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Summary

Summary

I. Title

B Planning Research & Feasibility Study of New Water Supply System for

Next Generation
II. Research Objectives

B The objectives of this report are to propose reasonable sub-research projects
for core technologies of new water supply system for next generation and to

plan detailed tasks of the project.
II. Research Contents

B Establishment of research objectives, contents, and strategies for the core
technology projects
= Planning of sub-research project objectives, contents and strategies
* Proposal of an industrialization strategy of sub-research projects related to
water industry and oversea water market.
= Specification and quantification of the research objectives

» Assessment of the fund reliability

B Preparation of request for proposals(RFP) and requisite for the head of

research group

B Feasibility study
= Technical Appropriateness study : Analysis of priority, prospects of success,
and overlapping check with the existing projects

= Political Appropriateness study : Analysis of national strategic importance,

Vi
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Summary

correspondence with superordinate programs, and adequacy of research and

development system

= Economic Feasibility study and ripple effects analysis :

Economic feasibility

through the analysis of economic and technological ripple effects

IV. Results

H PART 1

Sub-technology
projects
Government budget)

Objectives of each project

Sub-Contents

Development of

* Developing design technology for

Development of design and

O&M Technology
of NWSS and
Water Security

Technology

(8.2 billion KRW)

and stability of water quantity

= Securing semi-permanence

= Establishing the  system
"No-Interruption”

» Developing water security technology
for disaster and accidents

for

. decentralized vertically- process|construction technologies for
Design apd combined treatment system|decentralized WTS
Construction (20,000730,000 ms/day) Development of design and

Technology for |. Securing redundancy at least|construction technologies for
New Water 30096 underground storage facilities
Supply System | = Curtailing 30%  transportation|to secure emergency water
(NWSS) on energy Localization of construction
Decentralization | = Curtailing  70% the footprint off and O&M materials and
and underground the existing equipments and software
o » Targeting less than 1.4 times the|& Development of core
(17.2 billion KRW) existing construction cost technologies
» Securing soundness of hydraulic/Development of innovative
Development of structure, safety of water quality|operation and management

technologies for NWSS

Development of water security
technology for disasters and
accidents related with water
quantity and quality

Development of
New & Renewable
energy Production,

Application and

Fusion

Technology for

Establishing

Environmentally

Friendly Water

Supply System
(104 billion KRW)

» Achieving 309
independence of WSS

= Promoting the energy efficiency
for realization of ”"Smart Green
Water Supply System”

* Development of energy generation
technologies  from  photovoltaic
power, small hydropower, fuel cell
power, geothermal power etc.

* Developing water treatment plant
emitting CO: free with core
technologies for penetrating to
global water market

energy

Development of new and
renewable energy generation
technology related with water
supply

Development of innovative
energy application technology
related with water supply

Development of low carbon

water treatment plant

Vi
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Sub-technology
projects
Government budget)

Objectives of each project

Sub-Contents

Development of
Design
Technology and
Prototype Model
for Decentralized
Water Supply
System (DWSS)

* Developing design technology for

decentralized vertically— process
combined treatment system
(20,000730,000 m”/day)
» Securing redundancy at least
10096

= Curtailing  70% the footprint of

the existing

Development of design for
decentralized water treatment
system(WTS)

Development of design
technology and  prototype
model for vertically- process

combined treatment system

Establishment of draft for

System (DWSS)

(3,689 million
KRW)

(2,135 million = Targeting less than 1.4 times the legislation and institution
KRW) existing construction cost for DWSS
Development of | = Developing construction technology Development — of — innovative
Test-bed for for DWSS test-bed construction technology  for|
Decentralized - Over 500 m’/day vertically- DWSS
Water Supply process combined treatment system
(establishing the similarity to the|Development of connection

20,000730,000 m?/day capacity)
= Developing technology for
connecting DWSS with the existings

technology with the existing
distribute supply system

Development of
O&M Technology
of DWSS and
Water Security
Technology
(3,932 million
KRW)

= Achieving 309
independence of WSS

= Promoting the energy efficiency
for realization of ”"Smart Green
Water Supply System”

» Securing soundness of hydraulic
structure, safety of water quality
and stability of water quantity

= Securing semi-permanence

= Establishing the system
"No-Interruption”

= Developing water security technology
for disaster and accidents

energy

for

Development of the connection
technology for utilizing the
existing multi-regional WSS

Development of innovative
energy application technology
related with DWSS

Development of innovative
technology for managing
water quality and safety

Establishment of total
operation and maintenance
system for DWSS

viii
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Figure 1. Energy production
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Figure 3. Energy self-sufficiency*
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Figure 5. Breakdown of final consumption
by sector and by source

100

a0
a0 .
70
60 —
50 - —

40 _-

30 T -

Mioe

Figure 2. Total primary energy supply

1870 1980 1990 2000 2010 zozo

@ @
& 8
P
b.

W Comb.

3 2030

W Coal 10 mGas Nuclear Hydro/other ren:

Figure 4. Electricity generation by fuel
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Figure 6. Selected indicators

5000
4500
4000
3500
3000
2500
2000

1500 /

1000

=100

1670:

500

20 — T
0 = B
8 .

1973 2006 2030
Industry

mCoal 10l

1973 2006 2020
Transport

o Gas Electricil

1973 2006 2050
Other sectors™™™

ity B Other™™*

o

1870

1980

1990

e—TPES/GDP
T PES/capita

2010

2020

CO2/GDP
CO2/capita

2030

Self-sufficiency is measured as production divided by TPES.
Includes geothermal, solar, wind, combustible renewables and waste, ste.

e ct. outputicapita

Includes residential, commercial and public services, agriculture/forestry, fishing and non-specified.
*** Includes combustible renewables and waste, direct use of gecthermal/solar thermal and heat produced in CHP/heat plants.
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2. %9 A% @3 2 A%
o= BAA(NR) BT 2 A

12 42 XS 20M17] S ™ MAHL el Fet TASHMYse| dEg2
2 3A dHEsen, 2 2= H MAHLE ZELXo=R T A2z oF

*Goldman Sachst 1< A AAZCZ Eo W3t o7 20dntt T 5
7} ttal 3% (The Economist, 2008)

YA LS gF A Mz AFAolvet thA7E Theshd B2 Aol X
the WA g2 o A7

132 211 20417] AlA 17+ S7F B =AI8E Fol]

A= MA el+(8) ZA] 2H(3) EA=2tE(%)
1900 1,619,886,800 232,694,900 14.3
1970 3,610,034,400 1,354,237,000 37.5
1985 4,781,124,000 2,053,544,000 429
2000 6,055,049,000 2,881,079,000 47.6

* 27 Greenway and Monsna, 1989; Barrett and Johnson, 2001
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Packaged water 19.5%

‘Global water

Industrial water 4.6% Utilities 70.6%

Services 7.6% Utility operating
E Process Wftfs" 2% expenditure 53.6%
equipmen 4%
: Drinking water
capex 22.8%

Global
industrial |
market

| Wastewater

$23bl‘l ‘ 7 Equipment
2009 28.9%

Chemicals 50.1%
Wastewater
capex 23.6%

Water treatment
plants 9.6%

Wastewater
network rehab 9.7%

Desalination 7.2%

| New wastewater
| networks 23.2%

Water Utility capex
resources

14.9%

Water network -

rehab 6.4%
New water
networks 10.7%

Wastewater treatment
plants 18.2%

Professional/
other 10.2%

Pipes 20.8%

Site work W combined
22.0% / capex

. $172bn

Other equipment 27.1% Membranes 4.4%
Disinfection 7.9%

Pipe
rehabilitation

2009 services 15.5%
Equi;:ment - > Equipment
18.4% 7 " Pumps & valves 13.2% market | | Sludge
= $32bn ] management 18.9%
! 2009 J

Biological

systems: 15.9% Meters 6.5%

Headworks Filtration systems 14.4%

screens 4.9%

A5 1 GWL 2009.7

g BEeh) ATE A BERoh oF 5% W
% A% Y, Ho Ardrsag 2
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IS HE7IYS 2R 3712t 7|9 & 999 0| '08ANX| 10 St 2Hj

-+ = ‘99 | '00 | '01 | '02 | '03 | '04 | 'O5 | '06 | '07 | '08
= 7} & 13| 15 16 15| 18| 22| 28, 27| 27| 28
71 4 700 81 82| 84| 102| 117| 128 | 142| 145| 150
+ OECD =7} 59/ 69| 70| 68 73 72 771 74| 75 78
R = 2 2 2 2 6| 13| 13| 18| 19| 20
= 9 10, 10| 14| 23] 32| 38 50 51 52

2} 5 : Pinsent Masons Water Yearbook 2008-2009

ICH=% 7|2 AT HRE 44
9] 5th7](Veolia, Suez, SAUR, Agbar, RWE)2] A|Zdf&0] 01d 73%S
Ao 208 39%7A sh=

|3 214 A1 Afe 88 - Arz Ad771E | @9 Wiy
L= '99 '01 '03 '04 '05 '06 '07 '08
Veolia 748| 952| 1045 1082| 1175 115.0| 133.9| 1193
Suez 81.7] 947] 1042| 1024| 1045 98.2| 100.4 88.2
RWE 23.7] 565| 701| 695 67.2 427 35.7 38.2
Agbar 312] 353| 352| 352 34.9 26 2.1 29.5
SAUR 276| 304| 340| 335 13.7 13.6 13.6 13.0
Al 239.0| 3121 3480 348.8| 337.8| 2955| 305.7| 2882
AA A 350 430 490 545 565 632 681 742
H] & 68% | 73%| 71%| 64% 60% 47% 45% 39%

A8 : Pinsent Masons Water Yearbook 2008-2009
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A} : Pinsent Masons Water Yearbook 2008-2009

- US Filter 5 2] AzFAE whgsta A ol Al AlF, olx2de 530
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1 216 87199 gd9%F 24 |
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1% 217 AlA 150 E71 @3 (20089) |

H2g U 2Eey

= 9 MH[A | S 2IAF
08 o | oo | 28 amer| gz | MEM L en | g
H-Z2]o} dnty 5, 287] =2
VEOLIA | 91 7}7]Y] g 4 %
VIl e megs vy Qve 19 3=, ¢4 | 10000 | 197 | 80%
'T_Oﬂ—z— %/ é_’:i““ 7]/ o =
2 2 O\]JH]":H U‘i_T_E_ S\fxe\%wwm ‘?_]. 21-7] (ﬁ Oﬂ 1;1 Z] ’ ;8_ 7]/ 6 500 11/048 99%
(272 Suez) Tt = 4
g 2A7, | oo
303 | LHel(EY) L B b B R i N 3824 | 65%
o = 1,601
T — A= Zj7]. [e)
4| 7 | clankza) | el a0 | TR L oo | oaoy
' =% 1,563
5 6 Amie@ed)| B | 39 a9es| oo | 260 | 0%
=, 5, o =
6 | 5 FCC(2#Q)) | tfanes, ., | D71 ol g7, o 2,290 43%
ngg gz | 1992
foelEE | e
7 | 4 | sgE @] (DUitd | 217191 | &, A7) Laa | 2079 65%
United Utilities) ’
Y=AE(EF . =
2719 | &, A8 , %
8 ? Macquarie) 19| & HoeT 1,536 L770 100%
American Us$
9 | - Water Works NAY | - s = 1,700 2%
(%%] RWE) 2,214
NEW Holdings| _.. = 5=, 0
10 | 10 = T nmenenan | W7H7] 4 |, Bt = - 1,612 0%
China Water - o HKD .
11 | - Industry ey | U7 | A - 3R 95 1,528 0%
Group(s =)
Severn Trent 5 297 i =
SevernTrent Vater | IRARARA B=! " ’ , 7
12 )12 CE 14 57 1552 1,448 | 43%
ACEA ) - = e .
13 | 11 (ol gelop) Cacea 2714 | &, YA 1 1,431 37%
Shanghai 5, 52, HKD
14 | - Industrial wxd| WIZE71] | 2] ek, AwlA], 466 1,390 0%
Holdings(3-%) REA 5
, &, 27, oo
15 | 13 | Saur(ZF2) | Gaw | U7d| 29X, Logo | 1295 | 58%
ZdE 5 ’
Tianjin Capital o CNY
‘l Z_]_- 7 = , OO
16 | 14 EP(%) 2222 O] 14 2 939 1,235 0%
COPASA — | - - BRL )
17 | 15 (o) B3 | 3% E Ls36 | 1220 | 0%

= A5 GWI, 7|9 E9o]A & Annual Report
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IHEEATL oFND HolE MHA U MY MHA0| FSHH, B EXSR

A A2 (2006)0] wEH, A B FAGG] o] SOCEA S FaAdE EF
stal o} AR TG Y] B2 AU b AsteE Auls 9 e A

28 A T 9.

| 218 259 Ael5E 2 e Az Sd @
oy PSS A= RE

= EA | BF | BN | BE | EAl | BE
East/Southeast Asia 70 69 71 35 99 81
South Asia 53 80 64 23 68 30
Sub-Saharan Africa 39 46 55 26 51 7
Middle East/North Africa 92 78 90 56 99 77
East Europe/Central Asia 98 78 93 64 - -
Latin America 95 69 84 44 98 51
OECD Countries 100 94 100 92 100 98

Z+5 : Water, Electricity, and the Poor, Al|A|-23), 2006

- 1999 20024 ~20254
g Al 7502 & 1,800 &
FEE TR 1309 & 1309 = (°13)
ESCRLESE 102} 1702} &
= Ag) 14091 & 70021 %
e A 70 & 3009 &
TH & 3259 & 4009E
47 BE 7595 1002} &

Z}5 : World Water Council 9], "Financing Water For All", 2003. 3
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KHMICH 8-S aAIL"E 7|2 BN

@Water Resources and Supply Areas

e

Wagisiwn e Hisrarmatn D=
—

e

Sanchara Dam Hiczmai Samn

g B R

o Tone M
————————

B
winin: Fbver

lynanie Cihann
o AraFawa

Mg =W 2EEY

=

| A—
“M.-—n-ﬂ-__nl‘ﬂblu

Trvd Devidion Waie

a Bium (under conatructan]
[ - #enficstion st

£ ‘Maler Suspivieng
BN Pump Station
— Dainbutan Miin

| 2% 2143 5749 FALH FIFA=H |

230 B89 U FEA4 |

as of March 2007

Capacity

Water Resource | Purification Plant : MR ik
{m"/ day)
Kanamachi 1,500,000 |Rapid Sand Filtration
Misato 1,100,000 | &partially Advanced Water Treatment
Tone & Ara River Asaks | 700.000 (0, & Biolagical Activated Carbon)
aSystem . . L
Misono 300,000
Rapid Sand Filtration
) ) 880,000 e - ; 4
Higashimurayama &partially Advanced Water Treatment (under eonstruction)
385,000
Ozaku 280,000 |Rapid Sand Filtration
. . - Sakai 315,000 |Slow Sand Filtration
lama River System
Kinuta 114,500 o 3 E :
Membrane Filtration & Slow Sand Filtration
Kinuta Shimo 70,000
Tamagawa (152,500} Rapid Sand Filtration & Slow Sand Filtration
Sagami River System Nagasawa 200,000 |Rapid Sand Filtration
Ground Water Suginami 15,000 |Chlorination
Total 6,859,500 =

Production of the Tamagawa Purification Plant is excluded from the total in the above table; the plant stopped
supplying drinking water since 1970 due to heavy contamination of raw water,
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CityWater TunnelNo.| =

City Water Tunnel Na.3

(24 : NYC Audit Report, Construction of City Water Tunnel 3, 1999)
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Flood Damaged Houses 2, 662
(Kanda River)
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As part of the efforls to develop safe and affluent lowns, we have planned 10 develop the "Underground Rivers® with & new
perspective and by employving new methods to secure highly effective flood control systems.

The Loop Road Mo.7 underground river, which forms the core part of the plan, extends 30 kmin total length with the imner diameter
being 10.0m to 12 5 m_ It onginates from Shirako River and combines the floodwaters from 10 rivers including Shakuii River,
Kanda River, and Meguro River {including major sewages), leading them first to the Tolyo Bay and finally into the bay by the pump
facilitias,

Second stage

First stage ) 2.5km |

Shirako River
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2(199 7. 8. 2 3prrential rain 37,000 il T8 lzumi 1712004, 10, 2 Ofyphoon#23 52,000 45 162 | Yayoityou
i1 @997, 9, Zprrential rain 20,000 43 45 | Kugayama 142 00 3. 8. 1 Sforrential rain 35,000 43 44 Naritahigashi
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—
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EMNumber of distribution reservoirs that increases in line
W|th elevation (as of ADrll 2002)

Particularly high level

; 83

(21 m ar higher) 3 Eﬂ Ej reservoirs
High level = P 17
(B81-90m) ‘,F reservoirs
Medium lewvel -~ ';' ‘. 13

(3 1-80mM) .

I’ES&FVDIFB

L“j EA
reservnirs

Tnt_a[ 1 23reservoirs

Low level g
(0-30m) ~yef e

oo MCross-sectional view of the route connecting

' i Salk i
i the urban area and Holkushin RELmERom ue el
Mishi Suzurandai
Distribution Reservair/Pumping Station

Transmission tunnesl st P BOO—E00
300 _=2.2hkm
wwadai
2k _ Pumping Station == )
Karasuhara ESE{?"J‘-:H‘I Height differential: 160
Shaft — T
Pumping 31 Dm
Karasuhara Station
100 S =
F'umplng +120
-~ b Fea00 a0
W a—ireois : —0.3km

| 1% 2187 1H|A] vi$&=xE 3 |

OFLA—F—LAF LD Y FI—4

Telemeter#telecontrol system screen
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Damaged Kobe Municipal Office Building No 2

]

A disconnected joint
(diameter . 800mm)

The coliapsed cailing of
Kobe Municipal Office Building No 2 (6F)

Emergency water supply by ship

| Lessons Learned from
IIM the Earthquake

| Existing facilities that proved
effective

@ Emergency shutoff valves

® Telemeter/telecontrol system

@ Earthguake-resistant joint pipes

Unexpected incidents that
resulted from the Hanshin-
Awaji Earthguake

® Severe traffic jam

@ Dire shortage of water far daily life |
@ Insufficient water sUpply wagons

Restoration of Egeyama
Low Layer Distribution Reservoir

@ Freguent ocoourrence of pipe-oint | A < . A /H
discennection _ g Lais s : i TR i
@ Slow progress of restoration, ;. e Restoration of Sengar Condult

resulting from water shortage at 5 4 " e (via pipe-in-tunnel method)
' sources =23

129 2192 §4 - olobx) A 2A] Sl 4319954 |

BEarthquake-resistant measures developed based on the lessons learned
from the Hanshin-Awaji Earthquake

|
/) storage system /

Earthquake-resistant

distribution pipes. A0 ..

/3

Large Capacity e
ransmission Mai

| 23 2193 3Al-obebx] Ao wFo iy A3 tig AA |

Prolonged
restoration v
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IHsl(xIT S)EhH] B Y8+ SEHA 52 fI5HH 0IF XMFZE 2Yst0 @
3 2km UoA xHsiA 22 S + AEF Sta Ao, L F 3, 10,
21, 28 CHAEZ 9 BYS ESH SSHA 152 A=SIALC
1 EFSTael 72 Z¥2 H-ordx| x[FA FU22 FE9 g3/
HEHEMS Soll A™EIA2D, X|T F 30| FY 3/AU-US J|ELE
St Ct.

1st week
(Jan.18-24,1995)

2nd week
(Jan.25-31,1995)

3rd and 4th weeks | 5th and following weeks
(Feb.1-14,1995) (Feb.15.1995~)

"How long will it take to

"When will the water

restore our lives to supply be restored?"

nstall

| 2% 2194 S1-oksb] A

Tarset imn Emersency Water

"We can no longer put up
ith :

Supply

Unit: liter/capita/day
200
200
100 =

o =
Davs after parthguake
Up to 3 davs 10 davs 2Tdavs 28davs
= e I N A Ry A
| 29 2195 As|A] 7178 S35 55 51259 |
—
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@ Water tarSP0t by widter vragtn b Rachimation of water | @ Resumption of water suply 10 one

fter lwe Bl Bt b < gl about every 200 aBd
r e emoetary ‘&artm

@ Compite r@sUmplicn
6

I @ Fecumotion of

500m §00m

| 29 2196 AHA] 355 717HE dH-AA |

Days after earthquake ~10 deys

Up 10 3days ~21days ~28days
Parcentage of households 00w | e
to which water supply has been
restored (%6)

[ Water supnlv to
indiidual househalds

(1] 2

Measures

Distribiitian fesenoifs @
With Smergancy ﬁwmﬁ%&a
 lafBe-Capatity Water tanks tc. ki

| 3
>

|

ge-Ci
(with storage funutlunj -
Disaster prevention centers [

(earthquake-reslstant storage tanks) |
[Emergency starage svsternl

Temporary water taps - Disester preventian centers

One stretch of pipes (mains)
at about every 500 meters

‘ One stretch of pipes (branches)
— at about every 200 meters

| Water supply 10 households
using temporary pioing

Storage at households, buildings ete, [ ]

@ easures that sre expected to be highly effective
@ Effectve measuras A Auxiiary measuras

| 28 2197 ASA 555 4t AA |
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Status of Water Supply Stations

Water supply station

B Distribution reservoir ete,
@ Large-capacity water tank

4 Station based on
Large-Capacity Transmission Main

Already established
D Planned

Plan for development of an emergency storage system
28 existing stations, 19 planned stations
total 47 stations in Kobe (as of March 2000

@ Issues directive
to local station
(distribution
reservoir) via
radio waves.

Distribution reservoir at
disaster prevention cente

Supply base for feed water tanks
Temporary water supply station

i
Okuhirano |
Control Center ‘

Wonitoring
and control
equipment

Telemeter
~«~ Jocal station

'
1
i
1
i
1
i
]
P
i
i
'
1

it SIS SR e = R SR

0 :

Seismometer
1 Detects
an earthguake.

| 28 2199 713 i B)A2H 7jQ |

a4 Secures

drinking H
il i 3 Ernergency shutoff
____________________ - valve is closed

E A EFEEs A, wisAc AR A A )= W E (emergency
shut-off valve)7} X% o] A XA AEZAE A vlFEo 2 172k At
TR gHel AdHe dr)

ARA Agoz Wurt w0l vdE5E T

-J%ZRWhWﬂéﬂﬂﬂxwvl%ﬂ%ﬂ w7 2
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| 249 858 S2E Y a9 48 A |

Facilities Water conveyance Water storage
Usage Reservoir Others
Tunnel
. & Underground dam
Underground River
Cavern Natural cavern
Water Supply FR 1 NO 6 NL 1
JP 6 UK 1
LS 2
SE 1
UK 1
USA 3
Sewerage FR 1 FR 1 UK 1
JP 2 NO 3
SE 4
UK 1
Industrial JP 1
Water supply
Irrigation AU 1
Water supply FR 2
JP 1
Flood control JP 3 FR 1
MAL 1 JP 2
AU: Australia; FR: France; JP: Japan; LS: Lesotho; NL: Netherlands;
NO: Norway; SE: Sweden; UK: United Kingdom; USA: USA MAL: Malaysia
A2 Nordmark, Overview on survey of water installations underground: underground

water—conveyance and storage facilities, 2002)

1) =2H2 3] A

h & olF

1 A8 : Kasumigaura Water Conveyance Project (¥+&)
27 gage] Aot ¥ SRS, 4985, $EE5 o
774 : 45 km (L), 45 m (D), 25-35 m'/s (HUFFFI)

*Naka Water Conveyance Channel?} Lake Kasumigaura®} Tone Riverg 723}

of

+ water conveyance channel=Z 43
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The new IskioLa Tunnel project
(in the se

=
\»\
@' !
one\\vgatb&gonv@a@ Channel

% £
&0 &2
A2 e 2
0 \‘09‘%;’% @ @ @ ® a\“\\%'%d\ #
] & & S £ o /(\La(@a
400 ]
35.0. ‘
0
2504
15.0 -
100
5.4
o T —
5.0 ¢
-10.0 9
-15.0 4 ,é.-
20 o
-25.04 i -
-30.0

" Intake gate shaft

2 of the ® at elevation 1981
2 of the 4 at elevation 2002.

The higher gates at elevatio
and 2036 mas! provide for
control of quality of water

(2#: www.ethisphere.com, www.chartechnica.com)

| =¥ 2210 ¥ 4&E Highlands Water Project®] Katse Dam |
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I = 2Atg| : Swedish Bolmen Project (A$]|&l)

52 : BolmenZ 9] &2 294 GRX A FF

A A 7] 0 1975-19851

74 : 35 m (W), 25 m (H), 80 km (L), 6 m'/s (HN&F+%)

BOLMEN IN!l:"TALLATION

SKEEN
RINGSJOHOLM

r— AKTABODEN RESERVOIR —

150 metres
above sea level

GROUND LEVEL
PROFILE

YBBARPSAN OVERFLOW TOWER

100 metres
above sea level

HYDRAULIC GRADIENT,
N FLOW 1.5 m'/s

TUNNEL PROFILE

50 metres above sea level

RAW-WATER TL;INNEL.

app.8m
e 1.4-m dia. 1.2-m dia.—

10 km 20 km 25 km

TUNNEL DATA ————— ‘

Volume of rock excavated

- maintunnels ................... 770,000 m?
- accesstunnels ................. 130,000 m®
= BIdINGS 5 s v vam s sviees wewE - 150,000 m®
- opencut ................e..... _. . 50,000 m?
Total .............. 1,100,000 m®
Distancedrilled .............. app. 3.5 million m
Explosivesused ............. app. 2.5 million kg
Numberof man-days ............. app. 225,000
Number of rockbolts ........... app. 40,000 No.
Shotcrete in per cent of the
tunnel surfacearea ................. app. 17%
Pregrouting in per cent of
thetunnellength ................... app. 25%
Pregrouting
- numberofholes ................. 2,500 No.
- distancedrilled .................. 310,000 m
- weightofcement .................. 10,200 t

Longest distance tunnelled
ingneday ......... ..., 20m
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ENTRY / EXIT POITS ___.

— 3
womuer L .‘_,",." e _SJH_AJKJJ
‘_ JHLAN Ru.ﬁt)u ity (e _‘j\ ,m,am.mmuw’r&fjﬁscmw

Gluicker aceess 10 & out OM
KL City Cervter
By passing major sottlenecks
Corwenient, Faster = Better
via SMART MOTOR\MWAY

| 23 2212 SMART Project 718 =

A7 11.83 m, A& 9.7 km Ede FYHl double-deck #+%9] 3 kme] A&
22§13

P 23 FE& EF
A FRHEE &

EFEHY Yol A5AEE 27

15 22 883807 $44 £ARsd wa) 94
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AT
1%

(&) 2 e5uA A=) |

'SMARTE S5 AA 28 (FDS), w&9Q - AoJA|2=H (TMCS)9] 27FA] 84
E gt FeAl wFAEE G FujAALE Y A 253

*SMARTO A AFat2 9] 92 S5zl wa A7EA S*Eﬁi =79

*Mode 1 : 57} SIAY &5 25

HU

SMARTZ 9] $-FuiAl7} B& gla, A

*Mode 2 : FX-53H invert level (7 H& /‘ﬂl‘?ﬂ.E_)Oﬂfﬂ bypass EldZ

T AEARY St deckS AHE AEZE o]&

*Mode 3 : A2 HAHIL, HIe BE FEo] $5uA §x2 A18H

- FDM A]2=¥l1¢] mode 3 &% E84& <l

- Mode 294 Mode 32 A= 7] Q= gk 113 &8

- FFEiAl o] % oA AbEAF Fdo] ANET] fEiME wi, AlE "2 TMCS
AT5S Yl FHolx 299 Azte] g

A AALE (FDS)© EUEHY FHle As $44 AX2 FA4E

« X3 ZLHY A2H 7&"%}, T, % & #A
cHYEMAM ELEHEZ : 253 9 gas purgeE EH'EY A

c DEY AAH . FES B —rﬂf—ﬂr Rdgs T3 FEFHE ALY 45
« Radio Transmission Repeater Stations : =8 ¥ 259 A%

* Radar System (&% =7 )

B4 AREA AYY gAe BUHY 243 7 AcAzry A5d A
£ PAPART AAZRY AEHE AR A5 AxaAH o Hu
SCADA A28 2 F&eln 2zEgold] s gA=m, Aelsn] o] Axy

fr
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g EUNM H2& 2ol S

< %3 hydrograph7} &5 a1, A AE o] EAIE
S 27 AEA] Sg Ampang Sg Klang®] FFHAA LFFY HFES RE
Kampung Berembang®] AFZZ 4%

HAFZRERE S5 HEE Y95 HYE FHdE 9 Taman Desa AFAZ &

1 H-8At8d| : Swedish Underverket Project (A%|%l)
ANEA ¢ S ARFE PAS A3 Aste] A4

AN 7] 1996-1998A

QLD i
TRV

AN e e
SN,

| 29 2.215 The Swedish Underverket project |

I A3 : Ormen (The Snake) Project (A¢)&)
AMEZ - T AR 2AH AP b AdE gk dAaFHew
FEFE AZdte FEE o] §HM BARE AL Astd A4

A 7] 1991-1993 1

T4 : 32 km (L), 35 m (D), 32,000 m' (*F&%)

N
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XIMIC) 82D A|AH 7|Z AT BN H2% 2ol sHyga

KARLAVAG WENNERGREN CENTER
\"?

