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Tam is an attorney who specializes in water, natural resources and land use law

and was formerly with the Honolulu law firm of Alston, Hunt, Floyd & Ing. For 17
years, Mr. Tam was a Deputy Attorney General for the Board of Land and Natural
Resources (1981 to 1997) and the first legal counsel to the Commission on Water
Resource Management (1987 to 1997).

He co-authored Hawaii's Water Code (1987) and taught land law at University of

Hawaii Law School. Mr. Tam graduated from Wesleyan University (Conn.) and
Boston University School of Law.

He is active with the Marimed Foundation, the Polynesian Voyaging Society, and

the Trust for Public Lands.
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Summary

Islands are very sensitive to climate change. Specifically, our island’'s fresh water supplies
are threatened by decreasing rainfall, rising temperatures, and increasing water demand. To
mitigate the effects of climate change, a holistic management approach is required. This
| includes: re—configuring well distribution patterns, capturing and retaining more rainfall and
fog drip through effective forest stewardship, capturing and reusing storm water and runoff,

treating and reusing wastewater, and implementing an effective water conservation program.

Rainfall is the primary source of freshwater for our islands. Everything must be done to
capture and store it in the landscape and replenish freshwater supplies. Our challenge 1s to
manage and slow down that drop of water from the moment it hits to ground until the

moment it enters the sea.

Historically, wells were located in an uncoordinated manner. Well owners did not
communicate with each other when choosing new well locations to service their individual
needs. This was not a problem when the number of wells and the amount of water needed
from those wells was minimal. However, as water demands from those sources increase,
adequate well spacing needs to be implemented to prevent interference. Maximizing well
distribution 1s especially importént when recharge to the aquifer decreases due to chimate

change.

Initial projections of climate change suggests rainfall will decrease over the next 100 years.
This is serious for islands. There are no rivers to divert. To mitigate declining rainfall,
dispersion patterns must be understood so that island communities may effectively capture
more rtain. For example, protecting and restoring upper forested areas of the watershed may
yield disproportionate benefits. Understanding how different plant species use and capture
water (or how trans—evaporation loses water) will inform forest management practices to
protect the species most vital to the water resources. The economics of investing in
protecting and managing the forest may be much more favorable than drilling a new well
Active forest management may also create new jobs and bolster the local economy.

Another effective approach is the reclamation and reuse of wastewater and storm water.

_5_




This ‘action also reduces soil runoff to the near shore ocean waters and coral reefs.
Capturing storm water not only increases the amount of rainfall that can be recharged to
the aquifers, it also reduces land based pollution into the near-shore ocean environment.
Coral reefs are under threat world wide from temperature rises, ocean acidification, and land

based pollution. Farmers will also be happy to keep more of their top soil.

Climate change can also mean an increase in water demand due to higher rates of water
use by plants as a result of increased temperatures. The amount of water required to grow
crops will increase. To meet the increasing agricultural demands, the use of non-potable
water needs to be increased. A potentially large source of non-potable water for agriculture
is treated wastewater. If treated correctly, it can be used on a varety of edible and
non-edible crops. The reuse of wastewater also reduces the cost of its treatment as now the
water can be sold as a commodity. To lower the capitol costs of treating and reusing
wastewater, regional solutions need to be pursued. Coordination between the producers and

consumers of recycled water is the only way to make such projects economically viable.

The most obvious solution to climate change is the implementation of water conservation
programs. An island’s limited fresh water supplies require the most efficient use of those
resources. Water conservation programs must not only consider technical efficiencies, but
also pricing structures to economically influence water waste. Land use plannng is critical.
Land use planning needs match rainfall patterns and distributions. Crops should be placed
where natural rainfall can supply the needed irrigation, thereby reducing the dependence on

inefficient water delivery systems.

Addressing climate change is a global issue. The specific future is uncertain, but the
direction is unmistakable. Unlike other resources, water resources are both essential and
irreplaceable for life everywhere. Although regional solutions are being discussed, the real
action is at the local level. Very aggressive steps toward a new coordinated set of local

actions are imperative. We can not wait for national or even province wide measures.

Like the Hawailan people who sailed across the mid-Pacific 1500 years ago in double
hulled canoces (with only their knowledge of the ocean to guide them), we must make

mid-course corrections and change course to navigate the coming storms. We must

experiment, lean, and not be afraid to admit mistakes.




Climate Change and Water
Resource Management:

May 31, 2013
Jeju Water Forum, Korea
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Improper Well Spacing May Cause Interference
and Up-coning of Brackish Water
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Rainfall on the island Mountains
Trade Wind Inversion and Lifting Condensation Level

_ Orographic . :"ciy_s_c!

Orographic

Lifting  Trade Winds

El Nifilo-Southern Oscillation (ENSO)
and
Pacific Decadal Oscillation (PDO)

=| Nifio-Southern Oscillation (ENSO) is consistently associated with
ower than normal rainfall during winter months in Hawai'i.

Pacific Decadal Oscillation (PDO) is similar to ENSO, but slower.
Each phase lasts up to 30 years. During most of the base period for
the 2011 Hawai'i Rainfall Atlas of Hawai'i (1978-2007), the PDO was
its positive phase, generally associated with lower rainfall in
Hawai'l.

| | Nifios and La Nifias recur on average about every 3 to 7 years.
This gives rise to large year-to-year variability in rainfall in Hawai'i.
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Oahu Rainfall
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The Rain Follows The Forest
Hahai no ka ua i ka ululd au
A Plan to Replenish Hawaii’s Source of Water
awaii Department of Land and Natural Resources (Nov. 2011}




‘Restoring Watersheds

Hotter, drier conditions and damaged watersheds are increasing the costs and conflicts over
ter. While climate change is a problem on a global scale, simple, local actions can safeguard
clining water sources. Protecting forest watersheds is the most cost effective and efficient way

bsorb rainwaler and replenish ground waler. Walersheds also absorb greenhouse gases and
“reduce flooding, erosion, and siltation of reefs and fisheries. In addition, forests sustain
rreplaceable cultural and natural values.

0 alf of Hawaii's forests have been lost in the last 100 years. Alien species (feral pigs, goats and
_deer) trample and devour vegetation, leaving bare ground or openings for alien plants that
“consume more water and increase runoff. Controlling these and other threats requires a large-
cale effort to protect these irreplaceable natural assets.

awai'i plan calls for the stewardship of the natural resources on which our survival, economy,
and quality of life depend. Priority actions of the plan include managing invasive species,
ncreasing Hawaii’s ability to withstand impacts from climate change, and restoring funding to the
awaii Department of Land and Natural Resources (DLNR).

