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Abstract:  Objective Understanding the behaviours of solute transport in soils is of great importance to agricultural management,
resource utilization and environmental protection. Introducing boundary-layer theory to solve solute transport problems provides a
simple and accurate alternative method to predict solute profile distribution and estimate transport parameters. Appropriate selection
of boundary layer solutions requires an overall understanding of the characteristics of boundary layer solution accuracy under
different conditions. =~ Method This study compared the accuracy of the polynomial solution, exponential solution, combined
solution, logarithmic solution and small flux solution based on multiple parameter combinations. Solute front movement with time in

soil column experiments was further used to evaluate the performance of boundary layer solutions for parameter estimation.
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Result The accuracy of boundary layer solutions for predicting solute concentration profile increased first and then decreased with
time. Comparison of different boundary layer solutions indicated that the cubic polynomial solution was optimal at the beginning
while the exponential solution turned to be better afterwards for most cases. Importantly, the boundary layer methods performed
better in estimating retardation factor than dispersion coefficient. The retardation factor obtained from boundary layer solutions was
almost the same but with an exception of the small flux solution. The dispersion coefficient was greater than the breakthrough curve
fitting method and varied between boundary layer solutions. The cubic polynomial and logarithmic solutions had a minimum error in
the determination of the dispersion coefficient. =~ Conclusion Boundary layer solutions can be used to accurately predict solute
profile distribution for the early stage of solute transport processes. Cubic and exponential solutions had better performance than
other solutions. Neverthless, cubic and logarithmic solutions can be the first choice for estimating parameters.
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Table 1 Experimental setup and basic physical parameters of soil columns
T3 AR A TR o SV 241 B K i
Soils Height/cm Bulk density/ (g-em®)  Number of probes  Average pore water velocity/ (cm-h™)
H4 £ Loess soil 46 1.30 4 2.14
#+ Lou soil 48 1.27 4 1.25
A7+ Sandy soil 68 1.34 6 1.05
211 Red soil 35 1.43 4 3.96
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Fig. 1 Comparison between concentration profiles obtained from boundary layer and exact solution at 1 h
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Fig.2 Comparison between concentration profiles obtained from boundary layer and exact solution at 5 h

P2 SRR ST R O R . 4% PRERBRERBA BRMIREEEY R T 2 UL, EX)
BFZEARTEE Lt v D AR ILRIBRGER), WH TRMAEER A BT R BRI S, A AR A
T B SR AR R R R A TR AR RN W BTREUE T LR, g B
PIF R ARG R, MR 1 emh ' BERE KRR S T, DR AE T R R A
Semch W, 2T SEB A A AGRAEWE  ARET, AW RIERT 1A, A R AT RS

http://pedologica.issas.ac.cn



4 34 £ B

HERS IR BT A W I BT 52 T3 05 HU A

969

SRR R 2 A8, H A AR X 1 R A
ﬁﬁim@mﬁWLn%vwﬂmllﬂlzTﬂ
A B2 T HOM R B ] N B RS I B AR K L W] —
TRBE AV BTV BE ARG, 0 5525 Mok RIORS i i ik A i
RRPPE i i RS S R Y 22 S it/ , HL S h R 1T h BB IR
T 25 T % 22 LA B B ISE 300 5 2 A iR /R
R LN B BT R L RS B AT RE S o X LE
v HL A AH R AT R 2 532 A A 400 R o 1 A A i
BHPEIR B A 2 a1, S8 T RE M T
W o I S e 3 R Y T i =T e o e o LA
TR RREEE 2 v fl D —ER, R 1R ZE 20 /5,
5L ) U R 25 IR T 14.21%, HXF T
v=1cm, D=10 cm>h ™' AYETE, MR 22 K2 M K .
gi b, RIS RE D e s i A () R N 25 A
7 LU T R L S BRI, U R A A

P 07— A BB T B
KH%@m#T%LﬁE%%%E@E%E,

TE3R 2 FstEeh, A i B ue 2z B A/,
(LR AL T 25 3R 22 thy =k 22 305 A s e BT

FIHAFE D FURMRTE 1 h WA, SAORE

BN/ €T E W ¥ ESERE ST 2 E NNER Y4 oR eI ri i}
TOUINAR BEARRT B R s SRR AE RN 5 b T BTy
A A SR T A B2, FORS BEAE R=1 1Y
E T 8T R=20. tH_EiRXF e/t nl s, AR
J2 07 TS S s T PN 0 3 B T A B, 6

BE PR M, Al e P = Rk T L R AR, 0
P I AN BTN DU T e P A AR e T 2 s

fifk 5 0 L0 50 I ) ) ORI, SR A B
AR I8 A TR RS 3 o e JRE A A S PR A, =
UK 22 1 3 A 0 525 e AT P B W R P 9 )