EAYAGEN ERIKBERGSPLAN ODENGATAN ROSLAGSTULL
PUMPING STATION

-1 i g
iy -:;};--.
Y : W= R

Profile and view of the Stockholm "Snake Tunnel” for waste-water overflow.
The tunnel has a capacity of approximately 35,000 n’.

| 23 2216 The Ormen (The Snake) project |

I M 8Al2 : Saltsjo Tunnel Project (A$JEl)

AREZ . 2EZEA F5S AYste] Baltic SeaZ HIEAF)7] A3 EIGZA
99 Malaren$.8 Bo3t3, B4R FARS EAE s nA Astel] 14

=AM A7) : 1986-1989

4 : 75 km, 3.5 m (D)

N

| 2¥ 2.217 The Saltsio tunnel proiject |
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W = AZ

I =2¢0|0| M= 19501 ACH 2 E X AlQo| X|5of] HEE

"ol Fol gholide] B 171 Wil Astel A4

A PHo g AL, 5000 m® o]Fe] A{FEFIAE no-support H2e A3}
AFZ7F b ATEANE ARZEYG AR Fa, GARE I A

71 Wl Ak ehwkel] A4

1 M-8 Atg| : Kvernberget Rock Cavern Tank Project (‘= 2¢|0])
A& ;16,000 m
74 : 11 m (W), 75 m (H), 120 m (L)

P b el e el e e R A T T —I
a Q ‘i FUTURE EXTENSION 1 =
=] e I s L STl P TS DY et -—----—-—-—]
i
A=A i L=
2 LY LY “ B b A
BASIN 2 =
g
- » » > - . -
w
e L L % LN LN X B
seavice g BASIN 1 =
sEction S - = 7 > > ” »
A 4]

| =¥ 2218 The Kvernberget rock cavern tank project |

1 A8 : Hogasen Underground Water Tank (:=2%|0])
A8 22,000 m

772 : 8 m (W), 85 m (H), 80 m (L)

| 29 3.219 The Hogasen underground water tank in Trondheim |
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I M2 AL : Skullerud Water Treatment Plant (‘= 2¢0])
FA7] 19949
2 2x15,000 m' (low level AFA]), 7,000 m' (high level #&FA])

x4
<k
it

| 28 2.220 The Skullerud water treatment plant |

1 At : Knapp Mill Water Treatment Works Storage Reservoir Project (E=)
B BARAY FALL 98] Aste] A4
4 : 935 m (W), 6.3 m (H), 51.2 m (L), 24,000 m' (A F8&=F)

I X 2Al3 : Canal de Province (Z&A)
=2 Fq, rETAY 2 55
A A 7] 1960-1990A

2 A
=
»7+2 : 140 km (L), 2.3-5.0 m (D), 207} €4

I M2 A3l : Canal du Verdon (ZZtA)
A A 7] : 1865-1875'A
=772 : 82 km (L), 41 m'/s (F3), 2078 B

I Al : Snowy Mountains Scheme Project (ZF)
54 Fdes 2 et

4 : 1347 km (L), 3185 m (D)
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1 A8l : Hovringen Underground Sewage Treatment Plant (‘= £%|0])

ZHE AHls ¥AT A A FF S aPste] dAdeln, 90,0007
(Trondheim*] $17-9] 70%) ¥i& =S A 2st= Al
.]

a2 o /HEOlO_E_ :FLHQ o % ]._roﬂ A4

=

THE TRONDHEIM FJORD

| ¥ 2.221 The Hovringen underground sewage treatment plant |

I M8 A}2]| : Ladehammeren Underground Sewage Treatment Plant (‘-2 0|)
*Oslofjord®] 2 3FS st shols B8 2 AststgA g do] 149

=4 dZutere XRT HAAGF AEHeH, 10,000 m® FE Al A H

=

!

42 74
23 A2 ZWER 50,0008 3hF L 2GS A

| 29 2.222 The Ladehammeren underground sewage treatment plant |
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X2 Al : Brighton Stormwater Project (¥-=)
163, e 247 FA BE FAR A3l *( HE 35 mEer, HEe H
TEF Al AMEHH 5971 2 & Ay W

»7+4 : 51 km (L), 6 m (D), 140,000 m' (A %%*)

(7h) FFA ($5PF, 5 ARAR)

I M2 Al3| : Stade de France (Z&A)

*160,000 m' (AF&H)
I XAt : Vitry sur Seine (ZZ2)
*City Hall Square #|3}# &

*55,000 m' (A F& )

1 8Ag| : Imaigawa Underground Rewervoir (&)

5+7 : 24 km (L), 108 m (D), 214,000 m' (AF& )

1522 #2, duwo| Z83 £xgg S53te A7t ZHYH, 1
)Ll zd H

JtEoE olst 84 U ALEEZ ZHoj2 2W XYooz 0]3e0] o Al
of 9Tl B2 2IHV AT PR AYSERN UHEZ ZEHE

(South-North Water Diversion Project or SNWD) =34

2014 TS BXE Ste TFAA 2 OF AR Il =4S FHCE AT (d2
3), B3, B3}, et 4SS FHOR 49 4% 3% TEE ¥

F% A9 gEzd ¥ FATAY FelHel #49 WAE
M7 48] ¥4 (The Economist, Oct. 2008)

Eaﬂ;:r:ﬂg\ﬁ:a:.r

R
g

Three Gorges

B
_— S

=" Chiongaging

|18 2223 W meAE E 2eld B 2
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« QA Al ole AZHAI RS BE(EE) A9 300m ALEAE ¢ Oi T

AW Z AFY A e 2407 T Bwests v EH(IM) 2EAES
(TC) AlZz=dlel ofgt Al a&3 1

« TMAI 28] YES = FIHAIT A, SAS 822 74

il
Telemeter/telecontrol system screen }:}5” f

Mantaring room within Okuhirano Control Center

| 23 2225 WA 9] wjA] ZHAIA|2H] |

*H LAY : EPOCH 5! Post EPOCH Project (&)

*« EPOCH ('02~'05d) ¥ Post EPOCH (‘05~'07W) Z2 A EE FZ 3l
29 F94 7le AE-FrrY 2 FEAL AA e 2475 FASEE
Fdeotstel gAY AN S T AEY MEFEEH AHEIIH

B2 T FAHY, AAVIEY AT HE - UASF RANRE, vieA 4

ZHE, BAMAMA 5 A, v=3 EETH AT
cH}Z AT FQ3 @ AVE A HFE =3I AY VS, F5ERU)E
B2 5o FAAY, WA AT Awk FA S AlFA EAZ L o=

A AT, AW N L AT Y AT
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KAICH B3 AI2"” 7|2 20N M2% L2 etgdEA
®75~150
ERER #540m
EAFE 2m/s(EH)
| 28 2226 EPOCHY] A@#=Z (&.3Z3A] I |
| BAE JIZa 08 e ¥E AT |
l (ZrEEe) ke
|
| YES D1
[RIM2AH l | NE
|
T SEE=NOIN FIEICH | ATl QIBE T} =L X240 UZ MF
|
NO | NO
<oz> | o3>
[LHAIZH AR YES | I=m2=AHN YES
ALY LA FH0I2E EA : Egﬂigggéﬁx'ﬁe
| i | EmEE, KA A
Jlpets M2 £ @ H : e ¢ o
| CBFIEIE YR
D1: =& EAN ER4 | A eI
D2: ZHHZAL QA l
D3: S MAC QA :
L 2EEAE
D4: SHEA WRd | CUE QHAY A
|

| 28 2227 94X NEW EPOCHS # AelH 7} A=}

=1

Y+H2 ot (Failure)?| 748 Hat
=2l A9l S wE(Break)oll M 2], 54, 221#%) <& (Rupture) © 2 1 3}
® FEl(Fd), 72, AT, EF 5)A Mulsed b Ve 24
Cdede] 545 1#R H(Point)H ) BrHET= AISEA F7L Ve T S
#® @ FEEE GIS 5 0 =AY 9 =FGEE, R B

225



M2 =U-e SEEY

Breaks and Leaks Data g T QPN ! ‘Water Quality Data
Confidence Level
. 1M

Confidense Lewsl

© 2 (Medium)

I d2T JEol it 2L ooty Hat

»t-8-2 5 Z(Reactive approach)ol| Al o 2] 5 (Proactive approach)®.= w3}

i Soll M= A Abalo] ¥ (Breaks event) A3 o dxﬂ =4 &4
(Predictive analysis)$ 2|4 e 7}t vlE aHREN S 53 dids AE
%712 2z Wy o AZF "o o) —‘__J(Predlctlve Analysis

Az
Too)=4), °]% U7} (Physical Assessment)9} H|-&FA] 4=3)

[
fa

=

Cistribution

femthas System Maps

History of Mains

Data for Each
Wain

I
H r
Mauj Environmental
Repair And Physical
+

{Opticnal WMaintenance

Repair Report
¥

Develop
Water Main
Inventory

'J:
__/ Undate Undat_e Inventary &
Maintenance Repair Maint Hist | — Undates
Higtory Miap Data Base
¥
Evaluation Main's Predictive
Kaintenance Analysis
History Tad
Yeg ¥
. Assess Physical
e et Mo Action Condition of
Hydraulic and gt isEs Taken Malfs
Water Quality l
Problem Mains Cost/Benefit
Evaluate Analysis of
Candidates AWET““
Construction Prioritize Nain
ioriti i
Plans by Others Mgintéenan?e,s
Rehabilitation
Replacement

1—‘—1

Set Priorities

Schedule Main
and Plan Preventative Renlacement’
Maintenance Rehabilitation

[the-2 AR [l A4 ]
| 23 2229 v]=o] & Aeig7te] et

t
a
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KM 8+SeAlLE 7|27 2O H2g =Ue 2dEy

|3 250 & ESJo] 543 md 2 |

S/WH ZMEE 2 JEETE oS 2EHA
oSS T AEiEel wWE W Tl Wt Al 655 (6 class) W =7}
AQUA-watermin | ° A Felell A B B R MolE o= -Weibull ¥¥3k+
40 - Weibull distribution function &-& Herz distribution
(59) ozt HEFY| =9/dei o Ao Mol oA dSetal, ByA7]el BAA based on cohort survival
A4S BEUZ & Ay e mE vlE vl Vs model

0 FECISHEIEAS/WE 288 434 AT ZdYS §F EY /W
_ et ol
AssetMap (Z ) O AfaLo|E—uEE(IR)—GIS—>3(HEA] 3 Poisson3] 7 ©]&

0 BAEAE olgsle] Thakat A )0 WE ARlel W (R

OFPAnet 7|9k} ¥ v} & 23 -Weibull #3235
Eparel/epanet | ;525150 < IEB@AE, Yy, 7, 38 1 EY S)ste] 24} -Non-homogeneous Poisson
(=29A°1/M=) | omego] =3 2o FEZHATAT 5 AR At Process

o
2
op
ol
£
i)
)
Lo
>
Kl
9
i)
o
M
1z

o H]#H Y@ X2 (Proportional hazard model)

Failnet (Z#2) |oWeibull &=+5 EXZ 3 A& 7=

oMonte-carlo WS o]83}ed, Aold 7|7t F2ke] =8-S o=

0Gemini VAE GIS interfaceZ 3 3= R E 53192, interfaceS 5314
NEBEES Aste] B} 7535, DB Al2g o 25 E Aol Q3 Ko
AN Z=Z=0] 75

0Gemini VAol= #49] +93 A& HEE Hsh=

oTAA A 1

-Proportional hazard model
-Monte-carlo %'

Gemini VA

(=24°])

B

=25 A
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ML E+SsAlL

B 7|g T 2IA 2% el $Ees

| 251 22 Ed 5433 234 (A5 |

glom, elZg WEFP oY Azt A/ mA W8-S ST 1o e
/g W B B wRE

S/WE HMEE £ SEEYE O REHA
oFE AEo] WA/ BAHS 3] $18] 5 Karlsruhe thatold 7futel
gEo] gk AE =Y
KANEW oH|ES] A3l EE(network inventory module), <= ¢l R E(failure and
(@4, CARE-W) break forecasting module), 73414 4] X.E(economic data module) AEGH(FETT)
(=9 /v ) T3 g Blal EE(strategy comparison module)= T3 N - cohort survival model
OKANEWE: o]l g0l me BEFTE =Sdial 8= IErgs 52

Kurecad (5 ¢)

0GISE o] &3l sTAe] Mae welsly] 98 T2

Utilnets
(prototype)
(3 ot
)

071E BAAEE o]&dl] HEsS oZeluA) sk e RP S| HlEk]
UtilNets= #29] =3438o] 24 L 7131 AFEdl Uigh ARE ol8sh=
=214 23 7Hhs & Ed(UtiNetst 8719 ZEZ T4)

oCIP¥} DIPS] Ul H ojFo] FATE MY, 5 dAlolel= # dold 24
Tkt 72 S BY  Joug RAY SERE o§
(FZA FE=FA el 28

oGIS 719re] ALE-A} Q1] L’i interface)7} F&@3te] vl WA B2 Al
HE] gt I ToEE Fofste] A= AAAE] F13E A

o] AAAQI :rl—%—q., FE/FAE dS3la ARl2 AR E e,
A9 BYA G| WE vlE-S Y

-Physical model
-Probabilistic distribution

function
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vt BEUR R HAAEFIFAIEH

1tAH0lE 83 aAE & 3 Ozt 3H2 +3 oL = HiE2
30il thet =2SEee2 YHSIHoL A2 S0 Foite] Z¥o mE H
2ol SHez TYE % stHel HiZiet BH st

g ZEME = A= AO[HE 20 O EE: EXHE
19079 F-E 1913do] ZA Ag]EYole Owens Valley &%o] J4743ta
Ne Z2dAY 22 55 Ho 50]7] fdto AdH T =5dS ¥ES

o olyulolER # 3}
2000 HixEg2 353 =AU HeE BA] Esto] 5,0008]H Y &4F
S Meuseol| ¥ 7]

AT QR - WG Aoy - FEAN TAE dde] AAe Bi:
BAGYE BFF APol BAoR ¥ U §5FFALTe] Helo HA

120043 WHOS| S &% +& 7I0|EZAMM = RISHE MAH2E Fototn &
gt £ QI & Water Safety Plans (WSPs) 2| %74 49l o|gig JH1
w2 FA ok A g E HACCP (Hazard Analysis and Critical Control Point)

o] WS =Qlete] FYorRE FHAd ofE AA TACA SsiHIte)
e BeEl e Wste AT B FFL A e FEA 2 FE 2
"WHO?| & SHAAZ(WSPs)S AFFde 04S 7153 g Has, AFAe7

Aol LABAL A AA, W/ FF AN FEF 0d $AT B
EBARAA G e LxE FHY
CHEAAHO WL RS PASE AA Azxdel FE £EAFE 3 57
23 g4el R 37}
cpR|zAe ME : FE A2sd A8l HE risk® SAse] ol5e ¥R
o2 Afsy) fs) Bad F5AY 5o wel2AE FHyY
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o2

7|27 HIA HM2& U9l BEEN

28 = A&FY A, Alole Wy = ALFeA Ay

Water Safety Plan Manual

Step-by-step risk management
for drinking-water suppliers

‘World Health International
Organiz:aun Water Association

| 23 2.231 HACCP (Hazard Analysis and Critical Control Point) |
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|n|=1,ou M 8Z3MS3 EPA) X JIE YRINE ZEE 44 olma

x|
=L HYTH 3L o risko] CHASEZ| AlEfst BAAMLUS SSH A USH

ASCE/AVIVA Draft American National Standard for Tril Use

The Water Security Reséarch
and Technical Support
Action Plan

Interim Voluntary
Security Guidance
For Water Utilities

Guidelines for the
Physical Security of Water Utilities

December 9, 2004

Click to View Full Report

ASCE
N
N
SEPA  Water Security Initiative: Cincinnati
9 . SEPA Response Protocol Toolbox: RE— Pilot Post-implementation System
EPA’s RO | ein s Planning for and Responding to Status
- ~ 2 i Drinking Water Contamination
Water Secu I"Ity Threats and Incidents
Covering the Pilot Period:
Research Iterim Final - December 2003 December 2005 through December 2007

Overview and Application

| =% 100. EPA, ASCE, AWWA<S] &R 9 FHokAd 9 fI3|=3 7} 7lo|=gkel |
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(7} Guidelines for the Physical Security of Water Utilities (ASCE/AWWA)

1 ASCEQ} AWWAOjA = 20061 123, S35 AlE2 S2(9ld LAl Cixof et
70| E2t2l2 2 “Guidelines for the Physical Security of Water Utilities" X|°d
TEE Y, Ay 2 BuAIEE" AR EE AJE Y E2]FQl bR A&

toleel A g W

+ Step 1 - Vulnerability Assessment (F2fd H7})
- 37} tool : Vulnerability Self-Assessment Tool (VSAT™) (NACWA 2005), Asset

Based Vulnerability Checklist for Wastewater Utilities (NACWA
2002), Security Vulnerability Self-Assessment Guide for Small
Drinking ~Water Systems (ASDWA  2002), Protecting Your
Community’s Assets: A Guide for Small Wastewater Systems
(NETCSC 2002)

+ Step 2 - Design Basis Threat (7|&=28l+ZF A7)

+ Step 3 - Identify Security Measures (SRRt = I

+ Step 4 - Consider Consequence Mitigation(2|& A0 =

J40id Z28)

\I

IM- g0l et

0

Perimeter
Detection
=X “. i ‘\\ ety i 1, 1'||" \\ =
Task Task
- 1 2
= !
Total -
Time
3 Minutes
Time Estimate
Task Time Cumulative Time Adversary
Task  (minutes) (minutes) Task Description Response
1 01 Climb over fence 1st Alarm
2 0.3 0.4 Run 250 feet (76 m) )
3 0.8 1.2 Force door 2nd Alarm Effective
4 0.4 1.6 Walk 150 feet (46 m) response
5 0.2 1.8 Cut door lock time
6 0.1 1.9 Walk to asset Response Force Arrives
7 0.2 21 Disable asset Stop Adversary
8 0.9 3.0 Escape
3.0 Total Time

| 29 2232 B89 74 2L AAAIZE A% (adapted from Garcia, 2001) |
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System VA Defines:
Critical asset: Aboveground Water Storage Tank

Capabilities and Motive of the DBT:
Local kids intent on vandalism using hand tools and

Step 1 - 2.
Com plete VA

spray paint.
3. Response force: Local police, 15 minute response time
A
Step 2 -
Characterize DBT DBT Matches: Base Vandal Threat
A 4
r Y h 4
Benchmark Security Recommendation:
Basic perimeter fence (chain link)
Step =L = No: Local cod 2 No: Neighbors Cansieer
7 - 0: Local codes 4
Identify Security do not allow Recammstide! have aegstheﬁc Orhamental
Measures fences Measure concems, Fencing
APPFOP”at? _fOl' (alternate
Site-specific physical security
Consider Conditions? measure)
Enhanced
Lighting and
CCTV
Surveillance
(alternate physical
}k; security measure)
Step 4 - Is Consider
Consider Recommended applying a surface
Consequence Measure
Mitigation

that allows easy
removal of graffiti
(consequence
mitigation)

Cost-effective for the
Risk Reduction*
Achieved?

!

*Note: Risk reduction
incorporates the likelihood
of a successful attack and
the consequence or dam age
resulting from an attack

Install
Recommended
Measure

| 2% 2233 233414 208 o slel=eils) Beleige] o opbag A5 o |

(\}) Water Security Research and Technical Support Action Plan (EPA)

IEPAE SR A0M +&= J[fAIE B

SE 9 Aot 7|=Xd g8 MY
X| &, homeland security0f CHot HM=2F 5! A=l S X8) S HYS, fldiE 3
7, folnl7I1E M3l S8+ U Stns M2, +H DU EY o =3

1 EPAO|| A= 2004 58 “SQtH i1 gl 7]

20013 9¢ 11¥ &©A+ HZ H4F o|F,
3k B =7}

W sE e AR ohle 585 o
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*Water Security Division?} National Homeland Security Research Center=Z /3
=, 9= B AR da Fr1HeE dHelE

Research and Technical Support in the Context of EPA’s Water Security Program

%, Research and
Technical Support

Training - — 3 ‘ = Information

Exchange

Water Security

= & Tools and
MErgency Protocols
Response 7"3 y y x

.. b v s
Incorporating Security i E ' Financial

Into the Water Business - Assistance

I Action plan2| 77}X| O|#

297, Alold PO RHE S84 A|AH HS
8T 98, LEEE 2 A7 Alvg e £

A I ©92s mUEE A AHe] s

d, Ad, dstet edEAY AR
LA Abarsh kA 5 EA AE
7 flafel tigk FFole] HrAY
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(*}) Interim Voluntary Security Guidance For Water Utilities (ASCE, AWWA,

Water Environment Federation)

S Abgtell s AlAI

4 Management: Operations:
Introduction Optimizing Enhancing
\ Physical Security Physical Security

r|

Design: Physical
Developing Cyber Security Security
Physical Security Equipment
L

Emergency Integrated
Response Security Planning
Planning and Design

L

| 73 2235 &5aaAame = tE A 2 AA G |
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17|80 42, =2, o]0 8X, HE, 18 S0| Z&E ExI=ALH-0 st oS
X fISHEE Hote
*Vulnerability (F¢F3) : AldlA 7T 7
« Al Qs 7IHAIE ] v e FeEE HY| He T8 7IRAA Y 2,

« iRkl oaf HEEAY AT R] AP Aol 4 9 >
Risk (i) : FAHQN EFolyt Aprte] EH4H] e 7He A
< A", 1%, At e O @40 tig i Aol ddst A
TR E4do AR, A4 1d
eld A s dFe TS F Ae 5 ALLH o3 ALEY A
1 AN gQlo] Hadt
« Aol FAS 2 JheA 2A
s SFETEALE ALY &4 A ALY
< 71E dA e 7t
« AP ALt B#EE AAe] Hax B4
« F7HAQ A Fl g A= A £ 72T FAde=H8
QA FHoFA B o2+ Sandia National Laboratories®] RAM-W'™3}

™ o
o] A=

Association of Metropolitan Sewerage Agencies (AMSA)®] VSAT

. Purpose, Objectives
Prioritize Facilities, PWC
Threat < 2
Design Basis Threat (P,)
Facility e o
Prioritize Critical Assets (C)
System Physical Protection and
Effectiveness Operating Systems (P_)
Risk = Relative Risk
Pa= Likelihood of Occurrence Risk
R=PA(FC

(1-Pg ) = Adversary Success
C = Consequence

RANGE OF VALUES

0.0 = None

1.0 = Catastrophic

\ ?
\ Proposed Upgrades /_‘)
End

| 28 2.236 RAM-W™ Methodology |
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Wi [¥SAT Demonstral 1= x|
[°3 File Reference Data  Administration Reports Resources  iindow  Help o - e |
[s] 2t 7 AT & #AC| 7|
—
A T ety & assion  [A&
Threats Identity Select Assian | = isting S Existino
At Thrests Threats th Assets

L

1= {_) Wastewater Treatment Plant
i

f-{_) Raw Sewage PUMDIng
(2 Praliminary Trestment
2 Primary Treatment (Clarifiers)
=t Biological Treatment
Structures
Electrical Pt
Mechanical Analysis
Instrumentation
{20 Secondary Clarification | valnerability
() OutFall 3]
(2 Equipment Management
() Administrative Office
{20 Control Room
() Laboratory
{2 site
E-{_) Disinfection (Chlorination, LI .
i (Al S SN Feriom L
Improvement CostrRisk ontinuity Plan
L) Reclaimed Water System (Storage tanks, pumps) Results Analysis ® Readiness
{2 Binsolids Management System Responss
(= {) Wastewater Collection System Recouery
E-{D) Gravity Sewers
Pipes
Marhales
{20 Pumping Stations
() Stormuater Sewers
{20 Force Mains
= &M Support
() Administrative
() Laboratary
Wwarehouse
Maintenance Faciities
Roling Stoc
For Help, press FL

Jt1?:.* +&0 M= HES 185l =2
I

.
°
[ =]

1o
A
o

|

oY
=
A
ro
4
1]

X
Rl

N
fin]

>+

=
nllo
-I) Gl

Reduction in Risk Score ——
Policy & Procedure
Improvements

Cost$

Improved Contracts
for Desian/Build

Background
ecks

Emergency
SCADA Response Checklists
Securiy Separate  Team Training

Key Control fetica e

L L o

Reduction in Risk Score —

Operational Security
Improvements Looped Valved
Setom

Aedundant
Systems

Cost$

Dual Power

Manual Systermn Tests

Improved Bench Stock
i ' ackup Power

Reduction in Risk Score ——»

Physical Security e
Improvements Detection

Camera
System

Costs fgpadion

Closed, Locked and Bolted
Hatches and Doors

Impmved Locksand
or Hardware

Reduction in Risk Score

| 238 2238 Bl &9l =7 =4 |
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(2}) Water Security Initiative: Cincinnati Pilot Post-Implementation System Status(EPA)

2SS HAMUEl 8+ZEAIE0 pilot HEHZ HEJIH 2F

-

ZEAAMO MY UL FHY WIE AN

23O a7t AAY 845F FNE Qo F Ak A 09 AvE
g A
CRAA FHAZEY FZHHQ BE

olo

Mo e 2
B>
> ot

Online Water
Quality
Monitoring

Sampling
and
Analysis

Consumer
Complaint
Surveillance

g

Public
Health
Surveillance

Enhanced
Security
Monitoring

| 29 2239 LAARAI Y] A U g4 HE |

Planning and ; A | Preliminary Operationand | Evaluation and
Pre-Design m}::)[ Testing Maintenance Refinement

1 77 2240 AAWHY GBHAN2E AJAHE 34 |
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1 2HFEA 2 HEEA s LY} LMD 2F
3}

o
*Routine Operation Phase : 7Fs3t 299 AFARE Fslr] & A|2sloA A

e o] datasS @71 98 A ARIEAIAIEE 2 U, 4] 894 £F
»Consequence Management Phase : 7} @A &< £, 2H9 44
AL, AR E9] g odE A" B 23

Routine Operation Consequence Management
Standard Operating Procedures ————3 ~¢—————— Consequence Management Plan ———m—m—m—m—p

Monitoring and Surveillance Event Detection Credible Determinati Ci Dy inati and
Possible D inati

Online water quality

Response actions | || | Response actions

Sampling and analysis Utility Eczk:"ﬁeggnﬂwg Planning
data initial trigger Operational response Operational response

Enhanced secutt storage idati
Valdation Public health response System

Public health response e
i characterization

Site Characterization Expanded sampling

Remedy selection

Laboratory confirmation Laboratory confirmation

Remedial action

Is contamination : T : "
possible? Risk communication Risk communication

Public health Post-remediation
activity
911 call data

Risk communication

Poison control data Public health event s contamination s contamination
detection and trigger credible? confirmed?
e
surveillance data

Over-the-counter
medication sales

Return to routine monitoring & surveillance

| 18 2241 29 ARA2H O A |

1200541 1285 E 200749 12€7X| QEZAEA|AEIOl Z+ 9A0| HES HIIEH A
o, FEZLEZ o 4MarE{7t 250 7P 2 HERAE LEHGon o
250227 2 F AZMF S 2Mat oH HH| H|82| 50% & XiX[g

Cost of Cincinnati Pilot by Component (in millions of dollars)
December 2005 - December 2007

B System Engineering

B'\Water Quality Monitoring
OSampling and Analysis
OEnhanced Security Monitoring

B Consumer Complaint Surveillance
B Public Health Surveillance

B Consequence Management

| 23 2242 AAWH pilote] HIE &2 |
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Cincinnati Pilot Post-Implementation System Status
DIGITAL CELLUAR CINCINNATI BELL PRIVATE ENHANCED SECURITY MONITORING

DEVICES USING EXISTING GCWW
SCADA PROTECTED NETWORK

NETWORK

NETWORK

Stations

Typical for:
- GCWW Facilities
- Non-Utility Facilities

* Note: Security cameras at
only 3 locations.

