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B Grimm Aerosol-Technik

GRIMM

Basic-08_1
Dust — definition, origin,
dangers, particle distribution

by Eng. Wolfgang Brunnhuber

{:

oo GRUNMM:geresel.com VYDA IY DI UITTUUST, U1 SIS Suieiu:
. ' Al Pollen,
B A eroso I y D u St i 7 ' . .gaseous precursors
Sources A

GRIMM

Etna, Sicilia;, 2002
Natural Sources %
\olcano
Desert storms
Soil erosion
Sea salt
Fires, biomass bur

Pollen, gaseous p

Sandstrom, erosion
; - Heating:

Anthropogenic Sources
Traffic, combustion

Power plants and heating
Working processes,
like welding, crushing
Agriculture
Fires, biomass bu

Traffic, automotive : ‘

Biomass burning, Ital 4
Wolfgang Brunnhuber, Dr. Friedhelm Schneider

il =
g = Agriculture,landuse

‘ \: www.GRIMM-gerosol.com




5 Aerosol, Dust
some definitions

GRIMM

Aerosol: solid and/or liquid, in gas floating particles within a particle
size range between 0,001 um to 100 gm (vgl. Die Atmosphére als Kolloid, 1936)

Primary aerosols: directly emitted into the air, e.g. by bulk to particle
conversion (BPC)

Secondary aerosols: aerosols originated from gaseous precursors, by
gas to particle conversion (GPC), accumulation and coagulation e.g.
NH,NO; or (NH,),SO,

Dust: suspension of solid particles produced by mechanical
disintegration of material such as crushing, grinding and blasting

PM10: particulate matter, mass of particles with aerodynamic diameters
approximately smaller than 10um

TSP: total suspended particles, mass of particles with aerodynamic
diameters approximately smaller than 35um

Nanoparticles: particles < 100 nm diameter (mostly classified by their u-, 3

electrical mObI|It¥ dlameterzI englneered nanogartlcles
5

www.GRIMM-nerosol.:nm Wolfgang Brunnhuber, Dr. Friedhelm Schneider

Particle distribution aerosol sources and
sinks, formation and elimination

GRIMM

) :  Gases (SO,, NO,, f i _
Primary particles ; 2 X Primary particles sources and
from combustion | 0L, Wity 240)) from mechanical

precursors

processes i /gas to]particle disintegration , erosion
FY convelsion GPC =

= bulk to particle
Secondary H conversion BPC

particles .
formation

processes

r
impaction

\ elimination
‘ : 4
wash out # sedimentation pl;OCGSSGS

I 1 1 H 1 1 -

0.01 0.1 1 . 10 100
: Coarse : diameter [pm]
fine particles (PM2.5) tE particleié
thoracic fraction (PM10) i 4
TSP . u-‘“ &
6
www.GR|MM-uerosol.cnm Wolfgang Brunnhuber, Dr. Friedhelm Schneider




B Particle distribution: Elimination of airborne

- particles by sedimentation and diffusion

How long stay particles in the air? This depends on particle size -
and on particles sedimentation and diffusion velocity!
The sedimentation velocity of particles strongly depends on particle size:
-a particle of 10 ym diameter sinks in one second app. 5 mm
-a particle of 1 pm diameter sinks in one second app. 0.3 mm
-a particle of 0.1 ym diameter sinks in one second app. 0.05 mm
-a particle of 0.01 pm diameter sinks in one second app. 0.003 mm
10

1

0,01

sedimentation velocity
[mmis]
o

0,001 { ﬂ Z
LY

0,01 0,1 1 10
diameter [& ]

Diffusion depends on size, too. Small particles have high diffusion velocity.

7
www.GRIMM.geresol.com Wolfgang Brunnhuber, Dr. Friedhelm Schneider

5 Dangers effects on human health:
Risk potential of dust particles by...

GRIMM

by
particle size distribution © @ . %o

particle concentration *°, e 080% %, 0ot o

®
chemical composition of the dust particles @ b °

-

surface bound or adsorbed chemicals (like PAH) w

- - YN

8
www.GR|MM-nerosol.cnm Wolfgang Brunnhuber, Dr. Friedhelm Schneider




GRIMM

Risk potential of dust particles:
Deposition of dust in human lung

Faortikel

Angrifizorte  durchmesser Inhaled dust
S - Inhalable Fraction
Nasen- &-10 gm
Rochenraum : .
Fraction passing the
larynx and getting into
LudleGhre 38 ym the thorax
_ Thoracic Fraction
Bronchien 23 pum
The fine particles,
Bronchiclen 12 um entering the more than
300 Mio. alveolic
E"'-'H“"l 0.1-1 g bubbles
Biashen Alveolic Fraction
www.GR|MM-nerosol.com Wolfgang Brunnhuber, Dr. Frieoll'le)?r:ﬂ Schneidegr
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Extraction of
particles

Test for
% e, biological
— toxicit

‘e 0 Q) Yoo
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Various fine
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. \’
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i oAt welll

%\O

b

s¥tvzent Submerged
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Moasure fluorescance
from bobom

Chemical assay: Oxidative potential (OP): the ability to
generate reactive oxygen spices:

n-.—- -
Detector: ERS (electron ”' .l=
spin resonance) e [} ==

= WST-1 (water soluble
tetrazolium slat)
= NRU (neutral red

= Comet assay
= Ames test

= H2DCFA (dichlorofluoresce
= in diacetate)

IL-6
1L-8
HO-1
TNF-a
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Coal combustion processes: Summary

100°C 1100°C
Coal ash
| formation
A If— ------------- b
["1. Gas phase combustion | Water Y
H,0 vapor | ___(cH, Hes Hy HON, €O, CO)__ | YRR A (Submicron size
_________________ - K particles)
AT
ﬁ :‘ 2. Tar combustion E “Inorganic ‘-{‘ * Nucleation
""""""""" > vapors .
_________________ 5‘ oy e Coagulation
Devolatilized matters ‘% {1
| (gas and tar formation) | Organic "\“l * Heterogeneous
"""" Y b i
Molecular%break i 3. Char formation ! Vapors /1 condensation
[y ) Vol
------------- 1 .
R 1 = Agglomeration
| Devolatlllzatlon | <L & 8 3 i
i 4. Char combustion) | !
L 2 N gkl
N —— ‘
— D ‘. > a¥%y o] W
1 °
. Q .‘..: ___a_!_s_l_\_g§__=‘: (Supermicron size
Devolatilization Fragmentation Fragmentation Oxidation Mineral 'v'\ particles)
Coal  /Fragmentation /Oxidation /Oxidation Residues  THOUDEORUDTwN
{TTTTTTTTTTTTTTTTTTTToToToTommoomssommmees N (prejexisting
[ 5. Mineral fragmentation [ particles)
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Coal combustion steps and particle formation

&

1

~
N

| Combustion steps | Compounds ‘ Mechanisms of particle formations |
- » Condensation
’ Drying H > H.0(9) | Gas phase
emission E> Nucleation » Coagulation
— > Incomplete combustion: Solid/liquid phase > Absorption
Devolatilization CO,, CO, H,, NH;, NOy, SO, emission » Agglomeration

(tar/char formation)

L

Volatile
Combustion

other organic/inorganic
vapors, and Tar residuals

» Complete combustion:
CO,, H,0, NH3, NOy, SOy
other inorganic vapors

L

Char
combustion

» Incomplete combustion:
CO,, CO, H,, NH;, NOy, SOy,
other organic inorganic
vapors, and Char residuals

» Complete combustion:
CO,, H,0, NH3, NOy, SOy
other inorganic vapors

’ Fragmentation H > Fly ashes, bottom ashes |

0 Devolatilization mechanism

» The highest
temperature at the
coal surface-burning
interface.

» * LAerosol
formation

¢—Burning

interface
jneral

or char

Volatile

matter

» Temperature is the
driving force for
devolatilized matter
to escape.

Low Ay coal
. e v,

.
. L et

.
PP

» Devolatilized matter
after leaving burning
interface can form
aerosol and burn.

Source: Li et al.,, 2016 ororgyeta

ANYANG UNIVERSITY

Coal Feed
Parrizle

Particle Fractured

Fig ® The st

dug tv Thermal Stesses

oy Srmaller Ohacs (Teacr

1. A coal particle will be subjected to thermal stresses as it is heated during the
initial stages of combustion.

2. These stresses cause the particle to fracture, with many small cracks at the surface,
and large fractures within the central region of the particle.

3. As the coal particle continues to heat up, it is subjected to increasing temperature
gradients, and thermal stresses continue to build up, until a point is reached
whereby these stresses exceed the failure strength of the coal at the surface.

4. At this time, the particle will break up; the outer region into many small fragments
and the inner region into a few large fragments.

5. This fragmentation process will be repeated for bigger size of coals

FroTaees

..... w1 induerd witkin paticle duema e imtial besing weas of

Source: P. Dacombe, M. Pourkashanian, A. Williams, L. Yap. Combustion-induced fragmentation ’
behavior of isolated coal particles. Fuel 78 (1999) 1847-1857 B -

Burning tube (boiler)

< Heat thermal stress: temperature difference
between coal particle and inside the tube

Injet

-

Three different size
of coals

Fragmentation

'Z}g}u Fragmentation

(3 ‘o e

_Q_‘_ f 4 i {!)‘—/- (L —

‘%v:\ e @ ‘LQ_E}
it

Odtlet

)

-

» Gases:

£ = Organic vapprs

Fragmentation « Inorganic vgpors
\\\\\ = e » Particles:
s o s ~
= B ] «Fly ash
12 Ty v o N y )
Fo i = Unburned r¢sidues
] ! af 5

' ’ e

", Bottom ash

ol

=
ANYANG UNIVERSITY
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Coal combustion process: Ash formation

Two pathways
for ash formation

'rl.i-.:'
nucleaﬁon %.:‘:. S’ AS; Hg; B’ Br, CI, F, |, and
A Se
------""'/ coagulation : low boiling point

‘(\ 1
«. inorganic !

/' vapors u\ fine particles
l/ -
// / \ L (<0.1um)
S/ AN
l

lHeterogeneous
eva poraﬁon “condensation

mineral agh aglomerated| Submicrometer
inclusions pﬁqrtlcles ash coal ash
TN (0.1-1 um) formation
. soot
. .} ~..@ t?-z ﬂ-agmerﬁqtion _
.8 ] e fiying Supermicrometer
sooy 's ash coal ash
L (1-20 pm) formation
RNy combuatlun
oo Popesc and tonel 2010 TTF e Most of elements (Al, Ba, Cu, Co, Fe, Mn,
! Ni, Si, Ti, V, and Zn)

b high boiling point

ororyista

o ANYANG UNIVERSITY

Materials and Methods

O Preparation of pulverized coal samples

Sieving (coal particle

Korea South Power Co. Ltd. (Hadong, Korea) . diametar < 75(im)
Bituminous coal from coal power plant Pulverized coal
O Proximate composition (wt %) of the coal sample q =

(Korea Energy Agency,
3044 53.07 14.27 442 Park et al, 2013).

O Parameters for the characterization of physicochemical properties

. e Carbonaceous compounds: OC, OC speciation (n-alkanes, hopanes, PAHSs, hydroxyl-PAHs, n-
Chemical alkanoic acids, dicarboxylic acids, and levoglucosan), and EC

properties « lons (8): CI, NO5, SO,%, NH,*, Ca?*, Mg?*, K*, and Na*

* Elements (14): Al, As, Ba, Cd, Co, Cu, Fe, Mn, Ni, Pb, Sr, Ti, V, and Zn

e Size: NanoScan SMPS (Model 3910, TSI Inc., USA) (10 - 420 nm) and optical particle sizer (OPS,

Physical Model 3330, TSI Inc.,, USA) (0.3-10um)
properties * PM, 5 Mass concentration: Filter sampling (reference method) and Dust Trak (Model DRX, TSI Inc.,
USA)
Chemical « OPPTT: Oxidative potential by DTT (dithiothreitol) assay
Toxicity » OPESR: Oxidative potential by ESR (electron spin resonance) assay
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| Materials and Methods _

O A schematic of the generation/measurement system for coal combustion particles

Temperature control e e e e e e oo .
(700 and 900°C)

— | | -
D D D D Peristaltic 'pump E

QOrifica

1
1
I——J‘----—-———-—— e Vacuum pump
] ! 1
o ! PM2.5 filter
E [’ ! sampling
i '
E ! Watu:'l ﬁool\ng Denuder
i
v Furnace: HTF55342C and quartz tube hd C@Iﬁi@
I
Aerosolized ] - :
coal (7 g/h) PY 1 Diluter|
i e | (x100)
mocol
P {mocouple | 1 Size distfibution
I i Watendrain Out |
o = i ! (Nanoscq
R ey H ' sl
| [y S, T—— [ P ——
Coal feeding Water recirculation
Rotameter MFC
PM mass
concentration
(Dust Trak)
€0,/S0,/NO;

Solid aerosol concentration

generator Nitrogen gas cletre i — (UniGas 4000%)
(SAG 410) su Particle-free air
pply supply % &
. oF ul
(SR BRI S T 27|E a) By TR

Results: Colors of coal combustion particles

Different colors of PM2.5 filter samples by different burning temperature

900°C 1100°C

Brown and yellow

o] SLEt

(pulverized coal) ororIjjeta

AL ANYANG UNIVERSITY
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| Results: Size distribution

e Joo et al., 2018, Aerosol Science & Technology
1.8E+07 --550C -8-T00C
1.6E+07 -a-800C ==1100C
T
1.4E+07
S
El.. 1.2E407
o . . . .
3 tomar Number size distribution
=
T goEs
6.0E+06
4,0E+06
2.0E+06
20E+04
1.0E-06
i [ 1000
DP (HITI, 1.8E+04 ——550C -e-700C
16E+04 -=-900C =>=1100C
%
T 14E04
ey
_-/ __D:: 1.2E+04
o : .
Ty i 1.0E+04
N =
T goes0a
6.0E+03
. . . . 4.0E+03
Mass size distribution
20E+03
1.0E-06 s é
L] 100 1000 10000
Dp (nm)
Results: Emission factor (mass and number EF)
10
mSso'c B700°C  B900°C  B1100°C
550°C 700°C 900°C 1100°C
B
PMps mass EF | 63+ 022 | 351:105| 325+069| 127031
(9/kg)
. Number EF 2021015 6.77x1015 6.64x1015 |  4.25x1015
(particles/kg) | + 4.06x1014 |  +1.03x1015 | & 7.68x10M | + 3.07x1014

“Based on total count of particles in sizes from 10 nm to 10 pym.

PM2.5 mass emission factor (g/kg) and
Number emission factor (x10°° particles/kg)

Comparable to biomass burning and
diesel engine exhaust particles

=

Mumber EF

PMZ25 mass EF

E> PM2.5 mass and number EF: 700°C > 900°C > 1100°C > 550°C

“u [ N

v EF in residential coal combustion (i.e., low burning temperature): 4.6 to 19 g/kg,

v EF in industrial coal combustion (i.e., high burning temperature): 0.016 to 0.1 g/kg.
(Chen et al., 2005; Street et al.,, 2001; Bond et al., 2002; Zhi et al.,, 2008; Zhang et al., 2008).

Data source: GIST(ATML, Porf. Park)
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sults: PM, s chemical composition and particle color

Ions,

Data source:

Park)

Ions,
elements

GIST(ATML, Porf.

EC, 2.9%

550°C

5 7% Elements,
. (]
47%

700°C

EC, 20% 0C, 03%

EC, Ions,
' elements

EC,
0.0002%

900°C

1100°C

Elements, &
14.9%

EC,

0.001%  OC, 0.7%

Ions,
elements
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Part I. g, A= H'EstadL7t?

A

N

roll 271...

0

@ (Industrial Revolution)
7601~1820' Atojoj] H=0j|M AJ2HEl 7] &2 &4t
ME2e A2 BH(manufacturing process)e| &2 2 o|2

Qs Lojtt Arzl, ZH| S2f 2 HEE YHEEC.

“TIAIZ gt Lhdsh= o]0 22| Alche] S o] £ AR| T,

Ol 71& o] Yo 3go| 335 YFY #olct”

(Industrialization based on machinery, already referred to as a
characteristic of our age, is but one aspect of the revolution that is
being wrought by technology.)

- o2 O3 2|, WEs HH (1946)
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AUF A oy

QAF2| FAbE oflLf2|2] HAto|ct, O2| 1 EAlE 1O HAe| S7toCt,
AF2 olH2] HAE 22| AMCHE ALt 2L Z] ACHE 74232, H2Y, MRS R] AlCH7t =2H3iCE

JZCHH oj2fe] ofju1z]= ool & AU

3HA0j|L42] AlCH(17A12])

Individual energy consumption
(Adapted from Unesco Courier) Technological

man- 1950AD
- Energy consumed in the form of food

Domestic: Energy for cooking, heating, etc.,
Services: Energy for office work, trade, etc.

Energy for industry and agriculture L
D Energy for transport 250

Industrial
Man-1875AD

Developed
Farmer-

Primitive 150
farmer

Primitive Hunter 5,0008C

man- 100,000 BC 7

1,000,000 8¢

Climate Change

Gigajoules per person peryear

olFo| WXt of| L X|AH|2| 7t (C. Randy Giles, 2010)
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DATE 2014 : 07 - 16 ~JD visuaL Dive

28



20503 ™

‘o 42 oj2ls g4 224 g
- 2B WEA Ry (Ror2y HUBY
4

o WY )
*20r2Y 19684 2O0A 2|72 e EZH=Z 2ejojF, 22E H I AL

i
toh
o

Graph9. CO2 Emissions from Energy Use - SumWorld 1970 to 2050

— oluzets iR

— ojuiA| AlgR

— JgEYE
oLzl EIS

== == COZ Emissions (0 - 42 MICOZ / yr}, Your
forecast

= === Energy use (D -20 Mtoe / yr}, Your forecast

=== climate intensity [0 - 4 to& / M), Your
forecast

Fraction renswable [0 - 40 %), Your forecast

© 20121 Randers

HE2F 1990 2L 40% %S /538ppm * £2] : www.2052.info

auUng S

() UE U= SEHE HB
- (28) IEA/NE Sof Hed g#e
- (¥EEN) HEE 2AY MRS WS ¥Z
+ B2 ZIHOR JH5H0| HAIE RS o
* Zo mjaj|s
E20| 2y

— yesus [ECELE
4 = HAMZOA
Al2le] 2{uyz — F2{2l @|2dzEes

- 01z : SLUSY BB > 24U EEAAI= Hel
- w5 HY 7kSskE 71 Hete| of2f oy

- RS (1)YIM (2)2 Mg & olZko| AL 93 (HIH} Al2 m4)
(1) 223 4=} mete| HiAlo|A2| £ (Zero sum game) (1) 18 QI7h: ALE Sajost
(2) oto|c|o] 2t HIA| (Non-Zero sum game) (2) 28 U7+: 71318 o= U TR &

29




Na2 NNy No

18M7]
Ueld, TA|g}

I -?—I7 WSI

1947| 20417] 21417]
ZCH=AIA 2 S8 el

fo SA|7|HIA|A

i+ COVID19

e SA|MZD 222 :
: [ER, dteE 8] [, =AY '=] Pie 2 O|MHZ|, BatA
- gEx IR ERTE-TETL e S EARA S
FFEA, LY, Y =2 i HMAR S OEAY P e 212U S S 2
P TAIEHH - i Aol TEt
: [, &5, 18] P

PR 2 - MHYAHFY OIH

Batatsel 7|EHA

=254

2}7{2| f4tolct,
9} 2| 2ESHA| L|BACE MTAIZAIE o2 MI7|S et |

R ool Mo 3

30



QUoRT 3 LY OIS BLY

| “HUTE 22 Jgus

b

@ ofL2t ma ECH,”

“ALE|E Aol AM”

2100ENX] 2,5~3°CE 4

H|: GDPZA 15~25% ™ FY, Dtk 4°CHIX| 45SCHM 30% 0|4
A4 B4, (OHE B3, 20184)

19304CH MHICHZ o] SHY 014 ZHIA £ o/n|
wjo] M

=

(At 1) 2l2t17] - M2 2717 U

oL}, Mgl o|X|= gk ojy| )
x4
#3 /gt 217](1997) e
224 28%71(2008) Y

M| 2XLHzE shat,

CEERER L

552 Ad|s OtH]: 4791 of
Yudtds Efj0| 4/ 41/ LAE/ b
i 4t &S

A
2E YRR 502 =
497} 374 Btoj

3: 431
X4/ 4
2 2x)Hs 22

oI X|Z&/X-SXt2Y
Het S

7£

XHUILX| (RS S)tet,
AH

XLt =8
2|
, 4|8 X SdS

Sy, Koty £t
> Jhg}it gzt

31



yyo| gty 38O 3y

A 2 ) SUSTAINABLE (3 ¢y
i g \ @) BEVLLOPMENT SALS

GRgWTH
/\—]X]— _/]'6]—7.1]

SUSTAINABLE
DEVE‘LOPMENT

SUPER TYPHOON
RENEWABLE EIIEIIGVE
STORMS =

IIEI’R'IIE§TA'I'II1H===

GLOBAL Avinﬂim}'ﬁg‘mn!

s
| e Srhso mE.

