tt e Vo e Y Tt}

BEA N { nodes}
del t ax
numnber of nodes

END { nodes};

| owelocity * tinestep;
ROUND( col umml engt h/ del t ax) ;

| owelocity = velocity with which water and solutes in

*

*

*
*
*
*
*
*

e A e e e e e e
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(*
(*
(*

(
(

*
*
*
*
*
*
*
*
*
*
*
*
*
*
*

(
e

Procedure:
Pur pose

I nterface:

ScreenCut 1

Conductivities and noi sture content at cut-
of f points, and velocities of poregroups are
written to the screen

al pha

changei nput
functiontype

i ni tconcentrat
i ni tnoisture
kf

t het af

k

m

Y,
al phakappa
macr onet hos
np
nurber of nodes

on

nunber of t i nest eps -

outfilel

var

out put
out put
out put
out put

out put
out put
var

")

*
*
*
*
*
*
*
*
")
*
*
*
*
*
*
*

)
")

(***********************************************************)

PROCEDURE ScreenQut1l (VAR al pha
VAR changei nput
functiontype

VAR

key

i nitconcentration,

i ni tmoi sture,

Kf,

t het af
k

m

\Y;
al phakappa,
macr oret hod,

np

LONG NT;
CHAR;

nuﬁberofnodes
VAR outfil el

Por eGr oups;
CHAR;
BOOLEAN;

REAL;

Cut O f Poi nt sP;

Cut O f Poi nt s;
Por eG oupsP;

LONG NT;
TEXT) ;

{ counter for poregroups

{ dumy for

KeyPr essed
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(* Procedure: DrawCurve *)
(* Purpose : draw the power and exponential curve and *)
*

(
(
(

*
*
*
*
*
*
*
*
*
*
*
*

( LR R R R R R R R I O I R I O R O )

show t he pi ecewi se |inear approximtion *)
in the same graph to enable the user to
get an idea of the poregroup configura-
tion

Interface: functiontype
k

m
al phakappa
macr orret hod
np

kf

t het af

)
)
)

*
*
*
*
*
*
*
*
*
*
*
*

PROCEDURE Dr awCur ve(functiontype : BOOLEAN,
k :

Cut O f Poi nt sP;
m Cut O f Poi nt s;
al phakappa,
macr oret hod,

np : LONG NT;
kf,
t het af . REAL);
TYPE
Pol yPoi nts = ARRAY[ 1..100] OF Poi nt Type;
VAR
curve, {exponential or power function }
line {pi ecewi se |inear approximation}
. Pol yPoi nt s;
p { counter for poregroups }
: LONG NT;
key { dummy for KeyPressed }
. CHAR
i mdl { intermediate result in cal- }
{ culations }
: REAL;
graphdri ver,
graphnode : | NTEGER,
BEA N {dr awcurve}
{ line for piecew se |inear approxination }

FORp :=1TOnp + 1 DO
BEA N {for}

line[p].x := ROUND(640 * (nip-1] - m0])/
| (nfnp] - nf0]));
line[p].y := 480 - ROUND(480 * k[p-1]/K[np]);
END {for};
{ curve for power function }
| F functiontype = TRUE THEN
BEG N {if}
| F macronethod = 1 THEN
BEG N {if}
FOR p := 2 TO 100 DO
BEA N {for}
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curvel
curvel

END {for};
END {if}

ELSE | F macr onet hod

BEA N {else if}
FOR p
BEA N {for}

curve[p].x :

p] . X
pl.y :

2 TO 100

ROUND( 640 * p/ 100) ;

480 -

ROUND( 480 *  EXP

(al phakappa * LN(p/100)));

2 THEN
DO
ROUNDY(

640 * p/ 100 *

(thetaf - n{0])/(ninp] -
n{0]));

curve[p].y := 480 - ROUND(480 * EXP
(al phakappa * LN(p/100))
kf/k[np]);
END {for};
END {else if}
ELSE | F macronmet hod = 3 THEN
BEA N {else if}
FOR p := 2 TO 100 DO
BEA N {for}
curve[p].x := ROUND(640 * p/100 *
fﬂn%np-ll - m{0])/(ninp] -
curve[p].y := 480 - ROUND(480 * K[ np-1]
[ k[ np] * EXP(al phakappa *
LN(p/100)) ) ;
END {for};
END {else if};
END {if}
{ curve for exponential function
ELSE
BEA N { el se}
i mdl : = EXP(-al phakappa);
FOR p := 2 TO 100 DO
BEA N {for}
curve[p].x := ROUND(640 * p/100);
curve[p].y := 480 - ROUND(480 *
(EXP( al phakappa * (p/100-1))
- imd1)/(1-imdl));
END {for};
END {el se};

curve[1].x :
curve[l].y :

480:

{ draw line and curve

Det ect Graph(graphdri ver, graphnode) ;
I ni t Graph(graphdriver, graphnode,
"c:\compiler\tp\bgi');

Set BkCol or (15) ;

