38 6 Vol.38 No.6
2018 12 JOURNAL OF CHINA HYDROLOGY Dec., 2018
1,2 1,2 1,2 1,2 1,2 1,2 1,2
9 9 9 9 b b
(1. , 210098 ;
2. , 210098)
:TV11 :1000-0852(2018)06-0001-06
1 , [8]
19 ,
° ) , ; USGS
Herzberg"  Hubbert” SUTRA
;Josselin P! Floridan O
, 20 60 ,
,  De Smedt "
Henry" , ; Yamaguchi [V
o 20 70 (breakthrough curve)
Bear , ;Toride 1
:Hanssanizadeh®9
) CXTFI,
i 13
- Huyakorn!” , (4 ,
[15]
:2017-09-28
: (BK20150809) ; (41601013); (41571130071 ) ;
(41771025)
(1984-), , s o E-mail ; Chengqinbo@gmail.com



38

[16]

’

wo() L o

, SUTRA (7
, Leven-
berg— Marquardt -
’ 1
o Fig.I The schematic diagram of eylindrical
soil column and numerical model mesh
2
18 ¢/L, 3
99.5 % NaCl o 3.1
( 1):
70.0cm, 28.0cm, ;
p, 20 40 0C_ 0 (kp b |
’ ’ a CaC o ar ' m or | "
1.0cm ; ,
20.0cm, , _%&%+%(%% )"‘Q"‘%(PBFP)
; 69.1cm . :p i ;€ 380
o : 2.0mm ,S,=(1-¢) a+e B, (
443%;05~2.0mm  23.65%;025~0.5mm  52.52%:; 1.0x10® (m-s?)/kg),B
0.075~0.25mm  19.12%; 0.075mm  0.28%, (=447x10™"(m-s)kg);C sk, ;
2mm , k. i (=0.001036kg/(m*s));
, 67.5cm, Q / A s DPac
(1) , st ;T 32 ,
5(2) , o
, (1) ,
; (3) , Reilly ™™
/ , / p=1369.53C+998.12 (2)
) , : :C , P kg/m?,
( ), Nielson 20 60
; - (Convection Dispersion Equation,
, CDE), ,
, , s Khan
; , ; Van
Genuchten



6 3
Coats , MY
o CRIIEDWACHND (6)
o L=1
5 :k(xay’z> ;kL(xy
, ) ¥,z) L o
. NN
d(epC) __d(gpvC) +8p1}C _d(gpvC) S,y ,2)= ;Si(x,y,z) (7)
ot or r 0z
:Sop(xayﬂz) ;Si(x9:y’z)
+ 9 (SP(DH#DJ& )—ap(D +D )ﬂ i
ar | ar | " ror °
SUTRA
J | ac ,
< D,+D.)—
+ 5 | P DD B |+oc / (2,
(3) ’
€ ;¢ iD,, N / o
, 20C 10 °mYs; SUTRA (1. (3).(4)
D, s D. , s °
D=av,v ,
_(ko . o, "\
v=( |+ (Tp-pa) (4) A
g , 9.79484m/s?, e
g | Vim
o , ° < X
[20]
’ 2 SUTRA
o Fig.2 The distribution of the effective permeability (k) and
(1) .(3) \(4) flow—direction—dependent dispersivity (@) in SUTRA
9 ’ o 3'2
, SU-
TRA N 21 ; ,
SUTRA Galerkin (1).(3).(4), ’ ’
,SUTRA ) s
i, 0 :
’ ’ b 10
NN
px,y,z,t)= Z,p_,-(t)de(x,y,Z) (5) )
=
:p(x,y,2,1) ‘ ; .
p;(t) J l ;b . min  O(b)=|| W:x(qi(¢)-q:(¢,8)) |

’ / ’

s.t Bminsﬁisﬂmax (8>



vﬁmin ,Bmax

38
3G v>0.1 em/h ,
;qi 5 Wi o
[22]
(8) , ( ) , o
, , ,  Leven-
berg—Marquardt £,=5.692x107"°m?,
, s k= 4.097x10"m?,k,/k,=13.90,
21 TEVMAR™! ,
Levenberg —Marquardt , .
SUTRA ,
LEVMAR , SUTRA , s
o , c0,=4.184x10"m,
4 0,=2.334x10"m, o;/t,=17.93 ,
£=0.327, £=0.304,
SUTRA , N
’ ’ ’ (6] o 3 o
i [16]
, ;Shukla ™ , 4 ,
18T 18
[ [m— .
& 121 12

