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Summary

1. Title : Convergence technologies development and application
for agricultural water treatment(II)

2. Period : 2015. 1.~ 2015. 12.(2nd of five year)

3. Necessity and Objectives

3.1 Necessity

O There are about 17,500 of agricultural reservoirs distributed
across the country. Most of the agricultural reservoirs are showing
a serious eutrophic state and high level of organic contamination,
and some of them have frequent algal bloom and offensive odor
problems preventing from sustainable water use, recreation
activities, and supply of irrigation water.

olIn particular, 44.7% of the old agricultural reservoirs that was
constructed before 1945 has exceeded the water quality criteria
(COD 8.0 mg/L) for irrigational water.

o Although korean government has started water quality
improvement programs for the agricultural reservoirs since 2007, it
takes a long time to show the effect them because most of the
projects are focused on natural purification facilities such as
artificial wetlands and retention ponds, which are not suitable
measures for a prompt treatment against algal bloom events.

o Recently, to cope with the algal bloom events, various physical,
chemical, and biological techniques have been developed, but there
are still a great deal of limitations between the techniques and the
real worlds because of limited spatial scales of treatment,
operations and maintenance issues, capital costs, and sometimes

ecological impact.

- viii -



3.2 Objectives
o To develop a cost-effective convergence water treatment technologies
for preventing eutrophication and water pollution of the agricultural
reservoirs and securing technical capacity for in-time treatment of

algal bloom events.

0 To secure and supply of high quality of irrigation water.

3.3 Scopes and Contents
1) Selection of field applications test site and monitoring of water
quality and sediments in the study reservoirs
o Survey and analysis water quality of the lake and inflow river
o Element composition and particle size analysis in the sediments
o Level of organic contamination in the sediments
o Nutrient release rates from the sediments
o0 Assessing the effect of water treatment devices on the sediments
2) Monitoring of weather and water environment in the study
reservoirs
o Continuous monitoring of local weather
o Continuous monitoring of water temperatures in vertical direction
and bottom DO
o0 Assessing temporal variations of temperature structure and
bottom DO environment
3) Assessing the effectiveness of the water treatment systems
o Tracer(Rhodamine) experiments: Design and Preparing
o Tracer experiments to assess the effective range of micro—bubble
jets at the Juksan Reservoir
o Tracer experiments to assess the effective range of jet flow from
the convergence water treatment system
4) Setup and applications of a 3D hydrodynamic and water quality

model

o To topographical survey of Maewha reservoir and construction of
input data

_iX_



o Estimation of inflow using a precipitation and runoff model (HEC-HMS)

o Calibration of water budget and water quality

o Application of the model to assess the effective mixing zone of
jet flow discharged from the hybrid water treatment system

5) Assessing the potential impact of the water treatment systems on

aquatic ecosystem

© Characterizing individual technology of the hybrid water treatment
system

o Literature survey on the potential impact of the individual
technology on ecosystem

0 Assessing the ecological impact using the field monitoring data

4. Research Results

4.1 Development and design of cost-effective convergence water
treatment systems
1) Basic considerations to water treatment system

o Capital costs

o Easy operations and maintenance

o Removal efficiency of COD, SS, TN, TP

o Applicability in the agricultural reservoir

o Potential for negative impacts

2) Development of a convergence water treatment system

o0The eco-convergence type aerated string contacted oxidation
system including physiochemical and biological treatment
processes is designed for the reduction of pollutant loading into
reservoir. The system includes a combined coagulation and
filtration device, string type media with aeration system for
biological removal of organic pollutants, and phyto-remediation
process using aquatic plants.

0 An integrated movable water purification system is suggested for
water quality purification and control of algal bloom in the

reservoir. The system consists of micro—bubble generators, high



speed solid-liquid separator, automatic SS concentration sensor,

and automatic water quality measuring equipment.

4.2 Selection of an experiment reservoir and monitoring of the
water quality and sediment contamination
1) Selection of an experiment reservoir

0 Maehwa reservoir located in Kyunggi—do is selected as a test bed
reservolr for this study after reviewing 3 reservoirs of Maewha,
Buddle, and Gwarim in the Kyunggi—do.

2) Monitoring of weather and water environment in the study reservoirs

o Although the average water depth is about below 3.0m, a weak
thermal stratification and a strong DO stratification were
observed in Maewha Reservoir.

0 A dynamic DO variation was observed in the bottom of the
reservolr, and very low DO concentrations with average of 0.448
mg/L. were persisted during the non rainfall period in summer.
The DO level was intermittently recovered during several events
of atmospheric temperature drop and rainfall.

©0The low DO concentrations in the bottom of the reservoir
resulted from the amount of SOD is greater than the amount of
aeration from atmosphere during summer period.

0 The persistent depletion of DO in the bottom of the reservoir can
increase the amount of nutrients and heavy metals released from
the sediments, a proper countermeasure for supply DO is required
to maintain aerobic condition in the bottom of the lake.

3) Water quality survey of the reservoir and the inflow rivers

0The water depth of the Maewha reservoir is 1.5~3.0m. The
COD, TN, and TP concentration range of surface water are
appeared as 10.6~19.2mg/L(average 16.5mg/L), 1.064~2.467mg
/L(average 1.764mg/L), and 0.076~0.183mg/L(average 0.137mg/L)
and the those of deep water as 10.8~19.3mg/L(average 16.4mg/L),
1.317~2.625mg/L(average 2.099mg/L) and 0.099~0.226mg/L(average

_Xi_



0.169mg/L), respectively. The water pollution level is high
regardless of the monitoring period, and it is higher in the deep
water.

© Main inflow rivers of the Maewha reservoir are the two rivers.
The average flow rate of the Inflow-1 and Inflow—2 each are
4722m'/d and 982.3m'/d. COD, TN and TP of the Inflow-1 and
Inflow-2 respectively showed 5.4mg/L, 5.161mg/L, 0.284mg/L and 5.0
mg/L, 6.467mg/L, 0.340mg/L. Therefore, water pollution of the
Inflow-2 appear to be higher than the Inflow-1.

4) Contamination investigation of sediments in the study reservoirs

0 The release rates of nutrients from sediments were much greater
under anaerobic condition than under aerobic condition, which
implies that it i1s important to maintain aerobic conditions in the
bottom water near the sediment to reduce internal nutrient
loading.

0 As the ignition losses of majority sediment samples were higher
than 109, the organic contamination of sediments in the
reservoirs 1s significant. A long-term depletion of DO in the
bottom of the reservoir can incur a significant internal nutrient
loading.

oIn Maewha Reservoir, the changes of sediments contamination
level, sediment oxygen demand(SOD), and nutrient release rate
before and after operations of the converged water treatment
system showed different according to the items and sampling
locations. The complicated results might be come from seasonal
and environmental factors as well as the convergence water
treatment system.

olt is recommended to measure the oxidation and reduction
potential(ORP) at the upper 15cm of bottom sediment to assess
the effectiveness of the convergence water treatment system on

the oxidation and reduction environment of the sediments.

- Xii -



4.3 Assessing the effectiveness of water treatment systems

0The real-scale plants of eco-convergence type aerated string
contacted oxidation systems made two types(channel type and
floating type) were constructed in Maewha reservoir for field
application test and water purification efficiency evaluation.

oIn initial stage of operation, water purification of water treatment
systems isn't evident because microorganisms did not enough
attach to the media. Water purification efficiency of the
convergence water treatment systems(channel type) increased up
to SS 69.6%, Chl-a 89.3% and TP 89%.

oThe eco-convergence type aerated string contacted oxidation
systems made floating type have been applying in under water at
the first time. Water purification isn’t evident in initial stage of
operation but has been stabilizing over a period of time.

oIn Maewha Reservoir, the effective range of jet flow discharged
from the eco—convergence type aerated string contacted oxidation
system(floating type) was about 70m, and after then the jet
plume moved up to 100m to 120m through the advection and
diffusion processes of ambient water.

oIn Juksan Reservoir, the effective range of jet flow discharged by
microbubble generator was about 40m, and after then the jet
plume moved up to 80m to 120m through the advection and

diffusion processes of ambient water.

4.4 Setup and applications of a 3D hydrodynamic and water
quality model
o For the construction of 3D model, bathymetry data made with
tophographic survey data and inflow data were estimated using
HEC-HMS with observed precipitation data. However, the lack of
boundary condition data including pollutant loading during rainfall
events caused a severe difficulty in model calibration.

0The 3D model was applied to simulate the transport and mixing

- Xiii -



processes of jet flow discharged from the eco-convergence type
aerated string contacted oxidation system, and the results were
agreed well with the results obtained with the Rohdamine tracer
study and with empirical equations.
oIn the shallow reservoir, however, the performance of the 3D
model showed a significant limitation in representing the thermal
and DO stratifications because of unrealistic turbulent vertical
mixing, which also affected on the accuracy of water quality
simulations.
o For water quality simulations, although the uncertainty of inflow
loading and model parameters were considered, the 3D model
results showed considerable biases from the observed values

because of the lack of boundary conditions and calibration data.

4.5 Assessing the potential impact the convergence water
treatment systems on aquatic ecosystem

oThe convergence water treatment system integrates physical,
chemical, and biological technologies. Physical technologies include
air-mist(micro-bubbles) and jet flow for horizontal mixing,
chemical technology includes a combined coagulation device, and
biological technologies include oxidation processes with string
contacted media and floating media, and aquatic plants for
phytoremediation.

o Supersaturation of water with gases such as N, and O, was
reported as a potential problem that might lead to gas bubble
disease(GBD) in fish, but it is not likely to happen in the study
reservoir because the DO level is low and the water depth is
very low(H<5m).

0 According to the results of literature review and water
environment monitoring, the individual technology adopted to the
convergence water treatment system does not have possible

negative impacts on the aquatic ecosystem.



5. Expectation and utilization of the results

5.1 Expectation

0 The results can be used to develop policy by government for the
water quality restoration projects of agricultural reservoirs, and to
provide an effective alternative to make maximize the benefit of
the investment.

0 This research will provide a useful guidance to make decision on
the possibility in the increase of water quality criteria of the
agricultural reservoirs to be used for other purposes.

0The suggested convergence water treatment system, through
optimized design, can overcome the limitations of individual
physical, chemical, and biological water treatment techniques that

developed for the implement of reservoir water quality.

5.2 Utilization plan

o0 The convergence water treatment system will be applied to the
agricultural reservoirs that require urgent restoration treatment to
confirm the benefits of the new technique; low cost, high
efficiency, easy operation and less maintenance.

0The system can be used as a core component of the best
management practice for the water quality improvement in the
agricultural reservoirs.

0 The convergence system is transformative and can be applied to
many other agricultural reservoirs and four rivers to deal with

recent algal bloom issues.
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< (3% 23-3)3 #Zuh %4
Polyurethane,

nAE fEol A AHgE A Ee] wE 54
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Hf, HEAks 2 AAIQIA] mE AHIas
A8 (2000) 0] o3 R PAF o3 HEzAF R FAAIE
AR <8 23-7>~<a28 23-9>3 7t} AF
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A HET 7hsd & 28 JFAE Aol 2 el Heldd &
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FE7F dng/Lol 4 e AAA KAY W Yozl wAel A g

Aoz eyt

HFAIZH o E E2HE
100
g 80 T
E W 10mg/L
= A0 R —
8 H45mg/L
@ 20 —— F—1 1 100mg /L
0
1hr 2hr 3hr
HIFAIZE
<39 23-7> HAEAsE AFALY BE HaE

_44_



M2 5U84 828 SHIIE My

R T E et

100

g 80

L )

LY N 10mg/L

= a0

8 m45mg/L

= 20 m 100mg/L
0

100 200 300

H|C|OF = T ZH(m/m?)

