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SUMMARY

[. Title

Development of Construction Technology of Rainwater Storage Cavern

for Preventing the Inundation in Multi-complex Underground Spaces

II. Purpose and Necessity of Research

Recently, frequent flood disasters (e.g. river flooding, urban inundation,
etc.) have been caused by localized torrential downpours due to abnormal
climate resulting from global climate change. In Korea, there have been a rapid
increase in the loss of life and damage property due to sudden localized heavy
rainfall since the 2000s. According to the fourth report of IPCC (2007), abnormal
climate of the earth is caused by artificial factors. The report analyzed that it
results from greenhouse gas emissions due to human activities and
industrialization and from the green house effect. Weather and global
environmental experts are expecting that these global climate changes and
natural disasters will accelerate.

In cities of high population density, there is an increase in the risk of
flood disaster resulting from localized torrential downpours caused by increased
surface runoff volume due to urbanization. When a rapid inflow of a lot of
water follows heavy rainfall exceeding the drainage capacity of the basin, the
followings are greatly vulnerable to inundation damages: (1) shopping and
residential areas located in low-lying areas in a city and (2) medium- and

large-scale closed underground spaces and underground infrastructures. When
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surface runoff water flows into underground space after any inland floods, the
damage spreads in a short time and there is high probability of causing huge
losses of lives, great property damage and massive social costs.

In order to provide warnings and measures about these kinds of large
scale flood disasters, the presented research is carried out for the development
of the construction technologies of rainwater storage cavern for preventing the
inundation in multi-complex underground spaces. This research includes: (1) the
development of construction technologies of the retention cavern, (2) the
inundation risk analysis based on AHP in underground space, and (3) the

improved drainage system for the flood mitigation in urban area.

Ill. Research topics and Results

In this study, the research has categorized into three subjects, they are:
(1) Construction technologies of the rainwater storage cavern, (2) Inundation
risk analysis in underground space, and (3) Integrated improved drainage and
management system for the flood mitigation sing optimization technique in urban

area. The research topics and results are as follow:

(D Construction technologies of the rainwater storage cavern

The main core subjects are selected through a examination process of
existing domestic and overseas technologies, which were greatly developed
during the past couples of decades in tunnelling construction and R&D fields.
And technical feasibility study was carried out, that can present the ultimate
objective, scope, and achievement by analyzing validity of research procedure.

An improved reinforced pillar structure using tie-rods and pressurizing
panels is proposed to construct multi-placed rainwater detention caverns in

urban area. It is designed for the development of construction methods of
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reinforced pillar system to improve the rock strength based on a confining
pressure and global arching concepts. Stress concentration cannot be avoided
during the excavation of the following tunnel, and might lead to an unstable
condition in the pillar. The applicability of the reinforced pillar system is
verified through an experimental approach. Applying the pre-stress (or the
confining pressure) will switch the pillar stress back to an elastic state and
secure the stability of the pillar. It has been shown that the proposed pillar
system has a practical advantage of exerting the strength of in-situ ground, as
a time and cost-saving structure, without relying on pre-cast concrete structure.
This research provides a pillar design guidelines, including other general
specifications of tunnelling, which are developed through the theoretical,
experimental methods and numerical simulations. The guides will be presented so
that tunnel & cavern planners, engineers could recognize fundamental factors
that should be considered in pillar design.

Adjacent excavation of urban area require deliberate analysis not only
safety of inherent retaining wall but also influence on ground and structure. To
control damage or mitigate their effects on nearby structures, it is essential to
recognize the whole mechanism of the behavioof structure and its surrounding
ground during construction. In this study, model test is carried out by verifying
the measured surface settlement according to ground and tunnel excavation. And
numerical analysis for deriving construction settlement is conducted. The purpose
of this approach is to investigate the effects of excavation- or
tunneling-induced ground movement on nearby structures, considering
soil-structure interactions, and to provide a procedure to estimate reasonably
the structure’s damages before construction. And this research will provide
rational methods of assessment for structure’s damage from the result of
experimental and numerical analyses, and appropriate measures such as

underpinning or reinforcing structures etc.
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(2) Inundation risk assessment in underground space

A modern urban flood disaster is caused by a heavy rainfall resulting
from climate changes in a highly developed downtown area. This disaster can be
defined as the so-called 'Natural-Technological (Na-Tech) Disaster’ in that
natural disasters (e.g. typhoon, flood, earthquake, etc.) are accompanied by
technical disasters resulting from mankind’s construction development or
industrialization or the damage grows due to complex aspects of those technical
disasters. With the increased number of underground facilities, safety issues of
underground spaces against natural disasters have become an important aspect
of urban safety. Underground facilities located in flood prone areas are very
vulnerable to flood disasters. And in order to implement counter-measures to
resolve this problem, the flood risk in underground spaces should be properly
assessed.

