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Abstract: This paper developed a novel mathematical model to study the impact of arbitrary initial condition on solute transport in
the one—dimensional aquifer. The new mathematical model was developed by including the arbitrary initial condition and three types
of boundary conditions (continuous solute input condition. instantaneous solute input condition and pulse-type boundary condition),
and analytical solution was derived using the Green’s function method. To test the assumptions used in the mathematical model, a
laboratory experiment was conducted. Results showed that: The influence of initial conditions on the solute transport results could
not be ignored. The experimental results showed that the new model could simulate the one-dimensional solute transport process
under arbitrary initial conditions; The new model could be used to study the solute transport process in unsteady flow by linearizing
the flow velocity change; The new model improved the previous model by including three different types of inner boundary
conditions and arbitrary initial conditions, it could also provide theoretical basis for improving geothermal exploitation and
utilization.

Key words: initial conditions; solute transport; analytical solution; Green’s function method
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Fig.1 The grid mesh of the aquifer system used in the

Galerkin finite—element COMSOL Multiphysics program

----- HIG &AL
— TR

0.8 X, o K%

WRE C(mg/L)

PR E z(m)
2 fENTARFOEAE MR T L

Fig.2 Comparison of analytical solution and numerical

solution

KRBT T 2 RBAT AR 4 F T — 4R i
BB WA N TR 56 H A A R A IR ORS L SR
COMSOL A AR A AL AT BA IR 4 R 11—
Y IS RS B(E S 2R A A (R TR I A 3 4y R 45

W 1 FR G0 5 AN MATLAB TR HURE T
THEATIE AR J8 1) A AT A ASE IR A T A4S D A rh )
TN ER A B HIUE 53 A7 AN J — > B, e R A 5
(10)7E W Uh e B o0 AT I S B RH  S 50h
=20min, v=0.1m/min, a=20m,/3 N\ /~EEFIFIHEE A
0.8mg/L, v MR FE A tan ] 2 v g e s, LA A
TR FE 43 A1 AE Ay A AT ik 0 BSCARL A PRI A0) s A1 A LAt 2>
BN BT EOF UL U A R WA 2 PR, b A
ACIEN T 20y SHNEY ST AT AT iy IV i i
WEK AR Z 30 =50min, v=0.1m/min, ¢=0.5m.

4 REPPWMEZRSH
4.1 RFEBIR AR

1.6

1.4 YIRS 3

12
=
S 1.0
2 K
S 0.8 IR 1
)
2 06

0.4

0.2 YIghEAE 2

0

0 5 10 15 20 25 30

BEES z(m)

B3 SRR IR o A

Fig.3 Distribution of initial concentration in the porous

medium

H T WA R HIA6 55 A ¥ s B AL BE, 5
B E L TR 2 M5 3 20l I 3 A TG
ZAF 1. WIERSAT 2 FIRIAG 45 345 3 Filih 414
TR HEF R ki AR 3 Fhid
REAAE =50min,v=0.1m/min,a=0.5m,Cy=2mg/L i
AT A R & 4 Pros T T4 50 1LBA
G0 I TG i AN AR R 2 — IR AR A Ak R 2=, AT
AN [EHTUR S5 AR 4 SR 1R s Wi SR, S s 25 7K 2 3
AR B N Y IR W e b K
S8 5T 10075 G o3 A AR IR T 0 P 36 1) — 4
WIS S0 B B 1 A7 AR ™ ()4 R I 5 LA,
EAFAERE I G20 Xie LR HI E FLBRA
HRETR K Af R AU 52, = 512 b TR 4% 1A nT B3 i
XL G A ST AT 4 I T —Fh R i I 4 11
M B 4 ] AN R G A5 AR T A



IKE s TS #1153 2229

53 WHESE . WA AR —4E
AFAEHE R B S5 1) 5% W), A A 0 8 37 R0 A 28 R AR e 1)
AT BAIIGSAF FHs e B is .
1.6
a
1.4
) 55t 1
L v
o
B T3
0.2
5t 2
0
0 5 10 15 20 25 30
i E5 z(m)
=
B
£
S
et
®
=)
£
S
i
¥
02

