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INTRODUCTION

Program "CAPSEV" calculates so0il hydraulic conductivity from soil
" texture and organic matter content according to the methed described by
BLOEMEN(1980a) .

Knowing the hydraulic conductivity the program calculates steady
state water flow in a heterogeneous soil in which the groundwater table
is present. The flow may be in either upward direction, capillary rise,
or in downward direction, infiltration.

In addition to the hydraulic conductivity function of
BLOEMEN(1980a) some alternative functions to describe the hydraulic
conductivity can be applied in the program.

The program “CAPSEV" is a fully interactive program. Examples of
input and output are given.

1.,CALCULATION OF K(WWRELATIONSHIP FROMNM
TEXTURE AND ORGANIC MATTER CONTENT

1.1. Hydraulic conductivity relationship
. BLOEMEN (1980a: Fig.9, eq.17) modified the Brooks and Corey expression

in order to account for hysteresis. He obtained the following hydraulic
conductivity scanning function (see Fig.1, line g):

K=K for h>h {1)
& w
n
_ _ 8
I h |
I v |
K=K | —=— | for h<h (2)
e | h | w
-
- where -1

K = hydraulic conductivity [cm.day ]
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Fig. 1. X(h) description according to Bloeman{1980a).




-1
K = effective conductivity [om.day ] attained after
e
rewetting, assuming K =0.5 K , vhere K is the saturated
e 8 s
conductivity
h = pressure head [am]
h = pressure head [cm] at which K is attained after rewetting

w e
n slope of the average scanning curve between welting and
s desorption

H

According to BLOEMEN (1980a) the egs. (1) and (2) can in terms of the
desorption curve (fig. 1,line d) be rewritten as:

., K=05K ~ for h>h {3)
s a
n
_ - 8
b h/r |
i a |
K=05K | = | for h<h . {a)
s | h | a
- -l
in which -1
K = saturated conductivity [em.day ]
s
h = pressure head [cm] at air entry point
a
r = factor to convert h into h , depending on type of soil,
a w
i.e,. r=hs/h
a w
n = slope of the scanning curve (Fig.1, line 8)

The expression for n is (BLOEMEN, 1980a, eq. 22):
s
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vhere
h = pressure head [cm] at which K becomes negligibly small
0 (see Fig. 1)
n = slope of the desorption curve, Fig.l, line d
d

It will now be explained how the parameters K , h , r, h and n can be
-] a 0 d

found.

1.2 Computation of parameters of the hydraulic conductivity function
from grain size distribution and organic matter content

BLOEMEN(1980a), BLOEMEN and VAN GILS{1982) described a method to calculate
hydraulic conductivity as a function of the soil texture (grain size
distribution) and organic matter content.

For applying the method three categories of soils are distinguished:

- Mineral scils: grain size distribution amd organic matter content
are required.

- Fen peat: only bulk density is required.

- High bog peat: only bulk density is required.



Grain size distribution data, are given either as percentages or

- fracticns of the total amount of grains. For an example see Table 1.

Table 1.

Example of the grain size distribution and hums
content of a marine clay soil consisting of five
different layers.

bescription Thick. Hum. S - values in microns
(M) % 2. 16. S50. 7%. 105. 150. 210.
Sandy clay 15.0  S.4 19.2 11.3 43.8 12.6 9.4 2.6 1.2
Heavy clay 35.0 3.7 S0.0 23.921.5 2.3 1.3 0.5 0.5
Peat 25.0 FEN PEAT, BULK DENSITY= 0.24 G . CM*&-3
Clayey sand 75.0 0.8 6.6 2.7 13.9 38.1 34,9 3.7 0.1
! Sand 150.0 0.6 3.3 2.6 11.9 19.8 27.7 27.4 6.7
The grain size distribution index, £, is defined as:
n
" \
\
/ £
o / i
| i=2
r= - (€)
n
\
N (P -P )
/ i i-1
/
i=2
where
) log(P /P )
i i-1
fF=(P-P ) -——memme———e {(7)
i i i-1 log(Ss /s )



in which

o
n

cumulative weight percentage

w
1]

size interval limit [mu)

The saturated conductivity, K , can be found from the following equations:

s
for mineral soils:
1.93 -0.74 -1
K =0.02 M f {cm.day ] (8)
s d
for fen peat:
~3.625 -1
K = 0.00266 g [em.day ] (9)
- . b
for high bog peat:
-2.83 -1
K = 0.0036 g [om.day ] (10)
| b
where M is the median grain size [mu], {(Note: M differs from M )
d d 50
~3
g is the dry bulk density [g.om ]
b
The value of h is calculated according to:
a
for mineral soils:
-0.9¢ 0.79
h = -2914 M f [em] {11)
a d
for fen peat:
1.12
h = -416 g fem} {12)



for high baog peat:
1.17
h =-794 g [om] (13)
* a b

The value of the reduction factor r is depending only on the type of soil:

r= 4.5 for sandy soils with M > 50

r=2.9 for clayey soils with Sl <= SO

r=3.1 for fen peat ‘

r=1.9 for high bog peat with g < 0.1 g.r:m-a
T = 3.4 for high bog peat with g: >= 0.1 g.c;\a

