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LEACHING OF AND SALINIZATION BY NON-ADSORBED ANIONS, A SIMULATION
. APPROACH

T.J. Ferrari
Institute for Soil Fertility, Haren(Gr.)
‘ The Netherlsnds

Introduction

The leaching ot e.g. nitrate in a soil profile shows & characte-
ristic distribution: a band of a dressing becomes dispersed after so-
me time (Gerdmer, 1965). This dispersion is caused by diffusion and
by eo called hydrodynsmic dispersion. The hydrodynamic dispersion re-
sults from the variation in flow velocities among soil pores which
cause the solute to be dispersed with respect to the average aclution
flow velocity (Kirkhsm snd Fowers, 1972). In this respect there is no
difference between downward and upward water movements.

Neglecting the relatively small influence of diffusion (Frissel et
al., 1970; Kirkhaw smnd Powers, 1972) the transport of nom-adsorbed
anions is effeetusted by the mass flow (the average flow velecity)and
by the dispersion which is also influenced by the sverage water velo-
city. Consequently, the masa flow is the most important factor in
this tremsport.

As the differentisl equation describing the water velocity as &
function of differences in potentials and gravity is not anslytically
soluble, a pnumerical approsch has been used comparable with the met-
hod described by Van Keulen snd Ven Beek (1971). Using the computed

‘water movements the copnected chenges in anion content can be caleu-
. lated, The ultimete construction of the leaching model has been de-—

termined 1§rgely by the requirement of usefulness in practical situa-
tiona,




The simulation model

The yariations in foil-water content © (in cmB.cm-ij ip time t(in
dsy) ond depth x (in cm) csn be expressed by the following partial
differential equation in which Darcy's law and the continuity equa-
tion are combined snd the seperated matrix potential and gravitetiom:zl
potential are converted into water contents:

1 42 - $sm(0)42 + k(o))
-

in which .
D(B) = K(Q)/C(e) is diffusivity im em®.day™ ",
K(9) is hydraulic conductivity of the soil in cm.day” |
C(8) = ¢0/dP; 1is differentisl moisture capscity in (em HZO)"‘
P, is soil matrix potential in cm H;0 and
x is position in profile, positive in downward direction, in cm.

b8 the size D(B) is a function of the soil-water content, equation
1l is a non-linear differential equaetion which is not soluble by ana-
lytical methods. A numerical approximetive solution can be achieved
by eltering equstion 1 inte a finite Jifference equation by dividing
the non-uniform s5il profile into a number of horizontal homogenaous
layers and by changing time discontinucusly with finite time incre-
ments. At a certain time the water dontent of each layer is calcula-
ted using the water content at a time step earlier mnd taking into
account the amownts of water flowed into and from the layer during
this time interval. After that the computation of the new flow rates
for the following time step is performed., The corresponding level and
rate equations using the terminology of Porrester (1961} are:

(2) WC(I).E = WC(I}.J + DELT * (FIEW(I).JX - PLRW(I+I)/JK)/TL(I)

and

(%) PLRW(I).KL = DA.K*(WC(I-I).K = WC(I).K)/{(D,5* (TL{I-I)+TL(I))) +
KA.K

in which WC (in cm”,.cn™2), FLEW (in ca’,em 2.day™ ") and TL (in em)

represent respectively water content, flow rate water snd thickness

layer and DA snd KA respectively average diffusivity and sverage con-—

duetivity of the two adjacent layers I-1 &4 ., FLRW(I) means the

flow rate between layers I-1 and I. The infices J, ¥ and L indicate

the successive time points of computatiom, the irdices JE and KL the

intervals J till K emd K $1ill L, respectively. IFTT oquals the length

of the time irnterval (in day).
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Assuming no effect of Jiffusion, the traneport of anions from
the layer into an adjacent one is determined by the sum of the ef-
fects or mass flow and of dispersion, The first process FLRS (in
kg.he" .das 1) is calculated by the eguatione 4a or 4b (in these and
following equations the time indicee have been dropped):

(&) FLRS(I) = 10.% » FIRW(I)* come(I-I) if FIRW(I) 2 O
or
(4b) FIRS(I) = 10. * PLAW(I) * CONC(I) if PLEW(i) £ ©

The term CONC (IY mesns the concentration of the water in the layer
I (in kg.em™ ).

The partisl «ffect of the dispersion DISPS (in kg.ha™ t.day” ") to
the total trsnsport is described by the following equakion with DISP
(in cm) as dispersion coefficient and ABS (FLEW(I)) as absolute value
of FLRW(I) (Reiniger, 1970; Frissel et al., 1970):

(5) DISPS(X) = 10.5 *+ DIPS * ABS(FLRW(I)) * (CONC(I-1) ~ CONC(I))/
(0.5 * (TL(I-1) + TL(I)))

The total transport of the salt TFIRS(I) in kg.ha  '.day~ ') eguals
the sum of PLRS(I) and DISFS(I).

