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Abstract: In order to im prove the precision of groundw ater solute transport model and reduce the errors caused by the uncertair

ties of hydrogeological parameters, sensitivity analysis of parameters is needed for the numerical model. In this paper, a ground

water flow and solute transport model was established to simulate the pore water in an alluvial fan plain using GMS 7.0, and the

model was verified. Sensitivity index was introduced to quantify parameter sensitivity. Factor transformation method, known as a

local analysis method, was used to perform sensitivity analysis of permeability coefficient, porosity, and dispersity. Variation

range of the parameters was set to be 20% . T he results showed that (1) permeability coefficient and porosity have the greatest

impact on contaminant migration distance, and the difference of sensitivity index betw een the two parameters is about 20%; (2)

dispersity has the least impact on contaminant migration distance, and the sensitivity index of dispersity is one order of magnit

tude lower than that of permeability coefficient and porosity; and (3) contaminant migration distance shows a good linear corre

lation with permeability coefficient and porosity within 20% of variation ranges of both parameters.
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Table 1 Parameter values used in the model
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Fig. 1 Comparison of simulated and measured water levels
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Fig.2 Fitting curve of groundwater flow field
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Fig.3 Results of contaminant transport under different parameter conditions and at different times
2

Table 2 The amplitude of contaminant migration distance under different amplitudes of parameters
(%)
i 5% KF1 K2 K3 K- 4 popietiil KF 5 KF 6 K7 K-8
(- 20%) (- 15%)  (-10%) (- 5%) 0 (5%) (10%) (15%) (20%)
BIERY - 14.9 -9.6 -7.0 - 2.5 0 3.1 7.3 9.2 14.7
14 FLBR 18. 1 14.9 8.8 4.6 0 - 4.0 - 8.1 - 11.2 -13.3
SR -0.3 - 0.5 -0.6 - 0.2 0 0.6 1.3 1.1 1.7
BB R - 16.6 - 11.0 -1.5 - 3.5 0 4.3 8.3 12.0 15.9
104F FLBR 23.5 16.5 10.6 5.4 0 - 4.1 - 8.4 - 1L.5 -15.2
TR -0.5 -0.3 -0.1 - 0.1 0 0.3 0.9 1.3 1.1
BIERK - 16.0 - 12.2 -8.0 -3.7 0 4.2 8.1 12.4 16.0
204 FLBREE 23.6 16.7 10.7 4.9 0 - 4.4 - 8.2 - 11.9 -15.8
TRHEL - 0.4 - 0.5 0.0 -0.3 0 0.4 0.5 0.7 0.8
BERK - 16.7 - 12.4 -8.2 - 4.0 0 4.5 8.4 12.6 16.3
304 LB E 23.9 17.0 10. 6 5.4 0 - 4.6 - 8.3 - 12.1 -15.8
SR -0.6 - 0.4 -0.2 - 0.1 0 0.3 0.4 0.6 0.6
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Fig. 4 The simulation results of contaminant migration distance

under different parameter conditions
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Fig. 5 Comparison of sensitivity indexes of different parameters

5

ANSCAE A2 L BUT B BUE B LA L, i P 7 A e
00 M TR K O A AR B aE AR A FLI A R U
S BRI E RIS, £9 HH BUR AR .

(1) V53 P0ITAS B X FL B LA 238 R liw UK, FLER

* 136 * KXHRE TIEMR

JERNBIE ZREAE 20% (KR 0G0 P, 75 G0 iT B8 P o B K
W 43 ST 35 24% F 17 % , — 3 I BURPE S 00 22 20% .

(2) WRERE XS I RS PE B I 5 /N, TR BT 209% 1A
WS LA, V5 e iT B A WA 2% o BUR PR
5535 Z BN AL IR I B F O 72 — AN S 4, BB IS
FRHUR AL 1) 508 o ORE 5 25 1) S Mt K TR

(3) 75 20% W S 0% A6 H W, 75 fUE B IR 51218
RECRIFLBR S 2 R AT HEAC KR R

g LT, S R E SRR R I AR mE
Ko BT 7K SO 5 4% A 1R 53 A% 1k 2 B8 ki A PR, S 8UE 1
fiffiE o TR A, BE 2 OC B2, AFAE KM o ) I, B
IKSCHL TS B, R A I3 1 AR TR 35 ( il 7 4% A VU
VI V5 o) TR E L AN 2 SO, 6 45 PR ULt T 1R e
E, F 45 A SE bR ORI AR (R 23648, D04k #2873 31 5 finvf
AR 0025 S o F TS 28R 1 B A, A AL 3 AN e AT
5% UL I/NAR IR 0 2 BOBURRE 2 BT o S0, V5 B it B
TR R i e 8 5o 0 AT e 45 R 7 AR IR 3 ), 3 A p itk — A
W5