P 320 55 T2 ik PO JRE 3 B

IR AR GRS O 3

At

%2 TRSHEHTARERANKEHNHOAIIFRIZE (RRMSE)

Table 2 The relative root mean square errors of boundary layer solutions for predicting concentration profiles under different conditions
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Fig. 3 Variation of RRMSE of boundary layer solutions with time on predicting solute concentration profiles under different conditions
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ANRIFZME CXTFIT k4530 D ErH, W2
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YNF CXTFIT A8, =k Z0X st ddn 1 . 18
R+ D B ERZERN, SR 41.22%.
327.21%F1 88.52%, IR R X & fift , F X Bfig it o5
RN LR =k 230 oL 30N
WIRAE LTIk B R B D BIAG A B R, AR
CXTFIT A AR 19.35% A% T B S HUEH 5t
R BB 2 —, (HaE i FYE g i
LPB LR SEUEFEES, — i TR
JEFRAR G & — AR, 53— T T BRI R I
AR PR A AR 2E . Y EURERL AT TDR R
AT E, @Y a i 0T B RN T B
JB&, T TDR o R 2475 mve B A8 b ik 3 RUE A &=
ARG, PRI T e S PRV B A A K T s R
SEA D FZ I EME R B D BUEE . A
Fbz F, TDR #RI 7 T ER R B A e (0 046 7 1 45
ST AR o Ve BRRE o A A A S T i N T
TERZE A AT SR AN A T B S 50
B, (EATY T 45 5 S A 000 5 A P8 b 3 2 T o 50
HEATEIE o BLAb, 456 1 T2 oS e B sl T (9 22 £k R
&, e i B2 s s RaE A S e, R
e I S 5 ) PN ) B B i Bl AR IO SE e R =
Uk 22 351 2 fift 0 B

JEF CXTFIT BI& R SE, 20l R AR
AT T 3 BRI 5 RS 0 A 25 SR R AT
BT, S RZMAERZEWE 4. REEH,
TN R AR A AR TR E, I
il FZRAE YD £ B4R R+ R A AE B W)
W/NFSCBRfE , (8 BE R A1 AL 2 30 2 4 0 1 e
KFLBRER S, Horp, =k 200 0 B
TRBE AT E A 2 v T A B2 AR, XPEOR T
BN, H2E5 FU5REUR SRR G, #F—
A0t Hi PR T ASE SRR RR 22 R, i
L2t T i 2R 0 E R v e s B R
Wb+, w8 Lo, i B R
FE B2 AR £ P B S804l S (B e R
Wl . ARG LSRR, AR v B
Kifii D BN, RN FER N 35 w4 R
1 2 BE T HAPR 8, RIRRYEUE
FHABRT SR, FRZE IR, i FR % Tl i
BN PR A I TS RS B X R i AR
TR TR . T b S R e SRR LR
R RNy BEAUBR I S5, 3 T e IO A R Y
AR, W, TR 1 A R AT
WG BRSBTS A R Y
VS U TR B T N RS B A, PR A RS B AV T
B SHATE R

K5 BoR T BRI CXTFIT 14 fl 5207
PGS R A R) - 850 T CLk B oA i 26

R3 TREUARBRBAERBHBERIBSY

Table 3 Solute transport parameters estimated by different boundary layer solutions

#41+ Loess soil ¥+ Lou soil R+ Sandy soil £1 4% Red soil
D R D R D R D R
/ (em*h™) / (em*h™) / (em*h™) / Cem*h™")

TRE TR 6.59 1.15 6.60 0.89 4.24 0.98 0.02 1.55
=R E A 6.27 1.15 6.28 0.89 3.94 0.98 0.22 1.53
fEm® 6.81 1.15 6.83 0.89 4.46 0.98 NA 1.55
Home 6.51 1.15 6.55 0.89 4.17 0.98 0.07 1.54
St 6.29 1.15 6.30 0.89 3.96 0.98 0.21 1.54
TN B A 0.40 1.03 0.29 0.86 0.28 0.81 0.50 0.97
CXTFIT 4.44 1.16 1.47 0.75 2.09 0.93 0.62 1.01

(D Parabolic solution, @Cubic solution, @Exponential solution, @Combined solution, @Logarithmic solution, ©®Small flux

solution
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Fig. 4 Relative error of boundary layer solutions in determining the solute front depth

— ¥EHff#t Exact solution +  $5%# Exponential solution
B TRZEIf# Parabolic solution X 4d45fi% Combined solution
" = RZEIS# Cubic solution A XFHU# Logarithmic solution
1 T T 1 - ) .

a)#i 43+ Loess soil, 2.63 h b)#+ Lousoil, 3.45h

R
Relative concentration (C/C,)

0 1.0 l 0 30
1 Depth/cm
P 5 RGO fige A Bk B T X

Fig. 5 Comparison of solute concentration profiles obtained by the boundary layer and exact solutions
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