LEGEND

[h Video camera(s)
Cellular based radio

Ethernat Swilch
Video Server
Firewail

Programmable
logic: controller

B0\

NI

[N
o

Water Quality Monitoring

WATER SECURITY

Network [£

Security
Device

PARALLEL SCADA
PROTECTED
NETWORK

Water Quality
Monitoring Station at
Treatment Plant

2243 LAARA|~H O] A TUEF SCADA

Enhanced
Security
Meonitoring

Typical for:
- Reservoirs.
- Tanks

Existing GCWW
Communications
System

Ll
i

B \
& |
WS SCADA WS SCADA
Servers Workstation
DAS DA DaT

Al

<3

Network
Security
Device

WS Historian &
Terminal Services
Server

[>

9 THE |

Cincinnati Pilot Post-Implementation System Status

PRE-EXISTING GCWW SCADA

PROTECTED NETWORK

GCWW SCADA

Workstations (6)
¢ coww Q{
MIIITE]  commesion e
Servers (2) N

GCWW PLCs

T — &

8

EDDIES DMZ

W3S
EDDIES
Workstation

Network
Security
Device

| WATER SECURITY
PARALLEL SCADA
PROTECTED NETWORK

w3
Communications

v

< servers (2)
> g
"IIIII"I“IE E’ DAS 8 DA

WQ Monitoring
Station PLCs

5
L
c

1=

b .
g,

Y
Dar

WS SCADA
Woarkstation

=

H 2244 3

GCWW & CITY NETWORK

ws ' [ﬁ
i >

GCWW
SCADA
DMZ

GCww
Reporting
Historians (3)

| WATER
' SECURITY
. PARALLEL
| SCADA DMZ
Network
S it
WSE Historian
LEGEND & Terminal
el PLC Data Firewall Services
- : Server
— 2 min. Data Fil <
------- - EET:“AIaram Fill: ﬁ g-:i?:rga
—— - - B EDSAlamlio
el 1] S e
2UHY A5e] 5EE |

=
—

M
1
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XM E-SSAIAE 7|29 BN M7 A Q04
A 24d A8 A
1 2204 52
T 4xp A% ZA AA JAke 376089 Yo g ATH] F 35739, 7AW
18891402 ALA
T+ = T ATH| 1XpE 2K = 3XpEE AXHE =
ZFAH] 37,608 526 10,667 18,173 8,242
ARZ=AF 28,205 394 8,000 13,630 6,181
1K = 2KE 3XpE AXPA = A
3 =2
. H|g H|g H|g H|g H|g
oY o 1Y o 1Y oy ol 1y
A L H| (%) A LH| (%) A L H| %) A L H| %) A H| %)
ol A 196 | 373 | 4,064 | 381 | 6,688 |368 | 2915 | 354 | 13,863 | 388
2
N 2 A H 219 | 416 | 4,015 |37.6| 6510 | 358 | 2,914 [353| 13,658 | 383
i v A 9 8 [162| 1,646 | 155 | 2,737 | 151 | 1,261 |153 | 5,729 16.0
g TH] 0 410 | 3.8 | 1,330 | 73 | 740 | 9.0 | 2480 6.9
AGH] A 500 | 95 | 10,135 | 95 | 17,265 | 95 | 7,830 | 95 | 35,730 | 100
Aok
Pl 26 5 532 5 908 5 412 5 1,878 5
3 A 526 | 100 | 10,667 | 100 | 18,173 | 100 | 8,242 | 100 | 37,608 | 100
Al A R 394 | 75 | 8000 | 75 | 13,630 | 75 | 6,181 | 75 | 28,205 75
4 w7 132 | 25 | 2,667 | 25 | 4543 | 25 | 2,061 | 25 9,403 25
= 71 e}
= ARA 5)
s A 526 | 100 | 10,667 | 100 | 18,173 | 100 | 8,242 | 100 | 37,608 | 100
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1M S atA| 2M S 1A M S 1A g A
T o=
H| & H| & H| & o
g:I'LHl (%) E:rlt” (%) E‘_I'"Hl (%) E:I'I'Hl HlE(%)
1A= 300 1.7 100 1.2 100 1.0 500 1.4
2RPA T 4,815 28.0 2,570 314 2,750 26.6 10,135 28.4
3P = 8,480 493 3,785 46.4 5,000 48.3 17,265 48.3
4APA = 3,620 21.0 1,710 21.0 2,500 24.1 7,830 21.9
3} Al 17,215 100 8,165 100 10,350 100 35,730 100
1 otH HSE A3H|
(991 el
LM & kR 2M| 5 3tH| 3M| 5 kA A
TE ot | NF o | HF g | B8 aqy | tI8
B (%) | — %) | © (%) | © (%)
QA A 6,469 37.6 3,247 39.7 4,147 40.0 | 13,863 | 38.8
P 2 A M 6,396 37.1 2,913 35.7 4,349 42,0 | 13,658 | 38.2
of 2k
7+ A Al 2,870 16.7 1,105 13.6 1,754 17.0 5,729 16.0
AgATH] 1,480 8.6 900 11.0 100 1.0 2,480 7.0
3 A 17,215 100 8,165 100 10,350 100 35,730 100
A 7 12,911 75 6,124 75 7,762 75 26,797 75
A
o zh 4,304 25 2,041 25 2,588 25 8,933 25
zY
ZNEHARA F) | 0 0 0 0
3 Al 17,215 100 8,165 100 10,350 100 35,730 100
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1Kt = 2XpE = 3XfEE 4XpE A
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. Hl& Hl& H|& H|& Hl &
o 1H o 1H o 1H o 1H o J1H
A L H| %) L H| %) L H| %) L H| (%) L H| %)
ol A H 196 |39.2| 4,064 |40.1| 6,688 |38.7| 2,915 |37.2| 13,863 | 38.8
2
L | A A 219 | 438 | 4,015 |39.6 | 6,510 |37.7 | 2,914 |37.2| 13,658 | 382
S|
4 A 8 [17.0] 1,646 | 162 | 2,737 | 159 | 1,261 |16.1| 5,729 | 16.0
gl H] 0 410 | 41 | 1,330 | 7.7 | 740 | 95 2,480 7.0
3 A 500 | 100 | 10,135 | 100 | 17,265 | 100 | 7,830 | 100 | 35,730 | 100
" A7 375 75 | 7601 | 75 | 12,949 | 75 | 5872 | 75 | 26,797 75
A
dl w7 125 25 | 2534 | 25 | 4316 | 25 | 1,958 | 25 8,932 25
Z
o =
(A=A )
st Al 500 | 100 | 10,135 | 100 | 17,265 | 100 | 7,830 | 100 | 35,730 | 100
I A7 297
1K = 2AtE = 3KfEA = 4RpE A
T =
H|2 Hl2 Hl& Hl& Hl&
o 1H o 1H o H of Y of 1Y
A L H| %) A L H| %) A L H| %) A L H| %) A H| %)
A ] 500 95 | 10,135 | 95 | 17,265 | 95 | 7,830 | 95 | 35,730 95
AFt
oo A 26 5 532 5 908 5 412 5 1,878 5
st A 526 | 100 | 10,667 | 100 | 18,173 | 100 | 8,242 | 100 | 37,608 100
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A3 A AFLAE &8
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ol HIA
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7b Al F-3A v EE, ARE A8 4Rt

1 1 MEIH 290

H7E a0t

(&) - wRke)
IktE = 2XHE = 3XEE ARPA = A
-
TF (e B e [T e || e | B | o |2
(%) (%) (%) (%) (%)
|90 A B | 120 | 40 | 1,851 |384| 3,66 |37.3| 1332 |368| 6469 |37.6
e | A H o\ | 127 |423| 1,845 |383| 3,088 |364| 1,336 |369| 639% |37.1
o | 2+ A w 53 |17.7| 809 |[168| 1,396 |165| 612 [169| 2,870 |16.7
| e 0 310 | 65| 830 |98 | 340 |94 | 1,480 | 86
2| 300 | 100 | 4,815 | 100 | 8480 | 100 | 3,620 | 100 | 17,215 | 100
Al " 2| 225 | 75| 3611 | 75| 6360 | 75 | 2,715 | 75 | 12,911 | 75
a4\ 2 75 25 | 1,204 | 25 | 2120 | 25 | 905 | 25 | 4304 | 25
= 7
- (XWL?%_) 0 0 0 0
& A 300 | 100 | 4,815 | 100 | 8480 | 100 | 3,620 | 100 | 17,215 | 100
1 2 NSRatN| 28904
(TS - Hinke)
1ktE = 2K 3k ARPA A
T HIg Hg HIg HIg Hl
AL At AHH| A L] A THH|
(%) (%) (%) (%) (%)
x| ¢l A 38 38 | 1,045 [40.7| 1,622 [428| 542 [31.7| 37247 [398
| A A M 46 46 | 1,055 |41.1] 1,302 |344| 510 [289| 2913 |357
o 7+ A w 16 16 | 370 |144| 461 [122| 258 |[150| 1,105 |135
A ggraam 0 100 | 38 | 400 |10.6| 400 [234| 900 |11.0
g A 100 | 100 | 2,570 | 100 | 3,785 | 100 | 1,710 | 100 | 8165 | 100
Al " * 75 75 | 1,927 | 75 | 2,839 | 75 | 1,282 | 75 | 6123 | 75
Al oWz 25 25 | 643 | 25 | 946 | 25 | 428 | 25 | 2,042 | 25
z 7]1:4(_;}}%“ 0 0 0 0 0
& A 100 | 100 | 2,570 | 100 | 3,785 | 100 | 1,710 | 100 | 8165 | 100
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H H H|-= H| & H| S
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Q1 A H 38 38 1,168 | 425 1,810 |36.2| 1,041 416 | 4,147 40

Ea
R 2 A H 46 46 1,115 |405| 2,210 |442| 1,068 |428 | 4,349 42

o)
3 A 9] 16 16 467 17.0 880 17.6 391 156 | 1,754 17
A4 0 0 100 2 0 100 1
g A 100 100 2,750 100 5,000 100 2,500 100 | 10,350 | 100
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~ ) 7F 25 25 688 25 1,250 25 625 25 2,588 25
E1lc!
oy e 0 0 0 0 0
A=A 5)
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356



XM E-SSAIAE 7|29 BN M7 A Q04

U JRu Ledd

1 ZF MIFOHE AXER Yo ddxls 2 22 XFH|o tiste 273

-1 AR (&9« wiered)
(=13 =2
< yNIE] yNIE] yNIE] yNIE]
%t IXEE 2XtEE 3XtdE ARHA =
SRS FAE Az B FARAS
g 7124 A (50) g9 27] A AA
A 5 - Total A5l 7124374)(50) |(100)
CFHEE AT Y= - AARAE A
= E4(80) /3 7 (200)
- A o] 4 H](200) _ an
A3 A A g mm o ag  elEIE0)
4 8] (200)
c A Z2al - FHYE LS
S/W 71 3 |3 )20 2% YH(30) o R g R R e
o) =} ey 22O 24A 24 ZRI(E39 4ui((30)
2 4dl(10) #9140
- 500m’/ Y THEe] FAk
G212 A28 AFEoo) | - 500m’/ Y R
- EGA2Y Hardware| 2448 A E] Al=E o
A (200) A 2 (700) 50‘6?‘5} PVPAIZ
NFA AR ARARAL Fen|- AsARAL pvECD A
@ A1=H200) A =}(800) E—xﬂﬂ (7‘5')
- AsARAK PVPARIE) | - 2=, A, 717 T T
s a2A, A, 7171 1S3k WA A= 400)
AE A 2H400)
TEE-AR e BAY A
}\]6& H]% %EEEK{\?—&%;J—GU](‘IO) * %a%/gy_%}éf’é :[L_%_% ?l_xé/g ‘;‘l
- BEAS H7HE0)  [(50) A7 29 200)
S8 28 413(100) e
-L;g_ 75,% 1;_; * —r%*8§‘§34g1?uo(31) * 74]% t;!?l 727:”
- A E AdEE] x| FE H7(200)
d5 B7t 2733 d% AZF(100)
AT S8 Al
A g oA/ 3 29 =4 ARa0) | s ;jﬁ
2 A -AA 2 AdBg (60)_ e
Z2 a3 7)2(20)
AR 2 B4
Az B SlielE(10)
-H/AEAE S _
9 H;z/x}] i . ‘ﬂt‘l/ﬂ]—?—%% A2 3 2 A3 =i
] 50(20) o] B LA 22 AamsE W o 7]? = 0:6’1 =
7€ caA, 717 2 e B 24 31(60) V1€ 2% H ‘301%%?4 3R
s am|c 71E AWE 2 AT T FH(100) e
7w ubeks | A3 E 1100 (100)
3 9] &7 (15) ° (100)
<71 Aws3 4
ATFAE T FH(30)
2A 105 2,500 2,850 1,130

357



KHMICH 8+SaAlx

H7E a0t

v 2 A FA (S - 9egd)
g =
1xhd = 2K EpIER- 4KPEE
EHA
AA 95
- ROV AA B F5A| - AAFTAIE 44
o] 7171 2H(300) 21 Inspection ¥
Al v
717 AT CO1BE BT A0 5 450)
21 (100) - FALA ] (160)
S/W 4} 2 S ARANE S
o) =} S/ W(40)
- Z7IAAN =" A Z - 27 FAA " A
o 100) 2+(200)
Al S A & ( - - - -
1A A NEAEFTFRA| - Ol EAEFETEA
A =}(100) A 2H(200)
- Z7|FAAN =" &
o A &
A g A,
- A7 A A
A3 (50)
- 94 5 Inspection
9 fRES g s
_ 74100
47 48 3 Dy eams
o - o © o T oHd
3% %o} 42 35 B 7H90)
ZNBANZD A
59 7}(40)
AR A=Y
- BT A 34 F A 4| (200) e
. Al A~
ool 5 RUEHAZE (210) | - 5§42 E(100) 5 HA123(200)
Ao/ 2R X CAFAFAE &
— HH]' * —Er‘}‘\_]_'ﬁl’ %—fl:%:\:‘iL}\]—é ° X]' }\\_]_- 31\:]_— E] }\] 2 Elg A} = m HA
" 7 ® 5 U E 2 A] 2~ E(190) | (100) STy o
] s=29 (100)
CAE AR
(100)
A 2H
% TRl Sl
e W/ AERE A3
et -ER FE (e 9 A 3] (60) -7l AWE 2 dl-Ve AdE o
A& 13) |- 71 AHE 2 AF|THT TH(100) AT T} F1(100)
-7l AW3| AT 31 (100)
2 Avagd
F1(20)
BV | 46 1200 1700 630

358




XMO -3 Al2E Z[2A7 B0 M7 A0
EREEES (51 - )
&) X pIE piE X
L= L= L= L=
AA 9 F
- 2R Al A R (8]
pS| 7
Z1ZEA A1 AzA) B ZAA0)
AR Z2aYe0) | .
CAEAE =nd
S/W 79 2 - AR SMART (10‘0—)‘”4“ 524
o) =} grid AAZLs A=z
T8 741(150)
2 Apilot
ZAE A2 (150)
. ok W AgAx
(A e pﬂcE)Ht Fue x]ﬁr(soo;
A0 A, oAy
. Xi‘f:}/:/;\_{r}ﬂﬂ Bench o 5.9 ] 8 2H200)
S A
ARA A Sﬁ;@%?ﬁw%wy[m”ﬁ pilot
- - |plant A ZH(150)
bench scal APAA| L;—EHE o
80) pllot =W E(150)
( A A A
Aqnad e
pilot Z ¥ E(300)
ardwd As
-2 A A AR (30)
7 (30) - B, AEHA
-HGE,  AsXAA|SAE(B0)
P 35218 (50) - AY, FeAbyd
ALK ﬁﬂ;ﬁg _oench selel Lxe) pilor Ea 4% 419(100)
57HER00) E 99 2 B7A9] AU 7]
(100) g AdEtEy
- Ag, 2 WA pilot FHE
R EER L TET0) SN XS I PSR
(100)
A% A8 3 AY, ey
A% P37} Bl ZAH100)
A B o)/ z2 Az FFHYA| - SHENHAE
o 7]k 2~®l(E-manager) Al 2H| &3 7} T2 1A
=9 2 (300) H(200)
A A A )
- A A A
BB BEA| - AAGAUA G 4£$§L%émg
SR SEA R BEARBE AN gl mmgss
s (10) . ifmo) § %“*ﬂr 31,20 g ZWE A (50)
SASAE A - A9NE AP L raa e
F9e A% d|98 A9l AR2AH0) S
O] LA
BV 10 620 1950 600
I

359



H7E a0t

T EIM

8l
el

o0

<l

b
Ho
4
oo

Al

KEMICH

360



KEMICH

A 14 7170

1. Hetrex BFaz

I

I

IT, NT, ET

PU-EIEE

E:

3|

AT
2F3aAMA

I XEMIEH

pase)

o
_H_

—~
o

~
-

wK

s} A A= )

<)

it

A

ol
=

3 AR

-;(]

ojp
R

+
ol

N

oj

)91 4] 25

Vel

w

= ot

fABe 275

Bk

o
o
K

%o

=t
=

# 23}

7171 49

A

ol

ojn
ok

+

o

o

o] FUEz x|

&

a4

"=, A A

T3

[€]

- 713 HE 2 Ao R

BK

wK

=%
[€)

g-8o] 7}

=
o

361



hyA
ar

XA CH

K =
ol =D
T X N - I
O o s N il WMW 3 ,‘% =
g = = %0 = oo N MA MJ W = =
T T B my.ﬁa BK o Ny F =o ~ = ﬁaa =
N P ed ¥ o Ko oH N =2 F
T o KAy g }J N o i mM o w| il N
—_ — 0 o N o X =
AXW X EK JﬂDH o ‘% ~ Mﬂ ! N = < W G2 ~ o
.ﬁl K — o} TH T e ZT _.\:_._._ L_L ‘ﬁ
o Tk I A A o
ﬁwotéwﬁﬂom : =r ER e oul T
g%a%%%ﬂi BT wo | & B i g
o B = - T <P do WO A+ o AR i urm o iy ol
T T K xL5 | EE @ Cosn |4 TN X
R I N B T
SNy K| o T B | T2 ne
T 5 TET bl B e X 5 % 3
Jo il=Secy X Mo W__M e i ajo r g ajo = > ol —_ 3 Mﬂ W 4
%o 03 o %O =K N iy o ‘;lmﬂ %&I o o = ,l__/l UL _ o)
@}1_;?___% cEEE X o, P o w®
TR RS Ho o |y ° oo K ) do - ~
o T W i U —~ " o i oo NP
X clmﬂLuLo A~ of B ~o © o X Elﬂaﬂ ™ ok = I
o N =° do e X| of M ) iy A — T — N ,H.ﬂr w
Wrﬂ.._ - . X E”E U~y <H B Mo HH ol mm o Hjn
_ Wu] u_waﬁnxngaw_mmﬁzﬂmm
= = o o TR W KR R
r ‘ﬂA“ El Al é.e BH ‘uml,._ : K ﬁl
Ik ™ Wl T 30 ‘AP Ay ™R
< - X al - = Ao W
= =~ T = iz Y
= W pE 0 Ho 75 A el
i = RN = o=
B AR T %X ) e
5 = & i P B
g = - T o o oo
= Bo —_ dﬂ oF ﬁa
;,A OT._ \_I
_21_ O#E ,LuL/
ﬁO ,ZTI MnAnO
AN

362



KEMICH

2. AANE A HFET

7b A e ad

e, L HEHES| 2 EA/2

Aol miEg St

1 2

i siel 7I1ge] =mzo

oo
o<

<+
ol

——

ojn
K

K4

0 27 204, 12 9let £

¥ Veolia :

Al A A 80% A

<)

il

A

c AZA] AA FEAIAE S 20% AA,

% Suez

oo

ol

or

ulo

s a9 A% A

a4,

Aulg 20% 27

[

B

Z.O

B/

7

¥

[e>

20%

,.mo
+
*

XA

3=
R

J

7

1

N

A=A 20% A

olo
ot

&

o
3

i
1od

o
N

i,

A /AN A E
7))/ A A A A

= % AME =71

J=12
=

71 7l

o
T
ﬁo
A
7K

il
A

O

WENA she A 23}

s

A H28E

1} A3A GFED

363



KEMICH

7lcheg

X2l

2
o

| L

=lof ujgH

g2

HEH =23k

BHAZSE| O] b

k=3

R

IR&D £xto| ZAHAEM o2z

o| 20063 LHIHEE (2010 7|&E Tt

A

)el <F 12.88H]

2]

¥ (357.159

A

°F 310.11¢
0] 4599.88%] o]

?_]-_

9]

gt SNYEAF

12 Aol AN X

X| & 0|90 =00 WE

1 2 A% (Rothwell)2} 3 AH(cohen)2 =0I

¥o| ojx|

bl = At

=Hx|4= sixfo| H|Eto| 30% S7tE

364



KEMICH

A28 AHeey

1. A A &&

10|12 X| S E+S=52 =7t O[]

Mt Al =7t HYE

=
o

7H'del dEez 7tgo|L x|

m_o
ojll

HA =0

o
Ho

A
T

o MEH MATF=z 8

A= XI5

=7t & AEALE HA =0 2

Jol
oF
i
joIr
orl

135N 822 =7t ¢

2. AAH &&

w2} A o

o] A=A A

3|

e AA ALY

N

)0
or

A
1
Ho

oF
A

wK

A7

SR B

i
Ho
A
oo

i

Hl o =3

Bl

I 3L A EA|Q] Smart Water Main System =0 &

A 22Hl €]

o
Ho
i+
ofo

0

Hlde wmol=

AN

2 A8

27 =

365



=
=

€

2R BF 2ol

=1}
=

| s

SFsaAE"e] CDM A E&
.

o

=TAE 71 Al
*ODA A3 AA A

EEE A
al

KEMICH

10X XHESE 835 Al

K

2l
=

I o[ L4 X X}

o 27

PN
=

dH7Ee dAZ F7EY]

A E A7 2RE A
€

I =7t R&DO|| ofsfi 7H'EE FE/2M7|=2] HAZ 7]

366



T EIM

8l
el

A&

b
Ho
4
oo

KEMICH

A 5

<A

A

A1AE

oo

ﬂmo

0

K

=
o

ks

A 20079 B4 4

=
=

2 AAZa3

G AEA 57N AT, Add o7f AL, By

AlRALY MOUE Al

ﬁo

%

5

f

A 571 A

A1

=

=

=
B
ol
7o
o
o

o

Al Z=E ol A A A

)

—~
o

9.1 A"

-
it

Ej a2

=

|

)
3

= f0

mu. _a_m ol
Bo ko </
&l 7 H
oF R0 R
B 4o
or 7 o

o

FE™, 20153704 oF 26 7bA] A

=
T

544z o=

A =AAE S A

=0

e

X

A5

B

XO

olp
R

M

367



KEMICH

%

el
X

qr

3 Seuete BAYE mde

A

ZA P HALY (ODA %)

E:S':I_-

A 23 MDGs €4< ¢

171==2] 7|

BN

,&O

$AE el e

z:gl_

A
=4

-(:5}

o]

W=

pe Agernsl A 919

)

171 W2, 71%

o

Sk

]

A

TEE

oA ZNHE G8

ol

—

o

)

[e)

" 7
ste) 7]

»2008

£ =4 olUAE

FE1 4702}

§ “Fotrlo} /1%

95

Sk

3 di5 A

5

B

HA 7} 7%

A

o
o
—_
A
o

K-

=0
0
)

o

368



KM 243 gA2H Z|2ld3 2E0M

Mo ZREHe Y

| ARISE (Goal) [ 71T X8R MY (Goal 1) || IITWe LeksH MY (Goal 2) [ JIFHY ST WY (Goal 3) |

; g e
(] 3 o
PHEE FXH &fE LT LAX] 2|5 X|R 7|Feet 2oE o9y Pt
(Target 1) (Target 4) (Target 7)
o FXHE 2E « THOILX| X1 - JEEYS FRRLNGOSY
« X|Oh4= 2 OFH SEe N - EfEFOILX] X3 2o Y, U8
« X39O « HIO| 20| L4X| 7| &t

« Of=E0 AEO|BAE HF
o WObEE AIE JHMO MR

SEEO|M XA

« 7|5 RHRS X

- EY T FUE Yu o,

i

I FYSTE B
(Target 2)

OYXIZER Yo
(Target 5)

Byl 7| FHet & 97 et
(Target 8)

< HIIHR T |F e}
714018 03 57 B

- o FRr AlAE L
OB 2 A A S

- B4, JIEO EIFEH I 7S

« BHEXIA A
cOUX|Z &0 YHHE dF+E

X3

- HEQ YUY EE N

BT TR

- HEGAE (DG AR I
- HE B HEAL AR TR

BH R Ao
(Target 3)

OIUXIZ& Yo
(Target 6)

- OHEE 8% L 5RDS

. T2 UtALY
CTUBE BWAIL A

« TEARHL S =9y
- AHEYX|OH ALY
- HE WS AL IS 2E

128 91 SolAlo} 715 HEU) AQSE |

Al 3AE AP A=

IRES MR EEL SYYTHY

20201 3 7}A] MA 79, 20503 71A] AlA 5t AT AYS Y vAS M-S
a3t M= o104 ek 270 7

278 4 7% FA dASAD FuEe AAE AREAL BG FAY



T EIM

8l
el

o0

A&

b
Ho
4
oo

KEMICH

o] A

TR &

s

o

I

ol

A

0

r

iy
pl

ol

Azde FEAe A4S

Fol 7bs

L4455 MujAo| X2 2t

Z| o] 45.2%

N

o] &

_0'4

(3.1%), 2Tt

3l

T7F 273

(0.5%), 5

\._w._ﬂo
) _AL

al

]

o

PN
&TE

&

%

Gl
(3.1%)

FFAIA o] &AT7F 601H T (1.2%),

L=

3l

5l
i ©
Gtal SHE| &
Vins
M|
e 828 | &
“._H__.um._ e A S —
L —
B S5 | 8¢
P o —
ol @ Q
38 g8d| 8¢
na
e &
o 23 g
M_.m,_.‘_w‘.._. m.mm.% m._b‘
Wo| 8| BE
BR[| KRR
| ®p=<| s

Me] &old, A

et

o %, H%

wK

A

e} A7,

o

Ho

}d_

bl &

3|

H] 0l

o
=

4o BAA

Al 2~H

370



KEMICH

3

sfel

7N

A 28] of] A

Mo

-
oo

XA o

Neglog FeAjn)

2R

5

Hls) =, A, iR &

B

izl 71

} s

)

_

N
ar

]_

].

S

7}

Al
=

Sk

oM 7+

2
AREEEE!

=

T

=

=

S}
=]

o ¥ 7}
E oo}

b AT =

3t

==

T
tl."

=

A
='|-

fs

gojm, ofol i

FEIH Al

[

A3} diH
%.T'_
*IPCC 20073 HIiA oAM= 7|FHSIZE 2l
10] 54
842 AA} 7

A

_'_6
o] &F HI:-

|

A 5 A 7
A

@ 2840l

Shell o

g
__OT

He 7]

AN

Al Q

I

o

stel htE 7}

ok
2Fo

o] 7}&

Mo
Ho

oo
‘or
N

el

371



KEMICH

372



S8ty 243

MY

H10% M atH|

KEMICH

RFP

T

A1 4

T
X
<
N
Ho
A
ajo
iy
=
X
& | G
= | .
5 | &

SRERERNE

Alg 7] )

vl
=

o 27
- 7€ & EAEE ]

S|
=

Foll A 30% Azt

A

| 2T & teAa" B E7)e SE

[

- AN 2 A

g

- 85EFA2HY UR AR 30% ol

00
o
a1l

ok

E

[¢)

A 399 FFUFA AGALHNT A FEAzHL

X0
o
Ell

t-8-ol o#¢H, A tFH

U

27 2

B2 op7]E =

5
T

229 PAYS 3 B =

&g Hgo] %

ojn
oR

A

fi%e)

N
Ko

K
ar

S
o

K
BH

3], 1993d 7H= I3 2 1991, 20083

wjr

oy

o)
W
T

e

2 AATS vhdol

373



243

H10%H MEDHN ME/EIba

KEMICH

4

O A AAXLR

%%, Global Water Index, 2010) ©.

=K

T

ASA 5414

W FREHY e

)

AHS AT

=]
Rin

59

5t

4%

Ho

=K

Nfo

7} 7]

4

D

A 3

7le

g

, 7kl o

S48 A

[0

}g_

Hlo

O FZHY ¥ #=

(==, #Hd, A

Tl

S
4r
o

ase)

ok

e

R&D =3}

?l_

I (River Network,

A 15%

K
<

/lg A

A=
dlo

i

Aol

O A AAASZE A7) uRIFAHo] 51% <

oA AP 7Hke 2

o

UA Hlgo] A&Hor ZItHE 4

ngowx o

374



243

H10E MR ME/E7HE Y

KEMICH

o}Alol 5 o

Fo2H F5 CDM ARy o)

o

wm oolg} olxaglyl By

A
Al

27|

Thames WatersA}9] Ring Main©] 714,

f:ﬂ_

o
O dd2 &5¥as 9

AL

O 75

o
B

F(EHAY] W AstrE, A% oF 80km,
21~29m), AlFol< closed cut ¥F4]¢] EPBM(Earth Pressure

Balnace Machine)

=K

Bo
o

X
st

o

7Had o]l AHESHI

Al

o= UNtE AR

2=9]
T

i
)

<H

7
.mﬂ
i
4

yAO

}

2100 kme)

B
__io
o)
!

