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1. INTRODUCTION

In a sequence of three papers it was demonstrated how the
values of three parameters in a formula of Brooks and Corey (1964)
for the calculation of hydraulic conductivities k(¥) can be derived
from the granulax composition of the medium, The formula is

Te n

k(¥) =k ) : n

Where kS is saturated conductivity, ¥, is air entry pressure
and n is a constant related to pore 8ize distribution.

\ The formula of Brooks and Corey gives an adequate description
of hydraulic conductivity as a function of moisture tension,
provided the correct parametervalues are known (BLOEMEN, 1977a).

The values for the pore size distribution index n which are found

by theoretical reasoning appeared to be systematically too high however,
Real values for any soil can be assessed i)y means of an empirical
relation between a grain size distribution index f and measured
exponents n for a large variety of soils (BLOEMEN, [977b).

The sale grain size distribution index together with the median
grain size can serve as parameters for this indirect determination
of air entry pressure and saturated conductivity of a soil (BLOEMEN,
1977¢). So on the basis of a grain size analysis for a given soil
the quantities in eq (1) may be determined and capillary conductivi-
ty and capillary rise may be calculated. The advantages of this were
stressed hefore and important enough to be repeated here. The
moisture retention curve is no longer indispensable to the indirect
determination of capillary conductivity as a function of moisture
tension and a lot of time is saved in the laboratory. Also the re-

sult of the determination can be furnished at much shorter notice,



since a granular analysis takes '3 days at the most and a moisture
retention curve takes 3 months at the'leégt Eo.determine.

Last but not least there is no need to,ﬁaﬁe undisturbed samples

for a granular analysis and a good average disturbed sample is easier

taken than an undisturbed one.

It must well be understood that calculations based solely on
the results of the studies referred to above apply to a condition
which as a rule will not be satisfied in soils, viz, drying from
saturation. That is because nearly all k—-y curves to he found in
literature, which provided the data for the studies, are drying,éﬁrves.
Also ?é and kS were determined in saturated samples. If c¢alculation
of hydraulic conductivities and capillary rise in.soils is to have
some practical significance the effect of pore wafer hysteresis
on hydraulic conductivity and capillary rise has to be accounted
for in same way or the other.

In this paper calculations for a number of soiltypes are nro-
vided in which a provisional estimate of the hysteresis-effect is
introduced, It is also explained how calculations for soiltypes can

be performed and why this is of practical interest,

2. EFFECT OF HYSTERESIS ON k-Y¥ RELATIONSHIPS

Hysteresis is a phenomenon which is responsible for the fact
that there is no unique relationship between moisture tension Y and
moisture content 8 or conductivity k of a soil. The extremes of the
hysteresis—effect are found when a soil is drained from saturation
until it is dry and than wetted again. The 0-¥ or k—¥ curves in this
cycle are the drying and wetting branch of the main hysteresis loop
When drying from saturation a maximum watercontent is maintained
up to a tension which is called air entry pressure.

With increasing tension the watercontent is more or less rapidly
decreasing. The ratio g——%- is dependent on the pore size distribu-
tion of the medium. When the soil is dried out and rewetted it will

hold less water at the same tension. With decreasing tension the




watercontent is increasing at rather the same ratio g—g as on the
drying curve. The maximum watercontent attained when rewetting is
lower than the watercontent at saturation. It is attained at air-
exit or water entry pressure which is lower than air entry pressure.
Capillary conductivity is essentially a function of watercon-
tent and for that reason in the preceeding paragraph capillary con-
ductivity may be read for watercontent. Poulovassilis (1969) acknow-
ledges the possibility that k(¥) during drying may equal k{y) during
wetting — or even be smaller — as a result of a different geometry
of that part of the pore system that is filled during the two con-—
ditions. With the exception of those of Youngs (1964) however expe-
rimental results show conductivities during drying to be higher than
during wetting. In.figure 1 schematic relationships between k(y)

and Y for drying and wetting, according to Bouwer (1966) are shown.

AR ENTRY
X When the soil is drying
. before it has been saturated
% or wetting before it has been
5
3 dry the wvs. k relationship
oz WATER ENTRY E is represented by socalled
% 2 g scanning curves, which cross
- E 2 from one branch of the
@ main hysteresis loop to the
A ; other. That soils in a natural
iR o R B P EE O situation will ever be drying
after being saturated is an
Fig. 1. Schematic relation— unlikely practical case, except
ships between hy-  when they have been under
draulic conductivity phreatic level.
and soil water pres-— Rewetting after being complete-—
sure head for drying ly dry will occur only in
{desorption)} and re- : e§ceptional cases, e.g. after
wetting (sorption) dry summers in the upper layers.
according to Bouwer Generally conditions will be
(1966) changing continuously and



which k-¥ relationship should be applied tp a problem in hand should
depend on the recent history of wetting and drying of the soil.

This is not a basis for the calculation of k-Y relations to distinguish
between soiltypes. Considering the chances to be very small that one

of the two extreme conditions is continuously closely approximated,

average k-¥ relations should be satisfactory, though they may give

calculated values for k(¥) and for capillary rise, which are too

low in some cases and too high in others.

To decide on the nature of average k-~Y relations having realis-

tic value, a diagram,

Thony (1271) has been

shown in fipure 2 and taken from Vachaud and

chosen as an example., This diagram holds for

drying through evaporation after
20 i i‘ . rewetting through infiltration
i % 2§é from above. It shows a drying
100 : . §gg‘*‘*‘ y curve crossing from the main
= %\ EEE wetting curve at high water
80 E &k ' . Go contents to the main drying
‘ N curve at low water contents.
60 X & This is the scanning curve
\ according to which capillary
40 \‘ conductivities and capillary
\“\\\ rise for average conditions
20 in practice will be calculated,
Evaporation
0 alo 020 030 040

Woler content 8, cm3/cm?3

Fig. 2. Y-8 relationship during
evaporation, according to

Vachaud and Thony (1971)

3. EFFECT OF HYSTERESIS ON PARAMETERVALUES IN BROOKS AND COREY'S
FORMULA

Pore water hysteresis may be accounted for in the calculation

of k(¥) with the Brooks and Corey formula when its effect on the



values of the parameters in the formula is known. Brooks and Corey

(1964 p.18) express some views on this subject, which come to the

following points:

2.

The value of the exponent n is préctically the same for drying and
rewetting.

Saturated conductivity ks is about twice the value of the effective
conductivity which is the maximal conductivity attained at the

end of the rewetting process and denominated ke.

At values of moisture tensions larger than ¢e the conductivities
are a minimum of 10 times larger on the drying curve than on the

wetting curve,

Ttems 1 and 2 are clear. Item 3 needs some further evaluation,

From eq (1) it follows that the conductivities on the drying cycle

k(‘P)d to those on the rewetting cycle k(‘i’)w are in the ratio of

k() fk()y =k fk_ (2)
lPe o -n
or k('{')“/k(‘}')d = W (3)
Asn ~p. and k = = 0,5 k_, the minimum of the ratio of

W
k(W)W/k(W)d = 0,1 must have another explanation, which is

d ¥ is ai : i ;
an oq 1S air entry pressure on the drying cycle; Wew<we

On the basis of limited information Bouwer (1966) assumes ¥ /¥
ew

Y
= (=S¥ '
k(v)_frw) = G (4)

where Wew is the water entry pressure on the rewetting cycle
d‘
About the proportion of Tew against Wed little is known.

ed

to be relatively close to 0,5. According to data provided by Kultin
(1964}, Corey, Corey and Brooks (1965), Talsma (1970) and Vachaud

and Thony (1971) the ratio wewlwed in sand separates or sieved

samples of sandy soils is depending on the median grain size.

In figure 3 these data are plotted, supplemented with data provided by




Lecher (1964) who measured Tew in four disturbed sands and gave the
granular composition. So frcem wmedian grain size and grain size distribu-

tion the relative ?e couvid be calculated.
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Fig. 3. Relation between median grain size of x  Talsma 1970
separates and disturbed samples and ¢ Lecher 1964
the ratio between air entry-and water + Kultin 1964
entry pressure, according to lumped 4  Vachaud e.a. (1971)
data of different authors O Richards, Moore ( 52)

Kuntze (1966) adapted his apparatus for the determination of
air entry pressure to the determination of water entry pressure. In
undisturbed samples Kuntze found values for the ratio éew of 0.34
in clayey soils and 0.22 in sandy soils, Data on textur%dare not
provided so the probable influence of textural properties on the
ratio is unknown. In an earlier paper it was clearly demonstrated
how with respect to the relation hetween wed and textural properties
there was a distinction between separates or disturbed samples and
undisturbed samples (BLOEMEN, 1977c¢). It also appeared that grain
size distribution was important. It must be recognized that this

may hold for the ratio %ew too. In the meantime the mean ratio's
ed



given by Kuntze have to be accepted as the best there are for

practical application.