The Economics of
Climate Change

The Stern Review

‘715 H2t2 el FA|2 mfsHofl Cisto] ¥
* (CHS) th7] & 2472 55 500~550ppm 2
> 0§ MI7| GDP2| 2 1% $&2] H|-20| 24
© (FEHS) 71385t 2418 WAl

> ﬂ“ll_j k"?ﬂ GDP_O_I 5...20%_0_' HI%O' HE c|,'| NICHOLAS STERN

‘7128 TS - FAof| z|cH 206 B

7|FHeot 323 ZAHA QA ZakE 7t UCH!

* = 222I(John Llewellyn), A|t-2Lt3}e] H|ZL|A(Business of Climate Change) &

32



ajuat, e

“BHH

» et 20204 Ol & &

'+ Ij3jH| 82 o 2,8002UOE 23
- 3 T[3}H| 22 B00ZH OJA} 2

l— (=]

- 3 T[aH| 82 o 5802 UCE U

ol

(2 S MM 2N H 7|Zh0] ZX Holo| HSHL ¥4 2]

o

0

M A AAY M PN =9 ™A

SMFNZ HWegtol FHolg

212HES
H|2

33



Yo

H &7

n—-O

N

34



XI&: Twitter @SebastienL17, ERCAL development https://mackaycartoons:net/
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Renewable and fossil fuel energy

We are in peak usage of fossil
fuels till 2025 and shift to
renewables

in fossi fuel

Transformation stage from fossil fuel to renewables source

At the same time importance is

T Shift to the Hydrogen Economy

o Renewables ovartake

Tossilfuels

— 0SS
—  Roncwables

PEEPESEEEIEEEEPE

Producing 1 kg of hydrogen (143 MJ/kg or about 40 kWh/kg)

FEELELT S

S NN B R D T Ea |

Hydrogen economy

Energy paradigm

Hydrogen-centered

Energy supply
Destracted

Competition
Technology and economy
deveopment
How green
Eco-friendly

la ..

#I
Confidential Comparative Advantages L4
All about Hydrogen
Hydrogen (A.W. : 1.00794 u)
< Lightest element
OGO % Most abundant
G % 75% of Universe’s element
« Rarely presentin pure form
< Use as energy carrier
< High specific energy (39.4 kwWh.kg™) > 13.1 kWh.kg-tin liquid hydrocarbons
| Specific Energy
oo &
140
120
100
80
60
40
20
o
Wood Coal Ethanol  Diesel  Gasoline oil Propane Methane &
Sourea: Coliege of the Desert, Green Econometrics research *I <
= RS
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Why do we need Hydrogen ?

Hydrogen cycle Carbon cycle

i > P

\ cO, / CO, emission, Global worming
o%lq‘“’h’ H,O H,O

Future Energy
“*Hydrogen cycle

Environmental Benefits

« Cleanest burning fuel available

« Combustion does not release carbon dioxide,
greenhouse gas

< Spills quickly evaporate, form water

y N
T 1" g

Confidential
. Gradual increase in hydrogen production and use
Continue.. 2 =
g 70
E 60
Hydrogen has the highest energy content by weight of any chemical fuel g
g

5 8

%Lllllltlli

o
1975 1980 1985 1990 1995 2000 2005 2010
mRefining ™ Ammonia  ® Other pure mMethanol  ®DRI = Other mixed

Notes: DRI = direct reduced iron steel production. Refining, ammaonia and "ather pure” represent demand for specific applications
that require hyd-ogtﬂ with anly small levels of additives oP:on!mmants tolerated., Methanal, DREand “ather mixed” represent
demand for it ydrogen as partof a mi f gases; such as synthesis gas, for fuel or feedstack

st Hydrogen Vision 2050

abatement

Core sectors for hydrogen utilization L s s

Source: IEA, Hydrogen council
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Schematic Pro/Con of hydrogen arguments

* Sustainable development + Liquid hydrogen storage

= Non-toxic energy transport operator ps’ + Increased production cost

+  Energy security * Increased conversion cost

+  Universality «  Viability/cost — low ratio

*  Global environment issues + Logistics require expensive investments
»  Technological innovation

In view of the research and development programs supported in this field, the technical problems regarding
the production, storage and distribution of hydrogen, together with the reduction of costs and the increase of
the life of the equipment used in the generation of energy based on hydrogen, will be solved shortly time,
and hydrogen will become a possible solution for providing fuels, at the same time being an alternative
energy resource to the traditional ones. ---DOE

\\}

i
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Hydrogen Production Paths

e
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Various Hydrogen production methods along with their advantages, disadvantages efficiency and cost
Hydrogen  Advantages Disadvantages 3 Cost Gasificati bundant, cheap kand Fl Hy yields because of  30-40 177~
production [s/kg] neutral CO,. feedstock impurities, seasonal 205
Method availability and formation of tar.
o~ Developed technology & Produced CO, CO; Unstable 74-85 237 Pyrolysis Abundant, cheap feedstock and  Tar formation, fluctuating Hy 35-50 1.59-
Reforming Existing infrastructure supply COz-neutral. amount because of feedstock 170
impurities and seasonal
Partial Established technology Along with H; Production, 60-75 148 availability
Oxidation produced heavy oils and
piboloum cike Thermolysis  Clean and sustainable, 05+ High capital costs, Elements 20-45 798-
1 duct, copious feedstock toxieity, ion probl 840
Auto thermal  Well established technology &  Produced €O, as a byproduct, use  60-75 148
Reforming  Existing infrastructure of fossil fuels. Fhotolysi Oz 5 byproduct, abund Lawaihcy ey %09 0
fice datinck 1 iniis photocatalytic material, Requi
Bio Consumed COy, Produced 0y as  Low yields of Hy, sunlight needed, 10-11 213 sunlight
photaolysis a byproduct, working under large reactor required, O,
mild conditions. senisitivity, high cost 6 mateiial. Electrolysis  Established technology Zero Storage and Transportation 5080 10.30
Existing i probl,
Dark Simple method, H, produced Fatty acids elimination, low yields 60-80 257 0y 25 byproduct
Fermentation without light, no limitation ©;,  of Hy, low efficiency, necessity of
COy-neutral, involves to waste  huge volume of reactor
recycling
FPhoto Involves to waste water low efficiency, Low H; production 0.1 283
Fermentation recycling, used different organic  rate, sunlight required, necessity
waste waters, COy-neutral. of huge volume of reactor, Oy 2
sensitivity _ :::’
Ay
Confidential 13

Water electrolysis- Introduction

- High-quality hydrogen (~100% hydrogen) can be produced
by the electrochemical conversion of water to hydrogen and
oxygen through a process known as water electrolysis.

= Currently ~96% of the global hydrogen production from ﬂ_____ membrane

non-renewable fossil fuels, in particular steam reforming of

methane. cathode anode
- The reaction with the thermodynamic energy values is current
described in Eq. distributor
H,0y +237.2k] mol " +48.6kJ mol " —H, +1/20, ﬂlo vtv ficta
plate

electricity heat |
' electrode
_ (electrocatalysts)

Schematic of a PEM electrolysis cell

Itis also called water splitting. It requires a minimum
potential difference of 1.23 volts to split water.

o e

~

o
i
~
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Decomposition of water
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Cell Voltage [V]

g

Enthalpy of Reaction [kJ mol']
Free Energy of Reaction [kJ mol ']
Theoretical Cell Voltage [V]

5

g
&

w0 0 1000 1200 o 200 400 600 800 1000
Temperature [K] Current Density [mA em’]
Thermodynamics: Reaction kinetics:

g
&

B Reversible losses B |rreversible losses

B HHV: 3.54 kWh/Nm3 H, B Overpotentials and internal resistance

T

= Cell voltage affected by temperature and pressure ‘
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i
@
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Water Thermodynamics

- The decomposition of pure water into hydrogen and oxygen at 1.229
standard temperature and pressure is not favorable in
thermodynamic terms.

- Thus, the standard potential of the water electrolysis cell

* (E%en = Eqcathode = Eanode) 18 =1.229 V at 25 °C at pH 0 ([H+] =
1.0 M).

-+ At 25 °C with pH 7 ([H*] = 1.0x10-7 M), the potential is
unchanged based on the Nernst equation.

« AG°=-nFE°

- (where E° is the cell potential and F the Faraday constant, i. e.
96,485.3321233 C/mol). For two water molecules electrolysed

E(v)

and hence two hydrogen molecules formed, n = 4, and AG® = 0 Acid 7 Base 14
474.48 kJ/2 mol(water) = 237.24 kJ/mol(water). pH
Anode (oxidation): 2 Ha0()) — Oylg) +4 H (ag) + 4e” E®=+1.23 V (for the reduction half-equation) Pourbaix diag ram for water, inCIUding

equilibrium regions for water, oxygen and

Cathode (reduction): 2 H*(aq) + 26 — Ha(g) E°=0.00V hydrogen at STP.
*The vertical scale is the electrode potential of hydrogen
or non-interacting electrode relative to an SHE electrode,
the horizontal scale is the pH of the electrolyte (otherwise. -
non-interacting). a \5;
Confidential 16
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cells.

cases same.
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Water electrolysis technologies

Electrolysis of water is one such most capable method for
production of hydrogen because uses renewable H,O and
produced only pure oxygen as by-product.

- Furthermore, water electrolysis having tough advantages
such as high cell efficiency and greater hydrogen production
rate with high purity this is more advantage for its further
conversion in to electrical energy using low temperature fuel

In electrolysis process, water molecule is the reactant it is
dissociated into hydrogen (H,) and oxygen (O,) under the
influence of electricity.

- Water electrolysis can be classified in to the four types based
on their electrolyte, operating conditions, and ionic agents
(OH-, H*, O2-), however operating principles are both the

The four kinds of electrolysis methods are,
(i) Alkaline water electrolysis (AWE)

(i) Solid oxide electrolysis (SOE)
(iii) Microbial electrolysis cells (MEC)
(iv) PEM water electrolysis

Alkaline Electrolysis
Cathode -

+ Anode

Solid Oxide Electrolysis

%0,
H0
Cathode Anode
Diaphragm
Anode: 200 — HO + %0, + 2¢ Anode: 0 = %0, +2e
Cathade: 2 HyQ + 2¢— H, + 20H Cathode: H,0+2¢ —H, + O
Overall cell: HO— Hy+%4 0, Overall cell: HyO = H; + 40,
Microbial Electrolysis PEM Electrolysis
Cathode - + Anode Cathode - + Anode
Hydrolysis of
cellulose
H# fons (I’_E';':‘ H, %0,
H, H,0
Cathode Cathode Anode
Membrane Membrane
Anode: CH,COO + 4H,0 — ZHOO + 9H' + B Amods: FoQ — 2>+ ¥ 0y +20

Cathode: 8H* + 8¢ — 4H,
Overall cell: CHCOO + 4H,0 — 2HCOM + H* + 4H,)

Cathode: 2H* + 2e"— H,
Overall cell: 2H,0 — H, +% 0,

<

17

Alkaline water electrolysis
Typical Materials
Type of Electrolysis: Alkaline Water
Electrolysis
Style of membrane/diaphragm NiO
Bipolar/separator plate Stainless steel
material
Catalyst material on the anode NUCo/Fe
Catalyst material on the NIC-Pt
cathode
Anode PTL material TUNi‘zirconium
Cathode PTL material Stainless steel mesh
Ramges
Cell tamparature 60-80C1"
Stack pressure <30 barl'l
Current density 0.2:0.4 Aferm2l1IZ]
Call voltage 1.8-2.40 vitE
Power density 1o 1.0 Wiem?
Part-load range 20-40%!1
Specific energy consumption  4.2-5.9 kWi/Nm'l
stack
Specific energy consumption  4.5-7.0 kWh/Nm*'
system
Cell voltage efficlency 52-80%!"
System hydrogen production <760 Nm?/nl'l
rate
Lifetime stack <90,000 hi'l
Acceptable degradation rate <3 vl
System Iifetime 20-30 al'l
Confidential
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Alkaline water electrolysis

It is a type of electrolyzer that is characterized by having two electrodes
operating in a liquid alkaline electrolyte solution of potassium hydroxide
(KOH) or sodium hydroxide (NaOH). These electrodes are separated by

a diaphragm, separating the product gases and transporting the

hydroxide ions (OH-) from one electrode to the other.

A recent comparison showed that state-of-the-art nickel based water
electrolyzers with alkaline electrolytes lead to competitive or even better

efficiencies than acidic polymer electrolyte membrane water electrolysis

with platinum group metal based electrocatalysts.

Advantages compared to PEM water electrolysis

1.

Cheaper catalysts with respect to the platinum metal group based catalysts

used for PEM water electrolysis.

anodic catalyst.

. Higher durability due to an exchangeable electrolyte and lower dissolution of

. Higher gas purity due to lower gas diffusivity in alkaline electrolyte.

Alkaline Electrolysis
Cathode - + Anode

Cathode

Diaphragm

Anode:

Overall cell:

Anode

20H — H,0 +% 0, +2¢
Cathode: 2 H,O +2¢ — H, + 20H
H,0 — Hy+ %0,

%O,

i

H’I.J 0y
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Polymer electrolyte membrane electrolysis
Eipeal e o PEM electrolysis
Type of Electrolysis: PEM Electrolysis ¢ Polymer electrolyte membrane (PEM) electrolysis is the (w-wa'cjys
Cathads + Anode
e A o sm_”lw electrolysis of water in a cell equipped with a solid polymer
Bipolar/separator plate Titanium or gold and
orsiarial ELZ:."C’I Somad electrolyte (SPE) that is responsible for the conduction of protons,
Catalyst material on the Iridium separation of product gases, and electrical insulation of the
anode
Catalyst material on the Platinum electrodes.
cathode . .
s DTl et TRaia * The PEM electrolyzer was introduced to overcome the issues of
Cathode PTL material Cartion papericarton partial load, low current density, and low pressure operation
State-of-the-art Operating Ranges currently plaguing the alkaline electrolyzer.
Cell temparature 50-80Cl . . . .
i e « The use of a PEM for electrolysis was first introduced in the m"f;?-_- z:*w,o,a,n c‘;O:
- | Current dansity 0.6-2.0 Alem?l'] 1960s by General Electric, developed to overcome the drawbacks 2 i
! Hy0 —= Ha+ %0, Total Reaction
Cell voltage 1.75-2.20 V11
Power darishy 1 4.4 mwiem2ll to the alkaline electrolysis technology.
Partioad range AL «  One of the largest advantages to PEM electrolysis is its ability to
Specific energy consumption 4.2-5.6 kWh/Nm*'l
stack operate at high current densities.
Specific energy consumption  4.5-7.5 kwWhNm ']
system * The polymer electrolyte allows the PEM electrolyzer to operate
Cell voltage efficiency 57-69%(1 . . . . . .
) N o parvicon | 36 A with a very thin membrane (~100-200 pm) while still allowing high
L pressures, resulting in low ohmic losses, primarily caused by the
Lifetime stack <20,000 hi'l z
Acceptable degradation rate <14 pvjnll conduction of protons across the membrane (0.1 S/cm) and a < =
System lifetime 10-20al'l R
ContTET compressed hydrogen output 19

Advantage and disadvantage of different electrolysis technologies
Electrolysis Advantages Disadvantages
process
Alkaline Well established technology Non-noble Low current densities Formation of
Electrolysis electro catalysts Low cost technology The carbonates on the electrade decreases the
energy efficiency is (70-80%) performance of the electrolyser Low purity
Comumercialized of gases Low operational pressure (3-
30bar) Low dynamic operation
Solid Higher efficiency (90-100%) Non-noble Laboratory stage Large system design Low
Oxide electro catalysts High working Pressure durability
Electrolysis
Microbial ~ Used different organic waste waters Under development Low hydrogen
Electrolysis production rate Low purity of hydrogen
PEM High current densities Compact system New and partially established High cost of
Flectrolysis design and Quick Response Greater components Acidic environment Low
hydrogen production rate with High purity  durability Commercialization is in near
of gases (99.99%) Higher energy efficiency term
y
(80-90%) High dynamic operation < :_
- =
Uy,
Confidential 20
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— *Storage

[ Qxygen to atmosphere ]

Alkaline electrolysis — Common System Design

Deoxo
! -
ﬁ
)
Tojprocess
1\ =
Feed
High voltage water High pressure
supply . ! gy Xy storage
- l_:
Transformer Rectifier Gas/lye | Gas/Lye Scrubber
Ele wolys;r separator | separator «
Feed water to
— e “ . electrolyser
==}
Lye tank @D \Water @D Oxygen @D Hydrogen @ Electrolyte
g 7
=
* &
Confidential 21
PEM electrolysis system = stack + balance of plant
+]
Iridium catalyst Nafion® membrane
?ﬁ gas diffusion layer
out
Pressure balanced system:
Circulati o .
P::rcn“p o Ex(ha:gel | B 0O, and H, side operates at same
pressure
Differential pressure system:
®  Only hydrogen side is pressurised
Rectifier Transformer | Cellistack design is more
sophisticated
® BoP more simple and less expansive
i &
=
4
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Commercial PEM electrolyser  International

B Compared to alkaline systems low H, production rates:
® 100 Nml/min - 15 Nm3/h today
B Up to 30 Nm3/h in the near future
B H, output at 6 — 30 bar and purified up to 6.0
®  Applications:
B Laboratory equipment (e.g. gas chromatography)
B Generator cooling in power plants
B Float glas manufacturing and further industrial processes (food industry)
E  Military (submarines) and space

Schmidlin Proton FuMA-Tech ITM Power |Hydrogenics

Proton Statoil  Treadwell 4

N,
Confidential 23

Comparison of alkaline and PEM electrolysers

Comparable young technology, still high potential for further improvement
B Principle advantages:
B Simple system configuration } siiall fostpiig
B Very high current and power densities
B High efficiencies on cell level
B Very fast response time, suitable for coupling with RES

B Usage of expensive materials (membrane, electrodes, bipolar plates)
B Attractive competitive position for small electrolysis units << 100 Nm3/h

AEM is more preferable because of low
cost and production requirements 4

o

"
N
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established

Commercialized and

Current density (a/cm?)
Power density (mw/cm?)
Efficiency (system)
System complexity
Durability / Life cycle (h)

Investment costs

Comparison of alkaline and PEM electrolysers

Theoretical
today in the future
AEL PEMEL AEL PEMEL
= (0.2:04) +(0.6-2.0) o P
== (1.0) + (4.4) N s
+ (70-80%) 0O (80-90%) + +
= o . &
(<9%390) (<g&000) o :
o - o o

Confidential

Market- Water electrolysis

period.

Global Water Electrolysis Market is projected to
value at USD 12,975 million by 2025 at an
estimated CAGR of 7.58% during the forecast

*« The global water electrolysis market by product
category has been segmented into a proton
exchange membrane and alkaline water electrolysis.

« Among these types, in 2018, the global market was
led by alkaline water electrolysis segment and is
projected to lead throughout the forecast period.

» Alkaline water electrolysis is extensively known as
advanced technology and the most advanced water

electrolysis technology.

