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SUMMARY

The pressure head form of the general flow equation for water in a
porous medium was numerica11y solved using the predictor-corrector
method. The mass-balance equation was used tc check the accuracy of
the simulation. If a predefined error criterion was not met, the time
step increment was decreased. Several flow problems were solved, of
which the resulting water content distributions were compared with
other models. The execution time was aenerally less for the described
model than for WAFLOW (2). However, space increments could not be
changed during the simulation. The computer model also accounts for
temperature effects on the hydraulic properties. For temperature
varying with both time and depth, the effect seemed to be minimal if
the hydraulic properties were determined at the mean temperature of the

profile.



NUMERICAL SOLUTION OF THE ONE-DIMENSIONAL WATER FLOW EQUATION WITH
AND WITHOUT TEMPERATURE DEPENDENT HYDPRAULIC PROPERTIES

J.W. Hopmans and J.H. Dane1

INTRODUCTION

Solution of the one-dimensional soil water flow equation is
usually complicated. Boundary conditions may vary with time, while the
soil hydraulic properties often change with time and position. In view
of this, most efforts have been concentrated on seeking numerical
rather than analytical solutions. The Douglas-Jones predictor-
corrector method is a finite difference method which can be used to
solve nonlinear parabolic partial differential equations. The model
was adapted to account for temperature dependency of soil hydraulic
properties. The dependence of surface tension of water on temperature
was assumed to be responsible for the temperature effect on soil water
pressure head, while the hydraulic conductivity variation with
temperature was attributed entirely to changes in the water viscosity.
The source text, a description of the model, and three numerical
examples are 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 the Darcy equation and the mass balance
equation of soil water. In one-dimensional form the Darcy equation may
be written as:

v =K , 13

=

lGraduate Research Assiétant and Associate Professor, respectively,
Department 'of Agronomy and Soils.



where K(h) is the hydraulic conductivity function, h is soil water
pressure head, H is hydraulic head, z is distance (z=0 at referen;e
level and 270 above reference level), and %g is the hydraulic
gradient. The algebraic sign of the flux v indicates the direction of
the flow, i.e., v is upward if positive and downward if necative.
Since the hydraulic head is the sum of the pressure and gravitatfona1

head, Eq. 11 may be written as:
= - 3h
v K(h)[az + 1] , 2]

where SN is the pressure head gradient.
Y4
For a certain set of assumptions the mass balance equation can be

written as a volume balance equation:

38 _ _ av
at =~ 3z . [3]

This equation relates the time rate of change of water content, g%} of
a differential volume element of soil to the difference of inflow and
outflow across that element, %%y which is called the divercence of the
flux. Combining Eq. 27 with Eq. [37 yields the general equation for

vertical flow of water in soil:

B2 [K(h)(%*- 1)] : [41

To obtain an equation for water flow in one dependent variable,
another relation between ¢ and h is required.  Introducing the water

. . 1
capacity of the soil as C(h) =g%- (slope of the water retention



curve), the time derivative term in Eq. 41 can be transformed to:

38 _de ah 3h
at * dh 3t = C(h) 3¢ . B

Substituting Eq. I5] into Eq. 47 yields:

cth,1) 2 =2 (ra,m (B +1)y r63

which is called the pressure head form of the one-dimensional general
f]ow equation. An elaborate review of the movement of water in
unsaturated soils has been given by Klute (5).

Eq. [6]1 was derived for isothermal conditions. Recause of the
temperature dependency of a soil}s hydraulic properties on temperature,
additional complications in the numerical solution arise when the
temperature varies with time and/or depth. The computer model
presented in this report was adapted to account for temperature
dependency of the hydraulic properties. According to Wilkinson ard
Klute (6), the change of pressure head (h) with temperature (T) can be
described by

L=nmm 7]

[a N
jon
alo

where dh/dT is the temperature coefficient of soil-water pressure head
(kPa/°C), ois the surface tension at the air-water interface (N/m), and
v(T) is the temperature coefficient of surface tension of water.

“Application of Eq. [71 and knowledge of a reference soil water pressure



head value (href) at a reference temperathe (Tref) allows the soil
water pressure head value (hT) at anv cther temperature to be

approximated by

| dh
he = g ¥ (TTrep) - 22 = g + (T-Trer) hrefov(T)
or .
hT = [] + (T'Tref)"Y(T)]‘ h‘f‘ef 3 r8]

provided [T-Trpflis small. The reference temperature is defined as

that temperature at which the hydraulic properties were determined. As-<
. - . o _ . \|
is temperature dependent and}T-Trefl1s not always small, (T Tref).‘y(T,
was approximated by summation over a finite number of temperature steps

of 0.01 °C, i.e.

s ~—— k r
(T-T, o) ¥(T) = I G - T ro
where T1=Tref and Tk+1=T, so that

1

k
h = {1+ 3»°(T,, ,-T. -
T P T IO YID Iy o= (Db,

rol
The coefficient a(T) is a function of both depth and time if T changes
with depth and time.

The water capacity, C(h), can also be determined as a function of
temperature, figure 1:

. 48 1 do o
Clhy) = Gy dlT) " diver = ofT) " Cllref) ril
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FIG. 1. Relation between soil water pressure head (h) and water content
(6) at reference temperature, T,.of, and at temperature T.



The hydraulic conductivity, K(6), at any temperature, T, can be

calculated from

Nyef

JK . ri2
Ny ref : ]

whereryrpf and11T denote the viécosity of water (Ns/m) at the reference
temperature and the soil temperature in question, respectively, and
Kref is the hydraulic conductivity value at the reference temperature.

It is assumed that the changes in water density with temperature are

negligible.

NUMERICAL IMPLEMENTATIOCN

To solve the flow equation, Eq. (6) is written in the quasi-linear

form:
52n . Clh,T) 3h _ 1 aK(h,T) ah 1 CoK(h,T) )
0 72 K(nh,T) ot K(h,T) o2 2 K(h,T) 32z , [13]

which can be written as a combination of two functions

22h 3h ~ ah
. = fl(h,t,Z)___ + fz(h,t,z,n—— ) . r14-!
2 .

Y4 : ot 0z :
A quasi-linear equation is one in which the highest order derivative
appears linearly. The method that will be described to solve Eq. [14]
was introduced by Douglas and Jones (3). The solution by a finite
difference technique requires that a grid be superimposed upon the
time-depth region of the flow system. The independent variables t and

z will be subscripted by j and i, respectively.

10



Let L be the depth of the profile under consideration and T the
total simulation time required, then for -1 <z<0 and 0<t<T, the
gridpoints (Zi’ tj) are defined for i=0, 1,..... , N, and j=0, 1, ..... R
M such that zO=0, zN=—L, t0=0 and tM=T, figure 2. The Douglas-Jones
approximation uses two equations, the predictor and the corrector.

Each equation advances the solution one-half time increment. The
predictor is a modification of the implicit method, ahd calculates fhe
unknowns (hi) at the (j+i)- time level. The corrector is a
modification of the Crank-Nicolson scheme and uses the values of C(h)
and K(h) calculated at the (j+i)- time level to solve for hi at time
(i+1). The grid spacing in the z-direction is fixed and is denoted by
Az. The time increment is variable: Atj= tj+1' tj.

If 62h/622 can be represented by two functions fl and f2 as in Eq.
[147, the predictor-corrector analog leads to linear algebraic

equations. The predictor is

hi,j+s ~Ni,j

(h'i,j+1/2) = fl(z’i’tj+l/2’h]',j)" + fZ(Z'i’tJ""l/z’h'i,j’GZh'i,j)

st/2 ,[15a]
for i=1,..... ,N-1 , followed by the corrector
Y hi;'+1‘h' j
leZ (hi,J+1+h1’,j) = fl(zi,tj+1/2,h'i,j+l/2> J 1,57 .
At ' ,[15b]
Folzistyohy jup02hy jus)

11
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FIG. 2. Diagram of the finite difference grid super1mposed
on the depth-time region of a soil profile.
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h h

i+1,3 -1,
where §zhi 5 = 57
. 2 ) hi+1,j_2hi,j+hi-1’j
and AZhy 5 = (122

An advantage of the predictor-corrector method is that it gives
rise to sets of linear equations with tri-diagonal coefficient
matrices. The predictor-corrector method is unconditionally stable aﬁd
the truncation error is of the order (Az)2 + (At)3/2.

Specific details of the procedure will be shown by means of an
example. Consider a system with only 5 gridpoints in the z-direction
(N=4), the boundary pbints included, figure 3. Assumina a pressure
head bottom boundary condition, a derivation is given for the
equations of the predictor and corrector for two different boundary
conditions: (1) a constant pressure head top and boftom boundary

condition, and (2) a flux boundary at the surface and a pressure head

boundary at the bottom which may both vary with time.

l.a. Predictor-- constant pressure head top boundary condition.

Using finite differences,'Eq. [147 can be written as:

EE I o e L
(1212 | K5 AE/?
1 K K h h » [16]
i+l,j -1, [ j+l,3 -1, 1]
. + .
K1,J 2AZ 20z

which, on solving for the pressure heads at the unknown time level (j +

1), yields:



i j+% j+1

o O o
i=0 x X X
i=1 x X x
i=2 x x x
i=3 X x X
i=4 X X x

imaginary boundary

physical top boundary

intermediate

? grid points

physical bottom boundary

FIG. 3. Diagram of the grid point distribution for a flux
boundary condition at the soil surface.
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23M,57P L5, (18]

i,j
hio1,juy - (2 LK LIRS E S
A3%4.5
2(AZ)2Ciﬁj K1+1aj-K1-1,J Az
- ( LI . hi41, 5 "

Ath-i,j Ki ,J .
or
hi-l,j+l/2-(2+aj)h1,j+1/2+h.i+1,j+]/2 = bjh.i_l,j..

for i=1,2,3
and Z(AZ)ZC{,~
a; =7
J Ath'i,j
b2 Mg T KL
J IK;

J

Cs: = 242bj

Mol

It is obvious that aj, bi’ and cj vary with depth and time.

u

Writing Eq. [187 in matrix form yields:

-(2+a.) 1 0 hy -3 -bJ
1 —(2+aj) 1 h2 = bJ -aJ

0 1 -(2+a.) h 0 b
el 1M gl !

15

¢5*ho, j457b3h0, 5

- cj

Citha, 547050 5

=



where h0 and h4 are the values for h at the top and bottom boundary,

respectively.

1. b. Corrector-- constant pressure head top boundary condition.
Again, as for the predictor, finite differences are used to rewrite

Eq. [147:

1+hy

h. . . =2h. . . a4h .~2h: .+h. .
%(]1+1,J+1 2h1,3+ ]-1,J+14h1+1,3 2h1,3+h1-1,3 )= Ci,j+g hi,j+1'hi,j
] 5 .
(8z) SN Bt
1 Kiv o si=Kiq sy [ hiq so-hs g &
) R M B A EY AT TN B . 207
Ki,j+% 2AZ A 20z

Solving Eq. 120] for the pressure heads at the unknown time Tevel (ji+1)

yields:

hi_l,j+1—(2+aj+%)h1aj+1+hi+1,j+1 - —hi‘l,j+(2—aj+%)hi,j_hj+1,j

t i, 20y ey 2o, (51,2 ,3) ., Te1)
where 34 bj+%, and Cipy arve defined as in Eq. 1971 with all time

steps incremented by 2.



Writing Eq. 217 in matrix form results in :

-,(2+aj+1/2) 1 0 h]. (2-aj+1/2) -1
1 -(2+aj+%) 1 hy| = -1 (2-aj+;)
0 1 -(2+as, )|h 0 -1
J+ d b :ﬁ J+1 L
0 Zby, O hy 2b5y Mg 54,2 4,
by, 0 =2biul |hy |25,
Jts
2. a. Predictor-- flux top boundary condition.

-N0,5+417 M0, 5

Mg 54170

T

0 h1

-1 hy

(2-a., )| |hg
\] 2 i i J j

-t

'Introducing an imaginary boundary at distance =z above the soil

surface, figure 3, it is possible to determine the pressure head value

at this imaginary point

surface.

Vo,j+s ~ T

and solving for h—l,j+%

2AZ(V0,j+% + KO,j)

My =N,

Ko, ;

17

Writing Darcy's law in finite difference form:

(the imaginary boundary) yields:

needed to sustain the flux at the soil

, rz2]

»  [23]



or

P

where

Similarly:

where

For i=0,...,3,

into Eq. 1181 yields the foTTowing set of linear equations:

1,3+ T Pyt A,

. ZAZ(VO,J-_Hé + KO,J)

d- L=

+2

J*z KO,j
h'laj ) hl’\j ¥ dj

2Az(v0,j +K0,j)

Ko, j

a2 22 lo 51+ Ko )

i+l T
Ko,j+4

18

and substituting the expressions for h

"lsj

-(2+a) 2 0 0 ] gy Fa; 0 07
1 -(2+aj) 1 | 0 h1 bj -aj -b. O
0 1 —(2+aj) 1 h2 0 bj -a, -bj
0 0 1 -(2+aj)d -hBJ- 1 0 0 b -a;]
. J+%
2. b. Corrector-- flux top boundary condition.
Defiﬁing

1 and h_, j

,  T24]

3

C.
J
C.
J
| C5*Ma, 54,0 3Ma 5



and d. and d., , as before, substituting expressions for h ., .,
J J+3 -1,3

h_y, 44y and h-l,j+1 1ntq Eq.l21] results in:

-(2+aj+%) 2
1 -(2+aj+!§)
0 1
|0 :
0 0
2654, 0
0 2.,
. 0 0

7 1

0 0 [ho

1 0 h1
_(2+aj+%) 1 h2
0 0 Fho'
—ZbJ+lé 0 h1
0 ’ij+% h2
2bj+;§ 0 o u.h3J

i :

feaj) 2 00
-1 (2-aj+%) -10 hy

| o -1 (2-a5.) -1 ||y
"2 50

+
"y

R R BN L R R

Once the matrices are defined it is relatively simple to calculate the

h-values at all grid points at times j+i (predictor values) and j+1

(corrector values).

It should be noted that all matrites are of the

tridiagoné] form (elements occur only on the main diagonal and on one

subdiagonal above and be]ow). Such a matrix can be solved explicitly

for the unknowns, and eliminates any matrix operations.

Through

transformation of a tridiagonal matrix into a simpler, bidiagonal form

the unknowns can be solved by backward substitution.

‘been called the Thomas algorithm (1).

This method has

In summary, at each time step two systems of Tinear equations

(predictor and corrector) are solved.

The pressure heads calculated

by the predictor are used to define the hydraulic properties of the

corrector.

19



The solution process uses the initial condition to determine the
pressure head values at the end of the first time step. These values
are then used to determine the h-values at the next time step. The

solution process thus marches forward in time by incrementsA tj.
CALCULATION OF THE TIME STEP

The mass balance equation was used to control the time step size.
A too Targe time step will result in an inaccurate approximatioh of

h. and v.

P54 i, i+l which in turn will influence the outcome of the

mass balance equation. At time tj+1’ the mass balance MBj+1 is defined

as:
‘ . 0 tj+1
N = : ’. - . - Py = - ’t - dt
MB' 4 -lj/tb(z,tJ+1) e(z,tji] dz [v(0,t) - v(-L,t)] s
-L tj

where efz,t) is a function of pressure head and can thus be calculated.
The increase in water in a profile (first integral form in Eq. [257)
was estimated by applying the trapezoidal rule. The second integral is
simply a subtraction of the fluxes at the top and bottom of the pkofi]e
under considerafﬁon and integrated over Atj.

The flux at the bottom was approximated by:

M, 541 N-1, 541 L5017 PN-T, 541

). +1

VNa\j-iﬂ]. - _K( 2

Az

In case of a pressure head top boundary condition, the flux at the
surface was assumed to be equal to the average flux between the first
fwo grid points. If MBJ.+1 was larger than a specific value e, the

values of hi were reiected, the time step decreased, and new values

»J+1

20



for hi,j+1 were calculated. Very small values for MBj+1, e.g. 0.le ,
resulted in an ﬁncrease of the time step.

A relative mass balance was also calculated after each time step.
The relative mass balance (percentage) is defined as MBj+1 *100 divided
by the total amount of water that enters (or leaves) the profile across
the bottom and top boundary over a'given time step. The relative mass
balance may be a better tool to check accuracy, especially if the
second term of the right hand side in Eq. [25] is small relative to
MBj+1.

RESULTS
The results of three simulations will be presented in this

section. The first two simulations describe the infiltration of water
into a sandy and into a light clay soil, as reported by Haverkamp et
al. (4). During the third simulation, both the boundary conditions and

temperature distribution vary with time.