In figure 4 is shown what the main hysteresis loop looks like
in terms of the Brooks and Corey formula and how an average repre-—

senting the scanning curve in figure 2 would fit in.

ks

L ke

Conductivity——»
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Yo Yed Yew
+———— moisture tension

Fig. 4. Hysteresis loop in terms of Brooks and Corey's formula

Calculation of k{(¥) according to the scanning curve in figure

3 with eq (1) is possible, Eq (1) becomes

k(¥) = k_(Cew)ls (5)
e
¥
where ke=0.5 ks, Tew is 0,34 Ted or 0.22 Wed depending on

whether clay soils or sandy soils are involved.

The slope n of the scanning curve can be calculated from the

other magnitudes because



wed nd wew ns
k(?o) =k (G ) =10,5 kg (g‘ (6)
(o] (8]
¥Yea M4 ¥ ow
_So nS=log 2(@;‘) /log Wo (7

Here Wo is a moisture tension where the scanning curve and
the drying curve approach., The value of WO may be chosen where
k{¥) becomes negligibly small whether on the drying curve or on
the scanning cutrve,

It is clear that the deduction of V¥ kS and n from granular

ed?®
composition, as referred to in the introduction,.is at the basis

of the calculation above.

4. CAPILLARY RISE IN HOMOGENEQUS SOILTYPES

Perhaps the most striking feature of the method of calculation
of capillary conductivity and capillary rise from textural properties
is the possibility to perform the calculation for every specific
soil, under the reservations in chapter 3 and provided the granular
composition is known in sufficient detail, which is not a very strong
demand. It may end all discussion on the assignment to a class
in a system of standard soiltypes of some extreme or transitory case,
and in general be the answer to high demands on accuracy.

Nevertheless such a system is useful for common soiltypes when
demands on accuracy are not too high. Besides it is more convenient
to apply to a survey of soiltypes; that is if there is some agreement
between the starting points of both classifications.

It is selfevident that a classification according to capillary
‘properties, to be calculated from grain size distribution and median
grain size, should be based on granulag composition. It is a lucky
coincidence that such a classification is available through the work
of de Vries (1942) who arranged a large number of relative data
and provided average granular compositions for widely different

soiltypes.




Table |, Standard soiltypes with textural data end parameters fn Brooks and Corey's formula

percentages
n <2un <l6pm  §50pa Hd 3 ks 'eﬂ ay ke o L
cm.day_ cm. cm.day-l cm,
De Yeies (1942)
1 Coarge sand {table 1) 2 - o 0.1 650 1.85 3410 9 5.8 1705 2 4.07
2 Hedlum sand - 26 - 0.9 1.8 ana 1,67 898 17 5.4 449 3.5 3.65
3 fpune sand " 132 - 2,7 3.5 124 2.63 206 44 7.0 10) 9 5.73
4 Very Eine eand " 9 - 6.4 26,6 a0 1.1 a7 47 3.1 §3.5 9.5 2.49
3 Extremely fine gand 2 - 4.2 61.9 42.5 1.7 18 122 4.45 9 24,5 3.51
6 Light sandy clay " 46 12,1 16,3 35,5 60 0.96  56.5 54 2,8 28 18 2.36
7 Hedium sandy clay " 56 17,5  25. 50.1 50 0.71 49 52 2.4 24,5 17 2.01
8 Heavy sandy clay " 17 76,6 355 61.6 » 0.60 3 (3] 2.2 15.5 0 1.52
? Loess loam " 132 17.4 9.6 85.6 6.5 0.1 14 9% 2,4 7 24 1.92
10 velgen dune sand (table I} 57 - 3.7 4.9 170 2.75 191 47 1.4 95.5 9 6.01
11 Bennebroek dune sand (iLable II) 56 - 1.6 Z.l'l 174 2.83 195 49 1.7 98 10 &.29
12 Loaga loam (table 1¥} 19 17.6 3.8 g2t 23 03?1 ] 2.4 5.5 28 2,00
13 Upper terrace aends Heelswm (table Y1E) 213 - 0.2 1.4 294 1,60 824 18 4.2 410.5 4 3.5t
14 Pluvioglacial sands Assel (rable VIil) 24 - 0.t 0.2" 396 b.64 1429 14 4.3 4.5 3 3.59
I5 Preaglacial pands Wagenberg (table X) 26 - 0.% 1.5% 33 1.68 832 17 4.4 446 3.5 3.65
16 Light sandy cley (eable XKI) 16 10,5 147 325 63 0.95 62 52 2.8 k1 17 2.36
17 Hedlum sandy clay v 20 17,8 25,6  &9* a4 0.66 Al 55 2.3 20.% 18 1.92
18 Heavy sandy elay L] 25.68 36.2 53.7' 29 0.47 23 63 1.95 .3 2] 1.62
19 River clay {table XXII) 4 32,5 4B.5 840" 1] 0.3 I8 50 1.53 9 17 V.26
20 Marine clay 8 1.0 58,0 B2.5" 10 0.24 4.9 103 .60 .45 34 1.29
21 Pot clay 6 80,3 4.9 9 A% ™ nn7 0,007 924 [ 0,008 INR )69
22 Boulder clay {table XXIV) [}} 16,7 24,9 31.8% 109 0.48 295 18 1.98  147.5 5 1.65
Pe Yries {1945)
23 Cover sands 95 - 2.5 6.5 135 1.55 187 kH) 4.0 93.5 ? 3.3
24 Slightly Lloamy cover sands 32 - 5.0 13.5 V29 1,12 218 30 3,2 109 & 2,60
25 vodarately lommy cover sands §8 - 6.0 21.5 1é 0.85 27 6 2.7 108.5% 5 2.18
26 Loamy cover sards 26 - 8.0 a5 95 0.76 16} 30 2.5 80.5 & 2.
21 Very lcamy cover sands 8 - 8.5 40.5 11 0.77 91 40 2.5 45.5 10 2.05
28 Loan 4 - 4.5 51.0 &% 0.92 B 65 2.75 19.3 16 2.23
9 Moderately cosrae aubsodl sands - 1.5 2.5 390 1.3% 1570 12 3.7 785 2.5 .09

x <4} pm
xx 80 percentile

n = number of analyses




On a later occasion de Vries (1945) did the same for cover sands
from the province of Noordbrabant. These classifications have been
screened on there usefullness and for a number of soiltypes capil-
lary conductivity and capillary rise: have been calculated according
to the procedure suggested in chapter 3. In table 1 these soiltypes
are listed and some data on their textural properties are given.
The nomenclature of de Vries was maintained, The calculated values

of the parameters in eq (1) and in eq (5) are given.

In App. I-l up to and including I.29 the k—wirelationships of
the soiltypes in table 1 are given, For the calculation of capillary
rise z as a function of moisturetension ¥, flow velocity v and con-

ductivity k(¥) the expressien

ng ¥ o<y (8)

ew
v+k
e

z=

was used in the suction range below water entry pressure. In the
suction range above water entry pressure numerical integration

was used according to

Az = k(¥). A Y ¥y ' ' (9)

v+k (V) ew

The Fortran programme for this calculation is given in App. II.

In chapter 5 its use is discussed further,

The tables in App. I show to what height above a watertable
a given flow velocity can occur at increasing water tensions.
The calculations have been performed up to moisture tensions which .
give maximum values for z, but with a maximum of ¥=1000 cm,
In clayey or loamy soiltypes calculated z-values will increase when
Y rises above this level. In such soiltypes there is a possibility
of a physical change at higher moisture tensions - f.i., ghrinkage -
which may have rather drastic conéequehces for capillary rise,
Therefore z at ¥ > 1000 cm is for these soiltypes considered to be
too risky to predict on the basis of the presented calculating

method.

10



The most noteworthy observation to be made on the tables in
App. I seems to be that here too rhe extremes meet. Capillary rise
is the most limited in very coarse sands or in sands with a small
variation of grain sizes. Dune sands are a good example of the last
category. Capillary rise is just as poor in very heavy claysoils
because of their low permeability, Pot clay is an example.
Between the extremes there seems to be a wide range of possibilities,
The tables speak for themselves. It must be stressed that they
lack realistic value to some extent, because the calculations start
from the assumption that the soiltypes are homogeneous and of a
thickness which at least equals the highest z-values for the various
flow velocities. Most of the soiltypes are not found under these
conditions which is also the reason why there is no possibility to
check on the validity of the z-values in most of the tables, in
whole or in part.

In practical cases the capillary rise will be determined by the
combination to a soilprofile of layers of soiltypes of a limited

thickness, compared to their potential capillary rise.

5. THE CALCULATION OF CAPILLARY RISE IN SOIL PROFILES

The programme in App. II has been constructed in such a way
that capillary rise in a soil profile with more layers with different
characteristics can be calculated. For that reason the heights above
a watertable of the changes from one layer to another must be known,
This implies the introduction of a concrete groundwaterdepth into
the calculation. The parametervalues in the Brooks and Corey formula
for thé separate layers in the profile must be given too.

