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Variation of hydraulic parameters of aquitard during water release

LI Zhaofeng'>® , ZHOU Zhifang’, LI Mingyuan’, ZHOU Cuiying'~’
(1. School of Engineering, Sun Yai-sen University, Guangzhou 510275, China;
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Abstract ; In order to improve the accuracy of groundwater transport simulation, groundwater resources assessment,
and land subsidence prediction, the variation of hydraulic parameters of an aquitard during water release was
analyzed through laboratory testing. Based on the analytical solution of the water release quantity of an aquitard
under the condition that the drawdown of the adjacent aquifer is constant and the flow in the aquitard is stable at the
initial time, a type curve method for calculation of parameters is proposed, and experimental research was carried
out using the self-developed test equipment. The experimental results show that the hydraulic conductivity and
specific storativity decrease gradually with the water release from the aquitard, but the consolidation coefficient
changes little. The hydraulic conductivity and specific storativity of the soil layer in the experiment were decreased
by 52% and 59% , respectively. The assumption that hydraulic parameters are constant will lead to a significant
error in the calculation of the water release quantity of the aquitard. The calculated water release quantity of the
aquitard is larger than the actual value when the specific storativity in the initial stage of consolidation is used, but

the opposite conclusion is obtained when the specific storativity in the final stage of consolidation is used.
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F1 BELLETA SAAER *2 TEBHUITEER
Table 1 Coordinates of matching points of type curve method Table 2 Calculated results of soil parameters

(Y4 o/ 1% q/ t/ ~ @0/ K/ S,/ ¢,/

cm cm cm (107%e¢m® + min™") min 1 ! cm (107%em » min™') 103 em™! (em? « min™!)
0 30 30.0 7.566 54 1.78 0. 100 0 4.2 2.33 1.8
30 30 28.9 11.270 22 3.20 0. 063 30 3.4 1. 40 2.4
60 30 28.3 12.290 26 4.13 0.070 60 2.8 1.27 2.2
90 30 27.8 9. 820 35 4.00 0. 100 90 2.3 1.10 2.2
120 30 27.3 11. 920 54 5.50 0. 140 120 2.0 0.95 2.1

SR BT AR EI B 5 R BCEAME, BE TR TR B KZEBE R TR, L2NBiE
PERESEYE S + 2 MFLBR L VIR IE 5 U I 4 st 220 %65 7 A LB FEAK YA 1..07.,0. 99 0. 95 .0. 92 0. 88,
5§55 K2 015 15 R BORIT 7K 38 )2 B FL B L/ IN 1T 28 3k /)

5 YGRIG A5 A + 2 0 BRI 58 3. 1 em AR A BT S 1E E A (M A 2 IR B T R I ROK
i) I ARG 25 AR 2 A BB K 8 887 em® . 7E Terzaghi — 4 [& 5 ¥ BE AR FE LS oL fR h B
7 ZREORESR R BUR AL B0+ 2 01808 RECRIY /K S8 55 T TR R4 28 TR0 46 B BO(E, 5938 7K
JE AL AR AR K AT PR ARV, =10S A/2=1499 em® 3 | %A BN K 69% , Al T 555
IKIZB B[R H 25 HUE 7 /K 2 1935 3 2R BRI /K A8 25 T A 455 28 T8 45 o) [ B i L, 8 v, =
611 cm’, LA/ 31% AKAh T 555 K 2 BK PR AR i 559 355 /K U2 R K [ 45 el R v oK SO R B 80R
ARG, R iR 5 AR R B K R A8, A 5 kT 2 Bk 514 300 em® (174 em® |
154 cm’® 131 em’ 111 em® SBK AN 870 em’ , THELER 5 PR B/K AREET IR 2K 1. 9% (2l & iR
AL Z ARSI ) 50 UE T Fo g i 5938 K2 KRR JE