<2¥ 23-8> HAFAFx HFAA FAF #HE FJEE

pos =0 mE FHaE

100
g 80
W e
E W 10mg/L
=40
8 W 45mg/L
@ 20 ® 100mg /L

]

o 2 4 6
DO-5 £ (mg/L)

<Y 2.3-9> HEF23x9 DO & E HIa &

WA MEE W0 E L)

500 50
Ty =R
E 500 - 4.0 B
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7h mj st FA] Aed FE ol

st A2 o] A FH9¢ Folg Fotsty] ko] gmEolEd
Abell A i A] & S} = A Adpel 2014929 2015 % H
AFedA A AEE BASAT AFRAE 271EE A 43] A}
£ 3l glon, ZAEE o 2= pH, COD, T-N, T-P, SS 5 571 &%
ez o, 34 F2S i F dve Y AHES AAHs A Al
2 JAFZAE o Ak 201195 201597HA ZA} ol o gt
COD, SS, TN, TP @0 thajr 223t ch

A e A= FAAFLE (3 32-3) ¥ <29 32-5>¢ Trh

COD9] A% 201193} 20123 5¢¥€o] 20mg/LZ w-F 2 29=E e
Welar, 20154 o] Sl Ht 16.5mg/L, H ol 20mg/Loll 7F7k% w9 =&
FTEE Holal tl TN 2011\, 201230l H]&l 2014\d o]%o tfAi 7
2abE FolE Holx oy yPEs £VELS 2Han Uk TP ¥
T& TN 22 Aggo=m 2014 o] %o ti FHAiadhs FolE Holal
do wPEs FA/NES 2en Yok SSE ARdor Ao 5
ol HE Frbetn Qe AT Bolw YoH, olE COD FE7F A
g0l B F7hehe Folsh 2 AFAE wolx 3

;D 0§83 4] —C 1 LLERSE |
A]GA | _ 40
::f 12 E El 30
% : sy LD \/\/\/\\J\(W

] 10 » ‘v

UEEES “ LE SRS
I MJ\/\A/\A&

A Tty
o1 4 \1 7 5 4
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e 8= T2 7lE MY % HE()

(£ 3.2-3) "AFA Y A=E +2dF

T pH COD TN TP SS
Max 9.2 20.0 4.071 0.274 20.6
2011 Min 79 6.8 2.222 0.083 9.2

Ave. 8.7 10.5 3.190 0.162 15.5
Max 8.3 19.5 3.516 0.317 36.5

2012 Min 7.3 6.3 1.008 0.101 14.5

Ave. 7.8 10.5 2.424 0.185 22.6

Max 7.9 9.4 4.068 0.169 24.5

mjskA] | 2013 Min 7.3 8.4 1.708 0.109 8.5
Ave. 7.6 9.1 2.666 0.148 16.8

Max 8.3 9.6 1.736 0.097 18.3

2014 Min 7.4 6.8 1.127 0.038 11.0

Ave. 7.8 7.8 1411 0.064 14.0

Max 9.0 19.2 2.467 0.183 47.0
2015 Min 7.1 10.6 1.064 0.070 12.5
Ave. 7.8 16.5 1.764 0.137 25.2

v g A & g YA FAEA

EIEE R R ] S|
ApA e g o FYPEH, AFA BEgo] th
ol & Wl Xl weE 4 AolE v F do] 4 AAH
ST1, AFA <k F94 ST2, AFA T4 ST3, AFA A FUHF
ST4)S AAste] FHRALE AASAT. WSt A S
i, AeA 9F Yo AL Hi 12m, LEF
21mo® T4 HAAHor FAo] ofF AL 2m U
7H AFAE AFAolth. Z2ARE 5YE ToFH 10¥€ 714
stlom, =& pH, EC, DOl tigh dz=Atet &4 253t
o] COD, SS, TN, TP, Chl-a & digt Add A4S A3t 1
A= <19 32-7>~<1¥ 32-13>9] e

% 93)9] dAFxA A NHdE FFFEALS ST1 1.8m, ST2 1.7m, ST3
1.2m, ST4 0.8m= 20150l o dol] nl3] Zae] FHo=z dA4o
2 F4lol o vl Ao ZAHAT. RUH P S AstETHe]
F&zatol= Hyt 13T, ol 36T #ol& HYrTE 53], FxANA +
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AAEQ mhgo] gz dAstE A7I] 2AFTER) FstEit 7

T2 ZolE B ow, ti7] 7]&o] "olx = 109 Hol= dstEithe]

2 Aol7F A9 flv AR YEY

pHT 64~889 #& et on, 70% 17H6/10~7/15) &<t 3t <]

pH7}F diAl o2 AsHtg e Aoz yeyh. ols %3 27/ #

stA o] oo 7wk}
%

-

T 713 5X6/10~7/15) 7 - 353t DO v+ & #ol& HS
o o= WIIEFH AbA EV|ERG EHAE 4FAQ 924 (1.62~3.66mg/
m-d)e] 7] W&l Aom dAddr. FA 713F FF 7k AFHE(ST1
~ST4) st=9 3 DO= 3.0mg/L, 2.6mg/L, 3.5mg/L, 68mg/Li STt |
2 Y A% AAHA ST4 AHES A9)star 4.0mg/L °]1H° < DOs %=

5 RATh 49713 ol F(8/4~10/27) EUHY A, 6}%{} DO
Lol ztol= A WAstAl on, o= g H 7]%70*3}91 BHFoE
detsit 2ANFIE St dAe o= OH“%L T Aok AFA FH
F 78l ST4E ALl vmA] AFelA A7 HE=(EC) = +
712F &<9F Wt A18us/cm®] Fe EA oW, ofF 5o dgom A
o] H+t 353us/cme] S e
sl =2 F7I1RUHE Fd &521, CODmn, T-N, T-P, 9% 4
ofetd v ok ZF RYHE AFE(STI~STY) =
+ 5.7mg/L, 4.8mg/L, 4.1mg/L, 83mg/L= YEWO™ AH4x] =
| A3 ST4 AHolM 71 =& S Bt olzd Az
1] 2015 % ZARSE AINETT 10.6~19.2mg/L(33
10.8~19.3mg/L(E v 16.4mg/L)<F HA7F A& o=

—
[@))
a
=
&
o C
az
v
‘W r&o

@ ARe oAt 2A 9 AT e 4, 2AA17)
s d 5 g3k o] ‘Rlo HAOZ o FHo FX5 Xé“‘z*}e A A S
= 19mg/L, 2.0mg/L, 2.1mg/L, 2.1mg/LO. =

, T-P& %=+ 0.16mg/L, 0.21mg/L, 0.23mg/L,
Ol9mg/L§ ey ST4E 2419455 SAAAANA TP 59 v5+ 4
-0l 7]7te] o] HT & FS YERHOH, ofE AFA Ui K3}
AFgo R AR ETH AFA 47H A% Hit TN s%9 TP s+ 7H7)
3.3mg/L¥ 0.198mg/L=E F48&5 F27]+% TN 1.0mg/L°]6} 2 TP 0.1
mg/L ©l3tE Z#e F ST FHE Hola glon, 23 FF 27
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= AdeA dF AEEYUHEY FAE ]*O“EH A& SA49d
2 SHAANHET 14T, Hd 500) 2 FE5AT71H FHE st A
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AEA EHATES] X HEQA Chl-as XEFolA 45.8~1639mg/m'(H
87.5mg/m’), AZ=FolA 385~1785mg/m (H+ 834mg/m')C &2 FZFolA
AFFEg o =4 vewga, 108 4ol s AR A7l vl 8|
FE7F wlg =doem, olygh PdAde Ag olF =2 QUIEERE I
ZaEe] U HAS ggo =z Addr) Chl-a v5v dAAHo= %
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H~7FsHd 97 2571 52 BAS 7HAE 7 e dATT ol
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0.226mg/L(F+ 0.169mg/L)o.2 R & Al7|o AFodA T3 HEY =4 YE
wom, oleld A= TNTJr %/‘P;}C’ﬂ‘?}
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g A 1] Fo Fodshde 2/MAdd, FYskE-1(E-1) A H
wols FolA Eojew stdola, FAdstd-20Ms5-2) AHE =FF
ARl FolFm FHoAH Eojo st} oE dHH 274l I
AzA A= (F 32-5) @ <19 32-18>~<19 32-21>9 2}

g S8FEQ F2, pH, EC, DOl & =ARA M, 49458 1297
A FARI 7 B 8 Gt -1 129~234C, )8k 200 A
T 135~246TC= ey F - ol F29 o= A9 %, F
AR B5 AFA Z3Fold A vsideE i Sdth pHE Y8t

7602 kot AR 789 H|S|AE A A

el H 10 A= 389~633.0us/cm (3 7+ 508.0us/cm) L.

At 201 = 246.0~641.0ps/cm(H ¥ 531.4pus/cm)=2 =

AEo] F sk ghell zbol7b A9 fle= Ao E YEuET DOE Fskd

~1ol A= 3.0~14.6mg/L(38 3 6.4mg/L) =2 WEFSEIL, FA3H -2 A Aol A

+ 3.8~14.7mg/L(B v 7.3mg/L)e YEY FdetH-1 Bop Fydstd-2 A
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el =, g Al7lde ek, %%‘é}ﬁ— A Hell A AL
274 APl Al fdskx-1o 4= 8.5mg
/LE Bl dhie] fFdstd-2 A HelA 530mg/L=E wg =2 TEE5 B
ALk olE FYUsH-2 XA QA HFFGAA =ZFAE A H
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a8k 9] NO,-N, NO3-N, NH,-N9| 2 F9-104 247 0117~
0.410mg/L(B +F 0.242mg/L), 1.075~4.085mg/L(H w 2.900mg/L), 0.076~4.805
mg/L(F 3t 3.045mg/L) o2 YEaL, £9-2 A HNA = 0.005~0.370mg/L
(3 0.157mg/L), 3.111~7.846mg/L(B ¥ 5.383mg/L), 0.159~2.546me/L(H
T 0.727mg/L) o2 e Y8t -20] Bl Fhstd-1o14 NOs-N ¥
=7 9 =%, NO-N 2 NH,y-NE= Fdsd 20014 o =4 yeErstoh
T3 FdsA -1 -2 AN 22 NO3-N> NOo,-N> NH,-N
o8 HEHo @A Fo frEd Ea7F A Buve A7l U=
AARaL, oledt AFZHE TP, TN 5 29Ul A= 9

FASA ARAARE WEslo] FUT T LS L F 9

(¥ 3.2-5) W3 AFR 2 4954 =233

+w | & [ BC [ DO T 7TCOD [SS T Chi-a [ TN T TP

(C) | (ps/cm) | (mg/L) (mg/L) | (mg/L) | (mg/m’) | (mg/L) | (mg/L)

.| Ao ] 234] 6330 16| 82| 102] 137 75| 8080 | 0694
DolAx| 129] 300] 30[ 67| 60] 33 13| 5736 | 0278
l‘j Hit | 191 5080 64| 76| 71 5.8 41| 6975 | 0528
SD| 41| 610 36| 05| 13| 31 22| 0805 | 0.142

L | AW | 246] 6410] 147] 81| 96| 530 16310005 | 1111
ool #Ax]| 135] 2460 38| 68| 44| 22 08 | 4134 | 0233
; At | 191 | 5314 | 73| 76| 61| 111 40 | 7.344 | 0509
SD| 41| 1135 35| 05| 19| 151 47| 1906 | 0234

A | 282 | 9320| 124 90| 192 | 470 | 1639 | 2467 | 0183

¥ | Az | 126 370 24| 67| 106| 125| 458 | 1064 | 0.070
Z | ®w | 208| 5110 68| 78| 165| 22| 85| 1764 | 0137
SD| 59| 2218 27| 07| 28| 106| 500 | 0504 | 0037

Ad | 272 4370 | 96| 90| 193 | 610 1785 | 2625 | 0226

A A& | 18] 3080 01| 71| 108| 155| 385| 1317 | 0.099
Z | W | 203 3943| 42| 78| 164 401 | 834 2099 | 0.169
SD| 57| 465| 34| 06| 28| 168| 455 0440 | 0045

) S.D : Standard Deviation
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= H3Z AYNEXIF ME H A ZUEHE

7F HA s 24 2 A9

(1) Z=AAH

AT HEA T e AFA = FARS] HARGE W T422 Hds
ol 2~3m AEE vg vrol HAERRH {EHE LAEHd 93
AgA Ao A d&Fs Te F e FE4x1Y AFA ol vistA
FA HAE=E ozt 54 B TEEH LAEE £AFSH] fbte]
EATAelA <29 33-3(a)>3 Zol AFA 6AFS AAse] HA=
of g AFE AASY. FEdTrIEd] FEUSuE HEYs &
H&=(CODsed, SOD, FE#% &) A 2 H4= ed=4d &5 54<=
vpetstal, A=A 5 el g5 FAYAAE 2R d - 5] HYs 2
d= W3 3 ed=d &E5A4 WIS A7l fste] <ad
3.3-3(b)>¢} #Zol = W AY 3k WAH o o 24N HAg= =
AbE AAE Y AR s eA B e 24 R OAR LA

@ | (b)
<39 33-3> AT HHE £24H 2AA A
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b o,
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3
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2 B47171= (

(7}) pH, EC, TN, TP

N

N

459l

=
=

o] pH meter(Thermo Orion model 420A+)%

A 7] A =% (Electric Conductivity, EC)

M

o},

o] A7]e EC meter
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=
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m M3 EHMEX|7T MY U S L EHE
(Z 33-2) B8 & Z49Y € E44 o &dH 717]
A g A9 27171
pH A" pH meter
daze R Thermogravimentric
(Ignition Loss, IL)) analyzer, TGA

AREA

(Elementary Analysis, EA)

e
Jus
z
n
M
1%
N

Elemental Analyzer

%4 4 (Total Nitrogen, TN) AL FEHH | UV

%<1(Total Phosphorus, TP) ol zE W A uv

214+41 (Phosphate, PO -P) of 2 5 = R A uv

drides CEEEE EC meter
(Electric Conductivity, EC)

i R PSA(Cilas-1064)

(Particle Size Distribution, PSD)