1. Infiltration into a sandy soil
In this simulation (4), water was allowed to infiltrate into a

- 80-cm deep homogeneous soil profile, having the following hydraulic

properties:
A
K=K. ‘ =
s _—K—:_THTB— R KS 34 cm/hr
A= 1.175%10°
b= 4.74
and

21



6= ——T 44
2+ [nb T . 9= 0.287
g.= 0.075
a= 1.611%10°
b= 3.96

The initial and boundary conditions were:

h=-61.5 cm  0<L<80 cn , t =0

h=-20.73 cm, or

v=-13.69 cm/hr z=0 . t 70

h=-61.5 cm z = -80 cm , t >0
where v denotes a constant downward flux and h a constant pressure
head. Water content profiles after 0.2 and 0.8 hour of simulation
timé are shown in figure 4 for the pressure head top boundary condition
and in figure 5 for the flux top boundary condition, respectively. The
~water content distributions in figure 4 are compared with those
computed by the h-implicit method of Haverkamp et al. (4) and by the
model WAFLOW of Dane et al. (2). The results of the simulation wifh
the flux boundary condition, figure 5, are compafed with the water
content profiles computed with WAFLOW.

Table 1 displays the absolute mass balance, the relative mass
balance, and the computing times required to simulate both situations
for 0.8 hour by the predictor-corrector method and the WAFLOW model,
respectively. The results indicate shorter execution times for the
predictor-corrector method than for.WAFLOW. It should be noted,
however, that WAFLOW evaluated the coefficients C and K at the future
time step, which consequently resulted in sets of nonlinear equations
to be solved by iteration. Table 2 shows the effect of a decrease in

the number of space steps on computing time and accuracy. It appears

22
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~FIG. 4. Water content profiles during infiltration into a sandy soil after
0.2 and 0.8 hour as calculated with the h- 1mp11c1t WAFLOW and the predictor-
corrector model.
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Water Content, cm"/cm3
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FIG. 5. Water contént profiles during infiltration into a sandy soil after
0.2 and 0.8 hour as calculated with WAFLOW and the predictor-corrector model.
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Table 1. Comparison of the absolute mass balance, the relative mass
balance, and computing time after 0.8 hour of infiltration into a sandy
soil for a pressure head and a flux top boundary condition,
respectively, as calculated by WAFLOW and the predictor-corrector
method (number of grid points:81, mass balance criterion: 0.001)

Top boundary condition

Pressure head Flux

 MODEL __ WAFLOW MODEL _ WAFLOW
Computing time
(minutes) - 1.12 2.50 0.21 0.30
Absolute mass
balance (cm)
at 0.8 hour 17%107° L12%107° .73%107% .78%107°
Relative mass
balance (%)
at 0.8 hour A7 .35 .32 1.46

25



- Table 2. Effect of number of space steps on computer time and mass
halance during 0.8 hour of infiltration in an 80-cm deep sandy soil
profile with a flux top boundary conditior

Overall
, , relative
Number of Computer Relative mass balance(%) mass
space steps time(sec) time (h) balance (%)
0.1 0.5 0.8 at t=0.8 h
- 80 27 0.38 0.44 0.32 0.79
60 27 0.75  0.84 _  0.57 0.94
40 30 0.51 1.0 1.0 1.36
20 33 2.5 0.8 1.1 1.38
15 35 6.5 0.55 0.5 0.74
WAFLOW 80 30 0.5 1.53 1.46 1.33
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that computer time increases slightly with a decrease in grid points.
A1so"nqte,that the accuracy with only 15 grid points is at least as

good as with 80 grid points.

2. Infiltration into Yolo light clay

The h&drau11c properties as presented by Haverkamp et al. (4) are:

K=K —mo -2
S A+ lhlb s KS= 4.428*10 © cm/hr
A= 124.6
b= 1.77
and
6 -8
v‘ 6 =a( S Y‘) . +er‘ , 95= 0.495
a+(1n|h|)b 6= 0.124
- .12
a= 739
b= 4.0

The infiltration profiles obtained by the h-implicit and the
predictor-corrector model are presented in figure 6. The flow regime

was subjected to the following initial and boundary conditions:
h=-600 cm , t=0, z€0

h=-0.5cm , t>0, z=0
h=-600 cm ,; t»0, z=-200 cm
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0.20

Water Content, cm?®/cm3

FIG. 6. Water content profiles during infiltration into Yolo light clay after
106 and 3*106 seconds as computed by the h-implicit and the predictor-corrector
model.
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The numerical computations were made with a depth interval of 2 cm,
while the time step varied from a few seconds (initial stége) to a few
thousand seconds (for t 730 hours). The Tower wetting front

corresponds to a simulation time of about 35 days.

3. Water movement with temperature affected hydkau1jc properties

| This experimenf involved a long-term simulation, during which
infiltration and evaporation were alternated and varied in magnitude,
figure 7. The bottom boundary condition was one of changing pressure
head, fiqure 8. The hydrau]ic properties and initial condition were
the same as those in the first example. 1In addifion to these changing
boundary conditions, a varying temperature was app1iéd with regard to

‘both time and position, viz.,
T(z,t)=20 + 10 exp(+2z/0.226)sin(.2618t+z/0.266). [26]

Eq. T26]1 indicates an average daily temperature (Tav) of.20°C at any
depth and a temperature amplitude at the soil surface of 10°C. Although
the damping depth is a function of water content, it was chosen to be
constant (0.266 m) since the only purpose of Eq. 267 was to obfain a
reésonab1e change of temperature with time (t>1n hours) and depth. The
constant 0.2168 is the angular frequency. The results of this flow
problem and those of a similar flow problem but with a Tav of 25°C were
compared with the results of the same flow problem subjected to a
constant temperature‘of 20°C with respect to both time and.depth. The
water content distributions at specific times for the three temperature

regimes are shown in figure 9. During the simulation, 2 hours of
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FIG. 7. Top boundary condition for long-term simulation.
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Experiment no. 3
Lower boundary condition

h, kPa

'l il L
L] v v

5 10 15 20 25
time, h

FIG. 8. Bottom boundary condition
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infiltration were followed with evaporation at an average rate of
0.00216 m day'l. After 27.8 hours of simulation, a second application
of water infiltrated during a 2-hour period. For the remaining period
of time, the'top boundary condition was again changed to evaporation.
figure 9 shows that a varying temperature with Tav= 20°C did not
significantly affect the soil water content profiles. However, it
should be noted that the average soil temperature at any depth was
20°C, which is the same as the reference temperature. More distinct
differences did occur when the mean soil temperature differed from the
temperature at which the hydraulic properties were measured (Tav= 25°C,

figure 9).
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........... Variable temp.
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0.7 |
0.8

FIG. 9. Water content prof11es after 2.8, 29.8, and 41.7 hours of simulation at

a constant temperature of 20°C (reference temperature), a variable temperature

with a mean temperature of 200C, and a var1ab1e temperature with a mean temperature
of 250C.
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APPENDIX
Execution of the Program

Appendix figure 1 shows a flow chart of the simulation model. The
proaram consists of a main pfogram, 6 subroutines (INIPLO, TEMP,
CORTEM, PLO, MASSRA, CONDI) and 4 functions (FK, FC, FTH AND UIN). The
input data are read from the data file DATIN. The functions FK, FC,
and FTH define thé hydraulic functions K(h), C(h) and (h) during
initialization. The function UIN provides the initial conditions,
expressed in pressure head as a function of depth. Upon execution of
the program, a 1istihg is printed of the soil's hydraulic properties
and the initial conditions. INIPLO generates a plot of the initial
pressurelhead and water content distribution, while TEMP sets the
initial temperature distribution. CCRTEM determines the temperature
coefficients of pressure head and hydraulic condu@tivity as a function
of water content and temperature. |

If the solution does not satisfy the criterion of the mass balance
equation (calculations done in MASSBA), the time step is decreased and
the solution process is repeated. The simulation, on the other hand,
proceeds in time if the mass balance criterion is met. The time step
size will increase for subsequent calculations if the mass balance is
less than 1/10 of the imposed criterion. The simulation proceeds in
time until the maximum simulation time is reached. The subroutine PLC
generates a plot of the water content distribution at pre-defined times
after the start of the simulation. CONDI allows for transient top and
bottom boundary conditions and for a variable temperature distribution
in both time and space.

Appendix tahle 1 gives a 1list of the most significant variables
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used in the program. Instructions for preparing the input data,
together with a listing of the actual input data, are given in appendix
table 2. A description and listing of the output are given in appendix
table 3, while the listing of the program itself is given in appendix

table 4.
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Appendix Table 1. Definition of the Main Program Variables; if the
Variable Represents an Array, the Maximum Dimension of that Array is
Specified

Variable Definition

ALP Specifies whether the fop boundary condifion is a
preséure head or flux:
ALP=0.0 : pressure head’
ALP=1.0 : flux

CON hydraulic conductivity determined from FK(H, V,F)
DT(2) time step (sec) |
DELMO change in stored water over current time step

(cm), calculated from 2 consecutive water content
profiles.
DELFLU change in stored water over current time step

(cm), calculated from fluxes at boundaries.

DZ | space step (cm)

EMB absolute mass balance at current time step (ch)
EPS criterion for mass balance (Cm)

F(220) factor by which pressure head must be multiplied

in order to correct for temperature, if different

from reference temperature

Ful pressure head at imaginary grid point
FC function, to compute water capaéity from pressure
head and F

40



Appendix Table 1 (continued)

FK

FTH

HO(220)
H1(220)
H2(220)
NO

NZ

NZ1
0(10)

OVERAL

REMB
TE(220)
TEND

TI

TI1
TITI
TH(220)

UBOT

UIN
uTop

function to compute hydraulic conductivity from
pressure head, F and V

function to compute water conten{ from pressure
h;ad and F

pressure head at time level (J)

pressure head at time level (j+%)

pressure head at time levél (i+1)

number of times output -is desiréd

number of space steps

number of gridpoints (NZ + 1)

array, containina the times at which output is
desired

relative mass balance since start of

simulation (%)

relative mass balance at current time step (%)

array, containing temperatures at all grid points

~end of simulation (sec)

time since start of simulation (time level j)
time since start of simulation (time level (j+1)
time since start of simulation (time level j+%)
array, containing water contents at all grid
points

bottom boundary condition of profile (cm)

function, containing the initial conditions

top boundary condition (flux or pressure head)
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Appendix Table 1 (continued)

V(220)

V0(220)
v2(220)
WAT(1)

7(220)

(ZBOT

factor by which conductivity must be multiplied
to correct for temperature if different from
reference temperature

array, containing fluxes at time level (j)
array, containing fluxes at time level (j+1)
value representing amount of water stored in
profile, as determined by trapezoidal rule
array, confaining the depths of the gridpoints
(negative, cm)

depth of profile L (cm)
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Appendix Table 2. Required Input Data and a Listing of Actual Input

Data

1. TInput data file DATIN

column format
1-5 15
11-20 F10.4
?1-30 F10.4
31-40 F10.4
41-50 F10.4
51-60 F10.4
61-70 F10.4
1-5 F5.1
6-10 I5
1-80 8F10.1

2. Initial conditions:

variable
NZ
ZB0T
uToP

UBOT

DT (1)

TEND
EPS

ALP
NO

0(8)

description

number of space steps
profile depth (cm)

top boundary condition,
pressure head (cm) or
flux (negative if
downward, cm/hr)

bottom boundary condition
(cm)

initial time step (sec)
simulation time (sec)

error criterion mass

"~ balance

see appendix table 1
number of times that
output must be printed
array containing times
(sec) that output must be
printed (TEND included)

The initial conditions are listed in the function UIN (Z), where
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Appendix Table 2 (continued)

only pressure head values can be assianed, and in the subroutine TEMP

(Z,TE) for the initial temperature distribution.
3. Seoil Properties:
Analytical expressions for 6(h), K(h) and C(h) are defined in the

functions FTH (H,F),FK(H,V,F) and FC (H,F).

4. Transient boundary conditions and temperature distributions can be

defined fn the subroutine CONDI.

44



INITIALIZATIONS AND BQUNDARY CONDITIONS
NRe OF SPACE STEPS ceeececec 80
DEPTH OF PROFILE (CM) .eeee 80.00000
tOP BOUNDARY CONDITION .... —0.003803 ALPHA = 1.0
BOTTOM BOUNDARY CONOITION o -61.50000
INITIAL TIME STEP (SECGN) 0.01000
MODEL STOPS AT cecescccccss 1000.00 SECON .
ERROR CRITERION MASS BALANCE 0.00100

CUTPUT IS PRINTED AT

.360.0  1000.0
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THE FOLLOWING TABLE GIVES THE HYORAULIC PROPERT[ES CF THE SO: L CONSIDEREL

SOIL TEMPERATURE IS REFERENCE TEMP

PRESSURE

"1 Oo 0
-15.0
"2 Oo 0
_-2 5.0
‘3000
-35. 0
"‘4000
‘45.0
-50.0
‘5500
"60. 0
"65.0
-70.0
‘750 O
"'80.0
-8500
"‘9000
-95 .0
"‘1000 0
‘10000
-200.0
"300. 0
"600.0
-700.0
‘800. 0
-G900.0
-1000.0
—1100. 0
-1200.0
"l 30000
-1400.0
-1500.0
-2500.0
-3500.0
"4500. 0
‘55000 0
"650000
-7500.0"
-8500.0
-9500.0
-10500. 0
-11500. 0
-12500. 0
-13500.0
-14500.0
-15500. 0

WAT ER CONTENT

0e286
0.281
0.270
0.250
0.222
Ye 192
0.164
0.142
0.124
- 0etll
0.102
0.095
0.087
0.084
0.083
0.081
0.080
0.079
0.079
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
0.075
0.075
0.075
0.075
0.075
0.075
0.075
0.075
0.075
0.075

CONDUCTIVITY

0e90225€E-02
Oe 711 569E-02
De41979€E-02
0.20535€E-02

0.98G687€E-03

0.50410E-03
0.27456E-03
0.15908E-03
0.G7187TE-04
0.62092E-04
0e41199E-04
0.28230E~04
0.19885E~04
0e1434TE-04
0.10570E-04
0. 793256-05
0.60511E-05
0.46837E-05
0.36733E-05
0.36733E-05
0.13751E-06
0.20122E-07
0.51458E-08
0.17869E-08
0.7529TE-09
0.36262E-09
0.19256E-09
0.11018E~09
0.66868E-10
0e42562E-10
0.28177E-10
0.19281E-10
0.13570€6-10
0.57846E-11
0.86893E-12
0.17633E-12
0.53578E-13
0.20697E-13
0.93758E—14
0.47580E-14
0.26289E-14
0.15517E-14
0e96556E-15
0.62735E-15
0e42254E-15
0429338E-15
0.20S09E-15
0.15242E-15
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WATER CAPACITY

0e46993E-03
0e14928E-02
0.31235€~-02
0.48639E-02
0.593196-02
0«¢59289€E-02
0.51185€-02
0.40178E-02
0.29881E-02
0.21665E-02
0.15589€E~-02
0.11248E-02
0.81842E-03
0.60228€E-03
0.4487T7E-03
0.33866E-03
0.25877€E-03
0.20010E-03
N.15648E-03
0.15648E-03
0.52113E-05
0.0

2.0

0.0

0.0

CO0O0OO0CCOO

(=
.
COO0OCOOoOOCOoOCO



0.0
-1. 0000
- =2.0000
-3.0000
-4.0000
-5.0000
-6.0000
‘700000
-8.0000
-9. 0000
-10.0000
—11.0000
-12.0000
-13.0000
-14.0000
-15.0000
~-16.0000
-17. 0000
-18.0000
-19. 0000
-20. 0000
-21.0000
-22. 0000
-23.0000
-24.0000
-25. 0000
-26.0000
-27.0000

-28.0000

-29.0000
-30. 0000
-31.0000
-32.0000
-33.0000
-34,0000
-35.,0000
—36. 0000
~-37.0000
-38. 0000
-39.,0000
-40.0000
~-41. 0000
~42.,0000
-43.0000
“44.0000
-4500000
-46.0000
-4 7.0000
~48. 0000
-49. 0000
-50.0000
-51. 0000
~-52.0000
-53.0000
-54.0000
-55.0000
-56. 0000
~-57.0000

20.0000
20.0000
20.0000
20,0000
20,0000
20.0000
20.0000
20,0000
20.0000
20.0000
20.0000
20,0000
2040000
20.0000
20. 0000
20.0000
20.0000
200000
20.0000
20,0000
20.0000
20.0000
20,0000
20,0000
20.0000
20.0000
20,0000
20,0000
200000
20.0000
20.0000
20.0000
20.0000
200000
20,0000
20,0000
20,0000
20.0000
20.0000
20,0000
20.0000
20.0000
20,0000
20,0000
200000
20.0000
20,0000
200000
20.0000
20.0000
20.00090
20.0000
20.0000
20,0000
20,0000
20.0000
20.0000
20.0000

1.0000
1.0000
1.0000
L.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1. 0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.00006
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000

1.0000

1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
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1.0000
1.0000
1.0000
1.0000
1. 0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1L.0000
1.0000
1.0000
1.0000
1.0000

~1.0000

1.0000
1.0000
1.0000
1.0600
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1. 0000
1.0000

