M1 R SBEIFHPRE? 51422 HIRR %

Using Covariance Function to Investigate the Reverse

Phenomena under Groundwater Pumping

+ £ % t® i
Shih-Jung Wang Kuo-Chin Hsu
EARVABRZIPN EiRVARREIPNE
R ERIASE 0 ER LIS %
[ mRE = 2%
B

TRHHZK Bt [0 g /K BRE R 5 ] P B3t T RO AR S 2 AT B - Tl 7K
JBE 2 5188477 5y > 5371 LANoordbergumEERhade 5 FERE . o {SI#1T fy > 85 A4 T 2R i 158
F e T J (SR 2R S /KGR B R P 72 S 2 S B AR P S [RE - o] DA(SE PR Rl LB P e G 2
T o BT Ry (R IR R T AGELKAGHI A B ERIFTS [RE » AL - ASCEE A —FE — 8=
FPRITE > B LR L B - R SeEt EHYERZICPRET Noordbergum
EARhades{ MERY (EIHHPR 52 - WISRAE B » HERETLUBEUKE 2 PHEE - ¥4 5%
Bz KSR (R RYEIEER 5 - HOE A — 4R R Lo MR T 2] /K B
TEFHEYEIRE T &y - iy N2 /KT (S R B B (R AR B s 5 5 [E R 5 H B T/
Z 5% A B ] R 22 ] 2 AR » ARBITSE Ry BT R i e — 4R P ORI LR A > 3
B R PSSt E A T T R oA o IR T R ] 2R T % /K S B R Y Z AL
AME IR K e KEar 2 S BHEPREER -
BRI - (IR SR - T OKHIK » PR R - SR S

ABSTRACT

The reverse behavior caused by a groundwater pumping was observed in the field for

decades. The mechanism is believed in the difference of the propagation velocity between
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mechanic pass and fluid flow under a coupled system. This coupled behavior can be well
described by the poroelastic theory. In the physical viewpoint, the reverse behavior indicates
an anomaly relationship between displacement and pore pressure, and it can be, theoretically,
explained by the covariance function of displacement and pore pressure. Therefore, a
stochastic approach called the first-order second-moment (FOSM) method is adopted to
construct a stochastic poroelastic model. The second moment solution is used to describe the
reverse behavior of Noordbergum and Rhade effects. This is the first time to use a
one-dimensional stochastic poroelastic model to explain the reverse phenomena. The results
show that the one-dimensional FOSM stochastic poroelastic model can easily detect the
reverse phenomena under both a constant discharge and a sudden stop of discharge conditions.
The reverse phenomena are dominant under a small hydraulic conductivity and Young’s
modulus and depend on both the spatial and temporal scales. The results also imply that
one-dimensional poroelastic model under a constant discharge condition is a coupled system.
The proposed FOSM method provides an approach to detect the reverse phenomena under

discharge conditions. This phenomenon can be used in parameter inverse in the pumping test.

Keywords: Reverse phenomenon, Groundwater pumping, Stochastic poroelastic model,

Covariance function, Couple system.
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