(@)¥ 4= AF A MHFAE AH 2
<ad¥ 33-4> HAE AH ¥ R AH B

H |

HAE JedAe EY Al &A= 771 4AH <2mn)e] =7]
XE A E Aoz EA(Soil Texture)S FolH=d I F409]
o JdEEAY 54 EYGYTES 34, =8AQ Bl o 3k,
A A sieving?} sedimentations F3] 7] wEl YAE EE AT =
o Atk E9 A= vE$(0.25m)oll 4] submicron clay( <lgm)7bA 33
AstA EAsk=, drAor B b= 2,000mel skl F8g Al 7t
A i (sand, silt, clay) o & Yol (F 3.3-3)& HAE 44 =7
o M ERE JEd AeR, BHE A, #F& By, vt 2y, AE,
AER /75, 452 dubdor B, dE HERE T4 5o ot

¥ Ar
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orplel solg4 SHEE lF 828 SH2l vl Y U H2(I) -
HAE 9 EY JuEdNL FAANEE HAitseid 93 frlES
A BAEAIQl 5% HMPE 713 5 A& % sand& wet sieving
© 2 fractionation 3t} HE& A EE L AUYE &7 187
end-over-end2 &+ ¢ W% H AdA AlZF & 26m0 HHNOZ 10cm
Zlolo A clayE AFA st FAE Ay E AFoAMe= HHYE YAV
5o wE EA(soll texture)= (F 3.3-4) ¥ <1% 33-5>° et
ERHE o839t
(£ 3.3-3) B4 E9 dAA7|o & &F7F
T R A A vl 31
A2 (Gravel) > 2 mm EAo BAsA] &S
#F2 2 (Coarse snad) 2~0.2mm EAO) 7| wrt va, IS,
7F= 23 (Fine sand) 0.2~0.02mm T714, w4 ZEo # o
2 E(Silt) 0.02~0.002mm | B} HES] T34 A
A E(Clay) <0.002mn EAd 7} AA 718
(£ 33-4) 4A37] BEFd 0w EA
AES EA 7% A E(%) 2 E (%) 2 2(%)
ALE S 0~15 0~15 85~100
FAAE LS 0~15 0~15 85~95
15% o] 3} A SE SL 0~15 0~35 65~85
GFE L 0~15 20~45 40~65
AEAYE Sil 0~15 45~100 0~55
AP A G E SCL 15~25 0~20 55~85
15~25% 2 SE CL 15~25 20~45 30~65
HEAANYE SiCL 15~25 45~85 0~40
ALA A E SC 25~45 0~20 55~75
25~45% HAE LiC 25~45 0~45 10~55
A EZAAE SiC 25~45 45~75 0~30
4596 o] THE HC 45~100 0~55 0~55
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71eke]l A4 71Al= &5 E 9 (absorption trap) &2 g



ol:xlo' ol
o =2 o Ho

ior

e

mu

- e 8= T2 7lE MY % HE() =

= AA HFAor B9 7t BHY mAMES carrier gas(He)d)ol
A GC column® 2 Z+7 Halsle] dAELER} o] o AL 71%7)
(thermal conductivity detector, TCD)ol A ZA = a1, thA] Z}7+e] shaFs
AxstAl drt olelgt = vA AZe FUIsgES WFE C H,
N, S, O FAH] dlow, 7 A4g Aste A ey 2o

(a_/\ h=i] /\v/]\_ H/\q)

Organic

P COo+ H50
compound CuO, 9007T : ?
(A% #4))
N-containing Organic Cu0, NxOy T0) Ny
compound . .
900TC 600TC
(3 ¥4
- .. ) 4
S-containing Organic % SO2+ S0 Cuo. S0,
compound O, 3 .
840T
(2hz BA)
N-containing Organic co
compound C, 1,120TC, Pt
D4 FA719 HAAAHQ BARALS Als =9, 4, A3, 2
2 HEz £A4Q dAR AP Alg =HHAHAME AR FA
& m7HA AF3] FAHsEoF o, FAVE S8H AEReE oF B &4
glol A& FAE FHoloF gtk AR &VEE FE FA A9 tin
foil& AFg3te] F74+= 001m7F A st HE Algs 54 daA33 A
A4S S5t As AlE AR7IE FEeH Alse sHd oste] vk
#Foz "oy A Hu} 4bstAAL Alsde fUstEES gds] di
AsIAI A EERAEE M7= FEe du ARE AFas dF9
TH71A(B0:50) e A 1,000C = D A dae] AFolA F4 i
tin foilZ # A4 AZEE A3t wd¥ 3 g5 o 2 1,8300C7HA A
S w=xb diste] AtstE £F71A7F A E9d AbstE 9] 9E
ko]l Abx 2 HE oxidation catalyst® 53 A7ttt A& AH LS o)F
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ot
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Q
o

o,
=

5

=

o
fr
!
2
N
)
N
2
=

& 4
o] golgt JHE AFANA F= 4TS o).
o_:l' =z

ANM= A7 i FAAI 2ol NxOyot SOz i
3}

Aol &gt Nyo SO,= # sheh, B 2 A ZuA
ol HE 60TR od® G E71A50] B30 Ny, CO, HO
2SO, AHE gEd 2E AEE A= AE7)C gste] 117
NEE AFHoR WEHE, AARMY AAE PFEH BUH A%

A A7vtEIHE A& F UTh
B Ao Abg¥ 7]71% ThermoAte] Flash EA 2000 9424712 &
KR

S
A AW 0.01~100%, sample size 15~20 pg, 5 A HoAdA
j

80T, &8 W 65T % detection limit= 0.01%°] t}.

(7}) CODsed
CODsed= #4722 EH(CODMnY) @ a2 2FH(CODCrY) +
ANz FEHe] Yl B AL FARAAEUS 4850 A4

Lo
2
e
i
o2
b
o
=
=
<&

-
M
ofo

3 955 =33
of FYtil THTE "l AR g3 FAVE 10ge] HEE Frh o]
f, MiRAI R = A RE At SR FYete] AP S 6me] &3l
SA(He] L F 10216g SAFAZE+ 167m gkt + 33.3g FAkr
&) 14me G4 A (55g FAb/lkg geihS FYstar, FYg SA
F7E ol W F A HolwE: wugth 4AEGSAF 150CE
AAdH Hdx7]elA oF 243t FF vrEAIZ ths, 0.0M FAS ZE+8&d o
2 qAakn, o] W ANt Azl §olg g

Hohd bea TR v 2o Aow Atay

C’ODsed(CODOr,mg@/kg—dry) =(A4—B) x 8000 N=(1 M%) )
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i
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HMel7le g o HE()

o714, A= ®lEAIZE A AAl 0.IM FAS
=2 ] 0.IM FAS %+

o= FA CODsedel o = 5
34 (USEPA) #H7} 7]dd TAste] ¥ AFAxE wast
3.3-5)+= USEPAY HAE H7l 7|5S A

ot
o
o
N
AN
o,
o,
o
1,
N
&2

o

(% 3.3-5) USEPA HZHE H7} 71F(CODsed)

T USEPA sediment quality standards
moderately .
CODsed non polluted bolluted heavily polluted
(mg/kg—dry)
< 40,000 40,000~ 80,000 > 80,000

(1}) Sediment Oxygen Demand(SOD)

2 ATdAdeE <29 33-6>3% & FAE o]&ste] HFH WHO
SODE =A3gtt. Grab samplerE o] -&3lo] 1# 3 EH
AAe] &7](3o] 330mm, 27 130mm)oll Fo] £AEA &
ol F7lek AFo] fles dHse] AIAE g F, 4T
o] o] F‘lo} k. SOD =Aol o] z} A
A stsE AsAE A A2l 2-chloro-6-(trichloro-methyl) pyridine<
methanolol] &-3fA]#A chamberLH HZF F=7F 00lg/Le] H=EE FERE
o]-§ate] nlgto] Udojupx] AA FH7bste] HAES ©AH A THS
e 4= (CARA S R OOO) 71327 A7A s Al AFFE Vh
5 L F wwbE A (Mixing propeller: 60rpm), DOmeter(YSI 5000
DOmeter), 7IEA7F QA caps Ho] 20ToA wigstel DO ®sh7t
sls w7bA 168 (FA o AL SASAH. SOD A4 B B S AIZE
Bate] mE &AL Ao Flg AFe] FI(L)E Wkl vhE
£ g A(m)s ol o3 2ol A=At HEE A4, 2003).
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= H3Z AYNEXIF ME H A ZUEHE

SOD(mg/m2 cd)=0cxX VIA/T

o714, Oc : Oy Z&H]=F(mg/L)
V : water volume(L)
A : water-sediment interface area(m’)

T : A xH(day)
wkxtol] fF SODe WAL vg Ao ALstAtHTruax et al
1995).
SOD(t,) = SOD(t,) < 1.065" 2

7| A, ;WA L&

SAA T
Aol 2k A S
olgk DO &Ml & th¥ o] HAsAT
chamber WelA AR ¥ FAFAZF(mg/L) = DO Wat&x s34 F3(L)
FETH71E 9 Ax" 2FAT(mg/L) = BOD5(mg/L)/5 x 3t&4 5
(L) x A|ZH(day)

Y

DO probe

330

250

Sediment

130

<29 3.3-6> HAE AALLFH(SOD) &4 FA
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W shA R o] A ok F Y A HA FHo ok 2A H A AL H A
B i A7E QA AV el g EAEE Y 2 A
TAA HAE JEEA4S A% dA-E = UltrasoundsE ©]-&3F] 60%
et HaystAt

(7F) 12 =24 2

12bol] ZAVSE Q=BT AnE APEE <19 33-7>~<719 33-10>
of et i, =i Ao 7 z& EAS BEF3 Z23= (F 3.3-6)

of Aeshgitt <2
=2 el Aot

. in volume / undersize 100, 0
// 90 10
o0l 80 20
) 70 HC
° 8
o =
2 F+
% L 2
s = g
H H
s 3
g, = LiC
° i ‘ n 20 /- seL oL SicL 80
o 10 90
Clay: 2.92% silt? ‘ 5 d ‘ /Q SL \ L SiL,
i 0 48 100
ﬂv ] 100 90 80 70 60 50 40 30 20 10 0
T F 1 s . w9
00 x ( Diameter ) / um 000 < (%)

<ad¥ 3.3-7> w3 AR (AAY A)

in volume / undersize 100, 0

90 10
20| 80 20
2 0 He
° i 3
5o z
5 z
H &
H 3
= 3
24 = \ LiC
2 3 30 / SC
H{ 20 /- SeL cL SiCL 80
20| il
| 10 90
Clay: 2.81% ! SL L SiL
0 L] 100
ol rqj]! ‘ ‘ ‘ 100 90 80 70 60 50 10 30 20 10 0

T & 100 o .
oo X ( Diameter ) / um 500 2 A%

<a¥ 3.3-8> w3 AP (AAY F)
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M3% SEMEXF ME Y F 2LEE
100 in yolume / undersize . 100, 0
/'/ 90 10
80} 20
2 HC
g F:
= ] | 20 /- scr, oL SiCL 80
10 90
Clay: 2.38% 46.48% SL L SiL,
e T i ﬁﬂﬂ» Tﬁgﬂ ”L Ol()éé;io 80 70 60 5()' 40 30 20 10 Olm)
004 ' " x ( Diameter ) / wu“ : 00 =A@
<29 3.3-9> "3 FH(AA A)
100, in volume / undersize 100, 0
90 10
« - 80 20
8 70 HC
ém | 1 1l ] E - sC LiC
= ;ﬂ-‘ ﬂ{ 20 /- SEL Sk SicL 80
10 90
Clay: 2.49% rHﬁHDHﬁ ﬁTﬂg 51 SL L SiL
ol J———— H H‘H‘ﬁ%‘H; Oloééij() 80 70 60 4 40 30 20 10 0100
oo ! " X(Dlame(er)“jran . 5000 = 4w
<zZ¥ 3.3-10> s HAH(AAZ F)
(£ 33-6) 13 =& ENEH
9 A AE(%) A E (%) 22(%) 75
L S S I e s | 2.92 31.67 66.41 SL
A AA= % 2.81 34.65 62.54 L
nf} 3} AAg A 2.38 51.14 46.48 Sil
= A & 2.49 45.58 51.83 Sil
120
mEE HE =
100
E“:DF - 66.41 62.54 e gl
0 60
20 3167 3465 e Bt
0 e G - eanes

GERYL-ENE B GSEL-HNE = SIS W IR =

<ad¥ 3.3-11> ARHE A= FFFAARD
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=& A2 7 Y " HE()

(h) 23 2Ap
27 ZAVE YERE

d 3.3-15>0f YEtfi AT

23 3% EAS

AMWR <29 33-12>~<21

100, 0

HC

10 90
SL L SiL.
0 L 100
1 0

00 90 80 70 60 50 40 30 20 10
= AR

AR (AA ] A)

100, 0
Q0 10
80 20
& 70 He
s 60
Ko 50
40
LiC
30 S¢ v
20 /seL CL SiCL 80
10 90
L¢ SL 1 Sily
0 ~ o 100

100 90 R0 70 60 50 40 30 20 10 0
= W (%)

<a¥ 3.3-13> "3 AP (A F)