1.0000

1.0000
1.0000
1.0000
1.0000

“1.0000

ver Tyl LMrCRABURKE ANU T EMPERATURE CORRECTION FACTORS FOR
PRESSURE HEAD AND HYDRAULIC CONDUCITIVITY RESP



-58, 0000
-59.0000
-60.0000
-61.0000
-62.0000
-64. 0000
-65.0000
"66. 0000
-68.0000
-69.0000
-70.0000
~71.0000
-72.0000
-74. 0000
-75.0000
-76.0000
-77. 0000
~78.0000
-79. 0000
-80. 0000

20.0000
20.0000
20.0000
20.0000
200000
20.0000
20.0000
20.0000
20.0000
200000
20.0000
20.0000
20.0000
20.0000
20.0000
20.0000
20,0000
20. 0000
20.0000
20.0000
20,0000
20.0000
20.0000

1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1. 0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
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1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1. 0000
1.0000
1. 0000
1.0000
1. 0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000



INITIAL CONDITIONS ARE:

NODE

VE~NCTVMSWN -

DEPTH

0.0
~0.10000E+01
~0.20000E+01
-0.30000E+01
-0.40000E+01
-0.50000€+01
-0.60000E+01
-0, 7T0000E+01

'~ —-0.80000E+01

-0.90000E+01
-0.10000E+02
-0.11000E+02
-0.12000E+¢02
-0, 13000E+02
-3.14000E+02
-0.15000E+02
-0.16000E+02
-0.17000E+02
-0.18000E+02
-0.19000E +02
-0.20000E+02
-0.21000E¢02
-0.22000E4+02
-0.23000E+02
—0.24000E+¢02
-0.25000E+02
-0.26000E+02
-0.27000E+02
-0.28U000E+02
-0.29000E+02
-0.30000E+02
-0.31000E+02
-0.32000E+02
—0433000E+02
-0.34000E+02
-0.35000€+02
~0.36000E+02
-0.37000€E+¢02
~0.38000E+02
-0+39000E+02
~0.40000E+02
-0.41000E+02
-0.42000E+02
-0.43000E+02
-0.44000E+02
-0.45000E+02
~0e46000E+02
-0.4T000E+02
-0.48000E+02
~-0.49000E¢02
-0.50000E+02
-0.51000E+02
~0.52000E+02
-0.53000E+02

THETA

0.99851E-01

0.96851E-01
0.99851E-01
0.99851E-01
0.99851E-01
0,99851€E-01
0.99851E-01
0.99851€E-01
0.99851E~01
0.99851€-01
0.99851€E-01
0.99851E~01
0.,99851E-01
0.99851E-01
0.99851E-01
0.99851E-01

" 0.99851E-01

0.99851€E-01
0.99851E~-01
0.99851E-01
0.99851E-01
0.99851E-01
0.99851E-01
0.99851E-01
0.99851E-01
099851 E-01
0,99851E-01
0.99851E-01
0.99851E-01
0.99851E-01
0.99851€-01
0.99851E-01
0.99851E-01
0.99851€E-01
0.99851€-01
0.99851E-01
0.99851E-01
0.99851E-01
0.99851E-01
0.99851E-01
0.99851E-01
0.99851E~-01
0.99851E-01
0.99851E-01
0.99851E-01
0.99851E-01
0.99851€E-01
0.99851E-01
0.99851E-01
0.96851E-01
0.99851E-01
0.99851E-01
0.99851E-01
0.99851E-01
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PRESSURE "HEAD

~0.61500E +02
-0.61500E+02
-0.61500E+02
-0.61500E+02
-0.61500E+02
~-0.61500E+02
-0.61500E402
~0461500€ +02
-0.61500E+02
-0.61500E+02
~0.61500€+02

- =0.61500E+02
: =~0e61500E+02

-0.61500E+02
-0. 61500E+02
-0.61500E+02
~0e 61500€ +02
~0.61500E+02
-0. 61500E +02
-0+ 61500E+02
-0. 61500€ +02
-0.61500€ +02
~0.61500E+02
~0.61500E+02
-0.61500E+02
-0. 61500E+02
-0.61500E+02
-0.61500E+02
-0.61500€+02
-0 61500€+02
-0.61500E+02
-0. 61500E +02
-0.61500E+02
-0, 61500E+02
~0. 61500E+02
~0.61500E +02
-0.61500E+02
-0.61500E+02
-0.61500E+02
-0+ 61500E+02
-0.61500E+02
—0.61500E+02
~0.61500E+02
-0.61500E+02
-0.61500E402
-0.61500E+02
~0.61500E+02
-0.61500E +02
-0.61500E+02
-0. 61500E+02
-0.61500E+02
-0.61500E+02
-0.61500E402
-0. 61500E+02

FLUX

~0.36666E-04
-0.36666E-04
-0.36666E-04
-0436666E-04
-0.36666E-04
-0.36666E-04
-0.36666E-04
~0e36666E-04
~0.36666E-04
-0.36666E-04
-0.36666E-04
-0.36666E-04

=0.36666E-04

~0.36666E-04
-0.36666E-04
-0.36666E-04
—0e36666E-04
-0.36666E-04
-0.36666E-04
-0.36666E-04
-0.36666E-04
—0.36666E-04
-0.36666E-04
-0.36666E-04
-0.36666E-04
-0.36666E-04
-0.36666E-04
-0.36666E-04
-0e36666E-04
-0.36666E-04
-0.36666E-04
-0e36666E-04
~-0.36666E-04
-0436666E-04
-0 36666E~04
—0436666E-04
~0e36666E-04

—0e36666E-04-

-0e36666E-04
-0.36666E-04
-0.36666€E-04
-0e36666E~04
~0.36666E-04
-0.36666E-04
-0.36666E-04
-0 36666E~-04
-0.36666E-04
—0436666E-04
=0e36666E-04
-0+36666E-04
-0+ 36666E-04
~0.36666E~-04
—0e36666E-04
-0.36666E-04

TEMPERATURE WATER CAPACITY

20.00
20.00
20.00
20400
20.00
20.00
20.00
20.00
20.00
20.00
20,00
20.00
20.00
20.00
20.00
20.00
20.00
20.00
20.00
20.00
20.00
20.00
20.00
20.00
20.00
20.00
20.00
20.00
20.00
20.00
20.00
20.00
20.00
20.00
20.00
20.00
20.00
20+60
20.00
20.00
20.00
20.00
20.00
20.00
20.00
20.00
20.00
20.00
20.00
20.00
20.00
20.00
20.00
20.00

-0+14126E-02

0e14126E-02

0.14126E-02 -

0.14126E-02
0.14126E-02
0.14126E-02
Oe14126E-02
0.14126€E-02
0.14126E-02
0.14126E-02
0414126E-02
0.14126E-02
0.14126E-02
0.14126E-02
0.14126E-02
0.14126€-02
0.14126E-02
0.14126E-02
0414126E-02
0.14126E-02
0.14126E-02
0.14126E-02
0.14126E-02
0.14126E-02
0.14126E-02
0.14126E-02
0. 14126E-02
0e14126E-02
0.14126E-02
0. 14126E-02
0.14126E-02
0.14126E-02
0.14126E-02
0e14126E-02
0.14126E-02
0.14126E-02
0e14126E~02

0e14126E-02-
0.14126E~-02 -

0.14126E-02

0.14126E-02"
0.14126E-02-

0.14126E-02
0.14126E-02
0.14126E-02
0.14126E-02
0.14126E-02
0+14126E-02
Ue 14126E-02
0.14126E-02
0.14126E-02
0.14126E-02
0.14126E-02
0.14126E-02

i



-0.54000E+02
~0455000E+02
-0.56000E+02
-0.57000E+02
-0.58000E+02
~0.59000E+02
-0.60000E+02
-0461000E+02
~0.62000E+02
-0s63000E+02
-0464000€+02
-0.65000E+02
~0466000E+02
-0.67000E+02
~0.68000E+02
-0.69000E+02
-0.T70000E +02
-0, T1000E+02
~0.72000E +02
-0. T3000E+02
~0. 74000E +02
-0, 75000E+02
-0. T6000E+02
-0.77000E+02
-0. 78000€ +02
-0.79000€E+02
-0.80000E+02

0.99851E-01

0.99851E-01
0.99851E-01
0.99851E-01
0.99851E-01
0.99851E-01
0.99851E-01
0.99851E-01
0.99851E-01
0.99851E-01
0.99851E-01
0.99851E-01
0.99851E~-01
0.99851E-01
0.99851E-01
0.99851E-01
0.99851E-01
0.99851E-01
0.99851E-01
0.99851E-01
0.99851E-01
0.99851E-01
0.99851E-01
0.99851E-01
0.99851€-01
0.99851E~01
0.99851E-01
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-0.61500E+02
~0.61500E+02
-0.61500€E+02
=0.61500€E4+02
-0.61500E+02
-0.61500E+02
-0.61500E+02
-0, 61500E+02
-0.61500E+02
~0.61500€+02
-0.61500€E+¢02
-0.61500E+02
~0.61500E+02
-0.61500€E+02
—-061500E+02
=0 61500E+02
~0.61500€+02
~061500E+02
-0e 61500€+02
=0.61500E+¢02
=0.61500E+02
-0.61500€+02
~0.61500E+02
~0.61500E+02
-0.61500E+02
-0.61500€E+02
~0.61500E+02

-0.36666E-04
~0.36666E~-04
~0.36666E~04
-0.36666E-04
-0+ 36666E-04
~0.36666E-04
-0436666E-04
~0436666E-04
-0+ 36666E-04

~0.36666E-04-

-0.36666E-04
-0+36666E-04
-0e36666E~04
~0.36666E-04
-0.36666E-04

~0636666E-04

~0e36666E-04
—0.36666E-04
-0436666E-04
-0.36666E-04
~0.36666E-04
~0.36666E-04
~0.36666E-04
~0.36666E-04
-0.36666E-04
-0.36666E~04
-0.36666E-04

20.00
20.00
20.00
20,00
20, 00
20.00

© 20,00

20.00
20.00

- 20400 -
20400

20.00
20.00
20.00
20.00
20.00
20.00
20,00
20.00
20.00
20.00

20. 00

20.00
20.00
20.00
20,00
20.00

0.14126E-02
0.14126€-02
0e14126E-02
0.14126€-02
0.14126E-02
0.14126€-02
0.14126E-02
04 14126E-02
0.14126E-02

‘0e14126E-02
~Owl4l26€-02-

Oel4l26E-02
0.14126E-02
0.14126E-02
0u14126€-02
0.14126E-02-
0.14126E-02
0e14126E-02
0.14126E-02
0e14126E-02
0.14126E-02
0.14126E-02
0.14126€E-02
0.14126E-02
0.14126E-02
0.14126E-02
0.14126E-02



Appendix Table 3. Description and listing of output.
The following variables are printed during the simulation and at the

selected times for output:

TII- time since start of simulation

WAT(1)- water storage in profile at time TII

EMB- absolute mass balance over current time step
REMB- relative mass balance over current time step
OVERAL - relative mass balance since start of simulation
UTOP- bottom boundary condition (pressure head)

UBOT- top boundary condition (pressure head or flux)

At the pre-selected times (defined in DATIN) a listing is given of

pressure head, water content, flux,and temperature at all grid points.
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AT TIME

WAT
WAT
WAT
WAT
WAT
WAT
WAT
WAT
WAT
WAT
WAT
WAT
WAT
WAT
WAT

- WAT

WAT
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WAT
WAT
WAT
WAT
WAT
WAT

WAT
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EMB
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RE
RE
RE
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OVER
OVER
OVER
OVER
OVER
OVER
OVER

"OVER

OVER
OVER
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OVER
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OVER
GVER
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807
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B80T
BOT
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80T
80T
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Qe T99E +01
0« T99E+01
0. 7T99E+01
0.799E¢01
0. 799E+01
0. 799E+01
0.800E+01
0.800E+01
0. 800E+01
0. 800E +01
0. 800E+01
0.800E+01
0. 800E +01
0. 800E+01
0. 800E¢01
0. 800E +01
0. 800E+01
0. 800E +01
0. 800E+01
0.800€E +01
0. 800E+01

-0«B800E+01

0.800£+01
0.800E+01
0.800E+01
0.800E+01
0. 800E+01
0.801E+01
0.801LE+01
0.801E+01
0.801E+01
0.801E+01
0.801E+01
0. 801E+01
0.801E+01
0.801E +01
0.801E+01
0. 801E+01
0.801€+01
0.801E+01
0, 801E+01
0.801E+01
0. B801E+01
0.801E+01
0.801E+01L
0.801E+01
0.801E+01
04801E +01
0.801E+01
0. 801E+01
0. 801E+01
0.801E+01
0.801E +01
0. 80LE+01
0.801E+01
0.801E+01
0.801E+01
0.801E+01
0.801E+01
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0.79881E+01 CM

0. 208E-02
0.936E-03
0.862E-03
0.803E-03
0. 752E-03
0. T08E~03
0.671E-03
0.661E-03
0.608E~03
0.583E-03
0.559E-03
0.537E-03
0.518E-03
0.500E-03
0.483E-03
0.497E~-03
0.454E-03
0. 441E-03
0. 429E-03
0.41TE-03
0.406E-03
0.396E-03
0. 414E-03
0.377E-03
0.369E-03
0.361E-03
0. 353€-03
0. 345€-03
0.338E-03
0.330€-03
0.345E-03
0. 313€-03
0.303€-03
0. 294E-03
0.282E-03
0. 270E-03
0.258E-03
0. 245E-03
0.233E-03
0.220E-03
0.235E-03
0.198E-03
0.186E-03
0.176E-03
0.166E-03
0. 158€-03
0. 1506-03
0.164E-03
0.135E-03
0.128E-03
0.122E-03
0.116E-03
0.111€-03
0.1076-03
0.102F-03

0. 941E-04
0+ 134E-03
0.127E-03

0.552E+04
0.497TE+04
0« 458E ¢+04
0. 426E+04
0e399E+04
0.376E+04
0.356E+04
0.351E+04
0.323E+04
0.309E+04
0.29T7E+04
0.285E+04
0.275E+04
0. 266E+04
0.25TE+04
D.264E+04
0.241E+04
0.234E+04
0.228E+04
0.221E+04
0.216E+04
0.211E+04
0.220E+04
0e 200E+04
0.196E+04
0.192E+04
0. 18T7E+04
0. 183E+04
0.179E+04
0.175E+04
0.183E+04
0. L66E+04
0.161E+04
0.156E+04
0.150E+04
0.144E +04
0.137E+04
0.130E¢04
0o 124E+04
0. 11TE+04
0.125€+04
0. 105€ +04
0. 989E+03
0.935€E+03
0.884E+03
0.838E+03
0.794E+03
0.873E+03
0. 716E+03
0.681E+03
0.651E+03
0.618E+03
0.591E+03
0. 566E+03
0.544E+03
0.663E+03
0.500£+03
0. 4T5E+03
0.451E+03

0.552E¢04
0.534E+04
0.515E+04
0.49TE+04
0.4BLE+04%
0.466E+#04
0.452E+04
Qa44lE+04
0.429€E¢04
0.418BE+04
0.408E+0%
0.399E+04
0.390E+04
0.382E+04
0«374E+04
0.36TE+04
0.360E¢04
0.354E¢04
0.34TE+04
0.341E+04
0+336E+04
0.330E+04
0.326E+04
06321E+04
0.316E+04
0.311E+04
0.307E+04
0.303E+04
0.298E+04
0.294E+04
0.291E+04

0.287E+04

0.283E+04
0.280E+04
0.276E+04
0.2T3E+04
0.269E+04
0.266E+04
0.262E+04
0.258E+04
0.255E+04

0.252E+ 04

0.248E+04
0e245E+04
0.241E+04
0.238E+04
0.232E+04
0.229E+04
0.225E+04
0.222E+04
0.219E+04
0«216E+04
0.213E+04
0.211E+04
0. 208E+ 04
0.205E+04
0.201E+04
0.198E+04

-0.380E-02
-0.380€E-02
-0.380E-02
-0.380E-02
-0+380E-02
-0.380€E-02
-0.380E-02
-0.380E-02
-0.380E-02
-0.380E-02
-0.380E-02
-0.380€E-02
-0.380€E-02
-0.380E-02
-0.380E-02
~0.380E-02
~0.380E-02
-0.380E~-02
~0.380E-02
-0.380€E-02
~0.380€E-02
-0.380E-02
-0.380E~-02
-0.380€-02
-0.380E-02
~0.380E-02
-0.380E-02
-0.380E-02
-0.380E-02
-0.380E-02
-0.380E~02
-0.380E-02
~0.380E-02
-0.380E-02
-0.380E-02
-0.380E-02
-0.380E-02
-0.380€E-02

—-0.380E-02

-0.380€-02
~0.380€E-02

-0.380€E-02

-04380E-02
-0.380E-02
-0.380E-02
-0.380E-02
-0.380E-02
~0.380E-02
~0.380E-02
-0.380E-02
-0e380E-02
~-0.380E-02
-0.380E-02
-0.380E-02
—-0.380E-02
-0.380E-02
~-0.380E-02
-0.380E-02
~0+380E-02