The value of h can be found from the grain size distribution factor f£
and the median grzin size M . To find a general relation between h , £ and
M ., 8 large amount of goil :rotiles from the archives of the Soil .gsumy
I:stil:ute in Wageningen was investigated. On the base of an iterative method,

starting from initially assumed values of h (BLOEMEN and VAN GILS, 1982,
0
gsection 2.10), relationships between h , f and M were found. The results of
0 d
these calculations are presented in fig, 2.

The slope n of the desorption curve can be calculated according to:
d

for mineral goils:

0.3 f 1.6
n = 1,41 + 4.536 {e -1)-075f log H {14)
d



| | | I | ]
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Fig. 2. Values of h of existing combinations of M and £. It is
0 d
assuned that the M —values given for the lines are valid for the
d
entire area between two lines.




for fen peat:

n = 2,54 - 2.42 ¢
d b

for high bog peat:

n =257 - 2.27 g
d b

in vhich H is the hunus content of the soil [%).

(15)

(16)

If in a layer horizontal cracking occurs, the following corrections

should be made on the values of h /r and n (BLOEMEN,1980a,b;

a 8
BILOEMEN and VAN GILS, 1982):
n
8
(-~ --)
- - n+ 1.7
| | s
h | h |
a | a |
-~ = 100 % | 0.01 -- | for
r ! r|
_ .
n =n +1.7
-] 8

2. STEADY STATE SOIL WATER FLOHW

r

> =100 (17)

(18)

Steady state s0il moisture flow in a 1-dimensional, vertical, soil profile

is governed by Darcy's equation:

dh
q=-KMh) (- +1)
' dz

vhere 3 -2 -1
q = soil moisture flux density [cm. em. day ]

(18)
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z = vertical coordinate with crigin at the scil surface, directed

pogitive upward [cm)

Rearranging eq.(19) yields:

dz -1
(20)

dh ) 1+q/K(h)

Integration of eq.(20) for a soil profile consisting of m layers atarting
at the groundwater table, where h=0, results in:

!
boz=- (21)
|

l

|
| '
1+ q/XK (h) | 1+ q/K (h)
— — - -l
z 1] h h
by 1. m-1

where h ,h ,.....,h are the pressure heads corresponding to the boundaries
1 2 m
between the neighbouring layers, z .,z ,...,z . 'I‘he values of h , h , etc.
' 1 2 m 1 2
are initially not known but must be determined during the integration
procedure. Thus starting from zero-values of z and h at the water table,
h is steadily decreased until z reachas z , the known height of the i-th
i
boundary: the value h is thus found, vhen z=z and since the pressure
i i
head is continuous across the boundary, h is the lower limit of the
i
{i*1)~th term of integraticen. In this way the integration may proceed until
the last value h is reached or capillary rise reaches the soil surface.
m -

Discretizing the integration interval into y subintervals of equal size
(‘delta' h), eq. (21) becomes :
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(22)

wvhere h and h are lower and upper boundary of the ith interval and
i isl

h =(h+h )/2.
av i 1+l

In case of infiltration, eq. (22) msy cause problems because of the
possibility that the term g/K(h) may be smaller then -i, thus yielding a
decreasing z, which is physically impossible. Therefore we use for
infiltration a different approximation.

Rearranging eq. (19) to:
dh = - (1 + a/k(h)) dz (23)
or

h =h =-(z -z)(1+q/kh’)) (24)
2 1 2 1

wvhere h' = (h + h )/2
12

This means that, starting from the groundwater level, where z=0 and h=0,

the pressyre head at some height z may be found according to eq. (24).
2

As this value is not known at the time of calculsation, an iterative

procedure is used in CAPSEV.

3. ALTERNATIVE FUNCTIONS TO DESCRIBE
THE XKW RELATIONSHIP

Besides the K(h) relationship given by BLOEMEM (1980a) other
expressions may be used, which are described below.



3.1

3.2

An

3.3
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The first alternative is the description according to Brocks and
Corey as given in eqs. 1 and 2.
The second alternative uged in CAPSEV is the approach of RYTEMA{1965):
K=K for h»>h (25)
s a
- b (h -h)
a
K=K .e for h <&<=h<h (26)
8 lim a
- ’ :
K = a.(-h) for h<h {(z7)
lim
vhere
: -1
- K = saturated hydraulic conductivty {cm.day ]
] ;
h = pressure head at air entry point [cm)
a
h = sgme arbitrary pressure head limiting the validity
lim of the conductivity function [cm]
a,b,n = constants
example of this approach is given in fig. 3.