10 in volume / undersize
-
/
80| /
/
fo) /
2
3 i/ %
0 . <
3 3
2 z
5 g
H L]
H F
< 3
s
= =
2 f 8
=
. il IL
Clay: 3.25% FI%H% ﬂ_mm_m .76%
mﬂm‘
g 5 160 00
oo4 x ( Diameter ) / ym 00
<I¥g 3.3-12> " g
. in volume / undersize
e
/
7
o)
M/
2
= 2
> L 8
2. °
3 z
c @
w £
H T H
< m 3
H
< 40, =
H )
z N I k=)
A L
) 1
Clay: 3.83% Jillsi ul 1d:|41.46%
e (IR H“
1 10 100 1000
oot x ( Diameter ) / ym 000
0, in volume / undersize
yd
/
P
/
8 /
~ 2
5 )
E o z
2 z
5 g
H a
H s
< 1 3
5
c 4 —
5 pi =
e L s
§ ] "
e uﬁﬂﬁm
ol e 1
g s 158 o
oos X ( Diameter ) / um w00

<a¥ 3.3-14> "3 F(AA )
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in volume / undersize 100, 0O

LiC SiC

neinwno ) €0
[02¥] ( weiboysiH ) €b
4
&
5 %
o
3
(=]
jas]
(o}
w
3
£
o S
2
@
3 ¢
L
N

9% /( sanfeA aAgenwN

m I 20 /- SCL SL SiCL 80

10 y 90
Clay: 2.71% 78% SL L N SiL,
0 100

100 90 80 70 60 50 40 30 20 10 O
= W%

e
g

100
x ( Diameter ) / ym

<29 3.3-15> " & H(AAF F)

22 A=EE Ao T AFER JAAT] B wE BEAS
(3 3.3-Del Aestaieh. mish AgAHES dA2 del= SL, A F
o

o= EAo] Loame =2 eI, Fo (AL % SiLo s ZAME ¢
(% 33-7) 23 d=8% 2837
TR HE(%) A E (%) (%) 71 &
w3l | dxE A 3.25 46.99 49.76 SL
A | e * 3.83 54.71 41.46 L
jsl | AxE]l A 2.23 28.82 68.95 SiL
Ao | AAY F 271 3451 62.78 SiL
- BE(%) HE %) m2d(%)
100
il
iﬂ‘?’g 60
jod 0
4699 5471
20 28 82 3451
o i) 3.83 223 271

TfstaghEEEE e ENEE = BE-EMEE HeE-EHE =

<29 3.3-16> A3E d= FHF(2AH
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oao SoUgs HEE SIF 828 Sl MY A HB(I)

(t}) 32 z=AA 7

in volume / undersize

0
7 100, 0
7 90 10
i/
« /
o /
8 £ s
= 2
> 8
5% T
2 z
= @
H &
3 H
< 3
= =
= 5
* |
B Al
10 % 90
: SL/ L Sil.
Clay: 2.4% di|46.1% " e 100
100 90 80 70 60 50 40 30 20 10 0
o 3 i 1o s @)
o4 X ( Diameter ) / ym 5000 -~
<a¥ 3.3-17> "W AM(AA )
100 in volume / undersize 100, 0
/ 90 10
o 7_ 80 20
I / 70 30
o y & HC <
° S & 60 10
59 - I Z
=4 I a e 50 50 S
5 S
: H
B F
i il g 10 w X 60
24 = Si
g RS 30 / SC 70
2 i 2
R ﬂ{ 20 [SEL of SiCL 80
d “ 10 < 90
. SL L Si
Clay: 3.5% i :137.7% o /3 N 100
100 90 80 70 60 50 40 30 20 10 0
ol mﬂ Ty - h=A a“ (%)
o4 x ( Diameter ) / pm 00
- st A (HAE F)
<a¥ 3.3-18> g A(H*
100, in volume / undersize 100, 0
90 10
o] | 20
o il 30
2 - >
o @ 40
5 F Zz
s | 2 NG
B & >/
s 5 60
5* = SiC
= T b 20 /' scL cL SicL 80
) d
b 10 Sk 90
Clay: 2.3% 48.7% SL L i
=Y 0 ® 100
il 100 90 80 70 60 50 40 30 20 10 0
o J———s
o 00 7000 2 (%)
o0 x ( Diameter ) / ym 00

<a¥ 3.3-19> W3 Hd(dA2 )
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in volume / undersize 100, O

8

1enwno ) €0
)
[0zx] ( wesBosik ) €b
i
&
5 %
2
3
o
(e}
g
. w
o =]
-2
3] ¢
o
o

LiC sic
30 / SC 70
= rﬂ ! 20/ scL cL SiCL 80
* i T 10 ] N 9
Clay: 3.0% 142,29 . SL L N SiL, "
‘ 100 90 80 70 60 50 40 30 20 10 0
g 10 100 0.0 =A%)
oo X ( Diameter ) / ym

<2¥ 3.3-20> "W FA(AAH F)

ME 943 2R ne 24
(£ 33-8)] Asterh. A FHglol BE AN B4l SiLow

(¥ 3.3-8) 33 d=&F EXZ47

T B HE(%) A E (%) 2 (%) 7 &
wjal | AAE A 2.4 515 46.1 SiL
A | AAE & 35 58.8 37.7 SiL
wjsl | dAE A 2.3 49.0 487 SiL
Ao | AAE F 3.0 54.8 42.2 SiL

1? BE@m wd2E%) m2dim)
=
O =+ ;;_1 e O =H4 %'{1 HI = 0f Em::; XM # O SpEHCH-F A =

<29 33-21> A¥E 9= FFZFER)
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oo SUBS HEE 9B BEE +H2 S MY Y M) -

33-9¢ Aelstedry, Qurg oz vA g
xS grkm delA gon, vt

]
I Z AolE HolA il ‘thtﬂ, o]

(¥ 33-9 1,2, 32 =& 2 B4 EXA3

9 X 12+ 22} 3z} v 3L (1A &)
L S S Y SL SL SiL SiL
A | AAHY T L L SiL SiL
L S S Y SiL SiL SiL SL
Ao | AAY SiL SiL SiL L

<

(2) Zdd 2%

s A EHA =] A 4
3.3-22>~<219 33-27>°] AZsd. &
ZAgE wist A wjst Ao A4 Ahd
AlFlel Zpel7b olo] A A Hlae oEe Aow AddAn vzt Ay
A= 11.0~121%% Yewta, w3t Fdeld= 11.6~19.0%% Al
vlgl =A yErgnh olgid Ades (3 33-11D)9 Hx FHHSA
(USEPA) HA= &47]E3 vlas) B, wistAsA= 20149 %=
20159 % BT ZFEiETIE 2 = “heavily polluted”® v}ebyiTh, =
3 T SFHIAATFA o F (54 HHE FEE odHI}L J)F
of X “AzstA W QAT YR AR A

oA ARG AR (S 1~vist 6x13)ol tE T
A= 1Ak} 22 ARG R U] ekl 1249 7ol AR 33
A5E BAAA A Fo Jdormz E RureAE HESA R
u} 14 zabel e BE ARA 94~106%2 LEREIL, 230 ZAb) A
84~10.0%% 129} 719 H=d Ads KAk ol#F AL 3a

f
e
N
S
of
A
>
D
={

N

HAE e9d37t 7IE(HH3AE A olaF 5753%)¢1 13%°l HluLa| A=
tha whkAI N vl S B 5 A (USEPA)Y] H A& 47+ vagls
= 1A} 22k 25 2E A AFo A “heavily polluted”= ERSETE o] 2] g
Az RE et FA = YR dagle]l Ao HA= F7]E4
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= H3Z AYNEXIF ME H A ZUEHE

edmst BoE AL ¢ F Ak

5 AR AR A5 v B, vjst A A fole 14
Hop AddikaFe] 1.1% S7ketAwt, st ool A= A del uvls)
34% #astE Aoz byt old@ At vhak AW AP FHY
FA7F AAHe] Q= AR A 27 "Wojd g Adew F
Aol A zgl MEsel ofs) FAlCl FedHon 9Fe we F U
9 W Felo] obdth wrAe]l AUAWE §HF FALFA(FRAH} ¥
FE AT A AW Ao §RY ALY W)
osl FTgAoRE FFS s F v FHoH wepA oy g A=
A AAG oF dgon prHy

(& 3.3-10) WA FA HHES] FE7F
e ] 2014‘ _ 2015 ] o 5
12H9/2) [2xH(10/29)| 1xH(6/4) | 2*FH(@8/5) | 3xH(11/6)

o shAHH 10.4% 7.5% 11.0% 12.1% 12.1%

wjslad) | 13.3% 8.5% 15.0% 19.0% 11.6%

v s} - - 9.6% 10.0% -

uf 512 - - 9.6% 9.5% -

uj 513 - - 9.4% 9.6% -

) 514 - - 9.8% 8.4% -

) 515 - - 9.4% 9.3% -

) 516 - - 10.6% 9.0% -

(¥ 3.3-11) USEPA HAHE A77E (27 F)
T Sediment quality standards
moderately .
Yol 7k ak
7 i;]; 2 non polluted bolluted heavily polluted
° <5 5~8 > 8
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OtXIo] oA SIHE 0|€ QLH 5t A'.I I IA HI:Il- al I‘lQ_( )
JEe| ST =EE T._I' 3 FAE 7= g E HE(
%
Sample: 1, 6.3306 mg
100-]
21538 %
-0.1376 mg
a5 LAz %
-94,13492-03 mg
Residue 963607 %
6.1581 mg
96
Step  3.9434%
-0.2520mg
Residue 92.4173 %
5.9061 mg
Sep  -17853%
-0.1141 mg
. Residue 80.6320 %
SENM g 2w
76a0t5e03mg SEP 144398003 %
. A 522.4775e-06 mg
* Residue EEA Residue 89.4117 %
57140 mg
t
"
100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400  °C
I I L h I I . I I " I L h by
T T T T T T T T T T T T T T
0 10 20 30 a0 50 60 7 0 50 100 10 120 130 140 min
S W 1A FE 11.0%)
<29 3.3-22> W3 AT 1A(FEZFE 11.0%
%
Sample: 2, 3.8629 mg
W e 23752%
-91.75142-03 mg
Residue 976248 %
37712 mg
B
96| Step 61046 %
0.2358 mg
Residue 915202 %
3.5353mg
94
Step -12611%
92 -48.7160e-03 mg
b Residue 90.2504 %
3.4863 mg
-1.9958 %
- -77.09752-03 mg - .
90 Residue 88.2578 % Step 03967 %
3.4083 mg -15.3223e-03 mg
Residue §7.8611 %
33940 mg
+ |
88
100 200 300 400 500 600 700 800 SO0 1000 1100 1200 1300 1400  °C
! I I | I I ! I ! 1 I I I 1 3
T T T T T T T T T T T T T
0 10 2 30 0 50 60 70 80 £ 100 10 120 130 140 min

<29 3.3-23> wig AW 223 (FFE 12.1%)

% sample: 1, 6.3411 mg
i Step  -1.9003%
100 01205 mg
Residue 98,0927 %
82202M3 g p y533%
. L -87.3543e-03 mg
Residue 96,5574 %
6.1228 mg
96
Step  53402%
-0.3386 mg
Residue 912172 %
57842 mg
Step 30466 %
92 -0.1932 mg
Residue 88,1707 %
5.5910 mg
Step  -0.5661% -
-35.8976e-03 mg Step 03102 %
Resilue B7.6045 % 19.6684-03 mg
55551 ma Residue 679147 %
48 mg
88 T I
+
T f
100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400  °C
I . I I I I ! I I n I I " h 5
T T T T T T T T T T T T T T
0 10 ) 30 40 50 60 70 80 50 100 110 120 130 140 min

<3¥ 3.3-24> W3 AL 3RH(FFE
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M3ZE SEAMX|T MA U sHE DL E2
O oo —_O X —-O o
% 1 sample: 2, 3.6658 mg
100
Step  -2E178%
-0.1033 mg
Residue 57.0046 %
98 35560 mg
Step  3.2392%
96 -0.1187 mg
Residue 93.7721 %
\ 34375 mg
94
Smp  -4712%
-0.1728 mg
92 Residue 89.0578 %
3.2647 mg
501 Step 2385 %
-82.06172-03 mg
Residue 868193 %
&8 31827 mg Step  -0.6001 % Step 03413 %
-21.99702-03 mg 125107603
- Residue B4.6864 % Residue 85.0276 %
g5 Sep - 3.1045 mg 3.1170 mg
-56.1942e-03 mg
Residue 85.286% %
265 mg
100 200 300 400 500 600 700 800 SO0 1000 1100 1200 1300 1400  °C
! I I | I I ! I ! 1 I 1 3
T T T T T T T T T T T T T T
0 10 2 30 0 50 60 70 80 £ 100 10 120 130 140 min
- s} Fdf 1AH(FFE 15.0%)
<29 3.3-25> "3 Fd 1A(FFE 15.0%
% | sample: 1, 24699 mg
10 Sep  -36076%
-82.10142-03 mg
sa- Residue 96,3524 %
2.3807 mg
96
94+ Step  -B.0013%
-0.1576 mg
Residue §8.3910 %
92 2.1831 mg
90
85 Step 2472%
Step 22317 % -61.1090e-03 mg
-55.1189¢-03 mg \' Residug  83.6852 % Step -2.6661 %
86 Residue 86.1594 % 20669 mg -65.8479e-03 mg
2.1280 mg Residue 610191 %
2.0011 mg
g4 P
82
8- 100 200 300 400 s00 60 700 800 900 1000 1100 1200 1300 1400  °C
h | L h I I I I h " ! " h 3
T T T T T T T T T T T T T T
0 10 20 30 40 50 60 70 80 %0 100 10 120 130 140 min

