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EFFECT OF SOIL COLUMN CROSS-SECTION ON THE SOLUTE FLOW
BEHAVIOUR IN UNDISTURBED AND DISTURBED SOIL

Anwer-ul-Hassan* and William A, T ury

Department of Soil and Environmental Sciences, Univernity of California,
Riverside, TTSA,

A molute transpott study was conducted to test the validity of
two solute trensport models in a series of experiments with varied
snil column cross-section (10,15 and 20 cm haner diamester) in both
undistarbed and disturbed soil columns.  The columa cross-section
affected the shape of the breakthrough curve (BTC), The smaller
width BTC had relatively greater peak height and less taillng than
the BTCs from the wider columns, duete » d;cref& in the radial
mixing distance. The disperaivity decrcased significantly with a
decrense in column cross-section in the undisturbed goil experiments.
No real dependence of dispersivity values on column radins was
observed for Lhe disturbed soil experiments. The sigma pargmeter
generally decraased signilicantly wilh decrease in colump radius of
the undisturbed scil but got in the case of repacked soil
txperiments.

INTRODUCTION

Most water and solute transport models used in the unsatorated zope arse
an outgrowth of laboratory medels developed to simulate flow in uniformly
packed sail columns of identical widths (chTss-section). As such they ars
one-dimensional models which assume vartical flow with oo variability (Rese
et al., 1982}, A thorough discussion of many of solute studies is givenica
review of sojl solute transport (Hassan, 1987), Field studies of solute movement
have been less successful than laboratory studies becauss of the large variation
in soil water flow propecties in Bboth the wertical and the the horizontal
dirgctions. However, basic principjes devesoped in the lahoratory have been
succeasfully peneralized to the field, For example, Miller ef af. (1965) showed
that chloride could be leached more effectively if the field soil wes kept upsatuta-
ted than if surface wes ponded.
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Solute transport through soif columns may be ronghly charactetized hy
two time scales: the lateral dispersive mixing time scale td = Rz"'DT where R g

the column width and DT iz the transverse dispsrsion cocticient, and the
convective residence time scale t. = L/V, whers L isthe column length and V is

the solute velocity. The transverse mixing time represents a specific time réquired
to smooth out sy lateral diffsrences in solute concentration by rudisi mixing

(Taylor, 1953).

Variation of the dispersive mixing time wilh treatment is not kaown
a priori. 3Since the expertraents were designed te add water and solute over tmost
of the aniry suzface, the mixing time is not necessarily proportional to the colume
radius R. If preferential vertical low chamnels are pressnt in the xoil columna,
they may have ta mix with a larger lateral volume in the wider ¢olumns, parti-
cularly if there are few of them per uajt area, By contrasting the behaviour of
the undisturbed and disturbed columns, insight may be gained into the influence
of these channzls on outflaw behavioyr,

All experiments on & given column should yield the same value of
dispersivity parameter. In principle, dispersivity could vary with colemn radius
if the wider columa contained a greater degren of haterogencity then the smaller,
The exteut of changes is not known s prior. Therefore, the best-Fit parameters
will be determined for gach treatment and physical relationship between
parameters and calumn width also will be determined experimentally,

MATERIALS AND METHODS

A set of three soil cores was taken from a welted site by slowly pounding
i0-, 15- and 10 em diameter cylinders into Tujunga loamy sand soil to a depth
of 90 em and then excavating the soil srovad the cylinders, A brass screen way
attached to the bottom of each cylinder with the belp of a wider inner tube
band. The disturbed soft columns were uniformty packed frem the excavated
soil arouad tha undisturbed columns, These columas were placed on top of
large plastic Funne!n in tw) wooden racks end were irrigatsd by using pressure-
driven calibrated fine bypodermic tubing. These columns were subjected to
steady water flux rates of 8, 4 or 2 cmfd,  After steedy state water flow was
achieved, a ! cm pulse of 12 meq/L caleium chioride was applied. Preinage
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Figure 1. Breakthrough curvas from undisturbed long 011 columns
at 8 cm per day water flux rate and three widths,
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waters collected alter every three to four hours were analyred for chloride
concentration using an AMINCO mnalyticel chloride titrator.  The second phase
of the experiments consisted of cuttiag the soi! columns into halves and repeas
ting the expariments on the top halves. The experimentally measured chlerid-
soncentration data wers tabulated versus cumulative drainage or time and model
parameters wers evaluated by the | eust squares methods and the methad of moments
tJury mad Sposite, 1985) for both the convection-dispertion equation {CDE} and

the transfer-function model (TFM).