15

O m= 75219 A3H

)
i

’E}O

24 14719 A

H

o] 50m) %

o

5

B3] %

125m, Zo] 34~43m)E A

AEE &

oo

12
o]

ol

f‘;}

YolF FAARDWR)INE F2E ] T

YA
a

O vz g

zA}

5}

14 F2ZEE Rl o

]

SRERER

ol
=

FA2)

%!

QI ZAFH] ROV(Remote Operated Vehicle)E

a5

]9 (7km)

2gs

gea 5o 7]

ROV

| o] ues En

S
Rl

l

° X

- ofopA] AR o]

375



XM E-SSAIAE 7|29 BN HM10% MEDHH ME/Zotury A

SHOR UgF $rds APsslon, AFTHE000 m)s B
3o Qo 7145 2709 $5EYS AHEy] 98 gH) FEEZH

H=¢] Metro West Water Supply Tunnel (MWWST)(F 7%
283 km, Z°] 60-152m, B A7 43 m)S UHAZE BHAEA
Q-] ARkl 29 34k FRA ArE T HAL dE
5= Hultman Aquaduct$} BE9] F Al $4Y F525 S5
goen & tEHAAR AR 5o HlgAlel tHlsta Sl

o2 911 ElEA0lE B85 tE SHAN HESIA w= &
7B7ollX] “Water Security Research and Technical Support

Action Plan”-& WHtsle 9 2o 95

A AAR R FAEE YRR ANIA] B L B

Ngel G4 Bh FAQE P 5o 259, B
W, 294, w2dlo], U9 SEAeS 2 el Ay
H

§ A)oln, AAPAIA vlolaE ags Aoz Az o
7 e 98

oZUEle] £2HY Z TS0 AA F2HYY 42%E XA
st lod, A9 BT Halel AAHo glu tifE Al
1,900~3,900mm=z =2 °o]4S 93 AlTE AolH, AFE $3 &
A& opd

)
o

Lo e Su1FE A 7 mlEgi s, AeA S| 3
TA, 148 Aqua cty /I EE IL}F/} B4 7)&d WE
AR o] R&D B4 20 @ AFAF 34

r_>.i
o,

el S B HdEs 2 Echid] did AAZE A
"eof oA o} ol Tigh A=A AHzh BasH, £2EHE %
tew #zo ARG, £AR2] 5 fA#E] 4l o] B
N, FFBA=E AR

SFEFFANL BET 258, YUY SRS AAYIIA 42
= 2

71 AR A R&D F APAY FROE AR
wd A 5 AdAE, B d4vie 3 HEe] S48 Vel

376




243

M10% M SabA| H78/E7H Y

KEMICH

|

A

o|J

2 Fg87)&

F AU A

el

s &

Zhol Rz A

A

—_—

0

No
Ho

djo

s}
o

B

o]

/éo

s R AR N SsaAIE A 2 24 ke

=)
w

O A=A 1

= 7Rt

AIFE 7

ol
=

- BAE A AlaE

grl

PARAES AA 3 24 7% )

5

O A

o
<
Mo
Ho
wK

e

JSIARAAE Feetd A 44 71 e

A

T
-

]

oA

O A4 24 =

7F 71 R

3

Aol 71719 w4kel 9 %

Pt S g EAsde £9-5

2

ol
Py

=
=

- 24, A

O 241 %34 -

=K

FA Al o

O Ao

- 7] A Al z=F
- ABdS FA =" A

29 s, 243

377



243

H10E MR ME/E7HE Y

KEMICH

3 75< AT AR

. 87

[0 34| 5-2}A]

vz A, 88 2 5% Ve

A

ul
=

53} 7l 7|
ISR

2

- 2] 8352128 7]9ke] SMART green energy

F

HJ—O

A

il
=

F A=

3
pul

0 AL 9

a84 28

17 g el %))

A
s

G

mr

X

=% CDMAIY A

15

yAO

- AR AN A 717 A

K-

a

nl
K

KJ
K

REEE

Y
o

m_mwo

o

gl 2@ 7]&old

dlo

<

]

il

- 7

378



7| e, w A) 2 A FAFA F A B A
AL Asste] 4% a AEY 2L FEUIL &

] =X A O R oq:ru;}o }J.Q_g} ZAl 9] oq:rLyﬁuL/\}ﬁ oz Ak z‘s]—.od ITEd
TE 7IEoR oM, B8 A A& FFAFAL 759 A7 5

P
AlsEokllA Aed A e sje71d 2 detek e54

O AAFAAL AR AdgeEolsd HEHo] Faxojo}
3, QAT A +2HY AR/ A7 L8E ook &

19 5 7leFaAe SHoM d3E A4 & 5

-
N
&
>
T
N

5. HE4d1=
mES) O AFZA 1 2438 2 ASAFR7INY] 84334128 A4 ¢ 24
HZHBE Sz

O A8 A HAES 3 #4438 7le A
- BA A AlAE A ”ﬁ‘
70%°1 A7k, 715 tiH] 4444] 140%©

379




XM E-SSAIAE 7|29 BN HM10% MEDHH ME/Zotury A

- BUHE 2 A A2 383 wA

- wHle Al2E AA R HA uieA] A" AA] SW(Water age
(HF A AAE o] 59 AIZh) 24431 o] 8}

- FAR FAY AlzE F As ARAIA demo AEE

O AstAFAIEY AA 9 1A 7]eqe

- A 40 23 AARAIEY 7R AAZIE WEl &
T FEdyA 30% ol A, BldET FRHYATEE
Redundancy 34~ 300% &) ¥ 448 ¥d 58 Hds)

- A e FEE AA AMA R A

XN
o
O
2l
u
>
iV
Py
ric
o
>
oH
=
=
e
X'E: ){E,
=
=<
>
[
)
~
I
=
)
=

O AALA =4kst 3 247 A
- AA 2 ALY software(FA E FEEA, A4 AlgHE7E A
AE software)(71E work 473 tiH] A 9 AlF 78] Man-hour

30% &7
S L e e ] = B P B 8 e

)

O A 853FA2E £9-4292 7% AL
- 249 o2 X2 (B5IRL 93 W) £2dZ 7))
HEQR T4 AEEAE §53FA209 YEYD T471%)

- oeE ASARALY 24 A, §ARSE BF 97 7

1;_;

U5 FFA D DAY WA S

N

o o

2
e AARAA S4B AR
- ) TR bR RE e T S el vl 20% 2
- A% $4 BUHY jol=ael

- A §53F A9 LCC 2 A Z2ad /Wi

- A a9 Gasd W A8 B B Zeag/

(7€ FreaAlas el =9 A8 BE 30% d3)

A}

A~ 71
To™m
A~31 71
TR

A

v}

s
O A £53F A2HS A% 2 A 1 7% A

- SR RIS HE AA g

380



KHMICH 8+SaAl~H

O 44%
- 7]

A 2 d
- AepAl7 RIS -8smA KRIoH] AeldR] B3t AEIE EﬁL‘E‘?i A

0§

7=l EN HM10% MEDHH ME/Zotury A

o =2 o

_/}:
O AT 3 : §33874 5332 758 A8 AHA

-7
- X

Ux A%, 28 2 7 %
F A7 AR A 7%
FA) ZHE LuALY 30% oS %
AR B 25 9, AR

TN

ot

7 Mx] 2§ 188 7% N2
Z FAUEAE By AUAAYE 30% 25
9, 57 Oﬂbﬂ dd A8 o A e

N

|
|

7

(e7]1€9 B L vl 20% EEFY)

o]
ERESEENEC TR R B

2

—

As DCHiA 28 AA A=

[¢)

O A2y FAz ZHE 7e AT

{

AANAA 7R AGREE A 287 AEEH
%

AEHE AR Y 100%E HdAGY AARAIUAZR F)
- AUAELE FAE 2A8FF(VE 22T (ES, A% F)9
=] 2] 30% A7
- HlEsIshlS: o8 AR (AT TS, v AR 80% o AlA)
=&
O AA & 2k A 20104 71F)S A7 wEk 89009 gelE 4
a ’%8}—?5 A28t ARIA FAE] o] BRI S FE
ate] 2016\l %F 13,1009 ele] A #Ado] AHEw, 53

:,1

2= A, A9 AR A7) Sid 309 824 e
s

%mm, EREDIE
2 27}9} %Xﬂ/\}:@H 3}*/11 e




XM E-SSAIAE 7|29 BN HM10% MEDHH ME/Zotury A

A A= B Hol F ExEQE A7 1,80092d €8 Ao
2 Aol Ve a0t &

U AZA] AHLS AA Hae 7&9 Hd IT7] I gEFN
AE](U-city) A0l 7Fsdtal, AR 9} 874 7]&0] F7hEwA
of| ZATE] (Ecocity) 2 18} FolH, AAAY E/\]ﬁ} e 7tEsE
ABAA B AET FAA ZAMNE £ F3F FIPF dd
el AAALE] = < :rL"r‘J/}Q] 2007 AA T8 A el A= 2010

ol 309+ FE9] 2 1 50001 7 &9 E=A] A7 FF A
glo] Al éAl *:@}(oﬁﬂ EAAEAT RS 30X
g Fhe e &43E Az FEV|Ed U 84 2
87 &

%59 A9 AYFEE FHP FHE AT Aaa =z A
A FFEEA AA2HA B FF AN 71871 S18k A e,

, Aesle 24 A, AdA 1A
Tol S "8 Aoz AYFH AR 73E FEde
AR FAGORAN, AwAl M d4 Izl water life
line A4 V3% 2= Aog AwH o] ATA AF 9

E 432 dd JdEepEA(EFeE dZE )9 A=

712 A AFAY B 98 AR A& STHA 3
& FEe FF 202597 =Fd AFS Hske] $77-$325
billiono] 289 Ao2 Aws slon, AAHoz dejolw
BAAY Fead AFES FFAD e
B7Ve, 28 AFTle 5 R M 2

(EPA, 2002), &F&wAl2d d2gt 757 3 ¢ddgrlee

Fat g 2

‘08 F A AAZCRE oF 15509 80] ¥, B, &5, Hlo|e
Uﬂé Ao =] A F Al - AR Z2AEMHE S
2 AL FAEAeH, A&HoR Fo] FjEd diola, A
A A4S HIM(SERL AAEZA 2, 2008)0] w2 AlA|AY oA A]
M 5 oAUALS dgslsta FANAA FF8d A%30d A

382




XM E-SSAIAE 7|29 BN HM10% MEDHH ME/Zotury A

o

A wFE 5 AABAIA HIFo] 50% Z3 n )Qi 52
28 Q2 HE AAYAUAE it sk 7leS
RS A et &

=
>

QO &

O %— AT717E 1 201010 T 20146 (39 870 )
F A7 3769 Y(RBREAT 281994 o)
O 17<} A% A7) 1 201010 T 20114670 2)
* 19A A77IREe dFdEiY eflds g
O Ad= : 20114 ~ 2012.4(14)
O 3AYE @ 20124 ~ 2013.4(14)
O 42pd= : 20134 ~ 2014.6(19271 9)

~

8. Jl &

O AFARAE REP ANE A7AE WES 1Fo2 AFAY
AYINE A4aie, BAe) X 240 Bedvn wuHe 3
$ ATHEL FH34e] AXT F U2

O )\-]J,]_E__L(x] )Hﬂ A E T

Sa
N
AN
ofN
old
tlo
re

A TFAEA A
Agkatelof 3kn, ol& HANEY F T AFALAI Bl
59 2AdER

ARA B 3 ARRT} 5O 2ANEE BEE
O vl 7% 2 A% FFERAE AAse] AdE ATA 1
slof

O d7A%e] AFHZHY dFad A
- AT AgAiEtE ddEe Ve, BA, AEEE
GEEH 2 A2

L ABEY BANRANTE B¢ 484 AF 2 A
AAYE B3 ANk .

=

N 2
ol

383




243

H10E MR ME/E7HE Y

Ny

8l
@

o0

A&

b
Ho
4
oo

KEMICH

g A

A

il

g 75 A

Ay

Q1

T ol=Zaf MYAM AUHART EHE

o] REEA] AA| = ofoF g

.
G

=0

H

:rL

B!

Z o]
B

q

Z

£

O AFLA Ml

oF 3

3T
it

AN BF ATA

g
i

of A7

CERE:

}

;OL
oy

]

O dA771olA A

il

Aof A

TE

O At A7H&o A4Aus FokHAel, 24, 4

it

)

384



d
(=]

A
=

171 g

Ik
o

d/

ik

H10% M2 1tHH|
A % A4 Js

B3 % ASA R

1. 1 A F 34
1 ARLRY

KEMICH

Al 2 A A%7AE RFP

_x oF T ol X ul
A b m Ao jlwu Moo _ PN
o %o MLA,_E AN mﬂ. o 8B
v _— Oo = o i L_o n ZT < KH
< 63 2 o X O o =~ = L X <
v oy Eg| =R TR o ©>ZF %
T e I S LE Tmge i
— " o oo Fyxc TALT T
o) ™ 8 g DY Bk < = = N
T owm oo E e N ' 3
LR = SO is o o~ ]:Hamzu o
oo %Mm/oﬂugll MHA ‘Nr.._.._x_MormU Aloan/z_.o
k gZaelx)l ST Tobd g o8 B
= S P S Jx;%%7 Nliima Mg_oﬂm,m_.i 2
]X ]. = B
g 4332 T Twd R R R R
I iR G R
2 oo e 2o AF T @ﬂlmﬂqwﬂ%mdé
B D o Forom Njo o <X e T o
e e E e bwx g lguEdgud
1ﬂmm@_%uﬂwn CRiCIOY %%%#%H%&H% NF
I = M\ o) Mﬁ ars MM WAN_.M w ;.mlz o] ‘AIF o E3 ‘dluz o) mmﬂﬁ ) m o o
° 7 - 0 T
oo E LA o ao}MonEmaiaa%ﬂwiwnomﬂ o
Lo E Moo | W WWW@_%%QMAT&,MEH%A
Muﬁ%ﬂﬂﬁﬁﬁgm@i mmuwywmﬁ%go@M%@Mqu
Lo T o o o = = A
TR DL | kT CTxT T EELE =
A ok | < Ml Rl PN e %o T LT o= W W
E.O_ﬁ.o 7:._._\‘”_%]] oK \H_,Hl(;A
© o O % SR e !
H o O T " % X B 5w
Oir o | © @ o o W
ol A oy O O
) ol | Bn
t = | =
3! T e X
of
— m..._ &) A
o | O

385

y

k)
pul

Fojof A

H“

1l EX %

0|

T 9 A4S FA=Z




SPS|
S

A
=

HI10% Mt ME/BH Y
[=]

KEMICH

R
m..Dl MMHEMW To B o n_u,.rﬂ.
N o C._HT_mﬂ of T T 7n_nu_moo~¢o.m1_ To =
W " T s N F o T AT A
Ps =ma = = G " ® OEE
=2 < % & G T B X _ 3T T = o o
L 5 W H g e < =% ¥ ~ oo 4w = S < ;T
= o R sy o RN S 2 S 35 . 2 >
=T Fo AT hT_omTRI e o z %5 §p ° ¢
o MR el D @%wawivgﬁ%g oy < W
o = _ o T8 I o < ol X g G N < by G o
G e oo | A - X or ! s
T A = = g No ™ F o Mo AW W ojo <= ™ T Gl Wa\
il = T o P W eE S oy oo % S5 zT&E O T
o - = o U o o}o,_mﬂﬂnlmﬂ% 7D Mo " KO o <« =
= ]E _ALHH AR = <
S o o e AT AEE D I Mo @
- o ~3 A A S ~ N R ol - o o
N =n J) 5z © o Al 7o ™wod dy T o] ~ W <|
g T T oon W leaumnum;lux ~ <0 " o w8 ~ P
2 E X Hag g o o e R AR B ~ o < moa 2K N
— X < 3 \‘Mluﬂ .Q.E H;I =0 _ZT .Wm .A_I mHATc AT.W AT o nmE O_ »A,.w .mlf OW X ™ = JH
BK Al ;umﬂmﬂlgﬂ T K| o [y o ~ @ R oK e K Ho of
= & I A T PR o = EE 4 Ly
e e T,:H%#%_%mﬁfﬁ u_xmLMDT;MM%%M do T
SC-3 No = - Ho _nnvmiJul = mH]o_ o
%ﬂo%%vgux ﬂéo_a%_w@ﬁi{ w oy L %Hﬁw
T R R o & oo TR R B i
1197u|xz;ﬁ < T E S e < ﬂu%TL_xAsﬂudoF:u o o T
an_.M P ) s x B Pl M% E ﬂmﬂ]JXIuE L T \ ) m,ma S w 4 T oo W
%ﬂﬂwmt_?_ﬁu%wﬂn ,ﬂwJ.ﬁou;vé.ﬂ\W Mﬂﬂmﬂ}aot,xﬁ W<
1.<L.o‘|7Eﬂ_rWEF XOM HTMﬂ%ﬂ_E ﬂﬁﬁ&l;ﬁ Hz N.d.ﬂu%l WLIMHEW.X)WM o
]/Moﬂdﬂﬂﬁ.ﬂ]ﬁ N zTAEE zomﬂﬂ%alnm,_%ﬂuxqemwnﬂl
‘_oxoqouﬂﬁlﬁu =< _n__ou,dﬁ Nrmﬂui]n%uo_uﬁlzﬁﬁ _zdk_]__\_x]07au1r
E_ﬁmNaLllmH;u>EVﬂmﬂ on ~ 9% o R < < =
o Aoou‘x&%wn%mmlmﬁ%&aﬂﬂwx T TR ,mﬁWE%MM?
O _.TvOHvAXOu Hlpmiﬂbﬁrlw‘”%%mm.ﬂﬂhwmwﬁTﬁOm;JH‘MIL
v O > m%%%uL@o_a@w%_ﬂ
O _ \ = AR X
o° O _
o
A
~
]

386



!
3}

2
=1
115]

JAZH 1 Zlo]7} AHEE 34~43mol

go] 915(94: 45km, F7%: 12.5m)

4

A
=

[

0

H

Z}A]
3

=

=

o] Ao] 57.8%0] 2 AL
e AFAIAES
2+= 9] Baanhoek

H10E MR ME/E7HE Y

o
.

-

L

=

2EAE Aeish Ade) %
o

°

o

+

2 3
+ (94 6.3km, A7: 10.6m, AEHAA Zlo] oF 50m)

O =U F2EHE F =FEdo] #A F2EE9 842%
O 9&9 A} Fehe H571,797,000m’/ €)S o

<= 9>

KEMICH

—

m3/ ¢

d

Z

ARl Al 4,158

il

o

ZHES ol &

<
T

A aElo s A5

U

3749 &

-

-

A A

—L

=]

ojn
oR
R
o
o

‘.h_.u_vO
o

=/
387

Thames WatersAtS] Ring Maino] 714

}

°
pul

<]




TITAIAEH 7|27 BN HM10% MEDHH ME/Zotury A

T A&(MHF-2 Ashford Common Ao zHE Hd
TUT 2 oS ddste gty He AstrEed, A%
= A7 21~29me & B2 FA), AlEolE closed
cut 3219 EPBM(Earth Pressure Balnace Machine)< ©]-8-3}%2

.
v, 42 w5 BAZ £9 2 F040] AREST 98

3. dLUE

AFATUHE 1: 248 FA7 A2 A4 € AIF 7lend
ALY da
At 49 T 15 Az ZAH 2 SAsiA
A (O 2~3WE/ ) FAY Al2FY AdE M e T
349 X 7t 2 AAYAR a8t 2ast
AetAFE B FA4E FAY Al2Ed 2 2 FYdAY =
g oAle] 229 A B8
e Al2Ee HA 99X AFs T Fula AledAe] dAA
Frw Ee
71E AR BAIE e B B AAA BEEEAlaE 2 4
P Be 9 A9 vy 58 AR BRI A 8533
A2 FEo Agho] B /AR Aty o] Al
AT e
A TR AlzE

(2~39HE/ Y §7FY AR AR AA Ve A

e 2 ARt gle 749 FAE 348 2s A

CEAE FAE 2" 2 ASAFAIA EIE(PVP, Process

Verification Plant) 75

BUEE B FG A2E FE7s

-2 FAE AR A FAILY A7l 9 hardware

75 7l N

- Total AJZ=FIW ] ZHA] F Aol =&

- BUHY A2F 5 24 74
/5 A2E AATE A

CwAHE FAEA "R 7)E w/ug ALY dA Bk -

388




243

H10E MR ME/E7HE Y

KEMICH

RS CEER IR

O AFATHE 2: AstAFAALY 44 R 24 7 A

LCIEEER

2

A Al

2=

zo] dag

BK

47 A

=
|

AT Ao o

T %A

g

g 9

47 4

g

HAFAIET Adzh e 749 o)

5]

g

o

™
<

<

=)
)
Jo

N
4

)
i

o

A
‘a
o
_fOO

7o

$412:

g o

<)l o

A, <, H

o
A
o
Ho
K

N

HARAA 2eE 2 27 J1e

A3

]

EERECIEEEE

5]

.x]

Total A% 214 A A7

=
T

7 AU w

i

389



KHMICH 83 AI2H” 7|27 20N HM10% MEDHH ME/Zotury A

o =2 o

- A% At %r*l” A Mg 71s A

VP A ASATAY DAV e

QAR SETRE R4 g8 A A% A
L3, 4, HY 5 TR GAA 98 as deAA A
AR Sl TEE WA, Hokr 97l Bl A
AN ARRUEEY A2E A

O AFATHE 3: 24 &4 343 9 247 AL

CFF A9 ARA NS A A2 984 MEHOE A8k
3

S AFAFAE D FAY EFFA2TY A AFHLZE

gl
gof)e] Aol g

ST ERE B A05E 24, A 2 AZ7)7]9 £9e
Argetan A4 vt AR s A4 aA 2 717)9 F4kg
o (&, dEA] lm Fiste BH7F 1 sbeA] SlE &

ME AL A4 8 A B9 A
- 2, A% R A} 71719 Fas 0 @7k 7 AL E R )
Z ol

o
A Al =248E Ths Aol w2 A, Al B 717] A
AL Al BAA Aol =&

- Full-scale 759 ARl 28 3 ASS T8 483 v A

390



243

H10E MR ME/E7HE Y

KEMICH

KF

s}
.

shejo}

:

-

o

A

L0

=K

wr

& Akl ek 2Ab

ol A
=

O 7] HEEH}A, FT2A)

WEAstele] Al

(www .kictep.rekr €YK, http://rndgate.ntis.go.kr FX)

file)

1A =A%

° X

O %

o Byt 3Awe B AAE

O & Al

le7id Al A i

i

SIHH

KF

O

_WvT

e

A dsr1e d@x

=]
-

3A]

A=

d

K

A=

& §5AFAY F59

o, g8 Al A

5]

TE 7|ESE

= 3971

o)
AT

wopoll M A 9%

1%

A

H A RE

oq
=

3

T ofof

EEREEEED S EEL TR B

5]

O A

3}
“u

gl ofof

I 289 AR A3

T A3

O Az, & 719 5 71

391



XM E-SSAIAE 7|29 BN HM10% MEDHH ME/Zotury A

O ATWHAE AT Awsdl Fo] L APAY BYOE A
FAAAY MESHS AUE AYSHT, WA BaF TR0
W FASe] A7RAY L4 BRY A

o
[val
O
0x
(1]
MHo

O /‘ﬂ‘:“’q:ﬁ‘—ﬂ% 1: A48 A29 AYES 9 243 7| A
A FAE A2E AA 9 HAEE AA
- 71E 28R 70%01d A3, 71€ tiH] Z3AH] 140% )5
O EUHE 2 2594 A&H 483 |

- Total /\]/\Eﬂ ;q]o]ﬂ =9 101’“ :I.L/H

O wu Al=" A 9 HF w28 A =9

- Water age(HE AT AAE o] A7) 24A17F o]}l *l*%ﬂ
O 39 9 272 §5-35A128 Al 2 AR S48 3 F Aled ikt
O 4% FAg Al2" 9 A3t AFAA demo /\V‘ei(PI‘OCESS

Verification Plant)

O
B M
FO

o
0x
[
Mo
O

O AREAFHE 2: AGAFAALY AA 5 34 7jeqd
O =5A B4 23 AstAFAde 712 AA BiA
FEE FEAUA 30% ol Azt

Q
[e)

- e SHEHYITFHE Redundancy 4 300%SHE) 2
%l

SRS 9% A5 #ﬂ TEE Alt‘w 2 A=

E
2! BIMe] §l= 73%) AlZH] ‘%‘ AlZ717E 10% A3
- 71E Ml AlE F/ F 273 impact 30% A%

O &% 5008/ TR AAFAAL HE Al

O AFd7HE 3: 24824 3 8 aarle A
O AA 9 24P software (F4 2L 724, A, g7t

AAE software)

- 7]1¥ work 8§ tjd] AA @ AlF 78] Man-hour 30% 87
O T4k} &4, A0 2 7]7] 4838 A

- A2KTotal Al2="9] As7HA) 712 & A1du] 1% 27

392



XM E-SSAIAE 7|29 BN HM10% MEDHH ME/Zotury A

AA 2 2 ARE0109 71F)e A7 w8l 89009 2 E F74
Al Aelre Aulash QA FA BEo]l BN AR
Fr3le 20160l e A7t 13,1009 ©21Y A1 dAdo] Ay,
53] A=Y A, AR AFA A7) ek =R g4
e & SE, $A59 As AFEre =S - AFgst
ool W o F7H TAAE Y e E Bagd kyoR
20259714 NE==re) 2 Eok & FAgas A 18009 e
gg Ao® o] 7ed a7 F

=W A=Al AEE A Hae e A9 17
TrAEl(U-city) 24e] 7hestar, AAg A2 %1%737%01
ZEEA o ZAE] (Ecocity) 2 18F FolH, A2 <)

o 7IESE ARAA R AES Sl EANT 8.9
S7PF A (A BAAE T QAR 2007 AIAl =AISE A
A= 2010 30%F R AEA] 5009 7 & TA] <17t
57} z4“})540% '811945/\121@%11* %Wi}(’éﬂﬂ EWWA]% T

e
@
o
PN
E
iy
N
q?
it

S A=A e Qe Al
I 7137} F7tskar Qlom,
KOTRA(’O9.3)°1] %}qﬂ, A oE A}ﬂ Oxg} 43y WEY

s 33t 34 AA AFA AR

ofN
of
1o
o
o
_>|~1_,
r-lo
s
N
S
Ay
)
o i
ol 4y
>~ -

Ag Ao= Z‘i‘j&fﬁ]ﬂ AZE 7135 F=de

Ao FATOZA, A& 749 A Q] water life

line 2149 7|3 % F&d 702 AWEo] AEA A e
S

z g4z B ATPNA(ESIF Axe F)9 Bw A%

F A7)z £ 201010 T 20146 (39 870¥)

- F A INAYAREI T 129999 o)

O 12dE A7 : 201010 ~ 20114671 2)

% 197 A7 Porle Ry lew &

393




15

A
=

H10E MR ME/E7HE Y

£ 20134 T 2014.6(11 3270 €)

£ 20114~ 20124(19)
£ 20124~ 2013.4(149)

1=

]_
O 3x49%

O 4%

KEMICH

L.

=
[\l

0
%0
=l

<

o

700

o/

K0

ol

# 7| HE0A 7Y

8. Jl &

TR WEE VIEeR AT

B
™/

RFP] A A]

FARAE

B

O

O

To
)

o

b, 2 <

2 A5

AZA

p

=

" &}
[ =]

=
T

TIEA E A ol

2 83

5
SIECNE WP

o =A%

=
.

o
)

ok

9

% 75 B9

]

327}

hyA

] AA

ol
=X
S

°
= =

A ¥
O A7l

s}

]

A

- AFAHY ARIASE dBEE TlE A, AR

A=H4-#e

=
=

3ok

O A7733e AFHA94 JFaF A4

S

Al Al = ofok g

5

el

o]

)
o

=0

H

?L

B/

A <

L=
.