<a¥ 3.3-26> W3} FHd 23 (FFE 19.0%)

%
Sample: 2, 6.0616 mg
u Sep  -LEML%
100 -0.1136 mg
Residue 98,1709 %
5.9508 mg
98
Sep 67612%
-0:4098 mg
96| Residue 914097 %
5408 mg
S=p -23078%
-0.1399 m,
Residue 89,1020 %
52 54010 mg
Sep 15061%
-91.2973¢-03 mg
Residue §7.5958 %
53097 mg
0 SEp 0.8091%
49.04542-03 mg
- Residue 86,4049 %
5.3588 ma
88 . $
T
100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400  °C
I . L ! h ! 1 ! | " N n ! h 3
T T T T T T T T T T T T T T
0 10 s 30 ) 50 e 70 50 s 10 10 120 130 140 min

<9 3.3-27> w3 #Hd 32 (FFE 11.6%)

- 117 -



02

Ja}
1o
ol
1)
ol
>
Job
HT
mu
Ho
o
oo
AT
ol

gt Al 7lE g % HE() =

(3) pH, TN, TP

st gA] A E 5429 pH, TN, TP = did EXdas <2
g 33-28>~<2¥ 3.3-30>3 2t} 12¢Y 70101] ZAME 33k AlEe W
M A A Foll JorwE B HiuXdAs 32 A AdE L #SHA
23t HAE9 pHE 13 A= 80~849 BXE Holx glon,
22} ZAb = 75~810. 2 1xko) Hls] HAWEA o5 thAh Yqko
njst] A o] pH 758 thE Aol Hlaf tha SEA LERR

HA% Ul TN w55 AdHE=Z 242F wjshl A3 2,442.3~2,815.1mg/
kg, w3} 244 2,463.8~2,605.2mg/kg, "H3t3 #] 1,821.1~2,043.8mg/kg, v
3} 4213 3,291.5~3,906.0mg/kg, "It A 2,213.2~2,766.2mg/kg, "3} 6
A3 22221~2,8838mg/kg 0. FAMH AL, wist4 Aol TR =oka
st 3A oA 7HE Be FEE EAEJT. oH3 Adies S HE

T4 ‘T4 HAE 2dH7E 71" Vow(5,600mg/kg =3, 47
i é}ﬂbﬂr HlasiA = 84 g w593, 395, v o
A A 71101 800mg/kgol 2, 2,000mg/kgol’d, 3,000mg/kg ©]
o, BE AN ZFE, '6”‘4 HAE AAZIE oldel
H, 53] wjs} 4232 vluA V)Eo] 2 S HAE A7

= Ao® Uy

P sxc 72 AAFEE vjgl A HdL 1,327.9~1,345.6mg/kg,
fst 22411 1,217.3~1,287.2mg/kg, "H3k3 A A2 1,341.6~1,346.2mg/kg,
1,186.7~1,811.3mg/ke, "H&t5 A5 2 1,049.5~1,218 2mg/ke,
1,104.7~1,240.3mg/kg 0.2 ZALE A O H, 12 FAlo A=
AdE Kol wisi4 AFe] M} =4 A=HAY HAE
Y TP 5% 1y 4d199 ‘34 HAE 2997 7|57 Vo+H
= A

17_11.5‘]_5_,_ uéu_ﬂ;:g_ %o N—F,H)oﬂ H]OH/H‘_ 2= x]?@oﬂ}ﬂ
]

Jur)
=
of

AN B oox 2 oR
Mo goh oo
}01'
S l-o
= 2 o2
tlo o

B e o

2
|
f

N F

o

=

>
o,

al
A
IN, TP 5w uﬂi} IAe A wF wa gl waE 5
AHAe®, o AL AFAZ FYHAE F %

% 1l - = [e]
& g WA g Foolth o @ o2 AFAd F9E 2B el
AFE fEHA Rohn P17 HAE AR A% JPo wuwh
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10

<329 3.3-28> wjgAFA HHE pH

4,000 -
3,000 -
2
< 2000 -
=)
E 1000
S’
=
e 0 A
14} 2%}
<9 3.3-29> "l AR EHHES TN &
2,500 -
2,000 -
S 1,500
=
S 1000 -
é 500
o
-

O 4

<9 33-30> "W AFA HHES TP &%
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g 5E X2l 7l e « HE)

Hﬁﬁ}xivrxl B A &l Aletol 1 A3E (F 33-12)
of Aelstdnt. wist Ayl B FHLAFA A8 A1)} F6A) A
AH Aa 240l N 009%, C 048%, H 0.28%, O 0.69% Z7+sk9,
Sel AW 0.03%3astArt WE Aol 49 A8 AT FEH)
AAH dazdol N 0.1%, C 016%, S 0.17%, O 327% 23,
Hel 24w 001% Z7tee Aoz vehgn.

=
ol
(o
N
. A
_I_.>:
ftlo
1

R84

(¥ 33-12) 94284 1-2-32 23 F37

S Nitrogen Carbon Hydrogen Sulphur Oxygen
v (%) (%) (%) (%) (%)
w3 12} 0.41 2.63 0.78 0.03 7.49
A 2} 0.44 2.82 0.94 ND 7.12
° 3%} 0.50 3.11 1.06 ND 8.18
o 3 12k 0.61 3.35 1.04 0.17 10.15
4 2%} 0.52 3.39 1.11 ND 8.59
3%} 0.51 3.19 1.05 ND 6.88
(2) CODsed
2 AT gl AFAY HAES CODsedE F43A . Ul A=
CODsedell tigt 2H47]Fo] AHES YA Fol & AF4xE v &
AR EH(USEPA)S 9% H7b7led vaustart wist A A"
USEPA #H7}7)5 2% “non polluted” A& el w3l #)wbe] ¢
H]

7} “moderately polluted”= WERGTE 3 FA | dx] A A5
WA A= wigtA g E AX ARG AX & CODsed 5%7F ¢ 57t
st FAYFA I AAH A= wiE Ho AHAAE AXHEG
Az F CODsed =7} ZA a4 Aoz 45T}

(F 3.3-13) HA4E 295 ZAHCODsed)

P w3t A IEED
- 14+ 27} 3% 14 22} 34
CODsed 1 o707 | 61,007 | 60,407 | 33613 | 31,839 | 28796
(mg/kg—dry)
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(X 3.3-14) USEPA H3 & H7} 7]F(CODsed)

T USEPA sediment quality standards
CODsed non polluted mossﬁiig heavily polluted
(mg/kcg~dlry) < 40,000 40,000~ 80,000 > 80,000

(3) SOD(Sediment Oxidation Demand)

SOD &4 23 ujs} AWAl 3.11~3.66g-0y/m'-d, s} Fol %] 3ol A
1.31~1.73g-0Oy/m*-d% wi3} Ao r =4 eputch wist Ao 3%
SOD Fw7b FAeAA Ax Fol o FARAwm, s Huje] 4
042¢g-O%/m'-d 43S A5Gk oleldh A3z CODsed 41439}
SR AeA AW 2 8449 290 @ FLAA, FAYLA A
Ao g AgAA | uE Aot AalAE A&AA paol @
83 Zow dddr. SOD EAAAE =Wl A8 Hluste] (&
3.3-15)°] Aystgeh. = o g
= WEAFA A Ee] SOD v=7

(% 3.3-15) H3¥ & SOD X443

Site SOD(g-Oy/m’'-d) Reference
Cayuga Lake, NY 0.3~1.0 Newbold &Liggett,
1974
Lake Sammamish, WA 1 Bella, 1970
Lal;ihizgﬁor%}]? 1.7~58 Schnoor &Fruh, 1970
Saginaw River, MI 0.1~5.3 Chiaro &Bruke, 1980
493 0.7 Shin, 2006
=T 0.8 Shin, 2006
12+ 3.11
o 3} A 22k 3.66
32k 3.47 .
- This study
1=} 1.73
i s} 2ol 22} 1.62
3%} 1.31
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oao SoUgs HEE SIF 828 Sl MY A HB(I) -

A=A H4E | $55 9 Hg, CN & 43 23= (GE 33-16)
3 2o §8%5 W b4 13 F2AIAE 7.60~9.63mg/ke® i3k 1, 3, 5
A3 w4, 6x] - vz o HAEEHJUTE 2z AP A=
6.17~87Tng/kg= wisl 3AAS ALgs yUwx] HA= AL vz
TER HEFHEUAY =EHS BE AFAA 1.20~1.80mg/kge2 A9
2o dHs BHoon FEle w4 A9l 42.37~51.40mg/kgo 2 o
Aol wvla] i @ vEE AEFHIJY AR P9 22 A9
& A 28.37~33.67mg/kgell Hls) wis} 4x] el A 24.97~27.03mg/kg S
2 7 A AEEAT Fe 13 2AAE 5247~5893mg/kg O ® R
T AFAA A9 Mz grom AZHJL, 22k ZAPA = 4917~
65.70mg/kg &5 wist4 A Foll A 7hd vk, wist SA A =4 A=
ATH ofALe 1zl A E 163.60~21877mg/kg®™  FAFE AL, 2xFol A=
145.07~229.30mg/kgo. = HE o, 1, 23 EF ujsd 42 F A v
Aol me] A AEHAY. £ 130 EAE~0.074mg/kg o2 vl
3} 1, 2, 3, 64 HAA HEEHAL, 23 E BHE~0.045mg/kg 0.2 1)
sl 2, 3, AXHAA HEHAGY. 67F2F 3 A2 13F, 220 ALY BEE
AFAA EHE HATH
THAAAFT LA E 2

2ol dgo Aol Ade=A Fetst
B2t 71E7s oit®E AAste] &9t = H
Hrtews M2 FEste] M8 AH =+

3, 20159 11¥ 169). MAE “gH .54 HAHAE F=2d o
33-17¥ #ow Fg&dw dus) BA ogd 2o e A

© =l

Hag B AMA
KeN

e
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- M3E SIHSXT ME Y HF DUHY
(£ 3.3-16) Wi A A A HAEY F5& T F%
o - As Cd Cu Ni Pb Zn Hg Cr'¢ CN
(mg/ke) | (mg/ke) | (mg/kg) | (mg/kg) | (mg/ke) | (mg/ke) | (mg/ke) | (mg/ke) | (mg/ke)
Wk 1| 7.60 1.63 6563 | 3153 | 5403 | 1959 | 0061 | ®HZ | 21z
st 2 | 823 1.67 59.87 | 3367 | 5253 | 1888 | 0067 | BHZE | #HE
- wjgt 3 | 797 1.60 8220 | 3160 | 5247 | 2170 | 0074 | 2@E | 2=
Wk 4 | 963 153 5140 | 2703 | 5320 | 1636 | BHE | #HE | 24E
Wl 5 | 777 1.60 6860 | 2837 | 5257 | 2187 | ¥Hx | 24% | 24E
Wl 6 | 9.07 1.80 7110 | 3103 | 5893 | 2186 | 0055 | ®HZ | 24z
Wt 1 | 850 1.63 7060 | 3133 | 5523 | 2030 | ®HE | #Hz | 2%
Wl 2 | 867 1.70 5700 | 2947 | 5327 | 1841 | 0060 | BHZE | 4%
. Wk 3 | 617 1.33 830 | 3083 | 5380 | 2151 | 0046 | BHZE | 2HZ
vzt 4 | 863 1.20 4237 | 2497 | 4917 | 1450 | 0055 | BHZE | 2HE
wjgt 5 | 877 1.60 6950 | 3107 | 6570 | 2160 | BHZE | #HE | 24E
Wl 6 | 833 1.50 65.07 | 2847 | 5263 | 2203 | ®¥Hx | 24% | 24E
(¥ 33-17) 34 HAE 54 L4897 7+
5 & I | I | I vV
ddd 323}
F718 2| 7 B (%)
dddF" | TNmg/ke) 5,600 %}
TP(mg/kg) 1,600 =}
2] (mg/kg) 60 ©] 3} 228 o1} | 1,890 ©]3} | 1,890 %3}
'F(mg/kg) 65 ©] 3f 154 o] 3} 459 o] 3f 459 %3}
Y 7 (mg/kg) 53 o] &} 87.5 0] 3] 330 o] &} 330 =3}
e | H122(mg/ke) 290]38F | 4470]3 | 92103 | 921 %%
e 52 (mg/ke) 0.10]3 | 06703 | 21403 | 214%3
o} (mg/kg) 363 olsk | 1,170 ]38} | 13,000 ]38} | 13,000 =3}
}E (mg/kg) 0.6 °] 3} 1.87 o] 3} 6.09 o] & 6.09 %=}
=& (mg/kg) 112 o] s} 224 o] &} 991 o] sk 991 =3}
Ha) S HAEY LA
xfr7)E B FYIT(IVesH) @ Azt Hag o4
gt (IeH) @ AXAE 540 Yehd 7heAel A9 s
(Iew) : AXAE HAde] vebd 7FeAol A+
(IIe+) : AXABE Fdo] Yehd 7FeAdo] Blud &
(NeH) + AXAE =40 Yebd 7heidol wif =&
A7) R84 2] (www.nier.go.kr)
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(a) 7}ol=gkel A X (b) Rhodamine =% (C) Rhodamine-& <}

