Application of Cross-Spectrum: Analysis of the
Barometric and Tidal Responses to [Determinate the
IHyadrolegicall Properties off Well-Aguifer System




The Effect of the Geological Setting on the
Coseismic Groundwater Level Changes
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Begin from Original Data

HuaTan2.140.116.181.55 dat
Wed Oct 23 11:37:41 2002
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Well no. name |Barometric -m WW Tidal Comp. | Rainfall Effect
7010111 [ =H(— ) 0 0.5 0
7010121 | ZH(Z) 0 1.0 0
7010131 | ) o i 0.04 _ -
701021 1|F F (-~ ) 0 3.0 0
7010221 |F F (2 |- 1.0 0
7020111138 ¥ ) 2.0 0
7020121 1 E(2) 3.0 0
702013118 () |- 2.0 0 i
7040111 [F5L 71~ ) 0 0.8 0
7040121 |58 712 ) 0
7040131 8L 712 |- 0 2.0
7040141 |58 7 1(P4) 05 0 0
7050111|= %) |- s 0.4 0 :
7050121|2 F(2) |- 0 4.0 0
70501312 ¥ () 1.0 0
7050141| 2 (4 0.6 0
7060111|F () 0 2.0
7060121 | FL() 4.0 0
70601312 F1(C) 0 4.0 0
7060141 % FL(H) 1.6 0
7080111 |74 i1 ) 0 2.0
7080121 |[f= (=) |- - 0.2 - -
7080131 | = ##1(= ) 0 2.0
7080141 | f #i(14) 0.3 0
7100111 E8 FR(= ) - 1.0
7100121 £} () 0 2.0
7100131 | £1 #(C) 0 1.0
7100141 £} (4 0 0.6 0
7110111 33 ) 0 3.0 0
7110121]38 '@g: ) 0 2.0 0




Spectrum ofi Tidal Potential at Donher (3),
1999/8/1~1999/12/31

Amplitude (nstr)
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Tidal Potential Series of Donher(3)
1999/8/1~8/5
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O,/M, Amplitude Ration

y = 0.4385x
R®=0.1018
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M, Amplitude/ Phase Angle

M2 Component
Strain Sensitivity=10—-50cm/ppm ?

Lee et al., 1980

Amplitude(cm)

Phase Angle(degree)




Purposes of the Research




Well-Aguifer System

vyl © Confinement of the
Land; surface aguifer (Leakance Problem; ?)

L o VWellfer SCrech stitictuRes
Gl o - Effect (radius, depth,
pressure head, thickness)

J Wellgore Sitereic)e
U Arnolifiezitiorn) & Hesaorzirice
U Effects of Werter Tzeigle

Leeking for the
Bulk Parameters te
FEpresentation the: venavioer
off the well-agurier system

(Cooper,1965)




Advantages of the Analysis from Groundwater
|_evel Responses to Atmospheric Loading




Theoretical response of wells in partially.
confined aquifers to periodic atmospheric
loading

g Jaceb (1940)
o Weeks(1.979)

o Rejstaczer(198819)
gl Re|StacZer((1989)
gHishimura(Z2002)




Mechanism of the Groundwater Level Response
to the Atmospheric Loading
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Different Stages of the Groundwater LLevel
Response to the Atmospheric Loading

Water iiew inransd
out e Well drven: by, the
pPhRESSURE InkalaRece

—J
=
(¥}

=c|Lilieritien) YWIEa) Erle
Liriclreliriec] resgorise

Deograssiirize cija ic
irle guiaritlel] of oressiire
Irrlozllzirice cecrazisiric).

il
Q
¥
0
4
n
>
.
:
3

Navy Irrigzlzirice
gatyaar weriar teigle zir)el
siclulfer, croLirichyeita g eeie;
to ac|Lifer




Theoretical Assumption (Rojstaczer, 1968a)

S0l the theoreticall respoense to the Atmoespheric Leading can e
Simplify Inte three 2D flew: prehlems.




\ertical Air Flow Between Earth’s Surface and
the Water Table

D,0°P,/8Z% =P, / ot

Boundary Condition: P(-L,t) = Acos( wt)
P(L,t) = Acos( ot)

P, =(M —IN)Aexp(i ot)

v 2cosh(+/R)cos(+/R) N 2sinh(+/R)sin(~/R)
cosh(2v/R) + cos(2+/R) sinh(2vR) +sin(2VR)




\/ertical Groundwater Flow Between the \Water
Table and the Aguifer

Do2P/0Z° =oP/ ét

Boundary Condition: P (0,t) = MA cos( @t) + NA sin( ot)
P(wo,t) = Ay cos( wt)

P=(M +IN —y)Aexp(—(i +1)(0.59S") e exp(i wt) + Ay exp(i wt)

g=b'w/K'




Flow Between the Borehole and the Aquifer

Do*ploz° =opl ot + wyAsin at

Boundary Condition: S(o,t) =0

S,, = i0.5Wx, K, {BNZ(S2 +1/ qz)]o'25 }. exp [iO.S{tan 1(gS) H}exp(i wt)

K, : Modified Bessel Function of the second kind of order zero




Response of A Well to Atmoespheric LLoading:
General Case

Air Pressure Change Drawdown at the well
x =24 fo [g Py = pexp(—iat)
2 Ay 2,¢ S, = S, exp(—iwt)

Initial Condition




Change

Table
Diffusivity,

Conductivity,

Conductiviity

Theorbaro.m

0oAIr Pressure

Y%6Depth off the Water

O%6Pneumatic

06 Thickness
OoiHydraulic

VsSterage Ceefficient

Os6lLeadind Efficiency,

veVertical Hydraulie
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Case I: S,S equal 0.0001, 7 =0.5 In different
Q,W ration
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Case lI: S,S’eqgual 0.0001, 77 =0.5 In different
R,Q ration
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Case Ill: 7 =0.5 In different S, S ration

Barometric Efficiency
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Application of theorical response




How to Get the Transfer Function?
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Taketrant.m




Observation Data
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Results After Moving Long-Term Trend (1)

Barometric Efficienc o le in Degree
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Results After Moving Long-Term Trend (I1)
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Results After Moving Long-Term Trend (I11)
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Future plan of the research




Transfer Function of Earth Tide
(Responses (0 Areial Strain)
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