The third alternative has been described by WESSELING (1981)
who approached the K(h) relationship by three straight line pieces
on a log-log scale. Each line piece is described by the following

equation:

b
K=a {-h) {28)

vhere a and b are constants.
For an illustration see Fig. 4.



_13-—

K(h) {cm/d}
10 _

1073

|
|
|
|
|
|
|
|
|
I
|
I
|
:
|
10°L
| | ] | 1 . |
10°ha 10" himg? 10° 10" i0®
[hi {cm)

Fig. 3. K(h) description according to Rytema(1965).
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Fig. 4. Approximti'on of the K(h) relationship by three power
functions.
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3.4 The last alternative is the description of K as a table of h.
This alternative can easily be used to enter measured K(h) data.
The step size of the table can be chosen freely. The program “CAPSEV"
asks for the type of interpolation for values in between the prescribed
values. This can be either linear or (double) loparithmic. The K-data
in the table should be in ascending order.
An example of such a table is given in Table 2.
Table 2. Example of a K(h) relation given as a table (Pucniew
sand; after BRANDYK(1981)). h is given as an absolute value.

K | ih| * K l th| * K ! Ih|
(om/d) | (cm) x (em/da} | (em) * {em/d) | (cm)
0.1786E-11 | 0.1000B+07 * 0.4187E-01 | 0.7900E+02 * 0.2794E+01 | 0.3100E+02
0.3700E-09 | 0.1D00CE+06 * 0.7456E-01 | 0.7300E+D2 * 0,3549E+Dl | 0.2700E+02
0.2558E-07 | 0.1S00E+05 * 0.1223E+00 | 0.6800E+02 * 0.4519E+01 | 0.2200F+02
0.2461E-06 | O.7000E+04 * 0.1892E+00 | 0.6300E+02 * 0.5830E+01 | 0.1700E+02
0.1753E-05 | 0.3000E+04 * 0.2799E+00 | 0.S900E+02 * 0.7923E+01 | 0.1000E+02
0.1834E-04 | 0.5000E+03 * 0‘.3999E+00 | 0.5S00E+02 * 0.1135E+02 | 0.9000E+D1
0.8563E-04 | 0.6500E+03 * 0O.5557E+00 | 0.S100E+02 * Q.1654E+02 | 0.8000E+01
0.2867E~-03 | 0.4200E+03 * 0O.7551E+00 | 0.4BODE+02 * 0.2412E+02 | 0.7000E+01
0.8659E-03 | G.2600E+03 * O.1006E+0L | 0.4500E+02 * 0.3572E+02 | 0.S000E+01
0.2894E~02 | 0.1300E+03 * 0.1320E+01 | 0.4200E+02 * O0.6019E+02 | 0.2500E+01
0.8715E-02 | 0.9400E+02 !* 0.1709E+01 | 0.3800E+02 * O0.1S89E+03 | 0.0010E+QD

0.2089E-01 | 0.8600E+02 * 0.2193E+01 | 0.3500E+02 *

4. THE PROGRAM

CAPSEV is able to calculate the pressure head distribution (h,z) for both
capillary rise and infiltration in a layered soil profile (max. i0 layers).
Pressure head distributions can be calculated for several flux densgities
q and various groundwater levels (max. 10}.
It ig also posgible to calculate maximally possible capillary fluxes for a
number of groundwater levels.
The output of the program iz directed to a file called MOIST.OUT, which
may be sent to a line printer.

The program CAPSEV consists of the following parts:
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- main program
CAPSEV

~ gubroutine to show possible commands
HELP

- subroutines to read seil characteristics
"GRNINP
LININP
BRCINP
TABINF
RYTINF

-~ subroutines to compute variables from grain size distribution
GRAIN
CALCUL
COMPHO

-~ subroutines used in calculations of pressure head distribution
CAPTOT
MAXFLX
INTEGR
CAPQUE
FLYXQUE
CAPRIS
CAPINF
CONDUC

- subroutines for output
TABINF
TABEL,

Now a short description of all the program parts is given.

CAPSEV : The main program welcomes the user and reads the
commands (variable COMAND), after which it calls the
sppropriate subroutines.

HELP: Consists of only 1 write statement, resulting in a list of
possible commands on the users terminal.

GRNINP: Performs the data input that is required to calculate the
parameters of the hydraulic conductivity function from
grain size distribution. There are 2 possible ways of input:
a) From a terminal. In this way the program will ask the
user to type in the data it requires.
b) From a disk file with data prepared accorwdmg to the
questions that would be asked if method a) was chosen.



