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A effect of pyrolyzed oyster shell on suppression of the

coastal sediment resuspension and phosphate release

II-Won Jeong

Department of Ocean Engineering, Graduate School,

Pukyong National University

ABSTRACT

In order to evaluated the physico—chemical effects of calcium on
resuspension and phosphate removal, calcium hydroxide and pyrolyzed
oyster shells were applied to cohesive sediment. The results obtained
through this study are summarized as follows. Therefore, the main
elements of this study can be divided into physical and chemical
behavior. Physical behaviors include changes in sediment resuspension
and viscosity by calcium, and chemical behaviors include changes in
CEC and SAR due to calcium concentrations and changes in PO,—P
concentrations. The results obtained through this study are summarized
as follows.

Sediment resuspension decreased with increasing calcium
concentration. In the case of Ca(OH)»,-10.0 g, suspended solids(SS)
concentration increased by 448%, which i1s lower than that of
Ca(OH)>-0 g by 1170%. In addition, when the oyster shells pyrolyzed at
high temperature were covered, SS concentration was low, especially at
POS600, which showed very low SS concentration. Through this

phenomenon, it was confirmed that calcium has an effect of suppressing

- viii -



sediment resuspension.

It was found that as the calcium concentration in the sediment
increases, the sediment exhibits shear thinning behavior. When the
calcium hydroxide and pyrolyzed oyster shells were covered, the n
coefficients were found to be between 0.02 and 0.18 and 0.05 and 0.18,
respectively, in the shear rate and viscosity regression equations. Also,
viscosity increased by 194.7% in Ca(OH).-10.0 g, 723% in POS600-1.0
and 520% in POS800-0.5. As a result, the sediment viscosity was
increased by the calcium eluted from the pyrolyzed oyster shell, and
especially, the oyster shell pyrolzyed at a high temperature had a
significant effect on the increase in the viscosity of the sediment.

Although the calcium concentration in the sediment increased, the
CEC did not show significant changes since Na was dominant factor in
the sediment. However, the SAR tended to decrease with increasing
Ca(OH): content, while in the case of pyrolyzed oyster shells, the SAR
also increased with increasing pyrolyzing temperature. It is considered
that the reason why the increase and decrease of SAR is caused by
the cation exchange between calcium and eluted Na and Mg in the
oyster shell.

The concentration of PO4,~P in the overlying water was different
depending on the pyrolyzing temperature and covering thickness of the
oyster shell. When the oyster shell pyrolyzed at 800C was covered, the
PO,~P concentration in the overlying water tended to decrease,
however, oyster shell pyrolyzed at 100C led to increase of the PO,~P
concentration in the overlying water. And in the case of the oyster
shell pyrolyzed at 600C, the PO4s~P concentrations decreased with 0.5
cm covering thickness, but increased when 0.5 cm was covered. The

PO4-P concentration in the pore water decreased with ranged from 9.7



to 729% regardless of the pyrolyzing temperature and covering
thickness and the higher the pyrolyzing temperature of the oyster shell,
the higher decrease in the PO4-P concentration.

Based on the above results, it was confirmed that the pyrolzyed
oyster shells increased the calcium concentration in the sediment, and it
leads to suppress sediment resuspension and effects PO,~P removal.
The above results can be used as fundamental research when using

pyrolyzed oyster shells as the remediation material in the coastal area.
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Table 1.1. The effect of resuspended cohesive sediment particles

Effect

References

Productivity of phytoplankton in the coastal

area

Cloern, 1987,
Christine et al.,, 2003

Vegetation of coral and aquatic plant

Dennison et al., 1993.
Meclaughlin et al., 2003

Nutrients and movement in the

supply

coastal area

Mayer et al.,, 1998,
Hydes et al., 1999

Terrain changes due to sediment movement

and transport

Jia et al., 2006,
Fan et al., 2014,
Cheng et al., 2015

Inhibition of photosynthesis due to increased

Ding et al., 2018,

turbidity Flores et al., 2012
Promoting  eutrophication due to high
concentration of nutrients and organic Ding et al., 2018

pollutants

Increase of hydrophobic organic pollutants

concentration in the food chain

Gbah et al., 2001,
Kalnejais et al., 2010
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Table 2.1 Particle size distribution of sediment type (Rijn et al., 1993)

Type of sediments Grain size (d)
Gravel d > 2 mm
Sand d = 62 ym ~ 2mm
Silt d=4~ 62 um
Clay d < 4 ym

Table 2.2 Previous researches of classification standard on cohesive

sediment (Zuo et al., 2019)

Classification standard of cohesive sediment References

Clay content is more than 5 ~ 10%. (Te Slaa et al., 2013)
10 ~ 20 uym size can divide cohesive and

_ _ _ (Mehta and Lee, 1994)
non-cohesive using shields parameter.

Flocculation occurs when grain size is under

_ (Stevens, 1991)
approximately 16 pm.
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Eigticias

2.1.1.2. DLVO ¢]&
DLVO ©¢]&2 Derjaguin, Landau, Verwey, Overbeek®] ¢]3] 19401 tf o]
Age oot DLVO ©¢]&#2 Electrostatic Force®} Van der waals
force®] Adste= 492 EA® = otk Electrostatic Force$t Van der
o wA, F AR Atololl Z} jleo] Ao A&

n%

waals force= 4% HHAQI

A7 AAAAY Hald 5 dve= 7HdES VIvtez ska v (Fig.
2.1).
40 - \
"!I Coulombic or elecirosiatic
o 30 i / {repulsive) potential
= 0 - K
? 10 =
[
23]
- ] ——— ]
=
g 1
E ) _..'"I Total interaction energy
W
E ':“ e :I:r
= i \ van der Waals
-30 . _,?' {attractive) potential
=40 , . ; ; .

0 10 20 30 40 50 &l T0 50
Separation Distance (nm)

Fig. 2.1. The profiles of DLVO interaction energy (Adair et al.,
2001).
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QAol7] WEe] orE &
 BRE YAEL AR WS G| F3AM i JHE =4
o 2EolE 44 Fedi Fole FEb Frstnd Foled FEit

S @ P @ )
@ &
+ Z ,’ Slipping plane
& ‘:- i F - ‘,.—-—Sl‘fl‘ll plane
e ! o . , Diffuse Layer
\ : :
L —
e @ ¥ — +
S D o SN -+
// ;% btz
Y i @® @ Flectric Double Layer
Stern laver i
l . Electrical:
potential g

Surface potential 4 !

Stern potential =}

Feta potential =

-
-

Distance from
the surface

Fig. 2.2. The structure of electric double layer (Park
and Seo, 2011).
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2.2. A48 WY
221. 48 #&x 2 74
Choi and Kim (2015)°ll 4] .

2 59 1A &Y Sy

oftt

Overhead
Stirrer

Turbidity
measure
R:3 cm point
y
) Stainless .:
cylinder o

Transparent
Acrylic

Case
L J
1 Air ,: 3 d:1cm
| R A %
A Ao
v .
H:17 cm . .
d:1cm 4 =
d3cm d:13cm
Sea
water .
d: 12.5 cm
i v
b
Td:3em
E v

R:15cm
Fig. 2.3. The scheme of experimental case.

5 cm, %ol 17 eme] #2402 A%

X
ol
rlot
ol
i
BN
lo,
)
o
rlo

T 438 Adde zHE 2 AEE A4 3 cmE AAEAC
Held 48 zHdY s APGE ols, AdduE xdsidv. AddE
B AN = AAA] wHk7] (0S1-10, LABTron)E 0 - 2000 RPM ¥ 9=
73 9low 1 RPM @92 ZHo] 74538t
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=
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=
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T
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ok (Fig. 2.4).
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A (Fig, 2.3).
55 BAAAG

Al
A
2

A

3 3
=

4

Sk

49 Fo

=z

4

)
¢

AO

NI

=

_16_

(YZ1515x, LongerPump) 270

3 =



Aapso] F7et7] Ael 3000 mL/min®] SRR A A8k
4442l pH % ORP A2 pH/ION meter (LAQUA F-73,
Horiba)2 Z439lom, H=Ee pH 2 ORP Z4< (D-53, Horiba)E
= A%eE 045 pm A™¥A FEE o3t
A =

HAEe] e dAEY ¥ 045 ym A9A dHE oFste] Jdd
s A (DR 3900, HACH)® POsP 9 %5 ®Asdc. 9=

=4 7l TFFE549%4# (CTD, AAQ-RINKO, JFE-ADVANTECH
CO., LTD)E Ak&ston, A4 dFe 3 cm xoldAx HEES

Fig. 2.4. Experiment image using stirrer and

turbidity sensor.

gree 24 HE ¥ RREd sk AdaA A9 A4 @
TiEd R S ojgdte] FaEd vREE UENY FaEd
TEE olgstd HAERRSYH FoR FREF &£F FH2E
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Astgom ol the 417 2ok

Fluz (mgm ™ 2s™ ") (1

_ Concentration of suspended solidmaterial (mg/L) < 0.53 L
Area (m?) X time (s)

Area . Area of sediment surface in small annular flume.