(References) :

(1] B AERE. R K BOE AL UK S5 R[] ke sy
i, 2010, 16( 1):
Prospect of Groundwater Numerical Simulation in China[ J].
Geological Journal of China Universities, 2010, 16(1): F6. (in
Chinese))

[2]  Z=Efn, sk, XK 8, . =4k K SCH i d BB AR 7T 40k
[J]. Bk 5K FI B, 2011, 9(6) : 98 101. (LT Ruthang,
ZHANG Yongbo, LIU Tiarrba, et al. An Overview on the

F6. (XUE Yu qun. Present Situation and

Study of Three dimensional Hydrogeology Modeling[ J]. Soutl
to North Water Transfers and Water Science & Technology,
2011, 9(6):98 101. (in Chinese))

[3] E¥ R HUE o5 50 OFST e SRR [ 7], M2 T4k,
2010, 17(6): £ 12. (WANG Hao. Review of Research Progress
about Groundwater Numerical Calculation and Application[ J].
Earth Science Frontiers, 2010, 17(6) : F 12. (in Chinese))

[4] W RE, B MR K BUE BEA M. dbat: BE s bR,
2007. (XUE Yu qun, XIE Churr hong. Num erical Simulation of
Groundwater[ M| . Beijing: Science Press, 2007.(in Chinese))

[5]1 FE. SN TG RYITH D) 1A M. b 5t @58 R
41, 2008. (WANG Hongtao.Contaminant T ransport Dynam ics
in Porous Medium[ M]. Beijing: Higher E ducation Press, 2008.
(in Chinese))

[6] Zheng C M, Bennet G D. Applied Contaminant T ransport Mod-
elingl M]. New York: John Wiley & Sons, INC, 2002.

[7]  REAR, BlUR. HF ABHUAN & P30 01 Bt KR40 (B
REBLEE) L 2011, 47(3):227-234. (WU Jrchun, LU Le. Uncer
tainty Analysis for Groundwater Modeling[ J]. Journal of Namr
jing University (Natural Sciences) , 2011, 47( 3): 227234. (in
Chinese))

[8] Lenhart T, Eckhardt K. Comparison of Two Different Approa
ches of Sensitivity Analysis[J]. Physics and Chemistry of the
Earth, 2002, 27( 3) : 645 655.

[9] Saltelli A, Chan K, Scott M, et al. Sensitivity Analysis, Proba



FARTF T ABERT

TR AR B o 8 S B R AT

[10]

[11]

[12]

[14]

[15]

[16]

bility and Statistics Series] M]. New York: John Wiley & Sons,
2000: 40-47.
Cvetkovic V. How Accurate is Predictive Modeling of Ground
water Transport? A Case Study of Advection, Macr odis per
sion, and Diffusive Mass T ransfer at the Forsmark Site (Swe
den) [J]. Water Resources Research, 2013, 49: 5317 5327.
Stothoff S A. Uncertainty and Variability of Infiltration at
Yucca M ountain: Part 2. Model Results and Corroboration
[J]. Water Resources Research, 2013, 49: 3804 3824.
Wu J C, Zeng X K. Review of the Uncertainty Analysis of
Groundwater Numerical Simulation[ J]. Chinese Science Bulle
tin, 2013, 58 (25) : 3044-3052.
WA, XU ST, X, 55 45 ] 7K U5 0 B 1) 2 B R U
I3 DL 7 48 AL SR T S B R S oA [ 0] . RN 2, 2006
(8):29-31. (SHU Long cang, LIU Per gui, LIU Bo, et al. Pa
rameter Sensitivity Analysis of Mathematical Models of River
side Source Fields : Use a Riverside Source Field in Beipiao
City of Liaoning Province as an Example[ J]. Geotechnical Trr
vestigation and Surveying, 2006( 8) : 29 31. (in Chinese))
BILAE, F 4275, F5/ Y. IEACR 3632 76 Hh T /K 2 fi BEvL g
PEGF AT eh MR T]. TAREEI%E, 2011 (1): 4650. (ZHAI
Yuarr zheng, WANG Jiursheng, SU Xiao si. The Application
of Orthogonal Experiment Method in Sensitivity Analysis of

Parameters in Groundwater

Geotechnical Investigation and Surveying, 2011( 1) : 46-50. (in

Numerical Simulation [ J].