Capillary rise in the profile is calculated from the parametervalues
of the lowest layer up to the Y-value which is reached when the rise
z equals the height of the change of the lowest into the second
layer from below. Then the paraméterv&lues of this layer are used

up to ¥ occurring when z equals the height of the change of the
second into the third layer from below, etc. etc. The parameter-

values of the upper layer finish the caleculation.

11




In figure 5 a three layer situation is schematically presented.
The lower, middle and upper layer are designated 1, 2 and 3 and thé
parameters of the respective layers have the indexes 1, 2 and 3.
At a height =z

|
the middle layer changes into the upper one.

2

the lower layer changes into the middle one, at z

moisture tension

'i’ew 3

"PBWZ

Yew,

______ _____ﬂ___-
LJ M
=
£
N

groundwater table

ke ke ke . .
! 3 2 ———swconductivity k

Fig. 5. Schematic representation of a three layer profile

Up to T(zl) the parametervalues ke]’ ?ewl and n, in eq (5) are

valid, between T(z])-and W(zz) the values are k ¥ and n

e2’ ew2 82

e3’ lFew3 and M3t

To restrict the input for the programme kel will suffice

is converted to the fictitions value it

and when ¥ > T(zz) they are k

for all layers, if wewi>l

would have if the k(¥) values on the sloping parts of the relati-

ons in figure 5 would rem2in the same, and ke'

i>1 would equal ke

l.
This conversion is possible because

yt n y n
ew? 52 ew? 52
ke (-—q,(zl)) = ko (—WZI)) (10)

12



where ¥ - "is the converted value. From eq (7) it follows

2
that

ei ;
(logE—— + n_. log Wewi)/n

el

si (11)

ewi = 10

So in the case of n layers the input for the programme in
'

App. II is k_ vewl (=p51e]), n | $=A]), z, (=zmax1), ¥

1
(Tpsiez), 952‘(=A2), Z, (=zmax2), Y

ew?
and so on up to z

' ewl n-1’
¥ ewn and n_ Between brackets the code in App. II is given.

A layer should at least have a thickness of a few centimeters
to appear in the calculation. This is for the arithmetical reason
that it does not secem practical to perform the integration acc,
eq (8) with too small steps. A step of integration A ¥ may give
an increase in capillary rise A& z of nearly the same magnitude
at low values of ¥ and flow veloecity v. In such cases thin layers
may be passed over, With a step of integration of A ¥=1 cm. a layer
of a few centimeters will not be missed. Whether such a layer should
appear in the calculation depends on where it shows in the profile.
Close to the groundwater thin layers are not interesting to distinguish.
Experience shows that in most cases it is possible to neglect layers
thinner than 10 ecm, A step of integration of 5 cm., will do then,

The distinction of thinner layers only makes sense if they differ

considerably from the under- and overlying layers,

6. CAPILLARY RISE IN SOME SOIL PROFILES

The following examples of the calculation of capillary rise
in some soil profiles are practical cases.

The first example concerns a layer of very loamy cover sand
changing to moderately loamy cover sand at 60 cm. below surface,
At 100 ¢m. beloy surface a medium fine éand subsoil begins, The
groundwater falls to an averaged minimum level of 128 cm. below sur—

face but in very dry summers levels as low as 188 cm, below surface



have been measured. Relative data of the calculation are given in
table 2, under 1.

In App. III-1 z-values for the profile above watertables of
140, 150 and 188 cm. below surface are, given. The tables show how-
the effect of good capillary properties of the middle and upper layer
(acc. App. I) is determined by the poor properties of the lowest
layer and the groundwaterdepth. To maintain a flow velocity of e.g.
0.15 cm. day"l up to 30 em, below surface a groundwaterdepth of
150 cm. is too low and of 140 em. too high, for the relative maximal
z-values are below 120 em, in the first case, over 110 cm. in the
second. When the groundwater is at the lowest level measured, flow
velocities up to 30 cm. below surface are reduced to between 0.01
and 0.02 cm. day-l. In the fourth table in App. III-I it is demon-
strated what the effect would be if there was a heavy textured loamy
subsoil at 160 cm. below surface. Relative data are given in
table 2, under 2. In this case the loam subsoil does not improve
the capillary properties of the profile, The depth of the sand sub-
soil is predominating with the prevailing groundwaterdepths.

The second example concerns a river clay cover with a sand
subsoil at 130 cm. below surface. Between 25 and 75 cm. below surface
the clay cover is very heavy textured (table 2, under 3). Above it
the soil is structured and humous The averaged minimum groundwater-—
level in summer is —134 cm,

In App. III-2 z-values for the profile above watertables of
144 and 154 em. below surface are given, It shows that when the
gfoﬁndwater is further down into the sand subsoil, the capillary rise
in the profile is decreasing. When the averaged minimum groundwater-
level in summer (G.Z.G.) is -144 cm., capillary rise to 25 cm. below
surface may amount to more than 0.5 cm, day_], when G,Z.G. is only
10 cm. lower, flew velocities up to 25 cm. below surface are reduced
to between 0.2 and 0.3 cm. day"l. When once the capillary flow has
reached the river clay it is easily rising to greater heights, These
are reduced however by the bad capillarf properties of the heavy tex—
tured upper layer. In App. III-2 is shown what the effect would be if
the upper layer was missing and above -130 cm. the soil was homo-

geneous (table 2, under 4). The very good capillary properties of
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Table 2. Textural properties, parameters in eq (1), parameters in eq (5) after conversiom with eq (6)

and Y’ew according to eq (11) of the layers of some soilprofiles

Number depth eq (1) eq (5) eq'(ll)
Profile layer %<50pm £ Md ks Yed ng ke wew n ¥ ow
] 3 <60 cm. 38.8 0.80 84 122 42 2.6 61 8 2.08
2 60-100 cm. 21.8 1.00 119 203 30 2.9 101.5 6 2.35 A
1 >100 enm. 2.0 1.67 235 516 23 4.4 258 5 3.69 5
2 4 <60 cm. 38.8 0.8 84 122 42 2.6 61 8 2.08 26.7
3 60-100 cm. 21.8 1.0 119 203 30 2.9 101.5 6 2.35 21.7
2 100-160 cm. 2.0 1.67 235 516 23 4.4 258 5 3.69 14.6
1 >160 cm. 94 0.57 - 20 9.9 104 2.2 4,95 26 1.75 26
3 3 25-75 cm. 68%) 0.11 1) g.a2 219 1,5 0.21 73 1.18 0.2
130-75 cm. 24%) 0.32 18 12.3 75 1,7 6.2 25 1.41 1.6
1 >130 cm. - 2.0 270 590 23 5,3 295 4.5 4.38 4.5
4 2 130-25 24%) 0.32 18 12.3 75 1,7 6.2 25 1.41 2
1 >130 - 2.0 270 590 23 5,3 293 4.5 4,38 4.5
X) = 7<Zum

*¥x) = @ 80



the heavy sandy clay in the profile are clearly to a considerable

degree obscured by the presence of the very heavy upper layer.

The two examples may suffice to support the suggestion that
the caleulation of capillary rise in soilprofiles, accounting for
changes in texture and for proper groundwaterdepths, is of more
interest than the calculation of the capillary potential of homo-
geneous soils of unlimited depth, which is practically the signifi-
cance of the tables in App. I. For that reason the tables in App. I
should be replaced by tables of capillary rise in a number of

standard soil profiles.

7. SUMMARY

Because relationships between textural properties of soilsamples
and the values of the three parameters in the formula of Brooks and
Corey for the calculation of capillary conductivities could be
established, capillary conductivity and capillary rise can be
calculated for any soil, provided the granular composition is known,
The effect of pore water hysteresis is accounted for in a phragmatical
way on the basis of information in literature. Capillary properties
are not unique but depend on circumstances. Calculations are performed
for a number of soiltypes in an average practical condition of drying
through evaporation after infiltration from above. The results will
not necessarily be valid in other conditions. These results are mainly
interesting as a distinction between soiltypes through their capillary
potentials, Far more interesting is calculation of capillary rise in
a combination of soiltypes forming-a soilprofile, Groundwaterlevels
can then become part of the calculation., It is suggested that such

calculations should be performed for a number of standard soilprofiles.
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App. |

