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SUMMARY

- Thé pressure head form of the general flow egquation for water in a borous
medium was numerically.éolved using a scheme that allowed both the time step
(at) .and the space increment (Az) to be changed during the flow process. The
mass balance equation was used to check the accuracy of the simulation. If a
predefined accuracy criterion was not met, the time step as well as the space
increments between a fixed number of gridpoihts were changed. The model
concentrates a large number of gridpoints in regions of large changes in
pressure head‘gradiehts. As the number of gridpoints is fixed, fewer grid-
points are distributed in regions where small changes occur, The method is

demonstrated for an infiltration, drainage, and evaporation process.
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AN ADAPTIVE SIMULATION TECHNIQUE FOR THE
ONE-DIMENSIONAL WATER FLOW EQUATION
J. H. Dane, J. W.L.M. Hopmans, and F. H. Mathis*
| INTRODUCTION

Many authors have numerically solved the one-dimensional pressure head
form of the general flow equatioh for water in porous media. A comparison of
the hore popular procedures was presented by Haverkamp et al. (1977). In most
cases presented in the literature, a fixed Az value is used in thevspafial
domain. An adaptive numerical scheme to solve the pressﬁre head form of the
geﬁeral flow equation was recently published by Dane and Mathis (1981). The
difference between their modé1 and most other numerical procedﬁres is that
both time and space increments are.a11owed to change during the simu]atfon.
This allows the use of a fine grid in those poriions of the flow region known
to contain large changes in pressure head gradients. The fine grid spacing
moves up and dowh the soil profile, correﬁponding with those portidns where
. 1arge‘cbanges in pressure head éradient occur. Furthermore, their proposed
| scheme is applicable to non-steady flow conditions as well. In this report,
the source text, together with a description_and discussion of the model, is
presented.} |

| THEORY |
The general transport equation for water movement in the soil which was

used in the simulation described in this report can be formulated by combining

*Associate Professor and Graduate Assistant, Depértment of Agronomy and Soils,
Auburn University,and Associate Professor, Department of Mathematics, Baylor

University, Texas, respectively.



the Darcy equation and the mass balance equation of soil water. In one-

dimensional form the Darcy equation may be written as:

Ho
v -K(gZ [1]

where K(h) is the hydraulic conductivity function, h is soil water pressure
head, H is hydraulic’head, z is distance (z=0 at reference level and z > 0
above reference level), and f%g- is the hydraulic gradient. The algebraic sign
of the flux v indicates the direction of the flow, i.e., v is upward if
bositive and downward if negative. Since the hydraulic head is the sum of the

pressure and gravitaiiona1 head, Eq. [1] may be written as:

o 3h L 4] | |
V= "K(h){az ¥ 1} ’ [2]
where -%g-is the pressure head gradient. .

For a certain set of assumptions the mass balance equation can be written
as a volume balance equation:

38 3

?t--_--‘a—;' . [3]

This equation relates the time rate of change of water content, %ﬁ? , of a
differential volume element of soil to the difference of inflow and outflow
across that element,.%ag-, which is called the divergence of the flux. Com-
bining Eq. [2] with Eq. [3] yields the general equation for vertical flow of

water in soil:

30 _ 3 h |
= [K(h)(-g-; + ,1)] . 4]



To obtain an equation for water flow in one dependent variable, another
re]atioﬁ between 6 and.h is required. Introducing the water capacity of the
»soil as C(h) = de -(i.e., the slope of the water retention funct1on) the time
| derivative term 1n.Eq. [4] can be transformed to:

a0 de s,
TR T C(h) at . (5]

Substituting Eq. [5] in Eq. [4] yields:
h 3
- 3t -a-—[K(h)( +1)] : | 6]
which is called the pressure head fofm of the one-dimensional general flow
equation. Equation [6] can be expressed as a system of two first order

non-linear differential equations with h(z,t) and v(z,t) being the unknowns:
v,(“zi’t) - fK(ﬁ_’(%Q' + 1) | [7a]
and

c(nydh o3
C(h) 3 5z (7b]

for -L =20 and 't >0, where v(z,t) 15 the Darcy flux, and L is the
depth of the profile under consideration.

An adaptive numerical method to solve this set of equations, subjected to

certain initial and boundary conditions, will be presented.



NUMERICAL IMPLEMENTATION

The solution of Eq. [7] by a finite difference technique requires that a
grid be superimposed upon the time (t)-depth (z) region of the flow system
under consideration. The indepeddent variables t and z will be subscripted
with j and i, respectively.

For -L £z 30 and 0 St ST, the gridpoints (zi’tj) are defined for
i=0,1,...,N and j=0,1,...,M such that zg=0, zN=-L, t0=0, and tM=T (see figurg
1). The grid spacing may be arbitrary and is denoted‘by'Azi=zi -2z and‘
Atj=tj - tj-l’ i.e., both time and space increments may be of nonuniform size.

However, the number of gridpoiqts in the depth direction is fixed.
| Space and timerderivatives are approximated at time tj (unknown time
level) and at the midpoin; of (zi; zi-l) using backward differences.
Both K and C are evaluated at i(hi’j'+ hiq, j)‘

For i=1,...,N and j=1,...,M we wish to find h.i j and vy j such that:
9 9 |

he « = hs 4 & , )
i,J i-1,3 - : .
=K -[ - Az{ + 1]" %(V.i Ny +' vi"l,j) [sa]

and

. . | V-i J - Vi_l,i
c R T b4 P | "
2Atj [hi 2J ¥ h1’1 sJ h‘l »J-1 h1'1 93"‘1] { AZ4 ] [ ]

where:

| (h'iaj + hi"l;J)
K=K > |

and
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VARELEE)
c=2¢C 2 .

This method is implicit for which, at'each time step, a system of (2N+2)
nonlinear equations must be solved. |

To solve Eq. [8] one needs to define ane set of initial conditions and
two sets of bouﬁdary conditions. The initial condition for a given problem is

specified by assigning a pressure head value to each node at t=0:
h(z,0) = g(z) Lszs50 . | [9a]

This initial condition yields, according to Eq. [7a], the initial flux values:

v(z,0) = -K[s;(z)]-[ﬂéf—l+ 1]' . - [9p]
Boundary conditions are defined for the top and bottom nodal point for t>0

and are be expressed by:

.

a h(0,8) + % v(0,t) =go(t) 20 - [10a]

8, h(-Lyt) + By v(-L,t) =g (£)  z=-L . - [100]

The advantage of expressing the boundary conditions in this manner is the ease
with which one can switch from a pressure head to a flux boundary condition

and vice versa by assigning the values 0 or 1 to « and 8. It should also be
noted that the functions 99 and g, are time dependent. Expressed in terms of

gridpoints, Eq. [9] and Eq. [10] can be written as:
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hi o = 9(zy)

Vig*® -th(z )J[ otz ), +1] | [1lla]

and
aqhg,5 +e2V,; = %(t;)
BiMy,g *82VN,5 = G1lty) . : - [11b]
Eq. [8] can be solved by the following iterative procedure (see figure 2
also). Suppose Hi j-1 and v j-1 are known for i=0,1,...,N. If H2 and V2 are

defined as the unknown h and v at time j, respectively, Eq. [8a] can then be

written as:

-K[Bz'(") - H2(i-1) 1} 1[V2(8) + V2(i-1)] .

.Azi

Let H1(i), i=0,...,N be the known pressure heads at time j-1. Equation [8b]

can then be approximated by:

2At r

[H2(1) + H2(i-1) - H1(i) - H1(i-1)] = _[VZ(J’) szzh'-l)] .
Grouping the unknowns H2 and V2 yields:

-KeH2(i-1) + &Azi~V2(i-l) + K+H2(i) + %Azi'VZ(i) = -KAzi [12a]

and
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-3C:R-H2(i-1) + V2(i-1) - 3C-R-H2(i) = V2(i) = -3C-R-Hl* [12b]

AZ.. :
where R = E—’—and H1* = H1({) + H1(i-1) .
i

During the first iteration of each time step j, K and C are calculated from
fhe known pressure head vélues H1 at time j-1, while during subsequent‘
iterations (all during the same time step), K and C are determined from‘the
latest values of H2, If for all depths both H2{i) and V2(i), i=0,...,N differ
less than a certain small amount from their corresponding values during the
previous iteration, then the latest values for H2(i) and V2(i) are accepted as
the true values. »I% the difference between the previous and the latest
computed pressure heads and fluxes is larger than that small amount, éhe
solution process is repeated as bgfore.' Cbnsequent]y, Eq..[12] represents a
set of linear algebraic equations in the unknowns H2(i) and V2(i).for
j=0,...,N with H2(0), HZ(N); v2(0), and.VZ(N)'satisfying the boundary .
conditions given in EqQ [11b]. Keller (1974) showed that H2(i) and V2(i) will
" converge to the solution of Eq. [8],.prov1ded that the pressure head and flux
values over-a time step are suitably close.

At a certain time j, this system of Tinear equations can be put fn the
matrix form Ax=B, as shown in figure 3. In the simulation program, an IMSL
(International Mathematical and Statistical ijrary) subroutine is used to
solve this linear system. However, this subroutine requires that the
coefficient matrix A is stored in band storage mode to minimize memory
requirements.

An by n matrix with k Tower codiagonals and 1 upper codiagonalé, stored
in band storagé mode, is reduced to a matrix of dimensions n by (k+1+1). The

matrix is stored row wise so that the zero-elements are compressed out of the
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matrix and the main diagonal elements fall in column (k+1). The 2N+2 by 2N+2
coefficient matrix A, with two upper and lower codiagonals, can be stored in

band storage mode as shown below:

T —— coiﬁmns-——-————;
N 0 0 C!;l : 02 0
0 -K ' &Az1 K &Azl
-3C-R 1 -3C-R -1 0

(2N+2) rows : :
-#C-R 1 -3CR -1 0

R 00

The solution process uses the initial condition (Eq. [11]) to solve for the
pressdre heads and fluxes at tﬁe end of the first time step. This set of
soldtions‘is then used to solve for the next time step. The solution process
thus marches forward in time by increments Atj.
CALCULATION OF THE TIME STEP

The mass balance equation was used to control the time step size. A too
large time step will result in an inaccurate approximation of hi,j and Vi,j
(see Eq. [8]), which in turn will influence the outcome of the mass balance

equation. At time.tj, the mass balance MBj is defined as:
0 ' s
M85 =S B (2oty) - o2ty )1ez -0, - vl |, (13
- j-l

where 8(z,t) is a function of pressure head and can thus be calculated. The

increase in water in a profile (first integral form in Eq. [13]) was estimated
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by applying the trapezoidal rule. The second integral is simply a subtraction
of the fluxes at the top and bottom of the profile under consideration and
integrated over ot If MBJ was larger than a specific value e, the values of
hi,j and vy,j were rejeéted, the time step decreased, and new values for hi,j
and vi,j were calculated. Very small values for.MBj, e.g. 0.le, resulted in
an increase of the time step.

A relative mass balance was also calcu1ated after each time step. The
re]atjve mass balance (percent) is defined as MBj x'1oo divided by fhe total
amount of water that enters (or leaves) the profile across the bottom and_tobl
boundary over a given time step; while the overall relative mass balance
(percent) is»defined‘simi1ar1y but over the total time of simulation. The
relative mass balance may be a better tool to check accuracy, especially if
the second term of the right hand side of Eq. [13] is small relative tO'MBj.

CALCULATION OF THE SPACE STEP

Space stéps between the various gridpoints are nonuniform and may be
changed during the simulation. The space steps Az, are estimated in the
following way.

Thg space derivative -%g-is apprqximated exactly if h were a piecewise
Tinear functjon of z. A function F(z) is piecewise linear with respect to the
grid z; if F(z) is continous for =L <z <0 and linear over the interval
2;<2 <2, s where i=1,2,...,N.' However, h(z,tj) is in most cases not
piecewise linear, hence errors are made if space derivatives are approximated
by difference equations. To reduce this error as much aé possible, the zi's |
are selected in such a way that they will determine the best possible

piecewise interpolation of pressure head at tj, using N+1 gridpoints. This is

accomplished if



15

. . )
3 h{z,t;)
max ———(—T—L AZi

2

is constant for each space step z;. Hence, at time j, a function Gj'is

defined as

. Az [14]

for i=lyeeesN.

The function Gj is calculated from:

}!a h(z, 't 1) .

AZ;

2 i
3z

for i=1,...4N

GJ =5

.

where Az; refers to time tj-l’ In other words, the space steps Ai:,-i=1,...,N
do not satisfy Eq. [14]. More details about the above procedure are included
in Append1x I. N | |

The second derjvative of pressure head with respect to z can be

approximated by direct application of Darcy's law:

v = -k, -K—aﬂ-K |

and
. 2 ’
W .3 (g 2K oK dhath 3K
3Z 3z 32 3 3 F az2 b4
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which can be approximated by:

(i1 Vienger) L (Kl ygag) - Khyg gp)

4Z4 | Az

/(1..3‘-1. BN P

AZj

; h, L+ h,
where K~ = K (?1,1-1 5 i-1,3-1Y)

Conforming to the réquirement set by Eq. [14], new zi's are calculated,
whereas the number of space steps N remains the same. However, if the values
of z; at tihe t; are changed, new values for hf,j-i and Vi,j-1 must also be
calculated. This can be accomplished by piecewise linear interpolation of
hi,j-l and Viaj-l’
Figure 4 shows an infiltration profile where theta and the first and
second derivative of the pressure head with respéct to depth are plotted
against depth. The smal]eét space increments will occur at depths with a
relatively large absolute value for the second derivative (see also Bq. [14]).
For this particular example, an infiltration case, Figure 4 shows that the
highest-density of gridpoints occurs in the vicinity of the wetting front.
Since the water content below the toe of the wetting front has not yet

changed, very few gridpoints are needed in this region.

To save computer time, Az, was changed only if Atj was changed, according

to the size of MBj.
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RESULTS

Three examples will be presented in this section. The first concerns a
drainage profile of which the results are compared with those obtained with
UNSAT1, a simulation model published by Van Genuchten (1978). The second
example describes the infiltration of water into the soil as reported by
Haverkamp et al. (1977). In the third example probiem, published by Klute and

Heermann (1978), evaporation was simulated.