Confidential

Global Water Electrolysis Market Share, by Region, 2018

34.66%
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Green Ammonia — Glomfjord, Norway (1952 - 1991)

The biggest H2 water electrolysis plant built ever

® 100% green electricity from hydro power

® Hydrogen used for large scale ammonia

+ 1§
production {
Et

[ < i

i Ly 1
. i ll "l]IIIElrI -
-
. "
- - # =
: e :

® Developed proprietary active layer for the
electrodes, increasing efficiency - still an
industry secret today

® Other significant improvements on
efficiency, output and life time

i
i
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Chemicals — Rjukan, Norway (2006)

® 9.2 MW electrolyzer plant (4.2 t/day)

® 100% green electricity from hydro power

® Hydrogen and oxygen used for hydrogen
peroxide (H202)

® 24/7 industrial operation where reliable
hydrogen supply is critical

Confidential
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Polisilicon Plant — Sarawak, Malaysia (2013)

e 25 MW electrolyzer plant (12 t/day)

e 100% green electricity from hydro power

e Hydrogen used for polysilicon production

e 24/7 industrial operation where reliable
hydrogen supply is critical

Confidential
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Hydrogen Production and Fueling for SunLine

Electrolyser and H2Station® for world’s largest onsite hydrogen fueling station in California

e Largest electrolyser based fueling station ever built
e 2 MW PEM electrolyser (200+ kg/day)

e Will ultimately support a fleet of up to 26 FC-buses
e Planned future upgrade to add 70MPa dispensing
@ Financial support from CARB and FTA

\ nel: . = — =1
B “ |
';’-1;;- b ud o
Lader — |
| ===

= —— -

M400 PEM Electrolyser 2x Hydrogen Storage 2x Station Module  2x Dispenser

35MPa N:

\
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Commercial Electrolyser —International & Domestic

Key Competitors:

1. The key players of the
global water electrolysis /~
market are ThyssenKrupp
AG,

2. Linde AG, Air Products and
Chemicals, Inc., Siemens
AG, ProtonOnsite,

Domestic

posco

QY EM KOREA CO. LTD. ENERGY

» EM KOREA(Daegu)

Fuel Cell

d's Largest Fuel Cell

#41 Joyaro 2-gil, Buk-gu, Daegu, Korea (. aclty )

w

Teledyne Energy Systems
Inc.,

AREVA H2Gen,
Hydrogenics Corporation
Erre Due SpA, and

Location
Method
Capadity

Electrolysis

Max 60N H

- Gas comp phragm) : 35 MPa, SONm/h
- Gas compressor (Hydro-Booster) * 80 MPa, 160 Nii/h
- Storage vessel 1 40 MPa, 1Nw X4

POSCO ENERGY launched new corporation named Kerea Fuel Cell.

POSCO ENERGY has the warld's largest fuel cell manufacturing facility in Pohang,

ni@a SOMW prscsnccny

- Dispenser : 35 MPa / 70 MPa

Peak Scientific. - Chiller-25

Teledyne Energy Systems
Suzhou Jingli .

©xe N> OA

."|‘-"\

w
ey
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DOE: Distributed Forecourt Water Electrolysis Hydrogen Production
~N
Characteristics
g::?;;)gen Levelized Cost ™ (Production $/kg 4.20° 390 ¢ 230¢
. $/kg 0.70 0.50 0.50
Electrolyzer System Capital Cost $/KW 430 %' 300" 300"
% (LHV) 67 72 75
System Energy Efficiency ?
kWh/kg 50 46 44
% (LHV) 74 76 77
Stack Energy Efficiency "
kWh/kg 45 44 43
s e From AEO From AEO i
Electricity Price $/kWh 2009 2009 0.037
< L E
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HE 2A%O YU StFUHT 48 A8 285
BEYYA 27 NO|E 285
2018
AZE(1) N+ (H2) NE32 (m/2 U (/) R (m/E)
23 A EER HEEH k3 A EEE HEYE k3 A Bk HEEY 1%

A 41 26,123,570 0 647,211 25,476,299 20,906, %4 4,551 609,454 20,292,959 19,965,507 12,665 509,302 19,443 53¢
MEEEA 4 4,980,000 0 220,000 4,760,000 4,227,868 0 337,630 3,090,038 4,292,496 0 44217 4,0d8.21
FHHA 2 1,861, 800 0 187,720 1,674, 080 1,450,343 0 128,836 1,320,446 1,348,958 0 123,873 1,226, 08¢
i 2HA 18 1,874, 360 0 0 1,874, 360 1,270,213 0 0 1,270,218 1,221,434 0 0 1,221,483
QUHTHA 2 1,087,910 0 0 1,087,910 755,506 0 0 755,506 676,627 0 0 676,62
2FEHA 21 736,425 0 25 738, 160 744,352 0 130 144,222 660,841 0 130

E A 2 801,000 0 0 801, 000 25,431 0 0 25,431 18,783 0 0

SHBHN 15 716,830 0 0 116,830 £32,830 0 0 £32,830 623,91 0 0 B23,9%
HE SR A 24 107,750 0 50 107,700 94,933 0 0 94,933 90,430 0 0 90430
Bz 9 6,552,997 0 2743 6,550, 244 5,233534 161 207 5,231,485 4,868,913 8181 2,899 4,857,830
Az 85 742,503 0 07,763 36,263 0 31,828 03,434 B12,267 0 36,638 76, 72¢
EHE8T 3 631,862 0 612,192 543,274 0 10,577 536,638 518,210 94 9,460 508,656
ZHHEE 8 815,061 0 810,404 676,218 4,389 3667 670,162 621,856 4389 3667 61378
Hetss 473 1,046, 362 0 1,022,796 BAT613 0 16,068 832,545 788,523 0 13,188 786,32t
RS 21 753, 008 0 76,293 81,656 0 24,564 57,081 52,603 0 24,705 §27,83¢
EEe 468 1,444,436 0 1,398 316 1,185,015 0 W/ AT 1,146,860 110477 0 3634 1,068, 38
FHY 04 1,628, 609 0 26,847 1,598, 762 1,173,862 0 14,439 1,189,123 1,132,680 0 13111 1,119,570
HESUT = 40 242,191 0 1,678 240,613 221,118 0 1,168 218,950 218,088 0 1,168 218,82
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HREYE(A-cm??) 2~3 0.4 ~ 2.0 0.25 ~ 0.45 0.3 ~1.0
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%, LHV) 46 ~ 60 51 ~ 60 51 ~ 60 76 ~ 81
W » . .

(x 1000 h) 6 ~ 10 20 55 ~ 120 0.8 ~ 2
A7|HIE (€kw) 1,400 ~ 2,100 640 ~ 1,300 800 ~ 1,500 2,000
SX|H|E (%/y) 3~5 23 2~3 n a
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- X MY . 0.7MPa
- AWM
@ 0.5kg/h x 3stack = 1.5kg/h
@ 0.25kg/h x 6stack = 1.5kg/h
- Of|H|-& stack : 0.5kg/h x lstack

1| sEsjAlad
- A AAREE - 0.25kg/h x 3stack = 0.75kg/h (CH7|2HZ)
- QA - ZHEI|A A, PLC 7|8 XHSH Of
- Aek s FH T(99.5%), B £(99.99%)
-4 NFY 2025
- A AED AH|H2(6.15kW/Nm?3)
- A8 15m3 x 22

2 | amEAlA
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E
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THored (22 : 0.99MPa(29.7Nm3)
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2m 19m *
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Specifications

=

= &L

—
o O

Enapter
Electrolyser EL 2.1

Production rate 500 NL/hr
Hydrogen output purity 35 bar: ~ 99.9% (Impurities: ~ 1000 ppm H:0) Neminal.power consumption LOs0kW
8 bar: > 1500 ppm H,0 Standard grid connection 3 x 400 VAC three phase grid

Output pressure Up to 35 barg Standby power consumption Max. 10 kW

Nominal power consumption 4.8 kWh/Nm?* < 3

ek Nen¥ o Hiy produced Hydrogen production 210 Nm¥hr

(beginning of life) 450 kg/day

Operative power consumption 2400 W Dynamic hydrogen 3-110%
production range
Hydrogen output purity with dryer 99.999% in molar fraction
Output pressure O - 35 barg
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HE 2A%O YU StFUHT 48 A8 285
BEYYA 27 NO|E 285
2018
AZE(1) N+ (H2) NE32 (m/2 U (/) R (m/E)
23 A EER HEEH k3 A EEE HEYE k3 A Bk HEEY 1%

A 41 26,123,570 0 647,211 25,476,299 20,906, %4 4,551 609,454 20,292,959 19,965,507 12,665 509,302 19,443 53¢
MEEEA 4 4,980,000 0 220,000 4,760,000 4,227,868 0 337,630 3,090,038 4,292,496 0 44217 4,0d8.21
FHHA 2 1,861, 800 0 187,720 1,674, 080 1,450,343 0 128,836 1,320,446 1,348,958 0 123,873 1,226, 08¢
i 2HA 18 1,874, 360 0 0 1,874, 360 1,270,213 0 0 1,270,218 1,221,434 0 0 1,221,483
QUHTHA 2 1,087,910 0 0 1,087,910 755,506 0 0 755,506 676,627 0 0 676,62
2FEHA 21 736,425 0 25 738, 160 744,352 0 130 144,222 660,841 0 130

E A 2 801,000 0 0 801, 000 25,431 0 0 25,431 18,783 0 0

SHBHN 15 716,830 0 0 116,830 £32,830 0 0 £32,830 623,91 0 0 B23,9%
HE SR A 24 107,750 0 50 107,700 94,933 0 0 94,933 90,430 0 0 90430
Bz 9 6,552,997 0 2743 6,550, 244 5,233534 161 207 5,231,485 4,868,913 8181 2,899 4,857,830
Az 85 742,503 0 07,763 36,263 0 31,828 03,434 B12,267 0 36,638 76, 72¢
EHE8T 3 631,862 0 612,192 543,274 0 10,577 536,638 518,210 94 9,460 508,656
ZHHEE 8 815,061 0 810,404 676,218 4,389 3667 670,162 621,856 4389 3667 61378
Hetss 473 1,046, 362 0 1,022,796 BAT613 0 16,068 832,545 788,523 0 13,188 786,32t
RS 21 753, 008 0 76,293 81,656 0 24,564 57,081 52,603 0 24,705 §27,83¢
EEe 468 1,444,436 0 1,398 316 1,185,015 0 W/ AT 1,146,860 110477 0 3634 1,068, 38
FHY 04 1,628, 609 0 26,847 1,598, 762 1,173,862 0 14,439 1,189,123 1,132,680 0 13111 1,119,570
HESUT = 40 242,191 0 1,678 240,613 221,118 0 1,168 218,950 218,088 0 1,168 6%
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Specifications
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Production rate

Hydrogen output purity

Output pressure

Enapter
Electrolyser EL 2.1

500 NL/hr

35 bar: ~ 99.9% (Impurities: ~ 1000 ppm H:0)
8 bar: > 1500 ppm H;O

Up to 35 barg

Nominal power consumption
Standard grid connection

Standby power consumption

1,050 kW
3 x 400 VAC three phase grid
Max. 10 kW

Nominal power consumption 4.8 kWh/Nm*
per Nm* of H; produced

(beginning of life)

Operative power consumption 2400 W

Hydrogen production

Dynamic hydrogen
production range

Hydrogen output purity with dryer

Output pressure

210 Nm3¥hr
450 kg/day

3-110%

99.999% in molar fraction

O - 35 barg

*
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X243}

Holocena Medieval
Climate Optimum Warm Period
17 Roman 17
Climate-Optimum /
15 15
2
2 episode of T
= human migration
w 3 I L] 1 I 1 1 1 ) T ; ! 13
E— 8 ] 4 2 Little 0
o Years before present (x1000) Ice Age

End of the last Glacial

Global air temperature
2005 anomaly +0.47°C
(equal 2nd warmest on record)

Average near-surface temperatures o
11. vears (after Dansgaard et al,,

Temperature anomaly (*C)

Greenland
It Extent - St CHA Y ALO[Of U= MIA Z|CHe| o

Mol 80% YE7t ¥

© slt Extent

7X105 | IR S U T S A T T A A S U A

Trend: 0.7% / year r
6x10°

Maximum melt extent (km?)

B Melt
175 2000 M Contour

EmMCOI‘I‘murZXlOS LI L N L L Y L O L ) L
1980 1985 1990 1995 2000

Greenland ice sheet melt area increased on average by 16% from 1979 to 2002.
The smallest melt extent was observed after the Mt. Pinatubo eruption in 1992

Data from Konrad Steffen and Russell Huff, University of Colorado
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X243}

Meltwater from Greenland

Changes in the Velocity Structure
of the Greenland Ice Sheet

Eric Rignot'* and Pannir Kanagaratnam®*

Using satellite radar interferometry observations of Greenland, we detected widespread glacier
acceleration below 66° north between 1996 and 2000, which rapidly expanded to 70° north in
2005. Accelerated ice discharge in the west and particularly in the east doubled the ice sheet mass

deficit in the last decade from 90 to 220 cubic kilometers per year. As more glaciers accelerate
farther north, the contribution of Greenland to sea-level rise will continue to increase.

Current volume loss:
2.2 x 10 m3/yr ~ 0.007 Sv
Has doubled over past decade

Volume of GIS: 2.8 x 10> m3
Time-scale 1000 years = 2.8 x 102 m3/yr = 0.1 Sv L%

13

121



Lt5-oflof

-

L0t

et

‘Il_‘ﬂl \
%

RHERS ),

HHOISH

| BLIZE| |

(45)

v

e
Factdat

~UZ27 |

16

122



~
—

i

123



19

te variability)

Ima

HE (cli

}(climate change), 7| &

o 7|His

o I
W
F
Moom
R
of X =
*_ml_.MA_.
o)
W m
||._|7LH._
o <
.|._|ﬂ¢.
s 5 N
ooy N
R
.A.._MﬂuEl
g0 %o Ik
HIOT
i N
oo
~ ol .
T oo
W FoM
o ® X
Ky o ER
~ Ko 1l
i O
= ol TF
0 ®r O
R
ol T
A A A

ZAILH, GAALE =

> M2 X|

tC}.

-
(<]
[

L=}

> EfFEAL] H3l, X|ASHH 2| Hel

otz

)

2 LtEpEHC

CH7|e

=)

20

124



B

g - ;‘—‘v:"*

HT

4la0,8,%0

g, HiCh 3t= Soil LEfLE
Hl, & T& 52 Y&

»a
'_ﬁ-o

|
RO
® JIAI A
g Phenomena
~
@ AN ZtZto 2 SEH0|n Wiy
Hot= GMo| He 41 1 HE
(WMO7|Z : 3044 T3)
21
7| =3}

° ENY S Helof ot Ej Y SAt0LX]| 2| He}

o BMEWI X|AHS 5

=1

° XASHHLE O[MHE, X AR 7127 HeL MAIRS Sofl 21T LA H}

E 0|29 Hz}
T X AHHE 7| 279 M3t T
POX|T A Z0| HAHH=}

22

125



2
° MEAWS EAS) EX|0|8 S #E2 Hat

X JI1F8Ed St

MX|7 712 MXH1880~2003]

A, 2hLfe] Z e ot g
d4 F7]2 ==dol ZH =
£ S 7|FHSHo| AHX[1
ol

[=]

1880 1890 1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000

0L A 1982~]

Historical Sea Surface Temperature Index O|AMZ| A7 % &

c.)

E
E
it}
of
et Job
> _-|0
N
Ho
on

P
2 0l
O O
rr
N
-t
£
_k,’l
HnHA 1
=
2
)

NINO3 4 Index (C)

Jasz EEETS 1325 EEETY 1390 RE=E] 994 EEESY EEETEY 2000 2002 2004
Time Periad

126




7| =3t
—
® UL| i (El Nifio)
> 2~7HO| XM EFESHA YMSl= 5-5 M EfEY sli-HR2E9| O|44S
sigdo =2, =2 ZHo| ZMsto o
> 0] 80j= H & O|f & 70| S8E|
M=ol HEtst o 7 A

gof= o

0
i
40
N
g
2
2
ol
rio
ret
05

nE oy 2
H
2
|.|-|
o)
ok!
02
[}
o

o= flo

o gt
rr o

oy

ro my
ret
0%
10
ue
4
Hu
re
1z
ol
re
x
W}
(o]
=]
N
fot
o}
n
39
n

Q

® ZiLILK(L
>
>

Nifa)

2
r

1L =
|° rl'
I'm oz_
Q kI
re
=
ret
0z
o

.H“

|>
i
ro

2
Hu
nr £
A
°
=
U
lo
a
rot
n

ne

A
=
nex
oz M
_(')_I-
N
11}
[m]
o

rot Jp r

%
rr
8 0
=2

S0l 2lstof o ~H Roj mEet 22| FHE B'A0 Hlmsto] MEjE S
M FEH0, SENE (T F uich X|H)o| A gFoFTICt.
YAt MEfEFoM ot SEfZ LM HLotEict

v
o3
12

Y
A
o
=Oé
P
rd
ri
|.|'|
rr

25

J|FHA0 UE 01N A |

@ FaoA 0j Hojt 7|y

> RQ oo}, 52, 54,718 S

@ X|F2us 7|ZEEh WLk, 2L § ChYTH A ofdl HY
9 7|ZHsto| upE I3 HY
> X7t 7k = | x| 7t St met M22 FEHEE 7H7] 2Tt PEe =
o|¢7|d 24 St

26

127



ety S

__" Summer drought

(AR - Rl E AT 3708 2afel M X; FoilA)
28

128



0

(AR - aBlm ATt o0 2akel M XF FollA)
29

(AR aglm a7t 3ot 22atel & XL SollA)

30

129



- ‘KJ ool
Barguna 2| 25X|%

3,200

02

4 35,000
aAE 880
Ol {8l == 5,488,216
Jt= ot 5 1Ct0tel, SAL 7S =& X Il 62,052ha
LAIE 1220
= Jb=1l o1 352,363 Ot2l
ek =4 1,580CH
= T A H ot 15,900,000,000 S THALII oK 9+2,955,520,000,000&

32

130



Green (X}H)
.
Blue (&%)

- g4 o iss w2 vun oo )

33

131






X|t2Hatet 71%

7

133



Heto| I

-
(=]
T

X722t 7|

2 2|
—— .—lﬂﬁ b1 N
N
Klo - ar = S klo
==1lo 2 Hio = b~
=) ™3 - KO KO ujo
=________ =0 =0 <r -, =l -
=9 KO0 < = - KO < ol
o = 41 10 N T0 -
< 3 oER || & %0 K Kl
< %0 zm Klo - - _
= i Kol | < ) ) K
1o == ot ol | < T
ol e RUmA || ulo g u <0 o
= | |05 =R |am | S| ® | ®
ERREL =i | == | & g || =
B | | XHo ok mE( | || = || =
4 \ﬁ e 3\ { N\ e e 3\ ﬁ 3\
1o — o o
ol hrd, e -
._ot 10f m Ao -
o | Dw| BB R4 s
- ~8| X WO | | GizM| | OF gy

80 <k w | | TR < -Z| | B0=
Ty o0 S| | | || P =

= | [IE oju IS o

= =" [zo0| | & | |®BR | F°

%0 = ol Ho {+H

~ = <{F 3

X|2tztet 7|2

EE S92 7tet ofof mE

7k
(=]

N
Klo

714

1 Z0r3  Aw HE

wn B

150
100
0

WaHe gy

—— 7100 EE ERUHT
==X R I UT 00T

any

300

100

w7 pLoH] w19

2016

015

AR RYOF AU BE OF U 4% A7) 27 5% BY N W 3w AW A

134



Heto| I

-
(=]
T

X722t 7|

8l

@ IZE/

gAlE,

EkAl Y, Of

e
[=1
o

3:|
} ol mE

EX| ArEHIT 57t

& 375

o

X2 H2te} 7| 2 He}

Eu)

Xl

.|

Rr

T Af7] 3

Xt
A

HE: SEUAH TUNARIRTNY

135



Heto| I

-
(=]
T

X722t 7|

~
< z
n § 2
gz N
Kir N g Klo -

. Q5 3 oHl 8l &
ol 8 e K 4 =
<0 W L 20 h {0
%o . o i o - =
2P o ol K -
M\ HL ._.A_o ] HW or <r
50 K 4 o <
G- = 3
aK i3 g 50 8!