Capillary rise ‘in homogeneous soil types of a thickness which equals

the calculated z-values
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a08, 23,9 27,8 20,8 33,4 38,2 49,5 18,7 52,3 83,4 70,8
CALCULATION OF CAPILLARY RISE
15 PREAGLACIAL SAND WAGEMBERG 1,3%<43 =0mu3)3 Fui, 88
KE® 445,809 PSIEYs  3,% AfE 3,63
¥ IN CH/QLG a,%5u a,49 fAy30 f,29 a,15 8,40 n,A6 na 8,02 e,0
PAL IN CH T INCN
- 20, 18.4 18,8 18,8 19,1 li;l 19,8 19,7 19,8 19,9 L
an, 22,2 23,1 24,1 25,3 28,3 27,3 28,2 28,8 29,4 20,7
an, 23,9 25,1 26,6 28,0 38,3 32,3 34,5 38,9 Ir.7 28
A, 24,8 26,8 27,8 38,3 32,4 33,1 38,5 i,9 44,3 16,8
6A, 25,0 26,4 28,4 31,3 33,8 36,4 49,9 .1 9,2 83,3
re, 25,2 26,7 28,7 3,0 M,2 ar,z 42,4 18,2 82,7 88,4
83, 25,3 28,8 e8.9 3241 34,6 38,3 43,3 47,8 as5,0 62,3
e, 23,4 26,9 8,1 32,3 3A,8 38,7 43,9 d8,4 48,7 48,1
a8, 28,4 27,8 20,4 32,4 35,0 38,9 aa,l 49,1 87.0 87,14
2¢a, 28,6 27,2 29,4 32,8 35,5 39,8 3,5 58,7 81,4 73,3
Jea, 23,6 27,2 20,4 32,8 33,3 39,7 45,8 B, 9 8§,5 74,2
LN 28,6 27,2 20,4 32,8 38,5 39,7 8,5 51,0 a1,68 74,4
98A, 23,6 27,2 29,4 32,4 33.3 3,7 45,7 LIL] 81,7 F4,3

23



App. | (continued)

CALCULATION QIF CAPILLARY KISE

16 LIGHY SANDY CLaY |@,5K«2

KEs J.er

PAIELe 17,0

¥ IN EM/DAG

PS1 1IN Cr

an,
LN
58,
8,
e,
ied,
V54,
200,
36R,
4nn,
spA,
#4B8,
\apa,

CALCULATION OF CAPILLARY RISE

V7 HEDTYM SANDY CLAY 17,8X«%

KEw» 20,3089

FRIEfY 18,8

¥ IN CH/7DAG

FS] IN CH

I,
4n,
3,
&,
8a,
189,
159,
zge,
lpa,
e,
1p0,
spA,
Lana,

CALCULATION OF CAPTLLARY RISE

L8 HEaAYY SARY CLay 25,4342

KE® i1,.588

P31Ey= 24,8

v IN CHIDAG

24

PSL TN CH

4,
an,
6,
70,
an,
98,
188,
208,
588,
788,
sun,
108,

LIEE L

Alw

8,59

29,3
38,6
27,1
53.1
L. 9%}
15,8
78,8
178,2
118,65
123,3
128,80
127,6
13e,7

LUTEPR]

Afn

[ .1

29,1
33,3
47,9
55,3
7,3
23,4
10e,4
1287
146,9
150,19
167.¢
17e,8
184,1

LDTT

Alm

LT

37,8
5,5
54,8
42,7
79,2
77.2
83,9

133, 4

196,7

215,2

227,3

231,8

Fed 98

2,38

29,4
38,8
47,6
85,9
6,6
82,6
183,58
148,6
128,1
134,8
1374
130,85
143,2

Fad 68

1,02

Ha,n

158,8
373,85
183,3
i98,1
204,4

Fad, 47

1,62

38,3
47,2
35,8
84,0
74,8
79,3
ns,5

141,4

216,1

238,86

233,6

239,3

29,8
39,1
48,2
38,9
72,6
83,9
118,3
123,2
141,1
148,9
1933
156,
181,31

29,4
38,9
43,2
3T
737
L1 %)
i2e,)
by,
174,3
193,2
208,7
214,89
23,4

38,7
a,9
35,7
88,3
73.6
a1,8
85,3

1511

242,4

271,8

299.8

298,2

~

4,20
IN CH

29,7
39,4
48,8
87,8
74,7
L1y ]
19,8

138,83

150,06
171,7
178,2
182,3
109,28

127,8

186,1
221.9
239,86
252,)
279.9

n,28
IN CH

i
48,5
37.8
88,8
78,0
84,2
92,8
183,14
280,9
321,6
el
hLI M ]

a3

29,8
39,8
49,1
58,3
78,9

124,06
147,53
174,80
80,2
187,86
2n3,8
2.8

29,7

2d2,7
284,90

70

29,9

249,7

29,8
39,8
9,4
30,8
77,7
a8,8
137,4
173,85
238,58
271,4
381,4
323,8

. 375,3

a,1¢

30,8

178,86
348,7

287,68
200,1
03,8

29,9
g8
9,8
59,4
78,6
7,4
142.9
182,6
254,3
and, 8
346, 4
AT.9
ay .8

3,7
5,6
56,3
59,8
78,6
a8, 1
07,8
176,32

3n8,8

10,7

549,90

877.5

8,84

29,9
3.9
19,7
58,9
70,8
97,8
145,3
79,2
237,14
273,53
IR,
38,7
383, 1

29.8
30,9
49,7
39.6
9,1
8,2
144,53
187,8
284,14
yer.?
39,3
21,3
528,33

39,8

458,3
528,08
816,5
854,90

I, 0
39,9
40,9
80,8
0,4
08,8
146,.4
108,13
201,.8
38,9
347,8
a87,8
a%8,5

LY

38,8
39,9
d9,9
9.8
79.5
#9,1
147,2
193,6
208,3
57,7
428,7
484,38
852,58

L

3.8
an,n
59,8
80,7
0,8
T
49,2
105,1
4321
598,3
757,89
772,4

i, 0
an,0
19,9
2,0
re,?
op, 4
147,8
103,8
274.3
J4p.d
48,1
any,1
880,80

38,0
48,8
19,9
89,8
79,8
29,8
148,8
198,7
280,8
ars,s
457,
832,80
767,80

.9 T

4,8
48,9
89,9
89,8
T0,8
89,7
98,6

197,8

AT4, )

&41,9

792,90

883, 4



App. IMY{continued)

CALCULATION OF CAPILLARY RISE
1P RIVER CLAY 32,5%42 MDuiB Fud, i@

KEm g.efe PS1ELw §7.9 Als §,28
L}
¥ 1N CH/DAG @, 88 48 8,39 a,28 13 B, 14 a,08 LM T 8,02 e,a
P8I IN CH T INCEH
an, 28,4 28,8 28,8 9,2 29,4 29,6 29,8 20,8 29,0 do,0
42, 38,9 37,5 38,1 38,7 39,8 39,3 g, I, 7 39,9 30,9
59, 43,3 45,2 a7, 48,9 18,5 19,9 8,4 19,9 40,8 9,9
58, 53,4 94,5 83,8 87,1 57,0 83,9 19,1 59,4 59,7 ag,s
88, 40,4 70,4 72,5 74,8 76,0 77,3 78,3 78,9 0,4 8.2
188, 42,2 A3,8 88,2 91,7 #3.8 93,0 97,3 8,2 09,4 99,8
138, 11,9 117,14 123,7 38,9 133,14 139,8 §43,% 148,48 147,7 48,9
204, 136,3 14,6 194,4 186,12 173,14 188,9 187,89 191,7 183,7 1878
FTLN 174,4 188,82 204, 0 226,77 249,2 255,2 271.4 288,14 289,5 204,86
dun, 2R3,4 22,4 248,80 a7e,7 207,3 322,08 348,) 383,4 300,4 380,90
Bge, 228,06 248,14 277,08 38,8 340,5% A82,1 419,14 441 ,8 188,3 83,4
&p8, 244,0 278,14 s, 334,90 180,13 435, 4 A84,4 35,8 833,2 76,3
19aR, 204,58 331.2 In2 4 44,5 5i6,8 LLENS 21,3 771,3 884,9 9234
CALCULATTON OF CAPILLARY RISE
28 MIRTNE CLAY d1X«2 Kkheiy Fan 24
KEw 2. 450 PSIELn 34,¢ Ae §,29
Y IN CHIDAG L)) n.48 8,32 f,20 n,1s f,13 a8 R,04 9,02 APl
F31 IN €H I INCH
58, 41,8 42,3 a4, 1 3,0 46,9 47,9 an,7 w1 49,8 49,8
68, 48,2 99,2 82,3 84,0 83,9 37,2 58,3 58,8 9.4 50,7
IR, 53,0 57.4 da,1 83,9 84,8 86,3 82,7 a8, 3 49,2 49,6
L LI 64,3 47,5 Th.2 73,2 73,3 71,1 78,0 TR, 79.0
AR, 73,4 17,0 81,5 83,7 89,8 02,3 LIW1 97,4 o8, 4 00,2
1ae, a3, 4 28,5 24,4 19,3 15,3 199,27 113,85 13,8 V12,7 118.9
148, 92,7 98,9 06,2 11%,8 120.1 128,90 131,1 13,9 138,90 138,4
28R, 115,7 1238,1 18,7 151, 4 140,5 171,2 181,38 187, 193,32 194,58
254, 138,7 (42,6 157,93 177,38 189,% 285,3 22,3 229,1 234,89 244,3
ipd, 143,2 187,2 1753,3 199,9 2108,2 238,35 287,8 250,4 283,58 201.4
dgh, 182,88 i49,8 204,2 237,8 288,9 29,3 3.0 344,39 88,3 FLEM
08, 19¢,.7 23,1 245,33 293,68 Iip,0 e, 4 436,3 s, 1 827,08 dde,8
1988, 221,3 251,8 206,32 Jed,0 447,68 497 .8 LIS LIy } 798,08 883 ,4
CALCULATION OF CaPILLARY RISE
21 PNT CLAY 80,3X42 Hpu«2 Fuy,y?
KEw #.088 PSIE1w3%8,9 Ade |09
v IN CH/DAG a,% 2,80 L] 8,28 a1 LT [N 1} LT 8,n2 8,0}
PAL IN CH T IN CK
) 328, 5,8 5,3 8,3 12,3 18,2 23,7 az,s 53,3 T 142,82
3n, 3,2 6,5 a,8 12,7 18,7 24,4 3,7 34,9 A, 148,08
34m, 5,3 6,6 8,8 13,8 17,1 25,1 39,4 50,4 08,8 158,7
sm, 5,8 a,8 .0 13.4 17,8 25, 48,9 7.9 99,4 194,08
Jea, 5,6 7.0 9,2 13,7 19,9 20,4 AL, 9 59,4 12,8 198,80
e, 5,7 7ub 2,5 14,8 18,4 27,8 42,8 8¢,8 194,0 182,09
3an, 5,9 7,3 8,7 14,3 18,9 27,8 43,9 82,2 108,9 188,80
dpe, 6,1 7,8 18,1 14,9 19,7 28,8 43,7 84,0 111,88 - 1744
Ses, 7.2 8,9 11,0 17,8 23,1 33,8 B3, ¢ Ta.8 132,48 ang,
7en, a,7 18,9 14,4 21,3 28,2 11,3 88,1 [T} 185,2 208,.2
289, 9,8 12,3 16,3 24,14 3,9 6,9 5,1 187,7 160,1 09,4
1908, 18,3 12,8 17.8 25,3 33,4 i9,2 78.% 113,12 200,84 328,44