Set Li neStyl e(solidln,O0,thickw dth);

Set Col or (9);

Dr awPol y (100, curve);
Set Col or (12) ;

DrawPoly (np+1,line);
Set Col or (1) ;

Set Text Styl e( SansSeri f Font, Hori zDir, 4);
Set Text Just i f y( Cent er Text, Cent er Text ) ;
Qut Text XY (320, 25, ' HYDRAULI C CONDUCTI VI TY CURVES');

*



Set Text Styl e( SansSeri f Font, Hori zDir, 2);
Qut Text XY (320, 100, ' <<Press Key>>');
Set Text Justify(Left Text, Center Text);
Set Col or (9) ;
Qut Text XY(50, 150, ' - Power Function');
Set Col or (12);
Qut Text XY(50, 175, ' - Pi ecewi se Linear Appr.');
REPEAT UNTI L KeyPressed;
key := ReadKey;
Cl oseG aph;

END {drawcurve};

BEA N {screenout 1}
IF ((n1] <=0) OR(n2] <=nf1]) OR (k[2] < 0)) THEN
BEG N {if}

WRI TELN (' The desired conbi nati on of poregroups, ',
"exponent and gradient change ');

WRI TELN (' can not be realised. You have to adjust ',
"these variables in one of the ');

WRI TELN (' fol |l owi ng ways: ');

VRI TELN ( - decrease nunber of ',
' poregroups');
VRl TELN ( - increase exponent');
WRI TELN (' - increase fraction');
WRI TELN ( - use power function.');
END {if}
ELSE
BEA N { el se}
WRI TELN (outfilel,'1/n =", al phakappa);
WRI TELN (outfilel,'f = ',fraction);
WRI TELN (outfilel,'np ="',np);
WRI TELN (outfilel);
WRI TELN (outfilel);
CrScr;
WRITELN (© p n{ p] K[ p] vipl
al pha[p] ') ;
WRI TELN ("= -- - mmmm s o e o e e e ",
Pemmo-eoo-- ")
WRI TELN (outfilel,' p ni p] K[ p] ",
_ " v[p] al pha[p]");
WRI TELN (outfilel,  -------mmmmmm e oo ",
IR )
p :=0;
WRI TELN (' ",nip]:6:5," "L Kk[p]:7:5);
WRI TELN (outfilel," ‘,mp]:6:5," ",
K[p]:7:5);
FORp :=1 TO np DO
BEA N {for}
IF p MDD 9 =0 THEN
BEG N {if}
GoToXY (65, 22);
WRITE (' <<Press Key>>');
REPEAT UNTI L KeyPressed;
key := ReadKey;
CrScr;
VWRITELN (* p ni p] k[ p] :
vip al pha[p]");
WRITELN (" ----mmmmmmm e oo oo ",
B ")
END {if};
WRI TELN (p: 3,
,v[p]:8:5," ',al pha[p]:6:5);

WRI TELN (" ‘,nmp]:6:5,° ", k[p]:6:5);



WRI TELN (outfilel, p:3,"' Y

' ‘,v[p]:8:5," ",
al pha[ p]:6:5);
WRI TELN (outfilel,"* ‘,mp]:6:5," ",
k[p]:6:5);
END {for};
VRl TELN
VRl TELN

WRI TELN (' Nurmber of nodes in the profile Y
nunber of nodes: 1) ;
WRI TELN (outfilel);
WRI TELN (outfilel);
WRI TELN (outfilel,'Initial concentration of water ',
‘resident in the soil: ',
i nitconcentration:6:5);
WRI TELN (outfilel,'Initial noisture content: ',
i nitnoisture: 6:5);
WRI TELN (outfilel,' Nunber of nodes in the profile ',
' ', nunber of nodes: 1) ;
GoToXY (60, 22);
WRITE (' <<Press Key>>');
REPEAT UNTI L KeyPressed;
key := ReadKey;
GoToXY (30, 22);
WRITE ('<<One Monent, Please>>');
DrawCurve (functiontype, k, m al phakappa, macr onet hod,
np, kf, t het af) ;
END {el se};
VWRI TELN
WRI TELN (outfilel);
WRITE ('Do you want to change your input? Y/N"');
READLN (changei nput) ;
WRI TELN
END {screenout 1};