—_— R

6T 6 -
0 - - . 4 W 1

4 8 /min 12 16 0 9

3

Fig.3 Comparison of simulated and observed solute concentration at

Fig.4 Validation of calibrated model via the second solute
the bottom by inversion model transportation test
b 4’

e=0.392,

, SUTRA (a).
(b)

o

(a),

Ay

(0.392.,0.327.,0.304) ,

’



5

(a)

.0.0170
0.0128

| 0.00850

I 0.000

(ke/L)

0.00425

(b)

00170
00128

1000850
0.00425

0.000
(ke/L)

5 SUTRA (a). (b)
( )

Fig.5 The solute transport process of the fourth (a) and second (b)

test in the soil column (black line is the flow vector)

25]
b

;(2) ,

[1] Herzberg A. Die Wasserversorgung Einiger Nordseebder (The Water
Supply of Parts of the North Sea Coast in Germany) [M]. Z.
Gasbeleucht Wasserveersorg, 1901, 44: 815-819, and 45: 842-844.

[2] Hubbert MK. The theory of groundwater mo tion [J]. Journal of
Geology, 1940,48(8):785-944.

[3] Josselin G E, Jong G E, Van Dayk C J. Transverse dispersion from

an originally sharp fresh salt interface caused by shearflow [J].
Journal of Hydrology, 1986,84:55-79.

[4] Henry, H. R. Effects of Dispersion on Salt Encroachment in
Coastal Aquifers [R]. U.S. Geological Survey Water—Supply Paper,
1613-C, 1964.

|5] Hassanizadeh, S.M. Derivation of basic equations of mass transport
in porous media, Part 1. Macroscopic balance laws[J]. Advances in
Water Resources, 1986,9(4):196-206.

[6] Hassanizadeh, S. M. Derivation of basic equations of mass transport
in porous media, Part 2. Generalized Darcy’s and Fick’s laws[]].
Advances in Water Resources, 1986,9(4):207-222.

[7] Huyakorn P S, Aderson P F, Mercer J W, et al. Salt water
intrusion in aquifer development and testing of a three—dimensional
finite element model[J]. Water Resour. Res., 1987,23(2):293-312.

[8] s s , . [M].

, 1991.(XUE Yuqun, XIE Chunhong, WU
Jichun, et al. Study of the Movement of Salt and Fresh Water
Interface During Seawater Intrusion|[M]. Nanjing: Nanjing University
Press, 1991. (in Chinese))

[9] Provost, A.M., Payne, D.F., Voss, C.I. Simulation of saltwater
movement in the Upper Floridan aquifer in the Savannah, Georgia—
Hilton Head Island, South Carolina, area, predevelopment —2004,
and projected movement for 2000 pumping conditions [R]. U.S.
Geological Survey SIR 2006-5058, 2006.

[10] De Smedt F, Wierenga P J. Solute transfer through columns of

glass beads[]]. Water Resour. Res., 1984, 20(2): 225-233.

[11] Yamaguchi, T., Yokosi, S., Moldrup, P. Using breakthrough curves
for parameter estimation in the convection —dispersion model of
solute transport[J]. Soil Science Society of America Journal, 1989,
53(6): 1635-1641.

[12] Toride N., Leij F. J., Van Genuchten M. The CXTFIT code for
estimating transport parameters from laboratory or field tracer
experiments, Version 2.0 [R]. Riverside, California: U.S. Salinity
laboratory, USDA, ARS, 1995, Research Report No 137.