1. Drainage from a Uniform Soil Profile.
Drainage is allowed to occur in a uniform 1.4-m deep soil profile. The
following expressions were used to describe the soil hydraulic properties of

the soil (Van Genuchten, 1978):

8-y

f+taln)]"

9 =9, +
and
* 2
K = Ko¥[1-(1-0 ™™ ,
where er’_ and & represent the residual and saturated water contents
respectively; «, n, and m (= 1-%9 are parameters characteristic of the

partiéular soil, KS is the saturated hydraulic conductivity, and @ is the

dimensionless soil water content, defined as:
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The soil used was a'Troup Toamy sand {(Dane, 1980) for which the following

parameter values apply:

Kg = 10.95 cm/hr a = 0.02912
8, = 0.365 n = 3.57168
8. = 0.069 .

The following initial and boundary conditions were adopted:
h(z,0) = -26.774cm
or

8 =030 ' 05 L $140cm t=0

-K( ‘2‘%*‘1) = 0 (zero flux) 2=0 ' t20
%—2—’-' 0 (unit hydraulic gradient) ' z=-140 cm . t20 .

The results of this example problem were comparéd with results obtained from a
simulation model published by Van Genuchten (1978), who uséd a Hermifian
finite element scﬁeme.

Table 1 shows that no substantial differences occurred between thé two
methods. However, there i; an important distinction between the two, as is
shown in figure 5. VWhen theta is p1otted against depth, the described model;'
WAFLOW, concentrates its gridpoints in regioné where the largest changes
occur, whereas UNSATi (Van Genuchten's model) uses a constant sbace step

between all gridpoints.
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2. Steady State Infiltration into a Sandy Profile.
In"this example (Haverkamp et al., 1977) water is allowed to infiltrate

into a 70-cm deep homogeneous sandy soil profile having the following

hydraulic properties:

. .. . A ’ = ]
K = Ks eyl . Ks 34 cm/hr.
A=1.175 * 10
B =4.74
and
A 8 -8,
g = —L———73+ 8 8y = 0.287
e +|hj
: 8, = 0.075
o = 1.611 * 10°

[N
w
[}

3.9 .

The initial and boundary conditions for infiltration of water in sand were:

h = -6l.5cm -~ 0s5Ls70cm t=0
v = =13.69 cm/hr. z=0 t 20
h = -61.5 cm z=-70 cm t >0

?

where v denotes a constant downward flux and the bottom bouqdary‘condition a
constanﬁ pressure head. Figure 6 shows the water content profiles after 0.2
and 0.4 ﬁr; Simuiétion time (usiﬁg 71 gridpoints) and also the redistribution
of the gridpoihts as the wetting front moves down. The smallest space steps
are at the wetting front where the largest values of azh/az2 occur. The
results compared favorably with those published by Haverkamp'et’al. (1977) for

the same soil characteristics.
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Table 2 reflects the effect of the number of space steps on computer time
and accuracy. It is interesting that the'accuraéy, expressed in absolute and
relative mass balance, is markedly reduced only when the number of space steps

decreases below 20. However, the required computer time is greatly reduced.

3. Evaporation and Drainage in a Uniform Soil Profile with Fixed watér Table

| As was shown by Dane and Mathis (1981), evaporation can also pe simulated
- with the model. Their example pfoblem was published by Klute and Heermann
(i978);'who simulated evaporation and drainége in uniform, coarse, uranium

- mill tai]ings}with a fixed water table at 3 m‘depth. The hydraulic properties

of the tailings were represented by the following empirical functions:

el ein
o(h) = eo[hos',hs»«-'r-J | 73205020 en

. - -
o(h) = (&) h<-7320 cm

K(8) = AeS®

b :
B:(_b—) b<0
hg
‘and

80-8r

’
30+9r

T =

where eo,_er; ho’ b, and d are parameters which determine the function of the

initial drainage curve. The following values for the parameters of the

~ functions were given:
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0, = 0.433 d = -0.0171
8. 0.076 a = -0.1964

hy = -131 A = 0.225%107
b = -0.468 B=5429. .

The simulation of drainage with evaporation was subjected to the conditions:

h =-1 cm =0 =300 230
q = 1/24 cm/hr t>0 2=0 h > -15000 cm
h=0cm t >0 2==300 cm .

At the surface, a constant flux condition was chahged to a constant pressure
head condition when the pressure head reached a value of -15,000 cm water.
Figure 7 shows an eﬁaporation profile.' Again, the data’points not only
indicate the water content, but also the space step d1str1but1on. The
obtained results were in close agreement with those published by Klute and
Heermann.
DISCUSSION |

The aspect'of thé number of gridpoints required to simulate a particu]ar.
flow problem has not been considered in this communication, but it will
largely depend on the type of problem and the,depth of the soil profile. As
shown in table 2, reduﬁing the number of gridpoinﬁs will greatly reduce
computing time. It might also be'possibTe to let the model itself determine
the number of gridpoints required. This can probably be done by assigning a
criterion value to'Gj in Eq. [14]. Values of Gj above that criterion wqu]d
then result in an increase of gridpoints and vice versa. Values of pressure
heads and fluxes could then be found by piecewiée Tinear interpolation between
the old gridpoint depths.

Table 1 shows a relatively large computing time for the model presented

in this report. However, by increasing the mass balance criterion e, which
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was originally set to 0.00l cm, the amount of computing time decreased
considerably. Different values for e, with their respective computing times
and mass balance values, are listed in table 3 for the first example problem.
As expected, the accuracy of the solution decreased with 1argér values fof €,
| Furthermore, the convergence criterion requires relatively small time
steps, as the differences in values for the flux and pressure head at two
consecutive time steps must be small. | |

The simulation model presented in this report is-abp1icab]e only'to
unifbrm soils. Howévef, it should be possible to extend the model to f\ow |
‘problems in Tdered.soi1s. |

The uniquéness Bf the model is.its ability to redistribute the space
stepé whenever this is necessary, i.e., when large changes in pressure head
- gradients occur. It, therefore, elimihates manual redistribution of

gridpoints and makes computer use more efficient.
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APPENDIX I
~ APPROXIMATION OF SPACE STEPS |
For a choice of Az, the following procedure was used. First note thét
the difference equétions approximate the space derivatives exactly if h and v
(Eq. [8]) are piecewise linear functions of z. For tj and N fixed, let
.h(z,tj) be the exact (unknown) solution to the boundary value problem given in
Eq.‘[7]. We will assume that h(z,tj) has a continuous second partial
derivative with respect to z. Then the zi‘s are selected such that, if F(z)

is the piecewise linear function with F(zi)éh(z{,t.), for i=0,1,...,N, the

. . J
error, maxlF(z)-h(z,tj)l, -L $2 50, is as small as possible. That is, the

zi's we wish to use are those which will uniquely determine the best possible

piecewise interpolation of the pressure head at.tj using N+i‘gridpdints. This
is accomp1ishe¢ if

. 2 PR — ) :
. 3°hlz,t;) | -
“max : , 2

zi-1s28zi| T 2 l 82

is constant for each i=1,2,3,....,N. Although this is, in general, a
difficult problem in nonlinear programming, we may obtain a reasonable
approximation of the zi‘s éimi1ar1y as in the algorithm NEWNOT (page 184, de

Boor, 1978). Let o |

e

9z

g(z) ={
Z

Zf Ny(s)ds =

0 i

and

Zs
S Tlgls)ds .
1 %521

M=



Since ~d/“ T g(s)ds is approximately equal .to

max g(z) b+ az; ,

we may select the z; so that

Vak3l 1 z o
»./ (s)ds 2 f g(s)ds .
Zi-1 s N z° -

To accomplish this, define

- G(z) = ersz, g(s)ds

JRSSSEUNS s ——h o mn e e

and assume that g(s)#0. Then G is monotone increasing and so has an inverse

6!, Since

é(zN')‘ - {zng(s;)dﬁ .= N;ZZ{Q(S)&; ’,
”ﬂe<z1-)=;{z*g(s)ds =—;l-ekzN) :
Hence:

= -1 i i=
z; = G {;G(zn)} » 121,2,...,0,

The following example illustrates the selection of z,. Suppose h(z)=z
0<zs1, and N=2 so that zO=O, 22=1, and z,=2 is to be determined. If a is

fixed and a piecewise linear function F(z) is constructed, it will Tlook 1ike
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}the dashed line (Appendix figure 1). Approximation theory tells us that the

error of -approximating h(z) with F(z) is less than

max L) 2 _6a | 2
0szsa = 8 4 =g

~in the first interval and less than

max W22 L6 g2
aszs1 8 % g (1)

in the second interval. Hence, the overall error will be less than

;ma {63 ’-g-(l a) ..

The best choice of a is the one that makes

_ ; |
6a” , 6 (1..y2
max{8 T (1-2)

as small as-possible. We claim that this is accomplished if the two errors

are equal. That is

S =8 (1-)% or a=o0.56984.

ojoy

To see that this is true, let a, be the solution of

)

and
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and the error is larger than using a,.

Likewise if a <a,,

max (6& .'s .g. (1-&)2} = -g- (1‘3)2 > %(1"3*)2

and again theverror is larger. The smallest error is therefore obtained by
using a,!
In general, however, we do not know h"(z) exactly, but suppose we have

approximations, for example

h"(z)=1.5 0sz=s50.5
h"(z) =4.5 0.55z 5 1.
Now:
LR PR L C
s % g Az
or

W Az ’W A2

~ Therefore, the problem of finding a, may be approximated by finding a,, so

that the two areas in Appendix figure 1 are equal. Assuming a >0.5 then:



RS P (a-O,S)'Q4,5.

and

A, = (1-a) 4.5

Solving A = A, will yield a = 0.6057 as an approximation to a,.
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APPENDIX II
EXECUTION OF WAFLQOW

Appendix figure 2 shows the flow chart of the simulation model WAFLOW.
The program consists of two subroutines (UNSTE and REZEE) and four functions
V(FK, FC, FTH, and UIN). The input data are read from the data file
INPUTL.DATA..'The functions FK, FC, and FTH define the hydraulic functions
K(h), c(h), and e(h), respectively, for the soil type under consideration.
The function UIN provides the initial conditions, expressed in pressure heads .
as a function of depth. Upon execution of the program, a 1isting is pkinted
“of the soil's hydrau}ic properties and the initial conditions. The subroutine
| UNSTE allows changesfin the top and bottom boundary conditions with respect to
time. To solve the linear system of differential equations, én IMSL
subrqutine was used. Depénding on the desired accuracy this external
subroutine is either LEQT1B or LEQT2B. LEQT2B uses an iterative improvement
- to obtain a more accurate solution.

. If the solution does not satisfy the criterion € of the mass balance
equation, new space step§ are generated in the subroutine REZEE. Also the
time step is then decreased and the itératiOn process is repeated. To save
~ computer timé, the maximum number of iterations in one time step may not
exceed a predefined value IT. |

The simulation, on the other ﬁand, proceeds in time if both the
convergence and mass balance criteria are met. The time step size will
increase for subéequent calculations if the mass balance is less than 1/10 of
the imposed criterion. The simulation proceeds in time until either the
maximum simulation time is reached (TIM 2TEND), or a maximum number of time

steps is executed (KOUNT >NT).
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Appendix table 1 gives a 1ist of the.mosf significant variables used in
WAFLOW. - Instructions for preparing the 1;put data, togéther-with a listing of
actual input data, are given in Appendix table 2. These input data refer to
example problem 2; the infiltration profile. A description ;ﬁ&’]isting of the

output of this example are given in Appendix table 3, while the 1istfng of the

program itself is given in Appendix table 4.



Table 1. Comparison of the Described Model WAFLOW with UNSAT1 for a 1.40-m Deep Drainage Profile Consisting
of 29 Gridpoints

Simulated time (hr.)

0.51 26.44 h 50,60

_5.01 14.42 | | ,
WAFLOW UNSATI _ WAFLOW _ UNSATI  WAFLOW _ UNSATI _ WAFLOW _ UNSATI _ WAFLOW _ UNSATI

Drainage rate : ' .
(cm/hr.).,.‘.. 3.346 3.351 1.348 1.387 0.366 0.379 0.157 0.160 0.065 0.066

Overall abso-

lute mass . ' : | - |
balance (cm).. 0.0004 0.0002 0.029 0.037 0.055 0.033 0.003 0.0005 0.08 0.005

Moisture in ‘ ' v _ .
profile (cm).. 40.285 40.287 29.543 29.566 23.081 23.050 20.208 20.159 17.776 17.711

Total CPU ‘ ,
(min.)........ , o ~ 2.41 1,37

1€
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Table 2. Effect of the Number of Space Steps on Computer Time and Mass Balance during 0.8 hr, of

Infiltration in a 70-cm Deep Profile (Mass Ba]anée Criterion € is 0.001)

Relative mass balance (pct.) Overall absolute mass  Overall relative mass

Number of CPU-time at time (hr.) balance {cm) at - balance (pct.) at
space steps NZ (min.) 0.1 0.4 0.8 t=0.8 hr. ___t =0.8 hr.
100 ...... ... 8.72 1.14  1.53  0.98 | 0.13 | 1.21
70 c.ieeee.. 331 0.5 1.53  1.61 0.15 ‘ 1.33
60 ..... vee. 2.86 0.82 127  0.85 0.4 1.27
50 +evuenn. 2.37 1.14  1.50  1.42 0.14 12
40 .iueennns 2.08 .18 1.50  1.72 0.13 | 1.20
30 ........ . 1.64 1.12 1.54  0.91 0.13 1.19
2 1.15 1.04  0.23  1.21 0.12 | 1.09
15 ...... R error criterion not met - : - -

(43
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Table 3. Effect of Mass Balance Criterion on Computing Time and Mass Balance

65 hr. after Drainage Started

Overall absolute Overall relative

€ CPy mass balance (cm) mass balance (pct.) at
(m)  (mn)  att=65hr. - att=65hr. _
0.001 ..... 2.40 _ 0.0855 0.34
0.005 ..... 1.44 0.1957 0.78

0.01 ..... 115 0.2703 1.07
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FIG. 1. Diagram showing the finite difference grid superimposed on
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~a1 a, 0 0 0 6 ** 0 o0 0 O o.‘oﬁ’pmm), B.C.
K sz, K daz; 0 0 0 0 0 0o o0 offvo) | |-ke
4CR 1 R -1 0 0 = 0o o o0 o0 o o |]|u)]||-CcrRm"
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0 0 o 0 0 0 0 0 o0 0 8, 8, | v2(n) | | 8.C.

Fig. 3. Matrix Form for the System of Linear Equations as Presented in Eq. [12].