Considering Na-tech events, one of the main current efforts is the
definition of a risk assessment methodology for flood and technological events.
This vulnerability estimation can be performed by analyzing a series of
parameters that pertain to physical, systemic, and functional aspects through the
Analytical Hierarchy Process methodology (Saaty, 2006a, 2006b). AHP is a
methodology to support decision-making processes by defining possible
alternatives within a weighed multi-criteria framework. The factors are
weighted from the responses of 60 experts to questionnaire. In this study, the
AHP approach is used with four criteria to estimate the importance of factors
as criteria with three or four alternatives relatively related to the inundation of
underground structures: (i) local topography and site condition, (i) local
precipitation  condition,  (ii) drainage system of facility, and (@v)
inundation-vulnerability, safety and evacuation system of facility.

The AHP result of weights on the influence factors shows that ’Local
precipitation condition’ factor is the most preferred, followed by 'Drainage

system of facility’ on the second ranked level. ‘Drainage system of facility’ on a
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structure can be assessed as one of the most important flooding factors,
considering that the ’Local precipitation condition’ is an uncontrollable,
meteorological factor. At the third-level assessment of influence factors,
‘Rainwater drainage tunnel, storage cavern’ is the most important factor for the
criterion of 'Drainage system of facility.” And it is shown that "The amount of
rainfall, rainfall intensity’ and 'Capacity of drainage system in a site’ have the
highest value for each criterion of 'Local precipitation condition” and 'Local
topography and site condition,” respectively.

The scope of works includes detailed computational modelling to more
clearly define the flood risk resulting from surface and sub-surface pipe flow
interactions. In the characteristics of the flood risk areas, the more detailed
hydraulic modelling needs to be able to represent the following characteristics:
(a) Improved analysis of inundation flows via better definition of physical
situations and hence improved accuracy and confidence in results. (b) Prediction
of flood hazards through parameters such as the velocity depth product and
flood duration.

For these reasons, in the case of the underground inundation study, it is
decided to research one dimensional - two  dimensional (1D-2D) modelling
systems and select one for carrying out the more detailed hydraulic modelling.
Continuity and momentum equations are used as basic equations in the model.
An improved numerical model is used, which can treat both surface flow on the
underground space and inundation behavior, for the simulation of an inundation
flood assumed in an underground space. A 1D-2D linked model is applied, with
the consideration of rainwater water storage and inundation hazard parameters,
such as the flow velocity, duration, and depth of inundation in underground
spaces. This results provide detailed information on parameters and deliver the
required strategic information for evacuation planning.

An experimental approach is also conducted using a 1/20-scaled hydraulic

model of an underground space in the city of Busan, in order to study the
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behavior of surface flow in the area. The test result shows that the time to
reach the immersion depth of 0.5 m is delayed, compared to a scenario for a
simulated storage cavern. This can be used to secure the evacuation time in a
flooding emergency. The general aspects of surface flow of the experimental

model show the similar behavior as that of the numerical model.

(3) Integrated improved drainage and management system using optimization
technique in urban area

Urban floods are closely related to changes in the urban environment.
They are influenced by urban area characteristics, and flooding occurs also
when flows exceed the designed capacity of drainage system and probably
causes great damage to property and human life, especially in the urban area
with the underground spaces such as underground shopping malls, subway
stations, etc. The primary purpose of the improved drainage system is to
provide the newly operating and maintenance of drainage system linked with the
existing sewer system to mitigate inland flooding in the urban area and the
underground space.

Rational and reliable simulation model for inflow and inundation behaviors
are developed in this study to predict inundation processes due to floods in
underground spaces. And the simulation is to identify the intensity of rainfalls
that could cause water entry into the underground space, paths of water
entering the underground structure, flooding depth etc.