Time : The duration of water flow occurrence (= 3 min)

A F7 Fol= HHE 4F 15 cm FES AFH3] 75 ym=zZ A A

£3ta, 927 E (Rheometer, HR-2, TA Instruments)S &-&3}o] A 79

AR AGELY AHuAE S48 FA 42 25T FaqHS

o, 20 mme| parallel plateE AF&3t9 o™, ATEL2 001 ~ 100 1/s9]
9

EXE A=3 =9 HFFE FE5Y ICP A& AAsS T
A5l ICP  (PERKIN ELMER,
Fstdoh 242 538 Ca, Na, Mg,

O
)
T
bt
(e}
s
.
=
o
R
of
offt
>,
>
oy
|
i3

A
Optima 7300DV) &H|E o©]&3}
K¢ s=5 gt

ICP #4& 53 98 9x9 staks o] 83sto] CEC (Cation exchange
capacity)® SAR (Sodium adsorption ratio) #+41S 3}ttt CEC ¥ SAR
= YA &3 % RS AT ¢ de AHEolth. DLVO o] &9 e
wiel, ARA HAES T2 SR stdEo] oA Yols FHo
dl, F2ste] wgh 7hedt Fol=e &35 CEC #ha o wsk 75
3l oFo] 29 FH{HE Ca, Mg, K, Na, NH, Fe, Mn So] &A3ln, %ol
o] AFeH S ol AU sk, Hst, A= Tl wEt Aolrk 9

t}-3 72t} (Table 2.3). A3d}eko]
=

ofl

r

o
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7F @& o] o] A xgHArt (KSGE, 2001). watA CEC7} 3
H THEEo o & Ho Fa£9 olFol @A F o, HAYE

=
A= vrold = vk CECE Aoz FdT 22 4 (2)9 2

HH‘
rE
to
2

Table 2.3 The classification of cation exchange capacity (KSGE, 2001)

Cation exchange capacity

Valence AP > Ca* > Na'
Atomic weight Mg?" > Ca® > Na' > K’
Hydration degree AP > Ca* > Mg® > K' > Na’
K lc) | M), N
CEC— 39.0983  20.039 1012.1525 22.9897 2)

SAR2 CEC¢ fAFSH 7ld o2 Zrg UER, vtavge HE +X 33
A Folt}, Fo]2 Na'v= dt HHA FHHEo Auj&HQl 24ho|xqt H]

o] FolAW HAES SFHo A, FE AAE FAANH

(Wang et al.,, 2012) kA8 27} Fol&o] g™ 17F ol 2717F &

¥l 27} Fo] 0] =,

ool Ao EARS <FstAE 4 9t

ek SARS E3 YEFS %S Fotstd AR HAES &Y
=

FER S e o
ek kol 3 S 9SS Ao

+
SAR= Na 3)

]MgH + o2
2
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23 PIVE 243 B35z 44 2 Ausdy =24 249
2.3.1. PIVe] A9

PIV (Particle Image velocimetry)

rlr
do
dpx
o

SAst= oY 7HA TleE
T StUEA, 4 I FEAE A S 183 Seeding particle

sl B dAE F 9 A F4E F A e A 55 A4S

A =& W
T A W AHE T 5 R HEHFeR 3d @ 5 vk wEkAd
PIVE S49 A=A 9 Aetdom s B2 Aol A
2 AN e 4% ddsxEs A7l wEel ADV (Acoustic

doppler velocimeters), ADCP (Acousitc doppler current profiler)®} 722

ofo
ol
o

Tl & FuEg AGSA HW f& F4 2] FALL WAGLA
PIV A¥8& Adstglon], 4 ZA ool MAE ojgstel F&5&
Aot

ZAst= PIVE B8 dudez AUEZE 22 §58 93
Z- =

2]
g 2X2 78 F dS Aolgtn AdHEY (Raffel et al, 1998).

2.3.2. PIV 43 &H 8 £2ZEF
PIV A3 Arje ofg 7HA 9 st=dojet B4 AT Egojz FAdT
st=9lo]= High-power pulse laser, Laser generator, Charge coupled
divecd camera (CCD), Seeding particle, Synchronizer, Host computer=
TAHALY. AZEY|o]lE= Host computero] AXww, A3 on|x=
Mg zk AAnle] A A v 2

M

1) High-power pulse laser and laser generator
© pulse laser:= F7 1 mm¢e 2z #ol A=
CCD7l 2% 88 4% U f588 24

QS CCD 29 A 43 B 2w

£ q
to,
4z JE
lo
K
=
%O{:I’
o
N
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2) Charge coupled device camera
: CCD 7ZHilgl= gAE AT E A7) 98] olulxld S &
A7) A& 2 Wsksit

W

g

701— =

il

3) Seeding particle
Seeding particle> 54 QA=ZA, &5 ddA & dAEH
FARE AsS ekt = fdAe] FAS &olstA syl #l8l pulse
lasere]l HHALE™ CCD 7helgl7t 42 ®191E €A A & + J=H
gkt

4) Synchronizer
Synchronizer+ pulse laser, laser generator, CCD camera, host
computerE 57|33  FHxo|tl. SynchronizerE &&3le] HAHES

FAl 24 & 4
5) Host computer
. Host computere A I ZUo] A5 F3l pulse laser, laser generator,
CCD camera®ll 2135 A3k},
6) Soft ware

glom, #9u thde omAE Fgste] WEA B G5F 5L FAH

W A%s @ 5 g



A% FYsr) A8 Aozl Aude Ay 57
m o2 AFE Ae F AAU 1 em F/A AT
CCD hvlehe @35ze] shro] MAstel CCD AMert Y5z
% stk CCD 7HMehs B35z 42t oyl
As olfy ARel AW, ddde A mus #Px
ga wel e 5 oY 8o s §% LE

= 4ol TAsy] wEeltt. PIV A9 HAQlE Fig. 25

=

CCD 7tHlgt= Aol 29 st 2R E 60 cm A4l A2 tE o] &3]
A8, dol A= AolA=HH 150 cm ol A® 3ol AAsA

CCD 7Alebs dolAzt 28 #8352 Fishe pRo ojad

Mo Fwel BYHEE sgom, o]E CCD sdest Aol <)
WASE 28 DY FIPRY FE IF AYOR A% olnAe
s) .

i
[.a (
o
o
o
k'
ol
ol
A
P
=
R
2o
N

Fhlete] 23S BASe 1 4 & ZolE SASAY. 74 F4Avt
RPM-2 200, 400, 600, 800, 1000, 1200, 1400, 1600, 2000 RPMS =
ZAs9r. 2 RPMolA 383 fAste] Aol ufeo fEHEEEV}
A7t " Fo dolAe CCD 7iWEtz F&HEXE SAHSAL
ZAEE #olAe &3S Low, Middle, High 39A® ZA3aL,

ZhHlet = Delta t (= 30 s) &<t oA S 20044 FFst=s AU
Ho 7+ EF9o dAE F4317] 918 Seeding particles (Silver Coated

Hollow Glass Sphere, Mean Size 40 microns)S A}F-83}th.
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A Triangle is height of water depth from DAk e measurng

bottom. Its range is 1, 3, 5, 7,9, 11 cm pomt; to get water
) velocity
=
- i : .
i Laser height was modified A
4 when observation section was &
& changed. .
A Laser section '
D=3.0 cm 150 cm :
Tra nsparent = ior
Acrylic Case —
H=4.0 cm
Air
H{1.0 em ] 35
60 cm R
Seawater
' CCD camera .
\-_-/
—_—
D=15.0cm

Fig. 2.5. The scheme of Particle Image velocimetry (PIV) experiment.

