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I , INTRODUCTION 

AL TERRA. 
Wageningen Universiteit & Research een!• 

Omgevingswelenschappen 
Centrum Waler & Klimaat 

Team Integraal Waterbeflt?er 

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 granular composition of the medium, The formula is 

k(~) (I ) 

Where k is saturated conductivity, ~ is air entry pressure 
s e 

and n is a constant related to pare ~ize distribution. 

The formula of Brooks and Corey gives an adequate description 

of hydraulic conductivity as a function of rnoisture tension, 

provided the correct parametervalues are known (BLOEMEN, 1977a). 

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

hy theoretical reasoning appeared to he systematically too high however. 

Real values for any soil can he assessed by means of an empirical 

relation between a grain size distribution index f and measured 

exponents n ~or a large variety of soils (BLOEMEN, 1977b), 

The same grain size distribution index tagether with the median 

grain size can serve as parameters for this indirect determination 

of air en.try pressure and saturated conductivity of a soil (BLOEMEN, 

1977c), So on the basis of a grain size analysis for a given soil 

the quantities in eq (I) may he determined and capillary conductivi

ty and capillary rise may be calculated. The advantages of this were 

stressed befare a~d important enough to he repeated here. The 

moisture retention curve is no langer 'indispensable to the indirect 

determination of capillary conductivity as a function of moisture 

tension and a lot of time is saved in the lahoratory. Also the re

sult of the determination can he furnished at much shorter notice, 
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since a granular analysis takes '3 days at the most and a moisture 

reten.tion curve takes 3 months at the least to determine. 

Last but not least there is no need to take 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-~ curves to be found in 

literature, which provided the data for the studies, are drying_ curves. 

Also ~ and k were determined in saturated samples. If calculation 
e s 

of hydraulic conductivities and capillary rise in.soils is to have 

some practical significanee the effect of pore water 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 oro

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-~ RELATIONSHIPS 

Hysteresis is a phenomenon which is responsible for the fact 

that there is no unique relationship between moisture tension ~ and 

moisture content 6 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 6-~ 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 waterconten.t is more or less rapidly 

d ' Th . d 6 . d. d h ' d. 'b ecreas1ng. e rat1o d ~- 1s epen ent on t e pare s1ze 1str1 u-

tion of the medium. When the soil is dried out and rewetted it wi~l 

hold less water at the same tension. With decreasing tension the 
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watercontent is increasing at rather the same ratio ~ : 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(~) 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 I schematic relationships between k(~) 

and ~ for drying and wetting, according to Bouwer ( 1966) are shown. 
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Fig. I. Schematic relation

ships between hy

draulic conductivity 

and soil water pres

sure head for drying 

(desorption) and re

wetting (sorption) 

according to Bouwer 

(1966) 

mlen the soil is drying 

befare it bas been saturated 

or wetting befare it has been 

dry the ~vs. k relationship 

is represented by socalled 

scanning curves, which cross 

from one branch of the 

main hysteresis loop to the 

other, That soils in a natural 

situation will ever be drying 

after being saturated is an 

unlikely practical case, except 

when they have been under 

phreatic level. 

Rewetting after being complete

ly dry will occur only in 

e~ceptional cases, e.g. after 

dry summers in the upper layers. 

Generally conditions will be 

changing continuously and 
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which k-~ relationship should be applied to a problem in hand should 
' 

depend on the recent history of wetting and drying of the soil. 

This is nat a basis for the calculation of k-~ relations to distinguish 

between soiltypes. Consirlering 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 toa 

low in some cases and toa high in others. 
To decide on the nature of average k-~ relations having realis-

tic value, a diagram, shown in figure 2 and taken from Vachaud and 

Thony (1971) has been chosen as an example. This diagram holds for 

drying through evaporation after 
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Fig. 2, ~-e relationship during 

evaporation, according to 

Vachaud and Thony (1971) 

rewetting through infiltration 

from above. It shows a drying 

curve crossing from the main 

wetting curve at high water 

contents to the main drying 

curve at low water contents. 

This is the scanning curve 

according to which capillary 

conductivities ancj capillary 

rise for average conditions 

in practice will be calculated. 

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

FORMULA 

Pore water hysteresis may he accounted for in the calculation 

of k(~) with the Braaks and Corey formula when its effect on the 
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values of the parameters in the formula is known. Brooks and Corey 

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

following points: 

I. The value of the exponentnis practically the same for drying and 

rewetting. 

2. Saturated conductivity k is about twice the value of the effective 
3 

conductivity which is the maximal conductivity attained at the 

end of the rewetting process and denominated k . 
e 

3. At valnes of moisture tensions larger than ~ the conductivities 
e 

are a minimum of 10 times larger on the drying curve than on the 

wetting curve. 

Items I and 2 are clear. Item 3 needs some further evaluation. 

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

k('l')d to those on the rewetting cycle k('l') are in the ratio of 
" 

or 

k('l')wfk('l')d = kefks 

'I' 
= (....ll)nw-nd 

'I' 

+ 
As n ~ n and k = - 0,5 k , the minimum of the ratio of w d s 

k('l')w/k('l')d = 0,1 must have another explanation, which is 

( 2) 

(3) 

(4) 

where 'I' is the water entry pressure on the rewetting cycle ew 
and 'l'ed is air entry pressure on the drying cycle; 'I' <'!' • 

ew ed 

About the proportion of 'I' against 'I' d little is known. ew e 
On the basis of limited information Bouwer (1966) assumes 'l'ew/'l'ed 

to be relatively close to 0,5. According to data provided 

( 1964), Corey, Corey and Brooks ( 1965) ,1 Talsma ( 1970) and 

by Kultin 

and Thony (1971) the 
Vachaud 

ratio 'I' /'!' d in sand separates or sieved ew e 
samples of sandy soils is depending on the median grain size. 

In figure 3 these data are plotted, supplemented with data provided by 
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L~cher ( 1964 l ••:'" measured '!' in four disturbed sands and gave the 
e<~ 

gr..-~nular composition. So from median grain size and grain size distribu-

tion the rel.olive 'I' ed could be calculated. 

+ 
x "0 

0 

0 

0 

100 

Fig. 3. Relation between median grain size of 

separates and disturbed samples and 

the ratio between air· entry-and water 

entry pressure, according to lumped 

data of different authors 
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1,0 't'ew 
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" Vachaud e.a. ( 1971) 

0 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 *ew of 0.34 

in clayey soils and 0.22 in sandy soils. Data on textur~dare nat 

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 between 'l'ed 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 . 'I' rat1o -ew 
'j' Pri 

too. In the meantime the mean ratio's 
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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 terros of the Brooks and Corey formula and how an average repre

senting the scanning curve in figure 2 would fit in. 
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Fig. 4. Hysteresis loop in terros of Brooks and Carey's formula 

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

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

k(~) 
~ n 

k (_~w) s 
e ~ 

where ke=O.S ks' ~ew is 0.34 ~ed or 0.22 ~ed depending on 

whether clay soils or sandy soils are involved. 

(5) 

The slope n of the scanning curve can he calculated from the 
s 

other magnitudes because 
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So 

'I' n 
( ) (~d) d k 'I' = k 

0 s 'I' 

n =log 
s 

0 

'I' n 
0 5 k ( ~w) s 

, s 'I' 
0 

Here 'I' 
0 

is a moisture tension where the scanning curve and 

the drying curve approach, The value of 'I' may he chosen where 
0 

k('l') becomes negligibly small whether on the drying curve or on 

the scanning curve, 

(6) 

(7) 

It is clear that the deduction of 'I' d' k and n from granular 
e s 

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

of the calculation above. 

4, CAPILLARY RISE IN HOMOGENEOUS SOILTYPES 

Perhaps the most striking feature of the metbod 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 he 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 he calculated from grain size distributi0n and median 

grain size, should he based on granul~r 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 

soil types, 
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Te.bte 1. Standard soiltypet vlth tutural data and pna~~etert l.n Brookl •ll>d Corey's for.ula 

De Vdes (19U) 

Coarse eand 

Hedha nnd 

Oune sand 

Very fine aand 

(table 1) 

5 htremely fine und 

6 Ll.ght san<ly clay 

Kedi""' sandy <:la.y 

8 Heavy sa.ndy day 

Lous loiLIII 

10 Vehen dune nnd (table I) 

11 Bennebroek dune nnd (lable II) 

12 toeu lo01 (table IV) 

" 

" 132 

46 

S6 

" 132 

" 
IJ Opper tenace undt Heets,_ (table VII) 23 

14. Pluvioghchl sands Anel (table VUl) 2lt 

15 Preaahcial aands V.aaenbera (tlble X) 26 

16 Light undy cl&y (te.ble llXI) 

17 }ledlWI sandy clay 

18 Heavy sandy clay 

19 Rlver clay 

20 Marine clay 

21 Pot c1a.~ 

22 Boulder clay 

De Vries (1945) 

2l Cover unds 

(table XXII) 

(table XXIV) 

2~ Slightly lo••Y cover sands 

25 "od~rately lo.,.y cover sands 

26 Loaay cover sands 

27 Very loiLIIIy cover sands 

28 LOILIII 

29 Hodere.tely coarae subsoil unds 

<U~~~ 

80 percentile 

n " number of analyees 

10 

20 

' 

• 
6 

11 

" 
32 

" 
" • 

percenraaes 

~2uo < 16~• <SO!J111 

0 

0.9 

2.7 

6.6 

6.2 

12.1 16.3 

17.5 25.1 

~4.6 35.5 

17.~ 9.6 

3.7 

1.6 

17.4 31.8 

0.2 

0.1 

0.9 

10,5 14.7 

17.8 25.6 

25.4 3&.2 

)2.5 48.5 

~1.0 58,0 

80,3 94.9 

16.1 24,9 

2.5 

5.0 

6.0 

8.0 

8.5 

8.5 

I .5 

o.o ... 
3.5 

26.6 

61,9 

35.5 

50.1 

61.6 

85.6 

'·' 

31.8ll 

6.5 

13.5 

21.5 

32.5 

40.S 

51.0 

2.5 

"• 

6SO 
313 

"' 80 

1.85 3~10 

1.67 898 

2.63 206 

1.11 87 

1,2.5 1.12 18 

60 0.9~ 56.5 

50 0.71 49 

37 0.60 31 

26.5 0.71 14 

170 

'" 
" 
'" 
396 

313 

63 .. 
" 

2.75 191 

2.83 196 

n.n 11 

1.60 821 

I.U 1429 

1.68 892 

0.95 62 

0.66 u 
O.H 23 

9 

" .. 
" 122 

" 
S2 

" 
" 
" 
" 

111 

" 
" 
" 
S2 

ss 
63 

18 0.19 18 50 

10 o.H 4..9 103 

,_rx n,n7 n,OI7 <U4 

109 

"' '" 116 

" 
" 
" 

390 

I .SS 187 

I .12 218 

0.85 211 

0.16 161 

0.11 91 

0.92 39 

1.39 1570 

" 

" ,. 
26 

30 

40 

6S 

12 

l<.e 'I.,., 
C!il.day-l cm. 