~0.615E+02
~0.615E%+02
~0.615€E+02
-0.615€E¢02
-0.615€E+02
-0.615€E+02
-0.615E+02
-0.615E+02
~0.61l5E+02
-0.615E+02
~0.615€¢02
-0.615E+02
~0.615€E+02
-0.615E+02
-0.615E+02
-0.615E+02
-0.615€E+02
-0.615E+402
-0.615E+02
-0.615E+02
-0.615E+02
-0.615E+02
-0.615E+02
-0.615E+02
-0.615E+02
-0.615E+02
-0.615E+02
-0.615E+02
~0e.615E+02
-0.615E+402
~0.615E+02
-0.615E+02
-0.615E+02
-0.615E+02
-0.6L15E¢02
~0.615E+02
-0.615E+02
-0.615E+02
~0s615E+02
~0.615E+02
-0.615E+02
-0.615E+02
-04615E+02
-0.615E+02
-0.615E+02
-0.615E+02
—~0D.615E+¢02
-0.615E+02
-0.615€E+02
-0.615E+02
~0.615E+02
-0.615E+02
-0.615E+02
-0.615E+02
-0.615E+02
-0.615E¢02
-0.615E+02
~0e615E+02
-0.615E+02
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0.801E+01
0. 801E+01L
0. BOLE +01
0. 801E+01
0. 80LE<0OL
0. 801E¢01
0.801E+01
0.801E+01
0.801E¢01
0. 80LE+01
0-.801E¢01
0. 80LE ¢01
0. 801E+01
0.801E+01
0. 801E+01
0.801E+¢01
0.801E+01
0.801E+01
0.801E+01
0.802€+01
0. 802E¢01
0.802E+01
0. 802E+01
0. 802E¢+01
0.802E+01
0.802E+01
0.802E+01
0.802E+01
0. 802E+01
0.802E¢01
0.802E¢01
0. 802E+01
0. 802E+01
0. 802E+01
0.802E+01
0.802E +01
0. 802E 01
0.802E+01
0,802E+01
0.803E+01
0. 803E+¢01
0.803E+01L
0.803E+01
0.803E+01
0. 804E+01
0. 804E+01
0.804E+01
0. 804E+01
0. 805E+01
0. 805E+01
0.805E+01
0. 805E+01
0. 805E+01
0.806E+¢01
0.806E+01
0.806E+01
0. 80TE+OL
0. 807E+0OL
0.807E+01
0. 808E+01
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0.120€-03
0. 114E-03
0. 108E-03
0,103E-03
00 126FE-03
060 946 E~04
0.133E-03
0. 126E-03
0. L19E-03
0. 134E-03
0o LO5E-03
0. L00E-03
0. 953E-04
0. 134E-03
0.152E-03
0.117€-03
0o LLOE-03
0. 103E-03
0.123E-03
0. 915E-04
0. 128E-03
0. 140E-03
0. 109E-03
0.101E-03
0. 934E-04
0.155E~03
0.115€E-03
0.127E-03
0. 948E-04
0.153E-03
0.109E-03
0. 122E-03
0. 104E-03
0. 7T16E-04
0.885E-04
0. 994E-04
0.915E-04
00 462E-04
0.331E-04
0.240E-03
0.285E-0C3
0s334€-03
0.331E-03
0.296E-03
0.297€E-03
0.249E-03
0.253E-03
0.231E-03
0.191€-03
0. L92E-03
0.173E-03
0o 134E-03
0. 142E-03
0.129E-03
0. 930E-04
0,152E-03
0.112E-03
0.112€E-03
0.977TE-04
0.101E-03

0. %2 5F¢03
0. 404E+03
0.384E+03
0.365E+0713
Os 44 5F¢03
0.335E+03
0.315E¢03
0.297E¢03
0. 280E+03
0. 31TE+03
00 249E+03
0.237E403
0.225E+03
0.211E¢03
0.240E403
0.183E+03
0. L73E+03
0. 162E403
0, 194E+03
0o 144E+03
Oe 134E+03
0. 147E+03

0.114E+03:

0.106E+03
0.980E+02
0.108E¢03
0.808E+02
0.886E+02
0. 663E+02
0.711E+02
0+ 509E¢02
0.568E+02
0. 485€¢02
0. 334E¢02
0.2T75€+02
0.206E+02
0.126E402
0. 426E+01
0.,203€E+01
0,984E+01
0.117€+02
0.137E+02
0.135E+02
0.121€¢02
04 122E+02
0.102E+02
0. 104E+02
00 944E ¢01
0.781E+01
Q0. 786E+01
0. 710E+01L
0.547E+01
0.581E+01
0.526E+01
0. 380E+01
0.415E+01
0.305E+01
0.305E+01
0.267E+01
0. 184E+01

0.194E+04%
0.190E¢ 04
0.187F¢0%
0,183E¢04
0,180E+04
01 77E+ 04
0.173E¢04
0.168E¢0%
0. 164E+04
0., 160E¢04
0., 157E+04
0,153E¢04
0.150E+04
0o L45E¢ 04
0.140E¢04
0.136E+04
0.132E%+04
0.128E+04
0.L25E+04
0.121E+04%
0.117E¢+ 04
0.112E+04
0.108E+04%
0. 104E+ 04
0.101E+04
0.960E+03
0.916E+03
0.876E+03
0.839E¢03
0. 7T89E¢ 03
Q. 74%E+03
0.705E+03
0,669E4+03
0.637E+03
0.593E4¢03
0.538E+¢03
0.47LE+03
0.397€+03
0,320E+03
0.245E+03
0.198E¢03
0.165E+03
0.141E+03
0.123E+03
0.109E+03
0.975E¢02
0.881LE+0Q2
0.802E+02
0.737E#+02
0.680E+02
0.632E¢02
0.590E¢02
0.553E¢02
0.520€E¢02
0.491E+02
0.453E+02
0.421E¢02
0.393E+02
0.368E+02
0.336E+02

-0.380E~02
-0,380E-02
~-0.380€E-02
~0.380E-02
-0.380E-02
-0.380€E-02
-0.380E-02
-0.380E-02
-0,380E~02
-0.380E-02
~0.380E-02
~0.380E-02
-0.380E-02
~0,380E~02
-0.380E~-02
~0.380E-02
-0+ 380E-02
~0.380E~02
-0.380E-02
-0.380E-02
-0.380E-02
-00,380E-02
-0 380€E-02
-0.,380E-02
-0.380E-02
-0+380E-02
-0.380E-02
-0.380E-02
~0+380E-02
~-0.380E-02
~-0.380E-02
-0.380E-02
-0.380E-02
-0.380E-02
-0,380E~-02
~0.380€E-02
-0.380E-02
-0.380E-02
=0.380€E~02
-0.380E-02

-0.380E-02

-0.380E-02
-0, 380E-02
-0.380E-02

-0.380E-02

-0.380E~02
~0.,380E-02
-0,380€E-02
-0.380E-02
-0+380E-02
~0.380E~-02
-0.380E-02
—-0.,380E-02
-00.380E-02
-0.380E-02
~0.380E-02
-0.380€E-02

-0.380E-02"

-0+ 380E-02
-0.380€E-02

~-0,615E¢02
~0.615€¢02
-0,615E+02
-0.615E+02
—0,615€E+02
-0.615E+02
-0.615E+02
-0e615E¢02
-0 615E+02
~0.615€E+02
-0.615E+02
—-0.615E¢+02
~0.615E+02
-0.615E+02
-0.615E+02
~0.615E+02
-0,615E+02
-0.615E+02
-0.,615E+02
-0.615E+02
~0.615E+02
-0,615E+02
-0615€E+02
-0.615E+02
-Q.615E+02
-0.615€E+02
-0e615E¢02
-0.615E+02
~0.615E+02
—~0e615E+02
-0e615E¢02
-0.615E+02
-0s615E+02
-0.615E+02
-0.615E¢+02
-0.61L5E¢02
-0.615E+02
-0.615E+02
-0e615€+02
-0 615E+02
-0.615E+02

=0e615E+02

~06615E+02
-0.615E402
-0a615E%02
-0.615€E+02
=0.615E+02
~-0.615E+02
-0.615E+02
~0.615E402
-0,615€E+02
-0.615E+02
-0.615E+02
~0.615E+02
-0.615E+02
-0.615E+02
-0.615E¢02
—0.615E¢02
-0.615E+02
-0,615E+402



WAT
WAT
WAT
WAT
WAT
WAT
WAT
WAT
WAT
WAT
WAT
WAT
WAT
WAT
WAT
wAT
WAT
WAT
WAT
WAT
WAT
WAT
WAT

- WAT

WAT
WAT
WAT
WAT
WAT
WAT
WAT
WAT
WAT
WAT
WAT
WAT
WAT
WAT
WAT
WAT
WAT
WAT
WAT
WAT
WAT
WAT
WAT
WAT
WAT
WAT

EMB
EMB
EMB
EMB
EMB
EMB
EMB
EMB
EMB
EMB
EMB
EMB
EMB
EMB
EMB
EMB
EMB
EMB
EMB
EMB
EMB
EMB
EMB
EMB
EMB
EMB
EMB
EMB
EMB
EMB
EMB
EMB
EMB
EMB
EMB
EMB
EMB
EMB
EMB
EMB
EMB
EMB
EMB
EMB
EMB
EMB
EMB
EMB
EMB
EMB

OVER
GVER
OVER
OVER
OVER
OVER
OVER
CVER
OVER
OVER
OVER
OVER
OVER
OVER
OVER
OVER
OVER
OVER
OVER
OVER
OVER
OVER
OVER
OVER
OVER
OVER
OVER
OVER
OVER
OVER
OVER
OVER
OVER
OVER
OVER
OVER
OVER
OVER
OVER
QVER
OVER
OVER
OVER
OVER
OVER
QVER
OVER
OVER
OVER
OVER

Top
Toe
TOP
TOP
TopP
ToP
Tae
Tae
TOP
ToP
TopP
TOpP
Top
Tae
Toe
ToP
T0P
ToP
Top
TopP
Tap
Toe
ToP
ToP
TOP
ToP
TOoP
Top
Toe
ToP
ToP
Tae
Toe
Top
Top
T0P
T0P
ToP
Toe
Tae
Tae
Yop
ToP
Tae
TOP
ToP
Tae
Tae
TopP
TOP

BOT
B80T
B8OY
BOT
BOT
BOT
BOT
BOT
BOT
BOT
BOT
80T
BOT
BOT
BOT
aoT
BOT
BOT
BOT
BOT
BOT
BOT
BOT
80T
80T
BOT
BOT
18}
BOT
BOT
BOT
80T
BOT
BOT
BOT
BOT
BOT
BOT
80T
BOT
BOT
BOT
BOT
BaT
BOT
BOT
8OT
BOT
BOT
BOT

19.4

21l.6

23.8

2Ta1

32.0

39.4

46.8

5442

6l.6

69.0

76‘3

83.7

91.1

9845
105.9
113.3
12007
128.1
135.5
142.9
150.2
157.6
165.0
172.4
179.8
187.2
194.6
202.0
209.4
216.7
22441
231l.5
238.9
24643
253.7
26l.1
26845
275.9
283.3
290.6
298.0
30544
312.8
320.2
327.6
335.0
34244
349.8
357.1
360.0

0. 808E+01
0. 809E+01
0.810&+01
0.811E+01
0.813E+01
0.816E+401
0.819E+01
Je B22E+01
0.825E+¢01
0.827E+01L
0.830E¢01
0.833E+01
0.836E+¢01
0. 839E+01
0.841E+01
0. 844E+01
0.847E+01
0. 850E+01
0.853E+01
0.856E+01
0., 858E ¢01
0. 861E+01
0.864E+01
0.867E+01
0.870E+01
0.872E+01
0. BT5E+01
0.878E+01
0. 881E+01
0o 884E+01
0.88TE+0L

0.889E+01

0.892E+01
0.895E+01
0.898€+01
0.901E+01
0.903E+01
0.906E+01
0.909€E+01
0.912E+01
0.915E+01
0. 91 TE+O1
0« 920E ¢01
0.923E+01
0. 926E+01
0e929E+01
0.931£+01
0.934E+01
0.937E+01
0.938E+01
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0.990€E-04
Os 114E-03
0. TTLE-0%
0e6TS5E-04
0.627TE-04
0. 703E-03
0.898E-03
0.661E-03
0.607E-03
0.531E-03
0. 494E-03
0.460E-03
0.453E-03
0.412E-03
0.393€-03
0.3 79E-03
0.379E-03
00349E-03
0.338E-03
0,327€E-03
0.332E-03
0.308E-03
0. 299€E-03
0.295E-03
0.299E-03
0.277€-03
0. 273E-03
0.268E-03
0. 273E-03
0. 255E-03
0.251E-03
0.247€E-03
0.251E-03
0.238E-03
0. 233E-03
0.231E-03
0.237E-03
0.222E-03
0. 220E-03
0.226E-03
0.211E-03
0.210E-03
0.211E-03
0.214€E-03
0.201E-03
0.198E-03
0. 199E-03
0.204E-03
0.191E-03
0.426E-04

0.180E+01
0. 139E+¢01
0. 935E+00
0.546E+00
0.338E+00
0.253E+01
0. 323E+01
0.,238E+01
0.218E¢01
0.191E+01
0.177E+01
0.165E+01
0.163E+01
0.148E+01
0. 141E+01
0.136E+01
0.136E+01
0.126E+01
0.121E+01
0. 118E+01
0.119E+01
0.111E+01
0.108E+01
0.106E+01
0.108E +01
0. 996E+00
0.981E+00
0.964E +00
0.982€E +00
0.917E+00
0.902E+00
0., 88TE+00
0.902E+00
0.855E+00
0. 83TE+0O0
0.830E+00
0.852E+00
0. 79 TE+00
0o 790E +00
0.813E+00
0.758E+00
0s T54E+00
0. 757E+00
0. T69E +00
0. 721E400
0. 712E+00
Q. TL4E+00
0. T33E+00
0.686E+00
0.397E+00

0.310E+02
0.2 TTE+02
0.251E¢02
0.220E+02
0.186E+02
0.156E+02
0.137E+02
0.121E+02
0.109E+02
0.996E+01
0.917E+01
0.851E+01
0.795E+01
0. T746E+01
0. T04E+ 0L
0.66TE+ 0L
0.635E401
0. 605E¢01
0.579E+ 01
0.555E+01
0.534E+01
0.514E+01
Qe 496E+Q1
04T79E+01
0e464E+01
0.449E+0L
0.436E¢01
0. 423E+01
0.412E¢01
0.401E+01
0.391E+01
0.38lE+0L
0.372E+01
0.364E+01
0. 355E+01
0.348E+01
0.340E+01
0.334E4+01
0.327E+01
0.321E+01
0.315E+01
0.309E+01
0.303E+01
0.298E+01
0.293E+01
0.288E+01
0.283E+01
06279E+01
0.275E+01
0.273E+01

~0.380€E-02

-0.380E-02-

-0.380E-02
-0.380E-02
~-0.380E-02
-0.380E-02
-0,380E-02
-0.380E-02
-0.380E-02
-0.380E-02
~00380€E-02
-0.380E-02
~0.380E-02
-0.380E-02
-0.380E-02
-0.380E-02
-0.380E-02
-0.380E-02
-0.380E-02
-0.380E-02
-0.380E-02
-0.380E-02
-0.380E-02

—0.380€E-02"

-0.380E-02
-0.380€-02
—-0.380E-02
-0.380E-02
-0.380E-02
-0.380E-02
-0.380E-02
-0.380E-02
-0.380E-02
-0.380E-02
~0.380€E-02
-0.380E-02
-0.380E-02
-0.380€E-02
-0.380E-02
-0.380E-02
-0.380E-02
-0.380E-02
-0.380€E-02
-0.380E-02
-0.380€-02
-0.380E-02
-0.380E-02
~0e380E-02
-0.380E-02
-0.380E-02

~0.615E+02
-0.615E+02
~0.615E¢02
~0.615E+02
-0.615€E+02
-0.615E+¢02
-0.615E+02
-0.615E+02
-0.615E402
-0.615F+02
~0.615E+02
-0.615E+02
-0.615E+02
-0.615E+02
~0.615E+02
-0.615E+02
-0.615E¢02
-0.615E+02
-0.615E+02
-0.615E+02
~0.615E+02
-0.615E+02
-0.615E+02
—-0.615E+02
-0.615E+02
-0.615E+02
~0.615E+02
-0.615E¢02
-0.615E+02
-0.615E+02
~0.615E¢02
“0.615E+02
-0.615E+02
-0.615E+02
-0.615E+02
-0.615E+02
-0.615E+02
-0.615E+02
-0.615E+02
-0.615E+02
~-0.615E+02
-0.615E+02
~-0.615E402
-0.615E+02
-0.615E+02
~0.615E+02
-0.615€E+02
-0.615E+02
-0.615E+02
-0.615E+02



DEPTH,

AT TIME:
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KK C <K<K <LK LCLLCELLCLCLCLCLCELCELCIEELLLELCELCLCLCLCLCLCLCLCLCLCLCKLCKLC<LCCLK<KCLCLCLCLCLCLKCLKCKLC<LCLC <L LCLEKKCC K<

