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Georesources: solid, fluid and energy

www.taopic.com

Volcano
Rainwater
Geothermal power plant
J' II/ // /‘]’ Preduetion (steam) wel
,' : / /' / Steam separator
|‘ Il / Waterlwslvw \ Reinjection pipe
| 1
| Reinjection
: I: ‘./ ;Sahyselr‘ow y H1 I‘.vcll
I \ II Undergrourig p I’llk \ \ |
J' lI ‘:.fl e Caprock ! ! \ l \)
! ‘l || f : \\\ ':IL
/Geothermal™ \ I
aquifer '\ \
\ |
Deep hot water \ |
Volcanic gas, vapor %\ |II
IEIa \ ‘.
St » LR
sy Faut taa W
A1
\
- e .\1 [ If'f/' Bed rock
] Magma chamber T
www.steamboattoday.com Magma B S

www.1688.com.au

www.mhi-global.com

3


http://www.taopic.com/
http://www.mhi-global.com/
http://www.1688.com.au/

A

o p TR %i? Sl

National Cheng Kung University

=S
HEREE




Why do we need geological resources?
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What 1s subsidence?

e Land subsidence is the motion of Earth’s
surface as it shifts downward relative to a
datum.
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What causes subsidence?

e Subsidence is caused naturally
— dissolution of limestone in karst terrains

— change of geological structure caused by volcano
eruption

— earthquake
— faulting activity
e Subsidence is caused anthropogenically.

— collapse of abandoned mine

— deformation of soil structure caused by surface or
underground construction

— extraction of the subsurface fluid such as water,
gas and oil
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Subsidence i1s worldwide
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Subsidence associated with climate
change

e More than 1 out of every 100 people on the
planet live less than 1 meter above sea level.
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The land subsidence has
accompanied ...

seawater encroachment,

inundation,

soil salinity,

damage of infrastructure,

reduction of fresh water supply,

serious property damage and economic loss
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The subsidence rate

(Water Resources

Agency, 2016)
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Should we care for fresh water

L resouUrces?
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Should we care for food-water
security?
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Subsidence in Yunlin
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Subsidence in Changua
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Subsidence In Chousut river alluvial fan

800

T ‘
I ‘—FChanghua
\ . . |
= 600+ \ b o
g l\"‘. // e
Q) \'\\ /
= /
B \ /
2 400 o n M ® o
ot SN/ \r/'
\ \
2 ] L] .
8 \ — o /
= "\
o 200- u
) / \ e
i / \ / ‘_\. ®
N
0 L) l T l T ' L) I T 'I T l T H—
1995 1998 2001 2004 2007 2010 2013
Time

(Water Resources Agency, 2015)



Altitucetm)

- T
H > ] ]
: W Strear

Hydrogeology
of Chousui river alluvial fan 1,
(CSRAF)

f = ]

N
i L
, Changhua Y Chelungpu
g Fault [* Fult
[
’
! Middie
Fan

? Putzu Stream
LS
120 - . 120%a
1004 A A" 100
Distal Fan Mid Fan Proximal Fan A2 TR ()
50 50 0 4 8 12 16 20 4 B
XX 0 T
o Kl
_{} ;l.
50 d?
=30
100
100 0% 0 e 0o d oo oo o 100 K
AR 1 i
SO T -3
e R R : 150
2150 e -150 a
R
200
200+ —200
250+ NN —250 250
RN WM SO L
S . s iy Sl e
Legend a8 G 31
=300 =300 PR rEe SR BED
®% Gravel J_ Well : : 300 .
Sand |~4=2006/4/13 2006/12/21 =%=2007/12/13 =+2008/12/12
I
|==2009/12/9 ===2010/12/8 ===2011/12/5 2012/2/20
350 0 5 10 15 km 3¢ —350 .
Silt and Mud I Screen SETERHEMERLE 4 2014/121 20051214 -=-201610/11

(Water Resources Agency, 2016)



Subsidence monitoring system

Monitoring Leveling GPS station

well survey 2 ;

Sex
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Hsu et al (2015)



Subsidence In deeper layer?
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Which layer contributes the subsidence?

Thickness (m) Compaction (cm) Contribution to

total compaction (%)

Aquifer 1 59.9 5.10 17.18
Aquitard 1 10 1.03 3.46
Aquifer 2-1 3 0.34 1.15
Aquitard 2 4 0.45 1.53
Aquifer 2-2 69.9 11.94 40.2
Aquitard 3 20 2.41 8.11

Aquifer 3 36 8.43 28.37

Subsidence at 1995-2014



Water use IN CSRAF
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Puzzles about the subsidence

Why aquifer subside more?
Who Is responsible for the subsidence?
Deep water users or shallow water users?
Users In distal fan or in the mid fan?
Why not uniformly subside?
So what for the subsidence?