PIV A3 #Fe] GFS Hasker]l Sl A& ofF AAsdt

(Fig. 2.6). A3 A= A¥oE= HeA i S8 gd8alo] Wo s
H3teldtl PIV A3l 283 27AE5S Table 249 Yeth
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Fig. 2.6. The picture of experiment in low light ' intensity

condition.
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Table 2.4 The condition of PIV experiment

Height from Calibration RPM Laser Delta | Image
Bottom (cm) (um/pixel) Power t Pairs
200 Low 10,000 | 200
400 Low 5,000 200
600 Low 3,000 200
800 Middle | 3,000 200
) 66 1000 Middle 1,500 200
1200 Low 1,000 200
1400 Low 1,000 200
1600 Low 1,000 200
1800 Low 1,000 200
2000 Low 1,000 200
200 Low 10,000 | 200
400 Low 5,000 200
600 Low 3,000 200
300 Middle | 3,000 200
3 68 1000 Middle 1,500 200
1200 Middle 1,000 200
1400 Middle 1,000 200
1600 Middle 1,000 200
1800 Middle 1,000 200
2000 Middle 1,000 200
200 Low 10,000 | 200
400 Low 5,000 200
600 Low 3,000 200
800 Middle | 3,000 200
1000 Middle 1,500 200
0 70 1200 Middle 1,000 200
1400 Middle 1,000 200
1600 Middle 1,000 200
1800 Middle 1,000 200
2000 Middle 1,000 200
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Table 2.5 The condition of PIV experiment (Continued)

Height from Calibration Laser Delta | Image
_ RPM :
Bottom (cm) (um/pixel) Power t Pairs

200 Low 10,000 | 200
400 Low 5,000 200
600 Low 3,000 200
800 Middle | 3,000 200
1000 Middle 1,500 200

7 72
1200 Low 1,000 200
1400 Low 1,000 200
1600 Low 1,000 200
1800 Low 1,000 200
2000 Low 1,000 200
200 Low 10,000 | 200
400 Low 5,000 200
600 Low 3,000 200
800 Middle | 3,000 200

9 74 1000 Middle 1,500 200
1200 Middle 1,000 200
1400 Middle 1,000 200
1600 Middle 1,000 200
1800 Middle 1,000 200
2000 Middle 1,000 200
200 Low 10,000 | 200
400 Low 5,000 200
600 Low 3,000 200
300 Middle | 3,000 200

1 76 1000 Middle 1,500 200
1200 Middle 1,000 200
1400 Middle 1,000 200
1600 Middle 1,000 200
1800 Middle 1,000 200
2000 Middle 1,000 200
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4. PIV olu]x] 24

3.
49 ovlA e A FIo FEHEE BAL BAass] uRo

L

EXE T 999 Processing mask (Fig.

O I~

=7 ] 2
PG FERELE BIR olmAelq dddel gFow
e

Fig. 2.7. The image of processing mask; White blur area:

processing mask. Green arrow: Symbol of vector.

T4 1, 3,5 7,9 11 cm vt} Th& RPMollAl ZH7] 200782 o] m] =] o]
Processing mask’} AE% o™ o]= Insight 4G X213 o] o]n|X]
B3 34l pre-processing, processing, post-processings 1% o
WE S =&t B HAHo] FZHW tecplot® 3] processing

mask7} 489 oA e Mg §£3& 92 5 A (Fig. 28. W
554e Fo AddEvy #35x 09 Aol §% PEES

T3
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Frame001 | 20 Aug 2019 | TweHundrea 00001, TO00, D000 POO0, HOOO L ves

Fig. 2.8. The image of tecplot after image treatment; This picture

described vector in processing mask.
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stz U] A 0.2h,
21(4)S Ag3t9tt (Choi and Kim, 2015)
1 y><u*
—=—xIn( )+ C, (4)
U k/‘ v

ux : Friction velocity (= 4/n/p )

u . Water velocity

k : Karman coefficient (= 0.4)

y . Water depth from bottom

C; 155

v Kinematic viscosity (= 10.50 * 10° m?%/s)
7, . Bottom shear stress

p ' Sea water density (= 1020 kg/m®)
23304 4 FHERZEE ol&sto wxE FAstY, ol& EI
]

ARozEEH 1 ecm 2 w, 200, 400, 600, 800, 1000, 1200, 1400, 1600, 1800
2000 RPM ¢ W] deb&=S F3tTh
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(5)

(B=4)% =25 (mg/ L)

Suspended solidmaterial

A Weight of glass microfiber filter before sample filtration.

B : Weight of glass microfiber filter after sample filtration.

V : Volume of sample (= 10 mL)
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25 8B EY Bl Be AT AF

BK

1.0, 5.0,

=
=

FAstA 4 (HoCaOs, ACS reagent, >95.0%, Sigma-Aldrich)

=

-
o
e

0

4

fite)
ToR

Fol, B4 % 400 g3 747 &

)

3

o &

o~
T

3

100 g&
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i

O
2

k. A3l /‘}9“3}7] A, = H7e g EH BEeE, VA 55 F
gk AAst AHstATh = s EHst] 2 ~ 3 mme JBeE A
Ag st AAEE = A2 100TC (POS100), 600TC (POS600), 800T
(POS800)ell A 6A1%F &<t AAstsld. &4 2xs Fd9 = 7
TG-DTA A3 EAS vigo =z AAsY Y. TGA (Thermo-gravimetry
analysis)+= AF3}7} @Al 2525 =43lar, DTA (Differential thermal
analysis)©= 2 &Aool gl RS slFsts 258 FAS

Woo (2019)¢] TG-DTA #Alel ¢fstd 100Tel A 600C7HA 24 2%
7V SIbetd® & w7t A AT & WshF UehuA v B
stk (Fig. 2.11). skAI8E ¢F 600TC o]l Fdl+= w243 #Taste Aes &
T U=t = WA dFAd 24 AAHORA, w99 A% A
ol= gtzZts (CaCOz)ol E¥ REg-stHA AbstzZ4 (CaO)d o|itsters
(COy Felz &8 (2 (6)) ek dAlolt} (Silva et al, 2019). ©]
T, = 42 800CE A HY HP o =it

uehA 9o A4S HiEoR = 7Y &4 28
= Atk

o R
R
>
e

il

100°C, 600C, 800C

CaCO;- CaO+ CO, (6)
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- A0,
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0 100 200 300 400 500 600 70O 800 500

Temp. (°C)

Fig. 2.9. The result of TG-DTA on oyster shell (Woo, 2019).
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2.6.2. &4 = 3|Z9 XRF, XRD #4
100, 600C, 800C= AAd¥ = 7o FA4 Ais Fdsty] 6l
XRF 9 XRD 2415 488090},

XRF (X-ray Fluorescence)= @FX ZAF Al @Ast= A7 w3 A|7F
Aol & o]fste]l AR £o] AE AN EAS shAw AZFEA o
29 A% = & 5 gt Wb XRD (X-ray diffraction) £A41% %
Ao Faatdth Xads A=l 5/‘}3}‘3, AF7F B, SAvt Al

o A&

o 1o

A7), =+ o AH-$ 5% o] (USEPA, United states environmental
protection agency) &¢ 7|o]l Ath & HFHAA ALES HAESY A4
#%F (Loss on ignition)< 10.9% %2 FAEANOH, ol SAEHAYEZ A
& F Jdg (AEY 9], 2013).

Table 2.6 The properties of sediment in the experiment

Contents pH ORP (mV) PO,-P (mg/L) Loss on ignition (%)

Value 7.76 -203 0.8 10.9
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R

89 sz el BARS AL F, ARl 24 F WAL NEHAL &
4 2 Wze BeNAg FRem A% H4%e ¢Ue welay] 94,
48 BY5E Uol HABS A F 2447 oF A &4 2 A4S
S Eate] 4N} B YWRE BHAYUTE 24 F A dF @0
A4e NUEAS 10 om @ 05 cmz A gl ® et o we
A qpel ogk Amel Ry Aol felng Ao|T wASA S Ao
7 a1

A

Control& &4 =& #HZo] IJEHA & oix4, POS100-1.0,
POS600-1.0, POS800-1.0-> Z+ZF POS100, POS600, POSR00S 4 & 4
of 1.0 cmz IJEI Az HASAT. A POS100-0.5,
POS600-0.5, POS800-0.5+= ZFHZF POS100, POS600, POSR00s E 4 & 4
o] 05 cmz &I HAAF=E FASAH (Fig. 2.10, 2.11). A3l &4
HAE 2 = 974 202 o3 29 (Table 2.7).