4.8 1705 

4.6 

7.0 

3.1 

~.45 

2.8 

2.4 

2.2 

2.6 

7.4 

7. 7 

2.4 

4.2 

4.3 

6.4 

2.8 

2.3 

1.95 

1.51 

1.60 .. , 

'" 103 

43.5 

28 

24.5 

15.5 

95.5 

" 
5.5 

~IO.S 

714.5 

446 

31 

20.~ 

11.5 

3.5 

9.S 

24.5 

" 
" 20 

" 

10 

28 

3.5 

" 
" 
" 
" 2.45 }~ 

0.0011 ~011 

1.98 1411.5 

4.1 

3.2 

2.7 

2.5 

2.5 

2.75 

3.7 

93.5 

109 

108.5 

80.5 

~5.5 

19.5 

"' 

6 

10 

" 2.5 

"5 

4.01 

).65 

5.13 

2.49 

3.51 

2.36 

2.01 

1.$2 

1.92 

6.01 

2.00 

3.51 

3.59 

3.65 

2.36 

l.'il2 

1.62 

1.26 

1.29 

I.OQ 

1.65 

3.31 

2.60 

2.18 

2.01 

2.05 

2.21 

3.09 
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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 l 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 (l) and in eq (5) are given. 

In App. I-1 up to and including I.29 the k-~ relationships of 

the soiltypes in table l are given. For the calculation of capillary 

rise z as a function of moisturetension ~. flow velocity v and con

ductivity k(~) the expression 

k ~ 
z = ..,;;g_ 

v+k 
e 

~ < 'I' 
ew 

(8) 

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(~). À 'I' 
v+k(~) 

~ > ~ 
ew 

(9) 

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 watertabla 

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 

~ rises above this level. In such soiltypes there is a possibility 

of a physical change at higher moisture tensions- f.i. shrinkage

which may have rather drastic consequences for capillary rise. 

Therefore z at 'I' > 1000 cm is for these soiltypes considered to be 

too risky to predict on the basis of the presented calculating 

method. 
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The most noteworthy observation to be made on the tables in 

App. I seems to he that he re toa the extremes meet. Capillary rise 

is the most limited in very coarse sands or in sands with a small 

variation of grain si zes. Dune sands: are a good examp.le 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 he a wide range of possibilities. 

The tables speak for themselves. It must he stressed that they 

lack realistic value to some extent, because the calculations start 

from the assumption that the soiltypes are homogeneaus and of a 

thickness which at least equals the highest z-values for the various 

flow velocities. Most of the soiltypes are nat 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 he determined by the 

combination to a soilprofile of layers of soiltypes of a limited 

thickness, cornpared 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 he calculated, For that reason the heights above 

a watertable of the changes from one layer to another must he known. 

This implies the introduetion of a concrete groundwaterdepth into 

the calculation. The parametervalues in the Braaks and Corey formula 

for the separate layers in the profile must he given toa. 

Capillary rise in the profile is calculated from the pararnetervalues 

of the lowest layer up to the o/-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 parametervalues of this layer are used 

up to o/ 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 calculation, 

I I 
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In figure 5 a three layer situation is schematically presented. 

The lower, middle and upper layer are designated 1, 2 and 3 and the 

parameters of the respective layers have the indexes I, 2 and 3. 

At a height z 
1 

the lower layer change's into the middle one, a~ z
2 

the middle layer changes into the upper one. 

1 : ~""'" ..... . 
I 
I 'f' C Z2 J r----------------

layer 2 

~=~===~====;!~====~groundwater table======== 
ke 1 ke3 ke2 

----+conductivity k 

Fig. 5. Schematic representation of a three layer profile 

Up to 'l'(z
1
) the parametervalues kei' '!' 

ewl and nsl in eq (5) are 

valid, between 'l'(z 1) and 'l'(z
2

) the values are k '!' e2' ew2 and ns2 
a,nd when '!' > 'l'(z2) they are keJ, '!' 

3 
and 

ew ns3' 
To restriet the input for the programme kei will suffice 

for all layers, if '!' . 1 is converted to the fictitions value it 
ew1> 

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

ons in figure 5 would remain the same, and kei>! would equal kei' 

This conversion is possible because 

12 
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I 

where 'I' is the converted value. From eq (7) it follows 
ew2 

that 

k ei (log-+ n 
si log 'I' . ) /n . ( I I ) 

kei ew1 s1 I 

'I' ewi = JO 

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

App. II is k 
1

, 'I' (=psie
1
), n (=A

1
), z

1 
(=zmax

1
), 'I' 

e ew I sI I ewz 
(~psie2 ), n s

2 
-(=A

2
), z2 (=zmax2), 'I' 

'I' and n . Between brackets the 
ewn sn 

and ew) 
code in 

so on up to z 
1

, 
n-

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 nat seem practical to perfarm the integration ace, 

eq (8) with toa small steps. A step of integration h 'I' may give 

an increase in capillary, rise A z of nearly the same magnitude 

at low values of 'I' and flow velocity v. In such cases thin layers 

may be passed over. With a step of integration of~> 'I'= I cm, a layer 

of a few centimeters will nat 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 nat interesting to distinguish. 

Experience shows that in most cases it is possible to neglect layers 

thinner than 10 cm. 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 cm. below surface a medium fine sand 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 
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have been measured. Relative data of the calculation are given in 

table 2, under I. 

In App. III-1 z-values for the profile above watertables of 

140, ISO 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. 
-1 

O.IS cm. day up to 30 cm. below surface a groundwaterdepth of 

ISO cm. is too low and of 140 cm. toa high, for the relative maximal 

z-values are below 120 cm, in the first case, over 110 cm. in the 

second. When the groundwater is at the lowest level measured, flow 

veloeities up to 30 cm. below surface are reduced to between 0.01 
-I 

and 0.02 cm. day In the fourth table in App. III-1 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 imprave 

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 2S and 7S 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 IS4 cm. below surface are given. It shows that when the 

groundwater 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 2S cm. below 
-I 

surface may amount to more than O.S cm, day , when G.Z.G. is only 

10 cm. lower, flew veloeities up to 2S cm. below surface are reduced 
-I 

to between 0.2 and 0.3 cm. day , When once the capillary flow has 

reached the river clay it is easily rising to greater heights. These 

are reduced however by the bad capillari 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

geneaus (table 2, under 4). The very good capillary properties of 
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U") 

~ 

Table 2. Textural properties, parameters in eq (1), parameters in eq (5) after conversion with eq (6) 

and ~· according to eq (11) of the layers of some soilprofiles 
ew 

Nurnber depth eq (l) eq (5) eq (JI) 
' Profile layer %<50pm f Md k ~ed nd k '!' n '!' 

s e ew s ew 

3 <60 cm. 38.8 0.80 84 122 42 2.6 61 8 2.08 4 

2 60-100 cm. 21.8 1.00 119 203 30 2.9 101 • 5 6 2. 35 4 

>100 cm. 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 IJ 9 203 30 2.9 I 0 I • 5 6 2.35 21.7 

2 !00-160 cm. 2.0 I. 67 235 516 23 4.4 258 5 3.69 14.6 

>160 cm. 94 0.57 20 9.9 104 2.2 4.95 26 I. 75 26 

3 3 25-7 5 cm. 68x) 0. 11 IJ xx) 0.42 219 I, 5 o. 21 73 I. 18 0.2 

2 130-75 cm. 24x) 0.32 18 12.3 75 1 , 7 6.2 25 I. 41 I .6 

>130 cm. - 2.0 270 590 23 5,3 295 4.5 4.38 4.5 

4 2 130-25 24x) 0.32 18 12.3 75 I , 7 6.2 25 1.41 6.2 

>131) - 2.0 270 590 23 5,3 295 4.5 4.38 4.5 

x) = %<2)Jm 

xx) = 0 80 
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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 pUpport the suggestion that 

the calculation 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

geneaus soils of unlimited depth, which is practically the signifi

canee 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 he 

established, capillary conductivity and capillary rise can he 

cálculated 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 

npt necessarily he 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 he performed for a uurober of standard soilprofiles. 
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App. 

Capillary rise ·in homogeneaus soil types of a thic~ness which equals 

the calculated z-values 
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App. (continued) 
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App. (continued) 
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2>~11, 147,3 U4 0 6 1113,0 172,9 Jl8,(1 1115,0 1911,5 103,15 198,7 118,3 
301P., IA7,7 21110," 2U,9 231!1,6 2'7 ,7 281,9 271!1,3 242,1 2111,'0 21111,4 
401'1, 216,4 23J, 6 2!\6,0 215,7 3A4,i 321,8 3.52,2 386,1 :u1,8 308 0 8 
.5011, 2;,1,\1 2!\9, 4 287,4 326,3 3.52,6 316,4 421,7 U3 0 11 419,1 41J,I 
111'11'1, 2'54,1 :og, 5 312,6 31!19,11 3112,8 436,6 484,4 '"·' 1!152,11 1514,7 

11'-01'1, 21i17,~ :n0,1i1 ;)78,1 45\!,5 51'11!1,1'1 583,8 610,7 71!11.1 u.8,& eu,o 

CUCIIL.ll!OII ror CAPlll.l~V !HH 

9 lOfSS L~.ltl ~!1,6,c:.~ Hl'h2b,!> f•ll,ll 

"' 1,0li'lb P.'Zfl• ...... 1'1 "' 1,9:1' 

V ,, CH/D.l[; 1",!111 fi 1 UI 1",311 111,:20 '·'' 1'1,111 11,1'16 11,1114 I 1 1112 1,11 

PSI pi CH IN CM ... 36,7 37,3 38,11 38,~ l1~9 39,3 31i1,8 311,7 39,8· 38,8 

"· 44,8 A5,1 ·~.1 47,7 48,3 u,e 41i1,3 4&1 0 1!1 48,& 41i1,8 

"· '52,2 1!13 ,5 51),tJ ~6,1!1 1!17,3 1!18 ,:2 1'18,9 .5lil,l 1!18,8 1!111,8 

"· 58,'il St!, 7 li2,7 64,& 86,1 67,3 88,3 88,&1 81i1,4 15&1,7 ... "1!1,1! 87,4 18,8 12,9 74,1!1 J6,2 77,8 ''·"" 71i1,2 78,6 
1(1~, Jfl,b 79.0 12,8 $1,1!1 91!,2 93,1 81!1, 7 P7,0 98,1!1 08,2 
u~. Q4,3 I~B,4 117 ,I 

"'· 4 
1:1'3,4 138,4 l~H,2 ,., .. 148,3 141,6 

21lfl, 1~'6,2 ll4, 4 124,9 1Jiil,3 141!1,8 I t'll,8 173,2 111.7 118,8 194,8 
3111'1, 12-.,i! t3t,l 148,0 187,8 183,4 2111!1,8 221i1,8 241!1,9 210, I 2U,I 
·~!lj. IU,7 148, 1!1 158,1 1114,9 2llll!l 1e 234,2 278,6 297 ,1!1 336,2 363,4 
!11:1111, P2,5 I 46, ~ 181!1,9 196,2 219,1!1 2!!4 ,4 31Hl,3 3ll5 0 l 302,8 4:U 0 Iil 
lil-lil, 135,9 11!10,6 I 7 I, 4 2lll4,1 221i1,8 211&,1 322,6 3116,4 4ll,i 4lill,l 

l"lllll, 142,8 I !lP, J 1112,8 221 ,iJ 21!12 ,iJ JIH,5 373,6 438,1 1!11!115,9 15112 0 3 
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App. (continued) 

CALCULlTION Of CIPJLLAIIIV RISt: 

11 V!L$t:N DUNE SI NO 4,0~ot58 "O•Ihl F•2,7~ ... 05,!508 PSifl• • •• ... 15,1:11 

V IN CHJOJG l'l,!hl R,IB ~,lil 1'1,21 1,15 1,11 11 1 111 11,14 1,82 '·'' 
"' IN CH IN CM 

"· 18.~ li,l 10,~ U,!5 U~7 u_.a to,o ll,lil 28,1 U,l 

"· 21,8 22,!5 2~,4 24,6 25,4 26,$ 27,1 21,3 Uol 2t,5 
••• 22,. 23,2 24,2 25,8 27,1 21,1 :se,1 32,3 34,1 u,a 