GRAIN:

INTEGR:
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Which way of input will be chosen depends on the anawers to
questions that will be asked.
For the grain size classes:
-the valus of the grain sizes between which the distribution
must be Xnown, may be typed in or
~the following standard set may be chosen:
2, 18, S0, 75, 105, 150, 210, 300, and 2600 mu.
Maximally 15 grain size classes may be entered.

Used to call the subroutines performing calculations on the
s0il texture data.

Computes the parameters of the conductivity function according to
eqs. 3 to 18.

Assigns values to r and h
0

Controls the calculaticns of pressure head distribution. It reads
the required depths of groundwaterlevel from either terminal or

- File, and checks if the flux densities are positive or negative.

A choice has to be made between two alternative ways to prepare

the output :

{1) For each groundwater level tables and printplots are prepared ;
height of capillary rise versus height szbove the groundwaterlevel
in case of capillary rise, and pressure heads versus height above
the groundwaterlevel in case of infiltration. _

(2) A table is prepared of maximam capillary flux densities versus
depth of the groundwater level for a specified pressure head, a
printplot is optional.

Performs calculations to find the maximally possible flux and creates
an output table and (aptionally) a printplot.

Function INTEGR performs the numerical integration and checks if a
certain flux reaches a given level (e.g. the surface).

Inquires which condhctivity degcription function should be used. The
answer iz read into the variable METHOD, which may have one of the
following values:

Modified Brooks and Corey (eqs.l1,2)
Bloemen {(eqs.3,4)

Rijtema (eqs.25,26,27)

Wesseling (eq. 28)

Table

N> wN -

Reads the flux densities for which the calculations should be



BRCINP:

RYTINP:

LININP:

TABINP:

CAPRIS!:

performed. It is possible to use one or both of the following
‘standard’' sets of flux densities:

a) for infiltration: -0.5, -0.3, -0.2, -0.1, -0.05, 0.0,

b) for capillary rise: 0.0, 0.05, 0.1, 0.2, 0.3 and 0.5 cm/day.

It is also possible to use values read from terminal or data file.
A negative flux represents infiltration, a positive flux repregents
capillary rise. Please keep either a descending or ascending order.

Takes care of the input from terminal or file necessary for the
modified BProoks and Corey method.

Reads data required for the K(h) relatienship according to
Rytema from terminal or file.

Reads data required for the K(h) relationship according to
Weggeling. The K- and h-value of the end points of each line
piece are either read from the terminal of from a data file.

Reads the data when the K(h) relationship is given as a table.
Input is only possible as a file (see example 2).

Calculates the height of capillary rise z according to eq. (22).

The results are stored in the array Z for a range of pressure

heads inbetween -1 and ~1000000 cm. These pressure heads are divided
into the following intervals:

for range h-interval
1

-1 to -10 -1

1 2 1
-10 to -10 -~10

2 3 2
~10 to -10 -10

3 4 3
-10 to -10 ~10

4 S 4
-10 to -10 -10

5 6 S
-10 to -10 -10

Total: 55 h-values
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Calculations continue until either the lowest value of h is reached
or z reaches the soil surface.

CAPINF: Calculates according to eq. (24) the pressure head distribution
in the profile in case of infiltration. In some cases the pressure
head may become positive. Then all the pressure heads for the
corresponding flux density are set equal to 0. A warning is sent
to the users terminal that the flux density as specified is
for the soil under consideration physically impossible,

CONDUC: Function CONDUC calculates the unsaturated conductivity,

TABEL: Creates for positive flux densities (upward flow from the
groundwatar table) a table and printplot of height of capillary
rise z as a function of pressure head h.

TABINF: Creates for negative flux densities (downward flow towards the
groundwater table) a table and a printplot of pressure head h
as a function of 2 .

The mutual relationship between the sub-programs mentioned is given in Fig. S.

REMARK . As the calculation of the capillary fluxes is based on the

====== asgumption of a steady state situation, it is unrealistic to
asgume that these fluxes do occur in reality. To calculate the
pattern of tha fluxes that occur in practice during the growing
season, it is necessary to Xnow the sequence of the different
pressure heads. The fluxes that occur in reality can therefore
differ considerably from those calculated by CAPSEV.
The results from CAPSEV however, may be used to describe the
hydrological properties of a profile, and to compare different
profiles.
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Fig. 5. Relation between the subprograms of CAPSEV.

5. Examples

5.1. Example of input.

CAPSEV is an interactive program with the pogsibility of reading data
from files. As the interactive part of the program is self-explaining,
only some examples will be given to show how to create the data files.