PRESSURE HEAD,
0.100

TEMP
Y EMP
TEMP
TEMP
TEMP
TEMP
TEMP
TEMP
TEMP
TEMP
TEMP
TEMP
TEMP
TEMP
TEMP
TEMP
TEMP
TEMP
TEMP
TEMP
TEMP
TEMP
TEMP
TEMP
TEMP
TEMP
TEMP
TEMP
TEMP
TEMP
TEMP
TEMP
TEMP
TEMP
TEMP
TENP
TEMP
TEMP
TEMP
TEMP
TEMP
TEMP
TEMP
TEMP
TEMP
TEMP
TEMP
T EMP
TEMP
TEMP
TEMP
TEMP
TEMP
TEMP
TEMP
TEMP
TEMP

THETA,
HOURS

0.0
-0.1000E+01
-0.2000E+01
~0.3000€E+01
~0.4000E+01
-0.5000E+01
-0.6000E+01
-0.7000E+01
~0. 8000E+01
-0.9000E+01
-0.1000E+02
-0.1100E+02
—-0.1200E+02
~-0.1300E+02
-0.1400E+02
-0.1500E¢02
-0.1600E+02
=0.1700E+02
-0.1800E¢02
~0.1900€+02
-0.2000E+02
-0.2100E+02
-0.2200E¢02
-0.2300E+02
-0.2400E+02
-0.2500E+02
—-0.2600E+02
-0.2700E+02
—0.2800E402
-0.2900€+02
-=0.3000E+02
-0.3100E+02
~0.3200E+02
-043300E+02
-0.3400E+02
~0.3500E+02
-0.3600E+02
~0.3700E+02
-0.3800E+02
-0.3900E+02
~0.4000E+02
~0.4100E¢02
-0.4200E+02
-0.4300E+02
-0.4400E+02
-0.4500€E+02
-0.4600E+02
~-0e4TOOE+02
-0.4800E+02
~0e4900E+02
—-0.5000E+02
-0.5100E¢02
-0.5200E+02
-005300E+02
-0.5400€+02
-0.5500E+02
~0.5600E+02
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-0.2331E+02
~0s 2380E+02
-0, 2438£+02
-0 2510E+02
-0625G8E+02
-0e 27095402
-0, 2852E4+02
-=0.3039E+02
-0s3288E+02
~0e362TE+02
-0.4078E+02
-0, 4632E+02
-0s 5204E+02
~0.5653E+02
~0.5922E¢#02
-0, 6053E+02
~0.6111E¢02
~0e6134E+02
-0.6143E+02
~0.614TE+Q2
-0 6148E+02
-0 6149E+02
-0 6149E+02
~0. 6149E+02
—0e 6149E+02
~0,6149E+02
~0s6149E+02
—0,6149E+02
-06 6149E¢02
-0 6149E+02
-0e 6149E+02
~0. 6149E+02
-0 61 49E+Q2
-0+ 6149E+02
-0, 6149E+02
-0 6149E+02
-0.6149E+02
—0e6149E+02
~0.6149E+02
-0, 6149E+02
-0, 6149E+02
-0 6149E+02
~0e6149E+02
-0e 6149E+02
—0e 6149E+02
—0. 6149E+02
-0.6149E+02
~0o6149E+02
—-0es 6149E+02
-006149E+02
-0 6149E+02
~0.6149E+02
-0 6149E+02
-0.6149E+02
-0.6149E¢+02
-06 6149E+02
-0.6149E+02

FLUX AND TEMPERATURE

0.25T5E¢00
0.2554E+400
0:2527TE+00
0.2493E+00
0.2448E+00
0.2390E+00
0.2310E+00
0.2200E+¢00
0.2050E+00
0.1848E+00
0.1605E+00
0.1364€£+¢00
0.1184E+00
0.1082E+00
0.1033E+00
0.1013E+00
0.1004E+00
0.1001E+00
0.9994E-01L
0,9989E~01
0.9988E-01
0.9987E-01

.0.9987E-01

0.9986E-01

"0.9986E-01

0.9986E-01
0.9986E-01
0,9986E~01
0.9986E-01
0.9986E~-01
0.9986E-01
0.9986E~01
0.9986E-01
0.9986E-01
0.9986E-01
0.9986E-01
0.9986E-01
0.9986E-01
0.9986E-01
0.9986E-01
0.9986E-01
0.9986E-01
0.9986E-01
0.9986E-01
0.9986E~-01
0.9986E-01
0. 9986E-01
0.9986E-01
0.9986E-01
0.9986E-01
0.9986E-01
0,9986E-01
0.9986E-01
0.9986E-01
0.9986E-01
0+9986E~01

- 0,9986E-01

~0.3803E-02
~0.3773E-02
~0.3724E-02
~0¢3659E-02
~0.3572E-02
~003454E-02
~0.3293E-02
~043069E~02
-0, 2758E-02
~002334E-02
~0. 17T98E-02
-0.1213E-02
-0, T049E-03
~0.3629E-03
~0. 1800E-03
~0.9635E-04
=0, 6084E-04
~0046256-04
-0, 4040E-04
~0. 3810E-04
~0.3722E-04
-0.3688E-04
~0.3676E-04
~0.3672E-04
~0.3670E-04
~0.36T0E-04
~0.3670E-04
~0436 TOE-04
~0.3669E-04
~0.3669E-04
~0.3669E-04
~0.3669E-04
~0.3669E-04
~0.3669E-04
~043669E-04
~0.3669E-04
~0.3669 E-04
~0.3669E-04
~0.3669E-04
-0.3669E-04
-0 3669E-04
~0.3669E-04
~0.3669E-04
~00 3669E-04
-0.3669E-04
~0.3669E-04
-0,3669E-04
~003669E-04
~043669E-04
~0.3669E-04
~0.3669E~04
~0.3669E-04
~0.3669E-04
~0.3669E-04
~0.3669E-04
~0.3669E-04
-0.3669E-04

042000402
0.2000E+02
0.2000E+02
0.2000E+02
0.2000E+02
042000E+02
0.2000E+02
0.2000€E+02
0.2000E¢02
0.2000E+02
0.2000E+02
0,2000E+02
0.2000E+02
0.2000E+02
0.2000€E+02
0.2000E+02
0.2000E+02
0.2000E+02
0.2000E+02
0.2000E+02
0.2000E+02
0.2000E+02
0. 2000E +02
0.2000E+02
0.2000E+02
042000E+02
0.2000E+02
0.2000E+02
0.2000E+02
0.2000E+02
0.2000€+02
0.2000E+02
0.2000E+02
0.2000E+02
0.2000E+02
0. 2000E+02
0.2000E+02
0.2000E+02
0.2000E+02
0.2000E+02
0.2000E+02
0.2000E+02
0.2000E+02
0.2000E+02
0+2000E+02
0.2000E+02
0.2000E+02
0.2000E+02
0.2000E+02
0.2000E+02
0.2000E+02
0.2000E+02
0.2000E+02
0.2000E+02
0.2000E+02
0.2000E+02
0. 2000€+02
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WATER 1IN

WAT
WAT
WAT
WAT
WAT
WAT
WAT
WAT
WAT
WAT
WAT
WAT
WAT
WAT
WAT
WAT
WAT
WAT
WAT
WAT
WAT
WAT
WATY
WAT
WAT
WAT
WAT
WAT
WAT
WAT
WAT
WAT
WAT
WAT
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TEMP
TEMP
TEMP
TEMP
TEMP
TEMP
TEMP
TEMP
TEMP
TEMP
TEMP
TEMP
TEMP
TEMP
TEMP
TEMP
TEMP
TEMP
TEMP
TEMP
TEMP
TEMP
TEMP
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EMB
EMB
EMB
EMB
EMB
EMB
EMB
EMB
EMB
EMB
EMB
EMB
EMB
EMB
EMB
EMB
EMB
EMB
EMB
EMB
EMB
EMB
EMB
EMB
EMB
EMB
EMB
EMB
EMB
EMB
EMB
EMB
EMB
EMB

RE
RE

OVER
OVER
OVER
OVER
OVER
OVER
OVER
OVER
OVER
OVER
OVER
OVER
OVER
OVER
OVER
OVER
OVER
OVER
OVER
GVER
OVER
OVER
OVER
OVER
OVER
OVER
OVER
OVER
OVER
OVER
OVER
OVER
OVER
GVER

-0.5700E¢02
~0.5800E+02
-0.5900E+02
-0.6000E+02
-0.6100E¢02
-0.6200E+02
-0.6300€E+02
~0.6400E+02
—-0.6500E+02
-06600E+02
~0.6T00E+Q2
-0.6800E+02
-0.6900E¢02
-0.7000€E+02
-047100E+02
-0.7200E+02
~-0.7300E+02
—-0,7400E+02
-0.7500E+02
-0.7600E¢02
-0.7T00E+02
-0.7800E+02
~0.7900E+02
-0.8000E+02

Toe
TopP
TOP
Toe
TGP
TGP
Toe
ToP
Top
T0P
Toe
TopP
Tae
TOP
Toe
Tore
Tap
Tae
Tae
Top
ToP
Toe
TQoP
Tae
Top
Top
ToP
Top
Toe
TOP
TopP
TQe
TopP
TOP

PROFILE AT TIME

BOT
80T
BOT
BOT
80T
8ar
BOT
8arT
BOT
80T
80T
BOT
BOT
80T
BOT
80T
BOT
80T
8ov
BOT
80T
BOT
B8OV
BOT
BaT
80T
BOT
80T
BOT
BOT
BOT
8aT
BOT
BOT

—0.6149E+02
—-0.6149E+02
-0.6149E+02
—~0.6149E+02
-0.6149E+02
~Ue 6149E¢02
~0.6149€E+02
-0.6149E+02
—~0.6149E+02
~0s6149E+02
~0.6149E+02
-0 6149E402
—0.6149E+02
~0.6149E402
-0s 6149E+02
~0.6149E+¢02
~0.6149E+02
~0.6149E+02
~0.6149E+02
-0.6149E+02
~0e6149E+02
-0.6150E+02
—0.6150E+02
~0.6150E+02
360.00SEC: 0.938
37l.1 0.942E+01
38242 0.947E+01
393.3 0.951€E+01
404,3 0.955E+01
415.4 0.959E+01
426.5 0.963E+01
437.6 0.968E+01
448.7 0.972E+01
459.8 0.976E+01
470.8 0.980E+01
48l1.9 0.984E+01
493.,0 0.989E+401
504.1 0.993E+01
5152 06997€E+01
5263 0.100E+02
537.3 0.101E+02
54844 0.101E+02
559.5 0.101E+02
5706 0.102E+02
581l.7 0.102E+02
592.8 0e.103E+02
603.8 0.103E+02
614.9 0.103E+02
626.0 0e.104E+02
637.1 0.104E+02
648.2 0.105E+02
659.3 0.105E+02
670.4 0.106E+02
68l.4 0.106E+02
692.5 0.106E+02
703.6 0.107E+Q2
Tl4.7 0.107E+02
725.8 0.108E+02
736.9 0.108E+02

0.9986E-01
0.9986E-01
0.9986E-01
0.9986E-01
0.9986E-01
0.9986E-01
0.9986E~-01
0.9986E-01
0.9986E~-01
0.9986E-01
0. 9986E-01
0.9986E-01
0.9986E-01
0.9986E-01
0.9986E-01
0.9986E-01
0.9986E-01
0.9986E-01
0,9986E-01
0.9986E-01
0.9986E-01
0.9986E-01
0.,9985E-01
0.9985€-01

OTE+O01CM
0. 434E-03
0.423E-03
0. 408E-03
0.410E-03
0.389E-03
0.380E-03
0. 382E-03
0.365E-03
0.359E-03
0.362E-03
0. 345€-03
0.341E-03
0s344E-03
0.328E-03
0.328E-03
0.323E-03
0.314E-03
0. 314E-03
0.308€E-03
0.301E-03
0.305E-03
0.296E-03
0. 292E-03
0.293E-03
0.286E-03
0.281E-03
0.285€-03
0.276E-03
0e272E-03
0.276E-03
0. 268E-03
06270E-03
0. 264E-03
0.261E-03

56

-0.366%9E-04
-0.3669E-04
—0. 3669E-04
—0.3669E~-04
~003669E-04
-0.3669%9E-04
-0.3669E-04
-0.3669E-04
—-0.3669E-04
-0.3669E-04
-0e3669E-04
—0.3669E-04
—0.3669E-04
-003669E-04
-0.3669E-04
-0.3669E-04
-0.3669E-04
—0e3670E-04
-063671E-04
-0.3672E-04
-0.3673E-04
-0.3674E~-04
~0.3676E-04
-0.367T7€E-04

0.104E+01
0.101E+01
0.977E+00
0.982E+00
0.931E+00
0. 909E+00
0.914E+00
0. 87T6E+00
0.861E+00
0.86TE+Q0
0.827E+00
0.817E+00
0.824E+00
0. TB6E+0Q0
0., 7T8TE+00
Qe TT4E +00
0« 753E+00
0. T53E+00
0. 73 7E+00
0.722€E+00
0.730E+00
0.710E+00
0. 699E+00
0.701E+00
0.684E+00
0.674E+00
0.683E+00
"0.661E+00
Ue653E +00
0. 661E+00
0. 643E+0Q0
0,64 7E+00
0.633E+400
0« 625E¢00

0. 2000E+02
© 0.2000E4¢02
0.2000E+02
0.2000E+02
0.2000E+02
0,2C00E+02
0.2000E+02
0.2000E+02
0.,2000E¢02
0.2000E¢+02
0.2000E+02
0. 2000E¢02
0.2000E+02
0. 2000E+02
0.2000E+02
0. 2000E+02
0.2000E+02
0.2000€E+02
0.2000€¢+02
0.2000€E+02
0.2000E+02
0.2000E¢02
0.,2000€402
0.2000E+02
0.268E+01L -0.380E-02
0.263E+01 -0.380E-02-
0.258E+01 —-0.380E-02
0.254E+01 —-0.380€E-02
0.250E+0L -0.380E-02
0.245E+01 —-0.380E-02
0.242E+01 —-0.380E-02
0,238E+01 -0.380E-02
0.234E+01 -0.380E-02
0.231E+01 -0.380E-02
0.227E+0} -0.380E-02
04224E+01 —0.380E-02
0.221E+01 -0.380E-02
0.218E+01 -0.380E-02
0.215E+01 -0.380E-02
0.212E+01 -0.380E-02
0.209E+01 —-0.380E-02
0.207E+01 -0.380E-02
0.204E+01 -0.380E-02
0.202E+01 -0.380E-02
0.199E£+401 —-0.380€£-02
0.197E+01 —-0.380E-02
0.194E+01 -0.380E-02
0.192E+01 —-0,380E-02
0.190E+01 —-04380E-02
0.188E+0l -0.380E-02
0.186E+01 -0.380E-02
0.184E+01 -0.380€E-02
0.182E+01 -0.380€E-02
0.180E+01 —0.380€E-02
0.178E+01 -0.380&-02
0.177E40L ~0.380E-02
0.175E+01 —-0.380E-02
0.173E+0L -0.380E-02

-0.615E+02

~0.615E+02. -

~0+615E+02
-0.615E+02
-0.615E+02
~0.615€E+02
-0.615E+02
-0.615E+02
-0.615E+02
~0.615E+02
~0.615E+02
~0+.615E+02
-0.615E+02:
-0.615E+02
-0.615E+02
-0.615E+02
-0.615E+02
~0.615E+02
-0.615E+02
~0.615E+02
-0.615E+02
-0.615E+02
~0.615E+02
~0.615E+02
-0.615E+02
-0.615E+02
—-0.615E+02
-0.615€+02
-0.615E+02
-0.615€E+02
~0.615E+02
-0.615E+02
-0.615E+02
-0.615E+02



WAT
WAT
WAT
WAT
WAT
WAT
WAT
WAT
WAT
WAT
WAT
WAT
WAT
WAT
WAT
WAT
WAT
WAT
WAT
WAT
WAT
WAT
WAT
WAT

EMB
EMB
EMB
EMB
EMB
EMB
EMB
EMB

EMB

EMB
EMB
EMB
EMB
EMB
EMB
EMB
EMB
EMB

EMB
EMB
EMB
EMB
EMB

OVER
GVER
OVER
OVER
OVER
OVER
OVER
OVER
OVER
OVER
OVER
OVER

= OVER

OVER
OVER
OVER
OVER
OVER
OVER
OVER
OVER
OVER
OVER
OVER

Tae
Toe
T0P
Top
ToP
Toe

Toe
Top
T0P
Top
ToP
T0P
Toe
TOoP
Taoe
ToP
TQoP
Top
Top
TOP
Tae
Top
ToP

B80T
80T1
BOY
BOT
807
BOT
B80T
BOT
BOT
BOT
BOT
807
B8GT
807
BOT
BOT
80T
80T
BOT
BOT
BOT
BoT
BOT
BOT

147.9
759.0
T70.1
78102
792,3
803.4
Bl4.4
825.5
836.6
84T.7
85848
869.9
880.9
892.0
903.1
914.2
925.3
936.4
947.5
95845
369.6
980.7
991.8
1000.0