The coefficient matrix A has (2N+2) rows and (2N+2) columns. B.C. refers to boundary condition, while
all other symbols are explained in the text. :

8¢
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start of simulation. The individual data points indicate the spacing
in the z-direction.
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Appendix Table 1. Definition of the Main Program Variables in WAFLOW.

If the variable represents an array, the maximum dimension of that array

is specified.

Variable |

A(310,5)

A1(310,7)
ALPH1 and
ALPH2

BETH1 and
BETH2

CTNEWS
DEN

oT
Dz
EPS
FC

FK

Definition
Coefficient matrix of Ax=B. Input matrix for solution of linear
system, |
Working space for IMSL subroutine LEQTZ2B. ’
Specification whether the top boundary condition is a
pressure head or a flux:
ALPH1 ‘0 and ALPH2
ALPH1 = 1 and ALPH2

1 -+ .constant flux.

0 -~ constant pressure head.
Specification whether the,bdttom bbundary condition is a pressure
head or a flux:

BETH1 = 0 and BETH2
BETH2 = 1 and BETH2

1 - constant flux.

0 -+ constant pressure head.

Increase in stored moisture in one time step (cm).

Substitute for U2 and V2, uséd in calculations to check if U2 and
V2 meet the criterion for convergence.

Time step (hr.)

Spaée‘step (cm)

Criterion for the mass balance (cm).

Function, which computes water capacity from pressure head value
(cm'l).

Function, which computes hydraulic conductivity from pressure

head value (em/hr.).
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Appendix Table 1. (continued)

Variable
FTH

IA

IER

1J08

IT
ITIM

IFLAG

- IFLOW

ISWIT

KK
KOUNT
LEQT1(2)8B
M

NC

NL

NSOIL

NT

Definition
Fdnction, which computes theta from'pressure head value.
Row dimension of A. |
Error message from IMSL-subroutine.
Optional parameter in argument 1ist of IMSL-subroutine. |
Maximum fterations allowed for one time step.
Parameter which kee¢s track of the times when output has to be
printed. |
Parameter which is initially set equal to 0, indicating that
REZEE must be called in the first time step.
Parameter defining the main direction of flow, i.e. infiltration
or evaporation: , \
IFLOW =0 -~ Evaporation model.
IFLOW = 1 - Infiltration model.
Parameter initially set to 0, indicating that REZEE must be

: called during the time step when the top boundary condition is

changed from constant flux to a constant pressure head.
Number of iterations executed in current time step.
Number of time steps executed.

IMSL-suSroutine.

Number of columns in RH.

Maximum number bf space steps allowed.

Number of lower codiagonals in coefficient matrix A.
Parameter which refers to the soil type.

Total number of time steps allowed in one simulation.




Appendix Table 1. (continued)

Variable

NTOUT
NZ
NZP1
NZP4

R
REZEE
RH(310)

RMAXK
SAVDEN
SAVEL

SAVE2

SAVMAS
TEND
TH(150)
M
™(10)
u0(150)
u1(150),
U2(150)

Definition
Number of times that output must be printed.
Number of space steps. |

Number of gridpoints, i.e. NZ+1.

Last row of coefficient matrix A, i.e. 2*(NZ-1) + 4,

Ratio of DZ and DT. . ‘

Suﬂroutine’that calculates new space steps between gridpoints.
Input-cutput matrix of Ax=B.

On input RH contains B, on output X, the unknowns of the linear
system.

MAX(X1, X2, RMAXK).

Summation of SAVEL since start of simulation (cm).

Increase in stored water over current time step (cm) as
calculated from 2 consecutive water qonteht profiles.

Intake of moisture by profile over current time step as

. calculated from fluxes at the boundaries (cm).

Summation of SAVE2 since start of simulation (cm).

End of simulation (hr.).

Theta, volumetric water content.

Time since start of simulation (hr.).

Array containing the times that output is desired.

Arrays containing previous, stored, and current values of

pressure head for all gridpoints.

l
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Appendix Table 1. ({continued)

Variable

uBaT
UIN

UMAX
UNSTE

Us(150)

uToP
vo(150),
V1(150),
v2(150)
Vs(150)

WIN
X1

X2

XL(2100)
XMB

AMB1
Z(150)
ZBOT

Definition
Boundary condition at bottom of profile.
Function, containing the init1a1_pressure head values as a

function of depth.

| Convergence criterion for iterative solution process (0.0005).

Subroutine which may account for transient top or bottom boundary
conditions. |
Array containing the pressure heads at the first iteration of the
currentftime step. |

Boundary condition at the top of profile under}consideration.
Arrays containing previous, stored, and current flux values for

all gridpoints.

Array containing the fTux values at the first iteration of the

current time step.

_ = SAVE2

Absolute value of maximum difference between flux values of first
and last iteration in current time step (cm/hr.).

Absolute value of maximum difference between pressure head values
of first and last iteration in current time step (em).

Work space for IMSL-subroutine.

Absolute mass balance at current time step (cm).

ReIatiVe mass balance at current time step (%).

Array containing the depths of all gridpoints.

Depth of profile (cm).




Appendix Table 2.

45
Required Input Data and a Listing of Actual Input Data for

Example Problem 2 (Infiltration Profile)

1. Input data file: INPUT1.DATA

COLUMN FORMAT VARIABLE DESCRIPTIGN
1-5 15 IFLOW = 0: evaporation at top boundary.
| = 1: infiltration or zero flux at top
A boundary.
6-10 15 NZ Number of space steps.
11-15 - 15 NT Maximum number of time steps.
16-20 15 NTOUT Number of times output is printed.
21-25 15 NSOIL Soil type. A
1-10 - F10.5 ZBOT Depth of profile under consideration (cm).
11-20 F10.5 uTop Value for top boundary condition:
Negative pressure head - negative value (cm).
Positive pressure head - positive value (cm).
Downward flux - negative value (cm/hr.).
. o Upward flux - positive value (cm/hr.). .
21-30 F10.5 usoT Value for bottom boundary condition.
31-40 F10.5 0T Initial time step (hr.).
41-50 F10.5 TEND Maximum simulation time (hr.).
1-5 F5.2 ALPH1 See table 4.
6-10 F5.2 ALPHZ - "
11-15 F5.2 BETH1 "
16-20 F5.2 BETH2 .
1-50 10F5.2 ™(10) Array containing the times (hr.)

that output must be printed.
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Appendix Table 2. (continued)

2. Initial conditianms.

The initial conditions, used for the example run, are listed in the
function UIN (Z, NSOIL). Only pressure head values can be assigned to the
initial conditions. '

3. Soi],broperties. _ R
~ Analytical expressions for a(h), K(h),and C(h) are defined in the
functions FTH (U, NSOIL), FK (U, NSOIL), and FC (U, NSOIL), respective1y.’

4, Transient boundary conditions can be defined in the subroutine UNSTE
- {(uToP, UBOT, U1, V1, NZPl). '
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INITIALIZATIONS AND BOUNDARY CGNUITICNS QFf

INFI-MGCEL

N‘RQ GF SPﬂCESTEPS emecsecseon.

"NR. OF TIVMESTEPS cececencse
TIMES QUTPUT IS PRINTEL eee
SOXL TYPE [P T RFRERRRERERRYE RER P
OEPTH OF PRCFILE (CM) seese
80TTCM BOUNDARY CONCITICON o
INITIAL TIMESTEP (HOURS) ee
MODEL STUPS AT s veosewecssse

QUTPUT IS PRINTED AT :

35
600
2
1
70.0C000
-13.69000 ALPHA1=0.0 ALPHA2=1.0
-61.50000 BETHAl=1.0 BETHA2=0.0
0.£0100
6.00000 HOURS

1.00 0.0 0.0 0.0 Q.C 0.0 Q.0 0 0 Q.0 Q0.0 HGURS

Note: Printout was specified for 1.00 hours. . The remaining 9 options were not used



THE PHYSICAL PROPERTIES OF SCILNR 1

PRESSURE HEAD
CM

-10.0
-20.0
-30.0
-4000
~50.0
-60.0
-7°t0
=800

-100.0 -
-110.0

- =120.0 -
-130.0
-140e0
“'15;0.0
-160.0
‘180:0
«-190.0
-200.0
-=300.0
"‘400'0
-600.,0
- =700.0
-800.8
“900.0
-1000.0
~3500.0
-5500.0
-6500.C
"750000
-850000
-10500.C
-11500.0
-12500.0
-13500.0
-14500.0

-Note: Above tables were actually generated by the hydraulic relationshi

THETA

0.28¢

0.270C

0.222
0.164
0.124
0.102
0.091
0.084
0.081
0.07S
0.078
0.077

0.0786

0.076

0.075
0.075
0.075
0.075
0.075
0.075
0.075
0.075

0.075

0.075

0.075

0.075
0.075
0.075
0.075
0.075
0.075
0.075
0.0175
0.075
8.075
0.075

0.075

0.075
0.075
0.075
0.075
0.075

the program.

* HYDRAULIC CCNDUCTIVITY

CM/HR

0.32481E+02

0.15112E+0Q2

0.35635E+01

0«98843E+00

0+34987E+00
0.14832E+00

0.71588E-01
0.28053E~01
0.21784E-01

0.84180E-02
0.55725€E~-02
0.38140E-02

" 0.26844E-02
0.19358E-02

0.142556-02
0.10695E-02
C.81568E-03

- 0.£3128E-03

0.49503€-03
0.72438E-04
0.18525E~-04
0.64329€E-05
0.271C7E-0Q5
0.13054E-05
0<.396&5E~06
0.24072E-06

 0.15322E-06

0.10144E-06
0.65411E=07
0.48851E=07
0.35225E-07
0.31281E=08
0.63480E~09
0.19288E-09
0.74508E=10
0.33753E-10
0.17129E-10
0.94£39E~11
0.55861E-11
0.24760E=11
0.22585E~-11
0.15211€-11
0.10562E~11
0.75273€~-12
0.54872E~12

WATERCAPACITY

™ -1

0.46993E-02
0.31235E=C2
0.59313E-02
0.51185E=C2

- 04269881E-C2

0.15589E-C2
0.81842E-C2
0.44877E-02
0.258776=C2
0.156486~03
0.58712E~04
0.64603E~C4
0.43655E=C4
0.20333E~-04
0.21595E=04

0.15707E-C4

0.11643E=C4
0.87769E~C5
0.67172E-05
0.52113E-CS
0.69886E-C6
0.16782E~CE
0.55489E=C7

0.22464E~07

0.10458E~07
0.53526E-08
0.30067E-08

0.17829E-08

0.11113E-0¢
0.72174E~CS
0.48526E=CS

0.3359GE-0G
0.23862E-0S5

0.18938E-10
0.3569CE~11
0.10261E~11
0.37925E-12
0.16561E~-12
0.81436E~13
0.43774E-13
0.25213&~-13
0.15347E-13
0.ST73GE~14
0.64624E-14
0.44123E~14
0.209568E~14
0.22237E~14

40

ps specified in
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VALUES FOR THETA,PRESSURE HMEAD AND FLUX FQR THE SUCCESSIVE GRIDPOINTS AT TIME:

TCPBOUND.CONCITICN ~13.6560¢C
BOTTOMBOUNDLGONCITION =61.50000 <
GRIOPOINT DEPTH(CM) THETA H{CM) FLUX{CM/HR)
1 0.0 | 0.99851E-01 ~Q.61500E+02 =0.132C0E+00
2 .. =0.20000E+01 0.96851E=-01 =-Q.61500€+02 =0.13200E+00
3 =0.40000E+01 0.9$851E-01 =0.615008+02 =C.132C0E+QQ
4 -0.60000E+Q1 0.9S851E-0L  =0.61500E€+02 =d.13200E+00Q
5 -0.80000E+01 0.95851E~01 =0.,61500€+32 ~=C.13200E+Q0
& -0.10000€+02 0.998516-01 =0.61500€+02 =C.132C0E+0Q
7 -0.12000E+02  0.99851E-01 —0.61500E+02 =0.13200£+00
8 -0.14000€+02 0.95851E~01 ~0.61500E+02 =0.13200E+00
9 -0,160006+02 0.99851E~01  =-0.61500E+02 =C.13200E+04
10 -0.18000E+02 0.99851E-0L =0.61500E+02 ~C.l13200E+0Q
11 ~0.200006+02  0.$5851E~01 ~0.&1500E+02 =C.132C0E+CC
12 -0.220006+02  0.95851E-01 =0.615006+02 ~=C.13200E+a0
13 -0.24000€+02 0.99851E-01 =0.61500E+02 ~—C.13200€+00
14 ~0.26000€+02 0.99851E-01 -0.61500E+C2 =-0.13200E+00
15 -0.28000E+02  0.99851E~01 =-0.615006+02 ~-0.13200E+00
16 -0.30000E+02 0.99851E-01 =C.61500E+02 =C.13200E+0C
17 -0.32000E+02  0.99851E-01 -0.61500E+02 ~0.13200E+CQ
13 -0.34000E+02 0.95851E-01 =0.61500€+02 -0.13200E+G0
19 -0.36000E+02 0.95851E-01 ~0.61l500E+02 = =C.132Q0E+00
20 -0.38000E+02 0.9$851E-01 ~C.6L500E+02 ~ =0.13200E+00
21 -0.40000€+02 C.95851€-01 =-0.61500E+02 =C.13200E+00
22 -0.42000E+02 0.99851E-01 =0.615006+C2 =C.13200E+0C
23 ~0.44000E+C2 0.99851E-01 =—0.61500€+02 =0.13200E+0G
24 -0.46000E+02 0.99851E-01 =-0.61l500E+02 =-0.13200GE+00
25 -0.48000E+02 0.99851E-01 =C.61500E+02 ~G.13200E+C0
26 -0.50000E+02  0.$5851E-01 =0.61500E+02 =C.13200E+00
27 -0.52000E+02 0.95851E-01 =-C.61500E+02 =C.13200€+G0
28 -0.54000E+02 0.99851E~01 =—0.61500E+402 =C.13200E+0C
29 -0.56000€+02 0.95851E-01 -0.61500E+402 ~C.13200£+00 °
30 ~0.58000E+02 0.99851E=01 =0.615006+02 =C.l13200E+C0
31 —0.60C00E+02 0.99851E-0L —=0.61500E+02 -0.13200E+00
32 ~0.62000€+402  0.9$851E-01 . -0.61500E+02 =~C.13200E+00
33 -0.640006402  0.99851E-01 =0.61500E+02 =C.13200E+00
34 -0.66000E402  0.99851E-01 ~0.61500E+02 =0.13200E+00
35 -0.68000E+02 0.96851E-01 =-0.41500E+02 =-0.13200E+00
36 -0.70000E+02 0.99851E-01 =0.61500E+02 =C.132G0E+00

WATER IN PROFILE AT TIME 0.0 :  £€.98956 CNM

Note: Above data were generated by assigning values to the parameters that specify the
initial and boundary conditions.
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Appendix Table 3, Description and Listing of OQutput

The following variables are printed for the initial time (TIM=0) and for
the selected times [TM(ITIM)].