Table 2.7 The condition of experimental samples

Experimental cases

Content Control  Thickness of POS  Thickness of POS
- 10 cm - 05 cm
Sediment (g) 400 350 300
POS (mL, g) - 200, 165 100, 85
POS (g/cm’) 0.93 0.48

* POS : Pyrolyzed oyster shells
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Fig. 2.10. The images of experimental cases, Left is sediment with

pyrolyzed oyster shell and right is without pyrolyzed oyster shells.
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Fig. 2.11. The all experimental cases covered with pyrolyzed oyster
shells. POS100 (Left), POS600 (Middle), and POS800 (Right),

respectively.
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Table 3.1 Water velocity distribution in small annular flume

Water velocity range

Water velocity range

RPM

RPM

(cm/s)
548 ~ 13.25

6.23 ~ 15.78
710 ~ 1841
8.07 ~ 20.78
8.92 ~ 22.70

(cm/s)

0.74 ~1.76

1200
1400
1600
1800
2000

200
400
600
300
1000

1.65 ~ 4.38
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3.3 ~ 8.98
429 ~ 11.23
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Fig. 3.1. The example of horizontal water velocity distribution at 1400 RPM. Legend

means the height from bottom.
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Fig. 3.2. The horizontal average water velocity distribution from cylinder to inner-wall of small annular flume.
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Fig. 3.4. The average vertical water velocity distribution.
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3.1.3. 8¥+x Wl AW Adey £X
2350 e ‘T_]' (Turbulence)®] & #X2% w4 % (Friction
velocity, u)¢t A& (Shear stress) #A 2 S o] &3to] 5% A
0.01 moll &&= e npEEE @ JEdg#H FEXE Fig. 35 ¥ Fig
3601 dEtdlth vpEEE Bl AddeH 2 RPMo] S7heEs5s S7ksks 7
FE UEAT 200 RPMofl A rtEEE= HA H9= 00012 ~ 0.0023

m/s¢ WS dewoed, RPM £X7F 10812 Z7F8 2000 RPMol A
046 ~ 1.00 m/sZ FA+ < 3779 = gl = 9lth 200 RPMO
] D832 00016 ~ 00056 Pael & YeERW o, 2000 RPMoY A
A& 21263 ~ 1024.35 Pa®l WSS yEbdW Hr oF 1461500 5
7vek Ao & YERTE (Table 32). ©
oA 7t e FEe] 2o BgeE Ao

3
e GFe MHE AL ¢ & Ak
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rlr
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L%
o
e
i
dpx
12
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Hir

Fig. 3.7 2 Fig. 3.89]1 RPM# mi&En AuSdo AADRAS e
o}, Fig. 3.79] RPM¥} wpE&o AdaA A4 098962 e oM,
Fig. 3.82] RPM¥} Ag8 o FJaaA = 096252 LIEFS:
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Table 3.2 Friction velocity and shear stress at 1 cm from bottom

RPM 200 400 600 800 1000
Friction
velocity 0.0012 0.098 0.14 0.19 0.23
range ~ ~ ~ ~ ~
(u*) 0.0023 0.23 0.33 0.44 0.53
(m/s)
Shear 0.0016 9.83 19.00 37.05 53.64
stress
range

0.0056 54.24 111.66 194.45 289.60
(Pa)
Average
shear 0.0033 2381 49.18 87.88 130.65
stress (Pa)

0.0013) ~ (13.06) (28.23) (47.86) (94.49)
(standard
error)
RPM 1200 1400 1600 1300 2000
Friction
velocity 0.29 0.33 0.38 0.43 0.46
range ~ ~ = o ~
(ux) 0.62 0.72 0.83 0.92 1.00
(m/s)
Shear 85.63 111,50 143.94 18583 21263
stress
range
(Pa) 388.85 532.47 702.28 873.30 1024.35
Average
shear 188.48 956.03 333.84 419.02 48858
stress (Pa)

(9450)  (131.35)  (174.67)  (21695)  (25231)
(standard
error)
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Fig. 3.5. The horizontal friction velocity distribution at 0.01 m from bottom of annular flume.
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Fig. 3.6. The horizontal shear stress distribution at 0.01 m from bottom of annular flume.
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Fig. 3.7. The correlation with RPM and friction velocity at 0.01 m from bottom in annular flume.
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Fig. 3.8. The correlation with RPM and shear stress at 0.0l m from bottom in annular

flume.
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Fig. 3.10. The turbidity change with different weight of calcium hydroxide.
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Fig. 3.11. The turbidity change with increase of average shear stress.
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Fig. 3.12. The change of suspended solid material concentration.
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Fig. 3.13. The change of suspended solid material fluxes.
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333. A4 2 AGE #A
Fig. 3.149= 259 23 & kst (Ca(OH)»)el E3arel w& A

A Agge #AE Yeblt) Shear rate’t T71E 4=, Ca(OH), -0 g,

Ca(OH); - 1.0 g, Ca(OH);-5.0 g, Ca(OH)2-10.0 g*] viscosity®] 2 =*}7}

S7hsle e veWlew, FAstdae] @]l Mg E A

= Aoz Yyt 2E Ao]xolA Shear thinning 7% 4o uE

%+, Shear thinningt® ATEES] F7hel] we} Aol FAshe ¥

oju)gtt}, Shear thinning 49 542 1 A9 2= =
-

o
449 AnkE ey gAY e 542 oldstid =

n=K~"! (7)

n: Viscosity (=Pa-s)
~: Shear rate (=1/s)
K Viscosity constant

n: Power law exponent

>

]5¢] Shear thinning A& AHE% HAde] Ay #AAA 919 AEA
21 A8 & 4 3tk ne Newtonian 218 AAs = AFE n=19]

W Newtonian  fluide]aZ, n>1°]"  Non-newtonian? A

il

shear-thickening (Dilatant fluids) SA4& 7FAlx dom, n<lold
Non-newtonian®] A @ % Shear-thinning (Pseudo-plastics)® Yt} 1
Y3 n<le ZAo A, n=0.6°" Weakly shear thinning, L2]3 n=0.2°]
W Highly shear thinning?®] 54 o= EF%} (Paxton et al, 2017).

Frbstd g £ wE n Al Table 3.3¥ 2t Ca(OH), -0 g,
Ca(OH), - 1.0 g, Ca(OH); - 5.0 g, Ca(OH), - 10.0 g¢ A= Z}7te] n #k
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< 0.02, 0.08, 0.16, 0.102.= e ©o]& &3l, Ca(OH), -0 g, Ca(OH),
-1.0 g, Ca(OH); -5.0 g, Ca(OH), - 10.0 goll 4] Shear thinning 57 °] 4
Bue= As o 5 A

4 5 A, Ca(OH);-0 g t¥], Ca(OH);-1.0 g, Ca(OH);-50 g,
Ca(OH), - 10.0 g9 A2 Z+7F 386%, 71.1%, 1947% =< Zo=2 el

0
gon oy atslzael A4el 4T v AL & 4 A

A\

Table 3.3 Values of shear thinning coefficients for Ca(OH),

Samples K n R?
Ca(OH);-0 g 591 0.02 0.99
Ca(OH),- 1.0 g 7.33 0.08 0.93
Ca(OH);-50 g 11.17 0.16 1.00
Ca(OH); - 10.0 g 26.38 0.10 1.00
10000
e
= 1000 X
5 L
&
=y
£ 100
2 -
& —=—Ca(OH)2-0g Tag k| X
S 10 N
-+--Ca(OH)2-10¢g LS S N
— —Ca(OH)2-5.0g TR
—+ Ca(OH)2 - 10.0 g S
1
0.001 0.01 0.1 1 10

Log shear rate (1/8)

Fig. 3.14. Rheological assessment of viscosity on mixture with sediment
and Ca(OH)a.
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3.34. CEC ¥ SAR &4 2%

Table 3.4¢} Fig. 3.15¢ 259 A3 % HAE 459 55
Na, Ca, K, Mg9] §E& 43 A74E YeWY. Na 55 =
oA ¢F 8514 ~ 8677 mg/LY sEE SAHJLH, o= HF

e R HAE dPgFow dddn. Ca v 325 ~ 2893 mg/LE
AEATh Ca(OH)z°l &3 A &2 Ca(OH); - 0 g2 HA FE=Z
Holem, Ca(OH),o Ed=o] S7HEsE =5 W9 Ca
Control WiH] Ca(OH),-1.0 golA+= ¢F 30%, Ca(OH),-5.00 gol
598%, Ca(OH); - 10.0 gollAl&= ¢F 790% <713t Aoz yelygt K 5%
© 342 ~ 389 mg/L= S45 e, Controlz} Hol 10% =}o]= LEFRE
ot Mg 5%+ Ca(OH);-50 g3 Ca(OH)»2l - 10.0 gollA A=A &t
o Ca(OH)y-0 g Ca(OH)y- 1.0 gollAl Z+zt 1267 mg/Let 1152 mg/L

A
o
_0|L
£

2

>~
=

rln
oo im

ro

e
oxl

off
rlr

2
s

a

Table 3.4 ICP analysis results in mixture of sediment and calcium
hydroxide

Ca(OH), Na (mg/L) Ca (mg/L) K (mg/L) Mg (mg/L)
Ave. SD. Ave. SD. Ave. SD. Ave. SD.