However, the introduction of layers of finite thickness into the
numerical sclution causes sn additional effect in the computed re-
3ults which is called mathematical or pseudo-dispersion (Reiniger,
1970; Goudriaan, 1972)., The correspending dispersion coefficient
BDISP equals the average layer thickness in ¢m divided by 2. The ef-
fedt of this pseudo~dispersion SDISPS can alsc be calculated by equa—
sion 5 using SDISP inetead of DISP. The simulated tramsport of anions
has to be corrected for this pseudo-dispersion effect and equals fi-
nally:

(6) TELRS(I) = FPLRS(I) + DISP3(I) - SDISPS(I).

Starting at kpnown initial conditions of soil-water contents, apion
contents and water table, snd using this eguation =amd a level egua-
tion comparable with equation 2 the ilon contents of the layers (in
kg.ha"") at every time cen be computed, The soil profile is bounded
downwards by the water table, upwards by the soil surface, The water
and salt variastions in these bowundsry layers have to be calculsted
separately.

Parameters and computing procedures
For use of the model ror practical circumstances the parameter va-
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lues of the most common scoil types must be available by calculation.
Phe significance of the model decreases strongly if these values
should have to be determined separately in each case,

Rijtema (1968) studied the dats svailable in literature about the
relationship between conductivity ¥ apd matrix suction. From this
study he derived empirical equations for K as a function of the met-
rix suction. Rijtema clessified the soll types into 20 groups for
which the values of the constants of the equations smd the suction
curves (pP-curves) have been given. With the ald of these curves amd
of the equations the conductivity vslues at every water content can
be calculated. In these calculations the hysteresis effects have be-
* en neglected, which omission will not have & practicsl meaning in
. most cases (Rose, 1971). As KA end DA the arithmetical averages of
resp. the K~ and D-values of the two layers in question are teken
(Van Eeulen 2nd Van Beek, 1971).

The dispersion coefficient as such has not been used in the model.
It has slready been mentioned that the introduction of layers canses
a peeudodispersion for which a correction must be performed as given
in eguation €, By neglecting the physical dispersion and by not cor-
recting for this pseuso-dispersion the influence of the diapérsian
will be present in the computed results all the same, The influence
of the magnitude of the dispersion coefficient is imtroduced by the
size of the layer thickness. For every scil type or profile s thick-~
ness must be chosen corresponding with an estimated dispersion egerf-
ficient.

The pregram written In Portrsn IV is intended to simulate tran-
sport processes during long periods. In this respect the maximum al-
lowable (firxed) time-step size is importen"tw znd depends strongly on
the expected top rates, In the neighbourhood of the water table the
rates are S0 high that the totsal computing time for the 3 most sandy
so0il types becomes too long owing to the necessary small time steps.
Computations {(with a Telefunken TR 4) for profiles of e.g. the medium-—
fine sand type ask steps of 02,0008 day of less; this mesns a total
computing time of 30 minutes to simulate the leaching during 6 days.
For lesa permeable 30ils steps of D,004 day or more are sufficient.

Results snd discussion

The usefulness of a model is determined etropngly by the degree in
which the computational results de egree with general experience and

with cheoretical and empirisel data. In this gase we meet the diffi-
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culty that data for such testing of leaching end salinization results
during a long period are scarce. Some tests of lesching will be dis °
chssed, :

In figure I the leaching of & nitrate dreasing (300 kg.ha"') af~-
ter 125 days on a sandy and on a loamy soil type are compared. The
results demonstrate the expected distribution end the difference in
depth of leaching between a permesble snd a less permesble soil. In
this wey & pumber of simulation experiments have been performed of
which the result® confirmed the gemeral expectations.

inother question could be whether the model describes ressonably
the water movememts, Testing this requirement with field data is al-
80 difficult. From soil-physical arguments it can be concluded that
water in a soil with a water table but without precipitation and wi-~
thout evaporation will reach the equilibrium state after some time,
In this state there i2 a linear relationship between the height abo-
ve ground-water level and the matrix suction st this point. The wa-
ter in the soil has to move into this equilibrium from any chosen
moisture state, The model meets this Tequirement. If the imitisl moi-
sture state in a profile is e,.g., too dry compared with the equilibri-
om state, the water contents in the model are incressed to those be-
longing to the equilibrium and after some #ime the linesr relatiom-
ship- is reached, The missing water comes from the ground water of
which the level will drop.

Tests with empirical data gave a reasonably gooa sgreement. On @
8andy soil with a very desep and therefore neglectable water table a
nitrate dressing of 300 kg.ha~! was given in autumm. Samples of the
profile were taken in winter in which nitrate was determined, The
leaching over 125 days has been computed, Pigure 2 shows the agree-
ment between the empirical and calculated distributions.

Precipitation is putting ar amoumt of water into the soil which
causes the water table to rajse after some time. In reality there is
a natural or artificisl drainage. In order to prevent a raise of the
water table gbove the surface the model has been provided with an ex-
ponentisl pumping regulator which similar teo practice tries %o main-
tain the desired level, Pigure % shows the effect of this pumping.
The water table in the simulation behsves as in a real polder dis-
triet in which the capacity of the pumping-engine is not sufficient
to pump out directly the winter precipitation.