55385 7K Z BRI IS TR AR S K 2 R, AHAT 5 K2 8 FRIR 25 1F T 5538 7K 2 B /K B s i ek [ oAy 1)
L 9)

c\/
7, B T55:8 K2 WK I S EORERE 8 5 Wil + 2 S8R AL (9) 7145 7, 43512~ 500 min .
348 min 364 min 351 min 355 min, SF—IREEH, LEWIRFLER LK, 2R Tt 55 Rk i I B /K SE T
B TRIA K 5 Jo T 2 4 Y5 1 J2 10 B /K B0 42 52 B 1] 29 24 355 min, B K i 14 21 B 5 T 7 22 14 B[] AR
*HIEJO

3 & iE

LT AHAR /K Z BT E 2 BRI 2K ke e 45000 T 55938 /K 2 BEK B 1 AT A, $2 0 S ORI lic 2
2, R E B R g0 2 i 8 4 = R X 5535 /K 2 B R HroK O S e B R R TG, ARk
B . 55937 7K 2 RS KT J5 T AHER Bk 2 MR TRAR L, Bk B R AR/ B R K I 45 AR % B 45 555 7K
JZRIBOKE S, 5515 7K )2 1975 15 R BRI K ZEBEFLIR Hb B0k /N 072 0/ , 181485 22 500 s/ i 3 (R AR R
KR+ Z LB/ 0. 19 (A2 20% ) |, 1335 RECHIE 7K R 5I0/N T 52% 1 59% 5 R 55385 K2 K T
SROARAR 2350 HB K T g KR 22, IR0 12 (109815 R BRI 7K 250 B 4 )2 AR B 01 46 By B Fn &%
BRI K 55 15 K2 BK B 25 S0 R K 69% R /I 31% 5 5937 /K J2 i J5 B K BRI TR 1
FERE K 1 245 2 A AN | BV K G 58 B I s (] e AR AH ]

TP BT M T T8 F 0 R b B 7K B s A R —E B, AR SO0 5593 7K 2 Bk [ 25 1 # rh
IK ISR B AR A TR, A5 185535 /K 2 A8 T H 45 R X 7K SC b i 2 85 s i s ), W AR 2 — 25 1
W%

SR

[ 1] &GS R, . e T K IR A K A PETEFE R [ J]. KFI2:4,2014,45 (12) ; 1458-1463. (ZHOU Zhifang, ZHENG
Hu,ZHUANG Chao. Study on the unrecoverable depletion of groundwater resource [ J]. Journal of Hydraulic Engeering,2014 ,45
(12) : 1458-1463. (in Chinese) )

[ 2 ] KONIKOW L F,NEUZIL C E. A method to estimate groundwater depletion from confining layers[ J]. Water Resources Research,

To



344 WK AR R ) w58

2007,43(7) : 931-936.

[ 3 ] LI Zhaofeng, ZHOU Zhifang, CHEN Zhou, et al. An analytical method to estimate groundwater depletion from a confining layer
[J]. Natural Hazards,2017,85(2) : 887-901.

[ 4 ] XUE Yuqun,ZHANG Yun, YE Shujun,et al. Land subsidence in China[J]. Environmental Geology,2005,48(6) : 713-720.

[ 5 ] NEUZIL C E. Groundwater flow in low-permeability environments| J|. Water Resources Research,1986,22(8) : 1163-1195.

[ 6 ] YAN Xiuping, KERRICH R,Hendry M J. Distribution of the rare earth elements in porewaters from a clay-rich aquitard sequence,
Saskatchewan , Canadal J]. Chemical Geology,2001,176(1/2/3/4) ; 151-172.

[ 7] 2%, @28 BUddt, 25, FURSRME T LR B W A RHERT LR [ )], Wi o224l ( A ZRBHANR) ,2016,44(2) ; 115-
121. (LI Ping, JIN Yitong, LAI Jianying, et al. Review of research on characteristics of seepage-induced consolidation of soil
under negative-pressure reinforcement conditions [ J]. Journal of Hohai University ( Natural Sciences) ,2016,44(2) . 115-121.
(in Chinese) )

[ 8 ] LI Zhaofeng, ZHOU Zhifang. An analytical solution for leakage rate and depletion of aquitard influenced by the delayed yield
phenomenon[ J]. Environmental Earth Sciences,2015,74(2) ; 1227-1234.