O A771EA g Al

394



23N H10% MSatr| A7/ Botay 8

O AAIEA] o5 285t A7 5 Sie TAH Weks AAIsoF &

gholA] A Ao AHIISHANYG FF ABAE
E, 499718 §3 29(ED 5

§9 AU HotlA, HA, AmEGC] A
S AHYE, AW B2 59 43UENL 49
oFA] Wy

395




15

A
=

H10E MR ME/E7HE Y

2. 2 A E3}A

KEMICH

e m A W X o] A X LR
o 2 R ofuuxamﬂﬂﬁiotﬁﬂrowmﬁd
u* B = T TE Dt dd g~ B
B w = % e N e
R wE 4 o T T e B o 2N
o0 N 4 SR S O R I
= el K o R~ L
Ww M._ﬂm_xqw_m Wwﬂuﬁﬂﬂrﬁﬁw_%oﬁe%uxu‘xﬂrmAVﬁﬂL
T o T Nmm e T Ty
rfm K o TN o oer ook W M RCON o @ o o
10 T o L_L]EOOC ].Eﬂ‘ﬂl m...mﬂ./ﬂ‘.‘.&.__rD
< R K © R AT e Al o
= TRy .LI],AO‘M] ™N »AE._
% O F 2R R RS T TR N Y
K oo np T @%7&31$MM@&|.&L§&LW%\
o B T B o < o o o = i e
T o g o ~— A o - ®r — X
AL L GO G - R iy T w i
R S} T I  C c N  l  Fi
wERRETE g T E ke Iwo 2T AF S
CE SRR o N R
Baow W A I T SR gl
_— — —_——_— _ —~ T ey o
WLWﬁXLLwouA7 .mﬂﬂ_nﬁWlﬁTAoo_a:Luooeszu_xE
7Vovﬁﬂumwm‘x wm:uﬂiﬂ_%émuﬂoeﬂﬁlélﬂr%w
N R &zoowmﬁh#%ﬂocmnw%%ém_xﬁﬂ
RIS B W T RT P oy fw g
R g W W Eodoooy TS o 4y %o B
=" H T W | M E%,m_m%wﬂﬂmﬂg.ﬂﬂ
wEREW T W | e E M ToRe of e W B
K w o o= | K| doNTEX T EM I oo (- o
ol oNoNoNoNRoNoNENNe O
= od ©
o Al | 5
m._u__ ol | B
~ s | =
Iy T r 8
T o
= o | O

A ddizoz dastuXr Aol ithe Aol

A S7EE S23 AR AR & sE0 dEHAY, =9

=
T

|

i=1fe)
E‘r_‘o

O

396



XM E-SSAIAE 7|29 BN HM10% MEDHH ME/Zotury A

'S

o
=
L
oF

& AHg3t

ol K
pass
(o
&
2l
¥
4 o
il
f
rot
¥
ofN
o ¢
rO
)
b
rlo
>,
= NS
g

9,
1o,
N
it
)
o
4
1o,
o
A
)
52
o -
o,
o 1o

>
e,
fo
Ho
oo
Jlm
oX
oX, »
(o,
ofr
ol
rr
>
N
2
ofjr
M
(o
)
AL
offt
2
4 o
In o=

i ofl

i
2 2 1% ¥ A R

H=2 X 4y o w2 R
0,
rlr
Mo -
Y
)
i)
%0
o
S
v
ol
O,
o

jo, L
=
S
of,
S

B o o

ne M2

HE M

>,

>,

= ¢
Hood 4t H1 =

FEAFIPFE 394 FEHEY 3%, F2EHY 929

2 SREdY Ag4 B )
Nelg FIEARIA FRE YR
Az AR 24} 2

14 &4 €

ox ¥
rﬁ
hy
N
>~
==
N,
o,
N
)
ok
it
9%
rr o
rJ

o dlo
3
L o
2
N,
=L
Ao,

° 1o

b=
N

O Qrel EAAY@®ANE F 9Fo] 770 km] o]F= $REY
z29 fABEE 9 FRHIY AWEES Blell

o
Higoz wgdd 4% e A4E AAlst
].




XM E-SSAIAE 7|29 BN HM10% MEDHH ME/Zotury A

A 44 Tl 2APEH] ROV(Remote Operated Vehicle)E 2
5 &8st Sl

oa AZPA 2T 2R BEXE FEEE(7km)S BAY T
2 HAAXE ZARL 7] 72 97 ZAPGHI(ROV)E &
gatom, AF 2AlE HEW 93, 9489, 2u4EA 59
7ol A&HAe

= 3 oM FEHE R tT774 #E 59 A} 1
94 0 ZARIROV)E A= Fgstal loH, 71E9] o
FFEY 715 SRFAS B 454, 3Ad WY, FEEA
A A9 59 &8 AVES TIAA &8t Us.

Y& WA Y tEF FFEe A A E4e HHoE
& WARTE 2 AFeE (59,000 m)S Hfsta glow, 7|Add
209 SFEES AMEF] g Al FEEAE ol& Ths
(ladder network 7-5)3 A|HE AW Z} A9 wj¢A FHFS
247 A% Belshe DEvE(TM) 2 AEE(TC) A28 9

g AA FRASE B9 9 5&ss FAseH, TMAIZE
A= VL, SA= SHEE 7 s &
= 757 27F FellE del, As &

=2
rir
N
frtt
=
9
e
o
=
L )
ot
(1T,
o
2
)
(o
frtt
>
Og‘;,"
ra
>
12
—_
%

fr
X
—_
s
=
1o
B
> o
o
[o t
Me oy o
cg fo > =
ol ¥
o
g H
o, %0, o

)4
:i
A=)
re
i
>
)
o,
£
it
ok MY oy
T
rlr
4

m]=9] Metro West Water Supply Tunnel (MWWST)2 X2
A5 Marlborougholl $1%|3t John J. Carroll 35 A 2]4olA A
2 B2 A9 oA71A] F 4% 283 km, o] 60-152m,
A7 43 m (7ol AAT HANAE 48m, st A
A7 40m)S) ARZE BRAEA Qo] Aukel 2wl 34wk
ANA FrE 7 HNE FESHE Hultman Aquaduct$} H

o

Nl
= Ot

N

398




108 MSIR ME/E7Y 8

ol 7 WA FAY FEES GRFCEN & JEAAR A
A ol HdAel thrlska s

O =% W= 3 Hele &5sarad Aldd gk 343 A
&lo] Astehs =525 Flshe v4oE 7R B v
HA A Z= 20009 ol viagEo N gz o] Ft
& s4sen, 2L 3 F AxW=dMe FREHS FAL
2 Al aEle 28t g3 Bl srE e WRskE e
NE7E B4 AL O BEE 19929 BY) o|2gE 31714
75 HAA " xe] FUF Ao FHHE Gk A
AbsEE AN

O ml=& 911 HEAO|F &5 tE SHM HESIY w=x87
g A “Water Security Research and Technical Support Action
Plan”& 27kt 29 o A+

3. HAMEUE

O AFE7HE 1: 4D S53FAEE 29-rARE 7le A
O A7/ daid

S ES §4EE A2 AN §53FA2H

o

#2474 SRS A% 29 485 75 s

- AR TR AAEE Bk AXEE) 9

MY 95z} g 4RN guE 429

Aol @ 974 R 24 2 BA, Gk )
g

of o ot
ol
Ao,
N
of
ol
XL

A 85E3R A2Ee AR

- 71EEFEEAaE 28 3 9AVe
AW SreaAad w9 rAdE SRS 2uq T
47 §53T L RS 93 v 84T 27% A
59 BB Z2aYY eavE A
 $4FETIY BRE AD A29 75
- ASAFAAG AE A 2 G e A
—

399




(=}
P

Sps|
ul

A
=

1 Inspection

Y

7} 71e A

[¢)

]

b2

ol
=

M10% MR ME/BI Y
A

A
[e}

E
L

}

9
il

=13

SHA Aol o

4] 7N

3F AFAI Al g

S
S

A\ B¢

e A
- A

KEMICH

Njo
H
BK
alo
X
TR

&

==
‘:ﬁ“

9 T

ol

129 75

7A

yrop

o

W
oF

K
o

oh

S AA 5 F A2

31 JiE A

==
tlf

L

%2 o

glof zakde) A&

Ea

HA o8-8 5 A

X

O AT 2 A 8525 Al2dE 9

Mo
mK

el

ol

A

i
S

KO

oF
hH

BK

Ao} 27] A A& AT

Ry

 RRA FAe g AR

<A
- e deALE A

Njo
"
=K
djo
N
R

400



d
(=}

A
=

HI10% MISDpH HH/E bt

N2w A

op

A

- w25 A

KEMICH

5 w M e
T e i = =
N Ay G oMo | Y e BT
T g o B, B
7! o w BT _ |9 s w.w g Mmoo Mo
3 T o WENT B T oy X o
R i o = ERRIE O Wre o Uy
T = R LT IERE S R
M I < R o S| = RS - T
. N N = ou o | A B oh T 2 g ®
] Mo B e Lo EIN g e = %
i ¥gy I EECe ¥ Usl drs
i o o & | ! X et —_—
?omw L oz w2 = i®m T
~ 3 = o -~ A N
iy of oz & il = £ | P oF AN R X ob o
o = T TFIE g wEE g *
g oF A - . Bnoa B R TN N0
Mr e o o - = N
Fe) [ ‘m/:._ ‘w:,._ ﬁﬁ mm ﬂ.x EO m ‘lﬂ OU_O ‘q E._O EO Jﬁu_nT ﬂ ‘L|t
wm T Mm = o — X == o myv = L B o@m O - 0%
T A oo T g g T e | W M= cEx 3 i
A N T oo ow| N o sEHE T A
3 o T K oAy e® | o B oa R T
Py wEX TR ZETIm T ORSE BEY
Xwm o Now o4 T doo o o o do 75 M
2" o — o X oy g | pr Rool a2 sk .
Foo Wy oo W oo S| = ER L Ty e
=w BT o Mo Mo & w._m_.ogﬂ,nsn o of X
ol ~ XL o T =W | o o A I SR KR
olxa DE® EN® ol W = E T B WA
e v : . ™ _ ~ = o N X 1o° fllig wp Ho N
10 =~ = | R =
O ~ J: N —_—
= O O O o ! _ A
K O
ol | «
—-— | nl
™ hal J—
T = i
5 | i 5
=4
~ | O KF
O

401

3}
o

gl ofof

AvA
-

B AE77E A7

O =




243

H10E MR ME/E7HE Y

KEMICH

O A, &AL 714

3}
=

oldof
]—1

3 7

J2p= o

b5

|

<]

:I.L

B

O

O

O
=
%0
ki
)

A §5FFA2Y 2G-RABY 71& AL

O ARI7FE1:

od

Kio
2l

o

Srearlad YEA 747]%)

[¢]

2

O MEZ T4 71%EA

=]
=

s

- NNERFFEA2E ol Al2E oduA] 30% AZHEFAA

SH1E 30% H7

+

EEREE

3]

O dgd A

]

O ggd A

- NELEFTFA LY B 2 B vE 20% A7

O #4 4 ZYHY 7}l

2l

-

EERRYEESS

O A &&5 Al=de LCC 3 Atk

- Risk ), A28 AFAY 59

O A 885 Als

/v

YA

A4 ER 2

ul
=

E

1 5

2] W& 30% M7

37 A 9

7
oF

A

3

o

- 71 §5FFA2E )

HE QM SR Jle A

L

2: AT

O A

402



15

A
=

H10E MR ME/E7HE Y

- At I 30% A7, A tin] A RS 50% A7t

O B

KEMICH

2 v

s

o
e

A

"
H

—_—

=
o
oF

ol
o

G

A
Nd

2 2025377}

3le] $77~$325

)

Ho
=

o

[ =1

o 7

B7F 7P 2 el Ha sl

-

Y
§1‘
=

FEI on, ALz elHolu

=

o

Bl Au|29) kA =3
lod 2016 39E A7F 13,1009 gd9 AF

C e S 2025 7HA]

billion?|

2 AYslo] %9 Fa7t 3

HWblE, aga Agrle
(EPA, 2002), £5-FFA12H

al
o
S
=]

1729 HFo] FH= FAoH, &

A
T Al SAR]

™
e
.m-o
ok
Nfo

)A

O =W &

B

=

ko
403

9] 15.5%09])
: 14.2%)

=
=

AA A

L

T

o

k)
T

od et




15

)

g, A3, e 2

==
tl_r

H10E MR ME/E7HE Y

e AA T T

o
pi

=

=

ol
=

KEMICH

ok

T717F 201010 T 20146 (39 871 €)

B297 612909 ofu)

4

: 2010.10 ~ 2011.4(670€)

5

: 81.79]
7713t

: 20134 T 2014.6(1'd271 €)

20114 7 2012.4(19)
20124 7 2013.4(1)

*1EA 9771 dOdERY elds &
1=

]_

O 3zxd =

O 1x4d
O 4z}

=0

o

700

o/

K0

TIEA E A ol

y&g 7|Fog A7)

ul
of ZAA

=

[¢)

37}

RFPY| AAIE A7

ol

L=

.

J 2}

8

|
&}
=

74

foF

O A4l AFAALH FFEH A

O

S

- AFAHY ARIAEE dBEE TlE A, AR

# J|QEOA TR RS AXER R

O

8. Jl &

404



243

H10E MR ME/E7HE Y

KEMICH

e 7%, B9 -

A=

N
S EN

=
T

7 ol=ma} MBAIN 4R

EA] A A = ofof o

AHd

E

=

O AFLA Ml

3T
3t

T AHA

|

(F7h 7vs

<A
B
A

o] A7

oA

}

;OL
o4

]

O dA771olA A

Nd

(ile)

i
—

m_mwo

Edol A

hyA

O ARRF A& AAMBIE Lo, A, &

—_—
o

Eo

oj

‘_Mwo

o

)

405



3. 3 Al F-4A

273384 EF3FAEE 7S AT
AAPAI A B4, &8 R & <

O &
A

O

Ny
w= )y rfo ok
N 2
- :([U

O
=

do Soi > W [k
_O|L

FEFFAIZHEY YA AHE 30% o)A EAE] $)3 Al
AUz e A 2 &g 7Hk7]

719ke] & FAI~E
s

7

B0
o%
=

N oo
Y of it
o

L

v
5%
AT
o oot 7
ot %P
'E Ob

ab

ol

ol

>

>

o

>

i_z

F

rir

X

2

=<

N

rO

=
&=

o,

i
N,

e

(o

[l il
%

fo

N

)y

4

)

o

fo
b o
N
-
Lo
=

o [

ofl i

o, M1 oo
A
lo
ot
o
_‘l
il
=

rok
>,
18
pio!
TN
o8k
4
I
il
o
ut
1o
>
o|X
td
@,
=
1a)
1

z0]
0x
b=
S~
I
o
0%

Ox
A

O 50109 282 FH(GWI, 2009.7)%= A7

2H nEFFo 7 Fe] Ao & 9g v)E

CO, ] 5~15%E 243}

T AoyA|, Atk 7|&o] AL
ZS

BaNE A% £F, e )

=3
%o
rr

g2 7] GANE AL SA1&d durt s AF

Hl
=
lo,
of\
>
=
2l
)
18
lo
o
oo
o
i
=
o
1=
)
Nt
of
ol
°
>,
o
ol

4
)
ro,
>
>
o
=2
<
)
o
=
o
o
N
>
=
o
=
<
D)
ao
o
&
2l
o, o

406




TITAIAEH 7|27 BN HM10% MEDHH ME/Zotury A

ZHE 7]e9 Ado] das, w3, /s e 3 4
9F% 5 484 9 &84S Fdge] dsixe dEAE 9
A Tzt F5o] ok
O wety, &30z es &8st AABIIAE AA8 A
Adsle 71 FHIA HUE &43F dzt 54449
AgEeol 2 Ao, QA &3d Qxg AHAFAA £
£ gEsto] 3 AGTATY FfFE0] e Aow wdd.
O71es% <= W>
O Z2E AEAA(~20129) 34S A3 M2 FGqrA19 AE
B = 37, AFe 2147 WAAA A -8 97 3 2
B ARl tiHlg mlEERlet s 24 8] S8
e wd 3 ek WH(2009.1.13), S8 574
2 570d Al E3E(2009.7.6)
O A%< 20099 11€ 179 1949 =9 £l 20200d 247k 2
EXE 20204 -%*E b= S AR thE] 30%E #E SRE
DP)®] 2%E =447 A8 A8

O &3, A¥e 07d dA 24% 59 A - AANUARFES
20303744 11% 744 She Ago g glo] AR A=A
of Wz Tt RS FH9Y F83 AA

O =AY & Ag 2 FF H89 80%= AFo] AA3t). -2zl
o A%, Agule AAA7HY 54%E AFAstH, mid 4% F7t
st e AA.

O fHlFEA~ 71H A, AgA SAqUAY EA|, g

4

Aqua city 7% %ﬂEoﬂ e

xﬂEXéH 1;-; ]-Lxﬂ\: A8 Al
A P e DAY
O *UH*MLWOH et A BAlo]l AXNEA BHERY 53
(2003%3 B 2006137k AlAAA A Fof

)
FAEE BEF 259, WY 245 AR A

alL
o LA
wo] WHH glon}, &84S ofF wEFe Ao, il

407




SaMLE 78T BaN H10% MEIH H3/BRY 47
T &53T dEepAS 283 AFAH AAAdYA ALt
2 287)ee Az BAle A5
O de) BAARAN FH7I9e A9AE Ak gou, §47
W dzE 752 e AdFEeTt 55
<= 9>
O

ml= el A =3 ij% Oz WEFE 5% T(River Network,
2009), Y& 5AA A, CO, F BAFY 15%S - B
Fwuol H(shi, 2008)

A AA “RAAR” BA] ZEAETE FAEAORE g FO
2 &7 FY duA e 247 AF

AR A Ae quAd gE7E 571 &S AAse w88
Q47 AL & A difeta A7HEAY Y 2 AES A
dgko g AR el H48S 7]&0]a &
et ARG AA AR AUA Y A 9 BET)e0] 55
A F7F FA(YE FH=Brd 59 &5Y, Hdd LA, &
Ad, =2900], 5L st 2 shdold APy A
AyolH, AR A wlo]aE = 7RIOE AZE LA

TH FHY &

dE IR ARYAUAE  sFF F4A g 71<(S0DIS,
Trunz Water Systems &) 7' 2 &8
20001 °] % vl AAEAIA £ ]I Sk
7Rl = FAlolH, =7hE WSS HY Uliﬁ
Axgo] Ui ArskaL 3lon, —‘01 U2 B

AA 555319 50% 7H7ko] AAlshe & Awtdos Frhs yehd
A AdskrE EokollAd AUAAHE 7le7Eo] &A4stEaL Sl
om, HZ AGYANUYAE 7o g = FFA44 B AHrs

H

9§71 Lol F53] o]FofAaL E.

AFATHE 1: 8535 A AAAGA AL 7l g
ATHEe] e

408




243

H10E MR ME/E7HE Y

KEMICH

l
=

o ouxe Hey AR

Ae 5

B

|

i

BK

b

i

_—

-

c &3 E QA AUA B8 583 Ve A

AFATHE 2

O

Ry

H= AR A 9

=13
=

3tef A

NESERER)

Dt v A A
R R

- ZFA

plo

=

P
ey
=
BN
Ko

71& i

o
=

AR iR E A 2 aest w971 A

.DCHA A 1% A

®

A 7]5ke] SMART green energy

<H

- ZA SEEA

CZHWE YA Z& H7t 7 )

- CDMAFIEFA

7F 71 N

3

D

Z13
=

- o4 A F 2] Al 28l (E-manager) 2 -&-71& 7]

2k

}o
o
AW SreEAaHozRY Add AT A 7E

H

x%z;_lo

Pl G5-E3A 28 A AdeiAe] A

.« R

409



15

A
=

H10E MR ME/E7HE Y

AFETFUE 3 : ALY FH3

O

KEMICH

o
-
4

sl 7]

a7l NEs, olE JeR

o

L0
Ho
1)
—_
fi%e)

B

A

PN
T

AR 7))

I

FoAl

T

AR 2RV, A2

M58}

L=

RN

ol

= CDM AFY

°

vl 3
=

=

=1

R

e

B

- A COMAR] W e

O a1 Y&

2

wr
T

~e

A

=K

m_.w_wo

A2

o

172 g oA A

AGEHY F054

KF

s}
.

3hafof

13A8e Y

°
=K

wr

Hlo
»A

Ho
oy

O #d 7]

7 A%

FAF A7

s
X

O
i
=)
7

e

3
hul

48 Aol o

ol %
DY

2

2

410



4
3

A
=

7l A AV i

H10E MR ME/E7HE Y

39|

=

L

%

T

ko)
il

3

O 71 #3(F5IA, TdIA) 2

=

www.kict &
( cteprekr EHH K, http://mdgatentis.gokr FX)

- A4EE An
UL TEEEIEE R

O g A5k

A

KEMICH

O

X" m H T

ER B o oo )

oy B BO = Ho M o o) ol R jo &

b T2 N < 3 ) TR D

_EE ;I/H __OH ‘mﬂ_ _r,._O _X_“_ [l :.L ‘_1| )AL vA llL

ﬂ@ﬂpﬂ%d; . O o = w__ o] " %ﬂaﬁwo

L T o < el B o 2 Mo i

m 87N o ™ i W TK o

zo oo AR Ty iN 7. r =0 oy

_— E — —_— - i 01_ ,Q OL 1__. o —

TwmETopl Mg s ¥ xx 0w RZdx

]Eoiﬁoﬂiﬁ Fo= 2 - 4 e
cExrdE 2El @ T oo hhw B Tz
IS —~ ! - = S -y =°

o o T i XX do o o TN K o = @ M,C_ =

o= X Ho z = ol jen 2op W = FEUJA

a2 o= AR = ° I Ko LIRS
- X ) ol o I B oo HoN < WO

By BB 5 " B o= X TR iy T om A=

oLE@ﬂ_mﬂ Mo» &) M_ OL&rMﬂ1rJ.o,__,._.T T = 4 3 ~

T A S N v F O E § oz A

Ho ]ﬂl_a <n 99 X L Wy o 5 zurﬂ_ﬂﬂe,ﬁlﬁu

A gy e P E O Mo < = fp B

do mw T L H g~ . D 1__Mv o == o mﬁ A AF 1W_o,,| 2 o M

o ado . lxyl i} &o o E W_u ol pp 3 o M N ol gjo ‘__Ot .M i =

= o e Y W %) 9% H (o — B w g .. X L
= HT_ —_ H_T ,.mﬂ X :.L jursh _AL N ‘_Ilyl ‘_QL 1! = — ~ oF oLo ~
WAT N = ﬁm; = o) o T AR e ~ T~ — Bl KH 1%1‘__ A(Tﬁ\ o
) ) X — o=

e S T A A =2 L2y 3 ®ERETH

~ - A ;OE A—._._._ ja) EO N o) ‘mu ..U.lm T
_._._.__v X M= —_— o) _

—~ Of TH _:T N 0 ﬂb ~ S UT o == 7} _:_l ™ )A.._ ~ &.E
- C I N R o - %X =R o 3 " R g N
HE XK o] ™KW wy Ho - XX < = T >

"N oM LG o™ X T N

_ R S S T s X K- e o+ XX m

¥ < N 0% B N = B = ‘z._l._ Y 19
O ~ T < W
O O O O a0 o
of
e ol
R’ K R
w | [

411




XM E-SSAIAE 7|29 BN HM10% MEDHH ME/Zotury A

=2 o

O AREATNE 2: &35 94 duA & 5283 7|¢ g
O #7189 WA 25 el 20(%) E&Fd 7=

O 718 FAHYUZHEETS ~25) tH] JYUAAEE 30(%) L

O A, 2zt duiA d87]1E 2 AA FAEE AA

O DCHA A-E AA A=A AA|

O AAA AqUALE dodd 2 583 &9 AZH A 58

]
HeA|2H, E-manager) 29 9 ojFd Az}
O AAAAUAY B84 28 2 dAZ 4T

O AFATUE 3: A¥LY FA SHE 7& e

O 71& 8233(&3, 9% 5)Y dyA &H7F 30% diEE o
UAE7AY FAE &

=4 80% ol AA7} 7hsd e st

[m]

6. Jltism

ol
el

Al
O | =
ry
ol
&

AA & A A10104 715)S A7t
A

golre Mulast A gAE o] 2 e

=)
o
o
\O
o
S
=
gt
i)
f
Xy
o,

A 730
s &7 FoH, $ATY A A5 A8 - A
St w2 FQo F7Ee} FAAE Y SR Ry =8O
20259714 A==e] & Fof F FAF8+ A7 18009

g3 Ao g Aol J|ee ¢ F

O Il AZA] AALS A H19 7] A [T7]&
fFATE] (U-city) 74e] 7hsstal, Aoy Ae} 1187 70
ZYE|H A of| A E](Beoity) 2 W8} Folv, AAZQ] TAIs a4
o] 7k&32 ABAA 2 NET FeA EAUNE 89 F
STV Al BAAE S A 2007 AlA EASE AW
oA 201080 309+ PR AEA] 5000] A} Fo E=A] Qlg}

412



243

H10E MR ME/E7HE Y

KEMICH

o
o
Mo
-
oo njn
%\M
% -
o
o A
M,ﬂ
q X
! W
HE
)
N
B o
W Ay
. Al
B o
B
e 1
®
~ R
No o

A AAASZE oF 1550

O ‘08d =

{4 o

(h 7
2

w] o

(A I —

]

LT %
i
38 °

- AR A
A

]

X
< '

=
[€)

1

0|
T
Gu)d W

il

m, AGd A A

29

A2, 2008)0]

ST
X

T4 HIX(SERT A

=13
=

=
o

AR A A A

o A030d A BAF F AAAYNIA BlFo] 50% 23}

st

=
=

B A A

SR

=
=]

7re) w37}

Ao, o

3

o4 Vg
AAAANIA 4

A

7)ol &

A
Z

1!

%

AR A

o
SU

Al, A=

=9

2l

1=

Al

ok

717t 201010 ~ 2014.6 (3\d 871 €)

10359 AAFE=AT 77.6949 ol

A

Mo

% 197 A7/ Fotdeny oY o

O Ad=
O 3%

20114 7 2012.4(19)
20124 7 2013.4(1)

1

g

L

: 20134~ 2014.6(11d270 €)

O4xd=

HO

o

700

ol

# J|UEOA JYREEE dxtER R

od
o

8. JI &

REPol| A A]

AR

|

AN

<

O a+

b, 2HA <)

ERE

=
=

413



45
A
A

A
=

8}

310

S ANEA LA
7BA|, A+

Pz a7

2=
EY

Z
7

L=

|

H10E MR ME/E7HE Y

3t

[¢)

o] +AA
A A]

=z A
=

=

7t 5

[¢]

43

1% 5924

=i
=
A

1)

u
=

71E
=

3}

L
A

]

- AAne AssAgsE o4

A=A #g

o

O A74stel AFHARH Fast AN

U

5

)1

O

KEMICH

T K] T e T o
2 Kl = o X X"
b ! K 0 ™
—_ E“_ - o %0 T M
s K 2, E. A
NN ’ = mw < il W 114
L
T om = @ q
< Iy b= =
oF Bl ! 2= o
Ho <N Ho - wﬂ o B
< ) ro R A Eo
) H| L S S
s ol El f B T
x O LT, % L g
= L ogxEe oL YR FX
= W do E SR o
SR o @meT ow A% g w
A P S N Mo
Tk NITTE w Zow oz Y
S e S
R B o ®
o s Lt ~ O_E = o &O ~
m Mo w Tz g
in _u_uon G e S — g P
kil =0 J_,._m Wodo o W F Ea
S S = T TG I L
Mooz Mo ™ W W g
S Hadx T N %
B Moo= ® o T o =
ok oW OB o " e
O o O O

414



15

A
=

H10E MR ME/E7HE Y

KEMICH

A3 A A?F HA B A=

o
2|
Hr

Gyl

™

‘I_r_
0

]

EEHA

M 7ol

3= RFPoA &

i Ko s s

3
A A]

ool to o}

<

=0

=20
o

wh}

bol A QEAL 2 3E]

©

[e)

=

DA A A AL

X

N
B/

2

er

—_
o
il

:AU

o

s
X

)
—

ox

—~
o

2= A

9

< A

g9,

stmz we) AR/Y FolA M

g4l 74 Hof
Fhshe] 9]

1
S

s

T

o
=

RN

o 7}
_]

S
Ll

[¢)

=

.