1-D Stochastic poroelastic model
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3-D subsidence modeling
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Multi-layer pumping
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Groundwater level and cumulative
compression at Boltz station of aquifer 2-2
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Stress-strain relations for (a) elastic, (b)
plastic and (c) elasto-plastic model

(a) (b)
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Viscous effect
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Poromechnical models

(a) Elastic model (e) VEP 1 model

W\N\N— n ‘
(b) Plastic model 4

(f) VEP 2 model

(c) Elasto-plastic model ‘| 1 W]‘
J

00— M-

(d) Visco-elastic model

(g) proposed VEP model

XY\, : Elasticspring —\N\N\— : Plastic spring
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Parameter used in the model

CERER R IR MERE
EL v % %
EP v v X
VE v X v
VEP v v v
SVEP v v v
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Study area
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Groundwater level, SWL (m)

Cumulative subsidence (cm)
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Groundwater level, SWL (m)

Cumulative subsidence (cm)
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Groundwater level, SWL (m)

Cumulative subsidence (cm)
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Data used

Site Calibration Verification
Boltz 1999/1/6~2007/12/12 2008/1/17~2014/10/4
Tianyang 2007/1/7~2010/12/10 2011/1/20~2015/12/16

Huwei 2007/1/25~2010/12/8 2011/1/13~2015/12/14




Aquifer 1 of Boltz station
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Aquifer 2 of Boltz station
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Aquifer 3 of Boltz station
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Model Calibration (%) Verification (%)
EL 41.74 21.27
EP 19.40 18.08
Aquifer 1 VE 20.02 22.84
VEP1 22.19 11.19
VEPS 10.42 9.73
EL 35.30 31.63
EP 11.80 19.61
Aquifer 2 VE 5.63 2.46
VEP1 5.73 2.38
VEPS 4.31 1.59
EL 61.54 46.92
EP 18.02 24.42
Aquifer 3 VE 9.00 4.77
VEP1 8.81 4.04
VEPS 6.47 3.34




Simulated compaction (cm)
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= (a) aquifer 1, (b) aquifer 2, and (c) aquifer 4 at
Tingyang station
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Cumulated deformation (cim)

Aquifer 2 at Huwel station
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Site

Calibration (%)

Verification (%)

Tianyang (1)
Tianyang (2)
Tianyang (4)

Huwei (2)

41.69

19.01

8.38

27.68

446.91

3.40

9.79

7.69




(a) aquifer 1, (b) aquifer 2, (c) aquifer 3 at TingYang
station and (d) aquifer 2 at Huwel station

Tianyang (1)-P-VEP Tianyang (2)-P-VEP
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)
Spatial variation of poromechical property

E E E E.+E
SRF,=—2% SRF,=—" m = —2er — :
77e 77p Enor E p
the speed of the system response to external loading the recovery difficulty of an aquifer
m
Station Aquifer E. (N/m?) E, (N/m?) SRFe (1/day) SRFp (1l/day)
1.43
1 3.41x108 7.91x108 1.13 8.26x10"
5.91
Boltz 2 3.42x108 6.91x107 5.29x10°2 1.94x10
19.99
3 5.64x108 2.97x107 2.60x10% 1.56x10
3.26
1 2.05x108 9.08x107 1.00x1072 3.64x10°1
_ 13.87
TianYang 2 5.79x108 4.50%107 3.83x10* 1.31x10"
20.67
4 6.63x10° 3.73x107 1.29x10% 9.17x10°
. 6.99
Huwei 2 6.05x108 1.01x108 1.41x101 1.23x104
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Conclusions

The poromechanism is complex in the Choushui
River alluvial fan, Taiwan.

The phenomenon of subsidence is clear but the
contributors are still arguable.

The visco-elastic-plastic model better describe the
deformation.

The proposed VEP model outperforms other models.

The poromechanical property spatially varies in
CSRAF.

Heterogeneity is required for accurate modeling.



What can we do more?

How does the soil compaction damage the
groundwater system?

What is the dynamic characters of pore-
mechanism?

How does the local deformation affect
infrastructure and constructions?

What extend is the lateral subsidence and how
does hydrogeology involve?

How to apply the hydraulic-mechanical-transport
(HMT) coupling?
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All things are difficult before they are
easy.

Thomas Fuller
Gnomologia
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