BEA N {fi ndpor egr oups}
changeinput :='"Y';
VWHI LE ((changeinput = "'Y') OR (changeinput = 'y')) DO
BEGA N {whi | e}
REVWRI TE (outfilel);
Screenl nl (al pha, al phakappa, fracti on, macr onet hod, np,
col umml engt h, i ni t concentrati on, i nitnoi sture,
kf, ks, | engt hof experi nent, t hetaf, thetamt hetar,
thet as, ti mestep, functi ontype);
| F functiontype = TRUE THEN
BEG N {if}
| F macronethod = 1 THEN
Power Functi onl (k, mks, thetar,thetas, al phakappa,
fraction, np)
ELSE | F macronmet hod = 2 THEN
Power functi on2 (k, mkf, ks, thetaf,thetar,thetas,
al phakappa, fracti on, np)
ELSE | F macronmet hod = 3 THEN
Power f uncti on3 (k, m ks, thetamthetar,thet as,
al phakappa, fracti on, np)
END {if}
ELSE
Exponenti al Functi on (k, m ks, thetar, t het as, al phakappa,
fraction, np);
Vel ocity (k, mtravel nodes, v, np);
Nodes (nunber of nodes, col uml engt h, ti nestep, v[ 2], del tax);
ScreenCut 1 (al pha, changei nput, functi ont ype,
i nitconcentration,initnoisture, kf,thetaf, k, m
v, al phakappa, macr onet hod, np, nunber of nodes,
outfilel);
END {whil e};
END {fi ndpor egroups};
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)
)

(* Procedure: ReadWeat her

(* Purpose : Read the precipitation, precipitation concentra-
* tion and evaporation data into a linked |ist
(* Interface: infilel - var
(* weat her anchor - var
(***************************************************************)
PROCEDURE ReadWeat her (VAR infilel . TEXT,;
VAR weat heranchor : CimatePtr);

VAR

bead, { new el enment of linked Iist

tail { last elenment of linked list

ClimtePtr;

BEA N {readweat her}
RESET(i nfil el);
weat heranchor : = NIL;
VWHI LE NOT EOF(infilel) DO
BEGA N {whi | e}
NEW bead) ;
bead”. nxt := NIL;
READLN (infilel, bead™.realtine, bead™.rainfall,
bead”. concent, bead”. real evap) ;

bead”. nxt := N L;
| F weat heranchor = NIL THEN
weat her anchor : = bead
ELSE
tail . nxt := bead;
tail := bead;
END {whil e};

END {readweat her};

[STa—
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(*
(*
(*

*
*
*
*
*
*
*

(
e

Procedure: Initial Conditions

Purpose : Initialize the watermatrix and solutematrix in
accordance with the initial conditions

Interface: m
al phakappa
np
nurber of nodes
i nitconcentration
i ni tnoi sture

al phakappa
porematri x - var
outfilel - var

*
*
")
*
*
*
*
*
*
*

)
")

(***************************************************************)

PROCEDURE | nitial Conditions( m
al phakappa,

np

Cut O f Poi nt s;

nuhberofnodes : LONG NT;

i nitconcentration,
i ni tnoi sture

— e

. REAL;
VAR porematri x : TransportMatri x;
VAR outfilel . TEXT);
VAR
P, { counter for poregroups
X { counter for nodes
LONG NT;
noi sture { nmoisture content at depth z
. REAL;
{ Al poregroups are filled according to an intial npisture
{ profile of the form
{
{ 1/ al phakappa
{ =z
{ wher e
{ = noi sture content at depth z
{ z = normalized depth (x/L)

BEA N {initial conditions}

WRI TELN (outfilel,'0");
FOR x := 1 TO nunber of nodes DO

-1)/ (nunber of nodes-1))) *}

+ n{0];}

c=nlp] - np-1];

porematri x[ p, X] . wat er

BEA N {for}
| F initnoisture > nfnp] THEN
initrmoisture := ninp];
IF x =1 THEN
noi sture : = initnoisture
{rf0]}
ELSE
nmoi sture : = initnoisture;
{ EXP( 1/ al phakappa *}
{ LNC(x
~ {(ninp] - nfoO])
WRI TELN (outfil el, moi sture);
FOR p := 1 TO np DO
BEA N {for}
| F moisture > (nfp] - nfp-1]) THEN
BEG N {if}
porematri x[ p, X] . wat er
noi sture : = noisture -
END {if}

M
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ELSE
BEA N { el se}

poremat ri
noi sture

END {el se};
porematri x[p,x].solute :=

END {for};

END

{for};

WRI TELN (outfilel);
END {initial conditions};

X[ p, X] . wat er
=0

.= noi sture;

initconcentration *

porematri x[ p, x] . wat er;

***************************************************************)

(* Procedure:
(* Purpose
*

(* Interface:
(
(
(

*
*
*
*
*
*
*
*
*
*
*
*
*

(
(

MoveAndM x

Si nul ate the novenent of water during one
large tinestep

al pha

travel nodes

fraction
np

numnber of nodes

del t ax
tinme

ti mestep
m

n
porematri x
outfilel
outfile2

PROCEDURE MoveAndM x(

VAR
VAR
VAR

VAR

- var
- var
- var
- var

al pha
travel nodes
fraction,
ni,

np

del t ax,
time,

ti mestep
m

n2
porematri x
outfilel,

outfil e2
weat her anchor

nunber of nodes :

Por eG oups;
Travel Di st ance;

LONG NT;

REAL;

Cut O f Poi nt s;
LONG NT;
Transport Matri x;

TEXT;
ClimatePtr);

*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*

R R R R R R R R R R R R R EEEEEEREEEREEE SRR SRR R EREEEEEEREEEEEEREEEREEEEEES )