0e 109E+02
0.109E+02
0. 109E+02
0. 1L0E+02
0. 110E+02
0. 111E+02
0.111E+02
0. 111E+¢02
0o 112E¢02
0.112E402
0. 113E+02
0o L113E¢02
O0s114E#02
0. 114E+02
0.114E+02
0. 115E+02
0.115€+02
O0.116E+02
0. 116E¢+02
0.117€+02
0. 117E¢02
0.117E+02
0. 118E+02
0 118E+02
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0.262E-03
0. 259E-03
0.255E~-03
0. 255E-03
0. 254E-03
00 2649E-03
0. 252E-03
0.248E-03
0. 245E-03
0.244E-03
0. 246E-03
0. 241E-03
06 239€E-03
0o 2640E-03
0.236E-03
0.234E~-03
0.237E-03
0.232E-03
00 236E-03
0.229E-03
0.229E-03
0.230E-03
0. 22TE-03
0o 144€E-03

0,62TE+00
0. 620E ¢+00
0,611E400
0. 611E¢00
0, 609E+00
Qe 597E+00
0. 604E+0Q0
0,593E+00
0. 586E ¢ 00
0.585E¢00
0.590E+00
0.57T7E+00
0.573E+00
0. 575E¢00
0.566E+00
00 560E+00
0.568E ¢+00
0. 557E¢00C
0. 565E+00
0. 550E+00
0.549E+00
0.551E+00

0. 543E+00

0.466E+00

0.,172E+01
0.1 TOE+ 0L
0.168E+Q1
0,L6TEXOL
0.165E¢01
0,164E¢01L
0.163E¢01%
0.16LE+01
0.L60E+GL
0.158E+01
0,157E«01L
0.156E¢01
0.155E+01
0.153E¢01
0.152E+01
0.151E+0O1
0.150E+01
0.1 49E+01
0.148E+0L
0. 14TE+OL
0.146E+01
0.145E+01
0.144E¢01
0-143E+01

-0.380E-02
~0.380E-02
~0.380E-02
~0.380E-02
~04380E-02
~0.380€E-02
~00380E-02
~0.380€-02
~0.380E-02
~0.380E-02
-0 380E~02
~0.380E-02
~0,380E-02
-0.380E-02
~0,380E-02
-0.380E-02
-0.380E-02
~0s 380E-02
-0.380E-02
~0o 380E-02
~00380E-02
-0.380E-02
-0.380E-02
-0.380E-02

-0.615€E402
-0.615€E+02
~0e615E+02
-0.61L5E¢02
~0.615€E+¢02
-0.615E+02
~0.615E¢02
~0.615E+02
-0.615E+02
~0.615E+02
-0e615€¢02
~0.615E+02
~0s615E+02
~0.615E+02
-06615E+02
-0.615E+02
-0.615€E+02
-0.615E+02
~0e.615E+02
-0.615E+02
-Q0.6L5E+02
-0.615E+02
~0.615E+02
-0.615E+02



DEPTH,

AT TIME:
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PRESSURE HEAD,
0.278

TEMP
TEMP
TEMP
TEMP
TEMP
TEMP
TEMP
TEMP
TEMP
TEMP
TEMP
TEMP
TEMP
TEMP
TEMP
TEMP
TEMP
TEMP
TEMP
TEMP
TEMP
TEMP
TEMP
TEMP
TEMP
TEMP
TEMP
TEMP
TEMP
TEMP
TEMP
TEMP
TEMP
TEMP
TEMP
TEMP
TEMP
TEMP
TEMP
TEMP
TEMP
TEMP
TEMP
TEMP
TEMP
TEMP
TEMP
TEMP
TEMP
TEMP
TEMP
TEMP
TEMP
TEMP
TEMP
TEMP
TEMP

THETA,
HOURS

0.0
-0.1000E+01
-0.2000€+¢01
-0.3000E+01
~0.4000E+01
~-0.5000E+01
-0.6000E+01
~0s7000E+01
-0.8000E+01
~0.G000E+01
—041000E#02
-0.1100E¢02
-0.1200E¢+02
-0.1300E+02
-0.1400E+02
-0.1500€E+02
-0e1600E+02
-0.1700E¢02
-0.1800E+02
-0.1900E+02
—0.2000E+02
—-0.2100E¢02
-0.2200E+02
-0.2300E+02
—-0.2400E+02
-0.2500E+02
—042600E+02
-0.2700E+02
—0.2800E+02
-0.2900E+02
—-0.3000E+02
-0.3100E+02
-0.3200E+02
—0.3300E+02
-0.3400E+02
—0.3500E+02
~0.3600€E+02
~0.3700€E+02
-0.3800E+02
~0.3900E+02
-0.4000E+02
-0.4100E+02
~0+4200E402
-0+.4300E+02
-0.4400E+02
-0e4500E¢02
-0+4600E+02
~0.4700€E+02
-0+4800E+02
-0.4900E+02
-0.5000E+02
-0.5100E¢02
—-0.5200E+02
-0.5300E+02
-0e5400E+02
-0.5500E+02
-0.5600E+02

FLUX

)

-0.2113€+02
-0.2118E+02
-0, 2125€E+¢02
-0.,2133E+02
~0.2141E+02
-0e2151E402
-06 2162E+02
~0s 21 75E+02
—-062190E+02
-002207E+02
~062227E402
-0 2249E+02
~0.2276E+02
~002306€E¢02
-0e 2342E+02
-0.2385E+¢02
-0o2435€+02
-0 2496E+02
-0, 2569E+02
-062660E+02
-0 2773E+02
~002915E+402
-0.3100E+02
~0.3341E+02
—~0.3659E+02
-0.4069E+02
~0e4561E+02
-0, 5075E¢+02
-0 5512E+02
-0, 5809E¢+02
-045980E¢ 02
-0.6068E+02
—0e6111E+02
~0.6131E+02
—=0e 6141E+02
—0s6145E+02
—0s614TE+02
-0.6148E+02
-0.,6148E+02
-0.6148E¢02
-0.6148E+¢02
—~0e 61 48E+02
-0.6148E+02
-0.6148E+02
~00.6148E+02
—-0.6148E+02
-0.6148E+02
-06 6149E+02
—-0.6149E+02
-0.6149E¢+02
~0.6149E+02
—0e.6149E+02
—0.6149E+02
—0e6149E+02
—0.6149E+02
~0.6149E¢02
~0e6149E402
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AND TEMPERATURE

0.2661E4¢00
0.2659E+00
0 2656E+00
0.2654E+00
0.2651E+00
0.2647E+00
0.2643E+00
0.2638E+00
0.2632E400
0.2626E+¢00
0.2618E+00
0.26 09E+00
0.2598E+00
0+2586E+00
0.2570E+00
0.2551E+00
0.2528E+00
0.2499E+00
0.2463E+00
0.2416E+00
0.2355E+400
0.2273E400
042164E+00
0.2018E+00
0.1830E+00
0.1609E+00
0.1391E+00
0.1219E+00
0.1111E+00
0.1052E+00
0.1024E+00
0.1010E+00
0.1004E+00
0.1001E+00
0.9999E-01
0.9992E-01
0.9990E-01
0.9988E-01
0.9988E-01
0.9988€£-01
0.9987E-01
0.9987E-01
0.9987E-01
0.9987E-01
0.9987E-01
0.998TE-01
0.5987E-01
0.9987E-01
0.9987E-01
0,9987E-01
0.9987E-01
0.9987E-01
0.9987E-01L
0.9987E-01
0.9987E-01
0e9987E-01
0.9987TE-01

-0s3803E-02
-0.380LE-02
~0e3T796E~02
-0.3791E-02

~0.3785€6-02

-0.3778E-02
-0s37T70E-02
-0.3760E-02
-0e37T49E~02
—~0e3735E-02
-0.3720E-02
-0s3701E-02
~0e3679E-02
-0e3652E-02
-0.3620E-02
~0:3581E-02
-0.3532E-02
-0.3472E-02
-0.3396E-02
-0e3299€E-02
-0.3172E-02
-0.3006E-02
—0.2784E-02
-0.,2489E-02
-0 2106E-02
-0.1641E-02
-0.1146E-02
—0.7098E~03
-0.3988E-03
-0.2155€E~-03
-0.1213E-03
-0. 7602E-04
-0.5486E-04
-0, 4505E-04
-0.4053E-04
-0.3845E-04
-0.3751E~-04
-0.3707E-04
-0.3687TE-04
-0. 36 T79E-04
-0e3674E-04
-0.3673E-04
-0.3672E-04
-0.3672E-04
~-0.3672E-04
~0e3672E-04
-0.36TLE-0%
-0.3671E~-04
-0.36TLE-04
-0.3671E-04%
-0.36T1E-04
~0s36T71E-04
-0,3671E-04
~0,36TLE-0%
-063671E-04
—0e3671E-04
-0.3671E-04

0.2000E¢02
0.2000E¢+02
0.2000€E+02
0,2000E+02
0.2000E+02
0.2000E+02
0.2000E+02
0.2000E+02
0.2000E+02
0. 2000E+02
0.2000E+02
0.2000E+02

‘0.2000E+02

0.2000E+02
0.2000E+02
0.2000E+02
0.2000E+02
0.2000E+02
0.2000E+02
0.2000E+02
042000E+02
0.2000E+02
0.2000E+02
0.2000E+02
0.2000E+02
0.2000E+02
0.2000E+02
0.2000E+02
0.2000E+02
0.2000E+02
0.2000E+02
0.2000E+02
0.2000E+02
0.2000E+02
0.2000E+02
0.2000E+02
042000E+02
0.2000E+02
0.2000E+02
0.2000E+02
0.2000E+02
0.2000E «02
0. 2000E+02
0.2000E+02
0. 2000E+02
0.2000E+02
0.2000E+02
0.2000E+02
0.2000E+02
0.2000E+02
0.2000E+02
0.2000E+02
0.2000E+02
0.2000E +02
0.2000E+02
0.2000E+02
0.2000E+02
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WATER 1IN

TEMP
TEMP
TEMP
TEMP
TEMP
TEMP
TEMP
TEMP
TEMP
TEMP
TEMP
TEMP
TEMP
TEMP
TEMP
TEMP
TEMP
TEMP
TEMP
TEMP
TEMP
TEMP
TEMP
TEMP

PROFILE AT TIME

~0.57T00E+0?2
~0.5800E402
~045900E+02
~0s6000E+02
-0.6100E+02
~0.6200E402
-0.6300E+02
~0.6400E+02
~0.6500E+02
~0.6600E+02
-0.6700E+02
~0.6800E+02
~0.6900E+02
~0.T000E+02
—0.7100E+02
-0.7200E+02
~0.7300E+02
-0.7400E+02
~0. T500E+02
~0eT600E+02
-0.7700E+02
~0.7800E+02
-0.7900E+02
~0.8000E+02
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~0.6149E¢02
-0.6149E¢02
~0.6149€E¢02
~0e6149E+02

-0, 6149E¢02

—0.6149€¢02
-0e 6149E¢02
~0.6149E¢02
=-0.6149E¢02
-0.6149E¢02
~0s6149E4+02
-0 6149E402
—0s 6149E¢Q2
-0.6149E¢02
~-0e6149€E+02
~0s 61L49E+02
-0.6149E+02
-0.6149E+02
-0e6149E+02
~0.6149E+02
-0 6149E+02

—0e6149E+02

~0.6150E+02
—~0s6150E+02

0.9987E-01
0.9987E-01
0.9987E-01
0.9987F-01
0.9987E-01
0.9987€E-01
0.9987E~-01
0.9987E-01
0.9987TE-01
0.9987E~-01
0.9987E-01
0.998TE-0OL
0.9987E--01
0.9987E-01
0.9987E-01
0-,9987E-01
0.9987E~-01
0.9987E-01
0.998T7E-01
0.9987TE~-01
0.9986E-01
0,9986E~-01
0,9986E-01
0.9985E-01

1000.00SEC: 0.L1808E+02CM

-0.3671E-04

-0.3671LE-04 -

—-00367T1E-04
-0.3671F-04
~0.367T1E~-04
~0e36T1E~-04
~0.3671E-04
~0.3671E-04%
~0.36T1E-04
~0e36TLE-04
~0.367T1LE-04
-0,3670E~0%
-0.36T1E-04
-0s367LE-04
-0.36TLE-04
-0.36T1E-04
-0.3672E~-04
-003673E-04
-0036T4E-04
~0.36T4E-04
-0.3675E~-04
-0s36TTE-04
-0.,3678E-04
-0.3679E-04

0.2000€E+02
0.2000E+02
0.2000€+02
0.2000E+02
00.2000E+02
0.2000E+02
0,2000E+02
0.2000E+02
0.2000E+02
0,2000€+02
0.2000€E¢02
0. 2000E+02
0.2000E+02
0.2000E+02
0.2000E+02
0.2000E+02
0.2000E+02
0.2000E+02
0. 2000E+02

0.2000€+¢02

0.2000E+02
0.2000E+02
0.2000E+02
0.2000E+02



Appendix Table 4. Listing of proyrau

C

G % o woo o o ok ok o ok o e o ot o o e ook o o o o o R X Rk ok o aod s koo o o e ok ok ook o o ke ok ook
C * M OB E L %*
C = A ONE DIMENSIGNAL SIMULATICON MUDEL *
C % USING THE PREDICTOR-CORRKECTOR METHOD %
¢ * TIME STEP : VARTABLE *
C % SPACE STEP: FIXED x
C * POSSIBLE BOUNDARY CONDITIONS: %
C % l.CONSTANT PRESSURF HEAD FCR TGP AND BOTTOM %
C « BOUNDARY CONDITION ¥
C * 2.VARTABLE FLUX TOP BOUNDARY AND VARIABLE . %
C * PRESSURE HEAD BOTTCOM BGUNDARY CGNDITTON. *
C * ACCOUNTS FOR TEMPERATURE EFFECTS ON HYDRAULIC %
C * PROPERTIES. *
C % *
C * *
C * JAN HOPMANS VERSION DECEMBER 1983 *
G ok ok e s ko o o ot A e ol o o o o o o o e o o e o o o ool o ok %ok ok 8o Ok R ok ot ok ok o % %
C

C

C

C

C  %%%%%x THE DATA ARE READ FROM D ISK %skokk ok dofok o dos oo e ook ok o ok o ook ok o ok o &

INTEGER TT

REAL HO(220),HL(220),H2(220),TH(220),V0(220),V2(220),DT(2)
REAL 2(220),A(220),B(220),C(220),CC(220),D(220)+WAT(2),0(10)
REAL TE(220),F(220),V(220),CC(220),GR (2201

COMMON AAA,JJJyNZ1,ZBOT, ALP,UTOP,EMB,REMB,DELMC, TT,DELFLU,TEND
READ(3425) NZ,2B80T,UTGP,UBOGT«DT(1),TEND,EPS+ALP,NO

READ(3,26) (O(I)4.1I=1,NO)

26 FORMAT(8F10a.1)

C

25 FORMAT(I5+5X94F1l0e49F1l0e2,F1l0e49/:F5.1,15)
C

C CONVERT FLUX TOP BOUNDARY TGO CM/SEC
IF (ALP.EQe.1.0) UTOP = UTOP/3600

C

C *%k#%%x THESE DATA ARE WRITTEN TO UNIT 6 dokokaokokdddksokofok fokdod e fok ook &
WRITE(6+445) NZyZBCT,UTOPyALP,UBOTyDT(L),TENDsEPS,(O(I),I=1,NU)}

45 FORMAT(®* INITIALIZATIGNS AND BOUNDARY CONDITICNS ',2X4/,
l.' NR. OF SpACE STEPS o.o-ooooo"lS)/’
21t DEPTH OF PROFILE (CM)'-....',FIO.S,/"
3¢ TOP BOUNDARY CONDITION ceoe®sFl0eby?® ALPHA = ®,F5.1,/,
4 BOTTOM BOUNDARY CONDITION o'yFl0e55/5 -
5¢ INITIAL TIME STEP (SECCN)® 4 F104¢54/
6! MODEL STOPS AT cececesccsea'sFl0e2y' SECON®,/,
7 ERROR CRITERION MASS BALANCE*¢Fl0.5:3(/ 1),
g OUTPUT [S PRINTED AT *,2(/),
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92X8F1061)