0g 8514 136 325 5 342 6 1267 64
10 g 8622 204 421 8 347 1 1152 30
50 g 8607 76 2269 69 375 6 - -
10.0 g 8677 346 2893 93 379 10 - -

*Ave. . Average. SD. : Standard deviation.
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ICP 23} 48 vgo g CEC ¥ SARS Table 3.5 et

Table 3.5 The calculation of CEC and SAR based on ICP results in

mixture of sediment and calcium hydroxide

Ca(OH), CEC (cmoly/kg) SAR
0g 500.79 301.77
10 g 500.86 307.36
50 g 497.29 255.53
100 g 531.63 228.14

CECE EE& Al89dA o 501 ~ 532 cmolny/kg ¢ B2 ALE o,
Ca(OH)2 - 0 g3 Ca(OH), -10.0 g9 *}o]l= oF 6%l =33t} o] Na’t
A Al Qo2 #Zgste] CECY xfole A4 & ZAoE AddTh
o, Ca(OH), €% 7ol we Ca &7k 5713 9o =2 CECTF <
7} Aog dekEn)

SARZ Ca(lOH); &%l F71&FF o} .
Ca(OH),-0 goll Hl&} Ca(OH),-1.0 g& 1.8% =7}, Ca(OH),- <
15.3% 74, Z28]31 Ca(OH)p - 10.0 g2 24.4% A3t Ao =2 AL AT
o] Na %X th3 Ca @ Mg 5% =, Ca9 »%7} Ca(OH),9 &3 =
of wa} F243 F713 gFow FAuHErt (Fig. 3.16).
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Fig. 3.15. The concentration of Na, Ca, K, Mg in mixture of sediment

and calcium hydroxide.
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Fig. 3.16. The ratio of Na, Ca, K, Mg in mixture of sediment and

calcium hydroxide.
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34. 2 HAY 2 2= 2 JE FAd BE HHE AF
34.1. 24 = 749 XRF, XRD &4 23
1007C, 600°C, 800CAI A A2d¥l = s§zte] XRF 4] Z3E Table 3.6
yellth #HolA 100CoA A28E = 31ZHS POS100 (Pyrolyzed oyster
shell at 100C), 600CoIA AA¥E = IHZ+S POS600 (Pyrolyzed oyster
shell at 600C), 12]aL 800CelA AAFE = IHZ& POS800 (Pyrolyzed
oyster shell at 800C)e]gtal 3} T},

Table 3.6 The XRF results of pyrolyzed oyster shell

Contents POS100 (%) POS600 (%) POS800 (%)
Ca 96.25 99.62 99.63
Na 1.07 = -
Mg 0.61 - -
Cl 0.58 - -
S 0.47 0.26 0.28
Si 0.37 - -
Sr 0.21 5 -
Fe 0.13 a3 -
Al 0.12 - -
P 612 0.12 0.09
K 0.06 = -

* POS : Initial alphabet of Pyrolyzed Oyster Shell.

Z d74S FAsE Car POS100, POS600, 2#]la POS800l A 2zt
96.25%, 99.62%, 99.63% = AZHAoH, ~24 257t ¥ E Cad T
S 4 5 AUk

POS1009] ¥4 F5F+= 117F4 (Ca, Na, Mg, Cl, S, Si, Sr, Fe, Al, P, K)
7 AEHE o0, POS600 2 POS8002 37F4 EF (Ca, S, P)vt A&4
Aoz A E

o] Zolxl&e A
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al., 2009).

100C, 600C, 800CoIA 24¥ = =7
vERATh A 2 di74e] F A E = S EE(CaCOy)d Ao R gl
Holow, vgom L ZAYPH = CaMg(COz)q 2 ¥ AT
A= wak POS100, POS600, POS8002] Intensitye] =Fol7} vhebyt
T} CaCOs; Intensityi= POS600, POS800, POS1002] =AM 2 =4 UES
M, CaMg(CO3), Intensitys= POS800, POS600, POS100¢] =M 2 =4
Elutth whbd POS1009] CaCO; 2 CaMg(CO3)28l AR e Aoz
SR na=g

CaMg(CO3)o= BAMYE FE9 dFog2 32 2LoXs Frjdoz 3
AE7] oHe AR dEA do, o 700CAA Aol A st =
o7 4#x vt (Bertram et al, 1991; Tong et al, 2019). I3}
CaMg(COs)= pH7t =S5, 281 75T 4] &XolA st3 vh3(4]
®)S &3 CaCOs= Ea5= Ao ® Hag vh ¢l (Hadley, 1964; Garcia
et al.,, 2003).

.

-

CaMg(COy), + 2MOH- M,COy + Mg(OH), + CaCO, (8)
x* M = Na, K, or LI

_61_



B00
200 | () POS100

)
5]
=]
=]

00 CaCO;

400

300

Intensity (counts

200

CaMg(CO;),
100

o I | jll TR Y. N

5 15 25 35 45 55 65 75
2Theta (°)

800

(b) POS600

700 CaCO,

)
[yl
=]
]

500

400

300

Intensity (counts

200 CaMg(COs5),

100 |
o L Jl.i T Y, N

5 15 25 35 a5 55 65 75
2Theta (°)

800

(c) POSS00
FO0

)
5]
=]
=]

CaCO;
S00
200 Cahﬂ{g(COg)l

300

Intensity (counts

200

100

o L S .ﬁlLl IUENTRIN

5 15 25 35 45 55 65 75
2Theta (°)

Fig. 3.17. The XRD results analysis for POS. (a): POS100, (b): POS600,
(c): POS800
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Fig. 3.18. The change of turbidity with increase of RPM in POS
covering thickness of 1.0 cm.
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Fig. 3.19. The change of turbidity with increase of shear stress in POS
covering thickness of 1.0 cm.
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Fig. 3.20. The change of turbidity with increase of RPM in POS
covering thickness of 0.5 cm.
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Fig. 3.21. The change of turbidity with increase of shear stress in POS
covering thickness of 0.5 cm.
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130 mg/Le] ®HSE, POS600-1.02 72 ~ 84 mg/Le] ¥HHE, 18
POS800-1.0-> 80 ~ 98 mg/Le] WM& UEHT ol &3] ddg=Ho] 0
Paoll A <F 334 Pa7lAl 73tz &<t Controldl Al S718 H{HE49 =
== 9F 450 mg/L (652% <71, POS100-1.0014 S7ksk /&2 F%
‘?—F 21 mg/L (29% < 7}), POS600-1.0414 <7} fred =
10 mg/L (17% <7}), 222l POS800-1.0°14 S7Ist /&2 F%
°F 14 mg/L (23% <7b<l Aoz & 5 St

Control®] €& Zg2E oF 326 mg'm %s 744 =713 Ao 2 eyt
2 = 7o) A*E‘EJ A A o]~ POSI00-1.0914 <F 15 mg-m s},
POS600-1.0% 7 mg-m %!, 282l POS800-1.0& 10 mg-m'*s ' 74 7}
kATt Controle] &5 EFd2xv AE&Ho F7te we A&Ho=2 F
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Fig. 3.22. The suspended solid material concentration changes in POS

covering thickness of 1.0 cm.
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Fig. 3.23. The suspended solid material flux changes in POS covering

thickness of 1.0 cm.
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Control9] ¥ FE4d % 9 8&F T8~ W= 34319 e
POS100-0.5014 <F 75 ~ 89 mg/Lel W E, POS600-05& <F 67 ~ 71
mg/Le W=, 283 POS800-05E ¢F 74 ~ 84 mg/Le WHZ vE
th o] Fa dw&Ho] 0 PacllA oF 333 Pazt#| Z7hstes &9, HH%
Aol FxEE POS100-05°14 ¢k 13 mg/L (18% 57}, POS600-0.5¢1 A
°F 5 mg/L (7% < 7b), POS800-0.5°1 4 2F 11 mg/L (14% S7hH% 7t A
o2 & F th

4% F¥2 Wgk= POS100-059141 ¢F 8 mg'm’s!, POS600-0.52 2
mg-m %s!, 28 3 POS800-05& 8 mg'm s 7HA 713 Aoz UEy
o} o= 3431004 24 & wZo] 1.0 ecm ¥ &8 Ayet FAleA e
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Fig. 3.24. The suspended solid material concentration changes in POS

covering thickness of 0.5 cm.
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Fig. 3.25. The suspended solid material flux changes in POS covering

thickness of 0.5 cm.
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34.33. Y& FAd & BFEZE v5 ¥ vu