)
)
)
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TYPE

VAR

Por eG oupsP
NodeCol umm

evapcol um

py
smal [ tstep

X
key
evapanount ,

noi st ur e,
out f | owsol ut e,

out f | owwat er,
preci pconcentr
rai nf al | amount
t opboundarys,

t opboundar yw

ARRAY[ 1. . MaxPor eGr oups] OF REAL;
ARRAY[ 1. . MaxNodes] OF Mass;

{ columm cont ai ni ng sol ute anmounts

{ and noi sture taken out of the

{ poregroups due to evaporation
NodeCol umm;
counter for poregroups
counter for tinesteps during
whi ch the fastest poregroup
noves one node
counter for nodes
LONG NT;
dummy for KeyPressed

:

Lot Tann Ve Lt Tt Ve Vo Yo Vo VoY (i VoY —~ Lot Tt Yo Vo Yo}

}
}
}
}
}
}
}
}
}
total anmount of actual evapora- }
tion during one tinestep }
noi sture content of a node }
amount of solute flowi ng out of }
the soil in one tinestep }
amount of water flow ng out of }
the soil in one tinestep }
solute concentration of the pre- }
cipitation }
amount of rainfall }
}

}

}

}

ation,

REAL ;

amount of solutes put into each

t opnode

amount of rainfall put into each
{ topnode

Por eG oupsP;

EIE R I I R R R I R R I R R R R I R R I R R R I R O R O R

(* Procedure:
(* Purpose
*

(*

(* Interface:

I nt er pol at e\eat her *)
Determ ne the anount of precipitation and the*)
concentration of that precipitation during *)
one large tinestep *)

*

(***********************************************************)

PROCEDURE | nt er pol at eWeat her ( VAR evapanount ,

VAR
portion,

i mdl,
i md2

preci pconcentration,
rai nfal | anount ,
time,
ti mestep . REAL;
VAR weat heranchor : CimtePtr);

amount of rainfall or evapo- }
ration occurring before the }
next value in the |inked }
list that actually occurs in }
one tinestep }
internediate results in cal- }
cul ations }

Lot Tt Ve Vo Yo Vo Vol

REAL;

BEA N {i nt er pol at eweat her};
IF time = weat heranchor”.real ti me THEN

BEG N {i f}

preci pconcentration : = weat heranchor”. concent;

rai nfal | ampbunt

weat her anchor ™. rai nf al |
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evapanount . = weat her anchor ”. real evap;
END {if}
ELSE I F tine < weat heranchor”™.realti ne THEN
BEA N {else if}
preci pconcentration :
portion

weat her anchor ”. concent ;
ti mest ep/ (weat heranchor .
realtinme-(tinme-tinmestep));

rai nf al | anount = portion *
weat her anchor ™. rai nfal |
evapanount .= portion *
weat her anchor ”. r eal evap;
weat heranchor”.rainfall := weatheranchor”™.rainfall -
rai nfal |l amount ;
weat her anchor ™. real evap : = weat heranchor”. real evap -
evapanount ;
END {else if}
ELSE
BEA N { el se}
rai nfal | amount = weat heranchor”. rainfall
evapanount = weat her anchor ”. r eal evap;

weat her anchor . concent *
rai nfal | anbunt ;
portion := (time - weatheranchor”.realtine)/
(weat heranchor™. nxt~. realtime -
weat heranchor”.real tine);
weat her anchor : = weat her anchor ™. nxt ;
i mdl portion *
weat her anchor ™. rai nf al |
rai nfal |l ambunt + i nd1;

preci pconcentration :

rai nfal | ampbunt

i md2 portion *
weat her anchor ”. r eal evap;
evapanount evapanount + ind2;

preci pconcentration : (preci pconcentration +
I mdl * weat heranchor”.

concent)/rainfall amount;

weat heranchor”~.rainfall := weatheranchor™.rainfall -
i md1;
weat her anchor ™. real evap : = weat heranchor”. real evap -
i md2;
END {el se};

END {i nt er pol at eweat her};
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(* Procedure: Precipitation *)
(* Purpose : Calculates how nuch water is put into each *)
* t opnode of each poregroup, when that one be- *
* comes vacant due to movenent. The water is *
* put in according to the topboundary condi - *
* tion, e.g. rainfall or irrigation *
* Interface: deltax *
* preci pconcentration *
* rai nfal | amount *
(* m *)
(* fraction *
* np *
* travel nodes *
* t opboundarys - var *
* t opboundaryw - var *

*

(********************************************************** )

PROCEDURE Preci pitation( del t ax,

VAR

enpt ynodes,

p

avai | abl espace,

r unof f

preci pconcentration,

rai nfal |l ambunt : REAL;

m . Cut O f Poi nt s;

fraction,

np . LONG NT;

travel nodes . Travel Di st ance;
VAR t opboundarys,

t opboundaryw : PoreG oupsP);

nunber of nodes in each pore-
group, that have been enp-
tied during the previous nmove
counter for poregroups

LONG NT;
space avail able in each pore-
group per tinmestep

amount of not infiltrated

wat er (no pondi ng)

Lot Tt Yot Yo A
[T ) (ST )

:

BEA N {precipitation}

{

initialize topboundaryw and topboundarys }

FORp :=1 TO np DO
BEA N {for}

t opboundar yw p]
t opboundar ys| p]

0;
0;

END {for};

o] A A A A A A A A A

determ ne how nuch rainfall can be absorbed by each
poregroup during a tinmestep and next cal cul ate how
that amount will be distributed in tinme. This anmount
(the amount absorbed by one poregroup during one
smal [ tstep) is stored in the array topboundaryw.