Priority Watersheds

The Rain Follows the Forest identifies priority watersheds and outlines on-the-ground actions and projects
quired to protect and sustain Hawaii's critical water sources.

To bé successful, these actions must occur on & large scale across ownership boundaries, through agreements
and leveraged funds provided by the statewide watershed parinerships.

4—

E‘;urrentiy. only 10% of the priority watershed areas are protected.

This level of management has taken 40 years to achieve. The Department 's of Land and Natural Resources' goal
is lo double the amounl of protecled walershed areas in 10 years.

iis will require approximately 5§11 million per year, and create over 150 local jobs.

Funding for watershed protection must be commensurate with lhe magnitude of the threals to Hawaii's water
supply.
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CUMATE CHANGE AND PACIFIC ISLANDS: INDICATORS AND IMPACTS

FREQUENCY OF FUTURE CORAL REEF BLEACHING EVENTS IN THE 20305 AKD 2050
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Bleschung Alert Level I Evenls
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Figure 4.4 Fraquancy of future blsaching evenis in tha 2030s and 2050s. as represented by the per-
centage of years In each decade whera a NOAA Blasching Alert Level 2 (8. savere thermal 5ress) is
predicted to oceur Pradictions ere based on an IPCC ATE business-as-usual) emissions scenano and
adjusted fo account for historical tamperature vanabiity but not adjusted by any other resstance of
reslience factors (From Burke et al. 2011 Data adapted lrom Donner (2009], "Coptng with Commit.
ment: Projectad thermal stress on coral reafs under diffarent future scenanos, ”)
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© Preparad for
Siate of Hawaii
Commission on

7 Resource Managment
Praperad by:

Wikion Ghameta Corparatian
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Oahu Water Use Profile — Permitted
: Groundwater Allocation

_1?_



Addressing
Climate Change
is a Global Issue
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(Innovative Water Management on Islands: Smart Water Grid)
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| OISt @4 KOOKMIN University Professor
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Associate Editor, Water Science and Technology

Editor, Journal of Industrial & Engineering Chemistry

'i Dr. Sangho Lee is a professor of Civil and Environmental

. Engineering at Kookmin University in Korea. He received a PhD in

. Chemical Technology in 1999 at Seoul National University. He worked

| for Korea Institute of Construction Technology (KICT) as a senior

i researcher (2003-2007) and a research fellow (2007-2011). He was

| : also an adjunct professor at the department of construction environ-

" ment, University of Science and Technology, Korea. His main research

topics focus on membrane technologies for drinking water production,

wastewater reuse, desalination, and smart water management. He is
an assoc;ate editor of Water Science and Technology (WST) and an
editor of Journal of Journal of Industrial & Engineering Chemistry

(JIEC) '
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Industrial water
- 5.7% (about $27.6 billion)

Bottled water
- 12.2% (about $59 billion)

h $483 bi“iOn Point of use equipment

- 3.1% (about $14.8 billion)

Irrigation equipment

- 2.1% (about $10 billion)
Utilities

- 76.9% (about $371.6 billion)

~ Global water industry
(2010)

Source: The global water market 2011, 2010
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Water Energy Facts

. 020 F2
~ 4% of electricity usage goes towards moving and treating
water and wastewater

- In California, water treatment, storage and transportation
accounts for 19% of the state's electricity usage

— 80% of municipal costs associated with water processing and
distribution are for electricity

— In 2007, the average power plant in the United States uses
about twenty-five gallons of water for every kilowatt-hour
(kWh) generated. Equates to 104 trillion gallons of water used
annually.

_24_




Smart Water Gridgt ?

CBUEY 2 24
« BB 22| 8 X47|u A2
- 278 AAHO 2¥2 28

. 2 23 olmet nEg
« Mega City 722t A
« Water/Energy Nexus 1124

_25_



Smart Water Gride| %4 9]

> Smart Water Grid= X2l gl Asi+E 22| S
o|slo Mok M B EXA 7|&(ICT: Information and

Communication Technologies)2 8&sl= XML 2 22
A| 288

A Smart Water Grid is the meters, infrastructure and software that
provides real-time data on water use to consumers and utilities.

It is also about intelligent management of water across the board
- not just in homes but also water sources, water treatment plants,
and the distribution networks. (Jaymi Heimbuch, 2010)

Smart Water Grid2| HA}

= 2009 Water Innovation Alliance \_) wateR
Smart Water Grid Initiative '&4E (2009) AIARNES

» 2009 IBM, Cisco, Intel
Smart Water Grid Initiative 20§
Inteld} IT 7|8t & 22| £ Working group 44

= 2009 Suez, Veolia, Siemens

Smart Water Grid Initiative 20} Fi& M

= 2010 Smart Water Grid Technology, Industrial Forum (Chicago)

RT WATER GRID
N ECHNOLOGIES

2= b Capataizing on the Imefligem Opportuniies
Morkets Including: Water &

rastruclis, Wator Quality
Smait rrigation
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« Zpryme: "Smart Appliance market
alone at $15.2 billion by 2015”

« Lux Research: "Smart water grids,

currently a $530 million market, will

become a $16.3 billion industry in
the next ten years”.

« Cisco: "Overall opportunity at $100

billion”

« Pike research: "Total $200 billion

market”
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Smart Water Grid: 7424
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Multi-Grid: An Example

Data Fow —
Water Flow —
Wastewater Flow —
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1. SWG Platform design {
2. Energy-efficient water
management technology
3. ICT-embedded solutions
,,,,, . W

1. Sensors and meters

2. Information collection
analysis

3. Intelligent management
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Technology Pool for SWG

Pipeline Network Design

Housing/industrial Complex design
SWG Platform Design - Sman City Infrastructure Design

National Water R Management

Water Technology - Low Energy Desalination/Water Reuse
~ Decentralized Waler System

Energy-Efficienl Water Managemenl -
SEG integrated Waler System

. Intelligent Process
ICT-embeded Solutions - Intellignet Pumps and Instruments
SWG Technologies
B Innovative Sensors
~ Smart Water Meters

Sensors and Melers - )
: - Sell-diagnosis and Mainlenace solution

Information Network Design
= Integrati 1 izali :
IET S8 pdienation Bulisction and Anayel: < TREINon Al SRAndeIgIZeion
il i i e oad i GIS-based System
Related Softwares (i.e. leak detection) ;
Proactive Asset Management

Demand-Response Management

Inteliigent Management -

- A lot of other technologies will be incorporated into SWG platform.