TIM - Time since start of simulation (hr.).

'VKOUNT - Time step number.
uTop - Top boundary condition - pressure head or flux.
usQT -vBoitom boundary condition - pressure head or flux.
SAVDEN - Increase in stored moisture over current timé‘step as.ca]cuIatéd
| from two consecutive water content profiles (cm). |
SAVMAS - Moisturg intake by profile aver current tiﬁestep ésAcaTcu1ated
from fluxes at the boundaries (em).
TM(ITIM+1) - Next time tﬁat output will be printed (ﬁr.).
z - Depths of all gridpoints at time TM(ITIM).
™ | - Theta's of all gridpoints at time TM(ITIM).
u2 R - Pressure heads of all gridpoints at time TM(ITIM). »
V2 - Fluxes of all gridpoints at time TM(ITIM).

The following variables are listed at all time steps:

TIM -- Time since start of simulation (hr.).

0T - Time step size (hr.). |

XMB - Ab$o1ute mass balance in current time step (cm).

MB1 - Relative hass balance in current time step (pct.).

RMAXK - The maximum difference in pressure head and f]ug.over all

gridpoints, which occurred between the first and last iteration
of the current time step (cm or cm/hr.).
IT - Number of iterations which were needed to solve the linear system

in current time step.




TIME
HRS
0.0
0.0
0.0
0.0
0.00012
0.00025
0.00037
0.00062
0.00087
0.00112
0.00137
0.00187
0.00237
0.00287
0.00337
0.00387
0.00487
0.00587
0.00687
0.00787
0.00887
0.00987
0.01087
0.01187
0.01287
0.01387
0.01487
0.01587
0.01687
0.01787
0.01887
0.01987
0.02087
0.02187
 0.02287
0.023287
0.02487

TIMESTEP
HRS
C.l0000E~02
0.50000E~03
0.2500Q0E~-03
3.12500&-C3
0.12500E=03
0.12500E~C3
3.25000E-03
C.250Q0&E-03
0.25000E-03
0<.25000E=-03
0.50000€E-C3
0.50000E~03
0.50000E-02
0.50000E~03
0.50000E-03
0.10000E=02
0.10000E-02
0. 10000€E-Q2
0+10000E~-02
C.10000€E-02
0.10000€E-Q2

C.10000€-C2 .

‘0« 10000E=02
0.10000€E-02
0.10000E-02

0.10000E~C2

0.10000E~02
0.10000E=~02
0.10000E~02
0.10000E-02
0.10000E~02
0.10000E~02
0.10000€~02
C.10000E-02
0.10000€-02
' 0.10000E~02

0.02587 0.10000E-02

0.02687
0.02787
0.02987
0.03187
0.03387
' 0.03587
0.03787
0.03987
- 0.04187
0.04387
0.04587
0.04787
0.045987
0.05187
0.05187
0.05387
0.05587
0.05737
0.05987
0.06187

0.10000E-02
0.20000€-02
0.20000E-02
€.20000E-0Q2

0.20000€E~-02.

C.20000€E~02
0.20000E=C2
0.20000€~02
C«20000E~-02
0.20000E-02
C.20000€E-02
C.2000Q00E-Q2
0.20000€-Q2
0.40000£-02
0.20000E-C2
0.20000E&=-02
0.20000E-C2
0, 20000E=C2
0.20000€=-02
0.200Q0€E-G2

CM
0.65587E-C1
J.25821E-C2
0. 11645E-C2
0.62680£-C2
0.11591E-C3
0.81167E~C4

04251406-03

0.18382E~-C3

0« 14655E~C3

0.79749E~04
0.29158€E~C3
0..37909£~-8C3
0424115603
0.11287€-(3
0.74792E-C3
0.57108€~03
0.50421E~C3
0.45870E-Q3

0.42545E~03
0.38732E~C3

0.36040E~03
0.33114E-03
0.31126E~C3
0.28828E~C3
0.27534E-03
0.25063€-03
0.23357€-03
0.21940E-Q3
0.20510E~03

- 0.18585E~C3
0.17295E-03

0.15912€-C3
Oe14923E-C3

- 0412572E-03
'0.114659E-C3

0.1019SE-C3

- 0«94935€E~-C4

0.7037GE-C3
0.67665E~03
0« 64457E=C3
0.61528E-C3
0.58705E-03
0e54122E=C3
0.49560E~-03
0.43162E-03
0.353316-03
0.24776E=03
0.11775E-C3
0.55466E~04
0.1825€E~C2
0.39461E=C3
0.43206E-03
0.44197E-03
0. 46328E=C3
0.46558E-03
0.46638E6=03

PERC
D.10265E+04
Q.7818QE+Q2

'0.68732E+02

0.73971E+02
0.68395E+01
0.47854E+01
0.743210E+01
0.546336+01
0e44066E+C1
0.24207E+01
0.43763E+01
0.55919E+01
G.35572E+01
0.1665GE+01
0.11034E+00
0.55160E+01
0.47381E+C1
0.42112E+01
0.37181E+01
0.33824E+01
0.31373E+01
0.28540E+01
0.26575E+01
0.24418E+01
0.22552E+01

0.21257E+01

0.203C2E+01
0.18481E+01
0.17223E+401
0.16178E+C1
0e15124E+01

0.13704E+0L .

0.12753€+01
0.11734E+G1
0.11QQ04E+Q1
0.92705E+04Q
0.85970€E+0C
0.75210E+00C
0-700Q05E+0Q
0+25945E+01

0.24950E+01

0.23770E+01
0.22650E+01
0.21649E+01
0.15959E+01
0.18276E+01
0.15917E+01
0.13029E+01L
0.9137QE+0Q0
0.43426E+00
0.20456E+00
0.33665E+01
C.14556E+01
0.15942E+01
0.16306E+01
0.17091E+01
0.17175E+01
0.17204E+01

ERRORCONTRCL
CMyCM/HR
C.31467E+Q1:
0.43493E£+Q1
0.3C853E+01
C.17831E+C1
CeT72695E+QC
Qe44444E+QQ
C«74705E+QQ
0.48906E+00C
C.43T755E+QC

QJ.41311E+00

C.75484E+CQ
C.56713E+0Q
C+55078E+00
C.52379E+00
0.49387E+00
C.62760E+0C
C.560754E+00Q
0.57739E+00
€.54030E+00
0.51410E+CQ
0.48870E+00
C.46665E+00

- 0e44625E+00

@

0.42894E+00
0.41223E+00
0.35820E+00
C.38429E+GC
0.37269E+00C
0.36085E+00
0.35112E+00
0.34092E+00
0.33265E+00
C.32409E+00
0.71676E+Q0
C.30937E+00
0.2C285E+CC
0.29652E+Q0
C.2$061E+00
0.28518E+00
G.50775E+00
C.49091E+G0
C.47857E+00
C.46543E+00
C.45434E+00
C.44389E+00
C.43425E+00
0.422536+00
0.41684E+00

0.4C879E+CO .

C.40063E+00
C.3S5482E+0QQ
C.65714E+0C
C.38684E+0Q0
C.38158E+CC
0«327655E+QC
C+36994E+00Q

«3&65T€EE+CQ
C.34078E+QC
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0.06387
0.06587
0.06787
0.06987
0.07187
0.07387
0.07587
0.07787
0.07987
0.08187
0.08387
0.08587
0.08787
0.08987
0.09187
0.09187
0.09387

0.09587

0.09787
0.09987
0.10187
0.10387
0.10537
0.10787
0.10987
0.11187
0.11387
0.11587
0.11787
0.11987
0.12187
0412387
0.12587
0.12787
0.12987
- 0.13187
0.13287
0.13587
0.13787
0.13987
0.14187
0.14387

0.14587

0.14787
0.14787
0.14987
0.15187

0.15387

0.15587
0.15787
0.15987
0.16187
0.16387
0.16587
0.16787
0.16987
0.17187
0.17387
0.17587
0.17787

0.20000E-02
0.20000E-02
0.20000E-02
C.20000€-02
0.20000E-02

0.20000E-02

C.20000E=-02
0+.20000E-G2
0.200008-02
0.20000€=G2
0.20000E-02
C.2000Q0E~02
C+20000E~C2
0.20000E-C2
C«40000E=02
0.20000E-02
0.20000E-02
€.20000E=02
0.20000E~-02
0.20000E=~02
C.20000E=02
0«.20000E~02
C. 20000E-02
C.20000E~Q2

0.20000E~Q2 .

C.20000€-02
0.20000E~02
0.20000E-02
C.20000E-02
0.20000E-02
C. 20000E-02
0.20000E~02
0.20000E-02
€.200C00E-02
0.20000E-02
0.20000E-02
0.20000E-02
0.20000E-02
0.20000E=-02
C.20000E-02
C.20000E6=02
C.20000E-02
0.20000€-02
0.40000E~-02
0.20000E=02
0.20000E-02
C+20000E-02
0.20000€-02
C.20000E-02
C.20000E-02
0.20000E-02
0.20000E-02
0.20000E=02
0.20000€-02
C+20000E-02
¢.20000E-02
0.200006-02
C.2Q000E=-02
0.20000E-02
C.20000E-(2

0.45802E-03
0-44L&7E‘03
0.42223E~(3
0.39205E~C3
0.36702E-C3
0.322026~C3
0, 28778E-C3
0.25456E-C3
0.21188E-03
0.18166E-Q3

‘0e14586E-C3

0.11852E=C3
0.1076&E-C3
0.89255E~C4

0.12306E=C2

0.2717CE-C3
0.28569E—03
0.29276E~C3

0.3017EE-C3

0.31298E~03
0.31953E=C3
0.32685E-03
0.32832E-03
0.34172E~C3

- Qe34418E=(C3

0.33003E-C3
0.33325E-C3
0.32920E-C3
0.31394E~=C3
0.31001E-C3
0.2952CE~C3
0.28401E-03
0.26999E~03
0.25684E=C3

" 0.2385C0E-C3

0.21951E-C3

0.20507€E-C3.

0.18483E-03
0<16503E=03
0.13905E-03
0.12158E-03
0« 10374E~-C3
0.73902E-C4
0.10269E=C2
0.22977E~-C3
0.24364E=-03
0.24758E=C3
0.25582E~-C3

0+26355E-C3
" 0e26674E~C3

0.27001E-C3
0.27936E-C3
0.27621E-03
0.27734E~-C3
0.27551E-03
0.27085E-C3
0.27150E-03
Q.26441E-03
0.25832E=C3
0.24711E-C3

0.1l6894E+Q1

0e16291E+01
0.15574E+01
J¢14460€+01
0.13537E+01
0.11877€E+01
0.10614E+CL

0.93886E+00

0.78143E+0C
0.66997E+00
0.537G2E+0Q
0.43708E+0Q

0+39705E+Q0

0«32931E+00
0.22692E+01
0.10020E+01
0.10535E+01
0.10797E+01

0.11130€+01

0+.11543E+01
0.11785E+01
0.12055E+0Q1
0.12109E+01
0.126034E+Q1
0.12695E+01

0.12173E+01

0.12291E+01
0.12142E+01
0.11580E+01
0.11435€E+01
0.10888€+01
Ce104T76E+0L
0.99584E+00
0.94735E+0Q
C.8797CE+00
0.80966E+00
0.7564CE+QQ
0.68174E+0CQ
Q0.60870E+00
0=513083E+0Q0
0.44845E+00C
0.38264E+00

0.27258E+00

0.18933E+01
0.84741E£+00
0.88843E+00
0.91303E+00
0.94346E+00

Q0.97197E+0QQ

0.98372E+00
0.99578E+0C
0.10302E+01
0.10186E+0!
0.10228E£+01
0.10323E+01
0.9S888E+00
G.10013E+01
0.97512E+Q0
0.9527CE+00

C.91132E+00

0.35628E+0C

)«25283E+0Q
C.34820E+00
Ce34632E+CC

0.24266E+00

0'33754E+GC
8.33130E£+0€
0«32635E+4Q0
0.2268485E+40
0.32525€E+40
Ce32242E+QC
C.31843E+0Q
C.31693E+Q0
0.31413E+QQC
C.57155E+GQ
0.3C849E+00

'0+3C69T7E+QC

0.30546E+QC
0.3C254E+CQ
0.3014LE+GG

C.29905E+00 .

0.25758E+0C
0.29587E+CC
C.25376E+00
0.25298E+0C
C.29103E+00
C.2G003E+QQ
0.28914E+Q0
C.28717E+00Q
0028706&+00
0.28607E+QQ

0«28406E+0Q

C.2811&E+QC
0.28Q006E+Q0
C«28056E+C0
0.27S93E+Q0
0«27833E+QQ
0.27736E+0C
C.27648E+QQ
0.27535E+00
0.27461E+0C
C.27248E+00
G.27276E+CQ
C.50437E+QC
C.26S537E+0Q
0+.26883E+CQ
C.26856E+QC
0.26742E+0C
Ce26585E+CC
0.26577E+Q0
C.26501E+00
0.26349E+QQ
0.26351E+0Q
0.28313E+CC
0.26184E+CC
C.26163E+00
0.286175€+QC
C«26098E+QQC
C.25939E+0QC
0.25834E+C0
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0.17987
0.18187
0.18387
0.18587
0.18787
0.18987
0.19187
0.19387
019587
0.19787
0.19987
0.20387
0.20787
0.21187
0.21587

0.21987

0.22387
0022737
0.23187
0.23587
0.23987
0.24387
0.24787
* 0.25187
0.25587
0.25987
0.26387
" 04286787
0.27187
0.27187
0.27587
0.27987
0.28387

0.28787

0.29187
0.29587
0.29987
0.30387
0.30787
0.31187
0.31587
0.31987
0.32387
0.32787
0.33187
0.33587
0.33987

- 0434387

0.34787
0.35187
0.35587
0.35987
0.358287
0.36787
0.37187
0.37187
0.37587
0.37587
0.38387
0.38787

C«20000£-02
C+2000QE=-QC2

0.20000E=-Q2

C.200Q0E=Q2
€.20000€E-02
0.20000€-02
$.20000E-Q2
3.200008&-02
€.20000E-02
£.20000E=-02
0.40000E~-Q2
0.40000E~02
0.40000E=-C2
0-40000E“02
‘«40000E=Q2
0.40000E~Q2
‘0+.40000E~-Q2

0.40000E-C2

C+400CC0E=-Q2
0e40000E=-02
0.40000E~-02
0.40000E-02
C.40000E~02

¢ .40000E-C2 -
€.400Q0E~Q2

C+40000E-C2
C.40000E~02
€.800Q0E~C2
0.40000€-02
C.40000E-C2
0.40000E-02
0.40000E-02
0.4C000E-Q2
C.40000E-0Q2

0.40000E-02 .

