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A new type curve method for estimating hydrogeological
parameters of confined aquifers
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Abstract: In order to make full use of the continues pumping test data to estimate the hydraulic conductivity (K) ,
the transmissivity (7)) and the storage coefficient (u" ) of different head depression cones in a confined aquifer, a
dimensionless analytical solution of drawdown transients with variable pumping rates was derived based on the Theis
formula and the principle of superposition. Furthermore, a new type curve method was proposed. The in-situ
pumping test was conducted to obtain the drawdown record perturbed by stepwise rates. Then, the drawdown curve
was used to match the corresponding type curve. After that, this method selects one match point and records its
coordinate values on both the type curve and the real drawdown curve. By substituting these recorded values into
related formulas, the hydraulic parameters of the confined aquifer can be determined. This method was applied to a
field pumping test conducted at a southern highway in Wuxi, Jiangsu Province, China. The type curve matching
process is implemented in stages. Field test results reveal that the hydraulic conductivity of the confined aquifer
with the 2-3 silt layer are 5. 12x107* ecm/s, 2. 54x 107" ecm/s and 2. 83x 107 em/s respectively, which are

corresponding to three-stage stepwise pumping rates.
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Table 1 Aquifer parameters at the 2-3 layer confined aquifer of observing holes, SZK502 and SZK503

WL SZK502 WLISL SZK503
fihk v/ VERE 5 A B VERE 5 A B
BB (- 4y —— : 7/ . K/ . : 7/ . K/
bl T 2 gty M (107 em » s~y PifEdh T2 agty M (1073 em - s71)
23 Kt i Kt
1 8. 003 1.225 0-43 1. 814 0. 004 02 0.512 2.034 0.27 4.789 0. 006 35 1.35
5.012 100. 00 12. 589 150. 00
2 12.823 9168 065 8.610 0.00143 2.540 9. 445 0.39 15. 423 0.00248 4.35
1154.782  1650. 00 1223.207  1770.00
3 15. 366 12.133 0.77 10. 035 0. 001 64 2. 830 12.280 049 15. 960 0. 00253 4.51
2059.889  3020.00 2113.489  3020.00

T I FL SZK502 il SZK503 78 3 MK B EFLE K ZEEE N 4. 1 m,

BECZIE RS B AR N BB REUEAE— 2 1225 WL SZK502 19 3 ASBrBe s s 228 K
3R 5. 12x10 ™ em/s 2. 54x107 em/s F12. 83x10em/s; ML FL SZK503 1 3 DHr BB 3 25 K 2051
1.35x10 % em/s | 4.35x10 7 em/s Fl1 4. 51x10 " em/s, Bl K —AN5FL A A [6) By BE 2 #1815 VE A7 AE 22 2 10 R
PR F2 2202 Bl 7RO B K 2 BT TR F VS R AT A [l e - 52 M 3 [ 0998 08 R AR e 25 5 JR IR 32 2
A2 DI, H—JE 23 By LR S OK BB BN B AR — 1 H TR 2.3y H 2R R B K2R
A7 AR AR, TR R /K FL SZKSO01 Frxd Ry i &5 /K 2R R4 R, B 7 T - v ]
IARWIY K, B 15 RECEWE R, KB 23 8 2 RE K2 B B R e B R A LA A, R



12 WK E el (AR RS R ) 5547 4

PE i E o BOAN RIS B4 AGR IR 25 1 BoR | 1ZIX 23 ¥y H)2 B8 R BV E A 1. 52x107 ~8. 18x10 7 em/s,
FEFH B TE T A 2 19988 R 5 Tzl Z N,

3. 4

a. LT Theis - BRE S IR EREE T — i AR i SRR VA /K S 0K i AR R 15 K 2K SCH R S 88011
BT

b. RIETCEHHIX 2-3 By 1 2 A K 2 A8 i A AR I8 k), B R e R i e T & /K 2K SO 5
B, MR 2 RV LA A 0 BK 2 S8 B R AR R

c. {8 Bl Origin FRAFHEAT IS AR R s-¢ FVBRAE i 26 1006 B 7 23 1 B A 2 K s Bl £ e P22, Shnife
LA T LA A, ST DA T 5 R 32 HC DTG P o ey S 3k OS] ey 288 ) 25 354

S Xk

(1] DS NG, A, 45 RIS K L A IR AT R SR AR [0 ] T R 24 ( FAAREAR) | 2018,46(6) : 497-
505. (ZHOU Zhifang, LI Mingwei, ZHUANG Chao, et al. Impact factorb and forming conditions of valley deformation of
Xiluodu Hydropower Station[ J]. Journal of Hohai University( Natural Sciences) , 2018 ,46 (6) ; 497-505. (in Chinese) )