C
C % oo e o o oo e oo o st e o o o Ao o e e e o i ok oo e oo o o e o Xk ook kb ok ko ek of ol ok X oo o b s ok 3k ok ok
C C
C TOP BGUNDARY CONDITIGN: C
C FLUX: ALP = 1.0 C
C PRESSURE HEAD: ALP = Q.0 C
C BOTTOM BOUNDARY CONDITION: C
C PRESSURE HEAD ONLY C
C (8
C c
c C
C REMEMBTEHR T H E D ARCY CONVENTTION C
C C
C PGSITIVE FLUX ==—-> UPWARD FLOW C
C NEGATIVE FLUX —-—=> DOWNWARD FLOW C
C C
C ok %o oo e 3 o e ofe o e e ool o e s ol 2 o ofe o s e e o o A e o o ke ok o ot ok e ool e ok ok ok ok e e e e e e K 3k Rk ok K R o K
C
C
C
C
C LISTING OF THE SOIL®*S PHYSICAL PRCPERTIES cevoo
WRITE(6,10)
10 FORMAT(1H1,®* THE FOLLOWING TABLE GIVES THE HYDRAULIC PROPERYIES',
1* OF THE SOIL CONSIDERED®*/* SOIL TEMPERATURE IS REFERENCE TEMP?',
221/ )yt PRESSURE WATER CONTENT 'y
3*COGNDUCTIVITY WATER CAPACITY',/)
FE= 1.
VV= 1.
TE(1)=20.0
DO 20 1=10,100,5
U=s—-1.0%1
THET = FTH(U,FF)
COND = FK(U,VV,FF)
CAP = FC(U.FF)
WRITE(6,50) Uy THET,COND,CAP
C WRITE(L:50) Ue THFETCOND,CAP

20 CONTINUE

DO 30 [=100,1400,100

==1.0%] )

THET FTH(U,FF)

COND FK{U,VVsFF)

CAP FC(U,FF)

WRITE(6,+450) UTHET,COND,CAP
C WRITE(1,50) UyTHET,CGND,CAP
30 CONTINUE

DO 40 1=1500,15500,1000

non
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==1.0%]

THET = FTH(U,FF)

COND = FK{UVV,FF)

CAP = FCIlU,FF)

WRITE(6450) UyTHET,CGND,CAP
C WRITE(1+50) Uy THET,COND,CAP
50 FURMAT(ZX'F80197X9F503v8Xy Fl?oSyTXpFlZoS’
40 CONTINUE

C
C SOME INTIALIZATYIGNS
C
5

5 DELM
DELF
EPS = .
NG = 1

I7 = 1

DZ = -IBCOT/NZ

NZ1=NZ+1

N1Z=N7-1

N2Z=NZ-2

TI:‘().O

AAA

JJdJd 0

KKK 1

CALL PLOTS{0,+9,0)

non

-0, 30

oo

Nl

INITIAL VALUES OF Z,UyV AND TH AT TIME ZERO
PMAX=0.
DO 60 I=1,NZ1
Z(I) = FLOAT(I-1)%DZ
HOCI)=UIN(Z(1)])
PMAX = AMINL{PMAX,HO{I})
0 CONTINUE

THIS SUBROUTINE GIVES AND PLOTS THE TEMP., DISTRIBUTION IN PROFILE.
AT TIME Z€R0 (ONLY TO BE USED IF TEMPERATURE IS CONTSTANT WITH TIME):

eEeNeNe N\

CALL TEMP(Z,TE)

DETERMINATION OF TEMPERATURE COEFFICIENTS OF PRESSURE HEAD AND
HYDRAULIC CONDUCTIVITY:

OO0

CALL CORTEM(TE,Z,F,4V)
WRITE(6,8)
8 FORMAT (1HL,* DEPTH,TEFMPERATURE AND TEMPERATURE CORRECTION °*,
1 "FACTORS FOR'/®* PRESSURE HEAD AND HYDRAULIC CONDUCITIVITY RESP')
DO 61 I=1,NZ1 '
WRITE(649) Z(I)yTELLI)F(L),V(I)
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61 CONTINUE

9 FORMAT(2X, 4(2XF9.4) )

C

C FOR TEMP, DISTRIBUTION AND/GOR BOUNDARY CONDITIONS,IF TRANSIENT:
‘ IF(ALP.EQaleD) CALL CONDI(Z,TE,UTGP,UBOT,TI,F,V,HO(NZ))

C
DO 62 I=1,NZ1
TH(I b =FTH(HO(IL) ,F( 1))
CUII=FC(HO( IV, FLI Y

62 CONTINUF

C

C A PLOT OF INITIAL CONDITIONS:
C

CALL INIPLO(Z,HO,TH,PMAX)
DO 65 I=2,NZ1
CON = —FKO.S5%¥(HO(L)+HOLI=1)) 3o 5% (V(I)+V(I-1) )y S*¥(F(IV+F(I-1
L))
VO(I) = CON*{({HO(I)-HO(I-1))/DZ) + CON
65 CONTINUE '
VO({l1l) =—FK(HO(L),VI1IsF(1))

c
C *%LIST THE INITIAL VALUES OF DEPTH,THETA,PRESSURE HEAD AND FLUX RESP.
C + TEMPERATURE,
WRITE(6,466])
66 FORMAT(1HLy /4 INITIAL CONDITIONS ARE: ',2(/),
1° NODE DEPTH THETA PRESSURE HEAD ',

2t FLUX, ! TEMPERATURE *, ¢ WATER CAPACITY',2(/))
PO 7O I=1,NZ1 :
WRITE(6,75) T4Z(1),TH{I) 4HO(I),VO(TI), TE(I),C(I)

70 CONTINUE

75 FORMAT (2X 91 594X y4(3XsEL245) 46X+ F6a243X,EL245)

DELM0O = 0.0
RO 80 I=1,NZ
DELMU=DELMO-(TH(EI+TH(T+L) )
80 CONTINUE '

WAT(1) = DZ*DELMO/2a

WRITE(6,81) TI,WAT(1) ‘
81 FORMAT (1H14+* AT TIME *9F1l0.5,* WATER IN PROFILE IS *',EL2.5,' CM*)
C
C

C IF CONTSTANT FLUX AT TOP THEN:
IF(ALP.EQsl20) VO(1)=UTOP
IF(ALP.EQ.1.0) GO TC 300

C .

C FCR CONSTANT PRESSURE HEAD TOP AND BOTTOM BOUNDARY CONDITIOGN
TII = TI + DTUTT)

C
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ccecececececceccecceccc PR EDICTOR ccececececceceeececccecececcececececacececcc
C
85 NO 90 [=2,N/?
ACI)=((2%D7%%2 )V /OT(TTIIXFCIHO(TI Yy FCT DV /FKLHOLTI D o VLTI FLL D)
BILI={(FK(HO(TI+1),V(I+1),F(1+1) )} — FKAHO(I=1)4V(I=1),F(T=-11}))
1 70axEK(HO(T )y VL) FLI)Y)
CClI)=2%D7%B (1)

30 CONTINUE

C WRITE(6,91) TI1

91 FORMAT(2( /), PRPEDICTOR AT TIME *®*,F10.5,° SEC %)
HI(1)=UTOP

HL(NZ1)=UBCT
D(2)=-A(2)%H0{2) - B(2)*HO(3) - CC(2) — HL{L) + B(2)%HO(1)
D(NZ)= B(NZ)¥HO (N1Z)=A(NZI*HO(NZ)~ CC(NZ)~ HL(NZL)=B{NZ)*HO(NZL)
DO 100 1=3,N1Z | |
D(I) = B(IV*HO(I-1) - A(IV*HO(I) - B(I)V®HO(TI+1) - CC(I}
100  CONTINUE
DO 105 I=2,NZ
C WRITE(64104) Z(I)yA(T)¢B(I),CCUTI,D(T)
104  FORMAT(' Z A B CC D',2X,5E15.5)
105 CONTINUE
C .
C SOLVE FOR PRESSURE HEAD BY THOMAS ALGORITHM.
c
Cl2)= -1.0/(2.0 + A(2))
D(2)= =D(2) /(2.0 + A(2))
00 120 I=3,NZ
Y = =2.0 - A(I) - C(I-1)
ClI) = 1.0/Y
DII) = (D(I) = D(I=1))/Y
120 CONTINUE

0G 130 I=24NZ
C WRITE(6,125) T,C(I1),D(1)
125 FORMAT(2X+*C U *4134y2EL155)
130 CONTINUE
C(NZ)=0.0
HL{NZ) = DINZ)
N2Z = N1Z -1
DO 140 I=1,N2Z
J = NZ - 1
HL(J) = D(J) - CUJI)I*xHL(J+])
140 CONTINUE
DO 160 I=1,NZ1
C WRITE(6,150) Z(1),HOCI),HL(T)
150 FORMAT(* Z UO ULl'32Xs3EL5.54/)
160 CONTINUE
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CCCCCreccecceceececccece ¢ o R RECTGR cccecececeeccececcecccecceccececccecc
C

C WRITE(E6,161) TI1

161 FORMAT(2( /)% CORRECTGR AT TIME *,FLO.5,' SEC *)

DO 180 [=2,NZ
ACD)=((2,0%D2%%2 ) /OT(TTII*FCAHLO D) FOTIY/ZFKAHL LT o VD) 4F (I
BOIN=(FK{HL{I#+L)yV{I¢l}4F(T+1)) - FK{HL{I-1),V(I-1)4F(I=1)

L 7C4%FK(HL(T) VD), FCTI)D
CClIN=2.0%DZ2%B(T)
180 CONTINUE

H2(1)=UTOP

H2(NZ1)=UBGT

DI21=(2.0-A(2) 1 *HO(2)-HO( 31 -2, 0*B(2)¥HL{3) 2. 0%B(2)*HL(1)-

L 2.0%CC(2) -H2(1) - HO(L)

DINZ)=—HO(NLZ) ¢ (2.0-A{(NZ)I*HO(NZ) +2.0%B(NZ)*HL(NLZ)

)
]

1 —2.0%¥B(NZ)*H2{NZ1) - 260*%CC(NZ}) - H2(NZ1) - HO(NZ1)
DO 200 I=34NlZ
DCI) = —HOUI-1) + (2.0-A(I))*HO(I) — HO(I¢l) ¢ 2.*%B(I)*HL(I-1)

1 — 2.0%¥B{I)*HL{I+1) — 2.0*CC(1)
200 CONTINUE
DO 205 I=24NZ
WRITE(6,104) Z(I)A(1)4B(I),CC(I),D(I)
05 CONTINUE

SOLVE FOR PRESSURE HEAD BY THOMAS ALGORITHM.

[eEaEel S Eel

C21= -1.0/(2.0 + A(2))
D(2)= —D(2)/(2.0 + A(2))
DO 220 I=34NZ
Y = —2.0 - A(I) - C(I-1)
C(I) = 1.0/Y
o(ry = (O(I) = DUI-1))/Y
220 CONTINUE

C

DO 230 I=2yNZ
C WRITE(6,125) 1,C(1L),D(I)
230 CONTINUE

C(NZ)=0.0
H2(NZ) = DINZ)
DO 240 1=1,N2Z
J = NZ -1
H2(J) = D(J) = ClJI)*H2(J+1)
240 CONTINUE
DO 260 I=1,21
c WRITE(64250) Z(I)yHOCT)yHL(T)H2(T)
250 FORMAT(® Z H TH V TEMP',3X,5E13.4)
260 CONTINUE
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C SET-UP MASS BAULANCE:
GO TO 335
C
C FOR VARIABLE FLUX T0P BOUNDARY CONDITICN =:
C
300 TII = TI + DTU(TT)
C

CCCCCCCCCCCCCLCCCLCCCCCC  PREDICTGR  CCCCCCCCCCCCCCCCCCCLCCOLLCLCCCCc
C
301  CONTINUE
UUU=HO(NZ)
TILI=TI + 5%DT(TT)
CALL CONDI(ZyTE,UTGP2,UBBT2,T111,F,V,UUU)
CALL CONDI(Z,TE,UTOPL,UBGTL,TIF,V,UUU)
D1 = 2#DZ*(UTOPL + FK(HO(L) V(L) oF(LDD)/FKIHOCL) sVIL) 4 F (L
D2 = 2%DZ*(UTOP2 + FK(HO(L1)4VIL),FCLID)/FKIHO(L) VL), F (1
FUL = HO(2) +« D1
DO 303 I=1,NZ
ACT)=((2#%D2%%2) /DT(TT)VRFCIHO (), F(T))/FK{HO (T VL), F(I))
[F(1.EQ.1) GO TG 302
BOI)=(FK(HOCT+1) 4 VII+1)FUI+1)) = FK(HO(I=1)4V(I=1),F(I-1)))
1 J(4%FKUHOUTI VL) s F (T
302 [F(I1.EQal) B(I) = (FK(HO(I#L1)4V(I+1) F(I¢L))=FKIFUL,VII),F(I)))
L /(4%FK(HOCI) V(1) ,FLI)))
CCUI)=2%DZ*B(1)
303  CONTINUE
C WRITE(6,91) TII
HL(NZL) = UBOT2
D(L)=—A(1)%HO(1) - CC(1) ¢ B(L)*DL - D2
DINZ)= BUNZ)I¥HO(NLZ)=AINZ)*HO(NZ)~= CCANZI= HL(NZL)-BINZ)*HO(NZ1)
DO 304 I=2,N12
D(I) = B(I)XHO(I-1) — ACID¥HO(I) — B(I)J*HO(I+1) - CC{I)
304  CONTINUE
DO 305 I=1,NZ '
C WRITE(6,104) Z(T),ACI),8(1),CCLI),D(I)

M)
N

305 CONTINUE
C

C SOLVE FOR PRESSURE HEAD BY THOMAS ALGORITHM:
Clli= -2,0/(2.,0 + A(1l}))
D(l)= =-D(1)/(2.0 + A(1))
DO 306 I=2,NZ’
Y = -2.0 - A(I) — C(I-1)
C(I) = 1l.0/Y

D(I) = (D(I) - D(CI-1)D/Y
306 CONTINUE
c
DO 307 I=14N2Z
C WRITE(64,125) L,C(I),D(I)
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307

310

C
311
C

C
C

312

313

314

315

320

C
321
C

CONTINUE
C{NZ})=0.0
HI{NZ) = D(NZ}
DO 310 I=1,.N1Z

J = NZ - 1
HL(J) = D(J) - CLII*HI(J+]1)
CONTINUE

DO 311 I=1,NZ1
WRITE(64150) ZCT),HO(L) HY ()
CONTINUE :

cccccceeeecececececceccecccececcecce CORRECTOR ccccceeeeceecececcccecceccecceccecccceccccecce

WRITE(6,161) TII

CALL CONDI(Z,TE,UTOP,UBOT,TII,F,V,UUU)

CALL CONDI(ZyTEH,UTOP2,UBOT2,TIII F,V,UUU)

D2 2%DZ*{UTOP2 + FK(HL{L) »VIL)oF(LIII/FK(HL (1), VI1),F(1))

D3 2¥DZ%(UTOP + FK(HLOL) o, VIL)oFL{LI))/FK(HLCL) »V(L},F (1))

FUl = H1{2) + D2 -

WRITE(6,+312) D2,FUl

FORMAT(* D2,FUL"'42E12.5)

DO 315 I=14NZ :
AT)=((2.0%DZ%%2 ) /0TUTTIIRFC(HL(TI) o FLIN)/FK(HL(L) yVII),F(I))
IF(I.EQe1) GO TO 313 :
BOIV=(FK(HL(I+1),V{I+1)F(I+1)) - FKIHLLI=-1),VII-1),F(I=-1)))

1 JC4*FK(HLUT) V(T ), F(T1)))
IF(TEQel) B(I) = (FK(HL(I+1) o V(I+L1)F(L¢1))-FK(FULyV(I),F(I)))

1 /C4REK(HLOT) , V(T ), F(IY))

WRITE(64314) 1,.BLI)
FORMAT(* I B(I)*',I3,EL12.5)
CC(IN=2.0%DZ%B(1)
CONTINUE
H2{NZ1)=UBGT
DCL)=(2.0-A(1))*HO(L}-2%HO(2)+42.,0%B(1)%D2-D1-D3-2%CC(1)
DUINZ)=-HO(N1Z)+(2.0~-A(NZ) )%HO{NZ) +2.0%B(NZ)*HL(NLZ)
1L —2.0%BINZ)*H2(NZ1) — 2.0%CC(NZ) - H2(NZ1) - HOINZL)
DO 320 I=24N1Z

D(I) = -HO(I-1) + (2.0-A(1))*HO(TI) — HO(I+1) ¢ 2.%B(I)*HL(I-1)
1 - 2,0%B(I)*H1(I+1} - 2.0%CC(I) : o
CONT INUE

DO 321 I=1,NZ
WRITE(6,104) Z(I),A(I),B{I},CC(1),D(I)
CONT INUE

C SOLVE FOR PRESSURE HEAD BY THGMAS ALGORITHM:

C(l)= -2.0/(2.0 ¢+ A(1}))
D(1l)= -D(1)/{2.0 + A(1))
DO 325 I=24NZ
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Y = =2,0 - A(I) - ClI-1)

Cil) = 1.07Y

DEIY = (DCD) - DCE=-1) /Y
325 CONTINUE
C

DO 326 I=1,NZ

C WRITE(6,125) T1,C01),D(1}
326 CONTINUE

CINZ)=0.0
H2(NZ) = D(NZ)
DO 330 I=1,N17
J = NZ - 1
H2(J) = D(J) = CLIIRH2(J+11)
330  CONTINUE
00 331 [=1,21

C WRITE(64250) Z{1),HOCI)4HL(I) H2(T)
331 CONTINUE :
C

335 CALL MASSBA(TH.H24Z,V04V2,0T402,4V,4F,C0O,GR)

c IF(TI1.6T.1.00) EPS = 0.001

c WRITE(6,501) DELMO,DELFLU,EMB,REMB

501  FORMAT(' DELMO DELFLU EMD REMB *y4E15.5)
T =1

IF(EMB.GTLEPS) GO TG 510
IF(EMBaLTe0a1%EPSY DT(TIT) = 1.5%DT(TT)