"· 22,, 23,3 2.,. 25,1 27'. 28,2 31,1 U 1G 37,l •••• "· 22,!5 23,4 2.4,!5 26 1 2 27,!5 u ... :u,e 34ol 311,1il 42,1 

"· ~2.!5 23,4 24,5 21,2 2~,1J u,. 32,111 :u,a :u,:s 42,7 ... li'2,!5 23,. 24,1!1 26,2 27,15 "'·' :sz, I :u.:s 31,4 43,1 ... 12,6 23,4 U,D 25,3 27 ,o U,l5 32,1 34,;J 38,15 •:s.l 
llll'l, 22,5 23,4 24,5 28,3 27,6 211,5 :sa, I 34,3 31 1 8 4h2 
111, 22,5 23,4 24,6 25,3 27~1 u,, :sa,t 34,4 "'·' •:s,a 
151'!, 22,:1 23,4 2.,, 28,3 21 ,e 211,5 :sa,t 34,4 U,l 43,3 
2il~. ?2:,!5 23,4 24,5 26,3 27 •• U,l!l 32,1 34,4 31,15 43,3 

CAlCULJ.TIO"' Of CIPillAIIT RI SF 

11 B!NNE~ROt:M OU'IE $.NO 2ol.d;) ~'0•114 f•2,83 

••• 111,9110 PS IEl• 10,'1! All 6,20 

V I' CHIOAG R,~IJ 1'1,40 0,30 0,211 1!1,11:1 1 1 UI 11,18 fl,tU 11,12 '·'' 
"' • .., (11 IN Cl< 

"· 2.1,7 24,3 ru,s 215,8 215,7' 27,5 ~~~ 4 u,1 U,4 U,7 

"· 24,<1 25,1 21,1 27,15 21,7 31'1,2 32,2 33,7 35,1J n ,e ... 24,& 21:1,3 28,4 21,8 20,2 n.t 33,3 315,3 31 ,I 411,t 
••• 1<1,b 25,4 28,4 28ol U,3 31,2 33,7 315,1 3t115 43,7 ... 24,(1 25,41 215,5 21,1 211,4 31o3 33,8 :s&,e 41,1 U 17 

1911, 74,6 25,41 215,6 21.1 211,4 31,3 3.1,8 31,1 41,2 441,t 
1911'1, lU 1 15 25,4 21,5 21,1 u,4 3a,;s 33,8 315,1 41,3 415,1 
21111, 24,6 25,41 215,5 28,1 u,4 31,3 331SI 31,1 41,;) 411,1 
3111'1, 24,6 25,4 28,5 28,1 28,4 31,3 3.1 1SI 31,1 411,3 48,11 
4ill'l. 241,6 21:1,41 20,5 21,1 U 14 31,3 33,t 315,1 411,3 45,1 
51!1'1, 241,6 21:1,4 26,5 21,1 21J,4 31,3 3.1,8 315,1 41,.1 415,1 
6'611'1, 2~,6 21:1,<1 215,5 21,1 U 141 31,3 33,8 315,1 41,3 41(1,1 

II'IP.fil 0 74 ,IS 2!1, 4 26,5 28,1 20,<1 31,3 33,t U,l 41,3 415,1 

CllCULAT ION Of ClPillAIIY RIS( 

12 LOE!SS lOAH 84,2%4'43 H0•2.l ''"• 72 

••• l!lol5h P!IEt• 28,0 Al• 2,111'1 

V I" CH/OIG 111,!1~ t'l,4t'l 1'1,38 0,211 1,1!1 '·" fl,fll5 fl 1 14 1,ea fl,ll 

"' IN Cll IN CH ... 36,3 ,}15,9 37,7 311,41 31~11 31,2 38,15 311,7 38 1 1 3t,8 

"· 44,4 41:1,4 41,4 417,(1 41 1 I 41,7 4t,2 48,11 4t,7 40,0 

"· 51,8 !13,2 54,7 !115,3 57,2 se, 1 a1,a 118,2 150,1 58 1 1 

"· !18,11 1'10,41 12,4 154,7 1'11,1 117,2 u.~ ee.e 18,4 11,7 ... ~~.5 S6,P 158,1 72,1 74,~ 76,1 n,5 71,3 71,2 78,15 
~~~~~~. 74,8 78,4 82,4 17,2 111,8 92,8 95,5 tl5,1 11,4 Ot,2 
u~. 02,D !:lt,t'l IIHI,!I 1111,2 122,3 UP 01 1315~1 ue,a 14111,1 147,4 
2BR 1 IA4 1 1 ll2ol 122,5 137,1 1415,5 l!II 1P 171,15 170,5 111,1 , ••• 1 
3€!1'1, 115,5 127,2 141,1 1153,2 lP I, I 2111,1 225,4 242,11 aea.~ 211,<1 
·~#1. 123,1 135,5 152.~ 178,J 107,8 221,41 212,15 uo,o ne,1 35t,2 
5i!A, 127,3 148,6 15D,l 111,1 211,4 244,1 au,e 324,11 .111,1 4127,J 
t'lll"', 131,1 144,1 113,7 U4,7 21t 0 1 2!115,7 3U,3 351,2 423,5 41!1,1 

IA i! OI 1 135,7 l!llol .,3,1 21'115 ,15 237,4 283,J 3!51,7 411,4 1127,5 14t,D 
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App. (continued) 

CALCULATJON Of ClPILlARY RISE 

1;, UPPER TEARACE SAND HEELSUlt 1,41'143 ~0•2fil4 F•l 1 119 

"' -410o!i1Hl PUEI• ••• At• 3,~1 

V '" CHJ'OJ.G 1'!,!'18 fi,4B 1!1, 31! e,u 111,15 1'1, 19 fi 1 1U!I fl,fl4 ll,U 8,1!11 

"' JN CH IN CM 

"· u,e U,l 18,3 u,s U,6 ,,.,, 
~~~~· u.o u,e "·' "· u.o 215,3 26,2 27 1 2 27,8 21,4 20,1'! 211,3 28,7 211,1 

"· 27 ... 28,7 311,2 32,11: :s:s,s 301 1 38,7 37 ·' 31,1 :se.• ... 28,~ ~9,4 32,4 3!'1,2 
37 ·' '"·' u,e u.s 48,8 ... 3 

••• 28,6 31 ,:s 33,6 31!,0 30,3 42,8 48,7 .,,, !13,8 !16,3 

"· 39,1 ,,,, ;,4,3 
37 ·" u,a .... , ""·" !13,2 81,11 u,:s ... 30,4 32,2 34,8 :u,a .,,, 45,7 !11 ,:s !15,1 03,1 88,11: 

"· 30,!1 32,4 3!1,6 31,0 •2,0 48,0 o:a,a !17 •• 1!0,2 n,e 
UHl, 39,7 32,6 3!1,2 311,3 42,. o,t !13,!1 !111,11 U,ll 11 ·' 
2UI'I 0 31,9 33,11 31!1,8 .... 43,8 "',a !18 0 2 82,t 711,1t th I 
Jel'l, 31,6 33,1 3!1,8 411,2 U 0 7 ""·' !16,6 63,4 77,8 u,:s 
49fl 1 31,1! ~;),1 .1!1,~ •e ,11 411.1 ""·' !115,7 1511,15 77,41 "'·' !lil!, Jlo1 .13,1 3!1,9 418,3 U,7 

"'· 1 
!16,7 1511,7 77,5 1141,3 

CALCULITION ot CIPILLIQY RI3E 

U fi..UVJOGLICJIL SlNO ISSEL e,2l•dJ NQI396 '-1,641 

"' 714,!1te P31E 1 • '·' ... 3, 59 

V '" CH/OIG P 0!1U ~. ·~ ll,Je 1'1,2~ II,U 1'1,18 A 0P6 1'1,1'141 1,12 11,111 

"' J"' CK IN CH 

"· 18,1 18,!1 18,8 18,2 19,41 Hl 1 6 18,7 18,8' u.e u,e 

"· ?2,3 23,2 2~.2 2!1,6 26,. 27,4 1!8,3 n.e 2i,4 21,7 ... 2o4,U 2!1,2 26,8 '20,8 38~ s 32,!1 .141,7 30.1 37 •• 31,1 

"· 241,8 20,2 U,l 38,8 32,7 3!1,!1 38,1 411,2 u,8 u,8 ... ~!1,2 26,7 28,7 31,7 :u,e 37.2 .,, 41 •41,7 411,7 Uo1 , .. 20,41 27,8 211,1 32,3 .141,1 38,2 413,8 u,e 153,3 ''·" ... 2!1,6 27,2 2" ,3 Ja,o 3!1.,1 Je," u,e 418,3 !115,1 113,1 
••• 2::1,7 27,3 1!.",41 32,8 :u,. Ji,;) 4141,7 4111,3 157,7 Uo1 

101'1, 215,7 27,J 211,!1 32,11 315,8 311,6 •s,2 ''·' ,.,. Clio 41 
2!U, :u,e 27,15 211,8 JJ,3 31 0 I 41&.41 •&,15 "·' 62,7 715,4 
381'1, 2!1,9 27,6 u,a 33,41 38,2 41e,5 416,6 .52,2 u,a 70,41 
411:11'1, H,ll 27,6 21,8 33,.11 38,2 411,5 416,7 52,2 llloll 71,7 
!!10A 1 2!!1,8 27,0 211,8 1111,41 38,2 418,1:1 410,7 152,,1 111,41 78,8 

CILCULITION Of ClPILLIRY RIS[ 

15 PIIUGLACUL SiND IIAGlNS[RG l,!llc413 M0•313 f"ol 1 611 

"' U6 1 81'1i!l PSIEI• '"' Al• 3,65 

V '" (:HIOIG l'l,!h! tJ1,418 "'· 311 1'1,28 111,15 11,18 11,116 tJI,t. t,ll2 11,11 

"' IN CH Hl CM 

"· 18,1 \8,15 U,8 111,2 ~~~ 41 111,8 "'~' 111,8 18,8 21,1 

"· '22,2 23,1 24, I 25,0 28,3 27,11 28,'2 28,8 u,• 28,7 ... 23,8 2!1, 1 26,6 28,1 3111," 32,3 341,5 :u,e 37,7 :51,1 

"· a•,8 28,8 27,8 38,5 32,41 35,1 ;,e,o ''·" U,ll •6,1 

"· 2!1,0 28,41 71,. li,J 33.5 36,1 "'·" ... 1 u.a 83,3 

"· 2~.2 26,7 21,7 31,1 H,2 37,7 412 14 411,2 ea,7 oe,• ... 21:1,3 21,8 21,P 32,1 34~0 38,;) 413~3 411,6 155,1 a:a.ll ... ?5,4 20,SI 2P,1 32,3 ""'' 31,7 413,8 411,41 58,7 U, I 
lliHI, 25,4 27,8 211,1 32,41 "'•' 31,SI u,ll 41i1 1 1 07,1 67,1 
28111, 20,6 27,2 28,4 32,1 .S5,5 :se,8 415,5 "·' 81.1 73," 
3011, 20,6 ::!7 ,2 211,41 .S2,6 11!!1,0 ::St,7 •o,6 15a,e 11,5 ,~,a 

49111, 21,6 27,2 2i,41 32,8 35,5 3i,7 4111,6 "·" 11,8 741,4 
!!18111, 25,6 27,2 2i,4 32,8 35,5 311,7 415,7 51,8 61,7 741,5 
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App. (continued) 