0 5 10 15 20 25 30
B z(m)
K4 ANFERIGR AT T K Z A T e BE 23 A 1
Fig.4 Distribution of concentration with different initial
condition

a S ML PR b3 AL AT o BB = AL A A

4.2 ARRE TSR S5 R R0

Xt S B K2 R ) I Al R R
BKJE, T A B KA B sl 2 5 R 5K
J2 T K I R AR A R Wi ST KA B TR KA
TR X IS RS 1 5 W AR AT R LT
Chen JIrRJH K5 725 1 a8 A A AR B e AZ ok
Z AR R 2, G5 R SOR I R R 4 1 2, AR

SR E S B i AR R AR RS e T 4
(s o B8 1 R A o B R 1692 30K «=50min,
v=0.1m/min, =0.5m,Co;=1mg/L./&l 6 s&faemAdE

FE FLAME N B K E N R 8 BT R A D) L, 25
R, 2 b 7K Gt L i B ) 32 5 3 s, 7 K E A
E¢M&EL% U ] LU R, SR FH A 90 2 ST (1) A5
BT Zm AR RS LA T i TUs B FE.
025
— R
02 |
E
£ o1s
=
®
0.1
0.05

2.5 3 3.5 4

0 0.5 1 1.5 2
A A #(min)
KI5 i b sk

Fig.5 The curve of velocity

W C(mg/L)

0 5 10 15 20 25 30
BB z(m)

K6 FmmMaEtagist ME st s f

Fig.6 Comparation of steady and unsteady flows

5 RENA

kTR B0 AR TR (3 FH A, A IR L — AN KA
100.00cm. WK 6.50cm [K)—4EX b A IT v
sy 28 RIS NEIE IR L IE | Ered it S Lo
WIS I R ORI AR 0.75~0.90mm ¥ 45 S b
VER B KB T, 0 T 3 G A7 S tb o AFAE I S
JOU A 2B b I, 1 SR AR ER IR AT 5 I UE,
SR T T SR KT BB S5 78 14 A A = 5 30em, 757K



2230 o

A 41 %

RN TS R 7K Sk 222 60em, SR FH AR AR v B 15 3]
(& K JZN JRALBRBE A 0.42, FiiF /K D& 4
0.0019m’/d, & & L3R S B, i 543 B335 &
$ Ay 7.2m/d, SR HE A 0.0238m/min, HT D FE JE H A
B Sem 23— AN T2 e 3h o AR AR AT
RS B N, S 6 v e PR B DA S 43 A 5, 10 FH
20cm o B AL FEAT WM (5 S0 SRR IFL 1. M
WIFL 2 FOYLIIFL 3).75 e S B, 1 56 UH 2 i &
0.0019m*/d #4175 K iE NS AE o AT 455 K 2 A b
(ISR 34— A T HEBR A= 0 A 27 S . DL R VR Jf
PRI A FH A5 DR 38 RS T B8 45 A (1 5 i 2K - NaCl
VEREE A T B FEHIUR 4 A X0 5 IS B8 (1 5% i, 2K
LT 1 3 5t 2 BIAHL, 75 S S0 BL B 4F 100 A
200mg/L ] NaCl %K. 15 564 100mg/L 1] NaCl %
WLL 0.0019m’/d (9 3 Fid A D RE p L VE NI E) h
Tmin, SR 5 37 B R FHVE /K LA [R] AR N Smin, I
IR0 AT TP IR G 3 AT A R 4R 2 A, PR TG 1
200mg/L 1¥) NaCl ¥ LAAH [A] i dd: AP AT

AHIF SR FH B 7 (RS 2R A B L L 1 AR
FL 2 SO KR 30— AU I R (38 1, v e
PR I UR 2 A BB A 08K JE LA ML AL 1. W
FL 2 FIRLIAL 3 Ab i 5ds i 2k, B S 50k
 1v=0.0238m/min, =0.1cm, Co=100mg/L. 8 5 ) 45
TP 7 B, AL 1R FL 2 1) S B BE A
T AAASE TR AR A (R P, S P, AN R0 e v PR T
AitnkEl 8 B,

80

70 b ° Q — ML 1:2=5.00cm

60 |
50 |
40 |
30 |

WIE C(mg/L)

20 t ] .
&/ WAL 2:2=10.00cm

10 |

-10

0 i > 5 4 s
IS 1) #(min)
7 WHREAHUS
Fig.7 Besting fitting the observed data
O g WLIFL, 2 A gt 47 it

LU 8w (R i A A A I An e, K 200mg/L 1)

NaCl #0 EL 0.0019m’/d (9 EE ANRSFE 1, FRE00) 1
TUFL 1 AL 2 AT I A 5T 7 AT 0
LIE A 25 5w 9 Pros B S B A 7 —3
g LR W AU 0 — 4 TS B AR RERR U (1)
ZIE AT BRI TUT B A, 5 2 e, h
TR AR E 1) AN LG I FEAN 2 [R) W 1.