For the purpose of evaluating the mitigation effect of inundation,
numerical simulation is performed using a ’'Storm Water Management Model’,
which considers discharge with rainwater storage facilities in a new-town area.
The simulation reveals the applicability of a flood mitigation system. The results
show a newly drainage system linked with the existing sewer system to mitigate
inland flooding, and to assess the mitigation effect of inundation when installing

an underground rainwater storage cavern in an urban area.
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The Integrated improved drainage and management system based on
optimization design concept provides the applicability for the ensemble flood
control and mitigation system, and shows the best place to be located and the
appropriate size of the underground retention cavern, then give improvements

of laws, guidelines related to flood control in urban area.

V. Application

By conducting this research, it will be expected that the development of
high-tech system for flood forecasting, enforcement of flood disaster protection
ability by securing advanced planing and design technologies, and minimization
of inundation disaster damage in the underground spaces and urban area. And
the results of these research will upgrade its control and maintenance system
through the newly and improved technology level against flooding disaster, make
possible by the creation of the rainwater storage cavern facilities and systems.

The results of this study can contribute to the construction of a high
accuracy integrated flood damage management system for flood disaster
prevention and mitigation of multi-complex underground spaces. The new system
and technologies will contribute to the establishment of the national integrated
flood disaster prevention system and protect lowland management system in
urban area, and improve the existing flood control system of the Ministry of
Land, Transportation and Maritime Affairs, the National Emergency Management
Agency, and local governments, and would be essential for their decision making

process for flood disaster prevention system.
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O TUFLOWeOl A o]&3slal = 23 e] xS & WA 24 (shallow water equation,
SWE)2 th3# Zo] 3 HAA e X, YHIFoRE AL 9 &5 Av|EPgd2o
2 %3y

o, o) | oUh) @D Continuity) (4] 20)
ot ox oy

ou ou ou ¢ n? i 2 2 o*u 9% 1 op
Tt u—tv—— o+ gt - o — |t ==
ot or Vay VT o gu( g3 2 Ax) w 2 oy or ¢
(X Momentum) (2 2D
8 8 9 2 f P P 16
—U—I—u—v—i-v—v—i-cfu—i-g <—i—gv i : u? 407 _v+_v P _
ot or  ay HY 5t > oy oy Y
(Y Momentum) (2 22)

o] 7] A, ¢ = Water surface elevation
uandv = Depth averagedvelocity components € Xand Ydirections
H = Depthofwater
t = Time
xandy = Distance € Xand Ydirections
Axand Ay = Cell Dimensionsin Xand Ydirections
¢y = Coriolis force coef ficient

n = Manning'sn
f, = Form(Energy) Loss coef ficient

u = Horizontal dif fusionof momentum coef ficient
p = Atmosphericpressure
p = Densityofwater

F,andF, = Z of components of external forces (eg.wind) € Xand Ydirections
() dZAY AA

obh N s

st AsEEEE7hH 2 AR Ask3AGunken) o =2

=
TFREY, 374 ARFE AolE AR} FYTE F SALolL, AYOZRE
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nai+0s-l030+05 o005 075 vosfoso i
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0 +0a=|os0+05 | L1 +05 |l 38 +0 3