The sol utes added to each porgeroup in a small tine-
step are calculated by multiplying the concentration
of the rainfall with the rainfall added during a
smal | tinestep.

e e e

=2
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VWHI LE (rainfallamunt > 0) AND (p <= np) DO

BEG N {whi | e}

enpt ynodes : = travel nodes[ p];

avai | abl espace

BEG N {if}

= (

mp] - np-1]) * enptynodes *

del t ax;
| F rai nfal |l ambunt > avail abl espace THEN

t opboundar yw p]
rai nfal | anount

END {if}

c=nfp] - nip-1];
.= rainfal |l amount -
avai | abl espace;

ELSE I F rai nfal |l ambunt > 0 THEN

BEA N {else if}

t opboundar yw p]

rai nfal | anobunt

END {else if};
t opboundar ys| p]

.= rainfal | anount/
(deltax * enptynodes);
=0

preci pconcentration *
t opboundar yw p] ;

p:=p+ 1
END {whil e};
runoff := O;
| F rai nfal | anbunt > 0 THEN
BEG N {if}
runof f : = rainfal |l anount;

WRI TELN (' runoff
END {if}
END {precipitation};

is

",runoff:3:8,'.");
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(*
(*
(*

*
*
*
*
*
*
(*
*
*
*
*
*
*

Procedure: Move
Purpose : Sinulate the transport of a substance during
one tinestep
Interface: fraction
np
nunber of nodes
smal [ tstep

del t ax

out fl owsol ute - var
outfl owater - var
porematri x - var

t opboundarys

t opboundar yw

travel nodes
outfile2 - var

PROCEDURE Mbve( fraction,

npy

nurber of nodes,

smal [ tstep : LONG NT;

del t ax . REAL;
VAR out f | owsol ut e,

outfl owater : REAL;

VAR porematri x
t opboundarys,
t opboundaryw : PoreG oupsP;

Transport Matri x;

*
*

*
*
*
*
*
*
*
*
*
*
*
*
*
*

( khkhkkhkhkhkkhhhhhhhhhdhhhhhhhhhhhdhkhhdhhhdhhhdhhhdddhddhdddhdddhdrhrxx* )

)

)
)
)

travel nodes . Travel Di st ance;
VAR outfil e2 . TEXT);

VAR

p, { counter for poregroups }

X { counter for nodes }

LONG NT;

{ During one timestep, the water and the solutes in the }
{ different poregroups nove a di stance according to: }
{ }
{ o p-2 }
{ nunber of nodes = fraction }
{ . . . . np - 2 }
{ When we divide one timestep into fraction smal | }
{ tinmesteps (smalltstep) then the fastest poregroup noves }
{ one node every tinestep. The ot her poregroups nove only }
{ np - }
{ every fraction ti mest eps. }
{ The topnodes that are enptied due to the novenent are }
{ filled with according to the topboundaryw as cal cul at ed }
{ in precipation procedure }
{ The outflow is calculated as the sum of the noisture con- }
{ tents of the bottomodes that are noved beyond the bottom}
{ boundary, during one |large tinestep. }
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BEA N { nmove}

FORp := 2 TO np DO
BEA N {for}
| F smal ltstep MOD (travel nodes[np] DV
travel nodes[p]) = 0 THEN

BEG N {if}

outfl owater :=

out fl owsol ute :

out f| ownat er +
porematri x[ p, nunber of nodes] .
wat er * del t ax;
out fl owsol ute +
porematri x[ p, nunber of nodes] .

so
FOR x : = nunber of no
porematri x[ p, X]
porematri x[ p, 1] . wat
porematri x[ p, 1] . so
END {if};
END {for};
END { nove};

EE R I R I R R I R R I R R

(* Procedure: Actual Evaporation
(* Purpose Enpty nodes in th
* actual evapotrans
* Interface: deltax

* evapanount

* fraction

(* n

* nunber of nodes
* travel nodes

* evapcol um -
(* porematri x -

(******************************

PROCEDURE Act ual Evapor ati on(

VAR
VAR

VAR

py
r oot nodes,

Lot Tt Yot Yo

X
LONG NT;

extrasol ute,

nodeevapor ati on,
noi st ur e,
r oot noi sture,

root zone

Lt Tt Ve Vo Yo Vo VoY (i VoY

REAL;

var
var

lute * deltax;
des DOANTO 2 DO

:= porematrix[p, x-1];
er = topboundaryw p];
ute := topboundarys[p];