25



App.

CALCULATION OF CAPILLARY RISE

22 BOULDER CLAY
KEs {47,548

1 (continued)

18,742 MDR{AY

P3$IE}s 8,9

¥ Ik CHM/DAG

CALCULAYION OF CAPILLARY RTSE

23 COYER SAND
KEm 43,508

P3I IN CH

B,3%45¢ MDe133 Fuj

FS1En 7,0

¥ IN CHZDAG

CALCULATION OF GAPILLARY RISE
24 SLIGHTLY LOAMY COVER $AND

P31 IN CH

P3JEy= 4,8

¥ IN CH/DAG

26

P8I IM CH

2e,
an,
an,
s5a,
58,
e,
1o,
2pn,
sam,
700,
968,
[LLLM

Fup,d8
L'} R, 40
10,8 19,8
9,3 20,4
38,% 33,8
47,4 iy .9
s, 9 58,68
F1,? 73,2
85,8 88,3
138,6 48,3
206,9 220,48
227,80 81,1
29,8 248,9
a7 72,9
1]
Als 3,31
8,50 40
19.3 19,8
26,7 27,2
3,4 32,85
34,3 38,8
35,0 7,9
37,7 18,0
38,5 o9
g, 4 2,1
IS 42,4
9,6 2,4
39, 2,4
3,7 g, 4

13,3X<38 Hhui2e

Alw

2,68

19,0
20,8
3.1
18,4
57,4
74,7
98,8
158,4
283,14
84,4
04,9
32,8

19,6
27,8
33,8
37,8
42,3
&3,0
44,3
45,0
i5,2
46,3
48,3
6,3

Fry,12

19,7
28,7
36,5
43,1
48,8
78,1
41,0
59,0
73,7
74,2
T, 4
74,8

IT5,6

8,20
TN M
19,7

8,28
IN CH

88,9

09,7
424,03

19,8

87,1

B, 19

19,8

97,8

8,08

10,9

308,8
491,68

804,2

19,9
oir
3,2
48,3
18,8
1.0
0,1
11858
13333
138,7
13878
137,14

830,4
830,60
440,8

193,9
187,48
159,1
199,60

28,0
19,8
39,9
19,9
39,8
79,6
08,3
198,72
458,1
481,08
728,7
74,0

100,2

288, 4
288,4

20.9
20,9
0,7
9,2
18,3
74,7
0,0
1"y
128,80
20,7
129,08
120,1

20,9
30,1
R, 0
0,7
59,4
78,4
04,8
160,9

243,08

257,1

783,4

288,48



App. 1UCcontihued)

CALCULATION OF CAPILLARY RTSE
23 MOQERATELY LOAMY CQVER 3AMD 21,3X«30 Kpujid Fed 88

KEm 338,589 PSIE|n 3.0 Alm 2,18
¥ M EH/DAG 2,8 8,48 a,3e 8,20 n,is LT A, 08 u,04 n, 02 8,8
P81 IN CH 1IN CH
28, 19,3 19,6 19,7 19,8 19,8 19,9 19,9 2¢,0 20,8 28,9
3s, 28,1 28,8 28,8 0,2 20,4 20,8 20,8 9.8 28,0 3n.e
48, 3,7 38,4 37,2 38, 38,3 3¢,8 39,4 30,8 30,8 30,
&R, 2,1 3.4 a4,z 48,3 a7, 48,8 48,8 49,2 i9,6 49,8
69, 47,9 19,3 81,3 13,7 35,9 38,5 B7,A 54,8 80,4 .TH ]
an, 48,7 58,8 82,0 a8,4 80,0 72,8 74,8 18,4 T8, 0,9
1N 8,4 as,2 78,9 76,3 88,4 85,3 00,2 83,1 08,3 [TH]
2u8, Ta,2 43,0 89,4 192,8 12,3 128,2 143,2 195.3 172,.8 104,08
spe, 81,7 93,8 1847 128,6 135,7 159,90 194,2 224,8 282,3 41,3
Ter, 83,8 94,5 183,9 123,8 140,8 166,9 204,58 240,98 38,3 3gn,3
ges, 43,7 92,5 195,9 125,08 142,3 190,4 18,4 48,3 328,2 10,7
10e8, 84,8 92,8 185, 4 128,1 143,80 178,53 212,90 281,4 3,8 a3e,2
CALCULATION OF CAPILLARY HISE
26 LDAMY COVER SAND  32,3X437 HDa@B Fea,?s
KEm  8p,30B PSIEje 6,0 A 2,81
¥ LW CH/DAG 2,58 LIWT] 8,38 A, 28 8,13 6,19 @,A8 [T 8,03 a,a1
P31 IN CH [ R ET
24, 19,6 19,6 19,7 14,8 19,9 19,9 A9, 9 20,0 48,8 20,8
3n, 28,6 28,8 29,1 20,4 29,3 29,7 0,8 9,9 20,9 an,s
a9, 38,8 3.4 39,0 38,8 38,9 30,3 38,6 0,7 W, LI )
58, a“,? 48,2 48,2 47,4 48,0 48,6 19,2 T 19,7 9,9
&0, w7 52,2 - 53,8 55,0 58,8 87,7 58,6 59,0 50,8 50,7
a8, 81,4 fa,0 87.9 18,9 12,8 14,7 76,7 1.7 78,0 TR
1909, 50,7 13,3 77.7 83,2 48,4 29,2 83,7 §5,7 87,7 [T )
2en, P1.9 .98,3 124,3 122,8 132,9 148,4 181,53 171,3 1483,7 19),2
189, 106,46 I, 133, 4 180,4 178,1 2e8,7 254,80 FLEIE 347,80 ne,2
Tos, 109,7 121.4 138,5 188,8 188,1 2233 74,2 30,4 93,4 anr,7
see, 1,4 123,7 1y 172, 3 193,38 21,7 287,84 339.1 a¥,.2 548,4
[LEL 12,8 124,85 142,14 171,48 195,86 2347 202,71 36,2 452,3 571,84
CALCULATION OF CAPILLARY RISE
27 VERY LOAMY COVER 34MD 48,3%«5¢ Hher] Fan,77
KEm 43,589 PSIE}T 8,8 Afw 2,088
¥ IN CH/DAG n,09 A, 48 2,38 2,20 2,15 8,18 [ Y A, 04 a,02 0,0
P31 IN CH T IH CM
38, 29,1 29,3 29,3 [1: ) 26,7 29,8 29,9 29,9 38,9 1.0
’ qn, ar.e 38,3 38,7 30,1 3g,d 39,8 34,7 36,8 39,9 is,9
se, 45,9 18,8 47,4 48,2 a8,6 49,1 0,4 9,8 9,8 0,9
da, 53,3 34,4 95,0 7.9 87,7 80,4 59,9 39,3 89,7 59,4
8o, 55,8 88,8 re,4 1, ra,e 78,3 7,7 LY 9,2 79,8
ted, 75,9 70,1 82,9 87,4 08,9 93,9 LI} 7,0 [T 00,2 -
13, 93,1 98,9 1668,1 115,48 121,7 128,9 §38,1 140,2 144,80 147,3
28R, 1Ay, 4 111,2 121,3 136,3 144,90 i3r,2 178,2 178,3 184,8 1837
38, 1j4,8 1290 138,90 15¢,% 174,6 195,9 221,3 230,3 283,86 279,7
g8, 128.8 132,3 148,4 173,2 192,80 219,09 253,7 283,2 Jad,8 386,4 .
den, 124,4 138,8 134,3 184,8 283, 4 238,7 1,3 3541 372.8 20,4
dgn, 126,8 130,8 1583 147,868 218,8 248,7 208,68 338,7 a1y,0 478,656
yaen, 135,7 149,9 1868,3 199,4 226,4 FLT I 3333 01,2 83,1 604,1