<I¥ 4.2-10> F4 AFA FHLE A7

/

ol

NW o SUNE NW - : o UNE NW - e NE NW - BN NE
asms 05 ms 05 ms osms -
w| . e |wl N e |w \ R [ e - \ \e
SWh_ : _'SE SWh : _~"SE SWh _~SE SW_ _“SE
s 5 s s
11:00 / 0.4(1.8) 12:00 / 0.4(1.8) 13:00 / 0.9(3.1) 14:00 / 1.3(4)
N s N s N e N s
MW om NNE NWT e \NE MW7 o NE MW7 o NE
0sms . A : 05ms ", .."_ / : 0Sms " / : 05ms "
w| e \ elE | Wi < e | Wi \ I
SWh _sE W s W s SWh_ s
5 s s s
15:00 / 1.3(3.1) 16:00 / 1.3(4.1) 17:00 / 0.4(0.8) 18:00 / 0.4(0.8)

AR FRELEGES

<Y 4.2-11> SAAFA TF L &
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- R4% 828 +XANAY SHHS U M5

(1}) Rhodamine &%=
A8 T F AT w (3 42-5)¢F 2ol 3/ Fow FE s
of A3 ZAAE iAo, A EHE AP FEwEE <4
4.2-12>¢), SAFE FIHAE 8L Aol wE Rhodamine & =W 3HE
<29 4.2-13>0] eI
Rhodamine £ 94& F938t7] A FAAFA ] WA sees & & =
Ao ooz 03~05ug/LE YJESETE Rhodamine &9 9 & A W
A SAZ(TIFDAA F9E &4 mfo]laz2d & AE
~40 m AYA olFa o, 2MA SAH(T2 +iHelAA= A= 50~
120m«] A 2m A Fol A WA FE o]l 3.1~12xg/Lel Rhodamine &
Bt 53] A" 80m, T4 2molA Rhodamine %7} 12ug/L=
T2 A= 7 e =5 ekl oF 156~208 §, A2 40m*
oAl Rhodamine®] &%(0.7pg/L)E violaZHE TAGA Qe
E(6.2ug/L) BT} vrekom o]= A EFO Backwater &gl &3 A
2 JdEn AA FGgFdTs BA48E 23, Rhodamine 79 15574
Fof wlolmaRZHE WAGA FHAAN AR5} stFOE2RYH SUE
o] FIEATE. 3HA FA(T3) F1rollA A 80~100m T-7kol A =k
A3kAl Rhodamine & %=7F A5 5 Atk
<9 42-14>% 4 2molA A ZFEEE A o)
Az YelAdt T1, T2, T3 2A71F &<t & WaFe] Rhodamine -5
TEYE TS FFEH, vpolaEwE AEF= 1568 F 30~40m
7HA ol Fst R oM (Ft ol FHE oF Hem/sec), WF-Eo AEF FFS
ojA Aol A Ay = ZoRE AT o]F oA AL FYH
° % o] (Advection)¢t FH FA & I Afolo] w
2H(Diffusion)e] &3 = ¢F 1A1ZF & 80~100m A A7FA] o] & (H
&% 2~3em/sec)st= AS & F A
1 o]% AZH-E Rhodamines X3+
d slAElom T3 FAFFIEIA &=
olArME AEF =24 JFIFH
ojFo= ntgd = EFo o
Ao e

2o W ojo of

o

43 (Plume)= 3x¢ &ke &
Aol AR webA, v
80~120 m= k=™, 120
o] Ao g A7J} HFE3

e i9
du e :“é

ot _lg

¢

A

rr 5
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2013/02/04 21:43:59 2013/02/04 21:45:04

2013/02/04 21:46:12 3 2013/02/04 21:47:12

&
A

A

.)'
2013/02/04 21:48:07 20 d 2013/02/04.21:53:17

2013/02704 21:58200" =

<39 4.2-12> £24A 54X Rhodamine ¢ ¥ AFA 718 $4 W3

- 172 -



- A% 828 AMANAY BN U HSHI

(E 4.2-5) SAATA ZFHAze @t 73 29

A3 4 Az Al 3 4 Az
T1 S5 ~15% T2 205 ~ 1A%+
T3 1A 7 205 o] %
24 A2]¥ Rhodamine &%

+4(m) 0 10 20 30 40 50 60 70
1 1 05 117 14 08 04
2 05| 137 11 31 03

3 102 1 04)

4 (m) 0 10 20 30 40! 50 60 70 80 90 100 110 120 150|
42 44 21 25 33 2 23

T2 1 15 T
2 62 2 2 ¥ Y T.GH 90 63 s al
3 6 25 2 39 4 48l as| 18 M W w26 1
W © 120
035 .

i~ I

T3

<29 4.2-13> AT Ao ©WE $4¥ Rhodamine ¥%

20

—-T1 -T2 T3

Rhodamine (ug/L)

0 20 40 60 80 100 120 140 160

AzZ| (m)

<29 4.2-14> 4 2molA Al ©E Rhodamine ¥ = &

(th) =
Rhodamine &< +¢ %
g <9 42-15>¢] YERUATE A A ol A
E 4 05CY FA0ls B 1
40m Aol M, T2 F7+e 0~20m AlA 7
e Aoz ZALEQL o) wlolAZHE WAL 9 ol E F
[e]

= 2R dqFEH, A oF A U= 20~40 met

oM,
:ﬂ
l
)
2
=
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A
o,
-
=
=
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>
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195

1
Tl 2 195 195
3
(

194 | 194

0] 60| 70| 8] 90 100] 10 120] 150]
W x| B W 199 199 w3 197
195

T2 95 195 15| 15 15 15 195 17 19
. 195 195 195 195 195 195 195

<39 4.2-15> 73E Ao BE FHE F2

(2 DO s%
Rhodamine &9 +% %

2] 7
E <29 4.2-16>°] YerAd T A4A %7] DO
_%x

F4(m) 0 10 20 30 40 50 60 70 80 90] 100 110] 120 150
1 823 77§ 7. 103 96|
T2 2 7 784] 944 042l 73] 887 78 84l wm|  ses 91 107

T8 78 794 82 &8
|

T3

<9 4.2-16> 77 Agd wE 4% DO 5%
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3. wtolZ 28 & FEFMA &2

7). A5

S EERERE SIEEIEE
slol w3 E7lo] o A
144 7HE A 39), 7HE 2GA 1), 7+
AGE ¢ BFF)NM FARNE 42 A

T4 = %
42-17> 2 (£ 42-6)3 2o} SS¥HE+E 7Hs A3 7bE S vla s
sl

o & v o E YEgT 1Y
U} COD ¥ TN $5E 7% Fo % 715 Fo} =3 FEE KO
I glen, o &Il A AT AE FFATARE FHA Y
N Ald e 718 Abgol & & TN ¥%29 FEF7F AAFEA R %4

e golow e

20 50
g 12 3 30
E £
o © ; 20 ‘\/
S a @ 10
0 0 T T
A2 CA1 £ MY Ar32 £/ 5/22
b =l == e = 7t H = e =
30 0.4
~—~ 25 chl - a T-P
£ ~ 0.3
5 20 )
g 15 2 02
= 10 g 01 ,\/
= 5 =
S 0 1 T T ! 0.0 T T T 1
4/3 £/ L/37 4/3 5/11 5/22
e & 2= e = = ple== s =

(& 4.2-6) AAFA A=A 23

e DO COD SS chl-a TN TP
4/3 10.8 11.8 21.5 2715 0.903 0.069
5/11 10.1 136 9.7 74 1.476 0.024
5/22 7.8 16.0 21.0 25.7 1.186 0.096
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el v 5374 B3 Y (USEPA)S] HAE 4753 4]
5 “heavily polluted”® e}

2-10)& HHE< CODsed ¥ SODE #43 Ao}, CODsed
2 SOD R5F wlolamEwE ¥ 7] Aol "8 E7]
7hste AdE B, ol& mlolar W&o o
Ad = Qi Ad 2 P AQA gdo] =gt

o

A %49 2ALeh o] ey ow Amst

(£ 4.2-8) 7|¥AFA HHE Y=L E W3

LEEE(%)
F AL R} Clay(< 2um) Silt(2um ~ 20um) Sand(20um=)
Os 60s Os 60s Os 60s
1X}H(6/4) 2.21 3.50 34.74 48.10 63.05 48.40
2X}(8/5) 1.42 2.48 11.31 20.84 87.27 76.68

(£ 42-9) 1EAFA A2 428N L 34T £42H

Nitrogen | Carbon | Hydrogen | Sulphur | Oxygen | <73

T (%) %) (%) %) (%) (%)
12}H(6/4) 0.47 2.26 0.92 0.04 9.82 13.8
221(8/5) 0.31 1.47 0.59 ND 4.83 11.7

- 178 -



(& 4.2-10) 71¥AFA HH =9 9= AE T

) CODsed SOD
- (mg/kg—dry) (g-Oy/m'-d)

12H(6/4) 29,822 1.97

27}(8/5) 32,667 2.12

7NSAFA A mfelARZHE 7] A 27] Fof HYE SAEHL §
EHEE 4% 49+ (% 42-11)¥ 2. COD, NHy-N, TN, TP =
T4 AR @714 dHYd W §E5ET wdoem, 14 A
o = 2388 SdEAe] HAFORE HAAYE oRE YEyTh ol
3 A2 RE FA W AAH 2 AS A A HHEREEH 55
T FEATFY Fol HdAaEo] FAHAE ] Mol M eR oy
th o wlelaEWE 27 A 27 Fo odEd §EHEE AYEY,
CODY &&&5vw 7|4 JEd o 56.7mg/m-dolA 27] % 83.8mg/
m-dZ F7FskR A, NH',-NE 164mg/m-dollA 7] & 238mg/m-d=Z 5
7vatdh. whde] TNS ¥7] A 35.1mg/m'-doll ¥l ¥£7] ¥ 7.7mg/m'-d=
Sull o] TAdhE Aoz yERyth TPRE COD, NH',-N9t A4S A3}
2 27 Hdoll mlis) 7] Fo 4u) o]} Frkete Aow FAHEHIIT o
gt A= wlolaz BE 27 § vty 9 DO F7F 5 F3A o] TN
Au= Adtel Avtdl AdeA, vg3o DO T7Fs 3714 AEHdE&
oulslis Aola, ol HAZAAN 2dEF &EFo] #Aadte AYE
7hA opof gtk 2 AFrol A= 1314 ZAPo]aL, 23 FAF AldlE F§ T
v Fo] s 7hAE ek B4 2% 4 EAdorng FF A&H
QA AL o] FojHof 3 Ao AekEh

(£ 4.2-11) 71EAFA 9 HFY 29EEd £E545%(ng/m'-d)

T COD NH',-N TN TP
12} 7] 56.7 16.4 35.1 0.8
(6/4) 57 -49.2 -3.2 0.9 -0.2
22} 37| 83.8 23.8 7.7 3.1
(8/5) 37) -52.5 -3.1 -41.8 -0.5
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o F2hA4 54

AgA AR vlolamuwE E7|FA7F A Sl FAAFAE

7@0 *47@0}0% DO %% 4] 50cm 7+A L
& <" 42-20>3 21, 187 S Al
42-21> 2 <9 42-22>¢ 2T 7hs Zﬂ
Mz oF Ting/LAlAM adel wa Ao 5
T o 02mg/LE A9 ik AEE Hola 9tk violAR W& The
27 Follv= <ad 42-21>3 o] F4 3m7tA e EE F3FA DO F
=7F oF 6.0mg/L o4& Ml e Sel M= DO oF 34mg/el EE Y
BRI 7he 35 Fol= FoF Hl=dk FAE Hola e
s AF7F AYHEAREE 34 H}ﬂz(’“/“ 35m)elA %= DO s%7F 7.0
mg/L o]de] ¥& TEE AL A= AoR eyt

JN
o N =

HEd =
T 36.785005.126.900153
M.Tﬁﬁﬂgsg&ﬁ.‘ﬁ?k 1 36.785808,126.699351

@® 36 785610,126 898450
35.785516.126.896375

36.785335,126 899898

36.785000%6.8361 1" 36.785017,126.898431
® A
- 36.784633,126.896400 5 XAl
' 36.784381,126.897817 36.784407,126.699952
36.784196, 126896767, 36783814, 126.899405