Malta

= |BM announced that the €70 million

project will deliver a smart grid to R . e
Malta, an island nation in the N N P %

Mediterranean. AR T

= The project will take five years to : s
replace a quarter-million
conventional electric meters with
smart meters and upgrading the
water system where it can be
monitored and managed remotely,
according to IBM.

= Customers will be able to use the
Internet to track their utility usage in
real-time. They will also be able to
choose the best plan and can pre-
pay for their services.
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Cucamonga Valley Water District
CVWD Details — Fixed Network Deployment

» CVWD Serves 50,000
Connections

» 48 Square Miles of
Service Area

» Fixed Network Customer
Since 2005

» Current Installation
project at 32,000
Endpoints Installed

ONTARID

el Mlirnizt €
Agad

i iaik L_UI-‘LL___‘________ ..... '——J |

' . The Pecan Street Project (Austin, Texas)

COMMUNICATE
ity okl ok

EMERGY UTILITY
Faree L

CONSUMER CONTROL
B Ee

s 1|
W b T : [ umphen fs 2
Di s L Y : trnsmaty datn by rodwe. i
™ et - . o Mueller at a Glance
Nt l B 700 acres 25
: = World's Jargest LEED-ND certified

WATER CONSERVATION |
i

ran aysle.

community {2009)
@ Three miles from downiown
1 More than 4,900 planned homes
M 4.5M sq. 11, planned office and retall
1 Ultra Green Built
B Reclaimed water system
B Carbon-sequestering landscaping
= 25% affordable housing

LI
o
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Beacon Institute

River and Estuary Observatory Network (REON)

The Beacon institute 85

Far Haners aed Lalugraes

Smarter River and Estuary Protection:

Working with the Beacon Institute, IBM is helping
enable minute-to-minute monitoring of New York's
Hudson River via an integrated sensor network,
robotics, and_computational technology throughout the

315-mile river to better understand and predict the
effects of global warming, the movements of migrating
fish, and transport of pollutants.

Chiorophyil Cone. (pob)
This figure was 1931 updated 13-0c3010 2023723

36 it
Tume {EOT)

P s Sl 8 & g ot 3 T

ZHx|gel sidozEH F22E ZI MEXG2R
£2 0|3ste M2 dejel A H2|Ye (Lawrence

National Lab)

_36_




.Sz 2 2x0| 2HE s Z5t7| I5tY Q|E{ 12| =(Water Grid)2]
TSP
. o|faz|EL 20| HE X1} 20| FHE xlole dAst7| Sl
Al_ﬁE-ll
. oHaElCE B8 O TSRO AXYS Cihol AR A2
A 0l
Y N =

. OFX|7HX| AMIS| Hgo|Lt ATtE M2 =ote] SUE LM
ez x| o

. Perthl A Q¥ Sj2Eroler BHUHE A0 28

Queensiand

>2.000,000 megalitres of storage

~710 ML/d (~250, 000
ML/annum) water supplied

80% comes from largest 5 WTPs

Indicative System Capacity ~450
000 ML/a

North to south distance ~250
km

~3.2 million people
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=7

Towards a smart flood control organization
Improve quality of decision making during emergencies
Fast & real time prediction of calculated risks

Smarter Levee Management and Flood Control:

In the Netherlands, IBM is working with partners to build
smarter levees and flood management solutions that
enable authorities to monitor infrastructure and
changing flood conditions and utilize advanced decision;
tools to help prevent avoidable flooding incidents as :
well as enable better emergency response to
unavoidable flooding events.

Rijkswatcrsta atf

Flood Contro]
P |
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“=: Smart Water Grid R&D
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HESERAE ASE e AL

(Improvement Direction and Current Status of Waterworks in Jeju Island)

S A M Eum-Seok YUN

| H=EMUXXESXEER ALY
~ Jeju Special Self-Governing Province Water Resources Division Director

b Stel : MEOIED HHSITHEREA

b 2 MEBLNLSAL BEHLAT ()
HZESLREE S2TLHED)

b ST : MESHARIE SAIUER ML

After graduating from the department of public administration of Jeju
National University in 1981, Mr. Yoon began his career as a public ser-
vant in Jeju Special Self-governing Province. Currently, he holds concur-
rent positions as director of waterworks and director of water resources
management. Other notable areas of experience include serving as Jeju
Tourism Development Corporation tourism development project director
and Jeju Special Self-governing Province general affairs inspection team
leader.
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| AEXIsel NITEEY Sy #8 ol

(Hydrochemistry and Utilization Strategy of Jeju Groundwater)

' 2 4 Ef Seong-Taek YUN
! e

-
| DHfstm @4 Korea University Professor

SkeZRI=RHEr XRFHAISIE Project Manager
AL HESXIRE|o| 9, EAR SYHALTXIELH
ZIIATHLALY S7|CAHLEXEHE S S

b Sixj : FHLICE ZH2|CiEt . Adjunct Professor
M2EHA| X|5H4 2 2 x{jo|8 A2 'r!%
Deristn JRASCEY 2 XPEETET D

Prof. Yun has been working as a Professor of Geochemistry at

Department of Earth and Environmental Sciences of Korea

University for about 20 years. He is jointly appointed as a profes-

sor at Korea Institute of Science and Technology (KIST) and

University of Calgary, Canada. His main research interests include

1) hydrogeochemical and stable isotopic studies on bedrock and

alluvial groundwaters, 2) geochemistry related to geologic carbon

sequestration, 3) groundwater contamination, 4) geochemical

exploitation and potential evaluation of geothermal resources, 5)

: heavy metal contamination of water, soil, sediment and biota, 6)

- hydrochemical monitoring on the source and natural attenuation

: ~ of nitrate and sulfate in alluvial groundwqtérs and 7) remediation

- of aquatic contaminants using geomaterials. He published 190

- papers in_periodicals (104 papers in international journals and 86
apers in domestic (Korean) journals.
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1. Geochermistry of leiu Groundwater
1. -la eOCnemisty ¥ a0 SR TNV aA LG

F=H 1) "HFEX|stro X2t 4
(Geochemical characteristics of Jeju Groundwater)

1) MIFA|8t40] x| 7otets £
(Geochemistry of Jeju GW)

2) 2L HEMETL0| £315F EA H| 1 (Bottled Water in Korea)

3) 8jQ] HE=ME 00| £3}5H EM H|W (Bottled water in abroad
countries)

@& 2009
@ 20104

KOREA UMIVERSITY

iz v =]

1) M= Xot2| 2ety 54
(Hydrochemistry and quality status of Jeju GW)

- HEFE X5 +EESY X2 54

(Yun et al., in prep.)