27



App. 1 (continued)

CALCULATIOM NF CAPILLARY RISE

20 LOAM

KEu 19,530p

31X«88 Mpu4$ Fed, 97

PSIE|s 18,08

¥ IN CH/ADAG
P31 IN CR

34,
q,
59,
6n,
88,
e,
138,
288,
88,
199,
580,
689,
1080,

CALCULATION OF CAPILLARY RTSE

20 MEOTUM COARSE SUBSQIL 3AND 2,5X«Nd

¥Es pag,e2p P31ELs 2.3

28

¥ 1M CH/DAG
PSI 1IN FH

4,
9,
68,
79,
an,
1n8,
139,
2a8m,
Jpn,
498,
08,
saa,
1ae8,

Alw 2,23
8,88 a,ip
28,9 29,4
37,6 b LN ]
45,3 48,3
22,7 53,0
84,3 66,8
13,6 77,8
a8, 1 93.9
98,2 13,5
124,23 113,59
1#8,2 10,4
148,3 121,2
112,90 123,9
114,7 126,4

LIERED]
Ate 3,00
A5 LT
27,3 28,8
20,8 0,7
3u,8 .0
e, 32.7
3,4 33,2
33,8 33,8
32,9 M,
32.2 34,6
32,3 34,7
3z,3 34,7
32,4 34,8
32,4 34,8
3.4 14,8

26,3
3,3
47,2
53,2
80,4
81,8
194,2
13,2
126,
132.3
138,2
138,86
143,01

Frl, 3%

38,2

L]

8,28
1K cK
29,5

178,2

43,9

29,6
3,
8,8
87,4
74,8
83,7

117,%

138,7

150,3

71,3

178,53

183, 2

192,14

2,13

ar.7

30,

34,4

29,9
3w,
[
8,0
77,4
94,0
133,12
183,8
88,7
234,1
247,2
258,2
79,7

36,8

84,2

[T

0.9
30,0
9.8
99,3
78,2
28,3
134,9
17341
224,
288,86
81,9
a0e.8
387,90

37,8
48,8
50,8
88,4
2,8
83,8
8.9
4,8
72.2
72,7
2.9
73,8
13,2

3,8
33e,s8

424,2

38,8

3,8
38,0
40,0
98,8
19,8
#9,1
1ia,8
191,98
2r2,7
30,4
02,0
38,2
535,3

30,4
48,3
87,0
84,7
71,5
82,9
08,3
188,2
Lis,8
112,4
1§8,3
13,7
14,4



App:

Fortran programme for the calculation of capillary rise in soil

profiles

FORTRAM V9,40 we136eL17 -RleJUN=78 FAGE i

Gui
GHpR
Oy
aAsv g
ayes
v 6

aue7
YUk
aguy
:ER
"1 XN ]
2vi2
a1y
vafa
415
neE1é

o017z
a¢18
oLy
ap2e

Anzl
A2z

2u23
PP2a

OO0 OQODOOnnEeDooOOn0n0O0onn

CALGCULATION OF CAPILLARY RISE
ICW 1e5C BLM/GLS IC¥ 22,3 , TND 3424

INSTRUCTIE

DEVICE B 15 GERESERVEERD VOOR DY KAARTLEZER,

DEVICE 5 15 GERESERVEEKD VUOR DE REGELDRUKKER,

JGEBRUIK $ AS DK11PRIRIC,LDA

LFES PE KAARTEN VAR EEN PROFIEL MET MAX, 99 |AGEN HET 1§
NAAM KRT, ITEEST KL, FSLECY ) ;A Q1) ) ZHAX (LY 4o o T/H,y  ALE)
VOLGEHS FORMAT(RAAL/OAY,FB,3,F4,),F4,2,5(F3,0,F4,1,F4,2))

EN VERVULGEKS IFDERF VYULGEMDE KAART HET ¢

KRY,2 BLANK, ZMAXCI) PBIE(L) JACI) . u o T/M. s o ALT48)

VOLGENS FURMAT(AL,2%,7(F3,0,F4,1,F4,2))
KRT MIET BLANK VOOR LEES NOG EEN VOLGENDE XAART,

DE LAGEN AFSLUITEN BET BLANKS,

+LEES DE KAARTEN HET 1
NE INTEGRATIE=STAP EM PAYIMAAL 79 PST=WAARDEN,WAARVOOR I=waAARDEN
WORDEN GETARFLLEERD VOLGFNS FORHAT(16F8,8),
UE PS]=WAARUVEN AFSLUTTEN MET BLANKS OF IN GEVAL VAN EEM YOLLE KAART
EEN SEQD=RMAART,
IMDYIEN ALLEEM DE IMYEGRATIE~STAP EN PSI1} OPGEGEYEN HORDEN wORDEN DE
OVERIGE PSI=WAARDEN vah HET n]lERVOUR BEREKENDE PROFIEL GEBRUIKT,
JUDIEN ALLEEN EEN SLOO=haART VNORKONT wORDEN ALLE wWAARDEN VAN HET
HI1ERVOOR BEREKENDE PROFIEL GEBRUIKT,

+LEES DF KAARTEN VAN EEM YOLGEMUD PROFIEL OF
STUPPEN MET EEV SENU=KAART, I35% WRADODR GEEFT AAN DAT HEY PROGRAMHA
GESTORT IS DONR EEH MEOD,

THPLICTIT UODUBLE (AwH]}, ({1=T), 1¥Y=Z)
I'DUBLE ¥E,X1(99)
RYTE IDAT(D),ITEKST(8),hAar(Ry)
[MTEGFR IZHAX{16),UnITO,UNIT)
DIMENSTION V(IR),P8T(79),2(10),PSIE(99),A(99),IMaX(99)
DATA V/¢ 50,0 ,406,0,300,u,200,0,1500,8,10¢,0,2600,V,0400,2,0200,0
*, 0100/
BEGINWAARDEN
UNITIaR
UNITOSS
CALL DATE(INAT)
CALL SETERR(S5,1U)
ROTTNH==36,
TUPs+34,
T0IME1R
Juinegy
KDIHu7 0
NTOTaw
FORMAT STATEMENTS
ive® FURMAT (6RAS /948 ,FB,3.FA,1,F4,2,5(F3,98,F4,1,F4,2})
Iyl FORNAT (AL, 2x,7(F3,0,F4,1,F4,2))
Iv2 FORMAT(i1&6F5,P)
2vd FNRMAT (IX'CALCULAYIUM: OF CAPILLARY RISETQ4Y,9A1//1X,80A /104X IGROV
*ND WATER LEVEL = 'RAL)
205 FORMAV(JX'KE mt'F9 .3, 5X"LAYER I'SX'PSIE wl!F6H,1,5%14 21F6,2,3X12HAXK
* S IqHLAAG (FB, /25X, T2, 11X, F6,1,8X,F6,2,11X)/)
206 FORHAT (1OX'Y IN CR/DAY'I6X, [FF{M,2//17%1 PS1 IN CHM! 34X'Z2 IN CH1/)
201 FORHAT (17X, F1e,F,10F 10, 1)
202 FNRHMAT(1HL)
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App. 2 (continued)