In the exsmples a note of exclamation "!" is used to separate the data
from some comments that were inserted.

As FORTRAN-77 has the ability of working with wildcards instead
of FORMAT-statements, it is not necessary to prepare the input data
according to a specific format.

The first example shows a data file that contains the answers to the
questions CAPSEV asks when one calculates the parameters of the
K(h)-relationship from soil texture and organic matter content.



Example 1.
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Input prepared for the computation of the K(h) relationship

from soil texture and humus content ('Bloemen') of a S layer profile,

Marine clay
|

2.

16.

S0.

75.

105.

150.

210,

0.24

N

Clayey sand
75.

0.8

6.6

A N L L L]

LX)

TE i taE el vms ep pem e

Name of soil profile

Non-standard grain sizes

First boundary of grain size classes (mu)
Second boundary etc.

End of boundaries. Note: max. 15 clasaes

Number of layers in profile

Description of top layer

Thickneas of top layer (om)

Humus content of top layer (%), for peat: type P
Percentage of first grain size class

Percentage of second class etc.

No horizontal cracking in this layer
Second layer

Horizontal cracking does occur in this layer
Third layer

Thickness of layer (cm)

P for peat

1 for fen peat {2 for high bog peat)

Bulk density of peat (g/cmx*3)

No horizontal cracking

Fourth layer
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19.8
27.7
27.4
6.7

272~

Fifth layer

. The second example shows an input file for a i-layer (homogeneous)
profile when the K(h) relation has been given as a table. To save on typing,

the h~values are given as positive numbers. The program will make thesn

negative. Note: the sequence of K-values must be ascending, the sequence of
h-~values must correspond !!

Example 2.

layer.

The K(h) relationship, given as a table. Input is only possible
as a file. When the profile consists of more than one layer, add the data
pertaining to these layers to the file. Start with the description of the

Pucniew uniform sand

Sand

200.

35
.1000E+07
. 2600E+03
.5900E+02
. 3100E+02
. S000E+01
.1796E-11
.8659E-03
.2799E+00
.2794E+01
. 3572E+Q2

-1000E+06
.1300E+03
.5500E+02
. 2700E+02
. 2500E+01
.3700E-09
. 2894E-02
. 3999E+00
. 3549E+01
.6019E+02

.1500E+05
. S400E+02
-5100E+02
. 2200E+02
.O010E+00
. 2559E-07
.B715E-02
-SS57E+00
-4519E+01
-1589E+03

! Nsme of soil profile

! Description of layer 1

! Thickness of layer 1 (cm)

! Number of points in K(h)-table
. 7000E+04 .3000E+04 .9000E+03 .6500E+03
.8600E+02 .7900E+02 .7300E+Q2 .6800E+Q2
. 4800E+02 .4S00E+Q2 .4200E+02 .3BO0OE+02
.J,7DOE+O2 .1000E+02 .9000E+01 .800CE+01

! (Absolute) values of h (cm)
L2861E~06 .1753E-05 .1834E-04 .B5%63E-03
.2089E~01 .4187E-~01 .7456E-01 .1223E+00
.7551E+00 .1006E+01 .1320E+01 .1709E+01
.S830E+01 .7923E+01 .1135E+02 .16S4E+02

t values of K {(cm/day)

- 4200E+Q3
-6300E+02
.3500E+02
.7000E+01

.2067E-03
.1892E+00
«2193E+01
.2412E+02
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The third example is an input data-file, prepared for the RIJTEMA method.

Example 3. Input file using the K{(h) relation according to RIJTEMA
{eqs. 25-27)

Sandy loam ! Rame of soil profile

Sandy loam ! Description of layer 1
3.52 1 Paraneter Kz {cm/day)
-42.4 H " Ha (cm)

0.271 L N

-63.0 H ¥ " Hiim (cm)

1.39 H " " a

1.12 { " * n

200. ! Thickness of the layer (cm)

The next example shows a file containing the data required for
a 4-layered peaty-mucky soil profile. The K(h)-relation is described with
3 straight line pieces.

Example 4. The K(h) relationships of the four layers described according
to WESSELING (1981). See eq. (28).

Peaty mucky soil ! Name of the profile

Muck ! Description of layer 1

91.5 ! Saturated cond. (Ks, cm/d) of layer 1
.S30E+02 .3092E+00 ! Values of K (cm/d) and h (cm) st 1st node
.910E+03 .1266E-02 ! Values of K and h at second node
.BO0E+Q7 .9748E-14 ! Values of K and h at third node

20. ! Thickness of layer 1 (cm)

Peat ! Description of layer 2

37.5 ! Ks etc.

.120E+03 .5932E-01

.126E+04 .S514E-03

.B00E+07 .S045E-14

20.

Peat-gand ! Yayer 3

264 .