2 wn - e
] N or E
o Ko RO
w i
<l oo Kl s &
Koz =0 o =
- s o 0
ﬁ hl KO T )
o H__AI X0 3 o 3
= — R I
w;_ = _mh. L wH l
Bl oF 100 ur MH ok RO
<o mu 8o ok — ¢ K
~ R —_ H = U0 o
oF
& o Gl CE
o 3 o o B
uo — Bl o~ MW
L_| oK o ._Noh m_m o & &
= N D Ao w.m 2
ol —-— T g5 T
o ol = FF mu o
ol i w B =2 =4
3oz o 0 ow <+ A
C— a4 5 2~ ol ¥ & x
ol =
A - <l A A W
v o
K

136




Heto| I

-
(=]
T

X722t 7|

B/ e A

@ &

=
=
e
]
=
o
=
izl
|=3
=
=4
or
=
on
oir
20

ST AALEH

X2 H2te} 7| 2 He}

t

<
<+

Q@ e/

g 37t

sl

Ef A

o

<

F

00

==
=
A
=
=¢|
=
mkE
=
==
3
=
<4
I
30
=

=x I

10

137



Heto| I

-
[=]
T

X722t 7|

o

<F
alo
ok
.
ru
o A<k
oo .
of fn ®
PR
. o ©
BT
w_ <+ 2
=~ 3r
o fr mﬂ
1 I 12
o o @
¥ or =
—
ok B <k
s
B T B
5 % O
= < M
el
¢ o1
= 0
wE oy
= ¥
=) P
do W _
%0 F oK
ol ofF Ho
N N T
A A A

Ljo
M_m

* Too little

+ Too much

= Too dirty

B g
—= &
= g
L =
0
2o
(5]

s 2
S8
L .=
bd
[ =]

g >
=)

FRAIS 2801 =H)

<]

(&t

&S I
(22 OI1SEE)

11

X2 H2te} 7| 2 He}

/oL Z]

&l
<

t

~
Klo

ujo

oIgt ofjL1%|

A
So=

3y

b

= =088 S7tet o x| 7

2 ¥u3

7tof|

=
=]

> olX| 42

> MEA el M iy 2HH[E

00

ZE0 T@E ®IIA

12

138



x| 2Hetet 7| Heto|

&

x|+ 10047 1.8°C A5 (X| 7 H-F2| 2.4HY)
o5 MY a8 2¥E 37t

Atel M= 22 o EEM Szt
Ofx| 2

= 20X, 5/7t2 &
=X W=t A7 'etd

o

o

2T =8

CHLES: MAIR] 24

ot siztz| &

BY A s
Fef, )7, ER2 o8y L2

2o, X2l § of=2 57
HE2M Z23E =7}

235 at=Hix| vHE
(Atzt B, Z&, 501 & )

70| sHESx|-FF0| ESX|=t
HUSS L2 QU X|2| 4 LHALEY

ot 2 0.02°C/1 AS
84 2 0.03°C/d 43 MZEA h% 9 2
S0, X, 230]
e TIES 2 o}y 1§50, BX|,
H3E =l ol™oj HE A M Mg =7t
statdh A MAX| aX|CH 54,
L H23 A2k sfiSa|sy
13
| e | e |
X2 tetet 7| 2 Helo| e
% g ooy 249 @Y
oYy 2014 039 1?{#,61ﬁd =y 20149 029 Z?EF‘;B%%
20149 019l 06 EaY
AR o2 A%
SZAHSSH E2E 2Mof Shatt
A5 9 @A A Ad
27 53 A9 4
B52 48O 5201 817 B2 B20] BAEIT s HAEA VU E pope I
i A7 Sz 27 e g 142 BT
= (= o e | =2
2u512 oIt s 45 e
5eoj| st2E2 ‘EQ M
awm'ﬁ’;ﬂ VB 08 Ol 2 BT Tl 10 R Mt D, e
S A& te] Ak 49 A 219 HEA
IR T _ WCEDRA  bCHERE  MeEfins Mic2ETH — T T E T ¢ T
D15 M) 0§ HE, 5 AR E ucE : S S 2%, WOl ol N
LEER L (] ECAE e N (w1 Bl
|
»
i’
'-‘I-ﬂgﬁfg.zma. T
8 S367H AN :I.mﬂ.?[?lm st *Ell-lili'lglfllwlil ofgchy 7% @ SiAELIcH
| Sicjsisdo] o= HEmy B ISR AT 22 pko] MRS 14

139



KIJQLFOMOL TIQHIDY

Q210 Q) NOITH)
Lo Ol “TF7

X 2Hetet 7| HeE f2(0|A 217124712 7]=e1t?

121012 12120012

140



x| P 2usiet 7|SHate LaloA 7|17k 7|zt

120012 12120012

7|2 &5 mE Afat xHEi XX St BFAof|lM ETl HFLFLE

Unkown

18 {2600 &)
18 a{ase-m 8
3T a{se-n0)
40 dR2ed )
¥in

17

O 7| =H3} S
o 7|23} LS XX = I A 2tsH(Mitigation)2} H -2 (Adaptation)2 2 L&
o 24JIA HIE NMZS Bt 2= 7|23t G2 E0l=0 &4 =X
P S AYBCD Stz o|O0] BEE 247tAR QT AT EXY
o [t Hotol= 7|20 S5 HHO| Z3HE 224 74

om
o

r

o LB 2UIA Y

O 7| =Hst HS

o 7|2zt HGo|2h o|O] AojLt, 52 D[2ofl Yoj'E A= O|FE|E 7|FHIC| S0 LA
ot 28X T2 mlotedl ot LEHoR J|FHe JEof [i3E XA U AtR] A2
ZEEES 90|
0|2 8¢l 7|FHete| RYH €2 AAE D 257 7|FHIL FoTt 7|22 &8 s
71FHs ¥ 30| o|MY FoE0 = 2751 XSMX|2| 7|FHe} 12 7| FHet HA=EE
QI 2472 HfES| XM T HS

©2007'd 4 LEE IPCC 4X HOME OJ2f 7|$Hs}of ME 2t £EE 0| HI K70
mat Hehe + ASS XA

18

141



Z|12He O3 A HS
.
37| 5 9719 ¥2 E0[3 o= RIAQ
&7 & A7|7F Ap=of
D AI5H= A o} @ 3140 X| AL Z0|7|(0f LA K| = %)
=l @ 1o LA x| X440 LIX| AFR S}
(Mitigation) @ AEA/EDE

el
1o

(Adaptation)

o 22|42/ g g
o LER 47| (0| Metet

5
o
:{2

ol tHAsh= Yots e #AIY

0T e N
12 U2 02 12 ox
>
)

)
fo
omn

19
=2 Oix| ofELH %= xHHi7ISXF 2=
#2H
oleiz2
2=zt
-
/ 3
st
=%
20

142



KIJQLIQLQF TQHID

| .

Q210 QI NOITH)

Lo Ol “TF7

< 0 Q.
= EH O, /O

A P2usi7t ojxls 9F HY

OO -O

(X7 2=t 0jxX k= S T

S50 Ak
sizlote] Wt A S .
Ste 'n E I A == Q1 25%01 8k |
1 SHEF AhAISE 1, SHeF ANl wist |

Bt At o= K2 Ment s, -
=5 =9| EA] £E -
A=
30~50%2| = &=
—OpIZa|7} mEME 15~35% 24
otzza|z oA ECH 80002 = =
wata|ob= Abet
SHPIX|S] Q1T =(CH 32 B =4 IjsH
3=

Tony Blare St Tounict azrer shE. |
1021~402 & = == 1
7= msixt 52450002t = =7}

Z|CH 3002F HO| VAT ALRF ) =

Al 2Lt} 2ANE 3ol st B e 1,

7<|§ uﬂ-évtm 24'&8! ZEOr (=TT T PN ESS — 1
=Hotzxa|z 2} XI=sHollAd 33—

°lF HH = SHT Aot & s 20-30% 2is

X === 3 ZhA
EI%%I ‘l\" 8;!'-'-t.” (OFZ2|FH= 5~10%) ' B

opE=2|Zi2l =|oH 60002F & B

22|00l == _ B
1= —— P

UE|A-prago] X2 QS 5.

50002t H 2 2=

{3 309 3, 7|5 g

HHS = A

g5 SES =0t 2ot

FHUICHS] HE 2 == =2

10%2] HE /171

Xim: o1 pisie) s s NG |

22

143



x|t

X| % (Region) & gH(Impact)

OfA[OF

EMX|

op= 2|7} A2a|of
QI3x|

ttet7t o) %= 3

sk X at

S|atof Ao] Wt BB E4oh ALAEN, £XHE TS S7HAI7|D, B3| CHEE RS £
xtdo| #2¢ Aoz Y

h, SOPAIOLe] 9177} B aot K|S ittt 2O RE Sigo] AA| X
Te MES Si$H NE0E AR HS
soh AAlnp 22 sioh MEfo) otsts 2 x| %ol S AN THs 40| 9lg
FE MEBE|AE itz Wt BRI S 24, Y YTEES WA Y= Y Yo Ha,
Rhel WeA|o] #st So] 9l
23 ZAFx| o] s, Aol IY, $YH S} U HY
U3x| 0, B MeAAt HF R|GL IS Hstol Ch3 Fo Kol Lopx|HA, ¥
SR
2% UAE WA £A20| £95 20201 0| UFE £ gon, Aol MAXE YA B
2050 ALY 77HX] X|St=2] 70% O| A ZtA
227} 2C M2 woich, YR AN A2 HDKE WHG B2 0| Hojs
25% O|AF =7}
2070W7HR], £2eHo| F7| MA WL T0%0}| YA
T Ee g 320 UM UZE} g NYoR, EQ2 A WA 37

24

144



X|t2 =}t ofx|

T MY

rir

20204T} (1°C 42) | 20504 (2~3°C) 20801t (3°C 01 &35)
~329 =
SR 4-179 ol § RE QY 10-209 Wel E RF WY 5 H‘T’;ﬁ.ﬂq_u%%ﬁ/?ﬁf §¢ 4%

o = o=
MEf#| 2:2121934;}%5* 20~30% EE$7| o P R e 3]
A iy e A CO, =0 23fi X|2|X W= E= H3}

H=
=25

_ XMelE X|Ho| Mextxa =7
CHHLE M RPN SHE S2 AW 571 %‘igq g ;F-.‘-,Q 1‘%&1 *
~3MehEo| 7|12 9/ 3~1282hgo| 7|12 9

ofr
[11°]
J

8l|Qt7to| 30%0| A QA1

=2 3401 E9 93 57 3Byl 34 9IE 1595 o o B4 9|3
S HE girtEd, A HE St
Ay wEmmesEemy SN LT e L RS

25

718/712 83} o 57| =2 2H

Chatney, Fjortoft,

on Neunman
V. Bi os L.k mso 1045

b 1922

-

successf
on ENIAC

1951

Quantitative pred\iction
arotropic mod

1950's

Quasi-geostrophic
baroclinic model

' Global primitive
equation model

Global spectral
model
~ Supercomputing
High-Resolution
MM5, WRF, UM, etc.)

1966 1980

Today

26

145



718/71= et 057|122 2

—
UM N320

FLAM (77X G RDPS MM5 30km 10km, 5km 33L GDPS TR
K-LAM (59X59) 40km 15L
GDPS T213 30L ncra
KTM (109X109) 50km 8L E

ENSE T106
GDPS T106 30L 30L(17members) (32members)

NEC SX5

NEC SX5
80Gflops
CRAY C90
16Gflops
Fujitsu

10
VPX 220 k. " i =
2Gfl .
KISTI : Korea Institute of Science and Technology Information

) 1988 2004  20100|%

27

7214/7| 2} 0| F 7| =2 2H

@ Basic equations @ Configuration
DU ol . G, . - Nesting
= =V -¢,0 5+ gL +Diff (U : . .
Dt “% T95, 7 S - Horizontal & Vertical grid systems
DV _ ol G, . - Dynamics
Dy MW e0 tag, TOMY) - Microphysics
. - Initial and boundary data
U v oawr 1
oy T s reV)=0 - Cumulus scheme
- PBL scheme
D-?: Diff (©) ?thv = Diff (q,) ‘;1:[ =—Gii® - Land surface scheme
‘ o - Shortwave radiation scheme
D 8yl L - Longwave radiation scheme

B
Dt ot  ox oy o

Diff =§(KH §+ KHGli*]+Gli*(K 2+ K,G, 63*]

oz o\ " ox
0 0 0 0 0 0 r
*‘[KH5*"“625]*62?[“5“”625) WRF, MM5, GME, UM, RCM,
+Gszi*[Kv i*) RSM, QPF, CFD, etc.
oz oz

Q@ 1E/71a4 s 7zl g £x|2 9 ©% rgi))

28

146



2472 B EY MY AU

® SRES(Special Report on Emission Scenario) A|L}2| 2
® IPCC(Intergovernmental Panel on Climate Change) 4k} 7} & 11 4{(2007)

A2z
AlB
Bl

o
(=]
I l

5.0 _: Year 2000 Constant
= Concentrations.
-1 20th century
40 -
£ |
pop=1"1 3.0 H
HT =2 o

-
(=]

e
o

IIII IlI-

Global surface warming (°C)
s

1900 2000 2100
Year

29

2472 HEY HY ALIE|L

® RCP(Representative Concentration Pathways) A|L}2| 2
® IPCC(Intergovernmental Panel on Climate Change) 5X} ®7}H 114{(2013)

wax  ViE SEH2(RCPs)
et oF ZARZH

* RCP A|L}2|2 =2}(2.6, 4.5, 6.0, 8.5)2| 2|0

940ppmO| &/ EfLO|H 2|7 8.5W/m? & SO{&LCt

— o
= Ade

CO, 420ppm
SANAUZE
SN s HL

[21=715)

=2aJiA
HzZH0|
0= 3%

2pE=3
CO, 670ppm

CO, 540ppm

2472 HAZE 0|
480l EHEE

281A
i =0|
=0 B

RUH=ZET

CO, 9%40ppm

* O[AtotEts S & 21003 7|&E

O YL 2RH S0{2E oA & A0 S&l= OHAl= of 238 W/m?2 H=
O RCP A[Lt2|29] ALz 2ATIAR QIS0 M2 2 2|70 E4kl= || ¥S 2|0, 5, RCP8.5= O|4tStEtA =7t

o|ojettt.

* fLto| CHER SALZH 20| Chal AtSl/ZME AlLI2|Q & O{2{7tx 7 & 4 UCHs o|0j0j M ‘Tf & (Representative)
B BHS AFR. 2MT7LA IS AILIZ|Q0| A|ZH| [HE2 #31E 2Z8}7| 98] ‘E 2 (Pathways)ate o|0|E met.

30

147



272 HIEY HY ALIE|

® RCP(Representative Concentration Pathways) A|L}2| 2
IPCC(Intergovernmental Panel on Climate Change) 5X} 7} & 11 A{(2013)

O| M2tEta HiEY Of2 o MetEta: S =S} of &

s

" —HHETORICAL - RCP8.5

—RCP A%
—ROP 6

——RCPAS
——RCP 26

ra
@

RCP6.0

RCP4.5

CO2 emissions{PgC/yr)

RCP2.6

1950 1960 1970 1980 1990 2000 2010 2020 2030 2040 2050 2060 2070 2080 2090 2100

Year

—

31

7l

ot

He} ALt 2

@ 7|ZHEs} ALt2|22] 7|8

> x| 7]2324(200044CH) ~ 21004

@ 28
> 712, B

> Z43BK|4: S9US, BLLE §

—

> Q9IF QIO M SATLA HIEH HL AlLLZ| 20 7|ESHe] Mk
> 2XOBEW)S JIWoR B 02 7|F st oS0 HY) He
> 7IHSE7} ARI/O{CI M/ BH LOIEX| OIZSto] TS| E A ABtStaT ALBEIS MAIH Hi
> AUZIE J|HoR XYy, e 7|t Pt F Yt
> 713Hs MO U 2UTLA ZHWM 2| JH IAXE FA

o By

32

148



33

—

{

©:
[

AOI-O

o 7|2t Lijoj oj2{gt 2

o

5t

o
. Etiok= ¥2|2{7|=20| 25T |

: {2ute x| 17|20] 25T 0]AHo]
0|

e

(=]

T3 SSYT(YZ5 0 1.0mm 0]

Ol A
2T
=22

[
2 ¥o| 5|, EcHof

LIEpL}=

[

[

Lk
=2

£l
* BCHoFY 4

F

A
S
3

(0]

t, CH|
6%

O

g
ojaj Hx 7|

HojE

290 22

| +3717t 21 £= EAI2| &
arel ol

=2
72 Ato|2] AT L4

2| EHO| W2tEl o 227t 0C
ol

2 Y£|117|20| 337 0|2 B

|

(=

: M2
f, 72I20] 3¢ 0|3}
Mal

"
=

d

=

HS} AlLIE| 2
H3} AlLL2| 2

-
(=]
-
—
—t
[=]
-

9|
o

5c H2Ch =2 40| 2{0o{x 6 0]

E] 2W7|20] 5C 0|

7|

2

Lol o]z
A4
7|

* MEigs
of

oo
=
s {oF
b N
wl|E|lo 5
o EEEE
<r
G FIEIRARAR:
g R
L)
o
o
-
(9]
g o
8 ~ o
& |<9|8|o|=|§
= |a]|8|2|5|o
[ OIS | ¥ |+ |F
x| w -
g =
{oF
gl [P e -
=
§ o N
N w0
c — ™l
2 o ._m
23 = 92 <o
Co W |_.m—|.-n¢m ..._.nro
3: 2 & |28 a2
I I m ”._._oﬂ..m_'m_.._
o e |4 e |k
S EIE ®
1
o ]
I S S o 2 - © <
7654321041 W.J °
(2,) sayewoue amjeiadwa M
(23
Bl

34

149




faLt2t 7| FHet AlLt2[2 dit B NS HE

0 a|Ltat 7S WSt AlLtal AT

IPCC ROP 2A7HA AlLZI2 AL

M A2 2
Hx|7 7| FHS | Q1A 7|FHs)
HH=E HE6l0 Tl 7| Ha}
AL t=

o Fof : x|

o BIAE : 135km

« 3= sl Se|ME 2
(HadGEM2-A0)

SIS AlUEQ \
SalLiate| XHSAS Hisist x| J|Saue
0l 3t oiBpH ASI2 BitHE 7|Sis|
ALzle A

o HH : PRIIG

*BIAIE : 12.5km

« 3= sigeldlE X2 |F2E
(HadGEM3—RA)

YSHARM| ALt oGOt - Li5t

Blute 7|5013) ALR|Q0] EX4X M8 7|He * g% © tkm
| XS0 XIGE 7SS HE it A *3%M SA| 28

s AlLRIQ A (PRIDE)

(=] ||_|- I- I"'o "'I. ||_|- Ig AH A} O -"-l—_' o 3}
- A THibE R i e
T mame marz mMaz  ammmmme ¢ ot | BERRSAS
= fUU RCP
= RGP RCF RCF RCP RCF
= e 45/ 85 45/85 45/85 45/85 45/85
5 o el / / 7 / /
P = PRS-
u] o RCP ACP ACP ACP
EREEE| RCP RCP
o G| BE/ASS 26/ 4.5/ 26/ 4.5/ P ol 26/ 45/
al 50/85 50785 6.0/ 85 g 60/85
L&
= 73 TR,
rrvivy = HE 030 | 111.0~144625 .
- et AlS Epie et AE 1T BEAME,
© a7 Fes ok T ] HES ! ) / 2327H AI;';
ﬂ MBEAE 26,548,675 -
waE NH HRAY ARNREY i3 1950 ~ 2100 2011 ~ 2100 JE, YEE
oo A2 (200H| = =) (20T A=) 2000 2100
.ﬁz | - - ty
i 1980 ~ 2100 179 o100 2011 ~ 2100 2021 ~ 2050 it B ;o o
® Az EBay BAMERER | o it e e (400SAH 1R =) (AO0RPE 2| 1950~ 2100
o NUAERE 2N
vk £0 B SRR Hrra- S N BENE, X pap— Z7t
e e . S S5 138km 25 12.5m Tkm 1km Tkm -
. MU an
e gm0 Qwu Qe A2k o - o = oy 1 s
. 4 oy
ity = s ® =t = = 2 =
werumaa wEen
ity
P IR FAFY 2| 2F (8l
S R AN Zoq =2 2 S|
it st R E——— ) | mEn e | 12D wm,
i rvaan e | Tm I T T lz@n, 5w, | iz, 5, de), Bews | B o a
[ zz | EI:Em o E@L s g TR ma), 2e | asmmepn | tas 3o E
gl e = ], B3,z NENTIZ &, 7Y
pT—— Waw B4 | das B4 chbeetic R
R YRS ERY Zac
waw gaaN & TR
uneassay

sunRa RNy

- AURRINTERE
mnaam
wosza
WEET e
A

» Gaauny

AT SN

36

150



> pHEE(12.5km) 3L Eo dAI(Lkm) 7|2 H3} A2 2§ 2H85t0] D|2 7| =t MY

-

X 7 A : A

b

rx

SUH-FI| e ZEE SEEE, HH-SPYHE, - FE5E, FA4-SHZYHE, HARE,
FHEHE HFEE

oK

St (12.5km) ot &Ml (1km)
ALz XtE &8 ALt X7 &E

- o>
e

RANE N4
it
4 pajuay

21:7| B¥71(2041-2070) 21M7| $¥7|(2071-2100)
RCP 4.5/8.501 mh2 St (¥Eg
72 s}

- sk $ini(1981-20101)
tH] BxEL (C).