FORTRAM Yhu,do GGt |7 HimlUr=7A PohE 2
Au2h 203 FORINAT (1 X'GEGEYEDLL FOUF [HNGELEZEMT)
c PRUFTELKAARTEN
wy2e 1 Zrax(y)es ,
wwez Kzb '
¥u2a READ(UNITE, 179, L10n899) HAAD KRT,, TTEKST,KE,PSIECL) pALLY, (ZHAX(T),
WRSTECL) ,a(l),102,K)
an2s J=n
3342 2 TH(KRY Frr, JH ) GOTO A ’
031 Ta]+?
A3z Kz J#6
QR3S READCUNITI, IPL,ENGOY) KRT, (ZMAX (D) ,PSIECT) ,A(1), (2d,K)
DIV ] noTn 2
wedd 3 Ke)m7?
Adan 4 HLAAGEY
sz IFCE.GT, 3010} Kelel
LG ] 0o 9 I=1,%
nE3o IF(ZHAX (1) LEW, ,0Ua 40D PETE (J) (L0, (@00, AND  A(L) ,EQ, MDKW) GOTO 6
0w an MLAAGRELAAGH]
LIIER] 5 COMTINUE
B4z 6 HLAAGeRLAAG=]
c NE KOH VAN GE TAGEL
U4 WHRITE (U:TTO,2¢48) IGAT, MAAN, LITEKST
wu4-d LF(HLAAG LT, 1) wRITE(UNITO,2%5) KE,PSIE(L) rACL) ) (ZMAX()) 6, PSIE(
#1),AC1), 102, LAAG)
ELPR] WRITE(UNITO,206) V .
c PO ImKAARTEN
pPan L=
bda7 READ(UNITI, 102, ENDwLE) STAP,(PSI(]),Is1,19)
puda Juih
anqo 00 B Ial,kDIM, 16
gese IF(f.LE, 1) GUTO 7
adhi Ju]+1s
pEs2 READ(UNLT], 162, END3Y) (PST(K),Kel,J)
wans 7 M) A KaT,J )
abd 1F(PRI(R) ,LE,®) GOTN I#
[ 1L 8 CONTInug
w56 GOTH [n
ans? 9 hmj
vesn 10 TF(KWGT.2,0R, BTOT LE, 1) NYOYRK=]
C STAHTWAARDE
by TSTAFaSTAP+E, 5
111 1.19] IePSTIE(L)+ISTAP
7131 F51B81/]13TAPX[5TAP
wee? 0o 37 Tag, lillk
weed 1ZHAX{1) =2}
ANBu 17 Z(I)9XE+PSIB/ (V(1)#KE)
C ' ' PER P3)a8TAP , PER V
) oU 1% Jey , NTOT
[Pl 11 FS1H=PS1B+ISTAP
yoe7 PSIGEnapSIB+ISTAR/2,
Buhs DG 12 w1, KLAAG
[dal IFIPSTIECTY 1 @, AN ACL) ,GT,0) KI{I)aKE®(PSIECI)/PSIGEN) «*A(])
dqa7e 12 CONTTNUE
207 D0 13 Isj,IDIM
apn72 KeTZHMAX (L)
073 DZeISTAP/(1,+V(1)/h](R))
wpza c(ly=sz2(1)+02
ve7a IF(Z(1) LE 2BAR(23) TZHAX{(})m]
vaze 0O 10 L=2,KNL8AG
wez7 13 TFOZMAN (L)Y W01, 0, 4D, L), GT 4 ZPAX (L)) TZMaX(I)aL
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FORTRAN VD KD

P YR
iy
vhbw
apbl
UakD

2084
W84
LT3
UVIBH
uee?
LIV Y]
AgRY
pogn

IF(PSI{J) ,LT.PFSIR) GOTO 14
TF(PSI(J) ,EQ,PSIh) GOTU 14

FSIBePSIH+ISTAP

TF(PSIA,6T,16640,) LOTO 16

GGTY 14

L4 WRITE (unITu,2e1) P8IV, 2

FS5IBaFSIH+I[ST1AP
15 COLYInNL
WRITE (UH1T0,202)
GO0 1
16 ARITE(URITE, 2¢3)
999 SYOP
ENI

ROUTIHES CALLEDS
UATE , SETERR

OPTYIONS s/LI,/700:,/CK,/0F1), /G0

HLOCK LERGTH
MATH, 3342 (015¢34)+

A#COHMPILER wmweme== CUKE##

PHASE UsED FREE
DECLARATIVES po6e22 13673
EXECUTABLES m1183 13112
ASSEMBLY p1B76 {710R

App. Z dcontinied}

Pi=JUNRTE PAGE 3

REGEL VOON OPGEGEVEN PSIaWAARDE
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App. 3-1

Capillary rise in the soil profiles nr | and nr

table 2

CALCULATION QF CaPILLARY AISF

OYERLOAN 17 »10¢ CH 2%<¢57 | AU-5A CH 21,8343 <88 LM 38,8 X<30 GROMDW, =134 £k

KEs

238,009

PS1ELw
PStE2w

S.u
4,8
PIE3e 4,0

¥ Ik CHrDLG

P51 1IN CH

za,
34,
an,
A,
60,
B8R,
128,
200,
Jad,
Tee,
oan,
1908,

CALCULATION OF CAPILLARY RISE

OVEALOOM 17

KEw

CALCULATTION OF CAPTLLARY RISE

OVERLINION §7 >guglh 2%¥4R%u

238,808

»188 CH 2X«Su

P8IEje 3,8
P3JE2n 4,8
P3IE3e 4.4

¥ IN CR/DAG

2%8,088

P8I IH ER

28,
a8,
s,

FJF)a
PSIEZe
PRIFas

¥
4
W

B

¥ 1IN CRrURG

Al 3,69
Adw 2,34
A3n 2,03

v, 40

19,0
24,7
27.6
8,9
29,6
8,2
35,3
3,9
31,2
82,0
32,6
52,6

M 3,80
a2w 2,33
13 2,08

(AT

19,0

Jp, 8

T =falin 21, 82«50

24,9
in,9

84,2

16R=03 CH 21,8%<53

PS5l 14 Cn

2n,
ae,
qR,
53,
(-1
b8,
1an,
2u8,
LT\
7ea,
Qua,
1708,

CALCULATION OF CAPTLLARY HISE

OvERLNON 17

KE a

4,994

v IN

32

LF THEHL 2% & HEAVY STHNUCTURED LOAR Al

LAYER I
2
3
a
sy

5] Iu CH
qv,
54,
64,
73,
At

vd,
E
hyod,
e,
WP,
jaen,

HAXTE 34,
ZHANZE JB,

9,38

19,4
26,3
33,3
37,7
24,2
54,3
§1,8
23,9
128,4
126,9
1308
131,9

46f 38,8%450

IHANLE 38,

HAN2E 92,
8,40 2,38
19,2 19,4
25,5 28,3
28,8 38,3
8,4 32,3
3,2 33,4
32,8 M.
32,3 34,8
32,6 33,2
32,7 33,3
32,7 13,3
33,7 35,3
32,7 33,3

«B8ACH  3B,8Y«<%8

alm 3 &0 IHAXL® BB,
AZx 2,39 IHAXZ912B,
A3x 2,vA

@, 50 n, a4 a3
19,2 19,2 19,4
24,7 25,9 26,3
27.6 28,8 3e,d
58,8 0.4 32,3
29,6 35,2 33,4
3a,2 32,0 34,4
in,d» 32,3 34,8
38,7 32,6 35,2
3u,8 32,7 35,3
33,58 12,7 33,3
30,0 az,? 35,3
39,6 32,7 35,3

L3 L

e b

Ih K
37,1
37,R
Ik, 2
CE|
18,7
e, 4
3y,
I, o
g, 0
3a,i

26,¢
14,6
21,7
26,7

[ 1Y

IG5, 6
3a,2
33,0
39,4
Iy, 8
in,l
.4
ap, ¥
0,5
dig, 5
a0 ,D

-i8u
L3 1,75
3,89
2,35
2.8

[

L EA
39,4
48,3
a,1
41,5
43,9
42,3
42,4
42,4
42,4
42,4

»,20 a,13
7 1IN X
19,6 19,7
27,3 27,9
32,2 33,5
dpod 42,1
47,7 49,9
39,9 63,4
68,4 74,4
12,8 127,2
157,14 183,8
188,7 195,7
172.2 202,8
174,14 2R5,4
GRONON, =138 €M
n,2a LT}
t I CH
TH 19,7
27,3 27,9
32,2 33,5
38,9 34,9
38,6 s,
38,1 40,8
38,7 1,8
39,3 42,3
3,4 42,8
0.4 42,8
0.4 42,8
30,4 2,8