.11E+03 .6811E+00




.100E+04 .1076E-02
.220E+07 .7433E-12
10.

Sand

491.

.73E+02 .[1758E+01
.S60E+Q3 .3B88E-03
175E+06 .1921FE-09
151.

~24-

Layer 4

The final example describes a profile consisting of 2 differant
layers. The K(h) relation is described according to Brooks and Corey.

Exammple 5. Input file when the K(h) relation is described according
to Brooks and Corey (eqs. 1 and 2).

Imaginary soil profile
Cover sand
100.

93.5

~7.

3.21

N

River clay
150.

9.0

-17.

1.26

Y

fu S L B 4 e e e

Descriprion of soil profile
Description of layer 1
Thickness of layer 1 (cm)
Effective conductivity {(om/day)
Effective air entry value (cm)
Slope

No horizontal cracking
Description of layer 2

When the standard set of flux densities is not sufficient, or when some
flux densities are not of interest it is possible to assign flux density
values different from the standard set. These flux densities may be either
read from the terminal or from a file.



Example 6. A data file containing flux densities (om/d) different from the
standard set. Either a descending or ascending order should be kept !

g2eRg~

= o
S
o

Before starting the infiltration/capillary rise calculations, it is
necessary to specify the depths of the groundwater table for which the
canmutations have to be performed. One wvay is reading these depths from the
terminal. If the groundwater levels are to be used for more profiles, it is
advisable to make a data file and to read the depths from this file.

Example 7. Data file with groundwater levels (cm below soil surface) for
vhich the infiltration/capillary rise calculations have to be performed.
Use an ascending order !!

70.0
100.0
110.0
140.0
170.0

5.2 Examples of output.

In the first example of output the data of example 1 have been
used. Both standard sets of flux densities have been applied, and a
groundwater depth of 200 cm below the seil surface was taken. For



-26=

the profile under consideration the infiltration flux densities of
-0.5 an/day and -0.3 om/day are physically impossible. Therefore the
column representing the resuits of calculations with this flux density
is filled with zerces. The results are also shown in printplots.

