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Stratified Multi-Well Pumping Tests and Back-Analysis of Hydraulic Conductivity in
Ultra-Deep Circular Foundation Pits

LUO Renkun, WANG lJie’
(Poly Changda Engineering Co., Ltd., Guangzhou, Guangdong 510000, China)

Abstract: Dewatering prior to foundation pit excavation is a critical measure to prevent engineering hazards
such as slope instability at the pit top, seepage around the pit, and bottom heave. As a key parameter in
dewatering design, hydraulic conductivity directly influences the risk control in foundation pit engineering.
Based on the east anchor foundation pit project of the Shiziyang Passageway, single-well pumping tests and
stratified multi-well pumping tests were conducted. The water level variations in the internal dewatering wells
and the external observation wells were monitored in stages. Accordingly, a finite difference numerical model
for the pumping tests was established. The hydraulic conductivities of the target aquifers obtained through the
classical analytical method were used as the initial parameters of the numerical model, and the hydraulic
conductivities of each stratum were determined through back-analysis. The results indicate that the water levels
in the external observation wells do not decline synchronously with the internal pumping process, which
demonstrates that there is no leakage at the joints of the circular diaphragm wall. The significant differences in
water level drawdown among the internal dewatering wells suggest that the power and operation time of the
pumping equipment should be differentially adjusted based on the characteristics of the strata where the
dewatering wells are located, to achieve an overall uniform dewatering effect. The absolute value of the relative
error between the field observation values and the calculated values of the reconstructed finite difference model

is 11.58% on average, which validates the reliability of the combined classical analytical and finite difference
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method. This analysis method provides a reference for the back-analysis of hydrogeological parameters in deep

foundation pit engineering.
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Figure 1 Section of foundation pit engineering and stratum division
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Table 1 Implementation conditions of field pumping tests

N 5 B B H b7 2 BeAkOF  JRK@EE/m o IERE/m WIJE JRRERE/m
B K 5 ©, M@, K1 —33 —33~—30  G1~G8 —125
BB 0, 0,M0, —20 —19~—17  G1~G8 —12.5
B Bk BB 0, 0,M0, J1~J11 —20 —19~—17  G1~GS8 —12.5
BB Q,.0,M0,  J1~I12 —29 —28~—26  G1~GS8 —12.5
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Figure 2 Layout of dewatering wells and observation wells
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Figure 3 Variation curves of water level drawdown and

dewatering rate over time
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Figure 4 Variation curves of water level in pit and total

pumping volume with time in second stage
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Figure 5 Variation curves of water level of internal dewatering

wells and total pumping volume with time in third stage
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Figure 6 Radar charts of water level variation in external observation wells
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Figure 7 Flowchart of hydraulic conductivity back-analysis
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Table 2 Fitting results of stratum hydraulic conductivities

@, Q,MOBERK/(m-d )

@, @M@, BERE/(m-d

i Theis fic £ 1 Jacob B £k [ it 1 Theis i 28 7 Jacob T 28 &l fit =
K, K. K, K. K, K. K, K.
11 0.69 7.04x10° 0.76 5.84x10! 1.86 1.86X10° 1.75 747X10°°
12 0.60 7.65x10° 0.05 6.05x10° 2.86 2.86x10° 1.49 1.64X10 !
I3 2.03 2.03x10° 2.03 2.03x10°° 3.50 3.50x 10° 1.94 5.63x10 °
14 0.13 1.47%10 ? 0.13 1.30X10 6 1.93 1.93%10° 1.70 9.32x10 °
15 1.29 1.29%10 3 1.29 1.29X10°° 1.75 1.75X10°° 1.14 1.98X10 2
16 0.30 3.00x<10 ¢ 0.05 6.45x10* 2.95 3.13x10°! 1.59 1.37X10 2
17 0.16 2.70x10° 0.04 2.00x<10°° 2.83 2.10x10° 1.17 3.18x10°
18 0.44 4.40x10* 0.44 4.40x10°° 1.41 4.67x10" 1.14 1.32X10 2
19 0.80 8.00x 10 * 0.80 8.00x10° 1.48 1.48X10°° 1.32 1.50X10 2
110 0.30 3.00x<10 * 0.06 1.31X10 ° 1.05 2.12x10°! 1.39 1.39X10 2
J11 0.46 4.60x10* 0.46 4.60x10°° 2.19 4.62x10" 1.80 7.96x10°
712 3.21 3.43x10°! 1.72 1.14X10 2

SE B 0.65 1.76X10 " ? 0.55 5.39x10° 2.25 1.02x10° 1.51 3.60x10°
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Figure 8 Mesh of numerical calculation model
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Table 3 Ranges and inversion values of hydraulic conductivities
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Table 4 Error comparison between observed values of

dewatering wells and calculated values of reconstructed model

2 W/ m R/ m o AXRE/m RXRE/ %
J1 —11.49 —12.12 —0.63 5.48
12 —13.75 —11.77 1.98 —14.40
J3 —14.23 —11.57 2.66 —18.69
J4 —10.07 —11.44 —1.37 13.60
J5 —13.60 —11.53 2.07 —15.22
J6 —10.37 —11.76 —1.39 13.40
J7 —12.65 —12.32 0.33 —2.61
18 —14.60 —14.26 0.34 —2.33
J9 —16.44 —16.96 —0.52 3.16
110 —17.35 —14.08 3.27 —18.85
J11 —18.25 —14.67 3.58 —19.62
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