r
-
z
[}
=

39,4

£H GHOUKDK,

IHAR &

A2
T Ix €k

LLI
41,0
42,0
43,5
44,0
as,h
45,3
45,4
45,4
4%, 4
45,4

GRONDN, ~JBHACH

19,7

42,6

"n}88 CH

284
88,
128,

a3

38,6
42,0
44,1
ay,2
45,9
48,7
a7,6
ar,?
47,7
47,7
61,7

19,8
28,8
38,1
44,1
52,8
82,7
22,3

145,8

220,58

238,8

249,4

233,2

19,8

L

47,6

39,1

2 (last table) in

V9,0
29,1
16,7
a6,1
55,1
71,8
89,5
162,8
268,6
207,4
354,4
328,53

18,2
98,3

124,98
247,82
248,2
233,68
25%8,3

54,6

39,4
45,1
48,9
51,4
53.1
54,9
57,9
57,3
57,4
57,4
57,4

a,nd

19,9
20,4
31,7
47,2
16,8
74,2
R2,7
173,82
308,49
348,2
378,56
379,93

19.9
20,4
3.7
d4,3
9,1
81,1
77,3
195.8
28%,7
IRZ,8
321,90
328.8

a2

20,9
29,7
38,7
48,3
58,2
76,5
08,1
145,14
36,3
433,8
476,86
402,89

28,8

33,9
448,4

20,0
29,8
39,3
49,2
38,1
B, 4
08,8
R2,)
LI
515,28
aar,.2
816.2

28,8
29,8
39,3
da,2
58,1
75,5
94,3
187,4
398,8
e, 9
845,7
188,8

28,0
29,8
3,3
48,2
58,1
48,2
ys,7
28,0

122,

287,

32,3

ass.2

GROUND =ATER LEVEL = =18f

a

LTS
T
55,
54,4
56,7
59,3
62,4
52,9
82,9
hi 9
2,9

39,8
[14Y:]
34,3
S 3
B,
oF,?
73,2
Ta,n
74,6
Fa,6
74,46

393

3¢
A!.a
36,0
63,3
SE, 7
76,3
LY
238,4
3238,7
383,38
ary.e



App. 3-2

Capillary rise in the soil profiles nr 3 and nr 4 (last two tables)

in table 2
CALCULAT)G: NF CEPILLARY KISF
AHELIS=EERAN LR >1daci Faj, 11l mpmew L30a25Cn 24€%2 <73CH 58%<2 GIG m=jddCh

XET  29%,Fdv PSIEYT 4,5 Afn 4,38 IHAXLE §4, ;
PS1EZY  |,6 aze |, 41 ihaxze 69,
PSIE3s v,2 Adn },18
v IN CH/DAL W, o v, 4R #y3n B,20 4,13
P81 v €+ 2 INtn
2v, 17,5 17,9 18,3 18,8 19,14
e, ¥b,7 27,3 27.9 28,3 28,9
ar, 3.6 36,3 .1 38,4 38,5
53, 44,0 45,1 ab, | 47,3 47,9
5B, 52, 33,4 54,8 15,4 47,2
ae, bo A 59,0 71,0 74,0 75,4
Lna, T8,b 16,1 79,8 [T A7, 2
2ma, 96,5 99,7 109,8 122,5 132,2
BnG, 122,3 131,% 149,8 179,86 243,5
T8, 131.5 . 142,86 164,23 24, 6 239,6
LT L3k, H 150,68 174,9 216,0 29,6
g, 14,6 133,9 179,2 222,3 298, 9

CALCULATION QF CaplLLaRY RI13E

AHEL1SHEERD 1AL >13PCH Fal, 11 BDaBR 13¢=75CH 24T¢2 «730H 88142 GI6G w={54(CH

KEw 295,980 PSIEYw 4,5 Als 4,28 ZHAX|R 24,
PSIE27 1,6 A2 3,41 THAX2ZE 79,
PSTEXAT 8,2 Adw .18
v IN CHgDAG Y, 4 Wy de 2,3 0,29 2,13
PS] M €H 2 1M cH
24, 17,9 17,9 18,3 18,8 18,1
aa, 19,9 20,8 21,8 23,3 24,3
an, 20,4 21,8 22,9 24,9 33,9
an, 20,9 21.9 23,3 34,2 43,4
&%, 21, 22,9 23,8 43,3 32,7
8n, 21,0 22,1 23,6 68,8 70,8
ina, 21,1 22,2 23,7 1,5 85,3
FLEN 21,1 22,2 23,7 1a,8 18,3
ETE 21,1 22,2 23,7 A7%,9 2¢],8
Tud, 21,1 22,2 23,7 196,9 z228,7
A, 21,1 22,2 23,7 212,3 244,7
1930, 21,1 22,2 23,7 218,27 257,p

CALCULAYION QF CafLLLARY RISF

AMFLISHEERD 184 IF SGTL wANVE =3¢ Ch WAB EOHOJENEOUS GiGerldq CH

KE®  295,0m4 PSIELs 4,3 Alm 4,34 THAX L |4,
PSIE2n 4,2 AZn 1,41
¥ JN ChenaG [ ) A, 4E LI a,20 e,18
PS5 TH €1 TIN M
28, 17,5 17,9 la,3 18,8 19,1
3, 27,4 27,8 28,3 26,8 29,1
. 40, 37,2 37,6 3n,y 38,7 3,8
5@, 46,9 47,4 4A,0 48,6 48,9
8P, 5,6 27,1 7,8 98,4 38,8
ay, 8,8 16,3 77,2 78,8 78,5
1A, 94,2 98,2 96,3 97,5 98,1
e, 181.8 84,4 188,19 19,7 193,7
Apa, LLER) 39,7 al9,2 441,A 54,5
Tua, 479,58 807,86 54143 82,9 546,48
W, 536,53 593,6 643,4 Pd,m 741,
10y, 580, 4 833,56 488, 3 739,0 Bdd,1
CALCULATICN OF CaPIpLLa®Y ATSE
AMELIS=EERD 183 IF ABQYE =13w Cr 3NJL «23 HOHOJENEOUS GIG w=154 CM
KEn 295,400 P3IFL? 4,5 atn 4,39 PhAxie 24,
F3lk2e K, 2 A2w 3,41
V1IN CHIGAG EY 0, 4P 2,3, .20 a,ls
PST IN CR T Ix LM
23, 17.5 17,v 18,3 18,8 19,1
32, 19,9 20,4 21,8 23,3 24,3
an, 20,6 21,6 22,0 24,9 34,2
5, 29,9 21,9 23,3 34,7 aa,)
[T AT 22,4 3.3 44,6 54,0
B, FII 22,1 23,6 64,2 13,2
1am, 21.1 22,2 23,7 LA 93,3
2040, 21414 22,2 23,7 77,9 188,9
Jua, 29,1 22,2 23,7 428,90 a4, F
e, 21,1 22,2 23,7 508,2 641 ,2
EEEN 21,1 22,2 23,7 59,1 736,3
190y, 21,1 22,2 23,7 7ab, 798,38

OS]

19,4
29,2
39,9
48,5
38,5
76,8
99,5

145,5

248,6

278,6

87,2

319,14

19,4
25,6
35,3
44,9
54,5
73,2
59,8
144,08
239,41
27,4
3u5,7
317,65

19,4
29,4
39,3
49,3
19,2
78,0
98,7
195,7
468,3
533,4
784,5
838,5

19,4
25,8
35,3
45,3
55,4
75,2
94,9
194,V
454,5
429,38
788,72
as51,7

19,56
28,5
39,4
49,1
88,9
78,9
93,7
160,6
20,7
36,9
Ifd 4
1.1 ]

19,6
26,9
30,4
48,5
56,2
25,2
72,8
159,9
289 .8
pLEN
3G, 3
4n7 .7

19,6
26,9
38,9
45,8
56,8
5,7
o6, 5
194,7

477,85

5b4,8

822,5

uKz, 8

a,nd

19,7
29,7
AN, 6
49,4
59,2
79,7
25,8
17,7
32,3
ard, 2
463,98
488,39

19,7
27,8
3r.7
47,9
37,3
76,8
94,8
169,9
329,58
EEE M|
462,72
487,95

19,7
29,7
39,7
a9,?
49,7
79,0
99,4
198,39
485,48
67a,b
BdE 3
334,08

B4

19,7
27,6
37,7
47,7
37,7
74,0
eF,5
196,3
ABd &
568, B
846,13
y3z,n

,R2 WAl
1¥,9 13,0
29,8 9,9
39,8 39,
ay,7 49,9
39,6 39,8
74,8 79,4
7.1 9b,3
182,8 192,868
AT, I 435,6
49d, | 575,65
I T Tou, 4
629,33 7%8,R
a,e2 el
19,9 19,9
28,8 29,4
18,7 IF.D
ag,8 49,3
38,3 59,2
Th, 3 79,14
97,2 98,2
42,5 198.3
3amM, 4 435.3
98,2 375,48
b49,4 7aw,2
829.3 1312
W2 Hady
19,9 1949
29,9 29,9
Y. P 36,9
Ay, 8 49,90
$9.8 39,.%
79,8 Fu,.u
89,7 99,9
194, 19,8
493 ,2 a4h, 3
8d4,9 592,3
872,9 L1
65,3 242,2
E T @,
12,9 19,9
24,8 29.¢
34,8 39,2
49,7 a9,y
58,7 30,3
18,7 .3
v, 6 99,3
158,00 199,44
492,11 190,
A3 ,8 61,8
ari,8 335,53
gbd,2 ¥a),8
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