2009~2010 Total (N=392)

Variables Unit Mean Std.Dev Maximum Median Minimum CV (%)
pH - 7.7 05 838 7.7 6.3 7.0
EC ps/ecm 139.0 93.8 ] 965.0 117.0 8.6 67.5
TDS mg/L 138.7 69.0 691.1 123.0 64.0 49.8
Ca mg/L 7.0 4.4 55.0 6.0 2.0 62.1
Mg mg/L 5.5 4.3 338 4.5 1.4 783
Na mg/L 11.5 91 831 9.0 4.2 79.0
K mg/L 3.5 3.0 42,8 238 0.9 B84.4
Si0, mg/L 32.0 4.6 518 321 18 14.4
F mg/L 01 0.1 0.6 0.1 0.0 49.4
Cl mg/L 11.0 8.7 85.3 8.1 4.0 79.7
NO; mg/L 10.3 17.7 250.2 5 0.1 1725
50, mag/L 34 31 23.2 24 0.6 88.6
HCO, mg/L 53.9 411 460.3 45.0 20.0 76.2

e oIt
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1) £318 EM2 HMUEHOR
Na(-Ca-Mg)-HCO; S8 2 £ Ef
Ca-Mg(-Na)-Cl(-HCO3) S0 ZH
Z 47 Hat

A S 2) TDSE= XX 22 Rof 90% 0]d2]
| el e e, | X|8}2=0{| A 250 mg/L 0|5}
oA 1 3) wm x|e AROME Q92X o
| b i 5 £3] NOo| SE Z717} LIEL.
T g metM X|stE A E 251 5
€ . o0 Z06 30 400 o0 S0 T g%%ll_ :E!.%:!‘él'_l. HIEQI_ —E'.lﬂ'. Al._g_g
) a2 |7t QU
1 § ® (Yun et al,, in prep.)
| ¥ -

hwater
1.2
1 e
1: 08 |
} e 0.6 o
| o~ = 5
| 5 04 - E;;ﬁ
| o 02} 91?
T 0 =%
o~ LS
02 F
O
o -04 +
06
08 |
-1 1 1 1
0402 0 02040608 1 12 321012 3 456
PC 1 (50.98%) PC 1

HFE XY x|SR FHE(29) Y Fit (@) RUHM, (b) 22>
3wy Q018 AL 57X FHE0| ESE (MY % 70%)
..l

A
b

. ZMEBI(PCLE AUHQ B-UN g0z MYEE, o Y2 58] HCO,,
N

2y AL20j 9|3 NO,, SO, Cl 59| 5& F7I2 EHE.

(Yun et al., in prep.)
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contarsination
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(Yun et al., in prep.)
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u Groundwat

1. Geochemistry of Jej

M= MX| X|oto| 355t OF W 2%
oF= ASZH 24 Ziab>

it 3: XAl S-AMHEZ 0 I
X5t (B8 8)

AP 8ofjiiES0] X| by
70| LMHISHA 2 =510,

S Bt HHfHoR RS,
|ZQl 2 &S LIEHLH= X

o] &M 2= (=EE2(7I ER)
(Yun et al., in prep.)
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KOREA UNIVERSITY

L. Hydrochemistry of Jeju Groundwater

2) Zf He=dE e sotst 548 Hlu
(Hydrochemistry of bottled waters in Korea)

I HEMES| BtetE Y (n=60)

Unit: mg/L K Na | Ca | Mg | Si0; | Cl | SO,

TR Bk
] 1A b A L i
e bW e | Mean 1.01] 7.3 17.38] 355 18.41] 4.1 10.05
' i, | Maximum 2.91| 21.10| 43.40 15.00| 45.50| 15.10| 42.50
|Minimum 0.07 1.63 3.15] 0.36| 2.09 1.08 0.96
F | NOy |HCO;| Al | TDS (“;zm pH

0.36| 0.87| 77.42| 0.00{ 114.8| 1514 7.35
1.91| 4.33| 207.4| 0.10| 221.0] 314.0] 8.17
0.00] 0.00 24.4| 0.00] 35.0| 43.9| 6.08

- From MOE & KIGAM (2000).
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@ Major ions in BMWs of Korea ¢ Major ions of BMWs of UK

(N=39)

o a —
100.001 woen 4 ¥ - o
% : e

D p S
7 Y =g 4 BT
: S16.7 | 1. "gE;E
2 10004 % L i ? w4  EA ° ! w8
2 L, ; # \_ﬁ H ERL RN T4 ==
§ F R, 3 L L oae =
£ 1007 ¢ i i £ 100- H
| s i
= -] L&)
3 oo . ° 615
’ Data from Smedley (2010) :
20% .01 - o
T T T T T T T -1 T T T T T T T T T T
Ca Mg Na K Si02 Cl SOs NO3 HCO3F Ga Mg Na K @ HCO3 S04 NOFN Si

2L HULE= FZo| HYUFQ FAFE
Mg HojFEL, TDS2} alkalinity=
Ct& StCh

Piper plot of bottled mineral waters
of the British Isles (Smedley, 2010)

(Yun et al., in prep.)

SOA

20 v
27 20| Bx{s| oo, CiEE
Ca-HCO; £ ¢
CHESE(MTHE SRNeR
TOS (mglL) Na-HCO; ¢
&
&

#F

Mg

TOS (ma'l)

Explanation

1. Ca-HCOa type

2. Ca-HCO1(Cl) type

3. Ca(Ma)-CI{SO4) type
4, Na-HCOu type

8 Deep inemal groundwaler
@ Botlled mineral waler
®  Jeju waler

o Bottled mineral water
2 Jeju water

10*

- 2L Holxo| s‘ﬁ}'é'P Z=’d (Yun etal., in prep.)

& e heigm|

KOREA UNIVERSITY
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1. Hydrochemistry of Jeju Groundwater

€ Major ions € Minor and trace elements
(N=39) 101 4 (N=39)
o
100.00- ° % %
* [} w
:I"‘ 2]
PLIFNArIANE
A il
5 ot sl : \ 5
o a ey i '-é 10 2
g 1.00 \ 8
5 ‘ 5
g 5 S
3 o101 e 102
il T T T T T T T T 7 104—
Ca Mg Na K SlO_z_! Cl S\O_a NO3 HCOa F

<FZL Yo FHYE 0|2 U OjFYHA =4 (Yun et al, in prep.)>
- A2 U2 MFEYE () e

AT B (MTE) 2 318 £ 2
- 20| 2: Lower Ca & Higher K and SiO,
- 20|2: Lower SO, & NO; (K& M)
- o|Z¥elA: Higher VRO &B - .