RCP 4.5

RCP 8.5

10 14 18 22 26 30 34 3B 42 46 50 54 5B €2 66
et ais

151



21M17] SHE7H(2041-2070) 21M7| $¥71(2071-2100)
RCP 4.,5/8.50 mh il oImR .
Rk et
- PiSzle Hxi(1981-201011)
| BIEHE(%).
RCP 4.5
RCP 8,5
=300 -200 -m 00 100 200 300 40 500 S00 TOO
ojgt ol

214 U (RCPR.S)

152



ST
| eanrm3Imas

Fﬂ%’g%-’—ﬁ-i et
- 0|24 100935 2.8 &5

1
ng I
m
—
o
o
w
0
e
l
N
N
(=Y
e
—
ui
o)
=
——
N

py J

[ heess

=82 is=M =X

{1. 7|2 H3 £ 34| of A
- tAH 10047 1.8% A5
- 0|2 100935 535 AL
- 21M|7] Z8t7]0] "ol 7| 20|
MPAE 7|1 2(16.6°C)1} H|Z%
2. 2047| 24t =82 o S28] 37t
- E£9 10.1Y — 40.4Y (4HY)
- Hrjof 3.8 — 52.12(14Hf)
- 32 23Y - 3.29 (140%)

~

- >

41
— . E ]
|2 Hsto= B 0jef Y
21M17| FE17[(2011-2040) 21417 S%171(2041-2070) 21M]7] Z¥47](2071-2100)
Oty 7|&+ Hst MY
RCP 4.5
RCP 8.5
- Elc} ofgc] =787
F[BHEC| TF7|20| 18°COB10IRIA
£ | 10°colael Eol 8713
opsel
42

153



Ef S RUSA (2002)

01 hr From 06 UTC 30 Aug. 2002 SLP

0|2 EfZ (2090)

01 hr From 06 UTC 30 Aug. 2090 SLP

1024 1024
1022 1022
1020 1020
1018 1018
1016 1016
1014 1014
1012 1012
1010 1010
1008 1008
1006 1008
1004 1004
1002 1002
1000 1000
998 998
998 998
904 994
902 992
900 990
988 988
986 988
984 984
982 982
980 980
a78 978
a78 978
74 974
43
Z o7}
= 07
£
E
& >
oAk
>
-
E
g
=
44

154



_z(m)

co

2012-07-24 09h 0300s

VOC

2012-07-24 09h 0300s

¥y (m)

x (m)

x (m)

45

z(m)

z(m)

y (m)

Spring Summer Autumn Winter
equinox solstice equinox solstice
08:00 07:00 08:00 08:00
E
N
ol g— -
0, X (m) y (m) 0, % () ym o, X () y (m) 0, X ()
08:00 07:00 08:00 08:00

z(m)

y (m) 0

09

0

X (m)

46

155



| SR & gy & Y :

B, o,

tetd, 7l Hel

x
M 't/ eH, oA %], A0LE, ICT S

156



0|4 K-Water






2SS XA WE(2021)

UT3Z=+Ad 01E X 23

_— 0

-I

K—water

K water

ﬂE%‘-?—I‘lEIE"? 000000000

AEFFH|AZ70j3E LY R

=X

=] Y —| —

L = I_J w = WIEEEIEY L OI88HIIE
| ——————— ]

AR 0OAl 20115 (DEEsHelAld & & BIHAIE, 2010. 12. 2831l

> &
\O.A' Ny




=l él::!

=—

£420084 71E)

300

200

100

27,000

144,000 190,000 200,000 350,000 786,000

A2 8F(m3/d)

=7| E x|

160

drMe| S8 7/ [ 2 & (m/d) A Hd 2T (m/d)
A~ A| 518 28,538,780 15,430,123
A A= CHE 12 240,500 118,294
et = o 1t 159 545,620 380,297
= = o I} 298 22,234,360 12,171,545
ok of 1} 7 7,500 2,475
=S =l 21 5,046,500 2,487,570
7|EF (RIH {1 2 1,000 735
=&AL 17 172,300 103,228
=28 (=& ap 1 101,000 55,951
=2g8(g215) 1 190,000 110,029
AEXE SY2 VR AT Ad 8T T 18%, AT T 16%
N
A =
|| IEMa 8428 Q= FAHIg
(SH9I: 2 aLRl)
KR /Y) 27 144 190 200 350 786
A Y(2005) | M(2001) | B(2004%) | D(19994) | 1(200444) S(20074)
< 4,471 6,466 5,459 7,827 8,432 15,929
1.ES 205 1,042 837 2,133 1,834 6,157
2.HE 605 359 567 668 540 792
=SSAH]| 165,580 | 44,904 28,731 39,134 24,092 20,266
(%I/E) ] ’ ’ ’ ’ ’
800
700 - _7
600 :;;; —
500 [ |
f;mr4oo ___ || §

27,000

144,000

190,000
HHel 8F(m3/d)

2gH|

200,000 350,000

786,000

IS




& S| Hiul

35 4
#Initial cost mO & M cost(1mg/L) A0 & M cost(2mg/L)
30 4 3.5
y = 4.0357x70.061
R2=0.9617 43
25 —_—— . A )
125
fEQO E
3 y = 3.7714x-0.0682 123
~15 R2=0-9659 a
3 - — — ——F 11.8
o
(&)
— =
20 1T
IS o
5 =
y = 218.41x70-651 . 0.5
R2=0.928
0 Il Il Il Il O
0 200 400 600 800 1000
Q (X 1000 m*/d)
® 22| X, 208 2 &It D
® o= =ols T 1mg/L(12%)
@ 21¢+2(:0.015kW/m3 N3
T TT——
|| 2AE 3™ EXHI D
30 10
eIntial cost MO & M cost(AF7| 3H) A0 & M cost(R{ 4 F7| 51H) 9
o\ s
y = 53.807x70-207
Re = 0.941 17
20 * ’
’:E\ —p -~ ——— — — —— 7 6’-;
y = 6.0835x70-00 =
%5 R2 = 0.805 T 5%
n | 4 w
o o
o v =9 7479x0.013 o
c_[510 y =2.7472x% 133
e \ e eAem hom o A e ——__ __ _R*=0.8677 o
£ 5 41 20
11
O | | | | 0
0 200 400 600 800 1000
Q (X 1000m*)
® 294l M2, 208 S &I DA
® EBCT 15&
©® GAC:1402tR/m3, AU S I}:300HR(BH= QI EH 3|48 85% N

161




|| 1=x2 2& HIL Hin

80
¢ GAC-y1 w/o O3
® GAC-y3 w/o 03 O3 dose = 1 mg/L
70 |° = GAC-y5 w/o 03
©GAC-y1 w/ 03
8, O GAC-y3 w/ 03
o~ 90 o GAC-y5 w/ 03
= \ X083 only
S 50
o
2 \
o 40
o
O
‘_j 30
o
20
10
0 A A A A
100 200 300 400 500 600 700 800 900
Q (X 1000 m ¥day)
_E
_SS—S—_—_—_—
1,4-DioxaneO| &?
Use Properties I
/’é-‘?r 0s, sof, & © /$& =
=r n, f>_|y — - ]
i SHEE, HAUE HoC Emerging CH2 jo};ﬂ;D 1=
SEo HEZ2F0A ’ Contaminant « =IIE0, J18,
ODlguH_o__I o|_x.| X‘" (C4H802) % %0'” é'- E—'%%
Jate al S0 H.C CH2 = A2t 88.1
son = o7 BoRD ==
StA 2 X
") \_101.5811.8C )
v
Problems The best
process?

XIote & X E=0l A

% fa R WL =2

FEREPTEEN
Mol g2gyEez 2FE
Hoi=&

162

” >
IR




1,4 DioxanedHHES

Hagd
1978 EAE
P AETE)
091, 7(11:000
® PUEIL THHS - HEHDI9 00
# T101=2121(500pt)

H

O3

00,1, 13 (17:40) - 6 2000}
- HAR A 09 1, 130750
»FEEY
- 080 1, WEI\%EQLN‘ 2ARolAE
-UE R el
- FABE ol ahpelEg HEE e

450
o 27/ HEQY Y BN LUEH-) W17
o o0 PRHA QYR 801 1113
o URRURE 1 08 1,15 (5028
© SRECY SUEE ¥ RAE S &2t 1, 160000
» SREHT U 1S 1 09,1, 18 (00:00)
o SRIEA AR < 09, 118 (12:00)
® SRR S 09, 1. 20 (15:00)
o BT EA 49 1 09,1, 20
o S AL YR 87109, 1, 22 (20:00) (150218 271 4R)
» X LAE) 09,1, 2301000
® FOFE 1 4-ClOlSH 0 SRS 091 28

wEAME

—
. S3SZ LI0I=2H09)
|

3 A2l g (M )

1,4-CHO0I =4 HIAHE : 6.4~40%

100
9
80
70
3 60
3 50
H
T 40
30
20
I e
O T R T R \ T T T R N \ - \ T T T T M 1 \ - \ N YT T T T T T S T TR SO A N S
e
OOOODDDO’ZD
18|18 421 152 |1 16|12 17|12 18|12 19|18 20| 1€ 21 11 gnagnang
r 132 2 | 2 | 2 | 2 | o | ¥ p2ep3ebscbsepsob7epse
[ T3]

163

” =
QA




:10~70%

=
= .

MIAH

F

1,4-CHOl

9SZ oIS A09]
= M3 A2 HEHK Y5T)

60

50

oo
S
N

o

21
_
40

o
1S3
™~

26

-

(=)
(=)
<
288
—0
—0
| ezms commas |

T R T R
olele]
el elle}
I~~~ |0
o—o
-
-
-
-~

(=3
=]
N
25
-
-~
30

oo
oo
RIS
—O
24L
-~
-~
AIZHhr)

X Sat

o
o
0
2232
e
-
20
St

Ej
s fe]
NS
re
o
9|

2241
2

10

SE
d

[ o
-~
M

21

o
S
mt
=
+]
ES
7
[ 4
7
e ©®
gt
=
=}
—/

T S TS T ST R MR R
(=3 (=3
=] o
N

U —

olole]
oo
QO < |~
Ol

o
s3
i
LE20

<+

] i 0l

olo
Sie
o)
Y
21

(=3
=}
o
{a\}

(=3
o
eo3
(&)

olo
Slo
¥
121821
—.—

22
[ s— 1\ EE -
=] ove M___H ol
s T VT

0.4ppm

oo
ol
(sel¥e)
NS

(=3
=]
(=3
{aN}

—t

ol
ol

0.2ppm

o
=3
<
28 4y

[ ——— 4 T
—— ) 1]
e 2 2S
100 —— T
R0 Em] ovo
L o RiES

oo
oo
oo
Lﬂ%wg

(K WTP)

(=3
=]
I~

o
S
e}
=
1215

0.1ppm

=3
=]

30l A K

X
o o

(=3
=]
(s}
(a\}
|

(=3
=}
eo}
(=}

2FESE (ppm)

0.4ppm

i

zt
farm )

| I 1) e

I—T "7 2V
- s Y FIVE
wl N e —
_H ovH

k2S5
{Ttoles

o
S
18 144

=

- 1,4 Dioxane2|

(=3
=]
Yo}
=}

00:20

0.2ppm
28 3

£

SSZ L0I=Z2H09)
-

0.1ppm

m 2N

164




S0 28 01F 0] LM
2w =xXcl Boll LtHE
- MUSE ENA
Mycrocuystis. Sp Geosmin, mycrocystin F UM, s
u Anabaena Geosmin, Anatoxin WM, MBS
X Nostoc. Sp Geosmin, nodularin WM, s
w Oscillatoria. Sp | Geosmin, 2-MIB, mycrocystin | &, 2W0| WA, 2t=
Phorimidium. Sp Geosmin, 2-MIB F 3E0| HAM
Asterionella. Sp Octadine 013, Of HZEH0H
Sunedra. Sp N-hezanal, heptanal 013, O HZEH0H
2 Stephanodiscus. Sp Hexanal () E=|
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X2 QX XS (Cryptosporidium parvum)

[0

BOHERQI NI L) J|M &S (intracellular protozoan)

BAIEOILt S22 & AL MIZ0l 0|

B HAOIO C. parvum 2 Al LAIE EAL R

B AN R, SAE 2" ZAIE
Ct.

B NGAHNAN =2 JI 22= S=S S8 2 (zoonotic), #F RS S8 2
& (water- and food-borne),£= AIEf S S8t 2& (person-to-person) 0| &
AN UACH

Il AHS S =AM
oE=E—= w0

o

2 S 12 0| HIRIS.

= X
ol BU XIFHY = Y

L2 204 JHSBHCH(< 10 to 100 HHE L.
FSZ0IA Ol 0 RICH
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M X MEHEE §F X F00E Oy 12 EXEE &
SII A (AT 2]ty e)

— A28 XYt HEP‘—*EH (AIFJ AN 2 2 TRYH)C22H £& 6t
3,146 ) & EH b &S Modified acid—fast & A4

Table. Overall C. parvum oocyst positive rate of the
surveyed population (Chai et al., 1996)

District No. exam. No. positive Positive rate (%)

Seoul 853 4 0.5
Chollanam-do 2,293 244 10.6

Total 3,146 248 7.9

* Cited from Chai et al.(1996) Korean J Parasitol 34(2): 113-119

;‘i \:}

MEHEE TA| X[ 0 SLEXIE UAM X
A (M&CH olacyes)

* Cited from Chai et al.(1996) Korean J Parasitol 34(2): 113-119

Area No. exam No. positive Positive rate (%)
Urban areas
—Mokpo-si Sosan-dong 209 6 29
Mokpo-si Taesong 2-dong 138 7 5.1
Yeosu-si Kwanmun-dong 172 1 0.6
Yeosu-si Kuk-dong 232 14 6.0
Subtotal 751 28 3.7
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MEHE §E X| FE HLAEXIE YNW =
A (A EH olatyes)

* Cited from Chai et al.(1996) Korean J Parasitol 34(2): 113-119

Area No. exam No. positive Positive rate (%)
Rural areas (myon)

Haenam-gun (Kyegok) 184 33 17.9
Naju-si (Pannam) 275 17 6.2
Jangheung-gun (Changhung) 253 22 8.2
Sungju-gun (Pyollyang) 236 26 11.0
Hwasun-gun (lyang) 185 74 40.0
Gokseong-gun (Okkwa) 182 17 9.3
Yochon-gun (Sora) 227 27 12.0
Subtotal 1,542 216 14.0
Total 2,293 244 10.6

e Ple=ad O1YS =0 Y 2K X Abwsw am

+1995H 43, 0| XIF FE=S 2= 2XF ZAH A EH

- QUM Z2E &S Wetold| floll Ot LHoIA At=ot= 150122 A
£ XA

=> 14 022 & (93.3%) 0l A R 2k

=> 0| X\ FRSS =2 LddE2 28 LA HF L
8 ALLAIEUA BHELD = HEE0| L8 Al+=580 H A
Ol A= RNe= FFHE.
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Pl YE UYE HOAEXE HHEM AL

(A CH 2] 240 <)

Age No.males No.female Total (%) No. positive (%)

I'-I)

0-9 5 2 7(5.2) 2 (28.6)
10-19 6 3 9 (6.7) 1(11.1)
20-29 2 1 3(2.2) 0 (0.0)
30-39 2 4 6 (4.4) 3 (50.0)
40-49 4 2 6 (4.4) 2 (33.3)
50-59 7 18 25 (18.5) 20 (80.0)
60-69 14 28 42 (31.1) 29 (69.0)
>70 16 21 37 (27.4) 20 (54.1)
Total 56 79 135 (100.0) 77 (57.0)

* Cited from Chai et al.(2001) Am J Trop Med Hyg 65(2): 518-522

-_",i'-"
-
N

Unreported Cases

Table. C. parvum positive cases detected in the Department of
Parasitology, Seoul National University (unpublished data)

Year Age (Sex) Year Age (Sex)
1995 54 (M) 1996 3(F)

42 (M) HIV+ 72 (M)

61 (M) 49 (M)

70 (F) 71 (M)

53 (F) 53 (F)

57 (F) 1997 73 (F)

20 (F) 14 (M)

34 (M) HIV+ 1(M)
1996 37 (M) HIV+ 1998 29 (M) HIV+

58 (F) 42 (M) HIV+

55 (F) HIV+ 1999 8 (M)

68 (M) 2001 43 (F) HIV+

Total 24 cases
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Sedei| Alardy L

X2 J|= (2011. 6. 2.) H X
. ELASHH| Aot 4Rl oS S0l 28 78 " 1Al
SHES2 Al Hl 2012-1855(2012. 9. 6.)
ESEyS | %“**2} Il = = = A2ASZEHUAN 2=
o230l 2t NIHE saAsS
TEES m%gm HHOI 4 A ﬂ%gm TEES m%gm
=501 | 2 log 2.5 log 2 log 0.5 log
A0 | 1 log 2 log 3 log 1 log
2504 | 2 log 2 log 2 log 1 log
MF 4log | 310g 05109 | 250 | 35l | 0.5 Ilog
UF 3 log 2.5log 1 log 0.5 log
NF,RO 4 log 3 log 0 0
*YEATRICIB2 25 2Log O &

=2X(0| ot SZ(Chironomid larvae) A

Xing-Bin Sun and Fu-Yi Cui, Water Science & Technology:Water Supply(2008)
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W OHESH M4 KO0 ASS SE 8=

(2211.29)

= KtA! Og AFSHE 2 -2.07 eV
= A2 48.0 HAZEX 0.02 ppm

o 2.14 1.099/2(0°C).0.5
H =

g/2(20C)

B
rr
1)l

a2 C

siess

OH (2.85eV), H,0, (1.77eV), MnO, (1.69eV),

HCIO (1.63eV), Cl, (1.36eV), K,Cr,0, (1.33eV)
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CEREL IUICELIIUE: Tt

- Hio|2{4, HtE||2|0}, RIMSE S

- ZEHE, B2 A7

- M X7, Sk UHA X7

- R7I12 2ol - sYRF, W=, MAl, THM X3 S8 S
- B7|182Z! 23l (Cyanides, Sulfides, Nitrites)

- SESE A, MEGSHA sHA

- BRs=E WA

(1) 70 M1
(3) 05~ + H+ > *HO,
[ = . 2 (4) *HO; > +*OH + O,
(2) 1.6%10° Y -
M-1s~t [\> (G)aéﬂ .
~1010M-15-1
v {OsoH}————-b-‘ ,

(5) *OH + 0, > *HO,
(6) *HO, > 0, + *HO,

Reaction of Aqueous Ozone in “Pure Water”
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(1) O3 + OH™ > *HO, + *0,

(2) 04 + *0,” > 0, + *O5
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Figure 4. Measured pseudo-first-order rate constant for the decom- 0.00E+00 0

position of ozone vs.
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« Rate Constants with Ozone |
P O\

Chemicals ko (M1s)

Alkeanes 103 -1 0% ~"10
Olefines L8 108 ~ 101
Aromatics 1~10°3 108 ~ 1010
Phenols 103006 10° ~ 1010
Aldehydes 1~10 10°
Ketones 102l 10° ~ 1010
Alcohols 102l 108 ~ 10°
Carboxylic acids 10°~10 107 ~ 10°
N-containing organics 102008 10° ~ 1010
S-containing organics 10 ~ 10° 108 ~ 1010
Pesticides 10 ~ 107 108 ~ 1010

M ————
SJIE LENO] HE

= & A7

Ol2& Y& Hl: 0.88mg Oz/mg Mn ﬂ
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m A0t} OFEILE At}

405 + NH; = NO; + 40, + H;O* k=20 M1st
m XpE AL AFSL

|

’
AR

@ I MSH(AOP)ER?