CALCULUION Of ClPILUIIY r.:rsr 

U LIGHt SANDY ClAY II'I,'Uc-2 Mo•e.l f•~.Sii!l 

"' :5&,81'18 PSif I• 17 .u ... 2,;se 

' 
,, CM/DAG !'!,!hl 1'1, •e 1'1, 38 1!.,211 1'1,15 111,18 11,1'115 1!.,1!4 11,112 A0 fll 

PSI IN t:l'l IN CM 

"· 1'51,3 251,4 251,8 251,7 251,8 211,51 251,51 251,51 ;se,e 31,8 

"· 38,8 38,8 351 0 1 351,4 39,& 38,7 30,8 :u,SJ 351,51 n~ ,e 
"· .117,1 47 ,ti 48,2 48,8 49,1 .,, .. 451,8 451,7 451,51 4SI,P 

"· !55,1 ''·" 58,51 '' ,e 51,3 "·" 551,3 551,1!1 851,8 551,51 ... 118,8 78,6 72,6 74,7 75,11 11 ,a 711,3 '"·' 751,4 751,7 
leB, 751,8 152,6 85,51 8P 1 8 n,e 94,4 08,5 17,8 u,e 051,4 
\51'1 I 98,8 183,15 110,3 au.e 124,8 131,2 131,8 141,3 ,., .. , .. , .. 
21H'I, 11'18,2 IU,6 125,2 138,8 IU,5 1551,2 171,5 1751,2 188,5 IU,SI 
391'1, 118,15 128,1 , .. ,,, lli'!,O 174,8 l95,e 2111,15 237,1 281,8 278,3 
4111'1, U3,J 134,9 148,51 171,7 180,2 2HI,I au,o 270,5 :ue,9 HSI,A 
51'1fl 0 128,8 137.4 u~.~ 1711,2 101 ,e 227,2 287 ~~~ ~"lol .!117 ,e 417 1 1 
111!1'1, 127 ,(I 13~,!1 U!l,l 1152,3 2111~,e 235,1 2ee,1 318,7 387,5 48~,1 

111111'1, 13~,7 143,2 181,1 188,8 212.~ 2.0,7 .11!3,1 311.1,1 4111,11 eee,e 

CAlCULAltO~ OF CAPILLAAY RJSE 

17 HEOIUM SA~OY CLAY 17,81c2 Hl ... 44 Fll!- 1 66 

"' 21'1,111'11 ~>SlEI• 18,0 ... 1,~, 

y " CH/OAG 11',!'111 I'."~ 1'1,3(1 R1 2B e,u l'l,hJ fi,RO fi,IIU 1,1112 111,1'11 

PSI I"' Cl'l llf CM 

"· 2!1,1 2!1,.1 a~.• 2~,1!1 2~~, 2!il,l!l :!11~~ 11?!1,~ Je,e .18,111 ... .18,3 38,0 38,~ U,J 39,5 J~,o JIJ,8 311,~ 3~.~ 41il,B 

"· 47,0 47,6 48,2 48,8 4~,1 41J,4 49,8 4t,7 4~,!il u.~ 

"· 115,3 56,2 57 .I IJ8,11 58,5 ~~~.0 ~~~~ 4 se,6 !U1,8 ~~~.IJ 

"· 70,3 72,0 73,7 711,0 76,7 77,7 78,6 ,~.1 7~,5 7111,6 
101!1 1 83,4 811,0 1'18,~ !U,I tJ,!il oo,8 ~7,4 1111,2 t~.l ~~~.e 
15111, 111!1!1, 4 113,8 1211, I 127,8 132,3 137,4 142,9 144,5 147,2 148,8 
2ee, U5,7 133,6 143,4 156,1 1U,e 173,5 182,15 187,8 1113 1 6 U8,7 
3\lfl, 1415,11 151!1,8 IH,3 196,1 211,8 238,5 251,3 2e4' 4 Ul,3 2111,6 
41lB 1 1~11.1 173,8 19.1,2 221,0 242,7 271,4 3fl4,1 ,)27 ·' 351,7 378,8 
!lill'l, 1117 ,I! 18:5,3 2115 1 7 230,8 284,11 31!11, 4 346,4 37!il,3 420,7 457 ·' l!lill'l, 172,5 191,1 214,!1 252,3 211,1 323,8 378,111 421,3 484,8 582,1 

11'101'1' 184,1 284,4 233,4 270 0 SI 317 .I 3711,3 4!17 ,6 8U,3 1!182,!1 767,1 

CALCULU10N OF CIPILLAii'Y RISf 

18 HEAVY SAICY CLlY 25 1 4SC2 MD•U F•lll, 47 

"' 11,:110 P51fl• 21,0 ... 1,62 

V " t:ti/OIG 110,~0 A1 49 A,30 111,2e "·" 0,10 "·"' fl,fl4 1'1.1'2 111,111 

"' 1'-1 CK lH CM ... 37,8 38,;) 38,7 38,1 311,3 311,5 3SI 17 .111,8 3fl,ll 49,11 

"· 46,5 47,2 ., ,'il 48,5 48,11 411,3 4SI 18 411,7 4SI 1 1 4SI 1 11 

"· !14,8 55,8 56,7 !17 •• !18,3 "·~ 511,3 1!111,!1 5SI 1 8 511 1 SI 

"· 82,7 84,0 85,3 ee,8 67 •" 81,3 811 08 811,3 ""·' !111,8 

"· 70,2 71,8 73,6 75,8 '"·" "·' 78,6 711,1 711,8 711,8 ... 77,2 7\l,J 81,0 84,2 85,5 8&,11 ee,1 A8 17 10,4 8SI,7 
lilfl, 83,9 86,5 1111,3 92,5 94,2 96.1 Sl7,8 91,3 ,11,2 011,8 
70111, 133,4 141,4 I !!lol 11'13 0 1 171,3 178~8 1116,3 1111,5 105,1 1117,8 
lli!fl, 1015,7 216,1 242,4 28ei,SI 3U,J 345,7 .18& 11 416,3 452,1 474 ,I 
7Bfl, 2U,2 231,8 271,6 .121,6 3!19~ I 413,2 ""•' 528,0 508,3 641,1 
91:!A, 227.3 2!13,6 289,6 34\J,I ;)94,1 481,5 !1411,1 81&,5 717,11 7112,0 

IA0A, 231,8 2119,3 298,2 3.,\J,I 41!17 ,11 488,8 577,5 654.1 172,4 81!13,4 
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App. (c:ontinued) 