(Yun et al,, in prep.) & e |0 heigm]

KOREA UNIVERSITY

1. Hydrochemistry of Jeju Groundwater

g

3) die] He=M=1te| s=3ist £/ H|n
(Hydrochemistry of bottled water in abroad countries)
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— o= = ol A AL L AL = =] i
1) AlE ZQ dliel 8 ol 4=0| +=3leH(+H) £ £2XA (Yun et al, in prep.)
12 : 5 6
pH : log EC| s . log_TDS
10 | | 4 (1Siem) 4 i (mg/L)
B 3 3
r r—— 2 e
2 -5
1
6 r 0
1 : 0
4 i . -1
% 2l
2 L 1 -1 1 I 3 s L
5 5 -

: log_Ca log_Mg 1 log_Na
al = (mglL) 3 ! (mglL) 3 {malL)
1+ % 1 1 —ee

e i -1 I =4 v
3 1 L 3 L L -3 1
5 6 5
log_K log_HCO3 ‘ log_Cl
al : {malL) 4 {maiL) 3 (mgL)
| % , : _
i =
N - 0 -1
-3 : . _2 L : .3 . ! S -
bottled  Samdasco bottled ~ Samdasoo bottled ~ Samdasoco nk=]e| uk il
water water water ‘:@g KOREA UNIVERSITY
4 ] 5
log_NOs i log_S0a4 log_SiOz
2+ (magiL) 4 ! (moiL) 4 {rmiL)
0k ——— 2
1 —
2t 0 —
4t 2 : - ,
-6 L L 4 | 1 B L 1
2 2 3
. . 2
ot ! n ) %
0t 0 0
KS A -1 .
log_Al log B | -2 log_Fe
2r (mgL) 2 mal) | 3 imgiL)
3 i 1 -3 1 ' - L 1
1.5 3 1.5
e 2 . T
05 - 1 ’ : 05
o[ 1 &=
-05 ¢ 0.5
. -1
45| log_V 2 log_Zn | 45 log_Rb
' % (mgiL) 3 (mglL) ’ (mgh.)
2.5 L i 4 L L 25 L |
bottled Samdasoco bottled Samdasoo bottled Samdasoo
il it e

&

=18 Leigmi

KOREA UNIVERSITY
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04 : 2 K
0.2 ]
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-0.2 o
0.4 -2
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France

Samdasoo

L} Italy

e Samdasoo

Na+i HCOa3 20

Adriea Switzedand
Asia

Spain
Austradia
Grence e
Samdasoa Samdaioo
Lebanan U!\AI

Samdasoo




Minimum Maximum
Brand Country |Value (mgiL) Brand Country Value (mgil)
; Bosnia and He|
pH Aquaplus Brazil 4 Agua Alca rzegovina 116
EC Glenelg Grenada 0.29 Hunyadi Janos Hungary 24600
TDS Hawaii Water USA 0.005 Agua de Carabafa Spain 86550
Ca 018 Organic Water Australia 0.005 Uspenovskaya Russia 18537
Mg Ibira Brazil 0.01 Mayskaya Khrustalnaya Russia 37987
Agua Mineral Kaia Brazil
Na = |ner«:-.1 oy - - 0.01 Severnaya Zhemchuzhina Russia 42278
Fonte Dinha Brazil T
K Fontaine de la Reine Naturelle France 0.012 Polyana Kupel Ukraine 2000
HCO3 | Fontaine de la Reine Naturelle | France 002 Cigelka Slovak Republ 2164611
Cl Santa Barbara Brazil 0.048 Bad Mergentheimer Albertquelle Germany 16590
Agua Mineral Kaiary Brazil
NO3 i 2 Bio vi
Rakwon Kumgatr;grsan Mineral Wa| \ " «orea 0.001 io vive France 126
504 3 Adalsan | North Korea 0.005 Agua de Carabaiia Spain 54980
Si02 | Fontaine de la Reine Naturelle France 0.01 Mount Franklin Australia 8651
Al Tauferer Badl-Quelle Italy 0.0017 Flitz Italy 1435
B Bad Lad Italy 0.004 Essentuky No 17 Russia’ 44.2
. Bratzigovo Russia : !
Fe Gorska Montenegro 0.001 - Flitz Italy 2194
Smeraldina Italy
v Eau Finé Natural Artesian Water Japan 0.01 Asagiri Heights Super-Vanadium Japan 0.15
Zn Schwefelquelle Kastelruth ltaly 0.0007 Sansu South Korea 65
Rb Eiszeitquell Germany 0.007 Vratislavicka Kyselka B 'i:epubhl 017

Yun et al. (in prep.)

[ dedniota

KOREA UNIVERSITY

Z=H 2) MFEX| 52| EEL
(Strategic utilization of Jeju Groundwater)

1) AHEgol

ol 7|54 ME(functional constituents)| £ &: 12| Hel2to| Hl W
Hou.of Median | Minimum | Maximum Eroa Std.Dev. | Coef.Var. By

samples 75 Pl so0

pH 1273 73 4.0 11.6 76 6.8 0.8 11.0 7.8
EC 337 401,0 0.3 24600.0 | B32,0 | 202.0 | 21771 247.6 69.7
TDS 1425 270.0 0.0 86550.0 | 565.0 | 1250 | 31843 384.8 83.0
Ca 2475 55.0 0.0 18537.0 | 103.4 19.6 391.2 393.2 3.1
Mg 2427 14.2 0.0 37987.0 321 4.8 783.4 1561.3 2.6
Na 2397 13.2 0.0 42278.0 | 483 5.0 1192.7 7538 | 58
K 2072 . 20 0.0 2000.0 6.0 1.0 59.7 529.7 2.3
HCO; | 2082 2440 0.0 216461.1 | 4000 | 113.0 | 4791.9 898.5 31.5
cl 2167 14.8 0.0 16590.0 40.7 50 |  B0B.5 585.1 5.7
NO;3 1059 2.1 0.0 126.0 5.4 0.8 7.9 163.8 1.1
S0, 2065 20.0 0.0 54980.0 | ©66.8 7.8 1602.5 803.9 1.7
Si0, 719 14.0° 0.0 8651.0 26.9 7.4 3229 928.1 27.9
Al 86 0.0 0.0 - 14.4 0.1 0.0 2.0 3777 2.8
B 46 0.1 0.0 442 1.3 0.0 7.0 308.4 7.2
Fe 274 0.1 0.0 219.4 0.3 0.0 13.7 697.6 3.9
v g 0.0 0.0 0.2 0.0 0.0 0.0 103.5 8.8
Zn 107 0.0 0.0 " 65.0 0.1 0.0 7.0 610.5 0.6
Rb 8 0.1 0.0 0.2 04 0.0 0.1 91.4 9.8