C.40000€E-02
0.40000E-02
C.40000E-Q2
€.40000E-02
C.40000E-Q2
Ce40000E~-02
0.40000E-02
0.40000€~-Q2
C.400C00E-C2
0.40000E-02
0.40000E=-Q2
0.40000E-Q2
C.40000E-Q2
C.400Q0E-Q2
C.40000E-Q2

0.4000Q0E~G2 -

0.40000E=-02
C.40000E=02
G.80000E-02
0+ 40000E-02
0.40000E-02
C+40000E=-02
0.40000E=-02
G.40000E-02

0.23522E-03
0.22954E~C3
0.21241E=C3
0.20055E8=C3
0, 184556=C3
0. 16921E=C3
0.15352E=C3
0.13294E-C3

0.11471E-C3

0.91523E=C4
0.54T71E~C3
0.95391E-Q3

0+98097E~C3

0.58589E~C3
0.98958E-C3

0.9726&E-03

0.94804E~C3
0.913Q2E~C3
0.88808E~-Q3

0483905E-03
0.80216E~03

0«75486E-03
0.68444E~(3
0.60862E-03

- 0.51257€-03

0.38707E~C3
0.22575€E~-03
0.53942E~C4
0.34174E-0Q2
0.75498E~(03
0.TT471E-(C3
0.82779E~-C3
0.86918E~03
0.90736E-C3
0.92894E-C3
0.94143E-03
0.93696E-C3
0.92414E-03
0.9037SE~-C3
0.86737E-03

0.83131E-03

Qe 78544E-C3
0.69350E-C3
0.64018E-03
0.58904E-C3
0.52881£-03
0« 46986SE=-C3
0.41091E=03
0. 33954E-C3

0.28417€~-C3

0.,21815E-03
0.15283E-C3
0.94622E-C4
0.31750E-C2
0.77865€E~C3

O.78E881E-C3

0.80255E=C3
0.82126E-C3
0.84102E~C3

0.86T46E+Q0Q
0.84652E+00
0.78334E+00
0.73959E+00
0.568758E+0Q
0.,62401E+0Q

0.56617€+0Q0Q

C.43028E+00
0.42305E+00

0.33753E+Q0

0.17476E+01
0.17587E+01
C.18081E+01
0.18171E+01
0.18239E+01
0.17929€+01
0.17476E+01
0.16832E+01
0.16372E+01
0.15469€+01
0.14789E+01
0.13917€+01
0.12618E+01
0.11220E+01

0.94491E+00

0.71353E+00
0.41613E+Q0
0+99430E-01
0«31497E+01
0.13919E+0L
0.14285E+01

0.15264E+01"

0.16027E+01L
0.16731E+01
0.17129E+01
0.17359€+01
0.1l7277E+01

. 0e1704CQE+0C1

0.16665E+01
0.15994E+01
0.15329E+01
0.14483E+01
0.13702E+0L
0.12788E+01
0.11805E+01
0.10862E+01
0.57510E+00
0.86646E+G0
0.75770E+00
0.626093E+00

0.52399E+00

0.40226E+G0
0.28180€+00
0.17448E+00
0.29247E+01
0.14358E+01
0.14546E+01
0.L4799E+CL
0.15145E+01
0.155G9E+01

0.25932E+CC
Ce25941E+QQ
Ce25859E6+0QQ
C«257Q2E+20
0.25589€+Q0
GC«256TLE+QQ
Ce25668E+00
0.25578E+00
0.25493E+00C
0.25514E+00
0.47503E+C0
0.47215E+00

C0.47106E+0C

0.46565E+00
0.46732E+00
0.466T6E+Q0
0.46599E+00
C.46430E+Q0
0.45941E+00
C.4€220E+0Q
0.45975E+00
C+45971E+00

0.45672E+Q0
0.45640E+0Q0
0.45578€+0Q
C.45501E+0Q0C
0.81332E+Q0
C.45023€E+00
0.44788E+Q0
C.44767E+QQ
0.44526E+00C
0+44499E+00

0.44424E+00

0.44378E+0Q
0.44465E+00
Ce44414E+00
0.43938E+0Q
0.44249E+00
C.44350E+00
C.44081E+00
C.44287E+QQ
C.442Q1E+00
0.44197E+00
C.44166E+00
0.44182E+Q0
C.440TLE+CO
0.44135E+00

0.44159E+00

C+44105E+G0
C.44104E+0C
C.44158E+00
C.4407SE+CC
C.75088E+QQ
0.43410E+00
0.42421E+0C
0.432226E+00
0.43318E+00
C.43156E+C0
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0.39187
0.39587
0.39987
0.40387
0.40787
‘0.41187
0.41587
0.419817
0.42387

0.42787

043187
0.43587
0.43987
0.44387
0.44787
0.45187
0.45587
0.45987
0+46387
0.46787
0.46787
0.47187
Q.47587
047987
0.483817
0.48787
0.49187
0.495317
0.45987
0.50387
0.50787
0.51187
0.51587
0.51987
0.52387
0.52787
0.531817
0.53587
053987
Q.54387

054787

0.55187
0.55587
0.55987
0455987
0.56387
0.56787
0.57187
0.57587
0.57987
0.58387
0.58787

- 0459187

0.59587
0.59987
0.60387
0.60787
0.61187
0.51587
0.61%87

0.40000E-02
€.40000€=-02
0.40000E-02
0.400006-02
0.400006-02

0.4000Q0E~C2 .

Ce40000€E=-02
C.40000E=02
0.40000E~02
C+40000E~Q2
C.40000E-0Q2
0.40000€~02
C.40000€-02
0+40000€-02
C.40000E=-02
C+40000€-0Q2
C+40000E-02
C+40000E-02
0.40000€=02
C.80000€=02
€+40000E-02
C.40000E-Q2
€C+40000E~02
€+ 400B0E~02
0.40000€-Q2
C.40000£-02
C+40000E-02
C.40000E~02
C.40000E~02
0.40000£E-02
C.40000E=02
C.40000E-0Q2
€.40000E-02
0. 40000€E-Q2
0.4Q0000E-Q2
0.40000E-02
0. 40000E~02
0.40000E~C2
0,40000€-02
C.40000E-02

0.40000E-02

G.40000E-02
0.40000E-02
0.80000E-02
G+ 40000E~02
0+40000E=-02
0.40000E-02
C+400C0E-02

C.40000E-02

0.40000E=~02
0.40000E=02
0.40000E-02
C.40000E-02
+40000E=02
€.40000E-02
¢.40000E-02
0.40000E=-02
€.40000E=02
0.%0000E=-02
0.40000€-02

0.849406-03
0.85580E~C3

0.85303E~03

0.84375E-03
0.83157€=C3
0.81617€-03
0.79113€-03
0.764586-03
0.73716E-C3
0.71076E=C3
0.68176E=C3
0.64263E-03
0. 60432E~C3
0.542856-03

0.47502E-03

0.38132E=~C3
0.25252€~C3
Qe 10297€-03
0.98765E~04
0.32558E~02
0.66519E-03

0.70754E-03.

0.74533€~C3
0.78632E-03
0.82985E-C3
0,86483€-03
0.88668E~C3
0489505€E-C3
0.88584E-C3

0.87166E~03

0.85052E-C3
0.82591E=03
0. 79766E-C3
0.7740CE~C3
0.74142E-C3
0.705CCE-03
0.45242E=03
0.58627E-C3
0.50324€-03
0.39592E-03
0.26035E-03
0.10325E-03
0.815066=C4
0.3175CE=-C2
0. 75164E=C3
0.74208E-03
0.76240E~C3
0.78604E-03
0.81030E-C3
0.83086E-C3
0.83852E-C3
0.84198E-03
0.83756E=C3
0.81438E-C3
N.78756E=C3
0.74297E=03

0.67884E-C3

0.59083E-Q03
0e46334E~C3
0.28706E-C3

0.15664E+01
0.15782£+01
0,15720E+01L
0.15560E+01
0+15334E+QL
0. 1505Q0E+01
0.14588E+01
0+ 14099E+01
0.13593€+01
0.13107E+0L
0.12572E+01
Q.11851E+01
0«11145E+01
0.10012E+01
0.8761Q0E+00
0.70331E+00
0.46574E+Q0
0+18991E+00
C«18214E+00
0.3C018E+01
0.12266E+01
0.13046E+01
0.13741E+QL
0e¢14496E+0L
0.15298E+01
0.15943E+0L
0.16345€+01
0«.16500€E+01
0.163230E+01
C.1606%E+0L
0.15680E+01
0.15227E+0L

C.147C7E+01L

0.14271E+01
0.13671E+01

" 0e12999E+Q1

0.12030E+01

" Q.10811E+01

0.92796E+030
C.73007E+00

0.48007€E+00°

0.19046E+00
0.15029€+0Q0
0.29275€E+01
0.13860E+01
0.13685E+01
0.14061€E+01
G 14499E+QL
0.14950E+01
0.15333E+01
Q.15478E+01
0.15545E+01
0.15468E+01
Q«15044E+01
0.14554E+01
0.13736E+01
0.12557E+0Q1
0.10936E#01
0.85830E+00
0.532264E+0Q0

C.43290E+00

0.43210E+00
0+43317E+00
0.42169E+00
0.43393E+00
0.43179€+00
0.43389E+00
0.43373E+00
C.43321E+00
0.43428E+00
0.43346E+00
0.43415E+0C
0.43435E+00
C.43390E+00
0.43411€+00
0.43476E+00
0.43467E+00
0. 43454€+00
C.43530E+00

.0.78316E+0C

0.42786E+00
0.42738E+400
0.42898E+00
6.42798E+00
C.42856E+00
C.42813E+00
0.42809E+00
0.42877TE+GC
0.42856E+00
C.43062E+0C
0.43013E+00
0.4259LE+00

C«42778E+CQ.

C.43053€E+00
0.42887E+00
0.43037€+00
0.43038E+00
C.42657€+C0
0«43094E+0Q

‘0.43103E+00

C.43120E+00Q
0.432159E+00C
C«43209E+00
C.77877E+QC
C.42856E+C0
C.42824E+00
0.,42600E+00Q
C.42644E+00
C«4257SE+GQQ
0«42533E+00Q
C+42595E+CQ
Oea42465E+0C
0.42657€E+QC
C.42504E+0C
0442767E+0C
0.42547E+GQ
C.42481E+Q0
Ce42792E+0Q0
0.42681E+00
0.42822E+QC

54

U\mmmmmmmmmmmmmmmq\.n\.nugmunun.nmmmmmmmm\nmwwmm\n\nqmmmmu\m\nmmmmmmmmmm\nm-



"0.62387
0.62787
0+62787
Q.463187
0.63587
0.63987
0.64387
0+44787
0.65187
0.65587
0.45587
0.466387
066787
0.567197
0.67587
0.67987
0.468387
0.68787
0.69137
0.69587
0.69587
0.59987
0.70387
0.70787
0.71187
0.71587
0.71987
0.72387
0.72787
‘0731387
0.73587
0.73987
0.74387
0.74787
0.75187
- 075587
0.75987
0.76387
0.76787
Q.77187
0.77187
0.77187
0.77387
0.77587
0.77787
Q.77987
0.78187
0.78387
0.78587
0.78787
0.78987
0.79187
0.79387
0.79587
‘079787
0.,79987
0.80187
0.80387
‘G.80587
0.80787

0.40000E~02
C.80000E-02
C.400006-C2
0.40000E-02
0. 40000E=-02
0.40000E-02
0.40000E-G2
0. 40000E-02
C+4Q000E=02
0.40000E~02
0. 40000E~02
0.40000E-02
C.4Q000E=-02
0.40000E-02
0.40000€-02

0.40000E=Q2 -

0.40000E~02
0.40000€~02
0. 40000E~02
0+«40000E~Q2
C.80000E-C2
0.40000E~Q2
0.#00005’02
€. 40000E~Q2
0.40Q000€E-02
0. 400Q0E~Q2

C.40000E~Q2

0.40000E~02
0.40000€~02
0.40000E~-02
0.40000E-02
0.40000€-02
0.40000E=02
0. 40000E=02
C.40000E~02
0.40000€~02
0.400CCE~02
0.40000€-02

C.%40000E=32"

0. 80000E=02
C.40000E=q2
0.2000CE=02
0.200CQE-02
0.20000E-02
0.20000E=02
0.20000E-02
0.20000E-02
0+20000E=02
0.20000E-02
0.20000€6-02
0.20000E-02
0.20000€-02
0.20000E~C2
€+20000E~-02
0.20000E-02
0.20000E-02
0.20000E=02
0.200Q0E-02
€.20000E-C2
C+20000E-02

0+306Q7E=04
0.27059€~G2
Q. 47S32E=03
0. 7261CE-03
0. 75778E~03
0.78231E-G3
0.80040E=03
0.81252E=C3

04 80862€=03

Q0.79647E~Q3
0« 76655E=C3
0o 72028E<C3
0.64161E=03
0.5911¢E=03
0.50682E~03
0.41860E-03

0+31868€E-03.

0.12740E-Q3

0.46998E=C4 "

0.32222E-C2
0.73612E~C3
0.69832E~03
0.72971E~03
0.76598E~C3
0.79966E-03
0.82855E-C3
0.84677E~C3
0.85336E-C3
0.8510&E-C3
0.83220E-03
0.80132E~C3
0.75811E=03
0.69761€=a3
0.62400E-03
0.5185CE-C3
0.38942E~C3
0.214286-C3

De17554E~C4

0.46932E~C2

. 0s14115E-Q2 .