*****************************)
*

e rootzone according to the *)
piration

)
)

*
*
*
*
*
*
*
*
*

EE R R I I R R I R R O )

del t ax,
evapanount REAL;
fraction,
npy
nurber of nodes
. LONG NT;
travel nodes: Travel D stance;
evapcol um : NodeCol um;

porematrix : TransportMatri x);

counter for poregroups
nurmber of nodes in the root-
zone
counter for

[T )

nodes

anount of solute in the wa-
ter that has evaporated in
one poregroup

noi sture content evaporated
one node during one tinestep
total noisture content in
one node

total noisture content of
the rootzone

dept h of rootzone

N
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BEA N {act ual evapor ati on}

rootzone : = 0;
{ evaporation occuring during one small tinestep
evapanount := evapanount/travel nodes[ np];

{ Cal cul ate nunber of nodes in the rootzone

root nodes : = ROUND(r oot zone/ deltax);
| F root nodes = 0 THEN
r oot nodes : = 1;

{ Set array containing solute ambunts that are taken
{ out of the poregroups as a result of evaporation and
{

}
}

array contai ning noi sture evaporated per node to zero }

FOR x := 1 TO root nodes DO
BEA N {for}
evapcol um[ x].solute :
evapcol um| x] . wat er
END {for};

0;
0;

{ Calculate total amount of noisture present in the
{ rootzone

r oot noi sture : = 0O;
FOR x := 1 TO root nodes DO
FOR p := 1 TO np DO
root noi sture : = rootnoisture +
porematri x[ p, X] . wat er

{ Cal cul ate anpbunt of actual evaporation attributed to
{ each node

FOR x := 1 TO rootnodes DO

BEA N {for}
nmoi sture : = 0;
FORp :=1 TO np DO
noi sture : = noisture + porematriXx[p, x].water;
nodeevapor ati on . = evapanount * noi sture/
(rootmoi sture * deltax);
evapcol um[ x] . wat er : = nodeevaporati on;

{ Take water out of the |argest pores first

p = np;

[STa—

[STa—
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VWHI LE (nodeevaporation > 0) AND (p >= 1) DO
BEGA N {whi | e}
porematri x[p,x].water := porematrix[p, x].water -
nodeevapor ati on;
| F porematrix[p, x].water < 0 THEN

BEG N {if}
nodeevaporation := -porenmatrix[p, x].water;
porematrix[p, x].water := 0;
evapcol um[ x] . sol ute : = evapcol um[x] . sol ute

+ porematri x[ p, X].sol ute,;

porematri x[p, x].solute := 0;
p:=p- L

END {if}

ELSE

BEA N { el se}
extrasol ute : = nodeevaporation/

(porematrix[p, x].water + nodeevaporation)
* porematri x[p, x].sol ute;

evapcol um[ x].solute : = evapcol um[ x]. sol ute
+ extrasol ute;
porematri x[ p,x].solute := porematrix[p, X].
solute - extrasol ute;
nodeevaporation : = 0;
END {el se};
END {whil e};

END {for};
END {act ual evaporati on};

***********************************************************)

(* Procedure: RedistributeWater *
(* Purpose : Redistribute the water in the different *
* poregroups according to a coefficient eta[p] *)
* and the enpty porespace in each poregroup. *
* Different redistribution strategies can be *
* i npl enented by changi ng the paraneter eta[p].*)
(* Interface: al pha *
*

( m *)
( np *
nunber of nodes *)
(* porematri x - var *)
(***********************************************************)
PROCEDURE Redi stri but eWat er ( al pha . PoreG oups;
m . Cut O f Poi nts;
np

nunber of nodes : LONG NT;
VAR porematri x
TransportMatri x);
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VAR

p, { counter for poregroups }
X { counter for nodes }
LONG NT;
sumal pha, { check for mxing-coefficients}
t ot al space, { total enpty pore space }
wat er pool { water to be redistributed }
REAL ;
eta, { part of waterpool to be put }
{ back into poregroup|p] }
enpt yspace { enpty poresapce in pore- }
{ group[p] }

Por eG oups;

Redi stribution of water is inplenmented in the follow ng
way: - Qut of each poregroup an anobunt eta[p] *
noi sture content (mc.) is taken and put into a
conmon poo
- Next water fromthe comon pool is put back into
the different poregroups relative to the anount
of enpty porespace avail able in each poregroup
This proces can be sumarized with the foll ow ng equa-
tions:

p=np
wat er pool = SUM al pha[p] * mc.[p])
p=1
enptyspace[p] = (n{p] - nip-1]) - (1 - alpha[p]) * mc.[p]
p=np
t ot al space = SUM enpt yspace[ p])
p=1
mc.[p] := (1-alpha[p]) * mc.[p] + eta[p] * waterpoo
wher e
enpt yspace[ p]
eta[p] = -------------

