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Abstract: Characterization of the spatial distributions of aquifer heterogeneity is the premise of accurately simulating groundwa-
ter flow and contaminant migration. Based on the laboratory sandbox test of a synthetic heterogeneous aquifer, hydraulic tomo-
graphy and kriging are used to characterize hydraulic conductivity (K) of the heterogeneous aquifer in this study. The results
show that: (1) Compared with kriging., hydraulic tomography can get higher precision to characterize the K field and predict
groundwater flow process of the heterogeneous aquifer; (2) in the pumping tests of hydraulic tomography. increasing the num-
ber of pumping tests can effectively improve accuracy of inversion of hydraulic tomography, however, after reaching a certain
degree, increasing the number of pumping test can not significantly improve the effect of the parameter inversion. Subsequent-
ly, it is necessary to further research the appropriate number of pumping tests of hydraulic tomography for further optimizing
pumping wells.
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Fig.1 Schematic of the heterogeneous aquifer
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Fig.2 Schematic diagram of the observation wells and pumping wells in sandbox
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Table 1 Results of hydraulic conductivity by Darcy experiments of transient flow
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Fig.3 Drawdown time curves of pumping tests
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Table 2 Evaluation results of hydraulic tomography and kriging

Tk Ly L, R?
HT-4 47k 52 56 )% 35 0.095 0.029 0.980
HT-8 4137k 52 56 ) 35 0.085 0.023 0.983
CRVAE KI5 0.247 0.153 0.876
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Fig.5 Relations of the simulated drawdown(s "™ ) and the measured drawdown (s)

a.4 LK SE56 (Y 7K 3 20T S 5 b. 8 2H K S0 ) 7K 1 JE T S 5 . 5 7 A AR



WEOLRESE RN RN 5L Gk MR AR BE KR B8 R 313

B8 T K S 6 2H BT DA S50 £ s K R T SR UR
THE ARG 2, L i 7K S 6 20 B0 I 21 — € 2 B DA
PRI K 4B 2 B35 48 T S RO B RCR R
St Z itk — 5K TR Hr oK 9250 5 1 0 2 5
HE— 2 XK I BEAT A AR 12

References

Berg. S. J., lllman., W. A., 2015. Comparison of Hydraulic
Tomography with Traditional Methods at a Highly
Heterogeneous Site.Ground Water ,53(1) :71 —89.doi:
10.1111/gwat.12159

Bohling,G.C.,Zhan,X.Y.,Butler Jr.,]J.].,et al.,2002.Steady
Shape Analysis of Tomographic Pumping Tests for
Characterization of Aquifer Heterogeneities. Water Re-
sources Research +38(12) :60—1—60—15.doi:10.1029/
2001WR001176

Brauchler,R.,Hu,R.,Hu.L.,et al..2013.Rapid Field Appli-
cation of Hydraulic Tomography for Resolving Aquifer
Heterogeneity in Unconsolidated Sediments. Water Re-
sources Research »49(4) :2013—2024.do0i:10.1002/wrcr.
20181

Bruggeman, G. A., 1972. The Reciprocity Principle in Flow
through Heterogeneous Porous Media. Develo pments in
Soil Science ,2(2):136 —149.doi.org/10.1016/S0166 —
2481(08)70535—X

Cardiff, M., ., Barrash, W., 2011. 3-D Transient Hydraulic
Tomography in Unconfined Aquifers with Fast Drain-
age Response. Water Resources Research, 47 (12):
4154—4158.doi:10.1029/2010WR010367

Chen, C. X., Lin, M., 1999. Groundwater Dynamics. China
University of Geosciences Press, Wuhan (in Chinese).

Delhomme,J.P.,1978.Kriging in Hydrosciences.Advances in
Water Resources,1(5):251—266.doi: 10.1016/0309 —
1708(78)90039—38

Dong,Y.H.,Li, G.M., Zhao,C.H., et al., 2009, Characteriza-
tion of Aquifer Heterogeneity by Using Hydraulic
Tomography.Geotechnical Investigation & Surveying
39(12):58—61,69 (in Chinese with English abstract).

Hao,Y.H..Ye.T.Q., Han,B.P., et al., 2008.Imaging Frac-
ture Connectivity Using Hydraulic Tomography.
Hydrogeology & Engineering Geology »35(6):6—11
(in Chinese with English abstract).

Illman.W.A..2014. Hydraulic Tomography Offers Improved
Imaging of Heterogeneity in Fractured Rocks.Ground-
water ,52(5) :659—684.doi:10.1111/gwat. 12119

Illman,W.A.,Zhu,].F.,Craig, A.].,et al.,2010. Comparison
of Aquifer Characterization Approaches through Steady

State Groundwater Model Validation: A Controlled La-

boratory Sandbox Study.Water Resources Research , 46
(4):475—478.d0i:10.1029/2009WR007745

Jiménez.S.,Brauchler,R..Bayer.P..2013. A New Sequential
Procedure for Hydraulic Tomographic Inversion. Ad-
vances in Water Resources,62:59 — 70.doi: 10.1016/j.
advwatres.2013.10.002

Liu,A.L.,Wang,P.F.,Ding, Y.Y.,2012.Introduction to Sta-
tistical.Science Press,Beijing (in Chinese).

Liu,L.L.,Wu,J.F., Wu,J.C.,2009. A Comparative Study of
Four Geostatistical Methods for Identifying the Hy-
draulic Conductivity Fields Based on Test Data. Hydro-
geology & Engineering Geology, 36 (5):66 — 71 (in
Chinese with English abstract).

Liu,Y.,Shao,]J.L.,Chen,]J.X.,2015. Hydrogeological Param-
eter Estimations for Slug Test in Sloping Confined Aq-
uifer.Earth Sience s 40(5):925— 932 (in Chinese with
English abstract).