AlEH =0l Biol40| S2|3}stH

EA Q9(Yun et al., in prep.) @ """ e
NE

KOKEA UNIVERSITY
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EZ He|7I9t HitEo| sk Hli

tion strategy

8i0, (ppm) V (ppb)
Min Max Median Min Max Median
29| yox 6.2 26.53 10.95 Zo| yoya <0.02 13 0.113
2L EYS 0.47 30.33 7.07 2y wes 0.41 5.51 0.71
HE M x|8p4 31.53 39.85 31.62 HE= MY x|8h4 0.01 0.04 0.01
M X|d X|5e 32.87 38.69 33.77 BN x| K|S N.A
A K| X8} 35.03 43.7 33.98 TAF X[ 9] X|8he 7.01 | 2878 | 1222
X171 E (AH) WF 2852 HIFHE (&) B 8.14
oY bt B - 8= Ma|7te B0 UEt
_ | 223510] o] MEdS 511
- _ % o - a2 25 st ng ey o
3 3 | T | o st g as.
5o, om= TRl 5o 88 - HiLES Y o $K
g 8] =20, S Hzo| Bk
g , T g £ olsal =HEo| Y ECt
S | S HIED Q3.
(Yun et al., in prep.)
010+ > B =Ll 030 * -
LS Sk B L bq":!i:\:lll{f_ aipas ade kR
[ ke
] '@ KOREA UNIVERSITY
2) ot HILHE X|8t% @7 DAK| AT AL

Geology

Dangsanbong Tuff
{Cinder Cone)

Songak Tuff Trachybasalt

Songak Tuff (Cinder Cone)

Dangsanbong Tuff
E:I Songak Tuff

Gosan Formation

wanghaeak Basall
D Seogwipo Formation

Ry,

in,e

log TDS (mgiL)

i d

(Yun et al,, in presz_:;)'

= e




log Na (mM)

log V (uM)

2. Utilization strategy
<3
(=]
=z
£
3
=
&
2
I
Q
e

0.5 10 0.0

lag CI (mM)

0.0

05
log Cl (mM)

1.0

(Yun et al.,, in prep.)

PC 2 loadings

$91095 Z Od

PC 1 loadings

PC 1 scores

E

robust PC 2 (14.66 %)

0.8

06

0.4

0.2

1]
0.2

04
06

0.8

21025 2 Od 1sngol

8180 (%)

"o06 04 02 0 02 04 D64 3 2 -1 0 1 2 3 4

robust PC 1 (63.32 %)

robust PC 1 score

25
Synthetic fertilizer (N=25)
20
45 | Hicrovia [ Soil organic
maller
B e LTI ELEE el
5 L.
0 L
5 F Mineralized
fertilizer
_10 1 1 [ 1 i 1 | 3
10 5 0 5 10 15 - 20 25 30
515N (%o)

05 1km

Legends

Group 1

Group 2
Group 3

0o b O

Group 4

Results of robust PCA

s

N

Yun et al. (in press)

KOREA UNIVERSITY
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2. Utilization st

ateny

Group 2
well

pumping | recharge | water table
Agricultural dry | e e ..
ﬁeld Wet '“'l"!;' unllmn’ - y“ .
Group 3 Group 1 well
well

Pol!utmn front

| EH(V)

.........

] Ot
& o
2. Utilization strategy
05
_ O typel
© typel
@ outliers
04 +

0.3

02

0.1

0.0
6.0 65 70 75 80 85 90 85 Yunetal (m prep.)
o B
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B RR U e e B oon an gt e e g ey 2
. Ltilization strat

R aHI
40 — @ niratleN | 00006
el i 4 0.0005
__:_: 30F
o 4 0.
5.l 0004 2
£ 8
E 20T @ 00003 @
= 15 F ’ET
5 @ - 0.0002 a
>0 L
- 0.0001
05 0.00
0.0 | = 0.0000

DR X sp4e| BiLLE B ok

 ViEE7}20 pg/L O|AO 2 IS £8 W CjRES ARE AKX £EQ MMEL 5&
(0.1~1.8 mg/)E LIEMY,. O], SYUEE X|Ao|N XY UEE X|3po| Y0 57}
Sts 40| BiLHES| SEE LA XA

- D B XS4s Tol 222 shs B X|oi(CHes| B A7t )0/, o]
x|otaAo) SUXY EYS Sof TH BUEE X|oto| FYFO| SIS HiLLE &
e B|Moj Qs LAt

- maty D E HHLHE KBk

5.

2=3x|2 golslo] ANHo= )L 0|57 fIsiM= =
XY xsteAo] 2| 2 58S

XtM|s] &S of &
Yun et al. (in prep.) ®_jatﬂ‘l.'m

KOREA UNIVERSITY

o]
C

LA
e
_—
o
paed
p 3
=4
-
Loy
&
I
7%
]
D
L4
5
[

3. 29 % XY

1) SHAE NS I3 APET 54 X 42 2 BE Y
(Marketing on the Excellency of Jeju Water)

2) K| &£XQl AR - 518t E4T 7|
(Continued R&D)

or

M

O o

3) Dt xt2of 7|9t 2| X X[t SHET CfjAY Of B Al
(Management of groundwater quantity and quality to
sustainably exploit groundwater)

SaTE

| ‘%"? KOMEA UNIVERSITY
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Pyosun Lroundwater

Nitrate management: E4.3 % A AL

The cumulative probability curves for nitrate concentrations in groundwater and
soil water
- To estimate the nitrate levels as a guideline for GW quality management

3 ™ T T T T —T T 3
N & % @ Groundwater
@ Soil water
. wGroup il
2 + Downdradient 4 4F 42 y
{contaminated) Anthropogenically
area o8 20ece impacted group in

41 agricultural area

ry B o
= T >
g M £
© 2.5 mgiL . v} . . "
© i 1F ¢Koh etat., 2009) GQQ% : 1° & |Inflection pointis
z . z
o "o 2 about 2.5 mg/L NO;
g ° 3

F B 4+ —p | EEeCO -1-1

%0 o
Upgradient % Group |
P il | 1L 1, Natural background
group in pristine area
Soil water Groundwater ; Probat::ili!y (%)

0995099 065 075 05 025 005 0010005

. -
(Yun et al., in prep.) &) ouen ﬁv“;:sm

) 0 I
30
. (N=43)
gl Synthetic fertilizer
Q
20 + N
Micrgbial nitrification
s} l(ﬁiﬂo = -10~10 %o)
S
@]
wo
Soil organic
51 matler
Manure, Sewagg
-10 | ' ) i . i ) z
-10 5 0 5 10 15 20 25 30 35

6 N (%)

"~ (Yun et al,, in prep.) & 124 CH =l
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e 1

un Croundwate

=

nitrate exceed 2

(Yun et al., in prep.)