O, based

- O4/high pH

Radiation

- Ultrasound
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2 E/NSTA dTTE HE v

v (54%H|AH &) L& 1.5 vs 2E 1.0/1}+H| 0.5 = AOP37d 0.16/m3H Z+

v (80%H|HE) 2Z 3.0 vs 2E 2.0/1}+H| 0.5 = AOP37d 0.58/m3H Z+
100

R 80
]
= 60
&
S 40
)
3
£ 20
[0
o
Os(mg/L)
0, [ AOP 0; [ AOP
2-MIB M & 54% 80%
=g Os 1.5 1.0 3.0 2.0
(mg/L) H202 - 0.5 - 1.0
HIS(8/m) 3.84 3.68 7.69 7.11

=
20
I Sl I Rl ) R
O
s1ort F- A
5 ,,,,,,,,,,,,
0
02¢g 03
o 1mg/L+0.0mg/L 1mg/L+0.3mg/L 2mg/L+0.6mg/L
(03+H,0,) 13k 05| x} 13| 05| &} 137 05| x}
MHs8 57.3% | 58.9% | 67.2% | 69.4% | 88.6% | 85.6%
4
A 58.1% 68.3% 87.1% ‘ <
,'\*:'
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iil-lllu HMAHE et 223 AT X2 &% J

W SEJ| 2-MIBHIOf 2IXL, 40ng/L |Al [5°C)

FS
<

IS

w
(4,1

w
o‘

N
3,1

N
o‘

*40%

:2-MiB(ng/L) |

-
’T

oS
o
]
1

70% 30%

&

S

H2EAOP F/A(61)

= AOPBHLZ HUE Y 712t A%
- HYE H=ETT MG Al 21 0|0 XY FI1(50% HIHE)
= AOPT L LAIH 29 II'5

m 2F0[|22] &z}
=160 M-1st
EBrO3' ]
= 100 M-1s-1
H+
\ M ..» CHBrg
Os HBrO™
k, =330 M1s NHs* NH,Br
Br-+O; 2 O, +BrO
2BrO- +30; = Br +40, + BrOy
N:
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B Y | AT DN A “ r e
|22 [lidea: AP 202 Brunaisi]|u] »
HZHI0IE WA Hiof (Z¥ Pilot)
» SEIIJ} OIEDIELI HIMOIE MAS UL St
* 3, 0180 REZ H=E2Z 3mg/L 01 Al ESHO0IE 104g/L =1k
o % FYA 2ZHIO0IE 104g/L 0012 WA MR US
% Bromide 140xg/L =& =&
14 35
- 2E 2mg/L 0 :g; ;ﬂgﬁ
O2Z 3mg/L -~ 9F 3mg/L
10 25
%8 ) %zu
E 6 = Ew
4 10 o
1 ATre
0 0 _ I - -0 —e
0 05 1 13 0 02 04 06 08 1 12 14
[H;01/105] [H2021/[03]
| =
2 HEO A=
- REUS FUE
Formaldehyde Pyruvic acid
Acetaldehyde
Glyoxal Bromate ion
Methyl Glyoxal Bromoform
Brominated acetic acids
Oxalic acid Bromopicrin
Succinic acid Brominated acetonitriles
Formic acid
Acetic acid Hydrogen peroxide
*S2LSEE RIS S QLEASEIESOZ M4
** aliphatic, aromatic heterocyclic RIS 2 LEAIGIHIS O Z Mo
***Brominated byproducts are produced only in waters containing Br- :
| \"~
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AOC(Assimilable Organic Carbon) Vs. BDOC(Biodegradable Organic Carbon)

‘Q NBDOC
BDOC FAoC

=] .
-AOC & &=
= Pseudomonas fluorescens P17, Spirillum NOX)

- Carbolxylic acids,Payruvate S MEAt RI| & &5
- =& H#8:ug/L as C-Acetate

CACCIIE? HESH WEA o3 d

Organic carbon, mg/L

= AOC 100 ug/L Ol 5t (B S 4 X 2lAl)

= AOC 10-20 ug/L OISHASZE =3 R)

*(LeChavallier et al. 1991) EBCT, min

i‘ Q=0| A=H ‘A.A

ﬁ

= 2FE 2X10] oI5t MEY m}a|
- = OH 2iC|Zoil 2|5t MZEH &4
- = 2F Ex}oi 2/ DNA 1}3|

.+ 2F ER0 3 ME FYH(H,22E) T

ez @x | ==om
(pH 6~7) = (pH6~9) © (pH 8~9)
E.coli 0.02 0.034~0.05 95~180 0.4~0.75
Poliovirus 770~3,740 0.2~6.7
Giardia lamblia - -
""E;;pfospor};/um ................ 7,206 ....... ‘
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A —
(Z1% o,

PSA BHAI

Adsorption)

| 97% 0))

(Pressurigd_S'wing

(K0),9)
99.5% 0O,)

UK A HEA)

=

oh T AR A T R BT

inlet

High Voltage

Electrode

Dielectric
(borositicate glass)

Electrode

E SYI(YUETA EY)

Generator

Heat
Oxygen containing Free oxygen atoms Product gas:
feedgas and Ozone-Feedgas
{Air/LOX) oxygen molecules mixture

Grounded fi

Energy (Ozone Generator) Generator
outlet

‘ . Eieclrical Fiel
—> \II = KU‘/ =
® x X

Electrical Field
S———

4ed

D <0V -
| : | O|2X QF ghaiy| guaiat

4'. "
R
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= 2Y7 SHE: S B

m HHESE(%) | > dakgk(kg/hr) 1

12% "
(178 g/m3), g
97 m3/hr ﬁﬁ B 17.3 kg/hr E
g
_______________________ 2
7% g
2

(102 g/m3 |
309 mae. — () — R

Mok | 12 B | 7% s ootE/Y 50rE /2l
S (ka/hr) (ka/hr) | =elsS(ma/l) | FTYsS(mg/L)
2 A 1.2 1.2 = 0.1

SN 94.5 kg/hr 62 94.5 7.6 3.5

cWASBZ 2 126T . wrMD| A JtAZ DY

ﬁ BT| MEIAHY

12
® Ukl WTP(AS7]) -
® 319 WTP(AZ7Y|)
B MEMS7]
A MU257| o )
W10 [~ e Mu3sy]  [TTTTTTTTTTTTTTTTTTTTTTTTTOATTT TTTTTTTTTT
g e
mg |
.
S 4
ﬂ [ 2 ittt Sy e~
™ .
0 T 82
ll = LA
&1 ......................... . 4
6 o
A A A A A A A A A A
3 4 5 6 7 8 10 1 12
QFE UHM=T (%)
- SU LT SU DY = BMT|o] 8 XI0]
- QESMI| MEH|E 2L SHE flo] X3 A28 DLIE
doUe
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ct Pipe Line Injection — J

Ozone Inlet: Pressurized Ozone gas feed.
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E A 84
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cjo
K
ok

|

2|

]|

]

{0
IH

0

2tALOIE 2 F

|
od

b

v

+ C
+ CO,

+C - 30,
+C - 20,

20,
03
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100%
)
80% | R .
L -
o ‘| ol
- - <
4 o0% e 4
Kl Kl
of o g*
mE 40% | K m [
=) g K.
20% | - @
.'. ¢ Mixing
No Mixing
0%
0 05 1 15 25
[H202]/[03]
X
SEEWHE

120%

100% |

80%

60%

40%

20%

o2 13
B2 205

05 1 15
[H2021/103]

AL
kLB

2

S IS

25
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2IElE K-Water






2EE

(==

=
4 : taeval@kwater.or.kr

IS = Y2

2021. 04.

K water

o s

0

3

sd HSZ HI=

_ oa [P O
| I2E ROl SU= MmOl SSLC=RE - F
0 (WOH) FOIY, HTAl MY 29 i S’-ﬁ\,\ ‘

b (CE) SIEBTIN UIYTS, FWIUEY, B YR 5E ANE i

948 B=Z FIIEN 243

o QUET BHHSEE USY HSAAC £ o3 2
P R £ SEPMOY LEEED)
5 OlEMEY HE W ASTENIAY S HY S

[ B~
TT=

DA} =

b B -

. T SR J10|=2H21(50.0/L) 724
=, T=X0 H Ol+=X2T HiEFT Tt
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Bz=

x2| =eliZE

= HFAH
TT= O

% 2012:

K water

2012/08/06 03:11 PM

gee SEld

M=

2| =i A

(& men

FE

B!(Geosmin)

LIX 2

HZRII S0{ BalE o = WM 2la) HiS

eL“AH OHI-

213

e FE MEHN Hel( 80%)E FYTF0l 7
e T H=E 7|12 20ng/L 0]510|0, 2
=3 20ng/L 0[5}, &gt dEr X2 ==Z 10ng/L

)

% 2-MIB(2-methyisoborneol)

o UER L WM ofsl HEEIE H
e FE ZEM SHEN(Y 80%) 2 E=XH5HH,
o I HES JIE Y 22O B

Heo

=

e 3UMRI|EeEE(VOCs, Volatile Organic Carbons)0|d{, 10ng/L EXH0=
olEo| FRLZSHE J|ECRE BUEMEL
FISEEEE SE0| HAME LM

EHoll oIt M|7{7} X|22A21 HC} 0125

~upEoiEe Nesnl SUE

K water

Cy2H,,0
(2XH2F 182)

0|5}

C,1H5,0
(2XH2F 168)
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A2| =elulZE

Bz=

e 20114 118 0|7 |=22E 25t Y= Bk X240 BHeE, =53 XY +X85
ZREM A L ERHEME FHEHY BY o H2 222 2510 Hr{== X5t =Y
e 2012d=0ll= ZE(F) XIL2M =7} E[CH 1,125ng/L7IX] 45

@ 20159 ZEH(F)0IM BLEHEI2E H|7{7} 0{2{=2 2-MIB

St Z|CH 70ng/L7IX| &5

1200 1125 60 160 408
. 348
1000 - son 140 358
120 308
~ 800 e LR o {259 =
B d |5 oll
;_‘% 600 24n ] 30% g.F ;_% 80 | 70 1 208 g
1] 400 oy P M eo 56 158 2
3 " 295 il % 40 1089 ﬂ
200 o 100
I ) :
1
0 . . ou 0 s ou
08H  09H 10H  11H 128 13H 140 15W oBa 0SU tom 1TH 124 1su 14w 15w
[ waX|QAQ(H A, ng/l) -o-X|2AB 20ng/L o4 W4T ea2-MIB(H HO), ng/l)  -c-2-MIB 20ng/L o4 E¥I|2H I
.:?:
v 75 ~
. o F= 220l 3% SO 7NE J|E BEELWHOR
2HO0l HIAHEIX &=
- FXEY NIZRIVNIQLESE, HEHI FLEE S HAHOI f10IH
- QEUY, EHE(EH) SO Md3dE HEI-MHAHHE
=100 Xt Ald > E3F Zgdo 28 EQ
XEN AP NEAE =Y S BIHRIE MB3E(E9]) (2019, EH)
“ . A e G il
o “*— = - ) /"‘_;;-—' —-—&—“L‘ i—-f
= .t\ i—— -
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n:'__'.=_i1a| =olHjA

B.x_'lg-,.'_s + F/A(Fiiter Absorber)

2 ARl BFEL SR, S K|

CIENE BI=>
[ & = ]

UH & 4= X1

A+3 g3-38 ad S2eH0f 2t
i

AMSs2HAX

3+

YFS

|m!|

YRS

HYAR  HEHIE B
o

[ &3]
eEFAX | 243 2583 ag F/ACI X .
H.0. Os \ b 4l 2 4
o fldo f| o | M= X
= e -2
HJ HB@@elX
TE2 F7} EECRNES FEE RN E
o 37 S A48 BHO| M, ¢ YT

9 =
ZHOME E2E + GACZ} Cta |2|8tL}
=

[=] =
BN HEHE22 SESTI|T(0ng/) EE0| 7tsT URE + FASH =

Olé%ﬁqi

ol
=
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B EE-E- +GAC(Granuar Abctivted Carbon)

K water
=2l Akl - 12, MY, 3t axe =}

= 3

REWSE matolaA)

] e

’

|

1]
i

K water
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K water

T3 F7122S uv 49 9 =22 (H,0,)0 2faf A& &l
OH-radical(-OH)= 0|83l 23l A X HSte 1= At5tE ™ (Advanced Oxidation Process)

UV Photolysis(Uv ZA0f| 2|

ok

PRI E ) UV oxidation (UV ZA0|| o3t X1 235})

v {energy)
Av (ene H,0; ————=% 2+0H
=] u) [radical species]

2

Products koup Oy
[radical species) ———— Products

P + «OH

NIl UV AOP + F/A
C Uv-AOP ZFHOIN 2-MB HIHEE : NISE) )

K water

100
£ w
>
o
c
2
2 60
§
a
8
g 4
o
=
a
= 20
N uv S8 | ©50% o70% 090% ©100%

0

0 2 4 6 8 10
H,0;, (mgiL)
2 & N E g H
I - Hj AL UV '):B13.2me14.75mxH5.0m

8 UEZE : B3.9mxL13.2mxH5.0m
- UV reactor : 4 AE (37 ETt HX])

o &S
UV reactor - HZA} : WEDECO(S ) 148 g2
— A XYM E =3 315W, = - 1687
uv = B4 Y p Pl N f @ : 14,000hr
- UVT(XII MR 3HE) : 92% 0| (M B £2|E)
Il Bt . OFZ X3 15m x2EA(PE or STS)
FUAH - 827 : 0.16~8.0L/min(2EA), HZFHEI : 2.8L/min(2EA)
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i) 2= 23
I Q©H@’@

@ 0{2 : 12|A0] Ozein “smell(HAE 2C})”

e 7= 84
- 71H : <k

K water

N

PEEA oy SEA

- BEH 112

c
e E£2(F) CIS2E M38{0] et SF > 42| 7HY
- &5(QUA 7ol CHASTE AFR)
- &2 (0|42 AIE)
- ¥ (HAHI7H)

@ X|SM0| sl Bt |(=7] ==2| 1/271%] Eo{i==0 Zal= AlZH 71 &2 =Y.

Typical O, Half Life Time as a Function of Temperature

Gaseous (2ETL) Dissolved In Water (pH 7) (BE2E)
half Tife time at Temp half life time at Temp

-~ 3 months =50 °C ~ 30 minutes 15 °C

- 18 days -35°C - 20 minutes 20 °C

~ 8 days -25 "0 ~ 15 minutes 25°C

~ 3 days 20 °C ~ 12 minutes 30 °C

-1.5 hours 120 °C - 8 minutes 35°C

~1.5 seconds 250 °C

These values are based on thermal composition, no wall effects or other catalytic effects are considerad,

[ == 3

K water
%
| 2E0] AFe] X YL
> CHI|EZHI|E 1AIZH =2 :0.1ppm 0[5t > ZHASAI|E CHAZH == : 0.2ppm 0|5}
8AI1Zt EZ : 0.06ppm 0|3} 12 8AIZ+ =¥ : 0.08ppm 0|5}
RENLSE(ppm) | = FAZ QIHof OjX|= H%
0.02 HAM X
0.1 £ 3, 2008 ES
0.1-0.25 2-512 58, W18, H7ls Mt
0.3 2A1ZH 7|5 st
0.6 2A12 R 38
L 1-2M2H HES, M3 H2
2 A2 BASH 42, HES
9 7 Az HY
L 152 o|A MY
50 302 Apat
* ppm : parts per million (1002H2&)
- BOIMS| S5 : ppm = mo/L(E2| HIZ0]| 10|22) - C47|S0lIM| SE : ppm = mL/m?
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SElE] B ARNE]

s

K water

DHQL WH XM HARM )
(o) 0,
g 5 . (AFR) 0;(2%) 2| & F &5t
2 03 \ ~ ~
(BAM2) (2F) - OH 0] 2f2 &hst
\_ (OHEC|Z) )
0, 0,
b —_— A~ A~ -I-C02+ H20 -I-()2
EI . OH \ OH (KMEX R7IEF) (0|AHS}IERLY) (8) (Ak2)
P .
= 3
> OJME| A= (HAELE 100H] Zet A5E)
> CHHA| REHEZRI(2-MIB, Geosmin E) MH7{ > LEZHENM 70%0] 4 M7
» 1,4-dioxane, S2¢3 S O0|2RHESE M7
=] Fe?* + O3 + H,0 —> Fe3* 4+ 0, + 20H-
51| Fe** + 3H,0 ——> Fe(OH);| + 3H-
Z Mn2* + O3 + H, O —> Mn% + 0, <+ 20H-
Mn4 + 40H- —- Mn{(OH); — MnO,| + 2H,0
> A, Az AICH AZL[0IM EA, O|LEE S K7
> 31
mi-.'_- o
. Kwater
| 2EEY7] E&]
meRmscuARGE SPACE 30> — 203 8,,»1 "
\ mp ey s —°
Wi [:0::} Q:+
- i v I N 2. High voltage electrozde C
Oz B o= 3 | B HEE volase
‘ 4: Discharge gap NNN - N\\
= & 5. Ground electrode Heat Heat
= Ground High Voltage

GROUND ELECTRODE /
STAINLESS STEEL TUBE

Transformer

“— 0,

i i ey

ﬂ- y2s

0.+ 0,

1mnf
Steel
(SESE 6~12wt%) tee
Steel ground tube electrode
el
FEA)
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L 2=33
| eeg A=

ot=, X, XZ MH|

SEYYSS X5}

0, N,
(21%) (79%)

Al_lAHI-A 7' o)
| SRS % (9% (:Aaxil‘?!i) :
(21%) (79%) = g >
HFIALA (LOX) Al o,
(100%)
0, 98%
T Nz 2% O|LH
7131

K water

33

SEUMEE (%)

K water
| LELVTN F=2E
€ 2ELUY SE= WHMA H|ED MEHIE 2 224510 71 AMH2 Hel L 29
- QEUM=E=E ZJ} > WML ADEF ZEA HEH| ST}
- (B 22H[8) = (YMAts FOHHIE) + (LELYI| HMEH|E)
5,000
4,500 —F=H|=
4,000 | e
3,500 :
2 3000 =~ | [zmm 227z |
S 2,500 ‘Nﬂ\“"—---_..___l_‘ 012 |
* 2,000 \ I ——..:
1,500 | o -
1,000 | L
500 : ]
0 | |
5 7 9 11 13
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YE4] ; Diffuser &<l

N1
| EEEERD N CETEXE)|

-

o N H o 1 3
e -».19 e = = T ‘-—-\
QEMNEEE U
HeE Chza

>x IOx
i) o= 23
K water
S = =
=i, 7.5
| @& 2
o 2F THOIM 2 FUMH| AIS S
- EZH S8 SMS ol A0 EAE 1~3% EEHAIZEAE xH0])
- FAE SFWAIC| MAS YIS0 YT A4S BX|
E AT Lol ol MAR EAEE WS E0{, LE LY SE=2 S}
@ =M H|AH™EX|(interlock program, H|Z=Al Ozonia)
Ak QIR} QEUMI| H|IMHX| =7
Ol 2k -60°C O] A
A 7IA 2 10L/min 0|5} == Y3 5kgf/cm? 0| 5}
W2ts | S8 25mi/hr O[St Eis 2 asoc 0|4
o 34 AC 380V O &
Hf 2= I} 1| 7| k| 7| Lf 2 &= 350°C O| S} EE= 500°C O] AH(& 2 & 400°C)
(€ mtul) 7] 9% L& 5% 0.1ppm 0| &
@ ZEA ol M| 2H Al ReALE
- 3akls E40 20| EX > 2ELMI| /e AL 0|SHEHE MS
> SESY 58 Kst, WHT SHEHS U 24 2y
N 1K
I o= 83
K water
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[ 2= 22

| Q& QLY « Main Stream

K water

W E O —
! ! P T
: »
S
> =
mi-.'_- 33 -
K water

| 28 SYE 4] : Side Stream

I 2t2837| II 2| 27| F!It!ﬂl

= |

I_}__ f l -_II.!!NEI?!I ! ‘
';7"'_'%9 J— - — : lm
(TégT] STeo ) [@aEe Q= NUHg =8 (amze).
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[ 22 23

K water
1 I (=) ( (=S
| (lRE HERAEY = ves: sudsy
Power & Inverter PANEL 4
[7% ﬁﬁ —_— vent
Dryer |ai
@ Control valve
o o 02935 (,0ne Generator 03 gas gégtrl"sctor
*5? Injector
' (350~400°C)
Heat Exchanger
Motive pump
from, O{ZtX| i@i—im} > Demister (==H|71)
R
— 1—491—

to. EYEIIIX|

[K-water 1L¥X 2]

[} 2= 33
| e HAE oo sne

1L =04 (35~60°C)
F0Oj : 0] &EHAUZHMNO,) +0| £HSE|EH(TIO,)