36.783896.126. 897361

36.763660,126.837828 36.783342,126.899780

36 763333,126 898611

36.782778,126.B99167

<9 4.2-20> FSAAFA DO A A A

(R 4.2-12) SAAFA vlo]a 28 E 715 A - F DO ¥&

S A7) 0.5m 1.0m 1.5m 2.0m 2.5m 3.0m 3.5m
7bs A 7.74 5.27 3.59 2.82 2.08 1.54 0.28
7V 37+ & 9.15 8.12 7.62 6.68 7.15 5.92 4.30
7V 5 & 109 9.60 9.10 8.80 8.61 8.25 8.19
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e ==
10.00
9.00
8.00
7.00
6.00
5.00
4.00
3.00
2. 00 08
154
1.00
0.00 0.28
o5 10 15 20 25 3.0 3.5
<3¥ 4.2-21> SAAFA vlela=zwE 7t A - F DO ¥
12.00
10.00
8.00
4.7.62
o \m 7.15
£ &8
a
2" 75w
a 5.27 -5 35
It 95
Ao —=7t5 9%
2.00
0.00

0.5 15 2.0

=4 (m)

2.5

<9 4.2-22> FAAFA wola=Z2HE 7Hs A - F DO
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H5& of =X =X 3AA F2|-
M
-1 O

A1 FAFA FE-54 2d 7=

1. ELCOM-CAEDYM 71 &

st A Ao Ao FEl-Fd-AH dssMes A 3Ad 2l
ELCOM-CAEDYMS =33t} ELCOM(Estuary, Lake and Coastal
Ocean Model)> W& 329 858 Rdax FA-AefA 4]
49l CAEDYM(Computational Aquatic Ecosystem Dynamic Model) =}
1A = o T!’J THA-AEAY A Bt sy, dxFe FEEA

Nee B f ot gl AUtk 53 xR F2 AR TR
AA Rel B4 ANET & 9
ELCOMS| A4 e g5 WAas, asugs, Afsn 344,
A

=4 o]%F - gt ‘%*7@40] ¥3% 1 Reynolds—averaged Navier-
= AESt VEA R FAY S daiM =
Boussinesq 7}%&4 —’F ]mﬁé}ﬂ % WAHAES A4 (Hydrostatic
%t (Non-hydrostatic)¢] =23+ 7%
(efl, A AL [‘3}% T A, W9 93 )l non-hydrostatic
code wAS AR&ste FAWE Ed WA
CAEDYM< C, N, P, Si®] v&3 =344, DO +=3, 4= 274
HA Y F7) FREASS), 18 Y4 AEEdaE, seEEaE,

oF So Aemelst 5wl

2. gAY 74
ELCOM-CAEDYM E#° 98 4% A5+
NAAE, 220, A5 AGAR, 2P0 S FAHNS 9

% s Soln

A ARAR TE
vde] AYAR TEL A WHAAFAS Aow A5A W 113
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Uao i8S HBE S8 828 +H2 I MY W HB() -

Mol #Hx 2 FASFFS <29 51-1a)>9 2o AAson, 4y
GIS A5 & 7|Wro 2 A o] A5 E FE3%h =84 dHolgs
Zifto g mo] X s

b
5.171(b)>0ﬂ LFEFU 2L 3 X]ng}JL.J NFES 3 o]
FolETALNA A 1} 1941 =9} 9 - x{*ﬁ.a}_ HAZ B st
<z® 51-2>¢] uEhdTh AEd B7bE3, AME, RMSE: #4H7
4.7x103m’, 5.6x103m' = L EFSE O W /}}171]—r1_ 0.99%=% uj§- =o} BFPo
FRA A= AA AES A5 =

i

100 4
150 4
200 1
250 1
300 4
330 1
400 1
430 1
200 1
2320 1

0 100 200 300 400
A

(a) (b)

<29 5.1-1> wgAFA F4ZFFAE(a) € ELCOM 2 AAT4(b)

’§ 470 observed =
—i — Simulated
w 3t |
N’
(1]
o
©
T 2- 1
a AME = 4.7 | RMSE = 5.6
= 2 _
qh, 1 MAPE = 8.1/ R“ = 0.995
et
©
; 0 1 1 1 1
0 0.5 1 15 2 2.5
5
Volume(ma) x 10

<a¥ 5.1-2> "R dF % B F-AFEF v
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ol

71 A s
ELCOM-CAEDYM =& 714 AAZAL 71& %% F3 Aus
, O‘/‘} 1&, %E% B e R PAS A=A HHi} A=A 2EE 20kn €

2015 d) 1 = <:1% 5.1-4>9] L}qu Ssa=

e 30

85 10 Ww

e 0

= 10
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Q —

5E Il

=

= 3 Ml“ IHI(” mﬂﬂd]
360
270

Wind Dir
[=]

[{s]
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: e MW
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L e 1 W\ il

COO0OO =
CONAOOO O

-
o
(=]

Cloud Cover Solar Radiation Humidity
Wim?)
-
(=]
[

coooo =
coNRDoO o

an Feb Mar Apr May Jun Ju\ Aug Sep Oct Nov Dec

<ad 51-3> 23 49 714 data(2013)
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32 e
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| RSN 11 Y A Ll |
s 2 d i

)

ETSE0E, A A {

Wind Dir

Cloud Cover Solar Radiation Humidity
(Wi

WelAeA gol MAE A oFF edE FALAFAL AEAEI A
o, g A A Eol He FUTE R #FEF DATAVF
AR Aol mebd, R TEL s FPRE AHo] e
2 AT E A A 2P HEC-HMSE &-&3to], vistA]
A AN Aol E Ao A FULE 4R
B, FUF ARG AW AFA AFEF 4RI RO B4 R4S
sl =S sl 20139 1°JHE1 12¢, 20159 % 5¥ 55 10¥
A 2708 A S e R EFAE Adedoe, 1 Aye <

g 5.1-6>0 YeEbAT. 2o gat A=ghel ik AFA Hrbs B4 A
#9 AME, RMSE, MAPE, R*S #&3lo] H7latdct. 2013 o &)
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O RI53 HSER4 K| 3xH91 $2l-4FE

o2k

=

ol M
=)

== T

L]

AME 0.042m, RMSE 0.038m, MAPE 1% % R* 0.998% eyt 2015
o] tha) AME 0.037m, RMSE 0.047m, MAPE 1.07% %2 R? 0.983% %
etk APSFAse] AR FYFEF A BEAA wie
oF7tel o A7F WAl oy, AR AP = AA AFA 9] AF

3 B5AE 445 wedshs Ao Brhw,

5
£+
©
>
[+}]
- 3]
[+4]
= o ELCOM
‘52,, |° OBSERVED
/2]
8
£
AME = 0.042, RMSE = 0.038, R’=0.998, MAPE = 1.00
o T
0 100 200 300

Julian Day
(a) 20139 %=

W. Surface Level(EL.m)
w

© Observed
2 ,,,,,,,,,,, 77777777777 777777777 ;—Simulatedr

'AME = 0.037, RMSE = 0.047, R? = 0.982, MAPE = 1.07

1L ‘. : : :
100 150 200 250 300

Julian Day
(b) 20159 =

<39 515> WEHASA AE £9 L 2o 59 w@
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oo SUBS HEE 9B BEE +H2 S MY Y M)

59 Fee sedt ojxd e d4(4 4D At

Wy, =0.327,, +0.34T),, +7.59 (2] 4-1)

T 2 AAXALS FoAEATHAA 4/24, 5/14, 6/5, /3, 7/27, 9/4,
9/22, 10/27¢] 2} COD, DO, TN, NO3-N, NH,-N, TP, PO,~P, Chl-a,
SS EW =470S gsgdoen (X 51-1) 2 (X 51-2)9 2o

(X 5.1-1) #i&=A B/ &2 99 @&
Date COD DO T-N | NOs-N | NH4,-N | T-P | PO4sP Chl*% SS
(mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/m>) | (mg/L)

4/24 500 14.73 769 6.71 0.40 0.40 0.33 592 9.00
5/14 480 9.00 464 3.87 0.34 0.38 0.30 2.30 500

6/5 6.80 11.13 768 6.06 0.49 058 0.45 16.32 12.00

7/3 9.60 6.72 7.36 6.95 0.16 0.44 0.38 191 4.00
/27 742 547 857 464 2.595 0.46 0.32 1.25 4.00

9/4 480 4.00 6.37 545 0.20 111 0.33 1.87 4.00
9/22 5.00 5.70 9.65 7.85 0.16 0.57 0.46 195 5.20
10/27 | 9.00 3.80 4.13 3.11 0.44 043 0.23 6.18 53.00

(X 5.1-2) "Wistx F AF =2 4¢ #
COD DO T-N | NO3-N | NH4;~N T-P PO4-P Chl-a SS
(mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/m?) | (mg/L)
4/24 6.60 14.61 7.16 4.09 0.08 0.42 0.25 6.82 450

Date

5/14 7.60 7.20 .22 3.62 2.94 0.55 0.29 4.50 6.00

6/5 6.00 9.43 7.55 2.03 4.14 0.65 0.43 3.76 5.00

7/3 7.20 5.87 6.31 1.08 4.79 0.69 0.56 3.24 13.67

/27 7.82 5.47 5.74 2.92 1.93 0.38 0.26 1.93 3.33

9/4 7.20 3.00 6.94 1.45 4.81 0.65 0.49 2.54 4.33

9/22 6.20 3.60 8.07 3.50 3.51 0.53 0.39 1.34 4.40

10/27 | 1020 | 3.20 6.03 3.84 1.30 0.46 0.35 6.80 8.50
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20151 59 309 ~7€ 109744 ST2A 3 BEF A%S
Ag vuste <29 51-6>9 YERT 2o BA
AS 29 23420 AME(Absolute Mean Error)®t RMSE(Root Mean
Square Error)?] o] HA7F HEZ AgoWon a3l o=
AME 052, RMSE 0.63, R* 0.862& el om, 69 21 249 o]de] &

ofgrol a7k w9l ol % A3 AddE Bk

AME = 0.52 RMSE = 0.63 R? = 0.862

15 | I i i
6/4 614 6/24 714

DATE

<3 51-6> WEAFA A4S F2 R 2 F2 Hu

o1 B
wjst A== ST2 #*e] DO, Chl-a, T-P, PO,~P, T-N, NOs;-N,
NH-N@ ol tisis A5 weldstg waste] <13 51-7>~<1
¥ 51-9>0] wheRRith AFEAL A3t wBSA
o gl A Qo] AAxA 4 3
of PART NALY AAZD FARZ ojal 23
10022 3to} 98 A5e] By
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O RI5% Oi5R4X| 3%P) S2l-4MBH 2E U MY
—— Sim - 100%
—— Sim- 50%
—— Sim- 20%

® Obs
Obs-Continuous

300 1 bottom
CRERE A N
0 L h [
4 5 6 7 8 9 10 11

Date

<I¥ 51-7> 2F 2 453 AA<L ¥ a(DO, Chl-a)

(2) T-P, PO,~P

T-P¥ POsPol did oAy} A= 2
51-8>c Yetuglen, AFR=E Hristr] fd) A A#ES AME,
RMSE % RS # &3] (& 51-4

of Ay 4 F3bgol wztst

E
A5k S 5
%7b Zastdnh T-P 5EE £33 34370 2 Holg wolx gtov)
@9 1
A
T

Ak FS 50% At A9, A 7HY fARSE Aoz Bl
HAY POy P =% 7€ ol Rogtol A4S HUH7ISHA o]
Chl-a 5% o239 a9l #Ho] glon ZHFEo sk H Ao
FH3] o] FoZTH AV AT AR oAHT

(¥ 5.1-4) 2ozt 9 AZ3 AFFAAEH(T-P, PO4~P)

Top Bottom
100% | 50% | 20% | 100% | 50% | 20%
p | RMSE | 015 0.06 011 0.11 0.08 0.14
AME | 014 0.04 0.10 0.10 0.06 0.13
(mg/L) —Re 0.9 0.94 0.36 073 075 075
pO, p | RMSE | 0.9 0.08 0.03 017 0.08 0.03
AME | 015 0.06 0.03 0.14 0.06 0.02
(mg/L) Rz 076 | 0.79 | 0.77 | 063 | 072 | 077

- 198 -



2

N
10
ol
1)
ol
>
Job
HT
mu
Ho
ok
oo
AT
ol

gt Al 7lE g % HE() =

0.
Ml

0.6

04 - top | [ 100%
J 021 [P W sttt ————— |
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& 02
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4 5 6 7 8 9 10 11

Date
<9 51-8> Bz ¢ A3 AAYE Hu(T-P, POs-P)

(3) T-N, NOs-N, NH,~N

T-N, NOs-N, NHy-Nel| tst 2ol dzel AZghe]l AAE vus <1

g 51-9> o Yepglon, A EE Hrtstr] 98 SA AEA AME,
RMSE, R*Z #43lo] (% 51-5) o Yehide T-N v 2o Ayx
o Febekel WizkshA wkgatom, AgkEkel] wldEete] 2T A}
b om f9i53t A

