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Groundwater development and utilization
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Shanghai: the annual exploitation of groundwater has been
less than 1 million tons, and the impact on land subsidence is
decreasing
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Hanoi: the exploitation of groundwater is still increasing, and
the annual exploitation has exceeded 300 million tons, which
is still the main inducement
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Annual groundwater exploitation
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1 Introduction

Land subsidence, the lowering of ground surface dhie to
natural nd human-induced processes occurring in the
challow and deep subsurtace. is 4 worldwide geohazard.
Land subsidence causes damages and has widespread

* Caresponding author. E-mail: xuyaniDags com e
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impacts en a variety of infrastructures, cg., sewer
systems, roads, buildings, subway mnncls and in constal
low-lying areas. In the cities in preximiy fo shorclines,
such a5 Shanghai, Jakata and Venice, it i paticularly
alamiing 2 it reduces the ground elevation with respect to
the sea level.

Nowadays the majority of coastal arcas affected by land
subsidence are characterized by a limited surface elevation
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The land subsidence charackeristics in Shanghai were
constantly developing with the change of groundwater
level i the process of urban development, and had diffe-
rent effects on the deformation of metro nwmels buried in
deep soji soil layers. In this sudy, the long rime series

1 by levell . i

fion extersometer methods was analyzedd. and the conplin
deformation mechanism of geological sivaification and
metro tunnel in deep quaternary coastal areas for diffe-
rent periods and scenarios was revealed. The resulss sho-
wad that with the rapid rise of the groundwater level in
Shanghai since 2005, the deep secimentary stroua groch-
ally rebound, resulting in the wnIversal rebound of wnder-
grownd metro tunnel. The deformation wends of soil layers
and mewo runnel sructure were inconsistent with the
regional land subsidence due to different control factors

Far meto lines built in different periods, the nmnel dis-
placement was basically controlled by l?wn&kwuu»w of

iiary wmabel:» mrwmd»mlwg e

groandwater extraction amount was stll unclear. Numerical Smols-
tion. and lahoratory model st huve grduslly become the common
e 10 carry out relevant reseasch (Wei et al., 2017 Wang o al,
2018), However, e numerical simultion resulis dependad on the
maihemateal description of the aciual issue and the precision of e
el purmneiens. Al peesend, ihast groundwaler model tests only
‘considered the verscal ane-Simensiona seepage and deformation of
clay layers, while the sctusl pore water presswe changes and sail
deformation were often thicedimensional (Zbow and Burbey, 2014;
Wuetal, 2017)

The control of groundwater exploitation and the seaswater intrusion
in oueal wam would leud 10 the consimons e of groundwater
Teve, and e resuling geolagical enviroament shages and infrastns-
citee securky risks have graduslly aroused peope’s high ssengon.
The rsc of groundwater eve in comtal chict caed dunage o the

Forcxampie, the
finad waer hesd in the central wea of Tokyo was sbout 15 metses
snce 1970, reaching & maximum of 60 metres, resulting in racking,
e ek, G, comosion and duage o the xising
a. 200, Xu . 2014)

For ing. du ogisal and By ol

deformation of geols i
strucurein the decp LMlh'rwr_\ sedimentary area can be
described in three conceptual calculation models: inverse
setilement model, extrusion mode] and counteract model
The hystarasis effects when the increase of water volume
rransformed o the rise of groundwaser level and the soil
laver deformation driven by rising water level were dis-
cused

Introduction

In o coastal areas covered by thick Quatemary sedments, the
peological envimnment was offen dirctly afacted by the ¢ hange of
sroudvass level Howeser, the st compesiton of she aguif

gical conditions, ax well 2 the svong, interaction between swuctums
it soil ay -

of mevo tunsel,

eululy significant thieat to the opertion safety

coastal eifies, the ftors casing long ferm settiement snd defoms-
tion of tunnch are complex and changeable (L e al, 2019, Xua al,
2020), Geoundwter is ane of the impoant inducing factors of land
aubsidonce, especially regionsl subsidence, which will inevisbiy bave an
pertan bt oo underground wnncts. Many roseu dhes have ban
carrod out i theceetical analysis, model test and mumerical simul-
tion (Aiuwoi ot al. 2009; Park ot 2L, 2016). However, it i sall vary
portant to obtain ! alyze fiekd dath % much s posible i order

1a.1his stady, the long time serics field monitorisg dsts obsined by
1 fac

‘sysicm was ofien complex, and e smount of
thon and rocharge was diicull © accuricly obiain. Thersfore, the
¥ e cange of gaological st and the

s o runne anginxdinal displacemens nder the cument gaological
environment conditions were analyznd, and the defonmation mechs
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f utur@rth
coasts @
Future Earth Coasts
Affiliated Activity

Dear Prol. Yujin Shi and Dr, Qing Zhan,

On behall of the Executive Committee of Fulure Earth Coasts (FEC) we are delighted to
inform you that “Impact, Mechanism, Monitoring of Land Subsidence in Coastal Cities
(IMZLSCY" is now officially affiiated with FEC.

As previously noted during the application procas s, you are agréaing to include affiiation
to FEC as appropriate and/or acknowledge FEC in publications. When acknowledging
FEC in your publications please use the following phrase: “This work contributes to
Fulure Earth Coasts, a Global Research Project of Fulure Earth®

We suggest you lo consider the official joumal of Fulure Earth Coasts, Anthr
Coasfs, for publication of results. Discounts on publicaions are available for FEC
affiliates,; please contact the IPO for details.

Should you wish io use a FEC logo in publications or presentations, please contact us
al feechinaf@ecnu edu.cn. The project descriplion you provided with your application will
be used on our website andior newsletter, Affilialed activities may be asked lo provide

short summaries andfor picture material for reporting and documentation purposes and
for non-exclusive use in publications (print, online and/or presentations) by FEC,

You are also agreeing to FEC values, For reference find more on them in our govemance
provisions,

The affliation ends with the termination of your activity,

We are keen o promote your aclivities and results among our community, Please feel
free 1o pass information you wish Io distribute 1o us, and alert us of noteworthy events
and results,

Please feel Fee to contact us if you need any further information, have any questions or
need any kind of support from us.

Wi are looking forward o follow the progress of your project and working with you these
cOMing years.

Sincerely,

Prof. Anja Scheffers
Executive Diredor (Capadty and Networks)

Dr. Xiaoyu Fang

Executive Direclor (Communicaion and
Engagemant)

FEC Intemational Project Office - China
State Key Laborstory of E stusding and
Coastal Reseandh,

East China Normal Unive rsity,

ho.500 Dongdhuan Road, Shanghai, China

FEC intermnational Project Office - Austrakin
Southern Cross Geosclence,

Southerm Cross University,

Lismore Campus, NSW, Ausrralia
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2023 Annual Meeting of IGCP Project 663,
Apr. 22, 2023, Delft, the Netherlands.
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