Fig. 3.26¢] 3.4.31% 3.4.32¢ &4 = #izte] & FA e FFr=4
TEE Husgrh dvkgog A & 9ol 1.0 cm FAR HAE A
Fof I&E =H o FHEH FE Aol= POS1002 24 ~ 42 mg/L,
POS6002 4 ~ 13 mg/L, POS8002 2 ~ 14 mg/Le] W Aoz o =4
Uetstth weks A4 = e FAZE 1.0 em® Y 05 emd A,
T4 57 A vHeds Ao gldth

24 = H4E 1.0 cm (200 mL)E 95 A, 05 cm (100 mL)E ¥ 53
Z5ET 100 mLe &4 2 A4S ARSI W, 24

doz Qa HA=
A g o AdH
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Fig. 3.26. Comparison of suspended solid material concentration

changes in different cover thickness of POS.
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3.4.4. A4 R AGE B4

Fig. 327 269 &4 = 29 AE5FAd & F4S vk
24 = J7Zto] 1.0 ecm IH&HE AHfdE FAH2 POS100-1.0, Control,
POS800-1.0, POS600-1.0 =A1=2 ¥ AS & 5 At POS600-1.07,
POS800-1.02 53], frArsHAl Yehve 3oz SAHAY 24 = A4
°] 05 cm ¥ EHH H K

POS800-05 A2 ¥ sox FHHAY.
B = Aol A shear thinning & 5] Yelwth &4 = 379
& FA9 24 2Xo wE n AFE vS (Table 3.7)3% 2th
POS100-1.0, POS600-1.0, POS800-1.0¢] n-2 Z+Z} 0.05, 0.08, 0.14% &}
% tF. POS100-0.5, POS600-0.5, POS800-0.58] n-2 Z+7} 0.14, 0.12, 0.18=
e

=4 F5 F9 #AHL Control ©H], POS100-1.0, POS600-1.0,
POS800-1.0914 Z+7+ 63.08% 4, 723.61% < 7F 597.97% <7t= Y el
o1 POS100-0.5, POS600-0.5, POS800-0.5= Z+Zt Control tH], 83.98%
<7} 16.55% &7}, 520.34% 72 UESTH mebA 9 E5EE = 97
A4 2RVt 2555, 283 9E5Yge] HEFE Aol £& Aew 4

B

¥ d

Table 3.7 Coefficients of shear thinning for POS

Samples K n R?

Control 24.16 0.05 0.99
POS100-1.0 6.85 0.05 0.98
POS600-1.0 241.06 0.08 1.00
POS800-1.0 196.20 0.14 1.00
POS100-0.5 48.46 0.14 1.00
POS600-0.5 70.64 0.12 1.00
POS800-0.5 164.10 0.18 1.00
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Fig. 3.27. Rheological characteristics of POS with different covering

thicknesses.
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3.4.5. 49 pH, ORP, PO,~P ¥4 ZA3}
Fig. 3289+ 24 = 925 27 10 cm, 05 cm® 353k 23 7 o]
o] Ak pH W3S 23 A (Before)¥ & (After) = e o, =}A)| 3
4 A= Table 3.8 e T

>

Table 3.8 pH changes in overlying water

pH Before After pH Before After
Sea water 8.20 (Initial) POS800-1.0 791 9.22
Control 8.06 7.90 POS100-0.5 7.75 767
POS100-1.0 7.65 7.78 POS600-0.5 7.65 7.96
POS600-1.0 7.59 8.15 POS800-0.5 2 8.62

A pHE d¢ pH #tEH Y2 435 vedlen, &4

2 7ol 9B Folo Angle]l 24 LRI $25E
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A= 013 F7Fe e, POS100-0.591 A1+ 0.0

o= POSI100-1.0°] © B2 49 &4 = A4
Hoh v POS100-0.50014 pH7F 3FAgE o] s
FEd Gt 7% Balol 9% 9@l o ¥ oz Annt
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Fig. 3.28. pH changes in overlying water. Before: Initial value of

experiment. After: After experiment.
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Fig. 3.29°+= &4 = IS 242 1.0 cm, 05 cm® 353 23 Ao]~
o] A= ORP W3tE A3 A (Before)¥ §& (After)® UEWH oM X
= Table 3.9 velyc}

o)

AAge] AF A ORPE #l49 %7] el oF 14045 mVETH @ ks
el Controle ¢F 12520 mVE A4 F #7Zo] 9= A Ao ~KTt
= YEREA R POS100, POS600, POS800-& & F7o A¥¢lo] ORP
7 60 - 95 mVe WHE Yelioh 24 = d7e 2Rt =E5E
ORPE= =& #IS deWlew, o= 44 pHY F7F= QI d3do=

s o,

Table 3.9 ORP changes in overlying water

ORP (mV) Before After ORP (mV) Before After

Sea water 140.45 (Initial) POS800-1.0 83.45 -32.45
Control 125.20 14535  POS100-0.5 89.20 94.50
POS100-1.0 64.10 76.25 POS600-0.5 95.40 93.20
POS600-1.0 30.00 G POS800-0.5 96.35 683.10

2E % Control ORPE 20.15 mV S7Fstsiem™, POS100 ORP+ 12.15

mV (I EF7: 1.0 cm), 53 mV (I EF7: 05 ecm) T7Fs Ao 2 el
t}. Control¥ POS1002] ORPi= pHFﬁ 7kl = &tstal, o] F7hsk A4
Fo Uetlled, ol AN e 7% SR A8 kA fidol St
gb AoE dAddErh ¥vbH POS600# POS800> #ashe 4EES e
. POS600¢] 74-F 885 mV (I EF7: 1.0 cm), 22 mV (
cm) #HASF o POS’002 7% 11590 mV (I &EF7: 1.0 cm), 28.25
mV (I E5F7: 05 cm) #HAasts o, ol= pHY d&Fs w2 3o= 3
IZdl=3
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Fig. 3.29. ORP changes in overlying water. Before: Initial value of

experiment. After: After experiment.
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om, 2= Table 399 YEFWT

A4 PO-P %+ dlFE 9F 008 mg/LE YEFTE Control 3
9] PO, P FERT F7tste] A3 o= ¢F 002 S7Fske] 0.10 mg/L
£ Yelut &4 = #A4S 1.0 cm 353 POS100-1.0, POS600-1.0,
POS800-1.0> Z+7+ 0.15 mg/L, 0.15 mg/L, 0.10 mg/L=Z YEFS:

rlo

Table 3.10 PO4—P concentration changes in overlying water

POsP PO4s~P
Before After Before After
(mg/L) (mg/L)
Sea water 0.08 (Initial) POS600-1.0 0.15 0.13
Control 0.10 0.13 POS600-0.5 0.06 0.07
POS100-1.0 0.15 0.27 POS&00-1.0 0.10 0.07
POS100-0.5 0.12 0.17 POS&00-0.5 0.05 0.04

A3 o= Controld POS100-1.02 PO~P %7} <75k, 0.13 mg/L
(316% +7hH % 0.27 mg/L (86.2% <7hH= A=At} vkH, POS600-1.0
7 POS800-1.0¢] PO,~P s%+ FHAste] zH7) 013 mg/L (13.8% #4r)
2 0.07 mg/L (35.0% #4)= 4= A

24 = A4S 05 cmE ¥& A A3 POS100-0.5, POS600-0.5,
POS800-0.5= 7+ 0.12 mg/L, 0.06 mg/L, 0.05 mg/LZ FAHATt A7
o= POS100-05 % POS600-0.5¢] POsP &%+ Controldl H]3] <7
3te] 017 mg/L (435% <7F) 2 0.07 mg/L (83% T7H= FAHEqom,
POS800-0.5%= Control PO,~P &%= H]s] 743 0.04 mg/L (22.2% 7+
D)2 SAEHA

Ad HJeE vustd S Al, Control? POS100-1.0, POS100-0.5¢] PO,~P
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2 o <+
3 94 2w Aesde] JFor $Fow Ardy Aow A
POS600-1.0, 0.5} POS800-1.0, 052] PO,P FE=7} A3 olf= 24
Z Aol £59 Cadl g5t WS B AAL uy T F Ak 3§
WSS Thed Zo] xAE T (4 (10) ~ (13).