The second example shows a table of maximally possible fluxes
that reach the calculation level at several groundwater lewvels, and
at a given pressure head. This is also shown in a printplot.
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SUBROUTINE GRNINP 3 1060 FORMAT( * Error opening file ‘, A20. /.
¢ # * Retype filename: “,°* " %)
(ol e e L e e N L T B L o PP o o r o o 607D 1045
C = = c
C = SUBROUTINE TO READ DATA FOR CALCULATIONS WITH GRAIN SIZES = c 40 DEVICE=S
C = _
C momconsscornrrmrcs==zz==z====x B e e e T 2 [ INPUT OF DATA
[» &0 IF(DEVICE. EG. S)WRITE{(&, 1090}
INTEGER PEAT, DEVICE 1090 FORMAT(//, * Give & description (name) of the sbil profile. *}
LOGICAL CRACK READ(DEVICE, 2000} {HEAD(I), I=1, 80)
CHARACTER DESCR, HEAD. ANSWER, DUM 2000  FORMAT(B0A1)
CHARACTER#20 FILNAM ’ IF({DEVICE. EQ. SIWRITE(&, 2010} (STSIZE(I), k=1, ?) .
REAL MEDIAN, KSAT, KSATEF 2010 FORMAT(//, * Please answer the following questions. These data’,
DIMENSION STSIZEL(?) ) 3 ‘ are required for the’:./,’ calculation of conducfivities and’,
COMMON/SOIL/THIGK (10, THHLAY{10) ., GWl, DESCR(10, 15) # ‘ pressure head boundaries. ', //,’ Do you want the standard .
COMMON/RISE/KSAT (10), PSIACLI0), Z(13, 34), H(54), FLUX(15). # ‘get of grain sizes?’./,’ This standard set is : W F2.0,°', ",
#  METHAD, NFLUXS, NLAYER, LAYER, HEAD(BO} # J(F3.C "), A(F4.0, " *):F5 .0, ° (Y/N) "+ %)
COMMON/BLOEM/KSATEF {10), PSICOR(10), PSIEFF (10}, PSI0(10), READ(DEVICE, 1030 YANSWER
# SLOPES(10}), SLOPE(1Q}, SLPCOR(10), F(10), REDUC(10}, IF(ANSWER. NE. ‘Y }cD TO 120
* DIFPER(10,15),SIZE(15), BULK(10)}. PEAT{10), HUMUS(10)., c
# MEDIAN(IQ).NSIZES, CRACK(10) ¢ --—— STANDARD SET OF GRAIN SIZES
DATA STSIZIE/2..16.,50..75.,105 ,150.,210.,300..2000. / NSIZES=9
C DO 110 I=1.,%
€ —===-— INITIALIZE SIZE(I}y=STSIZE{I}
DO 10 I=1.10 110 CONTINUE
BULK(I)=D, Q GG TO 150
KEBAT(I=0. 0 c
PSIA(I}=0.0 C —-—— READ GRAIN SIZES FROM TERMINAL
FSIO(I)=0. O 120 IF(DEVICE. EG. S}IWRITE(6.: 2030)
SLOPE{(l1}=0.0 2030 FORMAT(* Please type the grain sizes in whits of micrometers °.
SLOPES(I})=0. O * ‘tmax. 15). ", s/« ' End with a letter X. '»/F)
F(I}=0.0 NSIZES=0
BULK(I}=0.0 130 NSIZES=NSIZES+1
PEAT(I =0 IF(NSIZES. EQ. 16)G0O TO 133
CRACK({I)= FALSE. IF(BEVICE. EQ. SIWRITE (&4, 2040INSIZES
10 CONTINUE 2040 FORMAT(*+8ize( ‘. 12, )= '+ %)
c READ(DEVICE, . ERR=140)SIZE(NSIZES)
[of IF(NSIZES. EG. 1)6OTD 130
c A Ao 35 4 B 43 33 0L 3606 B S A 3 36 4 8 S AT o 2 IF{SYZIE{NSIZES). GT. SIZE{NSIZES-1)1G0OY0 130
c * * WRITE(&. 2050)
C # TERMINAL INPUT * 2050 FORMAT(//, * The grain sizes should be entered in ascending ‘.
C # * # “‘order! Try again. . //)
[+ LEE TR ER RS L L T R T LR T e ) GoOTO 120
c c
WRITE(&, 1020) ¢ -——-~ READING A DUMMY VARIABLE IN CASE OF MAXIMUM NUMBER OF CLASSES
1020 FORMAT(’ Did you prepare the answers to the guestions<‘. 135 IF¢(DEVICE. EG. 21 READ(DEVICE, 10301 DUM
* ' in a diskfile? (Y/N) . %) 140 NSIZES=NSIZES-1
READ(3, 1030)ANSKER ¢
1030 FORMAT (AL} C ———— HNUMRER OF SOIL LAYERS?
IF(ANSWER. NE. 'Y’)G0D TU 40 150 IF(DEVICE.EGQ 5IWRITE(&, 2060)
¢ -—-—- READ ANSWERS FROM FILE . 204a0 FORMAT(/, ' DOf hew many layers does the profile consist? .
WRITE(&, 1040) # ‘{max. 10) 7, %)
1040 FORMAT( ‘+In what file? 7, %) READ(DEVICE. # )NLAYER
1045 READ(S, 1050)F ILNAM c
1050 FORMAT (A20) C -——- DESCRIPTION 0OF LAYERS
OPEN(UNIT=21, NAME=FILNAM, TYPE='0LD ', ERR=30) IF(DEVICE. EQ. SIWRITE (&, 20B0)NLAYER
DEVICE=21 2080 FORMAT(‘ Now type the data for these “,i12:° layers. /)
GO TO &0 DO 300 LAYER=1, NLAYER
[ IF(DEVICE. EQ. SIWRITE {4, 2090)LAYER
C —---- ERROR DOPENING FILE 2090 FORMAT(/, * Give a description (name) of layer’.I13.
20 WRITE (&, 1060)FILNAM L] # (max 15 char.}: 7,730, ‘. %)
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C =

10

n —

2010

2020

2030

*

%

io0
2040
2050

c

~1000. , ~250C ., ~5060. , ~10000. : ~1&6000. /
CALCULATION OF CONDJUCTIVITY PARAMETERS
DD 10 LAYER=1.NLAYER
CaLL CALCUL
CONTINUE

SHOW RESULTS

WRITE(10, 2010)

FORMAT (// /)

WRITE(1C. 2020

FORMAT(* *, 132("=""}

WRITE(10.2030) R

FORMAT¢* LAYER’, T1% ‘Thick . T33, ‘F’, T44, "N*, T34, ‘Ns *, TS5,

‘ha’:T75: 'h0*, TB&, "Ksat , T99, ‘v’, T1C8, ‘Ke  T117,

‘hasr ', T127, ‘Cracks "+ /, ¢ *,132('="}}

DO 100 LAYER=1.NLAYER
CRS='N"
IF(CRACK(LAYER} :{RE="Y"
IF{PEAT(LAYER). EQ. GYWRITE(10, 2040) (PESCR(LAYER: 1), I=1.13),
THKLAY (LAYER), F{LLAYER), SLOPE(LAYER), SLOPES(LAYER),
PSIA(LAYER), PSIC(LAYER), KSAT(LAYER ), REDUC(LAYER?.
KSATEF (LAYER )}, FEIEFF (LAYER)., CRS
IF(PEAT(LAYER}. LE. OJWRITE(10, 205D (DESCR(LAYER. I}, I=1.13},
THALAY (LAYER}. SLOPE{LAYER), SLOPES(LAYER), PEIA(LAYER),
PSIO(LAYER}: KSAT (LAYER), REDUC({LAYER ), KSATEF (LAYER }.
PSIEFF(LAYER), CRS