Aol 2§
Al
2 RFPO| A

9] HE7|Hol
=

el

415

7t

)
3



Bordy 23

H10% M=ItE M/

KEMICH

N

7} 7]

3

Ay

10.1 A ¢kA

-
It

KO
u_AH._n ORI ToRRTo) B 1 S o) o) 2!
70 = X0 R
ffo = X R
iy B N S
JyNO 1“'@ — \hlvﬂ H_NO Jll
o % TR g
i 0 o ™ + B
T T G S B A b
Wﬁ 0 Lx_o e o i I [
oo Py T2 x | §F R
oo R ~ RTom R R o ™ =
100 70 X 0 B BK - 3 T el KX o
R R R B & i
I I NG - T T A ia
fild o | RONOTE o= i T = =K
T | X T q - B TR . -
B oM oG | O o o By o %0
= K oo oo Hr \% o Bl = o
L EE | T E S N R U &
B T — ~
%%W W ﬁﬁ%% oo | BR J
I o I T I B
I T T ST » Ja iy
v e BT il T OB R i
_ = T
b o < o O ECA=
L S (- S " o | =
n R | R " A I B
o = O = < Hr 10 09 o o o
N N O ~ o roa Mo I W < XX
- Iy X o g T o
i i mn M mo K B
) _E

416



417

KO
. 3 zx
70 N D e
i NS Hlo ) — M) =
S —_ X 3 X
S : { w o X
RO S T o W4 MA iz a
b o — 0 Ho p @) <0
= o X mo_.E ‘_ﬂ_u N X
;) i o o I o = i
I+ < %o %o mAro T B e Wﬂn %I X .
< —~ o —_ ) — L
% n Ay I L A Bwor wlz X
S w LT3 N A = "3
= o T L N ¢ . 3
on X0 | ld - 53 sl gy
= do| nl T = 3 =K = 6 e 7 | o
I mﬂ Al XX = D oF VT <"
el B TR = T o o m
2l e a®wl > oy B
o S WX PR T N N |2
o DN 0 lvAr A# ‘MM é.a %o e ,_,IAE Bo ;oE —=
i g Ao S T W
w |9s = S W T T I
22| -~ 3T W I A s 0o | E B
—_ i ® T ulo o = |
= ™ o _ <) o | l_o H = 2| % B & |
- | oo T OB ~dl oW B N o —
B o Wﬁ = | <0 ~ of . ﬁ.a o) T = WL 1\_.L JH = 3 x
Iy A N N ST b TP L j
3 TV e e T R D = o= N T i
R -~ o M| P ® o y B X ™ | N
5 " BT woo e 2 K| o !
pen N2 N Yo = .1 = 0 o B & 0 o
o Gl ~ wlwm S (N A o o |B R H | "
N fal o o | e o o .m 2 70 ~ =) ;‘Mﬂ W 51 & N Xﬂ
0 63 X > F U B T O CR = P I o L ®| T
4w ° % - o TREgEw o = & o
_I — Z_l ._llyu_._ 1__1_ . AT.__ N S _§| ~ TO _:_H \Iﬂ
= K g e T T o O g TR =
i oE | |TEEIEs s isiw i FE, 5
= Jai} HR | o 70 toli 5 -3 NES
M_. X < H %@mv% Lﬂ%&\ n%.mmw G < ® M Fi
0 N ! = = | = m |1y 7 X <
- %ol : : xmo_ﬁ%%&o %mxmo% :
5 ¥ R S < S »
— = Ho - GRS .
63 W %0 * G = pT T | BF
K e ﬂ% | R
or FHEK




BohY 4

H10% M=ItE M/

KEMICH

FeaAlad A4 2 P1E Vs

o &

= A % TR
k=] N~ o M
ﬁo o= — — o 0 | = | = 10 = | & | & o 10 + | o <+
o o e} (@] (@] e} (@] (@] (@] o e} e} o e} (@] (@] (@] e}
™N =
K
% H Q| 8| 8| Q|88 2 |8 |2 |8« o w | © | 9
or
K|t | < o) To) N ™ < < < < — 1o = I = o <
__“_n._w__. M| 1 S = = NG o0 S o0 B~ o = o a < o~ <
| - Ne) o 1o — Ne) Ne) < © 1o o ™ I ) o~ o
=
| — o~ o~ o~ 13o) I3\ — o)
-
frdo| © | ® | R RPN e | w| | R| o | R|®|
—~~ —_| P
2] x |3 Ak =) H
= b F| =M T i T |
2 el e 5 TRy TR e N | x| 2|5 DX
<) 2 ol a B A g | 7I|E X
Q15 T W o lw FIAF IR R k| B | |C SR
n ol |~ | N N Tor o ~ o=k B No
Mo _ g X PR W e [k [ e R AN T
R | = | = % T4 ok (T 2 e L TH] & O O N E| e
™ iN = N B R wym S I I L o | o cﬂ._ NI =
=0 _ 4 XKW = B | T M X L L R Ho & | B
~ X = W N | A R~ 0 = |E |
| ] B 2| T W) | o7 i e e clo o
o o = | = B ! %0
D ! « hi A 0 o ® N L 0 o o i a 9
— — i — — [q\l (q\ [q\l @\ Q| cH (a9) (a9} <H <A <A
" "
G R il =7 BT
o ~ X = o0 o T = ® W
=1 A Ay o _TE Ao B
70 w; 5 ~ B B ~ R
)A

418



BohY 4

H10% M=ItE M/

KEMICH

419

= Ay " o8
k=] N~ o M
ﬁo o= — — o 10 — —~ 10 = | oo 0 10 + | o |
o o e} (@] (@] e} (@] (@] (@] (@] (@] e} (@] e} e} (@] e} e}
™N =
Ko | - Ne) ) < I ) o) \© o < o —
) __”_u.““_ — ~ Rl — ®© ~ — N < — I I — B~ — O
]
K| < o\ D~ 0 o N To) D~ Ne) — D~ <t o~ o\ o™
__“_“._w__. ™| N 9 3 = o) o N S o To) 9 o To) e o o~
w_ N Ne) S — Ne) S — 0 ) o 1o} —
| — — e\ — lq\ — 9\ —
rdp| © | ® | R | R R|R| PRV W| W PR PR
—~ — | —
= | X M3 - - W
= X — ‘\I EL .~ .l_x‘\l
o I I ol I T S ol B S B © | & |X |TR
N o fil 1o 7 N _/1_ O —~ o al 0 —_
S b 2 o | A (L] g u o | ®|EZIXE
O I B N T 7 - i B = e s [ ) I R B B ()
HH _ _ 7l N | B O LI Pkl I R =3 R ®o | B S
= | o = W B F < o JE | oY
I = 53 o <y o | = % ~ ﬂov o oy = W g A 50 H NR = R
= I Bl I B R - Al NPV R V) il VIR PP - L o S
x| x| = |3 X I M% o G N B = | 4w
RN T F = | = |Tuleq | T+ B B | g
D ! « hi A o o o N 1 i o Y i i 0
— — i — — (q\] (q\ @\ [q\l N (a9) (a9) o <H <A <A
_r "
H L gﬂ.yvo N o Mo = ™ W oK T
ojr = <o = o0 ol =" W
A N G Ko G Ty
70 ey ~ B M.M ) ~ T oNE




S8ty 243

MY

H10% M atH|

KEMICH

A RE
= N o W
ﬂ —~
Mo 1| o — — o 10 — — 10 — o o | @ 0 S
X
o 4l S o 0 © . \© o = o o N To <
e o — < Lo — N ~ ey o 1) N I39) —
ﬁ s = 5 2 = = = o0 e 10 = = = =
o | 3 I To) a S 0 ) ) = ') S o~
mﬂe o~ Nl N — o) o~ < D~ N S o~
™ = — — —
_mw W (o B e e e e v I s~ e v A e A - Gl
25} N il i~ —
= A A
= o | o | ol g o ) i
S| | BB Tolmln Bl k| Yoo | x| 2%
S i _ B || W ook | R
o 2| T |E T | Aol=r |V x T c3
& 3 g || BT | R RS e iefo o A =% 5
_wﬁ \ \ =) N ._uw_u._l e TN _,Tl ) o OT | i <o BK S
= AT.E T Ea —~ A_.E 2 zrn oF = J EW o X 1;H
ku T | T | W | X2H o_w_ < wo ~ | =F|% gl & wﬁ Al TN E
e = = = > o X [- o o o ~ Z
S ™ ~ T | ar AL i B | T 3 Hm m _Z_T__ [ R by TN T
< I~ X 03 ars W — W = | X . ~ T ol
N X = < ol - = ok rAl ~ ~ ° = M_H o
B | A I r < | T w | o - o e
oo = | = B S
D o P ¥ LD 0 Q3 D ¥ Lo - a iy -
— — — — — N o o o~ I e ) e <
N sy "
i P 70 1, A 20 . o T
U.__v ﬂ MA._. N ;00 ﬁO _E ﬂ__lm ‘I‘_I_/” \‘_ﬂA|I \mmu.u_.
= o T {p o MmN NG
7o = ~ B G- ~ R _ o
& §




or

A

o @Y =

HAY MFatH

PART 2

ol

7 74

T

(®)

M 4 & M&FztH

FA2Y 25 ATG ARHA
NEEEE

2 Prototype A=}

2

+

o)
=0

Al

B/

X
H

al

Al 2w /A

o

-
oo WO

BrAgAd Asrle A

E G Asg A A% A

= IHE FAH den, 4 AFAA
RS

2o

™
i
oF
o

o

421




or

HAY MFatH

4 5 Aol

P
T

“"

ol

SHY e A

[ < #A

H &
ut
N
- F
oo
o
= i
JI
o
a i
El
= il il
- W Boo|m |®
ey Y w = o
_|T_ = N - = = w1l
o || i} =3
I |E GRE I (g |*
> 2| m| & @il @ & &%
K bzl | = R < B &t g
M 3lel | & 2l = || %
| | & =1 = il Ho il
o m u_. M/|=__ _.J_m pil o 0 il
4l & = = o W = 3l M
Y e E ek ' Bl m = N
o = <k i i 4
Mol | 7l R0 ah <t Ao to
4| | = b w| | <k
o R aﬁ_ 5 y
. | H El wl i o A
_|T_ S ® | = = <+ z0 < o]
| ol O = - ||l o
e || W] || | o <F <
|_ o - - =4
P O E o 1 il e
X o - 4l Al Ho gu om
g = < < = c
™N 5 = mw to i
x 4k Kl
<k o ~
RO o o
mm_u | L o I
=l
_ <+
IH 2 .
— -
)
s
N
= =
— g
M._M___.EW <4l w4l _
= W e = Ul T K U
T4 oo S ST i rnFE
wE = o il = Ho 50 4
I = 4R E k4l R
= s 00T Tdogr
= = o T at g T RO T moEof
- ™~ Lar]

422



o

AEADANA AA A% A

2 Prototype A%}

o

o,

24

A 1A 1 AREFA

1. 4o 4 WA

L

Region 2

1},

I Oj2i=Al|

Al Zero

il
ol
o
1]

joir

oo

197
MR FAH Jon, 1 ARATFNE

ol

[e)
&

B AREAe) AR aT

e e 9 Prototype Az, 3 ARATYE S F5FEFALY W/ AR A7)

423



PART 2 : 241E 84T TAIAH A4 MSTRE SRz 237

=

7= e

2

o
Al 1 AFATFHE | FAE S Irlad 2A7s A
FHALs]

1 O

g Ald S
AA7 e e A2 AFATHE Prototype A2t

Prototype A2t
A3 AFATHE | SFTFEAEE J/AEA AALE F1

A keyword

d, Prototype, & aFA2H ¥ 2 A%

UL
1 ARAFUE

e 7L

=
FLE FFA1717] olHaL HIA] AEFE thEo] of-5-H, &
HFH e 7€ A =535 A9 2949 id e 2

—=

N
(i
o
12
>,
[»
ot
A
e
il
i
rlr
N,
ol
Y
S
BN
)
v
A
i)
R
s

5]
Bast e ALY HHAAS A e FETY 74
R FEHE =74 24 Fo v =19 &
dHste £4 7lecl 28
= A AAZeE AHHE AZE NEe] AxAC A Thedt
2~

X
Jo
off

AME (A}, Ao, EetR F)o §4FF AlAHe o}
ojtjo] HAY(AA EA7F 20153 8,0009 )
= &Few TIH =54 24s T A% ALY

§%, %, ARAR, A% AREY F2 5 71EAA A8
- 257 BA2 5@ BAY ARA2AYY 4 A4 =%
- BRAEET +8) 24 5@ 248 AFAUNEE &

% A
= B4 &5 FAILEY VR AA
» Y &SI FAIEE VIR DA AHA
EX4AE = 9 2 AFAGY SAS 1HT FAY AFAZAAEY &
ZF AAFEY 72 2 FH 5 2F
» B4 2 Sl B2 ZoARl mE &5 AEA g
720w o) » FE5F A _5‘1 %‘{l\txl 24 %L} %ﬂ]*é_gi ]
* Closed 38 &8 A& 75 7|& §RE T 344
Fol B2 AMA A (5T, sl HHl 5 EAF M= Tt

424



o

HAY MFatH

NIl
ojp

ol

B
=K
A
Hr

o)

TH-&

B/

prl

e

] /K—ﬂ

Ho
oF
fl ™
~ <
<]
w 4
N —
0
= A+ =
W " g
— ™
il < o H.t
A L O
ol ow
Mo Kk o ,A|_
R Wjo =
oo ol Mo
& T4
< iz oo
IH - o
R 3
e
o) N
3
K <
wl T T
= M & T
= % Mo 1y T
81 - = K o ,,Al_
uﬂ_. 8l o = ° %u
H_ 100 nmE Eo io HT_
N n g0 <

2.

ohg}

KeN
L

1 ATATUES] Faug

™
M
— >
- < ‘mvr_l 1_.0
3 F zc
0w o #
~ H E:. AT
_= <o
T Mﬁ G
g Do 8 R n
- TOIX o T 70
fr m%E MWM ~r|IN- uxmﬂ A e
o (=X T A
< m B e E
o KRz 2w - o = U
R
— | R
olo M_m wrm HIE ﬁﬂ Mo
=0 |—r na JHL.O
B N N =
m..m KR ARy R
fuzel
“.-%I U‘Wﬂmo ﬂ_i ‘\% X EW“W
el RN G
] ® mlop = X o o
< Ho NHF AR XN
< o
T oF T
D J
— N {0
i<, I
Bl Ou_o_e ~X Mo
TP -
= | o do
”_ _A_I‘IAT %0 S
X ﬁo 1_:L _OHE
0K %) )
o B o T~

=1 A

o
XY
O
wjr -
£l TR | B
u—/” .m,_l £0NFL JIOX ﬁE 70 laze])
X %%u,@_t X
By ritsrioC
N o, = K
A R e B Mg = M
<% KE (R ﬂ@m ;H_mO G
Gl ol |l S R S Y
[ 1313 ~ ~
S e P ER R R R
n B N dojak [ <)X
= 2w
T R Y G
i @f@% i Tlgo 2 T 2
alo - of ® MR BN o | m
T HKE N N K NN
Mmo ] n ] n ] ] n ] n
Z
WO T ~ O T J ]
il R i B £ TR 2 Z
Pl T P om
Wi ol & e 4|4
| Mo oF| pim o oF| T |<
Oof op T o op T mw m_w
of |3 L] AR =z A -
TR T [
ojo _
= XKl BRI K 8o o
Tl FH PR R SR
B ool Ay m o |mp RO mR W |mp W
I+
SRR U U
SHE A e

425



PART 2 : 24t 243 ZA|2H HAY MFIHE AL FTAE

1 2H2ATLE
-2 ARATHE P

M= DA 2t 8l Prototype X|Zt

MEFEATUHE

e )
2 2

Y A% AEAN2Y 24 AL
(F2-30HE/Q) FAE] AzEe] AMS ANA
40 FAxE ALME 2 24 HAle] 17

g
o o

i e I P B i

o 1l N rlr 2 ox

o Lo
—d
b
o
i
o
lo
o
—Ho

o
. ofl
oflt

47 &
o] dg

o2
WE,
re
-4
i)
::l,
o
N
>
ot
s

#13l Prototype]

N o> do off rfT

2 @ 30

TAY FFAGANAL AA 7s AT
= +23 HFA A4 Prototype A=
FAY AFAYAA 7B D A AA =9
-/ 2E/8RS 20 E s AAVIE
|7} | A V&
- 2-3%E/d FHY A 34 2RV 3 5008/ HEE
HE A A A 2 =
= $38% A5A2 A4 Prototype
- 500=/ o) TR FHF AP Al dAde] SR
prototype
= A% FAYEE 27 e =
AeAEas = B AA & D ARA FRE 58 AF7)E risk A
= EA FES 1S AARE 2HER T

1
iy
ox

= e
Y

g
kel
o,
i)
e

=2 AFAFHEY 53 2 AES ved 2ok

2NFAHTFUHE T2 Gane| AL 2A 71E 7HE U Prototype HI%}

1= E T2 Q47|

R I R = FOEat
| AEA RG] A s
- _ -
AR wAE A=" L

|
Prototype AZ& T °

scale-up “FAHY &R

X,

A4 AAgAd A4 e A

T 2] A4 Prototype A%

oL, 0oL




PART 2 : SAS 84T JA|AH H4T MY 277N S
=2 AFATHEY Follde e 2

ZHEATUHE T A2 AILE 22 7le /i 8L Prototype AIZf

T8 2a7|E Falg

- 0H/ 0 E/EAES L0 E ke AA Ve N
THY GeAgrd - v 2 A e 2 Vs e
HA A% A 230K/ $1Y Al E 2RNE 2 S0E/Y TR
oldel BIREME A A APEA B = A)E)

FAY AEAUAL 50/ ol TRl 517 FAelAdue] Apde] 5
Prototype A2} X Prototype A&t

» 2 AFEATHES dAxpE FAWES e 2
2R ATUHE A M| A" A 7]z 7% 8 Prototype H|Z
T FR s FaUe
- B/ QE/EATS IR0 R ke A Vs N
120 AR AFAAAA] - @ AEAVT " A Vs
A= (44 71& A 2~30E/d FAE AT 2WE B 500E/Y
TR ool HIZEHE A A APEA B =1 A%
ol QE/EAERS I7to 7 = A Vs it
FHY AFAYAA| - g AT | A Vs
o |B2A & e - 2~3RFE/d Y FAEEA 23TVIE 2 S00E/Y
> T ole] BaEE AR A ARA W =R A
14
Z[:z]‘dﬂ X-]/\z{a}\] S| 5005/01 A o]/\l—_/] /\X165] /\;q;q A A 3}9] /\o]-/\]_/\g
Prototype A| 2} o] 2% Demo Plant A%t
32k |FAd AFAYAIA - 5008/Y TFE oV A A AT ] Aol
WX |Prototype A%} g HE Demo AR}

427



1 3 NFALLE

-3 ARATHE B9

! Prototype Xi|&f

A7lE 7HE

=

VSEWS|
(=]

=AY Ml

LH
=
11
0
<]
=
rao
Ho
<t
olo

NEX-ESTE]

td =7F AdellM 2

S

HE

H/AH

gro] &

o Al

Bo

] EREA]7}

=A

$5FFN2E 7

g

L
X
il
G
A+
N

O

£ 2 AFEAdA HAF AANEHe A7 A AdE 2 A

Bk AA|

o
T o

- 2

e
W2

0
B
Hr

» 3 Al

Al =
<F ® et
9 o~
0 o
I . W
8l K =
R % Wz
M < H o
mlo| =
o T
@l o
Mﬂ X
= P
B Ge
—~ <
.A_I H_A m.x
olo o "
M) oo
=~
o
oF
<
oo o K
=0 L BRI
_._u or ol W
o I I
I N oo
= 4 T R
XA
~ <4 m
wogh N

428



429

z G N g 4
N — =
i o T| wETH T | BT @ T
o X 63 I | o ®|oh - T i
o _ i W o | Mo g I
Ak I o} A ~ T T A =
N X = W 3 N = N = oF
mn:_ A_l K oy 1\_;” i \.Ml £33 ﬂAl 3 1._1 F z_.a ﬂAl o _,Tl
o - 0 n ) —_—
o % X ©ooy & O A < I S G-
L i u W= = ® o P W T o
= w H.Tu ~ OL Q_O -0 UK ﬂmﬂ al .X_l o X < — ~X
= ) W T R Ve o = | i
T 1 Nfo fia T N I gy
g 5 T of | BTy W ok
= _ ~ = B o AR o |z H = -
= xr = R | KE G < |2 4 o
" K Q_o RN Bl by - 2] oF N KO mE —_
Q H = < w * (RN S o N e T ooy <
ol — | 3 A oK »oor | o) (S 1H | ) A oy
= K o M X ) W : K 1 B o H o T 7o) > o N | =K
31 - " ) H 3 NS Tlm dr K | T X =|T - F ~
EL N o ) TR B S > Mo o e
— 3 3 X %0 i< Gt o |'RE M= X o A E Ho o T ) o
m " = 4 o P o B Bl i o
<| nlg 7 - _ r 11 od = o] 4= N oo ~INMJ AR RO )
— me RE To o_u Z,_L A_I zt — = = od|— ﬁo K Holo &I RV Ho
T | = A ©oF o | &0 N e BN a0 Ko KW N do KT . .
N | T U gl < < LI LA . - =
o ) = P = I e g 3
a0 Folblgls wmw = | o o s X -
¥ MAE T R | A T odo R L <E 63 " ol o _
_ ol N ogo o Mo | o A < Ho N oo | | o o T 70
noo® SN R, H il N T | T | q = G
- = e ! 3 < =~ | W= H = il
=< o = F ) of | UT | A= T T L
o i E i ol ~w | Tw | T4 g &
— e o) o K oy ., R oy =K =
Soglmle Yoo 2 NS N
oo b | =F | 5 m y 3 Hm = Fo o - o 1_x B o
5O IR =% 5T | W ™ & T A %~
< |8 o & AR 5| = | = D 2 ~ I
SR P ) NS o | =
.o i == o N2 = L
o~ g E K W = |18y = Y w M 0y £
— = o T o | Ik _|_| A o T DL
& ™ M oo . | -
o . ~ 4 UG o




PART 2 : 24 B3 5ALE 4 MRIHY ATHL FXAY
4. 71=22=9 (TRM)
01 AF3A Y 7s2=E otg et 2o
B =3 4749 AR d7Wed tg d7des st en, stadxs o] §sho
A1, 2 %3 AFY A AFATHE 2 Fo 847]s 1Mo AAES £
ow, ZA2te) VleHW(He)st Fo AANES EFeAT
O A 1 AFEZA - B4 A AA7€ 713 2 Prototype A4}
HF e Itz 2AHE 3RE = AEE
LHR (2010.12-2011.04) (2011.04-2012.04) (2012.04-2013.04) (2013.04-2014.04)
1-1
HMY 8223
MNAR 2 e
T|EEH NEA B BB B
1-2-1 2% Ao A2 23 71& e
1-2
T8 d4Hz
MAE‘! A-I]ﬁ 7IE
!

Prototype H|&t

430



tot

PART 2 : 24t EFSSAIAH MAZH MEIHE oIp7jer 2717

]

A2 A 2 AFHRA - BAY ST HEEHE

1. 39 ¥ HA

7. A9

B 288 S53FA299 483 2 ARIaE AsH nEAYE 2o s
AR £43 PrAeAde AFE AL L 39 9 AF Anse B
F2 AT F/MF A2 AR AANE A

SENE

124 843ZNAHY AIZ7|E HHE 58 3¢ 9= 8333

1500m/2 F20| +5Y WM AY NZ 7l 2
ISUUSY 3% 28 Y FHAY ofb] SAH| 140%0/3h Ty
1SUUSY 3% +Y Y FHAY o] 228K 70%01y B

B 20%3A APAFHEe 242 TAH o, 1 ArATFHES 543
EAE AL AT AL, 2 ARATHEL F/ulF 2" AA &
7o) o

7z HEATLYS
B A1 ARATNE - FAE ASAGANL AT A
$5FIN2E
g2EHE 7= (Al 2 AFATHE| - 5/ AlEE dAVs R
. SAY BrAE A4, HAENE,
A4 keyword 2 /5128 )




PART 2 : 4t -3 5AILH AT MEIHE AFNY FEA

11457 E

| 73 C42 =49 AFAgA4d M= |

-1 ARATNE e

REEEY
PEXEXEY

A MAZSZ MEE = AEA= ¢F 50,0009 2 —TL7} AF
e Ao Jgxo] o 23uE/DY & - FFE Y5
s da s AHd

IAEAA ] =AY AFAg A=" GA AA ZIe1-24F
Oﬂ——rlq]&) TA St HIEHES GO RN 3AFARA 2
o .n_x]_q.a] = KR 12(46‘]- %= 9 010

FHY 42T AL AE Tls AT

T/ E/BARTS IXeE ke FHY XY AleTIE N
A3AAZE aE mA Al 7ls g

52 BEA A AlF AR

500/ TR FAE FeAgAlA 27] AEE

AlE AA BRE T3 7led] RES)

HZEHE 75 5 719 ARF A%ts 53 SR &9

A 8470 A8 Ui gu

432



o

A ME2tH

-1 A

=y

LOH
Nd
1_.E JXlO
25
il A B
By ~ K
il o o gl
m._/o < =
= | Yo T {p
< |~ g ~
|| <
A
< | g ™ ol Mo
:._ ra
o N I VI
.A_._n KO =
KO N el
0 ;oH ‘mWL ﬂ.ﬁ
10 " £y
Kr 1__& o T £l
<+ NS
Mo ~. ~
, W
ool N
Xﬂ! 1r/ EO 0
- mr <= R
5 i
“n on
o N O
go 0 wa T M
= < 0
Tl | w® - P
mu _“_._ﬂ ‘.JvA| o OO ‘._MU ‘l_AJl
o | - o2 S =
= o N r’e
du ﬂmo <H ~o
— - X ® Z
= L <
B o oo TooRr
4 o X T

&3} 2o,

2 o
O

-1 ARTA AT Fau

NI
53
fl G2
= % B
4 " o A
~ w N
Mo il RO I+ % =
5 T < ol ) i ~
w % Zowe =ETX ) EWEE
< L nﬂn = w o o 3 | AR W X
) o, Mo 3 _
5§ Txlfe | TR Erel
<k o i B N o NN
KO Mo a i s X g o) w9l o -
. P T | MW o | B XT K
mﬂ K o mﬁ - Dy ﬁm S A I A
| EEEERESETEES 9
L = . -
® = W X e ) - TN
0 Mo X o w0 2q wj 7 iy
crEE PR lT T HIE
T Mo N B o | B Mo MK
T = ot
00 A R )
T | A R 2y Ho "
T+ | ~ = "
mun_ A.* ﬁH O_E 6o ‘mﬁ
I+ | o N A w B
= N T N B
of R o= g
- Kk o o ﬁ/e ~ ~
R 1]8° =< N WW % w w
e of o b W
& < oy T 4
s NN

433



@

H4g MDA

RIS

oo A
N ~ _o
m B g K
o & i
f X° o) ,uAlL [~
= ® % £ Gl % < T
gl = NI X N s
g | = R oGS o ol o {p
== _,,AT K K Mo i = ~ — Ay <
o o £l N mm T/ i " NS
; w0 X 70 i~ XN A B R fo ™ "
o™ | @ A " ol % N 4 < i o il
A + T _ 0 — M o b N N
K W Cilice = ~ s o o
Ko i p - 7 N B = " i
il W oy a b " L= R M Bk
= D O I B T -
= N & o | N N - < ™ w
4 <+ | Ew - w e T ) R e
~ 50 Mo o N oy s Hzm | B ax W
Mo Nlo - - X° F b B W TN ) NR
1Y . A EO —_— 0 L.H Eﬂ mL —
= . . . ) S Mo X mv_.u ‘AP = < Ho il W N
T T i - NS | X a ¥ Fo
2 ] T - : v <
< + 63 ﬁ i i T : : .
0 { < < :
g % hIN o ) ) % ﬂlo o W Ho
la| © g | W il N N ) o < i
R | =T ﬂ = | m N PR - B e _ﬂ 5 & M
e S w | B | B m N | PR i T T
Rr Ho ~ N | = N A | B o W gy RO
<+ Ho o o | PP i N | X [) o L
0 X Moo | SR w | N Ho B A X0 [
0 = w < | WA = 2 o | ~ N @ | X w P R
50 T | ow | B < | WA # R | =T WX
3 A I I i O oo B wAERIZR | &S = =2
i Trelre|vE | Zae re 3 sz
= | ¥ SE eI RE 2L R E
> % 4
o T " 1
<+ T

434



PART 2 : 24t 243 ZA|2H HAY MFIHE AL FTAE

1 2 HEA7YS
-2 ARATHEE]

A %34 A
AR AT &
- FAY AFADNEY AHANARL B F582 A
A ok 7 1, A% AYFE 2 29AA FHAA FIRE & s
/M5 A2 A7 7% el "ag

- AZ PNF FTFS AT F/u A2 AHEA 2 A
e
Z& ﬁ _ -
TEATHS | asquq 588 2 Agse weR BaA@) 24 9
A7 9 AA ANE A

- 5AY ASAYANLTY QAR /G A= AA 2 AT
A

i
=
o,
i)
i

* Water age : 737l AN HZTALF7E viA 2 F/49)
FRRAN ZAFe A (FZ v BEU HAE F2
o] 7S Bt AXEE A& B AEHL S

o
£
o
Lo

=2 AFAFHEY 53 B dES ved 2ok

M 2 MFEATLE w/Hl ALY A Ts N

HEIN Hrew zQ Q47|

-G/l AlaE HF Al - HE A 3EFS 3 F/ua AlaY H ™A
71E SR 2 AA 71&
= 5/0a AlE=E AAl Al - YA B3 2 ARSE 1T HFA|(E)
]
A

T AWM 2y 3

I

2

[0

435



PART 2 : 24y 855 8ALH A% NEDHHE HRopE T

2 ARIA ATHES] Fage Tt e,

Lo

M 2 MEAFUE w78l ALE A Vs N
F=Q Q47|= Folg
_ | 71 B/ AlsE HE
HE ANF FFE A% oo
S Ao Ay A B AR R A
H T — = e -
0 @ e Bz 250 A F5 Aed B e
T - - FE ZF R A 35 AR AR 2
PN = O = 1
FEAvdA a&3t 2 A _ _
aae nea WA T O B % A e e
= = il T az _
B e S A R R
b E o B2 N A L )2
2 A HlA(X) e} Bx(FS P HE 2F Vs

2 ARATUEY AR FAYEL e 2ot

2HFINE | AMCH Brsa ANEE 2ot = 2L =22 7|s 7R

o ALY FaL4g

AE ANs TFS A% F| - H/AT A HE
/S A=E ARAA L] AT NS AR 7E AL

A 7% A S 2F 2 A 4 A B

oL

HE

- oluA 24 3 AR Ve gR

w | 2o E TIW HH wiA] A e

HF A AR 7 A

LB 2% 2 A2 75 A B HE

o =]z
50 g e 29 g 9 A1

AR o HE(E BE) A =) Ve

=
[ AZE ARAA D B 2% D A F4 A2 A 2y

X oA mest 2 Ay
32 383 WFA(ER) HA @t B 9T Hd 23
AN B AA )& AL

436



PART 2 : 24t 243 ZA|2H HAY MFIHE AL FTAE

4. 71 2= (TRM)

B2 A3gAe 7Ez=9e olgel 2o

O Al 2 AlFA] . 248 §FsaALH HiEvE 75

Mo IAtHE 2AHE 3AEE 4AHEE
LH Q (2010.12-2011.04) (2011.04-2012.04) (2012.04-2013.04) (2013.04-2014.04)
(=]
211433 ST WAL A3 ZIee
FUHOY U ZH MY A3 HEZ AHT|S e
g 3g
Al 2-1-2%/QF /252 2710F o +4E T A3 MY
$38 H4H2|
N4 NZ7)2 - BHY $5L4 M| Ay -UUB L HET 28 7S - FURoY 24
Tha - Bl AEHC 500=/Y 27| K&
2-1-3 204 W7t 28 0E A 7|eg
-89 $H2| SUE MEST - EA| DB eIAE AIDTIE TH2 AB7|E +8 2 B
-SREET OAUIE 24 -A37|E +E 2 EES
2-2
B/ A A =
AR 7|E e 24 300LX| E2% % HAdE Tafs W XIE) AT AM HE 2 2 7le Ay
-SHHER 28 A HTm jese | - B FAY T g HEYS H3(D)Y BE(S5TE)
- B2 FEY HY LT 4|2 - T2 HE(B5EE) A7 N E8 7|z
kS

437



@

A

W oy =

A ME2tH

o}

=R Eat=

N

(¢}

A}
=

M

N

. B
L

A 3 A 3 A3IA

1. 43¢ 2 A

D

1 &9 2 A} dUA AH=

0

2=
=

=R R 7

}

;OL
Jo

] 7}

o

3. A

nl

x| XtE= Mo % & AL HA =

HE E3 ofu|g 100% %

IESKaE AL W ouX| XHEE 30%0|4 &

or
orl

or

HF
=

Z2 )

LCC

ANz FAHY

[e)
&=

ELEEE B EREEAN

il

T

Ao R 4 ARATUL

7] ol

g
-

Zl&olH, 3 A

oo
oW

A A el | ]

Al

wK

J

o
o

2~ 311
R RIRE

S
L.