Lt Y Y Y VY Tt Ve Y i Ut Ve e Y Y e e Vot Vo Ve Ve Ve Y )
e e e e e e e e e e e e e e e e e e e

t ot al space

BEA N {redistri but ewat er}

sumal pha : = 0;
FORp :=1 TO np DO
sumal pha : = sunmal pha + al pha[p];
| F sumal pha > 0 THEN
BEG N {if}
FOR x := 1 TO nunber of nodes DO
BEA N {for}
t ot al space : = O;
wat er pool = 0;
FORp :=1 TO np
BEA N {for}
wat er pool = wat erpool + al pha[p] *

porematri x[ p, X] . wat er;
(nrfpl - nip-1]) -

(1 - alpha[p]) *
porematri x[ p, x] . wat er;

t ot al space + enptyspace[p];

enpt yspace[ p]

t ot al space

END {for};

FOR p := 1 TO np DO

BEG N {for}
et a[ p] : = enptyspace[ p]/total space;
porematri x[p,x].water := (1 - alpha[p]) *
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END {for};
END {for};
END {if};

END {redistributewater};

porematri x[p, x].water +

eta[p] * waterpool;

khkhkkhkhkhkhhhhhhhhhhhhdhhhdhhhhhhhhdhhhdhhhdhhhdhdhddhdhddhdddhdrhdrdrx*

(*
(*
(*
(

*
*
*
*
*
*
*

*

Procedure: M xSol ute

*

Purpose : Redistribute the water in the different *
por egroups according to a coefficient eta[p] *)

and the enpty porespace in each poregroup.
Different redistribution strategies can be *)
i mpl enented by changi ng the parameter eta[p].*)
I nterface: alpha, *
m *
np *
nunber of nodes *)
porematri x - var *
*

(********************************************************** )

PROCEDURE M xSol ut e( al pha . PoreG oups;
m : CQut O f Poi nts;
npy
nunber of nodes : LONG NT;
VAR porematri x : TransportMatrix);
VAR
p, { counter for poregroups }
X { counter for nodes }
LONG NT;
concentrati on,
corrector,
sumal pha, { check for m xing-coefficients}
t ot al space, { total enpty pore space
sol ut epool , { solute to be redistributed }
wat er poo
REAL ;
eta, { part of solutepool to be put }
{ back into poregroup|p] }
enpt yspace { enpty poresapce in pore- }
{ group[p] }
Por eG oups;
{ Redistribution of solute is inplemented in the following }
{ way: - Qut of each poregroup an amount eta[p] * }
{ solute content (mc.) is taken and put into a }
{ conmmon pool }
{ - Next solute fromthe common pool is put back into }
{ the different poregroups according to a paraneter }
{_ etal p] | | , }
{ This proces can be sumarized with the follow ng equa- }
{ tions: }
{ p=np }
{ solutepool = SUMal pha[p] * mass[p]) }
| - |
{ mass[p] := (1l-alpha[p]) * mass[p] + eta[p] * sol utepool }

BEA N {m xsol ut e}

sumal pha : = 0;
FORp :=1 TO np DO

sumal pha : = sunmal pha + al pha[p];
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FOR x := 1 TO nunber of nodes DO

BEA N {for}

| F (sumal pha > 0) OR (evapcolum[x].water > 0) THEN

BEG N {i

f}

nmoi sture := 0;

FOR

p:=1TOnp DO
noi sture : = noisture + porematrix[p, x].water;

| F noi sture > 0 THEN

BEGQ

END

N {if}

sol ut epool : = evapcol umm[ x] . sol ut e;

wat er pool : = evapcol um| x].water;

corrector := 1 - evapcol um[x] . wat er/ noi st ure;
FOR p := 1 TO np DO

BEA N {for}

al pha[ p]
sol ut epoo

al pha[p] * corrector
sol ut epool + al pha[p] *
porematri x[ p, X] . sol ut e;
wat er pool + al pha[p] *
porematri x[ p, X] . wat er *
corrector;

wat er poo

END {for};
| F wat erpool > 0 THEN
concentration := sol utepool / wat er poo
ELSE
concentration := 0;
corrector := 1 - corrector;
FORp :=1 TO np DO
porematri x[p,x].solute := (1 - alpha[p]) *
porematri x[ p,x].solute + (corrector *
(1 - alpha[p]) + alpha[p]) *
concentration * porematrix[p, x].water;

{if};

END {if};

END {for};
END {m xsol ute};
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BEA N { nmoveandm x}
out f | ownat er
out fl owsol ute :

0;
0;

{ Determ ne anobunt of precipitation and precipitation con- }
{ centration and actual evaporation during large tinmestep }

I nt er pol at eWeat her (evapanount, preci pconcentrati on,
rai nfal | amount, time, ti mestep,
weat her anchor) ;