CONTINUE

FORMAT(* *, 15A1.F7 0,4F11.2,F11. 0, 4F11. 2, T12%, A1)

FORMAT(‘ “,15A1,F7.0.BX, ‘=“.2X,3F11. 2,F11. 0, 4F11,. 2. T12%. A1}
WRITE(10: 2020}

RETURN

END

CHERELFELEFF R LS R RSP R B RREED T H S F S SRR H S 5330 25 W TR R WSS N S
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SUBROUTINE CALCUL

SUBROUTINE CALCUL CALCULATES THE CONSTANTS TO BE USED IN =
THE HYDRAULIC CONZ JCTIVITY FUNCTION.

INTEGER PEAT

LOGICAL CRACK

CHARACTER DESCR, HE£D

REAL HEDIAN. KSAT, F SATEF
COMMON/SOIL/THICK( 1 0), THALAY{1C), G.._, DESCR(10. 15}
COMMONM/RISE/USAT(LZ), FETACLID), Z(15, S41, H(24), FLUX(LES),
METHOD., NFLUXE, RLAYZR. LAYER, HEAD(BGC
COMMON/BLCEM/KSATE= (10), FESICOR (10} . PSIEFF (10}, PSIOC10),
SLOPES(10), SLOFE(15), ELPEOR(10),F(20), REDUC(10),
DIFPER(10, 15, SIZE<15),. EUK(10). PEAT(10), HUMUS (10,
MEDIAN(10), NSIZES, TRAZAR(1O)

MINERAL OR FPEAT?

IF(PEAT(LAYER) NE Z)GT 72 200

o0 an

an

A0 0o oon

s NeNel

100

200

MINERAL

SUMF=0. O

SUMPER=0. O
PPLONE=DIFPER(LAYER, 1}
NST=NSIZES~1

DO 100 1I=1.,NST
I=11
J=I+]1
P=PPLONE
CALCULATE NEW P(I+1)
PPLONE=PPLONE+DIFPER(LAYER, J}
NEW SUM OF PERCENTAGES
SUMPER=SUMPER+DIFPER (LAYER: J}
CALCULATION OF F{(I}
ALGP=ALOG10(PPLONE/P)
ALSZ=ALOGIO(SIZE(SY/SIZE(I))
FI=DIFPER(LAYER, J}¥ALGP/ALSZ
SUMF=SUMF+F I

CONTINUE

CALCULATION OF F{LAYER)
F{LAYER )=SUMF /SUMPER

CALCULATION OF SLOPE OF HYDRAULIC CONDUCTIVITY CURVE
SLOPE(LAYER)=1.4 + 4, 536 * (EXP(0Q. 3%F{LAYER))~1.0) -
0. 75 # (F(LAYER)#®##1.4) # ALOGLIO(HUMUS(LAYER))

CALCULATION OF AIR ENTRY VaLUE PSIA
PSIA(LAYER)=-2%914. Q0 # (MEDIAN(LAYER) %% (-0 95}} #
(F(LAYER) #*x (0. 79))

CALCULATION DOF SATURATED CONDUCTIVITY KSAT
KSAT(LAYER)=0.02 # (MEDIAN(LAYER) #%(1, 93})) #

(F(LAYER) ##» (-0.74))

CALCULATION OF PRESSURE HEAD, PSIO. WHERE THE CDNDUCTIVITY
APPRUOACHES ZERO AND OF THE REDUCTION FACTOR r

CAL.L COMPHO

G0 TO 200

PEAT

IF(PEAT{LAYER). NE. 1)60 TG 400

FEN PEAT

CALCULATION OF SLOPE OF HYDRAULIC CONDUCTIVITY CURVE
SLOPE(LAYER)=2. 54 - 2. 42 # BULK(LAYER)

CALCULATION OF AIR ENTRY VALUE PSIA
PSIAC(LAYER)=-416 C # (BULK(LAYER) %% 1. 12)

CALCULATION OF SATURATED CONDUCTIVITY KSAT
KSAT(LAYER)=0. 002464 # (BULK{LAYER) ## (-3.625))

CALCULATION OF PSIO AND REDUCTION FACTOR
CALL COMPHO

GO 7O 906

HIGH BGG PEAT
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