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Soll water movement
A Richards equation (1931)

g _ iy
Lt

A DarcyBuckingham (1856, 1907)
g =-Kbh- Kbz

log(h)

matric gravity

A Hydraulic properties
. h,qg,K
A How to solve the notiinear PDE ?

log(K)

WAGENINGEN NN
For quality of life



History

A Earlier solutions making use of a transformation
. e.g.,Klute(1952), Gardner (1958), Philip (1966)
AdunemdpccY {e@YLlaAdzy a2 GSH
B2y SE€S 2| 3ASYAYyIASY
A Discussion session led by G.H. Bolt
. How to proceed with solving Richards equation

Iit:-n of
aagrid symbol ?
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The transformation

A The Kirchhoff transformation: heat transpor 4&
Gustav Robert Kirchhoff (182887) "

VORLESUNGEN

THEORIE DER WARME Es se1 & eme bekannte Function von &: man setze

7
GUSTAV KIRCHHOFF. [{ == f /{ d'!c}

Dr. MAX PLANCK,
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http://upload.wikimedia.org/wikipedia/commons/f/fe/Gustav_Robert_Kirchhoff.jpg

Raats (1970, SSSAP 34:-709)

g =-KPh - Kbz
matric  gravity

qg=- F -K(f)pz

At any point the flux may be regarded as the sum of a
matric component and of a gravitational component. The
matric component is given by the gradient of ¢ and, there-
fore, it is appropriate to call ¢ the matric flux potential.
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Steadystate Richards equation with

O =- Pf - M non linear
|z
A ExponentiaK(h) relationship (Gardner, 1958)

K(h) = K, exp|ah

P°f=a— a

Lz

linear; Laplace
(un)saturated
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f and the stream function

A Stream functiony Y  aorreéponding to any plane
flow problem there exists a conjugate problem which
IS obtained by interchanginfand y € (same Laplace
equation) (Raats, 1970)

pr=al pYy =g

Uz Uz
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Raats publications oh

4
™
o
—
LL
=
b |
N~
O
—i

u Total

T10C
0TOC
6002
800¢
L00¢
900¢
S00¢
¥00¢
€00¢
¢00¢
T00C
000¢
6661
8661
L66T
9661
S66T
V66T
€661
2661
T66T
066T
6861
8861
/86T
9861
G861
86T
€861
86T
1861
086T
6161
8161
LL6T
9261
G/6T
V.61
€.6T
¢L6T
3 T.6T

[eriualod xnjy JLIBW JOUCIINPOIIU| 0.6T
6961
8961
L96T
9961
UOREWASSIP AYd GO96T
V96T

€961

2961

T96T

0961

6561

m OO O~ © IO < M AN O

Symposium Raats, Wageningen, 3day2011

WAGENINGEN NN
For quality of life



Raats (2001; Developments in saivater physics since
the mid 1960s; Geodermal00:355-387)

Quastlinear analysis of steady flows (1)

A FlOWS from (Sub)surface drl som:)imensionless Horizontal izuorrcdeinote.. X =X

irrigation sources \\

. Raats (1970, 1971, 1976)

. Recently elaborated upon by :
Communar & Friedman (SSS
2010): coupled souresink
steady water flow model

A Flows to sinks: porous cup
samplers, suction lysimeter

_ Raats (1971, 1976) R RpalE [T s
~ Merrill, Raats & Dirksen (197 X

Sink

z/L

FN

Dimensionless Vertical Coordinate, z,
®

WAGENINGE N [NEE FIG. 3 Flow patterns for flows from line sources and to line sinks for aL

For quality of life =35,1,and 0. Raats (1976; Trans ASAE 19:68889)



Raats (2001; Developments in saivater physics since
the mid 1960s; Geodermal00:355-387)

Quasilinear analysis of steady flows (2)

2

A Flows from surface disc Q =pR?K, + 20RK,
. Wooding (1968)
A Flows from borehole permeameters

. Reynoldset al. (1985); Philip (1985); see also Heinen & Raa
(1990)

A Stability of steady flows
_van DuijnPieters & Raats, 2004

A And several others ...
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Disadvantages

A Does not apply in layered or heterogeneous soils, un|

_ solved bydiscretization Ross,WRRL990
by averaging (ten Berge et al SAWAH1992)

A Cannot be used in combination with hysteresis
(e.g Raats, 1990)
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How to obtain/

A Analytical solution of the integral
A Numerical integration

A Analytical approximation

_e.g. for Mualemvan Genuchten
(deJong variieret al., 2009 WRR 45 W02422)

A Measure

~ Steadystate evaporation (ten Berge et al., NJAS 1987)
. Non steadystate absorption (Clothier et al., SSSAJ, 1983)
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Example

A Root water uptake (RWU)

~single root uptake
_ steadyrate solution inf

A Partial root-soil contact

A Up-scaling into macranodel

A Properties of RWU model

A Model by de Jong vaneret al.: alsof
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Root water uptake

A Richards equation extended with RWU

A Raats and RWU, e.q.:

- 1974: SSSAP 38:%122¢ steady state with plant roots,

- 1990: scaling in soil physicslepletion ahead of moving
root front

. review

w 2004:Feddes% Raats
w 2007: TIPM 6828

WAGENINGEN NN

For quality of life
Symposium Raats, Wageningen, 3day2011



PhD Thesis 1987

: ROOTS,
Root water uptake: single root model [y

nutrient use effgciency

bulk
substrate

,%G

WAGENINGEN NN

For quality of life

Symposium Raats, Wageningen, 3day2011



Steadyrate RWU Ir¥

A lteratively findh, h.and
T, for knownh

&

0.10/

f(/‘ :Rl/Ro)z_
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medium coqQrse -sand - —

1

1
10 20 r
Numerical solution

° Steadyate approximation

&
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Rootsoll contact: model

vanNoordwijket al., 1993;
Geoderma56:277 286
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