RESULTS AND DISCUSSION

1. Breakchrough curve (BYC) Shapes !

The meagurements of the collected drainage water and correspondiog
chloride jon concentration {mmol per liter} For the set of three different soil column
digmsters for the two ropresntative experiments are presented in Figs, 1 and 2
These curves should be idwntical if the dispersion coefficient D in independent of
width. Figura 1 shows that the wids (20-cm width) undisturbed column pulss
arrived after a somewhet smaller quentity of cumulative drainage than the others
gnd had the loogest tailing. The pulse for the 18-cm diameter column arrived
somawhat after that in the wide column and has a greater peak height and less
tailing than the pulse in the wide column, The shaps of the narrow column RTC
it an artifact resulting from the rock present in the lower part of the column.
Tha solute pulis had to move around this obatacle, resulting ip an almost rymme-
tric shape of BTC. The considerable (ailing in the BTC of the wide column
indicates that a large amount of preferential flow and lateral diffusion into a stag-
nant matrix is occurring, and that it is more proneunced than in the medium
column. Figure 2 shows the coresponding BTCs from thethres disturbed ot packed
soil columns.  In contrast te the undisturbed column BTCs, the cutves for three
dipmeters were very mimilar to each other.  Ths three pulses appeared at approxi-
mataly tha sams quantity of cumalative drainaze, hava Lhs sam: amouat of
apread and ars nearly symustrical, Natural drainage in ths vndisturbad sail
c3lumn teads to 3t up vertical channsls aad pathways produzing skewad BTCs,
whereat in the distarbad soil the soluts moves through the entire wetted soil
raatrix, produciag more symmetric BTCs (Elrick and French, 1966}
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Figure 2, Breakthrough curves from packed long sotl columns at
B cm per dey water flux rate and three widths,
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Table 1. Curvefitted parameter values using CDE and TFM models with respei 1o

calumn width
Undisturbed 108 experiments

D+5SD PR I p4Su 6+ 56 oW
Scm/day flux, 87 cm, Long)
2.6440,19 2.644-0.40 3374002 0.254-0.02 W
1.454-020 1,35+ 0.21 3.46+0.02 v teL0.0L M
1.231:0.05 1.35+0.05 3.484 0,01 0.184+0.01 x|
435 emi Medium) -
1.1840.12 L.31+0.22 J.4040.03 .2440,02 W
1.1340.43 1,15+0.14 3.4740.02 0.4 +0.02 M
1.874-0.18 2.0640.20 3454002 0,30+ 0.02 N
21 .5 emt [Short)
0. 55+0.08 0,671 0,09 3614002 0.25+002 W
0480 0.06 0.154£0.08 3.5040.02 0,16 +0.02 M
{991+0.14 1.11-£0.13 3.474+0.03 0.3140.02 N
Disturbed soil sxperimenis
Long
0.384-0.04 t.454-0.04 3.4840.01 ¢. 10001 W
0344+0.04 0.404-0.05 3.57+£0.01 0. 1o+0.01 M
0.2830.02 0.394-0.02 3.44+0.00 0,084 0.00 N
Medititn
0.4i40,03 0464 0,08 3.5240.01 0141 0.01 W
0171001 0,204-0.01 3.574-0.00 0.0910.00 M
0.31+0.04 Q.37 40,04 1574001 0.1240.01 N
Short
017+ 0.02 0,2314-0.02 3654001 0.121001 W
0.1540.01 024 +0.01 08400 0.134-0.01 M
0.204+0 0| 0.2810.01 3.7240.00 0.1440.00 N
*Colomn Width, W = Wide, M = Mesdium, N = Narrow
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Il Effact of Soll Column Radius on Model Paramerters

Table 1 shows the effect of soil column width on the CDE and TFM para.
meters at a given langth and water flux rate of the representative solute experi-
mznts.  [n the case of the undisturbad soil experiments, the dispersion coefficient
D (mnd the dispersivity 1 = D/V) decreased aignificanily ([ = D.08) with »
decrease in column radiua for the long column. However, the nerrow column
behaviowr is not representative of our experimental design owing to the presence of
i stone. At the shorter lengths, the dispersion coeflicient and 1he dispersivity
stayed nearly uniform in the case of tha wide apd the medium columne but inc-
remsed significantly in the narcow column, Ope possible explanation for this
behaviour may be that the assumption 1hat the ¢rois section was large enough (o
maky bovndary or wall sffects negligitle might not be valid in the narrow updist-
urthed sail column, Tn the case of the rapacked s0il asperiments no real depen-
dence of dispersivity values on column radius was olkserved hecause it signifi-
canily increased from narrow to modiom-widih at the longer lengih, decreased
significantly between these two widths at the chort length and was independent

of width at (he medium fength,

The TFM paramater mu stayed statistically uniform with cheanging column
width for a given length in most of the strectured and repacked soils.  For the
undisturbed Eoil the sigma parameater generally decreased significant with a dec-
rease in colemn width for the log columns, However, at the medium and short
lengths it remained statistically uniform for the wide and madium cross-iections
wnd increased significantly most of the time for the narrew one.
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