Ca’" + HPO]™ - CaHPO,\ (10)
Ca*™ + 2P0} - Ca(PO,)y! (11)
Ca’>" + 2H,PO; - Ca(H,PO,) (12)
Ca’>" + 3HPO;” +40H - Cas(OH)(PO,);1 + 3H,0 (13)
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Fig. 3.30. POs—P changes in overlying water. Before: Initial value of
experiment. After: After experiment.
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3.4.6. Zx55¢ pH, ORP, PO4-P &4 2=
Fig. 3319+ &4 & A4S 27 1.0 cm, 05 cm® 9 &3 23 FAo]~
o A% ¥ AHAE HAE AT # F 579 pHE dHEHH FA=
Table 3.11¢ VERATH
H4E5 4359 pHE Control  ©H], POSI100-1.0, POS600-1.0,
POS800-1.0, POS100-0.5, POS600-0.5, POS800-0.5°1 4 Z+z+ 7.30% 4,
2.34% 74, 9.26% 7V, 7.94% A, 6.772% A, 1.52% S7F=2 UERS
H4E 359 pHE Control  ©H], POSI100-1.0, POS600-1.0,
POS800-1.0, POS100-0.5, POS600-0.5, POS800-0.5°14 Z+z+ 1.90% <7,
0.37% <7}, 4.88% 57, 1.20% 4, 243% 4, 2770% A2 e
Control2 453 st&F<] o]z} ¢ 0.09 #FolZ yEoh pHZF Had
olff£ A3 3 ALt FEHY f7lEe] HillE ¥R AdHY
=4 pHE  A3olA POS100-1.02 754, POS600-1.0 7.9
POS800-1.02 8915 44 2ol wel Z/sts w59 e, o
pHE F3d vls) 52l S7F a2 deuA &eu, POS100-1.0
8.16, POS600-1.0-> 8.03, POS800-1.0> 841= vEl}HA pH7F 4353
FARSHAl Sotele ddew Usy
24 # AZol 05 em BB A, FF5 pHE AEelA POSI00-05%
749, POS600-0.5+= 7.58, POS800-05% 8212 YEelstow A4 = Iz
°] 1.0 cm ¥ &¥ Aolxart} vr& pHE YelGARE FA13F A &S e
Wi Aok S5 E POS100-05+= 791, POS600-05+= 7
POS800-0.5+ 7.79% Yetytow EHAE 3o ol v&Ed =

’
7o a4 EI BEFE dhd

o

=
o

ke
T

FE "HAES pH7E S7kekE olfre &4 = A7 a4 2R xS
T5 Ca® AA ol F7st7] wiitel o2 Q& 7brital] Wek & g
Fo =z FtHET. A7 POS100-1.02 POS600-1.02 H4E 459 pH
7} Control®th WAl S4H olf+= &4 = 7Y Cadll 93 7FE3)

Bop frl= el 9@l o wol 2% Ao dAdtH.



Table 3.11 pH changes in sediment layer

Upper Lower Upper Lower
pH pH
layer layer layer layer
Jangsaeng- 5, .
P 7.76 (Initial) POS600-1.0 7.90 3.03
0
Control 8.09 8.00 POS600-0.5 7.58 7.81
POS100-1.0 7.54 8.16 POS800-1.0 891 8.41
POS100-0.5 7.49 791 POS800-0.5 8.21 7.79
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38 Pore water
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g4 || OLower layer .
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82
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Fig. 3.31. pH of upper layer and lower layer in sediment after

experiment.
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Fig. 3324+ A3 %, HA4E 45 2 3
t}. A& Table 3.11¢] YEFTH
Control& A=13} 3t=¢] #}o]7} ¢F 4 mV #ol2 & xolE Yega ¢

Ae @

o[Nt

o 54 ORPE vhehy

24 = Fzte] 1.0 em ¥ & Al =4 ORP= A5olA POS100-1.02
- 3225 mV, POS600-1.0= -355.5 mV, POS800-1.0= -3405 mV= &
A =ol mE Aaste A¥ES JEblY 85 ORPe 43l vl =
Hzke]l 24 kol wE} FIleA fasts AdEE WERHL
POS100-1.0= -359 mV, POS600-1.0-= -400 mV, POS800-1.0= - 429
mV=2 e 3ol vl &5 HH =29 ORP7F 9HA dEhes A
a4 = dZo] HA= 55 Y

of, 3t5 HA=A 2

7] Astd Ao AdHET

Table 3.12 ORP changes in sediment layer

Upper Lower Upper Lower
ORP (mV) ORP (mV)
layer layer layer layer
Jangsaeng- s
P =203 (Initial) POS600-1.0 -355.5 =400
0
Control -354 -358 POS600-0.5 -369.5 -363
POS100-1.0 -3225 -359 POS800-1.0 -340.5 -429
POS100-0.5  -2725 -3585  POS800-0.5 -396 -362

24 = FHAZke] 05 cm & A, b5 ORP= 5ol POS100—05+
2725 mV, POS600-0.5+= -369.5 mV, POS800-0.5+ -396 mVE U}ERRE
th. o] pHSF ORPe] #Aol ofa TAZ dde= dtd
stZol A= POS100-0.5+ -3585 mV, POS600-05+= -363 mV,
POS800-0.5+ -362 mVE YEeyow EAE 35S &4 = 37t
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Fig. 3.32. ORP of upper layer and lower layer in sediment after

experiment.
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=

t}. X = Table 3.13°] e}
Control2 <3 st&¢ PO,P 55+ 247 0.78 mg/L 2 1.00 mg/L=
SAHANeH, FF3 stF9 zkol7F of 0.22 mg/L Aol & WEFWTH

244 = 2 1.0 ecm A& A, AE HAEY POP %% POS100-1.0
0.88 mg/L, POS600-1.0 0.53 mg/L, POS800-1.0 0.21 mg/L=
gk A4S HAHEY PO,P sre = 7o & 257 =855 vol

= A%ES e stE H4E9 PO, P %+ POS100-1.02 0.78
mg/L, POS600-1.0< 0.83 mg/L, POS900-1.0> 0.65 mg/L= Control Xt}
w2 POsP =5 UBEI AR AH EHAEY PO,P = H &
=2 A2E Yy ole &4 & oA &EF Caol st57HA FF
o

o

PV |

Table 3.13 PO,—P changes in sediment layer

PO4-P Upper Lower PO4sP Upper Lower
(mg/L) layer layer (mg/L) layer layer
Jangsaeng- o
P 0.8 (Initial) POS600-1.0 0.53 0.83
0
Control 0.78 1.00 POS600-0.5 0.70 0.63
POS100-1.0 0.88 0.78 POS800-1.0 0.21 0.65
POS100-0.5 0.70 0.70 POS800-0.5 0.43 0.45

24 A7 05 em A& A, AT HAE] POsP == POS100-05
£ 0.7 mg/L, POS600-0.5+= 0.7 mg/L, POS800-0.5% 0.43 mg/L= =743
o 24 = w7l 10 em d&E A FARSH dEE @ osf7te] &4
TRVt =25 E POSP sk gadte AoR yEhygAtt POS100-0.5
5 POS600-0.59 POs~P s=7F 7] wiol 24 & 7b5 05 cm2 ¥



B& wo Al AA ZHE 1.0 cmEP I EIIRS wWHg e Ao
=yt

7
3% EH A =2 POS100-05% 0.70 mg/L, POS600-0.5+ 0.63
5% 045 mg/L= ST &4 = #7Zto] 05 cm=
v‘ﬂ—ﬁ“fﬂ B = 7Y A4 R AHglel AT % s HAEY
PO, P 5XE #FAE B2 Yeid A& & 5 vk
ueA HAE e PO, P o
&2 F=A7F 05 cmEY 1.0 cm7t =2 23 E A= A
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Fig. 3.33 PO4,~P concentrations of upper layer and lower layer in

sediment after experiment.
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34.7. CEC ¥ SAR ¥4 ZA3
3471. 24 2 374 1.0 cm & F9 A

Table 3.149} Fig. 3.34¢ 349 23 ¥ HAE
o] Na, Ca, K, Mg?] =& #43 Z23=5 yeElYY Na 55 B §
A& A oF 8777 ~ 9608 mg/L9] F% = &
g T R HAEY JdFer AddE. Ca
45tk Ca 5%+ Controldl A #HA F%E20 266 mg/LE SN L
W, 600CelA 288 = Aq2s Asta, = 49 24 2=7F S/
FE =7 Y Ca w57 Frtete Ao® YEHT. K FEE
3957405 mg/LE =452 oH Contolol] Hl&| °F 8 ~ 10 mg/L &7+3 A
o2 yeyth Mg ¥EE 687 ~ 1283 mg/Le WeE =AHon,
Control, POS100-1.0, POS600-1.0, POS800-1.0 <o & A =A%t}
Mg §%+ Ca %9 vtdlo] &S Uedion, o]:= Mgo] Na9t o]
& WEEHAA FETF dolxl o ® dArET
ICP 27 £4% nlg o2 CEC ¥ SARS Table 3.159 e
CECE EE Al&EdA <F 513 ~ 533 cmoley/kg & M= AxtE o,
POS100-1.0, POS600-1.0, POS800-1.0 <=2 z+7F Controlell H] &l 3.45%,
360%, 0.82% Z7tek Ao 2 YEETh o= Na $&7F Al 4=
2835kl glol CECS] #polol 9 m XA ¢4 Aoz gpekwc)
SARS = H7te] A 2x7F =&55E TUMEtE AEE YEdlh

Control, POS100-1.0, POS600-1.0, POS800-1.0 <=o= 7}z 321.34,

= %EOﬂH 2gETE Nadl vl &o] T7teh GF Mgef vl
o

sk ggko g FAotHnt (Fig. 3.35).
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Table 3.14 ICP analysis results in sediment covered with POS-1.0

Na (mg/L)  Ca (mg/L) K (mg/L) Mg (mg/L)

POS
Ave. SD. Ave. SD. Ave. SD. Ave. SD.
Control 8T 47 296 5 395 9 1283 40
POS100-1.0 9223 17 299 4 405 7 1266 40
POS600-1.0 9302 32 266 6 403 4 1255 32
POS800-1.0 9608 12 647 6 405 4 687 22

*Ave. . Average. SD. : Standard deviation.