PN
=/

2] 7]

438



@

A
~
T -
) K ™ ol
s . NV W o’
=10 B g ’ oF <
. o i ~ (s
g | o 4 | X i N
0 N O G & <
= | A A de | m H |
JH = AT &.E i >
v o TN |z ® wmw
M_W S I M o
JR WO | Fo )
Moo B R | &R AR e
N | R | m | dooup |
I I I I >
| B R B LS
i 1} ol - =
T T T T 2
— ~ % < -
W < T 3 3 <
_|_|
=7 E
iy s
LA ¥
2T -
Mo mo <
0 N X
A o T

T
=
Ln
iy
Th

<+
o

ALy ey

B4
N2l

| 198 C43 3AFTAA AT NME=

439



o

HMaz

1 1 NFALLE

L1 ARATRE] Fel

el 7= hE

o 28X

M| kA
MNEATUE

il

wK

do

wK

w5
o
M
)

—

o1x 7E FEe ol

o] <&l

Q%o

AzY T FHE 7%

A
Hr

o 98 v e

A48 2tE

NIl
ojp

o|J
el
g4
K
2s
-

1 AT S

el
- =
|
= o
U ~ i
~ ~ N
= _.E 2) \_ﬂw,l
e} T ™ o
K| | o W oy Mo
RO ﬂ ‘JM OT ﬂ7_H ar
Wi T et
0 ™o N
1 R W 2
= T o Fx
o ™y g I
o Ho 2 1m o
<+ e AR
0o ajo Mo MW oo
ki AR B
N He do N RP
Mg wN 4
N N RN
X =
go M T o
= o MM oy
| o 2
Bligr | d = <
i 7o w
< | Bl o I
— oMo
— Moz AR B
s N K ode Tk

440



ol

MAZH M EaHA

ol

=1 A

Ll A
N T
% o
: = i
™ <
8l s
_ A Tl
oK K JA
)U_
g WP X Tl
= X T ~ |0
ME m_“_ MAIL/ % Eoﬂw.ﬂ_l Wa‘_ 1__/|
il Kl TR Jo o o B
RS e & -
n N oEN o r o B A
fo H) LN Blar Z2 N
Mo G | m =l =B
i Y
o 402 Voho B :ow% M) dpo
b < ¥ = % znﬂor _ﬂﬂu gl
~ + o R = ﬂwm_m Flar %o
e < M A
L AR | =
oo meﬂ < nm_uW X S
- qw.gwrziwé N
i A N
ot = o o W —
| < no T N 5 A]_
tin| o { <
gl oy N i
H_l_l On_ o“ﬂo gl JHH A ﬂo io N
o e i )
= | KF| T HF W cfo o
= sl Xl aylar o
% Mu W N
X w =% A | ) in

FU &

B!

[

LR S /=

—_
N ~
a . (2 B
~ Ho o K =K
N K AE —~ o fany
— o~ = o To- N HA_I
T W R o N .
Bl T |~ N % w0 7o
e NN R I~ Jo oo| P
of o e T | & |5 Pl | g
X ol m | | B B AT N I T | = <
i s mw T o o T [ . T 0N T | o
HD = vA# ) P ﬂvﬂ OLO ‘.Ll _\O — HO
<] = g e @ | %o % K
< I = [ |7 = T o | o do
o Y A Ho B <~ Nr| o - - %o - o
< —
RO - [ - . —/A yA..# OH_O ,HL E.H ‘HAFL = _:A XO
LN — L e o I o
) % A]# ,mmo " D T ﬂu. - “m_ N
|7 [ T |2 A
R = = [ | 5 o
3 koA A 4
o oo A — N Iz Ho —_— T <
oo | O Iy o wa N e %Mﬁ R M
= | K- [T R W o b fdo D " A e e
— _I 7U \m_l gl ,._ EO O%u ~ Ho A_.E
Iy S ' o T FANN G+
84 %0 To o..ﬂo < Br __L.oH B E._ io q_ﬁo ﬁl Qo N
iy R T E N B e I i i o
= ~ B~ W R = a - _
- S R wr/o@%@;tm % 5 wﬂma%mﬂ
- _H.ﬁ ~ M N TH~ B % K|~ = y
a3 ~ T v L i
X M s
T -

441



12 HEATYS

FREEAETE D

X2l Zls W

<
ﬂ
olo
ol
>3
I
S
=0
=3

o
=

1 28 7)e 7ido] e

A

SERE:

ils

HAFAIAE 7]

A&

o A ey AE

e =
2 ©

PN
=

w83} 7]

tol AdEE AR YA

5]

Al 2=H3} A
2 T7]4ke] £ #E 7]

2~ 311
L5333

o]
B

Gl

A

Al=H T 2

553 Ve

A 2=®] 7]8Ee] SMART 2@ o4 %]

3 7ls AAM 2 APEA

o
<
oo
o
wK
<o
=0
~X .m_—A
v =
)l
‘,w X
0K
x 0
7T
n L}
nj
oy
n_mo
B
Hr

AzEy R 2

no
Ho
A

;OL
ojo
o

AAYAIAE 2

A=, Aeh

22!

4

k)

7N

qUA &L} 7=

L
T

3

3

Fol 9

AE

FA

AT
[}

Al

=
=

A

174 A ol L A]

i,

Smart green energy :
A

o)
0

X

ofo

442



o

A

x
(il

4 AR

HAY MFatH

NIl
ojp

o]
el

B
=K
A
Hr

T8

B/

il

e

"2 A

n 2
0 S
._%__ ~ Mu n _dﬂ
Ed = @ o o
0 N
Hiow| o T H
L
Rl | B A -

OH_O O“_ )A‘._ ‘ul.._ K =
) w o m
0
m__ﬁ _mﬂ oy RECN
i o) ™ o
St KA g 2
<1 Iy do m!
s o O
x_ N o W wH
$ ¥ ww w Al
K fo B o o

G

do X AR do
ojo _ﬂu_ =i}
= o S
T+ v

mo X

¢ i
= E m T2 X
~ | H Mo
| T
" | X oo =

PR

=
ol =

E ﬂArO N
N —
oo o -
™ Lo T
i LI - i o
= C§ —
2 N W | e L LG
= | X —_— =l
.Au_ AT.E X_l 1qu H_l . N _rAw U_A MWE
— ~ H
o B - B O N i B L@ =
ofo 0 - ~ B oy L ~
20 ~ Al iy w N
A Cww oo = o S
4 Pk | A il I 5
4 oo ook w N 4@ 3
—= &o H_W © ou_o ‘_ﬂa ,NE 0o ,m:._ N WA) ‘:.N#
s Woop | — — i Gl R Gl
| G BH ~ o) —_ A %
O_l 5 W - K oH <.
: I I R I S
3l T 0 e | o T = ™ LT
< el x| BN Ty = B F T

® OB o | B o N e % 53 = 5

LI i S S g DKL T
ofo AW o djo X = T

= | T x oo -

@y 55 | % | wx | THE
i @ il x®B | e | T Eg
=< o il M - = NN m W o
o~ Kk Mo X - Ho il
= A oo U oy EH OGS 9
= o W = SO~ T do T X

443



or

A

x
(il

=z}

H4g M otA

= 2 A

== (i )
N AW B —
M/l_._._._ ! Ho N oh m__.u =
00 N | i " z = o
il oo w | ™ X o B N T
= A R mﬁ ) O = | X X e 1
i o T ~ o} oo = X i Nlo T
= | oo N i X K T o T = |~ g
= Be —_ K wK ~ = O N
S = = | = T | . * w ow | q ©le | m 5 | T
o i 7| = T | = 0~ W | | K K| T
< _A_I ,WO mmE AﬁA HT_ B ™~ ) T AM.O ) .
jod ) =1 ’ s o = i S A w A il @ | K
do G | T O T T on g% ~ = | & 5
) " W oo i o) T B | ™ = il A ﬂ% A o
0 o o | = 6 omdp | A G ¥ - =
__._._ ‘mE ‘El — sl —_ # st X ‘Q_.#O A
<F ' 5 | 2lx 2 0= W ooy | o &l do | Al =
< s w| =® | = 2w < = Tow | o % o 3 = |< 2 o MW
—= T — = K-
K A w vl W R == & F W o Q Nﬁ op e % =
y i H as G g R R e | g = R Bl oo m) 3
< oo - ™ | <N S A T W X | x N T < W |y 3
OH_O - X N H —_ ‘W ﬂa_ ﬂ_OI N ~ ko] jant I- o ,_,IA O ~
Bl C = _ . TN 7 s o w Mn_/nﬂ nE |2 oy
< W | _ 3 o A | N TR ¥z X ﬂ]da%
Wl T — w | o o . T = o S
AL = | X & - = = i do . NS — o) £ n X
™ fadl iy N ~ |— — — . X G 5. Ty
| TRz — D Gl B T W < |[FR|ER T
g x| o S % X " g o | W do - N
F = | o G v Y X = = | N W N T d
Q_O Ou_ =~ &/ ou_o ﬁo B T T ‘W R — = O.f ~ =) rc
BV m X g o = | B E X W EIR i
I Ho ﬂau mxxﬁmja AOF TR ®R py X =N
0 ' = ~<
8l ML_I A A Mﬁ ™ | Fo ~ _,MH ~ oF % MT oo ™ W_ 3 % Mo T JXI
u|_| .o Ao X m]a 3|50 A Ho ', % Mo Gl ° T AL M Gl KN _ﬂ ~ | = W
< N vm EXE N MW W ™ Mo I By _.)__Au . ~ o Wﬂ_ oo oo ,:Nﬁ ™oy
= _|_I — T .o ,ﬁ N ﬁl M ~ io B mK ~o JH ™
- 7 | e e =
b - & ™ s A
o~ T " &o )ﬁ il A—l ~
A . N o Q_o
~ . N _dﬂ
W .
oo T
7 M
<# ,ww_

444



o
=
4
[

o
E
K

£ 3 ARATHE] Fel

MEATUHE

1 3 NFALLE

Tk

O
mﬂ (-
!
i oF
;OL —

N
T o
~ il
To o
™ o
I
oy o) o
R mf
RS
T ook
N
{| ~ )
T k7D
o
G+ "o
o Ao
B on_ b N
G
AR !
T do AR

7Y

<)
gl

ot} Aol thHrElg

77
b, A @Al

S

i

of i

h=i
=

J

S

Hs7le HEdo] Ha

AESEIR

il
)

o7
™
)

ox

A

-

;OE
Ho

=K

o
o)

<
=

2| A7

=1}
=

d2 2 B

Z7] #A A" AR

" AR T
W do o

i
n_mo
==
Hr

A

p

it

TR 87|

Aol 7

P
T

|

1Z13
=

g 7

2

AA A

- Z7]

A 3 NEALLEE

» 3 A

Yy

W

o~

A=

=
= om
N
- =
< T
C
7 AR
oo
olo
)
CCCEl
= W=
oo ol
w
% i
o7 %

o T

5

Mo oo
T Ho %o
Nfo AF = mjy

ra

N

!
~
Nd
R

oy

=
1o

o «|

445




o
2
Kk < ~ H
1 ~N unu_m % % < K <
= _ ™~ N N =< ~
s m = % NN
i ! 3 q o DR EE T
z ﬂ = WA < ) o m‘ R W
£ o MNN |2 g DN Uy
— i X oV A A= A —
s % | Tlwz [v= X oo A RS i
o0 R x| BE Ik m A AF | o T
= ool o TT MT N R e e
= 7 oo AT ol R EE| R
u On_ ~ o) o) _l_l O“_ —_ |2 T =) o< < =~
<] o %o 2 N Hio el ™™z Mo o oE | o [= fold
SKE o TH A X ] _ < i ~ nz o ™~
= AR S L e e I ol B Ol el
ghi oK == R T <] A o< | B b ™
L |Hd b KT R Tolwnl o (B e e x| T 3
el Il T o] X° = (P R I N e
T 8 O O i IR A o o | X h X Ll aio 5
on N | | 2] ) A e |
el 1) O e ARl I - s lpETTE Ty SEEE L
s T == ot | T o e olo =|mb 1p| oF BK | o |=|mh oh|< A]o
O 1 wvwm Wmu%ﬁrﬁr il S i - s -
o Bo__| BB e o RS ST < = :
< Mﬁ e E %) =)o A E zw H OL_O L R "w &+ A
= = =| 1 1R |of oo < | ™ o = .m_._ ™~ = ~ Nd G = =~
i o * - - e | TH AW @ o R =
Ho (T D il LI RO N N 2
<+ oo = K 7 Y A= | Vg - 4] N|=
ol = = e v = |Be T Ewmdlin s = =
B0 do | TH < |1E AR N A ! ol = w2 F T Ho X1« < uo ~T
ol = |8l MHO < Mo =K TR = < B MM Kf- r W o&l X ,Iyl‘m.m ﬂﬁA %T‘,A' MMA aM
= R - N~ o
B L EE g S 22X T @ gy e
. o)l = |8l = | = |® < N m
S L R A s s =k B EERA N G eyt e el
o T | = = |®r 2 Rm T 1+ |= S = |mh YN ﬂ%ﬂuwﬂ_ﬂmavﬂ_ _ﬂx_uu.ﬁ_ﬂﬁﬂ
I o |B = |2 A= ™ < of = = |z XN
. = WT_ % ~ MO - o | IR |7 1
=T N Mo~ AR . ._.A||_._|1wn_ N e M ~
o T X
)

446




FRESESECEE

n
~
o
™
o)
P._
K

il

o

td S A" 750 22

S

_(‘);I

o)
=

LCC#& tool

= N

TSH

A

FTHA2H 9 LCC tool & A4t

gt#e] A o] A (Hardware)

o
n_mo
o=
Hr

<

i

92 LCC

At

5 2o,

S
A=

TS o

B/

- 4 ARATY L

™
Kir {
i =
il "
q i
< )
0 ~
m e -
] I
TA
< e
o | o "l
= | of [
B0 | K- M M_
OH <
o0 ax
< il
Mz <] oo
Mo <
o
<+ O %
<4
o ST
= R
o | m | P R
IO | of
T+ & o O
Bl | 81| = 4w
I+ — < o
w L_AI ,.:1_ JHH ,FH ‘;lm;‘_
= = ¥ AT Yo
KL= NoHodo W @ =

447



o

A

x
(il

4 AR

HAY MFatH

I 2o

KeN
A=

}

W

el

Kir =
= ~
il p
Al 4
= o

|
@ = p
o = oF o
o £ | _ﬂ
=N = @5 N
K MM m ™| W ™ I
OF | =& | ¥ @ =
— | Ao ElT X g
L B |jon oF <
mO ﬂU .m_x :.LO m_x ‘.l_muu
i Ml_ =T R e
il Nl Bw
| Mo ™ |mk %° i
=< iz IS %v
ra ao N el
T_O o M AT =0 ‘m__A
oo et a1l

I KA < oR

w T oT
oo = A o
i T

_, @
8| = % x| T
A
= R RN U
< <™ 0 =K =
R g Az g

O W I R X

o)

]_

. 4 AR

o
W™ |oF o

LN - T
W | T = | = e 2w | N
S EE TEpERT
a0 O | w 2w | @
oS S 5 | £ e A E A
= = < = <
oz o ~ |BEK fom| o
1 I O G A
KIKH B ™
LU
I T B B . ] B
e O B Tl A ol R
O B | o~ o P oW | R
= | <7 e Y| = |X] B x| B
{] m [{E o] IR R K| R

1 |™ [T N m [T AW B A
mo o e o e A
Naia % T w e =7

S <K o G =
| O | ro Mo, m(o Wo|_, o o
Roo“_& Sk ﬂuvM_ Sk ﬂw& R
Lol e ol il e o
_I_I 1 180 X —I_ e X 1_0 X
8 |9 o FlY o FlY ol F
0 s e = o e i e R L
=
< I & WY =~ =~
Wﬂl M/A_ T oﬂ e M e

4. 71& 2= (TRM)

Al 1,223 AR 7 A

AW-E&S EFstA T

448



PART 2 :

[

A 3 MHF-A:

HAY MeatH g A7)

&

=13

2 FTA=

- AR ZleE

HFe

IGEE

2AtEE

3XtEE

ARpEE

- MY LR e 4= J 288
23718 e

- Hybrid FEFA 7|2 & GHA2E
7

1z

HEvlg e

- ETA0HA ST FHIALE

- Hybrid TR 7|2 o 47|24

e (2010.12-2011.04) (2011.04-2012.04) (2012.04-2013.04) (2013.04-2014.04)
CE/ETNAT NG LB | - Eas AAE AT U}
-840 0120H% BTt 7|2
31 - DeTY 45E7 e B
FEX-ES SAA B YR EE T
NAE 28 ol
oA 7le
- 2HI ASHE 242 £
@482 s
- EE42Y HIY BT
- SREAE HEETY B2 -
3-2
g, 2%,
4222 0|88
A o7
g8/

- Hybrid HEFH 72
7=

A O X|gH|

B
- SSRAHA SRS ARAALY
H87%1= e

Aol

1A

2AHAE

3XE

ARtE =

o

SAaE 2

XRAHE A

=
=

LHQ (2010.12-2011.04) (2011.04-2012.04) (2012.04-2013.04) (2013.04-2014.04)
L=}
SUE BE QI 7ESE =SUE BE Ol 7|FE 8 - HA DHSAIXS Jig - HiY HSALE 7
- 7% YIBE 24
L4T 82BINLE £182 N |- 2 SSMLE B s
33 - 245 BE3SNLE Soih0i iz |- 2urd e
e L e
AlAet ZF 5l
eHH e 71 - S=0jM ST SH=Te| =7 A s @S A EE U S
ol s WHG oeas MR Ol
- BEBTALE $1 A8 e
-ETETE AR F7 -EZs%E 8232HA 2372 -EZ2NE 84 23HA 2272
-S4 22BIAAT LCCET Fome E203 9 s - FpumE EEOw 9 hRE by
3-4 Tool O+
graaNrd
29 9 fAHE
STMAE AF

2 sEALE 35

I

449



7o AT AFHA

g 7=

2

(2013.4 ~ 2014.4)

=
=

AEHES
Az A7 g

B

Klo 7o
%o ojo
< <M
~ oK

(2012.4 ~ 2013.4)

YA 2EAE EH7|E =B

/2471 8=

B
1S

A7
AzlE
2
=
=
)

CH
i
=

A HA 8

A
L=}
=]

2 9 o1A7|
| e
227

FH2AE 2
E

SR
NE
~AAIZE 2HA| 8

s A
(s

E]

o
=
o

E]

)

=

1o

=

[
LR Off LA A

.
.

=
A
T
° 7|

(2011.4 ~ 2012.4)

2RHAE

o

BL7|E0

HE
oj
*

<

yim
A
T

o M=
A
O
el
P
T

(2010.12 ~ 2011.4)

1IXE

—@

450



PART 2 : 24 B3 5ALE HSY EtniEiotel 24 AE

H 5 E EFudiee] 358 HE

A 1A ZA AL 2 v

1. ZAF 8

12717} RIYshs ARHLRIA0) QLoiM SY, SAIS ATUHE HE 2 2Ho
5 Hetsto] X[ = ARIE APHO| WX[Stn, R7tARNEEXS 28dES
Hstz|s =7taet7| =X A ™ EMH|A (www.ntis.go.knE 0|23510{ XA}

—

Ry

2. A} WY 8

A

1199941 KE] 2008L7kX| & J|@ Ei ASh7| oM ETE SYBAO Chstod,
KA 84ZZAAY YLD BHEIAL A U (& BTFHES, ATUHS
S0l ZeHE o CHo H LIS M ZAb AA

= B R B AY 2 A 24

TH 2 FAEY Ve T WHedA Hd¥ R&D AY B HAE FE5

A 2 A xA A3

1. AR BX¥ R&D AlEFHY AB3A

SAIAHI HeAG0] 1999ULEf 2008471%] B 2 LHOIM o
[o] (o]
=

al
o

zof, 8, 8 UMYX ZOHEE +HSAAHL +AS
s



o

S7NEALE, AAATA N ENEALE, AdsE

S B2, A€, SIEHZ 5 MM X] TH7lE R
s

_g_.
% g Fag
DSUI|ERE BANZATAY D VE2ANNEATRANY 5 Ea
cEaAzde Qxd, £, 4% AA4AUA) BAE AT} oy =
3 o33

, B, AXZA T Hle AAY ST FAIL

CHEEAZREAY
+ HHUHERNDEM O E ALY

ot FRAICH A S 7| S AL
Do ALTIEENNY :

- CHRIONL F17| S7H AL
+ AL LX) 7| S A
- ST ST STHL AL

{ zmmEmaRT o

a3

ZadFizAg]

=1

msfnmr?liu"

| 298 C5.1 AFERAE F2ATFALY E21(1999~2008) |

Z RADAH FALREAIL] MIF
AAots HESIS.
55 7| R&DAEH

»71& R&DAFY  frAHEA] <]

A= B FAY d7AEAge 23¢E AA=
o dAAERE AT

452

M5 EtitHetel S5Y HE



EM AHE

=3 G

Yy kI PNES

+xY

H|5% EfupA| b9

x

=]
A%

A

1]

=
=

_]

A
¢}

el

prOtotype x_" ZII_

453

C- 1=y) 37 =
51 ]/H]—'——J,]—Xﬂ JJ—E'ﬂ :7]_:__ Oﬂ?_‘ﬂ Z ol
T T 1 ﬂ

3T
ar

1 1M 5L 0pH|

AR o o
ﬂ‘_ﬂ:roowﬂuotﬂ,.l —
W AT Tor O_H E-Ha]yl
= K %O Wy )N *E do X [ F o -
2 < < T X "y m_thl Lo A . SN
a0 5 FARY 2 0 o W - ol B AR A R
= m0ao1%ﬂp| < =R % o e L~ 9 XX
8l o B g 7 L I = D N o o
e M i w¥ g e ® N TR® T
Bt D e | o ® T o A
K R M EEY %ﬂuxﬂio ToE W oo
of o PR o} KN 4+ T Ho N o <N
£y B X o N H) <A ) _ < Jo
i O] Ho 4 7r o TR R B B o T
SEELREE By DD Y Rk [ E
Kio Hr { H R R %o ‘%Mﬂ T T njy o w0 Zﬁ K o K
o h xiﬁﬂéﬂl%ﬂ‘ = - T
o K K W < e ~
T ° Py EoHRT
o =] ~ X B
P ﬁ_w =T o o B of
W el WE | o X OE w A -
w | o~ X5 = il [ S T =
= (- B o = = il D o ™ ‘#,W WH = K &Ko =<
- ot wmohrﬂ r ! A o EE o 2 __i - sl 2 o N T
8l G BE o R x| P o, W . S
o+ o ™ ] = o = oF o K~ T X o) ° Y o<
3 R T TR = & o <) EHo W _H <
G2 w s ol < o = | " do T
A 2 of T =K~ < it o < Jo <l NI =
= K of K N N ok RO — = o o= mo = TR
= o = A A /= HL 22 Ho %o N X < O#o 1| _= = X
] & 3 TR TE S M il ) FUTEL
iy o oy " oF ° A o oy M AE o E X ) w~ W o o
B! . : T |- F R AR x & D R0 Ho N MY 34w
K R g : L % T For S 2R
N L E o T ' T ow R 5 Ko o e
KESE (W = ® |0 B o
o | W = - o~ o W = Lo LG WO B R
= ws PE=2 I8 5| =0 @ : _ L
= BT T o FO Mo < =) ,mﬂ.mﬂﬁn,mﬂo o , TS
"o D8 o e & S WM WS bo do '
o S ol © o 2 S wp IR I I N M
S c-zomo;v &zoﬂn%?wﬁﬂp‘ b > o W S e =
EHT oy m B A4 mmo?%wmmo% o ﬂon__/um R 4 o~
£ | < wullﬂQ\ iof P b B K e < S
PR ~x O o Syl Ho ~ o oT i =
o =T B F L oF = A4 S T JwE S
mmxmmmﬂﬂmr% T | = I = R Nexx §
Am_\.xlufﬂ 5 o < NS ™ I S
T R A R r
- = F= B ey T o L = B
o o %on% T oo W FE o
A K ¥l x B I o 2 =
< o ™ ™ W~ ™ o~ R
ook o d = T o W )
Mo Bl = T wom it
R = <) ;Hﬂ oy e
do | 1 fo & g2 e
G+ BT z
oo L
i~ £
T K Mﬂ