TIME STEP IS DECREASED IF THE REL. MASS BALANCE IS TGO LARGE:

[aNeNeaNal

IF(TIIaGTe50e60.AND. REMB.GT+045) GO TG 510
GO TO 520
510 DTITT) = 0.5% DT{TT)
TII =TI + DY(TT)
IF(TII.GT.G(NC)) GG TO 900
[F(TI.EQ.0.0) GG TO 520
DO 515 I=1,NZ1
THOL)=FTH(HO(I) ,F (1))
515 CONTINUE
[IF(ALP.EQ.l.0) GO TU 301
GG TO 85
520 L = 711
WAT(L) = WAT(1) ¢ DELMO
DELF = DELF + DELFLU
DELM = DELM + DELMO
OVERAL = ((ABS{DELM-DELF))/DELFI*100
WRITE(6,502) TII,WAT(1),EMB,REMB,GVERAL,UTOP,UBCOT
502 FORMAT(* TI WAT EMB RE OVER TOP BOT'yF8.1,6(E1143))
C WRITE(6,451) TII, WAT(L)
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451 FORMAT (/4% WATEP IN PROFILE AT TIME *,Fl0e2¢'SEC:?4EL12e59¢CM)
[F{TI.EQ.TEND} GC TC 1000 .
TITD = T1 & DT(TT)
IF(TI.EQeO(ND))Y GC TO 530
IF(TITI«GTC(NDO}FY GO TO 900
530 TIHR=TI/3600
IF(TI.EQeO(NCIY WRITZ(64531) TIHR
531 FORMAT(1HLl,* DEPTH, PRESSURE HEAD, THETA, FLUX AND TEMPERATURE v,
1/ AT TIME: *2F10e3y° HOURS',1(/)) - :
DO 700 I=1,NZ1
THOL) = FTH{HZ2(T ) ,F (1))
CIF(TILEQeOING) ) WRITE(6,250) Z{L)oH2{T) o THOIY o V2(T),TE(T)
HO(I)=H2(1}
VO(IL) =v2(1)
700 CONTINUE
IF{(TI.EQ.C({NOY) GG TO 800
GG TO 750
800 AAA = AAA - 0.3
JJdd = JJJ + 1
WRITE(64451) TI, WAT(1)
CALL PLO(Z,TH,T1,0,PMAX,HO)
NO = NC + 1
IF(TIT.GTC(NG)) GO TO 900
750 IF(ALP.EQelO) GO TC 301
GG TAQ 85
900 TT=2
DY(TT)Y = G(NC} - TI
TII= T1 « DT(TT)
DO 940 I=1,NZ1
HO(I)=H2(1)
TH(T) FTH{HOL(I )y FLI )}
vVo(r) =va(il
940 CONTINUE
IF(ALPLEQel0) GO YOG 201
GO 1O 85
1000 TIHR=TI/3600
WRITE(64531) TIHR
DG 950 I=1,NZ1
TH{I) = FTHIH2(T1) ,F{I1))
WRITE(64250) Z{T1) H2{I)sTH(I)oV2(T1),TEC(I)
950 CONTINUE
AAA = AAA - 0.3
Jdd = JdJd + 1
WRITE(6,451) TI, WAT(1)
CALL PLO(Z+THoTI,04PMAXH2)
NO = NO + 1
CALL PLOT(0.040.0,-3999)
CALL PLOCC(CO4GRy2Z)

o
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CALL PLCT(0.0+0.0,+999)
sTop
END

FUNCTION FTH(H,F})

C *%x COMPUTES WATER COUONTENT FROM WATER RETENT ION CURVES.

10
30

20

REAL H,F 3 HH

REAL M,N

HH= (l./F)%*H

IF(HH.GE.-1.0) GC TG 10

GO T0O 30 :
FTH=1o611E+06%,212/(1e611E+D6+ABS(HH)%%3,96)+,075
FTH=T739%,371/( 739+ ALGG(ABS(HH) ) *%4,00)+.124
GO 10 20

FTH=4495

N=4.16259

A = 0.030627

M=le—(1le/N)

TE={1a0/(10+#(AXABS{H) )} %%kN) ) %x%M
FTH=.21G50*TE+Q. 0675

RETURN

END

FUNCTION FK{H,V,F}

C %% HYDRAULIC CONDUCTIVITY VALUES FROM PRESSURE HEAD DATA,

10

30

REAL HyV,F,HH

HH= (1.0/F)*H

[F(HH.GTa0.0) HH=0,0

GOT0 10

FK=34,%1o175E4+06/(3600%(1le L75E+064¢ABS(HH)*%4,T4))
FK=44428E—02%124,6/{3600%(124.6+ABS(HH)*%1,77))
FK = V%FK :

GO TO 30

HH=ABS({H)

F=—0e58420234 - 0.09268778%HH + 0,00051873%HH**2
FK=10%%*F '
RETURN

END
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OO0

30

20

FUNCTIGN £C(H,F)
C *% WATEK CAPACITY VALUES FROM PRESSURE HEAD DATA.

REA
REA

HH=
TF(
GO
FC
FC
IF(
FC=
FC
FC
FC
GO
FC
GO
A

N

M

R

T

HH

[ I TR TR 1}

L HeFoHH
L N,M

H/F
HHQLT.’Z‘Q()Q“) GO TO 10
T0 30

=le6L1E+06%4212%3, 96%ABS (HH) *%2, 96

= FC/U1611FE+06+ABS(HH) *%3,96 )%%2
HHeGT.-1.0) GO TO 10
739%,371%4,00%ALOG(ABS (HH) ) *%3,00
FC/{T7394ALOG(ABS{HH) ) %%4,00 ) %%2
FC /ABS(HH)
FC/F
Y0 20
= 0.0
T0O 20

0.030627

4.16259

1 -(1./N)

-M-1

N -1
= (1+ (A%ABS(H) ) *&N)%%R

noon

FC=0e2L95*M¥HHENX (A¥%N) % (ABS(H) *%T)

RET
END

FUN

URN

CTICN UINC(Z)

C *% THE INITIAL CONDITIGNS, EXPRESSED IN PRESSURE HEAD VALUES AS A
C ** FUNCTION OF DEPTH. .

UIN
RET
END

= ‘61.5
URN

SUBROUTINE INIPLO(ZsHD,TH,PMAX)
COMMGN AAA,JJJ4NZ1,280T

REAL 2(220),TH(220),H0(220)
CALL PLOT(1.099.0,4-3)

K=NZ1+1

L =

Z(K)

K+ 1
0.0

Z{L) =1IBCT/8.0
HO(K)= 0.
HO(L)=PMAX /4.
TH(K)=0.
TH(L)=0.05

CALL
CALL
CALL
CALL
CALL
CALL
caLL

AXIS(0e0+0409*"PRESSURE HEAD THETA' 44+19,8.0400040e0,HO(L))
AXIS(0e040e0y*DEPTH CM?*1—8,840+v270e090.0,Z(LI)-
LINE(HOyZyNZLyl,y+1l,y1l)

AXIS(0001003'. "+118.0'O.0'0¢O'0005,

LINE(THy ZyNZ1,y1,y¢1,2)

SYMBOL(2.0+-842,0.10+*THETA AND PRESSURE HEAD"O Op*ZB)
PLCT(0.090.05-599)

RETURN

END
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SUBROUTINE CORTEMA(TE,Z,FACT,VIS)
C
C DETERMINES THE TEMP. COEFFICIENT OF PRESSURE HEAD AND HYDRAULIC
C CCNDUCTIVITY: :
C
COMMON AAA,JJJ,NZ1
REAL TE(220),2(220),FACT(220),VIS(220),7(220)
DG 200 I=1,NZ1}
SUM=0.0
T(I)=10.0%TE(L}
IT=INT(TLI M)
[F(ITe.LEL200) GO TC 150
DG 100 J=210,17
E = J/10.
SIG = 75,594 —0,1328%E-0,000537T*E**242,2719E-06*E*%3
DSIG= —-a1328 — 0.001074%E ¢+ 64815TE-06%E%*%?
GAM = (3.0/SIGI*DSIG*.1
SUM = SUM ¢ GAM
100 CONTINUE
FACT(I)= 1.0 + SUM
GO TO 200
150 IF{IT.EQ.200) GG TO 195
DO 190 J4=I1T,200
E = J/10.
SIG = 75594 —0e1328%E-0e00053T*E*%242,2T19E-06%E%*3
DSIG= —a1328 — 0.001074%E + 6.BL57E-06%*E*%x2
GAM = (3.0/SIG)*DSIG*.1
SUM = SUM + GAM
190 CONTINUE
195 FACT(I)= la0 - SUM
200 CONTINUE
D0 400 I=1,NZ1
IF(TE(I)eLT,20.) GO TO 300
A 1.3272%(20e~TE(I)) —0.001053%(TE(I)-204)%%2
B TE{I) + 105,
C 10%%x(A/8B)
VI = 0.01002%C
IF(TE(I)eEQe20.0) VI=401002
GO TC 350
A G984 333+8.1855%(TE(1)-20.)+0.00585%{TE(I)-204)%%2
B (1301./A) - 330233
VI = 10%%B
350 VIS(I) = 0.01002/VI
400 CONTINUE
RE TURN
END

nonon

300

W
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C

SUBROUTINE MASSBA(TH,H2,Z,V0,V2,0T,DZyV,F4CO4GR)

C CALCULATES MASS BALANCE OVER EACH TIME PERIGD.

C

349
10

399
20

50

C
C

100

REAL THU220),H2(2201,2(220),V0(220) 4V2(220),DT{2),V(220),F(220)
REAL C0(2201,GR(220)
INTEGER TT,4JJ
COMMON AAA,JJJsNZL,ZBOT ¢ ALP,UTOP,EMB,REMB ,DELMO, TT,DELFLU,TEND
NZ = NZ1 -1
DO 10 I=1¢NZ1
THOI) = FTH(H2{I) 4F (L)) - TH(I)
WRITE(64349) T,H2(I),TH(I)
FORMAT(®* I H DELTH® 414,2E15.5)
CONTINUE
DELMO=0.0
DO 20 I=14N2Z
DELMO = DELMG - (TH(I) + TH(I+1))
FORMAT (' DELTH ',E12.5)
CONTINUE
WRITE(6,4399) DELMO
DELMO = DELMO %DZ / 2.0

[F(ALP.EQ.1.0) VO(1)=UTGCP

DO 50 I=2,NZ1

GREI-1)=(H2(I)-H2{I-1))/DZ

CON = —FK{S5%(H2(I)+H2(I-1) )y oS (VIII#+VII=1) )y S*(F{IV+F(I-1)))
V2(I}) = CON * ((H2(I) - H2{I-1))/DZ) +CON :
co(I1-1) =-CON

CONTINUE

v2(l)=v2(2)

IF(ALP.EQ.1.0) V2(1)=UTOP

DELFLU = (=V2{1) - VO{(1} + V2(NZ1) + VO(NZ1)) * OT(TT) / 2.0

EMB = ABS(DELMO - DELFLU) : :

REMB = ( EMB/ABS{DELFLU))I*100

RETURN

END

SUBRGUTINE TEMP(Z,TYE)

SETS AND PLOTS INITIAL TEMPERATUE DISTRIBUTION IN PROFILE

COMMON AAA,JJJyNZ1,280T

REAL 2(220),TE(220})

DO 100 I=1,NZ1

TECL) = ((#25.%2(1))/71IBOT) + 40.
TE(I) = 20.0

CONTINUE

K= NZ1 + 1

L = K+l

Z(K) 0.0

Z(L) IBOT/8.0

TE(K) = 10.0

TE(L) = 5.0
CALL PLGT{1la049.04—-3)
CALL AXIS{0.0+0005  TEMPERATURE *4+11,48.070e0710607,5.0)
CALL AXIS(0.040.0Q¢*0EPTH CM®4~848+s0427060+0.05Z{L))
CALL LINE(TEsZyNZLloly¢l,1)
CALL SYMBOL(2.0+-8¢24y0.10,¢ TEMPERATURE PROFILE®*;0. O'+19)
CALL PLOT(0609060,4-999)

RETURN

END 73

Hu



SUBROUTINE CONDI(ZToUTUBsTIMeF,eV,U)

TEMPERATURE DISTRIBUTLION AND TRANSTIENT BOUNDARY CONDITIONS
AS A FUNCTICN OF TIME:

OO0

REAL 2(220),7(220),UT,UB,TIM,F(220),V(220),XX
COMMON AAA,JJJsNZ1,2B0T7
GO 70 600
XX=100000.
$ .
01) IGIOO21 LABEL
[F(TIMeGTa(7200.¢XX)) GO TO 100
IF(TIMeLTL7200.) GO TC 200
[F(TIM.GT.XX) GO TQ 300
100 Al =(2%3,141%(TIM-T200))/86400
UT=0.0000025¢00000025%SIN(AL)
GG TO 400 :
200 UT= -3./3600
GO TO 400
300 UT =(-24/3600)%{(TIM-XX)/3600.
IF(TIM.GT (XX+3600)) UT=-2./3600
400 IF(TIM.GT.7200.) UB U-0.05
WW 1.272E-05
TA 2540
AO 15.0
0D 2246
DO 0 I=1yNZ1L
= Z(I)/D0D
= (EXPLAZ2})*SIN(WWxTIM + A2)
} =

0on

>>wvnnn

0
2
3
TA + AQO%A3
C T(I) 20.0
500 CONTINUE
: GG 740 700
600 UT = =-13469/3600.
UB = =-61.5
DO 650 I=1,NZ1
T(I)=20.0
650 CONTINUE
700 CALL CORTEM(T,Z4FsV)
RETURN
END
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SUBROUTINE PLUCCGLC Gy}
REAL Z(100),C(100}),G(100)
COMMON AAA, JJS e NZLy ZBROT, ALP,L,UTOP,EMB,REMB,DFLMO,TT»DELFLU, TEND

NZ=NZ1 -1
K=NZ1
L = K ¢+ 1

DO 10 J=1,NZ
I(J)Y=2(J4+1)
10 CONTINUE -
DO 20 I=1,NZ
WRITE(6425) Z(I),CE),G(I)
29 CONT INUE -
25 FORMAT( ¢ Z C G'y2X,3EL2.5)
C{K}=0.0
C(L)=0.0005
G(K)=0.0
G(LI=1.0
LK)=
Z{L)=ZBCT /8.0
CALL PLOT (2399404~
CALL AXIS{0a0¢0s0 s *DEPTH CM*y—8,8.09270.0,0.0,2(L))
CALL AXIS(0s040+0¢YPRESSURE GRADIENT®*41748+0¢90+0+0.0,1.00)
CALL AXIS(0e04y043,'CONDUCITIVITY'"412410.040.0,0.0,0.0005) -
CALL LINE{(G¢Z¢NZylo#l,y1l)
CALL LINE(CsZyNZolse¢l,2)
CALL PLOT(0.040:0¢-999}
RETURN
END

SUBRCUTINE PLO{ZyTHy TIME,0,PMAXyH)
C *% THETA WILL BE PLOTTED VERSUS DEPTH FOR THE TIMES SPECIFIED
C *x* [N THE INPUT DATA FILE,

REAL Z(220),TH{220}TIME,O0(10),H(220) yPMAX,P

COMMON AAA,JJJ9yNZ1,280T

K = N1 + 1

Lt =K + 1

Z(K) = 0.0

I{L) = ZBOT/8.0
H(K1=0.0

H{L)=—PMAX/4.
P = PMAX/4.
TH{K} = 0.0
TH{L) = 0.05
IF{TIME.GT.O0(1))} GC TC 20
CALL PLCT(10e0+9.04¢-3)
CALL AXIS(0.0¢0.04*VOLUMETRIC WATERCONTENT! 4+#23484040040.04+0.05)
CALL AXIS{0.090.04°*DEPTH CM*,-8,8.0,270.0,0.0,Z(L))
CALL AXIS(0e0y¢—~8¢049*PRESSURE HEAD"+13 BeU9180.0+40e0,P)
CALL SYMBOL(1a0+4—043+y0.104°SEC'"30.0,+3) :
C CALL SYMBCGL(6.09=6e090a10, *JAN HOPMANS' ,0,0,+411)
20 CALL LINE(THyZyNZ1ly1lse¢l,JdJ4d)
CALL LINE(HyZyNZLlyls¢leJdJJ)
CALL SYMBCL{0a33AAA3061049JdJs060,4-1)
CALL SYMBGL(0e53AAA20109*TIME" 4y0.0,4+4)
CALL NUMBER(1.09sAAA;0.10,TIME, 009y —1)
CALL PLCT(0e040.0,+¢3)
RETURN
END
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