Table 3.15 The calculation of CEC and SAR based on ICP results in
sediment covered with POS-1.0

POS CEC (cmoluy/kg) SAR
Control 513.47 312.34
POS100-1.0 531.83 329.75
POS600-1.0 532.67 337.30
POS&00-1.0 517.73 372.03
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3472 24 & WZ 05 cm Y&
Table. 3.159F Fig. 3.60] 34¢ A& % =3
o] Na, Ca, K, Mg®| s&=& &43 235 o
Ao A oF 8777 ~ 9299 mg/Leo FEE SAHHALH, o]
3 Sl @ HAEY dFoR Hud &
SAEAJT = Ao 24 2Lt %%#% Ca s&7} S718le 43S
Heyglen, o= A4 #F #24S 1.0 em

T 395 ~ 431 mg/LEZ SAHHAT. Mg $%+E 808 ~ 1283 mg/Le &
T2 FAFJLH, POS600-0.55 ALstd, & 7 A &7 =&
TE Mg §&7F golxl= Aoz FAHHUTE o= Mge] Na¢t %}ol%
WEEHA FEIF Solzl Ao grkE.

ICP A3 EAS ulgbo® CEC 2@ SARS Table 3.16¢1 uEbd T CEC
BE Azl 9 510 ~ 530 cmol/kg o WR sAEAQon AA
=z 7o) 1.0 em FHE Alojx=¢ & CEC 3He Aol& F38HA] &2
o]l—; Nad] %7} A ujAo]7] wjio] A3l Jako 7 Foter)
SAR* = 749 &2 2EV =255 SUtete AdeE U
Control, P0OS100-0.5, POS600-0.5, POS800-0.5 <<= Zztz 312.34,
316.09, 334.66, 347.75¢] o w Z7leon, ol A
cm ¥ EH Ao FAE AFS UERAT Gol& wgte
Tt Z7HEER AR Mg FE7F BAad o

il

_I_4

Fl(‘
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fu
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R
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Table 3.16 ICP analysis results in sediment covered with POS-0.5

Na (mg/L)  Ca (mg/L) K (mg/L) Mg (mg/L)

POS
Ave. SD. Ave. SD. Ave. SD. Ave. SD.
Control 8T 47 296 5 395 9 1283 40
POS100-0.5 8764 18 315 5 431 7 1223 36
POS600-0.5 9239 45 289 3 427 7 1235 42
POS800-0.5 9299 2 622 14 419 7 808 25

*Ave. . Average. SD. : Standard deviation.
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Table 3.17 The calculation of CEC and SAR based on ICP results in
sediment covered with POS-0.5

POS CEC (cmol.y/kg) SAR
Control 513.47 312.34
POS100-0.5 509.78 316.09
POS600-0.5 530.02 334.66
POS&00-0.5 513.53 347.75
10,000
9,000 e B Control
8,000 OPOS100-0.5
% 7.000 BEPOS600-0.5
E 6,000 BPOS800-0.5
E 5,000
% 4,000
{;.E 3,000
2,000
1,000 I Hﬂ
0 m——f | EmCEACT ]
Na Ca K Mg

Fig. 3.36. The concentration of Na, Ca, K, Mg in sediment covered with
POS-0.5.
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Fig. 3.37. The ratio of Na, Ca, K, Mg in sediment covered with
POS-0.5.
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4. 8% 2 ZE

B odvddE &4 2 7ol HABe Ardd Aud 438
et AL WAl SAskl, FuSRE 2 24 2 A%E
HHge] Hgsto] HAEAN Wb £ sy

=
Wed B ATe) Fa ast A 7

=l

Ak, 2YH ATz Zudd o3 HAES AFEe Wi 2 A
3}
8

T
i
ox 4y & on

W3l gt AsoZes Za wXdd 9% CEC 9 SARe W
T WHEU Qv B AFE S Ao A9E vy 2o

hH =84 AF
) B8%59 A4 AFde 34

HAE W & 5%
R =

AWM AdEHe] Frte] wmE FRH=d §% W= Ca(OH)»-10 g,
Ca(OH)>-0 g, Ca(OH)>-5.0 g, ¥ Ca(OH)»-10.0 g o2 1194%, 1170%,
1090%, 448% &7tgk Ao yEwth webA Ca(OH)50 g, %
Ca(OH):-100 g =22 Z}7F 68% 2 61.7%< AHRA AdAEZLS /A

Je= Aoz dAdEd. wEpd g dFo] m=eaE AFZEC]

Ztol 1 em ¥ &E%¥ 49, Control® POS100, POS800, =
POS600 oz FHE22 Fie 247 652%9 29%, 23%, %2 17%
2 zko]l 05 cm ¥ E® 7§, POS100, POSS00,

4 POS600 =o2 HHEA w2t 747 18%, 14%, 2 7% S 71ttt
Z, POS600-1.0, POS800-1.0, 2 POS100-1.0 <oz Z+z+ 97.4%,
96.5%, 95.6%2 AF  AAEES A Jdem  POS600-0.5,
POS800-0.5, POS100-05%  Z+zF 989%, 97.9%, 97.2%< A3
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shol ol o, &l
A= oz = d7te] WE Sae] WALl

2) Z¥ 3} E A% shear thinning A%
HHE e Zu F=7F S7iskd, H4E-2 Shear thinning A%
S UEE Aoz e

Ca(OH)2 - 1.0 g, Ca(OH), - 50 g, ¥ Ca(OH), - 100 g <&
HHEY HAAML2 2zt oF 386%, 7.1%, 2 1947% <7I3 RS
Uetstth =9 ddEd A4 Abele] sFAWAA n Al7E 002 ~ 018
M2 eyt o Highly shear thinning (n<0.2) E4< 7HAX 11 &
Ao = ey

2 = s & Bfodx, AR n AF= 0.05 ~ 0.189]
HAZ YeEbss. AL POS600-1.0, % POS800-1.0 o= z+z)
72361%, B 597.97% S7tstem, POS600-0.5, POS100-05 %
POS800-0.5 =22 7+7+ 1655%, 88.98%, 2 520.34% 5713+ Aoz el

1)
s

=
=

ol Fal d&HE 24 = WA FEH= Zuel s HAE Ao
S7tete Aoz yehgon, 53 nldi A" = v HAE9
Hd el 2 dFE A AlewE YEgy

) stete A
D) Zel wE H4&9 CEC % SAR®] W3}
H4% e 2% vErt S7hehd, CECe HA 89 Nad dFon 2
A7 e A gigkek kAR Ca(OH)z0l £88 A9, EdFe] S/
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Ca(OH)¢] E3® A% CECE #ovs zols YehulA= AN
SARE Ca(OH),-5.0 g, Ca(OH), - 10.0 g =2 z+7t 153% % 24.4% 7%+
gk Ao & YERETh Ca(OH)ol 39 49, 24 = #7437 2 SAR
o] T7Fet AL Mge] #ol=Z <lst JFoz Ferwr)

POS800-1.02 SAR°] °F 20% S7Fstdom, POS800-05% °F 11%
&Rt 349, 949 %-& SAR
A &F% Caol Fol&

Al
9] Na ¥ Mge 3522 &=A]7]HA Nael i3t Ca

WS I HAE Bl
2 Mg v7F #4® Aoz FelEdn
2) 44 2 HH 29 POP & Rig)

A4l POFP TR, 1207 nAs F Hz7tS 9B A9
Hadste AFS veded, A2 248 2 A4 238 4Ty
PO,-P ¥EZ2 Z7HA7]E Aoz ygut. a8z e POs-P
TEE &4 F W7o I&H FA ARl pAIFE AIFo=R
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