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17) Sugiyama, T. et al. (1999), “Observations of Ground Movements during Tunnel Construction
by Slurry Shield Method at the Docklands Light Railway Lewisham Extension—-East London,”
Soils and Foundations, 39(3): 99-112.
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19) Hydraulic Gradient, “S47AV 2% E&t} &9 79 g A|5k59 A2 7170, |6ty 529
SEE 53744000 Hljai

20) Harr, M.E.(1962), Groundwater and Seepage, Courier Corporation.

21) Perzmaier, S, Muckenthaler, P. and Koelewijn, AR (2007), “Hydraulic Criteria for Internal Erosion
in Cohesionless Soil, in Proceedings Assessment of the Risk of Internal Erosion of Water
Retaining Structures: Dams, Dykes and Levees - Intermediate Report of the European Working
Group of ICOLD” Contributions to the Symposium in Freising, Germany, September 2007



(& 3-4) O0[E(piping) S A 2|AAt

EF 3F
UE =F
A 294 =1 | Sz | AEE =
Chugaev 0.25 0.25 0.11 0.10
Bligh 0.11 0.083 - 0.067
Lane 0.095 0.067 0.056 0.048
Mueller—Klrclhe.nbauer, _ 012 0.08 0.06
lower limit
Mueller-Kirch
ueller 1rc. eflbauer, ~ 017 0.10 0,08
upper limit
Weijers and Sellmeijer, 0.28 018 0.16 0.09
Cu=15
Wejers zrf_zenme”er’ 0.34 0.28 0.24 0.14

A& Perzlmaier et al (2007)
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A AtolollA] FREZ 02 Y4k 7to] oft|QIR = BEs| & 4 gleng

=
2L

BRI AgEze] Ato] F Zoll 1.795kmell AAE fEFS A8 B
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E 2 A AA fEDl X uiAe Ae € 4 %deH, ol HES old §

Q(mg/%i ) = 258,332¢0773 * L(km)
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Abstract

Environmental Impact Assessment and Prevention of Urban
“Sinkholes”

An urban “sinkholes” indicates road failure over manmade cavities
that consequently leaves large volume of ground lost(hence, appearing
like the natural sinkholes caused by the karst process), is threatening
the health and safety of citizens and causing irrecoverable damages to
the environmentally valuable resources that underground space offers.
This study considers on the environmental impacts caused by urban
sinkholes and suggests key elements to be incorporated into the current
environmental impact assessment(EIA) practice.

Urban sinkholes are stability problems that occur when multi-phase
geomaterials lose their effective stresses in the solid skeleton due to
seepage forces exerted by pore-fluid. Three conditions, (1)loosely
structured soil or rock (2)cavities into which failed material can move
(3)groundwater seepage at rates enough to cause failures, constitutes the
formation of urban sinkholes. These conditions may most often be met
around the leaking utility pipelines in the unsaturated layer(Typel) and
partly waterproofed excavations beneath the saturated depths(Type2).

Many of the large-scale construction projects including planned unit
developments and underground roadways are subject to the EIA
regulation. Some recent EIA statements include assessments for the urban
sinkholes on their hydrogeological impacts. However, they are often
based on the results of structural analyses of detailed engineering
designs, and hence largely underestimate the full scope of the possibilities
and impacts of sinkholes.

Sinkhole vulnerability is a function of the extent of natural or artificial
alluvial deposits and the degree of hydraulic gradient. Measures to
improve EIA for sinkhole-vulnerable projects were identified, and



complied into a draft guideline that includes (1)pre-excavation verifications
and protection of utility lines, (2)sinkhole vulnerability analysis,
(3)mitigation measures of groundwater control and ground improvement,
and (4)integrated monitoring plans for groundwater flow and ground
settlements.

Additional studies on the policy implementation of geo-risks regulations
including the recently passed bill on the underground use and safety.

Keywords : Sinkhole, Underground Development, Ground Settlement,
Groundwater Flow, Environmental Assessment
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