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Using MathCad to Simulate Solute Transport in Soil for

a Graduate Soil Physics Class

Kosuke NOBORIO*
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&K X % (van Genuchten and Parker, 1984), Z 12, Ci—Ciny

c—C fo=D Ax (8)
Co [ZAXRE T, C= —LtFxshs, £12, erfe )
I CmG EfBe TTIT, Cormd CoyBTNENIL t+Ar & ¢
RRBREPBTE Do TR IS5 BEHIEE (M/L) T, A& Ax i,
B RS BREE TN EIEINS (T) LHARE (L) T, %
AW EAGEES ORI HSRA S <, 72, Cio, Co Cioi 3, THZNEIL 1, i, i+1I1CBY
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c e NS i—1, i BoEE7 5 v 7 2 (M/LYT) EHik
h=D=—F—" ™ i, i+1ROEE7 55 7 2 (M/LYT) TH5, K(6),
Pore water velocity Soil column length.
v:=0.15 (cm/h) x:=50 (cm)
Initial concentration. Applied concentration.
Ci:=0.10 (g/cm3) Co:=0.50 (g/cm3)

Define the hydrodynamic dispersion coefficient.

D:=0.2 (cm2/h)

Define the retardation factor.

R:=1.0
AW

Define an analytical solution for solute transport in an semi-inifinite soil column.

1 R-x—v-t 1 . R-x+ vt
Ca(t,x) := (Co — Ci)- (—)-erfc SXo v + —-exP(E)erfc —xr Ve + Ci
2 2+4/D-R:t 2 D 2+4/D-R-t

tt:=0,5..900
0.5 T T
0.4 —
0.3 T
Ca(tt,x)

0.2

0.1

0 200 400 600 800 1000
tt

B-1 TIEhOFEEREICHT 2 EITE%Z - 72 MathCad 7’0 7' 5 A D LFHHEIERD 7 5 7
Fig.1 An example of a MathCad program to simulate solute transport in soil using
an analytical solution and its result.
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MathCad (Mathsoft, 2004) <, 1ZIEEA Dk
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BIcRAT B EEENT 5, —F, [=113, ALUOXE
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&, 5IE LTE R x OEOZIFIEL 21T - oo K1
DOFTIE, Ttt: =0,5..900] &5 % (li- T, 5hig

Define some basic constants:
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Wil R 7 v 7RI TIER S B OTERIREE C, 238 L 1,
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NL:=35 Ax:=2.0 (cm)
tmax:=900 () At:=0.1  (h) keep :=25
Tsteps := max Tsteps =9 x 103 Tsteps =360 t:=1..Tsteps
At keep
Define the flux density of solute. Peclet number At should be smaller than this:
C.-C. 2
flux(C, i) := D- i i+1 v-AX -15 R-Ax - 10
Ax 2-D
CC= 2«0
for ie 1. NL+ 1
Ci, 0 <« Ci
COi « Ci
for t e 1.. Tsteps
for ie 1..NL
fl « 2
f2 « if(i = NL, {1, flux(CO0,1))
fl — 2)-At fl + 2
CO. « iffi=1,Co,CO0. + ( ) + v <At
1 1 Ax-R 2:D-R

i

’ keep

C ¢ < COi if mod(t,keep) =0

X-2 tHEPOBRER#HICONT 5554 - 72 MathCad 7w 7 5 A D

Fig. 2 An example of a MathCad program to simulate solute transport in soil using

the finite difference method.
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Fig. 3 (A) Breakthrough curves (B.T.C.) calculated with analytical and numerical solutions, and
(B) calculation errors with the numerical solution relative to the analytical solution.
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Fig. 4 Changes in root mean squared error (RMSE)
with changes in Peclet numbers.
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Fig. 5 Students’ responses on using MathCad in
the soil physics course for graduate stu-

dents at Iwate University.
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