0.47335E-0Q3
0.17353E-C3

.0.17538€E-03

0.18104E-Q32
0.187486=43
0.19451E~C3
0.19936E=C3
0.20185E~C3
0.20211E-C3
0.20194E=C3
0.19908E=C3
0.192298-C3
0.18485E~C3
0.17587E=C3

. Q4 16635E~C3
" Q.15891E-03

0.14921E-C3
G.13838E-C3
0.12850€-03

Q.56816E-4lL
0.25016E+01

0«8T882E+00
0.13360E+0L

0.13937E+01
0.14335E+0L

0414716E+01 -

04149356401
0.14848E+01
04 14646E+01
0.14Q97E+0L
0.13247E+01
C.12169E+01
¢.10373E+01L
0.93230E+00
0.770058+00
0.58622E+00
0.39997E+00
0.23433E+00
0.86428E-01
0.29666E+01
C.13552€+01
0.12871€+01
0.13446E+01
0.14111E+0L
0.14729E+01
0.15259E+01
0.15551E+01
0.15709E+01
0.15664E+01
0.15314E+01
0.14752E+01
0.13945E+01
C.1283CE+0L
0.11475E+01
0.95346€+00
0.71624E+00
0.39431E+00
0.323348-01
0.43910E+01

0.26362E+01.
Qe1T662E+01

0.65591€+00
0.6637SE+0QQ
0.686156€E+00
0.7117GE+30
0.73986E+Q0
0.76005E+00

Qe7TLT1E+QD .

0.775L6€+00
0.7774QE+00
Q.76963E+00
0.74699E+00
0.72221E+0Q0
C.89123E+00
0.6584Q€E+00
0.633G5€+00
C.60051E+QQ
0.56242E+00
0.528CSE+QC

C.42878E+00
C.77220€+0C
0.42264E+00
C.42417E+00
0.42227€+40
0.42320€+00
0.42225E+C0

04422326400
Ce42261E+00

C.42190E+GQ

'0.42334€+00

Q0.42234E+00
0.42134E+QC
0162‘165*00
04 422T79E+CC

0.42239E+CC

0.42439E+00
0.42384E+C0
0.42464E+00
C.4Z540E+C0
0.76554E+00
0.41783€+C0

Q.41953E+Ca

C«41853E+04Q

Ce41998E+0Q0

C.41989E+CQ
C.42003E+00
Ce42119E+Q0
C.420238E+00
0.42268E+0C
0+42303E+4C
Q.4244L1E+CQ
C.42173E+Q0
0.42417E+CC
C.42577E+0CC
C.42334E+00
0.42625E+0Q
0.42553€+CQ0
Q.42666E+QU
C.771L5E+00C
Q.42425E+4Q¢
0.22417€+CC
0.225Q05E+00Q
G.22502E+C0
0.22534E+0QC
0.22530E+CQ
0.22474E+QQ
0.225Q09E+QC
0.22481E+QQ
Q422468E+0C
0.22482E+QQ

Ce22442E+QQ

0.22485€+00
Ce2249LE+QC
0.22467E+QC
0422548E+0C
C.22563E+00
0.22514E+0C
0.22413E+00
C.22254E+00
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0.80987
0.81187
0.81387
0.81587
0.81787
0.81987
0,82187
0,82387
0.82587
0.82787

0.82986

0.83186
0.83386
0.83586
0.83786
0.83986
0.84186
0.84386
0.84586
0.84786
0.84986
0.85186
0.85386
0.85586
0.85786
0.85986
0,86186
0.86386
0.86586
0.86786
0.86986
0.87386
0.87386
0.87586
0.87786
0.87986
0.88186
0.88386
0.88586
0.88786
0.88986
0.39186
0. 89586
0.89986
0.90386
0.90786
0.91186
0.91586
0.91986
0.92386
0.9278¢
0.93186
0.93586
0.93986
0.94786
0.95586
0.96386
0.97186
0.97586
0.98786

0.20000E-02
0+20000€-02
C+20000E~02
0.200006-02
0.20000€-02
0.20000E~02

0.20000€=02

0.20000E=02
0.200006-02
0.20000€~02

€+ 200006-02

0.20000€-02
0.20000€~02

0.20000E=02.

€+20000E-02
C.20000€~02
0.20000E-G2

0.20000E~02

C«.20000E~Q2

C€«20000€=-02

0.20000E~02
G.20000E=02

0+20000E<G2 "

C.20000E~02
C.200008~02
0.20000E=02
C.20000E~02
0.20000E-02
C+20000E=02
C.20000€-02
0.40000E-02
0.400060€-02
0.20000E-02
C«20000E-02
G« 20000E-02
€.20000€-02
€.20000E-02
0.20000€-02
C.20000E=02
C.20000E-02
0.20000€-02
C.40000E-02
C.40000E~02
0.40000E-02
0.40000E-02
0.40000E-02
C.40000E~02
C.40000E-02
C.40000E~-Q2
0.40000E=02
C.40000E-02
C.40000E=02
C.40000€=02
C.80000€-02
C.80000E=02
€.800008~02
C.80000E-02
C.80000€E=-02
C.80000E=02
C.80000€=02

0.12180€~03
0.1165CE~C3
0.11218E-03
0.11200€~03
0.11407E~03
0.11510€E~03
0«L1709€-C3
0.12526€-C3
0.1322CE-C3

0.13583E~-03 -

0+ 14465E=-03
0.14897E=C3
0.15606E=03
0.15564E=C3
0.16136E=-03
0.16119€-03
0.16366E-03
0.15778E~03
0.15636E~C3
0.15284€E~C3
0.14869E=03
0. 14285E-C3
0.13689E-C3
0. 13408€~-03
0. 12489E-(3
0.12240€-03
0.11223E-C3

 0.111256-C3

0.10242E-C3

0.39829%E~C4 -

0.80067E-03
0.19604E~C2
0.722156-03
0.28232€-C3
0.17637E=03
0.14181E~03

D.12555E-C3

0. 11451€E-C3
0.10581E-C3

 0.10080E-C3

0.95442E-G4
0.25425€E~C3
0.30736£-C3
0.27216E-C3
0.24154E~03
0.22688E~03
0.1S11Q0€E-C3
0.1636CE~Q3
0.1528CE~C3
0.13357€-03
0.11809E-03
0.10475€~C3
0.93143E~C4
0.11245€E~-C3
0.24703E~-C3
0.2023%E=-C3
0.17216E~C3
0.14501E-C3
0.12391E~03
0.1036CE-C3

0.50666E+00
0.49122€+Q0
0.48011E+00
0.,48734E+0C
0.5G5329€+00
0.52015€+0Q
0.54Q072E+C0
0.59693E+00
0.64114E+00

0.67711E+Q0

0.742¢66E+00

0.78944€E+00
" 0485545E+00
0.88431E+00 -

0.95227E+0C
0.99015E+00
0.10485E+01
0.10564E+01
0+10961E+01L
0.11237€+01
0.11486E+01
C.1l1413E+01

0«11729E+01L

0.12124E+01
0.11934E+01
0+12374E+01
0.12017€E+01
0.12628E+01
0+12335E+01
0.12572€+Q1
0.54243E+01
0.15827E+02
0.11189E+Q2
0.51928€E+01
0.35601E+01
0.30732E+01
0.29013E+01
0.28133E+Q1L
0.27626E+01
0.27958E+01
0.2812LE+01L
0.40291€E+01
0.53764E+01
0.53263E+01
0.52363E+01
0.55595E+01
0.52384E+01
04995 1E+01
0.51986E+01
0.50546E+01
0.43660E+01
0.489C0LlE+01
0.48222E+01
0.31813€+01
Q.78451E+01
0.75563E+01
0.754¢€S8E+01
C«74539E+01
0.74707E+01
0.73182E+0Q1L

0.22345E+00
0.22452E+0C
0.22483E+00
0.22445E+0C
0.22338€+00
0.22287E+0C
C.22263E+0C
0.22164E+00
C.22042E+00
0.21934E+00
0.21748E+0G
0.21593E+00
0.21372E+0¢
0.21134E+00

© 0.20867E+QC

C.20529E+00
€.2C228E+0C
0.15851E+CC
0.15405E+00
0. 18937E+00
0.18486E+00
0.17971E+00
0.17401E+00
0.16792E+00
Ca16147E+00
0.15479E+CQ
0.14799E+00
0.14114E+00
0.13428E+00
0.12801E+00
C.89046E+00
0.21053E+00

0. 14962E+Q0

0.82170€-01
0.6G724E-01
0.64670E-Q1

0.6C809€-01.

0.57330E-01
C.54037€-01
C.50858E-01
0.47859E~01
0.78990€E-Q1

0.70214%E=01

0.62480E~C1
0.55518€«01
0.50367€E-01
0.44788€E~01
C.39921E~C1
0435593E-01
0.21733€~C1
0.28337E-01
0.25326E-Q1
0.22631E-QL
0e34768E-01
0.25356€E~Cl
0.25050E~C1
0.21329€~01
0.18155E-(C1
0e15414E-01
C.13129€E-C1
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VALUES FOR THETA,PRESSURE HEAD AND FLUX FOR THE SUCCESSIVE GRIDPOINTS AT TIME:l.:
TCPBCUNDLCCNOTTION

BOTTOMBOUNG.GCONDITION =61.50000

GRIOPOINT DEPTHICM) THETA RICM) FLUX(CM/HR)
1 0.0 0.26747E+00  =Q.20726E+02  ~C.13690E+02
2 ~0.35197E+02  0.267226+00 =-0,207996+02 =0.13666E+02
3 -0.45452E4G2 = 0.26658E+00 ~0.20987€402 =C.13649E402
4 -0.512666+02  0.26550E+00 =0.21290E+02 -0.13635E+02
5 -0,55202E+402  0.26399E+400 =0,21703E+C2  =0.13622E+Q2
6 -0.58086E4C2  0.262C1E+Q0  =0.22220E+02  =-C.Ll3611E+02
7 -0.50289E+02  0.25953E+00 =0.22933E+02 =-C.134CLlE+02
8 ~0.620L7€+02 ~ 0.25654E+00 ~=0.23533E+402 =0.13592€+02
9 -0.83395E402  0.253028+00 = =0.24313E+02  =C,13584E+02
10 - ~0,64507E+402  0.24894E+00 =0.251656+02 -C.13577€+02
1 ~0.65412E+402  0.24431E+00  =0.260828+02 ~-C.13570E+02
12 -0.661556+02  0.23914E+00 =0.27057E+02 =C.13564E+02
13 ~0.66767E+Q2 = 0.23344E+00 ~0.28087E+02 ~C.13558E+C2
14 ~0.6727SE+C2 04227295400 ~0.291658402 =C.l13553E+Q2
15 <0.67698E+02  0.22062E+00 =0.30289€+C2  =C.13549E+02
16 -0.68052E+02  0.21362E+400 =0.314558402 =0.13546E+02
17 ~0.68349€+02  0.20632E+00 =0.32661€+02  =0.13543E+02
18 ~0.68599E+02  0.15881E+00 ~0.33904E+02 ~0.13540€+C2
19 | =0.68811E+02  0.19L18E+00 =0.35182E+02 =C.13538E+402
20 -0.68991E+02  0.18352E+00 ~-0.36494E+C2  -0.13536E+02
21 ~0,69145E402  0.17593E+00 =-0.37839E+02 -0.13535E8+42
.22 ~0.692756+02  0.16846E+00 ~0.39215E+02 =G, 13534E+02
23 -0,69388€+402  0.16126E+00 =0.40623E+02  =C.13533E+02
24 ~0.69484E+02  0.15432E+00 ~0.420606+402 =0.13533E+02
25 | =0,69567E+402  0.14771E+400  =-0.435266+4C2 =C.13532E+02
25 ~0.69638E+402  0.14145E+00 ~0.450226+02 =0.13532E+02
27 ~0.69700E+02  C.135556+00 —0.46546E+02 =C.13532E402
28 ~0.69754E+C2  0.13012E+00 <0.480986+02 =C.13532E+C2
29 ~0.698016402  0.12507E+00 =~Q.49678E+02 =0.13532E+02
30 ~0.69842E+02  0.12041E+00 =0.51286E+082 =-C.13532E+02
31 -0.69877E+02  0.11613E+00 =0.52921E+402 =C.l13522E+G2
32 -0.69909E+02  0.11223E+00 =0.54533E+02 =—0.13532E+02
33 -0,49936E+02  0.1C867E+00  =0.5627T1E+02 =C.13532E+02
34 -0.699606+402  0.10542E+400 =0.57933E+02 =0.135326+02
3s -0.69981E+G2 - 0.102508+00 ~-0.597306+02 ~-C.13532E+02
36 -0.70000E+02  0.99851E-01 -0.61500E+02 ~C.135326+02

S/

CHANGE IN STORAGE IN THE WHQLE PROFILE

: Cel14227E+C2 CM
TOTAL FLUX DIFFERENCE BETWEEN TGP AND B8QTTCM TILL NGw

0.115647E+02 CM

COMPUTATIONS WILL PRCCEED TILL 6.0  HOURS
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C  Appendix Table 4, Listing of WAFLOW
C t***t*#*****#*#*********t#*‘*********tﬁ?*#***********#t**‘*‘t**t
C*2WAFLOW I
C * A ONE DIMENSTIONAL SIMULATINN MODEL *
C =* *
C = VERSION MARCH 1982 *
C REEEXEXXLERRERREREERRE KR XKEEREEAKERERR AR KRR R R AR AR KSR R R KK
c
c
COMMON TFLOW,NSOIL,TIM
DIMENSIOM UO(150Y,U1(150),U21150%,V0(150),V1{150)
DIMENSION VZ(!IO’1#(31095)v?Hf310!vAl(?lOn?),XL(ZIUO)
DIMENSINON US(150)4VS{1SN),THI150),2(150),T¥(10).
INTEGER FL /'AAAAY/,JY/'EVAPY/,J2/YINFTIY/
C .
C
€ *#xe& THE DATA ARE READ FROM DISK *edskhdsfskkshifrhiiit kit sh