{ Calculate how the nodes at the topboundary will be filled }
{ , according to the top boundary condition, e.g. rainfall }
{ or irrigation }
Preci pi tation(del tax, preci pconcentration,rainfallanmunt, m
fraction, np,travel nodes, t opboundarys,
t opboundar yw) ;
{ Initialize evapcol um }
FOR x := 1 TO nunberof nodes DO
BEA N {for}
evapcol um[ x].solute : = 0;
evapcol um| x] . wat er = 0;
END {for};
FOR snalltstep := 1 TO travel nodes[ np] DO
BEA N {for}
{ Move water and sol ute }

Move (fraction, np, nunber of nodes, smal | t st ep, del t ax,
out f I owsol ut e, out f | ownat er, porenatri x, t opboundarys,
t opboundar yw, t r avel nodes, outfil e2);

{ Enpty nodes in the rootzone according to the actual }
{ evapotranspiration }

Act ual Evapor ati on (deltax, evapanmount, fracti on, np,
nunber of nodes, t ravel nodes, evapcol um,
porematri x) ;
{ Redistribute the water over the different poregroups }
{ Redi st ri but eWat er (al pha, m np, nunber of nodes, porenmatri x);}
{ Redistribute the solute over the different poregroups }

M xSol ut e (al pha, m np, nunber of nodes, porematri x) ;

END {for};
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WRI TELN (outfile2,tine,’ ",outflowmwater:12: 10,
' ",outflowsol ute: 12:10);

IF n1 MD n2 = 0 THEN
BEG N {if}
n2 :=n2 * 2,
WRI TELN (outfilel,tinme);
FOR x := 1 TO nunberof nodes DO
BEG N {for}
noi sture : = 0;
FORp :=1 TO np DO
BEG N {for}
noi sture := noisture + porematrix[p, x].water;
END {for};
WRI TELN (outfil el, nmoi sture);
END {for};
WRI TELN (outfilel);
END {if};
END {noveandm x};

***************************************************************)

(* Procedure: d oseFiles *
(* Purpose : Cose all files *
(* Interface: infilel - var *)
(* outfilel - var *
(* outfile2 - var *
(***************************************************************)
PROCEDURE C oseFiles(VAR infil el,
outfilel,
outfile2 : TEXT);
BEA N {cl osefil es}
CLCSE (infilel);
CLCSE (outfilel);
CLCSE (outfil e2);
END {cl osefil es};

BEA N {preffl ow}

ASSIGN  (input,'"');
RESET (i nput);
ASSIGN (output,'');
REVWRI TE (out put);

Det ect Graph(graphdri ver, graphnode) ;
I ni t Graph(graphdriver, graphnode, ' c:\conpiler\tp\bgi');
Set BkCol or (15) ;
Set Li neStyl e(solidln,0,thickw dth);
Set Col or (1) ;
Set Text Styl e(Tri pl exFont, Hori zDi r, 6) ;
Set Text Just i f y( Cent er Text, Cent er Text ) ;
Qut Text XY (320, 25, "' VELCOVE' ) ;
Qut Text XY (320, 125,' TO THE' ) ;
Qut Text XY (320, 225, ' PREFERENTI AL FLOW ) ;
Qut Text XY (320, 325, "' MODEL' ) ;
Set Text Styl e( Smal | Font, Hori zDir, 6);
Qut Text XY (320, 425, ' <<Press Key>>');
Set Text Justi fy(Left Text, Center Text);
Qut Text XY( 50, 450,
"Authors: Bart Nijssen and Tammp Steenhuis');
REPEAT UNTI L KeyPressed;
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key : = ReadKey;
Cl oseG aph;

{ Pronpt user for the filenames of the files containing the }
{ input and the output

QpenFiles (infilel,outfilel,outfile2);
{ Pronpt the user for the necessary input; calculate the

{ sizes and travel velocities for the different poregroups,
{ cal culate the nunber of nodes.

(ST )

Fi ndPor eG oups (al pha, travel nodes, al phakappa, fracti on, np,
nunber of nodes, del tax, i nitconcentrati on,
i ni toi sture, | engt hof experiment,tinestep, m
outfilel);

{ Read the infile containing the data about precipitation
{ and evaporation

———

ReadWeat her (i nfil el, weat heranchor) ;

{ Assign npoisture contents and solute anobunts to the diffe-
{ rent porenodes in accordance with the initial conditions. }

—

Initial Conditions (m al phakappa, np, nunber of nodes,
i nitconcentration,initnoisture, porematrix,
outfilel);

{ Move the noisture and solute and afterwards inplement the }
{ m xing.

nl 1= 1;
n2 =1
time := tinestep;
VWH LE tine <= | engt hof experi ment DO
BEGA N {whil e
MoveAndM x (al pha, travel nodes, fraction, nl, np,
nunber of nodes, del tax, ti ne, ti nestep, mn2,
porematrix,outfilel, outfile2, weatheranchor);
WRI TELN ("tinme is ',tine:8:2);
time :=time + timestep;
nl :=nl + 1,
END {whi |l e};
{ Close all files }

CloseFiles (infilel,outfilel,outfile2);

END {prefflow}.
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