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Fig. 2 Relationship between the coefficient of

leakage and phase shift in leaky aquifer system
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Fig. 3 Location of the observation wells and stratigraphy of the borehole
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Fig. 4 Annual variation of the water level in wells Dazu and Beibei
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Fig. 5 Results of spectrum analysis
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Tab. 1 Results of tidal respons

e of My wave in wells Dazu and Beibei

- PR ElAGES
! 22/ () IRIE /m LR 2 WiERE A2/ O) PRI/ m MGz PRE 222
2012-01-01 —10.018 0. 009 3. 066 0 28. 714 0. 009 1. 685 0
2012-01-16 —7.378 0. 008 2.929 0 27. 496 0. 010 1.477 0
2012-01-31 —7.488 0. 008 1. 889 0 28. 309 0.010 1. 304 0
2012-02-15 —8.770 0. 009 1. 665 0 29. 627 0. 010 1.282 0
2012-03-01 —9.813 0. 009 1.579 0 28. 962 0.010 1.290 0
2012-03-16 —8.704 0. 009 1. 652 0 29.595 0. 010 1.573 0
2012-03-31 —9.447 0. 009 1. 714 0 28.816 0. 010 1.635 0
2012-04-15 —8.175 0. 009 3.221 0 28. 631 0.010 1.566 0
2012-04-30 —6. 474 0. 009 3.371 0. 001 30.131 0.010 1.467 0

e 806 ¢ KXIFLEITAEWR



RHLE T ARG B R A KR AR R AR A

P 1 al R 2 H KL XS My 520 17 19 AH 37
22 =0 R W H B 75 7K = T K 2B LK
PR E. REHBEBHT TEDSEKZE
JE . SOKIE AR E - HUZ UM 200 207, 3t R KR
1B B T5 1) 3 5 J2 A R R K F . TR
AEFE M A HIE 5 1 o IR A2 LI BE K Sk
M 17 5 i 2500 A2 3 (&) HE SR IZ 1y 08 5 7k B
IR RE 70 25 2R L2 2 R LI 5 /K J2= i

KA 155X 107" m™" 5 Iz BN AL FERRRE L 2
IKZERERE R 41,5 m, WS K E K REBCH
6.45X107°, A AR O FIA0) kA 2= m] i
AN HE R 5 7K 2 1 K BB 3, SOk RECE
PEHN 174 m*/d B iE R E(GR 38 0.041 9 m/d,
S NS AR IR 1 25 3R 0. 053 4 m/d — 2, F W
FFH KA 1 047 e o 31355 7K 27K 1 S 8CRATA]
11tk

R2 KEHMILWEARMLSKELKENTE

Tab. 2 Calculation results of the storage capacity in the aquifer near wells Dazu and Beibei

e I iiikoginls 513 R IR/ cm KK /cm IPKRA/ Q070 m™ ) KRR /m WK Z % (1075
PN M, 18. 29 0.877 8 1.55 41.50 6.45
e M, 18.42 0. 962 5 1.41 40. 34 5.68
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Tab. 3 The coefficient of permeability in the aquifer near well Dazu

1 HifizE/ SKFRH/ BERR/

(") (m? +d™) (med™D
2012-01-01 —10.018 1. 41 0.033 2
2012-01-16 —7.378 1.98 0. 046 6
2012-01-31 —7.488 1.95 0. 045 8
2012-02-15 —8.770 1. 64 0.038 5
2012-03-01 —9.813 1.44 0.034 0
2012-03-16 —8.704 1.65 0.038 8
2012-03-31 —9.447 1.51 0.035 5
2012-04-15 —8.175 1.77 0. 041 6
2012-04-30 —6.474 2.29 0. 053 8
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Fig. 6 Relationship between the coefficient of
leakage and phase shift in well Beibei
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Tab. 4 Calculation results of the coefficient of