Coi.LCULITION Of CAPILlJ.IIY RISE 

U 111\I[A CLAY ;12,!5142 "0•18 f•8,19 

"" PollliJ PS IEl• 17,8 "" 1,28 

y '" CH/OIG 1'1,!19 1'1,49 8,3, 8,21 '·" 1'1,18 e,.,.6 1'1,1114 8,1'12 '·'' 
"' I"' CH IN CM 

"· Uol 28,!5 2&,0 21t,2 28,4 28,15 28,8 211, a U,ll Je,e ... Je,P 37 0 !5 38,1 31,7 Jll,l lti,J Je,e 38,7 311,9 Jll,t ... .,,J 45,2 U,l U,l u,s •o,e •••• 48,0 ""·' 48,11 ... !13, • '"·' 5!5,8 ''·' " .. sa,e "·' "'·. se, 1 llt,l ... 01,4 71,4 72,!5 ,.,, ,,,, 77,3 71,3 18,9 ''·" 18,1 

~~~·. 12,2 1115,1 88,2 
91 ·' 

13,0 os,e tr,J n.a 01,1 90,15 
Hili, 111,8 117 I 4 123,7 138,1 US,I tJt,a I.U,!5 us,a ,.,,, IU 1 P 
2111'1, 136,3 144,6 ,,..,. 186,2 173,1 111,0 117 •' U1,7 US,7 101,1 
3811, ,,.,. 188,1!1 :uu,1 220,7 248,2 ua,a 271,4 ue.t 2U 1 !5 204o6 
4111'1, 21'13,\1 221,. 2.1!5,8 271,7 2117,3 na,e 341,3 383,4 318,4 ne,a 
!li!l!l, 2215,6 , .... 1177,8 3U 1 1 340,5 312,1 ""'·' Hl,l ~IJ·.~ ~83,. 

eu, 2u,e 271,1 315,111 ~~··" 3U 1 5 •Je, I """·" !HI5,15 1515.),2 5715,3 
lillil A, 2U,5 331,2 312,. Hili,~ 518 •• U1,7 71111,3 771,3 IU,G u~.• 

CALCULATION Of ClPILlAIIY IIUE 

28 kiRINE CUY •lid ~o~n•111 F'•~ ·'" ... a,•!!lu PSI[I• H,ll ... 1,29 

y ,, CH/01(; 1'1,!11!1 111,•e 1,31l 1'1,21l 111,15 l'l,lll 11,116 11,11. e,e2 11,., 

'" IN CH IN CM ... .,,IJ •a,, ••• 1 •5,o •s,o ., ·" "•' 40,1 .!1,6 •o,l 

"· 41,2 59,2 152,3 5.,1 55,G "',a 111,3 !18,15 !li,4 ''·' "· !I!I,B 157 •• 88,1 13,8 u,8 156,3 87,7 1'11,5 1!1,2 1!1,8 ... 111,. 1!14,3 f!,7,5 71,2 73,2 7!1,3 71 1 I 71,111 7!1,11 70,15 
\flll, 73,11 77,11 1!11,!1 815,7 1'19,15 02,8 !1!1,!!1 Q7 ,IJ te,• og,a 
1211, 113,. 18,!1 !14 •• IBI 0 3 11'15,3 IU,7 113,!1 115,15 117,7 118,0 
1411, !12, 7 qa ,SI 11111,2 115,8 1211.1 125,0 131,1 133,0 138,0 131111,. 
211111, 115,7 U8,1 131,7 151,• 1811,5 171,2 111,3 181,11 113 0 2 1015,5 
21511, 13111,7 142,15 U17,5 171,3 IIG,t 21115,3 2U,3 au,1 au.o 244,3 
31111, 143,2 ," ,2 17!1,3 I""•" 218,2 2315,5 21!17 ,a 2110,4 2U,5 201,4 

''"· 1112,8 181,8 2111.,2 237,8 2811,!1 Ut,l :sn,8 3U 1 5 3110,3 313.1 
801'1, lli,7 213,1 245.3 2!13,8 320,1 ~78,4 4315,3 478.1 !lt1o0 151111,8 

11111'.1'1, 221.3 2!11,8 2015,2 314,8 417,1 "" .. 81'11,G 8&1,• "'·' 113,4 

CUCULUION Of (IP)LlAIIY RIS[ 

" pny CU.Y 8111,31of2 H0•of2 f•ll·"' 

••• 0 0 11111 PSIU•3118 0 0 ... 1,19 

y " CII/OiG 1'1,5tl •• 48 11,38 1'1 1 21!1 e, u 11 0 10 11,1111 "·'"' t,Aa ll,l'll 

'" I" c" lH tM 

321'1, ••• '·' '·' 12,3 18,2 23~7 37,6 !13,3 11,. 142 ,a 
l31'1, '·' '·' ••• 12,7 1 e, 1 24,. 311,7 ,.,0 14, I ,.6,5 
3•11, '·' ••• • •• 13,8 11, I 25,1 3!1,8 !115,. u,1 1!11!1, 7 
3!11'1 1 '·' ••• • •• 13,. 17,8 :25,7 •e,g ''·" "'·' 154 ,I 
368, ••• 7 •• '·' U,7 u,e 215,• 41,8 50.4 11'12,1'1 158 0 0 
371'1. 0,7 7,1 ••• U,ll u,• u ,a 42,8 ee.a lfi •• O 182,0 
381'1, '·' 7 ·' 

0,7 14,3 u,e 21 ,a u,~:~ ea,a ua,o 1118 1 1 
41!1, '·' 7 •• 11 1 1 u,o "·' u,a .,,1 "'·&I 111,1 174 ... 
!11'18, 7 •• • •• 11,1 t1, 5 23,1 33,e !13,8 76,8 132,8 2flllol 
701'1, 8,7 18,8 u,~ 21,3 28,2 •1,3 ae,1 "'·' 115.2 2ee,a 
901'1, '·' 12,3 16,3 U, I 31 0 51 '"·" 75,1 '"·' l91ilol 388 0 4 

11'1111!1, 111.3 12,8 17,11 2,, 3 33,4 48,2 71,0 113,2 211111,8 ~''· 4 
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App. (continued) 

CiLCULAT10N Of CAPilliRY RIU 

2a SOULOER Cl.lY 1&, 7X<~2 MO•JIID r•PJ,U ... 147 ,51!8 PS IEl• '·' 
V I' CH/O.lG ll,!!lil 1!1 1 U e,;,e e,u 11,15 11,18 ..... .. , . e,u • 

'" IN CH IN CM 

"· U,l 10,1 10,11 10,8 ''•" 21,1 u,e u,e u,e " "· u.~ 2t,4 u,e u.1 n,a u,o u,t 2t,t u,e ,, ... 38,5 :se,a St,l 3t,4 u,a 38,7 st,e St,t St,t ,, 
"· .,, .. "7 ,SI 41,4 ... , •t,a "'·" "'•' u,e U,t .. ... "'·' 58,6 ''·" 158,2 ''•' !511,1 ee,e 51i,& ''·' ' ... ''·' 73,2 '"·' 70,3 77,2 "•' n,a n,1 "'·' ' ue, 16,8 81,3 118,8 os,e 111151 1 111,1 07,0 "·' llt,s ... 

288, IU,6 140,3 15!1,4 188,8 "'·" 111,1 117 •• Uloll U5 1 7 '''·' !lt~ll, u a, lil ne.e 283,1 au, • ""'" see,e us,e 412,8 4118,1 471, .. 
788, ur,e 21'1 ol 2U,4 SHot sra,s 4215,2 .. ,,, au.• eta,e ua,e 
liUI 1 231,1 Ul,t su,t su,a .ue,r 477 ,s eu,s ue,a na,r ..... 

1188, :U4,7 272,0 su,a 375,6 41!4,3 •• , ,7 !104,2 ut,e ,. .... eu:,t 

CALCUI.AYJON OF CAPII..LAAY AIS[ 

U COVER S-NO 1!1 1 5lc!51'. Hn•U!I F•lo S!l ... t3.!lifll!l PSlf1• '·' "'' 3,n 

V IN CHIOAG 9,!10 ll,49 e, 38 11,1!8 9 1 U 8,11!1 1!1,1'115 1'1,14 e,ea '·'' PSI IH CK IN tot 

"· 10,3 u.~ u,11 19,7 1018 u,e 1D,D ID,P re,t u.e 
"· 16,1 27,2 11, e 28,5 u,e U,2 2t,5 U,7 :110,8 2Doi 

"· 31,4 32,5 33,8 31!1,4 311.3 37,4 38,3 :U,D 311,4 311,7 

"· 34,3 3!1,8 37,8 ., .. •a,e 44,1 •8,t 41,2 48,!1 4D,a ... 36,1! 37,11 48,3 43,7 411 1 I ... , 82,3 !14,3 811,1 !11,3 ... 
37 ·' 

•a,e 43,8 17,5 se,e 1!15,4 81,1 8!1,1 ''·' 74,7 
191'1. 38,!1 "'·" 44,:) •e, 4 IJ3,2 118,8 16,1 "·' u •• .... 
288, 30,4 .f2 ,I 415,0 !11,7 s8,3 1!13,3 73,3 82,1 •••• 117,1 

''"''· 38,6 42,4 415,2 !la,3 "·' 114,4 Hl,l 84,8 114,2 111ol 
7111, 30,6 42,4 415,3 !12,3 !11, 1 84,5 71!1,2 811,8 ...... 111 1 7 
Oilfl 1 30,7 •a' 4 48,3 !12,3 !17,1 84,8 75,3 .,,. 114,1!1 IU 1 1 

lfi11A 0 30,7 •2,4 40,3 52,3 !!17,1 IU,!!I 15,3 lOoi 194,8 llltol 

CALCUI.ATIO"' Of CAPII.lAA'I' RISE 

24 SliGHTL T lOAHY COVEA UNO IJ,51cl59 MD•I28 F•t,U ... IP.D,IBI!I PS IEl• '·' Al• 2,6A 

V IN CH/OAG fi,!!IB 1,40 11,30 1,211 flol!l 1111,18 1'1,1'11!1 9,1!14 1'1,112 "·'' 
"I J'l CM IN CM 

''· "·' 10,6 18,7 u,8 U,8 "·" "·' 21,8 18,11 21,1 

"· U,t 28,3 :u,7 211.1 u,J 2t,S :10,7 a8,e 28,8 u,e 
"· :u,8 315,11 315,5 37,8 31,1 38,7 3012 se,11 39,7 JD 1 1 

"· •e,2 ••• 5 •J,I 45,9 415~ I "'·2 •e,3 ••• 8 48,4 40,7 ,, . U,2 415.2 48,:1 !!11,3 !l~,e "~e !11!\JII 57 ·' 118,8 1551,4 

'"· 4'i,7 !12,5 !18,1 81!1,'i 1!14 ,R 1!17 08 11,11 74,2 18,'i 71,4 
11!1111, 1!12,'i !!18,. 81.8 87,4 71,8 77 ,, U,1 88,3 93,4 1111,5 
2PB, ~e, ~ 1!13,~ 15t,D 111\,2 1111,11 'ilt,ll llll,a 118,7 lll9,1 1811,1 
!I BA, 80,8 116.1 7~,7 5:1,8 911,4 ue,e 133,;) u~.• 11111,2 au,8 
7ilA, l!lt.l 88,5 74,2 86,:1 08,4 112,2 131!1,7 1!57 ·" 21!12,1 1257,1 
9111!1, 81,2 118,7 74,-t 86,8 911,8 IU,e 135,8 Ull,l 21115,4 an,8 

IIBA, 1!1.3 86,7 74.11 88,t 97,8 113,1 137,1 l$11,8 2115,4 21515,8 
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App. (continued) 

ClLCULITION OF CAPILLAAV RJSE 

25 tiOOI!:RATELY LOUIY COVER SINO 2\ 1 ::11<~56 "'D•liO '"·'" 
"" Ul,!:ltll PSJI!:I• '·' .. u• a,u 

y " 
CM/DIG fl 1 51:1 9,411 1'1,39 e,u e,ts e,111 8,1!115 111,114 11,1'12 11 111 

'" IN CH lH CM 

"· 18,5 u.s IQ,7 '"·' "'~' u,o '"·" "·' ae,e ae,fl 

"· 28,1 u,s 21,8 u,a 28,4 u,e u,a U,l 2t,P 31,11 ... :n,7 38,4 37,2 31,1 "'•' ""·' n,• :sv,e 30,8 ""·~ "· 42,1 .. ., ... 44,7 u,:s 47' I ... ,, u,a u,a ""·' ..... ... 0,5 ""·" 51,3 !!3,7 ''·' 58,5 151 •• 1!18,15 '"·' 158,1 ... ''·' "'·' 82,1 , ... u,e 72,e "'•' 711,4 ''·' "'•' teil, 81,4 ee.a 78,9 78,3 se,• u,:s U 1 2 n.t ''·" .. .. 
281, 74,2 ee,e "·" 112,1 112,3 118 0 2 143,2 1!15,!1 172,1 114,15 
!lee, ''·' oe,e 1111,7 ua,s us11 1!11,8 ''"•' au,e 212,3 341,3 
781'1, 13,9 Cl\,6 1n,t IU,e ,.,,, IU,e au,s 241!1,1 311,3 311,3 
0811, n.1 92,!1 ''"·' 1!8,15 ,.,,., 188 14 211,1 au.:s ne,a ue,7 

11'11!1, 14,B 12,8 11115,4 121,1 143,8 171,15 212,1 2151,1 Ul,l 4:51,2 

CUCULU10~ OF CAPILLAIU HISE 

26 LOAHY COVE!t SA NI') 32,5ll<l!ll'l HD•II~ flll, 76 ... 81!,15Pii1 PSIEI• ••• ... 2,81 

y '" 
CKIOIG l'l,5il 111,-48 t1,3B R,:u~ 11,11!1 l,ltl '·"'' 111,1114 e,ea "·'' 