[13] . . [J]-

, 1998,20(4): 33-36. (ZHENG Xilai, QIAN Hui. YANG
Xicheng. Measurement on the dispersivity of porous medium in
groundwater [J]. Journal of Earth Sciences and Environment,
1998,20(4):33-36. (in Chinese))

[14] s . [JI- s
1999.2:43 -48. (GUO Jianging, QIAN Hui. The inverse function
method for analyzing the data of one —dimension sand column
dispersive test[J]. Journal of Hydraulic Engineering, 1999,2:43-48.
(in Chinese))

[15] . ; . (J} )
2002,39(2):184-189. (SHAO Aijun, LIU Guangming, YANG Jinsong.
In-lab determination of soil hydrodynamic dispersion coefficient|J].
Acta Pedologica Sinica, 2002,39(2):184-189. (in Chinese))

[16] R R , . [J].

, 2008.24(3):8-11. (MA Jianliang, CHEN Xi, CHENG



38

[17]

[18]

[19]

[20]

Qinbo, et al. Identification of hydrodynamic parameters based on
one —dimensional variable density and solute transport numerical
model[J]. Water Resources Protection, 2008,24(3):8—11. (in Chinese))
Voss, C.I., Provost A.M. SUTRA, a model for saturated —
unsaturated, variable —density ground —water flow with solute or
energy transport [R]. Reston, Virginia: U.S. Geological Survey

Water-Resources Investigations Report, 02-4231, 2002.

Reilly T. E., Goodman A. S. Quantitative analysis of saltwater—
freshwater relationships  in  groundwater systems—a historical
perspective[J]. Journal of Hydrology, 1985,80:125-160.

[J]. , 2005,24

(3):77-80.(WANG Quanjiu. Review of the advances in soil solute
transport theory [J]. Journal of Irrigation and Drainage, 2005,24(3):
77-80. (in Chinese))

[J].
HUANG Hai,.et

, 2001,8:38-43. (WU Jichun, XUE Yuqun,

al. Two dimensional numerical simulation of

solute transport in liulin spring local area[J]. Journal of Hydraulic

[21]

[22]

[23]

[24]

[25]

Engineering, 2001,8:38-43. (in Chinese))

Bear J.A., Cheng H.D., Sorek S., et al. Seawater Intrusion in
Coastal Aquifers—Concepts, Methods and Practices|[M]. Dordrecht,
Netherlands: Kluwer Academic Publishers, 1999.

Siminek J., Van Genuchten M. T., Sejna M. The HYDRUS -1D
software package for simulating the one —dimensional movement of
water, heat, and multiple solutes in variably —saturated media [R].
California: University of California—Riverside Research Reports, 2005.
M. Levenberg —Marquardt nonlinear least
algorithms C/C ++[EB/OL].
levmar/, May 9, 2008.

Shukla M. K., Ellsworth T. R., Hudson R. J., et al. Effect of

Lourakis squares

in http://www.ics.forth.gr/~lourakis/

water flux on solute velocity and dispersion [J]. Soil Science
Society of America Journal, 2003,67(2): 449-457.

. , 20022
(2):00 ~94. (CHENG  Jianmei. Analysis on field scale effect of

dispersivity in consideration of relative reliability level of datalJ].

Journal of Hydraulic Engineering, 2002,2(2):90-94. (in Chinese))

Estimation of Horizontal and Vertical Dispersivity Based on Soil Column Solute Transport Experiment

CHENG Qinbo'?, CHEN Xi'?, ZHANG Zhicai'?, ZHANG Runrun'?, GAO Man'?, QIU Ning'?, HUANG Richao"?

(1. State Key Laboratory of Hydrology Water Resources and Hydraulic Engineering, Hohai University, Nanjing 210098, China;
2. College of Hydrology and Water Resources, Hohai University, Nanjing 210098, China)

Abstract: The variable—density solute transport model based on the Advection—Dispersion Equation is widely used to study the

seawater intrusion. And the hydraulic dispersion coefficient significantly affects the model simulation performance. This paper

added side pumping tests into traditional soil column solute transport experiment, and utilized numerical inversion method to

estimate the horizontal and vertical dispersivity. The estimated result was verified by applying other solute transport test. Com-

pared with traditional method, this method can estimate the dispersivity in different directions on the premise that we do not

increase the experimental complexity, which improves the efficiency and saves the cost of experiment. The approach provided

by this study can be widely used to estimate the anisotropy of hydraulic parameters, such as conductivity and dispersion coefficient.

Key words: variable—density ;seawater intrusion ; dispersivity ; anisotropy ; numerical inversion
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