leakage in the aquifer near well Beibei

=R Mifi2z/ lgo’ o /(1078 s 1)
2012-01-01 28. 714 —7.734 1. 85
2012-01-16 27.496 —7.757 1.75
2012-01-31 28. 309 —7.742 1. 81
2012-02-15 29. 627 —7.716 1.92
2012-03-01 28. 962 —7.729 1. 87
2012-03-16 29.595 —7.717 1.92
2012-03-31 28. 816 —7.732 1.85
2012-04-15 28.631 —7.736 1. 84
2012-04-30 30. 131 —7.706 1.97
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Fig. 7 Variation of well water level caused by the Wenchuan earthquake
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Fig. 8 Variation of phase shift before and after the Wenchuan earthquake
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Fig. 9 Relationship between the coefficient of leakage and
phase shift in well Dazu
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Fig. 10 Variation of the coefficient of leakage in the aquifer system before and after the Wenchuan earthquake
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Discussion on hydraulic characteristics and changes of aquifer based on tidal response of well water level
ZHAO Kexin' , LAN Shuangshuang' ,GU Hongbiao? , LIANG Wenyu' , QIAO Peng'

(1. Betjing University of Technology ,Beijing 100124, China; 2. Institute of Disaster Prevention ,Sanhe 065201 ,China)
Abstract: The traditional method of calculating an aquifer’s hydraulic characteristic parameters can not deduce the real-time con-
tinuous change of the hydraulic characteristic, which makes it difficult to analyze the change of aquifer permeability under exter-
nal load. The response model of the aquifer’s head to the periodic high-frequency natural force provides a new idea for research,
In recent years. it has been shown that the external stress loads may cause changes of the aquifer’s hydraulic characteristic pa-
rameters and the corresponding changes in groundwater flow movement. At present, the research mainly focuses on qualitative
inference and explanation,and there were relatively few conclusions from quantitative calculation.

Based on the systematic analysis and summary of the theoretical relationship between the tidal response of the well water
level and the aquifer’s hydraulic characteristics, taking wells Dazu and Beibei in Huayingshan fault zone as examples, the specific
storativity of the observation aquifer was deduced by the amplitude of tidal response,and the movement state of groundwater
flow near the well hole was analyzed based by the phase shift of tidal analysis. Using the radial flow model and leaky aquifer
system model, the permeability and the coefficient of leaky in the aquifer near the well bore were calculated. Taking the Wen-
chuan earthquake as an example, the changes in well water level and the aquifer’'s hydraulic parameters during the earthquake

were analyzed, the influence of seismic stress on the hydraulic characteristics and groundwater flow movement was discussed,
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and its change mechanism was proposed.

The phase shift of the water level in well Dazu response to the M, wave was negative, indicating that the groundwater
movement in the aquifer near well Dazu is dominated by the radial flow. It was assumed that the specific storativity in the obser-
vation section of well Dazu is 1. 55X 107° m™',and the horizontal permeability is 0. 041 9 m/d, which was consistent with the
results of the previous pumping test (0. 053 4 m/d) ,indicating that it is feasible to calculate the hydraulic parameters of the ag-
uifer by the tidal response of the well water level. Moreover, the locally developed fractures in the aquifer near well Beibei resul-
ted in the coexistence of vertical and horizontal flows near the well. The specific storativity of the aquifer was estimated to be
1.41X107% m™! and the coefficient of leakage ranged from 1.5X107% to 2. 5X107% s7'. After the Wenchuan earthquake, the
water levels of wells Beibei and Dazu changed step by step,and the vertical flow of groundwater in the aquifer increased.

Combined with the regional hydrogeological conditions, it was proposed that the reasons for the water level changes in
wells Beibei and Dazu caused by the Wenchuan earthquake were as follows: The Jurassic sandstone aquifer in this region has a
unified hydraulic connection over a large range,and local fractures with large dip angle are developed. The occurrence of earth-
quake led to expansion deformation and fracture dredging of aquifers, under the action of gravity,groundwater flowed along the
fracture channel, resulting in the decline of water level in wells Beibei and Dazu,and the enhancement of vertical water exchange
near the well bores in the runoff area. The research results are helpful to improve the understanding of the interaction between
aquifer stress and deformation and seepage,and further deepen the research on the response mechanism of borehole aquifer sys-
tems to seismicity.

Key words: tidal response;aquifer hydraulic parameter; coefficient of permeability; coefficient of leakage; seismic stress load
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