Mao,D.Q..2013.A Study of Uniqueness Issue and High Res-
olution Methods in Groundwater Inverse Modeling
(Dissertation).China University of Geosciences, Beijing
(in Chinese with English abstract).

Shi, X. Q., Jiang, B. L., Bian, J. Y., et al., 2009. Geological
Analysis for Estimating the Spatial Variability of Hy-
draulic Conductivity in the Third Confined Aquifer of
Shanghai City. Geotechnical Investigation & Survey-
ing »37(1):36—41(in Chinese with English abstract).

Shi. X.Q.,Wu,J.C.. Wu,J.F.,et al.,2012.Effects of the Het-
erogeneity of Multiple Correlated Random Parameters
on Solute Tansport.Advances in Water Science ,23(4) :
509—515(in Chinese with English abstract).

Song.G.,Wan,L.,Hu.F.S.,et al.,2005.Indicator Kriging of
Spatial Distribution of Permeability of Aquifer. Earth
Science Frontiers, 12 (Suppl.): 146 — 151 (in Chinese
with English abstract).

Sun,R.L.,Yeh, T.C.]J., Mao,D.Q.,et al.,2013. A Temporal
Sampling Strategy for Hydraulic Tomography Analysis.
Water Resources Research s49(7) :3881 — 3896.doi: 10.
1002/ wrer.20337

Tang » T..Wu,J.C., Yang. Y..2011. Analysis on Influence of Aqg-
uifer Heterogeneous Simplification to Groundwater Numer-
ical Modeling.Geotechnical Investigation & Surveying »39
(4):34—42(in Chinese with English abstract).

Tsang, C. F., 2000. Modeling Groundwater Flow and Mass
Transport in Heterogeneous Media: Issues and Challen-
ges.Earth Science,25(5):443 — 450 (in Chinese with
English abstract).

Wang,K.]., Xiong, X. Y., Ren, Z., 2010. Highly Efficient Mean
Filtering Algorithm. Application Research of Com puter,



314 HERBLY:  http://www.earth-science.net 42 4

27(2) :434—438(in Chinese with English abstract).
Wang,R.D., Hu, G.D., 1988. Linear Geostatistics. Geological
Publishing House, Beijing (in Chinese).
Wu,J.C.,2006.Carry on the Study of Data Fusion for the Aquifer
Heterogeneity.Geological Journal of China Universities ,12
(2):216—222(in Chinese with English abstract).
Yeh.T.C.J., Liu, S. Y., 2000. Hydraulic Tomography: Devel-
opment of a New Aquifer Test Method.Water Resources
Research, 36 (8): 2095 — 2105. doi: 10. 1029/
2000WR900114
Yue,S.M., Yang, Y., Wu, J.F., et al., 2014. The Impact of
Hydraulic Conductivity Distribution Mapped by Foure
Geological Techniques on the Groundwater Contami-
nant Movement.Ground Water ,36(4):10— 14 (in Chi-
nese with English abstract).
Zhu,J.,Yeh,T.C.].,2005.Characterization of Aquifer Heter-
ogeneity Using Transient Hydraulic Tomography. Wa-
ter Resources Research , 41 (7): W07028. doi: 10.1029/
2004WRO003790

Bt iR 325 & SOk

FRS: A PRBL, 1999, T K 2l Jp 2 iR B0 v [ b B R 2
Ji AL

FEHONE 25 [E L R IR L 25,2009 8 K 72 47 B %0 I ok
FEAE k. TARE)%E,39 (12):58—61+69.

TR L, MK 55 L 8 52 . 45, 2008.58 F 7K J1 2 AT i %t & K 2
ST B AR K SCH PR T R H 5. 35(6) :6—11.

XIUH L B8 7 BRI 2015, 56 T 30K 338 46 16 A R R 5 K )2

K SCHE RS B HEAG M BRBL 2% . 40(5) 1925 —932.

XU ZR L, T B L2012, 80 55 3 24 5 36. Jb 50 B2 0l
Ji AL

XN, S, 5 4, 2009, 78 [ b BT 45 3 7 B 7R i E B
% FZ 40 0 X L 9. K S Ml BT T AR M )R, 36 (5) .
66—71.

EEIR, 2013, 47T 7K S U8 AR D fife (0 M — P R g RS B S T
eI e X VA I | WL R ESF )N =

W/ T TR T 45,2009, LML T 48 3 7 kA LI
FBERESKEBERBM A, TR, 371D,
36—41.

/N ST AR SR B L4 2012. 24N S BEHL 2 500 23 1)
5 S PE X B i B 1Y 5 . K R AE aE R, 23 (4D
509—515.

RN TTH1 AR A L 2, 2005, 5 K 2 8 35 1 25 8] 43 A0 19 46 R
e HUAAh (L A T2, 128 D 146 — 151,

JE, 5 BB, 2011, 2 K A AR 35 5ME Ak 0 b TR oK 4L
(B0 5 i 23 BT . T AR 5% ,39(4) - 34— 42.

Tsang,C.F., 2000. 9E ¥ Bi A~ 57 o T 7K 3l 3y 15 ¥ 0 58 # 4L
10« [ 80 55 Bk . b R B 2 L 25(5) 1 443 — 450,

ST A 2006, FF & 5 7K 2 Al 24 5 R LA B ST AL b TR
FIR,12(2) :216—222.

FATEE L HA G , 1988, 4 Mk Hb Tt e 1T Ak 5T B S AR AL

TR L REB R AT AT, 2010, 18 250 349 18 38 0k 530 v 3 3 BL g
WF5E,27(2) :434—438.

A, 2, R8I 45, 2014 2 TR R R R F 10 8
B R B G Y W) iE B i 5 e b T K L 36(4) . 10— 14,