'" IN CK IN Cl' 

"· 111,6 ~~.o 19,7 19,8 U~9 ~~~~~ ~~~~~ 21,1 21,1 2tl,l 
••• 21,6 28,8 211,1 U,-4 u,s 28,7 u,8 u,e 21,11 U,l 
••• 36,8 37 ... :u,e 38,8 38,11 31,3 30,6 31,7 :u,o u,o ... U,2 415,2 40,2 -47 •• u,e 48,8 48 12 4t,• 411,7 u,e ... 511,7 !12,2 153,8 155,8 150,8 57.7 58,8 151,11 1511,1 50,7 ... ei ,4 8<1,8 87,8 '"·' 12 1s 7-4,7 78,7 77.7 78,1 711,<1 

181'1, U,7 73,:) 
77 ·' 

n,2 ee,• 91il,2 113,7 915,7 ",7 "·' 21:11, Ol,e 110 0 15 IU,I5 122,1 u a,~ ue,• '""' 171,:) 1Uo7 lillol 
!11!0, 11'!6,0 117.7 133,<1 151, .. 1711, I 211,7 251,. aaa,s 3<17,1 ne,a 
71ill, 11!111,7 121,1 138,15 IlO, I 181,1 2113,;} au,a 31~. 4 .. :),2 U7 1 7 
lle!, 111,<1 123,7 141 I 4 171,3 tn,e 231,7 287,1 3311,1 <1311,1 15<11,<1 

lllli!lll, 112,8 124,15 1-42,4 171,1 105,1 23<1,7 212,7 U6,2 u a,;, ""'·' 
CALCULATIOM Of CIPILlARY RIS[ 

27 VI!RY LOIHY COVER SAOJO 46,5t;c:~r Hn•71 Plf'1 1 77 

"' -41!1olïi!IB PSifl• IB,e Al• 2,85 

y '" 
CH/OIG 1,158 fl,-48 11,38 e.2e 1!1,115 8 1 18 ~,116 l!l,fl-4 8,1!12 11,111 

'" Jo.! CH IN CM 

"· 211,1 211,3 211,, 2P,O 211,7 211,8 211,11 u.e 31!1,1 31,1 ... 37,11 31,:) 31,7 311 1 1 311,3 311,15 311,7 311,1 311,11 41,8 

"· 41:1,G 48,8 <17,4 41,11 .. ,,, -411,1 u, .. 411,1 411,1 41,11 ... !'IJ,;) 154,-4 155,1 57,8 51,1 se, • 511,8 se,;, 1511,7 se, I ... 85,8 ea,e 78,4 73,1 ,.,, 76o:) 11,1 
"· 4 '"·' 7t,6 

198. 715,9 711,1 112,e 11,4 ea,e 03.8 05,8 87,1 u •• oe,2 · 
1511, 03,1 Ol,tl lelol 1 u,o 121,7 128,1il 130,1 1.11,2 1"'4.1 147,3 
20111, 11'1.),<1 111,2 121,3 135,3 , ••• lil 157,2 178,2 175,;} U lol 113,7 
3611, ,,. ,8 1215,8 138,11 151ilo5 17-4,0 U!l,l UI,J n11.~ 203,8 \171il,7 
41!1!., l'U,8 132,3 1<11,-4 173,2 ~:~~~ 218,11 215~,7 28:5,2 314,1 ;}5(1, 4 . 
~""'• 124,. 1~5,1 1154,3 161,1 2.)5,7 2Ptl 1 !1 .)115,1 .)72,1 .1211,4 
41011, 120,0 130,1 UI,;} 111,o 2111,41 240,7 uo ,1 .)38,7 ""•" .1715,6 

llllilfl, 131,7 14!1,9 1411!1,3 1911,4 221,. ue,41 333,3 3U ,2 OU, I 41t.l,l 
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App. (continued) 

CALCUL.I.TION Of tJ.PILLA'IY IITSE 

21 LOJ.M 511450 1'10•~9 f'•il ,ÇI2 

"' u,SI'Iil PSIEt• 10,9 .ll• 2,23 

' " CH/OJ.G P.,!ld "·"' 1!1 ,31!1 8,28 1'1,15 111,18 1'1,118 "·'· .,,a fl,lll 

'" JP<t Cl'! IN CIC 

"· 28,9 29,1 29,3 29,5 2!1,0 29~8 29~i U,g U,l 31,1 "· 37,15 38,8 38,5 30,8 :se,a 3SI,5 3V~7 u •• 38,1 lP,P "· ''·' 40,3 u,a 48,8 u,s •a,e •e,A 41,8 48,1 ... , 
"· 52 0 7 53,9 55,2 58,7 !17,4 151,2 !11,(1 !ll,;s ''·' !ISI,I ... ~~~., 815,1 89,4 72,3 74,8 ''·' ,,,. 71,2 71,1 re,o 
'""· 73,8 71,9 81,1!1 85,1 ~~~:~ 01 1 e u,o ... , 11,2 08,1 158, 88,1 e:s.o 

'"'· 2 
111,8 125,2 133,2 U lol 143,6 ua,e 2118, !18,2 11'13,1!1 113,2 127,1 131,7 118,8 tn,e 17lol IU,I 101,1 lil I', IB4,J TU,, 128,1 l45d ua,:s tse,e 211!1,7 224,, 252,1 272,7 .181'1, 11'11,2 111,4 132,1!1 ""·" 171,3 IOG,O Ul,l 281,8 313,8 :ne,• !lal!, llilo 5 Ulo2 131!1,2 I511,SI '''•' ur,:s ,., ,a 211,1 3:U.e 3f2,t 899, 112,9 123,0 138.15 133,. 113 02 2U,2 258,2 llt8,e ~86,5 ue,t 11!91'1, IU,7 126,4 143,1 179,2 1t2ol 227,• 27".7 31!7 ·" 4U,2 15315,3 

CALCULAT10N Or C.lPILLARY RISE 

2g HEOIUIC COARSE SU8SOIL Si NO 2,51 .. ~11 ~o~o•:Jte r,1, 3t 

"' 78:1,91119 PSIEI• 
2 ·' 

All J,Bt 

' " CK/D.lG «,!'lil 1!1,4.0 « ,36 9,29 '·" 1'1,10 fl 011fi .. ,. 0 1 92 1',01 

'" IN r.M IN CIC ... 27,3 28,15 39,2 32,3 53,15 31:1,5 515,8 37,8 58,8 511 1 <1 

"· 211,0 30,7 32,8 31:1,7 37,7 ., .. <13,2 •s,a ., .a . .. , 
"· 31!1,0 31,11 3<1,3 37,11 .,,. •3,11 .8 •• !11!1,1 !J<Io8 117,1 

"· 3~,, 52,7 35,3 3i1 1 5 <12,3 •15,<1 111,1 se,. 81,8 IU,7 ... 31,1 33,2 :se. e •e, 3 U,S u.a 114,2 118 1 8 88,111 71,5 
1tl9 1 31,6 53,8 38,8 41,!1 •e.a 118,<1 e7 ,e 83,e 73 0 0 12,!1 
150, n.a 34,4 37,6 •:z.e .,,, !12,7 81.3 l!ll,t 83,1 Uo3 
2911 0 32,2 JA,e 37,t u,e 47,1 55,!1 82.8 7to8 .... 18!1,1 
31'1'1, 32,5 34,7 38,9 45,3 47 ·' 54,1 83,!1 72,2 1111,0 111,8 
•ee, 52,3 3<1 1 7 38,1 43,<1 ..,,, !14,2 1'13,11 72.7 11.11 112,4 
!11!111 1 32,4 Ho8 38.1 A3, 8 47,7 !5<1,3 tu,l ''·" 08,11 113,3 
61111, 32,. 34,11 u.:z •:s,s ., .1 !14,4 1!14.' 73.1 ••.a IU,7 

11Hlll 1 32.4 ;u,e 38,2 •3·' 41,1 , ... 114,2 1.1.a fl,!l 114,4 
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App. 2 

Fortran programme for the calculation of capillary rise in soil 

profiles 

0~()! 1 
0fl~i? 

Ol1':1 i) 
31N•4 
0ijOO 
"tj~ 6 

O~P!7 

\1""" 
01:JUV 
0lli\'J 
0011 
0ijiP. 
001~ 
-u~t ol 

"015 
~016 

c 
c 
c 
c 

CALCUL•TION OF CAPILLARY RIS~ 
ICW 1~5C 

PAGE 

BLH/GLS Itr 2A,3 , TNO ~424 

C HlSTRUCTIE 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

c 

OEV!Cf R IS GEkESERVEERO VOOR Dl ~AARTLEZER, 
DEVtCE S IS GEH~SERVtEkO VUOR Dl HEGlLUR~KKER 1 

,GEBRUIK S AS DKIIPRIOOC,LOA 
,L~ES OE KAARTE~ VAH EEH rROFJEL MET MAX, 09 LAGEN MET I 
NAAH,KRT,!TEK~T,~l,rSlE(l),l(l) 1 lMAX(l),,,T/",, 1 A(6) 
VOLGfriS FOWMAT(e0Al/OA1 1 F8,3,f4 1 11 F4 1 2,5(F3,0 1 F4 1 l 1 F4 1 ?)) 

(~ VERVCILGE~S lfDERE VULGEhDE KAART HET I 
KRT 1 2 HLANK,lMAX(l),PSIE(l),A(l),,,T/M, 11 A(I+6) 

VOLGENS FuRr,AT(AI,2X,7(f3 1 0,F4,1,F4,2)) 
KRT MIET SLANK vno~ LLES NOG ErN VOLGENDf KAART, 

OE LAGfN AfSl.UlTEN II(T BL"NI(S, 
,LElS Dt KAARTfN HET I 

OE JNTfGRATIE•STAP (~ ~AY.lMA•L 79 PSI•WAAROEN,WAARVOOR l•WAAROE~ 
WO~OEN GfTAPELlEERD VULGfNS FOPHA1(~6f~ 1 0) 1 
UE PSl•UAARlJEN A.fSLUITE.f-1 liET UI-ANII-S OF IN GEVAL VAN EEtJ VOLLE KAART 
EEN SEO~•• AART, 
lfiDlE~ ALLEtN ~~ INT~GRATlf•STAP E~ PSll OPGEGlVlN ~ORDEN ~ORDE~ OE 
OVERIGE P5l•WAA~OE~ VA~ I4ET hlERVUOH BEREKENOl PROFIEL GERRUlKT 1 
JI~OIEN ALLEE~/ EEN SL(l(l•t.AA~T VO.ORKOIIT 'I'IOROEN ALLE hAAROEN VAt.! HET 
HIERVOOR BEREKE~ht rHoFIEL GESRUIKT, 

,LEES OE t.AA~TE~ VÄ~ ~EN VOLGEN~ PROFIEL OF 
STOPPEN HET EEt' i[nlJ•KAART, 135~ ~~000~ GEEFT AAN DAT HET PROGRAHHA 
GESTOPT I~ OOOR Efti \EOO, 

T~PLICtT LIDUBLE (A•t1),((1•T) 1 lV•Z) 
•oUOLE pE 0 KII99) 
rnTE JOAT(!l), ITEt.ST(e) ,t•4AM(((u) 
I1HL:GfH IZMAX(HI),ljtrll0 1 UtJlTJ 
Ol~ErrslON V(I~} 1 P8T(79) 1 Z(l0) 1 PS1~(99),A(99) 1 Z~.X(99) 
ûATA Vlv.5DU,C,~0~ 1 \l,30~,~.20n,~,15D~,~,10P 1 0,~600 1 ~ 1 0~0~ 1 0 1 0200 1 0 

•,0\0R/ 

U~ITh8 
1Ji'4lT0•5 
r.ALL DAlE(IIlU) 
t•LL S~TERR(ij,JU) 
ijQTTill"l:::t•36, 
TuPa+J~, 

lOlH•l~ 
J()J/~cg~ 

KD1tl•79 
t'ITOT•~1 

BEGINWAAROEN 

C FORJ•AT STATE"ENTS 
0017 11;0 fURMAT(~~AJ/?A1,F~ 1 3,F~,l,F4,2,5(f3,0,F4,1 1 F4,2}) 
0k'.18 l\•1 FOR/IH(Al 1 2X 1 7(f3,n 1 F4,1,F4,~)) 
0ClY 1~2 FORNAT(16FO,J) 
002!~ ;:!~·4 FORP1AT(lX 1 CALCUl.A'riU~' OF CAPlLLARY RISE 1 94~,9Al//1X,~0Al/104lCIGROIJ 

*~0 WATE~ lEVE~ a ·~~1) 
91~21 21:"5 FOR~Al(p(ll([ • 1 f9,;\ 1 5X 1 L.AYfR l'5). 1 PSH •'F6.1,5XIA aiF6 1 2,~XIlH,A.X 

* = 1 ocHLAAG> (f!5.~/2~X 1 12, 11 x, f6,1 1 6X 1 f6, 2 1 11 )()I) 
0~2~ 2t16 FOHHAT(10X 1 V JN C~/O.Y 1 6X 1 l~F1P 1 2/Il7X' PSI IN CM' 34X'Z JN C~'J) 
0k123 2UI FORIIAT(l7>.:,FI"',f'1''fll~.l) 
0024 ~~2 Fr•RMAT(lh\) 
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App. 2 (continued) 

Hl•,IU~'•7A 2 

C rROFIEL.KAARTEN 
ZliA);(l).:(l 

<•b 
~(.6.0 (LI~rJ Tl, I~'~.·, li-G•999) fii.A.IIrY.RT 1 [TEKST 1 KE ,PS lt.: ( l) r A(l) 1 (lHAX (I) 1 

'PSJ~(l) 1 A(I),l•2,H) 
J :ÇJ 

~ f~(KRT.f~.lll ) GOTO ~ 
J•J+7 
K :aJtl5 
~(Al)(UrHTlrlr:'l,t:N{,w,"\) "'RT 1 (Z~>~AX(l) 1 PSH.(J),A(l) 1 t•J,K) 
fiOTU 2 

3 l(cJ-7 
4 tiLAAGnl 

lf(ji;,Gl ,JLlll•i I';;,J•l 
()0 ~ 1•1,1', 

f•ll2~ 

~Jl~ 

i.i031 
t1~3Z 
011JJ 
0034 
\.1~3~ 