HI
>
ogt

H5¥ Etatretel 354 AE

| 3£ C52 2418 7A #d 71& AFAA Y FE5EAA 2 AAA |
2
843Nk | ZAR I =
A =5 7|k
Al " E
M M| 5 3hH| (=) HHE NFEATLEE
T
AEE el AAVE
AANEE |- AANEE Ade AT = 2 AAE, FE-sy A
219 7] & AL AZ /B E B A7) 0 ANNE, #d 2 AT AE
AT =3 fANEE LS 4 Hold 7l & B AY
(2005~2010) g A A 7E AT Ax AsAFE HA =
Azl AAZ
He Alg FE3 &8Ax
~ L q , SFEE g
1T ‘;‘l }1\1—/;\—]“%“ Ei‘é }‘]% K3 ‘\EILé:‘ ZOJF—EJ’ Aé %7]__|7]§ /\]7HL1:!:] _—éj_z-(j_
Auway | 28 | A% S weed g B, A ARA e A
D;_}\]_Oq FEAASEE |- §5 IAs HeE AUk B 0 o HA HE A 7% )
(e | NENE AL EERd A go] AnE B ARl A
° (2005~2010) |- ==Elde] <Fg/d s e A5z AA D Az
- = =
A 7
Sl =N )
g guw [ FEEAEE AR gaged AsEn as
Aspga [ oEE BEE AR IR e o, Nene, A
F2o 93l = A, A 2 ASd B3
- RS AT | Ave, g mge 9| o R0 F0F N AR
- o !l = =
;ﬁv)FX‘]E]}\]}S AR o Els 6_]1]/‘\:17]%7]1% X]:‘]»Z-]EZ *"7—'“ w }\]ioﬂ
}‘]'To,_7]% 7H% 1_37]5 1_?_ cé:_g_ /‘\:IE_—_ Z]»é—_‘_g_zl, 627] 040 ;}TFJ_ = ES (<]
(2004-2009) | L7 ) AA %
Ede] AlET |- %73}'@ HWFZE 3ardo g A By A|ZAl ohubpz =3
ek | gARYE | F2FsE 717 2 s/w A b9 W, WA A
E - PN SESR ur oo Te sl °= -
gelE N 2 § 0 4 J1%e FW Ad=s
7H‘£‘ 5_}\}’/\]./_\_‘@ - E‘]Qt—qtﬂ ?1'75]}‘6‘ %7]' S/W 1245]_ X]?S‘]—X‘]-,‘—:—'r}_ A7 uﬁ]
(T&719%) 7N ks A]%(;] oy
(2007~2008) |- BA3AEA AY Al=H s
BT FrH oEle] =X AlZslEglo AT EHjaeazEe] A
)‘ﬁtﬂ/\]ﬂ m HHAT’PEQ] - "1E}F_] T= ‘_“-'1‘7]'0 L‘/] O T = ToHITAT U=
R, fﬁwj;ﬂhﬂz AAFE A g Ht 0 AIER FEITES WA
o ST LR A% 2 By A A, Akrgst 2 vy A%
(AABAT) EER ) ey 24 e A
(2002~2004)
. 171548E Ad NTE 14
) NTZ o] & | o o =
e T agy | B s8SH EA T biwa an @A) 24,
e . o IYES} AWEE AT = m o A
o ARRded ) ST T N S| 0 [AF R Al By
A 2 AE | TS EEE R SR 9 Sae ken 90t
S = o AP AR AA >
(FEINFH) (2003~2006) ;}]]m- (=R e
=
TEAFEE [ AU 5T 7404
TERE AT | A R wANE A 9 Newz 44 R A8
2y A2Y | @ A R AYRABY °
A e B s B BN S
AAW A 70T S N e w9 27 Ak 24} 2RE 2
v/ A" | 837s by e T A &5 FA " Y
o P - (2004~2011) 7tEd 7y Suja Ax" HE A7)
AA 7le N 7N o o = AurE g od Ad oo w T - =
AN e ALE |- AYIAGEd 4, -9 N B BEAY g A
() oa Aom A= = x A% T
o HTE =% . 2®E I F/uig Al 2" 3o
A BE |- EEA2E 7 g2 434 0 AA 71& el &
AHpN2d| 3¢ FF 2 Bt s e e e
(2005~2006) | =3

454




HISE
E|
Xt EFDE| Qo] A

=13
=

Y

prul
—

=377

71&
ﬁ:’lj’]'xﬂgl

-

455

C'53 3/(_"

W A
W m A
o B R E® T
w b T erﬂ i M 3!
wrmewﬂmug ERTES
< 4 W%]ﬁr 4@%%@
T_;oE,AH M]ﬂ”ox‘._
Woop X = o w B A
o oR 5 D T do g BN 5
Kio 1r 4 0 E%u\m.o 2 3 P;égoaoﬂuu&o )k /
° P b = X we B " s
= < APALﬂ‘_ﬁe oy X N IWE_Eﬂn
: B PN w i maHAZ_]%E ™
= J._,_mg K = H‘_gajzl - ﬂA]_i
ifﬂ]‘_ d.o_umE X < G ﬂﬂuaur_.o#aﬁaA”
- o %wvﬂa@ﬂn RIS %%ﬁ@ﬁﬂ%
ol i o e <) < ok A M < h=T % ﬂm
T o gyl — : m;f,,_. ot
i % s 2% 1 T - =158 P i
: 0 Is B2 b BeEE . - 54 ieED
= P Jils o — - G go i
= ) M .Ww ﬂm%ﬂoﬁ _ﬂ_“ MW?J E_EE‘ ™ .W_A B BK = = M Bw,ﬂw,@uﬂawﬁL
) w MTﬂm X o o X P MR e X & o) e oo T
Iy ™ o B o =T T =5 X3 I e T
gl Mﬁ il it xﬁLeM_/n }omﬁﬁozo7wu W J_/lﬁ O, %H%Tﬂﬂo o ST
< Y- o ] o - 5 = - . _
@ go o B = ' M\,ﬂ]xan_./uhml ﬂ‘_n_/n,monxnono 1M| na./uMﬂLeM@ wnéd [ Mo M ol o mﬁ <
L e EET novémﬂwmﬁ_n%mx;% B ﬁmmfﬂa zﬂ&ﬂw R Gy
-3 o G il )
H M 52 o FhEm o ~ uowmi_nm Mi mﬂg%&%c_ﬁﬂ iﬂmowﬂ wm AFre | v W
< Sd 5 ;m)_wfg BT P pEW Il e =7 mw | o SwT R
A W 7 o R gy i R MR R Agniﬁgaqi o wd @ =
49 ofTﬂna;m%ﬂog} TN R _ b o |3 RSN RS 5 MpRT
= Nro_h M_ M W g ﬂi.ﬁ N o %u . NrL__oLaaﬂunoﬂ) : . N ooichA <] ATz‘Mﬂ < AH . ]“xéur_.
3 K = 7 8 ,ﬂ._mm@m T A S ﬁo%ioﬁwoﬂoé o L. _ A.f”ﬁo]oLo_e oy ™, o 2 N g
T T Sl TEd e I~ & mfﬁ.m Trom _|P Sl o 7 g o PR
) NI S Hp Yy fo W QPREES o E i O 97A%ﬂ
g0 e | = off — =K I~ no & ﬂmoo_aﬂ,_‘_.lplaeLl:u AT AEO Ln_xEo S ' & o
= TR o GElE s ~| & Ho = ﬂu.m_mﬂx_lﬂu_]xm < qx]m = IZF»H.UW TED _ ﬂaﬂl =
| arﬂu(ﬁa B — oy T o Hd dﬂlﬂug_oﬁx B N2 dﬂ.ﬂ Q8 =we L mE . F A
— o +E N WEMHHEW < " Aoovm*muma uhwmﬁw, Wﬂauﬂfy T Wﬂﬁm - _
A : TEa Y <Bir oD BX Dow s |2 s ERE et FE
5 & o 1= > RG] Mo XX RN KT Lamﬂafﬂwk Wy & TS A
el o = : %Xﬂvﬁ w2 = TR ElY #%Q W S < S
<1 fn - _._I.A ofo < X w1 E‘_HEIH = = EA,.OJ SﬂLZ ‘_dﬁAEZ
rRE me® T = T M= | i Bk 52 i~
0 WE& B! ™ Wﬂm(uwﬂ @maﬂo ﬂu@oﬁu o o 4T
N AL1 = mﬂﬂraﬂ ﬁ%ﬂnﬂ Wﬁ%omﬁ;owmmm =
JAH u.xwmﬂ N o 2%9|@w@7ﬂ .adr.bT
R L = o o
R & T ) NrJﬂi Se®
MT ov ﬁa W o
0
10 ﬂﬂ U _r/rll\
<]
zﬂ 7K ﬂ%' ﬂ_
u ]
Ho o Tz Ny
Tk B -
&o Eo

3K EDHH] : 2




PART 2 : 24t 843 oAlLH H5% EtatRete] B84 HE
<k C-5.3 A%>
KAfIcH
843242 HEER =
gt =) 17| arot
L
HEGTE (A (RH)| MR HEARLE
N _ O R P
aAFA2d0l WP 54 @ ;A]f}@iiﬂ;y?ﬂ
AAY A4 | s B, | s W mEEd A e B v e
SR/ | B 8ol |- BY PR AD M AR o L0 ST T
(@A) (2008) F4e9d TUHAS 93 ¢ JE ;jf;x]
-~ — = = =4 as =1
b e s A8 el AAg
F A2} W& profiling 7]¥F {
Al =2 d pro g gl .. . o 1
- = - B f t 1 A&
o 2224 o | A5 22 ¥4 W gw foinformatics 7] 2-%
SFATFAE N o o s ol W owm o Z AES 7IHSs HE3
o o = 237‘1737? ‘rT;‘(jX]' =7 ooie?ﬂ_‘ﬂ‘ = 20 a
FAERFAS L s o o s e mm| 0 |FEEUHY V&S 8
7]%1:1) }‘]———Fiﬂ SE/NE %j)(]- T o?j’ HE §1—§l /\—T’—:’-}\]/\Eé] %0}51_ }\]
s (2004~2011) | =@ H34 A= 2 wAY I%“%;ﬂ@ﬁ%
Z 24 7Y 99 — TR e
Aya=2] 0 o _7,:7]
ek N 9 #de9 z/74n
;;ﬁ ARAZNE W wvgEe) Fdeq 2 & T8 0174};}0:]
g (BRI 38| A4 29 34 A A
o |B R SETIE| BARRASIEND A2 AN JU A o,
(3‘—‘—7]%%) 1 Qs ZH] 7HE°“ E%?—j
7}2-(2005~2006)
AN oA R
7| 2H8etE | A 2EH L2 . )
e ae ot s danasy pre Aw|
page | UTEY AT TEAT | g caegaznyge) g A o - AR AzE A
e 0 15l | EShal = m & o TE-TTS S 5% i 3 =
%_5,::07_%,\]_)_\_ (JT—I’F—“]EJE‘I‘) S ucﬂ‘:f—l— ov’] 7;}‘7]%% 0]%—’5}-01 1\]{1
¥ Zx w - 70 '&(2008~2011) o Horw A W M
= PN He Z__)\ N Rl =
R R el I deAzd Aol <
deaw | RV R | owgEY dRw 2 oA (@
SO L At A | o 1e e
Are A
o 7] % (2004~2008)
(K275
A &5
ac zenel|  MUET | Genes wnse waes
A | TT L T |2 sagAgse Aelgg] o0
Ea oy = 3l7] 98 JurEes s
(Ef_ 1 oT) (2001_2004) 371 ¢ ] & (1R
oA &5 (A =/
Lo Eeanged | _ e A e
A ag | SOCAEEN| paes 5 geasus 4 (9984 28 £u o
@R L s | 1E A A9 2R (AR 0 (3 2 e A
@2%) | g, | AE @AMBR Az A FIFA2HY BEE
AT Ad e5TIAA 7E
71 2(2009~2012) 2 axwe e Bz
2AE wEdeAsde HE|  |g53E Adele B4
Ao |way wEde| 7E UL £F e AL S B&
BRI ENE| Az"e 4A |- BaE wERsde) 7
AE) 2 fABe | ede A% ANARAA 7F| 0
SN |olEal AR|- Baw AEaA L] vES

(2008~2009)

T3 HH FAwY

456



H5¥ Etatretel 354 AE

<% C-5.3 A%>

XEMICH
B3 2H 7| EATatH| =
ard 8 17| tor
E
MMty |AIRE (BA)|  MEatdE MEAHFLEE
25EaAA =T |- ARG 9 AWy A&
Fas v 9 |- poAwRS AolgA 7 2 ¢4 a5 Az 8 A
. . AEHY FnelEe AP 0 [$54 247N, &%
WAMANIE | aagae | P/ PC W g A A de] BAst &3t
(AN A | (20052006 | A8 A Azt WA= AsA
T T a8 A 259 - )& ALE olfo] bed &a%d BAHS o]gdt g
AdEAL B BE | AREAE B aFEwd FEAS 0 |arg s 243
71570 4(2004~2006) | FE3HE HSEAH B4V AT
I
RE LI o . s
WAFAA |- a0l gESE a5Y Fa B R 5
Z= N uk Iss| HAHE A Q.
AEE G| gy 3] 7} ¥ (Mechanical seal) 0 |FABAYE HE) 28
AAFAR) | L
1H(2004~2006)
. #2 §%< |- 52 Sollar CellS o] &3t A
AR | cew ary | 92 waee aAE Aewd § o |[ARAREE olgd &
?QZL%;)E A= QhE 2ol Qads 44, 49| O %8 WAy 43
o © (2007~2008) S B F e X AL
A g FEA =8
anagne | EEE AT Aegan %48&}3‘:&% A
A= A Are 87 43 d aZEAG AT Fud A= 0
ey | Asene 99 E&% kol HDPE o]z
FERNED) | ame Aw | ww e
(2006~2009)
Ag Py s 712 AgEA &9
- _ 5] ! = P FH) A A
AY SR | i e | A2w g || g RS SO SIS as awad we o)
2~8 O © = =7 = = =\ _
aeHs AR B AV ) ow ol A2 2 Asdeal O |2EA B A wuy
ol g3 (RP3A) e e B HEWRZ, AP
A el A ].(20622~2(£314 S 233 HA o] HAF A7 A%E A
= <) & =1373 - Z o
FENE | aagagn | BEE ARG | TR ATUE DEREE B sz pwe A9
= = a [CRRe] =4
71N Ak o ol S AdurA AlsE s)EAwe o 0 B H 2 AE 4
(X]A]ﬁzﬂ‘j) E}'c:o \_?’ = =4 = == & > N . .
ST (2008~2009) 2ege 24 nEr] &7 ML
EECIEE AAF
AdA 7% | - N i - - N
SR IE | wxs cgw | A@ueaRa adns F9a 8]
St | FWAzE A | ERE Hga Y A
(A1 2784 2002~2005
(2002~2005)
EIREE. 294 AF |- AGL ol g3t wUoUAT Az
A7 Ard A 2e g & 9t A8P ARz 0
EEAEH) | AE003-2004) | WehRAzE A
z)=:] A=URREID
] A R R T A E NP A
I | L S | s gate) amel wuw waA
A% A Ae | sibsdeaEe | 0 L T 0
= —_ LN = -
CIABAE) | AWM 75 | gy Aolzel oiar it AA
3 BB 005208 B d )R
FA/FEAEE | g W s wE (A]
. - 9% 10KVA[34}], 3KVA[E4], 1 483t R (A=H
A | Aa wga, | DI (3], SKVALS ) AR
2o ak i Eol A& F/HO{Z]3KWP 1739l FA/33 =S LZH goﬂLiX] o
Z1EME AR | BT ATAIAR | Jo o aam e el = _
2 A B OEzhk 2] A] ¥l A28 AAd 2¥d/A7s B 717 AAT
(A2 A5 B b A 226 3o A A
7§ (2007~2009) ¢ =T
e d 3% | wae 248
7 HYRAA BE |- 1 3243 BERAA ZE AL 0

7] 2H(2004~2005)

457



PART 2 : 2Md B3 gAAH HISE EttM|etel 554 HE
<E C-5.3 A%>
KEMICH
843M2H L L =
eIt = @7t
£
MAMISaHE |AEE (FX)| MF3AE NFATFLHE
A 29 |- Aty a9 SEFE ASY
AN AEREZE | o Ages e AR
e R VBT TE L amz aake 278 44| 0 sed duw 4w )
=) H}FA] A = - -
S i I e =93 8537
(A2 73 A H) L = ’ i AzEo] o] =)o
(2001~2003) |- &}-9-2= Wg ASAF UA #He A o
*§%HH—’F% ol & |- MBuFY ol& =94 FE 9zt FEHZAAE
ez - aEy BE A2E ARAANEA S g4 Bkl AAY
& M %]E%]E}\]Z:E‘ﬂ 2~ H ] Q 0] A A 0
GEEFEES g A7 | Az FAAeRd AFAA
(2000~2003) | FaE7] 2 HHA o)) A
. . s A 2 Ass 5 e Fa%, A5 2 Asr
U]%tg“oﬂljﬂﬂ—a— ‘OZ‘].:'E: o];ﬁ]— u]:aldq_v:ﬂqoz]_o,] = ouvxE o]&3 n
AARAUA | w8 PO FgoAe et
Ne AL | AAAAIA | ZeAE 24} 0 |5 g aaxoe
AL, 73 | (AAZAR) | NENE A | Sjen A5d P4 2 o|LE 28 ojux B9y 7
2~ [e] =
e (2008~2009) | 71pep 7 Eo 25
o il
/\‘J?H*goﬂfjxl A=A |- AN AR du] FFEAR
e8I ENEES A o [AAANA uF 24
e | RS EES g A A 32 9% WY 52 4
ey — (2007~2008) o 24 Edte #4438 &3 F
ShEIR-R: =09 TE S P S
7R N 5
gy | AU | A A gy (A AoAFE
A 2| R g 24 0 jﬁ%i g}'ﬂﬁ] % EEs
B7E7IE ZAF | A siA=e A A A °
(2008~2009)
REEEEE AN A BHF &4
B BAH5E L Aoy x Al A A k5 913 WY 5 A
A1 2] A ol A 2] gk A do )= 3 HoBEA w Eslyq &5 FFA2=H
S oAg ey we| oo EECHTOEE R an ey
e AT | AME S T A ng gase
AAAAR) | wha w pga | A & 24888 Ao gaerE Axesh
Aw ket | A FHHFP ANAALE AA] AA W wEslo T&
(2006) o
I

458



HA

P
Kk
oK
il
pal
rd

E

q

A6 =

Al E 3 slel EA

Harae 2 A

tol 94

i

H

—_—

0

Mo
Mo

oo
o

M
N

I7]

fl9] A A A

9|

T2 AdE I AF=EAY

2 Test bed

2

ko 2

7

L
R

o
il

& gops ME7let HANAL 15 U

¢

| ARETR AP0 YoiME Akt

sto] &gk AN $HeS F

%

=
=

A7 W ES) =

SHAE T €

e
N

el

o
A

o
op
5
_r

71& 9]

=1
=

A

NA 2733}

:l_L

od
-

7ol

%

el

—_
o

A7) ee] A

2 38

ol

1o
[y
D4
=
NE
s ot
W

459



HA

P
Kk
oK
il
pal
P

E

q

Hod =

=|
10

ol

4K 2| A Aol

-,
o
o

145

[e)
T =

/dol vi

7k

7

oo
gl

fl 2] A7l

3

171 =3 s <]

2%

ol )& 4AH e

[e)
9o

3

PN
=

ol kel 7]

o FA7} 5

o

o]
=i

7

%]—

719 &

=
2=

=

< ZAAARIoIY IT, ET %

atol o

A &&

FER(THEIE S)
XA ZH R OIHX71E

—

ujo
i
~

=
=l

)

gt

2RI EHE

170E 71E9 7|

!
iz
_TQE
ar

To-

o

_Z,_O

wK

\_J.\J.ﬂo

wK

el

71eE 43t AlA sHE

460



il

A A F=

=
=

@PEe K715 HA 7

H,

Iy, ARSI EY}

B <
<1 o+
1H Ho B!

461



H7E 20

3 M5 2tHH|

HaHM2|A|E prototype

AR

o

%

Bl
o

ol

-

1]

Bl
Ljo

Ho

e

4l

8l

o
Ho

AlH

=

A
e

x

m]

bt
=

7

7o

A
=

2 N S-3HH|

TEHYR

Gl

oy

Ho
]

-

g1l

Bl
tjo

o

e

il

Bl

o
Ho

[e)

=%

=
A
Ay

A A

A

]

2| 7|2 7§

—

1 HE 2

N

o
T

ey

A

ro¥

Ho
]

-

1]

Bl
tjo

o

i
8l

o
o

A 24

Bo

o

A HH o) FelATr|we

|=]
T

Fof Al

S

28¢ 9

A e 7l

=i
=

6(}:

bl Qs

J|

74

=

=

13

AE7te A9

462



o 2

R s

2

2L

H7E 20t

3]
3

A=A 37219 7)

=
=

d3)E

3

2L

3]
3

g 395, 6, 73 7

(Bottom up)

|

7=

34

&

&

A1Ad Q94 FHEA

P T
REERERED

M7

al,

~
o

44 v 244

1
T

Al 285

o

=
=

25%

24

=

(2009.06) SllA A4

]

™

o2t 7w

(o3}
H

A

(¢

=

&t

S

7

=

=

o

71 AT70EA] B A

[

A E A4
25

\=]
=

5

1=1]

)

ed2 7 A4
(2010.03)

(3]
=
HEE A Y VE TS A VIeeR &

L
T

=
=

Fof

°]
i

LM M 7|E
A

w A -2} A

ted A

3|

2 78

ol

Hr

47) ¥l

&

463

AHl e 40% WL Wl

o

A

=

9 17% FEOZ A4
H

3o

¥

}
(e}

3
o %

AT-Hle] 5%

o

=

SRR

T 7] Ho

L

ol

BER
40%



PART 2 : 24 Ex3ZAIAH H7E AQO0|A
A 24d A8 A
1 2204 S&
Z 43pd o] AA AA i 976 Pe =z AFH] F 927999, +97AH] 49
gJdo g AkA
T+ = T ATH| 1XpE 2K = 3XpEE AXHE =
ZFAH] 9,756 310 2,863 4,931 1,652
ARZ=AF 7,317 233 2,147 3,698 1,239
1K = 2KE 3XpE AXPA = A
3 =2
. H|g H|g H|g H|g H|g
oY o 1Y o 1Y oy ol 1y
A L H| (%) A LH| (%) A L H| %) A L H| %) A H| %)
ol A 90 29 600 | 21 690 | 14 | 325 | 20 1,705 18
N
N 2 A H] 163 | 53 | 1,738 | 61 | 3,332 | 68 | 1,019 | 62 6,252 64
j ZF A W 42 13 382 13 662 | 13 | 225 13 1,311 13
I EFA )
ATH] AA 295 | 95 | 2,720 | 95 | 4684 | 95 | 1,569 | 95 9,268 95
Aok
Pl 15 5 143 5 247 5 83 5 488 5
3 A 310 | 100 | 2,863 | 100 | 4,931 | 100 | 1,652 | 100 | 9,756 100
A B 233 75 | 2147 | 75 | 3,698 | 75 | 1,239 | 75 7317 75
2
N =4 78 25 716 | 25 | 1,233 | 25 | 413 | 25 2,439 25
= 7] e}
A AHA )
s A 310 | 100 | 2,863 | 100 | 4,931 | 100 | 1,652 | 100 | 9,756 100
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I MSapA SHAE/AXNE HH|

H7E 20t

(2] + W)
LA 2 24 20 % 24| 34 2 25 g A
T o=
H|2 H| 2 H|2 o
apy | A& | aqu | UE | azu | UE | azw |usm
1A = 105 5 50 1 140 4 295 3
229 = 980 51 670 19 1,070 28 2,720 29
A= 852 44 2,455 69 1,377 37 4,684 51
4P = 405 11 1,164 31 1,569 17
B2 Al 1,937 100 3,580 100 3,751 100 9,268 100
I 2tH B8 oy
(&) wiehe)
T A
TE izl | 8 | orqu | U8 foqy | HE any | fE
ST e [T e [T e |TT ]
QA A 470 24 490 14 745 20 1,705 18
P 2 3 H 1,191 62 2,598 72 2,463 66 6,252 68
o 4
ZARE ) 276 14 492 14 543 14 1,311 14
CEGERY
g A 1,937 100 3,580 100 3,751 100 9,268 100
A X 1,453 75 2,685 75 2,813 75 6,951 75
A4
LA & 484 25 895 25 938 25 2,317 25
=S
ZIBHAAA 5) |0 0 0 0
B2 Al 1,937 100 3,580 100 3,751 100 9,268 100
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PART 2 : 24 Ex3ZAIAH HM7E AQ0)A
1 HEE, AXE Z H7H|
(9] - ik
1XE = 2Kt = 3ktEE VNI =4 A
—L =
= Hl2 Hl2 Hl2 Hl= Hl&
o 1H o J1H o 1H o 1H o 1H
Sl %) L H| %) L H| %) el (%) L H| %)
ol A H 90 31 600 | 22 690 15 325 21 1,705 18
S
o | A A 163 55 | 1,738 | 64 | 3332 | 71 | 1,019 | 65 6,252 68
S|
4 A 42 14 382 14 662 14 225 14 1,311 14
AEAH]
st A 295 | 100 | 2,720 | 100 | 4,684 | 100 | 1,569 | 100 | 9,268 100
Al 3 F 221 75 | 2,040 | 75 | 3513 | 75 | 1,177 | 75 6,951 75
9 w7k 74 25 680 25 | 1171 | 25 392 25 2317 25
=z
o 71 e}
(A1 2HA 5)
st Al 295 | 100 | 2,720 | 100 | 4,684 | 100 | 1,569 | 100 | 9,268 100
I A3¢ 24|
(9] - 9nkd
1KE = 2AtE = EyIE L= 4RpE A
T =
|2 |2 Hl& Hl& H|&
o Y ol Y o Y oy ol Y
) 295 95 | 2720 | 95 | 4,684 | 95 | 1,569 | 95 9,268 95
Aok
o) 15 5 143 5 247 5 83 5 488 5
st Al 310 | 100 | 2,863 | 100 | 4,931 | 100 | 1,652 | 100 | 9,756 100
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7b Al F-3A v EE, ARE A8 4Rt

1 1 M5atH| 2904t

H7E 20t

(T9 kg
1A & XA EpIEL 4XpE A
T e e e e e
| A | | | |
(%) (%) (%) (%) (%)
2 Ql A Hl 30 29 205 21 235 28 470 24
2 A A A 59 56 642 66 490 58 1,191 | 62
o | 2+ & n 16 15 133 13 127 15 276 14
| et
A 105 100 980 100 852 100 1,937 100
A % - 79 75 735 75 639 75 1,453 75
4 Nl 43 26 25 245 25 213 25 484 25
=1 7"
2 |(FAA %)
g A 105 | 100 | 980 | 100 | 852 | 100 1,937 | 100
1 2 HEatH 0]t
(9]« vkel)
1AHE = 2XtE = XA E Y PNTE = A
TF [ [T an [TB] aqu [TE] gy [TE] gqy [TE
(%) (%) (%) (%) (%)
2 Ql A H 15 30 175 26 190 8 110 27 490 13
o A A A 28 56 400 60 1,930 78 240 59 2,598 73
o | 7+ 4 W 7 14 95 14 335 14 55 14 492 14
el
& A 50 100 670 100 | 2,455 | 100 405 100 3,580 100
A | a 38 75 502 75 1,841 75 304 75 2685 75
d sl 7t 12 25 168 25 613 25 101 25 895 25
= e
2| AFA B
3t Al 50 100 670 100 | 2,455 | 100 405 100 3,689 100
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PART 2 : 24ty B3 3AI2H M7% 280

1 3 MEIHN 20

1IXfE = 2XE = 3XKfEHE AKPA = A
—_rL _E_ (=) (=) (=)
H H H H| < H| <
aqn |ME| oy [UE] gqy |UE| aqy [UE] gay |UE
(%) (%) (%) (%) (%)
ol A H 45 32 220 21 265 19 215 18 745 20
A
Qo Z A M 76 54 696 65 912 66 779 67 2,463 66
ol A M| 19 14 154 14 200 15 170 15 543 14
}‘\_]__
o erel ]
s} Al 140 100 1,070 100 1,377 100 1,164 100 3,751 100
A | s 105 75 802 75 1032 75 873 75 2,812 75
< ) 7t 35 25 268 25 345 25 291 25 939 25
=
9 7€k
ARA =)
s} Al 140 100 1,070 100 1,377 100 1,164 100 3,751 100
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PART 2 : 418 8423~ X73 Aaou

U JRu Ledd

1 Z MSoiHE AAHER 20| didEls 2 w22 XHH|of st 2%

= 1 Al F-3A (TS + Wk
g 5
K IXHEE 2RpH = EpNIEN~ ARPH =
. AR FAAS
T,‘i"‘/‘\_]_—ﬁ:] Q2311 A na B .
e g | @ AAA 9 A e A
A7 95 548 AeAaal 2100 N 71 A
A m wm| TAZ ARADA A B A
(100) - A AEA 8 = (30)
T (50)
Z1A A Al A - A o144 ¥](50) - A o144 1] (20)
S/W 744 8t CEFA B4 zZao
A=} @ 79 (40)
@A A= A AFAYAA| - FHE AeHgA
Prototype#l2} (150) 4 PrototypeAl|Z} (150)
. FHE 8 E| L ow e
NEE | Das | T 2 AR0m)
AlEE e/ 2 A7 Aze} =ea
23 A @ A9 (200)
o el ol C 283 B OANES W - 283 B ALY
AR o vyae e 9 w9 FyRd A4
w/Asga & oo 00 F 2233 (50)
7Ie o 20 | W/AERE AR W -w/AESE AR
@ aean 4 360 9 24 3(50)
Sao) | 70E AEe gdpe 4w B od
- A7} FH(50) TAT FE(50)
e 71 672 570 30
= 2 AlF-IA (9]« wwkgl)
EE]
A3 IXEE 2AHA = EPNIE]- 4R
CFAY FAAzE - Y SN2
Alg A A& Testbed A|ZH500E/| Testbed AZHB00E/
A ©]/d)(200) & ©]44)(1800)
a7 A4 2 - FAE A A
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oo 07]' Og (100)
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I
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