Uirgo| s 98

StE (2.5 mg/L 0| &Y
2}, SGS M g)

p value

g High: 0.913

(Yun et al,, in prep.)

KOREA UMIVERSITY
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MZXIsI40 BHT} M2 &2

(Conservation and Strategic Utilization of Jeju Groundwater)

7| ¥ Gi-Won Koh
HFEEAX| 2L SAL SLULATMET

Jeju Special Self=Governing Province Development Corp, Research Center Director

RS

iz g 111
T

vV

SAHEHT £2X|E 0[BHfA}

I otsrmx S=E2)| IAETY, S2X(5I4EE HEAY
SIEX|5I4E US| MEXIRE, HHRIRE M2
HEEHARCSAAS AR HELHZAN AN A X| Y
HZESAIR|E ARIREE SR LRE

b S MEEURKIEHLZA SARIHTME R

o Jot
i Ao

Mr. Koh received his Ph.D. from Pusan National University in hydrogeology in
1997, and while working as a professional in public service for 20 years in the area
of Jeju groundwater, he successfully established the first basic regulations in Jeju
regarding groundwater management and completed projects on regional water-
works construction and general development plans for water resources. For six
months, from August 2000 to February 2001, Mr. Koh was dispatched as a
researcher to the waterworks department of Honolulu, Hawaii, and taking Hawaii's
advanced groundwater management law as a model, he established Jeju's ground-
water management law.Through his focused academic research in ‘Jeju geology

. and groundwater', Mr. Koh has also given 34 papers, 64 conference presentations,
18 academic reports, and 20 contributions to academic research institute collec-
ttons for a total of approximately 140 academic con:rlbutlons and publications







Oudcrup Lave Sample Ly S5 - 455 hp
£
o

Topemnat Luvs Uil in o Sangle [0 1o o0 - vogha
& o Lo 30003
v Ra

ok angrastee i)
T Temr rored

> HIE=T 2HAeE @ 1.8 ~ 0.02 Ma
v 840 L ZE SHARIE HO| [IEES 100 oLl H& UCH(ZTHY X 2)
V HIFAS ETU0 S5 0f2HK[23 10~200HH AtO] RMUT X
> ST T QL MEA QRALLT AT]
> L5F :1.43+0.27 ~0.1710.12 Ma(P+F T, 2013)
> BHEAL: 28 Ma ~ 1,1004

_82_.




v

4

< S

KIof

> 8

3

=

4

T

v M

o=
=TT

=(Q|X, EL. 233m) : 243

> U581 O §UT EX Hol(BT)

HEL -135m
E:EL.-111m
H:EL -41m
2:EL -82m

: Of%=(No. of lava flow unit)
v 5 2(8S, EL. 145m) : 14%]
v M 2(3<, EL. 365m) : 602
v & 2(MF, EL. 321m) : 9%

i

> QIPR 5 (1992~2011) : 2,061mm

> 2|2t F2(1978~2007) : 1,277.4mm
<« MA 30H T+ X]

ol HZetE Cherrapunji 11,430mm

st 100m S7HA] Z4

v OfOIX|23 : HI=A] 1,498mm, MAUE 1,923mm, P2 1.967mm, A& 1,143mm
v FARZEX|2Y : nlef 2,735mm, ME 2,567mm, EUWA 2,589mm
v AX|CHX|S : oSt 4,598mm, LML E 5,290mm, ZIETHE 5,5652mm

v QI D Z2tE Mawsynram 11,873mm, Ut2t0]| 712 010] Waialeale 11,680mm,
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j Ilot-‘i“- $E‘8EII
{Groundwcier Occurrence)

> 7I1172I°I-.—(Basul)

» ED’II'IIIUE-.-(PurabasuI)
> WXt (High Level)
> J|812tX| 014 (Basement)

| xiop 2%
| (Groundwater Quality)

® Et4=X|0}2(Fresh Groundwater)

> 914 X|0t5=(Low Hardness)
» HMOIEHME(Carbonated)

» 0L B4 (High Minerals)

> HILS$(Vanadium Rich)

e 21X|0i3=(Sallne Groundwater)
Fp— > X E X|Vt==(Brackish)
| = a;:nmw[ > 1= IIUI'-.-(Sallne]

1 4
i guAHe

Well Nama: Boraneln SM-2

Deptn
mj

a

ranal A

Manr Datsclor

LSO

1y

0 (AP golhon  [CPE) t0CCI400  (CPSH0000]18 |Degt]

1| 2280l 22 o
(Thin Iava sequence wath high porosity)

4

3

1 ENEING - A I

> W3 232 25%(Average Porosity 25%)
8 ~ » Hyaloclastite porosity : 30~71%(Av. 49%)
..................... » Trachbasalt porosity : 14~58%(Av. 31%)
- |azzass s
’ (Good aquer propertles)

® Yield per Well : av. 2,400’ /day

> Eastern : 2,268 m'’/d(max. 2,871m’/d)

> Western : 2,246 m' /d(max. 3,050m'/d)

> Southern : 2,310m'/d(max. 3,057 m’/d)
b > Northern : 2,780m'/d(max. 3,539m’/d)

® Specific yield : av. 30,300m’/d

® Transmissivity : av. 6,067 m’/d
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> HIFEX| 84 D M FAIZHT57HA, CFCs U 3H F73) -
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XetaH (ELm)

30

Tt (ELm)

&5 (EL.m)

{" [ SEILIEIE SRS SR ——

X844 (ELm)

—JDiEt  —JoHY?