(2] 2, D5 e, 55, B T KA TR A R R B S Pl [ 0], T R 2 i ( FARBLARR) | 2018,46(3)
203-210. (LI Mingyuan, ZHOU Zhifang, YANG Yun, et al. Immersion assessment and control of the right bank of Xingan
Navigation and Power Junction[ J]. Journal of Hohai University( Natural Sciences) , 2018 ,46 (3): 203-210. (in Chinese) )

[ 3 ] SHEN Shuilong, WU Yongxia, XU Yehuang, et al. Evaluation of hydraulic parameters from pumping tests in multi-aquifers with
vertical leakage in Tianjin[ J]. Computers and Geotechnics, 2015, 68(7) : 196-207.

[ 4 ] PECHSTEIN A, ATTINGER S, KRIEG R, et al. Estimating transmissivity from single-well pumping tests in heterogeneous
aquifers[ J|. Water Resources Research, 2016, 52(1) : 495-510.

[ 5] BIRSOY Y K, SUMMERS W K. Determination of aquifer parameters from step tests and intermittent pumping data[]J].
Groundwater, 1980, 18(2) . 137-146.

[ 6 ] KOLLET S J, ZLOTNIK V A. Influence of aquifer heterogeneity and return flow on pumping test data interpretation[ J]. Journal
of Hydrology, 2005, 300(1) ; 267-285.

[ 71 H&ED7 G s, T, 5 THKikee vorii & &K 2K SRS EL 1], WA ( HARRHEM) | 1999, 27(3) : 5-
8. (ZHOU Zhifang, TANG Ruiliang, WANG Bin. Determination of hydrogeological parameters of leaky aquifer based on
pumping test data of partially penetrating[ J ]. Journal of Hohai University ( Natural Sciences) , 1999,27(3) : 5-8. (in Chinese) )

=

[ 8 ] JACOB C E. Drawdown test to determine effective radius of artesian well [ J]. Transactions of the American Society of Civil
Engineers, 1947, 112, 1047-1064.

[ 9] ZPOAR, i) 48 PRl 25 SRR 56 0 2 AR 55 /K 2 S B0 RV D], K SCHB B TR 5T, 2009, 36 (4) : 37-40.
(NIE Qinglin, GAO Guangdong, XUAN Huashan, et al. Methods of determining parameters of a confined aquifer with pumping
tests[ J]. Hydrogeology and Engineering Geology, 2009, 36(4) : 37-40. (in Chinese) )

[10] SETHI R. A dual-well step drawdown method for the estimation of linear and non-linear flow parameters and wellbore skin factor
in confined aquifer systems[ J]. Journal of Hydrology, 2011, 400(1) ; 187-194.

[11] AVCI C B, CIFTCI E, SAHIN A U. Identification of aquifer and well parameters from step-drawdown tests[ J]. Hydrogeology
Journal, 2010, 18(7) . 1591-1601.

[12] MEIER P M, CARRERA J, SANCHEZ-VILA X. An evaluation of Jacob’ s method for the interpretation of pumping tests in
heterogeneous formations[ J]. Water Resources Research, 1998, 34(5) . 1011-1026.

[13] A0S, T, sTK3%[M]. dbat, Bl i, 2013.

[14] THEIS C V. The relation between the lowering of the piezometric surface and the rate and duration of discharge of a well using
ground-water storage| J]. Eos Transactions American Geophysical Union, 1935, 16(2): 519-524.

(15 R, JRRTT ST, — P I BRI 2 3598 K2 BB ITE 1], i J1%, 2017,38(5) « 1359-1364. (ZHUANG
Chao, ZHOU Zhifang, HAN Jiangbo. A method for estimating aquitard parameters using long-term monitoring data[ J]. Rock
and Soil Mechanics, 2017,38(5) : 1359-1364. (in Chinese) )

[16] ZHUANG Chao, ZHOU Zhifang, ZHAN Hongbin, 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.

[17] SINGH S K. Storage coefficient and transmissivity from residual drawdowns[J]. Journal of Hydraulic Engineering, 2003, 129
(8): 637-644.

(18] rhie AR 2 F M 4 2% 53 2. /K /K R TR B AL At KR B0 MU . DL/T 5213—2005[ ST, bt b e oy i ik,
2005. (ki HI9:2018 -06 - 18 Gl . £ A )