60

— WHRHKAE

50 f

40 |

[9%)
(=]

WIE C(mg/L)
S

10 15 20 25 30
B z(cm)
K8 AT A AT

Fig.8 Distribution of tracer in the column

200 F 00000000000

150 f
5 WLIFL 2:2=10.00cm
B3 WAL 1:
£ -
S 100 | 7=5.00cm
»
50

0 2 4 6 8 10
FFTE] #(min)
K9 AT AR UL S DB 45 R
Fig.9 Besting fitting observed data and analytical solution
O Sy WLIUFL, £ Ay fge 47 it

AWEFOHTE T AR JC AT BN AR AR 3 Fh
ANFIRBY R NIL ISR EE AORERF S BEIVEN
ZN iyt QUi WNAN il e VAN eI ey s 2 Bitp
VEZ TR (R HE) 51, 4 00 06 25 A e A 22
A SRR AT S5 — YE RGN e i
AEERILAHIE Y o SR FH A6 703 A 1 A 3 A5 1k
ORZ21 18 R L, (A9 TR PR o 8 P 8 o A
H TSR PR IS TR] 38 /DB L, 224 P W) 8 KPR I



534 A HERE WIS — YR 5 KR s s 1 (R 2 2231

ok, IR A BEAT 4 - B 66 0 B E A S RV AT
FUESL IR 5 T AR SPFA 3 Bl AN R
{7 P9 L 5 A SR T KR T SO 2 OB o (B E
ZAT BRI P8 VG B 32 R (D) IR A 5 R (D)
o R 32 B2 R A 7S B 12 RS LB, AT 5%
S ST AR ANTE Y S I PR ) st B 20T
P e A L R UL () AN IE T T AR AR B 5 B8 R
JERNI, RGN, 2 R N R B K R A
AR JF I A% DA 3 a7 1 R R 5 (3) 2R 4B T
Chen [FIBFFT, AW FORF L AR P AL BE A 2 A2 A0 R
20 1 A A E Wi, BE AL ALK RIS DLRT KA B g K A7 L
TH/ T BB TEE7 1 520,608 T 58 B i D0 i) Be A7 A2
ANA] B2 R B Li A B R R R 5
Wi, ] RE A 2 ST AR B R B R EA TSR A

6 %t

6.1 AHFFUHE L AR RES T TR B A iR 4%
PR RN TREER S BRI E AR R FA K
INERFE DL R — 4RV P B R

6.2 JH IR i AR A Kb B DA £ B ey R )
A RSE WA T S AR I R, R AR i
B K B _ETH R B A AR TS A2 K 5 0
W,

6.3 L A YRR S 1 S I AR i
T SREAT JU0 50 B, 5 WD R AR P o B8 3t o
(A BTG 2 AT — YR ¥ s 2 121 RE i AR 4 19
ERAE AT 25 AF N — Y s il R

SE 3k

(1] A B 5K A 56 3t R 7K P9 Bl v 7 3R E 2K v 42 ) 55 6 B b
WA [J]. FREERE2AR, 2009,39(3):474-481.
Xue Y Q, Zhang Y K. The dual significance of groundwater pollution
prevention and control in water pollution control and treatment in
China [J]. Journal of Environmental Sciences, 2009,39(3):474-481.

[2] Raats P A C. Dynamics of fluids in porous media [J]. Soil Science
Society of America Journal, 1973,37(4):174-175.

[3] WR&As, 45 B T KV PSS B Ry (M. it o 3 5
K22 AL, 1996.
CHEN C X, LI G M. Theory and model of solute transport in groundwater
[M]. Wuhan: China University of Geosciences Press, 1996.