; s
Demister S|E{ HHZ7|
(=2HM7) K '_@—@—4-—

o3, t[EBIII=|@|= SRS

H=%m'=*‘° H4x|
Dr.$@
Y

K water

[K-water IS ZH
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[l o= =3 -
water
| RES &4 ZE]o (ot @, ¢ @AQ)
e RIIE H ASREME MIHE

v QEFRUCE TEY RI|= S 0I1YE 30 0|2t BDOC H AOCI} St
v ldEYE0| BACHL X0 R718 H 2SR UE HVEE 3719 e +HAHY =1

M| #20] 2 API0E P+ ZHRHLE 0.60[512 RAH RAISIHE 255 0HS

e SIS dRrYHL: 2S=l
o
T

v SllFAIS ZREL

A
n
0%k
1}
|0
hu
1>
Hn
I
A
r
1
o9
3
Ell
oin
ol

} 7K=(0.6~0.1mg/L)

e &H|Zi2|
v IIS2E Qs +HEIELCH= 27 01F ZH71S Ao 48| 20| o HIHSI=E,
&Al 7ESs= Aol o wrelgt

* BDOC (Biodegradable Dissolved Organic Carbon) : O|44E50]| 2|5 £5l] 7I=8t EEM RI|EL
* AOC(Assimilable Organic Carbon) : OJAIE0]| 2|5 S&tE|0{ MI=E L0 S=E|= K7|EIA
* BAC(Biological Activated Carbon) : -MEl M|S(pore)0f] O|4E20]| A&, RIIE L ASHEME S 24

—
S
r 0.5 o
~—

o =3
w 'S
=0l
THE=

7

’/
=
[

by

ol
-
N

2

B0 et i i, i e

i ) u mg/L 0

oo __

-

| o #2 TR2E  #3 TBRSE - 22E FY2(ppm) |
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Ll o= 23

K water

| RE IER @aes W= sy

-—— AT oia

Huo ~—— momeT ojm
— Tl =2=sp |
ey oy o e s
=l =
C = = — - )
- ezmaz ) 2E- —EE- C—=muaz——
C m | [~ D)
3| Pi— = —h- < C T —FH——rr—r
_______ I — L s s e s e s | e e
P !:1 7 .?_"l r’-(—i,.‘ =l = IT—\., __‘,._,-- 5 |
31 YTy N (=i = MMy 3ty 4y 4
| FRPE M= TRIE HHE
b =
I
HQOE

HRILEMHE

[MEA] Sd+E]

23

[s=

—

K water

| fEe8 50 M2 JaEsr SYUS

mole ratio = [H;,0,1./[0,lc 0
< 0035
g 0.030
e L 0025
g B None :—" a5
0.1 ratia = ans
oa K o010
o o2 o’ o,
0.3
B3.0\\,2.9 r 2 e 2 . omoofo 0s 10 15 20 25 30 35
R - _“:) s o ol Ratio (H,0,/0,; mole/mole)
AlZboll w2 mMEss 55Y 2F Bl SE(Ko) ZEHAM FAEEAD
(pH=7, £7| 2 &5 T=10mg/l, T=20°C)
. ReE sEAlHE FAH, FLEmem o
= 0.2mg Ozl i 0.1mg Osl |:0.05mg Osil
maspga | 00 o
(35%)" o1Te o 12 P08 H 70~75
of 5 : . [l LT
10-15°C 20 4 10 | 05 Azt 58
_ 1.7 T 08 H 04
El 2 g HutE E(1.0N) : > H
0.4 mgel, S04 inalg 05~
Thie}ra(359%) FALmel) = mxarET X AFLET =meh)
f = 85(5= 5°C ¢]3h), 65(F=2 5~ 10°C), 40(5< 10~ 15°0)
* E2A 2= AFGALe FReE AARG AHGFEIAEETEEEL 20159)
% =] L2 AssE Ty A=ZTUE & TAE(20158)
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K water

_ v E
m 5 @5 (3
.r=._ m ~ o n//\._ \ m o
um Kl m. (k_\ M\ 7 _._.mu
Ho 4 S s g A 0l0
= © ) (@) =
= _M = m S o M ulw o
oW | | - + 2 TR o3
I
M D ms w&_m w_.__ - %
W ooy s w W n  J
LA w0 O
W o & M £ 2
mo B H g = % S =
g W 5 or = 2 9 =
; s 0 oy s K2 T
= 16l o m% =< = S o
- 0i0 o) gmol B T R ) -
- ° 5 8 0 M o0 oW A ol
o W ci 3 o & M o ©w 3 3
b B =0 ol r =2 2 5 W £ £
M i o z| O X w ™S5 5
K _.AH_ o w ol o_m - __A _° H__-._ (00) ~
SR TREN R ot || HO K <ERV D L A S @
Fam =8 oW I qm B T I s o
S > o = m___ﬂa u o] © o 20 X a0
SgE S on 0 wl B ok - 3 B0
5 R SRR AW il oy W W oo M o o
. ) b Swmm W@ < = .Ar._ G T mm all _.IAH_ v R
— ] l Oﬂ o ud < Oof G+ = W_M O_ ol ol
m N = ® N o S
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EUA 2iarataet 25

K water
e =0 80|38 BX e =xi0| of22 21
- HrEEM SOH(0) : W) - W2 BRI XIUE StEE, 283)
- 223 S0H(0l : TCE) - iR =2 X1 £E= 20|24 |7|2
= o145} HFEEE 2ZI(0fl : PCBs) (pore size exclusion)
= = =4 PhACs

= SO0 : 2=

= Cleyd WFREE (0 : AEIM)

= EDCs&} H|=4 PhACs(Pharmaceutically Active Compounds)
= NOM/Humic Substances

= EfOM/Refractory Organic Mater

: EBCT(Empty Bed Contact Time), GAC S8 S
10NEE, 1, o4, IESF

P REAo] BA, M Y, SIRESEX] S

® @ ®
4r 4> ook
u
EE
1

2|

o R =

o B 4

b S ot

o4 Ml B
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ol Bl 1 —4
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22 E7t600mg/gO| 5t
(
BV 100,0000] %}

K-water £1EF WX 7| = (At
g4

K-water X}j’¥ 7| & (A2
Geosmin 10ng/L

Ak

250000
9

8

200000
7
215

150000

HEFE(BY)
AbEE(E)

100000

50000

800
700
= 600

ol
£

~
u

500
400
300

o 200
100

of




ﬂé*%*éﬂ 23 —

K water

F(20134)

@ ZJAY HFAL : CIERZ2 HEAl(2= 700°C, HIEA|ZE 3A|2H

"13~'1414 BHRY() GAC F/IA Q@ £} i3} 20|

RPE]
o L £
o = 83
100 it foss \‘\x._ 766
Ll 6?5 = D RN 7‘5;&_&“‘\\(6_39 661

800 ¢ 1 664

2257} (mglg)

[ ——t10im4) ——r2qal) —e-s6(0iTha) 474 |

@ Mol ejst EFs(22=71 g2 : (5Y Al=2)692ma/g > (xl44)960mg/g
THAEIMEL ERH= (2257 A £S5 (I|41)960ma/g > (1871 AF2)639ma/g
Elof| H

© ZHAMER2 AEH| HlsH ALB7|ZHEE BV) Ol HFE S5Hs 24T iHE EHe

BV oi&atME 25 —

K water

© AZ7(Zt 4~6'1 Zuist e 2T S 25
© AZ7|zh 7 Zuist S HE IfWE S 2|52 82.5%
(=]

@ AL=Z7|Zk0|| 2t @l At e XN [HE 2| S2 EA 2
(AT S Sl 8|l+20] 80% 014} 71se A T Al > 80% 0|2k AEH 0 HEF)
@ JIsSE Z4Ern MEI2 =5 FelsIX| fi1l HER Felaz2] - &% SHEM 7l
O 24 Al ALEJ|2E 24k (md) Z-A (md) 2+ 2 (%) gl 1
#1 74 152 123 81.2
#4 74 146 17 80.2
#5 74 145 121 83.2 20159 H4A
ot 8458 82.5%)> 80%
#6 6Lt 146 121 825 iy
#9 74 146 123 84.0
#10 74 148 124 84.0
#2 64 142 120 84.8 2013 A A Al
#7 AU 143 126 875 Yz 258 86.2%
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K water

QIAIEHME TMZ T S5 AT}

®
e ATE= "3 91%= AEHHH| 4% ZL512L) XHA| 2T |E Q= (90% 014)
®
@

S AEHT 2 70| 1S

I2X|$= 84%E M (70%) H AMENT75%)7|E O &
2OCEAIRS 861 0|22 MMIE 850 014 BHE, AlShar} 89 Mg

S E 2 B0 21 Al (Calgon 820, A EHAl-R AL : ALEE S T K-water Z2lJ|&
S4LAM #1 #4 #5 26 29 £10 o M4 e AlEH
=52 1.0-1.2 1.0~-1.2
”( = )‘1 1.0 1.0 1.0 1.0 1.0 09 1.0
m (+0.05) (+0.05)
aSAS 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.5 0] 5} 1.5 0] ol
A5 (%) 91 91 94 91 90 91 91 90%014¢ 95904+
UL A 5=(%) | 84 82 39 84 79 87 84 70%0] %t 75% 0|4
2eSEEE
(ne/g) 854 368 835 473 854 860 861 850 0l %t 950 0] 4t

V' AZUIL0l M2t QIARIAE R 01 T2 AR BY : 848, U5, R0 Bt

BV oi&atME 25

K water

O AFSIME} AIEF SIOAIEFA] =2 L= G|A].

. B T YErdE MEHERER) Sl
. HEXE " IE

1 WUE HISZ2 A=RS TS| M|, 89, ¢35, 8% I V[E A8 ISt IS
ALZ5t0] MI=HAL X MESH2| IS EAISH0{0} St}

2 AAESEY2 T SiLie] YMAF A =E WakE HIF0[010F St 5 JH 0]&k2)
YAAHA MZS =8tsto] 9EE = fict.
T8 SUYUSER 5)2 B2E SLHH SLMFO0| AL=E[0{0} BtC}.
o =

2.3 YMEHER2 IS0 9001 & 2SS B2 IV ISE(FMEMZ=MMAH]) A HLHEl
MEHF ) MEZ0[0{0f 5111 OEM Ao = MME NEF2 HEe 5 giCh

2.4 ME2| ZEHEES 2I8 CIE MFRE M5 MES10{0} St}

1) YIS ERD} MEF MARIH] 1SO 9001 2IEM

2) QIS ELT} MEF AALX] Z04A] QF MAH| EERE=Z=0(ZHA

3) HREHEE MEIS SN 2 > £52H B SSHEE (CHFH A AL
H|H=7|3) o =1 MA Eof &2 & + U= HHYUS SYs= MF

4) HI=Z3d &zt £8 > sHliAet 2F HHs =2 AlUAM o S6ld=
ZXEIH =AM

6) L] MMAF| > MAZZE X 2N HZEY §7E (=2 2y H20= 2 H21x28

N

oln
o

N
o

I.
o

1

ol
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K water

3. ME X FE:

ti o Y HE2 FAIIES UEsl= ¢+ =S LE 00m32 st}

4. EE

4.1 QYEYER] SN S H 4ETH2 OIS 71E00 Helsto{of strt.

1) 221 5y

B g Al
d=EH MENRHEDY -
223 0.65+0.10mm (0.55~0.75mm) -
a4 SA = 1.9 0|5} -
=13 95% O| & ASTM D3802
SHUE 420kg/m’ O] & KS M 1802
02 X| 3= 75% O & AWWA method
FE 2% 0|5t SYESHA SH|
32 7% 0|5} S|

K water

T oy e e
24 EFEEEN

StolAI B 1oL B U0 1] 2] Al 815 1| = 5151 0] OF B LI
i 4.0~11.0

ATRE KS 85 (2,380 x m)%% e

=de 5% 013} AL A
0.5% 0l of M 2008-69=
T=relNe] D&t

H| £ (As) 2ppm 0] ot o A,
= (Pb) 10ppm Ol Gt
It=&(Cd) 1ppm O] 5t
01 (Zn) 50ppm 0| ot
H =7t 25 0l 5t
ABSI} 50 Ol of
HEdEFEAMY 150ml/g O] &
g 950mg/g 0124
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K water

5.4 FEl EE2 S0l A5 o =t a0 ZE|0]H JCHE 2
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(=]
==
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5.8 QYEHEI2 FRIIE L XHIIE H= MF0| Yuk|ofof 5t Z=SR0| X|H5H=
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=
Z40] statst=5 5t1, SAtol X|&o| =5 x| (Y2l)5to{oF StC}.

1k}
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© Ol M 218 2 KIZIRI0N Bt

© B B2 US| 5 MFUAL, BSUA, FLLA MU

L+ MUANE S HATIBO| 22 (2 25 £2)
+ 141 OJLH S MES CHAl 25t ZL0l= BiF

FUMAZHM EF (A, EX|AL > FUZOHRL)

©

219



K water

6.1 Zs3o| 213 5tof == sz HIRIEl A|RE ZHFI5H0] SCIZAP7 |8 EE= Z4=30] XY
SH= ZIARZ |20l 2| 2151010k SHH HE=A| ZALZTE MEAS 1| E510{0} BHC}.

6.2 T2 AlHEC F2 ME SYU(HYS, MY, EF 5) Y SUSH BN H/F 4EYS
AAI5101 612 20| ZLHALS MAIZ £ ULk

6.3 SUZALE 22t AIBMBE 2SS UsIsHol ZS0| AIFsHS FA0M HEH5H010F H
u(bag) EH9I2 HHEE 29 30} 77| (core sampler) & 0125101 HA| HESE S0
ofziE2| 7|=(AWWA B604)= £15}0{ =2 ui(Bag) £ ZHNSI0 =L 4.5kg2]

SIALZE BHECH AIZAF MRS AotMTHRISL ZS 20| BoI5H0] ZHSH, HFE

I= ZRAIRE 712 HUS B2 £ U= 71 8710 L1010k B,

Ec';% é ol ol A8 74*[71'][2 iI-_Tl_gl.(H _T'_Ohl 2EAN oA E‘E" SE 2|2 il_l-Al_l-

5101 & $2S SIOINC) WRA| UASME SN0l S7 LIS $I12 SoIfiC)

6.5 S| AIWZME ASSHD AEC| £XZ B Aol AR 2UDE HES HE
51010k 51, 010fl HE BE HISS HSHMTHRITL SLEHSH0{0F SICL.

fo

Bh

6.4

1>

B elaatys 23

K water

2l & EEr MEE STOfE XL AL

AIE A = AIEI 9-IEI

© sample bag MF @ AIZ A3 L =t ® MEZ g0l @ SAHAIZ AR 22

= [
@EESESEEEET )
@ Bag(1m?®) A|2XF JI5+= AWWA 7|=0] oJsl AH HEE u(Bag) #= ALZAE o &(Bag)
2~ 8 2
9 -~ 15 3
_ o o _ 16 ~ 25 5
@ Z 4.5kg 0|4} xFI5101 =&t > 5009 A|E2|=] 26 ~ 50 8
51 — 90 13
91 — 150 20
_ L 151 ~ 280 32
© XIS 170 AIZ (303 > 28 > ol=)) o] MHA wa 201~ 500 50
601 ~ 1,200 80
1,201 ~ 3,200 125
3,201 ~ 10,000 200

220




o
@ pH 8.5(2 =2 711Xl Bed Volume J1= 150~2009] Otk = <
@ pH 7.80tXI Bed Volume JI= 200~400°] Oldtr(E= GMES) HR
> Bed Volume 200~4002 O{LiAIZICZ SHMOIH 45~90A|2F A QU AH

AlsE A2Q2=(hr) = Bed Volume(m3/m3) x (EAE 210, m3) / [ O kXl = (m2) x 0§ k= =(m/hr) )

K water

MIA 2 AIS%(Filter to Waste) 2R

MEFER

pH Spike Curve (Calgon carbonA} A1) pH Spike Curve (Noritl} A1)
108 —— — = *l e E_i lndi:nllv.ln:hlngpfc"h NORIT GAC im.WAWIMIIIyWIN'.1‘"“'\5“'.2060!“0"0
—+—F400 (1214.000, pH=T 1, SV=11)
10 ~-F400 (B.D0&25, pH=7 1, SV=0) — = - —
a-FACO (E10217, pHeP.1, SV=) | | e 1
b e il ..-um(usms,m:;i,;vm | P o~ - "f'!p‘»‘-w_‘. R !
X 3 —o— F400 (A-TOS74, pH=7.1, SV=6) 0 S fiLom)
fr ey ] - Competioe (@72, 5V-11) | | pH Lg.5(—. =7|=) > BV 200 & —™"
o Y R TR —a Competioe:2 (pH=7.2, SV=17) '_J oo ER===E o | ee——
pH 8.5(=iS@=) 5BV 150 200 2R | - s
I s = dem > ! i |
s i \ I % NG !
| ! NLO. 0n - | -~ A » .
"v‘_' t — 7-865> BV 200 ~270 A4S - \ e S |
L | i FIY R S (i |
13 =t=e | PRI \ ! e |
Ha e ot As 2 > N
g 1 - ‘ pH 7.8-> BV 38042 ™ R s
| 0 = {
v W |V § i B
65 — ) ———
o ) j00 150 200 260 300 350 400 450 60D 04— T NS RN AR N
o 100 200 200 400 500 “wo "
Bed Volumes Bed Volumes (m3/m3 carbon)

K water

SYUWE full open > GAC GIIUX| 9 LHOITS AI-RE HESE TH > M JSZZ A5 |

.................................................................................................................................

¢ 01l pH 1™l AR BV 165, &% CHA3} BV 30 AR > pH HAE%} = S =
@ XI= pH 7.6 HAMEIH X S=ES 0.08NTUNIM S5 > YH== &) |= U5 Mt
10 = 12
9.5 P_—\%‘ {r#SXI(pH) H'L#QII(DH) I. 10 __....._ R A et e .
'—
=
8.5 ‘u-.l’ [
H
M oLl
7| B 15 22 29 36 43 50 57 64 71 78 85 92 99 106 113 120 127 134 141 148

0
1 8 15 22 20 36 43 50 57 64 71 78 85 92 90 106 113 120 127 134 141 148
Bed Volume (m3/m3) Bed Volume (m?/m3)
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K water

ZXMBDL|E{Z] - SHHA S E! (201944)

¢ (2-MIB) 1=(F) A0 Wt 80 ~ 98%NXl MIH, ELSYE FUACE= 63% MIA

- [HAHE] ELE+GACTL B 98%, HMRE+F/A, UV AOP+F/AE B+ 81% 2-MIB H|A

2 = N EFIA =2 Z+GAC UV ADP +FiA

=3
S [ 5A (#a | A o | S | =23 ([ AME |28 37

o1 |

LR

]
HAHE(%) | '

Z-MIB
HHE(%) |

&5 a2 100 100 100 100 =l = a2 1

g

e
20 22 a1 = =5 22 88 20 72 a1 &3

02 1.5 1.1 1.1 1.0 o7 0.8 o8

T Cd 12 05 oy Q4 o3 0.3 o3 47 =X <3 55

FE Al 4500 [ 4447 | 4473

tmin) 20 17 14 17 12 18 & 15 T4 14 14

K water

o [DOC) SLE+GAC HIHE 48 ~ 70% BESM0M B2 37%SEM 21ppm &)
* ZE/ TOC: DOC = 1:09

o (UV254]) FLZE+GAC HIHE 81% BEZ MMM = 69%SZH 21ppm FL)

= = Mo = F/A = o= GAC UV AOP +F/A | ==
© (ww (g a4 (s [ Sd | ag [su (g [Ns|ag (a8 (a2

H;%'gw 50 | 39 | 41 | 43 | 48 | s0 | 7o | 58 | 4r | 35 | 38 | a8

391%(3%3 48 | 21 | 2@ | 38 | so | 48 | 70 | 58 | ar | 4 | 38 | a7

HU;% 7| m || @™ e | 4| w |8 | 70| & | 70| &
EFE

e |2 | e e s | 14| e | i |15 |13 | 17| 15| 18
= x|

ﬁ:?rrﬂl it |7 | s | s |2t | 7| ta | 12| 8| 15 | 2
EEEE]T 1o |18 | & | 18 | 20| =] 22|20 w2 | 20

f Y

G | o5 | 11|06 |07 | 04| 05|03 |04

('*;J;;n’] 0o | oo |of oo | oz | o1 |02 ez ]| 17|22 ] 20

U\ﬁn’:fé 1,550 | 5.2% | 3501
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K water

i
!
2
w
¥
o
w
2
0 0
4,180 35,821 50,671 91,559 113403 139682 167,198
H9E Bv(ma/m3)
| 0= QOEJ} 0= ppR Y 7}