Chinese))
PR, F4AA, T/, 25 3R 7K BRI 1) 2 5Ok
SR, N RCEE T, 2010, 32( 12): 99 101. ( ZH AT Yuarr

zheng, WANG Jirrsheng, SU Xiao si, et al. Sensitivity Analy

sis of Parameters in Numerical Simulation of Groundwater

[J]. Yellow River, 2010, 32(12):99-101. (in Chinese))

B 4k, 5 1L SR SWAT BEG 240 ST — Bl
LA S LA P07 S A 01 . Rk 5K AU,

2011,9(2): 4+ 45. (CHEN Jian, LIANG Chuan, CHEN Lr
ang. Parameter Sensitivity Analysis of SWAT Modet A Case

[17]

[18]

[19]

[20]

[21]

[22]

[23]

Study of Small Watersheds with Different Land Cover Types in
H ailuogou Valley[ J].South to North Water Transfers and Water
Science & Technology , 2011,9(2) :4F 45. (in Chinese) )
HVGR, Begy, M . H R K SR B R DRI WE )] . v
THRE2EBE2EAR, 1998, 20( 4) : 33-36. ( ZHENG Xrlai, QIAN
Hui, YANG Xicheng. M easurement on the Dispersivity of
Porous Medium in Groundwater| J]. Journal of Xian Engineer
ing University, 1998, 20(4): 33 36. (in Chinese))
R, F75M, X%, &6, N R EERL 192 5 R R
SIRTLI] . AT R BARBRARR) L, 2007, 35(5) : 491 495.
(SHU Long cang, WANG Mao mei, LIU Rut guo, et al. Sensr
tivity Analysis of Parameters in Numerical Simulation of
Groundwater[ J]. Journal of Hohai University ( Natural Scr
ences) , 2007, 35(5) : 49F495. (in Chinese))
S5, ARDUA W FEIN e BORH g R ARUE BT R 2R R A
JESY M I AKRF 2= 2L, 2013, 24(6): 877882, ((WU Zht
wei, SONG Harmr zhou. Sensitivity Analysis of Determining
Seepage Velocity Using T emperature Records[ J]. Advances in
Water Science, 2013, 24( 6) : 877-882. (in Chinese) )
Mckay M D, Beckman R J, Cconober W J. A Comparison of
Three Methods for Selecting Values of Input Variables in the
Analysis of Output from a Computer Code[ J]. Technometics,
1979, 21(4): 239 245.
Morris M D. Factorial Sampling Plans for Preliminary Compur
tational Experiments[ J]. T echnometrics, 1991, 33( 2): 159
172.
Sobol’ T M. Sensitivity Estimates for Nonlinear Mathematical
Models[ J].
ments, 1993, 1(4): 407 414.
HRAE. FO/R 2300 % A% 5 22 W ) 55 JK U5 M T K i AL
ML A TS B BUR L 20 AT D K3 7 MoK, 2008.
(ZH AT Yuarwrzheng. Sensitivity Analysis of M edia Param eters

Mathematical M odeling Computational Ex perr

in Num erical Simulation of Groundwater Flow in Wulantaole
gai Water Source Region in Ordos Cretaceous Basin[ D].

Changchun: Jilin University, 2008. (in Chinese))

(FH% 200 ®)

[3]

HesT ), M ACHT, B, 52 R0 5 I I SR bR A Ok
KABIFI]. LR 5 4R, 2004, 12( 1) ( YAN Show xun,
QU Yong xin, HANG Sheng-jie. Study on the Correlation be
tween Smectite Content and Swell Potential of Swelling Soil Iir
dex [J]. Journal of Engineering Geology, 2004, 12 (1). (in Chr
nese))
WRv7AE. MMk b bt SRl M) rp I ST R L, 1979,
( CHEN Fu hua, The Basis of the Swelling Soil [ M]. China Ar
chitecture And Building Press, 1979. (in Chinese))

[7]

[JR1E. A R B KBS f vh 5 T M. b
H M AL, 1982, ( [Russia] E. A.Suo LuoCHang. Design
and Construction of Buildings on the Swelling Soils [ M]. China
Architecture And Building Press, 1982. (in Chinese))

Rt e, i, AL 1, . 2K A0 5 2p K05 R 0] A
+ 12,2005, (12): 1895 1901. (CHEN Sharr xiong, XU Song,
KONG Ling wei, et al. Identification and Classification Method
of the Swelling Soil [J]. Rock And Soil Mechanics, 2005, (12):
1895 1901. (in Chinese))

IR E TR « 137