50 0r8 | =110 | =160 | =188

Flood Hazard Colour | Hazard to People Classification

Rating (HR) Code

Less than 0.75 Very low hazard - Caution

0.75t01.25 Danger for some — includes children. the elderly and the infirm

12510 2.0 I | Danger for most — includes the general public

More than 2.0 - Danger for all — includes the emergency services
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NO7 - - - - - N33 266 - - - 100%
NO8 - - - - - N34 - - - - -
NO09 - - - - - N35 - - - - -
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NO41 - - N30 8,581 100%
NO5 - - N31 598 100%
NO6 - - N32 399 100%
NO7 - - N33 266 100%
NO8 - - N34 -
NO09 - - N35 -
N10 607 607 0% N36 129 87%
N11 - - N37 73 100%
N12 - - N38 7,438 100%
N13 240 - 100% N39 275 100%
N14 - - N40 119 100%
N15 28 - 100% N41 54 100%
N16 87 - 100% N42 8 100%
N17 9 - 100% N43 -
N18 4 - 100% NO1 -
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N20 266 - 100% N28 -
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Sub02 3,980 0.12 sub19 1,280 0.13
sub03 1,740 0.05 sub20 27,030 0.81
sub031 230 0.01 sub?21 4,490 0.14
sub04 10,870 0.34 sub22 20,330 0.61
sub041 6,850 0.21 sub23 1,320 0.13
Sub05 12,580 0.39 sub24 8,260 0.25
sub06 6,620 0.2 sub25 185,270 4.94
sub07 10,900 0.33 sub29 9.420 0.28
sub10 54,910 17 sub30 19,170 0.56
subl1 2,560 0.03 sub3l 31,430 0.94
subl? 12,310 0.37 sub33 10,070 0.31
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NO3 878 - 100% N24 30 17 43%
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NO04 14 - 100% N29 1,827 166,640 0%
N041 31 - 100% N30 121 8,581 0%
NO05 41 - 100% N31 846 598 0%
NO6 - - - N32 585 399 0%
NO7 - - - N33 651 266 0%
NO8 - - - N34 - - -
NO09 - - - N35 - - -
N10 607 607 0% N36 162 129 20%
N11 64 - 100% N37 18 73 0%
N12 110 - 100% N38 516 7,438 0%
N13 231 240 0% N39 465 275 41%
N14 - - - N40 148 119 20%
N15 36 28 0% N41 134 54 60%
N16 80 87 0% N42 11 8 27%
N17 11 9 0% N43 - - -
N18 3 4 0% NO1 - - -
N19 18 17 0% NO11 - - -
N20 262 266 0% N28 - - -
N21 - - -
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N021 320 326 329 0% N23 - - - -
NO3 878 - - 100% | N24 30 17 - 100%
NO031 26 - - 100% | N25 62 61 - 100%
N04 14 - - 100% | N29 1,827 166,640 - 100%
N041 31 - - 100% | N30 121 8,581 - 100%
NO5 41 - - 100% | N31 846 598 - 100%
NO6 - - - 100% | N32 585 399 - 100%
NO7 - - - 100% | N33 651 266 - 100%
NO8 - - - 100% | N34 - - - 100%
NO09 - - - 100% | N35 - - - 100%
N10 607 607 607 0% N36 162 129 17 87%
N11 64 - - 100% | N37 18 73 - 100%
N12 110 - - 100% | N38 516 7,438 - 100%
N13 231 240 - 100% | N39 465 275 - 100%
N14 - - - - N40 148 119 - 100%
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N16 80 87 - 100% | N42 11 8 - 100%
N17 11 9 - 100% | N43 - - - -
N18 3 4 - 100% | NO1 - - - -
N19 18 17 - 100% | NO11 - - - -
N20 262 266 - 100% | N28 - - - -
N21 - - - -
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TPHAAE HE oz ofe HE AX AF

T Case 1 Case 2 Case 3
=ol(m) b} ) )

A 2 (ni 800 1,000 1,200
AFA & (n 4,000 5,000 6,000
TE=FEY) 284,444 355,555 426,666

EFvCd) 92,096 115,120 138,144
A () 984,459 1,133,795 1,283,131
71 A () 69,000 96,000 126,000
EF ARG D) 1,429,999 1,700,470 1,973,941
A 738 (K ) 572,000 680,188 789,576
BRI A () 200,200 238,066 276,352
3 A (A ) 2,202,198 2,618,724 3,039,869

- 241 -



(W A8t AF/3s HAAFR 24 dags A

O FAA ¢ugFss 7|z 3 53 -3 daugE

O GA(Genetic Algorism)E 7IRFS.&2 A F{FA| FAH G HAst D WEo A
AL Astet 22 sty ol EATFE JHAA HH ARA Y X9 &F
< AAsA oo 2 tEad A3 dugES o83 AFA AAHES A

O ol ¢ = 274 A US Environmental Protection Agency; EPA)Ol A A &3lal gl&=
EPA-SWMM 5.0 engineg Ap&3ste] EA] 3o 34 9 SFAFA AA
e gEas BAgondAds dug=e A T SWMM DLLY AE3std]

-

A%

O
v
N
Y
B
2
ot
4
ki
AU
[N
o
r>~
i
rlo
™
2
ofy
=2
>
Y
olo
kil
o
SiA

x| wel 3aARE
wHjE Y3t MAY A= BEE ZAAHS= AS=Z =AW Rankel 2ols)A

AR S, o= A tih @A LelHy] BRe] HSE I AA Ghe

LML
O GAZ 0|48 0Ea HH3 dnEe AFA 42 FRE vigoz AFA 4

O o HAoIA FaAel 27, milel &, Edwo] & 2 Ao £ Asiy
27 AV EUE AFA 4K A% §FL AYAE T WS AV,

O ©% SWMM DLL3} iAso] 94g Amel td +28td B4 Fass] Hx o
FAoNH CARNE AT Zzte] ARA AX Fuo| st Hao ARl
P AsE AP 1.