~~~·i 

\.Hl37 
00 .s~ 
003P 
0\-) 4\1 

(llj41 

~HJ42 

IF(ZHAX(J) ,EY •• ~IIl~ 1 AIIO.PS1E(J),[O,,PO''•AN0 1 A(l),f~,.~O~) GOTO 6 
11L.H(óal;l.,AA(.+ l 

!5 tnt•T PUll:: 
4S lil,.AGai~L.AAG-1 

c OE ~0~ VAN D~ TABEL 
111f(lll(UuiT0 1 2t"4) J.IJ/I.f 1 1!AA!t 1 1TEKST 
lf(HLAAG,GT 1 1) ~~!Tf(UNIT0,2h5) Kt 1 PSlE(l)rA(l) 1 (ZHA~(l)rl,PSlE( 

•I>r~CIJ,Ia2 1 ~LAAG) 
""ktH:cu~~rro,2fJ6) v 

c 
~~~~ L•" 
bv!d7 W[A[) (lllil TI 1 H•?. 1 f::NO• H:) STAP 1 lPS I (I) 1 1•1 1 l ~) 
Hll•lU J•t!; 
~049 OU H I~l,~D(M 1 1ö 

0~5P lf(J.LE.l) G~TQ 7 
~0~1 J•J+l' 
0~,~ ~~4D(UN!Tl 1 1L2 1 E~li~Q) (PSI(K),~•I 1 J) 
~053 1 l)t) F\ t<.aT,J 
005d lf(PSlCK) 1 L~.~) GOTIJ 1~ 
\11!!·:> 8 CO~ITirllll 

llQ~6 GOTO l" 
0~57 9 ~·J 
0050 10 Tf(K,GT,2.0R,NTI•T,LE,1) ~TOl•k~l 

\lU~!) 

tHllüJ 
\?1116-l 
l10b?. 
0~6; 

~~-~6" 

c 

c 

TSTI\f>aSTAP't\:,5 
I•PSIF.:Cl)+I!;TI\~ 

PSJa•lltST~P•ISTAP 
110 17 1at 1 111ll• 
tZtiAX(J):st 

17 Z{l)•t<.l•PSlb/(Y(l)•kt~ 

OU l!S ~'-1 1 1>tTC•T 

11 rstHaPS18+1STAP 
PSIGEM•PSI6+t5TAP/2, 
IJO 12 .tai 1 Nl.."-AG 

ST AIOWAANDE 

PlR PSl•STAP 1 PER Y 
10~~6 ~ 

0::_1(>f' 
~067 

U~:é!flit 

l"\~6~} 

li'J71' 
liHJ71 
DU72 
""73 
""lol 
007~ 

IF (P$H (1) .•H,~ 1 Af!I).A(I) ,GT ,~') K 1 \1) aKE•(PSIE(J)/PSlGEII) uA(l) 

·~7& 
0['177 
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12 CONTINUt 
llO 13 J~;I 1 IOJJ-• 
l\aJ7.MAX(l) 
PZ•ISTAP/(l,+V(l)/~J(K)) 

i:OJ•Z(l)+Oi. 
lf(l(I).Lt,z~:AJC(2}) IZUA.)'(l)•l 
(lU IJ l .. 2,t.LAA.(i 

13 IF(ZMAX(L),Gl.~.,kND,~(]),&T,ZhAX(L)) IZH4Xlll•L 
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ftJHT~AN 

"\J1~ 
'2!ll7 !1 
IJ~M• 

~0fol 
~'lof,~ 

008J 
~H,84 

~116~1 
li~81Ï 

ues7 
0086 
AOll~ 

mHW 

Vrl!") 1 "'O lc\111Jó: 11 

!FCPSiCJl,LT,~Sle) !;OTO I~ 
JF(PSJ(JJ,EO,PSJh) GOTU ,. 
F'SlB•PSHHISTAP 
lf(PSl~.GT 1 l6C~f;,) f_,OTO lh 
GUTU I I 

c 
I' "'lH Tf:: (lltrfTIJ 1201) PS J t-· 1 Z 

rSlB=PSltt+[SlAP 
15 t:Ot,T J t/IJ[. 

~RJT((UNIT0 1 2A~) 
G010 I 

16 ~RJTE(UNlT0 1 ~'·J) 
999 STOP 

Er~•· 

~UUTIIIES CALLf.O 1 
UATE , SETERR 

LfNGTt, 
334~ (1115C3dl• 

*•COMPILER ••••• CükE•* 
PHASE ustu f~E~ 

OoC~ARATIVES 00b22 !3673 
EXECUTABLES 01183 13112 
ASS~H6LY UIB7H l7l~R 

App. 2 (continued) 

PAG~ 
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App. 3-1 

Capillary rise in the soil profiles nr and nr 2 (last table) 1n 

table 2 

CALCULITION Of CJ.PILU.IIY RISF 

OVERLOON 17 ~>11'10\ CH 2X~O!'I l~'~ll•!il'l '" 21 1 8IC~I\ ces tH ~e.e x.-so GiliONDil, "tJA Cll 

"' 2!18 0 \jB~ f'S IE I• '·" ••• 3,69 ZHJXI• Jfl, 
PSJ[2• ••• Jl!• 2,J!S ZHU2• lP, 
P91E:J• . ·' "' 2,03 

y '" CHIOIG ~ ,!Sll 1'1 1 All a ,JB 1'1, 211 "'·" A1 HI A,l!6 1',1'1. "J ,A a 11,01 

"' IN rH lH CM 

, .. 19,1:! 19,2 19, ~ 19,6 19,7 19,8 19,9 19,9 211,0 28 ,lil 

"· 24,7 2:1,5 26,3 27,3 27,9 28,5 '19,1 211,4 29,7 29,8 

"· ?1,~ 28,8 :!.II,J 32,2 33,5 J!l,l 38,7 37,7 :n,7 39,3 

"· 28,9 311,.11 37,7 Af!, 4 42 1 I •U,l •6,1 41,2 411 05 A9,2 ... 29,6 Jr:i, 1 44,2 d7,7 451,9 1:12,5 !15,1 !18,11 51,2 .,9,1 

"· 33,2 A4 19 !U 1 3 59,9 8J,4 '11 •' 71,8 74,2 76,9 78,4 
lllfl, J:,,J !SII,!il 61,8 89,1 74, I 112,3 119,' 112,7 1111 0 1 08,11 
21ll'l, 45,9 83,7 88,8 112,8 127 ,a 14!1,1!1 lll2,8 173,11 1118,1 Uli,l 
'UH', 51,2 ''·' U\l,4 157.1 183~8 221!1,' 2158,6 396,11 ~1511,3 .llll,l 
71!1fl. !12,il 71!1,, 1215,9 1116,1 195,7 238,8 2117, ~ HIS,2 433,8 !11!1,8 
91!11, e2,ti 79,2 I 38,& 172,2 282,8 2411,. 314,4 ~78,6 476,11 15117.2 

11'11111, !'!2,6 ~~~.2 IJI,9 114,1 21'1S,4 253,2 328,5 3'fll,5 •02,11 111!1,2 

CAltUL UlO'-~ Of CAPILLAIIY AI9E 

OVERLOON 17 »18111 CH nes~ llll'l·~ol CH :!l 1 8tC58 Clll'l 38,11'1c51!1 GII0'-1011 I •Uil CM 

"' 268,1!11'11!1 PSJE1• '·' ... 3,80 !HA-l• ... 
PU[2• ••• "' 2,35 lHA-2• 9?-, 
PSI(31 . .. ... 2~1i18 

y '" CIIID.I.G A, 58 '!,.11 1'1,39 ",21!1 11,1!1 1!,18 1'1,?-6 1'1,1!4 '!,1'12 11,11 

'" J"' CH Hf CM 

"· 1111,8 1111,2 19,. 10,6 19~7 10,8 U,ll 19,9 28,8 28 ,e 

"· 24,7 2S,5 211,~ 27,3 21,9 28,!1 211,1 211,4 20,7 211,8 ... 1'1 ,11 U,8 :u.~ 32,2 33,, 3!1,1 38,7 37 ,J 38,7 30,3 ... U,ll 31!1, • 32,~ 36,9 36,11 39,!1 42,4 u,:s 48,7 u,a ... 211,6 31,2 .u •• 36,8 :se,o •2.2 48,2 .11,1 113,2 58,1 ... 30,2 32,0 3., ~ 38,1 •e,8 44,11 110~3 81,1 72,9 71!1,5 
ll!lfl, 30,6 32,3 ~~ ,8 38,7 .lt 18 •o, t 85,1 71,~ u •• 94,3 
20fl, 311,7 32,6 ~5,2 3111,~ •2,5 .., ,3 1?4,0 1!11,8 l'f8ol U7,. 
1501'1, 3l'l,ó 32,7 3!1,3 30,4 .l2,6 '7 •' 211 ,e 2110,7 3U 01i1 3(18 ,11 
7111', 31!,8 32,1 35,3 Jil,. •2~8 ., ,15 2A.Iil,2 31'.2,8 ~U,J 4815,(1 
901!1, 39,8 :sa, 1 3!5,3 30,4 42,15 '7 ,15 2!13,15 321,11 433 05 ,.,,7 

11'1111'1, 31!1,8 32,7 ~5,3 JO, 4 .2,8 •7 ,6 2511,3 3211,11 u8,• 51'11,8 

CAI..CUL.liJO~ C\f C~PILL.&.IIW fiT SE 

OVf'liLIIn'-~ " »1~\!Ctl 2îc 1Ho l>il'~l'ioJt:< 21 ,.ll2.c5~ Cl'li!CH 38,8-<511 (;IIONOW, "188t:M 

"' 2'!111 1 ól<UJ f-SIFI• '·" ... J,b9 ZIUXI• 88 0 

1>!011:2• '·' ... 2, 35 1Mll211211 1 ... ~,r J~ . ·" "' :l.,ioll 

, 
'" CllfulG <>,!'i'<! A,4Y p ,3 .. A 1 211 1'1,15 II,HI ~.lliiS 9,1!1~ 9,12 fl,l"t 

!•SI 1'1 Cr. IN [M 

'". I 9 ,i' 19,2 19,4 19~6 19,7 111,11 19,0 19,0 2~,8 26,8 
Jó'l, ~4 ,7 ?5,5 26,~ 27,3 21,!il 28,5 29 1 I 2!il, 4 29,7 211,1 

"· ')J ,6 28,8 JY,3 :\2,2 33 15 35,1 36,7 37,7 38,7 30,3 

"· "B ,9 30.4 32,3 3!1,9 36,9 39, t!i •2, 4 44,3 •a,7 <18,2 

••• 29,6 31,2 33,4 36,6 38,9 42,2 ~6,2 •o.t 53,2 !HI,I 

"· 3<",2 32,fl 34,4 J8 ,I 4a 1a "·" 58,J 114,7 111,9 88 12 

'"'"'· lil,) 32,J 34,8 38,7 41 16 46,1 !12,2 57,4 1111,8 75,7 
2""'• 30,7 32,6 35,2 39,J •2,' .7 ,J !14,2 ""'·' 72,4 u,o 
'i~". Ja,e 32,7 J5,~ J!il, 4 •2,6 ,, ·' !14,15 111!1,0 73,5 HIBol 
7i':l, JiJ,8 J2,7 J5,J 3!il, 4 •2,6 •7 ,15 ,.,8 111,11 73,5 287,5 
')IJ,t, ]f},IJ 32,7 JS,3 30,4 42,8 • ., ,6 !14,6 81,8 J3,8 327 .~ 

1"11~. Ji,J, b 32,7 35,3 J!il, 4 42,6 .l1,8 54,6 81,9 7~,8 3!18. 2 

tALt:Ullll 0~ OF t-PILL~IIY ~ISE 