[4] BT, Bennett G M F/KVSRMITBA. [M]. JEatma88E
hi AL, 2009.
Zheng C M, Bennett G Simulation of pollutant transport in
groundwater [M]. Beijing: Higher Education Press, 2009.

[5] Bond W J, Wierenga P J. Immobile water during solute transport in

unsaturated sand columns [J]. Water Resources Research, 1990,26(10):

2475-2481.

[6] Padillaly, Yeh T C J, Conklin M H. The effect of water content on
solute transport in unsaturated porous media [J]. Water Resources
Research, 1999,35(11):3303-3314.

[71 Williams T J. Effects of temperature and moisture content on transport
of organic vapours in dual—-porosity soil [J]. 2000.

[8] i, 1 4R IC, B ek e M AN Al 24 o - 3 v v T K RUBE IS R X
BB, ()], H3E2ER, 2008,45(3):398-404.

Gao G Y, Feng S Y, Huang G H. Simulation of solute large—scale
transport in saturated heterogeneous soil by two—zone model [J]. Acta
Pedologica Sinica, 2008,45(3):398-404.

[9] van, Genuchten, M, et al. Mass Transfer Studies in Sorbing Porous
Media: II. Experimental Evaluation with Tritium (3H,0)1 [J]. Soil
Science Society of America Journal, 1977,41(2):272-272.

[10] Nkedi-Kizza P, Biggar ] W, Van Genuchten M T, et al. Modeling
tritium and chloride 36 transport through an aggregated Oxisol [J].
Water Resources Research, 1983,19(3):691-700.

[11] Brusseau M L, Gerstl Z, Augustijn D, et al. Simulating solute transport
in an aggregated soil with the dual-porosity model: measured and
optimized parameter values [J]. Journal of Hydrology, 1994,163(1/2):
187-193.

[12] Nielsen K K, Nellis G F, Klein S A. Numerical modeling of the impact
of regenerator housing on the determination of Nusselt numbers [J].
International Journal of Heat and Mass Transfer, 2013,65(1):552-560.

[13] Gelhar L. W, CWelty C, Rehfeldt K R.. A critical review of data on
field—scale dispersion in aquifers [J]. Water Resources Research, 1992,
28(7):1955-1974.

[14] Bhattacharya P, Jacks G, Ahmed K M, et al. Arsenic in groundwater of
the Bengal delta plain aquifers in Bangladesh. [J]. Bull Environ
Contam Toxicol, 2002,69(4):538-545.

[15] Wang Q, Gu H, Zhan H, et al. Mixing effect on reactive transport in a
column with scale dependent dispersion [J]. Journal of Hydrology,
2019,582:124494.

[16] Leij F J, Genuchten M T V. Analytical modeling of nonaqueous phase
liquid dissolution with green's functions [J]. Transport in Porous
Media, 2000,38(1):141-166.

[17] Leij F J, Priesack E, Schaap M G. Solute transport modeled with
Green's functions with application to persistent solute sources [J].
Journal of Contaminant Hydrology, 2015,41(1/2):155-173.

[18] Chen K, Zhan H. A Green's function method for two—dimensional
reactive solute transport in a parallel fracture-matrix system [J].
Journal of Contaminant Hydrology, 2018,213:15-21.

[19] Xie Shuang, Wen Zhang, Hamza J. A new model approach for reactive
solute transport in dual-permeability media with depth-dependent reaction
coefficients [J]. Journal of Hydrology, 2019,577(2019):123946.

[20] Gao G, Fu B, Zhan H, et al. Contaminant transport in soil with
depth—dependent reaction coefficients and time—dependent boundary
conditions [J]. Water Research, 2013,47(7):2507-2522.

[21] Chen K, Zhan H, Wang Q. An innovative solution of diurnal heat
transport in streambeds with arbitrary initial condition and implications
to the estimation of water flux and thermal diffusivity under transient
condition [J]. Journal of Hydrology, 2018,567:361-369.

[22] Li X, Wen Z, Zhan H, et al. Skin effect on single-well push—pull tests
with the presence of regional groundwater flow [J]. Journal of
Hydrology, 2019,577:123931.

EB T WTHE(1996-), T JHN, H TR S RO LT 54,
TR KRR T B BB R 5.