O GA: T SWMMS] A& Agwecl A= B4 2 ohg Ael AFAY 91
s g AYEA P

O ASARA 24X Agol met GaAe] 27w FYshs 9 L FR| ol
WA, ol2A AHE FTS A ARA ANEE FelsH 242 53 U

Fe A .

O 2449 23 & T 7H Hao dRrde TN ARA 23 oA 2 &F2
=
=

- 242 -



EHH MFE= U8
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O PAR(Pitch Adjusting Rate)
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g w2 e 27 9sl 71 sfiek olkee we LHTFeEA HSY deE

A7)1= AAA(Geem, Z. W. et al., 2001).
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A6 ATNLHAANA 3T eIt

2 AollM= & Aol d7ARAA AN FHTE AAARE AlTAEE

A lA RIUEAZEE € FAFITE ArE 24

1. 98 2yl AstzAR

F
- 274 2 A% . A 12.5m / 4.5km
- AASE : 540,000m

- X A® oF 40mEtR

/_/”" 5
¢

Nishi-Tokyo Clt’y,l’

e '_“fSuginam‘r-k& "1—_,5\ L~

g AR = e
5 s, ano-|
{ﬁ;sashxnc City il el e -
e =rEEF -

—Q jrbsH

Miteka cn\ SR Ge==r)
— < : ?L_x S—— 'E‘_\?:\_\{:?’_ o Ty min, G
—r ) 1
Cholu City, Wi e N Y
i Legend =, D e {;fg;- =
“ mmSlage 1 Project i
B Stage 2 Project Setagaya-ku

__Kanda River Basin ©_; Flooded Area (September 1382)

<1d™ 6.1.1 & ortet AstzdA] 92>
. &4
O % 29AZ TR AatzdA 4T
- 194 : 2kmZ o] = 240,000m® &Fo = 74 (1988~1998 ¢-3)
- 2244 : 2.5kmZ o] 2 300,000m® &Fo = A (1995~2005.9 £+F)
- AgtzdA] AFA Z2FH : Shield TBM A&
O AstzxdA +& a3

=HE

- 1997 FH5ANAl o] F 2330l AR RN AR g&o = dHFA

Sola) 7

- 296 -

=3

=

Aoz



Comparison of Typhoon No. 11 (1993) withTyphoon No. 22 (2004)

Total Rainfall
{rainfall per hour)

Area Flooded

Houses Fiooded
{above and below floor)

288 mm (47 mm)
85 ha

3,117 houses

284 rmm (57 mm)

4 ha

48 houses

Houses
3,500

3,000
2,500
2,000
1,500 |
1,000

500 |

3,117 houses

46 houses

el it = - e i)

0

Typhoon No. 11in 1993  Typhoon No. 22 in 2004

<19 6.1.2 Zortel AstxzdA 8 EI

Her= 2 BE ASHEISDER
Sdm ~ 43 m

hAN

TSI

D=l g
- ) S

|

) 0 D G ) (B (G (53 )
[k o
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2. u)== A)7}3 TARP(Tunnel And Reservoir Plan)

7} M8

O A : wl= Al7kare] de]o]F(Lake Michigan ¢4¢H

O AFEF 2 74 : M4 AFAFA A2 43F : 6.905x10°L)

O HEAZHEEHE) - & 4719 BE= FE2AAH F d& 176.1km

COOK-COUNTY

(O7HARE)
UPPER
DES PLAINES
. TOTAL

SYSTEM
606 MILES — /"
|:I — MAINSTREAM

O'HARE SYSTEM
RESERVOIR : 40.5 MILES

COMPLETED
== 1EG
VB2 MILES

LAKE
S MICHIGAN

CHICAGOD

( TORRENGE

AVENUE LEG '\,\
MC COOK AREA 7.8 MILES

HESERVUOIR

CAL-5AG LEG
SR WILES _\

LT LEIGAL
LEG
7.7 MILES

140TH STREET _¥ ~
B INDIANA -~ LITTLE
AVENUE CALLEG

LEGS ;
5.5 MILES THOHNTON
? Al s RESERVUIR

TOTAL CALUMET
SYSTEM
SH. 3 MILES

GCODK COUNTY.