Up t1l) now only the downward transport by leaching bas been dis-
cussed., However, we have already discussed that the same processes
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Pige 1. Computed nitrete distributions in a per-

mesble sandy (&) snd in a less permeable (b)

soil by lesching during 125 daye (without
water table)
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Fig. 2. Computed (a) and empirical (b)
nitrate distributions by leeching
during 125 days (without water
table)
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determine the upward trsmsport of ions. Therefore, the simulation
model ¢an alse be used to describe the accumulation of salts in the
top layer produced by evaporation, Por this case en evaporstion fun-
¢tion has to¢ be built in the model, A number of calculetions hes be-
en performed demonstrating the effects of evaporation on the salini-
zation in relation to external evaporation rate, gromd-water level,
and soll type.

The testing carried out is still insufficient. However, the re-
sults obtained up till now are encouraging in sSpite of neglection of
some factors as there are diffusion, demp transport, hysteresis, etc.
It is doubtful whether these simplifications affect substantially
the usefulness of the computed mesults for fiels spplication., The he-
terogeneities of soil and region limit the necessity of high accura-
cy (PHilip, 1972). The acceptability of the model is enlerged by the
fact vhat it 1s based on generally accepted soil-physical laws, The
simulation approack has the advantage that one is pot limited by up-
real boundary steady-state and saturated conditions. ’
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Summary

Leaching and salinization sre simulated by one model, regarding
poth phenomena as results of opposite directions of the same tran-
sport processes (mass flow and dispersion). The solution of the dif-
ferential equatioms deseribing this trsnsport cac not be achieved
snalytically; a numerical approach has been used.

Knowing initial conditions of soil-water contents, anion contents
and water table and using empirical relationships between water con-—
tent and conductivity, accumuletion and leaching of ncn-adsorbed sni-
ons during a long period (e.g. 125 days) can be simulaged for every
30il type amd profile and for every precipitastion and evaporation
distribution.

Résumé

Ie lessivage et 1'accumulation 4'anions non-adsorbés tels que le
nitrate et le chlore furent simulés dans un modéle ou les deux phé-
noménes furent considérés comme le résultat des mBmes treamsports
mais en sens opposés (transport d'eau et dispersion). Les équations
différentielles qui décrivent ces transports ne peuvent &tre résolues
analytiquement. A cet erfect une méthode numérique rut utilisée,

Sous condition que les teneurs initiales en 1l'eau et en sels soient
connues ainsi que le niveau initial de la nappe phréatique et en ubi-
lisant les relations empiriques entre le degré d'humidité du sol et
la conductivité de l'ea: non-Saturee, il devient possible de simuler
le iessivage ou l'accumnlation pour une période assez longue (par eX.
12% jours) pour des sgls, profils, répartitions pluviométrigues et
évgporations quelconques.

Zusammenfessung

Auswaschung von und Versalzung mit nicht-adsorbierten Anionen wie
¥itrat und Chlor eind in einem Model simuliert worden, wobei belde
Erscheinungen als Resultanten derselben aber in entgegengesetzter
Richtung fiiessenden Transporiprozesse (Wesserbewegung und Dispersi-
on) betrachtet werden sind, Die Losung der diesen Transport beschrei-
benden Differenfialgleichlmgen sind analytisch nicht erreichbar, da-
zi1 i3t ein numerischesVerfahren angewendet worden.

Mit der Voraussetzung dsss die Anfsngsgehalte von Wasser und Sal-
ze¢ und der Anfangsgrundwasserspiegel gegeben worden sind, und mit Be-
nutzung ven empirischen Zusammenhingen zwischen Bodenwassergehalt
und ungesattigter Wasserleitfahigkeit kOonen die Auswaschumg und die
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Anreicherung wéhrend einer langen Periode (z.B.7125 Tage) fur belie-
bige Bodentypen, Profile und Niederschlags- und Verdunstungsvertei-
lungen simuliert worden.

Pesime

Ha MomenM RM3yJaJmCh BHROC cogedl B 3acofethe KAK ODOTHBONOAOKHNS
N0 HENDARXEHAN ABIEHWA ONHRX # TeX e Npoueccos Depenoca (maccomepe-
Hoca A imomepcHk). Pemesme IRdfepeHURANBHHNE YpaBHOHAR, ONACHBARIMX
9T0T D&DEROC, HENB3A NONYWHTEH AHATWTHYESCKAM OyTEM, NO3TOMY OHI RCHOARL-
30BaH GACASHDHH METOR.

38R HAYAJLAYD BIZRHOCTE NOYBH, CONEDEAHAS SHACHOR @ yDOREHL IPYH-
TOBHX BON, A4 TAEKKE HGHOJIBE}"H BMIHDEYECKHNE 3aBHCAMOCTH MeXIY BIARHO-
CTHD ¥ BOJOUDOBONAMOCTEN, MOKHO H3yUHTH BS MOASNR HAKOILUIGHEE W BRHOC
HeDODMOMEEMHY AHAOHOB B TedYeHHe NAMTEeNBHOLO Oepucia (Bampumep, 175
CYTOX) AN KAEJOrC THNa HOUBH, NOYBSEHOTO NpOG#Ns, KOARUECTRA aTMOC-
$OpHHX OCANKOER A CTeNeHA HCOADERNA.
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