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Estimating Leaching of Nutrients and Pesticides in Agricultural Lands

- A Preferential Flow Model -

o] =) T*EPE AR F o] A%
Lee, Nam Ho - Steenhuis, Tammo S.
Summary

The application of nutrients and pesticides to agricultural lands has been reported to
contribute to groundwater contamination, which can be explained by preferential flow in
liéu of convective-dispersive flow. An one-dimensional numerical model depicting prefer-
ential water and solute movement was modified to describe multi-layer flows. The model
is based on a piecewise linear conductivity function. By combining conservation of mass
and Darcy’s law and using the method of characteristics a solution is obtained for water
flow in which water moves at distinct velocities in different flow regions instead of an
average velocity for the whole profile. The model allows transfer ofgr solutes between
pore groups. The transfer is characterized by assuming mixing coefficients. The model
was applied to undisturbed soil columns and an experiment site with structured sandy
clay loam soil. Chloride, bromide, and 2,4-D were used as tracers. Simulated solutes con-
centrations were in good agreement with the soil column data and field data in which
preferential flow of solute is significant. The proposed model is capable of describing pref-

erential solute transport under laboratory and field conditions.
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Fig. 1. Schematic description of two-layer
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Fig. 2. Schematic description of multi-layer
flow of water and solutes

Aol v= Ce H88AE o)Fx
(Wild, 1993). H&7]-&7] x/c= F&F

(adsorption coefficient) = X &3

o> X 30
]

(distribution adsorption constant) “K”o]&}tx
=g olglel ol ¥HFY ]2 Freundl-
ichwtg 4ol gtx o}



A A vg, g% A HdF F4

o gesy 47 =PS54 oet 3
Ao

oI AMExz

2o HEAL ARSI M ALY
Az TAGA @ ArE0] AREEAUT
Cornellt ste] Willsboro Al @ T52el A =
Hd Bay EYAEV AMEE duddxs
(Andreini and Steenhuis, 1990)¢} 4 &%
dA el ¥AAE(Shalit and Steenhuis, 1995
Bordnar, 1995) =x}87} o]&x gl
Willsboro F%9] B2 37t sis-E3oz
Abzh o) 2]3PH sandy clay loamo]t}.

’

B
25

1. Auid e

AEXAT BEERAAM d7 Y
d EYAE AFHAT AHY EY
ABES A4 @HAe] 35cm X 35cm,
Eol7t 46cml HALARHS EJr)Toz I
glEjo] ARE o] Al El(grid lysimeter) $]
o AxHALE o] FoJAlmElE Fo]7t S5em
olil 2.5cmXx5eme] HAIAYPHE Ztes 76
Mol cellz =l on z} celle MEHYA A
2434 879 d4d)

ERIANEEAN i e BE-LEYIE
ol gai A AAHNY. FMNFL 2em/I =2 30
A7t AR FAHEE ASHUST o
A g A= bromide”} tracer® AMZ-E Y+
o]= bromide o] 29 Eg&oA9] olFo] &
3 Ae] FA87] W Fojc}t. 0.1M2#] bromide
7h A A 24X FEHAG. EYV
o2 By 3" bromide?] ¥ =+ Orion
Model 94-35 bromide electroded] €3] 3
Huoh EFAEY 23FFAFE 1.35m/Mhr,
E3rEeeke 048, xV|cETHL 0.329]

ot

I
=
B

— 67—

2. ZTTAH

A EH3} 80cmel] A s A 0] A5 of

e AFE A wdgo] HAHAUTE 2
A A= G40 A ZA S 2,4-D7} tracer2

ArE 9tk A x4 2,4-D(2,4-Dichlorophe-
noxyacetic acid)7} 1,68kg/hag] H| &2 HX
HAx Wl 2ZYEeE ©) &3t 4.8mm
/hr AEZ 7-8A1ZHESE AU 12 #
MNE 17de] AAF b v FA tracerd
A7} CaCl2 5H202] &e)= 275 b7t A X
Hell AxEHJeH G4 AEF 24 F4
7.6mm/hr ZE2 BAE 7-9A)7HE A A
sttt A sEe 58 FEFS 4 Hg
# L REY W& HAE AEFH G
4% tipping bucket& o]&3dd &Y
I FEAREE WEAAM I EMHIY
t}. dA %%+ Buchler Instruments Digital
Chloridometer 7} Al &5 1 2,4-D+ Ohmi-
cronAte] Rapid Assay immuno-assay kit7}

454

=1
=

IV. 239 A
1. AUAE

k-,

Andreini and Steenhuis(1990)¢] o]&] 4 4]
H 9843 s ZAR T 4 AIEEAY BEY
gHe] 548 Table-13} ok ¥ 23 ¥ 5%
Y EYZoz FAEUEE FEE 2F
e grEZol Aoz ws duHoz
gfty. AREFL FFol F #EHA U
4o Zgle] UG WY FEEZFS
preferential 3 27 & @2=o £33 £Y
o] A9 glu FUESZL A3 EFY Aol
2t o] .

2y woxzxg Fi 438 HH wiA
W] 2% Table-29 o) 4% 1, 2%
& 371, 3R EZL preferential 3 27to]



=583 A

A3948 A2F 1997 44

Table-1. Description of the soil profiles of
the Willsboro site

Layer FAEER BEER
1 Zem 15cm
2 33cm 1lem
3 10cm 19cm

Table-2. Selected parameters of the model for
column data of the Willsboro site

TAEER ALL%
EULES ; S -
12123 |32 1% | 2% | 3%
33z # 3013 13 3o
EA
-39 1 0.01 (0.001 }0.0 [0.001 |0.00050.0
-ESFE 2 05 105 032 105 105
-3¢ 3 1.0 |10 1.0 (1.0
27N EGFREE 032 [0.32 0.32 |0.32 10.32
04
| ——simulated ® observed
0.31
0.2

0.1

]

Bromide concentration(C/C,)

0 0.2 0.4 0.6 0.8 1

Number of pore volumes passed

Fig. 3. Observed and simulated relative bro-
mide concentirations for no-till plot
at the Willsboro site
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Number of pore volumes passed .

Fig. 4. Observed and simulated relative bro-
mide concentrations for tilled plot at
the Willsboro site
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Table-3. Selected parameters of the model for the Willsboro site

Hours after irrigation

Fig. 5. Observed and simulated chloride concen-
trations for plots at the willsboro site
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Fig. 6. Observed and simulated 2,4-D concen-
trations for plots at the Willsboro site
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Table-4. Initial moisture contents for Chloride and 24-D
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Fig. 7. Comparison of model performance
for different mixing coefficients for
the immobile pore groups
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