K water

o [RLEIN EHE AIE 2~34 2 800ENXI 4, K-water XEHl wlkI==7[2!
69 AL2 Al =2 Al 600mg/g
*RRE= ME2A 220 et 55 XEFAIZZ|E 1 1,000mg/g0]d)

(=H¢l=mg/g)
Zo | H2EAOP+HA| 2LE+GAC | W +HA | 4 5
HE [wa (g (4% | Dy [ dd (o8 [AS (a8 ] @
0-14 1023 | 858 | 872
~2d | 828 888 | 888 897
2~3d | 837 810_| 828
13~44 | 544 630 | 765 77 i
! 4~5d 678 | 527 | &%8 843 | 764 |1
| 5~6 629 | 6% ;
! 6~71d 512 i
7~8d 284
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K water

o (MBEAS) 1~29 A2 Al 130~150mg/g, 2~39 AIE Al 90~120mg/g #4

*HEATNH2 dLFSEOIL MESEO| Tt X[ E(FO7|E : 180mg/g0l )

(=H¥=mg/g)

Hx XMy E ADP + F/A ERE + GAC UE + FfA o 3
He Hig | S | 55 | 2% | d9 | S5 | AE | 9

0~14 = = = 2149 140 140 - -

1--24 137 - - 157 1540 - 1] -

2-~-34 140 = = 90 120 = = =

3-44 4 - 90 114 - - - a5

4~-54 = 100 a0 1040 = = i 100

5~64 | - | 75 | 90 - - - - -

g~7d | - | 80 | - - - - - | -

7-gd | - - - - - - - -

ATHE| SaHEM
K water

o (TOC) 23 x7J| & 60% MIHE -> BV 50,000 0I1% 20% OIOt= 24
o (HAA] BV 100,000 Z=1t A0S 64 ~ 91%2] =2 HIHE

100

HAHEZ (%)

930 49,592 90,316 106,448 133,392 146,353
ZH/dElBY(m3/m3)

-0-TOC  -O-THMs HAA |
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K water
& LESH HAM 7150, ]2, £A524HE, SHHM HAH ZHOIAM HEEE
oJ_qu 07 = A o %
aw =T T |E ‘“7'|§'( ) Hl a
TOC DOC POC BDOC NBDOC
28 37 42 89 40
58 50 52 86 47
x = 2EZH
it 8= 49 50 21 87 46 AA |2 S
10 56 56 46 18 57 (<203ppm)
e a8 50 34 70 48
28 15 16 78 10
2]
A Ly 32 31 46 29 32 T
- 8¥ 37 36 62 94 30 782y
= 108 33 32 45 64 31 (UV-AOP)
o7 29 29 51 66 26
28 22 21 48 95 12
58 19 15 75 77 9 BEEH)
s 2
= 8 15 14 39 25 DAF +
108 24 24 43 31 23 2201}
o 20 19 51 68 17
= ==L
AEXE| S BHEM
K water
b | — =
I (RLEZH) AAIIS 21 EAM
& LESH UM 7150, /718, ASE4E, SFHM HH ZHOAM HHEEHE

. (AERAME) HAA HHEZ 80| 2 50% AtS
T E THMs HAA CH Hl 1
718 2
iﬁ;g(f) 26 35 100 19.1~52
AFA _E_m o
I‘_IDI}II%(;) 25 83 86 19.6~1 2-5'1

Al 7t5 Al HHAMEE 100% F| A

12 x| A0l 2-MIB H 1

7Id 2d

=TT o —c 2l
4 19.1

X H & (%) > 0 JITeE

Al‘A _2_01 o

Al 23 100 100 19.6~12¢
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K water

F/A GAC] M=H| 0.9 ~ 1.5&/m3, &ZH| 1.2 ~ 1.5&/m3 = = 2.1 ~ 2.9&/m3

XOI

o +

*QZE FAE 0.6 ~ 09ppm, k== 0.1 ~ 0.3ppm F

¢ [R 2E +GAC) MH|: LEAH] 1.1 ~ 1.5%/m3, SZIAE(MH] 3.8 /m3,
OIS HI(MHIAFA) 1.0 ~ 1.491/m3 A2 = F 2.4 ~ 5.88/m3 2FH| Al

¢ [UV-AOP) = 8.6 ~ 1543/m3CE JIE =3

]
o

15.4

=
wu

TR/ m)
=

w

K water
LIEE:
T 2 THF & (madlL} u| 7
mE i}
1 M 0.5~0.6
= x
sa0h b 5] 0.3~0.6 Al
[gB3s=E (TR EGAC)
I Losd - B A 0.1~0.4
@ . o3HoD ‘~~~
i o ~
N
waon by | K
/I
- ey
I
ngHes Sy _en
E!NIHEIH o B  yzdzom
) 2 72 (mosL} o] )
LT =5t 0.7~09
\‘~-_____,¢’ bjj =] 0.3~07 zxxa
FE @R 0.1~0.6
© ZEHE B BEN Youc) FUSABIY BRAs 2250 nons
HEX(HX]) oM O ¥2 RRHALEE $EXX] XY ’.‘_F "L 7Kl IS
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K water

‘ E 100
o N
(moz|  |=a2| smm | ==y
E_T 80 [ ] ®
5
g ° [ ]
60
50 T T
0 0s 1 15 2 25
QF FU2(ppm)

© HHE(Y)2 HM2E 1.5ppm 0|8 FLU22 SEXMXIIM A= HVEE S

® OiTAl 24HH) 2 H2ES 1.5ppm 0| FLUSE SHAUMSHAM ALUI=EE
99%7HX| M74 > 0{ZX|=AlZH0]| 3.2H S7}

K water
| - .
@ 115Xc S3E 2=0s sk H2t: 201449 I2F) Akl
0.200 7.6 0.200 ‘ 8.0
5 0.160 7.4 = 0.160 78
= =
o o
£ £ 7.6
T 0-120 7.2 I 0120
it} T W 7.4
11 0.080 7.0 14 0.080
El la 7.2
31 0.040 6.8 30 0.040 0.030 | .
0.000 L1 s 0.000 I_l 6.8
EES FIEE Oili  MEME EIES IEES oim=  INEHME
(8.7NTU)  (0.55NTU) (0.06NTU) (0.06NTU) (4.9NTU)  (0.56NTU) (0.06NTU) (0.06NTU)
== Al -o-pH ==aAl -0-pH

V' 201841 8571 7-10874K) T 2t 2T S, pH, SE, A0S SEE TAS I,
URO|ES £2, pH, BEJ} £848 1 555 S7I6H 2.

\/ OIAMEIMEL Z XM= 2 0.10 ~ 0.04mg/L2| 2E20|=0] M7{($= 25~22°C)

228




urces Corporation K-water

—_—
K water

Korea Water Resol

229






0|"% K-Water






3
M-
3l
b
O
7
s

K water

=
a

2!

HdIH HiAHU

2!

o
=

EAF GIEX] S2HHIAH &2

233



FIGURE 6 Color intensity of Mn(1V) in deionized water increases
with concentration
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S A HFHLS

Alkalinity Sludge*
Cxidant,  wsed, mg/mg  |bIb (kafkez)

Reaction mg/mg Mn** Mn** Mn?”
A Oxveen .
MnSo, + 2Ca(HCO, ), + O, = 2Mn0, + .24 |80 1.58
2CaS0, + 2H0 + 400,
B, Chlorine '
Mn(HCO,) + CalHCO,), + Cl, = .29 LRS! 1.58

Mn0), + CaCl, + TH.O + 4C0,
. Chlorine dioxide

Mn(HCO,); + 2NaHCO, + 2CI0; = MnO, + 246 360 1.58
INaCl0; + 2H.0 + 2C0O.

[ Polassiom permanganate _ et N
IMn(HCO,), + 2KMn0, = 5Mn0, + L 192 121 2.64 |
2KHCO, + 2H,0 + 4C0. D o i

*Sludge weight based on MnD. as the precipitae. 1t is highly probable that portions of the sludge will consist of
BnCHOH and MO0,

(BX : Water Treatment Plant Design, AWWA, 1998)

KRN T ELE - =5 - pp. 115~119. 2005,

J1E BLE 0IMTHA N-EY Ao

1A - ol - FAa - AFL - oG

fFgdsrEgy  r@FrAdgss FEALS - @I eAdG) sEdA
R FFAATA VYA - FFARFAL FRERAD

Table 5-3 Summa 4.8 =

o] At AERBLAE HABe] Wik BH  uel
) AaeFe] Be WyaelM AMSEZ glov felitEbe} . .
Oxidant = WARA, FAuEd 5 ode 74 swaM os 4 Reaction time

@ol7] o gl 7|E Fapaeld olihEgdisd =dstaz

Oxygen @ e 2re AAPES} AP Aoz Bavch >1 hr

Chlorine 1) olatshd o] olgt AEFABAYES] AGEES oF 2-3 hr

............. s 0 Amel), AAHAL NIRUAE R A i

Potassium g FPsMAE ANY B¢ SRLARPAAN dpEA <20 sec
ol AAY Vg LSEAE JHTO] BB 30—40%2

permanganate AgEeE 7loE & ek
OZOHE 2) d=Sel 9§ gk - @A EAER]l 2-MIB, Geosmin A]2] 10_30 sec
................................... EES 10% olal2 vn§ Aoz mAEen, ks | O L UEE
- _ REe 90% FE= w4 GEwmei olusds SO

Chlorine dioxide | 750 T %00 sarere) 1.0 malolme gt et 10 sec

|05 mgnt olatel Ag Mgol metgc

3) o)akEld Ao 70-100%7F SRejolE, F@uelER
Ags] = olF FHEE 50—70%L FZdeo|Eolm H
(ZX :Iron and Me r=xzaer geass g=doice aaaag gxsoz] )
e FiTgddaA felaaday igsie] olidadig
AR 27 WA E AT Ll EAH R 04 mg/lo]
ahE A skejolkel WAkl g BT £ e Aem =
Al edct
4) Tqdd e HHeda FIMAC oldstax dAw
=, & MM R 58 FrIHes Sdsteer stes
AZ=a g4gu 9 &z Fasio
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St HA WAL S

W Z7|F7|(Aeration) : & HAHO= |85, YZHA| o= 280
Lajn,pH950|¢ 21E|7]| W20 78 Y OtH

Mn(II) + O, — MnO,(s) (slow)
Mn(II) + MnO,(s) — Mn(II)-MnO, (fast)
Mn(II)-MnO, + O, — 2MnO,(s) (very slow)

R B -l
HOCI + Mn(II) + H,O — MnO,(s) + CI- + 3H* (slow)
Mn(II) + MnO,(s) — Mn(Il)-MnO, (fast)
Mn(II)-MnO, + HOCI + H,0 — 2MnO,(s) + Cl- + 3H* (moderate)

yZEHA HAHAL S

o L

Mgk glE/F71= M 7HSStL 2L of itst RS,
W FUA M (ZE3M) U ZY E oL ot H2Y0 nd T
HMnO,) 2 28

HeE: FUFO0| HEX| S 82 771 YH(MnO,) 2 E 3tk 0f
=M U T LEUSE 4 Y7L S F 0.015 mg/L O[St
ERF=A20ES

Sl S gl B S P =)
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S A HFHLS

Mn2* + HOCI + H,O — MnO,(s) + CI- + 3H* (SIoW) ----------=--=mnmmmmmma- (1)
MnO, + Mn?* — MnO,-Mn?*(S) (fast) ---------==-===-=mmmmmmmmmmmm oo eeee (2)
MnO,-Mn?*(s) + HOCI + H,0 — 2MnO,(s) + CI- + 3H*(moderate) ------ (3)
Hoc
Mn2*

W AMetyto = I”E oxfof] E&E + A= X|Ho| EE+5F, pH
It EESTE HRAXII ENETE HAHE Bt

-
B
-

—2F 4
Ses- g 4
= g+ .
: 1y !
- LANGHLRIAN _
g“ s r 15 [
s 3z g ATHOSPHERE |:
_ - : i
- bﬂ“ i 1 |25|c i H
s 24 68 10 :
W 10% <M}, M,

°f 0.3 mole Mn2*/mole MnO,(s)

e A
4

"~
]

/; yr2 910N
[Mpop] =2.0x107%m

~ Mg ATMOSFHERE -
: 25°C

* Z2X]) Morgan and stumm, 1964 0 s

=
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2 MA HALIE

0.3~0.4 0.021~0.031 85~90 0.2
6.7 0.6~0.7 0.011~0.018 91~95

1.0 O] At == 100

0.3~0.4 EH=~0011 96~100 0.3
7.2 0.6~0.7 =4E 100

1.0 O] At = o= 100

S HA HAHL S

S Y

-

o HZHMSE M+ : Gallionella, Leptothrix, Crenothrix,
Hyphomicrobium, Siderocapsa, Siderocystis, Metallogenium,
Pseudomonas manganoxidans <

® 1) 7t Lot ol T4 EHE0f ofeh M =LY A3}
(intracellular oxidation), 2) M| CHAIRH =0f B = E Z 2|
Ho| 0l =80 2| St extracellular oxidation, 3) M| = 2| Z 2|
HZ Q5K M =Y 2HH Mn> Z5HE T 2230 2|5

s}
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St HA WAL S

100

b

Competion batwsan
physical-chamical and
iologecal Fo axidaton

400 | i )

=
o

Y7t F A HAHUS

o
YUHH LEHE 2E

-

General Mn removal

Treatment process Overall practicality of process

effectiveness*
Aeration Poor-fair Poor
Coagulation/sedimentation/filtraiton Fair-excellent Excellent

Lime softening

Excellent

Good if also softening

lon exchange-anion

Poor

Poor

lon exchange-cation

Good-excellent

Good, but costly

Membrane-reverse osmosis

Good-excellent

Good, but costly

Membrane-ultrafiltration

Good

Good, but costly

Membrane-electrodialysis

Good-excellent

Good, but costly

Chemical oxidation/disinfection Fair-excellent Good
Adsorption-granular activated carbon Poor Poor
Adsorption-powdered activated carbon Poor Poor
Adsorption-activated alumina Poor Poor

* poor(0~20% removal), fair(20~60%), good(60~90%), excellect(90~100%)
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Optimizea diract
oxidation process

- dose
- Conlact time
- Oxidant type

>
> v
>

Mn
acceptabla?

NO

Optimize filter

procass
= Chiorine dose
-pH

Parform further
characlarization studies

MHME SUMA B8

AN SRE Y NHAH 28 It
® X7|U7t=5 :0.050.1,0.3,05,1.0, 2.0 mg/L
® pH:65,7.5, 9.5
o ZQULS : (HA)2-4mg/L, (RE) 0.5~L5HY, (TH2ZHAF) 1~3HY
o FZ=A|7ZF: 20~ 905
TN
BAYZEAE 58~59  79-84 89~97  92~100  96~100
Z“(Z/j)% o A 2068  0~62  14~79 - 20~45 53-8
Q = 3048 6569 97 85-95  90~100  89~99
A UM F=R S EFEU 20| 1.7~2.5H)
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G20 et St HAH 54

WEEUILSE :01mg/L > HHA-EH : 10~56%(40%) H| A

' -2-05ppm =-E-1ppm —&—2ppm —i=—4ppm

Removal rate of dssolved Mn(%)

0 30 60 1] 120 150 180 210 240

Contact time{min)

40

of ai”
I.-I o l.._l‘
0.40
L
0.35 =
—~ 030 L
= s o
E 0.25 0.250 -
lH o0.20
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= 1015 0200 @
a% .10 ® a a3
0.05| 5 [ ] e @ »
E 0.150 L L. oot
0.00 ° L
g P 7/21
§ 0.100
= * »
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0 1 2 3 4 5 6 T 8 4 0 11
Ozone conc. (mglL)
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PE(1~1.5) or X (1~2)

S

—1
cH==p| SExF

Ha=xl

LEn(gs)F=

Mz2t2i=toiat B ESEE|

H4=x]

255 ()=

| ®21(3.5) £ F¢ |

27

D-Mn removal rate(%)

120.0 -

100.0 -

80.0

20.0 -

EEYU =0 L} E

:pH 7.5, 25C
B=MZF 402

SEVZH T2 26 AFZrAF =2

0.0 -
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%7t

100.0

D-Mn Conc.(mg/L)
pAe)
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Yt HHE(%)

8&

70

60

L
40
30

20

10

1Hx205  1Hfx405  1Hjx602

ot

26 %202

38.0

32.0
28.0

26ix40E  2H{x60E  3tfx208  3Hfx40E  3H{x60E

YHMUER FYUF x HHAIZ

— <1 109+
= (&X) Alternative Disinfectants and

el’d tarx =gl A

X el H XS

6% Ao A] 21s8lA] == aulzlil A8

°F 29% A8
Oxidants Guidance Manual(USEPA, 1997)

Service Population

Treatment 501- 1.001- 3,301- 10,001-  50,001- Over
=R T See 3,300 10,000 50,000 100,000 100,001 o
Surface Water Systems
Total Number of 218 432 330 845 679 626 103 104 3,337
Systems
Pre-L Lo
Chiorine 59.0% 73.9% 67.3% 66.3% 68.8% 58.6% 47.5% 57.1% 63.8%
Chiorine dioxide ] o o 5.0 a7 132 142 78 6.3
Chioramines 46 ] 1.1 2.1 1] 22 155 108 3.1
Ozone '] 1] 1] ] 0.3 [] 5.4 5.8 0.9
| xmno. [] 49 9.6 9.9 15.2 283 259 285 16.0 |

Predisk z [] 0] 2.0 29 06 92 5.1 a3 35
Lime/Soda ash softening 68 o8 209 162 143 117 3s 59 125
Recarbonation o ] o o 21 a7 0.6 63 19
Post-Disinfection
Chiorine 497 % 51.6% 80.6% 62.8% T7T.9% 71.1% 738 % 636 % 675 %
Chiorine dioxide o ] o o 03 49 59 12 1.6
Chioramines ] ] o 29 21 156 294 242 8.1
Postdisinfection ] ] o 2.1 40 39 1.9 1.6 30
combinations

USEPA. 1957a. Community Water System Survey - Volumes | and Il; Ovenview. EPA 815-R-57-001a, -001b. January.

ARG 24278 A1 F 5
— 1287045 AL 4 (32%
— 387012=(49%)
— Zle} AASHAI(A 4=, ) 4kE)

= (Z*) Occurrence of Manganese in

FZEAb o] =]

3% (12871 4) w3 AHel &4 <4
3 al ZFAF A
AL-8-
A2, 25, 7] ) AE 2l A ESHH A

Drinking Water and Manganese Control(2008, AWWARF)
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Figure 7. Effect of solution TOC on
the oxidation of soluble manganese
by potassium permanganate (low- TOC
raw water— New River; high-TOC raw
water— Harwood’s Mill Reservoir;
pH—5.5; temperature—68°F [20°C])

When TOC was <3 mg/L, the required
permanganate dosage was typically less
than 10-20 percent above the stoichio-
metric prediction. However, when solu-
ble manganese was present in waters
with high TOC levels, the required per-
manganate dosage was well above the
stoichiometric value predicted for Mn(Il)
oxidation only. Flgure 7 shows how
increased TOC concentrations affected
the dose of KMnO, required for man-
ganese oxidation. Essentially no man-

* Z X|) Using alternative oxidants to remove
dissolved manganese from Waters
Laden with organics(AWWA, 1987)
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Table 4.3
Average Mn coating levels by plant and type of media
Dual Media Plants
Raw Water Mn Media Average. Mn Coatin
——— (mg/L) Type (mggMnfg media) .

Easton 0.01 t0 0.34 Anthracite 359
(AWC) Sand 0.81
Trap Falls 0.01to0 0.45 Anthracite 346
(AWC) Sand 0.98

Warner 0.01 to0 0.20 Anthracite 11
(AWC) Sand 1.14
Brown 0.1t00.6 Anthracite 24.5
(Durham) Sand 1.45
Harwood's Mill 0.02t0 0.5 Anthracite 30.8
(Newport News) Sand 1.09
Sobrante 0.005 to 0.16 Anthracite 0.64
(EBMUD) Sand 0.13
USE 0.012 to 0.031 Anthracite 0.04
(EBMUD) Sand 0.03

* ZX) Characterization and performance of filter media for manganese control, AWWARF, 2008 42
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mg Mn

/g media
Element Weight%  Atomic%
CK 7.28 12.85
oK 4557 60.39
Na K 0.79 0.73
Al K 3.57 2.8
Si K 1193 9.01
CakK 16.13 8.53
Mn L 14.73 5.69
Totals 100
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Element Weight%  Atomic%
cK 443 8.09
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Mn L

Totals 100
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