<29 6.1.5 TARP A" AYE>

. A
(1) Phase 1(LLGEAAA)
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IR #A Fdskes s AR Jebl, HE 2 grigo g 4

HlEA 20 B

- Hg AA 974 . 176.1km[Mainstream System(65.2km), Des Plaines System
(41.2km), Calumet System(59.1km), O’Hare, Upper Des Plaines System(10.6km)]

-Hd A4 9 A% : 24m ~ 10.8m / 47.7m ~ 109.7m

- ZF 970kie] AHoZRE FEF A A2 &%

O

- 6o H=2 FA(F &7 2.7x106n /day2] H= 40, 1.2x106ni/day2] H= 2t))

O HYAADrop Shaft) : 2407) &

O

rr
NE
Ll

O I~ o R
T =T

o

3L

(2) Phase I(ZTHFE TAAA)

Chicago Underflow Plan(CUP)

O 34 AFALFA AHE&F : 6.905x10°L)

- O’Hare reservoir(1.29x109L) - &

- Thornton reservoir(29.9 < 10°L) - 20123 &< 4
- Mc Cook reservoir(38 x 10°L) - 2015 <3<l A

Q) HEANZHH

O H434 : TBM

- Machine Type : Main Beam TBM(Robbins Company), 1] &7 : 2.4 ~ 10.8m

- ol#e F AT A9 HE =23 & FAYE ol A3A7MA AW A RTY
Al A=A

- "WrkRE &Y & 54 12in 2IYE TS T W BA - FIYE A7] - HA

7 - AFY AN 2AYE 7] &Y FH) 2443 A% 59

<1¥ 6.1.6 &8 TBM ZA8I(H74)>
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3. =& HEAAE DA tunnels and reservoirs)

gt~ Paris, Sceaux, Cachan EA| 9l A FZ-BlEXAEd-A 3-2Z2-X]5}uf

D AFZ(8714) 605,200m?, BIEAAE D4 4) 249,500m®

- A : Ivry-Massena(TIMA)
: 80,000m*

- B : Ru de Chatenay :
34,500m*

- C : Blagis Cachan :
25,000m*

- D : Cachan Charenton :

110,000m?

<19 6.1.7 =32 v BlEAZHE 8 AfFE A

7 A8
O AA -
2 A7
O AREF 2 74
‘ Laln\-‘mc"-.‘
a Briche Xéi}%;g-
® Clicky i
Marne aval
! 'I. Charentan
! I »
T |ADy #3EERREY
k 1-8 .8 AF=
4. 54

D AEAZEE
O =&34 : TBM 5 7| A=23H A&

<E 611 =g~ g8 HE

AZEG ol gd VAZATYE THE A
T £ o 3 H A Am | 9 Am
A : Ivry-Massena(TIMA-1) | Herrenknecht EPB 7.70 1,850
A : Ivry-Massena(TIMA-2) | Herrenknecht EPB 4.88 750
B : Ru de Chatenay LOVAT Open Mode 7.08 1,250
C : Blagis Cachan BESSAC Back Actor 3.54 3,500
D : Cachan Charenton LOVAT EPB 7.08 4,200
O Ivry-Massena, TIMA-1, 2 BIEAZE Do EA4
- Ivry-Massena(TIMA-1, BIEAAEE) : A& 1.86km, HZA74 6.8m, AHFE&F

80,000m*, F&AB % 27§ A&(A 74 17m, 30m A=)

- Ivry-Massena(TIMA-2, HlE-&%$Ed, A=

4.0m, A% IO FES A4)
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21| A Gare de Lyon e Pl sis =
; L (o Omnisports
Vi de Paris-Bercy [

Pant National
- o ==

IVRY-SUR-SEINE"