¢ & B ASgkel & Aols: HS

. Eﬂé_‘ﬂroﬂﬁf T-Ng=e] o] NOy-No &2 vepa NH-N|

FETE GHA dEst oy, AFge s NO;-NEG NH-N9| w27 =

< A7 v Ak S AFA A= NHANES NO3-NolA 7
A

dete F90t gemE 33 Boqt % wdel N4 Fol
dsiH 45T B84el 92 AoE WL

k1
2
rr
md
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m HM5Z ofstR K| 3XHH SEl-2HRH & Y NS
6
0 =%
I 2 i
2 0 e : : o om
> 6
lZ_I 4 bottom
A
8 1 i 1 i 1 1 N
~ 4] top
k) 2 *://\\L
é 0 o e -y
zZ 5
O«, 4] bottom
S P e e N
0 oo N — 9
0.9
~ 061 ®p
> 0.3 o °
& :
j'fr 0:6 R bottdm
Z 03 ° R
0.0 : : 2
4 5 6 7 1
<% 51-9> 2ozt 2 AZFg AAE v a(T-N, NOs-N, NH4~N)
(¥ 5.1-5) 2og & A=z A#AAA 4 (T-N, NOs-N, NH4;-N)
) Top Bottom
100% 50% 20% 100% 509 20%
RMSE 2.10 0.49 0.95 1.60 0.39 1.24
TN AME 2.02 0.38 0.85 1.54 0.36 1.17
(mg/L) -
R 0.65 0.43 0.26 0.52 0.34 0.11
RMSE 2.24 0.93 0.36 2.18 0.87 0.31
Tmog;ilj AME 2.01 0.80 0.32 1.99 0.73 0.26
R? 0.09 0.19 0.62 0.38 0.40 0.44
RMSE 0.39 0.39 0.40 0.53 0.53 0.54
Iiij;j AME 0.26 0.26 0.27 0.42 0.43 0.43
R? 0.47 0.47 0.81 0.56 0.55 0.68
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Mod atrsx +2-+3 2YW M8

ol ola &A=y %5‘“*0 HEAU<TE 52-1>. Jete] ©]
© BAREEY A4 0 FEU0SRE At (4 4-2)8 2o
H, oAl WE fd5e] Fhic) At (4 4-3)3 2t

U D,
U = g2 (4] 4-2)
Ug x
c D
" = 56— (4] 4-3)
ANt o & Jeto] A MA)E FAA olEAGd F 10% vl &3+,
(2] 4-4)9F 2T}
b=0.107z (2 4-4)

<39 5.2-1> Jet o] & MEE
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O RI5% Oi5R4X| 3%P) S2l-4MBH 2E U MY

(2) Jet F2 A} B4

ELCOME ol F#2 FAMNAEA Jets A&t 23 A3E
<aF 52-2>~<¥ 52-3>] YAt 4 A7 FAZFEH 50m
olF g AlFol Hit 0.7em/s9 F&S BIJom, 100m ol&d Al Hel H
T 03em/s9 455 B 2on 95 FAA A 9 AP o] &3
DA A AR Ak AdE B

2015-10-30 10:00:00 2015-10-30 10:02:00
0 0.050 0 0.050
50 0.045 50 0.045
100 100
0.040 0.040
150 150
0.035 0.035
200 m 200 m
0.030 o 0,030 Q
250 g 250 e
X 200 0.025 3 X 200 0025 5
[} Q
0.020 @ 0.020 8
350 - 350 @
400 0.015 400 0.015
450 0.010 450 0.010
500 0.005 500 0.005
550 0.000 550 0.000
0 100 200 300 400 0 100 200 300 400
¥ v
> =)
(=71 2% 43
2015-10-30 10:04:00 2015-10-30 10:10:00
0 0.050 0 0.050
50 0.045 50 0.045
100
100 0.040 0.040
150 150
0.035 0.035
200 m 200 m
0.030 0.030 ©
250 g 250 g
X 200 0.025 2 X 200 0.025 §
2
[]
250 0.020 i 350 0020 8
400 0.015 400 10015
450 0.010 450 0.010
500 0.005 500 0.005
550 0.000 550 0.000
0 100 200 300 400 0 100 200 300 400
Y Y
B B
(4% A3) (10% 43}

<¥ 52-2> Jet FHA 29
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Q o
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0 100 200 300 400 0 100 200 300 400
Y v
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(20% 4 3) (307 A3}
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Y Y
=) =)
(40% 4 3) B0F A3}
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100 100
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250 g 250 2
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2 2
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550 0.000 550 0.000
0 100 200 300 400 0 100 200 300 400
Y Y
I=]
(A% A4 ) (1A1ZF 30 4 3)

<9 5.2-3> Jet FHA 2O (AL)
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ot 858 A2 71 JHY " HE(N)

(1) DO, Chl-a, TOC

DO, Chl-a, TOC®l W3t Zeo]AE nlustr] &) <27 52-4>0
Buloen, Helass B (% 52-Dol Yeude. 27 kset
Sim_13} Sim 2 Alygle =% DO % Chl-a &% disid =2 /A4
s Yoy MATEL 1% WAZ nnsig e, TOC & o s
Me A 2971 glE o2 YEhwth Sim 2 AlvE e A d

H o 288 B DO @9 A AFolA FHd 8.0%, e ol A
Ao 108% 5 YHElW o, Chl-ag&d disiA %3 59%9 MHd a&&
BAT. wigtAle] MHAd FFa 9 S22 FHINAEAY FEFS
2,000m'/d= iR A ggake] oF 0.9%°] | Fste], AF&HF ] +2
MAGA o] A& Fo] Fof AN E] g FHoF FdET)
20
15 - top || — sim_0
5 10 WMM\ Sim_1
E) 8_ ] - Mo N e N Mf — Sim.2
= 20
O i
2 18 M bottom
8_ i Mt PV SN e AN v j
300 n
200 op
Q 108 1
(@)]
£ 300 v
8 200 - ottom
S 100 -
O L L T L 1 L
15 o
o 10 M’\ﬂh\\ P
D 5 -
E 9 A —
Q 15
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5
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<2¥ 52-4> Ay ¥ ST2AH DO, Chl-a, TOC AAE ¥}
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O RI5% Oi5R4X| 3%P) S2l-4MBH 2E U MY

(¥ 5.2-1) A1yg 3 ST2 A& DO, Chl-a, TOC FAMAHAEE 4

o Sim_1 Sim_2

T = Top Bottom Top Bottom
Average 0.1% 0.0% -0.4% -0.4%
DO Maximum 5.4% 10.0% 8.0% 10.3%
Minimum -4.9% -15.6% -23.4% -13.3%
Average 0.1% 0.2% 1.2% 1.1%
Chl-a Maximum 2.9% 6.8% 5.9% 5.5%
Minimum -2.8% -3.5% -11.2% -2.4%
Average -0.6% -0.7% -1.0% -1.2%
TOC Maximum 2.5% 7.7% 2.4% 4.3%
Minimum -13.1% -19.7% -28.7% -28.5%

(2) T-P, POs~P, SS
T-P, POs~P, SSol| tfgt 2o dxE vjuwsty] §s] <29 52-5>] 1
Ehfslom, AHa&s A8t (& 5.272)011 et 2o A

T-P, PO4—P SS &&e A A= AR R oew, T-P &
mo] A% wF vheE BT AT 50%9) AHEES RYom, PO, P
gae ;—z%— 6.2%, WHebE 58%9 AN A LS BATh W, SSAHL S
AN &7 we e sl
(% 5.2-2) AlYEl ¥ ST2 AH T-P, POs-P, SS FENAEE B4
Sim_1 Sim_2
TP
Top Bottom Top Bottom
Average 2.5% 2.5% 5.0% 5.0%
T-P Maximum 11.7% 11.5% 13.5% 13.5%
Minimum 0.0% 0.0% -2.1% -9.3%
Average 2.6% 2.6% 6.2% 5.8%
PO,~P Maximum 12.0% 11.7% 42.4% 42.7%
Minimum 0.0% 0.0% -33.5% -27.2%
Average 0.2% 0.2% 0.7% 0.7%
SS Maximum 3.8% 4.6% 6.1% 8.3%
Minimum -4.4% -3.2% -6.7% -4.2%
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(3) T-N, NOs-N, NH,-N

T-N, NOs-N, NH,-Nel gt 2ejdzg nusr] 98 <19 52-5>
o Yetdiler, Mg E&S #A8te] (E 52-3)e YERATE B2
A3 T-N, NOs-Na=o] tjafr] 7fdE = Aoz Roxglon, T-N&
ol AS Hi 112%9 /MAEZEE R, NOs-Nd&Ho dair= H
T 14%9] MAEES Btk NHy-N &5 Ao /MAFA s o=

6
’[Op —— Sim
) 4 7§im:(1)
%L 2 — Sim_2
E -
= 6 bottor
T4
2_
0 1 1 1 1 1 1 1
6
top!
I 4
= 0 1 | 1 1 1 1 1
< bottor]
(@] 4- T
= 2
0 1 1 1 1 1 1 1
AL o
3 05N /L\/\/\_,\__\
£
= 000 1 1 1 1 1 1
< 010 botton
= 005 L
0.00

Apr May Jun Jul Aug Sep Oct Nov
Date

<29 5.2-5> AyEled ST2A A T-N, NOs-N, NH-N Al A d Hs}
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O RI5% Oi5R4X| 3%P) S2l-4MBH 2E U MY

(¥ 5.2-3) Alyg 8 ST2 A A T-N, NOs-N, NH,-N F2AHAEE 4

- Sim_1 Sim_2
Top Bottom Top Bottom

Average 4.9% 4.9% 11.2% 11.2%%

TN Maximum 22.9% 22.3% 26.9% 27.0%
Minimum 0.0% 0.0% -1.8% -4.1%

Average 5.1% 5.1% 14.0% 14.0%%

NO;-N Maximum 23.5% 22.9% 32.7% 32.4%
Minimum 0.0% 0.0% -1.6% -5.6%

Average 0.0% 0.09% 0.7% 0.7%

NH:-N Maximum 0.5% 0.4% 2.71% 2.9%
Minimum -0.5% -0.4% -3.7% -3.9%
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| Nezt =8 +X2|AAHMO| ~HEl| HSFHI}

Hed 858 TAeElAAEH e =de) Jekgrt

AlA 242719 SAHA JFEA

1. =34 Ag7<e

7t Air-Mist(vho] 2 =W &)

< vpolARME VES UYSS 24 Ao Adtste] s s4
I

Fde Astet=d HEst= Ve o] @dsin. At o 20~35
kgf/cnt (= 9F 200~350kPa) ¢ =z(AREA DAF & AdlAM+= 4.0
A

kgf/cnt o] ALl A wlolmazwE A FAE F3] 274 10~30um
A7]e] ke wlolamu Eo] AT FFo =

= WF ZIA7E FHOEd oa &alEHA Ax A7) 7 ZrobAm A
ALe}A] Al @ tH(Takahashi et al., 2003).

shelazm el R We MEEA, 2 4% 5, adw gy
3 d

= LHd=4
52 2 A Abste f&stA €8E F e 540tk vbH mloja =R
HES o] &3 % DO 352 44l &7 W& Z7))HEth v &&
Aol Aog Waw i ¢tH(Kyotho, 2012). E3k 2 d¥ Eo|A nlo]laE
HES Y 7[AE HEY Hdo] QP EH o& Yo o E&Ho=w
3= 7] offdoh. @A wEgA A FF2 AR A Ao
Alg 7hesel o, Ul ¥ vlo]laAZWEL FASE 2891t &
o WFEH DO ¥+ 9 srh =54 DOE Hd 15mg/L7HA]
FeA7le AES o, FAEAY 9T A9 gl AoE HiuxI
ATk dirH o FV] i FALE o] &8 ASA AF abxFH AA
= kst

|

7b2s EFA] o] Foll 7h2=7]E AW (Gas Bubble Disease)<
7Ve/d (Fast et al, 1975)¢] AR, A ZFe] 7t~ Hxshe= v = &
dolm Aol Hia FAFRtel] =gkt WA (Kortmann et al. 1994)
= AoR BHaura v 59 VS AFTA G} FAAFA A mlo]lA R
W5 g gk Aol 2owl A2 A¥e ¢ A9
%9 DO %+ AAT FFolden 7t FHxsto] 9% GBD oA
= =5
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N6l 8=

St
=

TR 2|AARO| +ME] A

ool

0E!
N

Aluminum dose (mgAl/f) to obtain pH 6.0

Total alkalinity (mgCaCO4/€)

50

Intitial pH

<a2d 6.1-2> %7
T F(mg AI/L)>

8.0

gz =9 pHl Wt pH 6 FAE A% AL FrF

(F 6.1-1) Alum 8% #d £d AE
212 x| x} G

Restoration and Mangement of Lakes and Reservoirs

(Third Edition) Cooke et al 2004

Combating Eutrophication: An Ecosystem Scale Analysis of

Aluminum Sulfate (Alum) Effectiveness among lakes, with Chista M. Webber 2014
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