READ(3425) TFLOW,NZ,NT,NTDUT,NSOTL
REAN{3,30) ZBOT,UTOP,UBOT.OT, TEND,ALPHL,ALPH2,BETHL,BETH2,
LITMIT) »I=1,NTOUT) : :
25 FORMAT(515])
20 FORMAT(SF10.5+/+4F5.2,/,10F5.2)
TF{IFLOW.EQ.0) FL=Jl
IF(IFLOW.EQ. 1) FL=J2
c
C . .
C *%x%x%k%x THESE DATA ARE WRITTEN TO UNIT & ®kxktkaxrkrikfffkkkbkris
40 WRITE(&§+45) FLJNZyNT,NTOUT,NSDTIL,ZB0T,UTOP, ALPHL,ALPH2,UROT,
18€TH1, BETH2,D0T,TEND, T™ )
45 FORMAT( INTTTALIZATINNS AND BCUNDARY CONDITIONS OF',2X,/,
” 110X+A44,*-H0DEL*y3(/),
2' MR. aF SOACESTEPQ 0-0.000.0'0[51/'
3% NR, UF fI"ESTEPS -o-oo.t.ot"!ﬁ!/'
4' TIMES OQUTPUT IS PRINTED cee’175+/
5' SDIL TYPE -.qo--,.oooooooco"IS',,
&' DEpTH QoF p“UFtLE 'C"’ cﬁno"lFlO.S,/’
7' TOP BOUMDARY CONDITION eee<'yFl0.5,' ALPHAL=',F2.1,' ALPHA2=',
RF?:IO/' .
3¢ BOTTOM BOUNDARY CONDITION .*'»F1l0.5,' BETHALl=',F3.1,' RETHA2=',
IF3.1e7
At TMITIAL TIMESTEP (HOURS) <e'sFl10e59/7
e "U"FL STOPS AT .000-...00'0"g10.5" HﬂUPS'yZ(/‘)o
2' QUTPUT 1S PRINTED AT : 9,/,2%X,10F5.2," HOURS',3{/))
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49

EEEREVEAXPRERKAEERXER R ERPUEEBEREERXIENEAX BB LR BE AR E AR RAEAR RERRRY
IFLNNZ0 ececenccaces EVAPORATION MANEL
TFLGU-! deeccoceseecs tNFYLTRATtnN-KGnEL
NSTTIL=l coesancsesnece HAVERKAMP MODEL
MSOIL*2 ceceesececse KLUTE "ODEL
NSOIL=T seecevceevsee . DANE MAONEL

L3R 2% 2% J

TOP BOUNDARY CONDITION: ’
_ COMSTANT FLUX ===> ALPHALl=(Q AN ALPHA2=1
CONSTANT PRESSURE HEAD ===) ALPHALl=l AND ALPHAZ=0
BATTNOM BOUNDARY CONOITIONS
CONSTANT FLUX =«==> RETHAl=0 AND BETHA2al
CONSTANT PRESSURE HEAD ===D> RETHAlal AND RETHA230

REMEMRER THE ODARCY CONVENTTITON

%
*®
-
*
*
]
®
*
E
b
. =
POSITIVE FLUX ——==> UPWARN FLOW .
NEGATTVE FLUX =~==> DANNWARD FLOW *
Py
E 3

EXEXRTAXEEFARAXREXXRAR R R RS RK AR IR EZRX R KA X ADRA LR ES KA KL AR SRR AR KR

LISTIMG OF THE SNTIL'S PHYSICAL PROPERTIES ececes
WRITE(6,55) NSOIL
nog 46 1=10,200410
Ua=1.0%]
THET = FTH(U,NSOIL)}
COND = FKIU,NSOTL)
CA? = FClU,NSOIL)
WRITE(S,56) U’THFT COND,CAP
CANT INUE
N 47 1=300,1400,100

. Us-l O%{

- THET = FTH{U,NSOTL)
COMD = BK{U,NSOIL)
CAP = FLCIULNSDIL)
WRITE(6,56) U-THETqCUND.CAP
CANT TNUF
NN 49 1=1520,155170,1000
U==1,0%1
THET = FTH{U,NSOTIL)
COND = EK{U,NSOIL)
CAP = FCIU,MSOTLY
WRITE(4+56) U,THET,CONN,CAP
FORMAT(2X FR,1 47X yF5.3,8X,F1259,7%X5F12.5)
CANT TNYE
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SOME INTTIALIZATIONS

[ X2 X0l

SAVMAS = 0.
SAVDEN = Q.
ITIM = 1
EPS = ,001
1T=50

TIM = 0.

DZ = =ZROT/NZ
NC =150
NZP1 = NZ+1
[FLAG = 0
ISWIT =0

INITTAL VALUFS OF Z,U,V AMD TH AT TIME ZERC
0 DO 60 1=1,NZP1
Z11Y = FLOAT(I-1)%0Z
Uo{ 1)=UTIN(Z(T),NSOIL)
THIT)I=FTHIUO(T ) ,NSOTL}
60 CONTINUE
D0 65 1=2,N7°P1
CON = =-FK{.5%{U0(1)+U0{1I~-11),NSOTL)
V(1) = CON*((UOLT)=-U0tI~1))/DZ) + CON
65 CNNT INUF ’
vVo{1)=vo(2)

[ Yo K]

¢ .
C *®xLIST THE INYTTAL VALYES OF NEPTH, THETA,PRESSURE HEAD AND FLUX RESP.
c

WRITE(6,72)TIM,KOUNT,UTDP, UROT

npg 77 1=1,NZP1

WRITE{6,75Y T,Z{TY,TH{T),UO(T),VOLT)
77 CONTINUE :
C
C

CTMEW = C.D+0Q0
DO 80 I=1,NZ '
CTNMEW=CTNEW={THIT)+TH{T+1)1%0Z
a0 "CCNT INUE :
CTNFWS = CTNEW/2.-
WRITE(6,85) TIM,CTNEWS
WRITE(6,260)

STORE VALUES FOR MATRIX SFTUP
N2P4 = 2%{NZ-1)+4
M=NZ-1
D0 90 J4=1,N7°1
uttdiy=uotd)
vitdy=vord)
90 CONT INUE
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NN n

o0

#)

cw% MATN LANP: NT IS AMOUNT OF TIME STEPS ALLOWED TO REACH *TEND! =

00 800 KOUNT=1,NT -
TRANSTIENT TOP- a=wr
AATTAOM AOUMDARY CONDITTIONS
CALL UNSTEIUTOP,URBOT,Ul,V1,NZPL)
AN 110 T=1,NZO1
Uot )= ULIT)
TH(T )= FTHIUL(T),NSOTL)

vo(T)= vi(I)
CONT INUE

BRERE XXX EXREABRRBRBELERBRRBERERXRERRE

o

aon

N
3

\-

AN~ YO

IF{IFLOW.EQ.11GD TO 120

11

C

c

£ REREETEALTRRFXXAREEIEERARSRRRALRAAS
c .

c

r

CHANGE FROM CONSTANY FLUX TGO A CONSTANT PRESSURE HFAD ROUNDARY IN-
CASE OF EVAP MONEL AND IF H< ~15000 CM  (~=—> ALPHAl=] )
IF(UO(1).6T.~15000.) (OTN 120

TF(TSWIT.EQ.0) CALL RE7EEIZ,U2+V2,U2,V2,NZ,NC).

REZFE IS ALWAYS CALLFD FOR THE FIQST TIME STEP AFTER CHANGE TO
CONSTANT PRESSURE HEAD.

TSWIT =1

ALPH1 = 1,

ALOH2 = O,

utne = un(1l)

CONTINUFR
1ITY 1S THE MAX, MUMBER OF ITERATIONS ALLNOWED IN ONE TIME STEP,

THE INPUT WMATRIX A IS COMPRESSED IN BAMD STNRAGE MODE, IT HAS
5 COLUMNS AMD {2#NZ +2) ROWS.

DO 700 KK=1,1T

4{1,1) = Q.0+00
AT1,2) = Q0.N+00
Al1,3) = ALPHI1

A{1ly4) = ALPN2

Afl1.+5) = 0.,0+00
PH{1) = yTnPe
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00 130 [=1,NZ
NZ= 201410201}

R = ND2/0T
J = 2*%1
A{Jsl) = 0.D+00
AlJe2) = =FK{,S*{UL(II+UL{I+1))yNSOIL)
A0J,3) = #,5%02
AlJe4) = «AlJy2)
AlJyS) = +.5%02
RH(J) = A(J,2)%D2
J=J+1. .
AlJel) = <« 52REFC(LSX(ULITI+UL(T+1) ) ,NSOTL)
AlJy2) = 1,
AfJd,3) = AlJd,1)
AlJes) = =1,
A(J¢S) = 0.D+00
CORHUJY = ALJ,1)%{UO(1)+UOLT+1)Y)
120 CONTINUE
A(NZP4',., = 0.,0+00 *
AIN2P4,2) = BETH1
A(N2P4,3) = BETH2
A(N?2P&,4) = Q.0+00
A{N2P4,5) = 0.,N+00
RH{N2Z2P4) = UBOT
NL=2
JA=310
M=1
1J08=0
Cc
C ****3***“********3**‘*****"***.‘************‘**“****‘#*********#***
€ SURRNUTTIME LEAT28 1S MNPE ACCURATE THAN LEQT18
CALL LEQTIR(AJN2PLA,NLJNL,TA,RH, M, [A,TJ08,XLyIERY
C
C CALL LEQT2REASN2PSG NLyNL,TA,RHyMyTA,TJ0B, AL, TA,XL,[ER)
IF/TER.EQ.129) WRITE(G,*)TIM
C * FRANP MESSAGE: IER=129 <« MATRIX IS SINGULAR
C *%x IER=130" - MATRIX A IS TOO ItLL CONDITIONED, DOES NOT
C *x ' CONVERGE,
C REXEXEIRREEREEREXREXEEARRR XXX KRR EEI R RFE SRR KRR EXEERR XX R L H IR R KEXREERLE
¢

u211) = RH{1)
DO 140 1=1,NZ
J=o*1 .
V21 11=RH(J)
U2(1+1) = RH(4+1)
140 CONT INUE
V2INZPL1)=RH(N2P4)
c .
€ ** THE FIRST COMPUTATION FNR EACH TIME STEP IS MEMORTZED: US AND VS *
IFIKK.GT.1)GOTO 160
DO 150 I=1,N7P1
us{Iy = yarl)
VS{TYy = v2(1)
150 CONT INUFE
c
1469 CONTINUE
C *% NO MATTER HOW LARGE THE ERROR IN THE 4ASS BALANCE IS, TAKE THE LAST
C *x COMPUTED VALUES TF KK EQUALS *1Tr’,
" IF(KK,EQ.ITIGOTO 130



c
€ s* CHECK FOR CONVERGENCE, IFf THE MEWLY COMPUTED AND THE PREVIOUS
C *% VALUES DIFFER TNO MUCH,TRY AGATN WITH THE NEW VALUES AS INPUT.
"¢ ®w THE CRITERION ¢ UMAX MUST BE SMALLER THAN 00,0005
UMAX = Q, :
N0 170 t=1,NZPY
NEN = VZ(t)
TF(UEN.EQOOQ) DEN s 1.
UMAX = AMAXL{UMAX,ABS{(Y2(T)}=V1(T))/DEN))
NEN = U2(1)
[FINEN.EQ.0.) NEN = T,
UMAX=AMAX] FUMAX,ABS{(U2( T)=UL( 1)) /NENY)
170  CONTINUE
IF (UMAX.GT..0005) 6NTH 600
c CONVERGENGE CRITERION [S MET
RL = KK ' '
c

180 DO 190 I=1,NZPL .
C ** WRITE VALUE IF PRESSURE HEAD 1S POSITIVE AND CALCULATE THE
C *e CORRESPONDING CHANGE IN THETA FROM WATER RETENTION DATA.
T1F (U2(1).GE.1.000001) WRITE(6,185)1,u2(1}
THIT) = FTHIU2(T) ,NSTIL)=TH( 1)
190  CONTINUE
c _
C ** THE FOLLOWING STATEMENTS CHECK THE MASS BALANCE EQUATION.
C #% *XMBLY' IS RELATIVE MASS BALANCE:RELATIVE TO THE DIFFERENCE
€ *% [N FLUX BETWEEN THE TNP AND THE BOTTAM OF THE PROFILE.
c : v
CTNEW = 0.0+00
oN 200 T=1,N7
CTNEW = CTNEW +{TH(II+THIT+1))2(2(1)=2(1+1))
200 CONTINUE
CTNEWS = CTNEW/2.
SAVEL = CTNEWS
WIN={=V2{11=-V0(1)+V2(NZP1)+VO(NZOL) }#DT/2, :
SAVE2 = WIN .
XMB = ABS{CTNEWS=WIN)
XMB1 =(X¥B/ABSIWIN})*100.0

THE MAX, PRESSURE HEAD OR FLUX DIFFERENCE OCCURING OVER THE WHOLE
PQOFILE BETWEEN THE FIRST AND THE LAST I[TERATION IN THE CURRENT TIME
STE® IS PRINTED AS AN FRROR CONTROL.
RVMAXK = 0,N+00
nn 210 t=i,NZP1
X1 = ABS(U2(TI=-US(T))
X2 = ARSIV2({1)=-VvS{T})
RMAXK = AMAXL1{X1,X2,RMAXK)
212 CONTY INUE
RMAXK = ,SERMAXK

DOTIDRO
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*% YXMB! REFLECTS THE ABSOLUTE MASS BALANCE IN THE CYPRENT TIME STEP,
*% {F 'XMB'® IS LESS THAN A PREDEFINED VALUF 'EPS' THE TIMESTEP (S

*x COMPLETED,

#% IF HOWEVER *XME®> *EOSY CALL REZFE, WHICH RECOMPUTES THE

«% GRIDPOINTS DISTANCES, ALSD THE TIME STEP WILL THEN BE HALVED.