{Ivry-Massena, TIMA-1 Bl&AZEd> <Ivry-Massena, TIMA-1 2|78 =>
<2¥ 619 =g~ vg] BlEAZEE ¥ FAYE(HAED
2 Atz d AFE
O A Z - A3} 10~100m A= 9], 27 2.5~6m, <33 200km

O AF=ZBasin) : FUAA (AN S, Puit) 2 2 3}8) = Z(Emissaire)$} &2

Représentation 3D du bassin (& gauche)
et du puits des Cormailles (3 droite)

AspF> AF2-FAAE-AS 52 AdR2 =

<29 6110 AFRFERR) D AFE-FAPE-AFE AARA =
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4. QB Aoletuld ; £ 9 W4E
7} 8

O #A 2 54 =5 A9 Audd Aelgntd s 525 Wikd, Fgn2d 5
o] Ag dtdo] B SO dl B el S W, FYHAo] F oxEHo=w
B 53

O AdTE

- #-<478(shaft) : 57014
- AR, AFE 0 FATEF 670,000mP

- Wi<RE N - HiSRSE 200m3day

i}, 53
(1) %73(Shaft)

O SMEFATFAE ~ AS5HAZ), 278 30m, A= 60m

G2 78> Z I3 78>

<9 6.112 =4 922 tu FA73HAE»
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() A=
O A7 10m, 9% 6.3km, A58 490,000m’

Q) AstAF=

O 59719] 71Fe] AASHL U= tE dAE2dTE, AtATE AdH+ L8408 &8 5
O 9% 177m, & 78m, =o] 18m(ZF+4 271 =27])
O A& 180,000m*25m =712 U¥+ =44 9007 £

@ i< Exl

O 14,0009+, #l452 200m’/day

@) Ashgr= (b) AsAF=Z

{<I¥ 6113 =4 Fyrre Az g AstAF=(d 4>
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5. T ol o} AHLEEE A

O ZdojAote] FLetFF=22 2utEHE S AlA 100 AS5E24 355 =7 9

O SMART E@2 Kuala Lumpur =419 &4 ZAE ¢3tst7] A 4% A

3 Ty o|Alo} FetgxzEo) wt=s Zo] 11.5kmael Eldolw, F Aol 5,400m
(Zo] : ¢F 3km, &7 : 13.m)o] 1L, Ixshield TMBS AM-&3tH, F-Al= 2,800=0]H, 3
29 HE53 F=x2 o] Hddes =2 24 HE Elde] 2 dXH

25 A FodY HAY ke $AHoR 3E ke X

g BAA 1Tdds 7 323, 253 3Foe Aol U AR, E wol=

HATE ASS UL, RE HYS BE %u A4AR Tonus TR
s

(a) Smart Ei g /\] FAl (b) Smart B|E =23

<1¥ 6.1.14 Smart Ed A& =L 2>

2. 5 4
O B9 Ag=olA Yebd AAXT Sg Ampang 3 Sg Klange] 43 SMART #9-=
Esle] 2 FFATQ Masjid Jamekast 1 S1ZA G LS ARAZL F A

t}. DID ¥ ° 2 Batu/Jinjang Pond and Related Diversions2 HH® 293}
BZAEY A&EFAoR FPHa Ut SMART ZEAHEQ E2A S Sungai Gombak
and Sungai Batu 9 A <(dl 24 PWTC, Jalan Ipoh, Segambut, Kepong)¢] 1001 %1

5o o3 IS WA sy] e o 24, Sungai Gombak¥ Sungai Keroh

sy
of FEFE MEAHLE Batu ARFAZ FUANA EA Wl FEFe F2AZH
‘?__

Ny

-
SN

1
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=

Z2AHAEZ HEAY 9 =2Eld ¢krlolt}, o] ZZAHAEE= MMC ¢l Berhad 2
Gamuda Berhade} &7 @#o] Ao} A . d4E @ Dy o]Aof nE&EFE7]|Ho R

=

A

AT AR FH7IES & dde T 13U,

%

O A+23} Sungai Klang®} Sungai Ampang® %&FA3 Sungai Klang¥} Sungai
Gombak¥} SG Klang &FA o] E47F HAE 4 &= A HolH, Jalan Tun Perak
te(Masjid Jamek Aol ol A3z oz FHA A FoFHS I

O SMART A 2HE FaAHow FY=HE TS bypass B|EH ¢4 - AF{FA
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