OVERLnOtl 11 ,, T11Eifl d$ .1. Hl':lVY ST~<JCIURlO LOl" .. •l&ll (;H G~llU~o•, hl@8 '" GIIUU"ll •ATER LEVEL . •18@ ,, . 4,95>~ Ll'ff..ll rsu . 26,1' 1,15 ZKA~ . ''· ,. ,6 J,ll9 ... 
21 ,7 2. 35 128, 
26,7 2,MI 

, 
'" ("llllY ~.)" I'.,,. '". :s.• .1,2·• ., ,15 "·'" 11' ,1>6 I' •"' 

0,1i'12 ~ .~1 

"'' 1" Cll I" [" 

'". J'l, ~ 36,6 31,4 JFI, 2 38 ,I' J9, I 39,4 J\1,6 3<,1,8 3~' ç 

"· J7 ,\ 38,2 39,4 ~ l,tl 42 1 A 4J,5 45.1 ~6,2 ,1,& '" ,& 

"· 37," 39,1'1 411,5 42,6 44 o~' 46,2 48,9 51,>' 54,J !lb,o 

"· 3~,2 39,~ .,,, 4J.) 45,2 41,8 51, 4 54, 4 59,J bJ, J 

~u. JP 0 4 JII,EI 41 '5 44 .~ 45,9 4~ ,9 53,1 5fo.1 bJ," /'1~ ,1 

1\•'1, Jfi,J '~,I 41,9 ·~,IJ .~.e ,7 5~ ,i' 54,9 :,~. 3 07., 1b ,3 

~h'". ~p ·'• '''· 4 
~2.J 45,J 41,6 51.3 ~7,>! 62,4 JJ,::. 1\1 .~ 

~~·"'· J'l, ,. ·~. 5 a2, 4 4), 4 41,1 51 '5 S1,J 62,g 74, .. 2JI:I,4 

32 ,,.,,. 39,1:.1 411 .~ 42,4 45.4 41,1 "·' 'SJ, 4 62,9 7~,6 J2-' ,7 

"'·~"'· 351, ~'~ .lbo) 42,4 4). 4 47.7 51,' 57' 4 1>2 ,9 14 ,b 383 ,J 

I ~''"• JQ •"' 411,!1 42 •• 45,4 ,, . ' !11, 5 57 ,4 1>2,9 1•,e ....... ~ 
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App. 3-2 

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

in table 2 
CAltiJLAT IG•I n.- c'p ILtt.ln J.: I Sf 

I HEL IS..:U:IIII '" >(li"CII F•l .!1 "IJ•~•' 130~7~[11 2HC2 <1'7'\CH /;J8lC2 "' h\44Ct1 

"' 29'1,1'1!" PS IEl• . . ' ... 4,311 l'11H• ... 
PSIE2• ••• .,. I, 41 ZHU2• .. . 
PSH.J• '·' l-1• \,16 

' ,. rrtnur; .... ~ .. "·· .... >I,J>l ~.2~1 <!,U ll,h'l 1!,1'16 I! .... "• il2 ,1,1'11 

"' ,, '" I' '" ,, . 17. ~ 11,9 I~,J \6 111 1~,1 lil,. 1!~,15 19,7 I Y 1 9 19, w 

"· ~ó,7 27 ,l 27 ,g 26,:1 28,i 29,2 29,:1 29,1 211,8 29,9 

"· J5,b 36,3 37 ,I l8,fl J8,:1 J9,oll 39,4 39,6 J9, 8 ll) ,11 

"· •• ,I' ·~.~~ u,, 41,3 47 0 9 48,tl .9,1 49,4 4!1, 7 49,11 

"· '12,~-< :1.), 4 ~u ,a 56,4 11,2 
58 ·' 

58,9 59,2 '19,6 :IQ,!! 

"· bo,l'l IHI 1it 71,. 74,'11 7:1,4 76,8 78,~ 1~ ,1 7~,11 71il,. 

'"~. 1t-,b 76,1 19,8 114,4 -H,2 911,'1 93,7 ll'l,f. 97,1 9b,5 
21ll'l, SI ti, 5 99,7 1!119,1! 122,5 132,2 145,5 HiA 1 6 171.},7 182,8 19il, 8 
!11'1'-'o 122 ·' 131,'1 149,8 17P 0 6 2>13,5 24~,6 2ilt1,~ J~\1.~ ~9.,, J 43~ ,6 
7110, Ut,!!i 142,6 164 ,J 21101,6 230,6 278,6 3415,51 ·~4,2 491!1,1 !57!5' 6 
9~111, IJ" •" 1!1111,6 174,51 216,0 2!5>1,6 397,2 31111,4 46~,>! S~d,9 70111,4 

111111;1, , • .,,6 1!53,9 1751,2 222,3 258,9 319,1 u•8,8 488 ,J 629,3 7!18 ·" 

CAlCULHIO~ " C&riLLARY RISE 

AHEll5oiE(RD '" , I ~!.'Cl' ,-., ,11 1'018\1 \,W•7.'\tli 241•2 C7SCii 881•2 GZG hl!!i4C>~ 

"' 295.~i'll.l PS IEt• . ·' ... 4 ,J8 lliAt\1 "· PSif-2~ '·' .,, I, 41 1"'-':2• "· ~SlE;\~ 1),2 "' I,HI 

' .. C~l!lAf. •1,!51' 
"' 41'-

~. 311 11,2111 0,15 11,\11 1'. 1 P.8 11,1!4 .. ,02 "·"' 
"' , .. " ,, 

'" 
"· 17 ·' 17,9 18,3 18,8 19,1 1(1,4 19,6 I 11 1 7 19,9 19,11 

"· 1!1,9 2tl,$ 21,. 2J,J 24,3 25,6 26,9 27,$ 211,8 29,. 

"· 2 .. ,6 21,1'i 22,11 24,11 33,9 J!!i, 3 Jo,~ 31,1 J8. 7 311,3 

"· ?1•,11 21,9 23,3 34,2 43,4 44,9 •6,!5 47,!5 •8,8 H1 13 

"· 21,•' 22,0 23, :lo 4.),3 52 17 !54 ,!!i 1!16,2 !57 ,3 Sd,S !IQ,2 

"· 2t,ó' 22 ,I 23,6 6~,8 79 18 73,2 7!5,4 70,8 7tr.,3 79,1 
lP. .. , 21,1 22,2 23,7 n,s 85,3 89,1ol u,e 94,1!1 97,2 118,2 
2r.05, 21 ol :U,2 23,7 118,8 130,3 IU,I!I 1511,!5 169,11 1112,11 11111,!5 
Sit\1 0 21,1 22,2 23,7 l?S,Q 21'•1,8 239,1 289,6 J29, !!i 31111.4 43!5,3 
1\<~. ?I ol 22,2 23,7 I 1115 19 228,7 271,1 34!5, 8 41o!J,4 498,2 ::.1 s,J 
910 ... 2\,1 22,2 :?3,7 212,3 2U 17 3111!'1,7 3t19,J 4152,2 !5811,11 101< ,2 

l"llkl, 21,1 22,2 23,1 211'1,1 257 ·" 317,6 4~7 ,1 4117 ,:'I M!9,J }:0,} ,1 

CJ.Lf~JLJ. T liJ U " CJ.P ILI J.RY RI ~f. 

J.MF;LIS~EERfl ... " St;(L .._envr •131' " WA.S HOMOOENEOUS CZG•~Iu '" ,,, 29!i 0 1Hiil PS IE t• .. ' ... •,JI'I l>tJ.X I• ... 
PSJE2• t.,?. ~2· I, 41 

• ,, Cl>/fllG {,·''' "'• 4e ~." .. ~.2~ "',I~ 8,10 1',1!0 I' ,o!l4 ol,'ö2 ~.~I 

pSJ " 
,,, ,, 

" 
"· 17,5 17 ,g 11'1 .3 u,tr. 19,1 19,4 111,11 19,7 19,9 IVo i1 

"· 27.4 27,8 21'1,l 28,8 U,t 211,4 29,15 29,7 2!il,il :<'9,11 ... 37,2 37 ,ti 31'1,1 38,7 3t~,8 .S!il, J 311,1'1 39,7 3\1,11 39,11 

"· 46,9 H,4 411,0 48,8 •8,9 4\1,3 411,~ •t~,1 
4\1 ·" 

•g,Q 

"· ~ti,fl !17,1 57,8 !58,4 !58,8 '59,2 $9,:1 :'19,7 $9,8 -:19,11 

"· 7",., 16,3 77,2 78 ·" 78,1) 1ll,l! 79,' 711,t> 19 •• 7!ol, w 
\111'1, 94,2 9:1,2 96,3 97,5 98,1 "8,7 1111,2 99,!5 119,7 ll'ol ,9 
~I';!. Ul 0 t1 111414 188 1<1 191,7 193,7 19:1,7 197,4 1118,3 19!1,1 Hl'o/ 16 
5!111, 3112,!1 3\19,7 419,2 441,111 454,:1 468,3 •8a,2 466,8 4113,2 4\lb 1 :1 ,..,., . 47!1, :'1 '"'·" 1!'1•1.3 St12,1! 6.!6,Q 15~3,1 6!11,5 117~,& bd4 0 11 692, J 
9H! 1 :1~6,:1 59:1,6 lj43,4 7~4,1"- 741,\ 71U ,5 82!1,2 IIHJ 0o!l ö72 ,9 "8b ,I 

1Lifll! 1 !!ib9, 4 633,1!'1 /;8!1,J 7:'19 1A 8113,1 1)!1!5,5 QR:I, :'1 934,>1 91H1 1 l 982,2 

ULCJJI,_J.TJCtl OF [J.PII.-L~RY lil Sf 

J.liELIS"HPO '" 
,, UtOVE •13" '" :>llll "lS UOC.:OOENEOUS GlG hl54 '" 

"' 211';,,..}\_' PSI Et• •• 5 ... 4, J"J l~UI• "· PSH2• '·' .,, I, 41 

' " C~/fi4G •',:.•· "· '" 0 0 311 9 1 2Ll ""·'' A1 !1'1 A1 o!6 r., ..... .! ... 2 11 • ~" 

"' '" " " '" 
"· "·~ 17,11 18,3 18,8 19,1 19,4 19,6 19,1 I!~. !I 19,9 

"· 19,9 21',1:1 ~1.8 23,3 24,3 2:'1.6 U,9 21,1o 211,d 29 •• 
4·'· 211,6 21,6 22,9 24,9 J4,2 3~., 36,9 37,7 JB 0 8 Jg .... 

~··· '"•lol 21,11 ~"·" 34,1 44,1 4$,!5 4o';,8 47,7 46,1 ·~ ,J 6>1, 21 ,li 22,11 1·'·' 44." 54 .~ 5!5, 4 515,8 ~7 ,7 :118,1 ~g. 3 

"· 21,1• 22, I 23," 64,2 1l.1 7!5,2 7f'J,7 r1," 18,1 
"· J \olll, :<'1,1 :<'2. 2 23,7 IIJ,IS 93,J 94,9 Q!>,5 97,!5 Vd,6 Q~. ~ 

2•"! I 21.1 2;;>,2 0'3,7 In 19 1811,9 191,11 1114,7 196,3 198, ~ '""' .~ :O,o•;t, 21,1 22,2 23,7 428,0 44\1 17 46(,!5 
477 ·' 

4B4 1to 4ll:l,' o9o,l 
7o-h• 1 21 ol 22,2 2J,7 ~(1,8,2 61!1,2 6~9. J b~4,8 668, ~ 083,8 159) 16 
~""'• :<'1 ,I 22,2 23,1 69 .. ol 736,3 1~0,1 8~2,5 846,1 b71,8 1!<15,!5 

1'1<'\<, 21" 22,2 2J,7 7 ,,,1 7911, J d$1 ,1 \1~2,8 :.JJ:.! ,11 964,2 \lij I, 6 
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