WRITE{69230) TIMyDT4XMBoXMBLRMAXK KK
REZEE IS ALWAYS CALLED 'IN THE FIRST TIMESTED:
IF{TFLAG.FQ.0) XMB=EPS+].
TFLAG =1
IFIXMBLLELEPS ) GOTO 250
CALL REZEE(Z,Ul,V1,J0,VN,NZ,NC)
D0 2640 T=1,NZP1
U T)=yorI)
viiriy=votrn
260 CONTINUE
DY = DV/2.
GOTO 100

(g} ANaooOn

c

C RREXXKARERRXREEEE DEADY FOR THE NEXT TIME STEP #RR2RkeALXXXATERE
250 TIM = TIY + DT
c : . :
C *%x SAVMAS AND SAVNEN ARE THE TWD CUMULATIVE COMPONENTS OF THE MASS
C ** BALANCE FQUATION DURING THE COMPUTATIONS,

SAVMAS = SAYMAS + SAVE] - )

SAVDEN = SAVDEN + SAVE2

C ** PRINT VALUES IF ¢TIM? EQUALS ANY *fTM(ITIM)?
IR(TIMGLY TMUITIMILORJITIM EQL(NTOUT+1)) GDTO 500
ITIM = ITIM+1

o

CatL REZEE!ZvUZ,VZ'UZvVZpNZvNC)

e Ne Vel

** COVMPUTE MOISTURE CONTENTS FROM WATER RETENTION DATA
D0 200 I=1,NZP1
: TH{T) = FTH(U2(T1),NSOIL)
300 CONTTNUE

C *% ALL THE COMPUTED VALUES ARE NOW WRITTEN TO DISK
WRITE(2,290)TIM,DT
WRITE(2,290Y(2(1IT),IT=1,NZP1}

- . WRITF{2,290){TH(T),T=1,N7P])
WRITE(2,290)(U2{T11,1=1,NZP1)
WRITE(2,290V(V2{1),1=1,NZP1)
WRITE(6,72) TIM,KOUNT,UTOP,UBONT

C

DO 350 I=1,NZP1

WRITE(6,75) I,2(1), TH(I);UZ(I)'V?(I)
350 COMTINUE
c

IF(TIMGT.TENDORJITIM,EQ.{NTOUT+1]1) TM(ITIM) = TEND
WRITE{64A50) SAVMAS,SAVDEN,TM(ITIM)

IFITIM,GT.TENDY GO TO 820

WRITE(6,260)

(e e Xal



® I TIM EQUALS TEND THE NESTRED COMPUTATIONS ARE FINISHED *axk:

® 1 THE MASS BALANCE [S MUCH S™ALLER THAN THE PREDEFINED 'EPSIVALUE
® MFW GRIN SOTNTS DISTANCES ARE CALCULATED IN REZEE AND THE

* TIME STEP MAY BE LARGER FOP SUASEQUENT TIME STEDS,

N9 IE{TIM ,GT.TEND) GO TN 820

IFIXMB . GT..1*EPS ) GOTO 600

CALL REZEE(Z,U24V2,U24V2yNZ4NC)

AN .

NT= ZO*QT
c
c
600  CONT INUE
C
C & THE COMPUTED VALUES FOR FLUX AND PRESSURE HEAD ARE NOW RESTORED,

00 650 I=al,NZP1
utetr) = g2¢(1)
Vi(Yr = v2(r1)

50 CONT INUE

IF{KKLEQ, IT.OR UMAX.LT,.0005) GO TO 800

AN oo

700  CONTINUE °
300  CONTINUE

820 WRITE(6,840) TEND

55 FOAMAT({1HI® THE PHYSTCAL PROPERTIES OF SOILNR *,
113,3(/),* PRESSURE HEAD'Y, %X,
2OTHETAT , 3%, 'HYNDRAULIC CONDUCTIVTTY'93X0'WQT59CBPACITY'
379 TX g TCME J2TX, ICH/HR G 13X, CM =11, /) )
T2 FORMAT(IH1'VALUES FOR THETA,PRESSURE HEAN AND FLUX FOR THE?',

: 1' SUCCESSIVE GRIDPOTNTS AT TIME: ¢,F10.5,' TIMESTEPNR, %415,
2(/) % TOPBOUNNLCONNDITION - *,F19,5,/, ' BOTTOMBOUND.CONDITICN *,
AF10.5,207) 5, 1 X, IGRINOOINTY, N
L5X, YOEPTHICM) ' 3 TXG " THETA ",10X, "HICM)?,3X, TFLUXICM/HR) )

75 FORMAT(2X 4 15+4X44{3X,E12.5))

s EORMAT(/,* WATER TN PROFRILE AT TIMET F7.4,721,F10,5,¢ CM*',3{/])

185 FOPMATITT?S, '9PNS, PRESSURE HEAD AT GRIDPOINT:*,13,£12.5)

230 FORMAT(LX,F10.5¢4{EL12,5,3X),2X,14)

260 FORMAT{IHI2X, ' TIME? ,4X, ' TIMESTEP?,AX,'A85.MA85BAL."

YBXo'nﬁlc‘QSSFAL- 13X *ERRORCONTROL ', 4X,'NR, 0OF 'o/’sx"HRS'

77xy'H°S'v17Xv'C“'vl’x"pFPC"BYv'f‘nC“/H§’95X"TTEQATIONS')

280 an“ﬂf(zg'f 4)

290 FORMATT4F12.5)

240 EMRVAT(2(/),? COMPUTATINNS ARE ENNEN, TTIME TS ' ,F7,4,' HRS!)

asa FORMAT(3(/)," CHANGE IN STCRAGE IN THE WHOLE PROFILE!',15X,E15.6,
1Y CM9,/7,1%,*TOTAL FLUX NIFFEREMCE RETWEEN TOP AND BRQTTOM TILLY,
2¢ NOWT,E15.6," CM?,2(/),' COMPUTATIDONS WILL PROCEED TILL ¢,
T4 HOURS')

)

STCP
END
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SUBROUTINE REZEE(Z,0UsNV,UyVyNyNC)
PURPOSE: TO RECOMPUTE NEW SPACE STEPS
CNMMON TFLOWoNSOTL, TIM

DIMENSTON Z(NC) IH{NC},VINC),DVINC),0U(NC)
OIMENSTON UNEW(150),VNEW(159),ZNEWI150),VMEWLIL50)
DIMENSION TH(150),COEFG(2,300),0V1(150),0UL(150)

K=N+1
THO L)=FTHIDU(1) ,NSOIL)
TH{K)=FTH{OU 1K) ,NSOIL)
DVMAX = O,
DO 1 TI=1,M
DZ = Z(T+1)-241)
OV I) = (-DV(T+1)+DVIT}) /D2
DULLT) =(+DUCT+1)-DU(T])) /D2
DK = (FKIDULTI+LY,NSNILY=FK{DULT),NSOTIL)I/DZ
DIVK = FR{.S*(DULT+1)+DU{T)),NSOIL)
VNEH(T) = ABSU(DVLIt1)=-DUL(T1#DK~-DK)/DIVK])
VNEWL(IY= (DVI{TI)-NUL L] 2DK~-DK) /DIVK
CONTINUE

IF(TIM.LT..04) GD TC 8

Z -==> DEPTH

VNEW ===> SECOND DERIVATIVE OF H WITH Z
DYl ===> FIRST DERIVATIVE OF H WITH Z
DVl -==> FIRST DERIVATIVE 0OF V WITH Z
WRITE(1,180) TIM

WRITE(1,200) (Z2(11,1=1,N)

WRITE(1,200) (VNEWL(I),I=1,N)

WRITE(1,200} (DUL(I),1=1,N)

WRITE(1,200) (DVI(T).1=1,N)

CONTINUE

DVMIN = 010

TF{TFLOWLEQ. 1) NVMIN=Q,

COEF5(1,1) = 0.

nn 10 I=1,N

T (VNEW{I) LT, OVMINIVNEW{T)=DYMIN
COEFG(2, I1=SARTIVNEN(T))

COEFG(l,T1+1) = COEFGI1,1)+COEFG(2,1)*{Z(T)=-2(1+1))
STEP = CREFGL1,N+1)/N

IF (STEP.LE.O0.} GOTO 90

J=1

N0 30 [=2,M

STEPT = FLOAT(I=-1)%STEP

TF{J.EQ.N) GOTO 27
TF(STEPILLELCOEFG{1,4+1)) GOTD 27

J=J+1

GOTO 21

IF(COEFG(2,d).EN.O) GOTO 29
INFW(T)=Z(J)=(STEPT=COFFGI1,J))/COEFGI2,J)
GNTN 30
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29
10

M

a1
100

101t

-0

180
200

259

fe W)

INFW(T)=(ZtJ)+Z( J+L1)) /2.
CONTINUE

GnNYTo 100

STEP = {Z{1)=Z(N+1}))/FLOATINY
NO 93 [=2,N

INEW(T) = Z{1)~FLOAT(I=-1)#*STEP
J=1

70 110 1=22,N |
IRIZNEW( 1} .GELZ1J+1Y) GNTO 127
JaJ+l ’

GUTO 101

LIMEALIR TINTERPQLATION®

H AND V ARE DETERMINED FROM THE NEW COMPUTED GRYD PU‘NTS.
RE(INEW(TI=Z(J)1/7(203+1)=2141))
UNEWS D)=+ (UL L)Y=U(J) I *R
VNFH(“ﬂV‘J,*‘V(J*l“V(J’)‘ﬂ
CONTINUE

DO 120 1=2,N

U(TI=UNEW( )

IFTULT) .GE .0.)HRTTF(6.12’)!-U(I)
FORMAT{1X,? IN REZEE',I5,E20.4)
VIt svNeEN(T)

Z(T)=+ZNEWIT)

IFI{TIMLLTu04) GO TO 290
N0 132 I=24N
TH(!”FTH(U‘!’!NSO!L,
CONTINUE

WRITE(1,200) (2(1‘9“19K)
WRITE(1,200) (TH{1),TI=1,K)
FORMAT(FT7,41)
FORMATIAEL2.5)

RETURN
END
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FUNCTION FTH(H,NSOTL)

*% COMPUTES WATER CONTENT FROM WATER RETENTION CURVES.

REAL M,TE,N
IFINSOIL.ER.3) GO TO 10
TF{NSOTL.EQ.1) GO TO 5

SOILNR, 2

IF{H.GTa=.01) GOTO 2

TF(HLT.=7320,) GNTO 1

BE = (131,/7A8S(H)I1*%,469

GAM =1,433-,076017(.433+,0760}

FYH = ,433%(COSH(AE)-GAM) /(COSH{RE)+GAM)
QPETURN

FTH = (1.7LE-02/7ABS(H)1**,1964

RETURN

FTH = ,433

RETURN

SAILNR,1

FTH=1,611E+06%.212/01 .51 1E+06+ABS{H)**3,96)+,075
RETURN :

SOTLNR, 2

IF(H.GT.=.0001) GO TO 15
N=3,57168

ALP=0.02912

“=1=01.0/N)
TEx{1.0/(1.0+{ALP*ABS{H) ) %x*N) )%y
FTH=0.296%*TE+0.069 :
RETURN

FTH=0,.365

RETURN

END

68



T € %% HYDRAULIC COMDUCTIVITY VALUES FROM PRESSURE HEAD DATA.

c

c

10

\NC

c
1S

c

C
20

30

FUNCTION FX{H,NSOIL)

AEAL NyM,TE,ME,KK

IF{NSOIL.EN.3) GO TO 20

IFINSNTL.ED.1) 50 TD 15
SOILNR, 2

IFIHGT~.01) GOTN 2

'F(“QLTO-73200’ GUTO 1

BF = [131,/ABS(H))I*%x,46R

GAM 2{,433=,0760)/1.433+,0760)

T = 5223%(COSH{RE)=GAM) /(COSHIBE) +GAM)

GO0TO 10

T = {(1.T1E=Q2/ABS(H) ) 2%,1964%

GoTn 10

T = ,432

CONTINUE .

FX 3 5,4E-08%EXP(54,298T) /24,

RETURN

SOILNR, 1
FK334,%L,1 7SE+06/{ 1. L TSE+N6 +ABS(H) 224,74}
RETURN .

SOILNR, 3
TF{H.6T.=,0001) GO TO 30
N=3.57168
ALP=0.02912
M=1=11.07N)
TE=(1.0/11+(ALP*ABSIH) ) #%N) ) £24
ME=1,0/M 3
KK=(1=( TEREME]) ) 24N
FK=10.95%SQRT{TE) #( { 1=KK) *%2)
RETURN
TE=1
FK=10,95
RETURN
END
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sy

SO1L

FUMCTION FCIH,NSOIL)

REAL NoMyReT,HH
IFINSNTIL.EQ.3) GO TO 19
IF (NSOTL.EQ. 1) GO TO 5

LNR, 2

TF(HLT,=7320,) GNTO 1

RE = (131,/7A8S(H))**,448

GAM = (,433=,07601/1.423+.0760)

DAE = ,463/131.#(131./72BS{H) 1% 468

s WATER CAPACTTY VALUFS FROM PRESSURE HEADN DATA,

FC = .‘3?*5!”Hfﬂﬁ)*2.*GAM‘OSE/!CGSH(BE!#GAM!**Z

QETURN

FC = 196471, TIE=D2% (1, T1E~02/ARS(H) ) *#1,1964

FTURN
FC .= 0,
RETURN

NR. 1
FC21,611E+06%,212%3 ,968ABS (H) **2,96
FC = FU/(1.611E+06+ABSIHI X%, Q6) %%x)
RETURN .

NR, 3

TF{H.GT.--0001) GO TO 15
AL P=0,.02912

N’?oSTI&&

M=1={1.,0/N)

Rz=M=]

TNl -

HHzs({ L+ ALPEABS (H) ) *aN) *xR
FC20, 29068 MEHHAN*(ALPREN) *{ARS(H) *x2T)
RETURN

EC=0

RETURN

END
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c
FUNCTION UIM(Z,NSATL)
C ** THE INITIAL CONOITIONS, EXPRESSED IN OPRESSURE HEAD VALUES AS A
C *% FUNCTION OF DEPTH. '
IFINSOIL.ER.L) GO TO S
\IFINSOIL EQ.3) 60 TN 10
UIN = -1, ’
RETURN
5 UTN = =61,95
RETURN
10 UIN = =26.000
PETURN
END

SUB?OUTfNE UNSTEIUTOP,UBOT,UL,V1,NZP1)

PURPOSE: TO ACCOUNT FOR TRANSIEMY TOP DR ROTYOM BOUNDARY CONDITIONS.

a0 00

COMMON TFLOW,NSOIL,TIM
DIMENSTION U1(150),YL{150)
If (TIM,EQ.0) GO TO 20
UBRGTA=UL (NZP1)
UBNT = =-FK(UBOTA,NSOIL)
URDT= {1+0.0*TIMI*UROT
yTeP= UTOP
20 RETURN

END

DO

RN END Jna 2751 AYLS59JHS 6201 17 PAGES BIN 124 10.05.01 AM 0O
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!
Va.5F '
f Ag
(a,f(a))=(a,a%) A L
, : 1 .
O az, @ AZp | 5 a

-~ APPENDIX FIG,.I. ITlustrations for selection of z;.
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Read input datg /=
/ Defing initial | INPUT 1. DATA

'/ conditions /

]

[nitialization ===y FTH, X, UIN

Checx boundary > UNSTE

candiﬁans ' .

NO )
=
, L
LYES §

Assambie and 3
solve matrix [t I MSL

A
mass
<£
NO . .
REZEE |e—
A
]l DT=/2»0T ,’ <
—

1 FC, FTH, FK

REZEE

REZEE

Yy

DT=2220T

APPENDIX FIG. 2. F'lowchar‘t of WAFLOW.
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