[ 9 ] ZHUANG Cao,ZHOU Zhifang, ZHAN Honghin, et al. A new type curve method for estimating aquitard hydraulic parameters in a
multi-layered aquifer system[ J]. Journal of Hydrology,2015,527; 212-220.

[10] NEUZIL C E. How permeable are clays and shales? [J]. Water Resources Research,1994,30(2) ; 145-150.

[11] ZR45i, WD, 222, 5. pH (EXF 5535 K E PSR IE R e Ak sgma [ 1], KB IR ,2011,27 (1) + 67-72. (LI Xugian,
XIE Xue, LI Hongyan,et al. pH impact on nitrate migration and transformation in the aquitard [ J]. Water Resources Protection,
2011,27(1) : 67-72. (in Chinese) )

[12] SHI Xiaoqging, XUE Yuqun, YE Shujun,et al. Characterization of land subsidence induced by groundwater withdrawals in Su-Xi-
Chang Area,China[ J]. Environmental Geology,2007,52(1) ; 27-40.

[13] WU Jichun,SHI Xiaoging, XUE Yuqun,et al. The development and control of the land subsidence in the Yangtze Delta, China
[J]. Environmental Geology,2008,55(8) ; 1725-1735.

[14] FIELD E H. A comparison and test of various site-response estimation techniques including three that are not reference-site
dependent[ J ]. Bulletin of the Seismological Society of America,1995,85(4); 1127-1143.

[15] LERMO J,CHAVEZGARCIA F J. Are microtremors useful in site response evaluation? [ J]. Bulletin of the Seismological Society
of America,1994,84(5) . 1350-1364.

[16] FIELD E,JACOB K. The theoretical response of sedimentary layers to ambient seismic noise[ J |. Geophysical Research Letters,
1993,20(24) . 2925-2928.

[17] 433, XUFA . 2RI 1K AR - B85 R B0 ST [ T]. 45 1 712%,2004,25 (31 2) ; 103-107. (YU Chuang,
LIU Songyu. Calculation and experiment on consolidation coefficient for soft clay considering different stress levels [ J]. Rock and
Soil Mechanics,2004,25(Sup2) ; 103-107. (in Chinese) )

(18] sk, BT P, E R, 55, B RO 1 AR L 18125 RECEAC A ()], JEat Tl K244 ,2010,36 (2) : 199-205. (ZHANG
Ming,ZHAO Yueping, WANG Wei,et al. Variation characteristics of coefficient of consolidation for soft soil considering effective
stress [ J]. Journal of Beijing University of Technology,2010,36 (2) : 199-205. (in Chinese) )

(197 M-E  BE S TR A SR B E i X 55E K 2028 J]. A1 J12%,2005,26(2) : 256-260. ( YE Shujun,
XUE Yuqun. Stress-strain analysis for storage coefficients and vertical hydraulic conductivities of aquitards in Shanghai area [ J].
Rock and Soil Mechanics,2005,(02) ; 256-260. (in Chinese) )

[20] ZHOU Zhifang, GUO Qiaona, DOU Zhi. Delayed drainage of aquitard in response to sudden change in groundwater level in
adjacent confined aquifer; analytical and experimental studies[ J |. Chinese Science Bulletin,2013,58(25) : 3060-3069.

[21] TERZAGHI K. Theoretical soil mechanics[ M]. New York ; John Wiley and Sons, Inc,1943.

[22] ZHOU Zhfiang, WANG Jinguo, HUANG Yong, et al. Conceptual data model and method of settlement calculation for deformation
and water release from saturated soft soil[ J ]. Environmental Earth Sciences,2014,71(9) . 4235-4245.