0301 0401 C05/01 D01 '07f01 COE/01

|
|
|
i

> X|0t=9] BT : GIEH0 =11 HAE0 2RS - YA AEXH EX IS

v 1%=27|(high level) : 9~102, X%=AI|(low level) : 3~43

> X|0txQ HFE(B2) : TF 9.7m, AT 11.8m, 2% 14.6m, 55 14.8m




Ax}s.u 7|| utzro| [EES

7H=’ t5"’"6’(201 1'—’1 =

xl _l'-r'7 I' xl'xl

= 8 8 Al&==(914) A& 8 (/) T8 HI(%)
= 5,223 se3wislidl s (100
" 4 8 340
e 14 68,255 | 10.8
ojS Ml T o 5,475 | 0.9
X H 4= (K== X)) 5 E3gdlt 0.8
27 246 16,500 2.6
| w=ogAa 236 13.624 | 2.1
1 O[O S A& 1 1825 | 0.3
X1
O i 4 812 0.1
5+ 5 5 239 0.0
& MX|2% KX 5 172 0.0
gLy 101 5,829 0.9
o4 X| O} 1,166 2,692,970

(XIZ : HESEEXX T +XIHAT

=A™, 2013)

2-2 xlor-’r- Rl ola Jhsate ] 84, 5% 817t

0 1000 2000 3000 4000

.9.5&: :r.|-:5,4- .
(4,8673) |

mazg “uug

scw —’FI‘*7F="

/ e, 496*1 m’/"')
i 1 901&%,12'
) S =) 555:55/%
ﬁ%g / I/i ¥ : I) 1 1
0 200 400 600 800 1000

Bonzg "AME

o (=1

¥ K|k XS 018 JH5®
18 1,768%
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A&

o8y
(B /1)

NR8ZOH
o1 m(%)

(1)

179,980

1 . :
KBS (%‘r‘”% R=R]) 5 5,383 744 13.8
o2 246 16,500 | 8,081 48.5
1 ni=0|8 236 13,624 | 7.776 571
~xpe | OHEEMOIS 1 1,825 - -
O Ed 4 812 201 24.8
ST 5 239 104 43.5
EMXI2 KX 5 172 129 75.0
AT UY 101 5829 | 2,664 45.7

(Xt= : MFESE

KK =X

HE|F

A4, 2013)

Jbrz-q,] oz

AE(14HE/

ol&

=),

a1 (35%

A= - ANEET 177HE/H,

=i8),

T8 (258

=

[—

by

/&), SE(208E/2) T

=X HET2 11%

13744
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| AiFS R E =

(1991 12 )

(2006 _7)___

7 X|8j4 241/0| 857

7 Rist gl Rt

v Heae 571 5

v K|Stk ALH|

v X| 8422|293

'. % I| *l"l"—l oo

| sxazAssy
v R|op/2H settE]
v stz SHslA

] O

“QK#H%J1MW7EWFJ"§§HEL__%% 1
v 2MYs MEEaMoR 4| SiBt BHASHAE 24, HEXE
Sof Eet Algte e -
v JISHEHo R o3t 2ol 2US WX|S| U +HAMS| F7|, WH S
+xhe QR KA $8(011.5. 23 4E) '
é 5
v R{stas, =2 TR 0] B0 0] 1ol ols) SPHAERSA e 4T)
v Bl=M2 9l X|3}4 100£0] 98014 HZ B7|ol BHei A= wof 518
/ X5 AVTAL HAY MY, 2508, SEB2TH X |
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> ASOI8AIe T &X| 2 (- I1I31¢5.=’F.]

IA-IE'

. X|3} L :.*?;AI*EI axl +%" |
' m}i‘e‘t_._z;;s;( |AdH|2] 80%)

% 2013I-.3 «.:_uu 2387HA gjq 29 = - .
- O] F MX|CHAL 29714 3,982HE 2 - HIE A7t 6,965HE 0|-8(63%)
: a:g.cuu ulgomug 2997HA ATHE . .

i_'_‘f-* X|Ot== ﬂ"“‘ Ell ’6' (“* I1I31 7.-.) ]
VK|t gxma;on “'Ra* X 2 x% sl II*} -'?'-EH B s

Qi3S Hel Xte Aprig 80§ #EHE.'-EI S5Hif HQ| BItg s
X 20124 98771 AUA| 8,670“_'..‘ opgl -?-I'.}(—'?'-ﬂ}%t 17,955% ,_)

> x|oj+aaimEel Aol &F|(H H318T)

v X|stgaria, Yu3|A/CE EEEA HYS S22 MY
v XISt 7|2 AL 28 #Y 5T 29 Kok ’9-"5}*}%1. HEY x| SO A

X 20134 ofjAkeH 11,4418 E'_!‘-EJ(-‘}J“‘-IZHJ 8,000, Lgts|A FZ 1,300 §)

X|ot+ QY| BY 5(E H313Z)
o OH+ = X|34s oolAL & + o= 23 xjst2
o X|5}%: 7 O|8AIM Hx|7|E A A B Al 22| e
® ooig|aA Il = x|3}4 £ 2dN 227t ol sotel 32 8 AFE TEH
X lEb 2H| 3 2ot H2 Al lIﬂ Ar x| =oFo = 11A|(2004.9. 8)

o #

> II_UH ar=g 2 éxl'n-%(a.* 43& .

® X|5t2l, OH-’F’éI—'.E— ?:Hl ’“as'.:% xl'“H* 0|8~'=3 ‘-**"E':!’ x| 2%
° 7|E% H5T Il’é o CHAH =2 HIoh UAH 0|8 jt| =X
% 20124 Gl 425702 HX| 2E F

Aot 13508+ 53). X|st4= 0| 8% 156, +=H 100, SlHRELF 29 §

=
o XSG FEAN U HAABIAN ANt
o X|s|SEpal 1ol NY/HE, 5Y8S FUAY $T KL 5
x 15%0] Sleloz 74 2Y(GISE 10, H% 5%)
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[XIop= RIS RE T X|F &E]

2

MFI-M8 e

E jesiaiie 3
{® na+ad
I nas+suaars

> Z|XX1 : 471 P 160,065k (HIF=E =2 8.7%) — 2002. 6. 25

> 1K %

>X|Of2:

20084 - 54

2 e 3 X PIH2013)
M7 Jjo] 8 HZ0| HiTH R J|E Y PHI T

HTHEI}IIE

A2 28F

HE e e
g% | MY | & | uem 3% | (me)
NM@? Ty P
‘92~ 04tt| 28 5,161 | 228 | 40,685
20054 | 110 | 26101 | 86 199 | sass | 55 17617
20064 | 31 | 5665 150 qs |01 16 | 4,044
20078 | 32 | a8aa | 21 73 2763 | 11 | 2,081
20084 | 94 |22637| 42 146 | 4192 | 52 | 18445
20000 | 38 | 728 | 29 100 | 3484 | 9 | 3644
20108 | 62 | 9945 | 15 78 1532 | 47 | 8.413
soraee |om lesge | 27 128 | 4758 | 4 964
LTS
soigel | 36 | psee | A7 87 2061 | 19 | 5283 |T5m

[XI2 : MESSXRT FXHU2F, B0 Y 957 ozl
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